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PREFACEK.

TuirTeeN years have clapsed since the discovery of the Ophthal-
moscope.

An instrument that afforded methods of research so new and so
extensive, rested for a while, of necessity, in the hands of a small
number of observers; who, by the possession of special knowledge and
special opportunities, were enabled thoroughly to test its usefulness, and
rightly to appreciate its value.

The time has arrived, I believe, for the commencement of the second
period in the history of this great invention. The knowledge laboriously
obtained and perfected by a few, has now to be diffused through, and
utilized by, the great bulk of the Profession. Specialists may yet effect
improvements in matters of detail, and refinements in methods of
observation ; but the great principles on which these must depend are
already ascertained and established. In this belief I have thought it
desirable to prepare an English version of Dr. Zander’s exhaunstive and
masterly treatise,

The premature and lamented death of the author rendered it
impossible for me to obtain his co-operation in my task ; although the
lapse of nearly three years, since the publication of the original, has
made it necessary to add considerably to the text. The new matter is
printed in smaller type than the rest; and, in writing or compiling it,
my ambition has been to produce such a volume as Dr. Zander would
himself have issued at the present time. On the subject of the necessary
additions, I have availed myself of the kind counsels of Dr. Liebreich and
Professor Wecker ; and I am therefore able to say, with some confidence,
that nothing important has been omitted. The description of the method
by which Dr. Liebreich has recently adapted his large ophthalmoscope for

the observation of the erect image has, however, reached me too late for
insertion.
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In deference to the practical character of the English medical mind,
I have been induced to add to the book a Sixth Section, not comprised
in the original, and containing an attempt to set forth an outline of the
influence of the ophthalmoscope upon treatment,

Dr. Zander’s treatise being essentially a compilation, I do net
consider that it possesses any literary claim to exact reproduction in a
foreign tongue. I have endeavoured to render the precise meaning of
every sentence; but I have never designedly sacrificed the spirit of the
English language to the preservation of German idioms, or of German
prolixity. I have sometimes added a word, in order to obtain greater
clearness of expression; and, in a very few instances, I have detected
slight inaccuracies, and have endeavoured to rectify them. In such cases,
I have always either applied to the observer whose statement was under
discussion, or to the work indicated by Dr. Zander as the source of his
information.

The original contains a copious list of writings on the ophthal-
moscope, in every European language. This list I have not thought it
necessary to reprint; but, for the purpose of my own additions, I have
consulted the following more recent authorities :—

Argilagas, Dr, Francisco (de Cuba),—Sur la Lentille lvorescent. L'Union Médicale, 1862.
Blessig, Dr.—Ein Fall von Embolie der Arteria centralis Retine. Grife’s Archiv, 1561.
Donders, Dr. F. C.—Astigmatismus und eylindrische Glizer. Berlin, 1862.
Follin, Dr. E.—Legons sur I"Exploration de I'(Eil. Paris, 1863.
Galenzowski, Dr. Xavier.—Recherches ophthalmoscopiques sur les Maladies de la Rétine et
du Nerf optique, Annales d'Oculistique, 1863.
Nouvel Ophthalmoscope. L'Union Médicale, 1862,
Giraud-Teulon, Dr.—De 1'Ophthalmoscope binoculaire. Bulletin général de Thérapeutique.
Janvier, 1363,
Nouvelle Méthode pour I'Examen auto-Ophthalmoscopique. Annales d'Oculistique, 1863.
Grife, Dr. Alfred.—Ischemia Retivee. Archiv f. 0., 1861.
Heddaeus, Dr.—Die Untersuchung der Augen bei concentrirfem seitlichem Tageslicht.
Archiv £. 0., 1861.
Heymann, Dr. F.—Frische Netzhauthemorrhagien, section Microscopie. Arch. f. 0., 1861.
Die Autoskopie des Auges, und eine neue Methode derselben, Leipzig, 1868.
Jackson, Dr, J. Hughlings.—Observations on Defects of Sight in Brain Disease, and Oph-
thalmoseopic Examination during Sleep, London, 1863,
Klebs, Iir.—Beitrag zur anatomischen und besonders histologischen Verhaltnisse des N, Opticus,
Virchow's Archiv, Bd. 19, Hfr, 3 u. 4.
Prager Vierteljahrschrift, 1861, Bd. IL., 5. 77.
Knapp, Dr.—Exposé des Avantages de 1'Ophthalmoscope binoculaire, Annales 'Ocalistique,
1864,
Laurence, Mr. J. Z.—On Binocular Opbthalmoscopy. Brit. Med. Jour., 1863,
On Astigmatism. Med. Mirror, 1864,
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Liebreich, Dr. R.—Ueber Retinitis Leucemica, und ueber Embolie der Arteria centralis Retins,
Vortrag, pehalten in der Berliner Med. Ges., Dec. 1861,
Atlas der Ophthalmoscopie. Berlin, 1863,
Manz, Prof. W.—Tuberkulose der Chorioidea. Archiv f. 0., Bd, IX., Abth, 3.
Martin, Dr. Emile.—Traité Médical pratique des Maladies des Yeux. Paris, 1863.
Rosow, Dr. B.—Ueber das kiirnige Augenpigment. Avchiv f, 0., Bd, IX., Abth, 3.
S&misch, D, Th.—Beitriige zur normalen und pathologischen Anatomie des Auges. Leipazig,

1862.
Schneller, Dr.—Fall von Embolie der central-arterie der Netzhaut, mit Ausgang in Besserung.

Archiv f, 0., 1861,
Weber, Prof. C, O.—Bau des Glaskirpers und die pathologischen namentlich entziindlichen
Veriinderungen desselben. Virchow's Avchiv, Bd. 19, Hefter 3 u. 4.
Prager Vierteljahrschrift, 1861, Bd. IIL.
Wecker, Prof. L.—Etodes ophthalmologiques. Paris, 1863,
Wordsworth, Mr,—Cases illustrative of the Value of the Ophthalmoscope. B. M. Journal, 1861
and 1862, On Tobacco Amaurosis. Lancet, 1863,
Zehender, Dr. W.—Ueber Autophthalmoskopie. Klinische Monatsblitter, Mai, 1868,

Among these, the .magnificent “ Atlas der Ophthalmoscopie” of Dr.
Liebreich requires a more than passing notice, and I have given references
to its plates and figures as parts of the headings of most of the deseriptions
in the third and fourth sections of the volume,

The measurements used throughout the work require a word of
explanation. They are, generally, the metric system, or the Paris inch
and foot.

The metric system is so likely to become naturalized in this country,
that it would be almost a retrograde proceeding to convert its divisions
into English feet and inches. Still, measurements appeal very much to
sight-memory, and there are many persons whose eyes are not accus-
tomed to use the parts of the metre as standards. The annexed figure

0 1 2 3 4 5 6 7 8 4 10
I
I

LI

represents a decimetre, divided into centimetres, and one of these into
millimetres. It may be occasionally useful for purposes of reference.
The Paris inch is commonly employed as the unit by which to
express the focal lengths of lenses, and it cannot, therefore, be dispensed
with. Twelve Paris lines make a Paris inch; and twelve Paris inches
a Paris foot. The foot is expressed by ('), the inch by ("), and the line
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by (")—with numerals prefixed. The values slightly exceed those of the
English measures of like denominations. In round numbers, the Paris
foot exceeds the English by three quarters of an inch, and the Paris inch
exceeds the English by one-sixteenth.

Dr. E. Jaezer gives his measurements in Vienna inches, and decimal
instead of dnodecimal lines. The Vienna inch is intermediate between
the Paris and the English, and is to the latter as 1'0371 to 1.

To many English and foreign ophthalmologists I am grateful for
valuable help, promptly and cordially rendered. Mr. Zachariah Laurence
and Mr. Heisch, Dr. Giraud-Teulon of Paris, and Dr. Heymann of
Dresden, have given me much assistance in my inquiries about the in-
struments they have respectively contrived.

It remains to say to those readers to whom this book may be
welcome, that they are indebted, for any pleasure or profit they may
derive from it, to the enterprise of Mr. Hardwicke. I may be allowed
to express a hope that this enterprise will be appreciated by the
Profession.

Stroun, GLOUCESTERSHIRE,

April, 1804,
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EXPLANATION OF THE PLATES.

TrE annexed figures are intended to furnish ideal representations of the moét
important appearances of the fundus ocnli, and to render the deseriptions given in
the text more intelligible. They represent :—

Plate I.—Figure 1. The normal fundus oculi.
» 2. Hypermmia of the retina.

IT.—Figure 1. Inflammation of the retina.
» 2. Retinal changes in Bright's disease.
ITIL.—Figure 1. Sclerectasia posterior.
» 2. Glancomatons excavation of the optic nerve.

In order to obtain, from these figures, the greatest possible resemblance to the
actual conditions represented, the figures should be studied by artificial light, and
through a biconvex lens, fixed in a short paper tube. The images, formed in the
foeal point of the lens, and within the tube, and regarded from the distance for
clear vision of the observer, approach very near to nature. The large ophthalmo-
scope of Hasner is well adapted for this experiment.



Platell







Plate IIT.







THE OPHTHALMOSCOPE.

—-u.n:-_“::n—..

INTRODUCTION.

VERY great discovery, that marks an epoch in the history of science,
must be in preparation for a variable length of time, and in
different ways, prior to the advent of the genius who calls it into being;
and who may have, as one of his chief functions, to estimate at their true
value, and to unite into a coherent whole, scattered materials of much
importance, but previously wasted because misunderstood. Thus also
it befel with regard to the invention of the Ophthalmoscope. This
instrument, after being foreshadowed in a twofold manner, at length
received from Professor Heinrich Helmholtz a realization that has rendered
it the greatest discovery of modern times in the domain of Ophthalmology;
a discovery the fruits of which we are not yet in a position to estimate
completely. Its origin may be traced to successive endeavours to solve
two problems: the first being, why the eyes of men and animals some-
times shine with a reddish lustre; and the second, why the interior of an
eye more usually appears dark, ;

From the most ancient times a glittering of the eyes had been
observed in animals possessing a tapetum, especially in dogs and cats, It
was aseribed to a spontaneous development of light from the eye, under
the influence of the nervous system, and was supposed to become more
vivid when the animal was excited ; an opinion that had its adherents
even until very recently. The first to controvert it were Prevost, Rudolphi,
and Gruithuisen (1810), the first of whom discovered that no glitter
could be seen in a completely darkened room, and that the appearance was
therefore to be considered only as a reflection of incident rays. The last
traced the effect to the operation of the tapetum, combined with a great
refraction by the erystalline lens; and Rudolphi first observed that, in
order to see the glitter, the spectator must look into the eye in a certain
determinate direction,

ik



2 THE OFHTHALMOSCOFE.

In examining the luminous eyes of dogs and cats, 1t was observed
that the colour of the shining ocular background did not remain the same,
but varied between different tints of red and green. Esser (1826) gave
the first complete explanation of this phenomenon; from which he
inferred that in movements of the globe differently coloured portions
of the tapetum came sucecessively into view, and determined the different
tints of the reflected rays. Hassenstein (1836) sought to explain the
luminosity by these very movements themselves. He observed that the
light became more brilliant when the globe was compressed in the direc-
tion of its axis; and he therefore supposed that it was emitted when, by
contraction of the orbital muscles, a similar pressure was exerted.

The exact conditions of the luminosity, without any further explana-
tion of it, were determined by Behr (1839), who, in describing a case
of total irideremia in a girl, stated that, in order to see the reflection, the
eve of the observer must look in a direction parallel to that of the rays
incident upon the eye of the child; and that the luminosity diminished or
disappeared as soon as the observer looked below the axis of vision of the
eye observed.

The various questions about this subject were brought to a scientific
conclusion by the works of Comming (1846), and more especially of
Briicke (1844-7). With these authors must be placed Coccius (1853), who,
in his Treatise upon the Ophthalmoscope (pp. 198 ef s¢g.), has completely
exhausted the conditions of the apparently spontaneous luminosity of the
human eye.

The second problem was proposed by Méry (1704), who, as he acciden-
tally held a cat under water, saw the vessels of the retina and the colour
of the fundus of the eye. It was first answered by De la Hire (1709) ; but
neither De la Hire’s explanation, to which we shall come hereafter, nor
Kussmaul’s (1845)-—contained in his brilliant Essay, rich in observations,
for the Prize instituted by the Medical Faculty of Heidelberg for the
anatomical, physiological, and pathological examination of the different
colours seen in the background of the eye, independently of turbidity of
the dioptric media—could perfectly satisfy all the conditions of the pro-
posed problem, which was first done by Helmholtz, in 1851.

The preceding paragraphs contain, in the merest outline, the history
of a discovery that, like many other German inventions, remained long
unnoticed in foreign countries. For the first four years, with few excep-
tions, the ophthalmoscope was little valued out of Germany ; but, as the
benefits to be gained from it became apparent, it assumed its proper place
in France, while the more far-seeing English had still earlier turned it to
advantage. In Germany, however, the country of its origin, it was, from
the first, employed by the most learned and distinguished men ; so that,
by the side of Helmholtz, we find Arlt, Cocecius, Von Graefe, Hasner,
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Jiger, Liebreich, Ruete, and Stellwag, oceupying the front rank among
the observers who estimated the new instrument at its proper value, and
raised it to its present position.

And what is that position? Ten years ago, when Helmholtz
published to the world the first intimation of his discovery, he wrote as
follows concerning its possible utility :—“ 1 do not doubt, judging from
what can be seen of the state of the healthy retina, that it will be possible
to discern all its diseased conditions, so far as these, if seated in other
transparent parts, such as the cornea, would admit of diagnosis by the
sense of sight. Distension or varicosity of the retinal vessels will be
easily perceptible. Exudations in the retinal substance, or between the
retina and choroid, will be seen precisely as in the cornea, by their bright-
ness upon a dark ground. . . . Fibrinous exudations, usually much less
transparent than the ocular media, will, when lying upon the fundus,
considerably increase its reflection. I believe, also, that turbidity of
the vitreous body will be determined with greatly increased ease and
certainty. . . . In brief, I do not consider it an overstrained expectation
that all the morbid changes of the retina or the wvitreous body that
have been found in the dead subject will admit of recognition in the
living eye; an expectation that appears to promise the greatest progress
in the hitherto incomplete pathology of the organ.”” That this expectation
has been not only fulfilled, but exceeded, is a statement that will be
justified by the following pages, in which I shall endeavour briefly to
exhibit the influence that has been exercised by the discovery of the
ophthalmoscope upon the study of the diseases of the internal eye.

Commencing with the diseases of the lenticular system, it is neces-
sary to remember the present state of knowledge with regard both to
stationary opacities of the lens, and the different progressive forms of
cataract, about which a more exact judgment can now be formed of their
seat, progress, and the probable duration of their stages of develop-
ment, as well as a more exact comparison be made between the degree of
opacity and the impairment of vision, than was formerly possible. The
ophthalmoscope first taught the difference between stationary opacities of
the lens and cataractous turbidity; showing that the latter follows a
definite course that cannot be arrested, while the former remain fixed at
a certain stage of development. It taught also, with regard to the course
of real cataract, that the breadth of the primitive strizz is proportionate
to the rate of increase; so that the finer the strie the more tardy, and
the broader the strize the more rapid, will be the progress of the disease.
Concerning the mode of development of cataract, it has taught that the
commencement of opacity is neither in the nucleus nor in the cortical
substance, but in the intermediate or transitional strata of the lens. In
common senile cataract, for example, the turbidity does not begin in the

B 2
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nucleus, long previously yellow, but in the anterior and posterior layers
immediately surrounding it. We now know also, that all the opacities
that are connected with diseases of the choroid or of the vitreous body,
have their point of origin at the posterior pole of the lens; and, formerly,
the different signs which were relied upon in order to distinguish com-
meneing cataract from amblyopia were so uncertain that the surgeon
would often subject his patient to months or years of harassing treatment,
and would only discover his error when it became evident, even to a
layman, that the case was one of grey cataract, and not the commence-
ment of amaurosis.

With regard to affections of the vitreous body, the ophthalmoscope
has revealed the frequent occurrence of effusions of blood into its sub-
stance ; and that such effusions may, in the course of a few weeks, become
absorbed. It has enabled us to estimate the connection and =tiological
relations between floating opacities and choroidal disease. It has shown
the peculiar seat of cholesterine crystals, the presence of living entozoa,
and of foreign bodies that have penetrated the organ; and, in the form
of iritis known as aquo-capsulitis, in which the impairment of sight
is often disproportionate to the degree of opacity visible either to the
naked eye, or with a lens and oblique illumination, the ophthalmoscope
has shown that this impairment is caused by the infiltration of the whole
vitreous body with floating molecules, and has thus proved the frequent
sympathy of the inner membranes with the more evident disease.

In the disorders of the inner membranes themselves, of the choroid,
retina, and optic nerve—almost a ferre incognifa before its discovery—
the ophthalmoscope has rendered assistance equally great. We are indebted
to it for an exact knowledge of inflammation, pigmentary changes, apo-
plexy, and posterior staphyloma of the choroid, as well as of hyperemia,
inflammation, hsemorrhage, atrophy, fatty degeneration, and separation of
the retina. It has reduced to an impossibility Walther’s definition of
amaurosis, as a state in which * the patient sees nothing and the surgeon
likewise nothing,” since the bugbears of ophthalmology, that formerly
concealed themselves under the names glaucoma, amblyopia, and amau-
rosis, have been for the most part traced to definite anatomical conditions.
Through its assistance, therefore, in the place of doubt we have certainty ;
and in the place of inductive reasoning the direct perceptions of sense ;
which last alone can be accepted as certain truths by the inquiring spirit
of natural science.

The instrument has been not less valuable as a help to rational
therapentics, than as the basis of rational pathology. So long as the old
Hippocratic maxim, “qui bene noscit, bene curat,” expresses a truth—
so long as an exact knowledge of the seat and causes of disease is
essential to the application of rational treatment—so long may we
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ascribe to the ophthalmoscope a greater value, as a source of therapeutic
indications, than even to the stethoscope and the pleximeter ; since it is,
as a means of diagnosis, more immediate, certain, and indispensable
than they. For, since the perceptions of sense are more definite in pro-
portion to the more direct and complete exhibition of the nature, shape,
and material conditions of their object, it is impossible to doubt that the
information afforded by sight is more certain and exact than that derived
from hearing, or any other sense. The instrument is more indispensable,
inasmuch as the practitioner, in his diagnosis of various bodily affections,
is not entirely dependent upon physical signs, and may find in functional
symptoms a sufficient foundation for his opinion. In the diseases of the
internal eye, on the contrary, the numerous symptoms of functional
disturbance are inadequate by themselves to indicate the proximate morbid
state on which they depend; and they first attain a positive value when
the material conditions that cause them have been determined, in the only
possible way, by examination with the ophthalmoscope. To the exactness
of such examination we are therefore indebted, in fact, for a system of
therapeutics in which the rational application of remedies has superseded
a blind empiricism. And even when the ophthalmoscope reveals organic
changes against which our remedies are useless, it is still of great value
in affording positive data for a sure prognosis; and in sparing the patient
that course of treatment, often painful and debilitating, and always useless,
that the empiricism of former times was accustomed to prescribe for the
multitude of amaurotic patients. Lastly, the cultivation of ophthalmoscopy
is of no small advantage as an antagonist to the counsels, often ridiculous,
often even dangerous, of the quack ; since it enables us to recognize the
earliest stages of those changes in the internal ocular textures from which
amblyopie or amaurotic affections proceed ; and to employ, with compara-
tive ease and certainty, means to stop their progress, or, at least, to
delay their consequences, against which, at a late peried, all treatment
might be inefficient or wholly useless. (Quaglino.)

I shall endeavour to show hereafter, in the Fifth Section, in what
manner the ophthalmoscope can be made useful in forensic medicine, and
will only mention here, as by no means the least merit of the discovery,
that it has been the cause of bringing to perfection other means of
objective examination. Of such it is sufficient to remember lateral
illumination, the new method of examining the field of vision in affections
of the choroid, retina, and optic nerve, and the tests of the quantitative
perception of light.

After thus reviewing what has been accomplished by the ophthalmo-
scope, and is barely indicated above, it is impossible to refuse assent to
the words of Hasner:—* The ophthalmoscope is not only the most
valuable boon to ophthalmology, but is also one of the greatest creations
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of our century. What the telescope is to astronomy, the ophthalmoscope
is to ophthalmology. The telescope owed its existence to accident; but
the opthalmoscope is absolutely the mature offspring of theory, and is
therefore a greater ornament than the former, not only to Helmholtz its
originator, but also to the age itself, which has not been indebted to blind
chance for its greatest discoveries, but has known how to deduce them
from exact and laborious scientific investigations.”
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SECTION THE FIRST.

THE VARIETIES OF THE OPHTHALMOSCOPE, AND THE
PRINCIPLES ON WHICH THEY DEPEND.

HEN we look at the eye of another person, the pupillary space

usually appears black, and the interior of the organ does mot

return to the spectator a single reflected ray. We have here, therefore,

an apparent exception to the well-known physical law that the passage

of light from one medium to another is mnever complete, and that

some of the rays that fall upon the new medium are in all cases bent
back again or reflected.

The reasons of the dark appearance are briefly as follows :—Let us
suppose that a luminous point is placed at such a distance from the eye,
that, by proper accommodation of the latter, an exact image of the point
is formed on the sensitive layer of the retina. As the retina, notwith-
standing its complicated elementary structure, i1s so far transparent that
nearly all rays pass through it, and only a few are reflected by its surface,
the former portion will reach the choroid, and will, in great measure,
be absorbed by its dense layer of dark pigment. The darker the
pigment, the more complete will be the absorption; but, as an abso-
lutely black surface, capable of retaining all the light it receives, does
not exist in the eye, some portion of the incident rays must always be
reflected, both by the choroid and by the sclerotic beneath it. This
reflection, if we disregard what is effected by the polished boundary
membranes within the eve (the membrana limitans, choroidal epi-
thelinm, &ec., &e.), is wholly irregular, and is dispersed throughout the
entire vitreous body. If the fundus of the eye reflected light regularly,
“it would have precisely the action of a concave mirror, and the observer
with the ophthalmoscope would see only luminous reflection, or floating
images of his lamp and his instrument, but not the vessels of the retina,
the surface of the nerve, the vascular network of the choroid, and so
forth.” The irregularity of the reflection is proved also by the fact that,
“in an eye in which two excentric artificial pupils had been made, or
in which partial irideremia was present, when the fundus was illuminated
through one opening only, the reflected light returned equally and in
the same guantity through both; and through both the colours and objects
of the interior were perceptible.” (Businelli.)

There is, moreover, still farther evidence afforded by pathological
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conditions known to the earliest oculists, such as separation of the retina
from the choroid by serous effusion, or cat’s-eye amaurosis ; as well as by
albinoes, in whom the iris is translucent. The brightness of the interior of
albinotic eyes depends entirely upon the light diffused over every portion
of the retina from the illuminated iris, and mnot at all upon a more
abundant reflection, in consequence of the deficiency of pigment, of the
rays entering through the pupil. It has been shown by Donders that
such eyes present the ordinary complete darkness of the interior, as soon
as they are protected by a screen having a small circular opening, through
which light is admitted to the pupil alone, the general surface of the iris
being in shadow. Lastly, Helmholtz has suggested the experimental proof
furnished by taking ““a small camera obscura (for example, an artificial
eye), well blackened within, and having an opaque white surface, such as
a piece of thick drawing paper, placed in the position to receive the image.
The eye-piece of a microscope, with the drawing-paper substituted for
the ocular glass, will usually answer the desired purpose, as its tube
mostly corresponds exactly with the focal length of its objective. It
follows that this objective will form upon the white paper clear images
of surrounding objects; and yet, if we attempt to look through the
objective, the interior of the tube will appear absolutely dark. We have
in this an apparatus analogous to the eye; the objective representing the
cornea and crystalline lens, and the white paper representing the retina;
and we find in it the same complete interior darkness as in the eye
itself, so long as the paper is accurately placed to receive clear images of
external objects. But if the objective be removed from the tube, or if
its distance from the paper be considerably varied, the bright whiteness
of the latter becomes immediately visible to the spectator.”

Of the light reflected from the ocular background, a portion returns
through the dioptric media and passes out of the eye. But, in conse-
quence of the action of the refracting apparatus, and especially of the
cornea and crystalline lens, the incident and emergent luminous cones
coincide precisely; insomuch that, if the eye be exactly accommodated
for any luminous point, the rays leaving the organ will return to, and be
again united in, that point itself. The object and its retinal image are
in the position of conjugate foci; and the rays proceeding from either
focus are rennited in the other; so that every ray, in its exit from the
eye, follows precisely the same course as in its entrance, and the image
of the retinal image is formed only at the luminous object-point. In
order to perceive the returning rays, it is evident that the eye of the
spectator must be interposed between the source of light and the eye that
is illuminated, which cannot be done without cutting off the illumination
from the latter.

It is just as little possible to perceive light from the eye of another
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person when the latter is exactly accommodated for the pupil of the
observer. For, under these circumstances, a perfectly dark image of the
pupil of the observer will be formed on the retina of the eye that is
observed. Conversely, the dioptric media of the latter will return an
image of this dark portion of the retina to the former, and the observer
will therefore see nothing but the reflection of his own dark pupil.

l

Under certain conditions, however, we may see the fundus of the
human eye shine with a reddish lustre. Such conditions are shown in
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Fig. 1, where F is a luminous point, and S a polished plate of glass, which
reflects the light e & falling upon it, into the observed eye B, in a direc-
tion as if it came from a point F', lying as far behind the plate S as the
actual point F lies before it. Disregarding the loss of light caused by
irregular reflection and other circumstances, the rays ad and b ¢, reflected
from S, enter the observed eye, and become united upon its retina at e.
The emerging rays in their exit from B, must take precisely the same
course as in their entrance; they proceed, therefore, in the converging
cone ¢ b @ d to the plate of glass, by which they are partly reflected back
to F, while the remainder proceed in an unaltered direction forwards, to
unite in a focus at F' and then again to become divergent. If now the
eye of the observer be placed so as to intercept them before their union,
as at A', it receives from e convergent rays that, made more convergent
by its own refraction, are united before they reach its retina, upon which,
after crossing, they form only the dispersion circle o' 3. The eye 4’
would certainly therefore receive no image, but only the sensation of
light—it would see the eye B illuminated; and the same would happen
if it were so placed as to intercept the diverging rays behind the point F'.

After this principle was announced by Von Erlach, Professor H.
Helmholtz, then of Konigsberg, and since of Heidelberg, was the first to
discover the reason why the retina was not distinetly seen, and to find
the means of rendering it visible. The problem was threefold: the
observed eye must be sufficiently illuminated; the eye of the observer
must be placed in the direction of the emerging rays; and these must
themselves be changed from their convergence, and rendered divergent or
parallel. The solution of the main difficulty was obtained when, in a
darkened chamber, the light of a lamp was allowed to fall on a well
polished plate of glass in such a manner that the rays reflected therefrom
entered the eye to be observed. The observer placed himself on the
other side of the glass plate, and made the convergent rays divergent by
a concave lens. Thus, in Fig. 1, we place a concave glass C before the
eye of the observer A4, and convert the convergent pencil b g f a, coming
through S, into the divergent pencil g i k f, so that the eye 4 may
form upon its retina at ¢ a clear image of the point e.

The combination of such an illuminating apparatus with suitable
lenses forms an instrument by which it is possible clearly to see and
examine the details of the background of the eye of another person. To
this instrument Helmholtz gave the name of Eve-mirror, or OpnrHAL-
MOSCOPE.
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L—OPHTHALMOSCOPES WITH REFLECTORS FORMED BY
PARALLEL SURFACES OF GLASS.

1. HELMHOLTZ’S OPHTHALMOSCOPE.

This instrument is shown of its natural size, in section, in Fig. 2,
and in perspective, reduced one half, in Fig. 3, with the reflecting ﬁurf‘fwe
turned towards the spectator. It is represented with a modification

contrived by the mechanician Rekoss,
who added to it the revolving disks
now usually called by his name, and
serving to hold the necessary concave
lenses. The reflecting glass plates are
shown at @ @. They form the hypo-
thenuse of a prismatic box, the section
of which is a right-angled triangle.
The other surfaces of this hollow prism
are composed of metal; and, in order
that they may absorb light as com-
pletely as possible, they are lined with

Fig. 2.

Fig. 3.

black velvet.
The smaller of
the two sides
that contain the right angle is so connected with
the basis of the instrument that it ean turn freely
on its optical axis; and it has an opening corre-
sponding to this axis. The glass plates are held
together by a rectangular frame, which is secured
by two serews e ¢ to the prismatic box. In order,
with the unsilvered mirror, to reflect half of the
incident rays, we may employ either a single
plate of glass, or a greater number, lying super-
imposed upon one another. The necessary angle
of incidence of the rays to be reflected is, for
one plate =70° for three plates = 60° and for
four plates = 56°,

In g g, the metallic framework of the instru-
ment, is an axis d o, on which the two disks & b
and ¢ ¢ revolve. Each of these disks has five open-
ings; and in eight out of the ten are placed a series
of concave lenses, of from 6" to 13" focal length, the

other two openings being empty. By turning the disks, these openings
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can be brought one after another into the optical axis of the instrument,
so that the observer, applying his eye to the basin-shaped eye-piece B,
may look through any of them, and also through the glass plates a a.
In order that the disks may not change their position, they have indenta-
tions on their margins, to receive the ends of two springs, one of
which 1s shown at A.

In using this ophthalmoscope, the observer sits close in front
of the patient, and places at his side a brightly burning lamp. An
opaque screen is then so arranged that it shades the face of the patient.
The observer first brings the mirror nearly into its right position before
the patient’s face, and so manceuvres it, that the plates of glass throw
their bright reflection into the eye to be examined ; upon which, looking
through the instrument, he will see the retina shine with a red glow. If
he be unable to accommodate his eye for the vision of fine details, he
must turn one of the disks with the forefinger of the hand that holds the
instrument, until he has found the necessary concave lens. If the illu-
mination of the retina should disappear, the observer looks for the
bright reflection from the glass plates upon the face of the patient, and
gnides this reflection back again into the eye.

The advantages of this ophthalmoscope are, that it allows us to
observe exactly the position of the retinal image of the flame, and the
changes of this image in accommodation for nearer or farther distance;
and also that a healthy eye can bear its illumination for hours without
becoming inflamed or blinded. The disadvantages are comparatively feeble
illumination of the fundus oculi, and disturbing reflection from the
cornea; which last objection is diminished as much as possible by
polarization of the light by means of four plates of glass. The instrument
is chiefly useful, however, in physiological observations and experiments ;
and in surgical examinations, where a larger field of vision and good
definition with less magnifying power are mostly required, the perforated
mirror with a convex lens is found to deserve the preference.

2. THE OPHTHALMOSCOPE OF FOLLIN

is shown in Fig. 4. It is essentially the instrument of Helmholtsz,
rendered stationary, and with the addition of a convex lens, which,
placed near the lamp, throws divergent light upon the reflecting plates.
The instrument consists of the following parts. The apparatus of
Helmholtz, with its reflecting glass plates f, is connected to a wooden pillar
@ by means of a hinge A, which permits of revolution about its vertical
axis, The concave lenses necessary as ocular glasses are secured in the
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frame g, moveable on its horizontal axis. The stand a bears also
the slender arm ¢, on the end of which the light & together with its
chimney-glass Fig. 4.

are fastened.
This arm carries
also the bicon-
vex lens ¢, placed
between the
light and the
instrument, and
sliding back-
wards and for-
wards,

The addition of a convex lens as an illuminating
glass is unquestionably an improvement on Helmholtz’s
instrument, but is not a contrivance of Follin’s, Helm-
holtz having first suggested it himself. The setting
up of the lens in the vicinity of the flame is of little
advantage; since, in practice, the mirror being made
dependent upon the line of direction of the rays, its
mobility is hindered ; and, moreover, the variations of
the focus of the rays that are necessary for the deter-
mination of different depths in the eye are rendered
impossible.

Another principle by which the fundus oculi of a
second person may be seen illuminated is given by
Briicke. In Fig. 5, let F be a luminous point, and B the eye to be
observed, accommodated for the distance B F, and € the image of the
point F upon the retina of B. In such case, the whole of the rays

]"ig. a.

reflected from C would be again united in F, and the eye of the
observer A4 placed near F and looking towards B would receive
none of them and would see B’s pupil black. If, now, the accom-
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modation of B for the distance B F being steadily maintained, the
luminous point be moved nearer B to F', then the rays proceeding from F'
would have their point of union behind B’s retina in D. Being inter-
cepted, however, by the retina, they form upon it the circle of dispersion
a (3. But as the refraction of B is adjusted for the distance I B, so the
rays that are reflected from a« 3 will be united at that distance: for
example, the rays proceeding from the point a, in the direction of the
prolongation of a , at the distance F' B, and therefore at o'; and those
proceeding from f3, in the direction 3 &, at [3'. In this case, the eye of
the observer A4, so long as it was placed between the limits o« [3', would
receive a portion of the reflected light, and would see B illuminated.
Upon this principle rests :—

3. HELMHOLTZ'S “SIMPLEST OPHTHALMOSCOPE.”

The surgeon and the patient seat themselves in a darkened chamber,
with a table so placed as to interpose a corner between them, and with
their faces about a foot asunder. If the right eye is to be examined, the
table must be to the left of the observer, who places upon it a lighted
candle at the level of the eyes, near to himself, and interposes a screen
between his eye and the flame. The patient is then directed to look
through the clearest part of the flame at some imaginary point in the
distance of the room and behind the observer, who himself looks in a
direction close to the edge of the screen, and sees the observed eye
illuminated, and the more strongly, the nearer his line of sight approaches
to the margin of the flame. In blue and myopic eyes the illumination
is stronger than in brown and normal eyes; but in these it is recog-
nizable. As soon as the surgeon has found the best position of his eye
for the observation, he interposes a convex lens of 11" or 2" foeal length
and 1" diameter, and holds it close before the patient’s eye. He
then sees the iris and pupil slightly magnified, and is guided by the
outer parts of the eye to place the lens without difficulty before the
pupil, which will now appear still more strongly illuminated. The lens
should then be gradually withdrawn from the eye observed, in such a
direction that the red luminosity always corresponds with the middle of
the pupil, so that the red field of the fundus eculi becomes larger and
larger until it overspreads the whole surface of the lens. The observer
will then usually obtain a clear image of the retinal vessels, as distinet,
strongly marked red lines; but, if he should not see them clearly, he
must remember that this image is not formed on the surface of the lens,
but nearer to himself by the length of its focal distance, 1" or 2", and
that he must therefore accommodate his eye for vision at such a nearer
distance as the position of the lens may indicate. When the two eyes
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are 12" apart, the observer will have the image about 8" or 9" in front of
him, and therefore at a convenient distance for normal vision; but, if he
be either near-sighted or presbyopie, he will require the farther aid of the
same glass that he is accustomed to use for reading. |
In Fig. 6, let F' represent the flame, A the eye of the observer, B of
the patient, S a screen behind the flame, close to the margin of which
the eye 4 looks towards B, and L a convex lens of the focal length L C.
Rays that from some point of the flame F fall upon B, having passed

F

LN
G

through L, and become convergent, are therefore united by the dioptric
apparatus of B more or less in front of the retina, as at o, from whence
they overcross and diverge, and first strike the retina as a circle of disper-
sion a 3. The eye B perceives only a luminous disk ; and, in generals
cannot accommodate itself for any determinate distance; so that in
respect of accommodation it remains passive, that is, in a state adapted
for parallel rays. It follows that the rays reflected from any point of
the luminous eircle a [3 will become parallel on their exit from the eye,
and will follow the direction of a line drawn from their point of origin
through the crossing-point #. TFalling upon the lens L, these parallel

Fig. 7.

7 O

rays will be uunited in the plane of its prineipal focus C, at which distanee
from L will be formed, in the position «' (3, an inverted magnified image
of @ (3; and, when the observer accommodates for the distance 4 C, he
will see there a clear inverted image of some part of the illuminated retina.

Let us now, as in Iig. 7, replace the screen S by a perforated concave
mirror held directly before the eye of the observer, and let us place the
flame by the side of the eye B in such a manmner that the mirror reflects
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light through the lens L upon B. The arrangement of Fig. 6 is not
altered in essentials, but we gain the advantages of looking as if through
the middle of the flame, and of throwing from 8 light already convergent
upon L.

The merit of having first applied this principle, by using as an
ophthalmoscope a perforated concave mirror, which must always afford
the best means of illuminating the eye, belongs to Professor Th. Ruete ;
who also was the first to demonstrate the practicability, and to prove the
great value, of the examination of the inverted image. His apparatus
and its numerous modifications constitute the Second Class of Ophthal-
moscopes.

4. LAURENCE'S REFLECTING OPHTHALMOSCOPE.

Before following Dr. Zander in his account of the Second Class of Ophthalmo-
scopes, it is necessary in this place to describe an instroment very lately invented
by Mr. J. Zachariah Laurence, and occupying a position intermediate between the
first class and the second. It consists essentially of a piece of plate-glass, inter-
posed between the eye of the patient and the source of light. The arrangement will
be readily understood by reference to Fig. 1, in which, for our present purpose,
It will represent the eye to be examined, F' the flame, and F' the eye of the
observer; and the eyes 4 and A', and the lens C, may be left wholly out of account,
The rays of light from F'' penetrate the glass plate 8, and enter the eye B, from
which they return, either divergent, convergent, or parallel, according to the state
of B's refraction and accommodation. Of these returning rays, the greater part
again pass through 5, and regain their source; but some portion will be reflected by
S to I, and will there become visible to an observer. It is quite conceivable that
an observer might, under these circumstances, see an erect virtnal image of the
fundus, for which purpose he would require the aid of a concave lens if the eye
under examination were myopic, or even if it were emmetropic, but accommodated
for some nearer point than infinite distance. As the apparatus has been hitherto
arranged, however, no details of a virtual image have been rendered visible, and
nothing has been seen in this way but the red reflex of the fundus. It is probable
that the loss of light by the transparency of the reflecting surface has been one
canse of this imperfect success. By interposing a convex lens between the eye I
and the plate S8, a much better result has been obtained. The first effect of such a
lens is to concentrate the light it receives from the flame, and thus to increase the
illumination of B's retina. Its next effect (see Fig. 6) is to render the returning rays
convergent, and to bring them to union in or near the plane of its principal focus,
where they form an inverted actual image of the parts of B's retina from which they
proceed. Diverging from this image, the rays impinge upon the plate S, and are
reflected by it in sufficient gquantity to afford to the spectator at F a very fair
view of the optic nerve and vessels. These are seen partially inverted, that is to
say, upside down, but not displaced laterally ; in a way that will be better understood
when I come to describe the effect that is produced by Dr. Heymann's autophthal-
moscope. It is, of course, essential that the convex lens and the glass plate should
be separated by a greater interval than the principal focal length of the former;
and the more this interval is increased, the larger will be the size of the image, and
the fainter its illumination. The surfaces of the glass plate must be perfectly parallel
and perfectly smooth; as, otherwise, a separate image will be reflected from each
of them, and the two images will confuse one another. There will also be an
image reflected backwards from the lens, and visible to a spectator looking over the
ghoulder of the patient.




LAURENCE’S REFLECTING OPHTHALMOSCOPE. 17

By modifying the inclination of the plate S, the position of the point F' may
be greatly varied, and the reflection may even be thrown into the other eye of the
person under examination, so as to convert the apparatus into an aut-ophthalmo-
scope. By such an arrangement I have found it easy to see with either of my eyes
the luminosity of the other; but I have not succeeded in observing details. The
acuteness of the angles of incidence and reflection is a formidable difficulty in the
way of self-examination by such a method.

The experimental instrument employed by Mr. Launrence consists of a horizon-
tal stem about a foot long, supported by an upright stand. Two small uprights
glide in a groove on the upper surface of the stem; and carry, one a convex lens of
2" focal distance, the other a small square of plate glass, both so arranged as to turn
upon their vertical axes. The light is farnished by an argand burner, surrounded
by an opague chimney with a single small opening; and the place of examination is
otherwise completely darkened. The patient is placed about three feet from
the lamp, the convex lens about 2" from the cornea, and the glass plate about 4"
from the lens. The eye, the lens, the plate glass, and the flame, must all, of course,
be perfectly on the same level, and their centres must be in the same straight line.

I have described the apparatus at some length, because it appears lkely, if it
can be brought nearer to perfection, to render important aid in the instruetion of
students. The reflection is visible to more than one observer at once; and may,
perhaps, hereafter be rendered visible to a class. At present the matter is entirely
in its infancy ; and nothing but the principle can be considered as established. The
idea was suggested to Mr. Laurence by the celebrated * Ghost ” of Messrs. Dirckes
and Pepper, which is produced in a very similar manner.

Still more recently, Mr. Laurence has modified his instrument in the following
way :—He illominates the eye by a lantern having only one opening for the exit of
light ; and places in this opening a convex lens of such power that the flame is in its
principal focus. By this arrangement the rays proceeding from the lantern are
rendered parallel. They pass through the plate of glass to reach the eye ; and, under
ordinary circumstances, will retain their parallelism on their backward course.
The biconvex lens is then placed, not between the plate and the eye observed, but
between the plate and the spectator; so as to unite the rays into an actual image
after they have undergone reflection, instead of before. The image thus formed may
be magnified by a second lens; and Mr. Laurence unites the two in a tube, which
thus resembles an astronomical telescope, and is levelled at the reflecling plate.
Mr. Laurence proposes to convert this tube into a terrestrial telescope by the
addition of an erecting eye-piece.

The formation of the actual image subsequently to reflection brings this form
of ophthalmoscope into the ordinary pesition of being only available for one observer
at a time. Mr. Laurence informs me that it gives very good results; but, beyond
simplicity and cheapness, I am not aware that he claims for it any special
advantages. It is, however, of such recent invention, that time and further experi-
ments are needed for the determination of the degree of excellence that it is calculated
to attain.
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II.—HOMOCENTRIC OPHTHALMOSCOPES.

5. THE OPHTHALMOSCOPE OF RUETE

is shown in Fig. 8, ome-cighth of the natural size. A pillar a, rising
from a round wooden foot, has in its axis a eylindrieal wooden rod b,
sliding up and down, and retained at any desired height by a spring on

Fig, 8. its lower end. To the top
of this rod is secured a
brass semicircle e, which
may thus be raised or de-
pressed, turned right or
left, at pleasure., A econ-
cave mirror d, of about
three Paris inches diame-
ter, and 10" focal length,
with a central perforation,
is attached to the semicircle
by serews, so that it may
turn upon its own hori-
zontal axis, Half-way up
the wpillar @ are two
wooden rings, e and f
turning freely. Each ring
carries an arm projecting
horizentally. The arm g
supports a blackened screen, the arm % is graduated in twelve Paris
inches, and supports two vertieal pillars, 7 and &, made to slide backwards
and forwards. These contain small rods, /! and m, sliding up and down,
furnished with springs like that of the rod &, and carrying the necessary
concave or convex lenses.

To use this instrument, it is placed upon a small table in front of the
patient, whose pupil has first been dilated by atropine, and who sits npon
a stool in a darkened chamber. Upon a table near him, but on the
contrary side to the eye that is to be examined, stands a lamp that can be
raised or lowered. The perforation of the mirror, the axis of the dioptric
lens, and the flame of the lamp, must all be on the same level as the
eye. While the patient looks at the lens nearest to him, placed at a
suitable distance, the observer directs the light, reflected from the mirror,
into the eye; and then, sitting behind the screen, looks through the
perforation. If it be desired, by means of the formation of a dispersion
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circle on the retina, to include a larger portion within the field, the lamp
must be moved forwards or backwards; and if it be desired to diminish
the illumination, a third or a half of the mirror may be covered by
the screen.

For examination of a virtual, erect image, it is necessary to place
in the stem / a concave lens of from 8" to 9" focal length. This should be
distant from 1" to 3" from a short-sighted, and from 3" to 5" from a far-
sighted eye; but by sliding it backwards and forwards the exact distance
required by the accommodation of any particular eye may be found. A
short-sighted observer must use his accustomed spectacle glass. The
inspection of the erect image is more especially useful in order to
examine in detail the objects of the fundus oculi, and to determine
their peculiar colours, as well as the transparency of the whole refract-
ing media.

For examination of an actual inverted image, it is necessary to
substitute a convex for the concave lens. If the stem [/ carry a convex
lens of about 1" focal length, the observer will obtain, when this lens
18 distant nine or ten inches from his own eye, and about one
inch from the eye of the patient, an inverted picture of the retina,
magnified from 2 to 3} diameters, and showing the finest branches of the
central vessels, small aneurisms, extravasations, and so forth. If two
convex lenses be used, the first of 14", about one inch from the eye
of the patient,—the second of 41", about 51" distant; this combination
will afford an inverted image about three times magnified, but apparently
filling a larger field than the former. The annoyance of reflected mirror
images may be removed by turning the lenses on their vertical axes, so
that they stand somewhat obliquely to the optical axis of the eve. An
image magnified nine or ten times is afforded by two convex lenses, one
of 14" foeal length, the other of 3", the first about two inches, the second
about six inches, from the eye of the patient; but the steadiness of the
eye required by this combination can seldom be obtained.

This, and all other concave mirrors, produce their effects according
to the following optical principles :—

In ExAMINATION OF THE VIRTUAL, ERECT Imace.—In Fig, 9, F
represents the flame, S the mirror, L the concave lens, B the eye exam-
ined. From the flame F, rays of light ¥ @ and F & fall upon the mirror,
and are reflected from it in directions converging towards its focus. They
are intercepted before they meet by the concave lens L, and rendered
divergent, Proceeding, they strike divergent upon B’s cornea, and form
upon its retina the dispersion image « (3. Returning in their course of
entrance, the rays « d e and 3 ¢ f would unite in g, were they not again
rendered divergent by L, so that the observer at 4 sees a magnified erect
image o" (3", apparently situated behind « j3.

c 2
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In ExaMINATION OF THE ACTUAL INVERTED IMace.—In Fig. 10, F is
again the flame, § the mirror, L the convex lens, and B the eye observed.

Fig. 9. Fig. 10.

- ¥
|

Femrrmmaa

The rays a e, b f, proceeding convergent from the mirror, and rendered
more convergent by their passage through the lens, strike the cornea of
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Bin ¢ and d. Rendered still more convergent by the dioptric apparatus of
B, they intersect at some point in front of the retina, for example, at o,
and form on the retina the dispersion circle « 3. As shown in Fig. 6, on
account of the passive state of accommodation of the eye, the rays proceeding
from it will follow courses parallel to the lines of direction a z and 3 =,
and after their refraction by the lens L will unite to form at o« [3' an
actual inverted image of a f3.

While the great advantages of this instrument in respect of the
brightness, sharpness, and beauty of its images strongly recommend it for
clinical demonstrations, where the head of the patient can be supported
by an assistant, yet the fact that it is somewhat difficult to manage
diminishes its praetical utility for ordinary purposes.

6. THE SMALLER OPHTHALMOSCOFPE OF RUETE.

To obwviate this inconvenience, Ruete has constructed a smaller,
portable instrument, of which the following is a deseription :—

A small, centrally-perforated concave mirror (of 11" diameter, and
4'—6" focal length) is attached by a hinge-joint to a brass staff, like, but
larger than, that of Coccius’s ophthalmoscope. Behind the mirror is a
spring clip to contain ocular lenses. Immediately below the hinge the staff
carries a longer rod, divided into six or eight joints, sliding backwards
and forwards one upon another. At the farther end of this is a spring
ring to carry concave or convex lenses—the whole corresponding to the
arm A&, Fig. 8. Above the handle is a cross-bar, like that of the arm d,
Fig. 29, which carries a pasteboard screen on a short stem. This instru-
ment gives very good images; but in consequence of the length of the
handle and arms, its management and its application to the eye of the
patient are sometimes difficult.

7. THE OPHTHALMOSCOPE OF ANAGNOSTAKIS.

This instrument consists of a small, round, coneave mirror, 5 centi-
metres in diameter, having a focal length of 41". Its silvered surface is
protected by a blackened plate of copper. The centre of the mirror is
perforated, the opening having a diameter of 4 millimetres. For con-
venience in use, the mirror is attached to a short handle. The manner of
using is the same as for other ophthalmoscopes.

8. THE OPHTHALMOSCOPE OF ULRICH

is shown in Fig. 11 in perspective, in Fig. 12 in section. It consists of
two tubes, blackened within, and united at an angle of about 40°; one
of them, a &, inclosing the mirror and lenses, the other admitting the
light to the first. The length of the first tube, which Ulrich ecalls the
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““ ocular, or observer’s tube,” is about 5", its diameter 1" 8”. The second,
or “light tube,” has a smaller diameter, and on its hinder margin a

Fig. 11. length of about 2", greater length being
forbidden by the necessity of keeping the
source of light away from the patient’s
head. The end & of the tube is provided
with an opening 1" in width, adapted to
the eye of the observer; the other end
a is open in its whole diameter, and
incloses the eye of the patient. Both
are finished by proper margins. The
free end of the second tube has a screen
d that shuts off side light from the ob-
server, and acts also as a cover for the
tube itself. The source of light can either
stand alone at a distance; or, as at f in
the figure, be attached to the instru-
ment itself by means of the collar and
screw ¢ and x,—the light being held in a
ring tarning on a horizontal axis. This ring is furnished with the screen
% to cut off rays from the head of the patient.

Fig. 12 shows the internal parts in section. They consist
of a small concave mirror of 1" 8" diameter, 11" central perforation,
aud 3" focal length, and two convex lenses, m and n. The mirror is set
obliquely across the tube, so that its incident
and reflected rays correspond with the axes
of the two tubes respectively. Its distance
from the opening of the ocular tube is about
4". Behind the mirror, separated from it by a
perforated diaphragm, is the 41" ocular lens =,
fixed in the moveable sliding tube or eye-
piece & &. The 1}" object-glass m is placed
in front of the mirror, and has, attached to
its setting, a rod u, fastened to a button and screw
z, which passes through a slit in the side of the
ocular tube, so that the object-glass can be moved
to and fro, and fixed at any point. The ocular
tube is also furnished with the draw-tube k ¥,
which serves to steady the apparatus upon
the eye of the patient, and also to retain the eye in any desired
position.

To use this instrument it is held in the left hand for examination of
the left eye, and vice versd ; while the free hand regulates the positions of

Fig. 12.
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the object-lens and of the draw-tube. With clear vision at a distance of
nine inches no elongation by means of the draw-tube is required, but ouly
movement of the object-lens to the extent of }" or §". In presbyopia
the tube must be lengthened 4" or §"; and in myopia it may be necessary
to move the object-lens as much as 17, and to substitute a weaker
ocular (a biconvex of 6") for the one ordinarily employed.

For examination of the cornea, iris, or lens, the ocular is removed by
withdrawing the tube in which it is
set; thus reducing the instrument to
a simple magnifying glass,

This ophthalmoscope can also be
employed in daylight.

Its advantages, for examination of
the inverted image only, are these;—
that the whole of the necessary ap-
paratus is united in a portable form ;
and that the tube, by totally ex-
cluding side light, facilitates the per-
ception of aérial images.

They are much outweighed by the
disadvantages of having the source of
light united to the instrument; of
having the object-lens with its axis
straight, so as to transmit reflected
mirror images; and of having the
mirror stationary.

Fig. 13.

8. THE OPHTHALMOSCOPE OF
STELLWAG VON CARION

is shown in Figs, 13 and 14 in natural
size. It consists of a concave mirror,
having a focal distance of some inches,
perforated through the middle, and
attached by a joint at its edge to a -
handle, By this joint the mirror can he set in any required direction.
Behind 1s a Rekoss’s disk with its axis of rotation excentric to the mirror;
so that, by turning the disk, any one of its marginal holes containing
lenses can be brought opposite to the mirror opening.

Fig. 13 shows the instrument from the side, and Fig. 14 from
behind. A4 is the concave mirror, with its central opening X. At G the
mirror 1s united by a joint to the stem E, which 1s secured by a serew to
the handle (i) at F. To the stem E a second stem D is fastened at J,
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and carries at its upper end the
Rekoss’s disk B, which revolves on
the pivot C; so that any one of its
eight lenses @ @ can be brought oppo-
site the opening X of the mirror A.
The lenses are 2", 47, 8,” 10", and 12",
concave ; and 2", 6", 12", convex,

In order to reduce the size of the
instrument as much as possible, and
to bring it within the compass of a
small case, the distance between the
stems D and E must be very small;
so that the mirror can only receive
a trifling degree of inclination; and
the light must be so placed that the
angles of incidence and reflection are
also small.

10. THE OFHTHALMOSCOFPE OF
HASNER

is shown in Figs. 15, 16, and 17 in
half size. It consists of the following
parts :—In a brass tube e is a second
tube & sliding freely, and capable of
being fixed in any position by the
screw ¢, which projects through d, a
slit in the outer tube. A perforated
glass concave mirror of 7" focal
nded by the serews ff at the free end of

the tube @, and can turn upon these screws as on an axis. It receives the

Fig. 15.

light from a lamp through an open
Fig. 16. At the free end of the

ing in the side of the tube @, shown in
tube & a two-inch convex lens g, set

in a metal ring, is suspended by the screws & & in the same manner as
the mirror. Behind the mirror is a spring clip united to the tube a by
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the joint &, and capable of being set at any desired obliquity. The
Fig. 18.

distance of the lens y from the opening in the mirror is shown in
Paris inches by the graduated scale d, and may be increased to 8",

In use, the observer holds the screws 2 & with the thumb and index
finger of one hand, the remaining fingers of which rest upon the cheek or
forehead of the patient, and maintain the end of the instrument at a
distance of from }" to 11" from his eye. By means of the screws, the
necessary obliquity is given to the lens g, so as to displace laterally the
reflected images of the mirror. The ocular tube is held by the screws
S f with the thumb and forefinger of the other hand, the side opening is
turned towards a lamp suitably placed ; and, by means of the screws, such
a direction is given to the mirror that the rays falling upon it are reflected
down the axis of the tube into the eye of the patient. When this is
illuminated, the details of the fundus oculi may be brought into view
by sliding the tubes. For ordinary cases, a single convex lens will be
sufficient; but in high degrees of presbyopia it may be necessary to
place a second, of 15" or 20" focal length, into the spring clip. The
same may also be done in order to obtain a more highly magnified image.

Professor Ryba makes the spring ring ¢ much smaller, and connects
it by a twice-jointed stem to the edge of the metal plate behind the
mirror, By this arrangement the ocular lens can be accurately applied
to the central perforation of the mirror, in any oblique direction of the
latter, and in any direction of the axis of the tube.

Among the merits of this instrument Hasner enumerates :—(1) Being
composed of solid metal it occupies little room, and is very portable.
(2) The inverted image of the retina is easily found, because the tubes
slide freely, and because their considerable diameter renders it unnecessary
to look exactly in the line of their axis. (3) Its connection with the patient
by the hands of the observer keeps it steady in its place. (4) The
mobility of the mirror renders it easy to give any direction to the instru-
ment without altering the position of the flame. (5) The reflected
images of the object-lens are readily set aside by shifting it. (6) The
retinal 1mage contained within a blackened tube, from which all side light
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is excluded, appears much more clearly than when formed in the open
air. (7) The clip behind the mirror facilitates the application and
removal of ocular lenses. (8) By the graduation of the tube the distance
of the observing eye from the convex lens can be read off ; and in known
vision of the observer, and with the lens at a constant distance from
the patient, the refraction of the latter can be determined, approxima-
tively at least, by a comparison of different observations.

11. THE OPHTHALMOSCOPE OF WILLIAMS.

This instrument consists of two small concave mirrors having a focal
length corresponding to the distance at which the observer sees small
objects clearly. They are set in a spectacle frame in such a manner as
to turn on vertical axes; and, this frame being worn by the observer,
the light from a side lamp is directed into the eye observed.

The advantage of having both hands at liberty, claimed by Williams, is
far overbalanced by the evils of difficult adjustment and uncertain fixation.

12. THE OPHTHALMOSCOPE OF DESMARRES.

This ophthalmoscope, shown in Fig. 18, consists of a concave mirror
four centimetres in diameter, and
of 7" focal length, with two paralle]
holes A4 A for the observer, accord-
ing as he may examine the right
or the left eye. An ocular lens
of 1" is fixed by a pin D to an
opening B in the handle of the
mirror, and can be applied to
either of the perforations.
Another instrument likewise
used by Desmarres, consists of
two concave mirrors, united to-
gether back to back. The two
mirrors have different foci—one
at 12, the other at 9 centimetres.
Instead of a central opening there
is in each mirror a small one near
the margin. The whole instru-
ment, together with a convex lens, is mounted in a tortoiseshell frame.

13. THE OPHTHALMOSCOPE OF HEYFELDER.

This consists of a small eoncave mirror the size of an English
florin, having a moveable handle of blackened wood. In the centre the
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metal covering of the mirror has a circular perforation two lines in
diameter, the glass itself remaining entire. The concave and convex
lenses may be inserted in a moveable black ring, that may either be attached
to a second wooden handle and used by the free hand, or, more con-
veniently, may be fixed to a small cross-piece of brass on the mirror, and
thus placed at a distance of from }" to 2 either before or behind it.
In this arrangement the whole apparatus is managed by one hand, and
the other is left at liberty to steady the head of the patient.

14. THE OPHTHALMOSCOPE OF SOLEIL,

according to the description furnished by Dr. Castorani, precisely
resembles in appearance a botanical lens. It consists of a common
centrally-perforated concave mirror of 20 centimetres focal distance
and 82 millimetres diameter, of a biconvex lens of 55 millimetres focal
distance, and of a handle. When closed, it is 8 centimetres in length,
4 in breadth, and 18 millimetres in thickness.

15. THE OPHTHALMOSCOPE OF CUSCO

consists of a hollow upright stem of wood, 4, Fig. 19, 10" in height,
and furnished with a screw B by which it Fig. 19.

can be fastened to the edge of a table. In
this stem a wooden pillar C slides up and
down and is retained in any desired position
by a spring at its lower extremity. Its upper
end is united by a simple joint to the brass
ring &, which is lined with cloth, and
carries the moveable wooden tube D. This
again contains the sliding stem FE, and
carries the brass ring H with its jointed
brass rod I terminated by a little knob.
It carries also the concave mirror S sup-
ported by a brass semicircle and turning
in the tube D on its vertical axis. The
stem E supports in the same manner the lens L. The focal length of
the mirror is 8", and that of the lens is 2",

16. THE OPHTHALMOSCOPE OF JAGER

is shown in half-size in Figs. 20 to 25. In order to unite in one apparatus
the advantages of Helmholtz's, Ruete’s, and other ophthalmoscopes, Jiger
has constructed an apparently complicated instrument, the description of
which belongs to this place, since it is chiefly used with a concave
mirror.
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It consists of a short tube @ which turns on its axis in a ring ¢,
attached to the handle 4. The tube at its anterior extremity is sloped
off at an angle of 60° and has two opposite slits @ for the reception

F‘ig.. Eu-l
Fig. 22.

of the trunnions of the
mirror e. Qutside the tube
are two springs f f corre-
sponding to these slits, and
serving to secure the mirror
in its position.

Within the tube is a
diaphragm g with a cen-
tral perforation one centi-
metre in diameter. At the
hinder end of the tube is
a sliding ring A, also with
a diaphragm and a corre-
sponding perforation. This
ring can be easily removed
and replaced, and serves to
hold a lens securely between
the two diaphragms.

Fig. 22 shows a concave
mirror, of 77 or 4" focal
length, fixed in a metal ring
with two trunnions e e, and
protected on its silvered
side by a thin metal plate.
The latter has a central
opening two decimal lines
in diameter, and the mirror
itself is drilled to ecorre-
spond.

Fig. 23 shows a metal
ring, also with two trun-
nions, and holding three

or more plates of plane glass, which are secured by a second ring screwed

into the first.

Fig. 2415 a metal tube, of which the broader part i is made to slide
over the front part of the tube a, the slits in the sides of i corresponding

to the springs f f and receiving them.

In the narrower part % this

tube will contain either a single biconvex lens, or two plano-convex lenses,

or the objective of a Briicke’s magnifier.

Fig. 25 exhibits a black paper disk of from 6" to 12" in diameter, slit

e e e il
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to the centre and fastened to a metal ring, by means of which it can be
placed upon the ring ¢, the slit corresponding to the handle of the
instrument. The lines are a Vienna inch apart; and, as well as the
numbers, are coloured white.

The instrument is commonly supplied with eight concaves, Nos. 2,
3,4,5,6,8, 10, and 12; and with four convex lenses, Nos. 2, 6, 8, and
12, which fit into the hinder end of the tube a.

By placing the ring with the plane glasses, Fig. 23, into the front
of the instrument, we obtain Helmholtz’s ophthalmoscope; by substituting
the concave mirror, and holding a strong convex lens, No. 2 or 3, before
the eye of the patient, we obtain Ruete’s; and by placing the objective
tube, Fig. 24, in its position, with the necessary convex or concave glass
between the diaphragms, the instrument can be used as a magnifier.

To use this ophthalmoscope, the observer places himself close to and
opposite the patient, in a darkened chamber, with their eyes at the same
level, and with the patient’s eye under the influence of atropine. A brightly
burning lamp should be placed upon a table, from four to six inches
from the side of the patient’s head, and sufficiently far back to leave the
eye in the shade. The mirror being fixed in its slits, and the tube
rotated until the trunnions are directed npwards and downwards, parallel
to the handle, the oblique section of the tube is turned towards the
light, and the instrument is held upright, close to the eye of the observer,
in such a direction that he, looking along the axis of the tube, through
the perforation of the mirror, sees the eye of the patient. With the
free hand, the trunnions are then so far turned that the patient’s eye
becomes thoroughly illuminated by the reflection, and that the pupil coin-
cides with the centre of the illumination. The disturbing reflections from
the cornea may be displaced by giving slight obliquity to the instrument.

By inserting No. 10 concave, we obtain an erect retinal image,
magnified about twenty-four times. By using the concave mirror of
4" focus, and holding a convex lens of 2", 8", or 4" immediately before
the patient’s eye, we obtain a clear, inverted image, magnified from twice
to four times. For examining the transparent media it is best to use
only the plane glasses, or a convex mirror of 7" focal distance; and by
placing between the diaphragms a convex glass of 12", 8, or 6", we
obtain any desired degree of enlargement.

To use this as Helmholtz’s ophthalmoscope, the ring with plane
glasses, and the necessary concave lens, must be inserted, the lamp
brought forwards, and the patient shaded by the interposition of a screen,
the shadow of which should just cover his eye. To shield the observer
from the light, and to steady the eye observed, the disk, Fig. 25, may be
slipped over the ring e, and the patient directed to look fixedly at some
row, or some individual figure or line upon its surface.
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17. THE OPHTHALMOSCOPE OF LIEBREICH

is shown in Fig. 26 one-half of its natural size. It consists of two short
tubes 4, B, moving one over the other by a rack and pinion a. The tube B,

Fig. 26.

[ ;l;
X
i
N
AR ~
ey =

nearest to the observer, has a piece cut out of its side at the free end,
where hangs a small metallic concave mirror 4, on trunnions, and spring
clips ¢ ¢, in such a manner that it turns readily on its vertical axis, and
can be removed with facility. The other tube 4, turned towards the
patient, carries at its free end a convex lens d, of 11" or 2" focal length,
hung in the same way as the mirror.

The tube 4, containing the lens, is securely united by the ring D
to the standard E, which supports the whole instrument, and is provided
with a clamp by which it can be screwed to a table. Above the ring D
a quadrilateral brass stem, 4" long, and 3" broad, is made to slide
horizontally backwards and forwards, and is fixed, when desired, by a
screw. At its farther extremity it carries a padded metallic are ff, which
receives the forehead of the patient, and holds the face at the same
constant distance from the objeet-glass.
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The fixation of the head is completed by a chin-holder independent
of the tubes; but, like them, moving up and down upon the stem screwed
to the table. The chin-holder terminates in a padded cup g, connected
with the upright by two sliding bars & &, so that the cup can be fixed in
any required position.

In order to give a determinate direction to the eye of the patient,
a jointed stem i is attached to the end of the tube, and earries at its
extremity a knob £. By moving this knob, and directing the patient to
look at it, any necessary direction of the eye may be obtained.

A small semi-elliptical screen, fixed behind the mirror, shelters the
observer; and another, somewhat larger, the patient, from the light of
the lamp. The larger screen is hinged to the ring which unites the tubes
to the vertical stand, so as to move in accordance with different positions
of the lamp.

For more exact measurements, determinations of enlargement, and
so forth, a scale of millimetres is marked upon the brow-holder, and also
upon the inner tube, by which can be shown the distance of the patient’s
eye from the convex lens, and the distance of the lens from the mirror.
The distance of the little knob from the eye, and from the axis of the
tube, can be measured easily.

By means of a camera lucida the image formed in the tube can be
thrown upon the surface of the table,

In use, the instrument should be serewed to the corner of a
table, and the patient and observer seat themselves with this corner
between them. The tube must be placed at the level of their eyes,
and the lamp opposite to the gap € in the tube. The patient is
secured as steadily as possible by the brow and chin-holders, with
his eye distant from the lens about as far as its principal focus,
namely 14" to 2". This done, and the lens so arranged as to displace
reflected images, the patient is directed to follow with his eyes the
movements of the little knob, which may be fixed wherever necessary.
The observer then commences the examination ; for the conduct of which
no special rules are required.

For microscopic examination Liebreich fixes the patient’s head as for
the ophthalmoscopie, withdraws the tubes from their containing ring, and
replaces them by the body of a Schieck’s microscope. The brow-holder
(fixed to the ring) and the chin-holder determine the distance of the eye
from the object-glass of the microscope, which can be moved forwards
and backwards in a horizontal direction. For the purpose of lateral
illumination by oblique rays, a convex glass of 11" foeal length is fixed to
the ring by a jointed arm, and can be placed in any required
position.

This manner of examination is especially useful in determining the
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seat of exudation or vessels in the cornea, in difficult diagnoses of the
deeper diseases of the iris, in turbidity of the lens, of the posterior
capsule, and even of the vitreous humour.

The best form of ophthalmo-microscope with which I am acquainted is one
that has been described by Professor Wecker, of Paris. The body of a microscope
slides in a ring attached to a tripod with adjnsting feet. Two of these feet rest
upon the forehead of the patient, and one upon his cheek, and they are padded to
render their pressure painless. To one side of the ring is hinged a jointed rod,
bearing a collecting lens to illaminate the surface of the eye. By this arrangement,
the ring of the instrument being held by the surgeon, the whole moves with every
movement of the patient, and the focal adjustment is not disturbed. In conse-
quence, however, of slight movements of the globe removing the part under
inspection from the field of view, Professor Wecker has found a power of 80
diameters to be the highest available. For inspection of the surface of the cornea
he finds a power of 40, and for the crystalline lens or its eapsule a power of 60
diameters to be the most generally useful. The instrument is figured in Wecker's
“ Etudes Ophthalmologiques,” vol. i. p. 272, and would be made from the drawing
by any optician.

For the purpose of very fine measurements Dr. Liebreich has
lately added to his instrument a micrometer, contrived in the following
manner :—

A circular plate of glass, fitted exactly to the inner tube, is graduated
horizontally and vertically in millimetres ; and, to facilitate reading, every
fifth line is made somewhat broader and longer than the others. This
plate is fixed to a short stem that passes through a slit in the tube,
and can be moved backwards and forwards, or turned upon its vertical
axis., This turning, which is necessary in order to displace reflected
images, is still possible, when, by means of a screw on the stem, the
plate is fixed at the required distance from the object.

If measurements be required in some other direction than the
vertical or horizontal, the whole tube of the instrument may be rotated
on its horizontal axis in the ring that supports it.

To accomplish photography of the fundus oculi, Liebreich employs
a metallic concave mirror of short focus (also a Coccius’s or Zehender’s
mirror), with a central perforation of about 5" in diameter. The mirror
is so fastened to the objective end of a camera obscura that it may be
moved to and fro, and may turn on its vertical axis. The camera is then
arranged as for photography, and the operator allows a side light, either
direct or condensed by a lens, to fall upon the mirror in such a manner
that it is reflected through the dilated pupil of the eye of the patient so as
to illuminate the fundus. The returning rays, rendered convergent by
the refracting media, pass through the hole in the mirror to the objeet-
lens behind it, and form beyond this an inverted image of the fundus,
This image is received upon the plate of ground-glass at the back of the

camera; and when, by movement of the objective, the best possible
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position is obtained, the ground glass is exchanged for a prepared plate
in the ordinary way, and the image is fixed.

This apparatus is especially useful for demonstrations of the inverted
image, for exact measurements, and for drawings.

18. THE OPHTHALMOSCOFPE OF FOLLIN.

A new instrument contrived by Follin, for praising which the
French can hardly find words enough, is, in essentials, nothing more than
Liebreich’s ophthalmoscope, with some small modifications that are shown
in Fig. 27.

The body of the apparatus consists of two brass tubes 4 sliding
oue over the other by the rack f f. These tubes are blackened within,

Fig. 27.

and contain diaphragms with large central openings. At the extremity &
there is placed a biconvex lens, fixed in a brass setting, and moveable on
its vertical axis by means of a milled head underneath. At the other
end g there is a glass concave mirror, covered everywhere but at the centre,
and likewise moveable on its vertical axis. The entire body 4 is made
to turn upon the stand g g, and can be raised and lowered by the rack-
movement & k. By the screw y the stand is secared to a table.
I
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From the lower part of the vertical stand there proceeds the hori-
zontal arm [ 7, supporting the second upright n », which carries a small
socket, covered with leather, as a chin-holder. By means of the screw m
on the horizontal bar, the patient can be drawn towards, or removed from,
the object-lens, and a similar arrangement on the upright n provides for
raising and lowering the head.

Behind the mirror is attached a ring to carry any necessary convex
or concave ocular lens; and on the side turned towards the flame there is
a small semicircular plate of metal to sereen the observer from the light.
The body of the apparatus is provided with a slender jointed stem,
surmounted by the knob e to serve as an object to steady the eye of
the patient.

By means of a prism adapted to the back of the mirror, the image
that is formed can be reflected upon the surface of the table.

The most important difference between the ophthalmoscopes of Liebreich and
Follin is not mentioned in the text. In the former instrument, the portion of tube
that carries the object-lens is fixed to the stand, and the portion that carries the
mirror is moveable. In Follin's ophthalmosecope, this arrangement is reversed. In
the one case, therefore, the adjustment moves the mirror nearer to, or further from,
the stationary lens ; and, in the other, the adjustment moves the lens backwards and
forwards between the mirror and the eye of the patient. Each construction has some
advantages, and it would not be difficult to combine them in a single instrument.

19. THE OPHTHALMOSCOFE OF DEVAL

is depicted in half-size in Fig. 28. It consists of
a glass coneave mirror 4 B 35 millimetres in
diameter, with a focal length of 25 centimetres,
and a central perforation of 3 millimetres, C D
is the handle of the mirror, to the back of which
is attached the clip F turning on a pivot at G,
and serving to hold an ocular lens. The instru

ment is completed by the following :—

20. THE OPHTHALMOSCOPE OF ANATOLE DE
GRANDMONT,

drawn in Fig. 29, and formed of a small concave plate of metal, shaped
to fit upon the root of the nose. Above this is a second plate, flat, and
made to bear upon the forehead. From this central portion there projects
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on either side an elliptical ring, intended to rest upon the margin of the
orbit, and thus to secure the steadiness of the apparatus. From the

Fig. 29.

middle of the central plate there projects forwards a brass nozzle or
proboscis, containing an endless screw, which supports the holder of a
lens, of 2" or24" focal length, moveable in alldirections. By two elastic bands,
united by a buckle, the machine can be secured to the head of a patient.

It will be evident from the drawing and the description that this
instrument has no claim to be called an ophthalmoscope, and that it is
only a somewhat complicated lens-holder.

In the preceding pages Dr. Zander has by no means exhausted the varieties of
the homocentric ophthalmoscope, although the forms he has omitted are but slightly
different from those he has described. Some English mechanicians have attached
the single concave mirror to a spectacle-frame, or to an elastic head-band, so as to
leave the hands at liberty; and others have comstructed an instrument much like
Cusco’s, but with its standard and sliding bars made entirely of brags. This last
form is of no practical value, neither having the steadiness necessary for a stationary
apparatus, nor the lightness desirable in a portable one. Besides these, and some
others of no importance, there are yet two varieties that require especial mention:—

2l. LIEBREICH'S SMALL OPHTHALMOSCOPE

consists of a small concave metallic mirror, protected at the back by a bronze
covering, and screwed to a simple handle 12 centimetres in length. The mirror has
a central perforation 2} millimetres in diameter, with a sharp edge; and the larger
perforation of the bronze setting is sloped down to it. The reflecting surface is
3 centimetres in diameter, and has a focal length of 8". To the edge of the bronze
setting is attached a jointed limb carrying a small spring clip for holding any
ocular lens that it may be necessary to place behind the mirror. The whole is sold
in a portable case, which contains also two object-lenses, 11" and 2" biconvex, and
five ocular lenses, a 12" biconvex, and 6", 8", 10" and 12" biconcave.

22. GALENZOWSEKI'S OPHTHALMOSCOPE,

which was only introduced in 1862, presents the tubular arrangement in its most
compact and convenient form. It bears a general resemblance to Hasner's, but with
the following differences :—The end of the tube that carries the object-lens is
prolonged beyond it, and sloped to fit the orbital ridge of the patient, so as abso-
lutely to- exclude side light. The lens itself has a movement backwards and
forwards, and can also be turned on its vertical axis. The tube that contains the
mirror draws in and ont by two or three slides like those of a telescope, so as to
combine great range of movement with comparative lightness and portability.

D2
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ITI.—HETEROCENTRIC OPHTHALMOSCOPES.
(«) Plane Mirror, in combination with a Convex Lens.

Tae ophthalmoescope of Cocecius is constructed according to a third
method of illuminating the fundus oculi; a method that requires the
use of a small perforated plane mirror and a convex lens. The action of
this mirror depends upon Briicke’s principle (page 13); and therefore, if
the mirror-image of the flame exactly represented a light placed near the
eye of the observer, the eye of the patient, when accommodated for this
image, would, as objected by Helmholtz, have its retina rendered only
faintly luminous. It would be impossible, under such an arrangement, to
see the characters (e. g. of the yellow spot), when the eye was accommodated
for the luminous object. These characters, however, are perfectly well
exhibited by the mirror of Coceius, on the following grounds:—It does
not afford a mirror image of the flame that corresponds with an actual
flame in the position of the reflecting surface; but with a flame placed as
much behind the mirror as the actual source of licht is in front of it.
The rays reflected from the retina, in accommodation of the eye for the
mirror-image, would therefore first unite behind the mirror; and a portion
of this cone of rays will pass through the central perforation, and be
continued towards the observer, by whom the retinal image of the flame
will be perceived when his eye is placed in the line of direction of the
rays. But again, if the eye observed be accommodated for the perforation
itself, it will appear dark to the observer, and the image of the perforation
will fall in the line of direct vision. The rays coming from the mirror-
image of the flame (the perforation being seemingly nearer to the eye
than this image) will be brought to union in front of the retina, and will,
therefore, form upon it a dispersion circle, in which the image of the dark
opening will fall. The principle upon which we see the observed eye
luminous when it is accommodated for the mirror-image of the flame, and
dark when it is accommodated for the opening in the mirror, is the same
that is illustrated by the experiment of Scheiner.

In Fig. 30, let B, the observed eye, be accommodated for the mirror-
image of the flame a ;—so will there be formed at a' a clear picture of @
upon B’s retina ; while the rays coming from &, the opening of the mirror,
which is within the point of B’s accommodation, would be first united
behind the retina at &, and therefore form upon the retina a dispersion
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eircle, in which the image of the flame & shines brightly. In Fig. 81,
on the contrary, the eye B is accommodated for the opening 4, which

Fig. 30,

=

therefore forms its image at 4'; while the rays of the image of the flame,
already united in front of B’s retina, form upon it only the dispersion
circle o' @',

23. THE OPHTHALMOSCOPE OF COCCIUS

is shown in Fig. 32 in half-size. It consists of a small square plane mirror a,
14 Paris lines in diameter, and perforated in the centre. The opening is
two Paris lines in diameter, and its front margin is Fig. 2.

somewhat bevelled. The mirror is fixed in a thin plate
of brass, having on its lower border a projection,
which, by means of a serew ¢, is fastened to the stem &.
This stem is 14 Paris lines in thickness, and, including
the portion that holds the mirror, 21" in length. At
its lower end it carries the cross-piece d, which can
be secured by a screw to the upper extremity of the
handle e. The cross-piece is 18 Paris lines long, with
a slit extending half its length, by which, after
loosening the screw connecting it to the handle, the
convex lens it carries can be moved nearer to, or
farther from, the mirror. This convex lens, of 5" focal
length, rests in a spring clip f upon the stand g, so that
the centre of the lens is opposite the opening of the
mirror. All the metallic parts of the instrument
are coloured black by caustic potash, and when
taken to pieces the whole can be carried in a small hox. Recently,
Coccius’s ophthalmoscope has been made after the manner shown in Fig. 33.
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This exhibits a thin, blackened plate of brass %, pierced with an opening
4" in diameter, and by means of its grooved margin made to slide upon
the edge of the mirror. The outer side is connected by the double hinge
i to a spring clip £ for the reception of a lens. By sliding this apparatus
over the mirror, the illumination is diminished ;
while by placing a convex lens of 5" focal length in
the clip, a collecting lens is placed in union with the
mirror itself, and the arm d and the lens f are
rendered unnecessary. The ring k¥ can also be
turned behind the mirror, and employed to hold
an ocular lens. Coccius has still more lately
employed with great advantage a smaller plane mirror, to which the
collecting lens is united by a ball-and-socket joint.

In use, the collecting lens is turned towards the flame, which should
be at least some inches further from it than twice its principal focal
length, and on the same level as the eye to be examined. By loosening
the screw, the mirror is set obliquely to the lens and to the eye of the
patient ; and, when it is rightly directed, we see, by casting the enlarged
image of the flame upon the patient’s cheek, a lnminous circle with a dark
central spot, corresponding to the hole in the mirror. The patient must
now look fixedly at an object behind the observer, and on the side
opposite to that of the eye under examination, and the dark spot must
then be thrown upon the centre of the pupil, while the observer, with his
eye as close as possible behind the mirror, looks into theleye of the
patient, Dilatation of the pupil by atropine is not necessary. For
examination of the inverted image, a convex lens of 21" or less, often of
2", is used, and is held, either between the thumb and forefinger
of the free hand, in front of the eye examined, or upon a handle 6" long
with a spring clip at the top; while, in examination of the short-sighted,
concave glasses are used—such as Nos. 12, 8, 6, 4, 3, or 2.

To explain completely the action of this and other plane mirrors, the
following diagrams will be unseful : —

(A) ExaMmivaTioN oF THE VIRTUAL EReEcT Imace. — In Fig. 34,
let 4 again represent the eye of the observer, and B the eye observed ;
F the flame, L the lens, and S the mirror. From F, a cone a &, of
divergent rays, falls upon L, and is rendered convergent by its
influence. The convergent rays then strike the mirror S, and by its
influence, although unchanged in their relative positions to each other,
arc reflected from its surface in a new direction, and proceed towards p,
as if they came from a flame situate behind the mirror at ¢’ . But, as
the eye of the patient, B, meets the rays before their union, they fall upon
B, without rezard to accidental loss, in the line of section e f. It will
appear from the drawing that this combination of a plane mirror with a

Fig. 33.

s
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convex lens, acts like a concave mirror in the position &' &, but with the
advantage, that by using a lens of different focus, e. g. of 4", the opening
and focus of the apparatus Fig. 84.

ean be varied at pleasure.
The rays of the cone of light
falling upon B, or at least
the rays included between g i
and A& k, penetrate it, and
by its dioptric media are
united in front of the retina,
say at o, and proceed, over-
crossed, to form a dispersion
circlee. Let « [3 represent
any two points in this
circle—the rays proceeding
from them, after leaving
the eye, will follow the
course of the lines a 2, 3 z;
and, if the eye B be accom-
modated for infinite distance,
the whole of the emerging
rays from each point will
continue parallel to the axial
rays & 8 8'. The rays pro-
ceeding from a, and passing
throngh m n, the opening
in the mirror, will be re-
ceived by 4, the eye of the
observer, and united at the
point «' of its retina; and
those proceeding from [3
will be united at [3'; so as
to form together, upon A’s -
retina, an erect and magni- S =

fied image o' 3' of a 3. Indeed, the action upon A’s retina will be as if
the light came through the crossing-point of the lines of direction 2,
and therefore from a surface o 3" behind the eye B.

(B) ExaMivation or THE AcTUuAL INVERTED Imace.—In Fig. 35
the light proceeding from F and passing through the lens L' impinges
upon the mirror S between the points ¢ d, and, reflected from this
surface, would find its focus at o. But, by the interposition of the
lens L', it is brought to an earlier focus at p, from whence, over-
crossed and again divergent, the rays proceed to illuminate the eye
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B on the surface y A. Through
the portion of this correspond-
ing to the pupillary area, rays
i k pass into the dioptric media
of B ; and, thus rendered
slightly convergent, fall upon
the retinal area m n. Let a 3
represent two points in this
area, and it will follow that
rays returning from a [3, and,
after their exit from B falling
upon the lens L, will be united
in ¢, its principal foeus, if the
lines ¢+ » and k& & be parallel,
but nearer to the lens if these
lines be convergent. The rays
proceeding from « will unite in
a’, and those from [3 in (3, thus
forming in o« [3' an actual in-
verted image of a [3. This
image being observed by the
eye A, the rays proceeding from
{3 will be united upon its
retina at (3", and those from o
at «', becanse these points are
in the prolongations of lines
drawn through « X' and 3 X'

The simplicity of these prin-
ciples, and the great range
and variety of their applications,
entitle the instrument of Coccius
to the first place among ophthal-
moscopes.

Fig. 86 exhibits in half-size
an ophthalmo-microscope con-
trived by Cocecius. It consists of
a small microscope A, and of a
plane mirror and lens B, sus-
pended from the arms ¢ ¢ by the
serew d, and sliding on to the
body of the microscope by the
ring e. The mirror will turn
on the screws to any necessary
inclination.

Fig. 85.
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24, THE OPHTHALMOSCOPE OF EPEKEENS AND DONDERS

is shown from above in section of half-size in Fig. 87, in a side view in
half-size in Fig. 38, and its mirror alone in Fig. 39. A plane mirror,

Fig. 37.

perforated in the centre, is placed in the cubical chamber E, and
turns by means of the milled head ¥. The opening N, in the side
of the chamber, is turned towards the eye of the patient, and the
observer locks through the opening O, which is furnished with the
revolving disk of lenses, contrived by Rekoss for the instrument of
Helmholtz, Donders places in this disk three positive lenses, of the
respective focal lengths of 20, 3, and 4 centimetres (about 8", 11",
and 1:"), and three negative, of 16, 10, and 6 centimetres (about 6:", 4",

Figs. 38 and 39,

and 22"). Epkens has united to the cubical chamber the eylindrical
tube B, at the further end of which, where the micrometer M is
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attached, the lamp is placed. At this end of the tube, when
necessary, a positive lens I can be inserted, the focus of which should
be a short distance from the flame; so that a person looking into
the mirror sees the whole lens illuminated, by which means a larger
surface of the retina is lighted up. The whole apparatus is placed
upon a stand 4, which is secured by a screw to a table, and on
which the tube can be raised and lowered at will. At K is a circular
screen, covered with black stuff, and serving to exclude direct or
superfluous light ; and, on the under part of the tube, and from the
bar Z, there is suspended a curtain of oiled silk L L, that separates
the faces of the patient and the observer.

In order to give greater mobility to the instronment, Donders and
Van Trigt made the tube B turn in the ring C C, and the cubical
chamber E E turn upon an axis, shown by the screws b ¢. The lamp is
separate from the instrument; and, for the examination of eyes with
widely dilated pupils, Donders has lately added to the tube B a cup-
shaped dilatation, with a collecting lens of larger aperture than I, in
order to illuminate a larger portion of the fundus oculi.

The disadvantages of this instrument are that, from the number
and complexity of its parts, its consequent costliness, its somewhat
alarming size and appearance, and its want of portability, it is little suited
to the wants of the practical surgeon. It is eminently fit for physiological
research, and, for this purpose, especially as it admits of measuring the
parts it exhibits, it cannot be too highly extolled.

For the purpose of taking measurements, the instrument is furnished
with a micrometer M, attached to the outer end of the eylinder G, and
scarcely requiring explanation. The points a @', of the micrometer, placed
between the flame and the eye observed, are, in proper accommodation,
clearly seen (in shadow) upon its retina, Their position may be changed
by moving the tube G upon the tube B. Upon the latter is a graduated
scale, showing the distance of the points from the crossing-point of the
lines of direction of the observed eye. The points @ &, can be separated
or approximated by the micrometer screw ¥V, which is furnished with a
scale to show their distance apart. Further, the cylinder M revolves on
the cylinder G, on its own axis; so that the two points can be brought
into any part of the field of vision. If » be the distance of the points
asunder, # their distance from the anterior nodal-point of the observed
eye, 15 millimetres the distance of its posterior nodal-point from its
retina, and y the distance between the retinal images of the points a &', then

n - 112
y = — x 15 millimetres.
o

By placing at the opening O a tracing apparatus, such as is used for
a microscope, and marking the distance of the points across the vessels of
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the retina, it is possible to determine the exact size of these vessels, and
of other structures of the fundus oculi.

In Fig. 40 is exhibited the micrometer of Schneller, which is applicable
to all ophthalmoscopes, and is used to measure the inverted image. The
lens L, which determines the distance of the inverted image from the
retina (in change of accommodation from 5" to 12", this image only moves
4") is fixed in a narrow grooved ring of brass. At opposite points in the
circumference of this ring are aftached two slender rods, B B, at right
angles with the plane of the lens, and becoming thicker at a little distance
from it. Their thicker portions are pierced by female screws, carrying
the male screws S S. These screws are exactly parallel to that diameter
of the lens which would unite the points of attachment of the arms B B,
Their inner ends are finely pointed, their outer ends surmounted by milled
heads, by which they may be turned. The length of the arms B B is
about 1", and the first pair of screw- Fig. 40.

'
holes are 11" from the plane of the .? .

lens, To give necessary steadiness
to the whole, the other ends of the
arms B B are fixed to the ring R,
which resembles the one carrying
the lens. The screws are of steel, and
the rest of the apparatus is of brass.
The points of the screws serve to mea-
sure the image (they might perhaps
be replaced by a plate of polished
glass, ruled with parallel lines), as
their distance apart can be made, by turning them, to correspond perfectly
with any of its parts, and can afterwards be determined by comparison
with a finely divided scale. The accuracy of the measurement is enhanced
when it is in the first place taken, and when the distance of the points
apart is afterwards determined, by the aid of a magnifier. For greater
accuracy, the apparatus may be fixed upon a firm stand; and the size of
the image being measured, the actual size of the structures must be
determined by computation.

25. THE OPHTHALMOSCOPE OF SAMANN

is shown half-size in Fig. 41. A little cylinder a, that, as in Helmholtz’s
instruments, carries a convex (colleeting) lens, is joined to a hollow cube
b, that turns on its horizontal axis, and has round openings in two of its
opposite sides. Within, this cube contains a mirror, placed on a vertical
axis d. This mirror consists of a plate of silvered glass, the foil being
removed from a small elliptical portion in the centre. In front of one of
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the openings of the cube is a little frame ¢, open
above, in which necessary lenses can be placed, and
from which they may be readily removed.

Like Burow, Simann has found the revolving
Rekoss’s disks, to carry lenses, very convenient to
handle. But a combination of two concaves,
on account of the stratum of air between them,
does not give a *perfectly exact image; and, if
twelve concaves were inserted in a single disk,
this would be too large, especially as it would be
required to carry convex lenses also. Burow has,
therefore, fixed his lenses in a straight slide, which,
when their use is required, can be moved up and
down in the frame e.

286. THE OPHTHALMOSCOPE OF MEYER-
STEIN.
Not satisfied with the working of his first
ophthalmoseope, which will be deseribed hereafter
Fig. 42.

(see Fig. 51), Meyerstein con-
structed a second instru-
ment, that is shown of natural
size in Fig. 42, and of half-
size in Fig. 43. It consists
of a cup 4, which serves to
screen the patient’s eye from
light, so that this ophthalmo-
scope can be used in any room
in the daytime. Immediately
in front of the eup is a
perforated plane mirror, in-
closed in a rectangular box B,
and fixed at an angle of 45°
with the axis of the instru-
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ment. The side of the box opposite to the reflecting surface of
the mirror contains a collecting lens D. On the opposite side of the
box to the cup 4 is a second cup C, which receives the eye of the observer,
and cuts off “false light,” or the light of the lamp.

For more exact examination of the retina, the eup C may be
unscrewed, and its place supplied by the small telescope F, Fig. 43. In
a normal or emmetropic eye, parallel incident rays are brought to a focus
upon the retina. If light be thrown into such an eye, the rays become
parallel upon their exit from it; and the telescope must be adjusted as if
for the inspection of an object in infinite distance, while for far or near
sicht the ocular must be more or less pushed in or withdrawn. Tor
examination of the cornea, iris, or lens, the ocular tube must be drawn
farther out, and the telescope used only as a magnifier. The way in
which a light may be united with the instrument will be seen readily from
the figures.

In comparing the merits and disadvantages of this instrument, the
same may be said as in the case of Ulrich’s; only that Meyerstein’s is
more difficult to handle; that the great distance of the observer’s eye from
the mirror considerably diminishes the field of vision; and that its power
of illumination is altogether insufficient.

(h) Convex Mirror in combination with a Convex Lens.

27. THE OPHTHALMOSCOPE OF ZEHENDER
is shown in Fig. 44, in half-size. By referring to Fig. 34, it will be
manifest that all the rays of light included between the lines ¢ e and d f,
could be made to pass through the space i & into the pupil of the eye B,
if the mirror were so arranged, and held at such a distance, that a seetion
of the cone of light, when it reached the eye, should not exceed i k in
diameter. But then, on the one hand (from premature union and over-
crossing of the rays), the dispersion circle on B’s retina would be too
large, and the image, therefore, too dim; and on the other hand, the
observer would be placed at too great a distance. If an endeavour be
made to diminish the light cone ¢ d e f to the size i k, by removing the
collecting lens farther from the mirror, a sufiicient quantity of light will
not be obtained, and the lamp will also be required at a greater distance.
Zehender met this difficulty by a means at once happy and sagacious. He
used a stronger collecting lens, of 3" foeal length, distant from " to 1" from
the mirror, and eapable of being placed at any desired inclination ; and he
substituted a slightly convex metallic mirror for the plane mirror of
glass. It followed that the strongly convergent rays falling upon the
mirror were reflected from it slightly less convergent, that the whole of
the light could be thrown through the narrow opening i &, and yet not
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united until it approached the retina. He thus collected the same
quantity of light into a narrower section; and, on an equal base, made
the light cone smaller, but neither shorter nor less luminous.

The ophthalmoscope of Zehender must therefore be considered a
modification of that of Cocecius, to which it bears a great external
resemblance. It is shown in Fig. 44 as a small convex mirror @, placed

Fig. 44. on a short handle, and furnished
| ' with two lateral moveable arms
c and d, one of which carries
the collecting lens, and the
other a spring clip for any
ocular lens that may be needed.

The handle is moveable, and
can be screwed into the margin
of the mirror at two opposite
points, so as to turn the col-
lecting lens to the right or the
left at pleasure. The handle,
acting as a lever, is apt to increase the very slight movements
of the collecting lens that are often needed ; and hence Arlt has dispensed
with the handle entirely, and, perhaps with some advantage, holds
the instrument by the joint ¢, on the arm that carries the collecting lens.
By this the size of the case is conveniently diminished; and the instru-
ment, with its six necessary lenses, is rendered extremely portable.

The mirror consists of a cirenlar, highly-polished plate of metal,
having a curvature of 6" radius. It is pierced in the centre by an
opening, funnel-shaped from behind forwards, with a sharp edge, and
with a diameter on the reflecting surface of 14", The focal length of the
collecting lens may be from 1", or 14", to 2" or even 3". If a concave or
convex ocular lens be required in the examination, it may be placed in the
second arm, which is furnished with a spring clip and two joints, so that
it may be turned behind the opening of the mirror, and so close to it as
to be almost in the same plane.

The optical principles on which this ophthalmoscope depends, are
briefly as follows. Convergent rays of light, falling upon a convex
mirror, are reflected parallel to the axis of the mirror, if their degree of
convergence be such that they would unite, if prolonged, at the extremity
of its radius of curvature, in the so-called imaginary focus of the mirror
itself. But, if they would intersect, or unite in, the axis of the mirror,
between it and its imaginary focus, they are reflected convergent; if
beyond its imaginary focus, divergent: and consequently their con-
vergence or divergence increases, the farther their point of intersection of
the axis of the mirror is distant from the fixed extremity of its radius of
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curvature. In Fig. 45, let F be the flame, L the lens, S the mirror,
having the axis P Q, and the imaginary focus P'; A the eye of the

observer, B the eye of Fig. 45.
the patient. If now the 0

collecting lens L be at
such a distance from
the mirror that the
rays transmitted by it
have a convergence that
would unite them at C,
in front of P, these rays
will be reflected conver-
gent from the mirror,
and will strike the eye
B within the limits ¢ d.
They will then, by the
dioptric apparatus of
B, be brought to a focus
in front of the retina,
at o, and will overcross
and illuminate the fun-
dus in a circle of dis-
persion. From asingle
point, for example e,
in the illominated part
a3, a coneof raysgel
will return towards
the mirror, and a por-
tion of this cone will
pass through the open-
ing m n, and enter the
eye A; by which the
point e will be seen
clearly defined and
brilliantly illuminated,
if the cone g e & be
made to unite upon A’s
retina at ¥, either by
the refracting power of
A itself, or by the in-
terposition of any lens
that may be needed.
The strong curvature
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of the collecting lens is sufficient to produce considerable spherical
aberration, so that the image of the flame reflected from the mirror will
not be formed in a single plane, but in several, on which account, in
the illuminated portion of the retina, there will be a bright nucleus
with a comparatively dim margin.

It should be remarked further, that in Zehender’s instrument there is
no loss of light from the canal of the perforation; and also that reflection
from the cornea is reduced to a minimum,

The advantages mentioned in the last paragraph are obtained equally from the
ophthalmoscopes of Coceius and Liebreich, which are now universally made with
metallic mirrors, and with sharp margins to their central apertures. The instru-
ments of Coceins and Zehender, moreover, are frequently seen in more convenient
forms than those described in the text, and so much alike as to be only distingnish-
able by inspection of the mirror, which is fixed in a bromze setting, with a =mall
gpring clip for ocular lenses, as in Liebreich’s small ophthalmoscope. The setting
is attached to a short handle, and at the point of junetion there iz a double-jointed
rod, about two inches in length, turning either to the right or left, and earrying
the collecting lens in a clip at its extremity. Besides the mirror and collecting lens,
the cases commonly eold contain an objective and five oculars; the former 1}
biconvex, the latter 12" biconvex, and 6", 8", 10," and 12" biconcave.

(c) Silvered Glass Lenses as Ophthalmoscopes.

The chief purpose of silvered lenses is to unite together the reflector
and the correcting lens. In deseribing the conditions under which this
modification of the ophthalmoscope is available, I follow chiefly the state-
ments of Hasner,

Every ordinary lens transmits only a portion of the light that it
receives. A second portion is absorbed, a third is reflected, partly from
the anterior, and partly from the posterior surface. The reflection, how-
ever, under ordinary circumstances, is so small, that it is insufficient for
the illumination of an eye. But if one surface of the lens be covered
with silver, or with quicksilver amalgam, the reflection becomes, under
certain conditions, so considerable, as to afford as much illumination as the
ordinary plane, or even the concave mirror,

The direction of the rays reflected from silvered lenses is very vari-
able, and is determined not only by the radii of curvature of the covered
and of the uncovered surfaces, but also by the power of refraction of the
glass of which the lens is formed.

(a) Acrion or A SiLverep Bicoxvex Lexs.—Let ¥V W, in Fig. 46,
represent a biconvex lens, having its surface V' E JF silvered. If a ray of
light S A fall upon the anterior surface of the lens, near the axis 8§ C, the
ray will be turned from its aérial direction and refracted towards the perpen-
dicular 4 D, so as toassume the position 4 B. If continued inthe same course
it would cut the axis at C. But, meeting the silvered surface B E, it is
so reflected that the angle of reflection K B L is equal to the angle of




HETEROCENTRIC OPHTHALMOSCOPES. 49

incidence 4 B K. Returning to the anterior surface at L, it passes out
of the lens into the atmosphere, and is refracted from the perpendicular
L D, so as to assume the direction L @, in which latter point it intersects

Fig. 46,

e

the axis. In this point, therefore, the reflected rays will be brought to a
focus, and the lens will act as a concave mirror. It is plain that a silvered
biconvex lens, in order to serve both for reflection and correction, must be
used as an ocular; and it follows that it will only be available for the
inverted image, and not for the erect. Such a lens can only be employed
with advantage when it has a focal length of at least 6", or still better
of 8" or 10"; to obtain which the radius of curvature of the silvered
surface must be from 18" to 30",

(b) Acrion or A SiLVERED Biconcave Lens.—If a ray of light § A,
Fig. 47, fall upon the concave surface N P of the biconcave lens N O P Q,
it will be refracted towards the perpendicular K A, and diverted to B. At

Fig. 47,
O S
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B it meets the silvered surface O @, which acts as a spherical mirror with
the radius B €. And as the angle M B L must be equal to the angle
A B M, the reflected ray will return with increased divergence to L, where,
on passing from the lens into the atmosphere, it will be again refracted
from the perpendicular, and will proceed towards G. The whole action,
therefore, is that of a spherical mirror,
These results are much modified by the use of a periscopic dispersing
lens of determinate radii,
In Fig. 48, let N O F E represent a lens in which K F, the radius of
E
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the uncovered concave surface, is smaller than K E, the radius of the

silvered convex surface, but is yet greater than H—d-ﬁ' If a ray, coming

Fig. 48.

e - e
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from 8, fall upon the surface N Fat A, it will proceed more divergent
towards the surface O E. By this surface it will be reflected and rendered
convergent, so as to return to the point L. At this point it will re-enter
the atmosphere, and undergo a final refraction, causing it to assume the
direction L @, at which last point it will intersect the axis. The lens acts,
therefore, as a coneave mirror. It is obvious that dispersing lenses,
according to the proportions of their surfaces, may act either as concave or
as convex reflectors ; but they will only serve for the illumination of the
eve, and at the same time for the correction of the rays returning to the
observer, when they are employed as ocular glasses for the examination of
the erect image, and then only when the radius of the concave surface has
some value between 4 and the whole of the radius of the convex surface.
For calculating the radii of silvered lenses of this kind, Burow has
given the following formulwe :—

11 =l 3N - 38 1,33 ;

e Pl 4 T and =B 1 (R+R') ;  (Pastauw’s formula,
1. 1k . | =

—+, =N-1] ('}E+ﬁ)’ is only correct when @ = cv.)

In all of them, & represents the dioptric focus of the lens before it is
silvered, and therefore of its unsilvered central portion; a, the distance of
the luminous point from the reflecting surface, i.e., of the lamp from the
mirror ; a the distance in which rays from the luminous point are again
united by the mirror; R the radius of the anterior, R’ of the posterior
silvered surface ; # the index of refraction of the glass, The values sought
are in this case R’ and R, while the values of 4, a, and a, can be deter-
mined at the pleasure of the observer.

2
: 1 1 Pl B J 0 T :
Since then, = F oo = i = E+E-3 and further, as:
p)
) 2 @ R s el G e
— b — e L P S — e — = = = ey
m—1) Dl e il B
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Burow found experimentally that the best values for , & and a, and
the most advantageous in practice, were :—a medium distance of the lamp
from the mirror (a) of 12" ; that the best illumination of the fundus was
afforded when the focal length of the concave mirror nearly eoineided with
its distance from the examined eye ; namely, in observation of the inverted
image, 6" : of the erect image, 24" ; and that the value of & should, for the
erect image, in most cases be from —8" to —4"; and, for the inverted
image, from 41" to 5". The calculation gives, therefore, for an ophthal-
moscope for the inverted image (when b=4}", e=12", a =06"),

R = 184, and R = — 1028,
and for an ophthalmoscope for the erect image :—
(1) in a focal length of —8".
R=— 162, and R = 2:78;
(2) in a focal length of —4".
R=—-1, and ' = 2.

The annexed tables give the values of the radii for all possible hetero-
centric ophthalmoscopes, both for the erect and the inverted image.

The first table is computed for a lamp distant 12", the second for a
lamp distant 18" from the mirror. The values of Rand R' with a reflector
of focal length = 6" are not required in practice, nor the positive mirrors
in a focal length of 4" and 21"; so that these are not computed. The
figures express inches,

I.

a (Distance of Lamp) =12",

o =8 a = 4", a = 21",

R R R R K R
b= — 2 150 — 060 185 — 057
b= - 4 240 — 109 203 — 101
b=- 6 300 — 150 245 — 135
b=— 8 343 — 186 273 — 162
b= - 12 400 — 240 308 — 203
b=+ 65— 1333 211
b=+ 4 - 800 160
b=+4+ 3 - 480 114

II.

a (Distance of Lamp) =18".
pier— 2 153 — 061 1-37 — 058
b=— 4 248 — 1111 209 — 102
b= — 6 313 — 153 254 — 137
b= - 8 360 — 1'89 283 — 1'66
b= 19 424 — 248 321 - 209
b=+ 5 — 1125 205
b=+ 4= T2 156
b=+ 8- 450 112
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The focal length of —8" will give the most perfect images, in cases
where the eyes of both observer and patient are emmetropic ; and only in
the higher degrees of myopia will it be required to place a coneave lens
between the mirror and the observed eye, or between the mirror and the
observer ; so that with the concaves 2, 4, 8, and 20, the instrument will be
sufficiently provided for all cases.

28, THE OPHTHALMOSCOPE OF JAGER.

As a simple ophthalmoseope, Jiger recommends a lens, the silvered
and the anterior surfaces of which possess different curvatures; so that,
according as the centres of curvature lie upon the same or on different
sides of the lens, the reflected rays that pass through its unsilvered central
portion are refracted at their exit by the necessary concave or convex
surface. This mirror is either furnished with trunmnions, to be placed in
Jiger’s instrument already described, or with a simple handle, so that it
may be used as a lorgnette.

2. THE OPHTHALMOSCOPE OF EKLAUNIG.

This consists of a double convex glass of 14" focal length, having a
diameter of 35 millimetres, and a central blackened perforation with a
diameter of 4} millimetres. On one side this glass is silvered as a mirror,
and it is set in a blackened brass capsule. A handle, which screws into
one side of this capsule, may by practice be easily dispensed with.

As, in perforating the lens, the canal is often made too large, and the
examination, therefore, rendered difficult, Klaunig has, recently, only per-
forated the cover; and has replaced the opening by a concave lens of 12"
focal length, placed behind the silvering, and united with the convex lens
n a horn mounting.

The same rules apply to the use of these mirrors as to the examination
in general. To make the observation less fatiguing, and the images per-
ceptible by an inexperienced observer, Klaunig uses a second mirror in the
manner following. The mirror for the reception of the image is placed as

Fig. 49. near as possible to the eye of the patient, or about

S 1!" distant from it, and at the same height. The

T eye of the observer being now placed in the

M\ proper direction, about 9" or 10" from this first

J}" 1 \ mirror, a second concave perforated mirror of about

N 6" focal length is held before the observer’s eye.

'/ \ Upon this second mirror the light of a lamp is

//f \|  allowed to fall from a distance of 8, and this light
\/; , is reflected to the first mirror, and from that, in
) .s‘_'/ a concentrated cone, into the eye of the patient.
S F 1In this way, the eye is thoroughly illuminated,
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and the retinal image, reflected from the first mirror, is seen by looking
through the perforation in the second.

In Fig. 49 F is the flame, 8" from the mirror S. S is a concave mirror,
made by a biconvex lens, of 24" focal length, circular, 15" in diameter,
and silvered upon one side. In the centre it has a blackened perforation
2" in diameter. The observer holds this mirror 9" or 10" distant from the
mirror 8, and before his own eye, and gives it the necessary direction,
that its light may fall convergent upon S'. 8§ is a concave mirror, made
from a biconvex lens, circular, 15" in diameter, of 14" focal length, also
silvered upon one side, inclosed in a blackened brass capsule, and not
perforated. It is placed perpendicularly upon a stand, and can be raised
or lowered at pleasure. B is the position of the cornea of the examined
eye, and the distance between B and S is about 11",

30. THE OPHTHALMOSCOPE OF BUROW.

This consists of a simple lens, silvered upon one side, with the
silvering removed in a central cirele of 11" in diameter, and fized in a
setting of blackened brass, It is so ground that its foeal distance for
transmitted light is 5" ; but that its silvered surface, acting as a concave
mirror, will bring rays, received from a flame 10" distant, to a focus at 6",

To examine the fundus oculi, a convex lens of from 11" to 13" focus
is held before the patient’s eye, and the mirror moved further or nearer,
according to the state of refraction, until the inverted image is seen in the
focus of the lens.

Burow claims as the advantage of his instrument that it facilitates
ophthalmoscopic study for beginners—that is, that unpractised persons, by
its means, ean learn to perceive the retinal image with great readiness.

3l. THE OPHTHALMOSCOPE OF HASNER.

This form of instrument is extremely simple. It consists of a cireular
periscopic dispersing lens, an inch in diameter, the convex side of which is
silvered. In the centre, a small portion of the silvering is removed for a
sight-hole, and the whole is put into a simple metal casing. Tor ordinary
examination of the erect image, the surgeon should have four such glasses,
Nos. 4, 6, 8, and 12 ; but, for more exact examination, it is wise to have in
reserve the almost superfluous and seldom-needed silvered concave glasses.
Six or eight such glasses, fitted into a case, form the most complete and
the most compendious apparatus for the examination of the direct image.

In use, these glasses are held by the margin between the thumb and
index finger, and so turned obliquely towards the light, that a luminous
disk is thrown upon the patient’s eye. The eye of the abserver is placed
close behind the glass.
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The simple application and easy exchange of the glasses, the compact
form of the whole, the correction of reflections, the approximation of the
observer’s eye to the mirror, and of the mirror to the eye of the patient,
are all reasons why this form of ophthalmoscope merits high com-
mendation,

Furthermore, it is to be commended on the score of cheapness, as the
operator may himself silver his lenses. For this, Hasner gives the
following directions. A paste is to be made of fine plaster of Paris, and
laid, 3" in thickness, 2" in diameter, upon a piece of board. The side of
the lens that is to be covered is pressed into this plaster, but not to such
a depth as to reach the board. It remains until the mould is thoroughly
hard and dry ; is then taken out, and the mould lined with a double layer
of tinfoil, spread as smoothly as possible. Upon the foil are suffered to
fall a few drops of quicksilver, which are then allowed to come in con-
tact, and to amalgamate, with the whole surface, upon which will form,
in patches, a thin pellicle. This pellicle is to be removed by carefully
rubbing the cleaned glass, that is to be silvered, over the surface until
it reflects perfectly. The lens is then placed in the mould, pressed down
firmly, and the pressure maintained by a weight. In two days the lens
may be removed for use.®

(d.) Prismatic Ophthalmoscaopes.

32. ULRICH'S PRISMS.

Professor Ulrich, of Gittingen, has the merit of having been the
first to apply the complete reflection effected by prisms to the illumination
of the background of the eye. He took two prisms of glass, Fig. 50,
a b d and a ¢ d, presenting in section the forms of right-angled triangles,

Fig. 50,
b AL
/ i B
A eVl ﬁu
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¥ I give Hasner's directions as T find them ; but most amateurs will save themselves
disappointment by buying their lenses ready silvered.—TRANSLATOR.
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with equal containing sides, and so united them, that one containing side
of the upper prism corresponded with one of the lower; and that the
hypothenuse of one intersected that of the other at right angles.

It follows from the law of total reflection of light, that rays which
come from a laterally-placed flame 4, in a direction perpendicular to 4 a,
a containing surface of the under prism & a d, will proceed to its hypo-
thenuse b d, and will there be totally reflected, so as to pass out through
the surface a d, and to reach the retina R R’ of the examined eye, which
is thus illuminated. The rays returning from the retina will be perpen-
dicular to the surface @ d of the upper prism, will reach its hypothenuse
a ¢, and will there be totally reflected into the eye of the observer at B.

To concentrate the light, the containing surfaces b, a d, and ¢ d
may be made convex; or a convex lens 2 y may be placed in the line of
sight of the observer if required.

33. THE OPHTHALMOSCOPE OF FROBELIUS.

This instrument is a modification of the original ophthalmoscope of
Helmholtz, suggested by the need of a brighter illumination, and consists
in this, that, instead of the four plates of glass, Fribelins fastened in
front of the instrument a rectangular glass prism with plane sides,
and drilled through from the hypothenuse to one side; so that rays
from the flame, falling upon the hypothenuse, may be reflected into the
patient’s eye; and returning rays may be transmitted, without reflection,
through the perforation of the prism and a concave lens, to the observer.
For easy application of the concave lens, Fribelius employs a Rekoss’s
disk, with glasses of Nos. 6, 8, 10, and 12.

34. THE OPHTHALMOSCOPE OF MEYERSTEIN

is shown in Fig. 51. This, the first instrument contrived by Meyer-
stein, is formed of a plane-sided right-angled glass prism, perforated
from one side to the hypothenuse, and Fig. 51.

fixed in a setting. The rays of light falling _
upon the side of the prism a &, reach the hypo- | 7=
thenuse @ ¢, and are from thence reflected |
into the patient’s eye. The rays returning;
from the eye pass in great part through the
canal d, in the prism, and thence, through the tube of the setting, to the
eye of the observer.

g

35. THE OPHTHALMOSCOPE OF COCCIUS

is shown in Fig. 52, It consists of a small rectangular unequal-
sided glass prism, @; of which the hypothenuse is turned towards the
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source of light. The rays are refracted from the side next the observer,
through the other side, to the eye of the patient. The prism rests on
a short handle, which is screwed into the brass basis of the prism, and
supports also the setting &, with its concave lens ¢. The setting is open
on the side next the prism, so that different lenses may be inserted and

Fig. 52. placed close to the prism. At the lower angle of the
setting is a simple hinge-joint d, by which the con-
cave lens can be placed obliquely to the observer’s
line of sight, so as to obviate reflection.

The flame is placed near the head of the patient,
and at the same level. The eye of the observer must
be held close to the reflecting surface of the prism,
and must be directed close to its angle.

For the sake of stronger illumination, Zeheunder
employed prisms of which the sides containing the
right angle were ground to be either concave or
convex as required.

While, on account of their total reflection, the
illumination by prisms is very good, yet still their
application in practice has more disadvantages
than benefits. They are high in price, their manage-
ment 1s difficult, and in repeated or very careful
examinations, they become fatiguing, because, in
order to inspect the whole surface of the retina,
the position of the flame requires frequent altera-
tion. Moreover, the observer loses the focus that is afforded by a
concave mirror, or by a plane mirror united with a convex lens.

(e.) Selar Ophthalmoscopes.

Under the expressive heading ““a Sun Ophthalmoscope,” Mr. Streat-
field has published a communication received by him from Dr. Macdonald,
of New York, who states that he has been in the habit of using solar, in
lien of artificial light, for the purpose of ophthalmoscopic investigation.
The reflection from plane or concave mirrors being too dazzling, convex
mirrors only are employed. Of these, Dr. Macdonald uses two,—one with
a curve of 4" radius and the other of 8'. They are about 1" in diameter,
composed of glass; and their silvering is removed from a central cirele
1" in diameter. The patient is placed with his back towards the sun,
and the examination is conducted in the usual manner,
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IV.—BINOCULAR OPHTHALMOSCOPES.

86, THE BINOCULAR OPHTHALMOSCOPE OF GIRAUD-
TEULON.

At a time when all optical instruments, spectacles, telescopes, micro-
scopes, stereoscopes, and so forth, had been successfully constructed in
accordance with the physiological principle of binocular vision, the
ophthalmoscope was still left to stand alone. The law of its action, that
the rays of light emerging from the eye return in the track of their
incidence, seemed to present an insurmountable obstacle to the attainment
of the conditions of binocular vision. Dr. Girand-Teulon, however, in
considering the position of the actual inverted aérial image formed
between the ophthalmoscopic ohject-lens and the observer, was led to
inquire why the rays diverging from this image should not be seen as
readily with both eyes as with one. He found the difficulty to depend
upon the distance to which it would be necessary for the observer to retire.
If the centres of the observer’s eyes were from 2" to 2}" apart, the focal
length of the objective 2", and the diameter of the pupil of the observed
eye 3", the observer’s eyes would require to be 20" from the image. If
the pupillary diameter were only 1", the other elements of the calenlation
remaining the same, the distance would have to be increased to five feet.
It is apparent that, even in the former case, from loss of light and
diminution of the visnal angle, no details of the fundus oculi would
be discernible.

Dr. Giraud-Teulon next provided himself with a concave mirror of
about 30 centimetres focus, and as large as that of the ordinary laryngo-
scope. In its horizontal diameter he made an oblong slit, 7 centimetres
in length and 6 millimetres in breadth, through which both eyes could
look at once. By placing a lamp above and behind the patient, in a
vertical plane with the eye to be examined, the pupil of which must be
fully dilated, an observer may see the optic disk, say with the right eye,
in the ordinary way. After a while he will see it also with the left eye,
the two images partly overlapping one another,

The two images thus obtained have a great tendency to separate and to
vanish behind the pupillary margin. By great practice, and very extreme
convergence of the ocular axes, it is sometimes possible to unite them,
and to produce a stereoscopic effect.
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Having thus theoretically solved the problem of binoeunlar ophthal-
moscopy, Dr. Girand-Teulon sought to render his discovery available in
practice. M. Nachet, jun., had long before constructed a microseope in
such a manner that the actnal image formed by its objective was
divided by a system of prisms, and presented at once to both eyes of a
spectator. Acting upon this principle, Dr, Giraud-Teulon placed behind
the opening of a mirror two rhombs of glass, with their edges meeting
on the vertical diameter of the opening, and their surfaces ground to
afford a complete double refraction at angles of 43°. By this means the
rays proceeding from the actual image of the fundus oculi were divided,
and, like those of stereoscopic pictures, were easily so united by the aid of
lenses or prisms as to afford an appearance of relief.

In Fig. 53, let @ b ¢ be an object on the background of the examined
eye, L the convex lens, R R’ the perforated concave mirror, N N' the two

Fig. 53. rhombs of glass, [ I the ocular lenses
blea before the eyes of the observer, and
A B C the actual image of the object;
a3 v, and o [3' 4 will then repre-
sent the two inverted images formed
by the rhombs, and these will blend
together. The retina will exhibit its
real thickness ; the vessels issuing from
the papilla will appear as trunks, with
twigs projecting forwards towards the
retinal surface ; and the papilla itself will
be displayedin its actual condition, either
concave, plane, or convex.

If the mirror and the observer’s
- S o - eyes are now brought nearer to the
3' _ il -y patient, and the instrument be fitted
with prismatic deeentred convex ocular
) glasses, as 1n the common stereo-

scope, the image assumes great mag-
nitude. The eye under inspection disappears from view; and there
only remains an aérial picture, relatively of immense size,  any descrip-
tion of which would be inadequate, and would appear exaggerated.”
From the extent of the image, and according to a well-known property of
the convex glass required as an objective, the whole surface will present an
appearance of anterior convexity.

As already mentioned, the lamp for this examination is placed above
and behind the patient; so that the rays pass over his head. The mirror
is attached t{o a horizontal bar turning on pivots upon the horizontal box
that contains the rhombs, and no lateral movements are required for the
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necessary illomination. The rhombs must be kept perfectly horizontal,
and the eyes of observer and patient must be upon the same level, The
general arrangement i1s exhibited in Fig. 54.

In this ophthalmoscope, the distance of the actual image from the
observer is less, by half the distance between the eyes, than in a
monocular instrument. The mirror may, therefore, have a shorter focal
length than in the latter ; and the examination may be made from a nearer
point.

Myopic observers require simple ocular prisms of 7° or 8°. Hyper-
metropie, or presbyopic, require convex lenses, decentred by about
1 centimetre, which exert, moreover, a considerable magnifying power,

For the examination of the erect image, the mirror must be brought
close to the eye, and the convex oculars replaced by concaves, of from
6" to 10" focal length. DBoth kinds are decentred, and are placed, the
concaves with their thin edges inwards, the convex with their thin edges
outwards,

In Dr. Giraud-Teulon’s instrument, as made originally, there was no provision
for altering the distance between the ocular openings. The instroment was alto-
gether nseless unless its width accurately corresponded to the distance between the
eyes of the observer. A slight deviation from the proper width produced double
immages; and a larger deviation altogether excluded one eye from the visual act, and
reduced the instrument to a momnocular ophthalmosecope of inferior illaminating
power. The exact fit required was not easily obtained; and, especially in this
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country, where there was little power of selecting from a stock, was sometimes altogether
unattainable. It followed that many observers failed to realize any stereoscopic
effects ; and that many doubts were cast upon the value of Dr. Giraud-Teulon's
beautiful and ingenious invention,

These doubts were, however, in a great degree set at rest by the improvement
shown in Fig. 55, which exhibits the general appearance and the sectional arrange-
ments of the instrument as at present made. The left-hand rhomb A is left entire;
but the right-hand rhomb is divided into two portions B and €, the outer of which
is moveable, and is governed by the screw V. The distance between the points T I',
the apparent positions of the two images formed by the rays ¢ ¢ is thus placed
perfectly under the command of the spectator ; and any instrument may be adjusted
to meet the wants of various observers ®

37. MURRAY AND HEATH'S ADJUSTING BINOCULAR
OPHTHALMOSCOPFE.

At the same time that Dr. Giraud-Teulon was employed in contriving the
improved or adjusting form of his own instrument, it was most happily suggested by
Mr. J. Zachariah Laurence that the division of the rays might be effected by four
small mirrors, the two central ones arranged as in the original (Wheatstone's reflecting)
stereoscope ; and that the outside mirrors would admit of adjustment, not omly of

¥ T eannot omit Lo mention the error of a recent writer, who refers to the hinocular -n-[.'rh'l]ml-
maoscope of Dr. Girand-Teulon as * the invention of A. Nachet.” The error is less excusable,
since the writer in question has done me the bonour to copy freely from an article of my

A R R e 4

™



BINOCULAKR OPHTHALMOSCOPES, 61

distance, but also of inclination. An instrument of this kind was manuofactured under
the superintendence of Mr. Heisch, of the firm of Murray and Heath, Piccadilly, and
succeeded admirably in practice. It was found, however, that the mirrors, if made
of metal, would be liable to tarnish, and difficult to clean; and, if made of silvered
glass, they produced confusion by reflecting from two surfaces. Eventually, it was
necessary to substitute prisms for the mirrors; and by the joint labours of Mr.
Laurence and Mr, Heisch the instrument has been brought to very great excellence.
Its mode of action will be understood from the annexed Fig. 56.

diagram, in which A and B represent the fixed central
prisms, (! and D the moveable lateral ones, which can
be approximated and separated, as well as set at any
necessary inclination. The former movement governs
the distance of the points at which the pencils emerge;
Elnl; latter, the angle of their divergence from the median

The power to vary the inclination of the ocular !
prisms makes this ophthalmoscope independent of the
decentred lenses required for Dr. Giraud-Teulon’s. Their
places may therefore be filled by any spherical oculars
that special circumstances may require.

The instrument consists of a horizontal metallic
plate 1} centimetres wide and 10 centimetres long, with
a central perforation. Behind this plate the central
prisms are fixed, and the lateral ones slide in moveable § 4 S
settings, furnished with an index and graduated scale, Z : 4 &
by which their distance apart can be read off at a
glance. Their inclination is regulated by a screw that
acts upon both of them at once. The mirror
turns upon a pin on the upper part of the plate, and the instrument is
completed by a moveable wooden handle. The metallic portions are constructed of
aluminium bronze ; and the total weight is thus rednced to 2 onnces and 50 grains.
The case, as fitted up by Messrs. Murray and Heath, contains also an object-lens
and two pairs of oculars, and is made of a shape and size convenient for the

-
P

I have found by careful experiments that the binccular ophthalmoscope may
be constructed for lateral as well as for vertical illnmination; and that it may be
fitted with the mirror and collecting-lens of Coccins’s or Zehender's instrument. In
this way it becomes much more convenient for the direct image. It may also be
fixed to a stand, and rendered available for clinical demonstration.

As regards the difference between Dr. Girand-Tenlon's instrament and that of
Messrs. Murray and Heath, any comparison is greatly in favour of the latter. The
power to alter the inclination of the reflecting surfaces iz most valuable. It gives
perfect rest to the ocular muscles of the observer, which have no longer to adapt
themselves to pencils of a given divergence, but receive exactly what they require.
It allows of the ready displacement of reflected images of the mirror, and thus
greatly clears the field of vision. Tt also allows, by the removal of the ocular
prisms, amplifying lenses of higher power than these prisms to occupy their
positions, and thus affords more enlargement of the image. The English instru-
ment is, moreover, much less heavy than the French one, which weighs four ounces;
and which is, therefore, less convenient both for the hand and the pocket.

own, published in the Lancet, in which full justice was done to Dr. Giraud-Teulon's merits.
The claims of this gentleman to be the originator of binocular ophthalmoscopy, and the
inventor of the first instrument used for the purpose, are perfectly unquestionable ; and
indeed, have never been disputed.
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V.—ORTHOSCOPES.

For the Examination of the Eye under Waler.

Tue discovery, by De la Hire, of a method of examining the eye
under water, did not receive in his own time, or immediately afterwards,
the attention it deserved; but, in modern days, Czermak and Coccius
have rescued it from oblivion, and have exactly studied its advantages.

They have used the following contrivances :—
1. THE ORTHOSCOPE OF CZERMAEK.

This instrument consists essentially of a little vessel with glass sides,
applied in such a manner to the face of the patient that the eye forms

Fig. 57. the posterior side, and completes the vessel, which
. may then be filled with water.
AN 7y As shown in Fig. 57, the under side f ¢ b, and the

inner or nasal side ¢ @ &, are of metal; the former
: being provided with a ring A, for more convenient
b handling. Their free edges are cut into such a shape
that they will fit accurately against the face; and
should be provided with a border of vulcanized tubing, so as to prevent
leakage without painful pressure. The anterior and lateral sides,a b ¢ d
and ¢ d e f, are formed of slips of polished plane glass. The eye being
closed, the orthoscope should be filled with water at from 23°to26° R.
and the eye then opened.

In an orthoscope contrived hy Professor Arlt, the vessel is formed of
gutta-percha, and has only one glass side, which is inclined, from forwards
and inwards, backwards and outwards. The margins lie very accurately
upon the face with gentle pressure, and prevent the escape of water. The
observer easily avoids the reflection from the inclined glass plate, by
giving the necessary direction to the incident rays of light, This instru-
ment, the price of which does not exceed a florin, is extremely convenient
for surgical purposes.

The ecornea, viewed from the side, appears as a transparent arched
bladder ; the iris appears as an almost plane curtain behind it.

2, THE BASIN OF COCCIUS.

This instrument, shown in Fig. 58, consists of a little glass bowl,
the opening of which is adapted to the soft parts covering the orbital
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ridge, while the bottom is formed of a smooth polished plate. The cup
is filled with lukewarm water, and is applied to the closed eye, while the
patient bends forwards.

For the same purpose can be used the common Fig. 58.
eye-bath, the lower third being cut off and replaced e
by a cemented glass plate. Coccius found the best
method of examination to be by artificial light from a
perforated concave mirror. =

Still more simple, but more fatiguing, is Coccius’s contrivance of
putting into the eye a drop of water, and pressing a film of it between the
cornea and a thin glass plate.

The explanation by De la Hire, of the visibility of the retinal vessels
under water, is as follows :—If D B O, Fig. 59, represent rays proceeding

e

from a point D, in the retina of an eye, when the Fig. 59.

same eye is immersed in water, the refractive power 0 0

of the water and of the aqueous humour is so 1 /
nearly identical, that the rays will undergo no /

change of direction on leaving the cornea, but will
reach A4, the surface of the water, in the direction
D A. At their exit from this surface they will
be rendered more divergent, as if they came from
E; and therefore an observer will perceive, as
if at E, an erect, virtual, and diminished image
of the point D.

Notwithstanding that the examination of the
eye under water is not equal in its results fo those
given by the ophthalmoscope, and 18 more fatiguing
to the patient, it is yet not to be lightly esteemed as
an aid to diagnosis. Not to mention that the use of the orthoscope, either
by daylight or lamplight, is attended by fewer difficulties and requires
far less practice, than the application of the different ophthalmoscopes;
and also that in unskilful hands it is safer than these; 1t is especially
valuable as a means of examination in cases of opacity of the cornea or
irregularity of its surface. In opacity, the levelling of the surface by
water permits a more complete inspection of the whole; but the advantage
is more important when it is desired to examine the interior of the
eyeball, and especially the membranes of the fundus, through a cornea
the surface of which is entirely or in great part irregular, since the
levelling of all inequalities of the surface permits the formation of a
clear image of the retina. In posterior synechiz, also, an examination
under water affords the most exact information; because otherwise the
corneal meniscus and the aqueous humour prevent the iris from appearing
precisely inits true anatomical position, shape, and size.
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For the inspection of other conditions of the eye, the ophthalmoscope
generally deserves the preference; but still it is well, in many cases, to
combine both methods; especially for a better survey of the diseases of
very myopic eyes, in cases of moderately large exudations under the
retina, separation of the retina from the choroid, and other conditions.

VIL—AUT-OPFHTHALMOSCOPES.
1. THE AUT-OPHTHALMOSCOPE OF COCCIUS.

Tue first complete instructions for self-examination with the ophthal-
moscope were given by Professor Coccius, whose statements are here
followed. He used for this purpose his plane mirror, in the manner
shown in Fig. 60.

The left eye A here sees its own optic nerve in the image B,
afforded by the almost perpendicular mirror Fig. 60,

C. a shows the position of the light, rays
from which, following the direction of the
dotted line, fall upon the optic disk. ¢ is
the macula lutea of the left eye, which sees
the image of its optic nerve at d. In ac-
cordance with the prineiples which govern the
action of plane mirrors, the image B presents

an appearance as if the observer, with his ¢
left eye, were looking at the right eye of
another person. The ray &, proceeding from
the optic disk to the mirror, is reflected, near
the margin of the central perforation, at
an angle equal to that of its incidence, and
returns to the macula lutea at ¢. If theline

¢ « be prolonged to d, a point as much
behind the mirror as ¢ is in front of it, it will indicate the apparent
position of the reflected image.

In commencing the examination, the mirror is held perpendicularly
before the eye, close to it, and in such a position that the optic axis is
directed to the inner edge of the central perforation, A wax-light should
then be placed behind the mirror, in the continuation of the optic axis,
=0 that the inner edge of the mirror, the flame and the optic axis, are all
in one line; the mirror is then inclined at a small angle from the eye
(from the temporal side), upon which an image of the flame becomes
visible in the mirror, close to the actual flame itself, and deviates
inwards from the latter (towards the nose) as the inclination of the mirror
is increased. A slight movement, which allows the image of the flame to
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deviate somewhat upwards and inwards, will then bring the reflection of
the optic disk and vessels into view. In order to follow the course of the
central trunks, which mostly proceed upwards and downwards, it is
necessary to guide the image of the flame upon them,—after having first
diminished the light by the interposition of a strong concave lens, or of a
diaphragm with a small perforation.

For complete and thorough self-examination, with the ophthalmoscope,
of the optic nerve, retina and choroid, it is necessary to dilate the pupil,
to use a lamp for illumination, and to place a convex collecting lens
behind the mirror. Coccius employs a steel plane mirror with a sharp-
edged central perforation, and recommends, according as the observer
can bear more or less dazzling (which cannot be entirely obwiated),
a collecting lens of from 2" to 3" focal length. The dazzling will then not be
greater than that which is experienced in being examined by another
person, with an object lens of 2", for the inverted image. The best view
of one’s own fundus is obtained by holding, with the free hand, a convex
lens of 2" or 3" focal length at from 1" to 2" behind the mirror; or a weaker
lens, of from 4" to 6" focal length, close to the lamp.

For self-examination of the refracting media, Cocecius employs with
greater success two mirrors, in the manner first proposed by Seydeler,
After having dilated the pupil of the eye to be examined, a per-
forated plane mirror is placed before the other, and so ineclined, that
its image of the flame is reflected, by the second, large, plane mirror
upon the eye under examination, an illuminated image of which will
then be seen in the second mirror. If it be desired to inspect the media
of the left eye, the perforated mirror is therefore placed before the right
eye, and so directed that its image of the flame falls upon the second
mirror at a proper angle to be reflected into the left eye. As soon as
this is the case, the right eye, through the opening in its mirror, will see
the illuminated image of the left eye in the second mirror. In order to
test accurately the transparency of one’s own crystalline lens, Coccius
employs as his second mirror a concave of 4" or 5" diameter, and 20" or
24" focal length. The lamp is best placed laterally in front of the eye to
be examined, which must be screened from its direct light.

As advantages of autoscopy, Coccius points out that the examination
affords proof, by allowing the red vessels to be seen when either no part,
or only a part, of the flame itself is visible, that the fibrous layer (of the
retina) is insensitive to light, and that the bacillary layer is not a simple
catoptric apparatus; since, if it were so, the experiment would not succeed.
It allows, moreover, of simultaneous subjective and objective examination,
since the light from the optie nerve and its vessels is partly distributed
upon the contiguous portions of the retina; and, being perceived by them,
is, by our imagination, transferred to the blind spot. Further, it may be

¥
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observed that, near the borders of the optic disk, the light of the candle
flame begins to be more white, in consequence of the deficient choroid
no longer returning red rays. Lastly, it is of great interest to observe
precisely the boundary between the bacillary bodies and the optic nerve.
A small ring at the margin of the optic disk is well known to be sensitive,
and 1t certainly is so, as far as the bacillary bodies extend. The auto-
scopic examination teaches the observer that the subjective image of the
candle-flame is abruptly cut off where the clear objective image ceases.
The knowledge of these circumstances, and an exact acquaintance with
the optic disk of one’s own eye, the difference between veins and arteries,
the form of the nerve and its physiological boundaries, are all of great
assistance in the recognition of disease, and afford a standard of the
natural appearance of the disk in respect of colour, condition of surface,
and other particalars, The discovery of the nerve in the eye of another
person is also facilitated by the practical knowledge gained upon oneself,
that its position is not central, but somewhat below the horizontal
meridian of the eye.

The ant-ophthalmoscope of Coceius is now sold in a very simple form. It consists
of a brass tube 5} centimetres in length, and 3 centimetres in diameter, closed at one
end by a plate perpendicular to the axis of the tube, in which is set a plane mirror
of highly-polished steel, 2 centimetres in diameter, with its reflecting surface turned
outwards, and with a central perforation 3 millimetres in diameter. The tube is
blackened within, and carries at its other extremity a 3" biconvex lens, covered by a
metal plate having a circular excentric perforation, with a diameter of 12 millimetres,
that extends from the centre of the lens to its circumference. With a very little
practice and knack, the optic disk can be readily brought into view ; but an examina-
tion of the whole fundus oculi is difficult and tedious, The field of vision iz very
limited indeed, and the eye has to be turned in all directions, and examined bit by
bit, in order to see as large a portion of the retinal surface as can be scanned at
one glance in the eye of another person. Moreover, the prineiple of the apparatus
renders it impossible to see the macula lutea. Many of these disadvantages have
been obviated by the invention of the instrument next to be described.

2. THE AUT-OPHTHALMOSCOPE OF HEYMANN

affords to ome eye a vertically-inverted image of the fundus of the other. Its
operation will be readily understood by the annexed figure, which displays the
arrangement necessary in order to examine the left eye with the right.

In front of the left eye, the flame of a lamp is placed at the point F, and
between them a plane mirror, centrally perforated, with its reflecting surface turned
towards the eye. From the point #' the rays pass through the opeming of the
mirror, and proceed, divergent, until they are intercepted by the lens I, which
renders them convergent. Entering A’s pupil, they meet, overcross, and form a
dispersion circle on the retina. Returning, they wounld (4 being accommodated for
the flame F7) be brought to their focus ¢, and would there form an inverted aérial
image. By the influence of the lens IJ, however, this image is formed earlier, in
front of the mirror at a'. From it rays diverge to the mirror, and are reflected by
it, still divergent, in a direction as if they came from an image at b. Passing
through the lens G, the rays again become convergent, and would unite in an image
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at U'. They are, however, intercepted by the hypothenuse of a right-angled prism
of flint-glass ¥; and are so refracted by it that their image is formed at &, in
front of the right eye B. By the interposition of a lens H this image is magnified ;
that is to say, the rays diverging from it to the eye I ave vefracted as if they came
from ¢, in which position, therefore, I sees an enlarged actual image of A's retina.
The manner in which this image is inverted will be explained in the next section,
in which the different methods of ophthalmoscopic examination are described.

Fig. 61.
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By the arrangement shown in the diagram, it is manifest that only the inner
or nasal gide of A’s retina could be brought into view. To see the outer side, it is
necessary to place a prism between A and D, with its base outwards, and with such
an obliquity and refracting power as may. bring rays from the parts desired to be
seen into the line of direction between A and I

The various parts of Dr. Heymann’s very ingenious apparatus are inclused in
a box, supported on a stand, and furnished with two ocular openings like those of a
common stereoscope, and with the various screws and milled heads necessary for
the purpose of adjusting the mirror, lenses, and prism. The side of the box that is
undermost in examining the right eye must be turned uppermost in examining the
left, by which means the necessary reversal of the whole instrument is effected. 1t
would be useless to describe here in detail the several mechanical arrangements,
ttﬁ handpﬂ:pﬂwa of which will at once become apparent when the instrument is taken in
the 1

For use, it is necessary, in the first place, to adjust the distance between the
ocular openings to suit the spectator, and then to place a brightly-burning lamp
behind the mirror. On looking into the apparatuos, if the illuminated fandus be
not in view, it must be sought by very gentle movements of the mirror and prism ;
and, as soon as a trace of it is perceived, it will be easy to guide it into the centre
of the field of vision. This done, the lenses should next be so moved as to bring
out the details of the picture.

3. THE AUT-OPHTHALMOSCOPE OF GIRAUD-TEULON.

In this instrument, by a contrivance equally simple and ingenious, the whole
of the fundus of either eye can be rendered an ohject of vision to the other, either in
the inverted image or the erect. Asshown in the diagram, Fig. 62, the left cye is
the one inspected.

F 2
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The apparatus consists of two plane mirrors, m' #, inclined to one another
at a right angle, and placed in front of the observer. The ordinary object-lens L
is placed between the left eye g and the mirror m; and the ordinary ophthalmo-
scopiec mirror & is placed in front of the right eye d in such a manner as to receive
rays from a flame at F, and to reflect them directly upon the mirror m'. The
practical effect is, that the rays leaving g, instead of proceeding straight forward to

Fig. 62.

an observer in front, are twice bent at a right angle, and brought back to J, without
any change in their relative positions.

In the diagram, the divergent rays F ¢ are reflected towards a’ at an angle
of reflection n G a", equal to the angle of incidence ' G . They are intercepted
by the mirrors m and ', twice totally reflected by them, and brought to the lens L.
Rendered convergent, they pass through the pupil of g, meet, overcross, and form
a dispersion circle on ¢'s retina. The emerging rays would be united by I into an
actual inverted image at a, but intercepted and reflected by e they form their
image at a'. The rays proceeding from this image to m' are again reflected, and
become visible to the eye d, through the central perforation of (7, as if they came
from a"; at which point, therefore, an inverted image of g's retina will be seen. By
removing the lens I, approximating the eyes to the mirrors, and using, if necessary,
a concave ocular, the erect image may be seen instead of the inverted.

4. THE AUT-OPHTHALMOSCOPE OF ZEHENDER,

which was contrived in order to facilitate self-inspection of the exeentric portions of
the retina, is essentially the same as that of Dr. Giraund-Teulon.

It consists of two plane mirrors, =0 arranged that they can be ineclined towards
one another at any necessary angle. A lamp is placed at the side of the observer,
facing one of the mirrors, This first, or illuminating mirror, reflects rays from the
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flame into the eye, and also reflects a portion of the returning rays towards the
second mirror, by which they are again reflected in the visual axis of the observer,
If the eye be emmetropic, and the emergent rays parallel, they will be united into an
erect virtual image of the parts from which they come. If the emergent rays be
convergent, they may be rendered parallel or divergent by substituting for the second
plane mirror a convex ome, of which the radins of curvature should be double the
negative focal length of the concave lens that would produce the desired correction.
If the illamination be otherwise insufficient, a concave mirror may be used instead of
the first one ; but, if this be done, the second mirror must in any case be convex.
For parallel rays, its radins must be equal to, or somewhat less than, that of the first;
and, for convergent rays, its radins must be still further diminished, according to the

degree of their convergence.
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SECTION THE SECOND.

THE EXAMINATION WITH THE OPHTHALMOSCOPE.

INCE special directions for the use of each variety of ophthalmo-

scope have already been given in the first section, in the deseription

of the varieties themselves, I may here confine myself to the enunciation

of those practical rules and optical principles that are required for the
application of all.

With regard to the choice of an instrument,—a matter that may well
be a source of embarrassment to many persons,—it may not be superfluous
to call attention to the points that deserve consideration in selecting
either this or that. Generally speaking, it may be said that all the
instruments already described are available for the examination of the eye;
and that it depends only upon the skill and management of the observer
whether they give clear images of the retina or not. It must be observed,
however, that the capabilities of the different instruments vary ; and that
one, for example, may be commended on account of its superior
illuminating power ; another, because it is easy of management. I will,
therefore, consider the performances of the different ophthalmoscopes.
first, as a question between stationary and moveable instruments; and,
secondly, with regard to the quality of their illumination.

(1) It is evident that, if it be desired to inspect carefully some
single point of the fundus oculi, a fixed instrument will be found the most
desirable, but that it will be far less adapted for a more extended survey.
With the fixed instrument, the observer sees only from a distance ; that is
to say, he has before him an image of the retina at his distance for clear
vision, While, by this, he is spared all exertion of his eye, it must not be
forgotten that he loses that sharpness of perception which we obtain, as
if from a magnifier, by the close examination of objects. With fixed
instruments, moreover, a careful inspection of the periphery of the
ocular fundus becomes very difficult; sinee, for this purpose, the patient
must turn his eye in all directions, and will often be required to give it a
degree of obliguity that he will be unable, with any steadiness, to
maintain,

“The moveable mirrors are free from the above-named defects, and
can be so managed as to display all parts, behind the equator of the eye,
without any considerable changes in the direction of the organ. They
require, however, if used for the examination of the erect image, far more
practice and dexterity than the fixed instruments; since it is necessary for
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the observer, in spite of his proximity to his object, to maintain accommo-
dation of his eye for distant vision; and also to hold the mirror with
great steadiness, partly in order to keep the image in his field of sight, and
partly in order not to dazzle the patient by to-and-fro movements of the
reflecting surface, such being among the greatest disadvantages of
ophthalmoseopic examination.” (Heymann.)

For clinical demonstration, or for observation with little study or
practice, or for purposes of exact drawing or measurement, the large
instruments must be preferred, in which the different parts of the
ophthalmoscope, and the eye examined, are all fixed as steadily as possible,
Among these, the best are those of Liebreich, Follin, Epkens and Donders,
and the larger one of Ruete; while for hand use, the small, cheap, and
portable forms, and especially those of Coccius, Zehender, and Hasner,
deserve the preference.

In most cases, too, a simple concave mirror (the ophthalmoscope of
Anagnostakis) will suffice, if the following proportions be observed :—Its
foeal length should not be less than 5" nor more than 107, its diameter
about 5 centimetres, and the diameter of its central perforation not more
than 8 to 4 millimetres. Glass mirrors with a central perforation are
preferable to those from which only the metal is removed, and metallic
mirrors are better than either, as in these the canal of the perforation can
be reduced to a minimum., When ocular lenses are required, they must
turn easily upon their axes, so as to be applied closely to the back of the
mirror.

() With regard to the illuminating powers of different ophthalmo-
scopes, the following observations are made by Zehender :(—

The faintest light is that which is reflected from a plate of unsilvered
glass, when the angles of incidence and reflection are = 70° It is
necessary, however, to take into account the distance of the reflecting
surface from the eye under inspection ; because there is, for every eye, one
determinate distance at which it will receive more light than at any other,
and within or beyond which the degree of its illumination diminishes.
Simple concave mirrors direct upon the examined eye a cone of light,
having the reflecting superficies for its base; and of greater intensity, the
shorter the focal distance of the mirror. Experience teaches, however,
that only mirrors of considerable focal length are available for ophthalmo-
scopic examination, and that, if their focus be nearer than 6", they are
wholly useless. If a cone of light be thrown upon the eye, from a
distance, by a concave mirror of considerable surface, only those rays will
penetrate the organ that strike the cornea within the limits of a eirele the
size of the pupil. If the mirror be brought nearer to the eye, there will be
found a position at which all the rays reflected from it enter the pupil ;
but this will be at too great a distance to allow of examination of the
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erect image of the retina. If the observer bring the mirror near enongh
for this purpese, by far the greatest part of the light will fall upon the iris,
and the pupil will receive only those rays that are reflected from the
immediate border of the central perforation, and that do not afford an
illumination stronger than that of a plane mirror. Simple concave
reflectors, therefore, do not give sufficient light for close observation;
although their action is extraordinarily good in the examination of the
inverted image.

The light reflected from a plate of silvered glass is the incident light
in undiminished quantity. Coceius first used such a mirror, and obtained
with it about the same illumination as with Helmholtz’s instrument. He,
however, increased its action by employing a convex lens, to cast an
enlarged image of the flame upon the mirror. In respect of illumination,
the improvement thus gained was as if the plane mirror were exchanged
for a concave of a focal length equal to that of the lens, with the additional
advantage that, by changing the lens, this focal length could be varied to
meet the requirements of any particular case. For the purposes of
examination, this arrangement possessed a still greater advantage over the
concave mirror, since the eye of the observer is, with the former, brought
actually within the cone of reflected light, instead of being placed behind
its base, as with the latter. It is obvious that, with the plane mirror and
lens, the virtual base of the light cone will be as much behind the mirror
as the actual source of light is in front of it, after allowing for the virtual
approximation of the flame to the mirror that is effected by the lens,
But, in such a combination, the focal length, and the size of the image of
the flame, increase and diminish in the same ratio, and in such a degree
that, in concentrating the light npon a portion of the mirror not much
larger than the pupillary diameter (in which case alone no light is wasted),
the marginal rays undergo a considerable spherical aberration, which
renders them almost useless for the purpose of illumination. In
Zehender’s convex mirror, however, this spherical aberration of the
marginal rays is much diminished, and interferes much less with their
illaminating power ; since both axial and marginal rays, when reflected
from a convex mirror, have a considerably greater focal distance than when
reflected from one that is either plane or concave. It follows from these
considerations that it is best to use a concave mirror for the inverted image ;
and, for the erect image, the mirror of Zehender or Coccius. The merits

of Hasner’s silvered lenses have been already pointed out and explained.
(See page 54.)

Since the above was published, the question of the choice of an ophthalmoseope
has become more complicated. The beginner must consider it (lst) as between
English and foreien instruments ; (2nd) as between the binoeular and the monoeular ;
(Jrd) as between the varietics of cither class,
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The observers who require a fixed instrument must always be a minority, and
will be almost limited to surgeons in consulting ophthalmic practice, to those who
have to instruct students, and to those who have opportunities and leisure to make
careful drawings of the appearances they observe. For all these purposes, the large
ophthalmoscope of Liebreich answers admirably ; but I should think the modification
of it contrived by Follin (se page 33) would be in many respects more convenient.
The mobility of the object-lens itself, as well as the power to draw the patient gently
towards it, or to make him recede from it, without altering the field of wvision, and
without moving the eye of the observer, would often be highly valuable.

Such instruments should be obtained only from English makers. The foreign
ones that T have seen have been at once dear and bad. The threads of their screws
arve always defective; the parts that should be steady quiver and shake, the parts
that shonld glide easily stick fast, the parts that should be immovable slide down-
wards, in tardy and reluctant obedience to the law of gravitation. By the time that
all the fanlty portions have been replaced in this country, the instrument will be far
more costly than one originally of English construction, made to work as smoothly
and epsily as a microscope from the first. I trust my readers will take warning from
experience.

I have found that the most convenient method of using a stationary ophthalmo-
scope is to attach it to a small table, constructed for the purpose. My own has a
surface about a foot square, and is supported by a strong central column, heavily
weighted at the base. In practice, this arrangement possesses many advantages over
the eorner of a larger table.

The smaller foreign instruments are generally cheaper than the English, often
much cheaper ; and, if of simple construction, are fully equal to them. The hand-
ophthalmoscopes of Liebreich, Coccius, and Zehender, are largely imported from
Berlin, and may be obtained of excellent quality from any instrument-maker or
optician. The binocular instroment of Dr. Girand-Teulon is made chiefly by MM.
Nachet & fils; and, in consequence of the number they manufacture, certainly cheaper
than elsewhere. Messrs. Mmrray & Heath's instrument has been made only by
themselves.

The difference between the effects produced by binocnlar and monoecular ophthal-
maoscopes 18 very considerable; and, for a beginner or an inexperienced observer, iz
very important. In order to estimate this difference correctly, it must be remembered
that the difficulties of ophthalmoscopy arve twofold. There is, first, the diffienlty of
seeing ; and then there is the difficulty of interpreting what is seen. Of these, the
first is much the same with all instruments; but the binoeunlars reduce the second to
A minimum.

In using the monocular ophthalmoscope of Coceing or Liebreich for the inverted
image, in spite of abundant licht and perfect definition, the details of the picture
appear to be all in the same plane. The vessels of the retina can be distingnished
from those of the choroid by colour and direction, but not by any appreciable
difference in their position. The depressions formed by choroidal atrophy or posterior
staphyloma, and the elevations from sub-retinal hsmorrhage or effusion, present
colonrs which contrast with those of the general field, but scarcely any appearances
by which, prior to reflection, their sunken or raised position can be positively
determined. Even the cupped optic disk, the most marked of the surface changes of
the fundus oculi, betrays itself chiefly by the bending of the vessels at its margin,
and, by inexperienced observers, is often mistaken for an elevation. It may fairly be
said, I think, that the limited power of one eye, to furnish data for correctly
estimating relief, is the chief source of difficulty in the interpretation of ophthalmo-
SCOPIC appearances,

With a good binocular ophthalmoscope, this difficulty vanishes., The difference
between the appearances presented by the two methods is like the difference between
the appearance of a tree growing in a field and a tree painted in a picture. Not
only is the depressed optic-nerve immediately recognized as an unmistakable cup or
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cavity, but even small effnsions of blood, or lymph, or serum, on the eme hand, or
patches of atrophy on the other, present aspects that arve comclusive with regard to
their relations to the general level of the field. The vessels of the retina, too, are
geen to stand out from, and to be distinetly on a plane anterior to, those of the
choroid ; which again, in young light eyes, with good illumination, may be distinetly
traced to different strata of the membrane.

For those surgeons who have obtained a thorongh mastery of the older forms of
the instrument, and with whom the process of eliminating optical illusions, or of using
the data by which relative position can be determined, has become almost instinetive,
the binocular ophthalmoscope is only so far advantageous, as the picture it
pr:lmentﬂ 158 more beantiful. But for less skilful observers, it 18 of high practical
value,

There are few ophthalmoscopic questions more important, or having a greater
bearing upon diagnosis and prognosis, than to determine whether a given mass of
pigment be infiltrated among the retinal tissues, or deposited beneath the retina, in
the choroid. Tt is of equal importance to be able to recognize, with certainty, the
commencement of serous sub-retinal effusion. By binocular vision, all these
conditions can be determined at a glance; by monocular, if at all, only after pro-
tracted and possibly hurtful examination. It follows, I think, that by observers who
desire to learn the use of the ophthalmoscope quickly, and to avoid errors of interpre-
tation after having had but small experience, the binocular instrument should be
unhesitatingly preferred.

For the erect image, the binocular ophthalmoscope possesses little advantage
over the older forms; and, even when adapted for lateral illumination, it 18 not so
casy of use. For this purpose, therefore, it iz not caleulated to supersede the
ophthalmoscope of Zehender; but it is still quite available in the hands of an
observer who will take the trouble to master the difficulties of manipulation. For
the erect image, it will generally be needful slightly to approximate the prisms. The
respective merits of the different binoculars have been sufficiently noticed in the
former section.

Before purchasing a binocular ophthalmoscope, it is prudent to make certain of
the possession of binocular vision. This is not universal, and those in whom it is
wanting are often unconscious of their deficiency. The test is very simple.
The eyes shounld be directed towards a candle-flame, or other convenient small object,
at a distance of eight or ten feet ; and a prism of 16° or 20° with its angle towards
the nasal side, should be held before one eye. With binocular vision, the result will
be cither two images of the object, or an internal strabismus very manifest to a
bystander. If neither of these consequences follow, a binocular ophthalmoscope will
be wholly unseless,

With regard to the choice of a monocular instrument, I find myself compelled
to differ from Dr. Zander in two particulars .—firet, with regard to the utility of the
simple mirror ; and, secondly, with regard to the superiority of a concave mirror for
the inverted image.

My own earliest attempts at ophthalmoscopic investigation were made with the
simple mirror, the so-called instrument of Anagnostakis. I have long since wholly
discarded it, not because it will not suffice for many cases, but because it will not
suffice for all. T am convineed that difficult investigations will be most successfully
conducted with an instrument that is, from daily use, perfectly familar to the observer;
?:::lﬂ for this reason I confine myself to a mirror that carries a magnifying lens

vind it.

With regard to the concave mirror, I should, until very recently, have echoed
Dr. Zander's statement ; and should have agreed with the opinion of Mr. Hulke, that
Liebreich’s small ophthalmoscope is the best and most convenient for the inverted
image. Lately, however, the contrary testimony of very skilled observers has
induced me to investigate the question with some care, and to compare the per-
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formance of different ophthalmoscopes nupon eyes well adapted for testing them, T
have come to the conclusion that my former preference was the result of habit, and
that the best ophthalmoscope for the inverted image is, beyond all question, that of
Coccins. It illuminates the fundus somewhat less brilliantly than Liebreich’s, Imt
more uniformly ; it is less interfered with by reflections of the mirror from the cornea,
and by images of the flame upon the retina of the eye examined ; it affords better
definition, and permits the use of a higher magnifying power. Lastly, though
inferior to Zehender's for the erect image, it yet shows it very fairly, and in a manner
far superior to Liebreich’s.

PreEparATIONS FOR THE Examinarion.—Among the various forms of
ophthalmoscope already described, only those of Ulrich, Meyerstein, and
Gralenzowski, and the large instrument of Liebreich, are adapted for use
in the daytime, without any disturbing influence from daylight. For all
others, the first essential is a moderately darkened chamber,

The second essential is a good light. It is possible to use the sun’s
rays, admitted through a small opening in a closed shutter ; but, on account
of the great uncertainty of this light, of the dazzling that it produces, and
of its inequality from the passage of clouds, it is not to be recommended.
Practically, the best light is that of an oil-lamp, burning with a clear and
steady flame, covered only by a chimuney-glass, and so arranged as to be
raised or lowered at pleasure. A naked candle-flame may be used for very
susceptible patients, to reduce the dazzling to a minimum, With regard
to the position of the light, it should be the rule of a beginner to place it
near the head of the patient, on the same side as the eye to be examined,
and so far back as to leave the cornea in shadow. It is alsoimportant
that the flame, the eye of the patient, and the eye of the observer, should
be all at the same level.

For binocular ophthalmoscopes, as alveady mentioned, it is necessary to have a
vertical instead of a lateral illumination. Partly from the rveady mobility of the
burner, and partly because the intensity and size of the flame can be regulated at
will, T am disposed to think that gas affords the Dbest light for all ophthalmoscopic
purposes. The most convenient bracket is one that may be seen at the Royal London
Ophthalmic Hospital, Moorfields, and that possesses an universal movement, npwards,
downwards, and to either side, while the chimney of its argand burner remains always
perpendicular. The burner itself may be either of metal or porcelain, but should be
closed underneath by fine wire gauze, to subdivide and regulate the dranght. There
should be two taps, or, if only one, it should be remote from the flame, so as to check
the pressure from the meter, and to prevent noise in combustion. These arrange-
ments not only afford, above the blue part of the flame, a perfectly steady and motion-
less eylinder of white light, but they give the power of regulating the height of this
cylinder at pleasure, and of placing it exactly in any desired position, for any kind of
examination. The next best arrangement is an upright moveable burner, made to
stand upon a table, and connected with the gas pipe by an elastic tube. The bracket
with universal movement is, however, of such great general utility, that it eannot be
too strongly recommended as an essential part of the fittings of the consulting-room.
It will be found invaluable for laryngoscopy, especially for the application of instim-
ments to the larynx ; and it will greatly facilitate many procedures about the mouth,
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nostrils, and ears. There are probably few practitioners who have not experienced
the difficulty of getting any assistant to hold a light in the exact place where it is
wanted.

¥

“ Since,” as Hasner has very forcibly remarked, “it is perfectly
intelligible that the laity should be alarmed by being brought into
a darkened chamber, by the use of artificial light in the daytime, and
by the application of mysterious lenses and reflectors, it is proper, even
if fear be not expressed, in every case to avoid making a mystery of the
ophthalmoscope. More especially to timid patients, the nature and objects
of the examination should be first carefully explained.”

The position of the lamp and of the patient being arranged,
the latter must next be shown a point in the distance, behind the
observer, at which he must look fixedly. As the anterior pole of the
axis of the optie nerve corresponds to the outer third of the cornea, the
fixing-point for vision must be to the left side of the head of the observer
when the left eye is examined, and wvice-versi. If the patient, as, for
example, in total blindness, he unable to direct his eye by the sense of
vision, he may still often do so by muscular sense, if his own finger
be placed in the position or direction towards which his eye should be
turned.

It is desirable to keep the patient as still as possible, and at the same
distance from the lamp; and it is best when the eye can be widely opened
without assistance. When it is necessary to hold the lids asunder, the
irritation often produces a considerable flow of tears, and makes the
patient restless and unsteady.

Special attention must be paid to the condition of the pupil of the
eve examined. If this be much contracted, which, from the sudden influx
of light, would usually be the case at the beginning of the examination,
only a small cone of rays will be admitted, and only a small portion
of the retinal surface will be illuminated. In such cases the pupil
must be dilated, either by covering the other eye, or by directing
the patient to accommodate for his far point; or, lastly, by the use of a
mydriatic.

Two grains of extract of belladonna, dissolved in a drachm of
distilled water, will produce sufficient dilatation; but the best mydriatic
agent is the sulphate of atropia, for applying which Professor Donders
recommends the following solutions : —

1. Gr. iv. in 3 j aq. distillat. (gr. j—3ij) as a preparation for
operations; to avert threatened synechiwm, closed pupil, or prolapsus
iridis; and to restore vision in cases of central ecataract, or central opacity
of the cornea,

2. The first solution diluted with 15 parts of water (gr. j—3iv),
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to produce complete dilatation and immobility of the pupil, so as to allow
of examination of the interior of the eye in all directions. The dilatation
1s produced in from 30 to 45 minutes, and the sight is commonly
disturbed only for about 24 hours.

3. The first solution diluted with 80 parts of water (gr. j—3xx) 1 in
9,600, for common use. One or two drops of this solution, retained for a few
seconds between the lids, will give, in from 30 to 60 minutes, a sufficient
dilatation to examine the eye in most cases. The dilatation will continue
from 8 to 36 hours. By some practice it is possible, however, in the
great majority of cases, to see the details of the fundus oeuli, and to
form a diagnosis, through a moderately narrow pupil, without artificial
dilatation. The attempt should generally be made, since there will
always be opportunity to dilate the pupil afterwards, if the general
inspection should display occasion for a more special one. In many cases,
however, as in diseases of the choroid, glaucoma, and so forth, this will
not be necessary, and the pupil will be wide enongh. In many other
cases the morbid phenomena consequent upon mydriasis, the dazzling,
obscured vision, and disturbance of the accommodation, will be very
troublesome, or even hurtful.

The necessity for a mydriatic may frequently be obviated, and the contraction
of the pupil diminished, by making the examination with blue light, which has the
additional advantage of being more pleasant to the observer. The merit of this
suggestion is due, I believe, to Dr. F. Argilagas, of Cuba, who employed a mirror of
blue glass, silvered at the back, and with only the silvering removed from the sight-
hole. After this, a blue chimney-glass came into very general use; and a sereen
has lately been recommended by Mr. Ernest Hart and others. This may be of cobalt
blue glass ; or, if it were desired to transmit blue rays only, it might be made of two
plates of white glass, cemented together, and inclosing, as in Dr. Boehm's tinted
lenses, a film of a solution of ammonio-sulphate of copper, or of prussian blue.
My own practice, formerly, was to use the blue chimney-glass; but, latterly, I have
preferred a blue object-lens, made by cementing a plane glass of the A tint between two
plano-convex lenses of the required power. With such a lens, it is necessary, of course,
to place it in front of the eye, before the reflection from the mirror is allowed to fall
upon the pupil. MDM. Janssen and Follin have lately contrived an apparatus that
can be fitted to any lamp, and that carries a screen of any desired tint. 1t is well
adapted for the consulting-room, but the blue lens has the advantage of ready
portability. The same advantage attaches to the atropinised gelatine, recently in-
troduced as a substitute for mydriatic solutions.

Coxpuer or Tne Examinarion.—All preparations being made, the
observer takes the concave mirror in the hand that is on the side towards
the lamp, places its upper edge against the superior margin of Lis orbit,
and looks through the perforation at the eye to be examined; he then
causes the mirror to turn a little on its vertieal axis, until the inverted
image of the flame is cast upon the eye under examination, the pupil of
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which will then return a more or less intense reddish or whitish glow.
For a general inspection of the refracting media, it will be sufficient to
look at the eye from different distances, and to cause it to make slight
movements, upwards, downwards, and to either side. If no diseased
conditions be apparent, the observer proceeds to examine the inverted
image of the fundus. For this purpose, he takes a biconvex lens, of
2" or 3" focal length, in the thumb and index of his free hand, rests his little
finger upon the forehead of the patient, and brings the lens in front of the
examined eye, so that the light from the mirror, passing through this lens,

Fig. 63.

will be concentrated upon the pupil. The actual inverted image of the fundus
will now be formed betwixt the lens and the observer, in the focus of the
former; and, to render it visible, the observer must nsually move his head
somewhat farther back. This movement requires considerable practice ; since
itisespecially necessary, in executing it, to maintain the mirror in unchanged
direction. Even for a sound eye, and far more for a diseased one,
unexpected to-and-fro movements of the cone of light will scon become
unbearable. The distance of the lens from the examined eye should be
such as to make the focus coincide exactly with the pupil. For this
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purpose, the pupil itself affords the best standard. While the pupillary
margin limits the visual field, the lens is too near the eye. As the distance
between them is increased, the pupil enlarges, and finally, in the focus of
the lens, its margin disappears. The distance of the mirror from the lens
must be the focal length of the latter, added to the distance for clear
vision of the vbserver,

The first object to be sought within the eye is the entrance of the
optic nerve. Sometimes, before its white surface becomes visible, darker
streaks may be seen traversing a bright red ground. These will be the
vessels that proceed from the entrance itself, and by following one of
them, in the direction of its increasing thickness, towards the inner and
inferior part of the eye, by movements of the observer and mirror in the
opposite direction, the white surface of the optic-disk will presently be
perceived.

At the beginning of the examination, as soon as the nerve surface is
found, it is desirable,—since the eye of the observer has then a distinet
object of sight, and the eye of the patient is accommodated for its far
point,—to form, by the clearness of the cenfral vessels, a judgment of
the state of refraction of the eye, by which the selection of a conecave
lens for the erect image may be assisted. The fine arterial twigs,
passing over the nerve surface, serve as test-objects for more accurate
determination,

After inspection of the nerve surface, attention should next he directed
to the vessels, to observe whether they present a normal condition at their
place of entrance, to note their course over the white disk, and their conduct
at and after passing to the red background. After the vessels, should be
observed the transparency of the retina, its relations to the choroid and
to the nerve entrance; next, the pigment-layer of the choroid; and then
the observer should return to a more ecareful and accurate study of the
entrance of the nerve. Lastly, follows the inspection of the refracting
media, the vitreons body, the crystalline lens, the cornea, and then
that of the iris,

‘When the habit is once acquired of commencing at the nerve entrance,
and studying the topography of the inner eye from behind forwards, so to
speak, it will be easy to examine cases in which the crystalline is
impaired, or the retina detached, or in which one side of the globe is
obscured.

Dirricurries o THE ExamiNarioN.—Every honest observer will
have to acknowledge, at the commencement of his investigations, that he
has only succeeded in seeing a luminous reddish disk, and will find that
he requires continued practice in order to learn the use of the ophthalmo-
scope ; and, what is even more important, to understand the appearances
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it reveals :—precisely as practice is needed in order to obtain skill in
auscultation, or in tactile examination. Difficulties arising from this cause
cannot, of course, be entirely obviated; but still there are certain sources
of trouble to the learner about which information may be given, and
which are briefly referred to in the following paragraphs.

The first of these difficulties depends upon the presence of the object-
lens, and upon the reflection of its image of the mirror by the cornea of
the examined eye,—a reflection that may prevent the possibility of
accurate examination. In order to displace it, the eye under examination
should be slightly moved, and the object-lens somewhat rotated upon
either its vertical or its horizontal axis; it may also be necessary to alter
the position of the flame.

The small, bright, round image of the mirror may, by an inexperienced
observer, be mistaken for the optie disk itself. The presence of a dark
spot in the image, corresponding to the central perforation, and the
absence of vessels, are the indications by which this error may be
avoided.

It is not, at first, easy to obtain the proper relative distances between
the eyes of patient and surgeon, and between the mirror and the lens, that
are necessary for clear images. On this subject, however, directions have
alrendy been given.

Another difficulty may be that the examiner, in spite of brilliant
illumination, obtains no clear definition; and this may arise from a mis-
taken endeavour to use the greatest possible amount of light. Many
objects are best shown by moderate illumination, and a very brilliant
light may itself be a source of erroneous diagnosis. Experience shows
this to be the case in opacities of the media, which are more clearly seen
in front of a dimly-lighted fundus than against a strong illamination ; it
is therefore prudent to use a moderate degree of light for studying the
topography of the eye, and especially for the determination of the
relative depths of objects; and to advance to further illumination only
when the localities are known, and for any object that may specially
require it.

A final difficulty, especially in the erect image, is the proper accom-
modation of the eyes of the observer. The short-sighted, and persons
generally who are unaccustomed to the use of optical instruments,
experience this difficulty—that they involuntarily accommodate the eye
for its near point, when the object of vision is close to them; on
account of this, their eyes are readily fatigued, and soon suffer from
congestion and lachrymation. With the ophthalmoscope, as with all
optical instruments admitting of adjustment, it is necessary to accommodate
the eye for its far point, and to arrange the apparatus accordingly.
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Heymann advises the use of concave glasses in ophthalmoscopic ex-
amination, as an exercise of accommodation ; since, in using a stronger
concave than is necessary for correction, although the image will appear
smaller, the greater the difference between the refraction of the media
and the compensation of the lens, yet this small image is exceedingly
clear and sharp. Then, by degrees using weaker glasses, with continually
nearer approach to the eye examined, and, at the same time, with continual
endeavours to accommodate for greater distance, the image of the retina
may be seen, at last, without optical assistance.

I proceed now to the consideration of certain physical conditions, in
order to explain the means by which a clear image of the fundus oculi can
be obtained.

The human eye, in respect of its refraction, resembles a strong
combination of positive lenses, If such a combination be placed between
our own eye and any object, the object is rendered visible, under certain
definite circumstances, as an erect, or as an inverted image; and, under
other circumstances, it becomes invisible. The visibility of the object is
chiefly determined by its relation to the foeal point of the combination
of lenses, partly by the distance between the lenses and the eye,
and also by the greater or smaller range of accommodation of the
observer. If the object be either at the focus of the lens, or a little
within it, the observer receives either parallel or slightly-divergent rays,
and unites them into an image upon his retina; but, at the same time,
as the objeet is seen under an increased visual angle, it appears erect and
magnified. This statement, however, of the visibility of an object situated
in the focus of the lens, only applies to observers who possess normal power
of accommodation ; for, if the observer’s eye be so constituted that it can
only accommodate for near objects, the object in the focus will not be
visible, and the object and the lens must be brought nearer together, in
order to obtain an erect image. The object continues visible, however,
whether the eye of the observer be close to the lens or distant from it;
only the greater the distance, the smaller will be the field of vision, from
the loss of the marginal rays of light.

If an object be placed beyond the focal point of the lenses, then the
divergent rays proceeding from the object are so refracted in their passage
that they become convergent, and unite to form an inverted image on the
other side. This image is larger, the farther it is from the lenses, and the
nearer the object is to the focus. It is only clearly visible when
intercepted at the common focus of all the pencils of light entering into
its formation ; but, if this common focus be very far distant, the image, on
account of imperfect definition and illumination, again becomes imper-
ceptible, and cannot be seen either upright or inverted.

When we come to apply these laws to the system of refraction of the

G
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eye, and to the retina as an object of vision, the next question is,—where
is the retina? Does it lie within, in, or beyond the focal point of its own
refracting media? The reply is, that it may be found to occupy any of
these positions; but we can seldom ascertain which, prior te examination,
particularly in cases of blindness, TIf vision remain, the point can be
certainly determined by the distance, farther or nearer, at which objects
can be clearly seen. If, without the help of a lens, the patient cannot
clearly sce either near or distant objects, the retina lies within the focus,
since no rays are united into clear images (hypermetropia). If there be
good vision at long distance, then the retina is in the focus, since parallel
rays are united upon it (emmefropia)., And if it be necessary to bring
objects very near the eye, then the retina lies beyond the focus, and
receives images only from divergent rays (myopia).

When we know the relation of the retina to the focal point of the
eye, and see it with good illumination, it is easy to deduce whether in
any particular case it will be visible in erect or inverted image or not;
and it can be deduced further, as we shall pruceed to show, in what
manner a clear image can be obtained.

I. THE EXAMINATION OF THE VIRTUAL, ERECT IMAGE.

If we assume that an eye to be examined is thoroughly illuminated,
its pupil widely dilated, and that its fundus is observed by a person of
normal or far-sighted vision, the retina may be clearly seen in the
absence of a lens, without accommodation for the far point; but if the
eye to be examined is accommodated for its near point, or if it be
unable, as in myopia, to accommodate for a distance, its retina will be
invisible in the erect image, because situate behind the focus of its
refracting apparatus. In such a case, the patient, if normal-sighted
(emmetropic), must accommodate for distance, but, if short-sighted, and
unable so to accommodate, the foeal length of his refracting media must
be increased artificially, so that the retina may come to lie in, or in front
of, the focus. This object is attained by the interposition of a negative
lens. In general, the glass selected must be one or more degrees stronger
than that habitually used by the myope; so as to place his eye in a state
equivalent to one accommodated for infinite distance; and for this purpose
the dispersing lenses of 27, 4", 6", and 8" negative focal length are chiefly
used.

If the eye examined be blind, there is no means of ascertaining
beforehand which place the retina occupies in relation to the focal point,
and therefore what glass will be required to render it wvisible. The
question can only be determined by experiment.

If the observer be himself short-sighted, he must make his eye
equivalent to one that is emmetropic, by the use of a negative lens of
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shorter focal length than that which he uses habitually. In examination
of an emmetropic eye, he will therefore require a weak negative lens;
and, in examination of a myopic eye, a stronger one than would be
required by an emmetropic observer,

Ryba gives the following rule, by which in every individual case to
find the strength of the concave lens necessary to give a clear image of
the retina :—

“ Measure the distance of elear vision both of the observed and the
observing eye, and the distance of each eye from the interveming concave
lens ; subtract the distance of each eye from the lens, from its distance
of clear vision; multiply the remainders together, and divide their
product by their sum.”

The Table given on the next page, in which 4 represents the visual
distance of the observing, B of the observed eye, and p the focal length
of the proper concave lens, is calenlated on the assumption that the lens
should always be 1" distant from the eye of the observer, and 31" from
the eye of the patient.

The concave lenses given in the Table are adapted to render the
retina and choroid clearly visible, while, for parts anterior to the retina,
weaker glasses would, cateris paribus, be required.

In practice, it is often desired to render such parts visible; so that
the valne of p given in the Table must be regarded as the shortest focal
length applicable to each of the cases specified.

The Table was published by Dr, Zander with the colomns p computed in vulgar
fractions, of two and even three ficures in both numerator and denominator. 1 have
converted all these fractions into decimals, caleulated to two places only, but with the
second place increased by one, whenever the third would have exceeded 5.

Since, however, the numerous fractional gradations of conecave lenses,
expressed in the Table, cannot be procured in practice, it is necessary in
every case to select the actual lens that approaches most nearly to the ideal
one required, and, by preference, that which deviates from it in the direction
of being weaker. Since such an actual lens will not give perfect vision
at the precise distance for which the ideal one is computed, the observer
must compensate for the incorrectness of the lens by corresponding
changes in his own position. If the lens be somewhat too strong, the
observer must bring his eye nearer to, and if the lens be too weak he must
withdraw it farther from, the eye of the patient.

In cases where the two eyes, examiner and examinee, are of different
powers, the action of one and the same concave lens varies with its position
between them. If the lens be placed, as usual, near the eye of the
examiner, it must be stronger when this is farther-sighted Lhan the eye
examined, and weaker when the examining eye is more short-sighted- than
that of the examinee. If the lens be nearer to the eye of the examinee, it
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must be stronger when the examining eye is the most short-sighted, and
weaker when it is the most far-sighted of the two. If, for example, the
observing eye, A, has clear vision at 20", and the observed eye, B, clear
vision at 6", and the lens p be distant }" from A, and 3}" from B, then,
according to the Table, the focal length of the lens p = 2"21; but, if the
lens be placed at a distance of §" from B, and 33" from A, then its focal
length must be = 4"125. Upon this principle, the observer may use
his own visual power as the measure of the far or mnear-sightedness of
any eye that he examines,

In cases where the observer has determined the concave lens neces-
sary for his own inspection of an eye, and desires, as in clinical instrue-
tion, that the same eye should be examined by others, Ryba gives the
following rule—

When the first observer has accurately determined the foeal length
of the lens necessary for himself, let him multiply this length by his
visual distance, and divide the product of the two amounts by their
difference ; then let each subsequent observer multiply the quotient thus
obtained by his own visual distance, and divide the product of these two
quantities by their sum. The result will give the focal length of the
necessary lens,

With regard to the enlargement afforded by the direct method, let &,
Fig. 64, represent a luminous object, the image of which will be formed
upon the observed eye at . The returning rays form an image of the
retinal image, congruent with the object itself at &, If we take [3 as the
size of the luminous object, and of its image at b, and & of that seen by
the observer at d, then: %:E, in which « indicates the distance B 2,

¥
and v the distance d B. A measure for the apparent size of the image
Fig. 64.

T > 1

/g
l

seen is afforded by its size, divided by its distance from the eye of the
observer. If this latter were placed close behind the concave glass, the
¢

apparent size of the image would be =—=L.  If wetake ¢ as the distance
Y a
A B, then the apparent size of the object &, for the eye 4, will be ’f' -
[

and therefore somewhat less than that of the image & for the observer.
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If the visual distance of the eye 4 be very much greater than ¢, we may
negleet ¢ in comparison with a, and may find for the observed eye the
apparent size of the luminous object to be equal to '{_3 Under this
)
arrangement, therefore, the retinal images of the observed eye appear to the
observer under an equal or somewhat greater visual angle than that
which the corresponding objects present to the observed eye itself: hence
it i1s easy to compute the enlargement of the retinal elements of the
latter., If X be the size of the image of [3, formed at @, and y the dis-
tance of the retina from the posterior nodal-point of the eye, it follows

X y £ a e S Y.a

—_— = d & = —_ o —_—— e,
that B Tots and - 7 Both, multiplied, give ¥= et
In Listing’s ideal eye, y is equal to 15:0072 millimetres, and v, the visual

distance, to 8". This would make the enlargement %: 1484, 200
ia

and, since ¢ is commonly very small in comparison with a, we may
assume the (linear) enlargement to be 144 times the size of the objects.

The field of vision, obtained in the direct method, is not limited by
the dimly-seen pupillary margin. In order to determine its proper
houndary, we may imagine lines drawn from the pupillary margins of
the eye observed, to the observer, and having their crossing-point in the
centre of the observer’s pupil. If these lines be considered as rays of
light, emanating from this centre, we find that the observer’s field of
vision, upon the retina of the observed eye, corresponds to a dispersion
cirele, in which the central point of the pupil of the observer presents itself.
If this central point, or rather its image, seen through a concave lens, be
situated in the first focal point of the eye, the dispersion circle will then
be equal in size to the pupil of the eye observed. Usually, however, the
eyes of the observer and observed are not near enough to each other for
this; and then the dispersion circle, corresponding to the field of vision,
will be smaller than the pupil of the eye observed; and smaller still, the
farther the observer is remote. (Helmholtz.)

II. THE EXAMINATION OF THE ACTUAL INVERTED IMAGE.

It has been already stated, that a simple or compound lens possesses
the property of exhibiting an object that lies somewhat beyond its foeal
point, in a magnified and inverted image; and that this image is visible,
when intercepted at the point of union of all the pencils entering into
its formation. This property of lenses may be brought into application in
examining the retina through its own refracting system; for, if the retina
be at a sufficient distance behind the focus, or if we diminish the foeal
length by optical means, we obtain an inverted image of the retina at a short
distance in front of the eye, and we may see this image clearly, by with-
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drawing from it so far as our own visual power may require. Luminous
objects are visible to our eyes from different distances, accordingly as we
may be able to accommodate. If proper accommodation be made, there
will be formed, by focal union of the rays of light upon the retina, a clear
inverted image. When, therefore, we perceive the inverted retina of the
examined eye as an illuminated membrane, we know that the rays of light
proceeding from it are united to form an image, for which our own eye is
accommodated.

If we inquire into the utility of such an actual image, for the examina-
tion of the fundus oculi, the answer will depend upon its size and brightness
(both of which are determined by its distance from the eye represented); and
also, more especially, upon its being visible to an observer. To the unaided
eye, however, the image is generally invisible, on account of its smallness
and dimness. It is therefore necessary to use optical means, in order to
bring it into view. If we consider the retina to be illuminated by a flame
or mirror, situated in the far point for which the eye is accommodated, so
that an inverted image of the flame is formed exactly upon the retina,
then the rays leaving the eye will return by the same course that they pur-
sued in entering; and, coming under slight divergence, they therefore return
convergent. If now a convex lens of short foeal length be placed a few inches
in front of the observed eye, the rays passing through the lens to enter the
eye will be strongly refracted, and will be united in front of the retina in the
vitreous body, so that they will proceed, overcrossed, to form a dispersion
eircle on the retina, The rays reflected from the fundus of the eye will
also be united, after they have again passed through the lens, in its focus,
where they will form an inverted image of the circular illuminated portion
of the retina; and this image, if regarded from a proper visual distance,
will be clearly visible to an observer. It is necessary that the observer
should look at the focal point of the convex lens, in which point the aerial
inverted image will be seen. Since the obscurity of the image increases with
its size, and with its distance from the eye, it is generally advantageous to be
content with moderate enlargement, and to use glasses of 2", 24", 3", 31",
or 4" focal length ; although lenses of such strong refraction have the disad-
vantage that their foci are very small and narrow, and therefore are lost
by the least movement of the eye; and that, with increasing strength of
the lens, the intensity of the light for the observed eye is increased. In
the deseription of the several ophthalmoscopes, it has been already stated
what numbers of convex glasses should be used with each.

In this method of examination, the short-sighted observer can approach
nearer than the far-sighted, and it will be advantageous for the latter to
approximate his eye to the image, by the use of a weak convex ocular glass.
If the examined eye be blind, it can only be determinedexperimentally
whether any or what lenses will be required.
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With regard to the enlargement afforded by the inverted method, the
references to Fig. 65 are the same as for Fig, 64.

Let X be the magnitude of a portion of the retina at the point a, 3
the magnitude of its image at 4, & that of its final image at d, y the distance
of the retina from the posterior nodal-point, and ¢ the distance of the
first principal point of the lens B from the anterior nodal-point of the eye 4.

Fig. 65.

X'y Bin Bt :
o A i [ el
Then, T it s = these, by multiplication, give
X_ . o _ V. atp }, in which p indicates the positive focal dis-

8~y +g) " p. (@ty)
tance of the lens B, a the distance B &, and v the distance of B d. Asa rule,
the lens should be so placed as to bring the pupil of 4 into its principal foeus,

in which case p will be nearly equal to ¢, and the enlargement _.?.{: E TIfwe
¥

take the value of y from Listing’s ideal eye, it follows that the image & is
Twice magnified when p = 30 mm. (13-4"),
Three times 5 P = 45 mm. (20:1"),
Four times =5 P = 60 mm. (26:8").
Such is, at least, the actual enlargement of the objective image. The (linear)
enlargement for the observer, if the distance C'd be supposed equal to e,
18 I;'E"-'-l- 8". The field of vision of the observer is, in this method, limited
by the pupil of the observed eye, as long as the lens is held close to
it. The farther away the lens is removed, the larger the pupil will
appear, until, in the neighbourhood of the focus of the lens, the pupillary
margin disappears altogether from the field of vision, and the extension of
the latter is only limited by the aperture of the lens itself. (Helmholtz.)
The inverted image may be magnified by a second convex lens. The
rays from the inverted image reach the observer slightly divergent; but
by a second lens they may be rendered less divergent, and will appear as if
they came from the direction of a continnation of this less divergent course,
and from a point, nearer to the eye of the patient, determined by the
intersection of the peripheral rays.
The arrangement of the combination of two lenses necessary to
obtain a highly-magnified image, may be, according to Stellwag :
By a combination of two convex lenses behind the opening of the

-
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mirror, so that the anterior will bring the inverted diminished image
within the focal distance of the second. The enlargement will be very
considerable, and the object will be seen inverted, as its inversion by the
first lens will be left unaltered by the second.

Or, by placing before the observed eye a convex lens of shorter focal
length than its distance from the hinder surface of the mirror, and
looking at the inverted image thus produced through another convex
lens placed behind the mirror, and of a focal length greater than its
distance from the image formed by the first lens. The enlargement will
be more considerable, the greater is the focal length of the first lens (so
long as thisis less than the distance between the two), and the greater
the magnifying power of the second.

Or, by placing before the observed eye a convex lens, and intercepting
the convergent rays returning from it by a concave lens behind the mirror,
In this case the convex lens must have a focal distance greater than
the sum of the distance between the lenses, added to the focal distance of
the concave.

In order to obtain considerable enlargement of the inverted image of
a myopic eye, Liebreich proceeds as follows :—He holds a convex lens, of
greater focal length than the distance for which the examined eye is
adjusted, at a somewhat greater distance in front of it than the focal
length of the lens. The refracting media of the eye then form an image
in the plane of the distance for which the eye is accommodated; and this
already strongly-magnified image is seen through a glass, the power of
which is, indeed, very limited, since the object is too far within its focus,
but which can at once remove the image of the iris, and enlarge the field
of vision,

Let it be supposed that the examined eye has a myopia = }, so that its
far point is at a distance of only 3"; and that a lens of about 4" focus is
held about 41" or 5" in front of it. There will then be a highly-magnified
inverted image of the fundus, distant 3" from the eye itself, and 11" or 2"
from the lens. By the latter, on the one hand, the image is enlarged ; and,
on the other, the inverted image of theiris is projected in a larger size and
at a greater distance, so that it does not confine the field of ophthalmo-
scopic vision. The distance at which the observer must place himself will
depend partly upon his own accommodation, and partly upon the strength
and position of the lens and the position of the image—matters that can
be easily determined by trial. It will be found, without reference to exact
accommodation for the image, that the ohserver cannot depart much from
a certain definite distance without diminution of the field of vision.

The precise manner in which the ophthalmoscopie image is inverted, has often been
a stumbling-block to learners; and, although all the facts may be gathered from the
foregoing, it is perhaps worth while to recapitulate them in few words.
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Everything situate at, or within, the principal focus of the eye examined, may be
seen erect with the mirror alone. Thus the retina of an emmetropic or hypermetropie
eye, a detached retina, and an intraocular morbid growth or foreign substance, may
be seen in their natural positions without an object lens.

Everything sitnated beyond the principal focus of the eye, such as the retina of a
myopic eye, or the bottom of a deeply-excavated nerve disk, may be seen inverted
with the mirror alone, Everything situated at, or not much within, the focus, may
be seen inverted by the interposition of a convex lens.

The inverted image appears to move in a direction contrary to that of the
movement of the head of the patient or of the observer, and in the same direction as
the movement of the convex lens, The erect image appears to move with the head of
tlmilmtieut or the observer. By this difference the two can be distinguished apart at
a glance.

In order to understand clearly the effect of the inversion, it is well to take a
piece of thin writing-paper, and to draw upon it a circle to represent the fundus of
the left eye of a person placed opposite to the spectator. The circle may be

Su
smrrounded by the letters Na Te so arranged as to indicate the superior, inferior,
In
temporal, and nasal boundaries of the figure. To the nasal side of the centre a small circle
may be drawn for the optic disk, with lines radiating chiefly towards the temporal
side, to represent the blood-vessels. The sketeh, as it stands, will give an idea of the
ercct image; with its temporal side to the right of the spectator, and the vessels
passing to the right.

If the piece of paper be turned bottom upwards, with the written side still
towards the spectator, the ordinary conditions of the inverted image will be fulfilled,
and the inversion of all parts will be complete.

If the paper, still upside down, be now turned with the written side away from
the spectator, and held towards the light, the effect will be like the inversion produeed
by the first form of Laurence’s reflecting ophthalmoscope, or by the aut-ophthalmoscopes
of Heymann and Giraud-Teulon. The figure is still inverted; but the spectator is
placed behind it, and the position of his right hand iz changed with regard to it:
hence the vessels pass from his left to his right, as in the erect image; while the
upper parts are seen below, and vice-versd. The simple experiment described will
make this clear in a moment.

The comparative uses of the two methods of examination may be
stated in the following manner :—

So long as the observer is occupied with the relative positions of the
larger parts of the fundus oculi, rather than with a close scrutiny of fine
objects, the inverted image should be preferred ; and, especially, when it
is desirable to diminish illumination on aceount of disease. Notwith-
standing the absence of high magnifying power, the examination of the
inverted image, on account of the larger visual field and more compre-
hensive view that it affords, is sufficient to guard against any grave errors
in practice. The examination of the erect image, indispensable for many
purposes, such as the observation of changes in the optic nerve, pulsation
of its vessels, and so forth, is chiefly needed for the investigation of the fine
details of changes, the seat of which has already been made known by the
indirect method. The same rules apply to these as to all diagnostie
means; and for the right estimation of morbid changes, it is before all




THE OPHTHALMOSCOPE. a1

things essential to compare the diseased parts with the healthy tissues
around them, as well as to compare different portions of diseased structure
with one another. The relations between the two methods are, for the
fundus of the eye, much like the relations between unaided examination,
and examination through a lens, of the more external parts of the organ.
For the inspection of a small corneal opacity, or of a pigment-spot on the
anterior capsule, the magnifying glass renders us important service ; but
still we should diagnose the affections of the cornea and of the pupil
badly, if we regarded the magnifier in any other light than as an
occasional auxiliary. (v. Graefe.)

Since, in examination of the inverted image, we obtain a general view
of the retina, while the examination of the erect image gives the clearest
and most magnified view of details, it follows that in exact inquiries
the two methods should be combined. Neither the one nor the other,
however, should be continued too long, or repeated too frequently, as a
diseased eye may be seriously injured by prolonged or unduly repeated
examination.

The foregoing section still leaves room for a few observations, that may be
useful to beginners, with regard to the best method of conducting an ophthalmoscopic
examination.

It is an important element of success that the patient should be comfortably and
easily seated, well back in the chair, and with the head erect. Mr. Streatfield has
invented a special chair for the purpose, with a high straight back, that may be occa-
sionally useful. It is described and figured in the third volume of the “ Ophthalmic
Hospital Reports.”

The observer should be seated with his eyes not perfectly on a level with, but a
very little higher than, those of the patient. The two faces should be precisely
opposite to one another, feature for feature; and the surgeon should use his right eye
for the inspection of the left, and vice-versi. The patient should be cautioned not to
turn his head, when told to alter the direction of his gaze. Before commencing, it
is well to observe what amount of control he possesses over the movements of his
eyes, and how far he is able to look upwards and downwards, to the right hand or
the lett.

It iz well known that ocular movements are best guided by reference to some
object of vision. Mr. Hulke has made the useful and practical suggestion to place a
large sereen, divided into numbered compartments, at some distance behind the
surgeon, who, knowing the position of the figures, would tell the patient to look at
7orat9 This is an excellent contrivance; but still it may sometimes be replaced
by objects that are always in readiness: namely, the fingers of the hand that holds
the mirror. For this purpose I depart from the common practice, and, for the
inverted image, place the handle of the mirror horizontally across my face, applying
it to the right eye, with the left hand, for examination of the left eye; and to the left
eye, with the right hand, for examination of the right. I take the handle between
my forefinger and thumb only, turn the palm towards the patient, elevate the
remaining fingers, and tell the patient to logk at them steadily, and to follow their
movements. If the sight be tolerably good, the observer will thus obtain complete
command of the position of the globe, and may guide it in any direction. If the
optic-disk be nearly out of sight, a slight change in the place of the fingers will bring
it into, and keep it in, the centre of the field. If the sight be defective, it iz easy to
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keep the fingers in to-and-fro movement, by which means they are seen more readily
than any stationary object.

If the sight be good, and the pupil not under the influence of atropine,
the fingers will be too mnear the patient to serve as suitable objects of vision. In
accommodating the eye for them, the contraction of the pupil that is usunally
associated with the action of the eiliary muscle, would interfere with the admission of
light. This difficulty iz easily obviated, by directing the patient to look past the
fingers, at an object on the other side of the room.

The horizontal position of the mirror handle has the additional advantage of
placing the object lens in the hand that corresponds to the temporal side of the eye
examined. If it be held in the other hand, the nose of the patient is in the way;
and he breathes over the hand, and up the sleeve of the surgeon.

I am accustomed to take the object lens between the thumb and index finger,
and to rest the ulnar side of the tip of the third finger against the npper margin of
the orbit, a little external to the vertical meridian of the eye. If there be any
tendency to closure of the lids, it is easy in this position to take up a fold of skin with
the finger, and to control the upper lid without in the least alarming or hurting the
patient; and it is also easy to exert any degree of pressure upon the globe.

To use the ophthalmoscope of Coceius in the manner deseribed, it is necessary to
remove the handle from its nsual position, and to fix it opposite to the horizontal axis
of the collecting lens.

The ophthalmoscopes of Coccing and Zehender, on account of their collecting
lenses, require slightly different management from the simple concave mirror. The
beginner will find it best to place either of them nearly in the position it will require
to occupy, and to arrange the position of the collecting lens, so as to throw a brilliant
inverted image of the flame upon the cheek of the patient, as a preliminary to looking
through the perforation and guiding the light into the aperture of the pupil.

In the examination of the erect image, the eye of the observer is brought close
to that of the patient; so much so, as to interfere with any object of vision. The
movements of the globe can therefore only be guided by verbal directions, or by
slightly moving the head of the patient with the hand ; and the observer will find it
useful to vary his own point of sight, and to look into the eye from every possible
direction.

The binocular ophthalmoscopes require the same general management as the
monocular, and may be fitted with mirrors of any surface, and with or without a
collecting lens. As usually made, they are only adapted for vertical illumination ;
but T find that they will work equally well with lateral. Tt is evident, however, that
binocular vision is of less importance for the direct image; and I hardly think that
Zehender's instrument is likely to be superseded.

The lenses commonly sold with ophthalmoseopes are altogether insufficient for
the demands of practice. T have had the small clips removed from my instruments,
and replaced by others, large enough to carry the lenses of the spectacle-box. By this
plan a great variety is at command, and will be found highly useful. For the erect
image, the weaker concaves are often advantageous; and, for the inverted, the
ecommon 12" ocular may be replaced by much higher powers. I frequently use a
5" ocular, in combination with a 4" object lens. It must be remembered that the
distance between the lenses must be equal to the sum of their focal lengths ; and that
henee every increase in the power of the ocular must bring the mirror nearer to the
patient.

IIT. THE EXAMINATION BY INCIDENT AND TRANSMITTED
LIGHT.

The preceding methods of examination are only applicable to the
interior of the eye in a restricted sense, that is, to the retina and choroid ;
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while, for examination of parts anterior to these, the iris, and refracting
media, it is necessary to adopt another kind of procedure, by means of
incident or transmitted light.

In strict language, the expression transmitted light cannot be applied to
rays received upon the fundus oculi; but two different sorts of illumination
are commonly expressed by it :—in one of which the image of the flame
would fall exactly upon the retina, while in the other it would be formed
before or behind it, and therefore produces upon it a dispersion circle of
greater or less magnitude. In the first case, only a small portion, corres-
ponding to the inverted image of the flame, will appear brightly illu-
minated ; in the second, there will be an equal illumination of the whole
fundus. The latter is therefore especially adapted to afford a general
view, the former to allow an exact examination of particular details.

The greatest advantage has attended the use of this double method of
illumination in the examination of the vitreous body; opacities in which
are liable to be erroneously estimated when only one of the two methods
is pursued, Such opacities, if solid, appear entirely black by transmitted
light ; while by incident light they exhibit their proper colours, and
enable the observer to estimate the inequalities and other peculiarities
of their surfaces,

By the examination with incident light, the image of the flame being
thrown upon the object inspected, changes in the cornea, iris, and lens
can be detected more easily, and their structure more clearly seen, than
with a magnifying-glass by daylight. An especial method of employing
incident light is by—

THE EXAMINATION OF THE EYE BY LATERAL ILLUMINATION.

The chief advantage of the lateral or oblique method of illumination,
first* applied to physiological researches by Helmholtz, and more extensively
employed by v. Grife and Liebreich as an important aid to diagnosis,

* The first who applied this kind of illumination to the examination of the eye was
Himly, who says, in his instructions for symptomatic investigation (“Krankheiten und Miss-
bildungen des menschlichen Auges,” Bd. 1, 8. 17), “In those cases in which stronger
illamination is required, for example, in order to see clearly into the depths of the eye, or to
observe the texture of the iris, the increase of blood-vessels, and the like, the object may be
attained by the reflection from a mirror, or by the concentration of light by means of a not
very weak convex lens, held at a suitable distance before the eye. If the glass be too convex it
must be held so close that it will interfere with the observation. It must also be rightly directed,
or it will only show its own disk-like reflection from the cornea. Such a glass may be set as a
spectacle-lens upon the patient’s nose ; but it always requires caution, as to whether the eye
can bear its light. The reflection of the mirror can be employed only in rare cases, and in
blind eyes, as in the totally amaurotic, or in those suffering from cerebriform fungus, The focus
of a strong convex glass is not equally dazzling, and therefore not so dangerous, This, however,
ought not to be allowed to fall directly upon the retina. Moreover, the observer must not be
deceived by the circumstance that the interior of the eye loses its blackness in strong
illumination, and appears greyish, smoky, or greenish,”
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consists in this, that by its means the front portions of the refracting
media can at once be brilliantly illuminated, and considerably magnified.
A brightly-burning lamp, covered only by a chimney-glass, is placed
at the side (and a little in front) of the patient, in a dark room, the
flame being on a level with his head. The observer sits in front of the

Fig. G6.

patient ; and, either with a concave mirror of short focal length, or a
biconvex lens of 11" or 2", directs a cone of light into the eye, and then
examines it through a magnifier. The concave mirror must not be held
so that the observer looks through its central opening, but laterally, and
quite out of his line of sight, and the lenses are held as shown in Fig. 66.
Liebreich gives the following, as considerations that determine the
position of the lamp and lens in this method of examination :— The more
illumination is required, the nearer to the patient the lamp must be
placed, and the stronger must be the lens. When we wish to examine
any extent of surface, this surface must cut the cone of incident light
obliquely, before it has been united in a focus. On the other hand,
if attention be directed to a single point, the cone may be brought to a
focus on this point. The angle that the axis of the cone of rays forms

I -_‘-—W
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with the visual axis of the eye observed must be larger, as we approach
the equatorial portion of the lens, smaller as we approach the pole. It
must naturally be very small, when we inspect the vitreous,—opacities in
which, illaminated in this way, exhibit their actual colours much more
clearly, and allow their positions to be determined more easily and com-
pletely, than in the common method of examination.”

Focal illumination is especially valuable for minute serutiny of the
iris and pupillary margin; for inspection of the ciliary processes, which
may be singly followed to their origin; but, above all, for the examination
of wounds and exudations of the capsule, and for determining the con-
sistence of the cortex, or the size, colour, and position of the nucleus of
the lens. In examining for cataract, and parts behind the iris, the pupil
must be eompletely dilated by atropine.

Simple and easy as this method of inspection may appear, it still
requires a certain dexterity, especially of the hand that carries the lens—a
dexterity that cannot easily be deseribed, and that can only be attained

by practice.

I am informed by Dr. Licbreich that, although others had previously illuminated
the eye by the convergent pencil afforded by a convex lens, he was the first to com-
bine with this illumination the systematic use of a second lens, or a combination of
lenses, to magnify the parts inspected. For this purpose he contrived his ophthalmo-
microscope ; which, as well as those of Coccins and Wecker, would have been more
smitably described in this place than among the ophthalmoscopes. (See pp. 32 & 40.)

Dr. Heddaens has recently advocated the use of daylight for lateral illu-
mination, as well as for microscopic inspection of the eye. For these purposes,
he nses a peneil of rays admitted through a central perforation, from one to two lines
in diameter, in a screen sufficiently large to shield the head of the patient from
diffused light. The pencil is concentrated by a lens in the usual way; and
Dr. Heddaeus claims for it many advantages over the usnal lamp flame. He thinks
it exhibits objects in more matural colour; that it is more easy of application, and
more comfortable both to patient and observer. He does not use the direct rays of
the sun ; but finds the diffused light even of a cloudy day amply sufficient for all

purposes.
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SECTION THE THIRD.

—sotatos—

THE OPHTHALMOSCOPIC APPEARANCES OF HEALTHY
EYES.—(Liebreicl’s Atlas, Plates I. & 1L.)

STRUCTURE OF THE CHOROID,

HE aspect of the fundus oculi, both in its healthy and discased conditions, is so much

governed by the state of the choroid, and is so much more easily interpreted by

the aid of continual reference to that complex membrane, that I have thought it

desirable to introduce, in this place, a brief outline of its structure. The following

account is condensed from the Efudes Ophthalmologiques of Professor Wecker, to
whom the original was furnished by Professor Manz, of Fribourg :—

* The incomplete vascular membrane which forms the second coat of the eye is
at once distingnishable into two parts; of which the posterior, applied to the sclerotic,
is called the choroid; and the anterior, free from the external covering, the iris. The
anatomical elements of the two portions are so similar, that, even apart from the
history of their embryogenie development, they can only be regarded as constituting
a single structure. The stroma of the choroid consists of a tissue intermediate
between the elastic and the cellular ; and presents, in different parts, a predominance
sometimes of one and sometimes of the other character,

“ The tissue 1s composed of cells provided with nomerous prolongations, that
unite to form a slender and elegant network, as in the cellular tissue of other parts.
The cells of the choroid are, however, distingnished from all others by containing,
besides their nuclei, a variable gquantity of brown or black granules of pigment.
Some of them are almost filled, while others contain only a few particles. The latter
kind must be regarded as intermediate between the former, and other cells destitute
of pigment, that occur in the same stroma under two forms. The first resemble the
pigment cells in outline, and are very like those of ordinary cellular tissue. The
gecond, much more rave, are nearly round, without nuclei or prolomgations, and
contain fine granules. The last-mentioned cells, of which the histological character is
gtill unknown, and which were formerly regarded as morbid formations, are constant,
but have no visible relation to the other elements. The mean measurement of the
pigment cells is from (-018W%@ to (r(45mm in their largest diameter; and the
largest cells are found adjacent to the sclerotic.

“The cells of the choroidal stroma are divided into definite strata by the
presence of an intercellular substance, arranged in delicate homogeneous lamells,
which increase in thickness towards the internal layers, and there assume distinetly
the characters and the chemical properties of elastic membrane; whilst the cellular
clements, especially the reticulated pigment cells, diminish in number and size,
and are replaced by small cells with nuclei and very short prolongations. Xven these
last soon disappear, and the internal face of the membrane presents only a homo-
geneous structure, with nuclei here and there, and grooved by blood-vessels,

“ According to the latest researches of H. Miiller, the choroid contains typical
cellular (connecting) tissue. This is found under its habitual form of interlaced
fibres, and presents the characteristic reactions. It iz most abundant on the external
face of the membrane, which has received the name of laemine fusca. Histology
teaches, however, that this is in no way distinet from the suljacent portions, although
in some cases it much resembles a separate membrane, It forms, so to speak, a bed
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for the vessels and nerves that proceed to the iris; and terminates, anteriorly, in the
eiliary muscle, posteriorly by being lost around the insertion of the optic nerve.

“ In the tissue already described as being predominant in the choroid, there are
found other elements,—vessels, nerves, and museles. The first are so numerous, and
so singularly distributed, that they have received the name of the vaseular membrane
(funica vaseulosa). According to the division and arrangement of these vessels, they
are considered as forming two, three, or more layers; of which I recognize three. The
arteries arise from the posterior short ciliary branches; that, to the number of twenty
or more, are given off by the ophthalmic, These surround the optic nerve; and, at a
greater or less distance from their entrance into the globe, they perforate the internal
surface of the sclerotic and subdivide dichotomously. Their first division is in the
choroid ; and their branches are distributed in different methods. A small portion,
after many subdivisions, become transformed directly into veinlets; but the greater
number form by their ramifications a layer that will presently be deseribed, and
that gives origin to the capillaries. These again form the third vaseular stratum,
known as the chovio-capilloris, or membrona Ruyschiana.

“ It has been already mentioned that the most internal layer of the choroidal
stroma has lost nearly all the distinctive characters of that tissue. It consists of a
homogeneous membrane of considerable rigidity, which the capillaries traverse as if
they were channelled in its substance. The number of the capillaries is such that the

they cover exceeds the interstices between them. Their diameter is generally
0-009mn- and upwards; and that of their interspaces varies from 0-006m0: to (-(0] ™
The chorio-capillaris, therefore, when injected and examined with a low power, presents
an appearance of uniform redness; but, under a higher power, the interstices left by
the capillaries become visible as little islets.

“ The so-called tunica vasculosa consists of innumerable interlacing and anasto-
mosing vessels, and of veins that form the remarkable star-shaped figures known as
the vene: vorticose. These are indelted for their peculiar aspect to the convergence,
from all directions, of many veinlets, to unite in a single trunk that perforates the
selerotic. Of such vortices there are usnally four, or six, or more; and blood is also
carried away from the globe by the short posterior ciliary veins that emerge from the
gelerotic around the optic nerve,

“A third and inconsiderable portion of the branches of the short ciliary arteries,
after many subdivisions, assume a rectilinear direction, and pass forward to assist in
the nutrition of the iris. These are the choroidal vessels, of moderate size, that may
be seen with the ophthalmoscope in most eyes, near the ora serrata.

“ Besides the vessels, the stroma of the choroid contains also striped muscular
fibres, and nerve-fibres with ganglionic cells, The uses of these elements of its
structure are not yet clearly understood.

“ While the external layer of the choroid—the lamina fusca of old writers—unites,
although not closely, the choroid to the sclerotic, the internal swrface is perfectly
separated from the retina by the lamina elastica. This structure belongs to the
vitreous membranes, is more or less easily separable from the chorio-capillariz, with
which it is in contact, and is provided with epithelinm on its internal surface. In
appearance it is identical with the membrane of Descemet (lining membrane of the
cornea); but is far more delicate, possessing a thickness of only (r(()]2mm-

“The epithelial layer of the choroid, which has been badly called the tapetum, is
composed simply of a stratum of flattened cells, regnlarly hexagonal, containing each a
round transparent nuclens, and a considerable number of brown pigment-granules.
These gramules vary in colour and in abundance according to the general tint of the
hair and of the irides. The hexagonal cells themselves possess a diameter of from
0-01mm- to 0-0157™: . and a thickness of (-0(gmm:

“ In the neighbourhood of the optic nerve, the sclerotic and choroid are more
closely united ; and, according to H. Miiller, the nerve, a little before its expansion,
is surrounded by a fine and tight ring, formed essentially from the elastic lamina and
the chorio-capillaris. Seen from before, this ring presents irregularly concentric
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striations. Its sharp internal edge gives off fine fibrille, which enter between the
fascieuli of the nerve, and form the anterior surface of the lamina cribrosa. The latter
iz a membrane of small thickness, presenting a slight anterior concavity.”

I have not thought it needful to follow Professor Manz in his description of the parts
of the choroid that are situated anteriorly to the field of ophthalmoscopic vision. The
foregoing includes all that is of any practical value with regard to our present subject ;
although it perhaps gives hardly sufficient prominence to the pigment-cells of the
stroma, which, in all but light eyes, are present in great abundance, filling up the
meshes of the tunica vasculosa, and usually swrrounding, and in great measure con-
cealing, the vessels by which that structure is characterized.

I. THE PAPILLA NERVI OPTICI, OR OPTIC DISK.

It is necessary to remember that the optic nerve, if prolonged in the
direction of its entrance into the globe, would strike the ounter third of the
cornea; and that it is therefore seen most easily when the eye under
examination is directed inwards, and somewhat upwards. If the papilla
be not immediately visible, but if vessels are perceived passing over a red
ground, any one of these vessels, traced backwards in the direction of its
increasing thickness, will be found to terminate in the nerve.

The entrance of the optic nerve presents, within normal limits,
considerable diversities of shape and colour. With regard to shape, it is
in most cases round, but seldom perfectly circular, often oval,—with the
long diameter perpendicular,—angular in almost all cases of convergent
squint, never oval with the long diameter horizontal. In many cases, the
ophthalmoscope exhibits round the entrance a dark ring or crescent, which
depends upon a collection of pigment in the choroid, in the immediate
neighbourhood of the nerve, and has no pathological signification. At the
point where the lamina cribrosa ceases, the nerve is contracted, and the
opening in the choroid is narrow, and in a certain measure compresses the
trunk. For this reason, a sort of double border, x, is often seen around
the nerve-entrance, and between the limits of this border it is still sur-
rounded by the choroid, in which, at this part, Donders has sometimes
seen a choroidal vessel (y), Fig. 67.

With regard to the limits of the nerve, the following description is
quoted from Liebreich :—* Under the choroidal margin is the line, more or
less dark, that indicates the border of the opening in the choroid; under
the sclerotic margin is a bright crescent or circle, formed by the curving
round of the sclerotic fibres, and appearing between the choroidal margin
and the fine greyish line that indicates the narrowest part of the nerve
itself, and is therefore called the proper nerve-boundary.”

The colour is either white, yellowish, reddish, or bluish, with grey
or greenish admixture. The glistening whiteness described by some
observers (tendinous glistening of Coceius) is not found in healthy eyes;
but is present, as we shall see hereafter, in many conditions of disease.
Among the causes of variation of colour, within normal limits, may be
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mentioned the age of the individual, the manner of distribution of the
vessels upon the optic disk, the illumination, and the colour of the sur-
rounding field. In eyes rich in pigment, the illuminated disk is compared
by Desmarres to the moon in a fine summer night, and contrasts strongly

Fig. 67,

Wiessels of the Papilla Nervi Optict and its neighbourhood, as seen with the Ophthalmoseope in the
Left Eye, after Donders,
a Arteries, v Veins, # doable Boundary of the Papilla, ¥ Choroidal Vessels,
with the neighbouring parts. It is sometimes surrounded by a margin of
pigment granules, often perceptible as a dark ring. In eyes with less
pigment, the disk cannot be so conspicuously illuminated or so sharply
defined, and presents usually a more reddish tint.

In the bright disk of the papilla there may often be observed an
admixture of a delicate greyish or bluish stippling, in elongated dots,
lines, or clouds, by which the intensity of the light is so increased,
sometimes at the periphery, more frequently in the centre, and especially
between the vessels, that the parts displaying it appear to shine. Of this
appearance, Jaeger gives the following explanation:—“The greatdiaphaneity
of the nerve-tubes of the n. opticus, when deprived of their investments
of connecting tissue, allows the vision of the observer to penetrate their
structure as far as to the plane of the inner surface of the sclerotie, and
even farther. The stippled appearance of the optic disk is due to the
circumstance that the interstitial neurilemma, terminating at the plane of
the inner sclerotic surface as a sieve-like or perforated membrane (lamina
cribrosa), reflects the light and appears whitish and shining; while the
tubules in its interstices allow a deeper penetration of the rays. The
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observer, looking at these tubules in the direction of their axes, sees them
in section as roundish grey or bluish spots; and, by locking at them
obliquely to their course, the spots appear somewhat eclongated. The
stippling corresponds to the position of the nerve-tubules, and is commonly
clearest and bhest defined in the centre of the disk, and in a direction
towards the macula lutea ; but becomes uncertain and confused from the
centre towards the nasal side, and is almost or altogether wanting at the
periphery.”  For the recognition of these nerve-fibres, the kind of
illumination is more important than the degree of magnifying power, and
it is necessary to use the erect image, in order to throw upon the papilla the
greatest possible amount of light from a small image of the flame. The
distinetness with which the fibres will be seen varies, in normal eyes,
very considerably; and in pathological conditions, it will be found that
the network of the lamina cribrosa will be visible over a larger surface;
the more extensive, and with greater clearness, the deeper is the excava-
tion of the papilla. It is of importance to be familiar with the size and
abundance of the grey interstices, and of the brighter connecting tissue
between them; since such knowledze affords an essential standard by
which to judge of the commencement of atrophy or degeneration. (See
Liebreich’s Atlas, Plate IL.)

The size of the nerve-entrance is different in different persons, but is
only in rare cases different in the two eyes of the same person. In the
dead subject it has an actual diameter of about one line; but in the
examination with the ophthalmoscope it is magnified by the refracting
media, in a degree governed by the vision of the person examined. The
disk of a normal-sighted (emmetropic) eye, examined in the inverted image
with a convex lens of 2" focal length, appears about 3" in diameter. The
disk of a short-sighted eye, seen in the inverted image without a convex
lens, and without artificial mydriasis, will appear so large as to occupy
the whole pupillary opening; and the same disk, by the application of a
convex lens, will appear smaller than in any other case. In presbyopia,
an opposite result is obtained, and the apparent size of the disk is increased
by the interposition of the lens. It follows, as a rule, that the more
short-sighted the eye examined, the weaker should be the convex lens,
and the more presbyopic the eye, the stronger the convex lens, for the
production of the inverted image.

The magnitude of the nerve-disk bears little relation to the general
dimensions of the eye. Jaeger found the largest in a normal eye of
medium size. Of eyes taken from the dead subject, and measured by the
same observer, the largest, with an axis of 12 Vienna decimal lines, a
horizontal diameter of 116, and a vertical of 12 decimal lines, had a nerve-
surface that measured 0:75 d. 1. in the horizontal direction, and 0-7 in the
vertical, The smallest eye (of an adult) had an axis of 82 d. 1., a horizontal
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diameter of 8 d. 1., and a vertical diameter of 7-9 d. 1. The horizontal
diameter of its nerve-disk was 055, and the vertical 0-49 d. 1.

Since the apparent form and dimensions of the optic disk are modified
by different lenses, and even by different positions of the same lens,
Desmarres advises that, in order to exclude, as much as possible, errors
from this source, and in order to compare the sizes of the disk in different
persons, the same power of lens should be always used, and that, as soon
as the fundus and the nerve-entrance have been examined, the lens should
be moved in all directions, in order to study the influence of its different
positions upon the size and shape of the parts inspected.

Contrary to the anatomical fact, the optic disk of the normal eye
appears somewhat econvex, and this wholly independent of its shape, from
a certain combination of light and shade. Upon the nerve-surface,
furthermore, the image of the flame appears not to be sharply defined ; an
appearance attributed by Helmholtz to the translucency of the nerve-
substance, and by Coccius partly also to irregularity of the surface.

Upon the white surface of the nerve-disk emerge the vessels (arteria
et vena centralis retinw), in most cases peripheral, usually towards the
inner side, very seldom towards the outer, and sometimes central, and
spread themselves like the spokes of a wheel over the fundus. The larger
branches present many diversities in direction, number, and size ; but the
normal arrangement appears to be an artery and two veins passing upwards,
and the same downwards. Sometimes the arteries and veins pierce the
nerve at the same, and sometimes at different openings; sometimes each
vessel at its own. The artery is very often external to the vein, and
sometimes crosses it, sometimes is crossed by it, in their respective courses.
With regard to size, it may be said, as a general rule, that an optic disk
of small diameter presents small vessels,

The arteries are smaller and of a brighter red than the veins, and
pursue a straighter course from their entrance to the periphery of the optic
disk. Their diameter varies from about 0-05" to 0-0253", The veins are
larger, darker-coloured, and more winding. In their course over the optic
disk both arteries and veins are without branches, or may rarely give or
receive a few; but beyond the periphery of the disk they subdivide dicho-
tomously (in the first divisions an artery and vein usually accompanying
each other, and, in their frequent over-crossings, the artery being mostly
superficial) and ramify over the concavity of the fundus, sharply defined
against the choroid. They do not, however, approach close to the macula
lutea, upon which, in the normal condition, no large vessel is visible. The
retinal vessels, the walls of which are transparent, and in intimate union
with the retina and lyaloid membrane, appear more distinet, the more
light returns (through them) from the deeper membranes; so that they
are best seen in fair persons and by transmitted light.
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The appearance of a double outline to the arteries, deseribed by
Helmholtz, depends, as van Trigt has shown, upon an inereased reflection
from their walls. Jaeger observes: “The lighter and brighter central
line of both arteries and veins, in their whole length, presenting an
appearance as if they were transparent, and seen by transmitted light, so
that their sides showed a somewhat darker tint, depends entirely upon the
greater reflection from the surfaces of the vessels, The rays that are
received upon the highest part of the vessel (relatively to the axis of
vision) are mostly returned in the direction of their incidence upon
the eye, but the rays that fall upon the lateral declivities are in great
measure reflected in a lateral direction. The vessels in their actual breadth
are completely uniform in cclour, and are opaque; as may be shown, not
only by their considerable diameter, by the bright central line and dark
margins of the larger trunks, the difference being less pronounced in
smaller ; but also by the fact that they exhibit the bright centre where
they are perpendicular to the axis of vision of the observer, and lose it
when they become placed obliquely with regard to him; that the lighter
arteries, in passing over the darker-coloured veins, present the same
appearance, the same colour and bright centre, at the crossing-place, as
upon the general surface of the fundus; and, lastly, that the central
reflection is easily displaced laterally by slight movements of the mirror,
and is made to disappear entirely by changing the mode of illumination, and
by using a mirror of very short focal length.” Furthermore, in young fair

persons, Liebreich has observed fine bright streaks on the retinal vessels

that penetrate to the choroid; streaks that pass from one side of the
vessel to the other by slight movements of the mirror, and that are only
visible in places that receive the brightest and most direct light.

The pulsation of the central vessels, first seen by Coccius, noticed by
van Trigt, and accurately studied by Ed. Jaeger, von Graefe, and Donders,
is visible as a venous and as an arterial pulse.

The venous pulse is discoverable under normal conditions in all eyes,
but in different degree and extent, and is strongest in the most flattened
and apparently pointed veins. Moreover, it is easily produced by pressure
with the fingers upon the outer side of the globe. By rhythmical inter-
mittent compression the veins may be seen to contract and dilate as the
pressure is applied and withdrawn; in gentle continuous pressure the
pulsation is clearly apparent; and in steadily increasing pressure the veins
continuously diminish, until at length the movement of the blood
ceases. When a gentle pressure has been applied for a long time, its
sudden removal is attended by a sudden venous dilatation, which again
gradually disappears, and, after the lapse of a minute, ceases to be visible.
Dilatation of the veins may also be observed in forced expiration, while in
forced inspiration they become emptied.
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The venous pulse is characterized by a very quick contraction, from
the centre to the periphery, of the part of the vein lying on the plane
of the optic disk, synchronous with the systole of the heart; and by a
dilatation proceeding in the opposite direction, synchronous with the
diastole of the heart.

The contraction of the vein, to the extent of one-fourth or one-third
of its transverse measurement, occurs rapidly, the dilatation slowly ; and
the period of rest coincides with the time of greatest dilatation. The
pulsation is not regular, but will often go on continuously for from three
to five minutes, and then for fifteen minutes may wholly disappear.

It is observed by Jaeger that the appearance of the venous pulse is
essentially altered, according as the plane of movement of the pulsating
portion of the vessel may be parallel, or perpendicular, to the surface of
the optic disk. In the first case the eurvature of the whole vein remains
undisturbed ; and its outer side approaches to, and recedes from, the other,
The moving portion does mnot approach the other, during the systole,
simultaneously in its whole extent, but in a direction from the centre of
the nerve towards the periphery, the vein then, for a moment, appearing
uniformly narrowed. In the diastole the pulsating side of the vessel
recedes from the other in a direction from the periphery towards the
centre, and the vein for a short time appears uniformly broad., The
pulsating portion is of the same or a somewhat darker colour than the rest
of the vein, and shows no change of tint during the impulses. In the
second form of venous pulse there is no change in the breadth of the
pulsating portion ; but the anterior wall approaches and recedes from the
posterior in a manner chiefly to be recognized by change of colour. The
vein, during the diastole, assumes an uniform dark aspect in its whole
extent, and this changes, in the pulsating part, during the systole, to a
lighter red; as if, during the narrowing of the vessel, the lighter colour
passed guickly from the point of emergence towards the branches, and
during the dilatation, back again from the latter to the former.

Among the appearances presented by the veins, Jaeger makes men-
tion of a blood stasis. This is only seen immediately within the angular
eurvature of a vein at its point of entrance at the centre of the optic
nerve; and appears as an oscillating cone of blood, by which the vessel
inclosing it is considerably dilated, and rendered dark-coloured, as also
happens in common venous pulsation. Themovement inwards is synchronous
with the diastole, the movement outwards with the systole of the arteries,

The arterial pulse, in healthy eyes, can only be produced artificially,
by compression ; and, indeed, by steadily increasing compression. In very
strong pressure it appears as a jerking movement, which extends to all
the chief branches of the arteries, and sometimes over the boundary of
the papilla. In the strongest pressure it wholly disappears.
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The arterial pulse is characterized by an uniform pulsatile dilatation
of the parts of the arteries lying on the plane of the nerve-surface,
synchronous with the systole of the heart.

There is in the arterial pulse no visible curvature of the vessels, but
a simultaneous sudden dilatation of all the pulsating portions, to the extent
of about one-third their transverse measurements. The dilatation happens
quickly, the contraction slowly, and the period of rest occurs at the time
of greatest dilatation. At the same time the veins, so far as they lie
upon the nerve, are cither wholly compressed, or else they exhibit at its
margin an effort at venous pulse, in which, naturally, the distention of
the artery coincides with the collapse of the vein.

The nerve-entrance and its vessels in the lower animals have been
examined by van Trigt, and show many peculiarities; so that it is often
possible, by a glance at the vascular distribution upon the optic disk, to
determine the species to which the beast belongs. According to van
Trigt, the tapetum appears as a greenish metallic glistening surface, marked
with blue and gold-coloured spots and clouds, passing over, through
different tints of blue and purple, to the dark pigment of the choroid,
which is, during life, of a brownish red.

“ At the lower edge of this strongly reflecting surface the entrance of
the optic nerve appears as a peculiarly luminous disk, of a clear yellow
colour, and surrounded by a purple pigment margin. In dogs and eats
it presents also a dimple, which again in cats is surrounded by other
smaller ones. From the optic nerve emerge the twigs of the arteria
centralis, and in cats these emerge at the periphery and curve round the
- outer margin of the nerve, so as to surround it with a corona,

“In dogs, a large number of small arteries come into view at the
periphery of the nerve; and some larger veins, that are sometimes united
into a complete ring by anastomosis, and that penetrate into the depth of
the nerve towards the centre. The dark red vessels are very beautifully
and clearly seen upon the golden-green ground, so that the smallest of
them, and under favourable circumstances even the capillary vessels, are
visible. In dogs and cats the vessels of the choroid, in the depth of that
membrane, may be seen in those parts not covered by tapetum.

“In common rabbits, which have no tapetum, and eyes rich in pigment,
the field of vision is much less strongly illuminated. In them the entrance
of the merve appears white, and as though phosphorescent, and from it
proceed, to the right and left, bundles of white strongly reflecting
fibres, that at first lie closely together, but presently diverge, and become
very conspicuous upon the subjacent dark brown pigment. The central
arteries, which are visible to some depth in the nerve, divide also into
two bundles, which accompany the above-mentioned fibres, ana lie, some-
times much interlaced, upon their surface,
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“The entrance of the optic nerve is commonly found a little within or
in front of the vertical meridian of the fundus, and at the upper boundary
of the field of ophthalmoscopie vision. It exhibits at its centre a funnel-
shaped or navel-like depression ; and, from its circular white disk, fibres of
a satin-like lustre radiate in all directions, but chiefly in two lateral
bundles. The parts to which these bundles proceed are of most striking
aspect ; since the radiation in other directions resembles only a small
shining circlet, that surrounds the optic disk, and is soon lost in the red
colour of the background.

“ In white rabbits, in which abundant light is reflected from the cho-
roidal vessels and the sclerotic, and much light also penetrates the sclerotic
from without, the choroidal vessels are very clearly apparent. In looking
directly backwards, they appear as closely packed, parallel, light red,
scarcely branching lines, that traverse the dead white sclerotic from the peri-
phery to the centre. By looking into the eye from one side, these lines,
radiating from a point, may be recogmized as venm vorticose. Here and
there will be visible between them a dull grey mark (according to
Liebreich, the point at which a choroidal vessel penetrates the sclerotic).

“In an owl, after the instillation of atropine, the whole fundus
appeared pale green, moderately reflecting, with fine, closely-packed
yellowish-red vessels, ramifying irregularly over it, But most conspicuous
was the peeten, peculiar to the eyes of birds, and appearing as a movable,
wave-shaped prominence. This organ, whose nature and purpose is little
understood, is studded with dark pigment, and may be seen to extend
forwards from the deeper parts of the eye towards the lens; and, in good
illumination, to possess fine transparent blood-vessels. Of the optic disk
there was only visible a small, dead white, sharply-defined portion, behind
the margin of the pecfen; and the vessels of the disk were not wvisible.”
(See van Trigt’s Dissertation, translated into German by Schauenburg,
pp. 40—42.)

In the eye of a dog, van Trigt observed a venous pulse of this kind ;
that all the anastomosing vessels, already deseribed as uniting into a ring,
more or less perfect, from time to time became suddenly pale and wholly
invisible, without the phenomenon being associated with any movement
of the globe, or any perceptible effort whatever.

In the eyes of oxen, H. Miiller found a whitish peg-like projection,
coming into the vitreous body from the entrance of the nerve, and sending
forwards a thread-shaped prolongation towards the lens. This, according
to Miiller, is a vestige of the artery of the capsule, that once passed
through the hyaloid canal. 1In ophthalmoscopic examination, this
structure appears as a more or less white streak; and it may also be
easily perceived by making a section of the eye.



106 THE OPHTHALMOSCOPIC APPEARANCES

II. THE RETINA AND MACULA LUTEA.

That the retina exercises an influence upon the colour of the fundus
oculi has been generally acknowledged, since the admirable researches of
Professor Coccius. These researches proved the retina not to be trans-
parent, but only in a high degree translucent, and taught also the
different conditions under which it may become visible. The pigmenta-
tion of the choroid is what chiefly determines the visibility of the retina;
and the less is its degree, so much the more red will be the fundus,
and so much the less will the retina be apparent. It certainly will
somewhat damp the subjacent colour; but, when itself bright and clear,
this effect will be but trifling. But the richer the choroid is in
pigment, so much the more plainly the retina will appear as a light
grey membrane. It is seen most clearly in persons with dark pigment,
as a bluish film over a dark reddish-brown ground. To illustrate this
by an example, Coecius says,—* If moistened tissue-paper be placed upon
a red, and also upon a brown ground, side by side, and compared, the
incomplete transparency of the covering will be more apparent upon the
latter than upon the former.” The transparency of the retina is also
modified by differences in its structure dependent upon age and con-
stitution, and Coccius has found that in delicate or young persons, it is
more transparent than in robust and old ones, with irides of the same
colour, Moreover, in judging of the state of the retina, optical differences
must be taken into account. The more brilliant the illumination, the
more visible will be the proper colour and incomplete transparency of
the retina, especially in eyes rich in pigment; but even in eyes that are
less rich there may be seen (in the inverted image) fine bright fibres
that radiate from the nerve-entrance to the periphery, and there
disappear ; being especially visible where they cross the retinal vessels,
and have them for a background. Lastly, it may be observed that the
retina is more transparent at its periphery than in the neighbourhood of
the nerve-entrance, where its fibrous texture is most dense,

The vessels of the retina are but the continuation of those that issue
from the optic papilla. Towards the periphery they diminish regularly
in size, and form an extremely characteristic ramification, that affords,
especially by its contrast to the peculiar vascular system of the choroid,
where this is visible, a definite standard by which to estimate the seat
and extent of material changes in the fundus of the eye. The branches
of the retinal vessels can be followed to an extreme fineness, and especially
those of the darker coloured veins; but the small twigs ultimately
disappear against the yellowish-red background. They become clearly
visible, however, if there be a deficiency of choroidal pigment, or in the
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presence of light-coloured sub-retinal exudation; and they might then easily
lead to the idea of an anomalous vascular development. The proper
capillaries of the retinal vessels form a moderately wide network, and
cannot, of eourse, be seen in the healthy eye with any degree of
magnifying power that is attainable with the ophthalmoscope. In
abnormal vascular development, it is possible that they may be perceived
in the aggregate, by increased redness of the fundus.

Of the layers of the retina there is only one, the layer of nerve-fibres
of Liebreich, that can be separately recognized. It appears to produce,
almost alone, the small share of the retina in the image of the back-
ground of the eye; namely, the already-mentioned greyish film that,
especially in dark eyes, appears to rest upon the surface, and that, in
young persons, possesses a somewhat fatty lustre. IFrom the peculiar
relation of this film to the retinal vessels, and from its total absence in
the neighbourhood of the macula lutea, Liebreich traces its source to
the nerve-fibres, in their gradual distribution over the periphery. In the
erect image, no sufficient general view of the film can be cbtained; but
the single bundles of fibres are discernible as fine interwoven lines, having
generally a radiating arrangement.

Senile Changes.— These affect chiefly the interfibrillar connecting
tissue. The radiating fibres become turbid from molecular detritus, and
give to the retina, when viewed from before, a marbled appearance, that
is especially visible in the dead subject. Moreover it is usual to find, in
the greyheaded, scattered, strongly-refracting, globular glass-like par-
ticles, which are sometimes present in such abundance that the retina
appears spotted over with white. The membrana limitans retinwe is also,
as a rule, rendered turbid by the deposit of organic molecular masses,
often collected into figures of various outline. Atheroma of the vessels is
oceasionally discovered.”—Stellwag. (See also von Wedl, “ Atlas der path.
Histologie,” &c.)

THE MACULA LUTEA.

In order to see this clearly, it is necessary to use a plane mirror, with
a concave lens behind it (Helmholtz’s, Coccius’s, or the instrument of
Epkens & Donders). As an object of vision, the flame itself may be used,
or the micrometer of Donders’s ophthalmoscope. The observed eye sees
the selected object reflected in the mirror, and the patient is directed to
accommodate for this mirror image, and to fix his gaze steadily upon some
particular portion of it. The observer will then see a perfect inverted
image of the object upon the retina of the eye examined, and the part
of the object that is specially looked at by the patient will have its image
upon the fovea centralis. Should this at first be too faint for observation,
the patient must be directed to move his gaze sometimes to this and some-
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times to that part of the object, so that the corresponding small reflection
of the retinal image may also change its position. For the easier discovery
of the fovea, Coccius recommends the use, as a guide, of the small image
of the flame, reflected from the corneal surface of the eye examined. From
this image the fovea will appear but little distant, either inwards or outwards.

The macula lutea lies to the outer side of the nerve, at about two
diameters of its disk distant from it, and somewhat lower in horizontal
position. It usually differs in no respect from the surrounding retina.
As already observed, there are in its neighbourhood no large retinal
vessels ; from which cause, as well as from a denser pigment-layer in the
stroma and epithelium of the choroid, it often happens that in feeble
illumination the vicinity of the macula appears somewhat dark, as if
the fovea were surrounded by a dim circular halo.

The fovea, described by Donders as the point of clearest wision,
appears, according to Helmholtz, as a small bright speck of transversely
oval form, according to Coecius mostly as a half-moon, or crescent, some-
times as a small star, rarely as a small snout-shaped prominence ; according
to Liebreich as a small bright point, or as a circle, or as a little hook
changing its place in the circumference of a circle, in a single case as a
lominous tuft, that assumed different degrees of glistening by the use of
different reflectors.

According to Liebreich, however, “it is possible to recognize with
the ophthalmoscope, and to define sharply, not only the fovea centralis, but
also the yellow-tinted portion of retina in its neighbourhood, and the part
that is histologically distinguished from the rest by the absence of a con-
tinuous stratum of nerve-fibres. By examining in the inverted image the
darkly pigmented eyes of young people, and by making slight move-
ments of the mirror, the film due to the presence of the nerve-fibres may
be seen to surround a circular, or oval, or somewhat angular spot, against
which it abruptly terminates. This spot, the horizontal diameter of
which is somewhat larger than that of the papilla, is lustreless, and the
choroid behind it contains somewhat more pigment than at other parts. In
its centre, when the magnifying power is sufficient, may be seen a small
bright point,—the fovea centralis, surrounded by a rust-coloured halo, that
rapidly diminishes in distinctness towards the periphery.

“ When the ocular fundus is of brighter colour, the layer of nerve-
fibres is less distinctly marked, and in older persons it possesses less
lustre. The clearness with which it defines the dull spot is naturally con-
siderably diminished, but is never altogether lost. The yellow tint of
the retina produces, against a dark brownish-red background, a more
rust-brown halo around the foramen centrale; while the latter, in a
bright-red ground, appears so red itself as to resemble the result of an
extravasation. The diameter of the halo varies much; from being scarcely
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visible, it may cover a third of the whole macula lutea; and the yellow
colour ecannot be traced so far with the ophthalmoscope as in anatomical
examination of a recently extirpated eye; or, therefore, over the whole
extent to which it exists in the living subject,

“ Tt is evident, from the foregoing, that the observer who wishes to
see this structure, which is not very readily discernible, must, in the first
instance, be careful to select suitable cases; and, having suceceeded with
them, he will be prepared to succeed under less favourable conditions. It
is necessary to use the inverted image, and the highest magnifying power
that is attainable.”

IIT. THE CHOROID.

In examining the fundus oculi with the ophthalmoscope, the red
colour is the first and most remarkable appearance. This must be aseribed
to the reflection of red light from the vascular system of the retina and
choroid ; and especially from the numerous capillaries on the inner side of
the latter,

The red colour of the fundus is not always the same, but presents
in outline, tint, and brightness, the greatest variations; eaused by the
manner of illumination, the age of the person examined, the transparency
of the retina, and, above all, by the pigmentation of the eye. With
regard to the influence of illumination, it is sufficient to observe that, in
a strong light, it being supposed that the pigment-layer is not presentin its
highest degree of development, there will be no discoverable difference in
the brightness of different parts of the fundus ; while, in a weaker light, this
brightness will diminish from the entrance of the nerve to the margin of
the retina. The influence of age is seen so far as this, that the red colour
is generally brighter in young and delicate persons than in the older and
more robust. The influence of the retina has been already deseribed, and
there remains to consider only the most important element, the pigmen-
tation of the eye.

The most common condition is for the pigment-layer not to form so
close a covering of brown as would suffice wholly to conceal the vasa
vorticosa, and, with them, the small quantities of light reflected from the
deeper parts of the structure, but only to mingle with the red of the sub-
jacent vessels a tint ranging from greyish-yellow to coffec-brown ; and to
give, in combination with the fine capillary web, that pecunliar granular
appearance that is especially manifest in the erect image when much
magenified,

The fundus appears of a more or less bright red when the pigment
lies more between the vessels than upon them. When, moreover, it is
only preseut in small quantity, red rays are reflected from the capillary net,

The red is, however, most brilliant when, as is the ease in blonde
persons, the pigment-layer is very trifling. We may then sce “the finc
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ciliary arteries enter in the neighbourhood of the macula lutea, ramify in
a very winding course, and partly pass on into the more direct vasa
vorticosa. These latter can be easily followed, uniting into continually
larger branches, until they vanish, as if cut off, in a dark trunk in the
equatorial plane of the globe. To the same spot converge also from the
front the anterior, usually finer veins, belonging to the same vortex.”
In rare cases and with greater difficulty it is sometimes possible to trace
the anterior twigs of the ciliary arteries in their course in front of the veins.

In contrast to this brilliant red we find a prevailing brown colour of
the fundus, through which no trace of the choroidal veins can be dis-
cerned, in cases of especially dark pigment-layer, such as sometimes present
themselves in persons with deep black hair. The vasa vorticosa may be
seen clearly, but the meshes of the venous network will be speckled with
more or less dark, or grey, or sometimes lustrous violet patches,—almost
constantly in brunettes with blue, very often in brunettes with brown irides.

Cases moreover occur, in which the choroid is so loaded with dark
brown or nearly black pigment, that the pupil scarcely becomes luminous
under the ophthalmoscope, or at least is not red, but of a dull greyish
lustre. The fundus will then appear not red or reddish-brown, but almost
black, with a superimposed bluish film, that is oceasioned by the retina.
Liebreich has seen this very strikingly, once in a case of cyanosis bulbi,
and once in a negro.

In Liebreich’s Atlas, Plate XII. Fig. 3, there is a drawing of one of these cases
of excessive pigmentation, to which the following description is appended :—

“ Herr 8., aged 21 years, had bright chestnut-coloured curly hair, with light
eyebrows and eyelashes, alike on both sides. The iris of his left eye was a bright brown,
that of the right a very dark brown, so mearly black that it could not be distin-
guished from the pupil without close examination. Around the cornea, at some
distance from its margin, the sclerotic was studded by groups of dark grey spots,
passing into violet.

“ On ophthalmoescopic examination the pupil shone but faintly, and presented a
dark red tint. On looking straight into the eye, the reflection disappeared almost
entively ; and, on looking inwards towards the nerve, it became faintly whitish. Omn
examination of the inverted image, the general surface appeared of a dark reddish-
brown ; and, with sufficient magnifying power, the fine granulation of the choroidal
epithelinm was seen as a greyish-brown stippling upon a dark red surface. In a
few isolated spots chorcidal vessels were faintly visible; but in one of the other
cases (out of a total of three mentioned by the anthor), in which the pigmentation
was still deeper, no trace of them could be perceived.

“ Upon this dark background, the retinal vessels themselves appeared much
darker than usual, and reflected little light from their surfaces. The presence of the
retina, however, was marked by a blush-grey film, and a peculiar lustre, that, in
slight movements of the mirror, played over the surface around the macula lutea.
The macula itself appeared almost black, and was surrounded by a very dark reddish-
brown halo, due to the yellow tint of the retina itself, which, even on a brighter
ground, increases the depth of colour at this point. The papilla generally was
reddish, its external margin sharply defined, the vessels emerging nearly from the
centre, and surrounded, at their point of exit, by bundles of close black lines, that
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covered the central third of the disk, and caused that portion to appear black, which
in & normal eye is the most luminous. At the periphery also, just within the border
on the outer side, there was a little pigment, which appeared to be seated deeply upon
the lamina eribrosa, while the central pigment-bundles were distinetly npon the
surface of the papilla, and extending on to the nerve-fibres.

T will also mention that the eye, although myopie, possessed good vision; and,
the other being amblyopic, the first only was nsed.”

Isolated black spots, formed by a group of perfectly black epithelial
cells, may be found in normal eyes, and have no pathological signification.
Liebreich deseribes a spot of this kind, in the vicinity of the macula lutea
of a perfectly healthy eye. It was about the size of the nerve-entrance,
somewhat angular, perfectly black, and rendered its retinal covering
apparent as a bluish film. In the neighbourhood of the optic disk,
Liebreich has also found, instead of the common crescentic line, or small
points, that have their seat in the stroma of the choroid, a perfeetly black
cirelet, or a crescent, of the breadth of the merve itself, that could be
positively referred to the epithelial layer. Sometimes, too, there may be
seen, at the extreme periphery of the ophthalmoscopic image, parallel to
the ora serrata, and bounded on either side by indented lines, a delicate
zone of pigment, situated in the epithelium, and causing an otherwise
bright fundus to appear at that part dark, or even black.

The cells forming the epithelial layer of the choroid may, ac-
cording to Liebreich, be recognized after some practice. When not visible
over the whole fundus, they will almost always be found over the greater
portion, and especially near the regicn of the equator. To obtain the
necessary magnifying power, the observer must use the inverted image,
with a weak objective, and comparatively strong ocular lenses. Very dark
eyes are unsuited for this examination; since in them not only the state
of the cells themselves, but the inferior illumination of the ground, and
the comparative conspicuousness of the retina, exert a disturbing influence.
Liebreich wisely counsels, however, that an inspection of the pigment-cells,
when possible, should never be neglected ; since a knowledge of them is
of high importance in the differential diagnosis of various morbid changes,
as well as in determining the precise position of pathological formations in
the retina and choroid. The pigment-layer, while by its colour, position,
and relation to neighbouring parts, it forms a chief object of ophthalmo-
scopic investigation, and allows this investigation to be condueted with
great accuracy, is yet an impediment in many respects, and especially so
to observation of the membrana chorio-capillaris. :

In incompleteness or absence of the inner pigment-layer, the larger cho-
roidal vessels, chiefly seated in the external vascular stratum, are rendered
visible. They are usually separated by interspaces containing a greater or
less quantity of pigment-granules; and, if this pigment be wanting, the
sclerotic itself will be seen. Of these vessels Jaeger gives the following
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description : — “ The choroidal vessels, thus rendered visible, clearly
and sharply defined, present an orange-vellow colour, which, however,
according to the tint and influence of the stroma pigment lying between and
around them, may pass into a yellowish-red or cinnabar ; or, by contrasting
with or being covered by translucent exudations, may assume a bright-yellow
appearance. These vessels are characterized by their position behind those
of the retina, their direction towards the periphery, their peculiar
winding course, their frequent divisions and anastomoses, their numerous
intertwinings and consequent disappearances, their breadth, exceeding that
of the retinal vessels, and by the absence of a central bright line with dark
margins ; so that they present the appearance of ribbon-like bands. The
absence of a stronger reflection from their middle portions is due to the
great dispersing power of the membrana chorio-capillaris, as well as of the
choroidal stroma, in which they are imbedded. The vessels constituting
the external layer of the choroid, and passing into the short ciliary arteries
and veins, can be followed in their whole course, and sometimes to their
origin. The arteries take the shortest path from the trunks that pierce
the sclerotic, are seen in section as roundish central points, and give
out transverse or obliquely-inelined branches. Towards the neighbourhood
of the equator, the veins may be seen passing more or less directly
towards the venw vorticose, in which the union of many single radiating
trunks gives rise to the formation of the well-known venous star or
vortex.”

With regard to the perception of the membrana chorio-capillaris
(membrana Ruyschiana) in the living subjeet,—this structure, according to
Liebreich, exercises only the smallest possible influence upon the colour of
the fundus, mixing a pale orange with the intense red of the parts lying
behind it. Even under a high magnifying power, and with the fullest
ophthalmoscopic illumination, the details of a vascular net so faintly
coloured can only be seen easily when it rests upon a pure white ground ;
with difficulty when the ground is a dull yellowish-red, or brownish-red, as
in the intervascular spaces of brighter or darker pigment ; with still more
difficulty upon the shining red of the larger choroidal vessels ; and cannot
be seen at all when between it and the observer is interposed a layer,
however thin, of pigment ; such, for example, as the inner pigment-layer of
the choroid.

In white rabbits, after long and laborious examination, Liebreich was
able to follow the capillaries of the choroid to their finest ramifications.
Complete immobility, intense illumination, high magnifying power, and
entire absence of pigment, were united to facilitate the ophthalmoscopie
examination. The small trunks of the ecapillary layer appeared, as they
rested upon the larger vessels, as extremely fine, small, red points, from
which radiated scarcely-coloured prolongations, to form a network, that
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could be traced over the large vessels and the white intervascular spaces. In
these extremely difficult examinations, Liebreich was also able to watch the
circulation in the choroidal veins. “ In a vessel that had been for some
time in perfect view, there would be seen a sudden increase of action, the
blood commencing to pour through it with great rapidity. A short twig,
serving to umite two contiguous veins, would become pale, and would
exhibit only a fine red line as an indication of the channel through which
red corpuscles had passed; and, at the same time, a cone of blood would
be urged, by rythmical pulsations, to enter it at the other end, and would
eventnally succeed ; so that blood would stream foreibly through the short
branch in a direction opposed to that of its former current; until, after
some time, the original conditions would be restored. This sudden
emptying appears in many parts of the choroid, especially at the spherical
or pointed origins of the veins; which, from this cause, may appear
shortened, as I had often observed, even hefore I saw the circulation. The
difficulty of this investigation, which, however frequently it may be
overcome, recurs in every new experiment, depends, I helieve, chiefly
upon two conditions :—First, upon the necessary intensity of the illamina-
tion, which causes the reflection, from the retina and the walls of the
vessels, of an amount of light that impedes observation (and that should
be diminished by such an arrangement of the instrument as may rather
exhibit the vessels by transmitted light); and, secondly, that, in conse-
quence of the clearness with which the vessels are seen in merely
approximative accommodation, the observer has no guide to that accurate
adjustment of his eye that is necessary in order to observe the circulation.”
SENILE Caanees,—* These, like similar changes in other parts of

the body, are developed earlier or later in different persons; and, at the
same period of life, may have attained a higher or lower degree of develop-
ment. The pigment suffers most remarkably. At various parts of the
parenchyma, but chiefly upon the surface, it becomes collected together,
and forms larger or smaller irregular brown or black spots with granular
margins, which stand in relief upon the background. In most cases, these
spots are scattered without order, but sometimes they form arborescent
figures, which accompany the vessels lengthways. The chief part of the
pigment disappears, and the remainder changes its colour to a light brown,
tan, rusty yellow, or smutty brownish yellow. It is first lost in the
immediate neighbourhood of the vessels forming the vortices, and remains
longer in the intervals between them. When the involution is not very
far advanced, we see the whole thickness of the choroid occupied by
arborescent, ramifying, frequently anastomosing, bright, pigmentless streaks,
~ that unite into star-like figures, and precisely correspond to the vasa
vorticosa. In the meshes of this coarse network, the choroid still remains
somewhat hetter provided with pigment; and the surface therefore appears

I
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covered with spots, which perfectly coincide in shape with the intervas-
cular spaces, and which vary in tint, through all shades of brown, to smutty
yellowish grey. In more advanced stages, the pigment disappears from
the intervals almost entirely; and the choroid, over larger or smaller
spaces, is seen of a dirty greyish white, and so transparent as to display
the subjacent sclerotic.

“The elastic lamina appears thickened, either in places, or over the
whole surface of the choroid, in such a manner that it is perceptible to
the naked eye as a distinct pellicle, and can easily be torn away in large
shreds. It is usually somewhat turbid, and always dry, hard, and brittle,
so as readily to split in radii. It frequently displays a cloudy opacity
beneath and between the masses of altered pigment, and sometimes fine
granulations, that are intimately united with its structure. The conjoined
chorio-capillaris and tunica vasculosa become also drier, harder, and more
brittle; and the whole membrane tears easily. In far advanced invo-
lution, the capillary network partially disappears; and even the trunks
of the tunica vasculosa become partly wasted. More often, however,
they are still pervious, but atheromatous and much enlarged.

“ The ophthalmoscopic image of the fundus oculi, under such con-
ditions, becomes essentially modified. It is self-evident that a pre-
ponderating influence must be exerted by the changes in the pigment,
which becomes more conspicuous against neighbouring parts, and displays
its own colours more strongly. In those places, therefore, where the
pigment molecules are altered in their arrangement within the cells, or
where their relative quantity is much increased, the above described dark
spots will be conspicuously visible.

“The whole fundus will also appear traversed by a network of ramify-
ing and apparently interlacing bright streaks, which accurately correspond
with the arrangement of the vessels of the t. vasculosa. Within the
streaks, the wvessels themselves are sometimes visible. They exactly
traverse the axis of a streak, and appear bordered on both sides by a
bright fringe. The spaces between the streaks are occupied by sharply-
defined blackish brown or dirty brownish yellow spots, upon which the
superimposed retina may be seen, especially by oblique illumination, as a
cloudy film ;—mixing more or less greyish white with the spots, and some-
what altering their tint. At times, the streaks and dark interspaces
disappear almost entirely, and are replaced by irregular and badly-
defined patches of white or dirty yellow, giving the impression that the
sclerotic itself is cxposed to view. In isolated cases it is possible to
observe, under the elastic lamina, spherical vacant spaces left by the
removal of pigment, and producing, in extreme development of the
condition, the appearance of a fine network with roundish interstices.”
(Stellwag.)
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IV. THE SCLEROTIC.

Only under the most favourable circumstances, as in white rabbits,
but seldom even in perfectly albinotic men, is it possible to see through
the substance of the selerotic to its posterior surface. As already observed,
the greyish spots seen in the fundus oculi of a white rabbit, indicate
the points at which the short ciliary vessels perforate the sclerotic. The
long ciliary vessels penetrate this tunic very obliquely, and occasion,
therefore, a marked streak or line in its substance, before they emerge
upon its ocular or internal surface. They appear as long brownish red
stripes, passing from behind forwards on both sides of the globe, and
continuous with the clearly-seen trunk of the emerging vessel.

VY. THE REFRACTING MEDIA.

The examination of the refracting media is best conducted by throw-
ing light into the eye with a plane mirror only. For minute investigations,
a convex lens may be placed close behind the mirror as a magnifier.

In general, in normal conditions, the result of the examination is
simply negative; but it must be remarked that, sometimes, small particles,
more or less translucent, are perceived on the surface of the cornea.
These are small scattered particles of mucus, or sometimes slowly-
ascending air bubbles. In order to remove them, the patient is directed
to close and reopen the eyelids, or the upper lid is moved over the corneal
surface; and in either case, the specks, if not produced by disease of the
substance of the cornea, will be removed, and disappear. Moreover, prior
to ophthalmoscopic examination, the polish of the cornea should be care-
fully tested by incident light, in order that inequalities of surface may
not be mistaken for wave-lines in the lens.

A perfectly clear crystalline lens will seldom be found in persons
somewhat advanced in life; but it appears that only linear opacities indi-
cate the commencement of cataract. For exact examination of the lens,
the use of lateral illumination must never be omitted.

The vitreous body, like the lens, can only be the object of ophthal-
moscopic examination in its diseased conditions, in which, however, the
examination 18 of great importance. Formerly, all the various particles
floating in the field of vision were classed together under the general name
of musce volitantes, and were attributed to the presence of mieroscopic
corpuseles. It has now become necessary, however, accurately to dis-
tinguish musew, properly so called, from floating opacities in the vitreous
body. The former are due to the essential microscopic elements of the
structure, and are found in the healthy condition ; the latter are purely
pathological formations, and these only possess a safficient magnitude to
be seen by means of the ophthalmoscope.

12
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In Dr. Heymann's description of his aut-ophthalmoscope, he enters into a
minute account of the appearances visible in his own eyes. I do not discover that he
has made out any point of structure not previoualy deseribed, except that the vessels of the
retina terminate in a distinet circle of loops around the yellow spot.  With the recently
acquired facilities for viewing the yellow spot, this fact, if confirmed by more extended
obzervation, may perhaps be made to serve as an ophthalmoscopic test of the existence
of retinitis, in which an increased vascular development wounld be very likely to oceur.
Dr. Heymann also calls attention to the greater transparency of the retina in the
same region, shown by the increased visibility of the finely-granular appearance due
to the epithelial cells of the subjacent choroid. He mentions the effect of changes in
the guantity of ]Jght upon the apparent tint of the fundus, and points out that this
tint naturally varies, in accordance with the decreasing thickness of the retina towards
its periphery, and becomes somewhat brighter from the optic disk to the margin of the
field. To this, the colouration of the yellow spot is, of course, an exception.

Dr. Heymann has succeeded in establishing some interesting facts bearing upon
the physiology of the eye; although, with great modesty, he professes to have done
but little, in comparison with the field that still remains unexplored. He has com-
menced investigating the movements of the eyeball, and the functions of the retina.

When the image of the fundus is fairly and steadily in view, it will be seen to
undergo slight tremulous movements, of which the observer has no consciousness from
any other sense. In Dr. Heymann's own eye the movements are horizontal, and are
about as extensive as the diameter of the nerve disk, which, twelve times magnified,
measures about 1 centimetre. The regularity of the movements is still a matter of
uncertainty ; but some experiments made to test it, in inclined positions of the head
and instrument, afforded incidental proof (of what iz now otherwise well established)
that the meridians of the eye follow the movements of the head, and do not, as was
formerly supposed, remain stationary.

Another visible ocular movement is that of accommodation. Dr. Heymann was led
to observe it by seeing that the apparent size of the vessels of his optic disk and retina
frequently changed during an examination. At the beginning, they were usually
larger than they appeared after a time. It has still to be determined whether the
alteration was due to a change in the observed or the observing eye ; or, what is very
possible, to a change in both. Dr. Heymann inclines to attribute it to a change in
the refraction of the eye observed.

Movements affecting only a part of the image were limited to the vessels, and
were occasioned by the movements of the blood in them. The known phenomena of
the venous pulse, and of the arterial pulse, produced by pressure, can be observed by
the aut-ophthalmoscope, with some care about the displacement of the globe, and
consequent loss of the image, that pressure tends to produce,

The retinal function has been tested both guantitatively and gualitatively, The
first observations had reference to the extent of the sensitive surface; the second, to
the different sensitiveness of different spots,

The quantitative testing is only practicable with the instrument of Cocecius, and
shows how far the sensitive portion of the retina encroaches upon the optic disk.
When the papilla alone is illuminated, the image of the flame is not visible; but it
comes into view as soon as it falls npon a sensitive portion of the surface. Hence,
by bringing into view the margin of the disk, the image of the flame will appear
interrupted at the point where the retinal function ceases.

The qualitative testing has been attempted by casting the image of a small object
upon different parts of the retina, but there are many difficulties to be overcome before
the results obtained can be considered trustworthy. I learn from Dr. Heymann that
he is pursuing his inquiries, and that he is also seeking to find the smallest point of
perception on the retina, the varieties of illumination in artificial astigmatism, and
other matters. He informs me, further, that Professors von Grife, Donders, Coceins,
Enapp, Rothmund, and others, are using his instrument to earry out similar observations.

It is evident, I think, that the possessor of an aut-ophthalmoscope will be much
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tempted to subject his own eyes to prolonged examinations, such as no patient would un-
dergo at the hands of a surgeon. On this account the apparatus is probably a dangerous
one. Dr. Heymann speaks of secondary images, colour phantoms on the dazzled por-
tions of his retina, which I should myself prefer not to experience; and I hear from
Dr. Girand-Teulon that he has found it necessary to lay aside his instrument. The
fundus of one’s own eye is, beyond all doubt, a highly interesting olject; but the
evidence now in existence tends to show that natural curiosity concerning it may be
gratified at too high a cost.

It wonld be of great value to determine, if lmnsihle the degree in which the
intra-ocular cirenlation is liable to be affected by various conditions of the system ; by
differences in the guantity and quality of the blood, and by differences in its distri-
bution as governed by the nervous system. It is unquestionable that the fundus oculi
shares in the general pallor produced by anmmia, althongh it is probable that the
impaired vision of the anmmic is chiefly due to feeble and uncertain action of the
ciliary muscle. Dr. Hughlings Jackson has used the ophthalmoscope in brain disease ;
not only in cases attended by actual amaurosis, but in cases of trifling defects of
gight ; as, for instance, after a paroxysm of epilepsy; and once during a paroxysm.
He has recorded one case in which changes in the optic disk (absolute ansmia) were
well marked during a fit of epileptiform convulsions, induced by placing the patient
erect ; he has also examined the retina in a case of paralysis of the cervical sympa-
thetie, but did not discover any changes in the circulation.

Dr. Hughlings Jackson has examined the retina during sleep (atropine being
used), and has found that, in this condition, the arteries are slightly smaller, and the
veins a little larger, than at other times. He has also examined the retina in
tubercular memingitis in children, and m acute cerebral disease in adults, and
thinks that the ophthalmoscope will afford considerable information as to the
state of the cerebral vessels in brain disease; and, indeed, that we may, by its help,
study generally the condition of nerve and blood-vessel in many constitutional discases.
For instance, when “ head symptoms™ come on in fever, we may speak more precisely
as to their cause if we look at the retinal arteries and veins. We ought, he conceives,
besides paying the utmost attention to the defects of the organ, to take the oppor-
tunity of studying tissnes, as the choroid (the pia mater of the eye), the retina (a
nerve termination), and an artery and a vein, so strangely brought from their long
concealment by the ophthalmoscope.

Dr. Hughlings Jackson has looked at the retina immediately after slow death,
and found the disks qunite white, both arteries and veins being empty. The same
condition was found in the retine of a kitten killed by a wound of the heart. He has
likewise suggested that the action of poisons on blood-vessels may be studied by
observing their effect on the arteries of the retine; and that in the same way we
may form some idea as to the effect, on the eerebral ecireulation, of strangulation,
bleeding, and ligature of the vessels of the neck.

Dr. Hughlings Jackson has described a form of temporary failure of sight,
an epileptiform amaurosis. It sometimes oceurs alone, sometimes with slight giddi-
ness, and sometimes precedes a more or less complete epileptic paroxysm. In none of
these cases has he been able to make an ophthalmoscopic examination. He imagines
that when a fit of epilepsy begins by this temporary amanrosis and giddiness, that the
canse of the symptoms may be defective cirenlation (temporary) in the parts supplied
by the internal carotids only—that is, the anterior parts of the brain.

Temporary defects of sight, he says, are frequent in cases of epileptiform convulsions
affecting one side of the body, but are due to very different canses. Dr. Hughlings
Jackson has recorded cases of temporary coloured vision preceding epilepsy. These
various conditions, and the possibilities of extended utility for the ophthalmoseope
that they suggest, are certainly worthy of the attention of medical practitioners.
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SECTION THE FOURTH.

——co—
THE OPHTHALMOSCOPIC APPEARANCES OF DISEASED EYES,
I. THE OPTIC NERVE AND ITS VESSELS.

I. THE OPTIC NERVE.

N account of the intimate connection between the optic nerve and the
retina, it is not surprising that a great part of the affections of the
former should extend also to the latter. There are, however, a number of
changes peculiar to the merve itself; and their early recognition is
important, since they are all dangerous to vision. Such early recognition,
in the living eye, has now been rendered possible by the ophthalmoscope ;
and the intra-ocular extremity of the nerve may be regarded in some
degree as a second pupil, brought within reach of observation ; possessing,
like the opening in the iris, its own proper semiotics, and therefore
requiring essentially local study. ;

Leaving out of consideration the occurrence of small pigment spots,
small punctiform hemorrhages, and the exceptional presence, here and
there, of erystals of cholesterine upon the papilla, there remain for present
consideration chiefly changes of level of the mnerve entrance, opacity
of the nerve fibres, and atrophy of the nerve; while, in the subsequent
deseription of other diseased conditions, the nerve-changes associated
with them will be noticed in their proper places.

1. INFLAMMATION OF THE OFPTIC NERVE.
(Liebreick's Atlas, P1. xi., Figs. 6—9.)

Optic neuritis, according to Stellwag, occurs chiefly by the extension
of the inflammatory process from neighbouring parts; and also, in many
cases, primarily, in consequence of some tranumatic or funetional source of
irritation, either general, such as pywemia or tuberculosis, or affecting the
circulation in the ophthalmic artery or vein. It is characterized by
change of colour, opacity, indistinct limitation, great hypersemia and
ecchymosis of the optic disk, dilatations of the veins, and mistiness, with
contraction or interruption of the field of vision. “The direct symptoms,
however, are sometimes entirely wanting, since the neuritis may either be
limited for a time to the posterior parts of the nerve, or since, when the
anterior portion is affected, the sympathy of the internal structures of the
globe, and the consequent turbidity of the dioptric media, may render
ophthalmoscopic examination impossible. Even when the necessary
conditions for such an examination are present, the direct symptoms are

iﬁ'r..:—
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not always sufficiently clear to afford grounds for a conclusive diagnosis.
In the less severe inflammatory processes, with serous infiltration, and
scanty development of nuclei and cells, the appearance of the nerve
surface presents little change that can be appreciated by the low magnify-
ing power afforded by the ophthalmoscope. It will often only appear dis-
coloured by dirty greyish brown or greyish yellow tints, its choroidal margin
somewhat indistinet, and the central vessels more or less obscured.
These alterations may be seen, not unfrequently, in eyes of normal
fonction ; and it is therefore only in combination with subjective signs
that they can aid in the diagnosis of the disease.

“The ophthalmoescope affords greater certainty of the existence of optic
neuritis, when the appearances indicated above are associated with very
decided hyperemia of the papilla, when this appears dotted or streaked
with blood over its whole extent, the chief nerve fibrils dilated, covered
with a network of small injected vessels, or surrounded by extravasated
blood. In occasional cases the inflammation displays itself by a swelling
of the whole papilla, or by the increased prominence of portions of it, so
that they appear like hillocks upon the general surface.

“When neuritis of greater intensity, and occasioning an abundant
formation of cells and nuclei on the surface of the disk, coincides with
transparency of the media, its recognition, apart from the elevation of the
disk, is scarcely more possible. The inflammatory product imparts its
own peculiar colour and opacity to the nerve surface, the choroidal
boundary is almost completely concealed, and the central vessels, in places,
at least, are rendered invisible.” In such cases, the retina will also suffer ;
as will be more fully considered under the head of Retinitis.

2, EXCAVATION OF THE PAPILLA.
(Liebreich’s Atlas, Pl. xi., Figs. 1—5 and 10 & 11.)

One of the great difficulties of ophthalmoscopy consists in the right
estimation of elevations and depressions; and the errors formerly made
with regard to them, even by distinguished ophthalmoscopists, are very
easily intelligible. The chief basis of our judgments about small bodies,
the convergence of the two eyes, is lost in ophthalmoscopie examination ;
and the guidance afforded by one eye only is, in direct vision, very
deceptive.

The conditions in which illusions about this matter originate, and the
way in which they may be avoided, have been fully explained by A. Weber.
Independently of the ophthalmoscope, cireumstances peculiar to an
inverted image are sources of error; and Weber found experimentally
that an impressed seal, or an engraved signet, was deceptive in its appear-
ance, in consequence of inversion of its shadows, and of the inexact
accommodation of one eye.
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The means by which these illusions can be avoided in ophthalmoscopy,
and by which a correct estimate of the object can be gained, are, for the
mverted image, the following :—a. By the movements in opposite direc-
tions of two points situated in different planes, when the eye either of the
observer or the observed changes its position. If the convex lens be
slightly moved in a direction perpendicular to its axis, the parts lying
nearest to the observer will appear to move with the lens, and the parts
more remote from him in the opposite direction. For example, if the
object were an optic nerve, concave on 1its entire surface, the obsexrver
would see the vellow ring presently to be deseribed, with the hook-like
bending of the vessels at its margin, moving apparently to and fro in front
of the central disk forming the background. &. By the use of prisms,
which, according to their strength, produce the effect of a degree of ocular
movement scarcely to be obtained in ophthalmoscopy. e¢. By causing the
patient during the examination to accommodate for different distances, or
by using convex lenses of different powers. The strongest lenses, which
form near and small images, afford the most correct idea of the conditions.
d. By moving the convex lens to and fro, and thus changing the position of
the inverted image; so as to determine, by the earlier or later indistinet-
ness or disappearance of its several parts, what is their relatively elevated
or depressed position.

Although, by the above methods, the inverted image will in most
cases afford perfectly certain conclusions, the question may yet be left
doubtful, if the differences of position be very small. It is then necessary
to have recourse to the erect image. The movements described in the
last paragraph under @, which, in the inverted image, are somewhat
complicated by the complete inversion of the field, may be distinguished
in the erect image with far more exactness, both from its simplicity and
from its greater enlargement. The erect image affords, moreover, two
other very trustworthy guides for the estimation of elevations and
depressions, The first is by the use of concave glasses of different powers.
If a prominence be so great, that its summit stands in front of the
plane of the posterior focus of the eye, then, according to the accommo-
dation of the eye examined, and the refraction of the observer, either a
very weak concave, or even none at all, will be required for the most
elevated portion. On the contrary, if a depression be present, the
strength of the concave lens must be increased in proportion to the depth
of the cavity; and it will be easily perceived that this increase, even for
the smallest changes, will not be inconsiderable, on account of the short
focal distance of the human eye. The second guide is the direction of the
shadows, which often affords the most certain information about the
relative position of parts.

Lastly, according to Forster, a third guide is afforded in the exami-
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nation of the erect image, under the widest possible dilatation of the pupil,
by the small vessels that pass from above, from beneath, and from the
outer side, over the margin of the papilla. “ On account of their fineness,
they must lie close to the surface of the nerve disk, as they would other-
wise be concealed, or at least partly obscured; and it may therefore be
presumed that their curvatures and changes of position follow those of
the nerve surface itself. In excavation, these vessels almost always make
a bend or curve in their passage over the margin of the disk; or they
appear, in this situation, to be wholly cut off. If they are observed from
the side opposite to that on which they cross the nerve margin (as, for
example, if a vessel crossing the lower margin be looked down upon as
much as possible from above), the union of the two portions may some-
times be observed. This would only be possible when they made a curve
backwards at the point where their continuity seemed interrupted, or
when they passed over a concave surface. If they ascended a ridge, such
a method of examination would only conceal the lost portion more
completely. Moreover, in one fortunately occurring case, in which a
vessel passed in a horizontal direction over the inner margin of the disk,
this vessel seemed to lie near the upper margin, when looked down upon
as much as possible from above; and near the inferior margin, when
looked up to as much as possible from below. If the optic disk were
prominent, as from the effect of shadow it often seems to be, the
reverse of all this would be the case. Further, it may be observed that
the vessels terminate abruptly on the margin of the disk with a slightly
convex contour, so that their terminations are of a darker red, and have
sometimes a short lateral beak-shaped point. The convex contour cor-
responds to the prominence of the wall of the vessel, produced by the
strong backward curvature. This curvature also produces the darker
colour of the part; just as, normally, the central termination of a vein
appears dark; and as, in retinitis, many of such dark points may some-
times be seen in one vein. The lateral beak-shaped or hook-like point of
the apparent termination of the vein is chiefly seen in vessels that pass
over the margin of the disk, not as radii, but in a somewhat oblique
direction.”

The signs characteristic of this kind of disease of the nerve are :—

a. The colour and shape of the optic disk.—The depression, extending
often over the whole surface of the disk, yet spreads from the centre,
and shows itself there by a brighter and more glistening colour against
‘the less bright and less glistening periphery. The discase extends on
all sides, but most rapidly towards the outer; and the inner, or nasal
side, often appears for a long time normal. The choroidal margin, that
is commonly only covered by a thin and irregular pigment layer, terminates
undefinedly towards the scleral margin, and this, two or three times
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magnified, instead of a fine bright line, appears a broad, often yellowish-
coloured ring, surrounding the whole disk. The proper nerve margin
shows itself far more clearly than common; the nerve itself appears
perfectly circular, and its colour, different in different cases, often
presents a slight admixture of greenish-blue, or blue, with the ordinary
tint. Towards the periphery this assumes a greyer tone, and at the
extreme limit appears suddenly darkened. This shading, the sharp
margin, and perfectly circular form, allow the disk to be recognized as
cup-shaped at a single glance.

b. The appearance of the vessels.—When these are followed from the
periphery towards the centre, they are seen to disappear suddenly at the
edge of the depression as if cut off, while their apparent terminations
make a short hook-shaped bend towards the excavation. If their
continuations be sought, they may be found; but the part of the vessel
traversing the disk will not be visibly united to the part traversing
the retina.

Partial depressions, holes, are not unfrequently found in the disk,
and they occupy the whole outer quadrant, or a smaller sector of
this portion, more frequently than the middle of the papilla. The
upper and under margins of such defects are rectilinear, and meet in an
angle at the centre of the nerve disk. The colour of the hollow is always
brighter than that of the remaining parts of the nerve; the margins, as a
rule, are sharp. The retinal vessels terminate at the upper and under
margins, from which they turn away either straight and abruptly, or, as
is more common, in an oblique direction. The signification of these
partial depressions is not yet ascertained; probably they have no patho-
logical value; possibly they may be congenital.

Parnorocicar Axaromy.—Exeavation of the optic nerve forms by far
the most important of the changes of the surface of the disk—changes
which have been especially studied by H. Miiller and von Ammon,

The alterations in the surface of the optic nerves may consist either
of greater projection (prominence), or in levelling and depression (ex-
cavation). Increased projection of the disk may depend upon wasting
of the external layers of the retina, with integrity of the mnerve fibres
forming the papilla, or upon increase in the bulk of the papilla by
thickening of these fibres, or by infiltration with blood, exudations,
cretaceous deposits (v, Griife and v. Ammon), or morbid growths.

Of the morbid depressions of the nerve, H. Miiller believes it necessary
to distinguish two varieties: levelling and depression from atrophy, and
depression produced by pressure together with atrophy. Von Ammon
limits the term excavation to the concavity of the degenerated lamina
cribrosa, and distinguishes excavation of the body of the nerve as central
wasting.
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As distinguishing signs between the two forms that he describes,
Miiller mentions a considerable difference in the depressions. In pure
atrophy, the depth of the floor of the excavation does not sink below the
level of the choroid ; but in the other form there appears a steep pit, of much
areater depth, in which the lamina cribrosa, that in pure atrophy maintains
its position, is pushed back more or less considerably, to the extent of
0'5 millimetre or more, and sometimes appears thickened anteriorly. Inthe
second form, atrophy of the nerve is equally present, but the pit will be
already deep when the degree of atrophy is small; and the latter is
apparently only a secondary result of different affections of the choroid
and retina, that assume the form of glaucoma more plainly, the more the
results of pressure predominate.

As the principal cause of excavation of the mnerve, Miiller assigns
inereased pressure by the vitreous body, without denying that the same
condition may be occasioned by traction from without, shrinking of
exudations, and the like. To the latter would belong v. Griife’s “amau-
rosis with excavation of the optic nerve,” which he regards as a cerebral
amaurosis, produced, in contrast to pressure, by traction upon the nerve
trunk from without. With regard to this explanation, von Ammon
thought it important to note that he always found the vessels of the
trunk obliterated, by which cause alone a depression of the mnerve surface,
and a coneavity of the lamina cribrosa, must be mechanieally produced.

A short notice is required of the condition of the vessels upon the
excavated papilla, and especially of the fact that the arteries often remain
normal, when the veins exhibit the appearances already described.
Firster gives an explanation of this circumstance, based upon anatomical
differences, and says that the trunk of the arteria centralis retins first
divides into its chief branches at the level of the retina. These branches
remain there, even in retraction of the tissue on which they rest, and
appear as if strained over the sclerotic opening. The veins, on the con-
trary, that first unite into one trunk deeper in the nerve, and that usually
lie behind the arteries, bend back more readily, curve suddenly round the
sharp ring, and appear, therefore, S-shaped, or even for a short time pass
wholly out of sight. They first return to view deeper in the nerve, where
they approach its axis, since they are then covered by transparent
substance. 1If, in a sound eye, the veins had an arrangement resembling
that of the arteries,—that is, if they united into one trunk upon the level
of the retina,—they would, if the eye became diseased, still remain visible,
even if somewhat obscured, in their passage to the centre. But when, in
the sound eye, many venous branches emerge from the periphery of the
papilla, and first unite into one trunk deeper in the nerve, we see, in the
ease of excavation, as many interrupted veins as there are branches passing
over the periphery. The arteries also would show similar modifications,
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according to the manner of their distribution; and all the different
appearances of the vessels about an excavated papilla may in this way be
explained.

In eyes thus diseased, the point of exit of the vessels is commonly
more internal, nearer the centre of the body, than is normally the case.
Sometimes this point is removed almost to the inmer margin of the
papilla, and is therefore dislocated in the direction of the axis of the optic
nerve. The reflection of light from a concavity is always on the side
which the rays strike in a perpendicular direction; and hence the point of
exit of the vessels is in such cases always the brightest, as well as the
deepest, portion of the pit.

Very complete observations upon this subject have been made by
Ld. Jaeger,—whose results, differing in some respects from those of others,
are here subjoined.

At this point Dr. Zander quotes from Professor E. Jaeger nearly sixty para-
graphs of extraordinary prolixity and tediousness. It would be easy, by the mere
omission of repetitions and superfluous words, to condense them to half their bulk in
translation, but even then they wounld be intolerable. I have determined, therefore,
to substitute a brief summary of their contents :—

Professor E. Jaeger recognizes two chief forms of excavation of the optic nerve :
the congenital, and the acquired. The former may be real, or apparent, or both
combined ; and the latter may depend upon atrophy without intra-ocular pressure, or
upon intra-ocular pressure, with or without atrophy. The last-mentioned variety he
designates “ glancomatous.™

“1. Congenital excavations, which, in the eyes of new-born infants, are as clearly
marked, and proportionately as extensive, as in adults, exhibit very considerable
differences of general appearance, as well as of depth and superficies. Some of them
are so slight as to be difficult of detection; and, if these be minutely searched for,
there are but few eyes in which they may not be found. In other cases, the depression
iz more considerable, but its gradual formation has allowed the vessels to accommodate
themselves to it in gentle uniform curves, so that they exhibit no sudden bending by
which the margin may be, defined. Such depressions are only to be recognized by
the greater brightness of their surface, which increases towards the centre, by the
wide separation of the curvatures of the vessels, and by the greater depth of their
nnion in the nerve.

“ Very frequently, however, from the abrupt sinking of their walls, congenital
excavations exhibit well-defined margins, and appear as glistening spots upon the
nerve disk. Such spots occur chiefly near the centre, and extend usually in a direction
ontwards, towards the macula lutea, either horizontally or obliquely. They display,
however, great irregularities, not only of form and size, but also of depth; sometimes
only reaching the level of the deeper retinal layers, sometimes extending far into the
sclerotic canal.  Their depth may be ascertained, in examining the direct image, by
finding what change of accommodation, or of correcting lens, is needed for the floor
and the aperture respectively; and also by looking into them as obliguely as possible,
first from one side and then from the other, and observing the apparent overhanging
of the margin, the changes in the aspect of the vessels, and =0 forth. The aperture is
usnally small, often not exceeding the diameter of one of the vessels on the disk.
More often it covers a fourth, or a third, or even half, of the nerve surface; and, in
very rare cases, it covers mearly the whole. When this occurs, the diagnosis from
glancomatons excavation is rendered very difficult.

“ In all depressions of any extent, whether congenital or acquired, the vessels of
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the fundus oculi exhibit certain common characteristics, which vary with the depth
of the cavity and the inclination of its walls, and which present very numerous
gradations between cases of extreme depression and the normal state.

“ Let it be supposed that the vessels, traversing the plane of the retina, arrive
suddenly at the sharp margin of a pit. In bending over it, they will form curves
nearly rectangular, and the convexities of these curves will project beyond the
margin. The circulation will be interrupted, the vessels rendered more full, and
therefore larger and more dark-coloured, than in their normal state; and, if their
continuations beyond the margin proceed directly backwards from the observer, the
vessels will appear absolutely to terminate, where they bend, in rounded, slightly-
projecting extvemities. If their continuations have a slight obliquity, and come
partly into view, they will seem like little beaks or hooklets canght round the edge of
the cavity.

""F?I:n&uthe vessels have completed their course down the sides of the pit, and
traverse its floor to reach their point of exit from the globe, they will have resumed
their origmal direction, but in a posterior plane. It is manifest, that, unless the
intermediate portions recede in lines exactly perpendicular, the continuity of the
vessels will appear more or less interrupted, and the parts on the nerve disk more
or less displaced from those on the retina. The displacement may be even less than
half the width of each vessel, or it may be so great as to destroy the possibility of
determining the retinal branches to which the deeper ones belong. These changes may
be present in any degree of development, from the slightest possible S-shaped bend at
the margin of the cavity.

“The examination being by the erect image, and the accommodation of the
observer for the plane of the retina, parts posterior to this plane will be obscure. The
vessels on the floor of a deep cavity will be wholly invisible. Those of a shallow
cavity will appear of paler colour and less distinet outline than their retinal portions,
and will cease to return any bright reflection from their centres. By accommodating
for a greater distance, or by using a concave lens of sufficient power, the posterior
parts of the vessels will become clearly visible, and will present a normal aspect. It
the cavity be abrupt, with perpendicular walls, a concave lens may be found that will
at once bring its entire floor into view. If it be funnel-shaped, it may be necessary to
use a stronger lens for its deepest than for its intermediate parts; and in such
cavities the vessels appear to fade away gradually, instead of passing suddenly out of
view. Whether the arteries or veins shall first become invisible will depend partly on
their position and their place of division, partly on their colour. If the chief vein
trunks divide considerably deeper, and if their branches are deeper and more lateral
than those of the arteries, then the veins withdraw themselves first from sight.
If, however, there be no considerable difference in their position, then the lighter
coloured arteries are the first to become indistinet, in consequence of the recession
of, and other changes in, the nerve-substance covering them; and the darker veins
often remain visible as faint, reddish, delicate, obscurely-defined bands.

‘It is, therefore, generally difficult, in such cases, to determine which vessels are
arteries and which veins; and, since the veins often display a marked pulsation, the
observer is not only hence more easily deceived, but is also led to an erroneous belief
that he sees an arterial pulse.

“ In congenital excavations, the edge of the cavity is nsually decidedly within the
circumference of the merve itself, and is therefore surrounded by a circle of nerve
tissme that retains its proper level. The cavity itself is usually brighter, more
diaphanous, than normal nerve tissue, and is mostly of a whitish colour, tempered
towards its margins by a slight admixture of grey or greyish blue. The surrounding
ring of nerve is usnally darker than natural, somewhat reddish, and often, here and
there, as deeply coloured as the surrounding fundus; so that the brightness of the
excavation is emhanced by contrast. 'The darkest colouring is usually next the
cavity, and the tint decreases from this to the periphery of the nerve. By acecommo-
dating for the floor of the cavity, this, from the visibility of the lamina cribross, and
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of the terminations of the central nerve tubules, will appear more or less regularly
spotted with grey or greyish blue.

*“The periphery of the nerve, besides displaying a gradual decrease of tint from
the edge of the cavity, is defined from the surrounding fundus, at least in parts, by a
more or less clear, bright, whitish ring of commecting tissue. The appearance of this
ring, in the majority of cases of congenital excavation, is an important guide to their
diagnosis,

“The apparent congenital excavations are due to increased tramsparency of the
central portion of the merve disk, or to prolongation of the sheaths of the nerve
tubules throngh the lamina cribrosa, or to other canses that may produce an inereased
reflection from some part of the surface, The effect of an actual cavity is often
enhanced by conditions of this kind.

“2. Acquired excavations occur usually with and in consequence of atrophy, or
with secondary atrophy, of the optic nerve at its place of entrance. The ophthal-
moscopic aspects of atrophy of the nerve are extremely different, according as the
disease is seated in the retina or in the nerve alone, and is accompanied or not by
atrophy of the central vessels, according as it is simple or degenerative, with or
without inflammatory phenomena, with or without considerable dimimution of the
circnmference of the nerve, with or without eurvature of the outline of its section,
with or without bulging of the lamina cribrosa, and so forth.

“ Of these varieties, we may still follow H. Miiller, in saying, that two are chiefly
to be distingunished :—a, excavations produced by diminution of the substance of the
nerve ; b, excavations produced by bulging of the lamina cribrosa.

“a, In the first variety, the excavation is mostly characterized by a shallow, gradual,
bowl-shaped, sinking of the disk in its whole extent; and hence the vessels i
from the retina to the optic nerve show no interruption or considerable bending in
their course. Especially when atrophied themselves, they sink gradually into the
deeper parts, and show from their origin an increasing change in their colour and
their clearness of contour. Only by very exact observation is it possible in individual
vessels, or rarely in the vessels collectively, to see at the circumference of the nerve a
slight, gradually oceurring displacement of a short portion of the vessel, as a gentle
double bending.

“The external contour of the nerve disk remains more or less intact, and first
becomes obscured at later periods, or by extension of the disease to meighbouring
tissue. But above all, especially in central amaurcsis, the ring of connecting tissue
around the nerves is rendered sharper and more distinct, especially at its inner
contour, by the colour-changes in the nervous substance; and nsually remains clearly
visible, at least in parts, up to the latest period of the disease, if not concealed by
changes consequent upon inflammation or degeneracy.

“The excavation does not present the whitish-yellow brightly-glistening colour,
and the sharp edges seen in congenital excavations, According to its depth, there
appears towards the centre of the disk a dull, wveiled, greyish-white opacity.
Frequently the nerve texture is darker, and of a bluish-grey tint, which colour is
clearest at the periphery, especially to the outer side, and diminishes towards the centre.

“b. The second form of acquired excavation (glancomatous excavation), that
oceurs with or without the cietaneous or consecutive ocewrrence of atrophy, is chiefly
characterized by stretching and bending back of the lamina cribrosa, and has a like
value with ectasim of other parts of the ocular coats. It is, essentially, an ectasia of
the lamina cribrosa.

“ Its symptoms are very characteristic, and differ from those of the other forms.
The depth of the excavation is usually considerable, and often extends far into the
sclerotic canal. The surface is usually equal to that of the whole disk. The chief
mass of the optic nerve recedes, and leaves its canal more or less free, even to a thin
layer clothing the sides. The lateral walls of the excavation sink suddenly from the
plane of the retina towards the axis. Hence the excavation usnally presents sharp
edges, and allows the characteristic effects to be very strikingly perceptible.
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“It has been already stated, that, in the congenital exeavations, the margins are
usually within the nerve disk, and that the bending of the vessels takes place on the
nerve. In glancomatous cases, on the contrary, the aperture of the cavity coincides
with the circumference of the disk, and the bending takes place at its margin.  This
appears to be the most trustworthy diagnostie sign between the two.

“The colour of the glancomatous disk is weakest at the centre, and inereases
quickly in intensity towards the penmphery. It reaches to the circumference of the
nerve, and there ceases with a sharp dark border, or partially with a nearly black
line. The colour slightly varies with slight movements of the mirror, and changes in
its intensity, especially towards the periphery. Since, moreover, in accommodation
of the eye of the observer for the plane of the retinal vessels, the optic nerve appears
in its whole entrance in a high degree diaphanouns; in its middle parts more, and in
its periphery less luminous, so the entrance obtains a very peculiar, characteristic,
and in extreme cases deceptively vesicular appearance.”

It is hardly necessary to observe, in conclusion, that the use of a binocular
ophthalmoscope removes nearly all the difficulties that attend the diagnosis of
excavations with monocular instruments, In using the latter, the observer must
bear in mind the foregoing observations ; but in using the former, he will at once see
i cavity, if a cavity be present.

d. OPACITY OF THE NERVE FIBRES.
(Of Licbreich ; Hypertrophy of the Nerve Fibres of DMiiller ; Nerve Eatension of
Jaeger.)—Licbreich’s Aflas, PL xii,, Figs. 1 & 2,

The parts forming the boundaries of the optic nerve (the choroid
and sclerotic), and the opaque part of the merve itself, are not in
immediate contact with the vitreous body, but are separated from it by
a transparent layer of nerve tissue, upon the clearness of which depends
the possibility of seeing the parts lying behind it, and of following the
vessels that pass through it in a short portion of their course, In
examination of the erect image, there may be perceived in this tissue a
fine, irregular, radiating fibrillation, and here and there a single fibril
reflecting more strongly and almost isolated.

In pathological opacity of these fibres, according to Liebreich :—

1. The nerve-entrance appears as a round, uniformly dull disk, with its
contour softened down and ill defined against the surrounding ground.
The papilla loses its lustre, its definition, and its shading, the scleral
margin disappears, the choroidal foramen is less sharp of contour, and
apparently increased in diameter. This apparent increase depends upon
the visibility of the boundary of the nerve at the plane of the retina, which
in normal eyes is scarcely perceptible. The nerve fibrils, immediately
after passing through the narrow openings in the sclerotic and choroid,
bend round towards the periphery of the fundus; and hence the nerve, in
the plane of the retina, has already attained a marked increase of diameter,
and its boundary will be a much larger circle than that of the choroidal
opening,

2. The retinal vessels appear essentially changed. The dark red
colour of the fuller and more winding veins, at their entrance into the
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dull disk of the nerve, is obscured by a light greyish cloud that inereases
in density towards the centre ; and that, in the passage of the vessels to a
greater depth, becomes so considerable, that parts of them are wholly
concealed by the thickening and opacity of the nerve fibres. Before they
reach the disk, the vessels sink somewhat in the thickness of the retina,
and rise again in stronger curvatures than usual. As a cause of this
condition, Liebreich found a remarkable prominence of the whole entrance
of the nerve.

Liebreich has also studied another anomaly, to which Virchow first
directed attention. In this the whole transparent portion is not rendered
opaque, but only a portion of it; and the nerve fibres forming this portion
do not assume their dull contour in the neighbourhood of the lamina
cribrosa, but after leaving it, and after they have already traversed a small
portion of the retina. The ophthalmoscope exhibits the individual
bundles as white, glistening, perfectly opaque streaks, that reflect the
light exactly in the same way as the bright streaks that radiate normally
from the papilla of a rabbit. The result is a very peculiar figure, that
either abuts immediately upon the optic nerve, or is a little distance
removed from it, and that terminates towards the periphery in one or
more sharp, flame-shaped points. When this figure trespasses upon the
margin of the papilla, the latter is at that point completely concealed, and
the otherwise normal vessels are rendered invisible.

Parnoroercan Anatomy.—According to von Ammon, simple hyper-
trophy of the optic nerves consists of an uniform increase of the
parenchyma of the collective neurilemma of the individual fibrils, by
which they become thickened, the neck of the nerve shortened in the
neigzhbourhood of the cauda equina, and the lamina cribrosa rendered
nodulated. The vessels disappear, the trunk of the nerve increases
laterally in volume, but without displacing its extremity ; the sclerotic
increases in thickness in the neighbourhood of its foramen, and in section
appears unusually hard and very white, as if its individual fibres were
thickened. True hypertrophy of the optic nerve is attended by no change
in its shape.

In Virchow’s case, and also in one subsequently examined by
Beckmann, the microscope showed, as the cause of the opacity, that the
nerve fibrils, usually in this situation uncovered and translucent, were
darkly margined, broad, and furnished with a sheath. A longitudinal
section of the ocular extremity of the nerve showed it to be in both eyes
contracted, as usual, at its entrance into the sclerotic canal, but less on the
right side than on the left. Virchow, however, was able to show that
the sheathed fibres became pale during their passage through the lamina
cribrosa, that they regained their sheaths in the retina, and that they
again ultimately became pale. In the retina, the passage of the dark
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into the pale fibres could be very accurately traced. It happened very
gradually, the sheath becoming paler and paler, and being lost to
sight so gradually that it was impossible to define with certainty the
point at which it ceased. The very clear axial cylinder was continued in
the same way in the pale as in the sheathed portion of the fibre; exeept
that in the former no division into sheath and axis was discernible. The
transformation of the dark fibres into light ones occurred at very different
distances. Becker, who more recently has had opportunities of examining
a similar case ophthalmoscopically, believes that this condition, which,
after Jaeger, he designates extenmsion of the optic nerve, can with the
greatest probability be regarded as a malformation, and that it is neither
dependent, therefore, upon any particular construction of the eye, nor
possesses any influence upon vision. The case described and figured by
Desmarres (ITI. p. 465) as plastic retinal exudation, I conceive to have
been one of this kind.

4. ATROPHY OF THE OPTIC NERVE,

(Liebreich’s Allas, Plate xi., Fligs. 8, 9, 10.)

Atrophy of the optic nerve, by which it is gradually ehanged into a
cord of eellular tissue (ligamentous degeneration), is apparently a common
cause of extreme amblyopia or complete amaurosis. It appears either as
an independent disease (progressive atrophy) or more often as the last
phase of many morbid changes, of very various seat and character,
affecting the globe, the orbit, the meninges, the cerebrum, the cerebellum,
the spinal cord, and so forth.

The characteristic ophthalmoscopic appearances are :—

1. Tue Papira.—This, at the commencement of the disease, is
bright and sharply defined, the scleral margin somewhat broader and
clearer than in the normal state, the proper nerve boundary distinet.
The form differs in different cases; and is sometimes prominent from
exudation deposits, rarely only flattened, frequently excavated. In later
stages 1t appears irregular, indented, elliptical, or diminished in diameter.
The ordinary admixture of reddish grey is superseded by a white, some--
times bluish colour; the network of the lamina cribrosa appears thickened ;
the darker and wrinkled interspaces of its meshes gradually disappear ;
and the whole surface assumes an uniform tendinous lustre, sometimes
exhibiting a play of greenish or bluish tints, more often resembling silver
or mother of pearl.

With regard to the diminution of the diameter of the papilla, it has
been very pertinently remarked by Liebreich that different observers have
chronicled its diminution or its increase, without there being, at present,
any definite standard for the exact determination of either. Generally,
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he observes, we include under the term papilla the whole bright disk, to
its extreme limits upon the fundus (the choroidal margin); and if it be
considered how significant would be the slightest diminution or increase
of the nerve substance itself, and how many accidental or unimportant
neighbouring conditions may produce an apparent diminution or increase
of the diameter of the whole disk, it must be conceded that our judg-
ment of the proportionate magnitude of the papilla must be based upon
other grounds than these. In two perfectly normal eyes, in one of which
the nerve passed through a very narrow choroidal opening, while in the
other the choroidal opening was wider than that of the sclerotic, in the
first the bright line of the scleral foramen would be scarcely visible, while
in the second it would have such breadth as to increase considerably
the diameter of the whole disk. The actual diameter of the nerve might
be exactly the same in both, and the difference of the ophthalmoscopic
image would depend wholly upon the choroid. It will, therefore, be
prudent to follow the counsel of Liebreich, and to estimate the relative
size of the nerve entirely by the part of the disk that is included within
the proper nerve boundary.

2. Tue Vessers,—With the progress of the disease the small arterial
trunks vanish completely ; and the larger become smaller and paler, and in
old cases are converted into fine white lines, without wholly disappearing.
The veins undergo the same changes as the arteries, but later in point of
time ; and, even in advanced cases, are still visible, although somewhat
less clear and less winding than usual.

The pathologico-anatomical conditions have been described by
von Ammon.

Atrophy of the optic nerves depends frequently upon fatty degenera-
tion of the fibrillee and of their neurilemma, or upon defective nutrition
caused by compression of the capillaries by exudations within the sheath,
or by their impermeability from other pathological conditions. In all
stages of development of the disease, all exudations are formed within the
sheath, separating its inner surface from the trunk of the nerve. It is
remarkable how much the sheath may be dilated by such effusions; and
how great may be the disproportion between the actual nerve and its
distended covering. The latter no longer closely envelopes the former,
but is widely distant from it, and the ample space between them is filled
up by effused fluid. The nerve itself dwindles more and more, and under-
goes a great variety of modifications,

Sections of the atrophied nerves, which have always lost their
roundness and become flattened, present many and various changes.
The external neurilemma is either dilated or wanting, and there is also
deficiency of the stroma of the interior neurilemma surrounding the
individual fibrille, This may have disappeared either partially or almost
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entirely ; so that scarcely a trace can be observed between the closely-
packed fibrillee, which are commonly themselves thickened. With the
disappearance of the internal neurilemma disappear also nearly all the
vessels of the nerve, both central and peripheral; and only occasionally
can one be found that still remains permeable. Of such an one, the
calibre is commonly very small and obstructed, and mostly flattened.

The oceurrence of atrophy of the optic nerves has lately attracted considerable
attention, and has been attributed, in cases not otherwise accounted for, to the
excessive use of tobacco. Many years ago, by Mackenzie and other writers, a
so-called “ tobacco amaurosis ” was described ; and, quite recently, Mr. Wordsworth
in this country, and M. Sichel in France, have revived a belief that had, for a time,
passed out of view and been lost, so to speak, under the great accumulation of more
exact pathology, for which we are indebted to the ophthalmoscope.

It is obvious that the question, whether atrophy of the optic nerves can be
numbered among the injurious effects of tobaeco, is, on the one hand, of the higheat
possible importance to society, and, on the other, is beset on every side with
difficulties and sources of error. The use of tobacco is so widely spread, or almost
universal, and its consumption by the young so plainly upon the increase, that a
perfect knowledge of its effects, both noxious and salutary, is necessary to the com-
prehension of many of the sanitary problems of the day ; while the same facts, that
render the knowledge desirable, oppose the most formidable obstacles in the way of
its attainment. The certainty that tobacco, if a chief cause, is yet not the only
canse, of optic-nerve atrophy ; the certainty that thousands of those who smoke to
excess do not suffer from the disease, or from any symptom premonitory of it; and
the liability, at every stage of the inguiry, to mistake coincidence for causation, all
these are considerations that should lead to the careful avoidance of any hasty or
presumptuons judgment upon a problem so profoundly difficult.

Mr. Wordsworth states it to be his experience that patients suffering from
optic-nerve atrophy are frequently great smokers; and Mr. Critchett confirms this
statement. So far, then, we have the positive testimony of two most trustworthy
witnesses ; and we must consider that their evidence proves the fact to which they
speak—proves it beyond the possibility of dispute or cavil. These gentlemen are
surgeons to an eye hospital that receives about 14,000 patients yearly ; and it follows
that their experience is sufficient to establish the general truth of their statement,
and to eliminate sources of error that might arise from the narrowness of the
ordinary field of personal observation. I dwell upon this part of the guestion
because other writers have disputed the statement for no other reason than because
their own opportunities have not allowed them to confirm it. They put themselves
in the position of the culprit who, being in danger of convietion from the positive
evidence of two witnesses of his crime, sought an acquittal from the negative evidence
of those who had not witnessed it. Their testimony is simply irrelevant. If they
say that they have seen optic-nerve atrophy in non-smokers, no one will be disposed
to doubt their accuracy. But they still leave the indisputable fact, that, in the
majority of cases, the patients smoke largely.

Mr. Wordsworth and Mr. Critchett go farther; and express their belief that, in
such instances, the much smoking is the ordinary eause of the atrophy. Here, then,
they step out of the domain of observed facts, and enter upon the debateable ground
of opinion,

Before attamptmg to follow them, it will be worth while to glance at the
various causes from which optic-nerve atrophy may arise ; and to see what classes of
cases must be put on one side in order to leave those in which the influence of tobaceo
may possibly be predominant. The known causes may be arranged, I think, under
the following heads .—
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. Functional disuse, from disorganization of the retina or parts anterior
to it.

. Optic neuritis.

. Blows and injuries on the head.

. Acute intra-cranial disease, not destructive to life, and unsually oceurring
as a complication of typhoid fever, or of some one of the more severe
exanthemata,

. Chronic intra-cranial disease, affecting the nervous centres; and often, but
not necessarily, associated with paralysis or epilepsy.

6. Chronic sources of pressure, either eranial, orbital, or intra-ocular, bgnign

or malignant; and extremely various in point of nature, locality, tendency,

and termination,

e b

én

Besides the above, there remain, I think, cases which cannot be referred to
any of them. Patients present themselves, with complaints of failing vision, in
whom the disease has commenced so insidionsly that they are unable to specify the
time of its origin; and who hardly realize their condition, or seek medical assistance,
until it has made considerable progress. The earliest stage that I have myself seen
was in a young man of twenty-four, who had not applied previously to any other
practitioner, and who was able, at the time of his first visit to me, to read No. 12
of Jaeger's test types. He complained simply of increasing dimmess, like that of the
approach of dusk, and of want of power to define the margins of small objects. He
was apparently in robust health, and was oceupied in riding and driving about as
traveller for a large flour-mill, but he was in the habit of drinking spirits largely.
His eyes were perfectly free from pain or irritation, were of normal contour, tension,
and refraction, and he stated that his sight had been very good. His pupils were a
little larger than the medium size, and acted sluggishly to light. A weak solution
of atropine scarcely influenced them; but a solution of four grains to the ounce
produced tardy and imperfect dilatation. The media were perfectly transparent ;
and the general aspect of the retina and choroid was normal. The optic disks were
each invaded by a white patch, covering a segment of about one-eighth of the circle, and
extending from the centre to the periphery in a direction downwards and inwards.
The remaining seven-eights of the circle appeared to me decidedly hypermmic; and,
in the inverted image, looked as if uniformly colonred by a pink wash, which was
resolved, by higher magnifying powers, into a fine stippling. The patient remained
under my observation for five or six months, during which time the white patches
spread over mearly half of each nerve disk; and the vision faded so much that he
could with difficulty decipher No. 19 of Jaeger. At the time of seeing him, I was
not sufficiently familiar with the erect image of the several boundaries of the disk to
express any positive opinion about their state; but the distinctness of the gemeral
outline was not impaired. The patient was a moderate smoker, taking his two or
three pipes in the evening, and an occasional cigar upon his journeys.

Now this case, which precisely corresponds with others that T have first seen at
a more advanced stage, is a fair type of what Mr. Wordsworth deseribes as tobacco
amaurosis. Mr. Wordsworth recently declared, at the Hunterian Society, that he
believed he conld, with the ophthalmoscope, pick ont smokers from non-smokers in
cases of optic-nerve atrophy. In reply to my ingniry as to the general characteristics
on which he would rest his diagnosis, Mr. Wordsworth favoured me with a letter, in
which, after setting forth the difficulty of describing slight differences of colour and
appearance, he proceeds to say, “1 believe that the earliest changes, observed in
tobaceo cases, are those of increased vasecularity of part or the whole optic disk.
After an uncertain period, the nerve is very unequally coloured, part being over
vascular and part anwmie., In several cases that I have seen, this has been very
palpable, about one-half of each nerve being so changed. In more advanced stages,
the outlines of the disk have been observed to be undefined, the choroidal margin
being blurred, and the area of a bluish-grey colour. Lastly, the conditions of



OF DISEASED EYES. 153

white atrophy are approached. I say approached, for I have never seen this
appearance so distinetly marked from tobacco as from cerebral dizease. Nor have I
met with any case that has ended in fofal loss of sight * * *_ In many
smokers that I have examined, I have almost invariably found the optic disk
hyperemie, even when this physiological condition has not prejudiced vision. I am
now seeing from time to time cases of defective sight that 1 can find no other canse
than tobacco smoking to account for; and I begin to think it much more frequently
the source of disease than I had expected.”

In considering whether the conditions last indicated may be safely attributed to
tobacco, it is evident that the first thing necessary is to exclude the six classes
of caunses already enumerated. To do this completely, especially with reference to
classes 5 and 6, would require the highest degree of diagnostic caution, tact,
and skill, exercised about symptoms with which the most accomplished ophthalmo-
logist is not necessarily familiar. I am bound to remark that the weak point of
Mr. Wordsworth’s published cases is, as it appears to me, the absence of any evidence
of the degree of cantion proper to be observed in this particular. The absence of
past or present cerebral mischief in the patients seems, judging from the report,
rather to have been assumed from the absence of prominent symptoms, than
established by minute and careful scrutiny. I mention this, becanse, in the out-
patient room of the hospital for the paralysed and epileptic, it would at any time
be easy to find cases of partial or complete cerebral amaurosis in which the cerebral
symptoms do not by any means force themselves upon the observer. It may be
urged, of course, that tobacco may produce cerebral disease, and secondary atrophy,
and I do not dispute that such a thing is possible. But that is not the present question.
As I understand Mr. Wordsworth, and those who think with him, they believe in the
direct influence of tobacco upon the optic nerves.

Having excluded the more evident causes of atrophy, the next question has
reference to the actual pathology of the doubtful cases. What is the “ atrophy ™ ?
or, in other words, what is the condition that tobacco is supposed to produce P This
can only be decided by the most careful ophthalmoscopic examination, elucidated by
equnally careful dissections.

In the cases that I have seen, the original slight hypermmia of the disk, the
pallor of a continually inereasing portion, the dwindling of the arteries, and the
slight dilatation of the veins, have seemed to point to a state analogouns to cirrhosis.
I have suspected sub-acute inflammation, and secondary contraction, of the inter-
fibrillar connecting tissue of the nerves. Against this view I may adduoce that I
have never seen suh-retinal serons effusion ; and also the opinion of Mr. Critchett, to
the effect that, in many cases, althongh all medical treatment will be unavailing, yet
the abandonment of tobaceo will avvest the further progress of the disease. 1 do not
think that the abandonment of tobacco could by any possibility arrest post-
inflammatory contraction, even if it had, in some way not understood, been the
original caunse of the inflammatory mischief.

I have adverted at some length to this highly interesting sulject, becanse the
disease 1s prominent among the causes that produce blindness in adults, and becanse
it is, in the present state of knowledge, wholly inecurable. It is most desirable,
therefore, that the tobacco hypothesis should be either established or overthrown, If
established, it will not only assist in the prevention of a most distressing calamity,
but will probably aid in the elucidation of the general effects of the drug upon the
system. If found erroneous, its overthrow will clear the path for inquiries resting
upon other grounds. In the meanwhile, the materials for judgment can be collected
by the general practitioner rather than by the specialist, who, as a rule, only sces
pronounced cases, and only keeps them in view until their nltimate issue is no longer
doubtful. The early ophthalmoscopic examination of smoking boys, and the post-
mortem preservation of eyes rendered useless by nerve atrophy, are desiderata that
will be attainable, generally speaking, only by family medical attendants.

It is very remarkable that a condition not very rare in this country should be
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left unnoticed by Dr. Liebreich. There is no figure in his Atlas that at all represents
either the earlier or the final appearances in this disease. Fig. 8, plate xi., which
represents the invasion of atrophy in neuritis optici, is the nearest approach to a
delineation of the supposed * tobacco amaurosis.”

9. ABNORMAL INSERTION OF THE OPTIC NERVE.

The optic nerve has been observed by Desmarres, and in a single
instance by von Griife, to enter the eye more or less distant from its
natural position. This, in a completely normal condition of the other eye,
should produce amblyopia and strabismus, to be removed by the use
of convex glasses for the one affected.

II. THE VESSELS.

In the diseases of the vessels, either of the trunk of the optic nerve,
or of its intra-ocular extremity, the lamina cribrosa, the connecting tissue,
and the membrana limitans suffer from infiltration or exudations. Among
morbid changes, thus affecting all the elements of a limited space, it is
often impossible, in the living eye, to distinguish with the ophthalmoscope
the exact pathological conditions of the several parts; but a certain series
of remarkable changes has been observed, among which the following are
the most important :—

1. DILATATION OF THE VESSELS

is described by Liebreich under the following forms :—

a. Turgescence of the Arteries and Veins.—Considerable expansion
of the arteries is, in general, easy to recognize; but it is of very rare
occurrence. Liebreich found it chiefly in artizans working among fires.
The veins sometimes show strong pulsation, and this, unlike what is seen
in the normal eye, passes beyond the limits of the nerve disk. In one
case, Liebreich observed a rythmical movement of the parts of the retina
lying near the vessels. Much more frequently occurs :—

b. Turgescence of the Veins with a Normal Condition of the Arteries.
—The veins appear darker, and of an increased diameter; they often
emerge as thick cords from the centre of the optic nerve, and lose nothing
of their thickness until they deviate, more or less suddenly, from a vertical
to a horizontal direction. It is also characteristic that they follow a more
winding course, and seem, *in different parts, to lie in different planes,
so that in following the course of a vein it may appear, for a short time,
under the same accommodation, clearly and sharply visible, and uniformly
coloured, but will soon assume a darker colour, showing that, by a
characteristic curvature, it has passed into a deeper layer than the plane
of its former course. It will thus be obscured both in its contour and
its whole diameter, and, although it may be followed fora time by changed
accommodation, it soon disappears from sight, more or less completely,
either not to be seen again, or to become visible at a distance with the
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game dark colour and the same aspect as at the point of disappearance, and
gradually to regain its original distinctness. In the farther course of the
vessel the same changes may be twice or thrice repeated.”—(Jacger.), The
arteries commonly appear smaller and paler than in health,

9 OBLITERATION AND WASTING OF TIHE VESSELS.

Obliteration of the vessels is commonly combined with atrophy of the
optic nerve or of the retina, as a result of numerous diseases, especially
apoplexy and fatty degeneration of the retina, and retino-choroiditis. Ac-
cording to Liebreich, both arteries and veins appear uniformly thinner and
paler, so that they can scarcely be distinguished from each other by their
colouring ; and, especially on a bright red fundus, are less conspicuous
than in the normal state. Their first divisions can therefore be followed
only with diffieulty ; and their finer twigs wholly disappear. Under still
greater impediments to the circulation, some wvessels, most commonly
arterfes, remain entirely empty, and yet do not become invisible, but
appear as white lines against the red ground, and may be clearly traced
over the bright surface of the nerve. In the neighbourhood of the papilla,
they often for a while continue red; and show on both sides a white
streak, which, after the circulation has wholly ceased, passes into the
broader white line. These changes may be either limited to certain
vessels, or to one half of the retina, or may extend over the whole eye; in
which case the vessels sometimes become no longer discoverable by the
ophthalmoscope, and the papilla appears as an uniform dull white disk. To
such a condition must be attributed, in all probability, the isolated cases
in which a complete absence of retinal vessels has been observed.

3. EMBOLIA OF THE ARTERIA CENTRALIS RETIN.E.
(Liclieick’s Atlas, Plate vini., Figs. 4 & 5.)

In the case of a man suffering from stenosis of the aortic valves, and
who became suddenly blind of the right eye, von Guiife found with the
ophthalmoscope the media transparent, the papilla nervi optici perfectly
pale, and the vessels traversing it reduced to a minimum. The principal
arteries appeared, beyond the papilla, as very fine lines, and their branches,
in like manner, became smaller and smaller; portions that in a normal
state would be very apparent having completely disappeared. The veins
exhibited a different condition, being at all parts thinner than usual ; but
their distension increasing towards the @equator bulbi. In the left eve the
vessels were perfectly normal, both upon the papilla and upon the retina,

Two days later von Griife observed a peculiar kind of circulation in
one vein (the largest visible, and having, in the inverted image, a course
upwards and inwards). There appeared a great inequality in the distri-
bution of its blood, of such a kind that comparatively full portions
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alternated with portions that were empty. The attention being steadily
fixed upon one part of the vessel, an irregular movement of its contained
blood became apparent; the column being sometimes impelled by starts
towards the nerve, and then again becoming stationary. In the move-
ments, it sometimes happened that the portions empty of blood remained
as before between the full portions; and that only their respective
positions on the retina were changed. As a rule, however, the blood was
driven from the full portions into the empty interspaces, so that the
difference between the two was diminished, and the interruption of the
blood-column became less evident. Gradually, however, the blood again
collected itself into determinate portions of the vessel, so that the former
appearance was restored. The whole shape and course of the vein varied
during this phenomenon. The appearance was most evident in a part
situated about 3" from the boundary of the papilla, where there was often
a very sudden propulsion of the blood towards the optic nerve, up to a
certain limit, beyond which the vessel remained completely or nearly
empty. The part of the vein lying on the papilla itself remained, as a
rule, perfectly empty, unless when a strong impulse drove the blood
through it completely to its point of exit. By very careful observation,
the same circulation could be traced to the middle zone of the retina.

A week later the neighbourhood of the macula lutea was no longer
normal. The central region of the retina had thrown out a turbid film over
the subjacent choroid, which film increased more and more in thickness,
and appeared at last as a completely opaque greyish-white infiltration.
The immediate neighbourhood of the foramen centrale appeared, in the
middle of the infiltration, as an intense cherry-red spot, of about one-
fourth of the diameter of the papilla. The limit of the diseased and
degenerated portion of the retina was not defined in all directions, but
appeared to fade imperceptibly into the surrounding healthy parts. From
the neighbourhood of the cherry-red spot that indicated the foramen, the
infiltration increased in density on all sides, and attained its greatest
intensity at the margin of an oval figure, the longer horizontal diameter
of which somewhat overpast the papilla. From this margin the infiltration
gradually diminished in a direction outwards. The neighbourhood of the
nerve, on the outer side, was only in a slight degree diseased; and on
the other side of the papilla, towards the nose, the retina was perfectly
normal. In more exact examination the opaque portion appeared dotted
over with numerous whitish points and granules, which were assumed,
from analogy, to consist of aggregations of granular cells.

In another case, observed by Liebreich, of a woman who became
suddenly blind, the ophthalmoscopic appearances were as follows:—
Upon the papilla, that was partially covered by radiating, white, strongly
reflecting fibres, the arteries appeared perfectly empty, and the veins
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nearly so. By following the veins to the periphery, they were observed
to increase in thickness, and in their fine divisions to be even more full
than in the normal state, especially in the neighbourhood of the macula
lutea, where some venous twigs, ordinarily scarcely visible, appeared very
thick and covered by small extravasations. This condition Liebreich had
observed before ; as if the macula lutea, under pathological conditions, did
not remain free from vessels. Near the small extravasations, changes
were visible in the retinal textare, in the form of small, roundish, milk-
white spots in the vicinity of the macula lutea. The arteries were empty,
not only on the papilla, but on the greater part of the surrounding
fundus, so that it was extremely difficult to distinguish them from the red
background. They were easily discernible only in isolated spots, where
small portions were still filled by red plugs, that commonly extended a
short distance into the next ramification.

In consideration of the rarity of such observations, and their value as
contributions to general pathology, and pathological physiology, I subjoin
an account of two other cases of impeded circulation ; the first of which
was seen by Liebreich, in a case of separation of the choroid and retina
from the sclerotic, in two large vessels passing horizontally across the
tumour. “Into these two straight and parallel vessels, the blood was
seen to flow, sometimes quickly, sometimes slowly, and rarely by jerks.
In the upper, a vein, the course was from the periphery towards the
centre, and in the lower, an artery, from the centre towards the periphery.
The movement was recognized by that of the small eylinders of blood
into which the contents of the vessels were divided, and that were
separated by interspaces, smaller in the vein, broader and brighter in the
artery. The appearance could be followed over the whole of the smooth
anterior surface of the tumour, and even farther, since the retina,
forsaking this surface, and no longer smoothly stretched, became wrinkled,
and separated from the choroid by opaque fluid. At this part the vessels
appeared almost black upon the greenish ground, while the still visible
circnlation showed that they were not obliterated. The phenomena were
for a long time visible, but changed from day to day, the artery becoming
smaller and smaller, its separate blood-cylinders shorter, the interspaces
larger, the impulses more slow, until at last it appeared completely empty ;
while in the vein, although the blood-movements were more tardy, and
the cylinders smaller, the flow yet remained perceptible.”

Ed. Jaeger, also, has observed obstructed circulation in the eye of a
man 72 years old, the subject of hemorrhoids; and has given the
following description. * The ocular media were perfectly transparent, the
retina appeared of a medium yellowish red, without visible morbid
change. The optic nerve, slightly pigmented at the circumference and
somewhat yellow-tinted, exhibited slight indications of bluish spots. The
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vascular system of the retina, generally of small development, exhibited,
in the larger trunks more especially, a proportionately small diameter.
The corresponding large arteries and veins were equal in diameter, and
alike in their dark red colour. No double contour was apparent, so that
arteries and veins could only be distinguished by their clearly visible
respectively centripetal and centrifugal circulation. This had not the
appearance of a pulsation, since the walls, especially of the larger vessels,
remained undisturbed, but it was a movement, slower or quicker, uniform
or interrupted, but not rythmical, of an unequally coloured stream of
blood. In the larger vessels, the blood stream exhibited, at distances
of from one-fourth to the whole diameter of the wvessels, intervals of
lighter and darker red ecolouring; which, however, in the movements
of the column, were continually changing, the lighter spaces becoming
smaller and wholly disappearing, to be formed anew elsewhere. The
movement of the blood appeared in such places uniform, but extremely
sluggish. In the vessels of medium size the movement was quicker, and
often for ashort time pulsatile ; the light intervals were of a paler red, and,
as well as the dark portions, of a greater comparative length, being from twice
to four times the diameter of the comtaining vessel. In the finest twigs
visible upon the optic nerve, the movement of the blood was most rapid,
and, at the same time, most disturbed. The extremely delicate stream
of blood would be suddenly interrupted, the dark red part of the blood
would disappear, and the little vessel, scarcely discernible upon its bright
background, would seem to have assumed the tint of the optie disk. Then,
in interrupted course, a shorter or longer column of blood would pass
through the vessel, followed at greater or less intervals by a larger or
smaller mass of blood globules, so that the observer almost appeared to
see single globules, and then suddenly the vessel would be filled in its
whole course with dark red blood, the portions of which seemed rather
to roll through than to flow quietly. This circulation, which in arteries
and veins of like calibre was of equal rapidity, diminished by degrees, and
remained here and there suspended for longer periods, until, at the end
of twenty-four hours, it was wholly obstructed. The retina generally had
then assumed a somewhat darker red; and the diameter of all the vessels
was visibly increased. The smallest were distended with blood, unless
when a lighter portion or an interruption of the dark red column was
perceptible, and were proportionately the most enlarged. " The vessels of
medium size showed here and there a short break in their colouring,
to the extent of from half to twice their diameter. The chief trunks were
for a considerable extent uniformly filled by red blood. On the other
hand, the more faintly-coloured portions of the vessels, of equal intensity
of colour to that of the background, were from twice to four times their
natural diameter. Their walls, which were clearly visible, exhibited no
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diminution of calibre. It appeared as if the blood globules had at parts
crowded themselves more closely together (the blood dividing itself into a
red and into a transparent part), and uniformly filled the vessels. In the
medium sized and smallest vessels not the slightest movement was visible ;
but in the larger, by careful attention for one or two minutes, the lighter
parts might be seen to diminish and disappear, at the same time re-
appearing in another place.”

In the Arch. f. O. (B.8. Abth. 1) two cases of embolia of the art. cent. retinm
are recorded, one by Dr. Blessig of St Petersburg, the other by Dr. Schneller. Both
patients suffered from disease of the aortic valves. In Dr. Blessig's case, the appear-
ance of empty intervals in the veins was observed; but no movements are recorded.
In Dr, Schueller's case, the intervals are not mentioned; and the symptoms and
appearances pointed to the conclusion that the obstruction was only partial. Perception
of light was never wholly destroyed ; and, after a time, a considerable amount of vision
was recovered.

The pathological conditions actunally found in the above desecribed
disorders of the circulation, afford a brilliant testimony to the accuracy of
ophthalmoscopie diagnosis. Von Ammon has repeatedly found dilatation,
both of veins and arteries, at the intra-ocular extremity of the optic nerve.
Such dilatations were either present in distinet spots in the form of
gacculi, or they extended along an entire branch,—the former chiefly in
veins, the latter in arteries. In the former the substance of the vascular
wall was very thin, but in the dilated arteries there was usually an
uniform thickening of all the coats. Narrowing of the vessels, even to
their entire disappearance, was rendered evident by sections. In a medium
state of contraction, usually produced by compression, the calibre of the
divided vessel appeared no longer round, but oblong; and in a more
advanced stage as a small point, in which a strong magnifier would
exhibit the compressed and wrinkled wall of the vessel, when no open
channel was perceptible. Von Ammon also found vessels obstructed by
coagula, that appeared under the microscope as amorphous granules,

both at the lamina cribrosa and in the retinal branches, where their pre-
sence had been already recorded by Virchow.

Tschiemia Retinee.—Under this name Dr. Alfred Grife has described the case of
a little girl, 5% years old, who was found to have become suddenly blind of both eyes
on the morning of the 9th of December, 1860, She had gone to bed in health on the
previons evening,

She was first seen by Dr. Grife on the 15th of December, six days after the
commencement of blindness. She had the aspect of an amaunrotie, and her skin and
mucons membranes were very pale, but she presented no other symptoms of disease
of any kind, excepting that her pulse was very small and rapid, averaging 160 beats
per minute. The eyes showed no sign of inflammatory irritation; the conjuctivie of
the globes were of marble paleness, and the pupils were widely dilated, and immove-
able under the influence of light. There was no inerease of tension.

Ophthalmoscopic examination showed the ocular media to be perfectly clear.
The trunk and branches of the arteria centralis were dwindled to the size of hairs.
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The veing were unusunally winding, and comsiderably, but not uniformly, distended.
In all other respects the appearances were natural. Perception of light was totally
destroyed, and the patient was unconscious of the sun’s rays, concentrated upon the
eye by a 2" convex lens.

Dr. Griife attributed the rapidity of the pulse to the excitement of the child, as
there was no other derangement of the heart’s action. Digitalis was preseribed, but
failed to influence the pulse, and was abandoned, on account of its producing
sickness.

The methods of treatment usually pursned in obscure cases of sudden blindness
—depletion from the temples, blistering of the neck, irritating foot-baths, large doses
of calomel, and mercurial frictions—had been applied without the slightest benefit.
Dr. Grife, however, convineed himself that an experimental application of Heurte-
loup’s leech to both temples produced no effect, either on the ophthalmoseopic image,
the general condition of the eye, or the functional disturbance.

By a process of exclusion that I need not follow in detail, every snecessive
conjecture npon the cause of the disorder was set aside as untenable, until Dr. Griife
felt unable to arrive at any other conclusion than that some unknown condition of
intra-ocular dynamics prevented the admission of blood. The child had been for ten
days without perception of light, and Dr. Grife determined to try the experiment of
iridectomy.

On the 19th of December a broad piece of iris was removed from the upper part
of the right eye, and paracentesis of the anterior chamber was performed npon the
left. In twenty hours after the operation the pupils acted to light, the difference
between light and darkness was perceptible, and the movement of a hand before the
face was recognized. The wvision was limited to the right eye, and the pupillary
movements of the left were only sympathetic. On the next day the right eye saw a
finger at two feet distance, and the left had still no perception of light. Iridectomy
was then performed on the left eye also; and from that time the two improved day
by day at an equal rate. Fifteen days after the second iridectomy the child counld -
count, correctly and easily, with the left eye, small dots at a distanee of one-half
millimetre asunder. The ophthalmoscopic image had become completely normal.
Three months later the child eontinued in possession of perfect vision.

Dr. Grife thinks the disorder must have been due to a diminution of the proper

tension of the arterial walls, and to a failure of the circulation from comsequent
wasting of the viz a fergo.

II. THE EETINA.
I. HYPEREMIA OF THE RETINA.

The characteristic indication of hyperaeemia of the retina is :—

Increased vascular development and vascular redness in the district
of the central vessels. This condition, at the beginning of the affection,
is often very difficult to determine, the limits between physiological and
pathological reduess being undefined. For example, the degree of redness
shown by the ophthalmoscope may be perfectly normal in one individual,
while in another the same degree only exists in consequence of morbid
processes. In all cases therefore it is desirable, when possible, to examine
both eyes together; but even this precantion will not always be sufficient,
and it may be only after the occurrence of farther changes, or even of
hemorrhages, that the existence of congestion is first recognized.

The redness, more or less deep, appears either in single places or over
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the whole field, as an effect of the development of numerous fine capillaries,
winding one about another immediately upon the chief trunks, and
appearing either as fine dots or stippling on the nerve disk (central
hypera@mia), or spread over the whole fundus (peripheral hyperemia).
The latter appears finely granulated and uniformly red, also in consequence
of the development of fine capillaries between the retinal vessels, capillaries
that thickly cover the whole surface with a net or lattice work, and that
are often accompanied by small cechymoses or reddish patehes.

The arterial or venous character of the disturbance of the circulation
declares itself, according to Stellwag, with more or less of certainty.
In hyper@mia of a sthenic character, such as readily follows any actual
irritation, the congestion occurs chiefly in the arteries, and commonly
extends to their finest branchlets. Patches, and even large tracts of the
fundus, are rendered almost uniformly bright red by a fine and close
vascular network, that gradually becomes less dense at their margins, and
is resolved into trunks that are in evident union with the chief branches
of the arteria centralis. By their bright redness, and by the gradual en-
largement, at their margins, of the meshes of the vasenlar net, such hyper-
@mic spots are easily distinguished from patches of effused blood that are
sometimes present, and that are darker and perfectly uniform in colour,
with margins evidently obscured by reddish or yellowish tints. When,
on the other hand, the hypersemia has been caused by venous obstruction,
the congestion is chiefly evident in the venous trunks, recognizable by
their dark colour and large calibre. The injected patches already de-
scribed will be wanting, and the vascular network will remain of its usual
coarseness. Moreover, in such cases, the congestion is commonly spread
uniformly over the whole retina, and extravasations of blood are also
widely scattered, but maintain each a narrow boundary, so that the
retina appears tiger striped. Lastly, pulsation of the vessels is often
visible.

I introduce here the description of certain morbid appearances in the
fundus oculi, that, under the name of mechanical hyperseemia, have a wide
pathological signification. They owe their origin to extra-ocular influences,
and appear to be usually the result of intra-cranial processes. Coecius was
the first to describe disease of the retina consequent upon morbid growths
(tumours) at the base of the skull. He was followed by Sichel, and
especially by von Grife and Schneller, who gave the following account
of the ophthalmoscopic appearances in extra-ocular amblyopia and
amaurosis. The first stage visible in diseases of the orbital textures or
of the brain is that above described (p. 134), as turgescence of the veins
with a normal condition of the arteries. The retinal vessels are thicker
than is natural, diminish less quickly towards the periphery, and become
winding. The sectional surface of their curves is usually perpendicular
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to the surface of the retina, seldom oblique, and still more rarely parallel,
Each primary curvature requires a compensating second curvature; but
the first, upon the nerve disk, is by far the strongest. The venous pulse
is absent; the arteries are normal ; and the choroidal vessels are somewhat
enlarged, winding, and more clearly visible than usual.

The second stage is characterised by large retinal veins, eurving in
prominent bends, and by normally situated retinal arteries; the vessels
appearing dimmed or obscured, like dark threads seen through tissue
paper. In the deeper parts of the curves the obscurity is greater; but
neither in the deepest layers of the retina, nor upon the nerve disk, does
it ever totally conceal the vessels. The thickening and turbidity are
chiefly present in the vicinity of the disk, and diminish circumferentially,
but extend chiefly in the course of the larger vessels, The neighbourhood
of the macula lutea appears scarcely turbid ; and at a distance from the
nerve disk of two and a half times its diameter the cloud markedly
diminishes. It has a bright greyish colour, and is never so pronounced
as in Bright’s disease affecting the retina, or in retinitis. The second
stage is further characterised by retinal heemorrhages, both superficial and
deepseated, and proceeding from larger and smaller veins and eapillaries;
by loss of choroidal pigment and by tumefaction of the membrane, with
thickening and tortuosity of its vessels; by loss of sight that bears no pro-
portion to the retinal changes ; by contraction of the field of vision; and
by symptoms of brain disease manifested through other organs. In the
third stage the vessels and the turbidity of the retina remain unaltered,
except that the arteries appear somewhat smaller; if the pupil had con-
tracted under light hitherto, that action ceases; the blood effused in the
second stage is often absorbed, or more frequently becomes a eentre
of fatty degeneration, a manifest step towards farther atrophy of the
tissues, that declares itself by small, dull-white, sparsely-scattered patches,
that Schneller, after von Guife, considers to be portions of modified
retina.

In a fourth stage the atrophy proceeds farther, and involves both the
retina and the choroid. The curves of the retinal veins diminish in length
and in height, the veins themselves become thinner, and are more difficult
to follow into the deeper layers than in the earlier stages. The arteries
are less conspicuous than normally, the retina more opaque, especially
near the nerve, but less thick than hefore, and marked by scattered small
brown spots, the remains of hemorrhages, as well as oceasionally, near
the larger veins, by yellow patches of fat, ranging from the size of a lentil
to that of a pea, and also by the white flecks already described. The
boundaries of the nerve disk are more distinet than at an earlier period,
but are not perfectly clear.  There is seldom any excavation, since the
atrophy of the choroid depresses the textures surrounding the nerve
almost to the level of the lamina cribrosa.
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Von Griife, who agrees generally with the foregoing deseription,
found, in the cases that he examined, the papilla very considerably
although irregularly tumefied. It was abruptly elevated on one side, and
on the other sloped down gradually to the level of the neighbouring parts.
Its naturally transparent substance exhibited a grey turbidity, with a
strong admixture of red, like that of the surrounding retina, so that the
choroidal margin of the nerve was completely obliterated. The turbidity
was generally diffuse, and in the erect image had usually a striated
appearance, following the distribution of the fibrille.

While von Griife, from these appearances, was led to diagnose the
existence of inflammation of the optic nerve and the surrounding parts
of the retina, occasioning hypertrophy of the interstitial connecting tissue,
and degeneration and destruction of the nervous element, he agreed with
Schneller in the opinion that the cause of the phenomena was a mechanical
hyperemia, produced by pressure upon the cavernous sinus, and by the
consequent obstruction to the circulation in the common outlets of the
blood. These outlets are the veins of the orbit and of the floor of the
skull. The central veins of the retina, and the choroidal veins, discharge
their blood chiefly by the ophthalmie vein, through the superior orbital
fissure, into the cavernous sinus, which, after union with the sinus of the
opposite side, rests upon the body of the sphenoid bone, and terminates
in the internal jugular vein. A small outlet for the internal ocular veins
is afforded by the v. ophthalmica facialis, which, however, is not sufficient
for all the blood from the choroid. Obstruction of the veins at the back
of the orbit, or of the cavernous sinus, or even of the internal jugular,
produces, therefore, necessarily, a stagnation of blood in the veins of the
retina and the choroid. The veins of the orbit proceeding from the retina
and the choroid may most easily be compressed, either close behind the
eye, or at their passage through the superior orbital fissure, or in their
course from thence over the base of the skull. Tumours, or inflammatory
processes with induration, may at these places very well compress all the
veins, and may also disable the optic nerve in its course close to them.
Obstruction of the more remote veins, as of the sinus cavernosus, may be
produced by coagula, meningeal inflammation and its consequences, indura-
tions, and so forth; or by tumours of the base of the skull near the superior
orbital fissure, at the side of the body of the sphenoid bone, or near the upper
lateral parts of the clivas, as well as by all processes that augment the total
bulk of the brain. General hyperzemia, effusions, and so forth, may both
compress at once the cavernous sinus and its outlets, and may also influence
the optie nerve lying in the immediate vieinity, It is, therefore, intelligible
that they should produce the hyperiemia of the retina and choroid
described as oceurring in the second stage, and also the turbidity and
tumefaction of the retina and optic nerve from servus infiltration, an
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@dema, the result of simple mechanical congestion. Post-mortem ex-
amination has shown the correctness of the inference, since in von
Griife’s cases there were tumours in the right cerebral hemisphere; while
the same or similar phenomena oceurring in connection with other causes
of pressure about the base of the brain, have shown that the combination
of retinal with cerebral symptoms possesses a not unimportant significance
in the study of nervous diseases.

II. INFLAMMATION OF THE RETINA.

Every inflammation of the retina, whether primary, or secondary to
inflammation of contiguous parts, must necessarily disturb the nutrition
of the membrane, and produce changes in the transparency, thickness,
and density of its texture, by which an ophthalmoscopic diagnosis is
rendered possible. It may readily be inferred, and is confirmed by
experience, that the chronic forms of retinitis and their results are, almost
alone, the objects of such diagnosis. In the rarely occurring acute in-
flammation the ophthalmoscope either affords no infurmation; or, since
in the early stages the effused product will consist of a transparent serosity
that scarcely disperses light, the image of the fundus will be the same as
in simple hyper®mia.

Since, therefore, the inflammations to be described are chiefly chronie,
it is not a matter of surprise that the mneighbouring membranes should
more or less participate in the disease; or that their participation, and the
exudations they afford, should modify the ophthalmoscopic image.

It is therefore necessary, before entering upon a description of retinal
inflammation, to refer to certain general considerations with regard—I1st,
to the different exudations in the retina, their diagnosis, peculiarities, and
results ; and, 2nd, to the influence of the choroid upon the image of the
retina in diseases.

Serous Ewxudation ((Edema of the Retina of Desmarres)—The pre-
sence of serous effusion in the retina and optic nerve has not only been
suspected on theoretical grounds, but has lately been proved by anatomical
investigations. Its existence can, however, only be shown by the ophthal-
moscope, when the serum is present in sufficient quantity to produce
separation of the retina. Desmarres, who considers retinal cedema a very
common disease, easily diagnoscd with the ophthalmoscope, and produced
by disturbances in the retinal circulation, as chemosis is by disturbances
in the conjunctival, gives as its symptoms a certain pallor of the fundus,
together with a bright yellow (according to Schneller, pale green) reflection
in the neighbourhood of the papilla. If these appearances coincide with
extreme amblyopia, for which no other peripheral cause is discernible, the
presence of serous effusion may be suspected.
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About three years ago, by the kindness of my then colleagme, Mr. Stephenson,
my attention was called to a young woman under his care, in whom the existence of
retinal serous effusion was unquestionable, although it had not absolutely detached
any portion of the membrane. Mufatis mutandis, the appearance was like that of
slight chemosis in an anwemic subject. The patient, a domestic servant, found herself
nearly blind on awaking in the morning, and I saw her a few hours afterwards. The
treatment, based on the ophthalmoscopic diagnosis, was followed by speedy and com-
plete recovery.

Extravasations of Blood.—These are chiefly found in the inner layers
of the retina, the elements of which they separate, but seldom destroy.
In many cases, they penetrate the loose texture of the membrane, as far
as the granular or even the bacillary layer, or pass between this and the
choroid. Schweigger has convinced himself that retinal hmmorrhages
have more tendency to penetrate outwards, towards the choroid, than
inwards, to the vitreous body; and he believes this tendency to rest on the
anatomical ground, that the arrangement of the basic connecting tissue
of the retina favours cleavage in a perpendicular direction. Extensive
separations of the retina are not produced by hwemorrhage, apparently
because bleeding from the fine vessels is not attended by sufficient pressure
to produce absorption of the vitreous body. Perforation towards within is
less common than towards without, on aceount of the stronger formation
of the inner layers, and the greater resistance of the membrana limitans;
but such cases do oceur, and one published by Esmarch was apparently of
this kind. Von Griife limits the oecurrence of retinal perforation from
choroidal heemorrhage to the anterior portions of the membrane, near to
the ora serrata.

According to Schneller, four kinds of blood-spots may be distin-
guished. First, punctiform spots, round, ranging from the size of a pin’s
point to that of a pin’s head, scattered over the retina, chiefly in a zone
surrounding the optic disk and about twice its diameter, and so superficial
that they appear to be situated almost in front of the retina. The second
kind are very narrow, slit-shaped, in the erect image about 1—14" long
and " broad. The third kind are larger, about }" long, and equally
broad, or broader; and irregularly elliptical or semi-elliptical in outline.
The last kind are large irregular patches, from the size of a split pea nearly
to that of a silver threepence. They are usunally found beside a vein, with
the greater part of the spot on one side of it, and a very small part on
the other.

A zone of the retina, defined by the second and third divisions of the
veins, appears to be the most frequent seat of hmmorrhages. All four
kinds are sometimes found together in the same eye, and sometimes only
two of them. The punctiform hwmorrhage is the most rare, the second
and fourth kinds are the most frequent.

On account of their more or less superficial position in the usually

L
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turbid membrane, blood-spots sometimes appear to possess some elevation.
They are known as belonging to the retina by their position near its
vessels, and they are distinguished from dark-brown pigment spots by
their brighter or darker tint of red.

As to their results, they sometimes disappear almost entirely. They
first appear fringed or indented at their margins, and gradunally break up
into assemblages of scattered points, that continually assnme a darker
colour. TFinally, they pass through the appearance of a fine shade, as of
charcoal dust upon paper, into the normal aspect of the retina. The
small spots disappear in the same way as the large, and the time required
for their absorption is very variable—perhaps about four weeks or more—
while sometimes new effusions are seen near those that are passing away.
Sometimes the blood-spots undergo changes of colour. These changes
mostly commence in the middle of the spot, which becomes of a bright
yellow. In time, this yellow overspreads, and even exceeds, the original
territory of the extravasation; and it indicates that the spots consist
chiefly of fat. In other cases, the heemorrhagic patches become the seat of
dark spots, in the form of larger or smaller islets, that appear to be formed
from the remains of incompletely absorbed blood-corpuscles, changed into
a kind of black pigment. Lastly, may be observed sometimes the small,
dull, white, scattered patches already mentioned, and described by von
Grife and Schneller as portions of indurated retina.

In pathologico-anatomieal observations Virchow found these spots
precisely analogous to the hmmorrhagic points seen in the substance of
the brain, and consisting in the centre entirely of a cohering assemblage
of free blood-corpuscles. “ The corpuscles within the mass may be either
completely unchanged, or partly studded with fine granules. In the
interior of these red masses, as well as at their circumference, may be
seen fat corpuscles and conglomerate granules, that are either collected
into firmly-cohering masses, or sometimes appear united into a net-
work. The retinal elements themselves, in this eondition, appeared either
wholly unchanged, or the granular layer and the ganglion cells somewhat
opaque—the latter, although not enlarged, presenting a more granular
and yellowish aspect than natural ; over which the bacillary layer was not
easily discernible. Also, the capillaries of the retinal vessels, which
often form an interwoven net, showed changes both in their walls and in
their channels ; the former, in retained permeability of the vessels, being
sometimes thickly set with fat granules, the latter occluded by capillary
obstructions (embolia).”

Plastic Exudations.—The plastic exudations in the retina are charac-
terized ophthalmoscopically by the presence of a turbid film, more or less
uniform aecording to the amount of effusion, presenting a whitish-grey,
greyish-red, or dirty greyish-vellow colour, and chiefly occurring in the
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neighbourhood of the papilla and of the macula lutea. In parts they may
appear as granules, greyish-white, whitish-yellow, or reddish-grey, ranging
from extreme minuteness to the size of a millet-seed or more, sometimes
scattered, sometimes collected together in groups that coalesce to form
larger patches. In other parts they are seen as white or whitish-yellow, or
dirty greyish-yellow flecks, sometimes glistening with fat, and having very
irregular, indistinet, punctated, or indented margins.

The following indications serve to ﬂlstmn‘umh between retinal and
choroidal effusions :—

For effusions beneath the retina, between it and the choroid, the
erect image affords, in normal and far-sighted eyes, the best method of
examination. The choroidal effusions are usually circumseribed, and rarely
form a continuously extended layer. The uninterrupted continuity of the
retinal capillaries, which, against the white background, are more clearly
seen than in the normal eye, is sufficient to show that such effusions are
sub-retinal, even when they are of considerable extent. The diagnosis is
frequently confirmed by the presence of pigment spots in the retina, which
lie in the same plane with its vessels, and therefore in front of the effusion.

The capillaries are also available for the deteymination of the precise
position of effusions in the retina itself; since the vessels are either
concealed by such effusions, or remain visible in front of them. The capil-
laries require attention in the diagnosis of pigmented effusions and simple
pigmentation beneath the retina; since pigment is sometimes present in
the turbid membrane itself. If the masses, in the latter case, appear some-
what obscured, it may -yet be determined, by observation of the vessels
which pass beneath or through them, that they are actually situated in the
retina,

The diagnosis of thin, slightly turbid retinal effusions is often difficult,
since they are gradually lost in the healthy portions around. The observer
must be chiefly guided by the effect of the effusion in damping the red of
the subjacent choroid. It is easy, however, to mistake the deeper red of
the parts free from effusion for rust-coloured retinal turbidity ; as the
retina, in bright illumination, exhibits its own aspect more clearly than is
usual, and the reddish transpicuity of the choroid is, in many eyes, very
like the appearance that bright rust-colouration of the retina will produce.
It is possible, therefore, to err by inverting the conditions actually present,
and to mistake the turbid spots for intensely illuminated portions of
healthy retina, and the transparent parts for patches of rusty opacity. The
opposite error may also be committed : rusty patches being mistaken for
healthy retina, and the healthy retina adjacent to them for the seat of
interstitial turbidity. (Coceius.)

Another error, against which it is necessary to gnard, may arise in
cases in which considerable retinal infiltration surrounds a portion,

L 2
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commonly the neighbonrhood of the macula lutea, that retains its normal
aspect, and that may, by the comparative intensity of its red, be mistaken
for a h@morrhagic spot. This appearance, as Liebreich has shown, is
entirely an effect of contrast. The limited infiltrated region conceals the
choroidal colour, which, in the part free from infiltration, remains clearly
apparent. The latter also appears absolutely more wvivid, since the
pigment near the macula lutea is physiologically more abundant than
elsewhere, and its tint against the turbid white retina is extremely
conspicuous,

In anatomical examinations have been found chiefly granular cells
of roundish or irregular outline, sometimes with a cell wall and one or two
nuclei rendered turbid by fat, and mostly situated in the granular layer.
They have been present in great numbers, partly scattered, partly aggre-
gated in voluminous clusters, and are resistent, strongly opalescent bodies,
very insensitive to re-agents, and in appearance sometimes irregular, some-
times resembling ganglion cells, possessing a similar contour, with
processes, and containing in the centre a dark opalescent body like a
nucleus. There has also been hypertrophy of the basic connecting tissue,
with molecular turbidity and fatty degeneration, such as always attend
saturation of the tissue and separation of its elements by a coagulable
homogeneous fluid. The nerve elements are often unchanged, often
thickened, fatty, and turbid.

Purulent Exudations.—If ophthalmoscopic examination be possible,
the retina and papilla in their greatest, or even their entire extent, will
at the commencement appear in a very striking manner discoloured,
vellowish-white, turbid, and somewhat hyperemic. Afterwards, they
become wholly opaque, of a pus-yellow, dotted by effused blood, swollen,
and considerably increased in thickness, friable, and partly converted into
a purulent mass. The vessels are almost entirely covered by the products
of inflammation, by which many arteries appear to be filled and even
distended. In most cases, however, these appearances are not visible;
since it is most usnal for the ocular media to participate in the disease, and
for their turbidity to conceal the retina.

The difference between the aspects of the retinal exudations is
heightened by the influence of the choroid, and by the degree of its
visibility between the vessels and the effusions. This influence is natarally
inereased, when the choroid itself becomes involved, sooner or later, in
the morbid processes. 1If the retina be rendered turbid by commencing
effusion, the whole fundus will appear as if covered by a slight cloud ; and,
in this condition, the choroid exerts very little influence upon the general
picture, and ouly shimmers in uncertain colours and outlines through the
mist. If, in the progress of the disease, or in consequence of fatty
degeneration, the retina entirely loses its transparency, then the influence
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of the choroid upon the ophthalmoscopic image ceases. In course of
time, and by diminution of the effused matters through absorption, some
of the affected parts become less dense, are distinguishable from the rest
of the fundus by clondy margins, and allow the structures behind them to
become by degrees more and more apparent. Under such conditions the
choroid may again be seen, and will modify the aspect of the fundus
materially, being usually itself far advanced in atrophy. Its patches of
pigmentary débris are distinguished from spots of colouring matter on the
retina by their more considerable size, the irregularity of their aspect, and
especially by the fact that they are often impressed by the outlines of the
arborescent ramifications of the choroidal vessels. Such patches present a
bluish-grey colour when the débris of pigment are dark brown or black ;
and a dirty greyish-yellow or greyish-brown when the choroid is covered
by a more scanty pigmentation. Where the choroidal pigment has
entirely disappeared, the sclerotic will be seen in its white or whitish-
vellow colour, and may be confounded with yellow or white effusions ;
but the patches being bounded by scattered punctiform brown or hlack
fizures, indicative of atrophied choroid, would allow their true character
to be determined ; especially when they are partly covered by the portions
of retina that are still opaque. Morcover, in the thin crape-like portions
of retina, clouded or indented patches are still covered by filamentous
exudations. These strongly reflect white light, and present a very re-
markable tendinous lustre, so as to afford a striking contrast to those
parts of the fundus in which fatty infiltration of the retina is present,
or in which the atrophied choroid is seen through the gauzy retina; or,
lastly, where the choroid is almost devoid of pigment, and where the
sclerotic is almost universally visible. The sclerotic, in such cases,
reflects much white light, and presents irregularly-bounded white or
whitish-grey flecks; but it has not the tendinous lustre of retinal
effusions, in consequence of being covered by turbid membraves. 1t is
always dull and opaque ; and plainly displays its deeper position behind
the remains of the light-reflecting portions of the retina and choroid.
(Stellwag.)

1. RETI¥ITIS SIMPLEX.

The symptoms rendered visible by the ophthalmoscope are chiefly—

a. Turbidity of the Retina.—In trifling effusions, the appearance of
turbidity is often only as if the fundus returned less light than usual, or
as if it were feebly illuminated by the mirror. The colour is duller, fawn-
tinted yellowish-brown, the choroidal margin of the papilla indistinet,
the papilla itself turbid. The proof of this econdition is sometimes very
difficult, and only possible in a certain direction of the incident light, and
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by exact estimation of the functional disturbance. In higher degrees
of effusion the retina appears as a more or less uniformly clouded, whitish,
whitish-yellow, or whitish-grey layer, covering the choroid like a veil, and
finally becoming wholly opaque, and uniformly yellowish-grey or dirty
grevish-white. If the effusion be irregular, the aspect of the retina will be.
diversified by spots of different forms, sizes, and colours. In many cases
there are only a few larger and smaller spots of translucent grey, or
opaque dirty greyish-vellow, scattered over the retina; and in other cases
they especially surround the papilla, that appears itself as a spot whiter and
more opaque than the rest.

b. Aspect of the Nerve Disk.—This is characterized partly by the
colouring produced by the already described pathological injection and
effusion within its boundary, and partly by alterations of its margin.
With regard to colour, the papilla, especially towards its periphery,
assumes a light reddish-yellow; while in the middle its white tint is
longer preserved. In consequence of a numerous development of capil-
laries, the disk often presents a finely stippled or striped redness that
gradually acquires a dirty tint. The obscuration of the margin is equally
important, and occurs partly through the dense capillary injection that
almost always covers some portion, and partly from simple or pigmented
opacity of the immediate vicinity, from which causes the shape of the disk
may appear transversely oval, or even wholly irregular.

¢. Aspect of the Cenfral Vessels—These assume in a most striking
manner the appearance already described as turgescence of the veins with
a normal condition of the arteries.

In many cases the ophthalmoscope will also show associated pheno-
mena; such as extravasations of blood, either clearly visible around the
veins, or deeper and seemingly covered by turbidity; pulsation of the
central vein; hypersemia or inflammation of the choroid with its con-
sequences, increased redness, variously coloured spots, destruction of
pigment, pigment masses, sub-retinal ecchymosis, and opacities of the
vitreous body.

If the disease undergzo resolution, the vessels first return to a more
normal aspect, the effusions diminish, the texture of the retina brightens,
its redness and the reflection of its turbidity disappear, the margin of the
papilla becomes clear, and the visual power is gradually restored.

2. RETINITIS APOPLECTICA.
(Lichreick’s Atlas, Plate viii.)

As characteristics of this disorder, it is necessary to observe :—

a. The Entrance of the Optic Nerve—This loses its defined margin
and normal outline, and appears as a reddish disk, which often differs so
little from the surrounding fundus, that it can only be recognized as the
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point of union and origin of the central vessels. The fundus appears dark
red, reflecting little light, and showing a delicate spoke-like radiation of
streaks from the centre towards the periphery. The optie nerve loses its
transpareney, and therefore the vessels cannot be followed into its deeper
parts, but disappear as soon as they reach the papilla.

b. The Aspect of the Central Vessels.—The vessels themselves undergo
peculiar changes, the veins show the turgescence already described, are
irregalarly dilated, have sharp spiral curvatures, that lie alternately deeper
and more superficial; while the parts most enlarged, and nearest the
surface, show their dark red colour very clearly, and the intermediate
parts are concealed. The arteries, on the contrary, deviate in no respect
from their natural courses, but appear very thin and pale, so that often it
is difficult to recognize them on the nerve disk, The chief cause of this
appearance is—

¢. The Colour of the Relinal Substance; since this is the only
condition in which the retina itself becomes actually reddened, on account
of the effused blood, which, resting between the bundles of nerve-fibres,
increases the appearance of striation. Liebreich has sometimes had
opportunities of exhibiting this condition by sections. The fine, red
striation appears chiefly on the optic nerve, and the neighbouring parts of
the retina, that have more capillaries than large vessels ; while the blood
effused along the latter shows itself in larger, roundish, dark red spots,
that sometimes conceal the veins, and sometimes lie by the side of them,
which is an important element in the diagnosis between retinal and
choroidal heemorrhage.

The effusion of blood is rarely so considerable as to make the whole
retina to its utmost limits appear of one uniform dark red. In more
cases, especially in aged people, Liebreich found the spots apparently
large, and so numerous, connected together, and dark, that a small light
interstice could only here and there be observed, and the trunk of an
occasional retinal vessel seen with difficulty. Moreover, he states that it
18 only in cases between the most trivial and the most severe, that the
characteristic appearance of the vessels, the undefined margin of the disk,
the peculiar fine striation, and the small red spots, can be perceived ;—
these being all intermediate steps in the disease.

It is interesting to observe with the ophthalmoscope the resolution,
and the frequently sudden metamorphoses, that occur in this affection.

The fine red striation first disappears, and the larger red spots lose
their uniformity, and become marked with brighter yellowish lines and
dots, which afterwards increase in clearness and extent, until at last they
wholly occupy the places of the red. The optic nerve shows a less
uniform striation, and elear portions with bundles of streaks proceeding
towards different sides. Soon afterwards the yellow specks themselves
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disappear, and the nerve again exhibits a defined margin and visible arteries.
At last, there is only to be observed slight fulness of the vessels, a peculiar
dull white colour of the nerve-disk, and here and there a dark blood-gpot
that still resists absorption. In other less fortunate cases the original
changes may proceed even to carcinomatous degeneration and atrophy
of the retina;—fatty degeneration of the retina being a very common
termination.

3. RETINITIS PIGMENTOSA.
(Liebreich’s Atlas, Plate v1.)

(Pigmentary degeneration of the veling ; pigmented, or liger-slriped, retina.)

The funectional derangements attending pigmentary degeneration of
the retina are, according to von Griale, so characteristic, that, as a rule,
the ophthalmoscopic appearances may be predicted with certainty. The
most marked symptoms are, in the first period of the disease, the
occurrence of night blindness, and of concentric narrowing of the field
of vision. It is especially remarkable that, while the field of vision is
contracted, central vision may remain a long time unimpaired, so that
persons whose visual field is narrowed to an opening of 10° or 15° or
less, may still be able to read fine type. This is of importance in the
differential diagnosis from cerebral amaurosis, in which, as a rule, con-
siderable narrowing of the field of sight is attended by marked impairment
of the central vision. In amaurosis with excavation of the optic nerve,
zood central vision is sometimes found together with advanced contraction
of the field; but the contraction, according to von Griife, is not con-
centric, but slit-shaped, with the fixing point of sight lying near the
inner margin of the slit. The pigmentary disease is not always hereditary;
but it is so in many cases.

The objective signs are as follows:—Between the optic nerve and
the equator of the eye are seen irregular lines and figures, distinguishable
by their deep black colour from the choroidal pigment. Their forms are
very variable and irregular, from simple thin lines to oval spots with
fine thin projections, giving the retina a tiger-striped appearance, and
often so thickly distributed that the whole fundus appears black.

Their varying numbers in different cases bear little relation to age,
or to the development of the disease, but depend, according to Liebreich,
upon trivial collateral circumstances, for example, upon the general
pigmentation of the individual; while their influence upon sight depends
chiefly upon the extent and the position of the parts of the retina
involved. In general, the disease is so arranged in concentric circles,
that either the optic nerve, or the macula lutea, or most frequently a point
near the latter, is their centre. The outer margin is irregular, the inner
approaches the centre as the discase progresses.
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In this disease, Donders observes that the optic nerve appears
small and irregular, often oval or even triangular, not sharply defined.
The vessels appear obscured, and eannot be deeply followed. As
the disease progresses they become narrower, and are at last wholly
obliterated, so as to resemble yellowish-white strings. In almost all
cases there occur choroidal complications, such as thickening of the
lamina elastica and atrophy of the pigment-layer.

With regard to the essential character of the disease, Donders
believes that it depends upon an idiopathic development of black
pigment granules in the retina, but that no precise account of the cause
or manner of this development can be given. The pigment granules
are situated chiefly or exclusively upon the vessels; and, by greater
accumulation about the ramifications and anastomoses, produce the
appearance of a network of branching corpuscles. Junge, on the
contrary, entertains the opinion, based upon the dissection of two eyes
affected by the disease, that a spontanecous development of pigment
ought not to be assumed. He explained the condition he found (which
corresponded perfectly with the ordinary conception of the tiger-striped
retina), in the first case by peculiar changes in the retinal vessels, con-
sisting of a condensation of their walls, which he deseribed as “ vitrifica-
tion,” with subsequent atrophy. In the second case he regarded the
retinal changes as results of three different pathological conditions ;—a
retinitis dependent upon choroiditis, atrophy of the optic nerve, and
atheroma of the retinal vessels connected with the general vascular
degeneration. Lastly, Schweiggzer, who has also had opportunities of
dissection In two cases, attributes the disease to an exudation on the
inner surface of the choroid, with secondary infiltration of the retina,
atrophy of its proper nerve element, and of the optic nerve. He considers
the presence of pigment to be only accidental; and believes that a
similar process may be carried on without its formation, and that the
disease then bears, both in its functional and ophthalmoescopie characters,
a deceptive resemblance to cerebral amaurosis.

According to Pilz, the disease is in every case combined with
atrophy of the retina, that may be recognized at the papilla nervi optici ;
and he has discovered it, with the ophthalmoscope, in young persons in
whom there was no retinitis. He has seen it supervene without any of
the appearances of inflammation; and thinks it certain that the develop-
ment of pigment occurs chiefly around the vessels, and without bearing
the least resemblance to the reddish black spots or flecks of retinal
atrophy. “The deposits form such a characteristic network, that, as
Donders observes, anyone who had once seen it clearly with the
ophthalmoscope, would recognize it with certainty in an anatomical
preparation. The white patches of atrophy are also wanting, and the
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chronic course of the affection is so marked that certain subjectivé
symptoms (intra-ocular pressure, &c.) must be regarded as complications
of a co-existing irritation or inflammation, rather than as causes of the
principal disease. Its course, moreover, is so gradual that Donders has
truly remarked that, in most cases, there 1s an interval of twenty years
or more between the occurrence of the first symptoms and the final
extinetion of sight.”

Stellwag regarded the disorder as only one variety of the many forms
of chronic inflammation of the retina.

Liebreich is of opinion that the subjects of this disease, in about half the cases
of its occurrence, are the offspring of marriages of consanguinity.

4, RETINITIS ALBUMINURICA.
(Liebreick’s Atlas, Plate ix., Figs. 1 § 2.)
(Fatty degenevation ; fatty metamorphosis of the refina.)

The appearances visible with the ophthalmoscope are thus described
by Liebreich :—

At the commencement of the disease there is retinal hyperemia; the
veins appear distended and winding; and, according to their deeper or
more prominent position, will vary in colour and distinetness of outline ;
being now dark red and clearly defined, now concealed by clouded retinal
tissue. By the escape of blood, partly i fine radiating streaks between
the nerve-fibres, partly iu larger oval or roundish spots, the cloudiness
rapidly inereases, and conceals the thinner aud straighter arteries almost
completely, so that they can only be perceived with difficulty upon the
dark red ground. The papilla also becomes obscured, deprived of its
contour and its former characters, and appcars of a dull reddish colour,
striated, and opaque. In different parts of the fundus, at some distance
from the nerve, appear single small white points, and larger, oval or
ronndish, bright, milk-white, somewhat elevated patches.

The appearances now become characteristic of Bright’s disease. The
bright spots increase in number and magnitude, and coalesce to form a
broad band that surrounds the optic nerve. Between the two, remains
a greyish portion of retina, against which the almost equally grey nerve-
entrance can scarcely be distinguished. This greyish portion appears
regularly cireular, and has a diameter twice or thrice that of the papilla.
At its periphery commences the elevated, thick milk-white band of
eranular cells, bounded externally by sharply-defined but irregular longer
or shorter curves or points, and extended chiefly in the course of the
larger vessels, so that the breadth of the whole zone differs, at different
places, from twice to four times the diameter of the nerve-disk, At
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length, but not always, the band will include the macula lutea, in the
neighbourhood of which the retinal changes present a very characteristic
aspect. The granule cells in this part appear from the first not as large
white spots, coaleseing to form an uniform band, but as groups of white
points, sprinkled in peculiar radiating lines, while the centre of the macula
Intea appears dark red, in contrast to the bright white in its vicinity. In
more advanced stages the grouping characteristic of the neighbourhood of
the macula becomes concealed by the increasing development of granule
cells; the points become larger and larger, and ultimately confluent.

The vessels still appear much as at the beginning of the disease, except
that they are partly buried by its increase. In great part, however, they
follow the elevation of the surface.

The retina can only remain a limited time in this condition, and great
changes in its appearance occur suddenly. First small ecchymoses, and
then more considerable heemorrhages, cover the deposits of fat, and convert
the surface into an uniform dark red; and sometimes the retina becomes
detached.

As regards the share of the choroid in this process, Liebreich observed
towards the periphery, roundish, angular, or-irregular spots, partly
brighter, partly darker, than the surrounding fundus, and apparently due
to changes in the choroidal epithelinm. Upon these spots, moreover,
there appeared in places an uniform thin film, as if formed by a clear
effusion. In one ease Liebreich observed the gradual increrse of this film,
and a small separation of the retina thereby induced. He has also found
choroidal changes present in the more central parts, and only concealed
from view by the diseased retina; so that, as the retinal changes disappeared,
those of the subjacent membrane became visible.

In dissecting eyes that had suffered in this manner, Schweigger found
two chief kinds of disorder—alterations in the nerve elements, and in the
eonnecting tissue ; the former being the source of the functional disturb-
ance, and the latter of the ophthalmoscopic changes. The alterations
in the connecting tissue consisted chiefly of hypertrophy and fatty
degeneration, and sometimes of sclerosis. There was also a plentiful
development of fine vessels in the papilla, with heemorrhagic effusions and
coagula, the latter appearing partly as compact firm masses, partly as thick
coils of clot-fibrine. The changes in the retinal nerve elements were
due to thickening of the individual fibrillze, and were distinct from the
thickening produced by serous tumefaction. There were also changes in
the choroid and the vitreous body.

Nagel thus expresses the general results of his observations :—Fatty
metamorphosis of the retina is a final stage of chronic parenchymatous
retinitis. The structural changes produced are not limited to individual
layers, but pervade them all. They cousist of disturbances of the circulation,
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especially of punetiform hemorrhages, of the deposit of amorphous
fibrinous effusions, and of fatty changes of the interstitial connect.-
ing tissue, as well of the central as of the basic membrane (Miiller’s
fibres and network), with increase of nuclei, transformation of eells, and
their retrogression into fatty granule cells. In the advance of the disease
the nerve elements of the retina degenerate, and exhibit fatty dis-
integration of the bacillary layer, degeneration of the gauglion cells,
and varicose hypertrophy of the fibrillie. The chronic inflammation
and fatty metamorphosis of the retina that so frequently attend upon
Bright’s disease are apparently due to imperfect depuration of the blood
by the disordered kidneys; and a similar influence is often exerted
upon the nervous centres, The retinal apoplexies are not to be regarded
as the early stage of the agglomerations of granule cells, and usually stand
in no necessary relation with them. Such apoplexies are common to all
forms of retinal hypersemia and inflammation, and are to be considered
as symptoms of these conditions, due to the anatomieal arrangement of
the vessels.

The nature of the causal connection of the retinal disease with that
of the kidneys or heart is still an open question; but it should be
remarked that a similar or identical disease of the retina is seen in
connection with diabetes mellitus, hippuria, benzuria, oxaluria, and
so forth; as well as, partially, during pregnancy and lactation, and in
syphilis.

Licbreich remarks, with regard to this disorder, that it is only seen in connection
with Bright's discase ; and that, although the retinal elements may be affected in a
similar manner in other pathological conditions, the peculiar grouping and localization
of the changes above described are pathognomonic, and allow the kidney disease to
be diagnosed with perfect certainty by the use of the ophthalmoscope alone. He states
that in syphilitic retinitis the white appearance of the dizeased membrane is highly
irregular in outline, and less marked in degree, beasing some resemblance to a partial
pathological exaggeration of the ordinary aspect of the retina in a darkly-pigmented
eye. In Bright's discase, moreover, the hsemorrhages are always in the most internal
retinal layer, and the blood effused is ranged along between the fibrillse, giving a
striated appearance to the spots, in a direction corresponding to that of the fibrilla
themselves; whilst the numerous ecchymoses of syphilitic retinitis are found in all
the layers of the retina, as well as in front of, or behind, the whole thickness of the
membrane,

Licbreichalso distinguishes a form of retinitis that he attributes to spleniclencaemia,
and that is marked by a peculiar clear, light, almost rose-colour of the vessels and the
ecchymoses, by pallor of the optic disk, which is surrounded by turbid and striated
retina, and by the presence of numercus small brilliant roundish white spots, resembling
those seen in Bright's disease, but differing from them in being peripheral. These varions
forms of disease are extremely well illustrated in the “ Atlas of Ophthalmoseopy,™
and the student will do well to compare and carefully study the respective figures.

Liebreich holds that idiopathic affections of the choroid are common, but that
idiopathic affections of the retina are extremely rare. He considers the diseases of
the latter membrane to be almost always due to eonstitutional dyscrasia or blood-
poisoning ; and, chiefly, to the three forms of it that are mentioned above. He also
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ealls attention to the fact that, while very eonspicuous changes in the retina may be
attended by shght disturbance of vision, alterations nplzn.l,n:-nth- trifling, in the choroid,
nsually greatly impair, or even destroy, the sight. He believes that the diseases of the
retina, producing obvious alterations in the ophthalmoscopic image, are chiefly seated

m the connecting tissue of the membrane; and, moreover, that the nerve fibrillae,
even when much changed in aspect, may still retain their functional integrity., On
the other hand, the most trifling alterations in the bacillary layer, such as must arise
from very small changes in the contignous most internal lamella of the choroid, appear
to be sufficient to produce very great “disturbance of sight.

There are, perhaps, few matters of more practical importance than a knowledge
of the appearances that may be considered trustworthy indications of syphilitic
internal ophthalmia; and it is impossible to take too much care in the scrutiny of
every eye in which syphilitic disease is known to have existed. The eases in which it
is only suspected are often extremely doubtful.

9. INFLAMMATORY SOFTENING OF THE RETINA

Presents, according to Pilz, the following ophthalmoscopie appearances :—

The retina, either attached to the choroid or separated from it,
exhibits, in greater or less extent, a remarkably bright, yellowish-white
appearance, like a thick exudation layer, with sharp, here and there
indented, radiating outlines, strongly marked against the neighbouring
fundus, and sometimes extending to the nerve, which then presents
an ecchymosed and finely red-sprinkled appearance, under which the
central vessels may be more or less completely concealed. The position
of these patches always corresponds to that of the retina, and they may
project somewhat above its normal plane. Upon the portions invaded by
the patches no retinal vessels can be seen, although they may be visible
in the neighbouring parts of the fundus. The final termination of the
disease 1s always atrophy of the retina, followed, after a time, by atrophy
of the optic nerve. The papilla gradually loses its red-sprinkled appear-
ance, and assumes a white shining aspect, in which only traces of the
central vessels can be seen.

According to Pilz, inflammatory softening of the retina may super-
vene upon inflammation of the choroid with exudations from the vasa
vorticosa, or upon extensive fibrinous effusion in capillary choroiditis, and
simultaneous separation of the retina, with or without corneal perforation,
and with or without subsequent shrinking of the globe. It therefore
forms part of the changes in phthisis bulbi. Its diagnosis during life is
of course only possible, when the ocular media are still transparent.

III. CHANGES OF POSITION OF THE RETINA.
1. SEPARATION OF THE RETINA FROM THE CHOROID,
(Licbreick’s Atlas, Plate vii., Figs. 1 & 2))
This oceurs in all degrees, from the least to the greatest. In the
former it has the appearance of a bladder-like prominence, the'size of a
pea; in greater degrees as a larger bladder, extending over a fourth or
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one-half of the retina; and in the greatest degree the whole retina is
separated from the choroid.

As subjective phenomena, von Griife enumerates the following :—There
appears, without pain, in the upper part of the field of vision, an apparently
sharply-defined dark cloud ; and objects appear, especially upon its margin,
but in many cases also over the whole field, curved, or interrupted, or obligue.
The dark cloud extends itself chiefly towards below, and in a great number
of cases has a blood-red colour, which in a few days becomes yellow, and
then wholly disappears; althongh sometimes the original colonr will remain.
If the central part of the retinal field remain intact, the sight may still be
moderately good; but, as soon as the retina around the optic nerve is
implicated in the separation, vision will fail. If the upper limit of the
detached portion border on the nerve, the sight may vary considerably.
In such cases, if the neighbourhood of the macula lutea be intact, there
may be good vision in the centre of the field, even though the part of the
retina immediately below the nerve be already detached. DBut in most of
such cases, since the upper limit of the detachment is wont to be nearly
horizontal, either the macula lutea is at first implicated, or it and the
neighbouring parts are involved in secondary changes, so that eentral
vision is impaired, and the patient is compelled, when the diseased
eye is used, to direct its axis, not upon the object looked at, but
obliquely upwards (Hemiopia). It is also very common in these cases
to find diminished perception of light towards below and outwards,
depending either upon extension of the separation to both sides of the
nerve, or upon the increase of secondary changes. Von Griife observed
cases in which the retina was detached beneath the nerve, and on both
sides of it, as far as to the upper part, but in which a certain portion
immediately above the nerve remained attached. There was still a feeble
visual power towards below, which was lost as soon as the separation
extended itself all round the nerve, although at a greater distance the
retina remained attached, and showed an apparently normal texture.

The objective symptoms vary much in different cases. It is common
to all, that the retinal vessels present a changed appearance in the inverted
image, appearing much bent, and deviating from their normal direction.
If the observer make slight lateral movements of the convex lens, he will
remark that the parts of the vessels that project towards him show, in
relation to this or that side, considerable changes of place, since they are
no longer parallel to the seclerotie, but floating in front of it upon a
curved and moveable wave-shaped surface.

Upon the colour of the detached portion, the retina itself, as in
the normal state, has very small influence. It depends more upon the
character of the effusion poured out between the retina and the choroid.
If this effusion be clear and transparent, the colour of the detached
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portion will not differ remarkably from that of the rest of the fundus. If
it be opaque, the detached portion may vary from light bluish-grey to
dark bluish-green, according to the colour of the fundus and the degree of
folding of the loose retina. Upon the upper surfaces or summits of the
folds there is often a lustre like that of dirty satin.

The best insight into these conditions is obtained, according to
Liebreich, by the study of cases in which the contents of the retinal sac
are not homogeneous, but consist partly of clear fluid, partly of solid and
opague coagula. These coagula remain, when the retina is partially
replaced by absorption of the fluid, as bluish-white streaks between the
retina and the choroid, extending sometimes over a large portion of the
fundus, and affording the means of determining the condition that
preceded them. If in such a case the observer fix upon some point of the
retina (e. g. a vessel), that is situated on the line of demarcation between
transparent and opaque substance, he may, by moving his head, and
altering his line of sight, bring this retinal point to rest upon each part
in turn. In this way he will perceive that it is not the retina that affords
the dark grey or greemish colour; and he will also easily isolate for
inspection the retinal substance itself. If light be concentrated exactly
upon the spot to be examined, by forming there an inverted and diminished
image of the lamp-flame, and if this spot be then inspected in the erect
image with a weak magnifier, the bundles of fibrillze will be visible as fine
streaks, having extremely fine points (granule cells) behind them. Only
in rare cases is the retina so thickened and folded that it appears opaque
and greyish white, or yellowish; and that the effeet upon its colour of
the fluid behind it becomes inconsiderable.

The circulation in the detached portions continues entirely normal,
even in cases of long standing—thosg being excepted in which Bright’s
disease or other complications may be present. Liebreich states, however,
that the vessels undergo changes, partly in their course, and partly in their
colonr. Constrained to follow the retina in all its folds and movements,
they deviate more or less suddenly from their accustomed course, and
wave about, rising and falling before the observer. It thus happens that
they are visible sometimes in their whole extent, and sometimes appear
interrupted ; that a vascular trunk may vanish suddenly, as if eut off,
while on the other side are seen twigs belonging to no apparent stem,
In colour the vessels appear as dark red, or even ocecasionally as black
streaks, a colour depending on the tint of the separated retina, as may be
seen in cases in which the appearance of the detached portions is not
uniform, but partly transparent and partly opaque. On such a ground
the vessels appear darker, the darker it is itself; and on the trgnsparent
portions they often do not deviate from their natural hue. This only
applies, however, when the retinal substance is itself sufficiently trans-
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parent; for, if it be very turbid, the vessels will on this account appear
dark.

If the retina be detached in its entire extent, its form will resemble
that of a funnel, the ora serrafa corresponding to the wide opening, and
the nerve-entrance to the narrow one; or, according to Coccius, the cup
of a flower (a convolvulus blossom, Arlt), and will be more or less pointed
at the optic nerve. Coccins once saw the lower and outer part of the
nerve torn ; and resembling a gaping, conieal slit in a cloth.

In order to perceive the movements of the retina in the vitreous body,
the patient must be directed to make short to and fro movements of the eye.
The retinal motion is often small, and its extent must depend partly upon
the extent of the disorganization of the vitreous, partly upon the degree
of the distention of the sclerotic by effusions, just as the movements of a
solid body in a distended bladder are shorter than in one that is less tense,

In respect of the part of the retina most frequently detached, it
may be observed, that, in the greatest number of cases, the inferior half
suffers. Towards the upper part, the limit between detached and normal
retina is apparently sharply drawn by a straight or slightly curved line,
either horizontal, or oblique from within outwards. If the separation
extend further, the line of demarcation proceeds, even to the optic nerve,
and rises, chiefly on the outside, but somewhat on both sides, to the upper
part, until by degrees the whole retina becomes detached, excepting the
upper and inner portion, where, even in complete separation at the
peripheral margin (ora serrata), a portion is commonly found adherent,
with its inferior limit external to the field of view. Separation of
the outer half alone is very seldom found; of the upper half alone,
still less frequently; and in old ecases scarcely ever, unless caused
by eysticercus tele cellulose. In a very few perfectly fresh cases,
von Griife has been enabled to establish the existence of detachment
of the upper part of the retina; and hence it is believed that, although
nearly all cases of detached retina come under observation with the
inferior part affected, it is still by no means certain that the separation
first took place there. It is even a fact that in many cases, possibly
in most, the separation first occurs elsewhere, and afterwards extends
downwards ; and, in a certain degree, assumes in that direction a constant
form. This change of place appears to be certainly due to gravitation of
the sub-retinal fluid to the deepest parts. If the retina, after recent
separation, be again applied to its attachments, the questionable or incom-
plete detachment may be restored; but in old cases this is probably
impossible. Complete transparency of the separated parts seems to be,
for such reunion, a coaditio sine qua non. In such disappearance of
retinal detachment at its original seat, with restoration of the portion of
the visual field that first was lost, and improvement of the central vision,
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it is never permissible to anticipate an actual recovery, or to indulge in
a favourable prognosis, since, sooner or later, the development of the
ordinary form of retinal separation is to be expected.

The complications most commonly to be recognized with the ophthal-
moscope are :—partial retinitis in the neighbourhood of the separated
portions, shown by the development of very delicate, infinitely fine vascular
anastomoses, forming insular spots ; by fine, granular, whitish, or reddish-
white exudations; circumscribed h@morrhages; and by opacities in the
vitreous body. 1If, in the elevated portion of retina, there be scattered col-
lections of pigment, extravasations, or crystals of cholesterine, these will
impart, in movements of the eye, a very striking and peculiar appearance.
There will be complicated changes of position between the different objects,
as in a kaleidoscope. 1If the globe be fixed, these changes diminish and
cease; and the separate objects resume their original relative positions. By
this circumstance, morbid products attached to the retina may be dis-
tinguished from like products that are only suspended in the vitreous.
The latter, after floating about, gradually subside, and have no definite or
proper locality.

Separation may be produced by various causes:—either by serous (7)
effusion between the retina and the choroid, or (according to von Griife)
by perforating wounds of the sclerotic, or (according to H. Miiller) by
traction from before. Von Griife has repeatedly seen large, apparently
widely-gaping, perforating wounds of the sclerotic in the neighbourhood
of the equator, with moderate loss of vitreous humour. The healing pro-
ceeded favourably, without the least inflammatory reaction ; and the vision,
althongh certainly not perfect, during the first weeks remained little
impaired. At the period of cieatrization there first oceurred a charac-
teristic drawing-in of the sclerotic; and, at the same time, a sudden
diminution of vision, contraction of the field in the parts concerned, and
lastly, the ophthalmoscopic discovery of a retinal separation, commencing
from the neighbourhood of the wounded equatorial portion. Separation
of the retina by traction is ascribed by Miiller to the contraction of
exudations in the vitreous, and in the neizhbourhood of the ciliary body.

Separation of the retina is not a very uncommon result of smart blows upon the
supra-orbital ridge, or other parts adjacent to the eye. T have seen one very well-
marked case, in which it followed a puncture made into the eye by a surgeon, in the
neighbourhood of the ciliary musecle, with the idea of relieving simple myopia by the
so-called intra-ocular myotomy. I may also mention that, while these pages have
been passing throngh the press, T have seen two quite recent cases—one apparently
spontaneous, and the other the result of a blow—in both of which the separation had
befallen the upper portion of the retina.

2. SEPARATION OF THE RETINA AND CHOROID FROM THE SCLEROTICA.
/
(Liebreich's Atlas, Plate vil,, Fig. 4.)
This very rare condition has hitherto been observed by Liebreich

only. It appears as a smooth, circumscribed, reddish-yellow, spherical
M
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tumour, projecting into the vitreous body, and having the retinal vessels
continued over it without deviation. As in simple retinal separation,
these vessels can be seen from a greater distance than usual in the erect
image. The pupil, during movements of the eye, appears sometimes of
its normal reddish luminosity, sometimes of a yellowish tint and slightly
furrowed by the clearly defined vessels, according as the normal or the
projecting portions of the fundus come into view. The chief symptoms
of the condition are, the absence of folding and wave-like movement ; the
red colour in spite of the opacity of the tumour; and, above all, the
possibility of seeing the choroid, although feebly, through the retina,
in contact with which it rests, giving, according to its colour, different
appearances to the fundus. In a woman with blonde hair and blue eyes
Liebreich saw the choroidal vessels in clear outline. In her, at the angle
formed by the choroidal projection with the neighbouring parts of the
fundus, the retina itself was also detached from the choroid; and it was
possible, in movements of her head, to see clearly the slow changes of
place of the retinal vessels and extravasations in relation to the choroid,
and also the light colour of the retina as it appears in simple separation
with transparent contents. A separation of the retina and choroid, on
account of its peculiar colour, size, and attached position, might be
mistaken for a malignant tumour ; until the irido-choroiditis, that, in the
former, sooner or later oceurs, had produced atrophy of the globe.
Separation of the retina may occar also from—

J. TUMOURS IN THE INTERIOR OF THE EYE.
(Cerebriform Fungus of the Retina, Beer's Cal's Eye Amanrosis.)

The development of a malignant tumour in the interior of the eye
cannot be distinguished, at the beginning of the disease, from simple
separation of the retina; but if the affection be farther advanced, and
the degenerated and often golden-yellow coloured retina pushed in front
of the focal point of the refracting media, then examination by lateral
illumination is preferable to ophthalmoscopy, and is attended with no
difficulty. According to von Griife, the presence of a tumour behind the
retinal separation may be suspected, when, coincidently with considerable
detachment, there are signs of increasing intraocular pressure. Such
signs are,—ciliary neurosis, and hardness of the globe manifest to the
touch ; especially thie latter, as in simple separation the eye usually feels
somewhat softened. Moreover, there may be paralysis of the iris, dis-
placement of the iris forwards, anmsthesia of the cornea, &c. &e.

4. CYSTICERCUS CELLULOS.E,
(Lielreich's Atlas, Plate vii., Figs. 5 and 6.)
Although earlier observers were aware of the occurrence of cysticerei
and other parasites within the human eye, in consequence of their
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occasional appearance in the anterior parts, it was reserved for our own
time, with the aid of the ophthalmoscope, to discover their presence at
the fundus. Since von Griife and Liebreich made the first exact obser-
vations upon this subject, the number of cases has greatly increased; but
they all present, under ophthalmoescopic examination, more or less the
following symptoms :—

The parasite is found, at least in the first periods of its development,
constantly inclosed in a turbid membrane, which in some cases is con-
nected by its greatest breadth with the retina, and seems a continuation
of it, since vessels from the retina are continued over it. It appears,
therefore, as if the retina were split in the direction of its thickness, and
the parasite situate in the pouch thus produced. In other cases, the
more prolonged envelope has cylindrical processes at one or both of its
ends, and turns one of them towards the fundus oculi, to be either
lost to sight in the deeper structures, or visibly united by fibres or
membranes to the retina or the optic nerve. The anterior extremity of the
sheath is sometimes free, and sometimes terminates in a bundle of
transparent fibres, which reach to the posterior surface of the crystalline
lens, and appear to be attached there. They are compared by Stellwag
to the threads formed in fibrous transformation of the vitreous body.

In proportion to the number and situation of its points of attachment,
the mobility of the sheath within the eye may be either very small or
very considerable; so that, in the latter case, the parasite may travel
over the whole extent of the posterior chamber of the eye. Under
such cireumstances, the vitreous body must necessarily have become
fluid.

The colour of the sheath is greyish-white, which may be changed
to bluish or greenish by the transmission through its translucent wall
of light reflected from the fundus. At oue or the other side the head
of the parasite will be visible as a white knot-like appendix, remarkable
both by its comparative opacity and by its colour, as well as by variations
in its extension, and by changes of its position with regard to the
containing vesicle. The details of its formation are of course concealed
by the turbidity of the sheath, which also forbids a direct view of the
transparent body of the parasite. This, however, is indicated by the
expansions and contractions of the vesicle, and especially by a cup-like
retraction of its surface that communicates a wave of movement to the
surrounding portion, and, in complete stillness of the eyeball, frequently
modifies the spherical form of the vesicular body.

In time, however, the investing membrane becomes broken down or
torn, and a portion of the vesicle projects, like a bladder-shaped appendix
fixed in the sheath, and as if surrounded at its neck. This projection
consists of the head and neck, that, no longer confined, move about freely,

M2
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and are characterized not only by the details of their outline, but by
their peculiar expansion and retraction, like the movements of a proboscis.
The vessels that traversed the investing membrane gradually disappear,
or appear only as very fine lines; and, as the worm advances more and
more, the opening in the sheath enlarges, until at last the sheath dis-
integrates into a system of opaque shreds, that float at the fundus of
the eye, and partly cover the liberated parasite. (Stellwag.)

The functional disturbance consists chiefly in the diminution of the
field of vision, in which the patient sees a round black pateh. The sight
steadily diminishes as the retinal separation increases, and the prognosis
is always unfavourable, '

IV. ATROPHY OF THE RETINA.

This melancholy termination of the most different of the deeper
diseases of the internal eye is various in its extent, involving greater or
lesser portions of the retina, or even the whole of it; as, for example, in
large choroidal effusions, when there may be no trace left of the retina but
a few fibres of connecting tissue, proceeding from the simultaneously
atrophied optic nerve, and radiating until lost in the choroidal effusion.

Atrophy of the retina is characterized by conversion of its texture
into a fine, molecular, more or less clearly striated mass, or into true
connecting tissue. Imbedded in this structure, and chiefly near the
modified, degenerated, or atheromatous vessels, are found the metamor-
phosed remains of inflammatory products, and also, in many cases, masses
of newly-formed cellular elements, which, during the progress of the
inflammation, were often not present, or only in smaller quantity. Among
these, pigment cells are especially prominent, and are sometimes developed
in enormous numbers; which, grouped in larger or smaller masses,
peculiarly modify the ophthalmoscopic and anatomieal appearances.
Cases sometimes are seen in which commencing atrophy coexists with
neighbouring inflammation; the latter declared by the dirty colouring
or greyish-yellow turbidity of the fundus, the concealment of the choroidal
margin of the papilla, and the distension of the veins, with or without
extravasation; the former by the considerable deposition of pigment.
If the atrophy be total, the fundus appears in its whole extent of a dirty
greyish-yellow or greyish-brown, and covered by numerous black or
brown spots, between which the remains of the choroid appear as bluish
spots, or even the dirty white of the selerotic may be visible.

In more advanced atrophy the remains of the retina sometimes
become so thin and transparent, that they can only be recognized with
the ophthalmoscope by the presence of the almost obliterated blood vessels,
The fundus, on account of the visibility of the sclerotic, appears almost
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entively whitish-yellow and shining, but marked by dirty clouds, and by
larger and smaller collections of pigment. The vessels disappear almost
entirely.

Very considerable masses of exndation may sometimes still be recog-
nized, in the atrophied retina, as turbid greyish-white or dirty-greyish
yellow dull patches, with indistinet, irregular, ragged, or insular free
margins; and sometimes with vessels passing through them.

In the majority of cases there is also atrophy of the optie nerve; and
the appearances of the two conditions are combined.

II1. THE CHOROID.

The diseases of the choroid were in a certain degree understood,
prior to the discovery of the ophthalmoscope, by means of the exact and
careful researches of pathological anatomists. It was known that the
choroid, as a richly vascular membrane, was the frequent seat of numerous
morbid changes, that resulted in the impairment or the destruction of
sight. Many forms of amblyopia, of organic amaurcsis, and of such
plastic exudations within the eye as could be seen without optical
assistance, were recognized as the consequences of choroidal disturbance.

Abnormal hardness of the globe, varicosity of the superficial veins,
and a peculiar direction of their course, mydriasis, thinning of the
sclerotic tissue, &ec., were, in a general way, known to be the results of
an acute or chronic choroiditis, sufficient to impair, to increase, or to
diminish the secretion of the internal humours, to disturb vision in
various ways, and to injure the delicate tissues of the retina and of the
hyaloid membrane. Tt was also known that choroidal ossification and
posterior staphyloma were the last stages of chronic inflammatory pro-
cesses. DBut the direet and immediate examination of the choroid, as of
the retina, was then impossible; and the observer was unable to follow
the intermediate stages and steps of diseased action from its earliest to its
latest phases, to estimate their tendencies, or to connect them with the
corresponding functional derangements. The opinions formed upon the
nature, the seat, the extent, and the degree of morbid action were
therefore uncertain and fluctuating; and the disturbances that had their
origin in the choroid were often attributed to the retina, and vice-versi.
That was frequently ascribed to dynamic or nervous change, which has
been shown, by the help of the ophthalmoscope, to depend upon material
or organic processes. Commencing congestion of the choroidal vessels,
partial choroiditis, plastic effusions, heemorrhages with their conseeuntive
opacities of the vitreous body, more or less extensive atrophy from the
deposition of different matters in the texture of the membrane—all these
things, prior to the discovery of the ophthalmoscope, were not only not
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known, but were searcely even suspected. The consequences were, errors
of prognosis; and inefficacy of a treatment that was applied to unknown
conditions,

As a rule, the appearances proper to diseases of the choroid are easily
recognized with the ophthalmoscope ; but sometimes a greater familiarity
with the instrument and a certain degree of experience will be required, in
order to see correctly, and to interpret the appearances that are seen.
The greatest aids for the latter purpose are an exact knowledge of the
anatomical structure of the membrane, and of its physiological conditions
recognizable by the ophthalmoscope. A lighter or darker colour of the
epithelial pigment allows us to see the choroidal vessels, now bright red
with sharp outlines, and now brown red with outlines obscured, or some-
times, in the latter case, conceals them altogether. A greater or less
abundance of pigment in the stroma influences in the most various ways
the aspect of the vascular network. If the stroma be sparingly, or not at
all pigmented, we see the finest ramifications, which cover the fundus as
with an irregular net of narrow meshes; while if the stroma be richly
pigmented, there will be only visible a much more regular network of
larger meshes, with dark interspaces almost free from vessels, In order
to judge, therefore, whether the condition of the choroidal vessels be
healthy or morbid, it is necessary always to consider:—1. The degree of
pigmentation of the stroma; a matter to which the colouring of the skin
and hair of the patient affords a tolerably certain guide. 2. The number,
colour, diameter, and elevation of the vessels upon the plane of the
choroid, as well as their anastomoses. 3. The condition of the papilla and
the retinal vessels, which commonly participate in choroidal changes ; and,
4, The appearance of the sound eye as contrasted with the one that is
diseased.

The visible diseases of the choroid are chiefly inflammatory, and
the inflammations are chiefly chronic. Their most important signs are
furnished by exudations, which therefore deserve particular consideration.

I. HYPERAMIA OF THE CHOROID.

This is a very common affection, occurring to a great number of
people, without any remarkable disturbance of sight. For the reasons
just stated, it is difficult to recognize with the ophthalmoscope; and its
detection is often based upon other grounds, to which especially belong
the ordinary habit of the patient, the sluggish movements of the iris,
and the remarkably long continuance of pupillary dilatation after the
instillation of atropine.

In ophthalmoscopic examination the fundus appears of a dark
uniform red, like a strongly inflamed conjunctiva, and the vessels
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(especially the larger vessels behind the equator) appear strongly
injected, often distorted and irregularly enlarged. While Pilz declares,
that, in the severer forms, he finds the chorio-capillaris developed into
a fine mesh or layer of uniform redness extended over the vessels,
Liebreich states, that “in such affections, even when pathological condi-
tions of that portion were cerlainly present, he had never been able fo
recognize their existence with the ophthalmoscope.”’

II. INFLAMMATION OF THE CHOROID.
(Lielveich's Atlas, Plate iv.)

While in inflammation of the retina the changes produced in the
texture of the membrane are early and clearly visible, and are cha-
racterized by the changes that they impress upon the aspect of the vessels,
the structural changes in the choroid, so long as they are confined to its
deeper layers, and therefore at the commencement, or even in the
moderate development of morbid processes, are almost entirely concealed
by the pigment layer of the stroma. Afterwards, however, in the
ready disturbance of the epithelial pigment, and in its common con-
siderable increase, snch changes are strikingly and definitely expressed.
In other eases, however, in spite of their extent, they may be concealed
from view by the development of secondary conditions, and especially by
turbidity of the ocular media.

Before proceeding to speak of the appearances characteristic of
choroidal inflammation, it is necessary to describe generally the various
forms of exudation.

Serous Eaudations—Transparent serous effusions, that interpene-
trate the stroma itself, produce very little effect upon the ophthalmo-
scopic image of the fundus; but, if the effusion be in considerable bulk,
it will eause, according to its extent, either partial or total separation of
the retina from the choroid, in the way already explained. The colour
will be infinitely various, according to that of the effusion, its quality,
amount, and the admixture of blood corpuscles it may contain; and it
needs only to mention here, that, when the funnel of separated retina
retains a certain degree of transparency, the colour of the subjacent fluids,
often even the reddish tint of the choroid, and sometimes the occurrence
of erystals of cholesterine in the effusion, may be perceived. These appear
as shining white, glittering, spherical, cylindrical, or irregular corpuscles,
which either retain their places upon the retina, or change them in
correspondence with the movements of the eye. If it be necessary to
distingnish between such crystals behind the retina and those in a fluid
vitreous body, the movements of the former erystals behind any single
visible retinal vessel, or, in advanced stages of retinal atrophy, their
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relation to the shaded folds of the diseased membrane, may serve as points
of distinetion.

Blood Extravasations (Hemorrhages).—DBleeding from the choroidal
vessels may occur in various degrees, from small ecchymoses to a considerable
amount ; and is a very common phenomenon, that may often be diagnosed
from the narrative of the patient. This is generally to the effect that,
after headaches, tension and aching of the eye, and momentary weakness
of vision, the sight of the eye affected was suddenly lost, usunally in the
morning at first rising, or after violent efforts, vomiting, &e. In many
cases vision 1s not altogether destroyed, but the patient complains of
suddenly occurring black clouds in the field of sight, that interfere with it
in this or that direction, or conceal portions of the objects looked at.

Small quantities of blood are found in thin layers upon the inner
surface of the choroid, and appear as red spots, that break up under
absorption, become pale, and finally disappear entirely, or leave slight
alterations in the pigment layer. Sometimes the effused blood extends
itself all over the choroid; and the fundus oculi then appears of an
uniform dull deep red (Obscurité de I'wil of Desmarres); in other cases, the
effusion is only partial, and the choroidal vessels can still be perceived
between the red spots. By absorption the red colour passes into yellow,
and the former position of the blood is shown by spots of adirty yellowish-
white, often with a highly pigmented halo, that may be visible after several
years; in rare cases the blood effusion may burst through the retina, and
penetrate the vitreous. Effusions of blood in small quantity, and in dark-
eved persons, are, for a certain time, not conspicuous; especially in slow
inflammation. In order to become acquainted with their appearance,
it is better to produce them in animals, as in brown rabbits, by needle
punctures, than to study the most careful deseriptions; and such experi-
ments have the further advantage of allowing observations to be made at
all periods of the case.

Plastic Exudations,— A transition stage to plastic exudations is
formed by those that remain gelatinous, and, in their increase, produce a
series of most beautiful reflected colours, from silvery-white to shining
golden-yellow. Under favourable positions, the vessels upon the surface
of the projecting retina are perceptible to the naked eye. These phe-
nomena were formerly described under the name of cat’s eye amaurosis.

Actual plastic exudations are sometimes circumsecribed, solitary, and
scattered ; sometimes more extensive, seldom forming uniform layers, and
are found more frequently towards the centre than towards the periphery
of the fundus. A thin exudation layer upon the inner surface of the
choroid appears like the retina, especially when seen upon a dark ground,
as a light grey veil that scarcely conceals the pigment cells. The most solid
exudations between the retina and the choroid are of a whiter colour,
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sometimes yellow, darkly pigmented, and conceal the subjacent textures
partly or completely; so that only here and there, with great difficulty, is
it possible to recognize pigment or a vessel in the white spots.

Peculiar defined exudation masses were discovered in the choroid by
Ed. Jiger, and were shown by microscopic examination to be tuberele,
the occurrence of which has been demonstrated more recently by Manz.
Observed with the ophthalmoscope, these deposits appear as whitish-
yellow, or even deep lemon-yellow, roundish, oval, or irregularly-shaped
thick and solid exudation masses, from the size of a small lentil to that of
the optic disk, or larger, with sharply-defined margins against the sur-
rounding reddish-yellow fundus, with regular or indented edges, and with
spreading surfaces. These tubercles were either isolated or more numerous,
and either scattered or collected together into groups,

Single masses of tubercle appear to be developed without important
inflammatory symptoms; while in other cases there is a considerable
choroidal hyperemia, with extensive striated pigment destruction, in
consequence of serous transudation (wedema). Jiger repeatedly saw
tubercle in combination with choroiditis and retinitis, and with coincident,
more or less extensive, non-tubercular exudation. Single choroidal
tubercles, remote from the macula lutea, appear to exercise no important
influence upon the functions of the retina; but, if the tubercle encroach
upon the macula, vision will be greatly disturbed. In coincident retinitis
and choroiditis the loss of sight will be proportionate to the disease.
In the external parts of the eye affected, those visible to the unaided sight
of the observer, especially when there is no great degree of retinitis or
choroiditis, little or no sign of disease will be apparent.

It is mnecessary to make mention of choroidal melanosis, The
ophthalmoscopic diagnosis of this disease is, at its commencement, very
difficult, on account of its resemblance to the conditions associated with
displacements and partial accumulations of pigment, or with choroidal
apoplexies.  According to Cooper, hemorrhage into the vitreous body
may be mistaken for melanotic cancer, and the more readily, since the
latter sometimes appears to follow injuries,

Purulent Ezudations.—Direct evidence of choroidal suppuration can
only be afforded by the ophthalmoscope in the most exceptional cases,
since the sympathetic disorder of the other membranes and of the refracting
media must always impede the examination by producing opacity.

To proceed now to the actual inflammatory process. It will he
evident, from the foregoing, that the chief ophthalmoscopic question will
be the diagnosis of the form of choroiditis that is predominant, For this
purpose we have chiefly to consider—

1. The Appearances produced by the Exudations.—These are seen as
sharply-defined patches, not elevated, and of the most various ontlines,



170 THE OPHTHALMOSCOPIC APPEARANCES

recognizable by their accumulations of pigment and their peculiar
colour. Their point of origin is commonly either in the neighbour-
hood of the macula lutea, or to the inner side of the optic nerve, and
at some distance apart from it. According to Jiger, they may either
appear immediately at their place of origin, or dispersed at several
isolated points in nearer or farther distance around the macula;
and may spread from thence more uniformly towards the equator of the
eye, following the ramifications of individual choroidal vessels, Their
extension, whether towards one side only, or more uniformly over a great
portion of the fundus, may be explained by their progress from their centre,
or point of origin, the macula lutea. Even the originally more limited and
local forms of peripheral choroiditis commonly follow the ramifications
of the choroidal vessels. In this way the inflammation spreads from the
region of the macula to, or nearly to, the optie disk; and when originally
more peripheral, and therefore situated about the cireumference of the
nerve, it still approaches it gradually, and at last partially or entirely
surrounds it. The margin of the effusion is usually very sharply defined ;
and the choroidal effusions generally, unlike the more cloudy and
indefinite opacities of the retina, follow in their outlines the characteristic
course of the choroidal vessels. Extravasations in the retina exhibit by
their indented contour the radiating course of the nerve fibrillee; but in
the choroid, by their defined margin, usually the course of a large
circumscribing choroidal vessel, the winding course and net-like ramifi-
cations of which are defined by the changes in the pigment layer. The
shape of the patches is sometimes very regular; circular, triangular,
rhomboidal, or the like; but commonly very irregular. The colour differs,
according to the degree of turbidity of the effusion, and according to the
degree of participation of the pigment layer; and may be brighter or
darker, whitish-red, greyish-red, whitish-yellow, or dirty brownish-yellow,
with or without darker clouds and shadings. Frequently the appearance
is of brownish-yellow or brown patches, separated from each other by a
bright network corresponding to the vessels,

2. The Changes in the Pigment Layer.—These, which will be described
more fully hereafter, are almost constant in their occurrence in cases
of long standing, and appear as larger or smaller collections of pigment,
scattered very irregularly within the exudations. Their colour is black,
but they may appear blue, or greenish-grey, when covered to any depth
by very turbid effusion.

3. The Changes of the Optic Nerve.—Reddening of the nerve disk is
almost a constant symptom, even in the early stages of the disease. It is
characterized, according to Jiger, by its greater uniformity and deeper
situation in comparison with the more superficial and striated redness
of retinitis ; and also by its peculiar tint, which is like that given to the
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vitreous body by post-mortem blood staining, or even like blood itself.
It is, therefore, by some attention, generally possible to see clearly the nerve
boundaries against the fundus; while in retinitis, from the extension of
the superficial redness and turbidity over the whole surface, the disk
becomes by degrees completely concealed.

Jiger explains the reddening of the ocular termination of the nerve
in choroiditis, on the ground that deeper portions of the trunk receive the
continuations of fine choroidal vessels, and therefore share in the disturbed
nutrition of the membrane.

In copious effusions, and in severe cases, the retina always hecomes
involved, earlier or later, in the inflammation, and produces modifications
of the ophthalmoscopic image, until turbidity of the media, or iritis and
closed pupil, prevent the possibility of further examinations.

The special forms of inflammation of the choroid are :—the selerotico-
choroiditis posterior, presently to be described as a complication of con-
genital seleral staphyloma with choroiditis; the disseminated choroiditis ;
and glaucoma.

Of the disseminated choroiditis (Forme pointilie de la choroidite
exsudative of Follin, Choroidite tigrée of Desmarres) Liebreich gives the
following description :—

This disease never commences in the parts of the choroid immediately
about the optic nerve, or in a single ecircumseribed spot, but develops
itself simultaneously in more points than one, at some distance from the
papilla, in the form of small, roundish, diffused, or wholly irregular
spots, of brighter colour than the surrounding fundus. Upon these spots
the epithelinm appears faintly pigmented or altogether absent, and the
choroidal vessels allow themselves to be clearly seen, in the beginning even,
with sharper contour and brighter redness than natural, As the disease
progresses, the spots continually become larger and more numerous; they
partly coalesce, and partly separate themselves more and more from the
normal parts; they become paler, and the vessels gradually disappear ;
while dark pigment streaks border the spots, and separate them from
one another, giving to the parts of the choroid attacked a marbled or
variegated appearance. In old cases, and in the highest grade of the
disease, the originally separated spots coalesce, and cover the greater part
or the whole of the fundus with an uniform white surface.

Von Grife considers the affection to be a symptom of secondary
syphilis; but possibly it is only one of the numerous aspects presented
by partial or extended atrophy of the choroid, with wasting of pigment.

With regard to glaucoma, von Griife considers that a simple choroiditis
1s insufficient to explain its occurrence; and Stellwag expresses himself as
follows : —*“ If all the bearings of the case be considered, and all the older
as well as the more recent observations, both with the microscope and the
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ophthalmoscope, be taken into account, it will appear that glancoma
consists essentially of a venous hypermmia, and an inflammatory process
extending to all the internal parts of the eyeball—a process that is followed
by very comsiderable increase of intra-ocular pressure, by early excavation
of the optic nerve, and by a decided tendency to atrophic degeneration
of the interior structures. The conjoint participation of all these internal
structures, especially of the ocular extremity of the optie nerve, is essential
to the idea of glaucoma. The disease is therefore distinct from morhid
processes analogous in kind, but limited to one of the three chief vaseular
systems of the eye—to the uveal, the retinal, or the nerve wvessels,
Glaucoma 1is, therefore, neither a serous choroiditis, nor a hyalitis, nor a
dictyitis, nor an inflammation of the optic nerve; but requires the com-
bination of all these conditions in one and the same eye.”

The most frequent ophthalmoseopie appearances are excavation of
the nerve, choroiditis with preponderating serous effusion, and pulsation
of the arteria centralis retinee, either spontaneous or easily produced by
gentle pressure. Hmmorrhages in the retina and choroid, and turbidity
of the vitreons body and crystalline lens, are frequently seen as
complications.

The pathology of glancoma may be made tolerably clear, if we assume that its
essential phenomena are the venous hypersemia, and the increase of the fluid contents
of the eyeball. The symptoms presented by different cases will then be governed
chiefly, if not entirely, by the rate of inerease of the disease.

The continued existence of excessive intra-ocular tension necessarily produces
compression of the retina, and consequent loss of sight. The whole surface of the
retina suffers; but the peripheral portions earlier than the central. Consequently,
the field of vision becomes gradually contracted; and, although central vision is
always impaired in some degree, it may remain comparatively good up to a late
period of the disease. In the end, however, unless the tension be relieved, total
blindness is the inevitable result,

For some reason that can only be comjectured, but probably either from weak-
ness of the ciliary muscle through interference with its supply of blood, or by the
production of a premature hardness of the lens, the early stages of exalted tension
are usnally attended by rapidly increasing presbyopia. 'Where this symptom presents
itself, a careful examination of the degree of hardness of the globe should never be
omitted.

Moreover, it is not uncommon for the impaired nutrition of the distended eye-
ball to find expression in cataract, as well as in other degenerative internal changes.
It is not difficult to believe, therefore, that a large proportion of the unsuccessful
cataract operations of the pre-ophthalmoscopic period were performed upon eyes the
retinge of which were perishing from compression ; and that most of the cases of so-
called “ amaurosis,” in persons past the middle period of life, were simply instances
of gradunally increasing tension, in which the lens had retained its transparency.

The ocular tunies, like other textures of the body, show a marked tolerance of
pressure that is only very gradually increased ; and a decided intolerance of the same
degree of pressure when suddenly or quickly pmduced While, therefore, in cases of
very gradually increasing tension, the only symptoms may be preshyopia, dimness
of sight, contraction of the field of vision, cupping of the optic disk, pulsation of the
central vessels, and eventual complete blindness, it is much more common to meet with
patients in whom a more rapid rate of inerease is productive of more or less inflam-
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matory reaction. In such cases the dimness of sight is liable to be increased suddenly
for short periods, which may be followed by partial improvement; and it is common
for the exacerbations to be attended by ciliary and orbital neuralgia, by the appear-
ance of coloured fringes around a flame, by congestion and inflammation of the
ocular tunies, and by morbid opacities in the vitreous body. When the increase of
tension is very rapid, the symptoms are correspondingly severe.

The more typical examples of these three gradations of rapidity are called
respectively, simple chronic glancoma, sub-acute glancoma, and acute glancoma.
They possess common characters, depending upon exalted tension; differential cha-
racters, depending upon the rate at which that tension has increased, and upon the
degree of resistance opposed to it by the sclerotic. They fade into one another by
imperceptible degrees, and they are all successfully treated by timely iridectomy.

The ingenuity of ophthalmic surgeons has been taxed to measure and express
the different degrees of tension; but, hitherto, with very little result. The instrument
contrived by v. Grife is painful to the patient, and of small value to the observer;
and the recently invented * Spannungsmesser” of Prof. Donders has not yet been
sufficiently tested for its merits to be known. The simple scale of nine T's, devised
by Mr. Bowman, is open to the objection that there is no standard to which any of
them can be referred. The tension of normal eyes varies within rather distant limits,
and the T —1 of one observer might be the T+ 1 of ancther. It is probable, moreover,
that one retina might endure T 4+ 2 while another would perish under T4+1. Perhaps
the best method is for each surgeon to take his own eye as a standard, and to trust
to practice and a cultivated touch for the general accuracy of his judgments.

The mode of examination is to feel the upper portion of the eyeball, as far under
the orbital margin as possible, with the tips of the twe fore-fingers. The eyelids
should be gently closed, the centres of the finger-tips placed about half an inch apart,
and then, pressure being made with one of them, the other will estimate the degree of
resistance.

III. CHANGES IN THE PIGMENT LAYER AND LAMINA
ELASTICA.

The pathological changes seen in the choroidal pigment (maceration
of pigment) show themselves, according to Jiger, either as partial or
more extensive diminution, or as simple displacement. Diminution, which
necessarily presupposes a loosening of the pigment layer and a destruction
of the cells, is characterized by an irregular or sharply-defined, partial
or more extensive, decrcase or absence of pigment from one part of the
fundus; by changes of the normal colouring; by the visibility of deeper
structures or parts, as well as of deposited pathological formations,
without perceptible accumulations of pigment elsewhere. In displace-
ment, on the contrary, together with partial absence or deficiency,
collections of pigment are found near or about the denuded spots, in
the form of brownish-red, dark-brown, or black stripes and masses.

Such changes in the condition of the pigment are most commonly
caused by effusions and extravasations into the choroid and the retina. If
the diminution of pigment be only obscurely defined, or if it be nearly
co-extensive with the visible fundus, Jiger attributes it to a serous infil-
tration of the textures, produced by slight hyperemia of the choroid or of
the retina. It 1s then limited to the continuous inner (epithelial) layer,
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and allows the deeper membranes to be seen. If it be clearly and sharply
defined, and limited to a loeality (in which case it is commonly united with
displacement), it is occasioned by a thicker and more abundant exndation.
If the effusion which produces the loss of pigment be transparent, or
translucent and slightly coloured, the subjacent textures will be rendered
more or less visible; but if it be opaque and strongly coloured, it conceals
completely the parts upon and among which it is deposited ; and instead
of the loss of pigment being manifest, there is nothing seen but the
effusion, with its own peculiar colour, limitation, situation, and surface.
Even when the pathological product, that has occasioned pigment atrophy,
is itself no longer visible, its nature may usually be discovered, according
to Jiger, by the position, shape, and outline, and other secondary
appearances of the part affected. Thus pigment atrophy produced by
retinal apoplexies, long ago absorbed, is marked by citron-yellow patches,
in which the retinal vessels and the radiation of the nerve fibrille may be
recognized. A deficiency limited to the epithelial layer, with visibility of
the subjacent textures, indicates serous effusion; a sharply-defined
deficiency indicates destruction of the stroma pigment by deeper choroidal
exudation ; a circular deficiency around the nerve disk indicates glancoma;
and one more or less conical, extending from the disk over the fundus,
affords evidence of posterior staphyloma.

In cases of displacement of pigment, in which the retina remains
transparent, the inner surface of the choroid no longer presents a brighter
or darker tint of uniform brown, but is dotted over with brighter spots,
having dark margins, and variegated by dark streaks and points. In
these spots a greyish colour will be visible at points where the pigment is
as much as possible destroyed; and in many cases the grey becomes
decidedly whitish, more or less marbled with brown.

The appearance of choroidal vessels in defined outline, and their
evident visibility, are believed by Pilz to be indications of little value.
These appearances, when present, he attributes to an uniform choroidal
hyperemia; since, in that condition, the vessels sometimes become visible
without any essential change in the pigment, and the degree of hyperemia
will produce various modifications of their colonr. He found, moreover,
that in cases of inercased development (thickening) of the lamina elastica,
the reflecting power of the fundus was so much increased that this cause
alone rendered difficult a clear recognition of the choroidal vessels; while,
on the other hand, these vessels became most conspicuously manifest in
cases in which diminution of vision and simple atrophy of the pigment
epithelium were associated with an increased development of the pigment
lying between the choroidal vessels in the stroma of the membrane.

Pigment changes that are limited to the peripheral portions of the
fundus have little influence upon the sight; but, during their development
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in the centre of vision, the patient usually observes a decrease in the
apparent blackness of printed characters, and a tendency to their
coalescence, sometimes in a horizontal, sometimes in a vertical direction.
Many patients observe that printed letters appear to have a convex sur-
face ; and, eventually, they lose perception of such small objects entirely.
Objective examination disclosed to Coccius a small white spot in the centre
of the macula lutea, produced by destruction of the subjacent pigment,
and sometimes bounded by abnormal pathological pigment collections.

In simple atrophy of the epithelial pigment layer we see dark inter-
spaces, in the form of light brown or greyish-red spots, which become more
and more sharply defined, and assume a darker and darker tint, until they
become deep brown or nearly black, and which separate bright red spaces,
corresponding in shape to the peculiar distribution of the choroidal
vessels, If the pigment of the stroma be very plentiful and dark, both
filling the interspaces and covering the vessels, the latter will appear red-
dish, and the former dark, or even black. If the pigment be plentiful and
dark, but chiefly occupying the interspaces, and scarcely covering the
vessels, the latter will be yellowish or yellowish-red, and the former of a
lighter or darker reddish-brown. Where the stroma pigment is only
moderately dark, and is limited to the interspaces, these will appear of a
light reddish-brown, and the vessels will be more yellow. And lastly, in
cases where atrophy of the pigment layer is attended by atrophy of the
pigment of the stroma, the interspaces present a lighter colour than the
vessels ; so that while the latter are of a dark orange-yellow, the former
will be of a bright light yellow. Such appearances seldom extend over
the whole fundus, and it is usual to find more than one of the above con-
ditions existing in different parts of the same eye.

The lamina elastica undergoes peculiar changes, first described by
Donders as colloid formation of the nuclei of the pigment cells; then by
H. Miiller as thickening of the lamina elastica. This process has, with
few exceptions, been seen only in the eyes of persons of from 70 to 80
years of age; the chief exception being recorded by Liebreich, who
found, in the eyes of an individual of 26, peculiar, only very faintly
marked figures in the choroid, that, in more careful examination, showed
themselves as dark circles, inclosing smaller bright spots. They were
formed of pigment cells, full of granules, collected round others that were
less filled, and were scattered over the whole of the visible choroid. In
section there were found bowl-shaped thickenings of the lamina elastica,
extended equally over a great part of the choroid. These, at their
greatest prominence, had pressed together and destroyed the pigment
cells, and had diminished the pigment in front of them while increasing
that at their circumference.
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IV. COLOBOMA CHOROIDE, VAGINA NERVI OPTICI (ET IRIDIS).
(Lieliveich’s Atlas, Plate xii., Fligs. 4 and 5.)

In almost all cases of this kind examined bv Liebreich, he found, in
different degrees, the same ophthalmoscopic appearances.

An oval white patch, with its upper extremity directed towards, or
even inclosing, the optic nerve, and its inferior extremity approaching
the ciliary processes. Over this patch were seen a few retinal, and some
very slender, abnormally-directed choroidal vessels, that were lost laterally
in the deeply-pigmented margin of the fissure. The optie nerve, when
only just involved in the coloboma, was sharply defined above, but
laterally was only imperfectly distinguishable, by its somewhat more
reddish or greyish colour, from the bluish white sclerotica. Its form was
elliptical, with the long axis horizontal.

The distribution of the vessels of the papilla has been extremely
abnormal ; and the greater number of branches are directed upwards in
curved lines, while only a few slender twigs pass downwards.

Liebreich has repeatedly scen cases in which an oval, indistinctly
defined optic nerve was associated with a defect of the choroid at its lower
aspect, like a posterior staphyloma, and in which he has assumed, from
the vascular configuration characteristic of coloboma, that this arrest of
development was the cause of the appearance.

V. ATROPHY OF THE CHOROID.

The ophthalmoscopic appearances presented by this condition may
be inferred from anatomical considerations. With regard to these
appearances, it is important to observe that the retina, even in normal
transparency and tension, reflects a certain amount of white light,
especially if the cone of rays afforded by the mirror be allowed to fall
obliquely into the eye. In turbidity of the retina the quantity of light
reflected from it inereases, and attains its maximum when the membrane
is uniformly folded. It is self-evident that, at the same time, the
choroidal reflection must be greatly diminished. The data necessary, in
order to estimate the degree of diminution, are afforded by the intensity
of the light reflected from the interspaces between the retinal vessels, and
by the extent of the changes of level of the retina itself. Only where the
retina has entirely perished, can the ophthalmoscopic image of the
fundus be accepted as the simple optical expression of the changes in
the choroid. Absence of the retinal vessels, and their striking changes
of level upon the fundus in nearly normal form of the globe, are the
indications from which sueh a loss of the retina, or of part of it, may be
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inferred. The quantity of blood contained in the choroid, together with
the presence of the pigment layer, cause the normal fundus to reflect
a yellowish-red light; which, in great development of the pigment layer,
becomes more or less intermixed with brown. The unequal distribution
of the pigment upon and in the choroid, is also productive of faintly-
shaded lines, which give to the image some resemblance to watered silk.
Diminution of the pigment to almost entire disappearance, loss of its
colour, destruction of the thick vaseular network, with the exception of
a few trunks, and dwindling even of these, constitute the anatomieal
characters of choroidal atrophy. It is evident, therefore, that the colour
of the light that is reflected from the atrophied parts of the choroid
and from the sclerotic, must deviate in a high degree from the normal
standard. Such parts, in small degrees of atrophy, return yellowish-
red light, in higher degrees, dirty-grey or yellowish-grey, and in the
highest degrees, even dirty-white ; and are, therefore, conspicuous against
the surrounding choroid, that still contains blood, and retains its natural
redness, In wasting of the central portion of the choroid, the limits of
the brightly-yellow reflecting nerve-entrance become obseured ; although
black pigment is often left, around the margin of the posterior choroidal
opening, in the form of an irregular circle, composed of dots and little
masses, This condition i1s not infrequent ; and only represents a special
form of that reticulated or arborescent, striated or patchy aggregation of
black or brown pigment granules, that is so often scattered over the
surface of an atrophied choroid, and separated by heaped or isolated
eranules. The ophthalmoscope exhibits these variously-shaped collections
of dark granular pigment with great clearness. They furnish, in con-
nection with the grey or dirty white reflection from their background,
a pathognomonic indication of choroidal atrophy. Pigment collections,
that are due to metamorphosed extravasations of blood, present neither the
same aspect nor the same colour; and, in the retina, in which accumu-
lations of dark-brown or black pigment may oceur, there are no morbid
conditions, that, even in the most extreme alteration of the ophthal-
moscopic image that they can produce, present the most distant re-
semblance to the condition above described. Tt is evident that any
remaining choroidal vessels, after loss of the pigment that naturally covers
them, will appear against the bright background in clearer outline. Their
course and comparative limitation will distinguish them sufficiently from
those of the retina, (Stellwag.)
IV. THE SCLEROTICA.

™

Within the structure of the sclerotic some small vascular f:t-;rigs form a
kind of wreath of vessels arcund the nerve-entrance. According to the

observations hitherto made by Jiiger, this vascular wreath is not completely
N
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developed in every eve, since the two ciliary vessels that form it, often
ramify in an abnormal way after their entrance into the sclerotic; or are
extremely delicate, and penetrate but a short distance. Frequently one of
them is absent ; and cases are not rare in which both are wanting. If,
however, the sclerotic vascular wreath be fully developed, as is usually the
case, it surrounds the optic nerve closely at birth; and, in the adult, forms
a corona of size corresponding to the enlargement of the globe, and usually
farther distant from the nerve,

I. INFLAMMATION OF THE SCLEROTIC.

It is doubtful whether sclerotitis ever occurs as an original disease;
but it is common as an accompaniment and consequence of inflammations
in the neighbouring more vascular structures. In this place we are only
concerned with the inflammation occurring at the hinder portion of the
eve, and designated sclerotitis posterior by K. Jdgzer, who gives the
following description of it :—

Inflammatory processes in the posterior vascular region of the selerotic
would usually be concealed from ophthalmoscopic observation, were it
not that the portion of the nerve within the sclerotic canal, sometimes
also the immediately surrounding portion of the choroid, and even the
nerve-surface itself, are nourished by the same system of vessels.

In a generally normal condition of the eye this system is very small,
and extends but a short distance beyond the optic disk. But, if the
vessels of the sclerotie pierce that membrane farther than usual from the
nerve, and surround it 1n wide curves; or if there exist an ectasia (staphy-
loma posticum), the territory they supply undergoes a corresponding
extension beyond the papilla. The ophthalmeseopic signs of inflammation
in their region are chiefly a deep redness of the nerve disk, and changes
in the portion of choroid immediately surrounding the papilla—changes
which, at least in their commencement, indicate more or less clearly the
course of the sclerotic vessels.

These changes of texture either develop themselves earliest and most
clearly in the immediate vicinity of the papilla, and form a more or less
broad, bright, variously-coloured or pigmented band, surrounding the
optic nerve either in great part or completely (nerve halo of glaucoma),
and usually broadest either downwards or towards the macula lutea, and
narrowest in the opposite direction; or they appear as single, isolated or
grouped, smaller or larger, differently-coloured patches or bands, of the
most various size, number, and shape, situated at a small distance from
the nerve (upon the curves of the above deseribed sclerotic vessels), and
gradually increasing and coalescing until the disk is nearly or completely
surrounded,

Such patches usually increase eventunally in a peripheral direction
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towards the macula lutea, and the other parts of the fundus; and thus
more or less exceed the boundary of the posterior sclerotic vessels.

In this way the textural changes of sclerotitis posterior, unlike those
of choroiditis, form patches of various size and shape upon the fundus
immediately around the nerve disk, and either remain confined to the
region of the posterior sclerotic vessels, or extend into the choroid in one
or in several directions, always with the nerve disk for a centre. It is
from this extension, especially in the more intense degrees of sclerotitis, that
choroiditis is so often developed, either simultaneously or as an immediate
consequence.

The textural changes of sclerotitis posterior oceur usunally in the same
place and to the same extent as the cone visible with the ophthalmoscope
in posterior staphyloma. It is extremely rare, however, for the two
conditions to group themselves in precisely similar forms,

II. SCLERECTASIA POSTERIOR.

(Licbreich’s Atlas, Plate 1i1.)
(Selevotivo-choroiditis postevior of von Grife. Staphyloma sclerotice posticum of
Searpa, Refrogressive metamorphosis of the filvous tissue of Pilz,
Atrophic choroiditis of Follin.) :

The recognition of this disease, so common as to be the cause of four
hundred and twenty cases of amblyopia in a thousand, is so far easy,
according to von Griife, that the observer has usually to direct his attention
only to the entrance of the optic nerve.

e will there remark a white figure inclosing the onter margin of the
nerve. In the early stages this figure is sickle-shaped, its concave margin
in a certain degree coincident with the margin of the nerve-disk, while its
convex margin looks towards the posterior pole of the eye-ball. As the
disease progresses, the white figure continually increases, so that its outer
border extends farther from the nerve, and the whole patch changes its
sickle-shaped outline in various ways; sometimes extending itself out-
wardly, and assuming the aspect of a horizontal band proceeding from the
papilla ; sometimes spreading apwards and downwards, and appearing as a
white figure of very variable outline surrounding the outer border of the
nerve, and separated from the surrounding fundus by an angular and
indented margin, Lastly, the degeneration may also encircle the inner
side of the nerve-entrance, so that the latter appears as an island inclosed
in a white or sometimes a bright green-coloured surface, the outer part of
which, however, is always more developed and broader than the inner,
The light reflected from the diseased surface exceeds every other ocular
reflex in its intensity, and is much brighter and whiter than that from the
optic nerve ; so that the latter appears comparatively less illuminated, and
of a dull grey or reddish tint.

N 2
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The retinal vessels can be distinguished upon the white diseased surface
more clearly than in the normal state ; and, since the observer can perceive
even the finest branches, it is very easy considerably to over-estimate the
actually existing hyperiemia of the retina. Another error dependent
upon the illomination is that the retinal vessels appear to vanish at the
periphery of the white figure, and to be lost either in the deeper parts of
the textures or in accumulations of pigment, an error depending npon the
fact that the vessels become less evident as they pass over to a darker
background.

The degree of ectasia, according to Liebreich, cannot be correctly
estimated from the size of the bright figure alone. It is necessary to
scrutinize its periphery, and the whole circumference of the nerve. There
is sometimes a very extemsive staphyloma, when, nevertheless, the bright
crescent around the nerve is but narrow. In such cases, upon close
inspection, and by a comparison of the parts immediately beyond the
crescent with the more peripheral portions of the fundus, it may be seen
that, beyond the white figure upon which the choroidal atrophy has already
reached an extreme, or, at least, a very high degree, there is a second
zone, within which the texture of the membrane is much disturbed, and
the pigmentation of the stroma diminished, although not sufficiently so
to give, at first glance, the appearance of atrophy. If the more peripheral
portions be examined and compared with this second zone, the difference
between the two will be easily perceptible—a difference that is sometimes
sharply defined, and sometimes passes away through intervening gradations.
When defined, the boundary sometimes coincides with the course of a
curving choroidal vessel, passing to a vortex near the papilla. The
boundary is more difficult to define, when the epithelial layer is still darkly
pigmented. It is then best to examine by the side of the retinal image of
the flame, by means of transmitted light; and in this way only can be
recognized, in other cases, the commencement of sclerectasia, at a period
when, to ordinary observation, the choroidal texture appears perfectly
normal up to the margin of the nerve. If a bright image of the flame be
cast upon the choroid, the observer sees the parts, that this image illumi-
nates, by reflected light; but the parts lying next to the image, and
also luminous, are seen chiefly by transmitted light, returned from the
structures beneath them., The latter kind of illumination, while the
epithelial pigment-layer remains, is the best for the detection of textural
changes in the stroma. In this way may be discovered a crescent of the
ordinary form, on the outer side of the nerve, covered by stroma already
considerably wasted and deficient in pigment; while the epithelial layer
remains perfect, and, in examination by reflected light, conceals the
subjacent changes,

In the vicinity of the chief fizure may often be seen smaller insular
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white spots, of entirely similar character, but of a less degree of develop-
ment. By their accumulation about its margin, the chief figure assumes
an irregular, notched, or indented appearance. The latter indicates a
rapid progress of the disease; while, on the contrary, a distinct limitation
and pigmentation of the chief figzure show a stationary condition.

*The appearance of the pigment is highly characteristic. In lesser
degrees of development of the white figure the pigment commonly dis-
appears entirely from within its boundary, but collects at its outer margin in
ereater amount than on the surrounding parts of the fundus; so as to
render the belief possible that its collection depended upon its being
pushed onwards by the development of the white figure, around which it
often appears as a bright brown band. In cases of extensive disease there
is usually abnormal pigmentation within the limits of the figure, which
then appears broken by brown and black spots and irregular marks of all
kinds, over which the retinal vessels proceed undisturbed; these marks
being chiefly towards the posterior pole of the globe, and at the
prominences of the angular margin of the white figure.

The retina usually presents no abnormal appearance, although in
isolated cases it is marked by small greyish spots, both over the white
fizure and in other portions of its surface. The choroid, on the con-
trary, is never natural in the neighbourhood of the disease, and at least
presents an abnormal difference between the luminosity of the vessels and
of the intervascular spaces—the former appearing of a brighter red, the
latter darker, bluish, or even violet ; appearances depending upon alterations
in the pigment. The aspect of the choroid becomes still more variegated,
when, as often happens, it becomes the seat of ecchymoses.

Liebreich found the shape of the optic nerve to be oval, in all the cases
in which the atrophied choroid formed a sharply-defined crescent, situated
exclusively upon one side of the papilla, but only seldom in cases in which
the nerve was surrounded on all sides. “ The oval of the papilla deviated
from a eircle sometimes more and sometimes less ; and in one case 1 found,
by micrometric measurement, that the vertical diameter was twice the
length of the horizontal. The extension of the ellipse bears no constant
proportion to the size of the ectasia; so that a very much elongated nerve-
disk may be found with a small ectasia, and vice-versd. The direction of
the greatest diameter appears, however, to be essentially dependent upon
the ectasia; in such a way that it is perpendicular to its chief direction. It
is therefore in the majority of cases vertical, since the ectasia is com-
monly directed horizontally outwards. On the contrary, I have secn the
long diameter of the nerve-disk horizontal, when the crescent was situated
at its lower margin; and, in some few cases, I have seen the disk com-
pletely oblique, its long diameter passing from downwards and inwards
upwards and outwards, while the white figure was at its outer and lower
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side.”” Of this appearance Jiger gives the following explanation :—* In
examining in the erect image an eye rendered short-sighted by a high
degree of staphyloma posticum, and still more in the inverted image, the
ohserver is often led to think the nerve-disk longer and more oval than it
is in reality.

“The reason of this is, that the plane of the nerve-surface is oftensitudted
very obliquely to the axis of the examined eye, especially in those staphylo-
matous ectasize in which the nerve-disk is excentric. The disk, in such a
case, only appears to be long or oval; and would appear more circular, if its
plane could be rendered perpendicular to the visual axis of the observer.
A further source of error is that the margin of the choroidal pigment,
which in a healthy eye coincides with the margin of the choroid itself, and
therefore exhibits the same outline as the nerve, in cases of staphyloma
posticum often presents a more flattened curve, on the side opposite to the
erescent, than that of the actual choroidal margin. Opposite the centre
of the erescent the choroidal pigment reaches nearly to the nerve; but its
boundary line recedes from that of the nerve on both sides of this central
point, and thus the disk appears elongated in a direction perpendicular to
the greatest width of the crescent. And, in an oppoesite direction, in the
direction of the width of the crescent, the observer is often led to under-
estimate the transverse diameter of the nerve; since, in consequence of the
peculiar textural changes of the choroid, the outer margin of the ring of
conuneeting tissue becomes more or less completely obliterated. The
observer is then easily led to mistake the inner edge of the ring of con-
necting tissue for the outer margin of the disk ; and therefore, in judging
of the diameter of the latter, to under-estimate it, in the direction of the
width of the erescent, by the whole width of the connecting tissue.”

Another frequent source of error with regard to the shape of the nerve-
disk is that the choroidal pigment, on the side opposite to the crescent,
may actually cover the nerve-surface to some extent. The unpigmented,
bright, normally-coloured portion of the disk thus obtains a decidedly oval
or elongated aspect, which in no way corresponds with the actual outline,
as it would be revealed by dissection.

A sclerectasia posterior, in a certain degree established, always pro-
duces a myopic condition of the eye; and to the myopia, a certain grade of
amblyopia becomes soon superadded—showing itself first by the imperfect
correction of the myopia that can be obtained by concave glasses ; and next,
by diminished power of vision, even for the nearest distance. Many
patients are very susceptible to wind, which produces dazzling, and some-
times subjective sensations of light; and feelings of pressure and tension
in the depths of the eve are seldom absent. The patients may often
possess tolerably good sight, until the white fizure reaches the macula lutea,
when they perceive a black spot in the field of vision, which considerably
interferes with seeing, and especially with reading.
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There may occur as complications :—1. Opacities in the vitreous body.
2. Separation of the retina. 3. Turbidity of the posterior pole of the
lens, ophthalmoscopically indicated by a spotted opacity, that in move-
ments of the eye appears to belong to the corneal reflection—this has its
seat in the posterior cortical substance, and may remain a long time
stationary. 4. A gradually-occurring glaucomatous condition, about which
von Grife observes : “ I have seen in old persons, who have suffered from
posterior sclerectasia for an indefinite time, the occurrence of lateral con-
traction of the field of vision, with increasing weakness of sight. Further
experience taught me that in such cases excavation of the optic nerve, and
signs of increasing pressure, usually develop themselves. The excavation
of the nerve is never so clear and strongly marked as it is in the absence
of sclerectasia posterior. This may be easily understood from the
anatomical condition of the parts, inasmuch as the sclerotic immediately
around the nerve, when somewhat loosened, does not present its natural
power of resistance, but yields to pressure, so that a sharp cupping of the
optic nerve cannot be produced, but only a gradual sinking, the margin of
which will show little dislocation of the vessels. This depression may be
distinguished from a strongly-marked physiological concavity of the
disk (H. Miiller), by its extending to the periphery of the nerve, while the
latter only affects the centre, the part immediately around the vessels.
The aspect of such a nerve is sufficiently characteristic. In common
sclerectasia posterior its margin is almost obliterated, and the disk and its
surrounding parts present a similar appearance; so that the limits of the
former can often only be determined by the aid of the nerve outline still
visible, perhaps, on the inner side, by the appearance of the vessels, or by
the recognition of atrophied choroidal tissue over the sclerotic. In the
cases under consideration, however (i.e. sclerectasia with exeavation), the
nerve-disk is clearly marked in the middle or to one side of the white
figure, This alone may excite suspicion ; and more exact examination in
the usual manner will discover the surface of the disk to be hollowed. In
these cases a considerable deviation of the vessels is not to be expected,
but only a small displacement; and the kind of illumination of the disk
characteristic of cupping will be only moderately conspicuons. With the
occurrence of excavation in sclerectasia posterior, the previously soft globe
becomes more tense, the pupil somewhat dilated and sluggish, although
not fixed, and the cornea somewhat insensitive. The field of vision
becomes contracted, sometimes concentrically, sometimes laterally, and
the disease may proceed to almost complete blindness.”” Von Griife’s cases
were chiefly those of sclerectasia posterior in persons more than 50 years
old, with high degrees of amblyopia, and with neither disease of the vitreous
body, separation of the retina, nor cataract, to explain it. They had in
some cases central scotomata, in consequence of extension of disease to the
macula lutea.
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5. 1f choroiditis should attack an eye suffering from staphyloma
posticam, there will be produced, according to Jiger, usually first
in the region of the macula lutea, or in its immediate vicinity, one or
more patches of effusion, separated from the bright surface of the
staphylomatous cone by broader or narrower strips of normally-coloured
surface. By degrees these effusion patches enlarge, and fresh ones appear
in their vicinity, at more or less distance from the nerve, and also towards
its inner side. These constantly inerease in magnitude, gradually approach
one another in all directions, coalesce, and form a circular pateh upon the
fundus. By this enlargement, and by its continued progress, the
unchanged cone is continually approached, the bridge of normal texture
separating it from the effusion is constantly diminished, until the latter
at last surrounds and joins not only the cone, but the whole outline of
the nerve.

The cone itself remains unchanged ; but the continued increase of the
effusion-patches at last obliterates its margins, either by the coalescence of
the white surfaces, or by the destruction of the band of pigment sur-
rounding the cone; and at last the nerve appears as a faintly-reddish disk,
situated in the centre of an irregular yellowish-white brightly-shining
surface, more or less broken by extravasations and pigment masses. In
rare cases the effusion-patches appear at first in the immediate vieinity
of the cone, and immediately destroy its characteristic appearance. The
choroidal inflammation displays itself chiefly by destruction of the
epithelial pigment layer, in consequence of which the larger choroidal
vessels and the pigment of the stroma are rendered more visible. Hence
the dark pigment boundary of the cone is often long preserved, and, after
the development of other appearances, remains as an indication of the
original disease.

G. If a sclerotitis posterior should be developed in an eye that is the
subject of a cone, the invasion is marked, according to Jiger, chiefly by
disturbance and extension of the boundary of the original mischief. The
cone enlarges, not uniformly, and retaining its former shape, as it would
do in physiological increase; but it spreads, by the destruction of its pig-
mented margin, either chiefly towards one direction, or simultaneously in
several, and thus obtains an extremely irregular appearance, its boundaries
conforming more or less to the course of the larger choroidal vessels, and
the characteristic aspect of the surface of the cone being destroyed. In this
way the extension of the sclerotitis to the choroid may surround the
nerve-disk with a white surface, like that described in the foregoing
paragraph.

With regard to the essential nature of the morbid process in scleree-
tasia, it is attributed by von Griife to a chronic inflammation of the choroid ;
and, as the disease involves the back part both of this membrane and of the
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sclerotic, he assigned to it the name sclerotico-choroiditis posterior.
Liebreich considered the first stage to be the deposit of a thin exudation
layer on the inner surface of the choroid, with subsequent absorption of
its stroma and progressive changes in the effusion; Follin believed the
chief conditions to consist in removal of the pigment with obliteration
and absorption of the choroidal vessels; while Pilz regarded the disease
as a non-inflammatory disturbance of the nutrition of the choroid, showing
itself—1. In such an extreme partial contraction of the connecting tissue
of the membrane about the nerve-entrance, that the vessels in that
situation become obliterated; and, 2. In the disappearance of the
pigment from the affected localities, and an accumulation of it, as if it
were pushed forwards, upon the boundary of the disease. Lastly, After
very numerous and careful examinations, Jiger has arrived at the con-
clusion that the peculiar anomaly of formation is usually congenital, very
often hereditary, and then associated with no functional disturbance of
the retina, and never to be considered as the result of an inflammatory
process.

According to von Griife, pathological observation reveals:—A re-
markable elongation of the eyeball from behind forwards, with bulging
of the posterior hemisphere (especially pronounced, in extreme cases, at
the region of the posterior pole), while the vertical and horizontal diameters
are scarcely increased. A considerable thinning of the posterior segment
of the sclerotic, and a bluish tint of the thin portion, which is not to be
referred to a transpicuity of the choroidal colour, but is the optical
expression of the semitransparent portion of selerotic itself, The stroma
of the choroid, in the locality of the white figure seen with the ophthal-
moscope around the optic nerve, is greatly thinned, so that it appears
changed into a lax web of connecting tissue, adherent to the inner surface
of the sclerotic, and exhibits no trace of the vessels peculiar to the proper
choroidal structure. Near the boundaries of the white figure, the
choroidal stroma becomes again more distinet; but still the membrane,
beyond the apparent disease, and usually over its whole extent, is thinner
than natural, and its pigment-layer extraordinarily defective. The latter
is entirely removed from over the limits of the white figure, except
that occasional black patches may be seen. These are pathologieal
pigment accumulations, and always lie close to the points of entrance of
the posterior ciliary arteries, which sometimes in the neighbourhood of
the white patch are found completely obliterated, and sometimes they
mark the receding angles of the white figure, and thus form divisions
between its several projections. The retina, of normal aspect, covers the
white spot with all its elements, and only occasionally presents small knot-
like thickenings. The vitreous body, in cases of advanced development, is
somewhat fluid,—the lens opaque at its posterior pole,
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V. THE REFRACTING MEDIA.

The condition of the refracting media plays a highly important part
in ocular pathology, since it often depends entirely upon their healthy or
diseased condition, whether the parts lying behind them can be examined
with the ophthalmoscope or not. They require, therefore, in every
ophthalmoscopic examination, the most careful study, based, generally
speaking, upon the following considerations.

The examination must always be made with a fully-dilated pupil,
since otherwise a large part of the anterior portion of the vitreous would
escape observation, and the field of vision would be contracted by the
narrowness of the pupil, as often happens, unfortunately, in cases of
synechize after iritis and anterior choroiditis.

The method of illumination deserves particular attention, since, for
example, opacities of the lens and vitreous body are seen, by transmitted
light, as black bodies upon a red ground; while, by incident light, they
appear in their true colours. If we seek the reason of this difference,
it depends only in small part upon the opacities being insufficiently
illuminated from before, and chiefly upon the following considerations :—
The opacities that present only small surfaces, as dots, granules, threads,
or streaks, are those that appear dark against the illuminated fundus,
since their small surfaces can reflect but little light, and, even collectively,
can intercept but httle, so that, notwithstanding their presence, the
fundus becomes thoroughly illuminated, and they appear black by reason
of the contrast between their reflection and that of the fundus. On the
contrary, they are seen in their true colours when they are lighted up,
the fundus being in shade, as in lateral illumination. Both kinds of
light should therefore be employed, and by preference the ophthalmoscope
for bodies in the posterior half of the globe, and lateral illumination for
bodies in the anterior half,

Furthermore, it is important in many cases to determine the depth
at which opacities are situated ; for which purpose the following methods
are used. For examination of the erect image, the application of concave
and convex glasses. All objects, placed in or behind the focus of a
dioptric apparatus, can only be seen in an erect position by the aid of
a concave lens; while objects that can be seen with the unaided eye, or
with a convex lens, must lie within the foecus. Our judgment upon the
precise position of the examined ohjects may therefore be guided by the
strength of the concave or convex lens through which they are clearly
visible. TFor examination, in the inverted image, of objects lying near the
retina, we have recourse to the same slight movements of the convex lens,
in a direction perpendicular to its axis, the eyes of both observer and
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patient being at rest, that have been described already under the head of
excavation of the nerve-disk. Objects lying near the observer appear
to follow the movements of the lens; and objects more distant to move in
an opposite direction. For example, if a thread-like opacity were to proceed
from the posterior pole of the lens, straight through the vitreous to the
centre of the retina, it would appear punctiform when seen from before. If
the convex lens were now moved slightly right and left, the anterior and
posterior extremities of the opacity would appear to make, respectively,
the movements above described, and it would be seen no longer as a
point, but as a line, of a length depending upon the extent of the lens
movement. As a further means to the same end, in observation of the
inverted image, we may observe the changes of place of the objects in
movements of the patient’s eye. If, for example, the observer look in
such a direction that his line of sight passes through the turning-point
of the patient’s eye, this point alone, in all movements of the eye, will
remain stationary, while all other points move in relation to it; those
lying in front of the turning-point moving in the same direction as the
cornea, those lying behind it in the opposite direction, and passing over
a greater distance, the farther they are remote from the turning-point,
The corneal reflection (of the mirror) remaining stationary in the axis of
vision, the pupillary margin, ‘and, for deeper objects, the image of the
fundus, even when somewhat obscure, assist in the exact determination
of the movements described.

Lastly, it should be mentioned, that certain changes in the refracting
media produce an appearance as of misty spots upon the retina, and
obseure the images of the apparently turbid portions. These appearances
are independent of the retina, and are projected upon it by turbidities
of the refracting media, connected with irregularities of their surfaces,
The observer must, therefore, be upon his guard against misinterpreting
them, in cases of commencing cataract, and of changes in the cornea
(facets with or without important opacity).

1. THE VITREOUS BODY.

In examination of the wvitreous body, it must never be omitted to
make the patient’s eye move upwards, downwards, inwards, and outwards ;
movements that should be short and quick, and many times repeated.
This is necessary, partly in order to form a correct judgment with regard
to the consistence of the vitreous, and partly in order to shake up and
bring into view opacities that may have sunk as far as possible in the
fluid humour. Tt should be observed here, that even a complete fluidity
of the vitreous will escape observation, unless attended by some small
opacities; and further, that in a perfectly normal condition of the
humour, opacities still have some mobility, showinz itself in a slight,
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scarcely visible trembling, corresponding in its precise degree with the
precise consistence of the vitreous.

1. OPACITIES IN THE VITREOUS BODY.

Besides the opacities produced by effusion of blood, which will be
described hereafter, there are found, in the mostly fluid vitreous, opacities
of the most varied kind and shape, in various conditions, such as congestive
and inflammatory diseases of the retina and choroid. These opacities are
apparently due to inflammation of the vitreous body.

With regard to form, they appear, according to von Grife, as:—

a. Punctiform or diffused opacities, which are the most difficult to
recognize, since they produce a fine veil over the retina, and obscure the
sharp outlines of the nerve entrance, the retinal vessels, and so forth. By
more accurate examination, this veil may be resolved into an innumerable
multitude of fine points, a proceeding particularly difficult when the points
are situate not in the same, but in different layers of the vitreous.: Insuch
cases, the highest attainable magnifying power must be used, and the ob-
server, with due regard to the strength of the convex lens, and his own
distance from the objects, must by degrees accommodate his eye for different
depths in the vitreous body. If the opacities lie in one layer, they present
the appearance of a finely-sprinkled translucent membrane, which, through
shifting of its different portions, seems sometimes collected together and
sometimes spread out, and appears to draw a net, or fine web, here and
there before the fundus. If they lie in different depths, they appear
collectively as an infinitely fine dust or spray, that in movements of the
eve collects in parts into somewhat denser masses, and in a fixed position
either remains uniform, or sinks to different depths in different regions
of the eye.

These opacities disturb the sight far more than large but circum-
scribed bodies, so long as the parts of the vitreous body between the latter
remain perfectly transparent. In this respect there is resemblance to
what is seen in the cornea and lens, in either of which structures dense
defined opacities, when they leave part of the area of the pupil free, pro-
duce far less disturbance than opacities that are finer and more diffused.

b. Filamentous opacities show themselves with the ophthalmoscope
as apparently dark, simple, or sinuous threads, that in movements of the
eye shorten and again elongate themselves. The patients are accustomed
to compare them to snakes, the legs of insects, and so forth.

¢. Membranous opacities form strongly-translucent, finely-sprinkled
membranes, which may either roll themselves up or unfold, and therefore
present very varied aspects. Their shadows produce to the patient the
appearance of a cobweb that is suddenly developed, and that again falls
suddenly into separate threads.
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d. Flocculent opacities form single masses of various extent, and are
compared to snow flakes, small clouds, coagula, &c.

e. Cholesterine crystals are often found near any of the above-
described, or near wholly irregular opacities, and constitute the disease
of the vitreous known as sparkling synchysis. This presents with the
ophthalmoscope a particularly beautiful and interesting appearance when
membranous opacities are also present, as these are then strewn over
with shining particles, and shot in the most varied colours; while in
movements of the eye the crystals scatter themselves in all directions,
looking like a golden rain, or a shower of sparks from a firework.

The colour of all the opacities is, in most cases, greyish-blue; they are
rarely like pigment, but are frequently tinged by blood, from a bright
rust-yellow to a dark red-brown. Desmarres described, as éfaf jumenteur
of the vitreous body, a condition in which it had, from the presence of a move
or less considerable number of microscopic corpuscles, a tint resembling
that of the urine of a herbivorous animal, through which the papilla
nervi optici had the appearance of the sun seen through a mist. The
sea-green or bottle-green colouring of glaucoma disappears in examination
with the ophthalmoscope; and therefore depends on the optical effect
produced by the presence of yellowish tints, or tints intermediate between
yellow and red, from blood colouring of the refracting media.

To this section belongs also a turbidity, equally colourless both
by reflected and by transmitted light, and not occasioned by the presence
of solid matters, but to be recognized by the following indications, ae-
cording to Coccius, as being produced by a homogeneous fluid :—The
retina appears turbid and indistinet, as if washed out, whether the eye,
before the occurrence of the disorder, was normal-sighted or not. Since
the volume of the contents of the globe has been increased, the refracting
power has been increased in like proportion. An emmetropic eye would
in this way be rendered myopic. In myopia, the increased refraction
can be diminished by concave lenses, until the objects of the fundus
are seen in sharp outline, and at the same time more brightly illuminated ;
since the focus of rays will be no longer in front of the retina, but upon it.
If the same proceeding be attempted with an eye suffering in the manner
described, the details of the fundus will certainly appear in sharper
outlines, but the turbidity will not be removed, and upon this circumstance
the diagnosis may be based.

LN

2. FOREIGN SUBSTANCES IN THE VITREOUS BODY.
1. Blood Effusion.

Effusions of blood in the vitreous occur chiefly after wounds, after
great bodily exertions, or in diseased conditions of the choroid and retina
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(especially sclerectasia). With the O[Jhi;lmln':mscupe a recent effusion
appears as a dark mass, that chiefly occupies the lower portion of the
eyeball, and completely conceals the parts of the fundus that lie behind it,
and that by degrees again become visible with the progress of absorption.
After the breaking up and partial dissolution of the clot, there may be
seen little lumps, spots, or threads, varying in colour from rusty-yellow
to dark reddish-brown, floating in the vitreous, and, as they readily sink
in the fluid humour, often escaping the observer, if he neglect to cause
the quick movements already deseribed.

Spontaneous effusion of blood commonly makes itself known, sub-
jectively, by the sudden occurrence of a dark spot, a cloud, or a mist,
in the field of vision, as if from the intrusion of some foreign substance,
and often leading to endeavours for its removal. Sometimes there is also
a feeling of pressure, as from the presence of a foreign body. Later, the
impediment to sight reveals its character by its reddish or greenish tint,
by a certain degree of mobility in the field of vision, and by an outline
that could only be assumed by a fluid specifically heavier than the vitreous
body, lying in front of the retina. Such a limited effusion appears to the
patient as a black, circular, or oval disk in the field of vision, differing in
different cases in its apparent size and distance from the eye; but, on the
whole, always retaining the same relative position in the field, except that
in course of time it sinks, appearing to the patient to rise higher. After-
wards, when breaking up of the clot and absorption are in progress, and
the specifically heavier parts have sunk, and in quick movements have
lost their sharp contour, and appear translucent, thinner, reddish, rust-
brown, dark green or grey; these parts in repose of the eye are seen
towards below, and in quick lateral movements, for instance, in rapid
adduction of the globe, they pass like tails from without inwards.

2, Solid Foreign Bodies in the Viltreous.

Bodies penetrating the vitreous from without are seen at first, with
the ophthalmoscope, according to 1d. Jiger, lying upon the yellowish-red
fundus perfectly clear, sharply defined, and in proper colour. After some
days, coincidently with the development of loeal retinal or choroidal
inflammation, there occurs slight greyish opacity of the vitreous in the
immediate neighbourhood of the foreign substance. This opacity, ap-
parently spreading from the periphery towards the centre, and increasing
in density, first surrounds the substance in the form of a strongly-shining,
yellowish-white, broad border, and, in the beginning, only obscures its
outline, while its surface, by its darker colour, remains strikingly apparent,.
By degrees the opacity of the vitreous gains ground, and closes in from
the periphery to the inner surface of the foreign body, so as to cover
it and wholly withdraw it from sight. The subsequent changes depend
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upon the diminution or inerease of the local inflammation. In the
former case, in from one to two weeks, under diminution of the inflam-
matory processes in the choroid and retina, the circumference of the
exudation inclosing the foreign body diminishes; and after the turbid
vitreous has become clear, there remains only a dense membrane inclosing
the foreign body, so that the observer sees only a well-defined yellowish-
white capsule or cyst, reflecting light strongly, having a general cor-
respondence with the shape of the substance, and somewhat larger dimen-
sions, In the latter case, atrophy of the eyeball will be the result. Von
Grife has lately observed cases in which no process of secretion from the
inner membranes oceurred, and in which small or even middling-sized
bodies reached the inner membranes without inflicting any damage, and
remained in them free and not encysted. The track by which a foreign
substance has reached the interior of the eye, shows itself as an opacity,
bluish-grey by reflected, and black by transmitted light.

Foreign bodies in the vitreous, like blood effusions, produce a defect
in the field of vision corresponding to their size and their position.

3. Enfozoa in the Vilreous.

Cysticerci in the vitreous body usually present exactly the same
appearance as when under the retina, except that they are often more
easily and clearly recognized when floating in the humour without investing
membrane. For perfect certainty of diagnosis, it is absolutely necessary
to see the movements of the creature. Unfortunately, this is not always
possible, since a system of concentric membranes often surrounds it
like a bladder, and renders it less apparent. This appears to be always
the case when the parasite has attained a certain degree of develop-
ment. The ultimate result, according to von Griife, is invariably phthisis
bulbi.

A case unique of its kind was described by Quadri to the Ophthalmo-
logical Congress at Brussels, in which a living Filaria oeculi humani
(Rudolphi) had been observed in the vitreous body of a woman thirty
years of age. She possessed with this eye completely normal sight,
except that the movements of the entozoon across the field of vision
produced a momentary opacity like that of a common floceulus. The
Filaria had before been found only in the anterior chamber of a horse,
and in the human crystalline lens after death.

4. New Vareular Formalions.

Coceius has had one opportunity of observing a new formation of
vessels proceeding from the retina into the transparent vitreous. He has
also seen a similar formation upon the white surfice of an organized
exudation formed within the vitreous body. In the former case—



192 THE OPHTHALMOSCOPIC APPEARANCES

“The patient had suddenly perceived a smoke-like cloud before her
sight, and the eyes had been somewhat reddened. At the time of con-
sultation they appeared natural, the irides bright green, the pupils
somewhat sluggish.  Ophthalmoscopic examination showed that the
vitreous was completely infiltrated with small punetiform opacities, and
was in great part fluid. Single particles floated behind the lens across the
whole vertical and horizontal diameters of the eye, and the central mass
of the vitreous moved together in such a manner that a relaxation of its
tissue was necessarily assumed. At the fundus were seen a number of
vessels, which, in the different positions of the eye, moved gradually to
and fro. They were most developed in the right eye; and the longest
vessel reached forward into the middle of the vitreous, where it ended in
a long pointed white thread, that was lost in the upper portion of the
humour. In the right eye, towards the inner and lower portion, I
observed such threads proceeding from several shorter vessels, that
were, after careful inspection, identified as capillary loops. The vascularity
of the retina was extraordinary ; and when the eye made gquick movements
the observer could see move, in small curves, vessels which, when the eye
was at rest, appeared to be lying upon the retinal surface. The veins of
the retina were remarkably winding, and in many places completely con-
cealed by the turbidity of the membrane. The patient was placed under
antiphlogistic treatment, and examined almost daily. After some weeks
the vitreous body had become visibly clearer, and the patient could discern
print, as dark lines, with both eyes. After one more weekly examination,
I arrived at the conclusion that the vessels in the vitrecus were offshoots
from the retinal vessels. At the beginning, I could not discern their origin
clearly, prior to the partial clearing of the turbidity. The new vessels were
connected partly with venous, partly with arterial retinal vessels, and were
equal in diameter to the medium sized arterial twigs of the equatorial
region of the eye. They all arose from the neighbourhood of the optie
nerve, the margin of which was wholly obliterated. The vessels of the
lower half of the right eye passed perpendicularly into the vitreons. In
the left eye the retinal vascularity was less, and the capillary loops were
much shorter ; but the degree of turbidity was the same as in the other.
On the morning of the thirty-fourth day of treatment, the patient com-
plained of an increase of blindness in the right eye. After dilatation of
the pupil an examination was made, and it was found that a considerable
hemorrhage had taken place from the capillary loop that extended
farthest forwards into the globe, and that no clear view of the retina could
be obtained. After further treatment, the vitreous again became clearer
and the vision better; but a short red streak, with a clubbed extremity,
remained for weeks at the end of the capillary loop. The patient then
discontinued treatment.”
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2. THE CRYSTALLINE LENS.

It would be superfluous to attempt to give a complete description of
all the possible morbid changes in the lens that can be scen with the
ophthalmoscope, and I shall therefore be content to point out the most
important matters in the ophthalmoscopic examination, and hriefly to
mention the chief forms of lenticular opacity.

While these opacities are, for the most part, discernible by examina-
tion in daylight with a magnifying glass, yet the inspection with the
ophthalmoscope has these great advantages, that it shows the presence of
opacities which, on account of their fineness, could not be recognized by
the examination with incident daylight; and that, in opacities of greater
degree, their depth and extent can be more accurately seen against a
brightly-illuminated background, and the degree in which the subjective
sight-disturbance is due to their presence can be more certainly deter-
mined. The means for this are afforded partly by the ophthalmoscope,
and partly by lateral illumination ; which is, in such cases, of paramount
advantage, inasmuch as it displays the smallest changes in the transpa.
rency of the lens or its capsule, of whatsoever nathire they may be, with
the greatest accuracy that is attainable in the living subject. In the
application of the ophthalmoscope only a weak illumination should be
used, which is best furnished by a plane mirror alone; although a convex
lens may with advantage be placed behind it, so as to make objects appear
lIarger and clearer.

In complete absence of the lens, it is naturally impossible, even when
no coneave glass is used, to bring the mirror close to the eyeof the patient ;
and, on account of the absence of this strongly refracting medium, the
observer must place himself several inches distant. The nerve surface
and vessels, through the remaining refracting media, appear comparatively
small. The focal point of the conjoined refracting apparatus is placed,
in such a condition, so far behind the retina, that this membrane is seen
only slightly magnified; and such an appearance of marked diminution
should produce suspicion of the absence of the lens. On account of the
strong divergence of the emergent rays, a short-sighted observer must in
such a ease use a very weak concave glass, or generally even none; and a
far-sighted observer must use a convex glass, in order to see the retina
clearly.

Opacities in the lenticular system are distinguished from those
in the vitreous, partly by their shape and appearance; partly by the
kind of glass with which they can be accurately secn; partly, after
some practice, by the conscious exercise of the power of accommo-
dation which is necessary in order to measure their distance from the

0
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cornea and from the retina, and to see these points clearly one after
another.

1. OPACITIES OF THE CAPSULE OF THE LEXS,

a. Plastic exudations end pigment deposits on the anterior surface of
the capsule are very frequent after previous iritis :—the former, which may
either lie free upon the capsule, or may unite it with the pupillary margin
(posterior synechiw), exhibit very clearly, by lateral illumination, their
whitish colour and the finest details of their surfaces ;—the latter are seen
in their natural colour; while both, with the ophthalmoscope, appear
only as black spots upon a red ground. They are often arranged in a
circular fizure corresponding to the margin of the pupil, and with the
unaided eye are scarcely perceptible.

b. Opacity of the capsule itself, or deposifs upon its inner surface, also
appear with the ophthalmoscope as black spots upon a red ground; and
by lateral illumination as milk-white, roundish, uneven, often slightly
projecting spots—the capsule itself, where elevated by these spots, being
sometimes very regularly wrinkled.

¢. Secondary cataracts, according to von Griife, appear either as small,
very fine, glistening, and almost completely transparent pellicles; or as
opaque, milk-white membranes, formed by the thickened capsule itself,
often incrusted by calcareous particles, or loaded with lens fibres in a state
of fatty degeneration, or with a greater or less amount of still transparent
lens substance; or, lastly, as opaque, shining white, tough threads and
membranes, the results of considerable exudations.

2. OPACITIES OF THE LENS SUBSTANCE,

The chief of these are, according to von Griife :—

a. The laminar cataract (lamellar cataract, 8. Wells), (stationary
nuclear cataract of young people, Arlt), (cataract with isolated opacity of
the fibrous layers, Jaeger), the most common form in childhood, exhibits
behind the pupil a somewhat sodden turbidity, which, after the instillation
of atropine, is seen to be divided by a sharp marginal line from a peri-
pheral zone of transparent lens, and to present a circle having a diameter
of from 2" to 8}, Unless, as is almost constantly the case, the anterior
pole of the opaque stratum be dotted by small white points, the degree
of opacity, from the margin to the centre, will be completely uniform, In
ophthalmoscopic examination the opaque circle appears dark, sharply
defined, and, with light falling perpendicularly, the central parts, if not
too turbid, have a brownish-red transluceney. The margin of cortical sub-
stance, in stationary eataraets, is perfectly clear, so that it is usually possible
to examine the objects of the fundus, although with a contracted field of
illumination. But if the cataract be slowly progressive, there will be
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fine punctiform opacities of the cortical substance, or short radiating
streaks near the equator.

b. The cortical cataract; broad, radiating, crystalline streaks uniting
in the poles of the lens, and the substance lying between them turbid,
cloudy, and spotted. A riper cortical cataract, of from two months to a
year’s duration, often shows pigment spots upon the strongly-distended
capsule; the cortical substance, interspersed with glistening streaks, is
grey with a tendency to bluish, not absolutely opaque, but -in a certain
degree translucent, so that one can see into deeper strata. Between the
streaks are commonly small segments, in which the transparenecy is still
greater. Sometimes there may be seen in the cortical substance single
spots of a grey colour passing into blue, but never a trace of the yellowish
reflection of a hardened nucleus. The ophthalmoscope shows, in the clear
reddish pupillary field,. black wedge-shaped shadows, their broad ends
towards the periphery, their points turned towards the centre. In
cases that in other respects present the aspect and bulk of soft cortical
cataract, the appearance of a weak yellow tint, not confined to the central
portion, but extended over the middle and external cortical layers, is not
an evidence of a harder nucleus. Such cataracts are not altogether pulpy,
but are formed of harder sectors, separated by interspaces of soft matter.

¢. Punctiform opacities of the lens, even when present in considerable
numbers, are often only to be seen with difficulty upon the red ground.
By lateral iilumination, on the contrary, they appear as small, excessively
fine and bright drops upon a dark ground, seattered irregularly throughout
the whole lens. 1In the opacities of the cell layer, between the lens
margins, black radii are seen from the periphery to the centre; in
opacities of these cells at the summits of the lens, Werneck’s star-shaped
figures become visible as dark appearances, which, by lateral illamination,
reflect a peculiar bluish light.

In order to distinguish whether these opacities are situated in the
anterior or posterior cortical substance, Desmarres gives the following
directions :—*“If they are numerous, the observer, when seeing them
clearly, should direct the patient to bend his head strongly backwards. If
the opacities are near the posterior surface, they will then in great part
disappear behind the lower pupillary margin, and leave the anterior layer
to be recognized as transparent. If there be, near the posterior layer,
only a single opaque streak, the observer, whilst looking at it, directs the
patient, for example, to look upwards; upon which the streak, instead of
going upwards also, as it would do if it were near the anterior surface,
goes downwards, and disappears behind the inferior pupillary margin.
Inversely, a posterior spot would move upwards, when the patient himself
locked down. '

An extended, uniform opacity of the lens, that almost entirely prevents

o2
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the entrance of light into the eye, so that the pupil appears dark when
looked at from before with the ophthalmoscope, may be recoguized by the
appearance, in the whole eircumference, of a faint reflection of light from
the fundus, when, the pupil being widely dilated, the observer looks from
cither side, between the iris and lens, in the direction of the ciliary
processes.

J. OPACITIES OF THE NUCLEUS OF THE LEXS.

a. The nuclear cotaract of youny subjects appears as a grey, some-
times whitish suffusion behind the pupil, of a depth increasing from the
periphery to the centre. Sometimes the proper nuclear region is indi-
cated by a somewhat sodden and more whitish colour, with an obscure
margin separating it from the greyish or slightly smoky cortical sub-
stance, which in its outer layers usually remains translucent, but not
completely transparent. The ophthalmoscope, with widely-dilated pupil,
shows the cortical substance, even to the capsule, to present a diffused or
finely-dotted turbidity. In this, as well as in the increasing saturation,
consists the most important distinction from the laminar cataract, with
which this rare form is liable to be confounded.

b. The senile cataract is distinguished by the vellow colour of the
nucieus, the size and tint of which may be learned by using lateral
illumination, in the following manner :—The convergent pencil of lizht
is first thrown upon the anterior surface of the nucleus, which is marked
by a strong greyish-blue reflection, and then through the lens to the
posterior surface, so that the nucleus appears of its proper amber tint.
If the surrounding cortical substance be fluid, the yellow nucleus may
be found not in the middle, but shining vellowish through the diffuse
opacity at the lower part of the capsule, to which it has sunk.

There are certain conditions of the eye in elderly people (in whom the nucleus
of the lens is nsually more or less tinted) that are often mistaken for cataract by the
inexperienced. The most deceptive of these is produced, I think, by slight detach-
ment of the retina.  The puopil will then sometimes present a peculiar uniform
cloudiness that is due to reflection from the fundus, and that, in examination by
diffuse daylight, under atropine, would be liable to deceive many persons. Its dis-
tinctive character, however, is its perfect uniformity. In focal illumination, the pencil
of light passes over the crystalline without o break, and this is never the case where
there is cataract. The ophthalmoscope, of course, wonld clear up the guestion
immediately ; for, by the use of the mirror alome, the faintest opaque line becomes
conspienous as a dark streak against the illuminated background. If the object lens
were also used, and the details of the inverted image rendered visible, it is possible
that these details might obscure or coneeal the very finest striee.  To show that the
caution contained in this paragraph is not unnecessary, I may mention that I have
lately seen a patient who had just undergone an unsuccessful operation for cataract
in a provineial hospital. He was told by the operator that his remaining eye was
also cataractous, but not ripe, and that he must wait three months for an operation
upon it. I found the remaining eye precisely in the condition deseribed above; the
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lens tinted, but perfectly transparent, and the retina slightly detached. The pupil
presented a peculiar amber-coloured clondy reflection, and the ophthalmoscope had
not been used prior to the operation. 1 have very little doubt that the operator made
the same error of diagnosis with regard to the first eye that he manifestly made with
regard to the second.

III. THE CORNEA.

Opacities, losses of substance, and other changes in the cornea,
having defined margins against the bright ground of the pupil, are
not only characterized by the peculiar refraction of light that they usually
oceasion, and that is easily seen by inspection of the eyes by daylight,
but are particularly distingnished from lenticular opacities by their posi-
tion in relation to the iris, and by their visible movements, If, for example,
there be in one eye a small opacity in the centre of the cornea, or nearer
to the inner margin of the dilated pupil; and, in another eye, in the
same position, an opacity of the anterior cortical layer, or of the anterior
capsule of the lens, and if the two eyes are both turned inwards, or are looked
into from the outer side, the corneal opacity will also move inwards over
the bright disk of the pupil, and finally disappear over the iris; while the
lenticular opacity will be approximated to the outer pupillary margin, so
as to leave a free space between the opacity and the inner pupillary
margin ; and opacities that were formerly concealed behind this latter
margin will so be brought into view.

Facets upon the cornea are frequent causes of distorted retinal
images, and are most frequently seen in combination with opacities, The
latter become very manifest against the brightly illuminated fundus, even
if inconspicuous when examined only by a magnifier. Inequalities of the
cornea, which, if present in great numbers, give to its surface the appear-
ance of a polyhwedron, may be discovered by reflected daylight, either with
or without a lens. Their influence upon vision, however, can be in no
way better observed than by the aid of the ophthalmoscope.

Among other corneal inequalities, mention shonld perhaps be made of econicity ;
which, in its earliest stages, may be detected by the ophthalmoscope more readily
than by any other method of examination. The mirror only is required, and should
be g0 held as to afford no image of the fundus, One half of the base of the corneal
cong will then be cast partially into shadow, and the slight semicireular shading thus
produced will play around the base, in obedience to movements of the mirvor,

IV. AMETROPIA AND ASTIGMATISM.

The ophthalmoscope furnishes data, sometimes of considerable valne, for the
dingnosis of these affections ; which, as they depend upon anomalies of refraction,
may be properly eonsidered in this place. In my account of them I shall chiefly
follow Professor Donders,

; The refracting apparatus of a normal eye, in repose of the accommodation, has
its principal focal point upon the bacillary layer of the retina, and unites parallel rays
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in this sitnation. Rays mathematically parallel are such as proceed from infinitely
distant luminous bodies; but, for all practical purposes, the rays proceeding from
objects merely remote may be considered and treated as parallel. Such objects are
furnished by Dr. Snellen’s test types, when placed at a distance from the observer
equel, in Paris fest, to the number by which each size of type is distingnished.

Inasmuch as clear vision is possible only when the rays of light are brought
to their focal union upon the bacillary layer of the retina, it is evident that the
refracting power of the normal eye must be increased when vision is required for
near objects. Such objects furnish divergent rays, which, withont an increase of
power, would be first united at a point behind the retina.

In the human eye, the necessary increase of refraction is afforded by certain
internal changes of adjustment, the most important of which is an increase of the
curvature of the anterior surface of the crystalline lens, effected by the action of the
ciliary muscle. This change may be rendered visible by the ingenious experiment of
Professor Cramer.

It is well known that the eye returns to a spectator three images of a candle-
flame held in front of it: one from the cornea, one from the anterior surface of the
crystalline, and one, invertﬂd_ from its posterior surface. By means of an ophthalmo-
microscope the two latter images may be seen to approach and recede from ome
another, as the eye iz directed alternately to a distant or a near object.

With the change in the crystalline are associated other movements of less
importance, but conducive to the same end. The pupil contracts, so as to cut off
the most divergent rays; and the axes of the two eyes converge, so as to meet upon
the near olject that is inspected. The first movement diminishes the amount of
change required from the crystalline, and the second allows each eye to receive the
image upon the most sensitive portion of its retina.

Extreme contraction of the pupil would ‘alome be sufficient to afford distinet
vision of near ohjects, by admitting only the central and nearly parallel rays of the
come of light, were it not that the loss of illumination would be too considerable.
This may be seen by looking through a capillary opening in a metal disk. Through
such an opening small type may be read as close to the cornea as it can be bronght,
but the background of white paper appears of a dirty grey.

The sum of these ocular changes is expressed by the word accommodation ; and
the eye is said to accommodate when it adjusts itself for the divergent rays that
proceed from near objects. The refraction of the eye denotes its natural physinlogieal
action upon light when perfectly at rest; and the accommodation, the power of
altering the refraction by voluntary muscular effort.

The normal eye, when at rest, would unite parallel rays upon its retina. Such
rays proceed from infinitely distant objects, and such objects should, therefore, be
clearly visible. The normal eye, it follows, has really no “far point,” no distant
limit of its power of sight. Its far point is said to be infinitely distant; and its
range of vision is only limited by the failure of light from distant objects, in con-
sequence of atmospheric dispersion.

To the power of accommodation, however, there is a distinet limit. As the
object of vision comes nearer and nearer, the rays from it inerease in divergence, and
the accommodation effort increases in like ratio. When the divergence attains a
certain degree, the accommodation can no longer conguer it, and the object becomes
indistinet. TImmediately prior to this change, the “near point™ of distinet vision
has been attained. The interval between the far point and the near point is called
the range or territory of accommodation.

In early life, when the crystalline lens is comparatively soft, the ciliary muscle
is able to modify its form considerably, and the near point is then at its shortest
distance from the cornea. As the lens hardens with advancing years, it yields less
and less to the peripheral pressure, and the near point recedes in proportion. This
change ocours in all eyes, and is always gradually progressive; but its rate of
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progress is very different in different persons. In time, it usually reaches such a
degree, that small type can only be read at a distance inconveniently remote; and, in
consegquence of this distance, under an umusunally strong illomination. Convex
spectacles are then required, in order to supplement the failing power of accommoda-
tion; and the patient is said to suffer from presbyopia. It must be borne in mind,
that presbyopia is a purely physiclogical condition ; that it occurs, more or less, in all
persons; and that it affects the near point only.

An eye that, in repose of itz accommodation, unites parallel rays upon the
bacillary layer of its retina, is said to be emmetropic.

There are two directions in which the ocular refraction may deviate from this
normal state, and cause the eye to be ametropiec.

The foeal point of parallel rays, in repose of accommodation, may be situated
either in front of the retina or behind it, 1In the first case, the eye is short-sighted,
myopie, or brachymetropic; in the second, it is hypermetropic. In the former, the
far point is sitnated at a finite distance in front of the eye; in the latter, at a finite
distance behind it. In other words, the refraction of a myopic eye will only unite
upon the retina divergent rays proceeding from a point in front of the cornea; and
that of a hypermetropic eye, rays already converging to a point behind it.

Myopia and hypermetropia are, therefore, two diametrically opposed conditions.
They have this much in common, that both are caused, most frequently, by =
deviation from the proper length of the ocular axis, which in the myopic eye is
longer, and in the hypermetropic eye shorter, than in the emmetropic.

Myopia has long been studied by ophthalmologists, on account of its connection
with many diseased conditions (sclerectasia posterior, atrophy, retinal separation,
nwmorrhage, &e.). Hypermetropia has only lately received any considerable attention,
since it has been ascertained to be the canse of most cases of asthenopia and of
strabismus convergens, It must be remembered that hypermetropia may be concealed
by constant exercise of accommodation, and that then it will not become evident until
the ciliary muscle is paralyzed by atropine. With this precaution, hypermetropia is
declared when vision for distant objects is improved by convex spectacles, and myopia
when it is improved by concaves,

The degree of ametropia is ascertained by the strength of the =spectacle lens
which correets it, and renders the eye emmetropie, The strength of a lens is inversely

proportional to its focal distance F, and is expressed h:,r%.n. The valne of F is stated

in Paris inches. By lenses of }, 1, &c.,, we therefore understand convex glasses,
that have a positive foeal length of six and eight Paris inches respectively. Lenses
of — 45 or — g are concaves, having a negative focal length of ten or twenty inches.
The same are written without the fraction, as 6" or 8", —10" or — 20", The same
expressions are used for the ametropia. M = ] signifies a myopia that is nentralized
by a lens of —9", and H=4 is a hypermetropia that iz neutralized by a lens
ot 12", HEvery case of ametropia belongs to one of these two classes.

It is found, moreover, that the same eye may possess different powers of refraction
in its different meridians. The same eye may be emmetropic in one meridian, and
ametropic in another; or the two meridians may present ametropia of different
degrees, or even of different forms. This asymmetry is usually so slight as not
to interfere with vision; but it sometimes becomes considerable, and the sight then
suffers in a marked degree. It has received the name of astigmatism.

The ophthalmoscopic diagnosis of ametropia rests upon the consideration already
stated, that the rays of light leaving an eye return along their path of entrance.
Rays leaving a myopic eye are therefore convergent, and those leaving a hyper-
metropic eye are di

In the ophthalmoscopic examination of an emmetropic patient, the eye under
examination is uwsnally accommodated for some point short of infinite distance,
say for the other side of the room, and the rays returning from it (unless in perfect
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paralysis of the ciliary mmuscle) are therefore comverging to a focus at a distance
of twelve or twenty feet from the cornea. If the obzerver be cmmetmpm and bn.ug
his eye and mirror close to the eye of the patient, he will, if the mirror

be not too large, receive only the central rays of the emerging cone, and will unite
them on his retina into an evect virtnal image of the fundus. As he retires from the
patient the cone becomes smaller, its outer and more convergent portions pass through
the mirror opening, cannot be united by the observer, and the image becomes confused
and ultimately lost. In most cases, however, the emerging cone will have such
convergence, even in its central portions, that a very weak concave lens, —30" or —40",
placed behind the mirror, will sharpen the details of the image.

If, however, the observer withdraw ta a distance of 12" or 14", he will obtain
from the emmetropic eye no image at all, except by the interposition of the inverting
ohject lens,

In ametropia the case is widely different. When cither of its forms is present
in a marked degree, the observer, looking through the mirror alone, without the
objeet lens, and without approaching very near the patient, sees at once the details
of the fundus. Tn myopia, the emergent converging rays have already united,
without an object glass being required, to form an actual inverted image; and, in
hypermetropia, the divergent rays still afford an image that is virtual and erect.
If, therefore, the details of the fundus can be seen at ordinary visual distance without
an ohject lens, the observer should make o slight lateral movement of hishead. If the
image appear to move in an opposite direction, it is inverted, and the patient myopic;
if in the same direction, it is erect, and the patient is hypermetropic.

A further test is supplied by the inverted image given by the object lens. Tn
myopia, the details of this image are smaller and brighter; in hypermetropia, larger
and less 'hright than in the normal condition under equal illumination.

In myopia, morcover, the emerging rays are so convergent that an ereet im
cannot be obtained without the aid of a mu}demte'iy strong coneave lens behind the
mirror; while in hypermetropia, a convex lens in the same position will be, if not
necessary, at least advantageous, by its effect in magnifying the image.

The ¢uestion of the existence of myopia is one that often presents itself to the
military surgeon in the examination of recruits, or on other occasions; and that may
oceasionally arise in commection with eivil jurisprandence.

It was formerly a common practice to simulate myopia in order to obtain
discharge from the army. The old test was to place strong concave spectacles before
the eyes, and then to try the vision by various objects. Malingerers trained them-
sclves by previons practice with such glasses, learned to overcome their refraction by
strennous accommodation, and often passed the examination successfully. The
ophthalmoscopic examination, however, affords unfailing evidence of the true state
of the refraction.

The observer may use his own distance of clear vision as a standard for shortness
of sight (see page 83), by holding concave lenses now neaver to his own eye, now
nearer to the eye examined, and by determining experimentally what power exhibits
the retinal vessels most clearly in each position, Of two lenses, if that which requires
to be held nearer to his own eye be stronger than the other, which must be held
nearer to the eye under inspection, then the examinee is of shorter sight than the
examiner; and the more so, the greater the difference in the focal distance of the
lenses., A focal difference of two inches is sufficient to show a very great difference
of visnal distance.

Lastly, any doubt about apparent or actual myopia iz changed to certainty
when the observer discovers, in the eye examined, any of those morbid conditions
which are commonly associated with, or conseeutive to, shortness of sight. Snch
-‘n'er nﬂciﬁes of the vitreons, injuries of the retina, sclerectasia posterior, and
so forth,

Prof. Ed. Jacger has given directions for determining the adjustment of the
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eye by means of the ophthalmoscope. He recommends for this purpose the erect
image, as shown by a concave mirror of 7" focal length, or by the ophthalmoscope of
Helmholtz. In order to obtain the necessary experience and dexterity, the observer
nmst train himself by repeated and careful examinations of healthy and normal eyes,
in repose of their accommodation, and must accurately study the characters of
the images he sees. He must especially observe the degree of enlargement of the
parts; the size of the field of view, both absolutely and in proportion to the pupil;
the quantities and tones of light and colour; the sharpness of outlines; the adjust-
ments of his own eye; the apparent distance of the image; the kind and power
of correction lens that affords the clearest picture; and lastly, at what distance of his
own eye from that of the patient the examination can be most comfortably made and
continued. All these particulars afford to each observer a standard, for himself
alone, by which to judge of eyes that depart from the normal condition.

Compared with such a standard, a myopic eye affords a smaller field of view,
and an image nearer to its actual position, a less intensity of light and colour, and a
greater enlargement of details; insomuch that the whole of the nerve disk will
perhaps not be visible at once. It will also be necessary to use a concave lens of a
strength corresponding to the degree of myopia, and to approach the examined eye
very closely.

In an hypermetropic eye, on the contrary, the field of view will be strikingly
enlarged ; the image will appear to be considerably in front of the actnal position
of the retina; its intensity of light and colour will be increased, and the size of its
component details diminished ; so that every part of it will gain in sharpness, and
the whole in general effect. In a high degree of hypermetropia, it will even be
possible to include at a glance nearly as much of the fundus as commonly in the
inverted image. In further contrast to myopia, in will be necessary to use a convex
correcting lens, and the distance between the observer and the patient may be
comsiderable.

These differences hetween the appearances presented by mormal, myopic, and
hypermetropic eyes respectively will depend, in their degree, upon the degree of the
ametropia. After some practice, therefore, it is not difficult to estimate the latter
with tolerable accuracy ; and to prescribe, within one or two numbers, the spectacle
lens required for its correction.

Stellwag observes that, in order to obtain a clear image of the retina of a
myopic eye, either a econvex or a concave glass will be necessary, according as the image
of the retina, formed by the refracting media of the examined eye, be situate in front
of the ophthalmoscopic mirror or behind it, and therefore also behind the lens, which
intervenes between the mirror and the eye of the observer. In the latter case, if we
assume, with him, p as the focal distance of this lens, a as the accommodation
distance of the examined, and b that of the examining eye, then :—

a b b ph
P = b—u’mm_l}_ 5 e whence a = T

by which the visnal distance of the examined eye can be determined. Plt iz g0 much
the less, the greater the strength of the glass that is required, in stationary accom-
modation of the observer, in order to afford a sharp and clear image of the retina.

The diagnosis of astigmatism rests upon many eircumstances which it wonld be
foreign to the scope of the present volnme to discuss; and in the myopic forms of the
affection, the subjective signs afforded by the state of vision will be the most trust-
worthy. In both forms, however, but especially in the hypermetropic, the ophthalmo-
seope affords very certain evidence of the condition.

In a normal eye, or in one that is simply ametropie, in the ercet image, the
emmetropic observer, in repose of his accommodation, sees all the vessels upon the
nerve disk at once, with equal distinctness, in whatever direction they proceed. In an
astigmatic eye this is no longer the case, and the observer must vary his accommo-
dation in order to see alternately, with equal clearness, the vessels that proceed in
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different directions. As a rule, the observer, in repose of amommo&mn. will see the
horizontally directed vessels clearly, and will require an exercise of accommodation,
or the aid of a lens, to see those that are directed vertically. This condition will
be reversed in the rare ua&eﬂufprepnndmhng hypermetropia in the vertical meridian ;

it will also be reversed in the inverted image, in which, moreover, the difference will
be much less remarkable, and may even be altogether destroyed by the inclination
of the axis of the object lens.

Dr, Knapp suggested to the Heidelberg Conference of 1861, an ophthalmoscopie
test of astigmatism, based upon the apparent shape of the nerve disk, the diameter
of which, as geen in the erect image, would be elongated in the meridian of greatest,
and diminished in the meridian of least, curvature. This appearance wonld be
reversed in the inverted image. Professor Donders points out the obvious difficulty,
that the diameters of the nerve disk are often actually unequal, and would, therefore,
appear o in eyes that were not astigmatie,
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SECTION THE FIFTH.
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THE OPHTHALMOSCOPE IN ITS RELATIONS TO FORENSIC
MEDICINE.

N account of the great advances made during late years in the public
administration of justice, and of the consequent demands upon the
medical practitioner, it appears expedient to discuss certain circumstances
in which the ophthalmoscope may furnish medical jurists with important
aid in the formation of their opinions.

It would be of the greatest utility to forensic medicine if the
ophthalmoscope should afford a means of determining with certainty the
presence of death by the turbidity of the refracting media; or of deciding,
by the degree of this turbidity, what time had elapsed since death took
place. Unfortunately, it is of no avail for these purposes; and Professor
Coccius, who first propounded and considered the question, thus states
his conclusions :—* These grave problems do not allow me to solve them
positively, however well I know the value and importance that would
attach to an opposite decision. But questions of such nicety do not
require answers that only balance doubts. For example, in a case where
the transparency of the ocular media of a dead body was tested, it still
would not be known what had been the transparency during life, unless
this had been formerly ascertained. Moreover, in animals chloroformed
to the point of death, the cornea may be seen to grow pale, and, with
the returning consciousness of the animal, to be restored to its natural
state. In corpses, also, that have been dead for the same period of time,
there are remarkable differences in the transparency of the media; those
of persons that have died from exhausting diseases retaining their
clearness longer, in general, than is the case with the victims of acute
illness. Among the latter, however, must not be included persons killed
suddenly by accident, in whom, as in slaughtered beasts, the transparency
remains longer. Furthermore, various collateral circumstances, such as
eonstitution, temperature, and mode of death, exert an influence upon the
earlier or later occurrence of changes in the media ; so that, after taking all
the conditions into account, we must say that the ophthalmoscope may
certainly, in particular cases, and with due regard to all connected
circnmstances, throw light upon the time that has elapsed since death;
but that, in general, it only teaches that the media in mankind appear
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turbid within a few hours after dissolution; and that the degree of
turbidity is dependent upon various contingencies.”

While, therefore, for the purposes above mentioned, the ophthal-
moscope 1s of little or no value, it may be applied with more decided
utility to cases in which the medical jurist is called upon for an opinion
about injuries to the eye; and especially about their permanent conse-
quences. If the injuries have been so severe as to rupture the cornen
and sclerotic, and to cause the escape of the vitreous and aqueous
humours, or if, some hours afterwards, a so-called traumatic cataract
makes its appearance, then, indeed, the ophthalmoscope is not required.
Cases oceur, however, in which, after blows upon the eye or in its
vicinity, sudden total or partial loss of vision follows; and in these the
ophthalmoscope is of value for the determination of different questions,
and affords evidence either positive, as of the existence of hxmorrhagie
effusion, retinal separation, &e., or negative, to the effect that mo
changes or abnormalities are discoverable in the eye, and that therefore
the injury in question has probably affected the brain itself. And the
medical jurist, moreover, is guarded against deception in cases where an
injured person simulates loss of vision as a result of injury; or, possibly,
having before laboured under some disease of the eye, first discovers it
after the blow, and supposes that the blow has produced it. If the
surgeon, under such circumstances, find the traces of old disease, old
choroidal exudations, old destruction of pigment, posterior staphyloma,
and so forth, the examination places him in a position to compare the
disturbance of vision with the injuries,

The detection of simulated ametropia has been sofficiently noticed in the
preceding section, and a few paragraphs, given by Dr. Zander on this part of the
subject, have been incorporated with the observations on pp. 200 and 201.

Cases will sometimes oceur in which it is desirable to test the reality
of a professed partial or total blindness of one eye, This ean scarcely be
done with certainty, except by the ophthalmoscope, since the merely
external signs are insufiicient.

It is true that squinting of the affected eye, mydriasis, smoky
turbidity of the fundus, or immobility of the iris, would lead to the
conclusion of real blindness. These signs are wanting, however, in cases of
amaurosis, in which the retina retains a slight sensitiveness to light ; or
they may be present, independently of amaurosis, in paralysis of the
oculo-motorius, or in idiopathic mydriasis, or even in mydriasis artificially
produced.

In persons, moreover, who suffer from hemiopia, or almost total
annihilation of sight, dependent upon retinal separation, effusion of blood
in the neighbourhood of the macula lutea, scattered small hemorrhages,
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or serous exudations in the retina, the pupil almost always retains its
regularity and mobility ; and, in such cases, except by the aid of the
ophthalmosecope, no certainty could be attained.

In many other cases the pupil remains regular and movable,
notwithstanding complete amaurosis, as from advanced atrophy of the
optic nerve, or through disease of the nerve-trunk itself. In such cases,
by displaying concavity of the papilla, mother-of-pearl tinting of its
surface, obliteration or atrophy of the retinal vessels, or other changes,
the ophthalmoscope would afford conclusive evidence of the reality of the
disorder,

As a rapid test of monocular blindness, von Grife recommends the
use of prismatic glasses, which have the advantage of being applied to
the eye that is professedly sound. A prism should be held before this
eye, preferably with its base upwards or downwards, and the patient be
asked whether he sees one or two images of a light placed in front of
him. If he see two—one above the other—one of which moves round
the other when the prism is rotated, the stationary image belongs to the
other eye, and the imposture stands confessed :—as may be proved to
the patient himself, by covering the eye that is professedly blind. With
regard to the detection of simulated weakness of sight, von Grife says,—* If
we take objects of different sizes, arrange them at different distances, and
then try the effect of glasses, a malingerer will soon give answers that will
convict him of simulation. It is especially useful to employ convex lenses.
A malingerer will commonly think to make himself safe by protesting
that he cannot see through any of the glasses; and since a convex lens
only shortens the visual distance, and does not impair the sight, this
protestation will afford the evidence that is required.”

Whether the ophthalmoscope will hereafter assist the medical jurist
in the investigation of mental diseases, is a question that only time can
solve. The foregoing observations are intended to show that, in the cases
referred to, it will at least not be useless, and that it will therefore descrve
more consideration than it has hitherto received.



SECTION THE SIXTH.

_Q.MQ_

THE INFLUENCE OF THE OPHTHALMOSCOPE UPON THE TREATMENT
OF OCULAR DISEASES.

HE title of the present section opens a wide field for inguiry. The great
invention of Helmholtz has been a source of new life to every branch of ophthal-
mology, and has not only directly modified the treatment of the conditions it has
actually exposed to view, but indirectly, purlmpu. although not less truly, that of other
conditions also, with which its connection is at first sight less apparent. We are
directly indebted to the ophthalmoscope for the modern treatment of detached retina
or sclerectasia posterior ; but we are indebted to it almost equa]ly for the recognition
and relief of astigmatism, or for the modern operations for the removal of cataract.
Its influence upon curative measures can therefore only be deseribed by a sketch of
the existing state of ocular therapeutics. The present volume affords no fitting oppor-
tunity to render such a sketch complete in matters of detail, and I shall therefore
content myself with endeavouring to place a general view of the subject before the
reader. This general view will be illustrated by cases, so far, and so far only, as they
seem to me to be typical in their characters and results, and to afford the means of
describing actual occurrences in the smallest possible number of words. As an
additional aid to conciseness, and in order to avoid repetition, it seems desirable to
commence by some account of the prineipal means of treatment, and of the nature of
the influences which they respectively exert. These means of treatment may be
enumerated, with some appearance of order, under the five following heads, namely :
1. Iridectomy ; 2. Depletion ; 3. Internal Medication ; 4. Counter Irritation; 5. Local
Applications.

The operation of ivideciomy was first brought prominently forward by von Griife,
in 1857, I shall first describe the method of performing it, and shall then speak of
its effects.

The instraments required for iridectomy are a spring speculum for opening the lids,
proper foreeps, toothed at their extremities, for holding the globe, a triangular knife,
of a size proportionate to that of the anterior chamber, set at an angle upon its handle,
fine forceps for seizing the iris, and keen scissors for cutting it. The surgeon should
also pmmle himself with a scoop, a fine spatula, some cotton wool, and a

It is quite possible to perform iridectomy without chloroform. Still, the restlessness
of the patient, and the spasm of his ocular muscles, are serious sources of danger, and
entail not only increased risk of wounding the lens, but also of the occurrence of
retinal or choroidal haemorrhage upon the sndden diminution of intra-ocular pressure.
Unless there be some very cogent objection, complete anmsthesia should be regarded
as an essential prelminary.

I may here observe, by the way, that the dangers of using chloroform in ophthalmie
surgery have heen greatly exaggerated by many writers. The effect most dreaded,
vomiting, will ravely follow if operations be performed in the morning, when the
patients have had neither food nor drink since the evening before, and if a suitable dose
of brandy and water, strong and hot, be administered to adults, a few minutes before
inhalation is commenced. Some operators prepare their patients for chloroform by a
day or two of moderate meals, and a few hours of abstinence. The brandy, which is
very useful for adults, should seldom be given to children, in whom it is more apt to
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cause sickness than to prevent it. If vomiting should, after all, be threatemed, the
surgeon should desist from manipulation, remove the speculum if it were inserted,
close the eye, cover the lids with a ball of cotton wool, and support the whole with
the palm of his hand, while the patient’s head is turned to one side, and the matters
vomited are received and cleared away. This done, the former position should be
restored, the inhalation renewed, and the operation, in due time, proceeded with. I
have repeatedly performed extraction of cataract under chloroform ; and, as a rule, use
it generally in all other operations upon the eye; and, strictly observing the above
precautions, have never had reason to regret its employment.

The middle third of the upper half of the iris is the portion that should usually be
removed. The resulting deformity being partially covered by the upper ld, is not
only less unsightly, but also less disturbing to vision, than it would be in any other
portion of the circle. 5till, there are special circumstances that may render ancther
gitnation desirable, and some of these will hereafter be enumerated.

For all operations upon the eye, partial anmesthesia is worse than none at all. The
gurgeon having satisfied himself that no muscular spasm will be produced by the .
forceps or kmife, and the patient being upon his back, in a good light, and with a
suitable inclination of his face towards the window, the next step is the gentle intro-
duction of the speculum.

The size and strength of this mstrument should be accurately adapted to the
requirements of the case, so as to hold the lids apart without too much tension, and
without pressure nupon the globe. The improved speculum of Mr. Bader, which can
be fixed at any required width of opening, should generally be preferred. If pressure
upon the globe cannot otherwise be obviated, the speculum used should be slightly
lifted by an assistant. ' .

The surgeon, standing behind his patient, seizes the conjunctiva and its sub-mucous
tissue with toothed forceps, at a small distance from the cornea, and at a point opposite
the centre of the intended incision. If necessary, he slightly rotates the globe,
imitating the action of the corresponding rectus muscle ; but never liftis or pulls it,
and simply holds it still when the desired position is attained. The point of the knife
is then placed on the conjunctiva, about a line from the corneal margin, and is made
to pierce the sclerotic, and to enter the anterior chamber immediately in front of the
iris. It is pushed steadily onwards until the external incision atfains a length of Gmm
or 80, which will correspond to 4™m or 6™ of internal wound. It is then very
gently and quietly withdrawn, so as to allow a gradual escape of the aqueous humour.
If the blade be too narrow to make a wound of the desired length, the external angle
may be enlarged in the act of withdrawal.

In cases of glancoma, it is of essential importance to remove a sufficiently large piece
of iris, and to remove it in its entire width, tearing it from its ciliary margin. For
this purpose a sufficiently large wound is required, and its position must be sufficiently
far back. In endeavouring to fulfil these conditions, an inexpert or careless operator
may enter the globe behind the iris, may wound the iris at his first puncture, may
lacerate the capsule of the lens in traversing the pupil, or may entangle the point of
his knife in the opposite pupillary margin. All these accidents have ocenrred even
where there has been a good anterior chamber.

It happens, however, in some cases of intra-ocular tension, that the anterior chamber
is almost abolished, and the iris and the anterior capsule are nearly in contact with
the lining of the cornea. Under such circumstances it would be very difficult, even if
possible, for the most skilful surgeon to make the ordinary section without wounding
either the lens or the iris. Various suggestions have been made in order to overcome
this difficulty ; and the best of them all, perhaps, is that of Mr. Bowman. He uses a
small cataract knife, and makes his incision as if for extraction, but smaller. In this
way the point of his knife does not traverse the pupillary space, and the only difficulty
is to guide it between the iris and the cornea. In such cases, the previous application
of Calabar bean, as suggested by von Griife, may also help to secure the lens from injury.

It has been recommended by some surgeons to withdraw the knife suddenly, so as
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to allow the aqueous humour to eseape in a gush, by which practice prolapse of the
iris is commonly produced, and the introduction of forceps into the anterior chamber
rendered unnecessary. To this plan there are two objections—1st, that the sudden
diminution of pressure is liable to produce retinal or choroidal heemorrhage ; and 2nd,
that there is some reason to believe that the shock to the lens may be a cause of
cataract. However.the knife is withdrawn, its back must come in contact with the
anterior capsule, and great care is hﬂccsmrj' to save this from being scratched by the
receding point. The method I practise is, first to loosen the knife in the incision, so
as to allow the gradual escape of the fluid, and afterwards to withdraw the blade
quickly, with a slight inclination forwards of its point.

An unpractised operator will sometimes find it difficult to give his attention
to both knife and forceps, and, while engrossed by the former, will unconsciously
exert pressure or traction with the latter. This ervor should be most carefully
avoided.

The section being completed, and the knife withdrawn, the eye may be freed from
tears and blood with a bit of soft rag. An assistant then takes the forceps, and is
careful gently to rotate the globe in any required direction, without suddenly dragging
it, If the iris be not prolapsed, the surgeon passes the fine forceps into the anterior
chamber; and, wherever it is, he seizes it mear the pupillary margin, at a poing
nearly eorresponding to the middle of the section, cuts it through with scissors close
to the forceps, from the pupillary to the ciliary margin, and then tears the piece still
grasped by the forceps away from its ciliary attachment, up to the angle of the wound,
renders it tense, and cuts it off close fo the conjunctiva. The other half of the prolapse
is treated in the same manner, and the cut extremities usually retract within the
chamber. This method of excision is due to the ingenuity of Mr. Bowman.

If any portions of iris remain within the lips of the wound, they must be displaced
by the spatula, and the wonnd may also be made to gape, in order partially to empty
the chamber of blood. The speculum being withdrawn, all coagula must be removed,
not only from the incision, but from the general surface of the conjunctiva. The Lids
are then closed, covered by an elastic compress of cotton wool, retained by 2
bandage; and the patient is left in bed. An anodyne is occasionally requ.'lreﬂ and
by the third day the section will usnally be healed, the agueons humour again secreted,
and the anterior chamber free from blood.

When iridectomy is practised in order to diminish the :la_uger of cataract extrac-
tion, it is mot necessary to remove the whole width of the membrane. If is probably
even safest to leave a portion of the ciliary zone, since this may afford support to
the delicate hyaloid membrane. Dr. Waldau, in his scoop operation, recommends a
corneal section, and that the iris should be cut through a little in front of its
attachment; and, in practising iridectomy as a preliminary to flap extraction, or
immediately after the removal of the lens, T have found such a partial exeision fulfil
Evﬂ[‘_}" l‘.l'llrI}ﬂS-E.

My, Bowman has performed iridectomy in various ways—as by tearing a portion of
the iris from its ciliary attachment through a corneal wound. I learn from him that
it is his purpose to publish his experience of the different possible methods of operating,
and of the circumstances under which one or other of them should be preferred; but,
in the meanwhile, the method deseribed above will be found well adapted for all ordinary
purposes. -
The effects of iridectomy are far more easily described than explained; for whmh
reason I will here content myself with their ennmeration.

1. The operation diminishes intra-ocular tension in a degree that bears some
proportion to the size of the piece of iris removed.

2. In many cases where there is no evidence of morbid tension, az well as in others
in which this condition ig very apparent, iridectomy produces a marked and favourable
change in the state of the ocular nutrition, so as to promote the resolution of inflam-
mation and the repair of injuries.

By virtue of this twofold action, it produces the following effects:—
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In acute glancoma, if performed sufficiently early, it will almost certainly cure

the disease ; and, if the blindness be already complete, it will still relieve the pain.

~ In 1860, I was consulted by a hale man, sixty-five years of age, on account of pain
and blindneéss in his left eye. The attack had commenced three days before 1 saw
him, and his sufferings were very great. The globe was of stony hardness, the eon-
junetiva much injected, the cornea steamy, the aqueous humonr turbid, the pupil some-
what dilated, fixed, and of an oval ontline. With the affected eye, the patient could
barely discern the position of the window before which he was seated. A large picce
of iris was immediately excised, and his recovery was speedy and complete. Ten days
after the operation he could read pearl type with the affected eye, and it has ever
since remained in an equally good condition.

In chronie glancoma, either =imple, or complicating sclerectasia posterior, irdec-
tomy will nsually arrest the dizease, and will sometimes arrest other morbid changes,
such as cataract. It will seldom, or only slightly, improve vision under such circum-
stances, but will preserve it from further impairment.

In the month of November I was consulted by a lady, fifty years of age, suffering
from gimple chronic glancoma of the left eye. There was steadily increasing pl'cab_v
opia, contraction of the field of vision, increased tension of the globe, and progressive
failure of sight. The media were transparent, and the excavation of the optic
disk was well marked. There were also strise of commencing cataranct in the lens,
Iridectomy was performed forthwith.

In December of the following year I saw this lady again, in consequence of her
right eye being affected in a similar manner. Both  from her statement, and by
tests, I found the sight of the left eye to be a little hetter than before the opera-
tion; and the cataractous strim, of which, thirteen months previously, I had made a
careful diagram, had indergone no increase,

In irido-choroiditis, iﬂﬂuct-ﬂmy not only produces speedy resolution, but it removes
the tendency to the recurrence of the disease that is produced by the gradual con-
traction of effused lymph.

If practised sufficiently early after an injury, iridectomy will usually prevent
the ocenrrence of tranmatic panophthalmitis, and will arrest it at any stagein which

is gtill possible. It will also arrest the course, and procure the healing, of
the rapidly destructive corneal slonghing that often follows contusion of the eye in
elderly or feeble persons.

A few months ago, I saw a young man whose eye had been punctured by a thorn
about thirty-six hours previously. The thorn had penetrated the cornea, pierced the
iris, and wounded the lens, and had been immediately withdrawn., The lens was, of
course, opaque, the aqueons humour had escaped, and the anterior chamber was half
filled by viscid pus. There was much 1rgeut.mn severe pain, and little or no perception
of light. Guided by the corneal puncture, iridectomy was so performed as to remove
the wounded portion of the iris. Forty-eight hours later the wound had healed, the
pain and inflammation had subsided, the agqueous humour was re- qecref,ed and the lens
was in a fair way to be quietly absorbed.

In the Medical Times and (Gazette for 1863, vol. 1. p. 503, I have reported the
history of a man in whom impending destruction of the cornea after injury was at
onee checked by iridectomy ; and the case is curions—becanse, by an accidental error
on the part of the patient, no other treatment of any kind was employed. When the
operation was performed, the comea was the seat of a large slonghing ulcer, was
opaque over its whole surface with the exception of a small crescentic portion, and
vision was limited to a perception of the situation of the window. Sixteen days later,
the patient could read No. 16 of Jiiger's test types.

The beneficial effect of iridectomy upon the general nutrition of the globe is
further illustrated b}' certain cases of chronie irido-choreiditis, in which mﬁ&nmg,
mutand of tenmon, 18 a result of the disease. After excision of a portion of the iris it
is common, in such cases, to see a more active secretion of the humours, and a return

F
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towards a normal state of tension. Iridectomy will also promote the absorption of
blood effused into the vitreous body ; and will, in some cases, arrest the progress of
conicity of the cornea. Itsinfluence upon the intra-ocular cireulation was conspicuously
manifested in the case of ischiemia retinme recorded by Dr, Alfred Grife (sec page 139);
and, partly in consequence of that history, I have lately performed the operation in a
case of atrophy of the optic nerves. The result of this experiment will be hereafter
declared.

As a preliminary to the extraction of cataract, or as a proceeding to be
executed immediately after the removal of the lens, iridectomy has now been very largely
employed. It not only promotes healing, and places the eye in a condition generally
favourable to recovery, but it removes the special danger of iritis from compression of
the iris by the lens during its exit. The piece removed should correspond to the
central portion of the corneal flap; and the iridectomy will so far diminish the
dangers of extraction that a favourable result may, in almost every case, be confidently
anticipated. Extreme age, constitutional debility, or persistent congh, need no longer
be considered insurmountable impediments to success,

The effect of the artificial coloboma iridis upon vision is very small. In cases of
wound, where it is desirable to remove the injured part, and in cases of caturact
extraction by an external or inferior corneal section, it may be necessary to make
an iridectomy in such a situation that the resulting deformity, especially if the iris be
light-coloured, will be extremely visible, But, in the majority of cases, the coloboma
may be placed under the shadow of the upper lid, and will there be searcely seen.
Many of the patients who require iridectomy are elderly people, and most of them,
cither from age or disease, have retine by no means hypersensitive; so that they
perceive little dazzling or inconvenience from the enlargement of the pupil. In one
case of double senile cataract, I performed extraction on one eye without, and on the
other with, an iridectomy. The patient reads pearl type equally well with either, and
finds no difference in their utility for general purposes. In a similar case I made a
very large inferior iridectomy, and extracted the lens by an inferior corneal flap, in
the right eye; and made a superior iridectomy and a superior extraction in the left.
In this case, also, the two eyes were equally nseful.

It might be supposed, however, that iridectomy wounld destroy or impair the
power of accommodation ; and hence that its hurtful influence upon vision, if any,
would be chiefly apparent in cases where the lens was retained. I have not seen
anything to justify this supposition; for, although the accommodation of an eye that
has undergone iridectomy is usually somewhat impaired, there will often be an
explanation of the impairment cither in the age of the patient, or in the disease for
which the operation was performed. In any case in which the deformity, or the
dazzling, or the failure of accommodation, was sufficiently evident to require relief,
it would not be difficult to obtain it by the use of spectacles, tinted, or partially
opagque, and adapted to the optical requirements of the patient.

From graver ill consequences, even by virtue of its antiphlogistic action,
iridectomy is almost wholly free. 1 have preserved notes of fifty-seven eyes upon
which, for various reasoms, I have performed the operation during the last three
years; and with none of them has there been any mischance. In two cases of con-
firmed glancoma, in which the sight had long been destroyed, but in which iridectomy
was indicated to allay the distressing pain occasioned by extreme tension, the opera-
tion afforded complete relief, but set up changes that ultimately produced wasting of
the globes. In every other case the operation has been followed by sound and speedy
healing, in many cases it arrested disease that seemed almost beyond the reach
of treatment, and in only a very few were my expectations of benefit entirely
disappointed.

I have entered into this question at conmsiderable length, partly because
iridectomy is an operation that has, I think, in some degree, passed out of the
domain of the special ophthalmic surgeon into that of the general practitioner;
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and partly because it has recently been assailed by a good deal of rather irrational
invective,

The diseased conditions that most urgently require iridectomy are acute
glancoma, sloughing ulcer of the cornea from injury, and traumatic suppurative
iritis. In such cases, under any other treatment, vision will be almost inevitably
lost; and, by timely iridectomy, it will be almost certainly saved. An immediate
operation for strangulated hernia can never be more essential to the preservation of
life than an immediate iridectomy frequently is to the preservation of eyesight. The
time during which it can be usefully performed is often very limited, and the patient
whose case requires it has a right to expect relief at the hands of the nearest
practitioner. There can be no doubt, I think, of the correctness of the opinion
advanced, a year or more ago, by the Editor of the British Medical Jowrnal, to the
effect that any surgeon who neglected iridectomy, in the presence of certain indications
for its performance, wonld ineur great risk of being muleted in very heavy damages
as the defendant in an action for malpraxis, In chronic or sub-acute glancoma,
although the necessity for the operation would in one sensze be equally great, it would
not be equally nrgent; and the patient would usually have time to seck the assistance
of a special practitioner.

Among English ophthalmologists there are, almost of necessity, some men of
high position and great attainments, endowed with qualities of mind that canse them
to be slow in estimating the value of that which is new. There are others who,
cither more sanguine than the first, or less cautious, or, it may be, gifted with a
greater rapidity of discernment, form their conclusions and act upon them, while men
of more tardy minds are still occupied in collecting and examining evidence. In the
dialect of familiar professional intercourse, the two classes of surgeons are super-
ficially distinguished as the *brilliant” and the *safe;” although the propriety of
the latter designation may be very fairly questioned. It would appear that one who
fails to appreciate and practise a remedy, the necessity of which time confirms, can
hardly be called the more “safe ™ adviser.

It naturally happened that the new operation was first performed and advocated,
in this country, by distingunished members of the “ brilliant” school. Their accounts
of its effects were met by considerable incredulity—by unwilling trials upon cases of
hopeless disease, and even by point-blank denials of the utility of the procedure. In
gpite of such opposition, iridectomy steadily gained ground in the opinion of every
man who praetised it skilfully upon carefully-selected cases, or who had opportunities
of observing such practice in the hands of others. More or less tardily and reluctantly,
often in direct opposition to their earlier preconceptions, and sometimes in direct
opposition to their previons writings, but nevertheless in fair and honest deference to
manifest truth, the “safe™ ophthalmologists who are indebted for eminence to their
intellectual capacity, are now, almost to a man, beginning to admit the prodigious
importance and value of the operation.

Within the last few months, however, the operators who practise and advocate
iridectomy have been assailed by a clamour that has scarcely even parodied the tone
of a scientific discussion. A professor eminent in general surgery, but hitherto
unknown in connection with ophthalmie practice, and an ophthalmic surgeon whose
reputation is supposed to rest nupon the manual dexterity associated with great bodily
strength, courage, and activity, rather than upon unusual powers of judging and com-
paring—and in some degree, also, it may be, upon the memory of the convineing
argument by which, geveral years ago, he proved the ophthalmoscope to be an useless
and a dangerous instrument—have combined with a number of wholly unknown
* Surgeons " and * Constant Readers” in an endeavour to establish the position that
iridectomy cannot do any good,—because they themselves neither practise it, nor under-
stand the principle on which its action depends. The general effect of their letters would
be to leave the impression, upon many minds, that there is, about iridectomy, a dif-
ference of opinion among competent judges. Such an impressionwould be ervoneous. The

P2
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controversy (if, indeed, it may be ecalled by such a name) has proved the existence
of surgeons who are not aecquainted with the benefits that result from the
operation ; but it is an abuse of language to deseribe the absence of kmowledge as an
opinion.

It iz, of course, quite possible that a failure to obtain the good effects described
may be due to a want of the dexterity and knack required for the proper performance
of the necessary manipulations. If the knife be carried behind t]m iris, lf the lens be
wounded, or if the sudden diminution of tension be followed by choroidal heemorrhage,
the condition of the patient will seldom be improved. Buch accidents, although not
difficult to produce, are not included within the proper programme of the operation;
and their occurrence, in any case, destroys its value as an illustration of the results
of iridectomy.®

It would be improper to leave wholly without notice an operation that has been
advocated, in slightly varied forms, by Mr. Hancock, of London, and Mr. Vose
Solomon, of Birmingham. These gentlemen have employed section of the ciliary
musele as a substitute for iridectomy ; and Mr. Solomon, especially, has practised his
method for the cure of myopia. My own experience of this * intra-ocular myotomy ™ is
very limited. In a severe case of irido-choroiditis, with inereased tension, I made a
radial section of the ciliary muscle, on the temporal side, with much temporary
benefit. The eye became very nearly well, but underwent speedy relapse. I next
made an oblique section on the nasal side, with no other effect than to increase the
irritation. The patient then wished to go to London, where she underwent iridectomy
at the hands of Mr, Critchett, but I have never heard with what resnlt. Shortly
afterwards I met with a case in which “ intra-ocular myotomy,” performed by a very
zkilful surgeon, had been followed by extensive detachment of the retina ; and, since then,
I have wholly abandoned the operation. The cases of myopia, published by Mr, Solomon,
have not, as far as 1 have seen, been deseribed with sufficient precision to convey a
clear idea of the state of visiom, either before or after the section; and there arve

* Tridectomy, like any other surgical procedure, would be liable to suffer in professional
estimation if it were performed in cases for which it was not required. Under the impression
that such an abuse of the operation might have led to its being undervalued, I asked Mr,
Bowman to favour me with his opinion upon this part of the subject ; and he has kindly
permitted me to publish the following letter, dated Dec. 7th, 1863 :—

“You ask me whether I think the operation of iridectomy for glancoma has been abused.
1 will answer for myself. I do not remember to have performed it in any case of glaucomn in
which, with all the experience of its efficacy I have since acquired, I should not now recommend
it, or be ready to perform it again. I can call to mind a very few instances in which it might have
been in some particulars more perfectly accomplished ; but they were mearly all among the
earlier examples. I am very unwilling to express any decided opinion as to the operation in
the hands of others. The knowledge of the diagnosis of cases of glancoma has been a gradual
acquisition, and it is possible that some operators may have imperfectly distinguished the
conditions of disease to which they applied this remedy ; and that some may have been induced
by the urgency of symptoms to operate without an exact acquaintance with the method, rather
than allow their patients to forego all benefit it might confer. From the first introduction of
iridectomy into England in 1857, it has proved the source of the greatest blessings to numerous
sufferers ; and now that the indications for it, and the mode of performing it, are generally
understood, there will very shortly, in my opinion, be no excuse for any one, oculist or general
surgeon, who shall neglect either to perform it himself in suitable cases, or to pass on his
patients to some one who will. Least of all is there even now an excuse for any oculist pro-
fessing to have inquired into the subject, and who, at this somewhat mature period of our
experience, not merely rejects it himseli, and allows his patients to go blind in default of it,
but abuses it, in a different sense from what you intend, when you ask whether the operation
has been abused,”




UPON THE TREATMENT OF OCULAR DISEASES. 213

probally few surgeons who would feel themselves justified in performing, on account
of uncomplicated myopia, any operation whatever. On the whole, I think it may
fairly be said that intra-ocular myotomy is neither so eﬂicaciﬂua, nor so free from
danger, as it was believed to be by its first advocates,

Depletion.—In the present state of professional feeling with regard to the
laneet, there would perhaps be no case of eye disease in which general depletion
wonld be considered necessary. The local abstraction of blood, however, is a remedy
of the greatest value, and may be advantageonsly practised cither by means of leeches,
or by the artificial leech of Baron Heurteloup.

The application of leeches to the eyelids or temple is attended by the dis-
advantage that their prolonged suction produces congestion of the neighbouring parts,
and of the very organ they are intended to relieve. They are therefore ill suited to
ﬁ&whil:h it is wished to unload the ocular vessels at the smallest possible cost

Dir. Jacobson, of Berlin, employs leeches in a very heroic manner, in the treatment
of cases in which inflammatory reaction is threatened after extraction of cataract.®
He commences by applying four; and every leech, as it falls, is replaced by a fresh
ong, until the pain and heat, or other alarming symptoms, are decidedly relieved. He
has applied, in this way, from forty to eighty leeches to a single patient,

The instrament of Baron Heurteloup consists of a small cylindrical drill, and a
gla.aa exhausting-tube with an air-tight piston. The dnll can be set to make its
incision to any desired depth, and the piston works with a screw. In applying the
instrnment, care must be taken to accommodate the screw movement to the rate of
bleeding, so as not to make a vacuum above the cdlumn of bloed. By this pre-
caution, the instrument gives little pain; and, by its nse, a few ounces of blood may
be rapidly drawn from an incision carried into the temporal muscle,

In whatever mode local depletion be practised, it is necessary for its beneficial
employment that all canses of loeal congestion should be carefully avoided for some
time afierwards. For at least 24 hours, the patient should be kept at rest in a
darkened chamber, and the eyes cooled, from time to time, by the use of cold com-
presses, or by the douche. The water pulveriser, made by Mathien, of DParis,
affords a shower of fine spray, that is, in such cases, extremely grateful and
heneficial,

The symptoms that justify the abstraction of blood may depend either upon
the acnteness and severity of the disease, or upon its prolonged duration.

The more acute inflammations of the eyeball are usnally the results of injury,
either surgical or aceidental, and are enly in rare cases idiopathic. However arising,
they require active depletion in their earliest stages; and, when trammatic, they
should be anticipated rather than followed. The best evidence of the necessity of
commencing or repeating the abstraction of blood will be furnished by increased heat
of the eye ; apparent, at first, as a subjective sensation to the patient, and subsequently
recognizable by the touch as a distinet elevation of temperature. In cases of a more
chronic character, the surgeon will be guided in depletion by the ophthalmoscope—
not only by the actual state of the ocular vessels, but also by the degree in which this
state is seen to be influenced by the loss of blood. It will be proper to bear in mind
that a good deal of congestion of the eye is often caused by fatigne of the internal or
external ocular muscles, due either to excessive exercise of the accommodation in
cases of hypermetropin or astigmatism, or to the habitual demand for a degree of
eonvergence of the optic axes that is painful to the internal recti. In such cases, to
practise depletion would mostly be to inerease the evil,

Tidernal Medication—In the selection and use of internal remedies it is necessary
to distinguish, with some care, between those that are directed against the local

* “Ein newes und gefahrloses Operations-Verfahren zur Heilung des granen Staares.”
PBerlin : Peters, 1863,
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affection, and those that arve directed against the comstitutional state of which the
local affection is only a single evidence. Beer and his followers, in pressing the doe-
trine of the remote origin of ocnlar diseases, were guided by a principle, the truth of
which has outlived their somewhat fantastic applications of it. We no longer speak
of *abdominal ophthalmia,” but we recognize that many of the disorders of the organs
of vision arize from constitutional conditions, and are diseases affecting the eye, in the
sense in which we speak of diseases affecting the skin. In all chronic morbid states
of the internal oenlar tunics, and especially in the absence of marked syphilitic taint,
or gouty or thenmatic diathesis, it becomes the duty of the surgeon to serutinize with
great care the general comdition of the patient, and especially the action of the more
important excretory organs. Of these, the skin, the kidneys, or the uterns will very
commonly be found at fanlt, and will always deserve the most seduloms attention.
The means of stimulating torpid excreting organs, and of restoring their healthy tone,
fall too much within the domain of general medicine to admit of special notice here ;
and it is sufficient to point out the indication, and to dwell npon the imperative
necessity of fulfilling it.  Bathing, frictions, general tonics, appropriate exercise and
diet, are resources of treatment the employment of which should be familiar to every
practitioner. Besides these, the special internal remedies of chief importance in oph-
thalmic medicine are mercury, opinm, and iodide of potassinm.

Admitting fully that of the numerous preparations of mereury there are many of
nearly equal clinical value, I still think that the surgeon will nsually find it advan-
tageous to confine his choice among them within narrow limits, and to practise himself
in the frequent observation of the effects of the same agent, rather than to wary his
preparation for every patient. For this reason, I am accustomed, in acute cases, to
preseribe blue pill almost exclusively ; and, in chronie cases, the corrosive sublimate,

In the treatment of acute inflammations within the eye, it is important, above all
things, to lose no time. The delicate structures affected may so speedily be injured
in properties essential to their nsefulness, that any unnecessary delay or
of resolution would of itself be a serious evil: hence it is usually desirable to treat
the internal ophthalmim by the prompt and free use of mereury, up to the point of
commencing ptyalism, and then to maintain the influence upon the system by such
doses as may be required. I believe it is never necessary, or even proper, to earry
mercurial action to such an extent as to inconvenience the patient. The slightest
possible swelling of the margin of the gums is a sufficient proof that the drug is influ-
r-ncmg the system; and this barely visible effect may be produced and maintained,
in most patients, without being suffered to increase. If the doses of blue pill be
combined with opium, and gunarded by chlorate of potash, they may be given at short
intervals—say two grains every four hours, even to a delicate person. After the first
day or two, it is usually more prudent to lengthen the intervals, even although no
constitutional effect of the medicine be pereeptible.

In acute intra-ocular inflammation, in which mercury has checked the morbid pro-
cess, its action shonld usually be maintained until recovery is complete, or as complete
as the circumstances of the case will allow., The propriety of continuing its nse
should be determined, not only by the amount of vision and the state of the anterior
parts of the eye, but by the transparvency of the vitreons body and by the general
condition of the posterior ocular membranes.

The corrosive sublimate possesses great advantages in many chronic diseases, not
only because it will produce all the good effects of mercury, as against either simple
inflammation or syphilitic taint, with very little risk of ptyalism ; but also because it
admits of being combined with tonies and sedatives. In doses of from the sixteenth
to the twenty-fourth of a grain, combined with sulphate of quina, tincture of sesqui-
chloride of iron, and a little hydrochlorate of morphia, it may often be administered
thrice daily, for months together, with great benefit. T am accustomed very slightly
to acidulate the mixture with hydrochloric acid, and to recommend that the tincture
of steel employed should at the least be three years old. It undergoes certain changes
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by keeping—which, without detracting from its efficacy as a ferrmginons tonie, render
it much move grateful to the stomach. The obvious precaution of administering the
dose immediately after food is one that need scarcely be mentioned. Where the
corrosive sublimate will alone fulfil the requirements of the case, there are few better
vehicles for it than the compound tincture of bark, with a very small quantity of
tineture of opinm, to correct the griping pain sometimes caused by the salt itself,
The Liguor Bel®, so highly recommended as a vehicle by Mr. White Cooper, does
not, I think, at all surpass the tinctures of bark and opinm in utility.

The corrosive sublimate is chiefly useful in diseases of syphilitic origin, and
generally in the chronie inflammations of eachectic or weakly persons.

The preparations of opium, of which I ¢an only speak as invaluable adjuvants, are
relied upon by many practitioners as their principal remedies in the freatment of
ocular inflammations. Mr. J. Zachariah Laurence was the first to advocate, in this
country, the “ morphia treatment ™ of iritis, an inflammation that is now Jmown to be
most frequently associated with like mischief in the choroid. 1In the case of a patient
possessing an idiosynerasy hostile to mereury, I should not hesitate to place my chief
reliance upon some of the preparations of opinm ; but it may fairly be questioned how
far such reliance is justifiable in ordinary cases, The effect of mercury in subduing
intra-ocular inflammations is so clear, and the duty of using the most rapid and cer-
tain means to this end so binding, that there may well be a very intelligible reluet-
ance to abandon a tried and trusty servant, however favourable the antecedents of
the proposed snecessor. The cases reported by Mr. Laurence (Ed. Journ. Dec, 1862)
certainly seem to establish the position for which he contends; but, at the same time,
our earlier knowledge of the effects of mercury will probably render surgeons indisposed
to abandon it, even in favour of a remedy perhaps equally nseful, but not yet sanctioned
by the accumulated experience of many generations.

In uging this langnage, and in expressing a very decided opinion about the present
state of what may be considered a pending controversy, I do not for a moment lose
gight of the views of those surgeons who denounce mercury. I am quite ready to
admit that further evidence may hereafter justify practitioners in abandoning its use,
in favour of opium or of some other medicine; and I do not forget that there are
cases on record, well aunthenticated, in which a second eye has been attacked by
inflammation while the patient was under the influence of salivation produced for
the cure of the first. I cannot here enter into a discussion about the mode of action
of the mercurial treatment, or debate whether it produees actual resolution of inflam-
mation, or only the absorption of the scarcely orgamized inflammatory products. If
even the latter view be adopted, it must be remembered that the presence of such
produets has a powerful infloence in maintaining inflammatory action, and their
removal, in subduing it. But to sum up the matter in few words, and to express
exactly what is on my mind, I would say, that I think there is a certain degree of art
in the management of a mercurial course, so as to obtain its full benefits, and to
exclude its possible dangers; and I think the ecachexia induced by the excessive
administration of this powerful agent, and the varions diseases to which that cachexia
entails an increased liability, afford no sound argument against the proper employ-
ment of & valuable means of treatment. There are many morbid conditions in which
we habitually preseribe low diet, and find our account in doing so, although daily
experience teaches us that the liability to such conditions is inereased, and their actual
severity is angmented, in persons who have, for any lengthened period, attempted to
maintain hife upon an insufficiency of food.

In painful diseases of the eye, of whatever nature, the use of opinm as an adjuvant
ghould seldom be omitted. It must not be forgotten that exalted tension is a frequent
sonrce of pain ; and that, when this is present, the cause should be removed by iri-
dectomy, instead of the effect being masked by anodynes. But, wherever the source
of pain eannot be reached, the pain itself should be subdued; and the opiates
required for this purpose should be measured by their effects, rather than by their
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quantity., TLocal pain is, as a rule, hurtful to the nutrition of the snifering part, and
while it is urgent, no process of repair can be actively carried on. To give opiates
in quantities insufficient to afford relief, even although the doses may be absclutely
large, is merely to add the injurions effects of a drog to those of the pre-existing
malady ; and it is only by pushing the remedy until ease is obtained, that any
advantage can be anticipated. For this purpose, the preparation selected shounld be
given liberally at first; and a smaller dose be repeated, at short regular intervals, say
honur by hour, until pain is effectually controlled.

With regard to the forms of administering opium, the drug itself will be found the
most generally useful. The preparations of morphia, or the varions officinal and non-
officinal solutions, may have their special advantages in certain cases ; but the pill of
solid opium will usually fulfil all the indications. For local application, as a fomen-
tation to the closed lids, a strong warm watery solution of opium is to be preferred
to all other preparations. The hypodermic injection of a solution of morphia is,
however, a highly valuable means of giving the first dose, and of producing its
effects with a rapidity not otherwise attainable. The solution nsed for this
may contain one-third of a grain in ten minims of distilled water; and the loose skin
of the temple should be the place selected for the puneture.

The iodide of potassinm has a wide range of usefulness in ophthalmic medicine.
In most cases of inflammation, either acute or chronie, it may be given together with
mercury—or alternately with it, or may even be substituted for it; and it may be
combined with earbonate of ammonia, or with syrup of iodide of iron, or with ammeonio-
citrate of iron. In the very numerous cases that are immediately or remotely
dependent upon syphilis, it is, of course, one of the chief resources of treatment; and
its well-known property of controlling nocturnal headache extends, in some degree, to
the nocturnal exacerbations of pain so common in diseases of the eye. For adnlts,
the most useful doses range from three to ten grains given three times a day; and the
irritant action of the drug npon the stomach may be prevented, in nearly every case,
by the use of a sufficient quantity of barley-water, say from four to eight ounces, as
a vehicle. The larger doses will be most useful in syphilitic patients, and the
smaller in cases of simple inflammation.

In the eye, as in- other organs, it is often necessary temporarily to excite the
reparative powers of the system, not only by the employment of nutritions diet and
alcoholic stimulants, but also by the use of suitable medicines. For this purpose, the
carbonate of ammonia, given with decoction and tineture of bark, will very frequently
be found efficacions.

Cownter irrifafion, in diseases of the eye, must be nsed and controlled on the same
principles as in medicine generally, and will be found useful in the waning stage of
acute, and thronghout the whole course of chronic inflammatory disorders. It may
be effected most conveniently by the frequently repeated application of blistering
lignid, or blistering tissue, at the back of the ear, or to the temporal region. It will
seldom be found desirable to produce a very severe effect by a single application, or
to repeat the blistering more frequently than at intervals of four or five days. Too
active a vesicant may produce cxdema of the eyelids and conjunctiva, as well as irri-
tation of the deeper parts of the globe; and the good influence of blisters npon the eye,
as well as elsewhere, is usually most manifest at, and shortly after, the period of their
healing. The action of blistering tissne is easily regulated, by varying the time
during which it is in contact with the skin, and this agent is therefore more manage-
able than most other vesicants.

In chronic or recurrent superficial disease, affecting the conjunctiva or the epithe-
lial layer of the cornea, Mr. Critchett employs, with very great advantage, small
setons in the hairy scalp, just above and in front of the ears. They are inserted by
lifting up the sealp, so as to remove it from the temporal vessels, and by passing a
large suture needle, carrying a piece of thick silk, through the resulting fold. The
needle is then cut off, and the double thread knotted together by its ends. The seton
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track may be an inch or more in length, and shounld be completely concealed by the
hair, TUnless passed deeply, these threads are liable to ulecerate out, especially in
strumous subjects ; but their employment is, nevertheless, most advantageous in a
great variety of cases.

The Local Applicafions required for diseases of the internal eye willnot include
the various agents known to all practitioners as valuable means of treating disorders
of the conjunctiva or of the corneal epithelium, They will include cold, warmth,
varions anodynes, and the compress or Druckverband.

The application of cold admits of being graduated with great exactness ; and may
be effected in the gentlest manner by the fine spray of Mathieu’s water pulveriser.
The ordinary douche, first with a rose, then with a jet, and supplied with water of
any required temperature, affords the means of more energetic refrigeration; and the
sedulons application of iced poultices, or small waterproof bags of freezing mixture,
changed every few minutes, will meet the requirements of the most acute and
dangerons cases. Sustained cold may also be applied by allowing water, iced if
necessary, to drop continually upon a piece of lint or linen laid upon the closed lids.
A vessel of water placed above the patient, and farnished with a skein of loose thread
to act as a siphon, forms a suitable apparatus; and the water that drains away
from the linen should be caught in a gutter of oiled silk, and conducted to some con-
venient receptacle, PBefore arranging such a contrivance, the surgeon will do well to
remember that the measure is a severe one, and that its self-acting character will
cause it to be neglected by nurses, or people in attendance. It is therefore very likely
either to become deranged in its working without detection, or else to be allowed to
produce a greater effect than is desired. The iced poultice, changed every few minutes,
and requiring constant care, is less perfect in theory, but is in many respecls
better adapted to human frailty.

The water pulveriser, or the douche with a rose, will be found useful after depletion
in chronic cases. The douche with a jet is a highly beneficial application in most
chronic ailments of the eye, and should be allowed to play npon the closed lids for
ten minutes or so, twice daily. Sustained cold is only required in the most acute
inflammations. It should usunally follow depletion; and should be regulated, in great
measure, by the sensations of the patient,

The form of douche employed is a matter of little importance ; but the reception of
the water in a small glass, applied to the margin of the orbit, is a practice to be con-
demned, becanse it interferes with the refrigerating effect that is the chief bemefit of
the application. A continuous stream is preferable to an interrupted one; and
therefore a siphon is better than a syringe. A very good form is made by attaching
a piece of metallic gas pipe, of the size and shape of a common horse-shoe magnet,
to one end of a piece of india-rubber tubing four feet in length, and carrying a rose
or jeb at the other end. The metal tube will hang over the edge of a jug of water
placed on a high shelf; and, the stream being once set going by suction, will continue
until the water falls beneath the level of the short arm of the siphon. If a more
elaborate apparatusbe required, itis easy to make an ornamental table fountain, with
a compressed air chamber, and to arrange that it shall play for ten minutes withont
requiring adjustment,.

External warmth, by poultices, simple or medicated, spongio piline, bags of boiled
camomile flowers, and so forth, is very soothing and useful in a great number of
superficial ocular diseases. It is of less value in the more deep-scated affections—
but cases will now and then oceur in which it is indicated. As Sir Henry Holland
has pointed out, temperature is a matter about which the sensations of the patient
are usually safe guides ; and we shall meet with persons, every now and then, to whom
cold is painful, and warmth, with moisture, soothing. There can be no doubt that
our practice should be modified accordingly.

Among locally-applied anodynes, atropine stands almost alone, by reason of its
paralysing action upon the ciliary muscle and sphincter pupille. The agents that
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resemble it in this respect, such as daturin, have not been sufficiently tested in praec-
tice to furnish us with certain proofs of their value, and their action is supposed to be
wanting in permanence. Thanks to the labours of Mr, Hilton, the utility of rest, as a
therapeutic agent, has become an axiomatic expression ; and atropine secures rest to the
internal eye. There is, therefore, scarcely any form of internal ophthalmia in which it
should not be used, and in which its use will not seeure one of the most important eon-
ditions of recovery. A solutiom, containing four grains of atropine to an ounce of
distilled water, is a convenient form; and a large drop of this should be placed
between the lids every four hours, until the pupil is fully dilated, and afterwards with
sufficient frequency to maintain the dilatation. If the atropine should irritate the con-
junctiva, Mr. Bowman advises that it should be omitted; or else that its irritant
effect should be counteracted by nitrate of silver (lgr. §j). The elaborate argument
once published by Mr. Dixon, against the nse of atmpme in iritis, would hardly, in
the present state of knowledge, be reproduced by its author; and therefore does not
require any special refutation.

The application of other anodynes, in fomentations or medicated poultices, or in
ointments, has only a limited utility, and falls within the range of general medicine.
It would be improper to leave unnoticed the Calabar bean, which is found useful in
wounds of the cornea attended by prolapse of the iris. Its power of contracting the
pupil serves to reduce the prolapse, and to prevent its recurrence. For this purpose,
the best application is the solution of the extract in glycerine, placed upon the
palpebral conjunctiva. It was at one time hoped that the Calabar bean wonld be
useful in removing the effects of atropine, after ophthalmoscopic examination. The
atropine is, however, 8o much the more powerful of the two opposed agents, that this
hope has hitherto scarcely been realized. When the active principle of the bean can
be obtained in sufficient quantity, a different result may reasonably be expected.

The compress (Arlf's compress, or the Druckverband), is composed of a small piece
of fine soft linen, some charpie or cotton woel, and a bandage an inch and a half wide
and four or five feet long. The middle third of this bandage should be made of knitted
cotton, and the ends of highly elastic flannel. The closed lids being first smoothly
covered by the piece of linen, the surgeon lightly fixes the nasal extremity of the npper
lid with the tip of a finger, and with the tip of the next finger draws the skin of the
temporal extremity of the lid against the margin of the orbit, in such a manner that
the lid itself is gently tightened over the surface of the globe. Charpie is then care-
fully packed in, so as first to fill the depression immediately within the margin of the
orbit, and then to cover uniformly the whole surface of the lids, until no central ele-
vation can be felt by the surgeon. The end of the bandage is applied to the temple
of the affected (say the right) side, and secured by a single turn at the same level.
From the right temple it then passes over the left ear to the oceiput; and from the
occiput the knitted cotton centre passes over the padding, with firm gentle pressure,
to the left temple, from which the flannel continnation makes a second turn, like the
first one, round the head at the temporal level, and is secured by a pin over the right
temple, at the point of commencement. The perfect adaptation of the charpie to the
orbit must be maintained by the hand, until the bandage replaces it; and before
fiing the pin, the surgeon must satisfy himself that the degree of pressure is adapted
to the requirements of the case.®

The compress, thus applied, fulfils a great variety of purposes. By restraining the
movements of the intraorbital muscles, it secures absclute physical rest to the eye
and eyelids ; and, by its opacity, it affords rest to the iris and retina from the stimunlus
of light. It affords all the benefita of firm and equable support or pressure, so valu-
able in many inflammatory or congestive states, It maintains uniformity of tem-

* The above instructions for applying the compress are taken from a paper by von Grife,
in the Arch. f. Ophth. Band IX. Abth. 2, 8. 111, and afford a good illustration of that care-
fulness about matters of detail which so greatly promotes the sucecess of treatment.
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perature against all external conditions, and it absorbs discharges with great rapidity.
It has the disadvantage of being somewhat heating, and of placing a difficulty in the
way of inspection of the eye.

From the above description it follows that the compress should be applied after
almost all eye operations—especially after cataract extraction and iridectomy, and the
removal of staphylomatous cornese—in all cases, in short, in which there is danger of
intra-ocular heemorrhage. It is also indieated in cases in which such hemorrhage
has ocenrred spontaneously; in nleerations, wounds, and abrasions of the cornea; and,
as a protection to the eye, in corneal anmsthmsia, and in paralysis of the orbicularis.
It is contra-indicated in all disorders attemded by elevation of temperature, and
wherever other kinds of local treatment are required. For further information
on the subject I must refer the reader to the essay by von Griife, already mentioned
in a foot-note.

The foregoing general remarks have been intended to supersede the necessity of
any detailed account of the methods of treating many of the morbid conditions
described in the Fourth Section. The surgeon will find it desirable to bear in mind
the observations, already cited, of Dr. Liebreich, npon the more idiopathic and acute
character of the disorders of the choroid, as contrasted with the constitutional
character, and comparatively chronic course, of the diseases affecting the retina.
The former will manifestly demand a more active and local, the latter a more per-
sistent and general plan of treatment; meodified, of course, in either case, by the
special symptoms, condition, and requirements, of the individual sufferer. Indeed,
it may even be worth while to remark that philosophical medicine, which aims at
curing the patient, differs from empirical medicine, which aims at curing the disease,
more widely perhaps, in ophthalmic practice, than in any other department of the
healing art. The display of physical changes effected by the ophthalmoscope, and
the attention given, of late years, to the evil consequences of intra-ocular pressure,
have some tendency to lead the student to the belief that, in the eye, he can see and
feel the whole of the forces against which he is required to strive. It is impossible
to learn too soom, or to remember too continuounsly, that intra-ceular physical changes
are something more than mere deviations from the physiological status of a single
organ. They form, in every case, a pathological superstructure, resting upon some
special foundation of diathesis, of temperament, or of acquired dyscrasia; and,
although this may be true in a greater degree of the retina than of the choroid, or
of one patient than of another, it is true in some degree of each and all; and is
never more conspicuously manifested than in the different results that, in two
n.pparantly healthy persons, may follow from the infliction of similar wounds or
injuries npon both. In order, therefore, to treat ophthalmic diseases with success,
itis necessary to look for something more than even the most exact physical diagnosis,
and to study the subjective and the constitutional symptoms with as much care and
accuracy as the objective. Thus much being premised, T may pass on to a brief
notice of some of the morbid changes described, a few of which appear to demand the
mention of special therapeutic indications.

Eeeavation of the Papilla, when acquired, must always be regarded as a
mechanical result of increased intra-ocular tension, and as a reason for the perform-
ance of iridectomy. Upon this subject, and upon the signs and effects of morbid
tension, sufficient has already been said elsewhere.

Atrophy of the Optic Nerve is a condition against which all the resources of
treatment have been exhausted in vain., The perusal of Dr. Alfred Grife's case of
ischsemia retine (page 139) has determined me to perform iridectomy in any case
of apparently idiopathic atrophy that I may see at a sufficiently early stage. At
present, I have tried the operation in a single case only, in which the disease was
already far advanced. For a short time the patient declared that his sight was
improved, but I could never satisfy myself that it was so; and the improvement, if
it ever took place, has certainly not been maintained. Among the methods of treat-
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ment that have utterly failed, the most important have been depletion and the nse
~ of mercury on the one hand, and of nervine stimulants and tonics on the other.
Electricity, quinine, phosphorus, stryehnine, and a host of other agents, have all been
equally barren of results ; and the obseurity that overhangs the nature of the disease,
the nnecertainty whether the nervous fibrillee, the vessels, or the connecting tissue, be
the structure primarily affected, must necessarily tend to interfere with the persevering
employment of any remedy whatever. In cases apparently due to excessive smoking,
there seems to be no doubt that the abandonment of tobacco has been highly useful ;
and I have lately heard from Mr. Wordsworth of a case in which the disease was
arrested by the reduction of the daily dose of tobacco from forty cigarettes to six.
In the present state of knowledge, therefore, the only indications are purely
general, and require the abandonment of any vicions habits or debilitating practices,
in which the patient may be found to indulge.®

In the cases of Hypereuia of the Retina that are apparently due to mechanical
pressure behind the eye-ball, the surgeon will often find it impossible to interfere with

* Some months ago, when the influence of tobacco in producing atrophy of the optic
nerves was much discussed, it oceurred to me that the experience of the Egyptians and Turks,
who are perhaps the greatest smokers in the world, would be of some value as evidence in the
case, In 1855-6, T was myself for many months resident in various parts of Asiatic Turkey,
and had opportunities of becoming acquainted with the prevalent diseases of the country,
among which, as far as I saw, amaurosis could not be numbered. In order to obtain more
exact information, I applied to Mr. Farquhar, who was for many years surgeon to the British
Consulate at Alexandria, and to Dr. Dickson, the physician to Her Majesty’s Embassy at
Constantinople. I requested these gentlemen, if they could give me no trustworthy evidence
about tobacco, to state their opinions about the prevalence of amaurosis; because I considered
that the frequent occurrence of tobacco disease, if not recognised as such, would at all events
make itself felt by increasing the number of amaurotic persons, The letters written by Mr.
Farquhar and Dr, Dickson reached me too late to be incorporated with the note on page 131 ;
but they zeem to me to be too important to be omitted. I need only say further, concerning
them, that the tobacco to which they refer is not so strong as even the mild varieties used in
this country.

Mr. Farquhar writes :—

“In answer to your inquiry respecting amaurcsis, I ¢an only say that, during the
whole of my residence in Egypt, and among the many thousand diseased eyes that I examined,
it was always a mystery to me that I saw so very few cases of this affection. The Egyptians,
if it be possible, smoke even more than the Turks.”

Dr, Dickzon writes :—

“ Amaurosis, taking the term in its widest sense, is mot a common complaint in
Constantinople, or in Turkey generally ; and yet smoking tobaceo is so prevalent a vice, that
it is practised by the whole population, Mobammedans, Christians, and Jews, with hardly a
single exception. The usual amount of tobaceo consumed by one person, per month, may he
estimated at an oke, equal to 1,283 grammes ; or about 2¢ 1b. avoirdupois.

 In addition to my own testimony on this head, I add that of Dr. Millingen, one of the
oldest and most celebrated physicians here, who declared to me that amaurosis was a rare
affection in Constantinople.

“ Dr, Hiibseh, our principal oculist, in reply to my inquiries on this subject, says:—*8i
I'on désire savoir, sous la dénomination générale d’amaurose, s'il ¥ a beaucoup d'avengles i
Constantinople, en exceptant les Cltaractes, je suis &4 méme de répondre que Constantinople,
comparé aux autres centres de populations, prézente un chiffre d'aveugles de beancoup inférieur
a celui des autres capitales; ici les affections oculaires sont plus rares, et n'offrent aucun
caractire particulier digne d'étre noté, -

“:Jly ades amauroses dépendantes de vice syphilitique, en nombre assez considérable ;
il ¥ a quelques amauroses cérébrales dépendantes de lésions des centres nerveux ; les maladies
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advantage, unless circumstances should permit the removal of some exostosis,
or other growth, from within the orbit, or should demand the removal of the globe.
It occasionally happens, however, that inflammation and suppuration of some of the
soft parts within the orbit may be causes of mechanical ocular congestion, and may
admit of relief by deep incigions into the orbit, above, or to the sides of the eye itself ;
and that by such procedures vision may be saved. The cases are extremely
rare ; but the fact of their occasional occurrence should not, on that account, be
forgotten.

Separation of the Refina, when firsé recognized by the aid of the ophthalmo-
scope, was regarded as an incurable affection. Latterly, however, it has more than
once been successfully treated. Dr. Liebreich has succeeded in the cure of two recent
cases by the use of evacuant remedies, and by maintaining, by the aid of some
mechanical contrivance, complete immobility of the head of the pzl.tiﬂnt. The effused
fluid has been absorbed, the detached membrane has been restored to its proper
place, and vision bas returned. Guided by the oceasional oceurrence of a spontaneons

du cerveau et de la moelle ayant dans ces derniers temps pris un developpement en rapport
avec l'activité fébrile de notre sidcle, et l'agitation permanente des esprits; il y a quelques
cas tris rares d'amaurose albuminurique.  J'ai observé des amauroses chez les femmes
grosses, disparaissant avec la délivrance (trois cas).

¢ J'observe actuellement cette forme d'amaurose dépendante d'une rétino-choroidite
postérieure ; elle est tris fréquente surtout chez les personnes qui s'occupent de travaux fins
qui fatiguent la vue.

“*Quant & l'action du tabac sur les yeux, elle est tris problématique; ici tout le monde
fume du soir jusqu'au matin, et du matin jusqu'au soir; les hommes fument beaucoup, les
femmes un pea moins que les hommes ; et les enfants fument dis Page de sept i huit ans.  Je
n'ai jamais pu attribuer 'amaurose i U'abus du tabac; le nombre des fumeurs est immense, le
nombre des amauroses est limité, La fumdée détermine souvent, chez les personnes qui ont la
peau et la conjonctive tris délicates, des irritations chroniques, des congestions locales, ou des
blépharites ciliares avec perte des cils, larmoiment continu, et rougeur plus ou moins intense.
Voiliv pour laction du tabac.’

““On the other hand, I may add that during a ten years' extensive practice at Tripoli, in
North Africa, I found that amaurosis (I speak generally, for I had no ophthalmoscope then—
1847-57) was a very common affection there ; and yet the natives, particularly the Bedouin
Arabs, never smoke,

“Hence I infer that smoking fobaceo has no influence whatever on the development
of amaurcsis. What I believed to be the proximate causes of this infirmity were, Egyptian
ophthalmia, in consequence of the violent congestion it excites in the eye; strong glare of
light, such as you meet with on the naked desert, or issuing out of a forge, or glass furnace,
aud straining the sight upon microscopic objects, as exemplified by watchmakers, &e. The
climate and loeality of Constantinople must be very congenial to the eye; for the inhabitants
are noted for the fine development, expression, and beauty of this organ,

“I may mention an example of amaurosis, arising from violent mental emotion, which
came under my care in 1544,

“When the Turkish Expedition, under the command of Koord Ahmed Pasha, were
taking possession of the Jabel, a mountain district to the 8. W, of Tripoli, Hadj-Godnus, one
of the Pasha's agents, was ordered to exact tribute from a certain tribe of Maraboots, whose
- sole occupation consisted in affording gratuitous hospitality to the wayfarer, and charity to
the poor ; and who, on this seore, had ever before been exempted from taxation. The Sheik
of these good people refused to acknowledgs the tax ; and pleaded that, their revenues being
solely disbursed for the benefit of the needy, the property was held sacred, and could not be
taxed. Hadj-Goduus persisted in his demand, got very angry, and even threntened to use
violence on the Sheik, if he refused any longer to pay. Upon which the venerable old man
rose from his seat, outstretched his arm towards Hadj-Godnus, and, while retiring from his
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rent in the detached portion, through which the sub-retinal effusion has passed into
the vitreous body, so as to allow the subsidence of the retina, von Griife has in a
few cases punctured the prominence by a cutting needle, introduced into the eye-ball
behind the crystalline lens, and guided by the judgment of the operator, after careful
study of the exact seat and extent of the detachment. Mr. Bowman also, since
1862, has not unfrequently used ome or two needles for puncturing or tearing
open the separated retina; and his experience is, on the whole, favourable, (See
Ophthalmic Hospital Reporfs, May, 1864.) These procedures cannot yet, how-
ever, be considered as among the ordinary resources of treatment; and can only
be safely undertaken by a practised operator, whose fingers and whose muscular
sense are thoroughly habituated to the degree of resistance offered by the different
ocular textures. It is not necessary, therefore, to give in this place any specific
directions about the method of performing such operations.

Tumours in the inferior ¢f the Eye may either be cystic, tubercular, or
malignant. I have found the first, between the choroid and the detached retina, in
a disorganized eye-ball, that I removed because it was a source of pain; and the
two last kinds are sufficiently common. I am not aware of any characters by which,
in an early stage of development, and in the living eye, they can be distinguished
apart with certainty ; and, in the absence of such characters, it is clearly the duty
of the surgeon to enucleate the affected organ without nunecessary delay, in order to
prevent, if possible, the threatened infection of the system by a malignant tumour.
For the purposes of sight, the eye would in any case be lost; so that, if the
microscope showed the morbid growth to be tubercular, no harm would be done;
whereas, if it were found to be malignant, the patient would have some prospect of
being rescued from a miserable death.

At the Kent County Ophthalmic Hospital, in January, 1863, I removed the eye
of a young child, acting on the principle laid down above, on account of a new forma-
tion that was supposed, both by myself and others, to be tubercular. Microscopic
examination, however, fully established its malignant character. It had commenced
at the lower portion of the retina, and had not reached the optic nerve. The patient
made a good recovery ; and, up to this time (March, 1864), has had no return of the
dizease. The case is reported at length in the Medical Times and Gazelte for
December Sth, 1863,

Removal of the eye-ball may be effected, within its fibrous capsule (commonly
called the capsule of Bonnet, but really first described by Dr. O'Ferrall, of Dublin),
with very little disturbance of the other intra-orbital textures. A spring speculum
being placed between the lids, and the conjunctiva being snipped all round, near the
cornea, with scissors, the muscles shonld be taken up, one by one, on a strabismus
hook, and divided close to their oeular attachments. A slight, gentle pressure,
between the sides of two contiguous fingers, will make the glﬁ'he start forwards ; and,
the optic merve being then cut through, the eye will fall into the hand of the
surgeon. A pair of sharp-pointed scissors, not too large, and curved on the flat, a
pair of toothed forceps, a spring speculum, and a strabismus hook, are the
instruments required.

The operation is usnally attended and followed by very slight hemorrhage, but
some of the blood effused is apt to make its way into the lax cellular tissue about

presence, spoke these words:—*Sinee you insist in earrying out your evil design upon the
funds of the poor, may the Almighty curse you with blindness.” These words were hardly -
uttered when I observed (for I was present) Hadj-Godnus suddenly place his hand upon his
head, and moan aloud from the intense pain he felt there. This was not all—for he had
become totally blind !

“1 did what I could to relieve his sufferings, but to mo purpose. He quitted the camp,
and I heard that he died a short time afterwards, at his own home, suffering greatly all the
while."”
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the orbit, where it produces great discolouration of the eyelids and cheek, so that
the patient iz disfigured for many days. To obviate this oeccurrence as much as
possible, it is desirable to stop the bleeding by pouring a small stream of cold water
upon the exposed surface (receiving the water as it flows away in a basin or large
sponge). The speculum may also be left between the lids for half-an-hour, to
facilitate the escape of blood outwardly; and the conjunctival wound may be left
unclosed. Some surgeons unite the edges by a suture or sutures; but their nse
does not appear to be attended by any advantage. I once had occasion to remove,
at the same time, both eyes of the same patient, and I used sutures on one side and
not on the other, There was no difference either in the period of healing or in the
condition of the stumps.

In ome instance, in which sutures were used, the operation was followed by very
rapid and considerable distension of the eyelids and conjunctiva, apparently from
venous hiemorrhage among the textures within the orbit. Cold was applied, the
effused blood was speedily absorbed, and the wound healed as well as usual.

Enucleation of the eyeball is said not to be wholly free from danger. Cases
are recorded (two of them by von Griife) in which the operation was followed by
inflammation of the orbital textures, that extended to the brain, and terminated
fatally. I have never heard of such an instance under circumstances that per-
mitted me to investigate its history; and 1 have performed the operation more
than one hundred times, without ever seeing an alarming symptom produced
by it.

The fibrous capsule of the eye, after being perforated by the tendons of the
recti muscles, passes forwards nearly to the margin of the cornea, and is then
reflected upon the conjunctiva. This anterior portién is commonly known as the
capsule of Tenon. It would be theoretically possible to prevent the effusion of
blood into the cellular tissue, by dividing the conjunctiva in front of the reflection
of Tenon's capsule, and by pushing back the capsule to get at the muscles. I much
doubt, however, if this conld be accomplished in practice.

After enncleation of the eyeball, a stump is formed by the muscles, covered by
the conjunctiva. This stump will bear an artificial eye, but will only impart to it
very limited movements; and is therefore inferior, for this purpose, to the stump left
in cases of abscission of the front portion of the globe.

In cases of intra-ocular tumours that showed signs of having already extended
themselves beyond the limits of the globe, the surgeon would, of course, expect little
benefit from any operation ; but, in cases of growths advancing from the deeper parts
of the orbit, the removal of the eye may afford much relief to the patient. The pain
occasioned by the eye being pushed forwards is often agonizing ; and, when blindness
is once produced, this pain may with great propriety be removed by the removal of
the suffering organ. .

The operation is also indicated in all cases in which a blind eye, whether
blinded by disease or injury, but more especially in the latter case, becomes a source
of continning pain or irritation. Removal affords the only seeurity against sympathetic
inflammation of the other eye; and such inflammation, if it should occur, is usually
very intractable and injurious.

The presence of Cysticorens Cellulose, or of a Foreign Body, either behind the
retina or in the vitreous chamber, is a condition that seems naturally to call for some
effort to remove the intruder; and that seems to justify any attempt, in this direction,
that the circumstances of the case may suggest. The well-known instance in which
Mr. Dixon removed a fragment of metal is, perhaps, the most successful of this kind
on record. Von Griife has operated several times, for the removal of cysticerci,
metallic fragments, and depressed lenses, and has used sometimes a corneal ineision,
sometimes an incision through the sclerotic, parallel with the periphery of the cornea,
somewhat in front of the equator, and so planned as to divide partially two con-
tiguous recti muscles without completely dividing either of them. The results of
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these operations have not been very brilliant; and such procedures could only be
attempted with prn:rprmt-j' by an ophthalmic surgeon of great experience. Dr. Llﬂhmuh
has extracted a cysticercus, by means of canula forceps, through a seleral incision,
aided by an ophthalmoscope fixed to his head, so that he was able to illaminate, and
observe, both the parasite and the instrument. He mentions that the base of the
neck of the parasite, which is less transparent than the rest of its structure, and is
dotted with fine white caleareous particles, is the part that is most resistent, and that
affords the most secure heold to the forceps.

Selerectasio Posterior is a disease that may be chosen to illustrate the general
management required by chronic ocular inflammation. Its treatment has been very
well deseribed by Mr. Soelberg Wells, in his treatise on ** Long, Short, and Weak
Sight; " and the description may be summed up as embracing rest, protection from
Etmug light, and from the red and yellow rays of the spectrum, by means of blue
spectacles, depletion, derivatives, improvement of the general health, the use of the
eye donche, general tomics, corrosive sublimate, and iodide of potassinm. To this
1 may add, that the action of the internal recti seems to increase the protrusion of
sclerectasia; and that it is therefore often desirable to provide the patients with
weak prismatic spectacles, the bases of the prisms being turned towards the nose.
Bnch glasses render pencils of light less divergent, and hence diminish the con-
vergence of the eyes that would otherwise be required in order to direct both optic
axes upon a near object.

Opacities of the Vitreous Body, when recent and diffuse, are usually inflamma-
tory, and may require mercurial treatment; membranous opacities are usnally the
results of former inflammation ; and flocenlent opacities, when not the remains of blood
clots, are mostly dependent upon impaired nutrition,

Amn L., aged 24, domestic servant, consulted me on the 26th of Oectober, 1863.
She was a well-formed young woman, somewhat anmmic, with light hair and blue
irides; and she stated that she had become suddenly blind of her right eye on the
day before. The same eye had been “ bad ” two years previously ; and she had been
fwo months under medical treatment, but the sight had mever been entirely
restored.

To external appearance, both eyes were perfectly healthy. The vision of the left
eye was perfect, but that of the right eye was limited to qualitative perception of light.

Ophthalmoscopic examination showed that the vitreous body of the right eye
was universally turbid. It presented the appearance of a white fog, throngh which
no trace of the papilla or the retinal vessels was discernible.

The patient was ordered to rest the eyes, and to take gr.j of blue pill, with
gr. 4 of opium, every night and morning; and gr. iv. of ammonio-citrate of irom,
with gr. v. of lodide of potassium, and gr. ijss. of chlorate of potash, three times a
day, after meals, in half a tumbler of barley water.

Four days later, she reported slight improvement ; with some trounble, she could
decipher No. 200 of Snellen's test types. Four days later still, her gums showed a
mercurial line, and she could read No. 50 with facility. The vitreous humour had
cleared sufficiently to allow details of the fundus to be obscurely seen ; and it became
manifest that the outline of the papilla was irregnlar. The mercurial pill was
ordered to be taken at night only, and the mixture to be continued.

By the end of the following weck, the vitreous humour was perfectly clear, and
the patient could read No. 2. No further improvement was obtained ; and the irre-
qular appearance of the papilla was found to be due to a patch of choroidal atrophy,
probably the result of the disease two years before. The patient said that her sight
was quite as good as before the last attack.

Membranous opacities, left behind by inflammation, are not only in themselves
impediments to vision, but they invelve danger of producing, by their contraction,
separation of the retina.

Von Griife records a case of extensive membranous opacity, in which the patient,
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a girl of 19, could only count fingers at 18" distance; and, with a 6" lens, eould
read, with difficulty, No. 20 of Jiger's test types at 2". Von Grife introduced a
cataract needle on the outer side of the globe, just in front of the equator, and
cut the membrane in several diréctions. Immediate improvement followed, the
membrane retracted and became absorbed, and, ten months after the operation, vision
was nearly perfect. 3

The treatment of Ametropia, which resolves itself into the proper selection and
use of spectacles, has already been partially described by English writers. Some
papers by Mr, J. Z, Laurence, in the Medical Times and (Gazette for 1862, and the
work, already mentioned, of Mr. Soelberz Wells, will be found .to contain much
information ; and a translation of the work of Professor Donders * On disorders of the
refraction and accommodation of the eye,” is abont to appear among the publications
of the New Sydenham Society.

Astigmatisin, like ametropia, requires suitable spectacles for its correction;
gpectacles with lenses that are cylindrical instead of spherical, and that restore the
equilibrium between the differing meridians, The prineiple is very simple; but the
details of its application are somewhat complicated. Partly becanse astigmatism is
not very common, and partly because a considerable apparatus and some experience
are required in order to estimate its degrees correctly, general practitioners will
usually prefer to send such cases to an ophthalmic surgeon. For this reason, I have
not thought it requisite to oceupy space by details little likely to be useful, and
that may be found, by those who need them, in the special treatise of Professor
Donders, of which a French translation, by Dr. Dor, of Vevay, has been published
by Messrs. Bailliére,

ERRATA.
Page 1, Lne 1, for marks read makes.
w 1, w 9 , Heiwich ,, Herrmann.
w 99 5 20, , foous w  Joeal length.

L 8‘?1 1 2, i 'I'i"f?’i!CfeEI " 'I't‘ﬂet:fﬂ!.

. In page 128, in the last paragraph, continued upon page 129, the reader
will observe that the word pale is used not only in contradistinction to dark, but
also in contradistinction to sheathed. The German word (blass) is the same
thronghout; and as the fibres, on losing their sheaths, would assume a pale aspect,
it was perhaps intended to be so. Tt is more probable, however, that blass, where
placed ::I opposition to sheathed, is a misprint for bliss, which signifies bare or
uncovered.
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AMavrosts produced by emotion, 231

Ametropia and Astigmatism, 197 ; treatment
of, 225

Anagnostakis, ophthalmoscope of, 21

Arterin centralis retinm, double ocutline of,
102 ; embolia of, 135 ; pulsation of, 104

Atrophy, of the choroid, 176 ; of the opiic
nerve, 129 ; treatment of, 219 ; of the
retina, 164

Atropia, in inflammation, 217; in ophthalmo-
scopic examination, 76

Aut-ophthalmoscopes, 64; of Coccius, 64 ;
of Giraud-Teulon, 67; of Heymann, @6 ;
uof Zehender, G8

Bicoxcave Lexs, silvered, action of, 49

Biconvex, ditto, ditto, 48

Binocular ophthalmoscopes, 57

Blindness, tests of the reality of, 204

Blood, extravasation of, in the choroid, 168 ;
in the retina, 145; in the vitreous body,
189

Bowman, Mr., oniridectomy, 212 ; on atropine
in inflammation, 218 ; his treatment of de-
tached retina, 222

Briicke, principle of, 13

Burow, ophthalmoscope of, 53

Cavapar Beax, in iridectomy, 207 ; in wounds
of cornea, 218

Cataract, 194

Chloroform, use of, 206

Choice of an ophthalmoscope, 70

Choroid, in health, structure of, 96 ; ophthal-
moscopic appearances of, 100 ; excessive
pigmentation of, 110; epithelial layer of,
111; wvessels of, 111 ; ecapillaries of, 112;
circulation in, 113 ; senile changea in, 113,
In disease, 165 ; hyperwmia of, 166 ; inflam-
mation of, 167 ; exudations in, 167 ; changes

in the pigment layer of, 173 ; atrophy of,
176 ; eoloboma of, 176

Circulation in the central vessels, obatructed,
135

Coecius, aut-ophthalmoscope of, 64 ; ophthalmo-
mivroscope of, 40 ; ophthalmoscopes of, 37,
55 ; orthoscope of, 62

Compress, Arlt's, 217

Controversy about iridectomy, 211

Cornea, the, in diseasze, 197

Counter-irritation, 217

Cusco, ophthalmoscope of, 27

Cysticercus cellulose, 162, 191 ; removal of,
223

DEerLETION, 213

Desmarres, ophthalmoscope of, 28

Deval, ophthalmoseope of, 34

Donders, Epkens and, ophthalmoscope of, 41
Donders, micrometer of, 42 .

Douche, 217

Druckverband, 217

Erruston, to distinguish retinal from choroidal,
147

Embolia of central artery, 135

Emmetropia, 199

Epkens and Donders, ophthalmoscope of, 41

Erlach, von, principle of, 9

Examination, by incident and transmitted
light, 92; by lateral illumination, 93 ;
ophthalmescopie, preparations for, 75;
conduct of, 77 ; difficulties of, 79

Excavation of the papilla, 119 ; treatment of,
219

Extravasation of bleod, in the choroid, 168 ;
in the retina, 145; in the vitreous body,
139

Eyeball, removal of, 221
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Fierp oF Vistow, in direct method, 86 ; in
indirect, 83

Follin, ophthalmoscopes of, 12, 83

Foreign bodies in the vitreous body, 100 ;
removal of, 233

Frisbelius, ophthalmoscope of, 55

—e————

(GALENZOWSKI, ophthalmoscope of, 35

Giraud-Teulon, aut-ophthalmoscope «of, 67 ;
binocular ophthalmoscope of, 57

Glaucoma, pathology of, 171

Grandmont, De, ophthalmoscope of, 54

Haxcock, Mr,, his operation, 212

Hasner, ophithalmoscopes of, 24, 53

Helmholtz, ophthalmescopes of, 11, 14

Heterocentric ophthalmoscopes, 36

Heurteloup's artificial leech, 213

Heyfelder, ophthalmoscope of, 26

Heymaan, aut-ophthalmoscope of, 66; re-
searches of, 116

History of the disecovery of the ophthalmo-
scope, 1

Homocentrie ophthalmoscopes, 18

Hypermetropia, 199

IucusiwaTiNG power of different ophthalmo-
scopes, 71

Illumination, foeal, or lateral, 93

Tmage of the fundus oculi, how obtained, 81

Image, actual, examination of, 86 ; enlarge-
ment of, 88 ; inversion of, 89. Virtual,
examination of, 82 ; enlargement of, 85

Inflammation of the choroid, 167 ; of the optic
nerve, 118 ; of the retina, 144; of the
sclerotic, 178

Intra-ocular myotomy, 212

Intra-ocular tension, 171

Iridectomy, performance of, 206 ; effects of,
208 ; controversy about, 211 ; Mr. Bowman
on, 212

Tachemin retinge, case of, 139

Jacksoxn, Dr. Hughlings, observations of, 117
Jiger, ophthalmoscopes of, 27, 52

Kravxie, ophthalmoscope of, 52
Enapp, Dr., his test for astigmatism, 202

Lavrexce's reflecting ophthalmoscope, 16

Leech, artificial, 213

Lens, crystalline, in disease, 193 ; opacities of
the capsule of, 194 ; of the substauce of,
194 ; of the nucleus of, 196

Liebreich, ophthalmoscopes of, 30, 35; oph-
thalmo-microscope of, 31 ; micrometer of,
32

Light required for the ophthalmoscope, 75

| Light, blue, methods of obtaining, 77

Loeal applications, 217

Macurns LuTea, in health, 107

Magnified image, to obtain, 88

Medication, internal, 213

Mereury, use of, 214

Methods of examination, compared, 90

Meyerstein, ophthalmoscopes of, 44, 55

Micrometer, of Donders, 42 ; of Liebreich, 32 ;
of Schneller, 43

Murray and Heath's binocular ophthalmoscope,
G0

Mydriatics, 76

Myopia, 199

Myotomy, intra-ocular, 212

OesrRUcTION of circulation, 135

Ophthaloho-microscope, of Cocclos, 40; of
Liebreich, 31 ; of Wecker, 32

Ophthalmoscope, of Anagnostakis, 21 ; bino-
cular of Giraud-Teulon, 57 ; binocular of
Murray and Heath, 60 ; of Burow, 53; of
Coceius, 37, 65 ; of Cusco, 27 ; of Desmarres,
24 ; of Deval, 34 ; of Epkens and Donders,
41 ; of Follin, 12, 33; of Fribelius, 55 ; of
Galenzowski, 35 ; of de Grandmont, 34 ; of
Hasner, 24, 53; of Helmholtz, 11, 14;
of Heyfelder, 26; of Jiger, 27, 52; of
Klaunig, 52 ; of Laurence, 16 ; of Liebreich,
30, 35 ; of Meyerstein, 44, 55; of Ruete,
18, 21 ; of Siimann, 43; of Soleil, 27; of
Stellwag von Carion, 23 ; of Ulrich, 21, 54 ;
of Williams, 26 ; of Zehender, 45

Ophthalmoseope, history of the discovery of
the, 1 ; results hitherto obtained with the,
2 ; choice of an, 70

Ophthalmoscopes, binocular, 57 ; heterocentric,
80 ; homocentrie, 18 ; prismatie, 54 ; solar,
56 ; with convex mirror and convex lens,
45 ; with plane mirror and convex lens, 36 ;
with reflectors of parallel surfaces of glass,
11 ; with silvered lenses as reflectors, 48 ;
illuminating power of, 71

Opiates, use of, 215

Optic nerve, in health, 98 ; vessels of, 101 ;
their pulsation, 102 ; in the lower animals,
104. Indizease, 113 ; inflammation of, ibid. ;
excavation of, 119 ; opacity of fibres of,
127 ; atrophy of, 129 ; tobacco in atrophy
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of, 1531 ; abnormal insertion of, 134 ; trent-
ment of atrophy of, 219

Orthoscopes, 62 ; of Arlt, ibid. ; of Coccius,
ibid. ; of Czermalk, ilid.

PapiLLa nervi optici, in health, 88 ; excavation
of, 119 ; Jiger's observations on excavation
of, 124 ; treatment of excavation of, 210

Photography of the fundus oculi, 32

Potassium, iodide of, 216

Presbyopia, 109

Prisms, Ulrich's, 54 ; Zehender's, 56

FPulzation of the ceniral vessels, 102

Pupil, darkness of the, 7 ; luminosity of the, 9

Purulent exudations, 148

Rapit of silvered lenses, formule for, 50

Refracting media, in health, 115 ; in disease, 186

Retina, in health, 106; senile changes of,
107, In disease, 140; inflammation of,
144 ; hemorrhage in, 145 ; plastic exuda-
tion in, 146; inflammatory softening of,
154 ; changes of position of, 157 ; atrophy
of, 164 ; treatment of separation of, 221

Retinitis, simplex, 149 ; apoplectica, 150 ; pig-
mentosa, 152 ; albuminurica, 154 ; lencamica,
156 ; syphilitica, ibid.

Ruete's ophthalmoscopes, 18, 21

Ryba's table, 84

SAMaxN, ophthalmoscope of, 43

Sehneller, micrometer of, 43

Selerectasia posterior, 179 ; treatment of, 224

Solerotie, in health, 115; in disease, 177 ;
inflammation of, 178

Silvered lenses, as ophthalmoscopes, 48 ;
formule for the radii of, 50

Solar ophthalmoscopes, 56

Soleil, ophthalmoscope of, 27

Solomon, Mr. Vose, his operation, 212

Stellwag von Carion, ophthalmoscope of, 23

Tasre, of Burow, 51 ; of Ryba, 84

Tests of pretended blindness, 204

Tobaceo amaurosis, 181 ; Dickson on, 220 ;
Hiibeeh on, 220

Tumours in the interior of the eye, 162 ; their
treatment, 222

ULnica's ophthalmoscope, 21 ; prisms, 54

VesseLs, the, in health, 101 ; their pulsation,
102 : their double outline, ibid. In disease,
134 ; dilatation of, ibid. ; obliteration and
wasting of, 135 ; embolia of, ibid.

Vitreous body, the, in disease, 187 ; opacities
in, 188 ; foreign substances in, 180 ; entozoa
in, 191 ; new vascular formations in, thid. ;
treatment of opacities in, 224

WaATER PULVERIZER, of Mathieu, 217
Wecker's ophthalmo-microscope, 32
Willinms, ophthalmoscope of, 26
Wordsworth, Mr., on tobaceo, 131

ZEHEXDER, aut-ophthalmoseope of, 68 ; eph-
thalmoscope of, 45 ; prism of, 56

COX AND WYMAN, CLASSICAL AND GENERAL PRINTERS, GREAT QUEEN sTREET, LONDOXN, W.C.
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NOW READY.

Feap. Bvo. cloth, 12s. Gd.

. Professor BRANDE, D.C.L, F.R.S.L. & E., of Her Majesty's
Mint; Member of the Senate of the University of London; and
Honorary Profeszor of Chemistry in the Royal Institution of Great
1'- Britain,—and

- Professor ALFRED 8. TAYLOR, M.D,, F.R.S., FR.C.P,
Lond., and Professor of Chemistry and Medical Jurisprudence in
Guy's Hospital :

Chemistry. |
CONTENTS.

_ Matter and its Properties. Crystallization. Dimorphism. Isomorphism. Chemieal
Affinity. Solution. Electrolysis. Equivalent Weights and Volumes., Nomencla.
ture and Notation.
- Meravvorns.—Metalloids and Metals. Properties of Gases and Vapours. Oxy.
m;“ﬂm:lu Oxidation. Oxygen. Incandescence. Combustion. Deflagration.
Y nﬂm:nﬂcnfgj[pu Antozone.  Hydrogen. Water. Agueons Vapour.
Ice. Water. ysical and Chemical Properties. Hvdration. Mineral Waters,
Peroxide of Hydrogen. Nitrogen. The Atmosphere.  Compounds of Nitrogen and
Dxygen. Mitrle Acld, Compounds of Nitrogen and Hydrogen. Ammonia and its
Salts. Chlorine. Compounds with Oxypen and Hydrogen. Hydrochloric Acid.
Bromine, Todine, Floorine ; and their Compounds.  Sulphur and its Compounds,
Selenium and ite Compounds, Phosphorus; ita Compounds with Oxygen and Hydro-
g Mhbﬂn and its Compounds with Oxvgen. Carbonic Oxide. Carbonie Acid.
. Compounds of Carbon with Hrdjmgtn, Mitrogen, and Sulphur. Boron
and Silieon. ¢ and Silicie Aeids.
MeTavs.—Physical Properties of the Metals, Relations to Heat, Light, Electricity,
and Magnetism. Potassium. Sodiom. Lithiom. Ceesiom. Robidgiom.  Bariom.
Strontium. Calcium. Magnesium. Aluminum. Glocipum. Zirconium. Thorinum.
Yttrium. Erbium, Terbium, Cerium, Lanthanem, Didvmiom, Qualitative
Analysis of the Ozides and Solis of the preceding Metals,  Iron. Manganese. Zine.
Tin. Cadmium. Copper. Lead. Bismuth., Cobalt. Nickel. Chromiwm. Vana-
dium. ‘Tungsten. ambium. Nicbium. Ilmenium. Norom. Pelopiam.
M num. Uranivm. Tellurium. Titanium. Antimony. Arsenie.  Meroury,
Bilver. Phuh&nphjnditu:pplinﬁn‘ﬂ}r Gold. Platinoam. Paladiom. Rhoedinm.
Ruthenium. miwm. Iridiom. Qualitative Avpalysis of the most important Com-
.| pounds of the preceding Metals. .
Oncaxic CnEsmisTRy.—Constitution and Properties of Orgapic Substances.
imate Analysis. Ultimate or Elementary Analysis. Proximate Organic Prin-
ﬂﬂ . Starch. Gum. Pectose. Gelose. Sugar. Aleoholie or Vinous Frrmentation,
olie Liquids, Aleohol. Aldehyde. Chloroform, AMethyiie, Amylic, and other
Aleohols. Ether. Ol of Wine. Com d and Double Ethers, Cellulose. Pyroxye
line. Wood., Coal. Bitumen. Products of the Decomposition of Wood and Coal.
Essential Oils. Camphor. Resins. Amber. Cacotchoue. Gutta Percha. Fats and
Fizéd Oils. Products of their Decomposition. Spermaceti. Wax. Soaps. Vegetable
(Acids. Alkaloids and Organie Bases; Substances associated with or derived from
them. Organic Colouring-matters. Dyeing. Neoiral Nitrogenous Substances. The
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Solid Constituents of the Animal Body, and Subatances derived from them. The
Fluid Constituents of Animal Bodies, and the Substances derived from them.

“"For ¢learness of language, accuracy of deseription, extent of infarmation, and
freedom from the pedantry and mpllmm of modern Chemistry, no other text-hook
comes into eompetition with it. . . The best guide to the study of Chemistry yet
given to the world,"'—Lancel.

* Concewved and worked out in the most sturdy common-sense met this book
gives, in the clearrst and most summary method posaible, all the facts and doctrines
of Chemistry, with more especial reference to the wants of the Medical Student.”—
Medical Times.

*Written for the express purpose of the student of Chemistry by two masters
of the sgienee. If ever two writers could elaim to know what the student requires

::n the n;a.;r of a handbook, 'rs, Brande and Taylor are the mon."'—Brifish Medical
PR

8va. cloth, 12s. Gd. i

Mr. WOOD, F.R.C.5. Eng. (Exam.), Demonstrator o Anatom
King’s Cﬂlfege, London ; Assistant-Surgeon to King's College ]-{m
pital ; Surgeon to the Lincoln’s-Inn Dispensary :

On Rupture,—

Inguinal, Crural, and Umbilical ; the Anatomy, Pathology,
Diagnosis, Cause, and Prevention ; with New Methods of effecting
a Radical and Permanent Cure: embodying the Jacksonian Prize
Eszzay for 1861. With numerous Illustrations by Bagg. '

CONTENTS.

Introduction.

Part 1. Ox Iwvocvimat Heewia.—l, Anatomy of the Parts, 2, Causes and
Pathology of Inguinal Hernia. 3. Dll[uunu of Inguinal Hernia. 4, thﬂrj -ntﬂn
Euliu': i'.!ll.m:'“1 I:dguind-.'lc Hernia. 8§, P&lhﬂplﬂ a':' I'.{:‘t.;ijn'lhnr'l Fpuﬂl hul
Operation readl and Compress. 7, Operation TE, &S USUA 1
the Aullimbr 8, Variations of the Wire Operation. sﬂ. Operation I:I g:u.p "'T
Pins. 10, Modus operandi of Operations. 11, Causes of Failure nﬂ Danger. !,
Summary of the Cases. 13, Uses of Trusses in Inguinal Hernia.

Part II. FRuoraL ok URvEAL HERNIA.—14, Anatomy of the Parts. 15, Canses
and P:.thulng:'_i'nf{‘-mrll Herpia, 16, Diagnosis of Crural Hernia. 17, Operations for
the Radical Cure. Radieal Cure by Truss Pressure. 10, Prevention of Inguiml
and Crural Hernia. ib Treatment of Irredocible Hernia.

Parr 111, Usniticar Hemxia ~—21, Conses nnd Patho 22, Diagnosis
of Umbilical Hermia. 23, Treatment. 24, Author's Operation r Hadical l::nn of
Umbilical Herniz. 25, Treatment of Umh'l.hﬂl Hernia Pressire,

Appendiz of Sixty Cases of Operation for Radieal Cure of Inguinal Hernia.

1 BY THE SAME AUTHOR.

In preparation, Jully HNiustrated.
Surgical Anatomy of the Pelvis and

Perineum

In the Infant, Young and Adult Male and Female: constituting a
Guide to Operations upon the Urethra, Bladder, Rectum, and other
Pelvic Viscera ; and to Diagnosis in some of their Diseases.




Rosert HarpwickEs, 192, Piccadilly, w. 5

Third and cheap Edition, price 10s. 6d.
Dr. FORBES WINSLOW, D.C.L. Oxon, &c.:

On Obscure Diseases of the Brain
and Disorders of the Mind.

CONTENTS.

1, Intraduction. 2, Morbid Phenomena of Intellizence. 3, Premonitory symptoms
of Insanity. 4, Confessions of Patients after recovery from Insanity, or the condition
of the Mind when in a state of Aherration. 5, State of the Mind when recovering
from an attack of Imsanity. 6, Anomalous and Masked Affections of the Mind.
7; Stage of Consclousness. §, Stage of Exaltation. 9, Stage of Mental Depression.
10, of Aberration. 11, Impairment of Mind. 12, Morbid Phenomens of Atten-

tion. 13, Morbid Phenomena of Memory. 14, Acute lireases of the Memory. :

15, Chronie Affections of the Memory. 16, Perversion and Exaltation of Memory—
Memory of the Insane. 7, Paychology and Pathology of Memory. 18, Morbid
Phenomena of Motion., 19, I.lmiinl Phenomena of Speech. 20, Morbid Phenomena
of Sensation. 21, Morbid Phenomena of the Special Senses. 22, Morhid Phenomens
of Vision, Hurinﬁ. Taste, Touch, and Smell. 23, Morhid Phenomena of Sleep and
Dyeaming, 24, Morbid Phenomena of Organic and Nutritive Life, 25, General
principles of Pathology, Diagnosis, Treatment, and Proplylaxis.

“The unagimons voice of home and foreign commentators has reiterated approval
of this standwrd work, It is the text-hook 4:% English medical paychology, and such
it must continue as long as accorate description of rihlﬁphl:num_:m i prized hy the
physician. The volume is a vast elinigue, faithfully and graphically portraying the
suthor's practical abservations,"" — Luncet.

Edited by Dr. FORBES WINSLOW, D.C.L.:

Mental Science from 1848 to 1863.

32 Quarierly Paris at 3s. 6d. each.

1. The Journal of Psychological Medicine and Mental Pathology.
January, 1848, to October, 1853.

20 Quarferly Parts al 3s. Cd. each.

2. The Journal of Psychological Medicine and Mental Pathology.
New Series. January, 1856, to October, 1860.

12 Paris af 45. Gd.

3. The Medical Critic and Psychological Journal. January lst,
1861, to October, 1863.

———_mm wa a
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Second Edition, Revised and Enlarged, Demy 8vo. price 13s.

Mr.J. BAKER BROWN, F.R.C.8. (by Exam.), Senior Surgeon
to the London Surgical Home for Diseases of Women ; late Sur-

i geon-Accouchenr to and Lecturer on Midwifery and Diseases of

! Women and Children at 8t. Mary’s Hospital ; Fellow of the Medical

| Society of London and of the Obstetrical Society of London; |

i Mnnmber of the Harveian Society ; Corresponding Fellow of the

' Obstetrical Society of Berlin :

i ———

On Surgical Diseases of Women.

CONTENTS.

1, On Ruptured Perineum. 2, On Prolapse of the "-'airmt. 4, On Prolapse of |
ﬂ:l Uterus, 4, On Vesico-vaginal Fistula. 5§, On Recto-vaginal Fistuls. On
Lacerations of the Vagina. 7, On Tumours of the Uterus. &, On Operations an
the Uterus ; Incisions and Dilatations of the Os and Cervix Uteri. 9, On Stone in the
Female Bladder. 10, On Operations on the External Sexunl Organs. 11, On Discased
of -the Hectum resulting certain conditions of the Urerus. - 12,.0n certain
Diseases of the Rectum producing or simulating Uterine Disorders. 13, On certain
Lesions connected with Sterility in the Female. 14, On Owvarian Drropsy.

{ © . By the same Author, Posi 8vo. cloth, priee Js.

011 Ovarian Dropsy.

Iﬂ Nature, Diagnosis, and Treatment. The Result of Thirty
Years’ Experience,

CONTENTS,

Preliminary Observations. 1, Pathology of Ovarian ﬂmpﬂ'. or Tneested Dropsy
of the Ovary. 2, Sg'mpmm! and Cause of Ovarian Dropsy. Other Varieties of
Grvarian Dropsy. - -4, Diagnosis, 5, Treatment. 6, N:rn.ﬂm of Forty-two Cases
of Ovariotomy. 7, Analysis of the Preudm; Cases, Appendix of Tables.

ISR

: Also, Feap. 8vo. cloth, price 3s., Second Edition.
" On Secarlatina and its Treatment.

il

In preparation, by the same Author,

On the Successful Treatment ﬂf
Certain Forms of Insanity, Epilepsy, Catalepsy, |
Spinal Irritation, and Hysterical Affections in
Females.
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Crawn Bro, eloth, price Ts. 6d.
With Illustrations from Nature by Tuffen West.

| Dr. 8.J. GOODFELLOW, M.D., F.R.C.P., Physician to the

e ——

Middlesex Hospital, and Joint Lecturer on Medicine at the Middlesex
Hospital Medical College:

On Diseases of the Kidney and
Dropsy.

# 4 whole profession is elevated when such creditable works are produced by any
of its members.' —Dobell"s Lecturas.

8ro. eloth limp, with Plates, 2. 6d.

r. J. LUMLEY EARLE, Resident Surgmn-ﬁmmhaur to
tlm Birmingham Dispensary, &e. :

The Mammary Signs of Pregnancy
and of Recent Delivery.

Demy Bro. bs.
JOHN HOGG, M.D., Edinburgh :

Consumption (Practical Observa-
tions on the Prevention of),

With Statistical Tables of the Prevalence of the Disease, and of the
Comparative Salubrity of various Places at Home and Abroad.

“ Iir. Hogg appears to have bestowed much attention and thought u the cause
and hygienic treatment of pulmonary tubercalosis. His work will lﬂ'ursalu inguirer
much valuable statistical information and many hygienie hints," —
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With Plates, Bro. cloth, price 7s. Gd.
Dr. TILBURY FOX, University Medical Scholar :

Skin Diseases of Parasitic Origin,

Their Natare and Treatment ; including the Description and Rela-
tions of the Fungi found in Man.

CONTENTS.

1, Nomenclature and Description of Parasitic Disense. 2, Nature of Parasitie

. 3, Outlines of Peculiarities other than the true Tenise complicated by the

Growth of i. 4, Special Conditions which determine the Form and Seat of the

Fungus. 5, Fungi themselves. @, Summary of Microscopical Appearances

E.rr:md by Lesions. 7, In is. 8, Prognosis. 9, Relationship of various

ngi. 10, Insufficie of the different Tests of the Teniz. 11, Clinical and Experi-
mental Evidence. 12, Enlophytes and their Relations. 13, Treatment.

BY THE SAME AUTHOR.
Feap, 8vo., 2s. 6d.
Comparative Tables of  Skin

Diseases.

A Paper read before the Medical Suciety of London, March
7th, 1864,

Fourth Edition, post 8vo, clofh, 2s. Gd.
Dr. TOWNLEY, L.R.C.P. Edin., F.L.5.:

Parturition without Pain or Loss
of Conscilousness.

Crown 8vo., price 3s. 6d.
Dr. LORY MARSH, M.R.C.P.:

Special Therapeutics.

Amn Investigation into the Treatment of Acuote and Chronic Disease
by the Application of Water, the Hot-air Bath, and Inhalation.
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Bro. eloth, Bs.
Dr. T. HERBEERT BARKER, F¥.R.S. Edin. :

On Malaria and Miasmata,

And their influence in the production of Typhus and Typhoid
Feévers, Cholera, and the Exanthemata. Founded onthe Fothergillian
Prize Essay for 1859,

CONTENTS.

On the use of the terms Malaria and Miasmata, Summ%uf Various and Speeial
Views. Hypothesis respecting Origin or Development of Epidemie I.h#m from
Geological, Meteorological, or Climaiic InfAuences, Difficulty of 1Mscor
of Spreading Diseases, Ielations of Various Beteorological States to
Diseases. Origin and Propagation of Disense by Infected Air. Original E:pui-
ments; Inferences, and Suggestions, &e., &e., &e.

Feap. 8vo. cloth, price Bs. 6d,

HENRY HANKS, L.R.C.P. Edinburgh ; M.R.C.S5. Eng-
land, &c. :

On Teething of Infants :

Tts prevalent Errors, Neglects, and Dangers ; their influence on the

Health, and as causes of Death of Children. Including the

dbnnl%crs of Teething Powders, Soothing Syrups, &-:. Tllustrated
y Cases. i T

o

Mr. J. L. MILTON, M.R.C.8.

On the Treatment of Syphﬂltic

Disease.

“ Reprinted from the Papers in The Lancef, Medical Times, and
Medical Circular, and those read before the Medical Bociety of
London and the Western Medical Society.

Part 1.—The Treatment of Gonorrheea without Specifics.

Part 2.—The Treatment of Spermatorrhoea and its Complications.

Part 3.—The Treatment of Syphilis and its Complications mthn'n['.
Mercury.

Separately—Part 1, price 55. Part 2, 2s. Part 3, in the Press.
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Fully Tllustrated, Demy 8vo., Ts. 6d.

Mr.H. T. K. EEMPTON, F.L.5.; Licentiate of Dental Surgery
of the Royal College of Burgeons, England ; Member of the Odon-
tological Society of Great Britain ; Dental Surgeon to the National
Dental Hospital, the Royal Infirmary for Diseases of the Ear, and
London Diocesan Penitentiary.

Elements of the Anatomy and
- Physiology of the Teeth.

CONTENTS.

| Pamr I. AmaTomy axp Povsionocy oF TRRE TEETH.—I1, Description of the
Teeth. 2, Structure and Minute Anatomy. 3, Helation of the Teeth to the sur-
rounding structures. 4, Origin and Development of the Teeth.

Pamt II. IxmecurirIiTiES AND Dusepsses or Toe Teern.—1, Irregularities
and their Treatment. 2, Caries, cavscs of, Treatment; Toothache, Treatment. 3,
Diseases of the Dental Pertosteum ; Inflammation, Abhdcess, or Gumboil Treatment ;
Exostosia; Tariar, how formed, effects of, Treatment. 4, Sympathetic. Affections
arising from Discases of the Teeth. &, Defective Palate. 6, Use of Anmathetics in
Dremtistry.

>

Demy 8vo, cloth, price Se., Ilustraled.

EDWARD W. TUSON, F.R.C.S., formerly Surgeon to th
© Middlesex Hospital. ? X :

Spinal Debility : |
_ Its Prevention, Pathology, and Cure, in relation to Curvatures,
Paralysis, Epilepsy, and various Deformities,

CONTENTS.

* Treatment of Deformity. Corvature of Spine. Lateral Curvature ; Treatment.
Prone Position, Supine or Reenmbent Position. Cases of Lateral Curvature.
Posterior Curvature. Angular Curvature. Incurvature of the Spine. Complicated
Curvaturs.. Deformity of the Chest. - Wry Neck. Deformity of Superior  Exe
tremity. The Shoulder Joint. Elbow Joint. Distortion and Contraction of the
legm_- Deformity of the Inferior Extremity. The Knee Joint. The Ankle Joint,
Deformity of the Ankle. Club-foot. Contraction of the Toes. Pair of Artificial

Feet to make o woman totter. Tumours.

i

igaen b 8vo., cloth, 5e.
Dr. PATRICK FRASER, late Staff Physician, Crimean Army.

Oun Penetratin g Woundsof the Chest,

. Founded: upon Actual Observations in the Camp General Hospital
before Sebastopal, :
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400 pp., Crown 8vo., cloth, fully Hlustraied, price 3s.
E. LANKESTER, M.D., F.R.8,, F.L.§.:

Dr. Lankester on Food.
A Course of Lectures delivered at the South Kensington Muoseum,

Parr 1., ONE SHILLING, contains:
Water. Salt, Heat-givers—0il, Butter, Fat. Flesh-formers—Animal Food.

Pant I, EIGHTEENPENCE, contains:

Aleohol, Wines, Spirits, and Beer. Condiments and Spices. Tea, Coffee, and
Chocolate, Tobacco and Opinm.

“ Full of sound science, carious aneedote, and quaint illustration. Dr. Lan-
kester has a singular power of illustrative keenness; and in the discursive lessons
which he delivers on so many subjects, there is an overflowing wealth of minute
collateral information which is always brought to the level of the last achievements
of science."'— Lancel.

Foolscap Brvo., clofk, price 2s. Gd.

ADOLPHUS F. HAS EN, Pharmaceutical Chemist;
Author of a Translation of Pharmacopoeia Londinensis 18306,

and of Papers contributed to the Pharmaceatical Journal :

Notes on the British Pharmacopceia,

Showing the Additions, Omissions, Change of Nomenclature, and
Alterations, in the various Compound Preparations. With Doses
of those Medicines which are comparatively new.

Foolscap Bro., with Ninely Illusirations, price 2s. Gd.

HENRY LAWSON, M.D., Professor of Physiology in Queen’s
College, Birmingham ; and one of the Lecturers on Natural Science,
under the Science and Art Department of the Committee of Couneil

on Edueation,

A Popular Manual of Physiology :

Being an Attempt to Explain the Science of Life in Untechnical
Langusage.
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PAMPHLETS. |

Connection with Sudden Death. With Notes Historical and |
Critical. By Jomx Cocrig, M.D., F.L.S., Physician to the
Royal Free Hospital. 8vo., sewed, 1a. '

Stricture of the Urethra: Its Nature and |
Treatment in the more Severe Forms. With the Desecription of
a New Gauge for Catheters. By Hexry S»ara, F.R.C.8., Assist- |
ant Surgeon to King's Cross Hospital. Sewed, 1s.

On Insufficiency of the Aortic Valves in |

On Spermatorrheea and its Complications. By

J. L. Mirtox. [Enlarped and Reprinted from the Original
Papers published in the Lancet in 1854, and the Medical Circular,
1858. 2s.

An Effectual and Simple Remeéedy for Searlet |

Fever and Measles. By Caaries Wirr, M.R.C.P., M.E.C.5.,
London. Fourth Edition, sewed, 1s.

Plain and DPractical Medical Precepts. By |
AvrrrEp FrEmiscumaxx, M.R.C.5. Second Edition, revized and
much enlarged. On a large sheet, price 4d., or 3s. per dozen.

Instructions to Mothers and Nurses in the..

Lying-in Chamber. - By J. C. Lony Marsu, M.D., M.R.C.P.,
on. Second thousand, price 6d.

On the Evils resulting from Rising too Early
after Childbirth. By OpsteTRIicUs. 8vo., sewed, price 6d.

The Diet and Management of Infancy and
Childhood, By 5. Banker, M.D. 8vo., sewed, 1s.

Improved Dwellings for the Industrial Classes. |
With Ground Plan and Elevation of Langhourn Buildings. Descrip- |
tive Notes and Appendix, By J. A. Mays, Crown 8vo., ls,

e t
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PERIODICALS

PUBLISHED BY
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]

Published Annually.

The Transactions of the Epidemio- |

logical Society of London.

Published Quarterly.

The Ophthalmic Review.

A Quarterly Journal of Ophthalmic Surgery and Science. Edited |
by J. Zachariah Laurence, of London, amd Thomns Windsor, of |

Manchester. Quarterly, 2s. 6d,; Annual Subscription, 10s., post-
free.

The Dental Review.

A Quarterly Journal of Dental Science. Quarterly, 2s. 6d. ; Annual
Subscription, 10s., post-free.

' The Dublin Quarterly Journal of |

Medical Science.
i Price bs. ; Annual Subscription, 20s,

The Madras Q,uﬂrterly Journal of
| Medical Science.

58, per Number ; Annual Subscription, 20s,
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The Popular Science Review.

A Quarterly Miscellany on Secientific Subjects, in untechnieal
language. Edited by Henry Lawson, M.D., Professor of Physio-
logy, Queen’s College, Birmingham. 2s, 6d. per Number ; Annual -
Subscription, 10s.

Hnnt.h.ls;.
The Journal of Botany, British and
Foreign.

Edited by Bertholdt Seemann, Ph.D). Per Number, 25. ; Annual
Subscription, 21s., post-free.

Weekly.

The Dublin Medical Press.

A Weekly Journal of Medicine and Medical Affairs. Price 5d.;
Stamped, 6d. ; Auvnual Subscription, £1. 6s., post-free.

All Contributions, Books for Review, Advertisements, &c., for the
ahove Periodicals to be addressed to Mr. Harpwicke.

Mg Harpwicke begs to inform Medical Authors that he
has at his command the requisite means for bringing
all Works published by him prominently before the
profession and the publie, both at home and abroad.
Being practically acquainted with printing, and having
been many years engaged in business requiring an
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