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PHYSIOLOGY AND CHEMISTRY

alkalies which there enter into combination
with phosphoric acid, oxyhemoglobin, or hemo-
globin and globulin; and, secondly, with the
hemoglobin itself. The red blood-corpuscles
do not contain enough alkali phosphate to be of
importance in the formation of carbonic acid.
In all probability the diphosphates present are
converted into monophosphates and alkali car-
bonates when partial pressure of carbonic acid
is increased, while, when the same is dimin-
ished by the preponderance of phosphoric acid,
a reformation of diphﬂsphz{tes takes place and
carbonic acid is again liberated. It is gener-
ally conceded that the blood-coloring matters,
especially oxyhemoglobin, which by its pres-
ence 2z vacwo with bicarbonate of soda causes
the liberation of carbonic acid, act similarly to
acids; and, inasmuch as the globuli have a sim-
ilar action, they may also occur in the blood-
corpuscles asalkali compounds. The alkalies of
the blood-corpuscles die when thus found in
combination with phosphoric acid, carbonic
acid, and such parts of the corpuscles—e.g., the
coloring-matter—as act similarly to acid. In

[5]












-
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as that in the plasma; it exists there in combi-
nations which depend to a high degree on par-
tial pressure. As we see from the foregoing,
quite a number of elements act together with
carbonic acid, making it apparently impossible
to decide the quantitative part of each single
factor in the entire effect.

It 1s of great importance to know the amount
of tension of oxygen and of carbonic acid in the
blood, in order to decide the question of the
exchange of gases between the blood and the
alveolar air on the one hand, and the blood and
the tissues on the other; and especially to de-
cide how far this exchange of gases takes place
under the law of diffusion, and how far other
forces may be active.

The change of gases in the tissues, the so-
called internal breathing, takes place in the
following manner: Oxygen leaves the capillaries
to enter into the tissues, and simultaneously
the main mass of the carbonic acid of the blood
which is derived from the tissues leaves the lat-
ter and enters into the capillaries. The change
of blood in the lungs, the so-called external

[9]
























PHYSIOLOGY AND CHEMISTRY

cing reasons for abandoning the generally adopt-
ed view, according to which the carbonic-acid
gas coming from the blood enters the lungs
simply by the law of diffusion. Thereis a con-
siderable difference of pressure in regard to the
oxygen in the blood and the oxygen in the tis-
sues, and, owing to this difference of pressure,
the tissues are supplied with the necessary
amount of oxygen. Quite the opposite is the
case with carbonic acid; the tension is higher
in the tissues than in the blood, and all the in-
vestigations thus far made have produced no
evidence against the assumption that carbonic
acid from the tissues enters the blood simply
by the laws of diffusion.

Considering even superficially the quantities
of oxygen in the blood, it appears at once plain
enough that the main amount can not have
been absorbed physically; for the serum of the
blood, as a solution of different substances, ab-
sorbs less oxygen than pure water. It can
absorb hardly 0.3 volume per cent. of oxygen
from the atmospheric air at the ordinary tem-
perature of the body. In reality, however,
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HISTORY

which was used for dyeing wool. We shall
see how this reaction of carbonic acid was in-
terpreted by Hoffmann, who lived in the sev-
enteenth century. Philostratus, when speak-
ing of the sanguinary battle which the Greek
army fought with Telephus, on the banks of the
river Caicus, states that the wounded Greek
soldiers who resorted to Agamemnon’s spring,
near Smyrna, were all restored. According to
Herodotus, a spring in the country of the Ich-
thyophagi (fish-eaters) prolonged life to beyond
one hundred and twenty years. A spring in
Chios caused insanity; another in Magnesia
improved the voice of singers; and the spring
of Alysson was a specific for hydrophobia.
The springs of Lethe and Mnemosyne are
often mentioned in classical literature; the
former gave oblivion and the latter memory.
Little is mentioned of mineral springs in
the Old Testament. According to the Genesis,
Anah, the father of Esau’'s wife, discovered
some thermal springs in the desert; and in the
second book of Kings we find mention made of
a spring at Jericho which made the ground

[ 23]
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resorts, but also with hospitals and medical
schools for the instruction of students. The
most important of these were the springs of
Nauplia, in the sacred grove of /Esculapius.
They have been described by Pausanias, and
from the remains of their structures we can
judge of their former greatness. The water of
Nauplia has been analyzed by Landerer and
found to contain carbonic acid.

The Castalian spring had a temperature of
only 33° C.; in this spring Pythia had to bathe
before ascending the tripod in the steaming
cave in Apollo’s oracle at Delphi. There are
copious exhalations of carbonic-acid gas in that
cave, and from the short and incoherent sen-
tences which the priestess uttered in her ex-
citement and paroxysms the prophecies were
drawn. Such were also the gas-springs of Do-
dona, the most ancient oracle of the Greeks.

Paracelsus (1493-1541) made use of car-
bonic-acid gas for therapeutic purposes, calling
it Spiritus sylvester. He knew that the gas
produced by burning charcoal is identical with
that developed when limestone is heated toa
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elastic aeriform fluids, in order to distinguish
them from atmospheric air. He paid much
attention to the study of gases, and showed that
they entered into the composition of the atmos-
pheric air. He first gave a description of car-
bonic acid, which he called gas sylvester, and
described its development, when the acid is
brought into contact with limestone or potash,
at wine and beer fermentation, during putrefac-
tion, its appearance in the stomach, and showed
that it was contained in the mineral water of
Spa, that it was rising from the ground in some
places, for instance, at the dogs’ grotto near
Naples. However, his distinction of the dif-
ferent kinds of gases was still imperfect; he
knew no means to handle the different gases he
had developed. Under the name of gas syl-
vester, which he sometimes designates by the
term gas carbonicum, he understood principally
carbonic acid.

Jan Baptist van Helmont, a Brabant noble-
man, was born at Brussels in the year 1577.
In Louvain he attended the ordinary philosophi-
cal course until his seventeenth year, then stud-
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he took for voices or actions of different spirits
—he assumed that there was a special spiritual
regent in man, whom he called Archeus, as Par-
acelsus already had taught. By Archeus he
understood the involuntary functions in man,
among them digestion. The Archeus, he be-
lieved, had his abode in the stomach. Thera-
peutically it was his aim to influence Archeus,
either to calm or to animate him, as the case
might be. Notwithstanding these views, he
has done a great deal to establish chemical
principles in the preparation of medicines, a
great deal to unite chemistry with medicine,
a work which had been begun by Paracelsus.
Robert Boyle (1627-1691) confirmed the dis-
coveries of Paracelsus and van Helmont and
showed how to separate and how to handle
gases, but he was not aware yet that carbonic
acid and hydrogen were essentially different.
Friedrich Hoffmann (1660-1742), who was
in correspondence with Robert Boyle, discov-
ered some qualities of the gas contained in
mineral springs, and called it spiritus minera-
lis. Observing that when in watery solution it

[31]
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the history of the science. Priestley here set
forth improvements in the methods of collecting
gases, and especially the use of mercury in the
pneumatic trough, which enabled him to deal
for the first time with gases soluble in water.
He announced the discovery of marine acid air
(hydrochloric acid) and nitrous air (nitric oxid).
He showed that in air exposed over water one-
fifth disappears in processes of combustion,
respiration, and putrefaction, and that plants
restore air vitiated by these processes, and that
no known gas conducted electricity.

The paper also contained a proposal to satu-
rate water with carbonic acid under either
atmospheric or increased pressure, which has
led to the creation of the mineral-water in-
dustry. Of this means of making “ Pyrmont
water "’ (which he described in a pamphlet in
June, 1777), he wrote: “I can make better
than you import, and what cost you five shil-
lings will not cost me a penny.” Priestley
likewise described the preparation of pure ni-
trogen, a gas to which he gave the vague name
of phlogisticated air, only recognizing it later

[35]
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Stahl, according to which one and the same
inflammable matter existed in all combustibles.
He promulgated his theory of the admission of
- oxygen during combustion, and thereby began
a new era in chemistry. He opened the way
for the understanding of processes in the or-
ganic and inorganic worlds by his discovery
of the law of the conservation of matter. He
developed the discoveries of Black and Priest-
ley, analyzed the atmospheric air, studied the
process of respiration, of fermentation, and
found that carbonic acid was a compound of
oxygen and carbon. Based on Priestley's dis-
covery, he showed the composition of acids,
and demonstrated that the diamond really could
be burned. With Cavendish he shares the
honor to have demonstrated nitrogen and oxy-
gen and the composition of water.

Antoine Laurent Lavoisier, born in Paris in
the year 1743, received an excellent education.
Very soon his interest in the study of natural
sciences developed. As early as 1764 he dis-
tinguished himself through scientific investi-
gations, when he won a prize offered by the

[43]




































HISTORY

In Paris there were also cases published by
the Royal Society of Medicine, proving suffi-
ciently the efficacy of the remedy. This soci-
ety established a commission to investigate the
subject; Lalouette was elected chairman. This
commission confirmed that carbonic acid, altho
it did not cure cancer, would relieve pain and
act on open ulcers in a beneficial way by modi-
fying the secretion and cause, to a certain ex-
tent, cicatrization.

In the year 1776 Abbé Magellan reported a
case of very extensive ulcerating cancer, which
under the influence of carbonic acid had become
reduced to one-quarter of its former size. At
a later period Demarquay, who has written the
history of carbonic-acid treatment, reported
from his practise analogous cases in which
long-continued carbonic-acid-gas douches ame-
liorated the condition of cancerous ulcers, re-
lieving pain and arresting the progress of the
disease to such an extent that the patients
gained in strength and courage, that their gen-
eral health became comparatively very good;
but all this was only temporary. He had also
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records, dating from the end of the eighteenth
and the first quarter of the nineteenth century,
according to which inhalations of air contain-
ing a high percentage of carbonic acid effected
an improvement in, and sometimes the cure of,
phthisis, Later on asthma was subjected to
this mode of treatment. As recently as 1883
Edmond Weill spoke in the Academie des Sci-
~ences of Paris on his experience in applying
carbonic-acid-gas inhalations to patients suffer-
ing from dyspnea. The sittings lasted from
two to five minutes, once or twice daily, the
inhalations being of pure carbonic-acid gas, the
quantity being from 2 to 4 liters at each sit-
ting. At no time were there experienced un-
pleasant symptoms, while the results were
encouraging. Patients thus treated were con-
sumptives and emphysematics. Coughing spells
were relieved and prevented. It is not difficult
to explain the effects thus obtained. The
reports given leave no doubt that the relief
secured was due to narcotic action, to a slight
intoxication. The application of carbonic-acid
gas in this form did not remain in practise very

[57]
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in which the application of carbonic-acid gas
produces the most satisfactory results. There
are even patients in this category whose skin
does not support any kind of water-bathing, but
only dry gas.”

Rotureau (“Etudes sur les eaux de Nau-
heim,” 1856) says: “The carbonic-acid-gas
baths have been successfully employed, espe-
cially in rheumatic affections. The most severe
of rheumatic affections is perhaps paralysis;
the gas treatment has a most powerful effect
on this manifestation of rheumatism. Of all
forms of paralysis, paraplegia is the one quick-
est to vanish under this treatment and to
attain the most complete cure. Paralytics who
come to Nauheim, with the lower extremities
more or less deprived of mobility, are subjected
to the dry-gas treatment. Even when the pa-
ralysis is complete, the mobility returns gradu-
ally from day to day in a most remarkable
manner, so that the effect of each bath can be
noticed. There are cases in which the baths
have been so effective that a rheumatic patient,
who for whole years had not been able to use

[61]
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directed upon the eyelids, because its direct
application would cause pain and increase in-
flammation. The gas is to be applied until the
eyelids redden; improvement is seen to follow
even in the most acute stage. The action is
prompt; photophobia, dacryorrhea, lagophthal-
mus, and the swelling of the eyelids disappear;
these douches, therefore, offer, according to
these reports, a valuable aid in the treatment of
chronic epipephycitis. The gas-douche is also
praised in the treatment of more profound in-
flammation—namely, in keratitis, even when
ulceration has developed. It is said that in
vascular, superficial, and even interstitial kera-
titis, relief follows generally after the first ap-
plications of the gas. Much more is found in
the literature of our ancestors on the treatment
of keratitis by means of the gas-douches, but
this treatment has been abandoned, whether
justly or unjustly is for ophthalmologists to
decide. Unjust it is not to mention it any
more in the text-books.

Demarquay speaks further enthusiastically
on the treatment of amaurosis by means of car-
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woman, thirty years of age, who suffered from
neuralgia of the bladder without any known
cause. The patient had frequent attacks, about
twenty a day, lasting from five to ten minutes
each time. Injection of carbonic-acid gas into
the bladder practised twice a day brought about
prompt relief. On the fourth day of this treat-
ment the patient had only three attacks, and
was completely cured after fifteen days’ treat-
ment. Before the gas douches had been re-
sorted to, antineuralgics had been prescribed
without avail. Demarquay speaks of the good
results of the gas treatment in cystitis. In all
cases, according to him, carbonic acid acts
as a sedative—in a characteristic manner. At
first it produces marked excitation of very
short duration, which, while it lasts, seems
to increase the symptoms of inflammation al-
ready existing. This may be due simply to
its mechanical effect—that is, to its action
as a foreign body, and also to its irritating
effect on some mucous membranes, like that
of the nose, at the first moment of application,
particularly when the current of gas is very

5 [65]
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Such an accident can now be avoided, since we
are enabled to measure exactly the amount of
gas we wish to introduce and to regulate the
current likewise with absolute certainty.

“If, instead of the carbonic-acid gas, atmos-
pheric air had been injected,” rays Demarquay,
“I should have felt alarmed; but, knowing
with what great facility the mucous and serous
membranes absorb this gas, and knowing how
harmless it is when brought in contact with
- the tissues, I felt almost reassured in regard
to the consequences of this gas infiltration.”
In fact, tho the patient suffered some pain,
probably caused by the rupture of the bladder,
the gas became gradually absorbed, and after
two hours it seemed to have disappeared com-
pletely.

Topical application of carbonic-acid gas in
the shape of baths or douches has been tried
quite extensively by balneologists of a former
period, but a rational base for this kind of bal-
neotherapy they have not given; in the litera-
ture of their time we fail to find specified rules
based on exactly controlled observations. All

[67]
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a powerful and effective stimulant for the en-
feebled heart. He was the first who had the
courage to place dyspnoic patients suffering
from uncompensated valvular disease in the
bath. He also tried the effect of these baths
in other morbid conditions, as in arthritis and
nervous diseases. Schott and Groedl contin-
ued to work on this basis which had been laid
down by Beneke. The brothers Schott have
established a system of their own of physical
therapeutics for disorders of the circulation, in
which carbonic acid plays a rdle.

While this form of making use of the benefi-
cial effects of carbonic-acid gas has become so
popular with the medical profession, very little
is known, or rather, as the foregoing historical
sketch demonstrates, a great deal has been for-
gotten, about the external application of car-
bonic-acid gas in dry form.

The external application of dry carbonic-acid
gas, considered in Franzensbad as an extraordi-
narily valuable therapeutical agent, is the prod-
uct of the mineral springs there, which contain
this gas in astonishingly large amount. At

[69]


















INFLATION OF THE INTESTINE

water, and finally tartaric acid. Having the
large intestine inflated, he found he was enabled
to diagnosticate situs inversus viscerum, to
demonstrate an acquired pathological position
of the colon. He recommends this method for
the purpose of ascertaining the relative posi-
tion of the large intestine to a floating kidney
and to ovarian and other abdominal tumors.
By means of such inflation he discovered com-
munication between the colon and stomach and
between the small intestine and stomach. It
also enabled him to study the relations of a
fistula of the cecum, extending through the
abdominal wall, and of a carcinomatous ves-
ico-rectal fistula. Inflation was most of all
serviceable in cases of stricture of the large
intestine. In several such cases the exact
location of the stricture could be ascertained,
the surgeon being guided to the very point
where to enter upon the gut.

V. Ziemssen used a solution of from 10 to
12 gm. of bicarbonate of soda and somewhat
less tartaric acid to expand the large intestine.
He found the method of inflation preferable to

[75]
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much higher one. 6. There is no apprehen-
sion of those accidents which are apt to happen
when the two components for the development
of the gas are introduced separately, which
accidents may interfere with the success of the
proceeding.

It must be conceded that inflation with air,
as practised by Ewald, Runeberg, Oser, etc.,
by means of a rectal tube and spray apparatus,
renders essentially the same good service; but
carbonic-acid gas has been held preferable as
being safer than the introduction of large quan-
tities of unfiltered air.

The carbonic-acid gas is taken from an iron
balloon, in which it is contained in the lique-
fied form; a double stop-cock is attached, to
regulate exactly the flow of the gas from the
balloon, in which it is naturally enough under
high pressure. The carbonic acid, on escaping
from the balloon, at once assumes the gaseous
form. From the balloon it passes first into a
bottle filled with water. This contrivance to
have the gas pass through water is for the pur-
pose of enabling us to observe and to control

[77]
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sion we have to discontinue the introduction.
It will be well to inflate the rectum empty in
order to avoid obstruction of the tube by fecal
masses. The presence of the latter, however,
so long as they do not directly obstruct the lu-
men of the nozzle, is no hindrance; the gas
passes alongside them while the intestine is
stretching. The amount of the gas entering
the intestine may be judged from the size and
the number of bubbles which are seen in the
water of the bottle spoken of, or may be calcu-
lated exactly by means of a manometer which
can easily be inserted. For practical purposes,
however, it is of no importance to know the
exact amount.

Rosenbach has given a very thorough and
exact description of the behavior of the intesti-
nal tract when inflated with carbonic-acid gas,
and his observations are of great value for diag-
nostic purposes; it does not, however, come
within the scope of this treatise to enter into
all the details of this useful investigation, since
the results obtained are by no means character-
istic of carbonic-acid-gas introduction, but may

[79]






INFLATION OF THE INTESTINE

for on percussion over this organ the dulness
remains about as before, there is no rising of
the diaphragm, and consequently no retraction
of the lungs, and no dyspnea is observed. All
that may be noticed is a very slight accelera-
tion of respiration and pulse, as will be men-
tioned presently. There is no cyanosis. The
subjective symptoms of patients or persons ex-
perimented on are due to the disagreeable ten-
sion of the abdominal walls and the difficulty
of expiration caused thereby, but even this
unpleasantness disappears more and more as
the patient becomes accustomed to inflation.
Rosenbach’s experiments confirm the well-
known fact that we can not, by way of the
rectum, inflate the small intestine; especially
conclusive in this respect are his experiments
on the cadaver. The inflation can not be
carried out beyond a certain limit, which limit
corresponds exactly to that noticed in the liv-
ing. In attempting to force introduction
beyond this limit he did not succeed; the gas
would escape through the anus or it would

encounter such strong resistance that no more
6 [ 81 ]












CHLORIASIS. ASTHMA

in the composition of blood results where large
masses of carbonic-acid gas have been intro-
duced into the rectum, and from there have
found their way into the veins, is not known,
no investigations in this direction having
been published. The amount of the chemically
bound carbonic acid in the serum of the blood
is proportional to the amount of carbonate of
potassium therein, and similar relations exist
likewise in the blood-corpuscles and in the
plasma. M-

Therefore, whether any and how much car-
bonic acid may be absorbed in the blood re-
mains as yet an open question. Symptoms of
intoxication have never been noted. Rohrig
has made experiments on rabbits in this direc-
tion. He found that very considerable masses
of carbonic-acid gas might be introduced into
the veins without producing symptoms of in-
toxication, tho such symptoms doubtless would -
occur if these masses had no opportunity
to be eliminated by the lungs. Conclusive
experiments on this point of venous injections
were made by Nysten and Demarquay.
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right lung there was a good-sized ecchymosis.
The surface of the kidneys was very brown.

In these two experiments Demarquay found,
on auscultation of the heart, a very strong noise
every time while forcing the gas into the vein;
this noise was quite analogous to the dabble
produced in a cavity of the phthisic. These
experiments confirm those of Nysten, and speak
in favor of the harmlessness of the gas.

Brown-Séquard, judging from facts of quite
another character, thought he could demon-
strate that carbonic-acid gas had decidedly a
toxic effect. Continuing the experiments made
- by Bichat to this end, he studied the action
of the blood charged with carbonic acid in-
jected into the vessels, and he arrived at a
 conclusion which, in fact, is the best refutation
which we could offer against his experiments. |
When we compare the phenomena of a com-
plete asphyxia with those which present them-
selves after an injection of blood charged with
carbonic-acid gas, we find that they are similar
except that they are more violent in case of

such transfusion when compared with those in
[88]



CHLORIASIS. ASTHMA

asphyxia. It appears that in both instances
the phenomena under consideration depend cer-
tainly on poisoning by carbonic acid. The
fact of the transfusion adds a new element to
the question. It is not unlikely to cause the
carbonic acid to penetrate into the blood in
the form of a gaseous injection or by process
of transfusion, and, since Brown-Séquard has
stated that even in performing transfusion
serious accidents will happen only when a
certain quantity of blood is introduced rapidly, .
he admits, the phenomena apparently toxic
which he has observed, are in a great measure
to be attributed to the mode of operation.

The whole mass of gas introduced into the
blood 1s carried to the lungs. From the lungs
it is eliminated in a manner corresponding to
the elimination of carbonic acid under normal.
conditions. The route which the carbonic

.acid pursues through the system is decided by
the peculiarity of traveling in the direction in
which it meets the least tension. On this law
depends likewise its transmission from the tis-
sues into the blood, as also its normal evapora-

[89]
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He mentions the experiments of Pfliger on
animals upon which tracheotomy had been per-
formed as being more applicable. Here the
conditions correspond with those presented by
rectal inflation with carbonic-acid gas. Pfliiger
found that, with tracheal breathing continued
for some length of time, the amount of oxygen
would increase in the blood. This increase
was due to facilitated and augmented lung
ventilation taking place after tracheotomy had
caused the shortening of the distance between
the alveoli of the lungs and the atmospheric air,
thereby facilitating the intrabronchial diffu-
sion of gases.

The increased lung ventilation in animals
with the trachea cut open corresponds with the
better lung ventilation under consideration, to
the extent that the oxygen in both instances is
full gain, not being required for increased re-
spiratory activity, but, accnrding‘ to Ephraim,
the conditions for increased influx of oxygen
into the blood are still more favorable when
carbonic acid is introduced by way of rectal in-
flation than in the case of animals with open

[93]
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that he was enabled to count the gas-bubbles
passing through the water. I have simplified

. %

e R TNTERE R CO. MLV CRE i-m-!

Fi16. 1.—Small Cylinder for Liquefied Carbonic Acid. Mode of ap-
plication to nasal cavity.

the apparatus he used, or rather reduced the size
of the cylinder, so as to make it more convenient.

[96]
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The patients treated by Ephraim were suf-
freing from chloriasis, phthisis, and asthma.
There could have been no objection to more
frequent application of the gas than one or two
inflations per diem, but for his complicated and
cumbersome method. These cases treated and
described by him were as mentioned :

1. Chloriasis (incorrectly called chlorosis).—
Eleven girls, varying in age from sixteen to
twenty years. The circumstances surrounding
them were most unfavorable in regard to health.
All these patients belonged to the poorer
classes. They were obliged to earn their liv-
ing by working in factories. Their fare was
consequently a very poor one. In order to
secure the results of the carbonic-acid treat-
ment pure and simple, nothing was altered in
regard to their occupation and mode of living
while under treatment. The cases selected
were all of a severe form of chloriasis, and, ex-
cept in one instance, were all of long standing
and had been under treatment, some having
been treated by Ephraim himself.

One of these cases was not benefited by the

7 [97]
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resting, and the treatment was discontinued.
During the next six weeks the patient remained
free from attacks and from shortness of breath,
but then the symptoms reappeared.

II. Josefa S——, 37 years of age, had suf-
fered for a year from slight attacks of bronchial
asthma, which lately made their appearance at
intervals of from two to three days and lasted
a few minutes. Percussion sound over the
lungs was normal, and within normal bounda-
ries there were numerous sibilant rdles. In
the sputum spirals and asthma crystals were in
large numbers. After the first inflation came
one more attack, but none afterward. At the
same time cough and expectoration became
less and rales were scarcer. The patient now
climbs two flights of stairs in succession, while
formerly she could not climb more than one
without taking rest. The treatment was dis-
continued after the eleventh inflation. No
further observation was made,

III. Clara E——, 21 years old, for nine
years had suffered from cough, and occasionally
appeared dyspnea. In the last few years the
latter came on more frequently, and during
the last two years almost every night. After
August 10, 18809, the attacks were very severe
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quently from time to time a slight difficulty in
breathing appeared, which has repeated itself
often since the middle of April, 18go0.

From this time on occurred from eight to
ten attacks weekly; they were, however, milder
than the former ones. On May 2, 1890, the
carbonic-acid treatment was resumed. The
result was about the same as before. The
attacks assumed, even after the first inflation,
the character of a passing oppression, and dis-
- appeared entirely after the nineteenth inflation.
After seven more inflations had been given, the
treatment was discontinued. Catarrh as well
as shortness of breath were much improved.
Climbing of stairs was much more easily done
than formerly. Five months after the discon-
tinuance of the treatment the attacks had not
returned.

IV. John P— —, 66 years old, for two years
had asthmatic attacks, appearing only during
the night and lasting from one to two hours;
during a few months they appeared every night, |
and during the day there was shortness of
breath. Very slight emphysema of lungs and
few riles were observed. With the beginning
of the carbonic-acid treatment.the attacks be-
came shorter and lighter, and with the seven-
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In the mean time he had had no recurrence of
the attacks.

VI. Elizabeth P——, 25 years old, had pro-
nounced sclerosis. She had often suffered
from cough; the least exertion, climbing of
stairs, etc., brought on dypsnea. For five
weeks bronchial catarrh and severe asthmatic
attacks occurred every night. These latter
ceased after the fifth inflation, and the patient
slept every night uninterruptedly until morn-
ing from this time on. Eventually the catarrh
disappeared. The patient was dismissed after
having had the thirteenth inflation; the bronchi
were entirely free. One year later the attacks
had not returned.

VII. Clara W——, 14 years of age, had suf-
fered since her eighth year from attacks of diffi-
culty of breathing, which at first appeared at
intervals of several months, but for a few years
had appeared at intervals of from three to four
weeks; they lasted from two to three days, and
ended with abundant expectoration. The pa-
tient came under treatment fourteen days after
such an attack. She received twenty-five
inflations. During this treatment patient had
still, once in a while, a slight oppression with
cough, but no real attack. Six weeks after-
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discontinued. There were, however, symptoms
of a dry bronchitis, but eight weeks later no
new attack had appeared.

X. Mrs. A , 50 years old, for four years
had been subject to asthmatic attacks, which
afterward came on more and more frequently.
During four weeks there had been daily attacks
of from three to four hours’ duration, occurring
mostly during the night, seldom during the day.

Status presens : Emphysema pulmonum with
numerous sibilant riles. In the sputum were
many spirals and crystals. During the first
four days of carbonic-acid treatment there was
little change, but after the fifth day the attacks
disappeared. After two more inflations the pa-
tient declared herself cured, and stayed away
from treatment. The cough had decidedly
improved, riles were considerably reduced, and
the patient remained perfectly free from attacks
during the following eight weeks; then they
reappeared, but less frequently and in lighter
form.

In the cases enumerated the effect of the
carbonic acid was noticeable after various
lengths of time; the chances of cure were bet-
ter the shorter the time the evil under treat-
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TREATMENT OF DYSENTERY, ETC.

I have consulted all I could find in the New
York Academy of Medicine and the Surgeon-
General’s Library of Washington—have I seen
this method mentioned. Theoretic reasoning
and a reading of this recommendation of Kues-
ter and Perkin made me apply the gas in dys-
entery. The first case thus treated by me was
published in 7/e Annals of Anatomy and Sur-
gery, December, 1883, and, as it appears to me
a specially instructive one, I may be permitted
to give it in full as it was published in the said
journal.

Mary R——, 1914 years of age, born in Ire-
land, been four months in America; a domes-
tic; fairly developed; and had been enjoying
tolerably good health. She began to menstru-
ate at seventeen years of age. Her menses
appeared every two, sometimes every three,
weeks, lasting from four to six days, and were
painful at the beginning. On September 2,
1883, she was taken sick with fever and diar-
rhea characterized by tenesmus. Was vomiting.
The day following the stools contained matter
and blood. I saw her first on Septemter s,
and poured into the rectum both large and
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branes and all the ulcers in the manner prac-
tised by Dr. Thomas. The first night after
this procedure the patient slept well, did not
suffer from tenesmus, and felt better in every
way; but the night following she was, as she
and her friends expressed themselves, “as bad
as ever.” I then ordered suppositories of iodo-
form; they brought only temporary relief, and
the same was the case with injections of chlo-
ral.

Almost from the commencement of her sick-
ness the patient had been coughing. Physical
examination showed slight dulness on percus-
sion on the right side, below the axilla, be-
tween the third and fifth ribs, and, correspond-
ing with this area, there were crackling sounds
on inspiration. The patient being very much
reduced by constant fever, restlessness, and
pain, and presenting this probably metastatic
affection of the lung, her case appeared indeed
a desperate one.

In the forenoon of September 27 I inflated
the rectum with carbonic-acid gas, and this
one application, which caused no discomfort or
tenesmus, was at once followed by a change for
the better. There was no fever on that eve-
ning and very little tenesmus during the night;
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she slept well and improved, so to say, from
hour to hour in every way. There were some
matter and blood discharged, but only during
the night following the first application; the
next morning she had a natural evacuation from
the bowels without either matter or blood, and
never again discharged either. Tenesmus
ceased gradually during the following nights.
There was no more straining after October 1.
For nearly five days the bowels moved as often
as five or six times daily, very little at a time,
the stools being in the shape of small, hard
balls; and as long as this was the case, I had
the carbonic-acid douche applied three times a
day. The patient described the effect of such
applications as being that of an agreeable sen-
sation, and she asked for it. During the days
immediately after the first inflation tenderness
and irritability of the stomach existed, which
disappeared promptly after the patient had ta-
ken a few powders composed of ten grains each
of subcarbonate of bismuth and bicarbonate of
soda. The condition of the stomach having
been corrected, the appetite improved rapidly.
After October 2 the patient was able to be out
of bed all day. The bowels after October 4
moved regularly and naturally once a day.
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There were still slight dulness on percussion on
the right side and diminished breathing, but no
more crackling sounds, and the cough almost
ceased.

During the last twenty-two years I have
inflated the rectum with carbonic acid in all
cases of dysentery which have come under my
treatment, and invariably have noticed the
prompt effect on the tenesmus. As a rule,
patients have spoken with enthusiasm of the
relief they obtained. Dr. R. E. Van Giesen,
of Brooklyn, has informed me that he also
knows the remedy, that he has made it a prac-
tise to inflate the rectum with carbonic-acid gas
in cases of dysentery, and that his results have
been most gratifying. In simple dysentery we
may, by means of this topical application,
dispense with administering medicine per os.
Experience with this treatment in amebic
dysentery I have none. I should judge, how-
ever, that altho it might not destroy the ameba,
it would be of service at least in alleviating the
distressing tenesmus.

In July, 1900, I addressed a letter to the
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who had been suffering for three months from
whooping-cough and had tried in vain a num-
ber of remedies. Bergeﬁn interested Girod in
his method. Girod tried it with excellent re-
sult on himself and his children, who were at
the same time similarly afflicted.

I forget when and where I first read of the
employment of carbonic-acid-gas inflation in
whooping-cough, but I have been employing
this method of treatment since May, 1894, and
have had an opportunity to order it in quite
a number of cases among my patients of St.
Luke’s Society of Grace Parish. In - all buta
few cases the reports I have received have been
that the application of the gas has had an un-
mistakably good effect. Relief was observed
in the first few days, and the patients were
often cured entirely within from eight days to
two weeks. As a rule the children coughed
less frequently after the first application, and
after four or five days’ treatment they ceased
coughing during the night, while in the day
they would cough only after they had been run-
ning or had taken similar exercise. I attended
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Mr. D——, a lawyer, had a wife and four
children. He occupied four rooms on a second
floor. His children were: Emily, aged seven
years; Helen, aged five years and nine
months; Agnes, aged four years; and Philip,
aged two years. The three little girls slept in
one room, which was well ventilated; the win-
dow was kept open all day long, even during
cold weather., The three little girls were
taken sick with whooping-cough, while the
youngest, the little boy, remained free from
this disease.

Helen D——, who goes to school, began to
cough and to sneeze on November 11 and grew
worse daily. It was not until the 17th that
she remained at home from school. I was
summoned to see her on November 18. On
the 17th she had had nine convulsive attacks
during the day and twelve during the night
from the 17th to the 18th of November. The
face had the characteristic edematous swelling.
On November 18 the carbonic-acid-gas infla-
tions of the rectum were done three times.
The attacks on that day were much milder in
character and only four in number; there were
also only four mild coughing spells during the
night from the 18th to the 1gth. In this case
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taxis; the frequency, however, was less. She
coughed four times during the day and six
times during the night before the gas was ad-
ministered. The first day on which the gas
was given she coughed only once during the
night and twice during the day. There was
edema of the face also in this case. During
the days on which the gas was not used the
attacks reappeared with their former severity,
but assumed at once a lighter character and
were less frequent under renewed treatment.
No more gas was administered on December
10. There was no cough at all on December
LE:

Agnes D——, 4 years old, began to cough
simultaneously with Emily—i.c., on November
18. Treatment with carbonic acid was begun
on November 25. In this case the convulsive
attacks were the severest, the most violent, the
edematous swelling of the face more marked
than in the two other cases. After the appli-
cation of the gas the attacks were reduced in
number from twelve to six during the day and
from nine to four during the night. Epistaxis
ceased after the first day’s treatment with gas.
While the cough was less frequent, it was also
less violent. This child was of a much more
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asylum one hundred and fifty cases of pertussis
were treated by carbonic-acid inflation. Of
the whole number, one hundred and forty-
three showed very marked benefit. The vom-
iting ceased even in the severest cases by the
second or third day, the whoop disappeared,
and the number of paroxysms was reduced to
two or three daily. The seven remaining cases
were apparently not benefited, one of the seven
being well advanced in the disease before this
treatment was instituted. The duration of the
disease, so far as could be determined, was not
influenced. Not the slightest ill effect of the
treatment was observed. During the adminis-
tration of the gas the faces flushed decidedly,
and this effect lasted some fifteen minutes.
The gas was given to the children three times
daily, some two or three hours after meals. In
infants the treatment lasted five minutes each
time; in the “runabouts,” ten minutes.

During the following year I treated a large
number of children afflicted with whooping-
cough in the New York Foundling Asylum,
but I have to confess that there could not be
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ipheral paralyses, and, in combination with
gymnastics, in disorders of circulation. The
rational application of carbonic-acid-gas baths
or douches can be of service in the treatment
of some forms of impotence and in many gyne-
cological affections.

Investigations have proved that the effect of
carbonic-acid-water baths does not essentially
differ from that of carbonic-acid-gas baths.
The blood pressure is increased as well by the
dry carbonic-acid-gas bath as by the carbonic-
acid-water bath. In some cases, moreover, as
much or more service may be rendered by the
simple gas douche of carbonic-acid gas as with
either water or gas bath.

Physicians in watering-places are aware that
men who are easily excited are apt to have
erections during their stay in the carbonic-acid-
water bath, and that in many the libido becomes
markedly stronger under treatment by such
baths. It is the peripheral irritation near the
sexual organs which increases sexual sensation.
This effect may be noted when the rectum is
inflated with carbonic-acid gas, evidently due to
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to reduce the irritability and to improve the
power of resistance. It may, however, happen
that after the last-named remedies have done
their work, carbonic acid will be indicated.
An exceptionally favorable field presents itself
in impotentia senilis pracox.

In the female conditions of oppression, of
atonia, or of torpor of the sexual organs, relief
may be afforded by means of carbonic-acid-gas
douche, and sterility depending on anaphrodisia
may be cured.

Continued use of the gas-baths may produce
metrorrhagia or even menstruation in cases of
amenorrhea.  Fellner observed menstruation
occurring in isolated cases after a single gas-
bath.

It has been said that modern gynecology did
not pay sufficient attention to the influence of
the nervous system on diseases of women—that
the effect of uterine diseases on the nervous
system was made almost exclusively the subject
of observation. We know of uterine dyspep-
sia, that is, gastric trouble brought on by uter-
ine affections, and we can explain this reflex
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Simpson and Scanzoni mention in this direc-
tion also neuralgia of the serratus and coccygo-
dynia. Some cases of tachycardia may belong
in this chapter, and, finally, all disorders of the
nervous system collected under the name of
hysterics.

In regard to the relation of the nervous sys-
tem to gynecological affections, the following
is to be considered: There can be no doubt
that, as a rule, a much stronger irritation is
required to excite sexual desire in woman than
in man, and to bring on during coitus that or-
gasm with the sensation of ejaculation which
gives the feeling of satisfaction. If this satis-
faction is wanting, there will develop in the
course of time a nervous condition which in
some 1nstances culminates into an invincible
aversion to the approaches of the husband.
Many physicians may be able to illustrate this
painful example in this chapter. This aver-
sion, sometimes associated with colpospasmus
(barbarously called vaginismus), amenorrhea,
and other anomalies of menstruation, many hys-
terical symptoms, reduction in flesh or the gain-
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There can be no doubt that carbonic-acid-gas
baths or douches are effective in certain forms
of menstrual disorders, as, for instance, dys-
menorrhea, oligomenorrhea, and amenorrhea;
also in cases of so-called frigidity and sterility
depending on such frigidity. They may serve
in case of chronic metritis with erosion at the
vaginal portion. The direct effect of carbonic
acid on the uterus is manifested by intenser
reddening of the portio vaginalis and marked
increase of secretion. After repeated applica-
tion of the gas douche, the menses will appear
in some cases somewhat earlier and in most
instances more copious than is customary. In
the systematic application of the gas douche
we possess a very effective emmenagogue, which
will prove beneficial in the cases mentioned.
First of all, those cases will be amenable to
this treatment in which there exists no anatom-
ical change of the sexual organs and in which
the ailment can be traced to disturbance of
innervation or disorders of metabolism. The
good results of carbonic-acid treatment in oli-
gomenorrhea or amenorrhea of fat women are
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the force to the vaginal jet by means of hydro-
static pressure. Mr. Warker, in his apparatus,
‘has very successfully fulfilled all the conditions
necessary to insure the desired results of a lo-

F16. 3—Warker’s Ems Spring.

cal application of water of the Ems spring.
This water itself is made artificially and is con-
tained in a glass fountain charged with car-
bonic-acid gas. To this receiver (as will be
seen in the cut) a pipe is connected which
passes through a water-bath and thence to the
bath above, across which the patient sits. The
amount and force of the jet is regulated by a
valve in the receiver, while the alcohol lamp
[ 141]






CARBONIC ACID IN GYNECOLOGY

labor over twenty hours; the bag of waters had
ruptured almost at the commencement of labor,
and, altho the pains were frequent and exces-
sively severe, the mouth of the womb had
scarcely dilated any during the last ten hours,
and that she was about to request the attend-
ance of a physician when convulsions came on.
I recognized at a glance that I had before me
a terrible case of eclampsia or puerperal con-
vulsions. The patient was lying in a totally
unconscious condition, and at short intervals
would be seized by a spasm, convulsing every
muscle of the body, jerking violently the head
to one side, and at the same time bending the
body backward as if the head and heels were to
approach one another; the features were dis-
torted, the throat and face tumid and purple,
and the eyes rolled up in the orbits—it semed
as if they would start from their sockets.
Upon examination I found the os uteri dilated
to about the size of a half-dollar piece, and ex-
tremely hard and rigid. This rigidity contin-
ued not only during the pain, but in the inter-
vals; there was, in fact, a constant spasmodic
rigidity. The commencement of a pain and
the onset of a convulsion were almost simulta-
neous, it appearing as if the pressure of the

[ 143]









CARBONIC ACID

dry, hot-and-cold-like. After waiting thirty
minutes and perceiving little or no progress,
I determined to use the carbonic-acid douche.
The patient, having been assured that she would
receive relief, offered no opposition to the ap-
plication. After the gas had been allowed to
act upon the mucous membranes for five min-
utes, the entire demeanor of the patient was
changed. The demonstrations of suffering, im-
patience, and irritability were succeeded by a
calm so complete that it seemed as if the labor
had been suddenly arrested. The douche was
repeated in ten minutes, and the observation
made that, while the patient asserted that she
felt no pain, the bag of waters was pressing
firmly upon the now rapidly yielding os. In ex-
actly fifteen minutes from the termination of the
first douche, the dilatation being almost com-
plete, I ruptured the bag of waters and almost
immediately perceived the head entering the
pelvis. Five minutes after the escape of the
waters the third application of the gas was
made. The head had now entered the pelvic
cavity and was pressing upon the perineum.
The patient at this time, in answer to the ques-
tions, stated “that she felt no pain,” “did not
feel the head at all.” In fact, did not believe
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she was to have a child. Very shortly after,
however, the relief from suffering ceased and
the passage of the inferior strait was accom-
plished with all the usual symptoms of pain.
The further progress of the case presented no
particular features.

Case IIl.—January 4, 1871, Mrs. D :
aged. 37; second confinement, thirteen years
elapsing since the birth of the first child.
When engaged to attend this lady I anticipated
a difficult labor, in consequence of the great
length of time that had passed since the birth
of the first child. Such was, however, not the
case. Being called to the patient at 9 A.m., I
was enabled to leave the house at 11:15 A.Mm,,
the mother lying comfortably in bed and the
nurse dressing the new-born babe.

In this case I made four applications of the
gas, at ten-minute intervals, during the first (or
dilating) stage of the labor, with the effect of
greatly ameliorating but not entirely relieving
the sufferings, the patient complaining from
the very commencement of labor of pain in the
back and of cramps in the limbs.
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cle will become convinced that carbonic-acid
gas is perhaps the most unsuitable and ineffec-
tive means ever tried for the purpose in ques-
tion. Scanzoni had the erroneous idea, and
insisted upon it, that the carbonic-acid-gas
douche to the uterus would cause contractions
of that organ. Even the demonstration of
the prominent gynecologists, Simpson, Hohl,
Guitar, and Carl Braun, to the contrary did not
move him. Gustav Braun tried to bring on
premature delivery in a case of deformed pelvis.
For this purpose he directed the carbonic-acid-
gas douche to the uterus and had such applica-
tions continued daily for thirteen days in suc-
cession. We may judge what an immense
amount of gas he injected during these thirteen
days, when we learn that it took forty ounces
of concentrated hydrochloric acid and a corre-
sponding amount of marble to develop the
gas for injection. A Woulfe's bottle was used.
Finally, a colpeurynter had to be placed into
the vagina, the patient had to be brought into
a sitz-bath, and, in addition to all this, was
severely injured by accident with the hydro-
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the abdominal wall. All this demonstration of
plain and indisputable facts only excited Scan-
zoni to violent polemics. Scanzoni himself 1s
'dead, but his error haunts us yet.

Early in the year 1884 I was called to a
neighboring city as consulting physician in a
case of incessant vomiting in pregnancy. All
the usual remedies had been employed in vain.
I for the first time suggested the introduction
of carbonic-acid gas into the vagina, and exhib-
ited my simple apparatus. My idea was to
make use of the anesthetizing effect of the gas
on the womb, especially on the os. I assumed
that the vomiting in this case might be a reflex
action; originating in neurosis of the uterus.
My suggestion was not accepted. It happened
that my colleague had in mind the title of
Scanzoni's paper above mentioned, and feared
contractions of the uterus and abortion.

A well-known German gynecologist, Adrian
Schiicking, arrived at the same conclusions as
myself in 1885. It is possible that the curative
effect of carbonic-acid gas in vomitus gravidarum
has been known before Schiicking and myself
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gas, or air, but, to use a general term, by the
transmutation of phases, heat in sfatu nascends.
This opinion is not in accordance with the
results of recent investigations concerning the
effect of carbonic-acid baths. Leopold Fellner,
who, like Homberger, read a paper (“Zur
physiologischen Wirkung der Kohlensdure ") at
the twenty-sixth public meeting of the Balneo-
logical Society in Berlin, March g-13, 1905,
and of whose paper I avail myself as I did avail
myself of Homberger's, says: The resorption
theory which was at first generally recognized
was denied by some, but now is supported again
by the investigations of Hugo Winternitz, who
adduced proof of the resorption of carbonic-
acid gas by the increase of the same in the at-
mosphere without increasing the consumption
of oxygen. There has also been some contro-
versy as to the nature of the irritation which
carbonic acid exercises upon the skin. The
opinion was entertained that carbonic acid ex-
ercised a chemical irritation upon the cutane-
ous sensory nerves; later on some investigators
drew the conclusion from their researches that
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bubbles, which become separated from the
water and also become heated beyond the point
of indifference, produce a thermic irritation,
and the consequence is that not only a frequent
change between cold and warm sensations
takes place, but there are numerous changes
of cold and warm sensations simultaneously.
There are pronounced effects of contrast such
as are not possessed by any balneotherapeutic
or hydrotherapeutic agent singly.

This would clearly explain the thermic effect
of carbonic-acid baths, and it is intelligible
that, in spite of the colder temperature of a car-
bonic-acid current, the skin experiences a sen-
sation of heat, because the circumambient air
has a higher point of indifference. On the
other hand, there are a number of manifesta-
tions in connection with the use of carbonic
acid which are not explained by the thermic
effect alone,

Carbonic acid has both a stimulating and
weakening effect upon the sensory and motor
nerves. It stimulates the circulation .nd res-
piration centers (Ludwig, Hoffa, Brown-Sé-
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All these manifestations point to the fact that
carbonic acid produces not only a thermic, but
also a chemical, effect.

Thomas E. Satterthwaite, in his book * Dis-
eases of the Heart and Aorta,” gives the fol-
lowing concise and clear description of the
effects of carbonic-acid baths: Carbonic acid is
absorbed by the skin and has a reflex action on
the vasomotor centers, followed by dilatation of
the arteries and capillaries, and this dilatation
is manifested by a sensation of warmth and
redness of the skin. The pneumogastric is
affected, for the frequency of the pulse is
lessened. The inspirations become deeper,
Dilatation of the vessels permits them to be
better filled, and this means acceleration of the
blood current, as we shall see presently. Dim-
inution in cardiac frequency favors diastole, so
that the ventricles are better filled, and, while
they discharge more blood, they take up more
blood and relieve venous congestion. In this
way there is a tendency to restore the balance
of circulation between the arterial and venous

systems.
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tion is not considered a favorable symptom.
Carbonic-acid baths increase the blood pressure,
in spite of which, however, they exercise an
improving influence. The explanation 1s as
follows:

Increased blood pressure may be caused in
two different ways, pathologically and physio-
logically. The former occurs by increased
resistance in the vascular system, the latter by
accelerated circulation. The former adds to,
and the latter detracts from, the amount of
work to be performed by cardiac function.
The favorable effect of carbonic-acid baths in
the case of patients suffering from heart dis-
eases 1s explained on the ground of accelerated
circulation, which reduces the demands made
upon the cardiac function. In contradistinc-
tion to this phenomenon, augmented blood
pressure by increased resistance always means
additional work for the heart. Therefore the
increased blood pressure in arteriosclerosis is
pathologic, but by the action of carbonic-acid
baths the pathologic process may be changed
into a physiological process.
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and scientific manner, but it is difficult to un-
derstand why he went to work with unnecessary
complications. The simplest way would have
been to give the person experimented on a dry
carbonic-acid-gas bath. Instead of that, he
gave, first, plain-water baths at an indifferent
temperature of 36° or 35° C., and afterward
carbonic-acid-water baths of the same tempera-
ture, in order, as he says, to study the effect of
carbonic acid, when externally applied, on blood
pressure.

He took great precautions to avoid errors,
gave the water and the carbonated-water baths
alternately, and changed the order at different
times on different days. He found that the
after-effects of both forms of bathing consisted
- in enlargement of the volume of the heart
pulse and acceleration of blood circulation of
the aorta, but that these effects were produced
in a higher degree—greater acceleration of
blood circulation in general, stronger diastole,
as well as stronger systole of the heart—after
the carbonated bath than after the simple water
bath.
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ago in the Berliner klinische Wochenschrift, is
the first which came to my notice. After

F1G. 4.—Rose’s Carbonic-Acid-Gas Bath.

years of experimenting I had the bathing cabi-
net constructed which is represented by the
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however, because it furnishes conclusive evi-
dence enough to establish the effect of carbonic
acid.

“The Dudgeon sphygmograph was used in
these tracings, the clockwork being regulated

so that five inches in length equaled ten sec-

onds in time. The amount of pressure applied
to the vessel was always the same both before
and after the bath, three ounces being the aver-
agﬂ'amuunt.

““Unless great care is used in both the man-
ipulation and adjustment of the sphygmograph,
the results derived from a series of experiments
like these are likely to be fallacious and mis-
leading. With the proper amount of care, how-
ever, directed to the general running order of
the instrument, and its careful and accurate ad-

12 [ 257 ]






EFFECTS ON CIRCULATION

gree, to manipulation. However, one thing is
certain—there is a decided effect manifested
by carbonic-acid gas on the circulation and I
hope to be able to arrive at positive and exact
results. Meanwhile, I shall be well rewarded
if I have succeeded in attracting the attention
of those who have facilities to follow the mat-
ter up.”

The description Fellner gives of the effects
of the gas bath is as follows:

“What are the manifestations taking place
in the carbonic-acid-gas baths? Having en-
tered the bath, a prickling sensation and a pe-
culiar feeling of warmth are noticed. It rises
upward to the height of the gas, gradually be-
comes more intense, imparting a sensation of
heat which is especially noticeable at the peri-
neum and the genitals. Finally, there is in-
creased perspiration at these places. This sen-
sation of heat continues for at least half an
hour after leaving the bath. There is also a
visible effect, the skin becoming hyperemic
and turgescent where the gas has come in con-
tact with it. Hemorrhoids undergo a swelling

[179]


















EFFECTS ON CIRCULATION

tion 16 after eleven minutes, and the blood
pressure 120 mm. after fourteen minutes. In
fifteen minutes the latter was still 120 mm. In
the gas-bath, pulse 102 after ten minutes, res-
piration 17 after twelve minutes, blood pressure
125 mm. after both seventeen and nineteen
minutes. Therefore, frequency of pulsation
had increased by three beats a minute, the
number of respirations by one, and the blood
pressure by 5 mm.

“But as these experiments did not take place
under the same conditions as obtain in the case
of CO, mineral baths, and as it was important
to produce the identical conditions, I proceeded
to conduct my investigations with gas tub-
baths. The table shows the results of eleven
such examinations. Before going into these
details, I will describe the method according to
which I made my observations and the sensa-
tions I experienced while taking these baths
myself in the bathtub. The experiments
were made in the beginning of October and at
the end of November. In October the tem-
perature of the open air was between 12.5° and
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on October 3, the opening of the lid was not
properly closed by the towel. I breathed
some of the gas and experienced slight dysp-
nea. In the experiment on November 17
there was possibly an escape of gas from the
apparatus. There was bad ventilation, causing
again some dyspnea and a feeling of weakness.
I believe there is so much more reason for
holding these causes responsible, as in later
experiments, where ventilation was perfect,
there never was any reduced frequency of pul-
sation,

“In ten experiments pulsation was increased.
The smallest increase was two and the largest
twelve beats a minute.

“The results, then, are as follows:

“In the CO, gas-bath the blood pressure is
always increased; also frequency of pulse and
respiration in a large number of experiments.
This is not the case in the CO, mineral baths,
in which I, and also others, have generally ob-
served a decrease in frequency of both pulse
and respiration. I have also observed that the
blood pressure sinks during the bath, and re-
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capacity between carbonic acid and air may be
neglected—the result would give approximately
the figure 23 as indicating the point of indif-
ference of air. Therefore CO, appeared as
warm as atmospheric air at a temperature of
23° R., a figure which exceeds by far the aver-
age point of indifference of the same.

“1If, then, the frequency of pulse and respi-
ration and the behavior of the blood pressure
are different in a CO, gas-bath and in a CO,
water-bath, the probable explanation is the
difference in effect of the two component parts
of the CO, mineral bath, namely, CO, and the
water, in consequence of their different thermic
point of indifference. This result may well be
looked upon as supporting the theory of ther-
mic effects of contrast as established by Sena-
tor and Frankenhiuser,

“If we wish to draw therapeutic conclusions
from these results, we are justified in maintain-
ing the following indications which had already
been found out empirically: (1) On the part
of the nervous system: anesthesia, hyperesthe-
sia, neuralgia, and peripheral paralysis based
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to create any injurious effects by causing too
great excitation of the heart; or in another
case, not to interfere with the action of the
other bath upon circulation and respiration.”

Dr. Satterthwaite had the courtesy to com-
pare with me at the Manhattan State Hospital,
during the summer of 1904, in some cases the
effect of the carbonic-acid-water bath on blood
pressure with that of dry carbonic-acid-gas
bath, and we found that they indeed corre-
sponded.

Carbonic-acid-gas baths, as means of general
invigoration and recuperation, may serve as
substitutes for sojourning at watering-places in
cases in which circumstances do not permit the
business or professional man to quit his daily
occupation.

In a case of progressive muscular atrophy,
altho I did neither expect nor promise a cura-
tive effect, the patient derived much benefit
from the carbonic-acid-gas baths, finding them
more serviceable than electricity and massage.
It is to be hoped they will become popular;
they deserve to be.
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Eichhorst speaks of one case of pronounced
mitral insufficiency in which the a-ray showed
the increased area of cardiac dulness. After
two series of baths of forty minutes each, extend-
ing over a period of eighteen months, the patient
was cured and accepted by a very strict life-
insurance company.

Persons who are likely to derive the greatest
benefit from the Nauheim baths are those hav-
ing cardiac dilatation, due to overwork or
worry. Other cases amenable to this treatment
are the dilated, enfeebled, or irritable heart,
coming on often after influenza, or the result of
rheumatism or gout. Dr. Samuel G. Tracy, of
New York, saw decided improvement in mitral
disease where lack of compensation was threat-
ened. Patients who have cardiac disturbance
from excessive smoking, dissipation, etc., are
markedly improved by the Nauheim treatment.
In nearlyall cardiac cases, unless theyarerelieved
by rest, diet, and Nauheim treatment, the heart
becomes overloaded and overworked ; an impure
blood-supply, congestion of the internal organs,
and a progressive wrecking of the heart itself
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resistance movements, a sort of physical-culture
exercise. These movements are given from
five to fifteen minutes, and have nothing to do
with gymnastics in the ordinary sense of the
word. They, doubtless, in the end improve the
muscles generally, but this is not their princi-
pal object. It should be distinctly understood
that each exercise is designed to produce regu-
lar movements, with but little exertion and abso-
lutely no fatigue. Thereare sixteen of these exer-
cises, arranged either for upper or lower extremi-
ties, or for the trunk; and while they are made,
the operator offers a slight resistance to each one.

During the exercises the patient should
breathe regularly, and no limb or portion of the
body should be so placed as to compress the
blood-vessels and thus check the circulation.

The Nauheim methods with American adapta-
tions are fully described and illustrated in Sat-
terthwaite’s book “ Diseases of the Heart and
Aorta.”

While drugs, cardiac tonics, and stimulants
may relieve urgent symptoms, the carbonic-acid
baths, combined with thel resistance exercises,
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provided with a pressure-regulating valve; the
hydrant water is connected with the mixing
cylinder and liquefied carbonic acid is simulta-
neously injected, so that an intimate mixture

Fi1G. 5.—Zestoo Apparatus.

takes place in the interior of the cylinders,
whence it flows into the bath-tub and the bath
is ready for use.
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twenty-two years of age he became afflicted
with hemorrhoids and these have given him
trouble ever since. When the piles protruded
he used to reduce them by means of a damp,
hot cloth. In June, 1902, he noticed a dis-
charge in the anal region. Before this dis-
charge was noticed, and ever since, defecation
was exceedingly painful, and there was always
considerable straining. A bearing-down pain
would sometimes last from six to seven hours,
no matter what position he assumed—sitting,
standing, or even lying down. There was
also experienced a peculiar trouble on uri-
nating; as soon as the desire to urinate made
itself felt, the patient had to seek quickly a
place of security, because with the desire to
micturate ended all control over the sphincter
vesicae.

The patient was so nervous that he dreaded
examination and I had to promise not to cause
any pain. I found a fistulous opening poste-
riorly and within an inch from the anal margin
near the median line, from which there was
some discharge. As the opening was very
small, I inserted a probe with great care, so as
to cause as little pain as possible, but did not
pass it through the whole length of the sinus,
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contradiction of my éxperiem’:&. I may, per-
haps, be excused for this digression; it may
serve to illustrate how difficult it is to intro-
duce a novel idea.

An experience I had had in a case in which
morphin injections had left numerous ab-
scesses on the surface of the body where the
needle had been used, and in which the car-
bonic-acid-gas current, turned on or rather into
these abscesses, had had a prompt curative
effect, after ordinary antiseptic treatment had
been rather unsatisfactory, suggested to me to
try carbonic-acid gas in case of fistula.

On December 30, 1902, I passed a current
of gas through the external opening. There
was no other pain than that caused by the inser-
tion of the nozzle of a common dropper which
I had attached to the rubber tube conducting
the gas. The irritation of the external orifice
caused by the insertion of the dropper caused a
slight hemorrhage—perhaps one drop of blood.
Except for this, the application of the gas gave
rather a pleasant sensation. It passed through
the sinus into the rectum, filling the bowel up
to its full capacity and causing thereby the
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third, very little, if any, gas passed into the
rectum,

January 3. No discharge from fistula. Pa-
tient had had difficulty with piles. Feces had
been hard. Piles protruding. Rectal cone, to
reduce the hemorrhoids; compound licorice
powder to soften feces.

January 5. The application of the gas cur-
rent into what was left of the sinus brought
away a plug of thick, yellow pus the size of half
a pea, or less. It was demonstrated to-day that
no gas entered the rectum.

January 6. Had had considerable pain on
defecation. Bowels had been very loose, diar-
rhea-like, the result of the licorice powder.
The pain was felt at the outlet of the former
fistula. There was some thin matter and some
thick, from the rest of the sinus. Absolutely
no pain any more, except during defecation,

January 7. No evacuation of bowels. Fis-
tula closed.

January 8. Hard stools; great straining,
but without pain.

January 9 and 1o. Gas has been applied
daily to the fistula since January 1, up to the
present date, when it will no longer enter.
The rectum is now to be inflated daily with
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January 22. All these days patient has been
free from pain, bowels have moved regularly.
Digital examination revealed considerably en-
larged but soft, almost fluctuating prostate.
Upon inquiry I learned of a gonorrhea that the
patient had had twelve years ago. Ordered in-
troduction of rectal cone with warm water pass-
ing through it several times a day.

January 27. No more trace of fistula but
cicatrix. The introduction of the rectal cone
had been difficult, on account of a resistance
(by the prostate), the bowels had been inclined
to constipation, and defecation was sometimes
painful. Urine passed into -two glasses fur-
nishes conclusive evidence of prostatitis; the
one in the first glass being turbid to a -high de-
gree, the one in the second perfectly clear.

My second case was that of a tuberculous
fistula, but here the carbonic-acid gas did not
have a curative effect. The same negative
results I had with complicated fistulas with
multiple sinuses and numerous openings
through the skin, mucous membrane, or both,
where the sinuses extended for a considerable
distance beneath the mucous membrane, par-
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lost their induration almost completely, and the
sinus was so shallow that hardly any gas could
be introduced. Having been at my office six
times, I dismissed him, perfectly cured from
his trouble, and when I saw him last, during
the month of December, I learned that the cure
has been a permanent one.

As I have demonstrated as long as twenty-
two years ago, carbonic-acid gas applied to in-
flamed mucous surfaces of the rectum, vagina,
or nose is an ideal remedy, and all my experi-
ence during the two decades since passed has
confirmed my observations more and more.
The local effect of the carbonic-acid gas on
ulcerated surfaces is twofold. By its anesthetic
action it relieves pain and tenesmus, and by its
stimulant action on the circulation it is healing.

The only drawback which seems to be in the
way of this treatment becoming favored by the
great specialists on rectal diseases is that it is

too simple, too rational, and its explanation too
clear.

All that is required is the simple gas gener-
ator, a glass bottle with a wide neck and a rub-
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MISCELLANEOUS

field for this mode of treatment when photo-
therapy is impracticable for any reason. A lu-
pous patch about six months old, on the fore-
arm, healed with a keloid cicatrix after two ap-
plications of the carbonic acid and hydrochloric
acid. In another case, two lupous patches on
hand and arm ulcerated at first under three weeks
of the combined treatment, but then healed
over smoothly. All were favorably influenced
and apparently cured to date. The experi-
ences at the clinic were with psoriasis, primary
sores, leg ulcers, and sycosis, besides the tu-
berculous affections. The primary sores all
healed rapidly after a single application of the
refrigeration and hydrochloric acid, before mer-
curial treatment had been instituted.

The results of the Nauheim treatment in dis-
eases of the heart and circulatory system have
stimulated investigations into methods of ob-
taining artificial carbonated thermal baths. R.
Hatschek describes such a method in the
Wiener Fklinische Rundschanw (January 28,
1900). He quickly applies a paste of bicarbo-
nate of soda to the body of the patient and fol-
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necessary, producing at the ordinary tempera-
ture of the room nearly 16,000 cubic centime-
ters of carbon dioxid. In preparing the paste
several teaspoonfuls of warm water should be
mixed with it in order not to chill the body
before the cloth is applied. The application
must be made hurriedly and the parts of the
body may remain covered alternately, while the
others are being treated with the paste. The
acidified solutions are to be markedly thinned
and diluted in order that no inflammatory re-
action on the part of the skin should follow.
Ewart, of London, maintains that carbonic-
acid inhalation treatment brings within the
scope of Nauheim therapeutics a considerable
number of cases that would otherwise be set
down as unfit; indeed, he attributes much of
the efficacy of the Nauheim bath treatment to
the incidental inhalation of carbonic-acid gas.
Whereas balnear treatment exercises its great-
est influence over the period of recuperation,
the inhalation treatment is indicated in the
stage of failing cardiac energy. Ewart claims
that those cases will derive most benefit in
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obtained not as a result of the inhalation, but
only by the local action of the gas upon the skin.
Side by side with these effects of inhalation
of carbonic-acid gas on the healthy subject,
Ewart sets the observations of its effects on pa-
tients with cardiac symptoms. The subjective
effects are: (1) Rapid diminution or cessation
of cardiac distress or pain; (2) a feeling of in-
creased freedom of respiration. The objective
effects are: (3) A visible increase in the depth
of respiration; (4) a marked improvement of
the pulse; (5) an obvious improvement both in
‘the complexion and expression of more than
transitory duration; (6) by systematic repeti-
tion progressive improvement in the patient’s
general condition, as well as in the cardiac and
respiratory functions. Thus it will be seen
that the direct effect upon the cardio-vascular
system 1s reenforced by the greater range of
respiratory movements, which, so to say, open
up wider channels by which the blood may find
~ its way through the lungs.
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appreciated according to their value, instead of
being lost to memory and to practise.

To demonstrate the effect of the continuous
warm bath on innervation and circulation I may
be permitted to describe a case which I pre-
sented before the New York German Medical
Society, May 2, 1892.

Delia G ,» 24 years of age, always well
before, and of remarkably strong muscular de-
velopment, was taken ill toward the end of Sep-
tember, 1891, with inflammation of the left el-
bow-joint; there were unusually severe symp-
toms of inflammation, especially violent pains.
Several antirheumatics given brought little
or no relief; even antipyrin, which at that
time was the favored remedy, did not ease the
pain or procure sleep for the night. Of all the
remedies employed it was only the plaster-of-
Paris bandage which gave some satisfaction. I
left this bandage on for a fortnight, and a
second time for ten days on the arm, and re-
moved it when I had reason to suppose that the
symptoms of inflammation, viz., swelling, pain,
and increased temperature, had subsided. This
proved to be the case when I removed the plas-
ter-of-Paris.
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her stay in the hospital she took no medicine
of any kind.

On December 12, 1891, she left the hospital.
I now found the arm in the same condition as
before she entered the hospital. To bring
the joint from an obtuse to a right angle
gave the patient considerable pain; and to go
further in the way of flexion I regarded as too
risky.

On December 15, 1891, I had the arm sub-
merged in a warm bath, the bathing-tub con-
sisting of an .oval-shaped wash-boiler. I or-
dered some water taken out hourly and hot
water added to keep the temperature as high as
would be consistent with the patient’s comfort.
For the night moist compresses covered with
flannel bandages were substituted. No medi-
cine was given while the arm was treated by
permanent submersion.

The patient had followed my orders only too
conscientiously. She had taken the water so
hot that it scalded hand and arm, and the epi-
dermis became raised in the shape of numerous
blisters. I did not place much stress on this
accident, because, according to my experience,
the warm bath simply continued would be the
remedy for the effects of the too hot bath.
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symptoms of new inflammation appeared, I
ordered the arm to be placed in the warm bath

*for one or two hours at night, and the result
was invariably that this relieved the pain.

I have to confess that when I presented the
case the arm could not be flexed quite as far as
the sound one, also that there existed a mini-
mal swelling at the elbow-joint; but I am con-
vinced that if the patient would have desisted
from work and for days employ the warm bath,
and, above all, be removed from all causes of
new rheumatic infection, these comparatively
slight remnants of rheumatic inflammation
would have disappeared completely.

The continuous warm bath is employed in
Leuk, in the canton of Wallis, 1,415 meters
above the sea, situated in a ravine with grand
A]pine' scenery. The water of the springs
is of 41.5° and 51° C, (170° and 123° F.) tem-
perature, and contains sulfate of lime, sulfate
of magnesia, and other salts, besides a small
trace of carbonic acid. As a bath it is to be
-classified as an indifferent therme—the sulfate
of lime is neither absorbed nor can it irritate
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Hueter recommends in polyarthritis synovi-
alis acuta (rheumatismus articulorum acutus),
after the acute stage has passed, and also in
polypanarthritis (arthritis deformans), thera-
peutics which aid absorption and excite circula-
tion, and praised, as the best means to this end,
permanent warm baths, for either arm or leg,
in tubs of proper size and shape, or general
baths, as the case may require. He states that
this therapeutic measure in polyarthritis syno-
vialis chronica, as well as in polypanarthritis,
had not been surpassed by any other method
of treatment. He says: “In regard to poly-
panarthritis it is well known that no remedy is
perfect, not even the permanent bath, but the
permanent bath gives more satisfaction than all
the other remedies.”

Riess recommends permanent warm baths in
articular and muscular rheumatism; he spreads
a bathing-sheet, like a hammock, above the
bath-tub in such a manner that the patient may
rest on this sheet in the water., The read rests
on a rubber ring.

It is a well-known fact that a warm bath of
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son of this can only be—the strength of the
heart’s action not having materially changed
during the experiment—that there is a greater
power of resistance of the blood-vessels (which
have been contracted by the effect of cold);
this power of resistance opposes the entering
of the blood-wave to a certain extent.

Winternitz thus demonstrated ad oculos by
his experiments that when some part of the
body is submerged in warm water a considera-
bly increased amount of blood passes into it
with each systole, and a correspondingly large
amount flows back through the veins during
the intervals.

Indifferent baths, however, according to
Jacob, likewise affect, to a certain degree, the
circulation. As a rule the skin is from 5° to
10° C, cooler than the axilla. The normal in-
different temperature of the bath, which is 35°
to 36° C., increases the temperature of the
skin to almost the same degree of temperature
of the internal organs, the latter sinking gen-
erally to 0.5° to 1° C., the outside temperature
rising to such extent that there is often found a

[ 247]






CONTINUOUS BATH

instance, cessation of molecular movements in
the extremities of the nerves, and thereby gen-
eral calming of the nervous system.

In some papers I cited the example of Napo-
leon, who, while at St. Helena, and while the
monotony of his life was interrupted only by
the pains he suffered from his cancerous dis-
ease, found relief when he remained for hours,
or even whole days, in the warm bath.

In the paper on the effects of the continuous
warm bath in arthritis, which I read before the
German Medical Society, I said it is to be
supposed that the permanent warm bath will
prove serviceable in sciatica.

Indeed, a few months ago I had the satisfac-
tion to learn from Dr. Fr. Grosse that he, ac-
cepting my suggestion, had had excellent re-
sults in a case of sciatica which had resisted
all sorts of treatment, by placing the patient in
the continuous warm bath.

Numerous physiological facts are known
which support the theory that withdrawal of
water excites the nerves, while gradual taking
up of water (assimilation) reduces the irritabil-
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Fi16. 7.—Dent's Continuous Bath, Manhattan State Hospital.
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series of tubs is in constant operation, there
is a controlling table so arranged that the tem-
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F1G. 8.—Floor Plan of Dent's Continuous Bath, Manhattan State Hospital.

perature of the water in each individual tub
can be noted by the nurse in charge, and
both the temperature and the rapidity of the
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