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moting adhesions of the pleural surfaces before making
the incision,

It is not my purpose to touch at all on the question
of gangrene of the lung, or abscess, or bronchiectasis,
or any of the conditions other than tubercular cavities,
since time does not permit.

In my experience, even cavities that form in the
middle and lower lobes posteriorly are usually the re-
sult of previous pneumococcic infection, the abscess and
the tubercular infection being later results. These are
the cases that are almost uniformly successful under
pneumonotomy. They should be classified by them-
selves, since, although sometimes tubercular, they differ
decidedly in their prognosis from tubercular cavities
in the apex. Many cases of abscess and gangrene fol-
lowing pneumonia in the lower lobe are mistaken for
tuberculosis.

THE VARIOUS OPERATIONS PERFORMED.

The operations practiced for the relief of tubercular
cavities of the lungs are:

1. Compression of the lung by the injection of nitro-
gen or other sterile gas into the pleural cavity.

2. Removal of ribs to permit collapse of chest wall
and consequent compression of lung.

3. Counter-irritation by cautery.
2 4. Aspiration and the injection of medicated solu-
ions,
t 5. Incision and drainage of the cavity—pneumono-
omy.

6. HExecision of the diseased area—pneumonectomy.

NITROGEN INJECTIONS.

Compression of the lung by the injection of nitrogen
or other gas into the pleural cavity for the purpose of
collapsing the lung and thereby giving rest to the organ
until healing of the cavity has occurred was advocated
by Murphy before the Association in 1898, but statistics
are yet too few to form a rational basis for decision as
to its merits. Compression of the lung favors fibrosis,
cicatrization and occlusion of lymph channels and blood
vessels. Lemke' has published a number of articles
which show excellent results, and he will present further
arguments in a paper to be read in the Section on
Practice of Medicine at this meeting. His conclusions

1. THE Jounxarn A, M. A, Oct. 14, 21, 28, 1809,
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with recovery following. The operation was done with
definite surgical purpose as far back as 1643 by Baglivi,
.and has been revived at periods since that time, as the
tables appended to this report show. Valuable work
has been done in this country by Park, Wills, Murphy
and others. The percentage of cures does not show any
marked increase over those treated along hygienic and
dietetic lines. There is no question but that certain
cases are markedly benefited temporarily, especially
where the infection is mixed, and where both tubercular
and streptococcic infections were present in cavities

_draining imperfectly through the bronchi. The re-

tained secretions rapidly infect the individual and pro-
duce those symptoms familiarly known as hectic. - The
greatest advantage of the operation would be secured
by early drainage, but, as stated at the beginning of
my article, these are the cases which decline the opera-
tion, and in whom also the surgeon is loath to urge its
performance. In the later stages there is, of course,
far less benefit to be expected, as it is hardly probable
that the focus is single, or that the entire diseased area
can be reached. In these cases. however, marked benefit
does occur from the lessening of the cough and the
lowering of the temperature, and the increased comfort
and strength given to the patient.

The important preliminary step is the accurate locat-
ing of the cavity by auscultation, percussion and the use
of the z-ray. This latter, while of value, is not positive,
and benefit to diagnosis is relative. It is not a certain
gpide; nevertheless, it is of advantage, as it sometimes
gives a shadow at. the site of the focus.

TECHNIC OF PNEUMONOTOMY.

Chloroform is the best anesthetic and need be given
but in small amount; in fact, after the external tissues
are divided, but little pain will be experienced. Some
patients who bear pain well will get on admirably with
local anesthesia. An incision should be made from the
sternum outward in the line of the second interspace,
or over the accurately located diseased focus. As a rule,
it is better to excise a couple of inches of one or two ribs,
which should be done cautiously and subperiosteally, so
that the pleura is uninjured. Some operators go di-
rectly through the interosseous space and omit the
rib vesection. but unless the surgeon is certain that ad-
hesions exist, it is best to have good room for manipu-
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blood and the heart with air. This accident adds an-
other to the dangers already reported.

Fortunately, in tubercular cases the lung 1s usually
adherent. If the lung is not adherent, there is danger
of pneumothorax and empyema, both of which condi-
tions are exceedingly grave. The wound being
left epen. the operation may be completed on
the second or third day under cocain by an incision
along the center of the parallelogram. An aspirating
needle may be introduced to find the cavity, the in-
cision being then made along the canula as a guide,
either with knife or cautery, according to the choice of
the surgeon. If the cavity is deep, of course the latter
is less likely to produce hemorrhage from intervening
vessels, especially if the lung tissues are soft.

Palpation of the lung substance may discover the
site of the abscess, if the aspirator has not been success-
ful, and the finger or a pair of blunt forceps may be
used to reach the cavity. Great care must be exercised
not to break up pleural adhesions. Once the pus is
reached the canal can be dilated by a pair of strong
forceps or the finger, and the cavity thoroughly mopped,
not irrigated. As there is usually sufficient irritation
arising from the operation, it is not well to apply any
caustie or any other application to the wall of the ab-
scess. Should a hemorrhage be started, the part should
be closely packed with sterile aristolated gauze, which
may remain in place for forty-eight hours. If hemor-
rhage is not severe a rubber or gauze drain may be at
once inserted. Irrigations are inadvisable, as material
may be carried into the other bronchi, increasing the
danger of bronchopneumonia. Where a considerable
depth of lung tissue has been perforated in order to
reach the abscess, it is well to mop the fresh area with
chlorid of zine solution, five grains to the ounce, in
order to prevent fresh infection of lymph spaces from
the pus. There will be a slight rise in temperature for
a few days after the operation and cough will be in-
creased.

To prevent atelectasis or collapse of the lung, sterile
- water or air may be slowly injected in advance into the
pleural eavity. If collapse occurs the opening may be
hastily closed by tamponing with gauze or the finger.
and intrapulmonary pressure increased by an artificial
respiration apparatus. The lung also may be grasped,
brought into the wound and fixed with sutures.
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symptoms are due to imperfect drainage through the
bronchi. He believes that it is good. conservative
surgery, saving life and giving comfort. Porritt ad-
vises that the cavity of the apex be reached from behind,
not in front, incision being made above the scapula and
portions of the second and third ribs resected. In 50
tuberculous autopsies at the Philadelphia hospital, the
adhesions were found both in front and behind the apex
in 33 cases; in front, 10; behind, 7. Tuffier, who has
had experience with pneumonotomy, considers the dan-
gers great when there are no adhesions, and has been
compelled by pneumothorax to abandon his operations in
8 cases; 2 died immediately; in 2 the focus was not
reached; one recovered from the operation, and was
again subjected to operation two months later; in only
one case was the focus reached at the time of operation.
Sonnenburg from his experience also emphasizes the
dangers both from pneumothorax and from hemorrhage.

EXCISION OR PNEUMONECTOMY.

Excision of a portion or the whole of the lung has
been successfully tried, both experimentally and in the
human subject. Tuffier reports a successful case of re-
moval of a consolidated apex, with the patient living
four years later in good health. Doyen and Lowson also
report successful cases. Ferguson operated on one pa-
tient three times: first, opened abscess; second, excised
ribs ; third, Eneumnﬂectum}f ; final result, apparent cure.
Ruggi also had 2 cases, both died. Hofmokl records 5
cases of pneumonectomy, the apex removed in two cases;
both died quickly. Bloch” excised at one operation both
tubercular apices. The patient died on the table and
Bloch, being censured by the coroner, committed suicide.

The chief dangers are pneumothorax, hemorrhage and
the tearing of other thoracic organs. If there are no
adhesions, the lung must be quickly grasped, drawn
into the opening and sutured around the margin,

My own experiments, detailed in this paper and in
other places,® as well as those of many others, show that
considerable portions or even the entire lung may be
excised, ligated, cut or cauterized off, and the stump
returned to the cavity without serious injury to the ani-
mal, but unless the operations are done with thoroughly

7. Walton : Boston Med. and Surg. Jour., 1883, cvlil, 261,

8. Willard: Unlv., Med. Mag., 1892, p. - i
Phys., xill, p. 138. g p. 333; Trans. Phil. Coll.
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not reached, 1 recovered, focus opened four months later.
and in one only was the focus reached at the time of
operation. He collected 26 pneumonotomies for tuber-
cular cavities; 13 recoveries, 13 deaths; 50 per cent.
recoveries. Pneumonectomy, 1 death, puncture 1 case,
1 recovery. Thoracoplasty 3 cases; 2 recoveries, 1 death.
Incision of additional abscesses, 5 operations; 4 recov-
eries, 1 death. Total, 36 cases; 20 recoveries, 16 deaths.
Tuffier in his address at the Moscow congress records
306 pneumonotomies for all forms of lung abscess,
chiefly gangrene; 217 cured, 88 died, Y1 per cent. re-
coveries.’® Murphy’s?? statistics show 47 cases of tuber-
culosis operated on; 34 incision and drainage, 2 pneu-
monectomies, thoracoplasty 5, opening of superficial
abscess 4, puncture and drainage 2; recoveries 26, re-
coveries with fistula 2, deaths 19.

OPINIONS OF WRITERS.

The following condensed opinions of various authors
and operators have been collected :12
~ JAcoBsoN.—Pneumonotomy and pneumonectomy for
tabercular cavities have been attended with results so
unsatisfactory that they can not be recommended unless
possibly under very exceptional circumstances.

KoEx16.—To perform such an operation the surgeon
must ignore absolutely all his knowledge of pathology.
(Peyrot.)

Keyes.—In tuberculosis the wide distribution of the
lesions and general conditions forbid any operative in-
terference.

(ropLEE.—Tubercular cavities should not be opened
except in cases where the cough is harassing and the
cavities single.

BoucHour.—Surgical treatment is contraindicated
in tubercle.

Broxpr.—Occasional cases of phthisis may be saved
from death by operation.

_ WARREN-GovLD.—Pneumonotomy for tubercular cav-
1ties has not yielded favorable results, as the cavities
are usually multiple. When the tuberculosis is ad-
vanced sufficiently to justify operation it is rarely lim-
ited to the apex only. In the early stage, which is the

10. Tuffier: TaE JoURNAL A. M. A., 1808, xxx, p. 160,

11. THE JourNAL A. M. A., vol. xxxi, pp. 161 and 346 ; also Sylla-
bus, published in 1898, p. 11, and Reprint, p. G4,

12. From the original articles by Dr. Eugene Lindauer.
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ALBERT.—Results prove that pneumonotomy should
not be done in tuberculosis and that pneumonectomy is
never advisable in that disease.

Herrrer.—Tubercular cases of any description are
not operable by pneumonotomy or pneumonectomy.

HEYDWEILLER.—Pneumonotomy is useless, since the
disease is not cured by operation and the patient subse-
quently dies. Conclusions based upon forty-two cases,
with twenty-three deaths, fifteen improvements and four
relative cures. '

Ricxerrs.—After operation in tubercular cases 60
per cent. recover. In 306 cases of pneumonotomy for
various causes, tubereular and non-tubercular, 71 per
cent. recovered, showing that surgery is beneficial.

Burr.—In rare cases of tuberculosis, where a large
cavity is the predominating condition, the cavity may
be laid open with a view to improvement of the patient
and as a palliative.

Kocu.—Pneumonotomy would be helpful in strietly
localized tuberculosis of the lung, a condition which is
of rare occurrence.

KrEckE.—Operation is indicated when the ecavity is
single and there are symptoms of septic absorption.

LEsgr.—The excavation, especially if it is large,
should be opened through the chest wall to permit pur-
ulent contents to escape. This operation should ' espe-
cially precede the use of Koeh’s tuberculin, since after
tuberculin is used the discharge is too great to be re-
moved by expectoration.

WiLLs.—Emphatically favors pneumonotomy in the
early stages as good conservative surgery, saving life
and giving comfort.

GARRE—Pneumonotomy is advisable in rare cases.

KumMmeL—Operative interference is indicated when
the cavity can be definitely located and stagnating con-
ditions produce grave symptoms.

R10HEROLLE—Pneumonotomy in very large tuber-
cular cavities is allowable, but not if they are numerous.

Roomenr.—Operation is justifiable if the symptoms
are severe, or hemorrhage frequent, or the cavity is
superficial. When the process is active and the tempera-
ture high, no operation.

; Brocu.—Operation favorable in hemorrhage of the
ung.

Sar¥ERT.—Little encouragement for operation, yet is
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Ewarp.—Operation is advisable. _

CasiNT.—A circumseribed tubercular process may be
attacked by surgical interference and the cavity treated
with as much reason as one in a tubercular bone. A
gingle cavity, even though it is deep, should be drained
to prevent general infection.

FaBricaNT.—Pneumonotomy is advisable when the
symptoms of infection from the cavity overshadow all
others.

CONCLUSIONS AS TO HUMAN SURGERY.

1. With improvement in technic pneumonotomy will
become a practicable operation, even in cavities at the
apex. The operation would be especially helpful in the
early period of cavity formation, but it is exceedingly
difficult at this stage to obtain the consent of the patient,
since hygienic and dietetic methods of treatment oftem
result in cure.

2. In advanced cases, both tubercular and strep-
tococcie infection are often present; the cavities are
usually multiple and the operation can not cure. It
may be employed, however, as a palliative to cough,
hemoptysis and sepsis. -

3. In abscess of the lower lobes, following pneu-
monia or. pleurisy, whether tubercular or not, incision
and drainage is to be recommended in any stage.

4. Pneumonectomy in our present stage of surgical
and diagnostic skill is not advisable in tuberculosis.

5. With improved technic tubercular foci will in the
future be eradicated, as we now eradicate tuberculosis in
joints and other tissues. An efficient and certain method
of producing strong adhesions between the two layers
of the pleura at the site of the disease is the most im-
portant step in this technie.

6. The careful and methodical application of auscul-

tation, percusgion and the z-ray for the accurate locating
of the diseased focus, is also an important factor in se-
curing a safe ﬂl]i)eration.
7. Pneumothorax is go serious a menace to life that
in all operations on the lung, an artificial respiration
apparatus, like the Fell O’Dwyer or Matas instrument,
should be at hand. together with a full jar of oxygen.

EXPERIMENTAL TECHNIC AND RESULTS.

. For the primary induction of tuberculosis in the dog,
njection with a long hypodermic syringe was made info
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* normal. In a few cases the lower lobe was densely in-
filtrated with tubercular pneumonia. In mnone of the
cases were the other organs affected nor the bones. One
dog only died from tuberculosis (No. 3), living from
September 2 to November 4. In three or four cases
there was a localized abscess in the lung apparently not
from the injection. but from the infection through the
bronehi.

The dangers of the operation are illustrated by the
fact that 4 died during the operation from pneumo-
thorax ; 2 others within thirty-six hours, one from hem-
orrhage into the bronchi from pleural suture, one from
sepsis of lung abscess, from cutting off of blood supply
of lung tissue by preliminary suture of pleura; 2 cases
of pneumonectomy died of purulent pleurisy.

The dyspnea from pneumothorax during operation
was always greatly relieved by grasping the lung and
holding firmly in place. Incision into the lung of a
dog, if sutured, will recover almost certainly, and also
excision of a wedge-shaped piece. Puncture and in-
cision of the lung recover. An entire lobe can be safely
removed. A strong dog will probably survive removal .
of entire lung. Excision of diseased lung, of course, will
not interfere so seriously with respiration as would the

‘removal of a healthy lung. The lung should not be
ligated en masse, but in small portions; the bronchus
and its vessels should be ligated independently. The
open end of the bronchus should be sutured.

DEDUCTIONS FROM EXPERIMENTS.

The production of adhesions is a most important part
of the operative procedure. If these can be secured,
either artificially or if they are present from the dis-
ease ifself, the operation is not more serious than many
major operations,

In the human being the position of the abscess can
be much more definitely fixed than in the dog by auscul-
tation, percussion and the z-ray. Operation, therefore,
becomes one of greater certainty. If slight adhesions
only are found, immediate stitching of the lung to the
walls around the margin of the opening, while not
avoiding pneumothorax, may escape pyothorax. If
pneumothorax occurs, the most speedy method of relief
1s that of dragging the lung into the opening and fix-
Ing it, thus giving greater action to the opposite lung.
Excision of the diseased area would be the best opera-
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the pleural cavity; adhesions were found slight; parallelogram
suturing; pneumothorax was marked, but did not give extreme
dyspnea. Death 36 hours later.

Postmortem.—Right lung entirely collapsed, 3 drams bloody
serum in right pleural cavity. No large tubercular area of
consolidation, but over entire pleura were numerous yellow
foci, and in the upper lobe of the lung some yellow foci, which
had not broken down. Anterior and posterior mediastinal
glands enlarged, size of lima beans. Left lung partially col-
lapsed, but upon the parietal pleura and the surface of the
lobes of the left lung were nodules similar to those in the right.
In the right lung there were no adhesions to the pleura at
the site of the injections, but there were firm adhesions over
the area of half an inch at the apex. No other adhesions in
either right or left. Other organs healthy.

EXPERIMENT 3.—September 2. Injection 1% inch to right
of mid-sternal line, 3.5 c.c. emulsion tubercle bacilli. No
cough, but progressive loss of weight, with weakness. Died
November 4. Had cough and expeectoration, but not enough
to collect for microscopic examination.

Postmortenm.—Markedly emaciated; right pleural ecavity
small amount of bloody serum; apex of right upper lobe con-
solidated with firm adhesions to ribs 114 inches in diameter;
beneath these was a cavity in the lung substance an inch in
diameter connected with the pleural cavity; space contalned
thin turebcular pus. In lobe of right lung, two similar tu-
bercular consolidations; posterior mediastinal glands enlarged;
anterior glands size English walnut; other organs healthy.

ExXpPERIMENT 4.—September 9. Weight, 34 pounds. Morphia
114 grains; injection of 3.5 c.c. tubercle bacilli emulsion. As
there was no loss of weight, October 18 additional 3 cec.
injected in the same area.

Operation.—November 4; 3 inches of rib excised: area
around point of injection sutured off in a parallelogram
with silk carried through the substance of the lung, and
sutures tied merely to bring surfaces in apposition. Dressed
with sterile gauze, plaster of paris outside. Owing to an error,
pneumonotomy was not done, as it should have been on the
second day. Dog lost flesh and died November 29. Sinus at
point of wound ; right lung was strongly adherent as low as the
third rib; the upper lobe condensed, but no positive tubercle
foci; small abscess at the point of operation; glands not in-
volved.

ExPn_;tuME_NT 5.—October 8. Weight 27 pounds; morphia,
1l4grains; injection 4 c.e, tubercle bacilli emulsion into right

lttmgi November 2, dog greatly emaciated, searcely able to
stand.

Operation.—November 5. Lung sutured to wall as before.
Wound made in pleura and dog died speedily, in apite of arti-
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Operation.—January 24. Third rib resected subperiosteally
114 in.; pleura was opened; breathing became labored, but not
to an extreme degree. Tracheotomy done and artificial res-
piration apparatus used; dog revived. Adhesions were firm, but
did not completely surround the line of incision. Lung pulled
into opening and sutured to chest wall. Packed with sterile
eauze. January 29, dog dressed. Air escaped from site of su-
tured lung,

Second Operation—February 5. Second rib excised. When

pleura was opened adhesions only partial, and pneumothorax

followed; as the lung was adherent, symptoms were not seri-
ous; palpation of lung failed to find any consolidated area or
cavity. Wound was packed, and a second injection of tubercle
bacilli emulsion made into upper lobe. Mareh 12: No appar-
ent loss in weight, dog apparently normal.

Third Operation—Lung exposed and palpated, but no cav-
ity found, although incisions were made in one or two diree-
tions into the lung. Hemorrhage checked by packing with
gauze. Died 24 hours after third operation.

Postmortem.—Upper lobe right lung adherent opposite sec-
ond and third ribs; firm, anteriorly to the extent of 134 in.
Upper lobe shows mark of incision; pleural cavity contained
much red clotted blood, but was otherwise normal; no tuber-
cular infiltration in any portion of right or left lung; abdom-
inal organs healthy.

ExpERIMENT 9.—December 12. Small dog. Pleural surfaces
sutured as before; 2 c.e. tubercle bacilli emulsion injected
in right upper lobe. January 15: no emaciation. Rating;
drinking; lively.

ExpERIMENT 10.—Preliminary suturing of pleural surfaces.
December 14, 3 c.c. tubercle bacilli emulsion injected.

Operation—January 14. Preliminary incision made over
trachea, not dividing rings. Incision, line of previous sear.
Preliminary sutures of silk found. Fourth rib excised; adhe-
sions around area firm; lung opened; penetration with grooved
director; small amount of pus evacuated, but in spite of com-
pleted tracheotomy and the use of Fell O'Dwyer artificial res-
piration apparatus, dog died,

.Pﬂshnm'tem.—-Many adhesions beneath the second and fifth
_rlhs, but no area of consolidation and no nodules were found
in either lung. The upper lobe of the sutured lung was very
frinble, and broke down readily under the fingers, a condition
that had been discovered before death, probably due to the
cutting off the blood supply by the sutures.

ExperiMenT 11.—March 18, Preliminary exposure of
trachea, but tube not opened. Third rib execised. Acute pren-
mothorax as soon as the pleura was opened, but symptoms
not severe. Lung seized with forceps and pulled into the

opening; improvement in symptoms; lung anchored to margin
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wall seemed firm and strongy incision was made into lung
substance one-third inch deep; hemorrhage controlled by pack-
ing; drainage. Dog killed at end of 4 weeks; wound entirely
healed ; had not lost his appetite since second day; firm adhe-
sions to the wall; pleura smooth and healthy; effusion.

ExPERIMENT 16.—After laying bare the intercostal muscles
chromicized catgut suture carried with curved needle throngh
the lung and was drawn firmly against the parietal pleura.
Tenth day pneumonotomy. Adhesions seemed firm, but by
an accident loosened at one side, the pleura became infected,
causing the death of the dog in two days. Pleura contained
a large amount of fetid pus and the lung had collapsed.

ExPERIMENT 17.—Incision fifth interspace. Endeavor made
to produce adhesions of the pleura by Paquelin cautery; fail-
ure. Dog killed with chloroform on the following day.

ExperIMENT 18.—Ither. Opening seventh interspace, lung
turned into the wound. Anchored, ligated and cut away. Dog
killed 35 days later. Soft parts entirely healed. TLung firmly
adherent to thoracic wall at point of suture, otherwise
restoration of funetion good.

SUMMARY OF TABLES.

Pneumonotomy of apex 34; recoveries 20 (of whom 2 died
in from 3 months to 3 years later) ; deaths, 14; operative re-
coveries 59 per cent. Lower lobes 20; recoveries 15 (of whom
2 died within 15 months) ; speedy deaths, 5; operative recov-
eries, 75 per cent. Location of cavity not mentioned, 7; re-
coveries, 4; deaths, 3; operative recoveries, 57 per cent. Total
pneumonotomies 61; recoveries, 59; deaths, speedy, 22; deaths
later, 10; operative recoveries 64 per cent.

Pneumonectomies, 6; recoveries, 4: operative recoveries, 67
per cent. (Nos. 10, 11, 40, 48, 52, 66. See tables).

Excision of ribs to produce collapse of chest and lung, 8
operations on 7 cases; recoveries 5 (one died 3 years later) ;
deaths, 3; operative recoveries, G3 per cent. (Although the
cases are few, yet the percentage of recoveries is no better
than when lung was entered.)

Total operations for tubercular ecavities 75, upon 73 cases,
with 64 per cent. of operative recoveries. It is impossible to
secure the final result in these cases, and even if secured, it
would be difficult for faithful comparison to set aside 73 cases
of precisely equal severity; moreover, the results that would
have been obtained from medical treatment in these 73 cases
can be only conjectured. The presumption is that they were
of serious type, otherwise they would nect have been subjected
to operation, consequently the ultimate death rate would have
been very high under any form of treatment.






