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Dr. R. N. COOPER

M.S. iLond.}, F. R, C. 8. (Eng.)

Dr. Rustom Nusserwanji Cooper to whom this issue of the Journal is
dedicated was horn in 1893.

After going through his preliminary education ‘at the Bharda New
High School and Elphinstone College, Bombay, he joined the Grant Medi-
cal College. He graduated in 1915, after a fine academic record, winning all
medals and prizes save one. Proceeding to England on a Government
scholarship, he worked at the U. C. H., Middlesex and St. Bartholomew’s
Hospitals. He secured the Fellowship of the Royal College of Surgeons in
1919 and the Mastership in surgetv of London University in 1920,
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On his return to India in 1920, he was appointed for a short period
of time as Honorary Surgeon at the G. T. Hospital, Bombay. In 1922, he
was appointed by the Bombay University to give six post-graduate lectures
on Surgical Tuberculosis. When the King Edward Memorial Hospital was
founded in 1924, he was prevailed upon by Dr. Jivraj N. Mehta, who was
then Dean of the K. B. M. Hospital to join the staff of the Hospital. His
long and fruitful association with the K. E. M. Hospital, succeeded in
creating a line of surgeons who remember not only his erudition but the
incomparable artistry with which he taught. A master of the classical didac-
tic school of clinical teaching, he brought a lucid intellect anda wealth of
humour to his exposition of surgical problems.

In 1929, he was appointed Principal Medical Officer to the Bai
Jerbai Wadia Hospital for Children,

Many honours have come his way. In the course of his carcer, he has
been President of the Bombay Medical Union, President of the College of
Physicians and Surgeons of Bombay, President of the Bombay Medical
Council, Vice-President of the Indian Medical Association, President of the
Indian Medical Association, Bombay Branch, Vice-President of the Bombay
Presidency Nursing Council until its dissolution and is now a sitting member
of the Nursing Council of the State of Maharashtra.

He has taken active interest in the formation of the Indian Branch of
the International College of Surgeons, of which he was also, for several years
the President.

He has seived on the post-graduate examining boards of most of the
Universities of India and he was appointed Inspector of Surgery by the
Indian Medical Council 1o report on the facilities for education and stand-
ards of examination in the medical colleges in India and Burma.

One of the principal architects of the Association of Surgeons of India,
with the late Dr. Pandalai and Dr. Joglekar, he has given both sustenance
and inspiration to the edifice he helped to build.

As President of the Association in 1944 and as a member of the
Governing Body of the Association for many years, his wise and moderating
influence was always felt in the councils of the Association.

Among his many hobbies are photography, amateur cinematography.
painting and astronomy and he has been a keen golfer.

Always anxious to widen his intellectual horizons, he has visited

Furope and the United States of America three times in the surgical career. -

The Journal extends to Dr. Cooper on his 69th birthday, its
appreciation of his manifold services to the cause of surgery in India, and
hopes that in the years to come, he will continue to guide and inspire his
younger colleagues with the sense of dedicated service, which has been the
mainspring of his life.
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LONGTERM FOLLOW UP STUDY OF PORTAL DECOMPRESSION
OPERATIONS FOR PORTAL HYPERTENSION AND
CIRRHOSIS OF LIVER*

BY

A. K. BASU, Calcutta.

Introduction

‘The benefits of shunt operations for
portal hypertension secondary to cirrhosis
of the liver have been questioned recently.
Nachlas (1958) in a critical article attempt-
ed to collate the results of such operations
performed by large numbers of surgeons
and seemingly arrived at a number of con-
clusions which were mostly uufavgurablc as
regards the short term as well as the long
term benefits of such operations. This
analysis was mainly based on statistical
studies and did not take into consideration
the patient as an individual. His main
thesis was that the shunt operation did not
confer any estimable benefit on the patient,
that the overall survival after the operation
after a year was no better than in those
cases not operated on and therefore he said
that the operation should not be persisted
with. He was, however, of the opinion that
surgical efforts should be made in other
directions to control the bleeding varices

as the prognosis of patients treated conser-
vatively was very dismal indeed. This arti-
cle because of its provocative nature receiv-
ed much attention in various quarters and
Hunt (1959) and Milnes Walker (1959) in
England, who have had considerable expe-
rience of dealing with such patients,
strongly contradicted both the premise as
well as the content of Nachlas’s judgment.

Our own experience of dealing with these
cases is relatively limited as compared to
some of the larger series published else-
where, particularly in American literature.
However, we have been interested in these
cases since 1950 and have been able to
follow up nearly all of our patients and in
many cases have had them re-investigated
after re-admission into the hospital. It was,
therefore, natural to look back on this ex-
perience and try to answer some of the
questions raised in this controversy from
personal experience and observations.

*This paper was read at the 22nd Annual Conference of the Association of Surgeons of India held in

Poona in December 1960.
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This study seemed particularly appro-
priate for two reasons.

. As is well known, the morphogenesis
and the pattern of cirrhosis of the
liver in India differ in some respects
from those met with in Western
countries and

2. As far as we know, there is no re-
corded series of cases in Indian
literature wherein the results of shunt
operations in this type of cases haye
been followed up for a sufficiently
long period of time.

It may be that with further experience,
some of the opinions mentioned here may
need revision but the overall picture of the
disease process with or without operation is
sufficiently clear to make justifiable conclu-
sions at this stage.

Material

The break-down of our cases year by
year is shown in the accompanying table
(Fig. 1). It would be seen that the numbers
of cases who have had shunt operations are
increasing progressively and that, in itselt, is
an indication that the benefits of the opera-
tions are being realized not only by the
patient but what is more important by the
physicians, who naturally deal with these
patients initially and at first hand. Another
reason, of course, is that with experience,
the ability to deal adequately with such
cases increases and more patients are refer-
red to the surgeon.

The types of operations performed are
shown in Table I1 (Fig. 2). The splenec-
tomy operations have beenincluded for two
reasons. Some of these included attempted
but failed shunt procedures—others were

BREAKDOWN OF CASES

( Year by Year)

-

Numbe of cases
W
1

~

YEARS 1954 1955

Ll

1959 1960 (upto Tune)

Fig. |

Breakdown of cases af shunt operations year by year.
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Types of operations performed.

deliberated splenectomies hecause haemorr-
hagic episodes were not significant or be-
cause the portal venous pressure as measur-
ed at operation was not unduly raised. The
ligation operation of Berman (1951) and
Reinoff (1951) was only performed in very
late cases of cirrhosis of the liver, parti-
cularly those with marked ascites, where the
shunt procedure was considered unjustifi-

able from the risk involved.

Discussion

Perhaps the best way of dealing with
many of the controversial problems would
he to pose a number of critical qu;:stions
and try to answer them as far as it is possi-

ble to do so.

Do venous shunts reduce portal

venous pressure ?

This question may appear to be super-
fluous because unless they did so, the shunt
operations will have no value at all. How-
ever, in many writings on the subject, the
reduction of the portal venous pressure has
not been uniform and in some cases the
resultant pressure has ranged above
250 mm. saline. It is difficult to give accu-
rate statistical data regarding reduction of
portal venous pressure following shunt
operations. In our series, the pressure was
taken by inserting a needle in the gastroepi-
ploic vein and connecting it to a saline
manometer. Obviously this method has jts
limitations. ’
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In general, however, we found that
following well-executed porta caval shunts,
the pressure was reduced by 150 mm. saline
and splenorenal shunts reduced the pressure
by 75 to 100 mm. saline. Many surgeons
are of the opinion that sudden lowering of
the pressure markedly may be detrimental
to the liver and on that score favour spleno-
renal to porta caval anastamosis. Arising
‘out of this context, is the question of what
is called the critical level of portal venous
pressure below which the pressure must be
reduced to insure against further recurrent
haemorrhage. According:to Blakemore, this
figure is 300 mm. saline while others put

this down to 250 mm. or even lower.
»

Is elevated portal venous pressure the
sole factor in the causation of
haemorrhagic episodes ?

An interesting finding in our series of
cases was that cases which had massive
bleeding episodes were not always the ones
who had the highest venous pressure. This
isillustrated in the following table (Table I).
Another significant factor was that cases of
portal hypertension due to extrahepatic
obstruction appeared to bleed almost always
although in many of them the venous pres-
sures were not above 300 mm. saline. As
opposed to this, many cases of intrahepatic
obstruction did not bleed although their
venous pressures were above the critical
level. It seems, therefore, that there are at
least two factors in the genesis of haemorr-
hagic episodes. One is the absolute value of
the portal venous pressure and the other is

the site of the obstructing element. The
closer this obstruction is to the gastric and

Table I

Portal venous pressure and haemorrhagic
episodes

Portal venous pressure as measured at operation.

201-300 mm. saline .. 10 cases
301-400 “ RO § I
401-500 “ + .
Above 500 ., 1,
Portal venous pressure of less than

300 mm. saline - bled 5
Portal venous pressure of over

300 mm. saline did not bleed 6 ..
Portal venous pressure of over

400 mm. saline did not bleed 2

Relation hetween elevated portal venous
pressure and incidence of haemorrhage.

the oesophageal varices, the more is there
the likelihood of bleeding when the pressure
has reached a certain level. It may be that
there are still other factors governing the
causition of bleeding episodes and if that
be so, the recurrence of bleeding even after
significant reduction of pressure becomes
understandable.

Do venous shunts prevent recurrence
of haemorrhage ?

The incidence of post operative recurrent
episodes of haemorrhage in our series of
cases is illustrated in the following table :

Table II

Recurrence of Haemorrhage

No. of cases

A. Shortly after operation 2
Within 1 yr. after operation I
» 2yrs. - 4
Total 7 1880,
B. Hacemorrhage after splenorenal
shunt 3 cases
Haemorrhage after Portacaval
shunt 2

) .
Post-operative recurrence of haemorrhage.
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Table I
Post operalive morlalily rate

Rate. Type of Operation.
Welch (1950) . 319, Both
Blakemore {1955) 23%, i Both
Linton and Ellis (1956) 15:6°7 ‘ Spleno-renal
Hunt (1958) 159, Portacaval
Sedgwick and Hume (1959 1439, Spleno-renal

239, Portacaval

Post-operative mortality rate (collected series).

By‘ and large this figure of 18:89, com-
pares well with the similar incidence of
post operative haemorrhage reported by

other workers. Blakemore (1952) reported

199%, and Linton’s (1956) figure was 20%.
Another fact to be noticed is that the seve-
rity of the post operative haemorrhagic
episodes is usually much less and in some
cases, only of relatively minor nature. There
were 2 exceptions. Inone, massive haemorr-
hage occurred . shortly after the operation
and the patient succumbed quickly. In the
other case, the post operative massive
haemorrhage was followed by the develop-
ment of intractable ascites and the patient
ultimately died 2 years after the operation.
1t is postulated that in these 2instances, the
shunt must have got occluded due to
thrombosis and must have been non-func-
tioning.

In a few cases, bleeding recurred a few
years after spleno-renal anastamosis. In 3
of these cases, porta-caval anastomosis was
performed later and ali these 3 cases did
well-although one of them did have a minor
bleeding episode subsequently.

When all these facts are taken into con-
sideration, it is apparent that barring other
eventualities and in general, a well con-
structed, adequately functioning, venous
shunt does reduce both tHE frequency as
well as the severity of haemorrhagic epi-
sodes in the cirrhotic—although it might
not abolish this complication altogether.

Do venous shunts influence the overall
. prognosis favourably ?

The two factors to bhe considered under
this category are:

1. The immediate mortality following
the operation.

2. The long term survival of the
patients,

The post operative mortality in this
operation has been variously estimated as
shown in the following 1able (Table I1I).

In general, the average mortality rate in
this operation is computed as 20%. Our
own mortality rates have been rather
favourable (10:8%,) (Table IV) and this

Table IV
Deaths

No. of deaths. Percent.

Operative Death i ]
4 Months after operation. !

(From Haematemesis)
From Ascites and Hepatic

Failure

(one after 6 monthsand

anothier after 2 years)

Toal ... + 108

Mortality rate in this serics.

includes one immediate death from uncont-
rollable haemorrhage following operation,
one 4 months later and 2 known late deaths
from ascites and hepatic failure.

However to the mortality rate must be
added the failures of the operation i.c.,
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those cases, where the operation was at-
tempted but had to be given up because of
unsurmountable technical difficultics. That
this eventuality arises sometimes is apparent
from the writings of nearly all authors inte-
rested in this work and in the literature this
fatlure rate is given as high as 10% of the
operated cases. In our hands also, there
have been a number of such instances but
more often in the initial stages in the series.
In the last 12 cases that have been operated
on, only one case had to be given up

because it seemed impossible to separate the

portal vein from the bile duct—the two

structures were cemented together and a
plane of separation could not be established
even after the most painstaking effort.

The long term survival of the operated
patients is a very interesting and rewarding
study and if we compare our results with
the fates of several non-operated series of
cases reported by others, the contrast is very
obvious (Fig. 3). '

(After Nachlas)

COMPARISON OF MEDICAL vs.SURGICAL (stunt) TREATMENT

Cierhosis & Varices (200 patients)

First haemorrhage (100 dead)

Medical-50 . Surgical-50
Operable-45 inopemable -5
Suevi F
ofter ¢ c::::-ationols Operation d“th,'z
"Dead-15 Alive-35
(cfter 1year) ("‘“"‘ 1year)
Alive - 41
- {ofter | year) .
Alive-10
(ofter 3years)
Alive-30
Efter3year)
Fig. 3

Comparison of results of Medical versus Surgical treatment,

FOLLOW UP STUDY OF PORTAL DECOMPRESSION

The non-operated series has been worked Table V
out on the basis of the data of several Progress with Good Health and without
authors (Nachlas 1958). Linton (1938 on Haemorrhage
the basis of his large experience also arrived
L lusi d hi timate was No. of cases
at similar conclusions and his esti Doing well for 63 vears 9
as follows:
» 5 1
Mcdical treatment After Surgery . 4, 2
After | year ... 509, survival 809, = 3, 4
After 5 years ... 209 ., 509, ' 2, 6
" l E1) 7
The duration of the follow up period and Toml 22

the progress of some of our patients are
listed in the following table (Table V). The
longest follow up period is 6% years and Table VI
there are a number of cases going to 5, 4

and 3 years. The occupation and the work

Post-operative progress of the patients,

Occupation of the cases that are doing well

status of some of our operated patients are
. T arks M4
listed in the next table (Table VI). Some of Working as I‘;"]'“’ man
. . , oct
them, as can be seen, are quite active and ’ ctor

f - Salesman
doing heavy manual labour., The accom- Office worker
panying photograph shows 3 patients Sedentary occupation

(Fig. 4), one of whom is a police man,

. . Total
one a salesman of a surgical instrument

No. of cases

1

1
1
6
1

20

manufacturing firm and the other a clerk.

r
i
§
!
¥
'

Lo

Fig. 4

Phatograph of three patients - 5 years, 2 years and | year after operation.

Occupation of the cases that are doing well.
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1s there any difference after a shunt
operation between the prognosis in a
case of splenomegalic cirrhosis and
cases of primary cirrhosis of liver?

Unlike western workers, we have had
occasion to deal with a large number of
cases of giant chronic fibrocongestive types
of splenomegaly which are usually associat-
ed with a post necrotic type of cirrhosis and
some of whom have episodes of haemorr-
hage. These cases are to some extent dist-
inct from the cases of primary cirrhosis of
the liver without significant splenomegaly
(Basu 1958). The splenic veins in these
former cases are of huge dimensions and in
them we have invariably performed splenec-
tomy combined with end to side spleno-
renal anastomosis. At least 60% of our
cases belonged to this type. A cogent ques-
tion arises as to whether the prognosis in
this type of cases is materially different
from that in the second type of cases. While
it is difficult to give a dogmatic opinion on
the basis of a limited series of cases, it
appears to us that unless the liver damage
has reached very advanced and irreversible
porportions, the overall prognosis after
shunt surgery in cases of splenomegalic
cirrhosis is, on the whole, better than in
cases of primary cirrhosis of the Liver.
This is partly because the severity and
the intensity of the haemorrhagic episodes
are generally less in the former types of
cases. A second important factor is that the
removal of the hypertrophied spleen, by
itself, confers considerable benefit on the
patient. The Jiver parenchyma is spared
of the load of the hypervolacmic splenic
venous inflow and the bone marrow
functions better without the restrictive
effect of the hypersplenic check factors.

Do venous shunts influence ascites ?

‘The numerous possible factors responsible
for the genesis of ascitic fluid still await the
investigator’s close scrutiny and final verdict.
Very possibly, it is not one factor that is
responsible in any particular case and
perhaps the responsible factor may be
different in different cases. Of the impor-
tant ones, hypoalbunaemia, portal hyper-
tension, hepatic outflow obstruction and
the recent concept of secondary hyperaldos-
teronism, the last two seem to be much in
favour at (he present time. How far these
factors are influenced by the conventional
shunt operation is very doubtful. Undoub-
tedly we have had cases where preoperative
ascites has subsided after spleno-renal or
porta-caval shunts. The Police-man shown
in the illustration came to us withsignificant
ascites and had many episodes of haemor-
rhage. He has had no haemorrhage since 2
years after operation and hasno ascites at
present. However, one must remember that
severe haemorrhagic episodes in cases of
cirrhosis of the liverlead to advanced hepatic
anoxia and often results in accelerated
collection of ascitic fluid sometimes associat-
ed with hepatic coma. The disappearance
of the ascitic fluid after conventional
shunt surgery in such cases may be
due not so much to the bhenefit of the
operation itselt  but w0 the absence
of  severe bleeding episodes.  Specific
type of operations directed to combat hepatic
outflow obstruction have been designed.
There are two 1ypes available—the Mcder-
mot (1958 operation of dotble porwa caval
shuntand the side to side porta cava) shunt
popularized by Longmire (1958),. We have
had only one experience of the Mcedermot
operation in a very advanced case of liver
damage with huge ascites und although the
operation could be successfully completed.
the ultimate result was poor. The technical
difficulties of the operation are such as to

B .

preclude its general application. Mcdermot
(1960) has now psrformeg 17 of these opera-
tions and his initial enthusiasm seems to
have diminished somewhat. The side toside
shunt is credited also to relieve hepatic out-
flow obstruction. A possible grave drawback
of this operation pointed out by Linton
(1959) and others in a recent discussion is
that a side to side shunt might short
circuit the hepatic arterial blood in a retro-
grade fashion through the newly constructed
anastamosis and thus the already damaged
liver parenchyma might be  gravely
jeopardized.

"It is quite clear therefore that although
shunt ‘operations are known to relieve
ascites in some caszs by preventing or mini-
mising acute haemorrhagic episodes and
resulting intermittent hepatic anoxia—no
fool proof type of shunt has yet been
designed to relieve longstanding or intract-
able ascites in every case.

Which type of venous shunts are
to be preferred ?

Opinions markedly differ as to the
value of the 2 types of venous shunts-
spleno-renal and porta-caval. In England
Prof. Milnes Walker as well as Mr. Alan
Hunt have condemned splenorenal shunt as
the one more likely to be associated with
post operative thrombosis and consequent
recurrence of haemorrhage. In a symposium
on this subject held at the Annual Meeting
of the Association of Surgeons of Great
Britain and Northern Ireland held in Belfast
in 1958, this point was emphasized by several
speakers. Perhaps ordinarily there is a
considerable element of truth in this
observation. However, we would like to
point out that in the cases of splenomegalic
cirrhosis that we have dealt with, the splenic
vein is considerably enlarged-often of the size
of the inferior vena cava and in them, a well
executed spleno-renal shunt is less likely to
thrombose quickly. This is borne out by the
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fact that 5 out of 23 cases of spleno renal
shunts have bled as compared to 2 of our 14
porta caval. The difference is there but per-
haps not as marked asis generally. believed
and certainly not sufficient to condemn the
spleno-renal shunt operation. The one im-
portant advantage of the spleno-renal shunt
procedure fs that the large hypertrophied
and hyperactive spleen is removed at the
same time. The mortality rate of the spleno
renal shunt is generally thoughtto be less
than of the porta caval shunt. Further,
because the portal blood is not entirely shunt-
ed from the liver parenchyma, the incidence
of liver failure is very uncommon. In a welt
documented study Hallenbeck et al (1958)
from the Mayo Clinic studied the
comparative results of a series of cases
treated by splenectomy alone, spleno-renal
shunt and porta caval shunt and came to
the conclusion that in their hands spleno-
renal shunt gave results superior to those
after splenectomy alone or end to side porta
caval shunt.

Is there any harm in suddenly lowering
portal venous pressure ?

The cirrhotic liver is particularly suscepti-

ble to all kinds of trauma. Diversion of the

portal blood is thus likely to harm the liver

in some ways. Total diversion by porta caval

shunt is therefore more injurious than the
spleno-renal shunt procedure. Most obser.
vers think that there is a phase of depression
of hepatic function following the shunt pro-
cedure which is usually temporary. Some
observers have reported a largeincidence of
post shunt neuropathic symptoms—in some
cases leading to or bordering on hepatic
coma. In our cases, the incidence of hepatic
dysfunction symptoms have been most un.
common and there has been no case of coma.
On the other hand, we have seen many
cases of hepatic coma following sudden and
severe episodes of haemorrhage. It appears
to us therefore that while the danger of
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hepatic depression following a shunt pro-
cedure cannot be_entirely discounted, its
frequency and severity, particularly after a
spleno-renal shunt, has been unduly over-
stressed.

Conclusion

We have attempted to bring out the
salient points of shunt operations in cases of
cirrhosis of the liver and portal hypertension.
This study is based on a personal series of
37 completed cases followed up from 6
months to 6} years. Our criteria for per-
forming this operation were the history of
one or more severe haemorrhagic episodes
and portal venous pressures above 300 mm
saline as recorded during the time of the
operation. We have tried to answer many of
the controversial points raised about the
short term and the long term efficacy of the
operation. We feel confident that in our
series of cases, the operation has resulted in
considerable benefit to the patients. The
operative mortality has been relatively low.
There has been substantial immediate
reduction of portal venous pressure; the
incidence of postoperative recurrence of
haemorrhage although not entirely abolished
has been markedly diminished ; the ascites
_ when present pre-operatively has disappear-
ed completely in few patients ; and the long
term survival rate has been markedly

improved as compared to large collected
series of non-operateg cases in similar straits
and many of the patients have returned to
useful occupations.

We feel that the pattern of cirrhosis of the
liver associated with large chronic spleno-
megaly (which abound in our part of the
country) is in some respects different from
those recorded in western literature and that
in such cases, splenectomy combined with
lino-renal shunt is particularly appropriate.
We would reserve the porta caval shunt pro-
cedure for the primary cirrhotic who hasno
significant splenomegaly and who has many
episodes of severe bleeding. The incidence
of hepatic dysfunctionsymptoms, partic\ularly
coma, has been insignificant in our series of
cases and it appears to us that this
grave complication has been unduly over-
stressed.

A word of caution is perhaps appropriate
at the end. Too much should not be expect-
ed of the shunt operations. They do nothing
to improve liver function or structure and it
would be idle to expect the operation to
reverse the state of liver damage which has
nearly reached its end. If we remember
these limitations and if the cases are well
chosen and the operation well performed,

the results—short term and long term—are

likely to give satisfaction.
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RECONSTRUCTIVE SURGERY OF BLOOD VESSELS
(A Clinical Report of 106 cases treated surgically)

BY

P. K. SEN, G. B. PARULKAR and T. P. KULKARNI, Bombay.

It is customary in the beginning of a
paper, to draw a historical sketch of the
subject and, though this traditional aspect
is often sterile in its influence, it is most
inspiring in this particular field, perhaps
because the growth of vascular surgery falls
within the purview of contemporary history.

All names in this field, like roads to

Rome, lead to that of the towering figure
of Carrel®3 It could be stated today,
without fear of exaggeration, that there is
possibly no facet of reconstructive surgery
of blood vessels which was not conceived
of, experimented upon, and in -some
instances even clinically applied, by Alexis
Carrel fifty years ago. Modern techniques
of anastomesis, principles of triangulation,
various plastic procedures for altering and
widening vascular’ calibers had all been
worked out in the early ninetecen hundreds
by Carrel. In the field of vascular trans-
plantation, and also in the use of non-
living tissue for vascular replacement,
Carrel's pioneering principles still govern
our work.

In this paper we have tried to summarise
briefly our experiences with the first 106
cases in which some kind of vascular
reconstructive or allied operative procedure
was employed during the periad of the last
cight years. We have grouped reconstruc-
tive procedures etiologically, in order to
more adequately cover the subject, and
illustrated them with our own case reports,
supplementing whcrc»c.r possible with our
opinions and philasophies.

Indications for vascular reconstruction
have been grouped as follows (after Rob?):

1. Congenital vascular anomalies :
(a) Congenital coarctation of aorta.
(b) Congenital arteriovenous ancurysms.‘_
(¢} Congenital arterial aneurysms.
(d) Vascular tumours.
(¢) Angiomatous malformations.

2. Vascular injuries :
{a) Injury of blood vessels.
() Traumatic arteriovenous aneurysms.

3. Aneurysms :
(a) Aorta,
(b) Peripheral arteries.

4. Embolisms :
(a) Aorta.
(8) Peripheral arteries.

5. Thrombosis :
(a) Primary thrombosis.

() Thrombosis in association with athe-
roma.

(¢) Thrombosis in association with arte-
rial inflammation.

(d) Thrombosis in association with col-
lagen disorders.

Congenital Vascular Anomalies
(Congenital coarctation of the aoria)
The classical examples of congenital

arterial anomalies is coarctation or narrow-
ing of the artery, and this is classically
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shown in its incidence in the aorta. Other
large vessels are also occasionally affected,
such as the pulmonary artery or branches
of the aorta. The. elassical situation of
aortic coarctation is at the site of the
ligamentum artertosum  but it can occur
anywhere else. Ouroperative experience of
coarctation of the aorta runs to only 11
cases of which 3 were treated by excision

and grafting and 8 by some type of excision

suture or reconstructive procedure.

In this group, only 9 out of the 11 could
be definitely said to be congenital, and the
reasons for saying so are that in these
9 cases there was no evidence of arterial
obliterative disease of the aorta. Two
others were elongated stenotic segments of
the descending thoracic aorta, turned out
on further examination to be obliterative
diseases and will be commented on in
detail elsewhere. The 9 cases of congenital
coarctation of aorta varied from age
groups 3 to 28 years. In one, an aortic
homograft measuring about 6 cms. was
used for replacement of the coarctate
segment (Case Report 1). Follow up after
six years has shown that the homograft is
functioning well and is normal in appear-

" ance. In another case of congenital coarc-
" tation (Fig. 1) the coarctate segment was
excised and replaced with a knitted dacron
graft 4 cms. in length. Excision of the
coarctate segment and suture of the divided
ends was carried out without difficulty in
6 cases (Case Report 2). In one case,
modification of the excision treatment was
carried out as described by Milnes Walker
and Hoxton in 1953 (Case Report 3). In
this procedure the coarctate segment is not
excised but incised under clamps in a semi-
circle manner and the two ends of the aorta
anastomosed, thus obliterating the need for
dissecting the coarctate segment. It is not
possible for us to foim an opinion in a
single case, but it is true that there is

Fig. |

Suprasternal aortogram of a case of
coarctation of aorta.

difficulty in approximating the vessels
together and we feel that this particular
technique has a very limited application
and, unless the ligamentum arteriosum or
ductus arteriosus is long, the vessel ends
cannot be straightened and brought down
for accurate apposition.

Case Reports

Case Report 1.— Coarctation of aorta. Excision of
coarctate scgment and replacement with graft.

K. R., a female, 28, was admitted for palpitation,
exertional dyspnoca, pain in the chest and amenorr-
hoca 1} years. Examination revealed delayed and
feeble femora) pulsations. B.P. 200/100 -arm, 110/70-
leg. Grade two systolic murmur in the third left space.
Investigations - X-ray chest-rib notchirg, lefi veniri-
cular hypertrophy. Angiography - adult type coarc-
tation of avrta, E.C.G. - left bundle branch block.
Operation - left thoracotomy through 4th rib bed.
Coarctation of aorta 1§ cm. beyond the origin of
the left subclavian artery. Coarctate segment was
resccted and a homograft measuring 6 cms. long, 11
mms, proximal diameter, 9 mms. distal diameter was
anastomosed by 5 zero arterial silk - continucus over
and over suture (Fig. 2j. Uneventlul recovery.
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Fig. 2

Excision of coarctation of aorta and
replacement with a graft.

Follow up after 6 years - good femoral pulsations.
B.P. 120/80 - arm, 135/95 - leg, X-ray chest - no
ancurysmal dilatation or calcification. Heart size
normal, E.C.G. - no bundle branch block. Recently
her menstrual period also has started. Post-operative
aortogram - graft functioning well. No narrowing
and no aneurysmal changes.

Case Report 2.—Coarctation of aorta. Excision of
coarctation and suture repair of aorta.

S. M. A, female, 22, was brought to us for attacks
of dyspnoea and tingling and numbness of both
inferior extremities for | year. Examination revealed
that lower limbs were cold, pulsations of abdominal
aorta were feeble, strong pulsation of intercostal
vessels, short systolic murmur at the left sternal
border, systolic murmur along the intercostal vessels
posteriorly. B.P. 140/80 mm. Hg.-arm, not
recordable in leg. X-ray chest - left ventricular
hypertrophy, rib notching, E.C.G. - within normal
limits. Exploratory thoracotomy through 5th rib
hed, coarctate segment 2 cms, distal to root of the
Jeft sub-clavian artery, coarctate segment 7 mm.

S-3

long. Aorta mobilised, intercostals and right
bronchial ligated and cut. Patent ductus arteriosus
ligated and cut. Aorta clamped above and below
the coarctation and excised. End to end suture
repair carried out by continuous suture and a few
interrupted sutures with 4 zero silk. On removing
clamps fall of 60 mm. in blood pressure was noted.
Patient has done very well.

Five other cases operated by the same technique
have done well and have been followed up for more
than four years.

Case Report 3.—Coarctation of aorta. Milnes
Walker and Hoxton technique.

K. S., male, aged 18, admitted for bouts of acute
headache, palpitation, exertional dyspnoea, Exami-
nation revealed feeble femoral pulsations. B.P.
170/80 mm. Hg. upper extremity, not recordable in
lower extremity. Systolic murmur at the apex and
back. Diastolic murmur third space left sternal
border. X-ray chest - rib notching, E.C.G. - within
normal limits. Exploratory thoracotomy through
4th rib bed. Adult type of coarctation just beyond
the origin of left subclavian artery, post-stenotic
dilatation. The upper segment was acutely tucked
in at the junction of aorta and ligamentum
arteriosum producing a sharp kink at that level.
Wedge cxcision from the sharply angulated aspect
of coarctate segment posterolaterally and restoration
of continuity of the lumen by interrupted suture of
the edges of the defect were carried out. Ligamentum
arteriosum excised between ligatures. Pulsations
returned to lower extremity. On 40th post-operative
day patient developrd tearing pain in the chest and
swinging temperature. Blood culture - coagulase
positive, penicillin resistant staphylococci. Eryth-
romycin exhibited. Patient expired on 46th post-
operative day. Autopsy revealed ulceration at the
site of anastomosis with leakage and formation of
false ancurysm which had ruptured into the pleural
cavity.

(b) Congenital arteriovenous aneurysm.—Congenital
arteriovenous aneurysms are relatively rare and we
have so far met with only three such cases. One was
in the cheek of a man of 30 years of age without any
history of injury who came with pulsatilic swelling
of the right cheek. This was an arteriovenous
aneurysm of facial artery and adjacent veins. After
ligating the feeding vessels the A.V. aneurysm was
excised.

Multiple staged operative procedures of ligation of
arteriovenous communications, feeding vessels etc.
and obliteration of blood spaces are required for the
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treatment of large arteriovenous communications of
extremities which undoubtedly present a very for-
midable surgical problem.

Two interesting cases of congenital arteriovenous
aneurysm of upper extremity have been recorded
below.

Case Report 4.—Congenital arteriovenous aneurysm
of upper extremity. Multiple ligation of A. V.
fistulae and ligation of subclavian artery.

P. R., male, 25, was admitted for painful swelling
of right forearm - 4 years, and gangrene of fingers
for 6 months. History of several bouts of haemorr-
hage from gangrenous fingers. No history ol trauma.
Fxamination revcaled swelling of right forearm,
thrill all over the right upper arm and forearm,
continuous 10 and fro murmur over the upper arm
and forearm. Arteriogram - no definite aneurysm
seen. Exploration of the upper arm and forearm
revealed muliiple small  arteriovenous communi-
cations between the brachial artery and the
adjacent veins. These were carefully detected
by auscultating with a sterilised stethoscope, dis-
sected and ligated. In the forearm there was a
large arteriovenous aneurysm in connection with
branches of ulnar artery and the accompanying
veins. It was dissected and excised. The operation
did not prove of any great benefit as the haemorr-
hage continued from fingers. The subclavian artery
was ligated. Ligation of subclavian artery proved
to be of immediate benefit - the haemorrhage
stopped, the size of the limb shrank. A line of
demarcation of gangrenous fingers was formed.

Case Report 5.—Congenital arteriovenous aneu-
rysm - upper arm ligation of subclavian artery and
obliteration of aneurysmal sac,

R. P, male, aged 16 years was admitted for
swelling of the left side chest, shoulder and
amputated left arm for 5 years (Fig. 3). The
swelling started when the patient was two years of
age and progressively increased. Five years ago
there was a severe bout of spontaneous haemorrhage
from the left hand, for which an emergency ampu-
tation was performed through the comparatively
normal left upper arm. Following the amputation
there appeared swelling on the amputation stump
which gradually progressed towards the adjacent
parts of the chest wall. Examination revealed
pulsatile swelling of the left side of the chest,
shoulder and left upper arm. Systolic murmur was
heard at the root of the neck on the left side. Blood
pressure in the right arm was 120/70. The heart was
enlarged, the apex beat being in the left sixth

Fig. 3

Clinical photograph of a case of congenital
arteriovenous aneurysm of an amputated
upper arm.

interspace half inch outside the midclavicular line.
Skiagram of the chest revealed enlarged left
ventricle. Intravenous angiogram showed large
blood spaces of the upper arm. The left subclavian
artery was ligated in its intrathoracic course. The
left subclavian artery was very large in size. Imme-
diately on ligation of the vessel, the swelling of the
chest wall, shoulder and the arm was reduced
considerably in size and its pulsatility disappeared.
Later gangrenous changes supervened in the ampu-
tation stump, from which secondary haemorrhage
occurred. Mutltiple ligation of the feeding vessels
and obliteration of ancurysmal spaceswas performed
in stages. The amputation stump is now well healed
and the entire swelling of the chest and the shoulder
is considerably diminished in size. Patient refused
further sirgery and was discharged.

Congenital arterial aneurysm

The majority are found within the
cranium - “ Berry ™, aneurvsms. Congenital
arterial aneurvsms ol other arteries do
cccur from time to time in other parts and
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we have had two such cases. One affecting
inferior labial artery and another of the
left radial artery of the limb. Both were
small arterial aneurysms and were excised
without difficulty.

There is yet another case of popliteal
aneurysm which has been included ‘else-
where but may also be considered in this
group of congenital aneurysms. The
patient in addition to having the popliteal
aneurysm, had multiple exostosis of bone,
dwarfism, and congenital cystic disease of
the lungs and kidneys. The aneurysm was
excised and subjected to pathological exami-
nation which revealed no other disease
except degenerative arterial changes. How-
ever, it is possible that he developed post-
stenotic dilatation of the popliteal artery
due to the osteoma pressing on the artery
at that level.

Vascular tumours and angiomatous
malformation of limbs

We had three cases of angiomatous
malformation of limbs. These angiomatous
malformations usually present themselves
as single and sometimes multiple gigantism
of the limbs which may be associated with
skeletal growth of the limb and other
tissues (Fig. 4). In two there was
angiomatous malformation of lower limb,
There were markedly dilated venous system
of the limb without any definite signs of
arteriovenous communication. The venous
system would fill up in dependency and
empty on pressure. The entire angiomatous
mass in hoth cases was excised. Both
patients have done well.

2. Vascular Injuries

(a) Injury of blood vessels.—This is essenti-
ally a field of the military surgeon and in
civilian practice one meets this relatively
less frequently. Eight cases of arterial
injuries have been managed by us during
this period. In five, suture repair of lateral

Fig. 4
Clinical photograph of a case of angiomatous
malformation of upper extremity and back.

tears was carried out. Excision and anasto-
mosis was not done in ary, but in two
cases autogenons vein graft was used to
repair an injury of .the brachial artery.
This transplant did not work satisfactorily
in one case and the impending gangrene
for which operation was performed was not
checked, amputation was the result. In
another case of injured brachial artery, an
autogenous venous graft 3'5 ems. in length
was used to replace the injured segment.
The graft functioned well. The patient died
on 14th postoperative day due to progressive
renal shut down. Autopsy revealed changes
of lower nephron nephrosis in the kidneys.
The grafied segment of vein was patent.
In yet another case, a tefflon graft 5 cms.
in length was used to replace injured
femoral artery. It is our impression that
reconstruction of the artery is of prime
importance after an injury. It must be
done early and well before thrombosis.
infection or gangrene have crept in.
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(b) Traumatic arteriovenous aneurysm.—
Traumatic arteriovenous aneurysms occur
following either a blunt injury or a penet-
rating injury. Inour series, six had followed
a blunt trauma ; two were on the foot, one
in the leg, onein the foream, one in the
palm (Fig. 5) and one on the face. In all
these cases the arteriovenous aneurysm was
dissected and quadruple ligation and excision
was done. One of the patients was a male
aged 30 years, who came for a non-healing
ulcer on the foot. There were two A.V,
aneurysms, one in connection with anterior
tibial artery and vein, and another in
connection with a branch of posterior tibial
artery and accompanying vein. Both the
aneurysms were successfully excised. The
chronic ulcer healed rapidly after the
operation. :

In the two A.V. aneurysms which follow-
ed the penetrating injury, there was one
case of a bullet wound injury of the calf
which was followed by A. V. aneurysm of
posterior tibial artery and vein. The
ancurysm was excised after ligation of the
vein and the artery was reconstructed.
Patient did well.

Fig.

Case Report 6.—Traumatic arteriovenous ancurysm
of facial artery and vein. Quadruple ligation and
excision of ancurysm.

S. D., male 15 years, came with painful swelling
on left side, lower jaw - 1 year. History of penctrat-
ing injury due to metal piece. X-ray showed the
metallic foreign body. Exploration was done to
romove the foreign body. There was a small arterio-
venous ancurysin between facial artery and vein
croding the bone. Quadruple ligation and excision
of the sac was done.

3; Anecurysms

(a) Aneurysm of aorta.—Aneurysms form
a major portion of reconstructive work and
our own experience indicates that this is a
field of growing rewards in reconstructive
surgery. In the first fifty years of this century,
operative treatment of aneurysm of aorta
mainly consisted of attempts at excision or
occlusion in situ, and reconstructive surgery
was limited. The present day concept of
the treatment of aneurysm by excision and
restoration of blood flow did not evolve
until after 1950, and the large series
conducted by DeBakey*, Cooley and Creech
demonstrate the part that reconstructive
surgery can play in the treatment of
aneurysms. Others have also recorded their
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Arteriogram showing arterio venous communications in the palm.
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experiences and which experiences 5"
have also been similar.

We have operated on 44 cases of aneu-
rysms in which 31 were aortic and 13 were
of peripheral arteries. Of the 31 cases of
aortic aneurysms, reconstructive surgery was
done in 16 and cellophane wrapping in 7,
and arteriovenous shunt distal to the
aneurysm in 2. In 6 nothing was attempted
after exploration. Of the aortic aneurysms
treated by some sort of reconstructive
procedure, 6 were in the abdominal aorta,
3 in the thoraco-abdominal, and 7 in the
thoracic aorta. The types of reconstructive
surgery done were - exo-aneurysmorrhaphy -
2 cases, excision of saccular aneurysm and
suture repair of aorta in 3 cases, complete
excision of aneurysm and replacement with
graftin 9 cases. Excision of aneurysm in
situ and restoration of continuity of aorta
with graft was performed in 2 cases.

Saccular aneurysms of the arch of the
aorta are invariably syphilitic in origin.
They occur commonly at the junction
of ascending and arch of aorta or near the
descending part of the arch. We have
successfully excised two of such aneurysms
and repaired the aorta.

The fusiform aneurysms of arch of aorta
present formidable problems. Complete
excision of aneurysm and replacement of
arch with synthetic graft was attempted in
one case, but the patient expired soon post-
operatively. Two cases of aneurysms arising
from the descending thoracic aorta were
partially excised and replaced with graft. In
both cases a part of the sacof aneurysm
eroding into the chest wall was left
unexcised.

It is our experience that aneurysms of the
aorta in many cases, especially abdominal
ones, have mixed arteriosclerotic and syphi-
litic factors. The aneurysms of the
ascending and transverse portions of the

S-4

aorta offer rather poor clinical material for
excisional surgery or reconstructive surgery,
but we have had the opportunity of treating
a few of these.

Resection of aneurysm and grafting was
performed for five aortic aneurysms - 3 were
abdominal and 2 thoraco-abdominal. Com-
plete excision of aneurysm and grafting
was done for all the 3 abdominal aneurysms
which were arising about half an inch below
(Case 5) the origin of renal artery. In 2 of
these, a bifurcation graft was used as the
aneurysms involved the common iliac
arteries. The thoraco-ahdominal aneurysms
could be only partially excised and grafting
was made in front of the remnants of the sac.

Gase Report 7.—Abdominal aortic aneurysm -
Resection and grafting.

J. 8., 50, came to us for pain in the back and both
thighs - 1 year, intermittent claudication - 6 months.
Examination revealed pulsatile lump in the umbilical
region 4" X 24”. Both femoral pulsations absent.
B. P. upper extremity 112/70 mm. Hg., B. P. lower
extremity not recordable. Blood serology - negative.
Blood cholesterol 190 mg.%;. Plain x-ray of abdomen
- crosion of lumbar vertebrae. Aortogram - aneurysm
below the renal arteries.  Under moderate hypother-
mia laparotomy was pertormed through a long
midline incision. There was a fusiform aneurysm of
abdominal aorta below the renal arteries and
involved right common iliac, left internal, and
external, iliac arteries. No pulsationsin both external
iliacs.  The anewrysm was completely excised
(Fig. 6) the iliac arteries were dissected till patent
lumen could be seen. A bifircating homograft was
usedd for replacing the aneurysm (Fig. 7). Good
pulsations returned to the distal arteries. Post-opera-
tively the back pain was relieved. Follow up after one
year has revealed that femoral pulsations arc not
palpable. The B. P. in lower extremity is not record-
able, and patient still complains of intermittent
claudication. Aortography done recently hasrevealed
complete aortic block below the level of the superior
mesenteric suggestive of thrombotic occlusion of the
homograft. This is, in fact, the only case of homao-
graft having undergone thrombotic occlusion in this
series.

In two other cases of abdominal aortic aneurysms
homografting has been successfully done. Both were
atherosclerotic aneurysms, one in a male aged 71
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Fig. 6
Specimen of a fusiform ancurysm of abdo-
minal aorta arising below the renal arteries
and involving both the iliacs,

years, and another in a female aged 35 years. Sur-
prisingly, the aorta was quite healthy and the
anastomosis could be done satisfactorily.

Case Report 8.—Aneurysm of thoracoabdominal
aorta. Excision of aneurysm and replacement with
graft.

D. G., Male, 36, was admitted for pain in the
abdomen and chest - 2 months. Loss of appetite and

SIFVACATING
CRAFT

constipation - 2 months. Examination revealed a
pulsatile abdominal lump extending from under the
left costal margin and occupying epigastrium, left
hypochondrium and left lumbar region.

Under moderate hypothermia (31°C thoracola-
parotomy was performed through the 91th rib bed. A
large saccular ancurysm extending [rom above the
diaphragm up 10 the origin of renal arteries was
exposed. The coeliac axis and superior mesenteric
artery both were arising from the ancurysmal sac
(Fig. 8). The aneurysm was partially excised and a
graft 13-5 cm. long, 1'9 cm. diameter was anasto-
mosed to the proximal and distal aorta in front of
the partially resected ancurysm. The distal stumps of
cocliac and superior mesenteric arteries were anasto-
mosed to two large branches of the aortic grafi.
(Fig. 9). At the end of the operation good pulsa-
tions returned in the distal aorta and in the mesen-
teric artery. The circulation was arrested for one
hour and thirty-five minutes for purposes of excision
and anastomosis. Immediate post-operatively, the
urine output was not satisfactory but it soon improv-
ed. On 12th post-operative day patient had a
haemetemesis and melacna. Exploratary laparotomy
revealed clots in small intestine which were otherwise
normal. Mesenteric pulsations were felt. The patient
recovered from this but developed a <imilar epicode
on the 22nd post-operative day and expired. No
operation was done. Autopsy was not available. We
wonder whether, in this case, there developed an
aortoduodenal or aortojejunal fistula which has been
described as a complication of homografting for
abdominal aneurysms.*

In another case of aneurysm of abdominal aorta
involving both renals (Fig. 10), after bypassing

ANBURYS M
OF AORTA

EXCISION OF ANEURYSM
AND AOARTIC NOMOGRAFT.

Fig. 7

The technique of excision ot ancurysm of abdominal aotta and replacement of bifurcation graft.
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Fig. 8

Aortagram showing aneurvsm ol thoraco
abdominal aona invelving hiath coeliac and
SUPErior mesenteric arteries.

the aneurysm with graft, both renal arteries and
coeliac axis were sutured to the aortic graft with
tubular knitted dacron grafts (Fig. 11},

Case Report 9.—Saccular aneurysm of thoraco-
ahdominal aorta. Partial excision and suture repair

of anria.

(\u«/\.‘

SUp.MES.

PARTIAL EXCISION OF ANURYSM AND
AORTIC HOMOGRAFT.

Fig. 9
Excision of aneurysm of abdominal aorta

involving both coeliac and superior mesen-
teric artery and replacement with a graft

GRAPF

Fig. 10

Aortogram showing aneurysm of the ahdo-
minal aorta involving both renal arteries,

N
-~ \\\\§ S

i

Fig. 11
Resection of Aneurysm of abdominal aoria
involving both renal arteries, coeliac and
superior mesenteric arteries. Diagram shows
the knitted dacron graft sutured to both
renals coeliac and aorta.
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J.J., male, 30, came for pain in the epigastrium
and left side back for 8 months. Examination reveal-
ed a pulsatile lump in the epigastrium 34" X 37,
systolic murmur on the Jump. B. P. upper extremity
110/75 mm. Hg. and lower extremity 125/85 mm.
Hg., Kahn test strongly positive. Aortography - a
saccular aneurysm of aorta at the level of T-12, L1,
L2. (Fig. 12). The left renal artery not visualised.
Under moderate hypothermia, thoraco-laparotomy
was performed through the 7th rib bed. Diaphragm
was divided and splenectomy done to expose the
aneurysm which extended from a little above the
diaphragm up to the renal arterics, both being invol-
ved within the aneurysmal sac. The left renal artery
was small and obliterated. The aneurysmal sac on
the side from which no important arteries were
arising was clamped longitudinally by two long
atraugrip clamps. The aneurysmal sac opencd.
thrombectomy done. Aneurysmal sac partially ex-
cised. The aorta was sutured by two sets of interrup-
ted and one layer of continuous suture. Post-opera-
tively the patient developed severe pulmonary infec-
tion and signs of hepatic coma from which he did
not recover, and cxpired on the 15th post-operative
day. The autopsy revealed an intact suture line and
no obliteration of any of the large branches arising
from the aneurysm. There were multiple abscesses in
the lung and liver.

Three cases of leaking aneurysms of aorta have
been operated by us, one was in the thoraco-abhdomi-
nal aorta and two in the abdominal aorta. In two,
the tear in the aneurysmal sac was sutured and in
one, partial excision of the ancurysm and suture
repair of aorta was done. The condition of all these
cases was very low and they died soon afier the
operation.

We have had no case of dissecting ancurysm treated
surgically in this series.

The thoracic aneurysm presents a ditferent pro-
blem. Out of all the cases of thoracic aneurysms
which were treated by us, the reconstructive proce-
dure was used in 7. In one case, a technique which
may be called exo-aneurysmorrhaphy (Case 10) was
employed. This consisted of bilateral anterior thora-
cotomy. Placement of mattress sutures through the
aneurysmal sac and tieing them to obliterate the sac.
{Fig. 13). kxcision of saccular aneurysm was per-
formed in 3, aortic arch replacement in 1, and exci-
sion of descending thoracic aneurysm and replace-
ment with graft was performed in 2 cases.

Case Report 10.-—Aneurysm of Ascending aorta.
Exo-aneurysmorrhaphy.

H. B., male, 30, came for pain in the chest and
exertional dyspnoca for two months. Examination
revealed pubsatile swelling on the chest in the third
and fourth intercostal spaces. Systolic and diastolic
murmur in the third left space. B.P.- 114/64 mm.
Hg., X-ray of the chest - ancurysm of the ascending
aorta eroding the sternum. Bilateral anterior thoraco-
tomy through the 4th rib bed and sternum - splitting
was done to expose the saccular ancurysm of the
ascending aorta firmly adherent to the surroundings.
Exo-aneurysmorrhaphy was done to obliterate the
proximal hall of the aneurysmal sac. Post-opera-
tively the pulsations of the ancurysm became less
prominent. On 20th post-operative day patient
suddenly expired due to the rupture of the aneurysm.

Case Report 11.—Saccul:r aneurysm of arch of
aorta. Excision of aneurysm,

L. P., a Hindu male, aged 37 years, was admitted
for cough with expectoration for 4 years and hoarse-
ness of voice for 4 months. He also complained of
exertional dyspnoca. He gave history of syphilis
fifticen years ago. Examination of the cardiovascular
system revealed that all the arterial pulsations were
equal and normal. The blood pressure in the right
arm - 110/80, left arm 100/76, right leg 128/80, lefu
leg 126/74 mm. Hg. Tracheal tug was present.
Systolic murmur was heard in the aortic area.
X-ray chest revealed a globular shadow above the
aortic arch. Intravenous angio-aortegram revealed a
saccular anewiysm of the arch of aorta (Fig. 14;.
Blood scrology was negative. The patient was hypo-
thermised (31° C). Bilateral thoracotomy was per-
formed through the 4th interspace on both the sides,
and transverse splitting of sternum, A saccular ancu-
rysm 3" X 37 X 2§” arising from the anterior aspect
of the aortic arch at its junction with the ascending
aorta was present. Loops were placed round the
superior and inferior vena cava. The ancurysn was
gradually dissected from its surrounding. Anteriorly,
the aneurysm was adherent to the sternum and had
to be mobilised by sharp dissection during short in-
tervals of inflow occlusion. After completion of the
dissection of the aneurysm all around, an atraugrip
clamp was placed on the narrow neck of the saccular
aneurysm which was then excised. The aorta was
then sutured in three layers, two lavers of interrupted
mattress sutures and one layer of continuous suture
(Fig. 15). The patient has made a complete reco-
very. The follow up after 6 months - patient is com-
pletely asymptomatic. The post-operative intrave-
nous angio-aortogram shows normal appearance of
aortic arch {Fig. 16;.
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Fig. 12

Saccular aneurysm of the abdominal aorta.
Partial excision of the aneurysm and suture
repair of the aorta was performed.

Case Report 12.—Ancurysm of descending thoracic
aorta. Partial excision and aortic bypass.

G.F.M., a Muslim aged 55 years was admitted for
pain in the back for one year and the pulsatile
swelling left side back for 8 months. He complained

EXOANURYSAMORRAPHY
SACCULAR ANURYSM OF AORTA

Fig. 13

The technique of exo aneurysmorrhaphy for
saccular aneurysms,

| ANEURYSM SUTURSES

Fig. 14

Intravenous angio aortogram saccular
aneurysm of arch of the aorta.

Fig. 15

Excision of saccular aneurysm of arch of
the aorta and suturing. Note the atraugrip
clamp placed at the neck of the aneurysm.
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Fig. 16

Post operative intravenous angio aortogram.
Note the normal contour of the aortic arch.

of exertional dyspnoea for one month prior to his
admission into the hospital. He gave a history of
having suffered from venereal discase 13 years ago.
Examination revealed a pulsatile swelling 4* X 3*
overlying 8th, 9th, and 10th ribs in the left infra-
scapular region. The blood pressure in both arms was
140/40 mm. Hg. Systolic and diastolic murmur could
be heard in the aortic area. X-ray of the chest
revealed erosion of the 8th, 9th, and 10th thoracic
vertebrae and fracture of 10th rib. Aortogram
showed a saccular aneurysm of the descending thora-
cic aorta. The patient was hypothermised (31° C)
and chest was entered through the 5th rib bed. The
aneurysm was found to be arising from the lower
portion of the descending thoracic aorta. The
aneurysm measured 6 inches vertically and 6 inches
transversely. The ancurysm had dissected into the
chest wall posteriorly. A knitied dacron graft was
sutured to the descending thoracic aorta about 1§~
proximal to the aneurysm and the other‘end 10 the
abdominal aorta one inch distal to the aneurysmal
sac (Fig. 17). After establishing the bypass the
aorta just proximal and distal to the aneurysm was
closed with a running suture. Partial ancurysmec-
tomy was then performed and the remaining sac was

obliterated with the help of stout mattress sutures.
The patient expired one month after the operation,
following a bout of haemoptysis. The autopsy re-
vealed the intact dacron graft and aneurysm of the
aorta opening in the left bronchus,

Cellophane wrapping was done for 7 cases - 4 for
abdominal aneurysms, 2 for aneurysms of arch of
aorta, and 1 for aneurysm of ascending aoria. The
resuits were, on the whole, highly unsatisfactory, the
aneurysm rupturing within 1-2 years However, in
onc case (Case 13) where cellophane wrapping was
done for saccular ancurysm of ascending aorta in
1955, the patient is living and has no symptoms
except exertional dyspnoea due fo aortic incompet-
ence.

Case Report 13.—Aneurysm of ascending aorta.
Cellophane wrapping.

J. D., male, 40, admitted for pain in the right side
of chest and exertional dyspnoea. Examination
revealed dullnesson right 4th, 5th, and 6th inter-
costal spaces anteriorly. Diastolic murmur was

Fig. 17
Dacron bypass grafi and partial excision for

saccular aneurysm of descending
thoracic aorta.
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heard in aortic area. Kahn test wasstrongly positive.
X-ray of chest - saccular  ancurysm of ascending
aorta. Exploratory thoracotomy was done. Large
saccular aneurysm of ascending aorta was exposed
and 8 sheets of cellophane wrapped round it.
Follow up after six years - X-ray chest - size of
ancurysm is more or less the same, a rim of cello-
phane can be seen around the aneurysm (Fig. 18).

Creation of arteriovenous fistula distal to an
aneurysm brings about certain amount of reduction
in the size of the aneurysm and temporary alleviation
of pain. This method was used in two abdominal
ancurysms for which definitive surgery was not
possible.

Case Report 14.—Ancurysm of abdominal aorta.
Cellophane wrapping and creation of arteriovenous
fistula-left common iliac artery and vein,

R.M.S. 35, mas admitted for abdominal lumpl and

pain in the ab@omen. Examination revealed huge

lump in the epigastrium, right and left hypochon-
drium, umbilical and left lumbar region. On
exploration there was a large saccular aneurysm of
the abdominal aorta which had involved coeliac
axis, superior mesenteric -and both renal arteries.
The ancurysm was inscparably adherent tosurround-
ing structures. As any definitive surgery was not
possible, an arteriovenous fistula beiween left
common iliac artery and vein was made. Size of the
stoma was about 6-7 mm. Eight sheets of cellophane
were wrapped around the abdominal aneurysm.
During post-operative period the size of the
aneurysm had diminished and the patient was more
comfortable. Four months after the operation,
patient suddenly expired at home, probably due to
rupture of the aneurysm.

For treatment of certain cases of congenital
idiocy, arteriovenous shunt between common carotid
and jugular vein was done on six occasions. Though
no definite opinion regarding the value of this
operation can be given in the light of our small
experience, we feel that the results were far from
encouraging. In fact, on two occasions, A.V. shunts
thus created were closed and the artery and vein
reconstructed, as no improvement occurred due to
this operation.

Peripheral Artery Aneurysm.—Thirteen cases of
peripheral artery aneurysms have been operated by
us. Out of these, 6 were of popliteal artery, 4 of
innominate artery, 1 of external iliac, 1 in sub-
clavian artery and 1 in anterior tibial artery. The
various reconstructive measures used for their treat-
ment were excision and grafting (Case 15), excision

and suture repair of artery (Case 16), reconstructive
endoaneurysmorrhaphy (Case 18), obliterative
endoancurysmorrhaphy (Case 17), proximal and
distal ligation, etc. Out of 6 cases of popliteal
aneurysms, homografting was done in 2, partial
aneurysmectomy in 2, complete aneurysmectomy in
1, obliterative endoaneurysmorrhaphy in 1 case.
The subclavian artery aneuryim was excised and
replaced with a tubular dacron graft 3}” in length,
successfully.

Case Report 15.—Anecurysm of popliteal artery.
Excision of aneurysm and replacement with graft.

P., male, 77 years, was admitted for swelling
in the right popliteal fossa -1 year, and inter-
mittent  claudication - 6 months. Examination
revealed a pulsatile lump in the right popliteal
fossa - 47 X 34”. The dorsalis pedis, posterior tibial
on the rightside - not felt. Blood serology - negative.
Arteriogram - popliteal aneurysm with a large clot.
(Fig. 19). A long linear incision was taken on the
popliteal fossa. The popliteal artery above the
aneurysm was dissected and .a loop was passed
round it. The aneurysmal sac - gradually mobilised
from the surrounding struciure. The aneurvsm was

Fig. 18

Skiagram of chest showing aneurysm of
ascending aorta. Note the rim of tibrosis
caused by reactive cellophane.
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about 33" long and 3 broad. The popliteal
artery - clamped with a bulldog clamp and cut just
proximal to the aneurysm so as to preserve the
large collateral branch. The sac - completely excised,
the distal stump of the popliteal artery identified.
The arterial wall quite healthy. A graft 3}" long
and }* diameter used. Continuous five zero silk
suture was used. Past-operatively the distal arterial
pulsations have returned. Patient does not complain
of intermittant claudication any more. Post opera-
tive arteriogram shows normally functioning graft
(Fig. 20).

Case Report 16.—Saccular ancurysm of popliteal
artery. Excision of aneurysm and suture repair of
popliteal artery.

D.S., male, 21 years, came to us for swelling in
the right popliteal region - 1 year, and multiple bony
swellings since birth (Fig. 21). Examination
revealed multiple bony exostosis in connection with
humerus, radius, tibia and femur, etc. Pulsatile
lump in the right popliteal region. The right
posterior tibial, dorsalis pedis feeble. Blood Kahn -
negative. X-ray of the bones- multiple bony
exostagis. X-ray of the chest - cystic disease of lung.
1.V. Pyclography - cystic disease of kidney. The
aneurysmal sac explored and then incised to
evacuate blood clots. The saccular aneurysmi was
completely excised and the lateral tear in the
popliteal artery was sutured. The ostcoma of the
tibia was excised. Post-operatively the distal pulsa-
tions remained adequate. Patient has done well.

Case Report 17.—Ancurysm of popliteal artery.
Obliterative Endoaneurysmorrhaphy.

M. M., male 53 years, was admitted for swelling in
the right popliteal region - 4 months, which was
incised being mistaken for an abscess. Examination
revealed a firm swelling in the popliteal region with
signs of inflammation. The distal pulsations were
feeble. The ancurysm was exposed, the clots were
evacuated and the sac partially excised. Obliterative
endoaneurysmorrhaphy was carried out. Follow up
after 4 years - posterior tibial dorsalis pedis pulsa-
tions felt but arc feeble. No claudication in that
limb.

Case Report 18.—Ancurysm of common cxternal
jliac and femoral artery. Restarative endoancurys-

morrhaphy.

Male, 55 years, came to us for swelling right side,
Jlower abdomen and right upper thigh, and pain in
the abdomen. Blood Kahn test strongly positive.
Fusiform aneurysm of common external iliac and

femoral artery were exposed. It had ruptured
causing a retroperitoneal haecmatoma. Restorative

endoancurysmorrhaphy was done. Patient has done
well.

So far, four cases of innominate ancurysms have
been operated on by us. In three cases, nothing was
donesurgically afier exploration.In one case, the aneu-
rysm was occluded by proximal and distal ligation.

Case .chon 19.—Anecurysm of innominalc artery.
Occlusion of aneurysm by proximal and distal
ligation of ancurysm.

A.A., male, 55 vears, came to us for swelling in
the neck and exertional dyspnoea -3 months.
Examination revealed a pulsatile lump in the right
supraclavicular rggion. A systolic thrill was palpable
on the lump. Right radial pulse was feeble.
Systolic and diastolic musmur was heard all over
the precordium. B.P. - right arm - 120/60 mm. Hg ,
left arm 180/60 mm. Hg. Blood Kahn - pasitive.
Aortogram - aneurysm of the innominate artery also
involving the proximal part of right subclavian and
right common carotid. An anterior thoracotemy
through right 3rd interspace was followed b;'
splitting the sternum vertically. A fusiform aneurvem
of innominate artery exposed. An alllfrumal'()un
plaque could be felt at the base of aneurysm. The
innominate aneurysm was dissected all round and
strong ligatures were passed round the aneurv.m
and gradually tightened so that the ancurysmal-sar
was completely occluded (Fig. 22). The distal
ligature was put in stch a way that the circulation
between right subclavian and the right common
carotid was maintained.  Post-operatively (he
pulsatile swelling in the neck was markedly
diminished in size. On screening, the pulsatile |um|:)
in the region of innominate aneurysm was no more
seen. The patient had an uncventful recovery,

Embeolism

Embolitic obliteration of the arteries is
not. too uncommon an incident in practice.
It is our opinion, however, that most of
these cases are brought 100 late to the
surgeon, far too late for any definite surgery
We operated on 10 cases. The sites of
obstruction were as follows : |

1. Aortic bifurcation (4 cases)
2. Common carotid (2 cases) .
3. Subclavian artery (] casc).
4. Common iliac (1 case). )
5. Femoral artery (2 cases).
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Fig. 19
Arteriogram showing the ancurysm of

popliteal artery.

Fig. 20

Post uperative femoral arteriogram. The
arterial homograft used to replace the
poplitcal aneurysm is seen.

Fig. 21
Clinical photograph of a case of multiple
exostosis of bones and dwarfism. Note the
aneurysm of the right popliteal artery. The
same patient had cystic discases of the lungs
and kidneys.

Case Report 20.—Saddle embolism of  aorta.
Embolectomy.

Female, 18 years, was brought for acute pain in the
vight leg and abdomen -8 hours. Examination
revealed that both femoral pulsations were absent and
both lower limbs were cold. Abdominal aortic
pulsations felt only in the upper part. Examination
of cardiovascular system revealed signs of mitral
stenosis. Exploratory laparotomy was performed
about 12 hours after the patient started getting pain.

Fvriroam aspvana ¥
. snNoMINATE 3
urtiavian (onnn
CaneTis anveAy

OLCLUIION OF (NONIMalE ARTENY amEuvAviN By MeLTirLE SCATION
Fig. 22

Occlusion of innominate aneurysm by
multiple ligation,
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EMBOLECTOMY SADBLE EMBOLISN AORTiC BIFORCATION

Fig- 23

Technique of embolectomy for saddle embolism of aorta.

The aortic bifurcation was exposed transperitoneally.
A Rrm mass was felt in the aorta extending 2”7 above
the aortic bifurcation. Through an incision over the
aorta the embolus was removed. The remaining
embolus was removed by and incision over the right
common iliac (Fig. 23). Pulsations returned in the
right common iliac artery. Post-operatively anti-
coagulants were exhibited, the extremities remained
cold, the distal pulsations never returned. The
patient developed gas gangrene of toes. The condi-
tion of the patient gradually deteriorated and she
expired one month after the operation.

Case Report 21.—Saddle embolism of aorta,
Embolectomy.

N. B., male, 21 years, admitted for intermittent
claudication. Examination revealed that both femoral
pulsations were absent. B. P. in lower extremity was
not recordable. Systolic murmur was heard all over
the precordium. Angiography showed a block at the
aortic bifurcation. Aortic bifurcation was exposed
transperitoneally. Pulsation in distal aorta both
iliacs were absent. After applying clamps on aorta
and common iliacs, the aorta was incised and embolus
milked out. Post-operatively pulsations of femorals
returned and the patient has done well. He no more
complains of claudication.

Subsequently, we have treated two more cases of

saddle embolism, one in a female child suffering from
bacterial endocarditis and another in a young woman
with mitral stenosis. Embolectomy was performed in
both with complete recovery.

In this series, peripheral embolism occurred in 6
cases - 1 in the subclavian artery, 1 in common iliac
and 2 in carotid arteries and 2 in femoral arteries.

Case Report  22.-—Carotid  Embolism.  Cuarotid
Thrombo-embuolectomy.

T. R.. male $5vears, referred tous for sudden
weakness of right arm, leg and aphasia - 7 davs
duration. Examination revealed right sided hacmi-
paresis and infranuclear type of facial palsy. Carotid
pulsation left side was feeble. Bifurcation of common
carotid wasgxposed, loops passed round common,
internal and external carotid and clamps applicd.
Through a small incision on the common and internal
carotid, the embolus from the common and internal
carotid was removed (Fig. 24. Artery sutured
'Fig. 25'. Post-operatively there was a  definite
neurological improvement.

Thrombosis

Thrombotic occlusion of the arterial tree
was subject to reconstructive surgery in 20
cases. In 5 more cases of !hmmboti(: occlu-
sion, nothing could be done surgically for
the occlusive disease of  aorta an(i its
branches. The cases have been arbitrany
divided as follows:~Primary thrombosis mo
cause could be detecied . thrombosis in
association with atheroma, thrombosis in
association with arterial inflammation and
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Fig. 24
Specimen of a thrombus removed from common internal and external carotid arteries.

collagen disorders - Takayasu’s disease. In
this group are also included 2 cases of
aortic narrowing which were referred to us
with the diagnosis of coarctation of aorta.
Thrombectomy wasdone in | case. Thrombo-
endarterectomy was performed in 8 cases,
vascular by-pass with grafting in eleven
cases, and thromboembolectomy and dacron
patch grafting was done in one,

Primary Thrombosis of Thrombo-Embolism

" Case Roport 23.—Primary thrombosis of iliac arteries,
Thrombectony,

S. L., male 30 years, was admitted for severe pain
in the right thigh for 8 hours. Examination revealed
that right femoral pulsations and the distal pulsations
were absent. Right lower hmb was cold.  Aortogra-
phy revealed a block in the right common iliac.

Thrombectomy  from  common  internal  and
external iliacs was done. Through an inciston on
femoral artery the remaining clot was evacuated. The
artery was washed with heparin solution and then
witured.  On releasing the clamps good pulsations
returned in the temoral artery. Anticoagulants were
exhibited post-operatively. The right lower limb
remained cold and the distal pulsations were absent.
In the pus(-op('ralivc period patient staried getting
hacmaturia, gradually the urine output diminished

and the patient died of uracmia. Autopsy showed
neither any disease in the aorta nor its branches nor
any disease in the heart.

Thrombo-endarterectomy was done in 8 cases-2 cases
from abdominal aorta, 1 case from common iliac,
1 case from external iliac artery, 1 case external iliac
and femoral artery, in 1case from femoral artery,
1 from common carotid and | from axillary artery.
All the cases with lower limb vessel block were
middle aged and gave history of intermittent

> ~nCision

THROMBO §m-
— SoLmcromry
SUTURE

THROMGOLMUIOLECTOMY COMMON AND INTERNAL CAROTIO ARTERILY
Fig. 25

The technique of thrombo-embolectomy
from internal, common carotid arteries,
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claudication in the lower exiremity,and smoking for
a long time.

Case Report 2f,—Carotid artery thrombosis
Thrombointimectomy and patch graft.

P. B., a Christian male, aged 35 years, was seen for
sudden hemiparesis of left side of 3 days duration.
There were no premonitary symptoms. There was
transient loss of consciousness. There was a history
of similar attack of hemiparesis 8 months ago followed
by compleie recovery. Examination revealed a well
built and nourished male. Right carotid pulsations
were feeble. Systolic bruit could be heard on the
carotid artery. B. P.- arm was 120/80 mm. Hg.
Examination of higher functions - dysarthria. He had
a supranuclear type of facial palsy on left side-
Flaccid hemiparesis and hemianaesthesia were present
onleft side. Left-sided tendon jerks were exaggerated.
Planter reflex was persent on left side. In order to
confirm the diagnosis of carotid artery insufficiency-
carotid angiogram was performed which revealed
right internal carotid artery block. Under general
anaesthesia the right common internal and externai
carotid arteries were exposed through a longitudinal
incision on the neck. A linear incision was made on
the common carotid and internal carotid artery. A
polyethylene tube of 3-5 mm. internal diameter was
passed through the incision proximally into the
common carocid and distally into the internal caroti‘d
as a temporary shunt, in order to maintain the
cerebral circulation. The thrombus from the internal
carotid was removed. A dacron patch graft was
sutured to the incision in the carotid artery. Post-
operatively patient showed significant improvement
as regards his mental state, though the hemiplegia
was unaffected.

Case Report 25.— Left common carotid, left subcla-
vian thrombosis. Thrombointimectomy.

Z. A, male, 35 years, admitted for right sided
hemiplegia and aphasia - 13 days. Examination
revealed absent carotoid and brachial pulse
on the left side. B.P. in right arm 140/90 mm.
Hg., aortogram revealed a block in the left common
carotid half an inch from its origin and a block in
the left subclavian artery also. Through an oblique
incision in the neck, the common internal and exter-
nal carotids were exposed. Through a small incision
in the common carotid, a clot was squeezed out of
the lumen. A scoop was passed in the proximal part
of the common carotid and moved up and down,
small fragments of clot in the proximal artery came
out along with gush of blood from the aorta.
Through another incision on common carotid near

its bifurcation, thromboemboledtomy from internal
and external ihac was done till retiograde arterial
flow was established. The incisions were sutured

with arterial silk. Good pubations returned to inter-
nal carotid.

Case Report 2. - Renal artery stenosis - Renal
hypertension. Thrombointimectomy and aortorenal
bypass

J. D., a Hindu male, aged 50 years, was admitted
for severe headache in temporal region of | year
durauon. Examination revealed that his blood pres-
sure was 200/130 mm. Hg. Intravenous pyelogram -
delayed excretion and poor concentration of dve in
right kidney. Lumbar aortogram - stenosis of ;'ighl
renal artery and post-stenotic dilatation (Fig. 26-.
Exploratory laparotomy was performed through a
midline incision. Aorta was exposed at the level of
the renal artery. The left renal artery and kidney
were normal. A small athernmatous plaque could be
felt within the right renal artery. Through a small
incisior on the right renal artery the atheromatous
plaque could be removed only partially. A tybular
knitted dacron graft 27 in length was anastomosed to
the right renal artery and abdominal aorta. The
graft was found 1o function well and renal arterv

Fig. 26
Aortogram - note the stenimis of the right

renal artery with 4 postostenotic dilatation
(a case of repal hypertension .
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ood. Post-operatively there has been

ulsations were g
. blood pressure even after 3 months

no notable fall in
of follow up.

Case Report 27.—External iliac femoral block.
Thronmiboendarterectomy.

D. B., male, 22 years, came to us for pain in the
and intermittent claudication - 6 months,
Examination revealed wasting of left leg. choxjal
pulsations were absent. B. P. upper extremity
110 /60 mm. Hg. left lower extremity - not record-
able. Blood Kahn test - negative. Lumbar aorto-
graphy - Jeft external iliac block. Exploration reveal-
ed that the distal part of external iliac, femoral
artery up to its entry in femoral canal was non-pulsa-
tile, thickened and obliterated with thrombus.
Clamps were applied proximal and distal to the
obliterated segment. Through a longitudinal incision
on femoral, the thrombus along with intime and part
of media was pealed out. A probe was manipulated
to confirm the patency of artery distally. Artery was
flushed with heparin solution and then closed
(Fig. 27). Good pulsations were felt in the artery.
Post-operatively the femoral pulsations were good
but distal pulsations were not felt. Thelimb remained
warm. Claudication was less marked.

left leg,

In four more cases where thrombo-rndarterectomy
was done for thrombosis of onc of the limb vessels
(Fig. 28) the distal pulsations returned in only
2 cases. The relief from claudication was only
partial.

Case Report 28.-—Stenosing aortitis, subclavian
artery thrombosis, narrowing carotid artery. Throm-
bointimectomy - subclavian carotid brachial bypass

CEMOAN - NEPARNH- Croome
Tiem O saAview or agvean
anreny

IO sxposvar of
APPLRATION OF
ARTERY AP (i ietP)
INON I ARTERY TAROMEPENOARYERIK TONY

Fae - EWBMRTEANCTOMT [XTEANAL IIAC AND FENOAK

ARTERY
g 27

The technique of thrombo-endarterectomy
of external iliac and femoral artery.

I. N., female, 19 years, was admitted lor pain left
side chest and tingling numbness left arm for | year.
Intermittent claudication - 8 months. Giddiness -
6 months. Examination revealed that brachial and
radial pulsations on left side were absent. Femoral
pulsations on both sides were feeble. Abdominal
aortic pulsations were not felt. The B.P. right arm
170/70 mm. Hg., left arm not recordable, right leg
85/65 mm. Hg., left leg 70/65 mm. Hg. Soft systolic
murmui was heard on the back along the left scapu-
lar border. Fundoscopy - spontaneous arterial and
veuous pulsations. Blood serology - negative, X-ray
chest - normal heart shadow, prominent aortic knob,
and left margin of descending thoracic aorta was
tucked in. There was no rib notching. Aortogram
revealed tubular narrowing of aorta which com-
menced below the arch and ended just above the dia-
phragm (Fig. 29). The left subclavian artery was
blacked. Retrograde brachial arteriogram revealed
block in the second part of axillary artery
(Fig. 30). Thoracotomy was performed through
7th rib bed. The occluded segment of aorta was
exposed. There was a marked periaortitis. A

"thrombus ahout 3}” in length could be felt within

the aorta. Soft systolic murmur was felt just distal to
the occluded segment. Through a longitudinal

Fig. 28

lL.umbar aortogram showing block in the
right external iliac artery,
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Fig, 29
Aortogram showing the narrm‘ving of .lhr
descending  aorta - a case of stenosing
aortitis.

wesion on the aorta, thrombointimectomy  was
performed. Aorta was sutured and the clamps were
removed. The pulsations in distal aorta were good.
"1 he systolic thrill disappeared. Cervico-dorsal sym-
pml:c;tomy on left side was then performed. Poss-
operatively the B.P. right arm 16080 mm. Hg., lefs
not recordable, right leg 160/70 mm. Hg.., left leg
150/70 mm. Hg. Four months later the patient came
to us with cervical tuberculous lymphadenitis, Sh.c
was treated with antituberculous drugs and~ coru-‘
coids, On follaw up, after 1 year, she vompl.au?vd of
intermittent clandication, giddiness and pam.m llr.u:
Wit arm. Examination revealed absent pulsa?lon in
the left upper extremity, feeble fﬂlnural puls'almnr‘c on
hoth sides, and systohe murmur in the epigastrium
and oot of the neck on left side, B.P, r'!lln arm
175 60 mm. He., left arm not recordable, rlghl' leg
HYY 6') mm. Hg., left leg 70/60 mm. Hi; l?lrt‘(‘l
suprasternal aortogram revealed narr(r\vmg of the
proximal partof the lcft common carotid artery, and
of the descending thoracic aorta, In nrdcr.w inerease
blood supply to the arotid and lett bracluz‘\l ateries,
right subclavian to left common carioud u)‘ left
h;“.u hial bypass was performed by using a knitted
dacvon graft (Fig. 31;. A polyethylene wabe 4 mm.
in diauu'»u-r was inteoduced within the lnmen of the

left carotid 10 maintain cerebral circulation during

the period of anastomesis. 1 v as removed just prior

to completion of the suture. The same gralt was
carried through an artificially created space in the
left axilla and was sutured to the left brachiabartery.
Left radial pulsations are now wellfelt and the blood
pressure in left arm is 120/80 mm. Hg. P

atient no
longer complains of giddiness or of

ain in left arm.

Case Report 29.—Stenosing aortitis thoracic aorta.

Excision of stenosed segment and gralting.

S.N. H., wmale, 19 years, was seen for tingling
numbness in both lower limbs, intermittent claud;-
cation and exertional dyspnoea - 7 months. Exami-
vation revealed that abdominal aoriic pulsations and
Loth femoral pulsations were ahsent.
extremity - 2147100 mm. Hg.,
recordable. Systolic murmur was heard on left ster-
nal border in sccond left interspace. X-ray chest -
slight rib notching. E.C.G. - lefy ventricular hyper-
trophy.  Left thoracotomy through 4th rib bed was
done. No coarctation was found at the usual situa-
tion. Later, 7th rib was excised and in descending
thoracic aorta §” above the level of diaphragm there

was a marked periaortitis and slightly narrow thick-
cned portion of aora,

B.P. upper
lower extremity - not

Thrill was felt just distal tn
this segment. Distal aortic pulsation very feehie.
Large intercostal arteries vstablishing collateral cir-
culation were seen. Aorta proximal and distal 1o this

segment was quite healihy. This segrient after exci-

sion, was 37 long and its lumen 2w, broad. This
segiment  showed  advanced thrombotic  and
degenerative changes of intisna, Homograf: 4°

long
was used to replace the ¢

xcised aortic segment. Good
pulsations returned in thedistalaorta. Fall of 60 min.

B. P.in upper extremities was noted. Femoral pulsa-

tions were palpable post-operatin ely. B. P Aloverlimby
was 130/80 mm. Hg.

Lase Report 30.— Nortoiliae thrombunis— |

e renal
arwery block. Nephreetomy.,

H. )., male, 35 vears, admitted for tingling, numl,-

9 vean. Exertional-
dyspnoea, headache, giddiness for 6 months.

nation revealed abdominal aorie

ness i both lower extremitics -

Exami-
pulsations were
absent. Femoral pulsations were feeb)e. B. P,
extremity 230110 mm. He., Jower xtremity— 110
70 mm. He. Fundoscopy - early hanges o hyperten-
sive ratinopathy, Xeray  chiest - Jefy veatricular
byperirophy. E.C.G. - len ventricular sirain, [\
Pyelography - non-funs tiong kidoev left  side.
Aortography -aortic bleck below 1he level of superior
mesenteric (Fig. 37,

upper

Retrograde femoral arterio-
gram - block neanthe origin of o e, thae Fie. 34 .

RECONSTR

Fig. 30
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: i i vi in the axillary arery.
Retrograde brachial arteriogram showiny block in th y

Under hypothermia -exploxjatory }aparoton.yhe\l\o z:f
done. Marked narrowing of abdomlfxal a(irtz.; "
supcrior mesenteric. Absence of aortic pul.s.xm;‘ns ar:‘-
panaortitis. Similar changes were found mI chL wlx,se
moniliac, external iliacs. Left kidney -‘smal . sc: e
of the extensive nature of the Oc-c:‘i‘:w;:;?:c;omy
vascular reconstruction was possible. Phrectomy
left side done. Marked fall of B. P..nule . Patient
i denly on 10th post-operative d{ay u °
((‘!::‘rrfb:;dlhrm:!bosis. Aumpfy-aihcmsclt?rullxc (:"r:«:;r(m
ing and extensive thrombosis of abdominal a .

Fig. 31

aft ri b-clavian - left
. ‘pass graft right sul 1 beft
Uan(:::nbz;rmid = left l)raclual,'k)r throm
cor{lﬂ of left subclavian and axillary ay(tlcry
b(m:d parrowing of le{t common carotid.
a

Fig. 32

Lumbar aortogram showing aortic block
below the level of the superior
mesenteric artery.
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Fig. 23

Retrograde femoral arteriogram showing a
block in the right conunon iliac artery.

In yet another case of similar nature in which there
was aortic occlusion starting from just below the
renals up to the aortic bifurcation thrombointimec-
iy was performed. Pust-operatively there was
a progressive renal shut down and autopsy revealed
that the thrombotic process had extended into the
renals. In our subsequent cases of aortic thrombosis,
bifurcating type of aortic bypass was used in 5 cases.
The upper end of the graft was sutured well above
the occluded segment and the lower end is anastomos-
ed to the femoral arteries. In one case, thrombosis
occurred in the graft and the patient developed gan-
grene of both lower limbs, Rest of the cases did well.
The distal pulsations of the limb are present and
claudication has disappeared. In 3 cases tubular
knitted dacron grafis were used to bypass the seg-
mental block in the iliac arteries or femoral arteries.
The results in all but 1 case were encouraging. Iw is
felt that the paticnts who come well before the
gangrenous changes have oceurred in the limbs are
the ones who benefit most. In those where gangren-
ous changes are present. invariably the distal vessels
arc also obliterated and vascular bypass procedure
is not advisable. This occurred in about 8 cases
w here, after exploration no reconstructive procedure

was pussible because of the extensive nature of the
occlusive process.

(.ase Report 31.— Aortic thrombaosis. Bilateral aorto-
femoral bypass.

L.J., male, 49 years, was admitted for intermittent
claudication for 5 years, backache for 3 years. He
smoked 30 10 40 cigarettes per day. He gave a history
of having suffered from syphilis 10 years, ago. Exami-
nation revealed wasting of both lower limbs, left mose
than right. Femcral pulsations on left side were
absent and right femoral pulsations were feeble. B.P,
right arm - 138/70 mm. Hg,, left arm - 140/70 mm.
Hg., right and left leg - not recordable. Systolic bruit
could bLe Leard on abdomen just below the um-
bilicus. Aortogram revealed complete Liock of left
common iliac artery. There was good retrograde feel-
ing. The right common iliac was narrowed near its
ongin from aorta.

Femoral arieries were expused through longitudinal
mcision on the thigh and were found to be patent
but non-pulsatile on left side. Laparotomy was then
performed through a longitudinal midline incision.
The aortic bifurcation was exposed. The left common
iliac was ovccluded due 10 a thrombus, the right

Fig. 34
Postaperative Lumbar Aortsgram DeBakey

Decron Bifurcation gra

fu bypass in place for
obstruction at the bifu i "

reatton of the aorta.
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common iliac was markedly narrowed and calcific. The
abdominal aorta above the origin of inferior mesen-
teric was then exposed and atraugrip clamp was
placed longitudinally so as to occlude it partially. A

. longitudinal incision was then made on this segment

of the aorta. The proximal end of a bifurcation
dacron graft was then sutured to the abdominal aorta
with 3 zero over and over suture. The two ends of
the bifurcation graft were sutured end to side to both
femoral arteries by using 4 zero arterial silk (Fig. 34).

" The distal pulsations in both lower limbs are now

well felt, and B. P, is 130/70 mm. Hg. Patient is ablc

-to walk long distances without any claudication.

Summary
In this paper we have attempted to sum-
marise our total experience of 106 cases of .
reconstructive surgery of the larger arteries,
including the aorta. Case reports have been
utilised to illustrate the various disease
patterns and their surgical treatment.
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TOTAL CARDIOPULMONARY BYPASS BY CONTROLLED
CROSS CIRCULATION

BY

G. B. PARULKAR, P. M. JAVERI, A. J. DHRUVA and P. K. SEN, Bombay.

Establishment of a simple, effective and
safe method of total cardiopulmonary
bypass for corrective intracardiac surgery is
one of the goals that has motivated the
experimental work in ‘our laboratories.
While we have been quite occupied, explor-
ing the applicability of deep hypothermia
and mechanical oxygenators for open heart
surgery our attention was drawn towards
the principle of biological oxygenation and
being fascinated with certain of its ohvious
advantages we decided to further investi-
gate this avenue of circulation bypass which
has ‘not received sufficient attention in
recent years.

The reciprocal interchange of blood bet-
ween two individuals can be done in many
ways. The exchange of venous blood between
two individuals is called cross transfusion.
The transfer of arterial blood of one
individual into the venous system of another
and corresponding transfer of the blood
from the artérial system of the latter to the
venous system of the former could be
rightly called cross arteriovenous transfu-
sion, The reciprocal transfer of blood from
the arterial system of one (Donor) to the
arterial circulation of another (recipient)
and from the veins of the latter to the
venous system of the former is called cross
circulation or donor circulation. When the
exchange of blood between the donor and
recipient is regulated by using a mechanical
pump it is called controlled cross circulation
or controlled donor circulation. In the
series of experiments to follow the method

of controlled cross circulation has been
employed 10 establish a total cardiopul-
monary hLypass 50 as to exclude the heart
and lung of the recipient from circulation
for varying periods and during this time
the circulation of the recipient is supported
by another intact animal donor whose
arterial blood is exchanged for the venous
blood of the recipient. Thus the heart and
lung of the donor is taking over the respon-
sibility of supporting the circulation and
maintaining the oxygenation of the recipient
in addition 10 his own.

Rlum and Meigebow® (1950) were the
first to employ the method of cross circula-
tion experimentally for establishing cardio-
pulmonary bypass but their work was of
a preliminary nature. Southworth and
Pierce* (1952), Glenn and Sewell® (19533)
published their report of experiments using
cross circulation but their results have not
been very contributive. Andreason and
Watson' (1953}, Warden et al* (1954
reported their experimental work with

_controlled cross circulation for establishing

cardiopulmonary bypass. They used mecha-
nical pump for reciprocal transfer of blood
and utilised small flow rates, as supported
by their experimental work of azygos flow
study. Later Lillehei* (1955) reported his
experience of clinical application of this
method for direct vision intracardiac correc-

tive surgery for various types of congenital
malformations of heart.

The present study was undertaken in
order to assess the efficiency of this method
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when combined with cardioplegia in reci-
pient dog, to get familiar with the technical
aspect of this method, to study various
physiological changes in both donor and
recipient, and to make certain modifications
in the original technique so as to make this
method more practicable and safe for
cstablishing a cardiopulmonary bypass for
open heart surgery. In this paper a prelimi-
nary report of 353 animal experiments
carried out in the Department of Surgery,
K.E.M. Hospital, Bombay, is presented.

Apparatus

The apparatus consists of a constant
perfusion Sigmamotor pump, a set of poly-
venyl tubings, catheter and two reservoirs.
One set of polyvenyl tubing carried the
venous blood from the recipient to the
donor and the other set carried the oxy-
genated arterial blood from the donor to
the arterial system of the recipient (Fig. 1).

The constant perfusion Sigmamotor pump
maintained an unidirectional flow in the
circuit and adjusted exchange of blood
across the two animals.

A venous reservoir was introduced in the
circuit to receive the blood from the reci-
pient’s venous system. This reservoir was
placed in a more dependant position and
thus could maintain a constant free flow
out of the caval system of the recipient,
prevented a direct elevation of negative
pressure in the caval system and acted as a
bubble trap. The level of blood in the
venous reservoir is an excellent indication
of adequacy of flow through the venous
circuit. Fall of the level indicates some
obstryction to the caval catheters and calls
for their readjustment or temporary slowing
down of the venous flow rate.

Arterial reservoir has been introduced
for the first time in these experiments. We

Fig. 1

Photograph showing the anaesthetised dogs (Donor and Recipient) and the apparaius used for
controlled cross circulation.
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feel that arterial reservoir is as essential as
the venous reservoir because in addition
to acting as an effective bubble trap, the
level of blood within it gives the indication
of adequacy of supply of arterial blood to
the recipient. Any fall of the level indicates
an obstruction to the arterial catheter in
the donor or fall of blood pressure in the
donor and calls for immediate readjustment
of the arterial catheter in the donor or
temporary slowing of the arterial flow rate
till the blood level is well adjusted. In
addition to subserving the functions already
mentioned the venous and arterial reser-
voirs are useful for priming the circuit with
blood which may be occasionally necessary.

The polyvenyl tube and the reservoirs
were heat sterilised. The arterial and
venous catheters were sterilised by immer-
sing them in 19, Cetavion solution for
24 hours. The entire circuit was filled with
heparinised 5%, dextrose solution before
starting the perfusion.

Material

Healthy mongrel dogs weighing between
15 and 22 kg. were used as donors. Mongrel
dogs weighing between 5 and 12 kg. were
used as recipients. Four mongrel dogs were
used as donors on more than one occasion.
The blood of each set of donor and recipient
dog was directly cross-matched before per-
fusion during the first 20 experiments. On
no occasion mismatching of blood was
encountered. :

Anaesthesia

Both the donor and recipient dogs were
accurately weighed before each experiment.
Each dog was anaesthetised by injecting
sodium thiopentone (25-40 mg. per kg.
body weight) intravenously. Intratracheal
tubes were passed and connected to respira-
tory pumps. Both the dogs were hyperventi-
Jated. During the period of cardiopulmonary

bypass the respiration of the recipient was
stopped and the donor was supplied 100%
oxygen through a respiratory bag under
pressure. Five per cent dextrose was given

intravenously to cach animal as a suppor-
tive therapy.

Method

The flow rate of perfusion was calculated
depending upon the weight of the recipient
dog. Both the venous and arterial pumps
were adjusted to deliver accurately the
calculated amount of blood per minute.
The oxygenated arterial blood of the donor
was received through a polyethylene cathe-
ter introduced through its femoral artery
into the abdominal aorta; blood of the
donor was pumped into a catheter passed
through the femoral artery into the
abdominal aorta of recipient. Lateral
thoracotomy through right 5th interspace
was performed in the recipient. Vena
azygos was ligated. Silk loops were passed
round the superior and inferior vepa cava
near their entrance into the right atrium.
The pericardium was incised longitudinally
and retracted with the help of sntures.

In our initial 5 experiments a specially
designed polyethylene catheter with multi-
ple side holes near the tip and at a suitable
distance from its tip was introduced through
the jugular vein and directed through the
innominate vein into the superior vena
cava and thence through the right atrium
into the inferior vena cava, in such a wav
that the tip of the catheter remained in the
inferior vena cava and the lateral perfora-
tions remained in the superior vena cava.
On pulling the loops placed round superior
and inferior vena cava complete inflow
occlusion could be brought about (Fig. 2..

Just prior to starting the perfusion all

connections were properly checked and
both venous and arterial pumps were
simultaneously started. In most of our

~

TOTAL CA

Fig. 2

“I'he method of transjugular caval
catheterisation.

ARYS AsAL ’ ‘:.'...' o
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SONTROLLED CROSS ~ CIRLULATION
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Fig. 3

Diagramatic representation of the
wmethod of controlled cross
circulation.
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latter experiments direct transatrial cannu-
lation of the vena cava (Fig. 3) was
preferred as introduction of polyethylene
catheter of suitable size though the jugular
vein was technically difficult and flow of
blood through these catheters was not free.
The transatrial caval cannulation was
technically simple and blood loss during
such cannulation was insignificant and the
flow of blood through the caval catheters
was unobstructed.

Following different flow rates of perfu-
sion were employed during the experi-
mental work : (Table 1).

20-35 c.c.fkg. body weight of recipient
per minute.

40-55 c.c./kg. body weight of recipient
per minute.

60-70 c.c./kg. body weight of recipient
per minute.

75-100 c.c./kg. body weight of recipient

per minute.

After varying periods of total cardio-
pulmonary bypass the loops round the

superior and inferior vena cava were
gradually released and thus the recipient
dogs were on partial perfusion for a short

. interval. Both the venous and arterial

pumps were stopped and the caval cathe-
ters were withdrawn and atriotomy wound
was closed. :

Just prior to the cannulation both donor
and recipient were each given 1 mg.
heparin per kg. body weight as a single
dose intravenously. Protamine sulfate
2 mg. per kg. body weight was given to the
recipient at the end of the experiment. No
protamine was given to the donor.

During the period of perfusion the maxi-
mum attention was given to the following
technical details.

The arterial input from the donor should
be exactly the same as venous return from
the recipient. Provided that all the cathe-
ters were suitably placed and the pumps
accurately adjusted there was no difficulty
encountered in achieving the reciprocal
exchange of blood. The arterial catheter in
the donor should be multiperforated and

Table 1

Total Cardiopulmonary Bypass by Controlled Cross Circulation

No. of | “Flow rate l’criod' of Donor
Experiment. :nr.n/:?cl | 11‘\)‘2:\[::\‘1‘::-‘\ i martality. Recipient morality
| . . —
6 I 20-35 © 1020 Nil 4
i Brain damage --3
{ Haemothorax -1
6 ; 40-55 10 25 Nil 4
i Brain damage -1
Haemothorax —1
[ Technical error 2
' ‘Atrial tear pneumothorax)
7 Foen-70 10-30 1 (late death
Cause ?) ¢ Nib
8 75-100 7-15 2 (shock Air | 1 tair embolism)
‘ embolism)
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should be placed well high in the abdomi-
nal aorta of the donor to assure a free flow
of arterial blood. Once the pumps are
started the levels of blood in the venous
and arterial reservoirs are constantly moni-
tored and attempt is made to maintain
them at initial level. Occasional adjustment
of caval catheters in the recipient, adjust-
ment of arterial catheter in the donor and
temporary altetations in the flow rates of
blood was all that was necessary in majority
of instances.

A graphic record of the different flow
rates employed every minute throughout
the perfusion was maintained by an assistant
(Fig. 4). Any discrepancy in the venous
and arterial exchange was noted and
corrected prior to stopping the pump in
order to achieve the exact reciprocal inter-
change between the two animals.

The circulatory state of the donor should
be maintained at optimum level so that he
bleeds freely in the recipient. Constant
electrocardiographic control and frequent
blood pressure records with a manometer
of the donor were maintained to denote its
circulatory state which remained at optimum
level throughout the period of perfusion
and no special measures except a slow 5%
glucose intravenous drip was found neces-
sary.

The oxygenation of the donor should be
adequate so that both the donor and the
recipient receives fully oxygenated blood at
normal pH. Throughout the period of
cross-circulation a great attention was given
to supply 1009, oxygen to the donor about
40 times a minute under pressure with the -
aid of a respiratory bag.

In order to precisely determine the
adequate amount of arterial input so as to

Fig. 4

A graph showing the arterial and venous flow of perfusion and mean arterial and venous pressures
of denor and recipient dogs during controlled cross circulation.
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maintain the recipient dog in a well
balanced physiological state from which
carly recovery can be obtained, different
flow rates as stated above were employed.

Post-operatively both the donor and the
recipient dogs were accurately weighed to
roughly assess the blood velume of the
dog and 10 exclude any serious quantitative
disproportion during reciprocal exchange
of blood. In the present series nosignificant
disproportion in the exchange of blood
between the two animals was noted in any
experiment except one.

In the last ten experiments after the
* inflow occlusion in the recipient the ascend-
ing aorta was clamped and a cardioplegic
solution (25%, potassium citratc diluted in
blood) was injected into the proximal aorta
to perfuse the coronaries and cardiac arrest
varying from 10 to 30 minutes was brought
about during which the heart remained
flabby. At the end of which the clamp on
the ascending aorta was released and in
3 to 7 minutes the normal cardiic rhythm

was established in all cases, later the dogs
were taken off the perfusion (Table 2).

The foliowing physiological and bio-
chemical changes have been studied in
both donor and recipient dogs prior to,
during and alter the period of cardio-
pulmonary bypass by cross circulation.
Arteria) and venous pressures and eclectro-
cardiogram were constantly recorded in
both donor and recipient throughout the
perfusion. Plasma haemoglobin level in
both donor and recipient dogs was estimated
after perfusion in order to estimate the
hemolysis occurring during such a procedure.
Blood oxygen content of the arterial blood
of both the donors and recipient and the
venous blood of recipient was estimated.
Arterial blood pH of both donor and
recipient prior to, during and after cross
circulation was also estimated.

Recipient

The aortic and carotid artery pressurcs
(Fig. 3) were recorded in the recipient

Table 2
Total Cardiopulmonary Bypass by Controlled Cross-Circulation (and Cardioplegia)
Average Flow Rates: 60-70 C.C./KG. Body Weight per Minute

Ex I.Weght ot ; Wt. ot 4 Toat How | Perrod of Cardio- .
Nqi. 1 recipient ! donor rate 0(" prrﬁfsmn plcgng Donor Recipient.
]_(»gf ‘ 7;-_1_(_&_“» blood /min. Min. {Min.a o )
% | 8, 7 Woce | 20 0 Survived  Survived
27 } 8 % 18 500 c.c. 23 16 Survived Sunvived
M 7 15 Wee | 28 20 Sunived  Survived
29 9 20 550 ¢.c. | 20 13 Survived ' Survived
30 10 .20 600 c.c. t 20 14 Sunived " Died tshock)
3t 8 18 500 c.e. ! 20 19 Survived . Died (late death
32 7 ' 16 490 c.c. 25 16 Susvived h Survived
33 65 15 . #W0ce. 32 22 Survived Survised
34 75 18 450ce & 30 Died late death Died brain damage
35 8 | 16 500 c.c. : 25 18 | Survived Survived
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Fig. 5

Carotid artery pressure tracing in recipient

dogs during total cardiopulmonary bypass

by controlled cross circulation with different
flow rates of perfusion,

dog during the perfusion using different
flow rates. The carotid artery pressures
~ were sofnewhat lower than the aortic
pressures.

The venous pressure remained fairly con-
stant during the different flow rates
provided that the exchange of blood in the
two animals was accurately controlled

(Fig. 6).

The plasma hacm(;globin estimation dur-
ing the different flow rates was noted. It was
found to be high (though not significantly)
in those experiments where high flow rates
were employed for prolonged period. Aver-
age plasma haemoglobin in majority of
experiments was 50 to 70 mg.9%, (Table 3).
The arterial pH did not show any significant
change as long as the flow rates were above
50 c.c. per kg. pet minute (Table 4). The
arterial oxygenation throughout perfusion
was excellent but the venous oxygen level
showed progressive fall as the flow rates were
lowered.

e

N

ARTERIAL AND VENOUS PRESIUAES 1N APCISTENT -8
‘..I’“«— . COMNTROLLED CROMBCINCOLATION.
. < 7 i A

o s
T aeras

Fig. 6

Arterial and venous pressure tracing in the recipient dog during total cardiopulmonary bypass by
controlled cross cireulation.

S-8
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Table 3 diastolic pressure during high flow rates
Total Cardiopulmonary bypass by controlled (Fig. 7). In majority of cases the animal
cross-circulation could easily stand to the sudden
alteration in the circulatory state which is
HAEMOLYSIS equivalent to creation of arteriovenous fistula
Flow rate c.c./kg. Plasma haemoglobin in the animal during the period of perfusion.
body weight. per cent, After using high flow rates (above 70 c.c.
20 10 25 —_ 35 10 53;.;." per kg. body weight) however 5 donor dogs
40 to 55 — 50 to 60 mg. went into a state of shock out of which one
60 to 70 - 50 to 80 mg. succumbed (Table 5).
75 to 100 — 80 to 100 mg.
. The venous pressure was moderately
Donor elevated during perfusion on particularly

During the present series of experiments
four dogs were used as donors on more than
one occasion. During one of the experiments
after a period of 15 minutes of cardiopul-
monary bypass the recipient dog died due
to uncontrollable haemorrhage from the
atriotomy wound. Another experiment was
immediately carried out using the same
donor and both the recipient and donor sur-
vived. The donor does not experience any
net loss of blood or gain of blood during the
perfusion as the pumps are set to return the
same amount of venousblood as the arterial
blood lost by the donor. The physiological
changes in the donor have been of slight
tachycardia and if at all a very minor fall of
systolic blood pressure and significant fallin

while using high flow rates.

Plasma haemoglobin estimation revealed
insignificant amount of hemolysis in most of
the donors. The maximum plasma haemo-
globin was 100 mg. % in the experiment
where high flow rates were used for prolonged

period. In majority of experiment it varied
between 30 and 70 mg.%,.

Post-operative bleeding tendency was
noted in no donor dog. Protamine sulfate
was not fonnd to be necessary in any case.

The arterial pH of the donor was not
significantly lowered during the cross
circulation and it was restored to normal
soon after perfusion.

Table 4
Totat Cardiopulmonary Bypass by controlled cross-circulation pH during Perfusion

Flow rate c.c./
kg. body weight
of recipient.

20 - 35cc. | 735! 715|738 | 736 | 715

40 - 53 c.c. 7:32 0 724 | 830 | 73} | 7-24

601070 cc.. | 730 0 724 t 729 | 732 | 7-24

75 - 100 c.c. 733 728 732 | 734 [ 728

|

Recipient * Donor

B.P. |D.P. | AP.|BP. | D.P. | Ap. | during perfusion.

Average variation in  Avcrage variation in
" pH of recipicnt pH of donor

during perfusion

7-35 0:15 10 023 01210020
7-32 0-07 10 015 00510 0-13
7-30 005 10 0:12 0:03 10 0°10
7-31 0-05 10 0-10 0:03 10010

B.P. = before perfusion.

D.P. = during perfusion.

A.P. = after perfusion.
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Table 5
Donor

' Arterial pressure Il\dcan - . o

ngyr:‘:llg l;ft |“Systolic | Diastolic ;;:g‘:c Heart rate Mortality | Complications
: 'mm. Hg | mm. Hg. | mm. Hg. .
75 - 100 c.c. 80— '!00 35-40 15— 20 | Tachycardia 20—30/mi}\. 2 Shock - 4
60 - 70 c.c. : 90~ t00 | 45-50 12-15 | Tachycardia 10-20/min. 2 Shock - |
40 - 55 c.c. 90-110 | 45-55 9-12 | Tachycardia 10-15/min. Nil Nil’
20- 35¢.c.* 90-110 ] 50-60 b9-12 l No change. Tachycardia Nil Nil
| 5-10/min.

SO

Il’ﬂl ;'."‘l DURING PERFUSION - . AFTER PERFUSION

ARTERIAL ARD VENOUS PRESSURES TN DONOR DoG i
DUAING CONTROLLED CROSS (I“MLAT‘DN . 4

PR |

Fig. 7

Arterial and venous pressure tracing in the donor dog during controlled cross circulation.

Discussion

Though the nature of the experimenta}l
work carried out has been of a very preli-
minary nature, certain observations made
have further enlightened us regarding the
potentialities of this technique of circulatory
bypass. The various tcchnical.dcta’ils were
very critically studied an&nodlﬁc‘d in order
to make this method technically snmplc,s.afc
and effective. The study of physiological

/

changes in both recipients and donors in the
present series of experiment using different
perfusion flows show that the most ideal flow
rate seems to be between 50 and 70 c.c. per
kg. body weight of recipient per minute in
order to maintain the recipient dog in a
well balanced physiological state, to assure
early recovery of cardiac rhythm and to
prevent brain damage and acidosis during
the period of bypass. During these flow rates
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the arterial pressure was maintained between
70 and 80 mm. of Hg. The myocardium
remained pink. The coronary A. V. diffe-
rence was good (Table 6). The cardiac
.rhythth was slow, regular throughout the
period of total bypass. With these flow rates
recovery after chemical cardiac arrest was
also rapid. During higher flcw rates than
these no particular advantages both regard-
ing cardiac action or regarding recovery
fromn anaesthesia were encountered. As the
flow rates were diminished below 50 c.c. per
minute kg. body weight the chances of the
animal to recover after cardiopulmonary
bypass became less and less. The arterial
blood pressure was lowered, the cardiac
action became poor with flow rates below
35 c.c. per kg. body weight per -minute.
Cardiac irregularities appeared. The coro-
nary A. V. difference was poor. The
recovery of heart after period of circulatory
bypass was delayed and uncertain. With
flow rates below 25 c.c. per kg. body weight
the cardiac action was feeble and the heart
became extremely irritable.

The biochemical changes during the
period of cardiopulmonary bypass also

clearly show that in order to prevent acidosis
in the recipient during bypass flow rates
above 50 c.c. were found essential.

In 35 dogs total cardiopulmonary bypass
- was established so as to exclude the heart
and Jung of the recipient from circulation
for varying periods by using controlled cross
circulation. In the last 10 experiments
cardiac arrest was induced for period vary-
ing from 10 to 30 minutes. Outof the 35
animals which were used as recipients there
were 13 morialities. Four occurred purely
due to technical 1easons (Table 7) (2 due to
air embolism, one due to atrial tear and one
due to pneumothorax following undetected
lung tear). Five were due to brain damage.
In 4 cases the flow rates were low and
obviously inadequate. In onc case where
cardiopulmonary bypass of 45 minutes was
established brain damage occurred, inspite
of adequate flow rates. Post-operative bleed-
ing tendency resulting into post-operative
haemothorax was found to be the cause of
death in 2 animals. In one case the animal
went into irreversible shock probably due to
inadequate reciprocal exchange of blood.

Table 6
Recipient
a : ; "
g !“5 g E . § g2 ‘ o '.5—; =§ ; 8 g'a’t 'Syswlit Mean
= ,;;_:’E £> 015y Cardiac | Cardiac ; Coronary | Eg.5T | EZZ | blood  venous
2d f% - g §<é é: irregularity irritability| sinus flow g £E s ; g-;f"" !prcssurr pressure
— pr=t 13 ! ' -] R 3
&= ?U E‘}U T g | ; v § % § smm. Hg. mm. Hg.
[ ! ! i B 1
20- 35/ Blue | Poor | Poor | Cupping of | Markedly| Insignificant’ Delayed ! Delaved, 30.50 10-15
{ : beats, nodal | irritable :
1[ ! rhythm, ;
' ! } ' paroxysmal, ! )
: ! { ‘ tachycardia, : {
| ! ete. ! :
t . i
40 - 55Purple’ Poor ' Fair  Fxtrasystoles | Itritable de. Delayed | Delayed 50-65 10. I8
| . ele. o
4 i i ' H
i : b . . § !
60- 70 Pink  Fair . Good: Nil y Nit do. Immedde Soon 70-80  i5-20
o | ; |
75-100 Very ' Good | Gmdi Nil : Nil Marked ‘lmmcdialc;'! Soon ' 90-120 15.20
pink | i ! ‘ | i
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Table 7

Controlled Cross-Circulation

Recipient Dogs (35)

Deaths - 13
Operative and immediate post-operative ... 11
Late post-opc’ra!ive 2
Pneumothorax (technical fault) 1
Atrial tear (technical fault) 1
Arterial air embolism (technical fault) 2
Brain damage 5
Post-operative bleeding tendency (hacmo-

thorax)
Shock o1
Unknown cause (late death) 1
Donor Dogs (31)

Deaths - 4
Shock 2
Air embolism 1
Late death (cause?) 1

In the work carried out by various workers
on cardiopulmonary bypass using cross cir-
culation on cardioplegia was hrought about.
So far in the present series chemical cardio-
plegia of 10 to 30 minutes was brought by
using 259, potassium citrate as the cardio-
plegic solution. During the period of
recovery gentle massage was given to the
heart. Within a period of 3 to 5
minutes the sinus rhythm was established in
all cases. The perfusion flow used during
theSe ten experiments was 60-70 c.c. per
minute per kggbody weight. No deliterious
effect of the cardioplegic solution was found
on the donor’s circulation.

13
In the 15 experiments where circulatory

bypass varying from 15t0 45 minutes was
established using flow rates between 60 and
70 c.c. per kg. body weight per minute, the
recipient dogs started breathing spontane-
ously within an hour of the operation and
became fully conscious within a few hours.
There was only one recipient mortality
during this series.

5.9

The physiological studies in the donor
during the cardiopulmonary bypass reveal
that the donor remains in a perfect circula.
tory state throughout as shown from the
insignificant temporary alterations in the
heart rate, blood pressure and venous pres-
sure in these dogs. The puise pressure is
increased during the period of perfusion but
it is instaneously restored to normal as soon
as .the perfusion is stopped. Provided that
the donors are healthy and they are sufficien-
tly larger than the recipient dogs they could
easily stand to the sudden circulatory change
caused due to the additional responsibility
of supporting another dogs circulation.
Outof the 31 donors there were only 4 deaths
(Table 7). In one dog death occurred due
to massive air embolism and was due to
purely a technical fault and was preventable.
One dog died due toirreversible shock which’
followed perfusion and wasobviously due to
the very high perfusion rate used to support
the circulation of another animal which was
just a little smaller than the donor. In order
to avoid this complication a choice of the
donor of adequate weight is highly essential.
The perfusion flow rate should be as low as
possible in order to maintain the recipient
in ideal physiological state. In the present
series the donor dog weighed between 15
and 22 kg. and the recipient weighed
between 6 and 12kg. It wasour observation
that in order to make this procedure of cir~
culatory bypass safe hoth for recipient and
donor an adequate difference in their weights
was highly essential. Our experience is too
limited to give accurate opinion regarding
the ideal disproportion in their weights. The
greater the disparity in the weight (conse-
quently blood volume) of the donor and
recipient the lesser was the risk both to the
donor and recipient. In one donor late death
occurred on the third post-operative day,
but no cause for death could be detected.
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Temporary period of shock occurred in 5
donors in those experiments where high flow
rates were used for prolonged period and
was probably preventable if larger donor
dogs were available. Majarity of the donor
dogs started breathing spontaneously within
a very short time of the perfusion. They
were quite fit on the follewing day of the
perfusion. There was no post-perfusion
bleeding tendency in any animal. The
biochemical changes clearly show that the
doner remains in an adequate physiological
state throughout the perfusion. Accurate
pre - and 'post-perfusion weighing did not
reveal significant gain or loss of blood

during perfusiom except in one experiment.

In order to maintain the donor in an
adequate circulatory state the donor should
be hypcrventilalcd prior o, during and
after perfusion in order to prevent acidosis
in both donor and recipients during the
period of bypass. It is highly essential that
100%, oxygen should be supplied to the
donor during the period of bypass in order
to assure a perfect oxygenation of both donor
and recipient. A slow 5% glucose drip was
found bepeficial to maintain  adequate
blood pressure in the donor during bypass.
Great care should be taken to return the
same amaount of blood to the donor as taken
away from him by adjusting the pumps

accurately.

The technique of controlled cross cricula-
tion provides a practicable method for
establishing a total cardiopulmonary bypass
and can be safely combined with chemical
cardioplegia in the recipient. The physio-
logical study during this procedure offers

sufficient testimony regarding soundness of
the procedure particularly when used with

higher, flow rates than those suggested by
previous workers.

Certain advantages of the procedure are
quite obvious. The enormous volume of
blood required for priming the heart lung
machine is not necessary in this procedure.
The extracorporeal contact is much less than
in the mechanical oxygenators and therefore
resulting hemolysis and bleeding tendency
is markedly less. The natural lung of the
donor is the most perfect oxygenator and
thus can maintain a very high oxygen satu-
ration of the arterial blood which is used for
perfusing the recipient throughout the period
of circulatory bypass. There is a great
advantage of this method as the difficulties
of maintenance of adequate oxvgenation
with mechanical oxyvgenation can be com-
pletely obviated. The method requires a
very simple apparatus. The flow rates once
adjusted rarely require any alteration
throughout perfusion.

‘There are however certain disadvantages
of this technique. One of the greatest
drawbacks is that it exposes another hcaI;h_\'
animal (donorj 1o at least minimal risk. In
our work it has been demonstrated that this
risk is minitnal even with moderately high
flow rates. This can be however further
diminished if the rate of exchange of blood
between the two animals can be further
reduced. Another disadvantage of this
method is that this method cannot be
employed to support the circulation of adult
animal as the flow rates available for main-

taining its circulations are very high and
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therefore not practicable. By reducing the method of controlled cross circulation in 33

quantity of flow rates of exchange this animals.

difficulty can be also further reduced.

(2) Chemical cardiac arrest varying from
10 to 30 minutes was brought about in the
recipient dog in 10 experiments. '

Summary
(3) Results of the experiments using

(1) Total cardiopulmonary bypass of 10 different flow rates have been presented and
to 45 minutes was established by using the discussed.
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INTERSEXUALITY

(with a case report)

A. N. RAZDAN, B. LAHIRT, USHA KEHAR and P. N. WAHI, Agra.

Advancement of the knowledge of sex
chromatin has aroused an increasing
interest in the subject of intersexuality: Sex
diversities have been classified by Stewart®,
under three major headings: (1) true
hermaphrodite, (2) pseudohermaphrodite,
and (3) chromosomal intersexes. In the
recent years it has been established that
each human cell contains 46 chromo-
somes™® and of these 23 pairs, 44 are
autosomal and two are sex chromosomes.
On the basis of anomalous chromosomal
assemblage in the zygote, many types of
intersexualities are explained. However, the
primary defect in true hermaphroditisin is
still not clearly known. The number of
cases of true hermaphroditism reported in
the literature is small and it is felt that the
report of this case with its interesting
findings will be an useful addition to the
existing literature.

Case Report

A boy of 15 years was admitted in the surgical
wards of the 8. N. Hospital on 8-5-1960 with the
complaints of swelling and pain in the left testis for
two months, and associated bilateral enlargement
of the breasts. His parents stated that at birth this
boy had a testis only in the right side of the scrotum,
the left side being empty. The inferior aspect of the
prepuce was attached to the scrotal skin and this
was corrected by operation at the age of seven years.,
When he was 13 years old a tender swelling appeared

in the left inguinal region near the external ring. -

Gradually the swelling increased in size and in
about three months’ time this mass finally occupied
the left comparunent of the scrotum,

Two months before his admission he sustained an
injury to the left side of the scrotum which increased
in size and became tender. The enlargement of the
breasts started after this aceident.

On general examination the boy was of normal
height and weight according to his age The penis
was well developed. Distribution of pubic hair was
of the male type. Axillary hair was present.  Both
the breasts were moderately enlarged. Apart from

this no other female sexual character was noticed
‘Fig. 1, 2, %),

Fig. |
The general appearance is that of a boy.
Penis is well developed and breasts are
enlarged.

Fig. 2
Showing the externa) genitahia is wel)
dr\r‘upfd,
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Fig. 3

Showing the enlarged breast as well as the
well developed external genitalia.

Local examination of the scrotum showed a
swelling on the left side, measuring §4 X 7 X 5 cms.,
oval in shape with a smooth surface and firmin
consistency.

Operation was done on 14-5-1960 under gcncral.
anaesthesia. The mass from the left side of the
scrotum was removed with the hernial sac. There
was a cord like structure attached to the upper pole
of the mass, which could be traced upto the base of
the bladder.

On gross examination of the specimen the organs
could not be made out. The irregular mass

8-10

Fig. 4

The irregular mass removed from the left

side of the scrotum which was histologi-

cally proved to be different parts of the
uterus and adenexae as labelled.

measured 13 X 6'5 X 3 cms, pinkish white in
colour and smooth externally. Cut surface showed
one greyish-white structure at the central part
measuring 4 X 1'5 X | cm, with a cord like struc-
ture at the upper pole. At the lower portion of the
mass there were a number of cysts, varying in
diameter from 0°6 cm. to 1°2 c¢m., containing clear
fluid or blood clot.

Microscopic examination of the sections from
different parts of the mass showed that the greyish
white structure was uterus. Section from this showed
both myometrium and endometrium (Fig. 5).

e P

Fig. 5

Microsection from the greyish white
structure, shows both myometrium and
endometrium. H. & E. X 52,
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Microsection from the one end of this structure
revealed cervical histology (Fig. 6). Ovarian
tissue was identified in the cystic area (Fig. 7),
and a fallopian tube was seen near the ovary

(Fig. 8). Section through the right testis showed
testicular structure (Fig. 9. Reconstruction of
this mass afier histological identification is shown in
Fig. 4.

Fig. 6

Microsection from the one end of greyish white area - shows histelogy of uterine cervix.

H. & k.

<L

H. &

Fig. 7

Microsection from the cystic area. One graffian follicle and ovanan stroma are wen.

E. > 150,

INTERSEXUALITY

Fig. 8
Microsection from the area near the cystic mass - shows the histology of the fallopian tube.
H. & E. X 52.

Fig. 9

Section from the right testis shows semniferous tubules. Spermatogenesis is absent.
H. & E. X 52.

283
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Discussion

The present case can be placed among
the rare cases of true hermaphroditism.
Strictly speaking the diagnosis of true
hermaphroditism should be based on histo-
logical evidences of the presence of bhoth
ovary and testis or ovotestis. In this patient
biopsy from the right testis shawed semini-
ferous tubules and the presence of Leydig
cells but there was no evidences of speg-
matogenesis. The well developed penis,
male type of pubic hair, general configura-
tion and distribution of fat were further
evidences of the presence of a functioning
male gonad. In the mass in the left side of
scrotum the presence of uterus, ceivix,
ovary and fallopian tube was established
histologically. Recently Rath® has reported
the descent of a well develaped uterus with
its appendages into a hernial sac in an
appareatly male subject. In the present
case the uterus and its appendages were
only discovered on routine histological
examination. Macroscopically the organs
could not he identified probably due to
their under developed and rudimentary
state and the trauma with the resultant
haemorrhage and adhetions had distorted
the picture.

It is as yet difficult to explain the
irregularity in the complex developmenial
process which leads to the formation of
both types of gonad in the same individual.
Various possibilities have been suggested.
Greene’ advanced the hypothesis that
genetic processes initiate the chain of

reactions which cause the difference between
male and female structures. When the
ovary or testis is determined it produces
hormones which cause the other hitherto

-undifferentiated organ to develop 1cwaids

masculinity or feminity as the case may be.
He suggested that the fault in persons with
separate ovary and testis is essentially
genetic but with those possessing ovotestis
the defect may be hormonal. It has been
shown by certain workers %7, in experi-
mental animals like rabbits or mice that if
the undifferentiated gonads of embryos are
removed they all develop along female line.
This might be due cither to an initially
feminine bias or 10 the action of maternal
oestrogen unopposed by embryonic andro-
gens. Grumbach and Barr* menticned
several examples of reversal of gonadal
development in vertebrates induced by
hormonal treatment. However these experi-
ments have not been able to throw light on
the etiology of human hermaphiroditism.

In the true sense, hermaphrodites st:ould
have active facundity both as male and as
female which is not possible in homo sapiens.
Hence it is thought as Crew' has suggested
that these conditions should better he
designated as cases of high grade of inter.
sexuality.

Summary

A case of hermaphroditism which showed
the presence of both male and femule
reproductive orgaus in the scrotum s
reported. Views about the cause of hermia-
phroditism have been discussed.
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ORTHOPAEDIC SECTION

CLINICAL AND EXPERIMENTAL OBSERVATIONS ON THE
PRODUCTION OF “MYOSITIS OSSIFICANS TRAUMATICA »
FOLLOWING ELBOW INJURIES* -

BY

M. L. GUPTA, Pondicherry.

The incidence of Myositis Ossificans as a
complication of injuries of the elbow follow-
ing treatment by local bone-setters in India
is fairly high, it is by far the commonest
late complication met with in fractures and
dislocations around the elbow, in cases treat-
ed outside an organised fracture unit. The
hone setters generally treat these cases of
fresh elbow injuries by single or repeated
manipulations and massage. However, it
has been observed that history of repeated
passive manipulations is not forthcoming in
all the cases which go on to myositis ossifi-
cans and the converse is also sometimes
true. It is one of the most serious lesions
since it brings about limitation of elbow
movements and even complete fixation of
the elbow by causing extra-articular anky-
losis which is a very difficult problem to
treat. Stift elbow on account of myositis
ossification is difficult to salvage by any
operation (Figs. 1 & 2).

Myositis ossificans or periarticular ossifi-
cation also occurs in injuries of the hip,
thigh and other joints but the incidence is
very much less common as compared to
that of the elbow. Why it peculiarly hap-

‘pens in cases of injuries around the elbow

and what factors contribute to the precipi-
tation of this new bone, remains a problem.

Experimental production of
Heterotropic Ossification

By experimental work some light seems
to have been thrown on the causation of

Fig. 1

Extensive Myositis Ossificans around the elhow.

heterotropic ossification. Bone has been
produced experimentally by ligation of the
vessels of the kidney and wrapping the
omentum about it (Sacerdotti and Frattin,
1902) and by transplantation of the mucous
membrane of the urinary bladder in the
anterior rectus sheath (Huggins, 1931).
Extra skeletal osteogenesis and chondroge-
nesis has also been obtained into the mus.
cles of rabbits by injecting alcoholic extract
of normal bone or of the callus from a frac-

ture in an animal of the same species
(Lavender, 1938).

*Paper read at the Summer Mceting of the Orthopaedic Section of the Association of Surgeons of

India in August 1961 at Ahmedabad.

S-11
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Fig. 2

Extra-articular (humero-ulnar; ankylosis
elbow due to bridge of myositis ossificans
in the triceps.

Theories of Genesis of Myositis
Ossificans

Myositis ossificans after elbow injuries,
has been known for 200 years or more and
much has been written about its origin
and pathology. Siuce it is a benign lesion,
and because any attempt at its removal in
its early formative stages is followed by ex-
tension of the process, practically all the
descriptions about its pathalogy have been
on the basis of radiographic findings or
after operations on the cases with consoli-
dated bone masses needing removal for
their mechanical effects. Hence, the exact
detailed description of the pathology and
histology of the early and successive stages
in the genesis of myositis ossificans is not
available. Varying and patchy accounts
have been given, and depending on this,
different theories about the origin of osteo-
genesis and mechanism of precipitafon
have been put forward. However, in essence,
all these theories fall in the following

groups :

(1) One of the theories of the formation
of myositis ossificans is that the osteoblasts

escaped from the adjacent bone and pro-
liferated into the muscles and laid down
bone in the muscle belly itself. In extreme
cases whole of the muscle may be replaced
by bone. Occasional x-rays are available
where the new mass of bone takes up the
shape of the lower part of biceps and its
tendon of insertion and is lying separately
from the main bone. (Fig. 3). These would
be the cases of true ¢ Myositis Ossificans ™,
that is, ossification in the muscle itself.

(2) According to another theory the new
bone formation is supposed to be nothing
more than the ossification of a subperiosteal
haecmatoma (Greig, 1931). This theory
has been very strongly advocated by
Watson Jones (1934) and it has been men-
tioned that this complication is most often
seen in children. However, from the study
of our cases we find that this complication
was more frequent in elbow injuries o
adults, i.e.,72°,. Insome cases, particularih

bag. 3
My it Ostticans 1o the Jower part ol
the biceps and st tendon.
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" following supra-condylar fractures in child-

ren where some degree of displacement
persists, subperiosteal bone formation is seen
in radiographs which is very much orderly,
forming in the confines of the periosteal
tube adjacent to the bone and finally con-
solidates to remodel the bone (Fig. 4).
This type of bone formation is not to be

confused with myositis ossifican. ,

(3) Yet another hypothesis is that the
new bone arises by metaplasia of the local
fibrous tissue. Normally in all the processes
fike embryonic development of bone and
repair of fractures etc. bone has been
formed from connective tissue. The fibro-
cyte, chondrocyte and osteocyte are pro-
bably derived from the parent connective
tissue cell called mesenchymal celi. Under
the influence of little understood factors,
different or at lcast allied type of cells can
be produced especially in the case of con-
nective tissue cells.

Fig. 4

Subpcriosteal extra bone formed in a case
of supra condvlar fracture to remodel
the fracture site.

(4) Virchow in 1894 postulated, and
others still believe, that there is a constitu-
tional or inherent tendency—a  Diathesis
Ossificans ”’—for the fibrous tissue to react
to injury by metaplasia in bone. This may
be more true in cases of Myositis Ossificans
Progressive which is not an allied entity
actiologically, pathologically or clinically to
the traumatic form,

(5) Still other factors like metabolic im-
balance (especially local calcium hyper con-
centration in the traumatised muscular
tissue) glandular disorders, changes in the
acid-base balance of blood (Sanders, 1955)
or local chemical factors acting as a stimulus
for the ossification in the Haematoma, have
also been thought important. However,
most of these theories have been already
discarded.

Material and Methods

'The main aim of this experimental work
was to be able to produce new bone corres-
ponding to the clinical * Myositis Ossificans
Traumatica’ so as to study the exact
pathology of this condition at the various
stages of its genesis. Also, if possible, to
have some idea about the different factors
and the mechanism of precipitation and
origin of this ectopic bone in the traumatised
tissues, thereby hoping to formulate the
ways and means to prevent the formation of
this bizarre bone. In the preliminary expe-
riments done at the Orthopaedic Depart-
ment, All India Institute of Medical
Sciences, New Delhi, the author had suc-
ceeded in the production of some bone
deposits in the elbow regions of the dogs.
Since coming to this Institution in Pondi-
cherry, the whole problem has been studied
in the guinea pigs and a total of 60 animals
have been experimented upon,

Mature guinea pigs with an average
weight of about 500 gms. (varying from
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400 to 600 gms.) were used. Under open
ether anaesthesia, postero-lateral dislocation
of one of the elbow regions of the fore-limbs
was done without open operation. With the
fore-limb short of full extension, by care-
fully abducting and adducting the elbow
the collateral ligaments were broken and
then dislocation could be easily created. If
due care is not taken, fracture of the bony
members, occurs and such cases were ex-
cluded from further study. Dislocation was
selected as a method of choice, because it is
said to be more commonly associated with
myositis ossificans clinically and also, it does
not bring in the additional factor of fracture
haematoma and the associated repair pro-
cess in the picture to complicate the inter-
pretations. However, occasionally bone-
chips were seen to get pulled off and theif
role in the formation of this ectopic bone

would be discussed later. After the dis'oca-
tion, passive manipulations were carried out
daily. These repeated manipulations were
done manually and without anaesthesia and
not very violently as in som ¢ of the cases of
the experimental group A. It was made
sure that the dislocation was maintained
and the false joint moved through the possi-
ble normal and abnormal range 4.5 times.

Serial x-rays were taken usually at weekly
intervals for 4 to 6 wecks, and later at six
to cight weeks intervals. The duration of
manipulations and the time after which the
animals were sacrificed, varied and the ex-
perimental observations were collected in
groupsasshown in the (Tables No. 1 &2). The
tissues so collected were submitted to Histo-
pathology after decalcification. Routinely
H. & E. staining was done, but in sotne cases

TABLE No. 1

Experimental Procedure done on Elbow—To Study Production of ‘M
‘ ‘ .
Total No. of Animals 60 yositis Ossificans

Group ’ Experimental Procedure Done No. of

S o o o ) Animals
A ! Joint Disloeated —No manipulation 5
Do —Manipulation daily till animal killed 14
Do —Manipulation daily with Violent mani i
P iy w anipulation under i
5
Do - -Haematoma aspirated after 24 Hours 9
Be ~ Joint Dislocated—~-Manipulation stopped after | day 3
Do — do do 2 days 3
Do — do do 4 days 2
Do — do do 8 days 2
C* . Joint Dislocated —Reduced at once-~No Manipulation
1
Do - do - -Manipulation Daily 1
Do ~-Reduced after 24 hour No Manipulation 1
Do - do

-

24 hours Daily Maaipulaton

*Further experiments under study.
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TABLE No. 2
Period after which the Tissues collected for Histopathology
Total No. of Guinea Pigs-60 :

Total Ne. of Guinea Pigs alive deducting number from
which Tissue could net be Collected-13

Total ’ 47

Sg(i)arl Time aftee Experimentation a!:(i,r;:;s
1 ‘ Just after dislocation 1
2 QOae week or less 5
3 l 0 2 weeks 3
4 i 3 to“4 weeks 5
5 | 4 10 5 weeks 5
6 ; 5 to 6 wecks 6
7 ! 6to 8 weeks _ 6
8 f 10 to 14 weeks 6
9 | 241032 weeks 4

10 [ One Year or over : 4
|

special staining like Gomorie’s was done to
know the distribution of alkaline phospha-
tase in the newly forming bone. Asa routine
more than one section were studied which
were taken at varying depth. In some of
the tissues serial sections of quite a big block
were studied in order to get a proper and a
three dimensional idea of the newly formed
hony mass.

Histological Observations

Normal.—The anatomy of clhow region
. * . . .
of the fore-limb in the guinea pig resembles
the human one very closely except that the
head of radius seems to be placed on a
more anterior plane rather than fully
lateratly.

Pathological.—1In the cases of experimental
posterior dislocation, the anterior joint
capsule was seen to get ruptured with the
attached anterior muscle mass (brachialis
and biceps) which showed laceration and

breaking up of the muscle bundles since
this was closely applied to the capsule.
Similarly the muscle fibres of the posterior
muscle mass (triceps) got lacerated for a
varying distance depending vpon the vio-
lence of the trauma and the amount of dis-
location obtained. The posterior haema-
toma was almost alwavs bigger than the
anterior one and extended for a greater dis-
tance up the shaft.

Following the muscle tear, the haemorrh-
age was organised by the characteristic for-
mation of granulation tissue and progressive
fibrous tissue replacement. This organised
traumatic haematoma also extended to
some extent along the inter-fibrillary con-
nective tissue in the deepest part of the
muscle mass which had sgrvived the lacera-
tion. The lacerated and fragmented muscle
bi\;r’lmés,'h};\bc'v'c‘r, exhibited signs of muscle
fibre degeneration in the form of swelling
and intense acidophilic staining with loss of
nuclei and striations and got replaced by
fibrous tissue.

About the centre of the organised granu-
lation tissue, the fibrous tissue cells present-
ed a more primitive appearance and formed
as a mass of proliferated mesenchymal cells
which were small with scanty cytoplasm
and dark staining nuclei. In some of these
areas of young proliferated mesenchymal
cells, we got multiple areas of endochondral
ossification which went on progressively
adding bone trabeculae as the cartilage
cells matured. Rarely, there was direct
bone metaplasia without going through the
stage of cartilage (Fig. 5 and 6). There
was a tendency for these newly formed can-
cellous bony masses to coalesce and also get
attached to the adjoining bone—mainly the
lower part of the humerus and sometimes
the olecranon process of ulna. These bony
inasses may, however, remain separate and
mature into coarse fibred cancellous bone
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Fig. 5

Enlarged phetograph ef the histological section shewing muktiple areas of new bone in
the posterior haematoma.

Fig- b

Low pawer microphotograph - staming nith

Gomoris teehnikjue) showing the progressive

changes of endochondral ossification from

Gihsous tissue into cartilage, inumature and
watics bone.

Fig 7

Microphotograph showing multiple areas of
disect weraplasia of Gbrous tmue iate by,
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Fig. 8

Enlarged photograph of histological section showing two areas of endochondral ectopic bone, -
one of which has a well marked area of cancellous tissue in the centre. These bony masses bad a
tendency to get attached to the subperiosieal bone formed along the posterior cortex of the humerus.

surrounded by the fibro-fatty tissue [Figs. 8,
9 and 10).

The bony tissue is formed more constantly
and as bigger masses in the posterior orga-
nised haematoma and less often in the ante-
rior. Sometimes there are two bone masses
opposite each other atiached to the lower
posterior aspect of the dislocated humerus

and the olecranon region with formatiou of

a pseudo-joint in between covered over by a
modified fibro-cartilage and joint space. In
none of the specimens studied did we get the

condition akin to extra articular ankylosis as
seen clinically. Also, no specimen showed
complete disappearance of the bone once it
was seen on radiography. The bone, how-
ever, became smaller, more mature and
dense on x-rays, with the clear outline and
most often attached to the shaft.

Besides this irrcgular bone metaplasia in
separate centres inthe proliferated mesenchy-
ma, there was also observed the orderlysub-
periosteal bone formation which was some-
times quite marked. This was almost always
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Fig. 9

Microphotograph of one of the areas in

Fig. 8 showing subperiosteal bone to the

right and the newly formed cartilage and

bone areas on the left separated by a little
fibrous tissue.

ossification in membrane and was in the form
of trabeculated bone of practically uniform
width tapering into a triangular area as
the laver was traced upwards and
extended usually beyond the limit of the
organized haematoma under the muscle
fibres. As mentioned before, the new endo-
chondral bone gets connected on the surface
of this subperiosteal bone separated by little
fibrous ussue (Fig. 9) or the trabeculae
become continuous with this and form one
or two big lumps on the surface.

Third tvpe of bone which has been rarely
observed was at the bonv attachment of 1hé
ligaments especially at the posterior lip of
olecranon fossa. This also, was usually foru-
ed in cartilage (Hyaline or ﬁl)m-r;n"lilagc;
and was very much limited in extent and
corresponded to the ligamentous ** calcifica-
tion ”—observed clinically in some of these
cases. It was observed only in three
specimens ont of a total of 47 swudied
histopathologically.

The new bone differed in torm and size
and was ill defined to begin with and there

were large irregular masses of it occupying
the whole of the traumatic haematoma. In
no case was the new bone found invading
t:hc muscles or the interfibrillary connective
t'lssuc. However, in some of the cases the
tfragmented muscle fibres which did’ not
d.cgcncratc and get replaced by the fibrous
tissue, were seen separating the bone foci
and gave the crroneous impression that
thcrc. was an invasicn of the muscles and
that it was a “ Myositis ossificans . It would
be better 10 term the condition as “Fibrosi-

tis  ossi ” i ’ i
. ﬁ.cans » or simply “Periarticular
Ossification.”

Histological and Radiological Findings
at Various Stages

No. {I) Tissues Collected after one werk.—
It was found that within one week there \;'as
evidence of subperiosteal ossification which
was young and immature as vet. The haema-
toma showed organisation and the smali
multiple areas of cartilage and endochon-
(?ral ossification appeared and even started
forming some bone trabeculae. In spite of

bw. 1o

Arcas ¢ ‘ 1

prea lyiflngu(-l:lrmr, coarv fibied cancellous

s m)[(}) e muscle bundles surroun-

e r‘.llly bssue. The dislocated
O humerus 1 seen 1o the right.
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the fact that some areas of ncw bone forma-
tion could be seen on histology, the x-rays
were uniformally negative, perhaps, because
there was not enough calcium to give a

shadow.

No. (2) Two to Three weeks.—The main
findings remained the same except that the
subperiosteal bone got more organised and
practically stationary. The areas of meta-
plastic bone became bigger but still showed
continued activity’of the ossification centres
and coalescing of some of the contiguous
areas. At this stage some fluffy shadows of
new bone were seen, mainly posteriorly and
sometimes occupying the olecranon fossa.
(Fig. 11).

No. (3) Four to Eight weeks.—The newly
formed ectopic areas showed maturity of
the bone foci, which tended to hecome
stationary and the fibrous tissue surrounding
it became further organised into hundles
with decreasein the total area. The x-rays

Fig. 11
X-ray print showing fluffy areas of new bone
formation 3 weeks after experimental dislo-
cation and passive manipulations in a
guinea pig.

showed well formed masses of bone (Fig. 12
and 13).

No. (4) Ouver Eight weeks to One year.—In
the tissues studied after eight weeks of experi-
mentation, the new bone was seen to get

Fig. 12& 13
Lateral and A. P. x-rays 8 weeks afier distocation. Two well forined masses of bone are visualised in
para-articular tissues.
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fully matured with concentric lamelle and
the spaces filled with bone marrow. Usually
the bony lumps, which may belying adjacent
to each other, got a covering of fibro-cartil-
age and formed a sort of pseudo-joint. This
specially happened in the bony masses where
one was filling the olecranon fossa and the
other was attached to the shaft .of the
humerus.

Discussion

Now the question arises what factor or
factors are there which start off or trigger
this bone induction or metaplasia of the
fibrous tissue which is formed as a part of
the granulation tissue to replace the
traumatic haematoma. What is the exact
stimulus  for ossification® Is it the
periosteum or the small broken bone
fragments which act as grafis and
proliferate to give rise to ectopic bone
or is there some change in the local or blood
chemistry of calcium, phosphorus and alka-
line phosphatase or some other change in
the environment of the proliferating fibro-
blasts which brings on this metaplasia > Some

of these factors were studied and the follow-
ing observations made.

(4) Role of Periosteum and Detached Liga-
ments.—There is no doubt about stripping of
the periosteum but the subperiosteal bone
formation is distinct and mcre orderly and
can be seen to have the limiting membrane
under which the new bone trabeculae form
by intramembraneous ossification. The other
hone foci are usually seen in the rest of the
fibro-fatty tissue cutside this area and also,
these areas are most often formed in endo-
chondral essification in the centre of fibrous
tissue and occasionally cartilage. Though,
proliferation of this fibro-cartilage was seen
near the end of ligaments but was not found
to be the one staiting the fociof bone in the
tissue in any of the sections examined.

(B) Role of Broken Picces of Bone and
Articular Cartilage—]t has been surmised that
the myositis ossificans is more common in
cases where there are small chipped off frag-
ments of the condyles etc., which act as
cancellous bone transplant. A study of the
histopathological sections was undertaken
witha view 10 assess the possible role of the
broken off picces of bone and articular car-
tilage. These were seen in 4 of the specimens.
No osteogenic or proliferative reaction
was seen around these fragments. In two of
these cases broken pieces of cartilage were
seen to be similarly lying inert.

(€) Tissue and Blood Chemistry  Studies.---
Sinee the description of important function
of alkaline phosphatase in new bone forma-
tion by Robinson and Soames (1924, the
role of this in the metaplasiic bone forma-
tion has been extensively discussed. In some
of the tissues staining with Gomoris techni-
que was done to see the distribution of
alkaline phosphatase in the newly developing
bone. It was observed that alkaline phospha-
tase was present only during the active
phase of ossification and only in those areas
of the fibrous tissue where the metaplastic or
subperiosteal bone formation was in progress
(Fig. 6). In fact this staining seems to be a
convenient method of finding out the new
bone foci.

Some authors have reported an increase
in the amount of calcium salis iu the blood
serum during the occurrence of met
of fibrous tissue into bone,
inorganic phosphorus and alkaline phospha-
tase studies were carried oug iy, some of the
experimental animals. A toral of 20 0bserva-
tons were made jn amimals <acrificed from
one  week o fourteen weeks  after
experimentation. The )
Table No. 3.

aplasia
Serum caleium,

findings are as in

It shows thay during the process of this

metaplasic ossific ation, serum calcium and
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TABLE
Estimation of Blood Chemistry in Guinea

No. 3
Pigs showing Metaplastic Ossification

. Se Alkaline
I i Serum Inorg. Phos. l:ll:m aiae
Time after  No. of Serum Caleium m
+ Experiment  |G. P.
‘8-4+ 9 From 1-3-2:7 A. U.
0-14+9 From [-8-4-0 mg. % :
Normal > i:g"::iglg ?41; mg. 9/0 Average 2-8 mg. % Average 1-8 A. U.
5 Average 122 mg. % Average 69 mg. % Average 52 A.U.
1—2 Wecks ‘ d |
ki 5 | Average 12°6 mg. % Average 6:8 mg. %, Average 7-2 A. U.
2—4 Weeks '
| Av e 12-1 mg. % Average 6°3 mg. % Average 4'3 A. EJ
1-—8 Weeks ... 5 | Average 12 e
Week 5 Average 113 mg. % Average 4'5 mg. % Average .U,
8-14 Weeks

phosphate ratio changes an‘d inorganif: phcl)‘s-
phates show a marked increase with t ;
increase in the alkaline phos[?halase, vt/hnc

to some extent comes down in the animals
killed after eight weeks. However, t?m
observations are too few to draw any definite

conclusions.

(D) Role of Reduction of 'I)islocatwn.l——
'I'h\crc wasa definite diﬂ'crt_:nc? in the ccl.lu anlr
reaction of the haematoma in the animals
where immediate reduction had been d?ne:
(Figs. 14 & 15). There were seen no oci
of new bone and cartilage, and }he ﬁb'rc)us
tissue showed more areas of 'fatty tissue
intermixed with endothelium lined spafe's-.
The subperiosteal bonc'was ft?rmcd msltntn0
mally or none at all. ThI-S was in contAra o
the cases where the dislocation was N
unreduced where even in the first one w;c i
we found evidence of the new .cndocho'n ra
bone foci appearing in the midst of young

mesenchymal cells.

(F, Aspiration of the Trfmmn!it llnt(r,r:la-
lrm;a.——ln some of the an'lmals of g:: alp-v
< A, the haematoma was ll'lf‘d to be z\'sP'l)rmlt
ed after 24 hours of dislocation. in) Ald ”
1 to 12 cc. of blood stained fluid cou

though no manipulations

aspirated. Even pon

i new
were done, multiple areas of

i ‘e1e seen.
formation and sul)prnosteal hone we

Since aspiration was done after 24 hour; a‘nd
only some oedema fluid with blood staining
could be taken out, it seems the blood h'ad
coagulated and infiltrated the sun"ondmg
muscles in the meantime. Also, the joint had
remained dislocated. Due to all these factors
it looks, aspiration could not de‘creaSC the
incidence of the new bone formation.

Conclusions

From the overall study of this experimen-
tal data, the main factor seems to be t.he
presence of an extensive haematoma with
tearing of the ligaments and. muscle fibres
and the separation of the periosteum due to
wide dislocation of the fragments: If this
haematoma is allowed to get organised, new
fibrous tissue develops, the cclls.of which
quickly proliferate and fo.rm. certain areas o'f
probably pluripotent primitive mesenchy-
mal cells which give rise to multiple areasof
endochondral ossification that later Cf)alese.
Some of these areas get continuonzs with the
subperiosteal bone and form into bon.c
masses which vary in size and shape. It is
no doubt an ossification in the lraum:'mc
haematoma but it is not wholly subperios-
teal as stressed by Watson Jones and other§.
To start with, both types of bone (subperi-
osteal and metaplasic) form though later on
one may become attached to the other. Of
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Fig. 14
Enlarged photograph of the histological section showing reduction of the dislocaticn. No arcas of
new bone were seen.

Fig. 15

Microphotograph of an area as seen in Figure 14 in the posterion Part of the hacmatota

Fibrofatty tissue with a big space lined by endothelium 15 seers
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course it is not a true ossification of the
muscles but only ossification in the newly
formed fibrous tissue which replaces the
haematoma and the degenerated muscle
fibres. The occasional fractured pieces of
bone and cartilage do not serve as the
starting point of this new bone. Major
precipitating factor seems to be that, if a
big haematoma is allowed to persist by
delaying reduction or is increased by passive
manipulations, the process is put in motion,
It is interesting to note that within the first
week the whole stage gets set for the forma-
tion of this ectopic bone, and later it is only
the maturation and consolidation of this
process. First few days after injuryseem to
be most crucial and any delay in the
reduction of the dislocation or temperance
with the repair process, as is perhaps done
by the local hone-setters by passive mani-
pulations and massage, we get a stiff elbow
with new bone masses around. Controlled
experiments to study the relative role of
these factors are under way as an extension
of this problem and would be presented
sometime again,

In the end, I would like to enphasize
that, although much has bheen learnt about
the genesis and development of boue in
normal and ectopic situations from clinical
and experimental observations (including
tissue culture and tissue transplantations),
still many fundamental questions remain
unanswered. In clinical practice the signi-
ficance of some of the experimental
observations is still unknown, but, once we get
results whose constancy contrasts with the
diversity of previous observations, the
significance should be great. This problem
of metaplasic new bone formation is an
interesting one and is of wider clinical
interest. Its solution, if it could be obtained

or even glimpsed, would be useful. If we

could fully understand the various local
cellular and biochemical changes which

S8-13

bring about the production of this bizarre
bone and are able to produce or interrupt
these at will, we would have reached another
milestone in Orthopaedics.

Summary

(1) Stiff elbow with myositis ossificans is
found to be the commonest late complication
following etbow injuries treated by  local
bane setters ”’ in India.

(i) New bone deposits corresponding to
the clinical ¢ Myositis ossificans trauma-
tica” were produced in guinea pigs by
creating closed dislocation of the elbow
region and doing passive manipulations
daily.

(iii) Under varying experimental condi-
tions, a total of 60 guinea pigs were studied
so as to know the exact pathology of this
condition at the different stage of its
genesis by means of serial X-rays and
histopathology in tissues collected from one
week to one year after experimentation.

(i) The bone was found to start as
multiple endochondral bone foci in the
newly formed fibrous tissue which replaced
the traumatic haematoma, and was distinct
from the subperiosteal bone which also was
seen to form. However, later in some of
these areas, the two types of bones coalesced
with each other.

(r) Role of the various factors like
detached periosteum and the ligaments,
chipped ofl bone pieces and articular
cartilage etc., in the formation of ectopic
bone foci was found to be negative; while
there was a minimal subperiosteal bone
formation and none of the ectopic type in
elbows where the dislocation was reduced
immediately.

(i) The main precipitating factor seems
to be the presence of a big haematoma if
that is allowed to persist by delaying the
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reduction ar the repair process is tampered
with during the first one week after injury
when the process is already seen to get set
in motion for both types of bone formation,
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PLASTIC SURGERY SECTION

RECONSTRUCTIVE SURGERY OF THE NOSE

RY

R. N. SHARMA, Lucknow.

The art of Rhinoplasty is not new to the
Indian Surgeons as it was being practised
with success in the days of Shushrata. Tt
scems feasible that the first Rhinoplasty
was done in our country if one believes in
the age old saying that necessity is the
mother of invention ; hecause according to
our Indian tradition depriving some oneof
his or her was supposed to be the best way
of punishment. The cut nose, therefore, in
our .country signifies a heneous crime
committedt by the individual for which he
or she, has heen awarded this punishment in
revenge. The midline forehead Rhinoplasty
that was first being practised is still perhaps,
by far, the hest method of nose rveconstrue-
tion. Whenever feasibie this flap can be
utilized for all the varieties of nose defects.

Author’s experience is based on astudy of
67 nose reconstructions that he has done
himself, from the vear January 1953 10
December 1960. Eighty-nine cases in all
were admitted to the Gandhi Memorial &
Associated Hospitals, Luckpow, of which 77
only underwent reconstruction. In 75
patients the reconstruction has heen com-
pleted, while two are still awaiting the final
stages of repair. During this study the sex
incidence has been worked out along with
the aetiology. However, this work will
mainly review the techniques employed and
their results in various types of defects,
Lastly, an attempt has been made w evaluate

the advantages, disadvantages, causes of

failures as experienced by the author and
their remedy.,

Sex Incidence

Out of the total cases of 89, 38 were
females while 51 were males. This surpri-
singly shows thatit is more common amongst
males in this part of the country rather than
the fairer sex, although it is a prevailing
belief that the incidence of cut nose is more
common amongst females. It was observed
that amongst females it is more common in
the vounger age groups i.e. between 18 10
31 vears, while no age is exempt in the
cases of males.

Aetiological Factors

In 89 patients, 74 noses were lost due to
criminal assaults of which 4 were mauled by
dacoits, while in the rest it was a revenge
due to personal animosities and jelousies.
Ont of these 74 cases, 42 were males and 32
females. Two were due 10 human hites hoth
females) while sharp instrtuments were used
for the rest. In 11 cases it was accidental
out of which 2 were as a result of avack by
bear. Two were post inflammatory the
nature of which could not he drﬁnilcl\'
ascertained due to poor information prm-idra
by the patients. One was leutic and in
another it was due 10 Lupus.

Varieties and Classification

Loss of nose has  been divided

. ’ into
following catagories Figure 1-A
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A. Total Loss—Loss of nose including

septum and the nasal bone in part or whole
(Fig. 3-A).

B. Sub Total Loss.—Nasal boneis intact
and there may be part of the septum
present. This may be:

(¢#) Symmetrical (Fig. 2, A, C, D) or
(i1) Asymmetrical (Fig. 2, E, F, G, H).

C. Partial Losses.—This has been further

sub-divided into— W
g e
‘(a) Loss of tipﬁvvg collumella ®
septum in part: ﬁ’ & \

(1) Symmetrical '(Fig.' 3,B,CG, D, E
(ii) Asymmetrical \Fig.” 3 F). ®

N

Fig. Z—Examples of Sub-Total Defects R
B, C & D : Examples of sub-total symmetrical loss. E,F,G & H: Examples of sub-total asymmetrical loss.

2o/ v ,
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(b) Loss of tip only with minimal or no ‘d) Loss of Collumella only /Fig. 4 E, F).
loss of lining (Fig. 4 C, D).
(¢) Loss of covering, lining or both {Not
(¢) Loss of ala - (i) Partial (Fig. 4A) or considered in this discussion).
(##) Complete (Fig. 4 B). Therefore their distribution has been as
follows :

Fig. 4
Fig. 3

Exampies of Partial Losses
Examples of Nose Defects

A : Partial alac lons
A : Total loss of nuse (incidentally B

1 Total alar loas.
includes loss of upper iip also),

C&D: Lo of tip only.
B,C,D& E : Examples of symmetrical partial

losses. E&F: Lots of collumelly *E' shows recon
struction from skin ot dossum ol the

F : Shows asymmetrical parstial loss. fitst web space of hand .
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Number
1. Defects of Nose Only of Cases.
1. Number of Total Loss 3
2. Number of Sub-total Loss 20
(a) Asymmetrical 6
(&) Symmetrical .. 14
All asymmetrical defects were
made  symmetrical  before
repair.
Torar 20
3. Partial Losses . 40
(a) Asymmetrical 11
(6) Symmetrical 21
(¢} Tip defect only I
(d) Alae defects :—
Complete 5
Partial 1
(¢) Collumella 1
ToraL ... 40
II. Combined Defects of Nose and Upper Lip (Sec Fig. 5) ... ., 8
(a) Total nose and upper lip 9
(b) Total noseand partial lip loss )
(c) Sub-total nose and partial lip loss 9
(d) Partial nose and partial lip loss 3
ToraL 8
Granp Torar ... 71

Methods of Repair Results and
Discussion

Out of the various methods described and
known for Rhinoplasty, the author has
mainly restricted to forehcad' flaps. Arm
tube pedicles and couple of pcdxcl'es from the
ahdomen were also used for repair.

In the earlier stages for total reconstruc-
vion of nose, abdominal tube pedicles were

wried while for subtotal or partial losses in

the case of females mostly, arm tube pedicles
were employed as most of them did not like
their foreheads to be spoiled. Lateral fore-
head, lateral temporal and sickle flaps were
tried in some but due to various reasons
all of them have been discarded and repair
by median forehead flaps (Indian Method)
was started. Now it has become the usual
routine in every case, unless there are any
contraindications.
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I. Repair by Distant Fiaps or
Tubes
{. Abdominal tube pedick.-achair by this

ases, and

method has been tried only in 2 ¢
that too for total losses of the nasc. Figure

6 clearly illustraies the procegdure. It was
experienced that repeated staged proceduires
were required. Tt was essential to put in
cartilage picces from the car to form proper
shape of the ala and an ‘1.’ piece was also
necessary in order to provide a bridge and
proper support. Trimming and further
thinning of the reconstructed nose was feht
necessary later. Although there was 2
reasonable shape ultimately but the colour
after all these stages was very dark and in

contrast to the rest of the face it was no
year or so

match. It does improve after a
but still it is never acceptable. Therefose,

no further reconstructions of noses were
planned by this method.

ason as has been described by

Dermabr
olour has not been

some for improying the ¢
tried by the author.

Amm Tube Pedicles were
tients of which one

2. Repair by
wried in a total of 16 pa
was that of total joss of nosc including the

whole of the uppes lip asin Fig. No. 3 A,
B. Unfortunately this patient did not turn
up for the next stage operation.

Seven cases of sub-total losses of noses were
structed by this method of which 2 had
defects, while & of them had
| defects. One of these had hip
defect also where both the upper Lip and
nose reconstruction Wwas tried by a single
arm tube pedicle flap in four stages. Al
these asymmetrical defects in sub-total losses
were converted into svmmetrical defects
before immediate reconstruction.  One of
them did not turn Wp for final repair a3

she was pregnant.

recon
symmctrical
asymmetrica

JO(TRN.\L oF SURGERY

Six patients weee wreated for partial losse:
of the nose of which four were symmetrica
and two asymmclrica!and they were borh
ed into symmctrital defects before
hese final repaif could not

nt absconded.

convert
repair. In onc of «

be done as the patie

In 13 Rhinoplasties, therefore, done by
od one was done as a second opera-
d flap had necrosed while
in onc primary reconstruction (Fig. No. 7;
the flap necrosed aftes the nose had been
reconstructed. If one secs her photograph i

this meth
tion as the forchea

pg 2

*'0‘ Q‘M Defects ol Uwr
Lip and Nes¢

we tron of tsoth planned by a tong

Exam

A& B: Recomn
arm pedi te.

I»‘,;."‘pl( of jow dur i

" pu-slhr\'u for the last three yoan

sull under  odernains No

dendd b autempued

terehy erade-

& upus. This Loy
wea .

Ind 117

reconsifot N

aniess the disease 18 comp

cated .
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i Fig. 6—Shows Steps of Total Rhisoplasty
By abdominal tube pedicke and castilage graft for 1be pose bridge and alar support:

o

B o s

Fig. 7
by an arm tube pedicie. Neexe
fized lor reconsiruction in a rev
ime bul there was some atresia ¢

wrong fixation of
four improved

wis occurred due to
erse manner, The €0
»f the nostrils,

Example of repaif of partial defect

the forearm. The same tube was wti
in dug course of t
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is obvious that the fixation of the Joreaim
to the forehead was wrong which resuhied in
a drag on the wube. The forearm if fixed
across the forehead with internal rotation
will produce this condition and one will have
to constantly support the tube against
gravity. This mistake was rectified in all
other cases by fixing the forearm over the
forehead and head and the hand resting on
the occiput with full external rotation at the
shoulder joint in that position (see figure
Nos. 9, 10 and 12). However, in this patient
the same tube was re attached to the nose
as a cover and the lining with collumella

was made afier detaching it ficm the arn..
‘This incidentally is the Italian Method while
the author has tried the reverse in all ie.,
to construct the lining, collumella and both
the alac first and in the last stage the flap is
cut and trimmed to the shape of thie defect
in the covering. Excepting in this case and
in one where there was little necrosis
{Fig. No. 8) that needed secondary suturing

near the base there has been no true loss of
the flaps.

The reconstructed nose in most of them
had been bulky when examined soon after

Fig. 8

Example of reconstruction from the arm tube pedicke of a partial defect. Nearois occured at the
corner, that required secondary suturing. Fll)al rtsnl_t was pleasing and the colour match was good
that improved in time.

RECONSTRUCTIVE SURGERY OF THE NOSE

Fig. 9

Example of nconstrﬁc(ion by ann pedicle. Immediate result shows a bulky nose.
Pe Colour improved lates on.

¥ig. 10 » .

v wi g w pedicle, ere

S e ing.| Itz;!?(:rr?<:ll":lnc lcn\'e.-ing skin

ol rﬂ“am‘cnr?ﬁ[:l‘d and the whole has been

has e lsa' rm skin, su as o reduce the

replaced o axx The whole reconstructed

“'lOllzf a:‘ra‘:al(; be bulky and darker. It
nox app improved in due course.

Yig. 11
Reconstruction of a defect due w0 some
disease in childbood. (Similar 1o a< in Fiy.
No. 10).The colour wasvery dark and hence

midline forehead skin had to be provided
{or cover,
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the repair but the over all results have been
pleasing. Colour match had been dark in
four patients (Figure Nos. 7, 9 and 10),
that improved after a year in three, but the
other one (Fig. 11) did not like it and had
to be provided with midline forehead flap
for cover. The colour difference in fajrer
females was not so marked (See Fig. No. 8
and 12). The size of the nose shrunk to a
reasonable and presentable size in a year’s
time. ¢ L’ shaped cartilage was not found
to be necessary in any of them. Some
atresia of nostrils resulted in two of these, It
produced breathing difficulty in  one
(Fig. 11}. Itis felt now that in all such cases
where reconstruction with an arm pedicle is
planned even in sub-total losses one should
sacrifice the original remaining portion of

4

the covering skin and replace it with single
flap. This would provide a nose of one
colour may be a shade darker than

the original one as shown in Fig. Nos. 10
and 2,

Reconstruction of noses by arm tube pedi-
cles so called the Italian method avoids
disfiguring of the forehead while the colour
match is not always upto the mark. The
skin in texture is poor and the reconstructed
nosc shrinks considerably in time. There-
fore, one has 10 plan a larger sized nose.
Cartilage support is not always essential but
as opposed o forehcad flaps it becomes
necessary to put a ‘L’ piece cartilage in
most of the total Josses of noses reconstruct-
ed by this method. Modelling of nostril is

}M"f,.*g - ‘.”’0- A

Fig. 12

Shows a complete reconstiuction wath sn arm pedicle, This
stressed in Fig. Noo 10, The bhulkiness reduces very much 1p -

brings cut vesy o learhy the puint
bne Course ol tune.
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supposed to be good by this method but the
greatest drawback is that the finally recon-
structed nose does never give the feeling of
a nose to a palpating finger as it would to a
forehead flap. Besides multiplicity or stages
that increases the period of hospitalization
of the patients, it means discomfort to them
due to prolonged immobilization of the
limbs and the head. In some instances these
patients experienced difficulty in inspiration
during breathing as the lining tends to fall
and flaps due to its supple texture. Hence
the use ofarm or other distant flaps should
be restricted for reconstruction of large
losses of nose or combined defects of upper
lip and nose, where it is not possible to
reconstruct the lip by local arrangements or
else, it should be used in a failed case of
forehead Rhinoplasty. Finally one can also
consider its use where patient is unwilling
for forehead rhinoplasty or where the fore-

head skin is not considered to be suitable

for one reason or the other.

¢ -

3. Post Auricular Flaps :—Post auricular
skin on a long tube pedicle in the neck is
supposed to be the next best choice but
here again due to limitations it cannot
be utilized for large defects particularly
of hoth lining and cover. This method,
therefore, has not been tried in this
series.

11. Forehead Flap Repairs

To avoid confusion in nomenclature they
have been labelled as given in diagrams
(Fig. 13-17).

1. Lateral Temporal Flaps.—Total rhino-
plasties were not tried by this method. Out
of 4 cases of sub-total losses repaired by this
method one had asymmetrical defect that
too was converted into symmetrical at the
time of repair. Only one case of partial
symmetrical defect was reconstructed by
this method.

Fig. 13 Fig. 14 Fig. 15

Fig. 13—Plan of Rhinoplasty with lateral forchead flap.
Fig. 14—Plan of Rhinoplasty with lateral temporal flap.
Fig. 15—Plan of Rhinoplasty with midline lateral flap.

$-15
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G m...-

Fig. 16 Fig. 17

Fig. 16-Plan of reconstruction of nose with sickle flap.
Fig. 17-True median flap for nose reconstruction,

Therefore, in a total of 5 rhinoplasties
done by this method one was reconstructed

by Gillis method (Fig. No. 18) where nostrils’

are already formed and given a shape by
implanting alar cartilage with auricular
skin attached as free composite grafts at, the
first sitting. Author has limited experience
of only two such rhinoplasties and is not
impressed very much by the results as the
final nose is rather a flat one because the
septum cannot fully be made with a full
collumellar height.

In the rest the results have been good
(Fig. No. 19). In all of them the forehead
scar that was covered by a split graft was
not very pleasing or satisfactory besides the
fact that there were two parallel scars run-
ning in the hair lines. Further when this
long flap is slided to the nose it tends to
pull  the reconstructed nose down
(Fig. No. 20) along with gravity and has to
be lifted or supported all the time. As
advocated by some its use being made for
reconstruction of the complete alar losses
does not sound to be reasonable when other
simpler methods are available.

2. Lateral Forehead Flaps.—Only one rhi-
noplasty was planned by this method for
sub-total symmetrical loss (See Fig. No. 21,
where a cartilage ‘L’ piece was put in the
final stage. Although a good small, pointed
nose is formed but it is too small in size and
the greatest objection is, the big area of
defect on forchead covered by split graft
which is not satisfactory.

3. Sickle Flap.—Repair was done in 5
cases by this method (See Fig. 22) of which
3 were sub-total losses, while in 2 cases it
was partial loss only.

Results invariably have been fairly good
in so far as the nose was concerned but 1he
forehead did show a patch of grafied skin.
Besides this the sickle flap is 100 bulky
although it avoids unnecessary scarring and

Fw. 18

Saows example of repatr with lateral
tempotal lap by Gillis methond.,
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produces only one scar line in the hai.r line
that is easily hidden in the hairs. This can
safely be practised in those who have big
non-hairy area on the temples and where
the hair line in the middle of the forehead
comes closer to the eye brows.

4. Midline Forehead Flaps or Median Rhino-

plasty or Rininoplasty by Indian Method.—
Thirty-seven noses have heen reconstructed

Fig. 19

. . |
shows final result of repaif with latera
Show 3

¢ in two patients.
temporal flaps m two p

by this method. Therefore, their results will
be discussed defect wise.

A. Total Losses

Two total nose reconstructions were done.
In the very first case there was necrosis of
the lining. The reason was a bad planning
i.e. 100 much of lining was paid in and the
covering was a tight fit. This strangled

Fig. 20

Illustrates the disadvantage of using lateral
temporal flap that produces unnecessary
drag on the reconstructed nose.
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Fig. 21

Example of lateral forehead flap Rhino-
plasty ; * L° shaped cartilage was used for
the bridge of the nose.

some of the blood supply. It was, however,
saved by putting in free grafts from the

arm,

Fig. 22

Examples of Rhinoplasty with sickle flap.

The other patient had lateral 1,3rd of lip
loss that was repaired by rotation flap but
the nose reconstruction was excellent.

B. Sub-Total Losses

(a) Agymmetrical.—Two cases were recon-
structed. They were all converted into
symmetrical defects. In one (Fig. No. 11) it
was simply used for cover as the nose recon-
structed from arm tube was black.
(Fig. No. 23) illustrates how big and long a
midline flap can be designed and used for
big reconstructions. Forehead triangular
defect goes mostly in hair line but a part
that remains on the forehead can be avoid-
ed by planning rotation flaps.

(b) Symmetrical Losses.—Five reconstruc-
tions were done for this defect. Fig. No. 24
shows a case with partial lip defect that
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was repaired by local readjustment and
auricular graft. Nose result was excellent
and the forehead scar was also very good.
Figure No. 25 and -26 also show excellent
results obtained with this method.

C. Partial Losses

(a) Asymmetrical.—6 cases of partial losses
were repaired by this method. Of these
four were made symmetrical before repair.
One of them is shown in Fig. No. 27. In an
another patient as in Fig. No. 28 it was
cut to fit the plan, in whom local re-arrange-
ment and a composite graft from ear had
failed on previous occasions. Theresult was
satisfactory. In athird case of asymmetrical

Fig. 23

Illustrates a big sized midline forehead flap
I:rought on a narrow pedicle.

S-16

defect (Fig No.29, A and B), the plan rever-
sed, however, enough skin was available for
re-fashioning it. The result here too was
fair, In all the rest of the patientsthe result
has been excellent (See Fig. No. 29,
C and D).

(b) Symmetrical.—Fifteen  rhinoplasties
were done by median flap. Two cases had
additional lip defects. In one (Fig. No. 30)
lip was repaired by Abbe flap and the nose
by midline at the same stage.

Flap necrosed only in one case in whom
the same fault was committed as in che first
case of total rhinoplasty done by this
method. Therefore, the nose was finally

s, 24

Midline Rhinoplasty for symmetrical nose

defect and partial defect of the upper lip

that was repaired by local arrangement of
tissues and a post auricular graft,
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made from arm tube pedicle. Figs.
Nos. 31, 32 and 33 show some of the excel-
lent results.

In thirteen cases, therefore, results were
excellent in all except in one, in which it
was good.

(c) Alar Losses.—Five cases of complete
Alar defects were repaired by midline fore-
head flaps. The result was invariably excel-
lent in three and good in two cases. Fore-

head Scar left a liner line (See Fig.
No. 34;.

(d) Defect in the Bridge.—Only | case
came in this category who had intact alae,
tip and collumella., Both lining and cover

were provided by midline forehead flap
(Fig. No. 33).

Fig. 25

Show:_s some of the excellent resulis by
midline forchead Ruinoplasty.

Note : No cartituge support has beey,
necessary in these cases,
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Fig. 26

Another rxample  of midhine furchead
Rhinuplasty with excellent result.

bwg. 27

Same as 25 and 26. This patient insisted on
preraing of left ala for weanng orpaments
and she casily could cover her forehead sat

by parting hes haies in different st le

by 28

Repasr ot parial savmmetncal defect b

wadhoe flap devigned 1o Bt the defect.
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Fig. 29

. ) cal
repair of partial asymmetrica
I“;:;::::sutili‘;ing midline forehead flap.

In A) B. Tae P

Shows repaif of
upper lip an
was done by

repaired

lan got reversed (See text

for details).

Fig. 30 ‘
combined dc_l‘a;l of the
d nose at the same §|llmg. L\p
Abbee Flap while nose was
i by midline flap.

Fig. 31

Some excellent results of midline forehead
Rhinoplasty for partial symmetrical defect.

‘Therefore, in a total of 37 midline rhino-
plasties the forehead scar was lin.cr and
very pleasing in all the cases except in 5.out
of which at the top there was a small trian-
gular defect in 2 cases only that healed by
scarring. The patients were very happy and
did not bother as it could either be covered
in their head of gear (Topi) or it could be
hidden under the hairs. Only in 3 cases free
partial thickness grafts were put in.

6. Repairs by Midline Lateral Flaps.—In
+4 patients the midline flap was short in
length, therefore, it had to be diverted to
one side. There is no special advantage in
this method as compared to the lateral
flaps excepting for the fact that to some
length the scar can be closed in one line
ins{cad of two scars and that the rest of the
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Fig. 32

Again shows some of the excellent results of
forehead midline Rhinoplasty.

area has to be covered by a free graft. One
was sub-total loss with satisfactory result.
In this case too the lining necrosed due to
some bad planning. The resultant nose was
smaller and shrunken. The same flap was
caterpillared and paid in to make good for
the loss thus giving a satisfactory result
(Fig. No. 36). Two were partial asymmetris
cal losses in this group the result was good
in one and in the other it was pleasing
(Fig. No. 37). The last patient (Fig. No. 38)
had partial symmetrical defect with pleasing
results. This patient came to ns with a
rhinoplasty tried somewhere else. The skin

was completely hairy. As an experiment
epilation dose of radiation was tried. Then
the nose was reconstructed with the same
flap after suitable interval. Post-aperatively
epilation dose was repeated. The result
was pleasing. In all excepting in one
case forehead had to be covered with
graft and the rest all healed by scarring
that could be covered Ly hairs.

Fig. 33

Same as above.
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Forehead flap in general gives by far the
best results because of good blood supply,
is easy to migrate and its use avoids pro-
longed immobilization of arm or head. It

usually moulds to the shape of the nose,

Fig. 34

Shows excellent resulis of reconstruction
of pariial or complete alar losses with
midline flaps.

Fig. 35

Shows reconstruction of the losses of lining
and cover both in the body of the nose.

S-17

therefore, cartilage supports are not really
necessary (done in only one case in this .
series Fig. No. 21). One can plan a broader
flap based on even a narrower pedicle. It
has been said that the skin of the forehead
is rather thick and does not fold over nicely
to form the alar rim ; but it has just been
the contrary in the author’s experience.
It may leave unsightly scars on the forchead
that is covered by poorly matched split
thickness free grafts. This is more so visible
in the case of males while females can
always cover the region of the scar by

Fig. 36

Example of repair by midline lateral flap
owing to bad planning, size of the lining
flap was bigger than the cover in breadth,
that lead to partial strangulation and loss
of lining, resulting into a shrunken nose. The
remaining flap was caterpillared and was
utilized at a later date to increase the size
of the nose.

Fig. 37

Examples of repair by midline lateral flap
with pleasing results.
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changing their hair style. Scarring can be
minimised by using sickl| i
ead Ao, g e or median fore-

Forehe: aps i
) .cllwad . fiaps ‘ have their limitations
particularly if the forehead is very narrow

Fig 8

Repair by Midline Lateral flap downe
somewhere else

Shows that the

Surgee . .
put ot of hairy gron only trged 1, st

the nose s as 1 skin ol the forehead over
done of roat W gne a bulk and epilation
flap as an ¢ aen was given 1o the vame
‘o the Pallc:npﬂ;";rm which was tritaed
The fl f’ defect i LYY P .
a stages later,
P survived exposures g, r.nl\;u....'.
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,O‘:‘,r:l.l:as.k"'l required for the coverage is not
; iry. 1t has been feke that the hain
;kn'\ ('.a‘n, be utilized for the lining and a
lf): :li;":a:“l(hc c.(’““"'cu“ or even over
Doubts  have )cb epilated by the patienis.
Surgeons rega d_“'l .CX[)rrsscc'j by some
in the re\."i :j.")g 'h;nr's gro‘\'lllg upwards
author’s expe .lrcc“u" inside the nose. In
trouble on ‘f:"ncncc no one has had anv
at account so far,

ln(l;i:;:‘a;?c:)h);,:jhcfm('di?" _""P so called the
method. One of repair is by far the best
broad pedici "f one i.\l\d a half inches
between thec':-s b(a“ casily be planued in
4s one asccn:;c rows a'.‘d the flap broadens
into the haij o [‘;\'rn it can be extended
o ¢ hair line for purposes of providing
ming. Question of nonviabiluy can be
settled by following « ser PIO('rdu'n. '," firet
cu the flap according 1o plan, and .5' { ‘r
!in:k bleeding from the ¢ut ;duﬂ. Rr::m'z’r
’lflt;nre:)r:gi}: 11::0- bring it 1o the site of delect.

' 110D one can {urther lengthen

i by e : .
voextending it 1o the root of the nose

;?'.nmg outwards. 11 the twisg is ught, one
(d.“ cut across at its base to one side. \\"hcu-
ever during this manoeuvre i there s
slightest doubit the flap can be re-stitched
and delaved on the forehead e

Ano wean ;
"wuw;h.cr wreat advantage of repast by thys
is that the blood loss is u.inim‘al 9]

negligible ¢

i f 14 dle s tﬂmparcd to ather twpes ot
chca '

(¢} d ﬂ.ﬂps. it Can even be pr.u‘lisrd

U"dCI ”l' “ [§1] [¢) € thac \‘h( Ma.
Hiration ’ ' 3¢ II 131
o DRIN]

Biood s nen necessary  fog
neither there j un\’.
anacsthesiy,, '

transfusion and
need tor by potensive

This ca i
t * ot
teusihy be employed on a patient

who cot b g
Nes wathin first 24 hours of nose cut

and t
§ hus he goes out of the hurspital with a

NEW NOSE 11 3t 4 weeks Gine

l':X(l' )(i »
the 'UI: n'L tos VEIN nartow fulrhrud tor
o K R
wes mnnd miudline forehead thioe

plasty s the avswer for all Wpes of major

REC

defects both in males and females. A sing.lc
scar in the forehead can be giv'en even in
the upper part by either stitching in the
hair line in ¢ V’—* Y’ fashion thus further
advancing it forwards or else the flaps can
he rotated from cither side.

1I1. Repair by other methods
Composite chondrocutaneous grz.\fts-—-
have been used in 2 cases only.' to repair the
defects of tip in on¢ and patrtlal alae defect
in the other with fairly satisfactory results.

(d) Tube Pedicle from the dorsum.of first
wc\b space of the hand has heen %rled for
defect of the co]lumc\la.in anc patient only
with good result (See Fig. No- 4E,F).

JAY
&)

IV. Prosthesis

one case repair of the lip and
deferred due to actve Lupus
and prosthesis given

In ouly
nose has been
of the face and
{Fig. No. 5, D)-

nose

bonch‘xsions

1. Sixty-seved col . )
various Lypes have been discussed.
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2. True failure of primary repair occur-
red in three cases-two belonging to forehead
flaps one median and the other midline
Jateral. One arm tube pedicle failed. Causes
of their failure have been discussed.

3. Repair and their results by various
techniques used have been discussed with
their advantage and disadvantages.

4. Midline forehead rhinoplasty or re-
pair by the Indian method is recommended
wherever and when-ever possible as first
choice for rhinoplasty.

5. Other alternatives have been discussed.
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RECONSTRUCTIVE POSSIBILITIES IN EARLY
REPAIR OF HAND INJURIES

RY

C. BALAKRISHNAN, Nagpur.

The most important decision to be taken
at .thc primary definitive treatment of
serious hand injury, is what to keep ::m:fll
what. to remove. This decision has fa
reaching consequences. Removal is an irrct
vocable step. No subsequent reconstruction
can be as good as building on what could
havc. been preserved at the time of primary
rapair. But the removal of wreckage with 1 :
real reconstructive value is necessary to in
th'c valuable advantage of carly' hcagl?m
with quick restoration of function in the l::

maining units of the hand (Fig. 1). Salvage of

seriously injured parts of the hand involves
a long programme of difficult reconstructive
::‘;gcr).'. A't the end of it all, the reconstruc-

units fall short of the normal in function
and appearance. During the time taken by

Fig. I-a

Kl
“:l:.. l'——K. LM, 20 R, Hand.
'Rits except the hide fingey, p

Fig. l-a—- Sev
2 lI a-—-Revere cninh injary of
ater, after removal of 3]
skiu graft.

Fig. 1-b and 1-c - Result 3 werks

all wr

cckage with no salvage value

Vi;:‘l(;us of the repair plan the hand as a
:;;c(::isc:::o‘_ bchaclivcl‘v exercised, and
e impairment of function in the
Undam.aged units also, Some of this impair-
ment is liable to pass from temporary 10
permanent status. ’

"c']a‘::i::a(:‘r be ho brinkenanship in the
et a serious hand injury seen
Wl(h'u.\ the first critical six to twelve hours.
Decisions.cannot be shelved, because wounds
pass from the relatively favourable stage of
rc‘muvablc contamination to the more
d}:m{f“h phase of established infection. In
:m:] ‘::'::i'r“:gc, aflcq uate cleansing, excision
ey an give good primary healing.
I‘hxs.csscmial first objective is far less
certain after established infection. If primary

XY 3 B

1 :nm:u\ elesure of wounds 1 houes
w o thumnh aecded o« cwall shert

later, Guad tune tion

RECONSTRUCTIVE POSSIBILITIES IN

healing fails, vulnerable structures like
tendons and joints may suffer secondary
damage and gross functional impairment:
Early repair under propet conditions can do
much to protect and preserve these struc-
tures which contribute most to useful
fuhction in injured hands. Time js therefore

precious in this type of work.

ured hands which come late

Badly inj
ty of estab-

with the possibility or certain
lished infection are difficult cases for salv-
The chances of success are
poor, but they should nevertheless be taken,
if the alternative would be to lose the hand,
or to leave it as a functionally poor append-
age. We have reconstructed three thumbs
out of such wreckage, and the results have

been encouraging (Figs. 3, 6, 7).

age procedures.

The absolute indication for amputation
is death of the part. As gangrenc soon
follows damage to the main vessels, this in-
jury is often accepted as an indication for
amputation. But wounds of large sized
vessels can be sutured and the divided ends

]

BT O - -

tig. 2-a

Fig. 2.--D.B. P.. M, 25,

the bases of all me
connections re

ry through

Power Saw inju
h polythene tube

Fig. 2-a '
hours later wit

repair 6
Fig. 2-y—Result 6 weeks later.
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The thumb was lost,

of small arteries can be connected by poly-
thene tubes to restore circulation for two or
three critical days at least. The repaired or
canulated vessel may thrombose ultimately,
but collaterals can be induced to open up:
in the main time, and the extent of death is
minimised. This simple salvage procedure
deserves to be considered in all early repairs
of badly injured hands. In one case worth
recording, a high speed power saw had cut
through the proximal part of the palm,
dividing all vessels, nerves and tendons on
the radial and volar aspects and going
through the bases of all metacarpals.
(Fig. 2-a). The hand appeared obviously
non-viable. Only the extensor tendons, veins
and skin of the dorsum were intact. Circu-
fation was restored by polythene connec-
tions from the ulnar and radial arteries to
the corresponding cut ends of the superficial
palmar arch. The hand survived, except for
the distal two thirds of the thumb which
had no intact arterial connection to the

palmar arch (Fig. 2-b).

o e Y g
;
A
t
%

Fig. 2-b

R. Hand.
racarpals dividing all artertes. Primary
storing circulation.

but the rest of the hand survived.



R4 THE INDIAN JOURNAL OF SURGERY

Skin Loss

The most common finding in serious
hand injuries is skin loss. More hands are
crippled by the secondary effects and com-
plications of skin loss than by all other
causes. The repair of skin loss is relatively
easy, but the necessary plastic surgical pro-
cedures bave to be carried out decisively
and early to obtain all possible recovery of
function. The methods available are--

1. Split skin graft.
Wolfe Graft.

g

3. Local Flap from the immediate vici-
nity of the defect.

4. Filletted Flap from a digit which
cannot be saved.
5. Cross Finger or Palmar Flaps.

6. Abdominal, or pectoral flaps.

All these methods have their advantages
and limitatious.

The first four are single stage procedures
listed in order ol simplicity. Split skin grafts
and Wolle grafts are not satisfactory over
exposed joints and flexor tendons. On
the dorsum of the hand, split skin grafts
gencrally do well, but on the palmar aspect,
and in the webs, they tend 1o contract and
need considerable after care ou this account.
Wolte grafis do not contract, but their take
15 reliable only when the size is small, and
the recipient area is clean and vascular,
Local flaps are usetul to cover small defects
over vulnerable structures like tendons and
juints. They are so planned that the second-
ary defects left on shifting them are at
convenient sites and can be covered by split
skin grafts, without leaving scars or tendon
adhesions which Hmit funciion. A filletted
flap is usually from a digit so damaged that
vemoval is necessary. It is useful to cover
defects in the adjacent part of the palm. Tt

it does not survive, the primary repair fails
badly. Careful assessment of flap circulation

and generous trimming of doubtful areas is
therefore essential.

Flaps except from the immediate vicinity
of the defect involve two operations at least,
and a period of immobilisation between
them. Palmar and cross finger flaps are
often followed by stifiness of the finger
because of immobilisation in positions of
strain for the joints. These flaps arc useful
only for small defects of the tip or volar
aspect of the digits, and such defects can be
cflectively covered in many cases by Wolfe
grafts or even by split skin grafts. Flaps
from the opposite forearm are sometimes
tried. but it appears unnecessary to tie up
both upper limbs when simpler methods
are available. Extensive skin loss usually
needs an abdominal or abdomino thoracic
flap. When such flap cover is provided
without delay, exposed tendons and joints
have good chances of recovering useful
function. In severe crush injuries all deep
tissues are considerabiy  devitalised, and
circulation in damaged vessels is critical,
or liable 10 become so by thrombosis. A
primary abdominal flap not only restores
skin loss, but also brings a new hlood sup-
ply 1o the damaged part, helping devascu-
larised tissues 1o survive Fig. 3.

In late cases established intection has o
be controlled by gentle but thorough cleans-
img and by anobiotics for 12 10 24 hours.
Proper wound toilet and cover by an abdo-
minal flap can then be undertaken Fig. 7 .
Some necrosis ol exposed bones and tendons
may have taken place alieady but fusther
loss is minimised by the viscular flap cover.
Recovery of movement is unlikely n cx-
posed joints covered late in this manner.
Such jomts should therefore be held in the

pusition o best function dusing the Lealing
peviod.

Fig. 3-2 Fig. 3-b

Fig. 3c Fig. 3-d

Fig. 3—E. L., M, 35. R. Hand.

Yig. 3 Sevcre crush in a cotton mill. Comminuted fractures of phalanges with cotton plugs wedged
Hie b:l‘ween fragments. Rupture of cxtensor expansions on index, mid and ring fingers.

i i : i nt, setti ’ ai <tensor apparatus
H Jy— repair 8 hours later: Debridement, setting of(r_acturcs, repair ofexA 1
Fie: Snlzl cfer;[tl;"gx:yof : surgical syndactyly between the three injured fingers to facilitate cover by

abdominal flap.

Fig. 3-c, 3-d—Abdominal Flap to restore skin loss.

¥ig. 3-¢

Fiz. 3-f

Tig. 3-¢ Abdominal Flap to restore «kin loss.

Fig. 3-f Result after separation of the fingers {(1D-87)

Salvage Possibilities
Sahage proccdurcs depend on two posst-
Sa
bilities :— '
1. Survival and revascularisation of
reserved n stlu o1
us tissues P
autogeno

. cd. F()lt . . ; .
gr‘:iﬁ Jaced in close contact with a vasculai
and pid

bed, free from infection.

his the tissue must be viable,

B. Tolerance with subsequent encap-
sulation or colonisation by host tissues of
implants other than viable autografts. For
such tolerance, the field must be free of in-
fection, and the implant incapable of excit-
ing strong immune reactions leading to
extrusion. Vascularity of the bed is of no

particular advantage, except to deal with
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initial infection at the site, where cqlonisa-
tion of the implant by appropriate host
cells is not possible, absorption may be
hastened by a.rich blood supply at the site.
Immune reactions are also more marked in
vascular fields.

From the point of view of survival, if
viable, and of tolerance, if dead, the skele-
tal core of a digit has good salvage poten-
tial. This is of the greatest practical value
in the case of a detached thumb. Its skele-
tal core is dissected out and reattached to
the stump and vascular skin cover is pro-
vided by an abdominal flap (Fig. 4). The
result is good when the skeletal implant
survives and revascularises retaining some
joint mobility. If the implant is merely
encapsulated with complete stiffness of the
joints, the result is still superior to late re-
constructions with nothing of the original
thumb to build on. Sir Harold Gillies
emphasised the great value of this primary

Fiag. $-a e Ig. 4-b

salvage procedure. We have extended its
scope in a case where the crushed remnant
of the thumb left nothing to salvage (Fig. 5).
The index finger was also crushed through
its base, and non-viable, but its distal two
phalanges were good enough for salvage.
The soft tissues were dissected off, and the
bones with the intermediate joint intact,
transplanted to the thumb. Under the pri-
mary skin cover provided by an abdominal
flap, the transplant remained intact for
some months, but showed almost total
absorption after one year. In this case the
injury was 10 hrs. old, and all cells in the
implant were probably dead. The minera-
lised stroma v:as invaded by living host
tissue, and gradually absorbed by a process
of surface crosion. There is no true revas-
cularisation in such cases.

Homografts of phalangeal bones may
have a small place in reconstruction. With
no skeletal support, the skin cover for a

Fag. 4

Fig. 1--D. DB M, 5. L Hand

Fig. 4-a-—Avubion of the thumb while working on a drilling 10 bane

Fig. +-b—Primary repair 8 hours later: Reattachment of the keletal caee with josnt and wadoo

mechanism preserved.

Fig. 1-c-—After primary cover by abduminal flap. Result at & wonthis,

Fig. 5-a—Severe crush injury in a sugar cane press. Total loss of thumb ard mid finger. Subtotal

RECONSTRUCTIVE POSSIBILITIES IN EARLY REPAIR OF HAND INJURIES

Fig. 5-a Fig. 3-b Vig. 5-¢

Fig. 3 N. D, M, 29, R. Hand.

detachment through the base of the index.

Fig. 5-b and 5-c.—Primary repair 10 hrs. later. Transfer to the thumb of the salvage skeletal core
from the index, and cover by abdominal flap. The implant absorbed mostly and a bone graft

was added later.

Fig. 5+1 Fig. 5-¢

Fig. 5-d—Bone graft at 4 weeks.

Fig. 5-c—Bone graft a: 2 years, reduced 10 50% by absorption.

328
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thumb reconstruction shrinks when the
hand is detached {rom the abdomen and
the flap is relieved of slight intermittent
pulls. It is difficult to accommodate a bone
graft of adequate size after the flap settles
down. In one case we used a coiled stainless
steel spring as a spacer. It would be prefer-
able to put in a homograft of the correct
size and shape. In time it is bound to get
absorbed, unless autogenous bone is in close
contact with it and replaces it by a process
of creeping substitution. To provide the
best conditions for this replacement, large
drill holes are made in the homograft as
near as possible without disrupting the
general shape and strength. The holes are
packed loosely with autogenous cancellous
chips. Thus the homograft is colonised
with numerous foci of autogenous hone
ready to invade and replace the foreign
structure. This method is analogous o the
practice of resurfacing an cxtensive burn
with widely spaced strips of skin homograft,
and subsequently filling in the intervals
with strips of auto skin graft.

Survival of Special Tissues

We have very little data on the indivi-
dual survival characteristics of certain
irreplaceable elements of hand structures -
pulp, nail bed, and digital joints. Each of
these put in electively as an aseptic free
graft, can survive under good conditions.
But with the unfavoutable antecedents of a
serious hand injury, the survival of these
units when salvaged, at the time of primary
repair several hours later, is subject to four
-adverse factors :---

1. Direct damage, especially the ele-
ment of crush.

2. The effect of strong antiseptics which
are often applied as first aid.

3. Infection.

4. Progressive loss of vitality propof-
tional 1o the delay between the im-
pairment of circulation due to the
injury and the reapplication of the
salvaged part to a new vascular bed.
Irreversible cellular death occurs
steadily during the inteival. In hot
climates, the process is quite rapid-
Local refrigeration of the injured part

may offer possibilities, but it is hardly '

practicable in cases needing it.

It would be a great gain in any recon-
struction, if the skin of the digit tip with
its specialised structure and sensitive tactile
organs could be preserved. We tried two
experiments to test some possibilities.

In the first case, the distal phalanx of the
thumb had been bitten through and was
non-viable. The only connection was
through the frayed strands of the flexor
tendon, and the contused neurovascular
bundie of one side. The vessels were
thrombosed, but the digital nerve was in-
tact. In the experiment, we dissected out
the pulp skin carrying specialised tactile
urgans, left the digiial nerve attached 1o it,
and applied it as a free graft to the debrid-
ed end of the thumb. This was 8 houn
after the injury, and the skin was grey in
colour. At 24 hrs., it was pink suggesting
carly vascularisation. At 48 hrs. there were
dark patches and the result looked doubtful.
At 72 hrv. the graft was dead. Pus formed
under it, and on the fifth day it was remos-
cd. Under better conditions with no infec-
tion, the graft could have survived. The
tactile organs could have become functional
after regeneration of nerve fibres through
the contused segment of the digital nerve.

In the second experiment a finger crushed
through its proximal phalanx was removed.
The pulp and nail bed were left attached at
the tip, but’ from the more proximal pat

RECONSTRUCTIVE POSSIBILITIES IN

of the finger, soft tissues were removed,
down to the skeletal core  The specimen was
then implanted under the abdominal skin
sas a free graft, burying the phalanx down
to the soft tissue cap, the rim of which' was
sutured to the lips of the abdominal inci-
sion. The object of the experiment, d(?ne
18 hrs. after the injury, was to determine
whether the nail bed and puip of t‘hc finger
tip would vascularise and survive as a
composite unit. The e)fposed finger tip
sloughed, but the buried skeletal core
appcared 1o be well tolerated.

Considering the great value of the spe-
cialised tissues at the finger tip it is worth

Fig. 6-a
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pursuing the search for such salvage possi-
bilities under more favourable conditions.

Thumb Reconstruction

The functional value of the hand is vastly
enhanced by reconstruction of the lost
thumb. Even if the thumb is immobile and
insensitive, it is of great utility as one essen-
tial limb of a holding mechanism, for grasp,
pinch and stereognosis. Most reconstructive
efforts aim no higher than providing such
an apposition post. Where the skeletal core
of the thumb cannot be salvaged, the pri-
mary repair normally aims to provide skin
cover only. Due allowance has to be made

Fig. 6-b

Fig. 6—J. L. M, 20. R. Hand.

in the hand. 8 inches of flexor pollicis
Cvere blast in) due to gunpowder cxplodmg int :
Fig. 62 5“““; l;l]‘:ldl?:glr:thl; l’nrcsrm, and the distal half of the thumb charred. Primary repair
fongus was avuls

12 hours later, preserving the bones and tendon.
fap when pus formed subsequently.

Fig. 6.b—Result 3 month

These were removed from under the abdominal

s after a bone graft to the thumb.



328
THE INDIAN JOUR -
JOURNAL OF SURGERY RECONSTRUCTIVE POSSIBILITIES IN FARLY REPAIR OF HAND INJURIES 329
L 4

Fie_ 7.
ig. 7-a Fig. 7-b Fie. 7
ig. 7-¢

Fig. 7--8.8. 1., M. 40. R. Hand

"lg. ~a, [-ly— :
Gl nsh t -ound 'h Bh 'h b‘” !ll lhum ad 1] ".'d
7 7 ts Ot w TOu, {4 of ¢ b miat 40 houn .I.C.

Fig. 7-c——Primary repair, 48 hours lage.

. S
implant was removed 8 days later due alage of skeletal core and abdominal flap corer. The

to sepsis. Repair completed with bone grafy

Result af ;
the reconstructed ‘hum;:" tramfering a Lintler flap from the ring fing odaw sy
. et 16 epdon saton 10

for shrinkage of the unsupported skin enve-.

lope. Subsequently a shaped canccllous
bone graft from the iliac crest is introduced
to provide skeletal support for the recons-
truction. Such bone grafts survive, vascu-

larise, and consolidate well. But they |

gradually get short by absorption from the
tip, if the skin cover is insensitive. The
process is analagous to the slow crumbling
of phalanges in the insensitive fingers of

leprosy, when the hand is put to rough use .

(Fig. 5-d, e).

Proper stereognosis, and skilled functions

needing accurate sensation in the thumb -

are impossible with the usual abdominal
flap covering the reconstructed thumb. A
great step forward was made when Littler
showed the possibility of transfering to the
thumb an island of sensitive skin from the
anterolateral aspect of the ring finger, based

”v__ox}' its neurovascular bundle. Such sensory
‘.-vcndgwment to a reconstructed thumb raises
the hand to a higher level of function

making stereognosis and skilled work within
the range of practical possibility. We have
done this with gratifying success in a case
of gun shot wound of the R. hand with
loss of the thumb received 24 hours late
with established infection (Fig. 7).

Summary

Badly injured hands offer great scope for

- primary salvage procedures. These succeed

best when done early. In every hospital
such cases are delayed needlessly in their
transit from the casualty service to the point
where they receive definitive treatment.
Where surgeons trained in this type of
reconstructive work are available, such
cases should be rushed to them with emer-

gency priority.
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THE XX1V ANNUAL CONFERENCE

The XXIV Annual Conterence of the Association of Surgeons of India will be held
at Calcutta during the last week of December, 1962. Dr. K. K. Ghosh, u.B., .k 5.,
33-B, Landsdowne Road, Calcutta-20, is the Local Secretary, who is making arrange-
ments for the Conference. At the Conference the following subjects will be discussed :

1.  Tumours of Urinary Bladder.
by Drs. K. K. Ghosh and H. K. Sarkar, Calcutta.

2. Management of Burns.
by Dr. Anjali Mukherji, Calcutta.

3. Symposium en Extracerpereal circulation for Cardiac Surgery.
(Initiated by Prof. A. K. Basu and Prof. P K. Sen: with Guest speakers.

4. Septic and Suppurative Arthritis of the hip.
by Dr. B. Mukopadhaya, Paina and D: N. D Aggarnal, Patiale
and

5. A Paper oa Anaesthesia.

-
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Besides this a few short papers will be presented. Members desirous of reading
short papers are requested to let the Office know about the titles of their short ‘papers well
in advance (before the 30th of June, 1962). .

Titles of Sectional Short papers should be intimated to the Secretaries of the
various Sections before the above date. The names and addresses of the Secretaries of the
Sections are as follows :—

1. Theracic Section.
Dr. N. Gopinath, m.s., F.a.c.5., Department of Thoracic Surgery, Christian
Medical College, Vellore {S. India).
2. Orthopaedic Section.

Dr. B. Mukopadhaya, M.ch.orth., r.r.c.s.E., Khuda Bux Library Road,
Patna-4. *

3. Plastic Surgery Section.
Dr. N. H. Antia, M.B., F.R.C.S., Ben Nevis, B. Desai Road, Bombay-26.

4. Urolegy Section.
Dr. B. N. Colabawalila, f.r.C.5., Ben Nevis, B. Desai Road, Bombay-26.

Railway concession certificates for attending the above Conference at Calcutta in
December, 1962 will be available at the Head Office at Madras, from the Ist October to
2

the 30th of November 1962.

* * *

-

SUBJECTS FOR DISCUSSION AT FUTURE MEETINGS '

95th Meeting (1963)
1. Hypothermia.

2. Experiences in Surgery for Chronic Pancreatitis.
by Dr. R. S. Gupta.

2%1h Meeting (1964)
1. Non-tuberculous Intestinal granulomas.

bv Drs. A. Prakash and S. K. Nair, New Delhi.

2. Surgery of Leprosy.
by Drs. N. H. Antia, Bombay and Paul Brand, Vellore.

™ L4
L ]
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UROLOGY SECTION

The Sectional Conference of the Urology Secti :
o gy Section of the Associat S
India will be held on the 17th ¢nd 18th of August 1962 at Vellore (S'.al;:;'ia(;' !\l;:i:;))::s ((:'(:

the Urology Section and all members of the Associati
/ S sociation of Surgeo i
to attend this Conference. rgeons of India are requested

Dr. H. S. Bhat, m.s., Professor of Surgery, Christian Medical College and

Ho§pxtal, VC“OI“C,.IS making the necessary arrangements for this Conference and membe
desirous of attending t}‘xc Conference are requested to comact him early {before 15th .
1962) for accommodation, eic. at Vellore during the Conference : ‘ June

* *

. ORTHOPAEDIC SECTION

Fereign Fellowship of the Orthopaedic Section of the Association of
Surgeons of India Sponsored by Smith and Nephew o

The Orthopaedic Section of the Associau ’
' \ : lauocn of Surgceor ] s thtie . -
tious for the above Foreign Fellowship from voung Or(:op;:d‘i,: bl:rd :n::, ‘\:r‘h“dpplu e
members of the Orthopaedic Section of the Association of Surgeons of Iﬁdia o mut be

I'here is one Foreign Fellowship for a Junior Orthopaedic Surgeon of the |

. - . . . »
the Junior Consultant in the National Health Service, U. K. The tonr will | g evel of
duration. ir will be of six weeks

The candidate should apply w0 Dr. A, K. Talwalkar, M.ch., orth, 1
(eng.), 395, Lamington Road, Necar Naz Cinema, Bounba\';,-i %'. ' P'-UU' PR
application containing all the information about their carrier (.{ua-liﬁ-c:‘mpxcs u'- the
mentioning any distinctions which they obtained, their ,undcr- . ;“fls’ experience.
graduate work done and the posts held should be sent, research work :l‘“ ‘;d?r and pust-
be mentioned. Names of two 1eferees should be given. The ca did'n:-"::u: ‘hlcmls}"mm
’ ¢ clearly stare

what special work he is !ntcrcsled in seeing U, K. and the Continent. He mav indic:
centre where he would like to work in UL K. or on the Continemt ¥indicate the

"l’hc fellowship will enable the candidate .m Visit one centre mainly

work like hand surgery or hip surgery in the above period. The ¢ ":;:;' Vioseespedialized
have to proceed on the tour by the Ist week of September 1962 :?;II ! f'_"' i N‘lrc(f(l will
to do all the correspondence with the centre where he wans .m \\ k". ( d"d"da". will have
arrange about his passport and other necessary things fon ﬁ;lfil{!l ‘;:’];fll"r will abo bave o

) I'he QrthoPaedic'Scclion of the Association of Surgeons of India w; .
Rs. 5,000/- for this Foreign Fellowship. ) ndia will give him

‘The last date of application is 20th June 1962.

e e g e

CONTRIBUTORS—APRIL 1962

1. Dr. A. K. Basy, M.s., F.R.C:S., F.A.C.S,, Director and Professor, Dept. of Surgery, Insti-
tute of Post-graduate Medical Education and Research, Calcutta.

2. Dr. P. K. Sen, M:s., F.A.C.S., F.LGS.y F.A.sc., Director-Professor of Surgery,

Dr. G. B. Parulkar, M.s.,

& Dr. T. P. Kulkarni, M.s.,

Dept. of Surgery, K. E. M. Hospital and Seth G.S.

Bombay - 12.

3. Dr. G. B. Parulkar, M.S.,

Medical College, Parel,

Dr. P. M. Javeri, From the Dept. of Surgery, K.E.M. Hospital,

Dr. A. J. Dhruva, Bombay - 12.

& Dr. P. K. Sen, M.s., F.A.C.S., etc.

4. Dr. A. N. Razdan, M.s., F.R.C.S., (Eng.),

Dr. B. Lahiri, M.D., From the Depts. of Surgery and

Dr. Usha Kehar, M.p., Agra,

& Dr. P. N. Wahi, M.D., M.R.C.P., (Lond.), F.N.I

Pathology, S.N. Medical College,

5. Dr. M. L. Gupta, M.B.B.S., Orthopaedic Surgeon, General Hospital, Pondicherry.

6. Dr. R. N. Sharma, M.B., M.5., F.R.C.S., Reader in Surgery,
Surgery, K. G. Medical College, Lucknow.

2. Dr. C. Balakrishnan, F.R.C.S., Professor of Plastic Surgery,

and Specialist in Plastic

Medical College, Nagpur.
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mazximum .
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175 mg. elemental iron in each teaspoonful !

@ EAST INDIA PHARMACEUTICAL WORES LTD.. CALCUTTA.26
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‘PAULSTAR’

BRAND ,
READY MADE PLASTER OF PARIS BANDAGE
MADE WITH

‘PAUL’S PLASTER’

THE IDEAL, DEPENDABLE, EXTRASUPERFINE WHITE
SURGICAL PLASTER OF PARIS

SEING USED IN THE ‘HOSPITALS' OF WEST BENGAL, BEHAR, ASSAM, ORISSA & MADRAS.
PHONE : 22.7417

T“ﬁ”é"é’,‘;”:{g{,’, Dental Supply Co., Private Ltd.

( ESTD—1935)
2754, BOWBAZAR' STREET, CALCUTTA-I2

DR. BIMAL PAUL
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Results of feeding Facts ¢

s | THREPTIN

BISCUITS

that make them different from the
ordinary flour biscuits.

® Threptin Biscuits contain not less than S0% of
protein, as against 8 or 9% only of flour biscuits.

o Protein of Threptin Biscuits has a high biological
value while that of the cereal protein of flour
biscuits is low,

Body weight in grams

@ Rat-growth experiments (see fig.) have con-
firmed the high nutritive value of the protein
of Threptin Biscuits.

Particulars from:
RAPTAKOS, BRETY & CO. PRIVATE LTD., WORLI, BOMBAY 18,

B.C. P. W.

largest and most up-to-date plant in India for manufacturing
Dressings.

—" .
Only best and pure raw materials are used.

% All B. C. P. W. Cotton & Gauzes are issued in sterile condition.

A
A
A
A
1
A
N ABSORBENT COTTON ROLLED BANDAGE MOIST GAUZE

A Plain and Medicated On A. R. P. Basis Boric & lodoform

A o . Packed in Sterile Glas Jars
| ABSORBENT GAUZE | COMPRESSED DRESSING SURGICAL. TOW

A Plain and Medicated J L Plain and Medicated

A Loy v 2 pidl

A

A

A

A

A

X

I

BENGAL CHEMICAL & mmhuewhcn WORKS LTD.

CALCUTTA — BOMBAY - KANPUR
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