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HYPOTHERMIA BY DIRECT COOLING OF BLOOD STREAM
(Report of 55 animal experiments)

BY

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

The interest of our group in the subject
of artificial hypothermia has been mostly
concentrated in its application to open
intracardiac surgery. Many hypothermic
techniques have been described, but the
cooling method of choice would seem to be
one which affords the central nervous system
adequate protection from anoxia during
inflow occlusion withoul causing increased
myocardial irritability and gross physio-
logical alterations produced by depression
of general body tissue temperature.

Artificial hypothermia was first used for
obtaining dry field during intracardiac
surgery by Bigelow' (1930). He induced
hypothermia by application of ice to the
hody surface. Surface cooling can also be
produced by immersing the patient in cold
water or by circulating cold water through
cooling mattresses wrapped round the
patient. Even at present the surface coeling
is a more widely adopted method of artifi-
cial hypothermia. In the past few years the

surface cooling technique has been success-
fully employed by us for creation of artifi-
cial hypothermia both in our experimental
work and in clinical practice. Following
observations were made during our ex-
perience of this method :

It is a technically simple procedure and
is generally applicable. The rate of cooling
is slow. Body temperature continues to fall
after surface cooling is stopped and this
fall is not always predictable. Shive;ing
interferes with the rate of cooling and
therefore complete curarisation is necessary.
Cardiac arrhythmias and cerebral oedema
as a direct consequence of hypothermia
occurred in very few cases. A marked hae-
moconcentration and significant depression
of plasma potassium was noted during sur-
face cooling®. It was possible to cool experi-
mental animals to very deep hvpothermic
levels with fairly high survivalrate’. Surface
coaling has to be started prior 1o thora-
cotomy and is definitely somewhat cumber-
some procedure.
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Internal and body cavity cooling origi-
nally described by Khalil* (1954) has not
been very extensively used in clinical
practice.

Extracorporeal cooling, namely, direct
cooling of blood stream outside the hody
has been used by Delorme? (1952), Ross®
{1954), Sir Russel Brock® (1956} and others
with gratifying results,

To off set certain disadvantages ol the
surface technique of hypothermia we have
looked forward to the development of the
extracorporeal method. The present study
was uridertaken in order Lo assess the effi-
ciency of this method of hypothermia and
to obtain familiarity with the technical
aspects of this method and further, to study
the various physiological changes during
suclr a-procedure. In this paper a prelimi-
nary repownt of 33 animal experiments carried
out in the*Experimental Laboratories of the
Department of Sur'gcry of K,E. M. Hos-
pital, Bombay, is presented.

'~ Apparatus

A simple apparatus consisting of a poly-
veny! coil immersed in ice and a constant
perfusion pump {Sigma motor pump) was
designed as a refrigerating system in which
circulating blood could be cooled. The
length of the polyvenyl tube was about
6 vards, the diameter was half a centimeter
and the capacity was 100 c.c. The pump
could be adjusted to delivery through the
polyvemy! coil abous 250 to [250 c.c. of
blood per minute. During the experimental
study flow rates of 30-50 c.c. per kg. body

weight were used. The coil was cleansed
carefully with 1 per cemt cetavion and

distilled water, autoclaved and filled with
heparinised 3%, glucose before starting the
perfusion.

Mazterial

Fifty-five mongrel dogs weighing between
14-18 kg. unselected as regards age and
sex, were used for the experimental study

during which venovenous cooling was per-
formed.

Anaesthesia

Dogs were anacsthetised by injecting
sodium thiopentone (25-30 mg. per kg.
body weight] intravenously followed by
largactil 1 mg. per kg. body weight. Res-
piration was maintained hy connecting the
intratracheal tube to a respiratory pump
through which oxygen was supplied. Hyper-
ventilation was maintained during the
experiment. Before cannulation of the veins
0-5 mg. per kg. body weight of heparin was
injected intravenously, only in the last
20 experiments,

Following temperatures were recorded :

(Fig. 1) Rectal temperature; oesopha-
geal temperature at the level of the heary:

© - DUSOPHAGEAL TimP

B - BRAIN »
\ A - ARTERIAL BLOOD
Vv - VENOUS BLOOD »
R -RECTAL "

TEMPERATURE-TRECORD
M- MUSCLE e
EXTRACORPOREAL COOLING
Fig. 1
Temperatnres recorded during
venevents conling.
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muscle temperature ; carotid artery blood
temperature ; jugular vein blood tempera-
ture ; brain temperature was recorded by a
needle electrode introduced into the frontal
lobe, through a small hole in the skull
drilled by using a Kirshner wire drill.

Method

(Fig. 2) In the first 5 experiments both
the femoral veins were exposed and cannu-
lated. The blopd received from distal part
of one femoral vein was pumped through
the polyvenyl coil immersed in ice and salt
mixture into the proximal part of the

A

’ - ﬁm‘* o
Mowm ARAL
vEIN "+ viiw Fum?

VEne- VENOUS COSLING

Fig. 2-a

Diagrams

opposite femoral vein by means of a Sigma
motor pump (Fig. 2-A). Maximum fow
rate of blood was about 100-150 c.c. per
minute and therefore the rate of cooling
was slow (0°13 to 0°15° C per minute).
The range of hypothermia established after
one hour of perfusion was 31-32° C (Fig. 4.
There were no cardiac irregularities or
deaths in this series (Table 1).

In the next series of 5 experiments the
procedure was modified. Through a longi-
tudinal neck incision the jugular vein was

&

RUERT
ATRIUM

VENG VENOIS CosLINg

Fig. X-b

iNustrating the ditferent methods of venovenous cooling.
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TABLE 2
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Cardiac
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Initial Temperature *C
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Initial Temperaiure "C
O

Weight
Ke

Dog
Niy

2905

-0
308
40-2
300

250
250
220
230
240

30-0
302
315
10-0
302

Na
No
No
Nll
No

Massage
do,
do.,
do,
do.

Defibrillatinn

Fibrillation

Ventricular

i

37-0
378
370
370
37-5

375
382
180
378
380

380
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exposed and cannulated. The polythylene
catheter was pushed through the innominate
vein and the superior vena cava upto the
right atrium. The femoral vein was cannu-
lated and the cannula was pushed into the
inferior vena cava so as to facilitate increase
in the rate of blood flow through the
cooling coil. Cool blood was directly intro-
duced into the heart (Fig. 2-B). Within
15 minutes the oesophageal temperature
recorded a fall upto 22°-24° C from initial
37°.38° C. Rectal and brain temperatures
however remained between 31°-32-5° C.
{Fig. 5). There were marked changes in the

A
A

e
viNs-vineus <CesLing

Fig. 2-¢

Diagrams illustrating the diifferent methods

clectrocardiographic pattern soon after the
cooling started due to considerable inter-
ference with myocardial action and ventri-
cular fibrillation occurred in all the 5
animals at the rectal temperature between
31° and 32° C, Immediate cardiac massage
and use of defibrillator failed to revive the
heart in all the animals (Table 2).

Following this in a series of 5 experi-
ments instead of introducing the cool blood
directly in the heart it was introduced in
the superior vena cava (Fig. 2-C). In all

Lo Ind
L

VENO-vE AU Coaling

Fig. 2-d

of venovenous cooling.
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Thus in a serics of 19 consecutive dog 45 minutes 10 one hour in all these dogs. ; K f
experiments were unable to establish a rapid  There was no death in this series {Tabie 5). a Lo
and a safe procedure for veno venous —
cooling. Following this in a series of 6 experiments g z

a deeper range of hypothermia namely, '; 5%’ ZZ

In the next 10 experiments the blood 22°—26° C. was attained within a period of E D; I
received from the superior vena cava was  15-20 minutes with the same technique. o =
cooled and pumped into the femoral vein Cardiac asrest occurred in only one dog ﬁ '—rg;—é = e
instead of inferior vena caval(Fig. 2E).  where the rectal (Fig. 7) temperature drop- & EEE s 77
There was a rapid and uniform fall of the ped to 22° C in 20 minutes. In spite ol the g £2 § :
oesophageal, rectal and brain temperawures  resustitative ineasures heart rhythm couid x &é. - N
at the average rate of about 75 to 1° not be revived. In rest of the dogs there é' -
per minute, and within approximately were no cardiac irregularities during a E
10 minutes of cooling the rectal and hrain  cooling. They were allowed to rewarm E g—g § EERAE
temperatures were lowered 10 28°--30° C.  spontaneously and all of them survived g &<
Cardiogram showed gradua) slowing nfthe (Table 6), g -
heart (Fig. 6). No cardiac irregularities =] : T
occurred in this series. The dogs were allo- In the next 10 experiments after cooling © g | 2o
wed 10 rewarm spomaneously and the range the dogs by the same procedure upto ‘3 S P9
of clinical hypothermia was maintained for 92 —26°C within }5-20 minutes the cooling g E‘ i E. - o

was stopped. For the following 10 minutes = E z E © = A
the biood in the cooling coil was recircu- '§ 3 E -
SUIRACORPOREAL  ATPOTHERIRA lated within it so as to prevent its cloting. .é = = =
Extracorporeal rewarming was started after &, = ] & %
these 10 minutes by immersing the poly- f.: 2 ______
venvl coil in warm waler maimained at . qt ;
44°—453' C remperature. The dogs were E 2 = ; :sf
rapidly rewarmed at the average raic of “§ Ul
-3 C. per minute for ahout 20 minutes, 5 7 lE‘ T
coge during which ume the temperature was § 3 ";_S. ' 2 ;
elevated 10 34°—35" (. Later the dogs were g L _!.-‘ :
allowed to rewarm spomaneoush (Fig. 8) .'i 13 \
lw the very fivst experiment on starting the 2 | ' sz
rapid rewarming there was ventricular “g" : fx G
fibrillation and thetefore in the subsequemt = o
veagvenous COoUNG experiments rewarming was done by gradu- —;-,,N -
ally increasing the blond flow rate from 5“"‘ -7
Fig. } I c.c. per kg body weight initially 10 w0 - -
Frehniqus of venovesous cooling. about 25-30 c.e ke later and oo similm 37 -

230 | Cardiac |

L

348 340

40
}
|

350 360 355
34°5 - 340 | Cardiac

355 345 !
350 340 |

349 ' 335, 350

L8]

| 360 342 |

|
|
|
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2301 285

R |
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350
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5
25
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1
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!
i
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15
13
15
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TABLE 7
Resulls of Venovenous cooling and venovenous rewarming (Superior vena cava lo Femoral vein)
" Period of
Mins.

Cooling

230
21
240
250

B

B
252
242
250
240
245
240
235
250
750
240 |

265
220
145
HER:)
Final
Temperature °C
O i
250 |
252 !
© 250
230
2440 !
245 |
2005
245
20-0
250

k1 A
370
Mh
) l
260 |
25-0
260
240
245
250
22:0
260
230

RURY

365
36:0
36-8
36-2
37_'0
365
363
36-2
3740
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B

Temperature "C.

\
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470
I
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Initial
8]
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380
280
38-0

| 375
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38-0
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180

S04
34D
JH0
w72

R
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385
38-2
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385
380
390
in8

|
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13
14
Weight -
in
Kgs.
14
i5
13
14
16
14
13
15
14
17

32

Dog

No.
36
37
38
39
40
+1
42
+3
44
45

33
KR
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Graph representing the tempdratares during venovenous ¢ oling

{(Frmoral vein 10 Femoral vein).

disaster occarred. In this series during
the extracorporeal cooling cardiac arrest
occurred in 2 dogs {(Nos. 42 and 44) at
rectal temperatures of 22° and 23 C,
respectively. In Dog No. 42 the normal
cardiac rhythm (Table 7; conld not he
reinstituted in spite of the usual resoseita-
tive measures. In Dog No. 44, cardiac
rhythm was established soon afier the extra-

corporeal  fewarming  was  started, thus
proving that extracorporeal rewarming
helps 1o establish the cardiac vhythm,

{n the {ollowing 3 experiments the hlood
received  from superior vena cava alter
passing it through the cooling coil was
pumped into the saphenous vein. However

as the calibre of saphenous vein being very

HYPOTHERMIA BY DIRECT COOLING OF BLOOD STREAM 1]

small, the flow rates were restricted, resul-

ting in slow rate of cooling as compared to

the immediately preceding series and there-
fore hoth the saphenous veins were cannu-
lated in the following 7 experiments in
which fairly rapid cooling was possible.
(Fig. 2F} Dogs were cooled np to 22°-25° C,
Cardiac arrest or veniricular fibrillation

accurred in 2 cases during this procedure.

In 2 cases where the temperature was

Temp. %c.

lowered to 22°—23° C. during the process
of extracorporeal rewarming ventricular
fibrillation occurred (Table 8). In one ol
the cases during the process of rewarming
there was clotting of blood in the polyvenyl
tube probably due to inadeguate heparinis-

ation.

The Pulse rate during Hypothermia,—There

was a proportionate slowing of the heart

venov&sous c.oou:.m

cmm:oa VENA -
CAVA — RIGHT

[ — Rec-rm_ Tmf
a - OESOPHAGEAL
S e BR&:N 'TW

g
L

[

Fig. 5

Graph representing Rectal, Oesophageal and brain temperature during venovenous cooling
{Superior Vena Cava to Right atrium}.

The Mark tepresents the temperatuse at which ventricular Fibeillation occurred,
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rate during the extracorporeal cooling which
was lowered from initial 150 to }75 per
minute at 39° C. 1o 10-30 per minute at
29°—95° C. As soon as the cooling was

stopped there was a rise in the heart rate.

During the cooling tl.e initial systolic blood v T
pressure of 120-140 mm. Hg. was lowered -.! o
rapidly to 80-100 mm. Hg. as soon as the it

perfusion was started but in a short time it

was stabilised and later it showed a fairly

v iﬂ'khc“rnut
(oltr mvuuqnum)
SPONTANEOUS .

Graph representing the temperatore fall and rise during venovenous cooling {moderate hypothermia’

I"h\ thm was nOll(‘Cd 1n somde

(Fig. 11) nodal

aml spontaneous rewaiming [Superior vena €ava to femoral vein .

%
During the extracorporeal rewarming there steep fall as the cooling continued. The ' k
was a proportionate fise in the pulse rate as  arterial blood pressure was about 25-30 mm. v .
- - - .
shown in the graph (Fig. 9). Hg. when the temperatures were lowered Tu’ S |
(Fig. 10, 10 23"~ 25" (. shus proving the g ot
Blood Pressure.—Arterial blood pressures  enormous diminution in the cardiac output :
_ . 384 \
were recorded throughout the experiment  due to the venovenous cooling. The marked : * . _
by connecti : intr ; : : 3 N 8
} necting :f.metal cannula introduced temporary hypotension during this proce- » T 26 ' \ : VfﬂﬂVENOUS CQOLIKG . “
in the femoral artery to the manometer. dure of venovenous cooling is a definite : 24+ ; oA v.c.-PEMonaLVﬂ }
u_,._coduuc..p - RECTAL
| e -+ DESOPHAGEA
lxmuc L cootING - . : ' ' S oL
- (MODE Tﬁvvofuuum e o fondt T EECATC Ot e
s Aﬂﬂ IPG ”“g‘ ‘ ' P W T "I U WK P WY A Kk Ld &
: [\ ' é & 10 iF 0 315 30 35 %0 & So. £5 W 5.8
36y pENIOD (mrmrﬂ) N N S e
—~ 34t
v
y .
: LY ol Fig. 7 .
B ) i hypothermia
§ . Graph representing the temperature fall and vise during venovenous cooling {decp hypothermia)
= r.a,f... . ; and spontanecus fewarming (Superior vena cava to femoral vein}.
A 31T S AR bt
S N EEEES SRR e . ‘ - e . n 5 e
. E ¢} coounc T S . disadvantage of this procedure and has got  cases; cardiac arrest vecurred in 3 cases
: ol SR T*ECTAL to be couﬁteractcd. During the rewarming and ventricular fibrillation occurred in
z4-4 i ' inci i
oo 7 cmm— OESOPHAGEAL ; the blood pressurc was rapidly restored. 16 cases. The incidence of ventricular
: a2} e PRAIN ol e . red fibrillation was very high (100%) n those
, T i - . L o anpes were note .
20 : k. €. G.—Following chang during the Cas€s where the cool blood was intreduced
L 3 . iopraphic pattern uring ' . .
in the cardiograp P ) close to the heart (Fig. 12). The incidence
‘ tracorporeil h\'pmhcrmm : i
1 T Y T T T Y Y B | T T T 1 extis po ’ icular fibrillation was high also in
. e S5 0 15 20 15 35 ¥5 40 4§ So SF 1A £ » | tion of PR of ventriculat 3 g
- - ¥ [a} .
oo . _ PERI0D (MINUTES) . . Bradycardia ; slight prolong ; those experiments where attempt was made
: sorerval; shight prolongation of QRS comp-
intervi ST segment ;1€ lower the temperature below levels of
Fig. 6 lex : marked prolongation of ST scg

24°—25° C.
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Pathological and Biochemical Studies.—The
detailed  pathological and biochemical
studies during extracorporeal hypothermia
will form a subject for our further communi-
cation, However, a few observations made
so far will be presented here—viscocity of
blood increased during this method of

venovenous cooling and the initial P. C. V.

of 40%--459%, was increased to 50%,—55%,
at 25° C,

(loagulation time.~The procedure of veno-
venous cooling was possible without hepari-
nisation of the system. But in those experi-
ments where venovenous rewarming was

done after the venovenous cooling there was

: SORPORBAL -
: m AMD REWACMING
' —— RECTALTOMP

—me CEEOMMAGEAL

os
meeme  QARLN TRMP,
FRAN MUSCLE TEm.

Tig. 8

Graph showing the uesophageal, rectal, brain and muscle tempelatire duting venovenous conling
and venovenans rewarming {superios vena cava to femoral veing.

HYPOTHERMIA BY DIRECT COOLING OF BLOOD STREAM 15

2 small but definite danger of clotting
occuring in the polyvenyl coil and therefore
4 small dose of heparin was exhibited
intravenously in most of our later experi-
ments and thus changes in coagulation time
during the extracorporeal hypothermia
could not be studied. The pH of blood was
somewhat lowered to levels of 7°3 1o 7°5
{from initial 7°7) at the height of hypother-
mia but at the end of the rewarming,

however (Fig. 13) the pH was restored to

normal limits, The hyperventilation main-
tained during this procedure was probably
responsible for the minimal variation of pH

during this study.

Hemolysis—The plasma haemoglobin
estimations revealed insignificant amount of
hemolysis in most of our later experiments
and therefore prove that the rapid direct
blood stream cooling and rewarming within

the range of temperature used during this

Fig. 4

Graph showing the pulse rale during the method of venoveaous cooling
and rewarming.
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scries was guite safe regarding the blood

element destruction.

Serum Sodium and Potasstum.—-Sevum clect-
rolyte determinations on serial blood samples
revealed no significant changes of serum
sodium and potassium during venovenous

cooling or rewarming.

Fig.

Results
Direct Llood heat exchange by venovenous
cooling provides for a fairly uniform rapid
cooling (at the average rate of 0°8°—1’ C.
per minute} of vital ergans such as braiu,
heart and other internal organs wp 1o the
temperature range of 24 —23" . The

skelctal muscie temperature and the skin

€raph sepresenting the rhanges in arterial blood pressure daring vrnoveneus conling

and senovennus pewarning.

HYPOTHERMIA BY DIRECT COOLING OF BLOOL STREAM 17

Fig. 11

Graph showing the typiral E. C. G. record during venovenous cooling and
rewarming {superior venacava to lemoral vein).

temperature never attains the low range of
internal organs and the responses to tempe-
rature (Fig. 8) changes in them are rather
less marked as compared to vital organs
which are richly supplied with blood. The
oesophageal temperature fairly accurately
depicts the heart temperature which was
lowered most markedly during this proce-
dure of venovenous cooling as the cooled
hlood first reaches the heart before being
circulated to the rest of the organs. The
Lrain temperature and the recial tempe-
yature were Jowered lairly uniformly as the

cooling continued, but as the temperature

was lowered helow 24° C. the myocardial
action was considerably weakened resulting
in lowering of cardiac cutput and the rate
of cooling of vital organs like brain was
diminished considerably. In most of the
experiments the rectal temperature stabil
lised between the oesophageal and muscle
tissue temperature and has been used in this
communication to express the general hody

temperature.

Rapid rewarming (at the average rate of
0-3° C. per minute) was also possible by

this technique. Extracorporeal rewarming
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Fig. 13

Graph representing ihe changes in the pH of Llowd duving venoven
: s oS
couling and rewarming. .

There was no shivering seen in any of ~of the body up 1o (Fig, 14) the moderate
the animals during this technique of hypo-  range of hypothermia 5‘t" ] Lo e
thermia. There was no significant afier fall  ming. Certain modif:r 0 UW'!‘Id e
of temperature. There was no incidence of  necessary to obtain dc;:‘:":;nm:":‘::» "“‘f
brrogen "-'aff'lon, cerebral vedema or renal  thermia with safety by using suf:a !me:‘;li):i.
;hu:n tllown in any of the experimental In addition to minimising the 1otal period
At of anaesthesia during the cooling and
Comment rewarming procedures this method supplies

a cardiovascular  swrgeon with a rapid

This tvpe of thermoregulation provides hypothertnia without committing to it hefore

for a rapid and safe method of cooling™ thoracotomy,

HYPOTHERMIA BY DIRECT COOLING OF BL.OOD STREAM 2!

Tig. 1t
g the temperatures of blood entering and Icaving the coil during the
wethod of venovenous cooling and rewarming.

Graph represeatin

Summary. | .
{1} Techniques of venovenous cooling are described.
{2) Resuhs of the experiments are documented.

(3) Physiological changes during this procedure are summatised.
(4) Advantages and disadvantages of the method are discussed.
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CARDIAC ARREST

BY

P. N. VYAS, T. THOMAS, R. H. BETTS and G. LEWIS, Vellore {S. India).

Cardiac arrest is one of the most dreadful
surgical catastrophies. It usually occurs
with dramatic suddenness.

There is no surgical emergency which
requires more prompt action than cardiac
arrest. It is an emergency which seldom
occurs without, at least in retrospect, an
ascertainable cause. ““ An ounce of preven-
tion is worth a pound of cure’ finds no
better application than here.

The increasing scope of surgery, exten-
ding as it now does ta include the tiny infant
and the aged has posed new hazards and
difficulties for the anaesthetist and surgeon
and made the opportunities for the develop-
ment of cardiac arrest greater than ever.
Furthermore, the magnitude of excisional
procedures has increased to the point that
one often wonders whether we are nat at
times exceeding the natural houndary of
extirpation. The frontier in cardiac surgery
continues 1o pose problems in physiology
which occasionally exceed our capacity 1o
cope with them, leading to instances of
cardiac arrest and ventricular fibrillation.
However, nne van salely state that as expe-
rience is gained with each procedure the
number of unexpected emergencies  dee-

reases.

Even thourh it is more than 100 yeurs
since the first reported cardiac arrest and
inspite of much progress in the field of
anaesthesiology and surgery, there are no
adequate means of anticipating, preventing
or adequately treating this serious compli-

vation.

In this paper we are reviewing the 32
cases of cardiac arrest at C. M. C. Hospi-
tal, Vellore, from 1955 to September, 1939.

Historical Notes

The first cardiac arrest was reported in
1848 due to anaesthesia when chloroform
was used to remove the nail from a toe. 3)
In 1874 the Physiologist Schiefl (3) descri-
bed manual compression for cardiac resus-
citation in dogs under chloroform and other
deaths, but it was only in 1889 that the
first cardiac massage was attempted in
human patients. (3) Tuffier'™ in 1898
reported the first unsuccessful  cardiac
massage by the transthoracic approach, and
in 1903, Tgulsurd reported the first success-
ful transthoracic massage.

Lane in 1902 described the first success-
ful massage by ahdominal route which was
34 years after the first reported cardiac
arrest under anaesthesia. By 1009, 46
successiul cases had  been reported but
renewed interest in o resuscitation measures
followed the veport by Bailev and Beak®
in 1941, In 1947 Beak' successfully used
the electric defibrillator  for  ventricular
fibrillation.

Incidence

Cardiac  arvest has been veported s
[ : 2000 operative cases by Stephenson and
associates'™ Tt is more common i the st
decade of life and in the later decades as
well. ‘There is a higher incidence in males

than females. In our series the incidence of

cardiac arrest is 1 430 for operations undes
anaesthesia.

CARDIAC ARREST

Cardiac Arrest from 1955-1959.

Total number cf operations ... 22,936
Cardiac Arrests. 52

” 13

Incidence of Cardiac Arrest ... 1 450

In our series it has also been found 10 be
more common in males than in females,
with a slightly higher percentage of survival
rate in males. Total number of males
ed were 532° and females were

23

number is too small to be of statistical
significance.

Briggs® reviewed cardiac arrest Cases
of the past 30 years and reported an absolute
increase in cardiac arrest, due to wide
awareness and increasing diagnosis of the
condition, and the increasing number of
operations on older and poor risk patients.

The figure No. 2 showing the yearly
statistics of this series indicates similar

operat :
46-8%;. findings.
Sex Incidence
%ol Number of Total 9 of
E’T;rl;t:; Clardiac Cardi:c Survival %
cases Arrests Arrests
Male 532 1 653 147
Female 16-8 18 346 11-1

In the present series the age incidence 18

Fairly equally distributed in the Ist. 2nd,
4rd and 4th decades of life. Figure No.l
shows the diagramatic presentation of age
incidence and survival percentage.

The highest percentage of survival was
noticed in the 4th and 5th decades {i.e.)
33-302  and 530% respectively, but the

Z‘J

10y

Sensinai Y

Aurvire ¥

Ma a1 Lamas

Fig. 1

‘I'he diagramatic presentation of age

incidence and survival perceRtages.
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The graphical presentation of the number
of yearly operations and yearly number of
cardiac arrest incidence.
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According to Briggs® cardiac arrest is
increased by .

5 fold in rardiac disease patients,
20, elderly patients.
30 ,, poor risk patients.

Etiological Considerations

The fundamental aetiological factor i
myocardial hypoxia, and hypoxia is pro-
hably the greatest bazard facing auny
surgical patient today. It strikes the heart
and brain swiftly and without warning.

Hypoxia may arise lrom ;

(a) Tnadequate ventilation ol fungs.
(&} Circulatory causes : '
Hypotension.
Anaemia,
Myocardial damage.

The following tabular presentation shows
the actiological factors that we helieve were
mainly responsible in the present series.
Often one or more factors weee simultane-
ously involved.

Actiolagical Relation and Percentages

of 52 Cases
Approxi-
maie &,
1. Anoxacmia 3 Q]
(e} hypovia P
.b) Respirawry inadequacy 3
4. Circalatory 3 [
1a) Bleedive 3
3. Retlex ¥ Lk
(2] Vagal over-activiey
1. Hilar dissectaon g
i, Bronchoscopy 1
Wi, Pertcardial tapping 1
i}; Severe painful stimuls 1
- Light anaesthesia,
1. Anacsthetic drogy W s
{a) Ethy} Chloride and
Ether 2
81 Cyclopropane 2
{2y Seoline 1
(¢} Prostigmine (High
dosagrs) ]

Approxi-
male °y
{¢} Xylocaine 2
{f) Ansithenc 2
3. Drug sensitivity
{a) Pro-Penicillin 1 ) 2
6, Diseases of Hean + 8
10} Mitral Stenoais 2
(&) T'ricusp. regurgitarion
{Pulmonary tnsufficiency) )
{c} Pericarditia t
7. Change in position 1 14
1Sudden hypotrnsion)
8. Hypothermia 2 3
9. C. M. 8. Op. and reflex 2 +
{a) IV veniricle 1
14, Dural shick }
10, Unknown lactors &2

Type of Cardiac Arrest

The heart may be arrested in a systole or
may develop ventricular fibrillation. In the
present series, on opening ihe chest for mase
sage initial fibsillation of cardiac muscles
was noticed only in 2 cases, but 10 more yages
developed fibrillation subsequentdy. All the
12 cases that had fibrillation at one time or
ufhcr ultimately succumbed. In (he remai.
ming cases the heart was in asvstole.

Cardiac Asystole

In this state the leare is toncless, soft,
dilated and dark-looking. I¢ apparemly js
nswally due to anoxia, hypoxia or vagal
stimulation in the presence of anoxia. In
ventricular fibrillation, the cardiac muscle
shaws fibrillatory movements which may he
due to stimulation of the heart when it in
in u state of hypoxia. The cardiac muscle
may go into arrest during anaesthesia,
aperation,  changing the position  ajter
operation or from the injection of drugs 1o
which the patients may he sensitive. The
jollowing table shows the diffevent sitnations
at which 1he arent was noticed in 1his
SErIeN.
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Cardiac arrest during Anacsthesia it 21°1%

Sarvival . ] 3 272%
Cardiac arrest during operation 13 634%
Survival 12719,
Cardiac arrest during change of posi- vor
tion after surgery 7 ¥3-29
Survival ) o .14
sardiac arrest due to drug sensitivity ’
{Pro-penicillin} } 204
“Survival 002,

In our series arrest accurred more often in
thoracic cases than associated with other
surgery. ln thoracic operations there is a
greater opportunity for the combination of

_hypoxia and abnormal stimulation due to

handling of the vital organs like heart and
lungs. Total thoracic operations were 16:4%
out of which 2:6%, cardiac operations,
1}:3% pulmonary and 2:6% oesophageal
operations while 83-6% operations were
performed in other departments.

Thoracic Procedures

Bronchoscopy e 1
Thoracotomy e 2
Lung Resection N |
Empyema drainage _ e 1
Oesophagus S |
Mitral Stenosis . D
. Pulmonary Valvotomy e
Blalocks 1
P.D. A, O |
A S.D. e |
Exp. Cardiotomy IOV |
Pericentasis pericardii- .. 2
28

Total ...

Clinical Features

In cardiac arrest the patient is pulseless,
the blood pressure is not obtainable, the

Total Cardiac Arrest

‘Thoracic Operations
473 Cardiac operatiors
2020 pulmonary operations -
449 aesophageal aperations

Other Operations

" u .
I:‘:;::l!al?iz;)g[ Di‘;’g Survived
in %
164 8 4
23 ] 1
113 13 3
b4 1 —
836 2 3

Different types of Operation and
Cardiac Arrest Incidence

Laparotomies . f
Gastro-intestinal tract 5
C. N. 5. .. B
'T. B. Spine e 1
'Tendon transplant e 2

- Malignancy in general 2
Hysterectomy o 2
Evacuation uterus NV
1. M. Injection (Penicillin} o
Tawal ... 24

pupils are dilated and non-reacting, the
complexion is ashen, and respiration, if
present, is of gasping nature. When cardiac
arrest occurs from vasovagal reflex ot drug
sensitivity the onset is usually sudden, when
it occurs from hypoxia there is usually a
warning period of cardiac irregularity follo-
wed by gradual slowing of the heart rate.*

Physiological Approach to
Management

Two fundamental steps must be observed
and followed rigidly if life is w he preserved.
Firstly, the airway should be kept clear and
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artificial respiration, preferably with 1002
oxygen and with the head in a low pasition
carried out. Secondly, adequate cardiac
massage should be started immediately, The
objective is to keep up artificial circulation
by cardiac massage with fully oxvgenated
blood, so that oxygen is supplied to the
vital organs in adequate amounts until such
time as the heart action is fully and durably
restored. Lesser procedures like intracardiac
drugs and anificial respiration only with
100%, oxygen without cardiac massage, are
usually ineffective and waste valuable time
where every second counts.?

It has been proved beyond doubt that
interruption of the cerebral circulation for
over 3 minutes may lead to permanent

changes in the psychic behaviour of
the patient and after 8 minutes is usually
incompatible with life.'* Patients with low
haemoglobin or low respiratory reserve may

not stand interruption of cerebral hlood
supply even for 3 minutes, "

Prevention of Cardiac Arrest

There are no adequate means of pre-
venting cardiac arrest, but the following
plan may help to a certain extent.

Make the patient fit for operation.

Haemoglobin should be within normal
limits.

Postural drainage to be given for bron-
chial secretions before surgery,

Heart failure should be corrected by
proper therapy pre-operatively.

Adequate premedication should be given.

Meticulous care in anaesthesia in all
patients, personal check-up of all anaes-

thetic agents and clear airway and proper
oxygenation to be maintained.

Careful and gentle dissection near the
vital structures.
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Adequate  hacmostosis and adequate
replacement of blood loss.

Management of Cardiac Arrest

Cardiac resuscitation means full and
durable restoration of 1he essential functions
of the heart, which [tom all appearances
had lost its power to recover spontancously
in due time 10 avoid eventual death.*

Cardiac resuscitation implies :

i. Heart must have siopped functioning.
ii. Cardiac lunction must be fully and
permanently restored.
iii. Life must be preserved.

Cardiac resuscitation requires immediate
action and every effort should be made
start manual compression ol the heart with-
in 3 minutes of the onset of arrest. Any
delay is prone to lead to cerebral anoxia
with irreparable damage. Effective cardiac
massage should produce a radial pulse and

a blood pressure approximating B0 mm.
of Hg."'

Unless a thoracic operation is being done
the 4th left intercostal space is usually the
best approach. A costal cartilage is divided
anteriorly if more space is needed. The luny
is retracted laterally and the heart is visua-
lised. Sometimes massage is carried out from
outside the pericardium for a few minutes.
but routinely the pericardium is opened.
The heart is grasped in the palm and is for.
cibly but rhythmically compressed so thai
the anaesthetist is able to leel the carotid
pulse and there should be a B.P. of about
80 mm. of Hg. The compression is done at
a rate of 40-60/min.

In the meantime the anaesthetist passes an
endotracheal tube, if itis not already in or
has been removed. The head end of the
table is lowered about 10-15. The lungs
are inflated with 100% oxygen and all
anacsthetic agents are cut off,
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The procedure of cardiac massage
through a thoracotomy incision may be
unfamiliar to some clinicians, and they often
hesitate too long before embarking upon
what scems to be a drastic procedure. Even
when the chest has been opened and the
heart expased there is often much uncer-
tainty about the correct steps to 1-ak.e a.nd
valuable time may be wasted in injecting
drugs, which may do more harm than good
at this stage.”’

In the present series:

Cardiac Massage done ... 46 cases
1 ” not done ... 6 cases
The massage was done by
Survived
Thoracic route ... 43 6
(1 Re. sided
approach)
Abdominal route ... 3 1

The following chart shows the routin.c
that is now being followed. This chart is
posted permanently in cach scrub room for
ready reference and as a constant reminder
of the possibility of cardiac arrest.

'The figures No. 3, 4, 5, 6 & 7 shows the
incision, mode of massage way 10 apply
clectrode of defbrillator, and emergency
artificial respiration.

Fig. 3

‘Thuracotomy intision For cardiac massage.

In the majority of the cases the massage
was started within 1-7 minutes, only in
4 cases it took 10.25 minutes, because in
these cases the arrest took place ouside the
operating room and immediate thoracotnmy
facilities were not available.

Fig- ¢

Showing the method of bimanual compression
of heart for cardiac massage.

Fig. 5

Showing cardiac massage in progress with
fat of the palmar surface of fingers and
thenar eminance of the palm.
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. .. .
Don’t--Wait for eleettocardiograph or cardioscope ta diagnose
and begin treatment.  An absent 8. P. and absent pulse
In a major vessel {¢.g., caroud means cardiac arecsl,

MANAGEMENT OF
CARDIAC ARREST

Don't—Give drug of amy type uniil type and cause of arrest

is determined.

Don’t —Fiddle and hope the heart resiarts. Yom have only
3 minutes to establish circolation before jrrever-
sible damage occurs. S0 cut and masage.

DUTIES OF PERSONNEL

L]

Anagsthetist

1 When carutid pulse
cannot be felt or
heart cannot  be

geon and ask sseis-

tant to record
timne. i

Za Siop all anacsthesia. |

b Resparate patient
with 100%, oxygen.

le Tin patient  head
down L3 degress.

2d Pass  endotracheal
jube 25 soom W

possible.

3a When cardiac mas-
sage s tstablished

check radialor caro- |

vt pulse,

%o Cheek B. F.

' absence of pulsa-
heard inform  sur- |

Surgeon

I When pussible con-
firm presence or

fiom iIn Aorla.

i2a Open Ieft chest in
4th interspace with
transverse incision
from sternal mar-
gin to mid-axillary
Yine.

1
126 Mawage the heart,
‘3 When  adequate
massage has been
continued for 3
minues pause to
see if contractions

have returned: if
not follow eob. 2

{ helow.
|
i

Nure

I Assoon ax ab-
sent  pulse s

reported  bring ¢

cmergrney
thoracotomy
L

t

;
!
!

.

2 Bring cmergen-.
ey teay of syrin-

ges and drags.

Assistant
Surgeop

I Insert rib
reader and

tor 2 adjacens

cartilages

adeguate rxpo-

sire,

[

Stand by

relieve surgeon

TANSBRING
heart,

3 Sl V. ifne

one el
available.

ap-
cul

for

10}

the

i

Ohiess

| OIII' person
call ont time
ut onet minute
intervals uniil
afdeguate mass-
age v estab-
lished.

2 Oue persun
start L. V. and
axst anaeshe-
fist.
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POSSIBLE SITUATION EXISTING AFTER ADEQUATE
MASSAGE AND OXYGENATION

29

not

this

1. The heart resumies & normal beat

|
¢

2. The heart remuins in arrest

{(#) Continue massage in rhythm with (@) Open the pericardium.

{ry If the heart

but the B. P, rcmains low a mnor-
in 500 mk I. Procaine 19 2-10 ml. 1. Continue adequate
59, glucose) drip should be started.

(d) Observe
30 minutes of adequate action hefore
closing the chest.

ey Close
haemostasis.

CARDIAC MASSAGE

Adequnte Cardiac Massage should pro-
duce a palpable peripheral pulse and
should be carricd out thus:

Grasp the heart with the whole hand,
apply pressurc with the paimar surfaces of this).
the fingers and the thenar eminence. :

The cerebral and coronary circulations
can be improved by occluding the aorta
below the origin of the left subclavian

artery.  The clamp should be refeased every o
20 minutes the | b, Iheart is in asystole

kidney.

if they become weaker give adrena-
line 3: 1,000 05—1 ml. diluted i colour.
to 10 cc. of normal saline in to the
cavity of the lefl ventricke.

is contracting well

least

with  adeguate

use the
farge use bolth hands, B0-90 comractions
per minute is the mow effective rate but .
The ! give adrenaline 1:

to  maintain. ; .
1,000 05-1 ml | 5 4 asysole  persises

may
vate must be slow epough for the heart

to Gll during diastle, and the maximum

raic poasible
minute.

56-60 per

beat until contractions are vigorous
maintained  at

80 () Observe the action of* the ventricles for
diagnosis.
If contractions do nol improve or (€} Ohbserve the tolour of the heart; il it is

well oxvgenated 11 will be a good pink

ventricle,

2. Massage for 3 minu- 2. Give

tes awailing action
1

of procaine. X

3. If no result use elec- |

tric defibrillator . 3. If  agystole

(one of the tho- ;

racic surgical unit good
Or a $CnioT anaes-
thetist will be
responsible  lor

Do
is 4. If shock is inefective
(ur defibrillator is

not available)

diluted to 10 cx. of

+

! normal saline inw

} cavity of left ven-

: tricle. 10 fill in diastole,

5. IFspontaneous beatre-
turns follow col. 1.

' {ollow ¢ol, 2 B,

A. The heart is in fbrillation ! B. The heart is in asystole

into cavity of lefe massage.

10%
5-11) ml. into cavity
of lelt ventricle.

persists
and the heart is a
give
adrenaline 1: 1,000,
0-5-1 cc. diluted o
10 cc. normal saline.

4. If heart beat reiasm
folliow col. L

continuc massage up
t¢ two hours or
until the heart fails
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Fig. &

Shows the method of applying clectrodes to
the tibrillating heart muyscles for
defibriltation.

Time taken to start the Massage alter
detection of arrest.

Time Number of cases Survived
1- 3 min. 24 7
4- 7 min. I8
16-25 min. 4 —

{It is evident trom the figures that earlier
the massage better are the chances of

survival).

In our present series restoration of cardiac
action was in 36 cases i, 7804Y%, while
10 cases i.e., 21 7%, did not respond at all,
but ultimately 7 cases e, 13-7%, survived

permanently.

In the majority ol cases the heart action
was restored in 1-4 minutes and 1w this
group were the maximum nwmber of sur-
vivors, The longest peried before restora-
tivn of cardiac arction after massage wis
112 minutes but the patient expived aftec

Fig. 7
Mouth to mouth breathing and artitivial
[ESPIration in case ol emergency.

4 hours. In the other two survivals, onc
was aftér 12 minutes and another after
25 minutes of massage,

Time of restoration of cardiac actéou
after starting massage

Tiine Number ol cases Survived
1~ 4 min, 14 4
-1 mun. ] —
1200 min, 2 1
20-30 min, 4 1
13- vuan. 1 -
3% min ] —_

(This again proves carlier the massage
and earlier restoration of cardiac activity,
gives more of survival).

Fallowing table shows the time inteyval
in which cardiac aclivity was restored in
the cases that survived permanently.

Sarvival Rate

Temporary restoration  Pepmanent restoration
 of cardiac action andd Survival

No. of cardiac arres No, of Massage

52 4

* Survived

24 7 (37
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Restoration of Cardinc Action

(Swroived cases)
No. of cases
5

Time
1- 4 min.
12-  min.
25~  min.

During massage intracardiac injection of
calcium chloride, 109, solution, or adrena-
line 1:1,0000r 1:10,000 may be given
depending upon the state of the heart.
Occasionally 1%, solution of Procaine hydro-
chloride was given to attempt to abolish
fibrillation. In one case a total of 50 cc. of
calcium chloride and 12 cc. of 1:1,000
adrenaline was given over a period of
3 hours and 15 minutes the patient deve-
loped fibrillation and did not survive.
Electric defibrillation was used in 12 cases.

Time to Persist in Massage of Heart

It is always a question how long to persist
in carrying on the massage, and when to
abandon massage as a hopeless case. The
literature shows :

1. Lahey and Ruziks'® continued massage
for 2-45 minutes as long as they were
getting some response from the cardiac
muscle.

2. Adams' reported a case of cardiac
arrest during P.D. A, division. He started
massage at 60-70 beats/minute with the
head in a low position and 0'5 cc. of 1%,
procain hydrochloride were injected into
the lefit ventricle. The electric defibrillator
was used 20 times with varying voitages and
10 cc. of 19 procain hydrochloride was
given in the right ventricle, as well as
100 mgm. of pronestyl hydrochloride intra-
venously. After 90 minutes visible rhythm
was scen in the left atrium, but it was not
transmitted to the ribrifiating left ventricle.
Ultimately cardiac action was restored after
110 minutes and the patient made an un-

eventful recovery. ;

3. Haight and Sloan™ reported complete
and permanent recovery afrer 3 hours and
15 minutes of massage. During massage a
right ventricular tear occurred at the site
of an old infarct which was controlled by a
gauze piece and later sutured. During all
this time massage was continued.

In the present series massage was aban-
doned in 10 cases after 22 minutes to
3 hours and 40 minutes. In the majority of
cases the massage was continued for at least
| hour. Massage should be continued as
long as even a little response from the
cardiac muscle is oblained, and a good
palpabie pulse and reacting pupils are
present.

Stephenson!* and his associates in 1953
reviewed 1,200 cases of cardiac arrest
and gave their statistics which is compared
with our present series of 52 cases, below :

Present Stephenson and
series associate statistic
Cardiac arrest a2 : 1200
Heart action restored  78:29 569,
Permancnt survival 13-79, 289,
Cardiac arrest outside
operation room 7-7% 4%,
o/ Survival of above 009 179,
Present Briggs
series series (5}
Last 10 years sur-
vival 9% - 379,
Last 5 years sur-
vival %, 13:79% 509,

In both the series the majority of cases
who did not survive, died within 24 hours.

Restored Cardiac action but patiens ex-
pired in

Few min. 10 12 hours 13 cases 28-20/
12 to 24 hours 12 cases  28-]o;

0

1 day - 8 days 4 cases g-]0/

L]
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After care

Every attempt should bhe made w0 keep
the biood pressure at 80 mm. of Hg. or
above. Oxygen is given continuously. Digi-
talis may occasionally be administered for
tachycardia. Hosler™ advises 20%, dext-
rase and 39 saline intravenously to counter-
act the increased potassium wons in blood
and possible accompanying arrhythmias.
The patient should be kept in the operation
room until spontancous breathing is estah-
tished and the hlood pressure and pulse are
satisfactory or carvdiac arrest mav recur at
any moment. Only 7 cases survived in our
series and were discharged from the hospital
in good health.

Cardiac Arrest Outside
operation room

In 4 cases cardiac arrest occwrred outside
the operation room. Massage was done in
all these cases but it ook 10-23 minutes to
start massage, and uwltimately all cases
succumbed.

Causes of Failure

Failuwre to revive the arrested heant,
according w Fautex (16} may be due 1o,

1. Hyperirritability of heart muscle trom :
e Cardiac ischemia.
&) Qver stimulation obf heart muscle
by improperly balanced massage.
¢} Injudicious use of adrenaline (epi-
nephrin).

2. Absence ol cardiae tone as evidenced
by the heart being dilated and Raccid.
Massage with overenthusiasm may bruise
the cardiac muscle and the ensuing ischemia
may impair conduction. Barium chloride
or calcium rhloride at this stage may be
helptul,

3. Increased temperature of cardjac
muscles. Tlue 10 vepeated shocks for de-
fibrdlation, heat increases which in turn
increases conductivity and a state of fibrilla.
tion becomes established with it is impossi-
hle to terminate. Pouring on of cold saline
has been advocated.

4, Peripheral failure: If forcetul cam-
pression does not bring about a palpable
pulse and recordablé hlood pressure and
the ventricle remain empty, 500 ce. of bload
may bhe injected into  hoth ventricular
cavities,

Discussion

Assoon as the cardiac arrvest is noticed
no time should be wasted in the fond hope
of revival of heart which has lost its power
to propel blood and all appearances is
unable to recover spontancously. Failure to
resuscitate heart action is usually due to
failure to appreciate the significance of the
pulseless patient  quickly enough 1o get
cardiac massage started within the vial
3 minutc period. Lesser procedures |ike
intra-cardiac drugs are of little valne and
should he used only alter nmssage has heen
started. Arvtificial respiration is inadequate
by itself, but combined artificial respiration
and manual cardiac massage mnay save
many lives.

* The importance of the following points
should be noted :—

‘1) The thoracotomy indision most be
large cnough o llow good exposure of the
heart. (2] Because of the danger of rupture
of the ventricies the Anger-tips must not he
used to massage the heart: if the hewt s
compressed between the thenar eminence
and the palmar surlaces of the fingers this
danger 13 aveided. 3 Drues must not e
given until adequare massage has been
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continued for at least thre¢ minutes and
until the type of arrest has been diagnosed.
(4) Adequate cardiac massage produced a
palpable peripheral pulse and a systolic
pressure of 70-80 mm. Hg.; (5) The rate
of massage depends chiefly on the speed
with which the ventricles fill during dias-
tole. (6) Electrical defibrillation should not
be aitempted by anyone who is not familiar
with this procedure (11).

Summnry

1. 52 cases of cardiac arrest have been
reviewed.

2. In 46 cases massage was done, the

majority within 7 minutes of the onset of
cardiac arrest.

3. Inall cases that survived, massage was
started within 3 minutes after detection of
cardiac arrest.

4. Seven cases out of 52 survived giving

a survival rate of [3-79,
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A TECHNIQUE FOR COMBINED TOTAL LARYNGECTOMY AND
RADICAL NECK DISSECTION FOR CANCER OF THE LARYNX

By

A. G. FLETCHER, Jr. and 1). K. GOSAV, Miraj.

Cancer of the larynx has a high incidence
in India, comprising 12'1 per cent of a
series of 3,640 cancer cases ohserved at the
Tata Memorial Hospital''. The problem is
complicated by the fact that most of these
lesions (132 out of 139 in the Tata series)''
arise in the so-called extrinsic Jarynx, or
Faryngo-pharynx. Formerly, practically all
of these cancers, if they were treated at all,
were treated by radiotherapy. However,
the last decade has seen a definite swing
back to radical surgery in the treatment of
many oro-pharyngeal cancers and the same
has been true of cancer of the larynx. At
the Miraj Medical Centre we have increas-
ingly resorted to total laryngectomy in
the trecatment of cancer of the extrinsic
larynx. Our experience in a small group of
47 patients operated upon to date has led
to the development of a standardized
technique of combined radical neck dis-
section and 10tal laryngectomy suitable (or
the 1ype of lesion commonly encountered in
India. It is the purpose of this paper 10
present the rationale and the technique of
this operation.

Rationale

Cancer of the extrinsic larynx is a term
which is commonl used to denote tumors
arising from the mucosa of the pyriform
sinus, the arytenoid, the aryteno-epiglottic
fold, the epiglottis, and the post-cricoid
area. The post-cricoid lesions really form a
separate group, since they fiequently require
resection of the hypopharynx and cervical

csophagus as well as the laryux. The surgi-
cal technique for this group will be present-
ed in a separate report. Isolated lesions of
the epigilottis are very rare in our experience
and these likewise present a rather different
problem. The same is true of cancer of the
mtrinsic larynx. The following discussion.
therefore, deals with the 1ype of lesion
which is most commonly met with in India,
namely, cancer of the pyriform sinus. the
arvtenoid, and the aryieno-epiglottic fold.
Naturally, such tumors may extend, in their
late stages, Lo involve the epiglottis, the
hase of the tongue, the esaphagus or the
endo-larynx.

Due 16 the location and rich lymphatic
drainage, these cancers of the extrinsic
latynx are characierized by early metastasis
to the upper deep cervical hvmph glands
located along the upper part of the internal
jugular vein. Tavlor and Nathanson™ have
stated that the incidence of such metastasis
may be as high ax 71 per cent. Probably it
wax for this reason that such cancers were
formerly considered unsuitable for surgical
ireatment. Certainly, the limited techniques
for larvngectomy  which were commonly
used wuntil a few vears ago, and are des-
cribed in most of the text books, =7 W are
quite inadequate for dealing with cancer
of the extrinsic buvnx. In recemt vears
number of surgeons™ %% have led in the
application of the basic principles ol cancer
sutgery to this problen. The result has
bBeen a varieny of sazpested technigues for
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radical vesection of the larynx and laryngo-
pharynx and radical neck dissection, cither
in continuity or in separate steps. In
presenting our technique we do not make
any claim of originality, though we have
modified variaus details on the basis of our
own cxperience and have laid stress on two
points : (1) Wide resection of the tumor,
the larynx and the adjacent tissues which
might be invelved by the tumor ; (2) Radical
neck dissection on the side of the lesion to
remove the neck contents in continuily with

the larynx.
Indications

‘The operation which is about to be des-
cribed is indicated in all cases of cancer of
the pyriform sinus, arytenoid, or aryteino-
epiglottic fold which fulfil the foliowing
criteria. Extensive cancers of the intrinsic
Jarynx may also be included, since metas-
tasis to the cervical glands is likely to be
present in this group also irt the later stages.

(1) The larynx is freely mavable.

(2) The growth is not fixed o the
averlying skin.

{3) Merastasis to cervical lymph glands
is palpable on one side only.

(4} Cervical glands are not fixed to the
averlying skin or to deeper struc-
tures such as the carotid artery or
the mastoid bone. Fixation to the
sterno - cleido ~ mastoid muscle is
acceptable.

(3) The base of the tongue 15 not
involved.

(6) The esophagus and hypopharynx
are not so extensively involved as
to require circumferential excision.

(7) The general condition of the
patient is such as to permit of
major surgery with reasonable
salety.

It will be seen that the assessment of a
patient for operation will require :

(1) A careful external examination of
the neck.

(2) Examination of the lesion by both
indirect and direct Jaryngoscopy.

(3) Biopsy of the lesion.

(4) Evaluation of the general condition
of the patient, including an X-ray
of the chest to rule out metastasjs
or any other lesion.

If bilateral metastases are present, consi-
deration can be given to the possibility of
bilateral radical neck dissection if the
primary lesion is not too far-advanced.
This can be done in one stage but is
probably better handled in two stages. If
it is necessary o excise the esophagus circum.
ferentially, the resection can be carried out
very much as outlined here, but special
techniques have 10 be employed for the
reconstruction of the esophagus, Thistechni-
que will be discussed in a separate com-
munication, Even in cases in which the
cervical lymph glands on the side of the
lesion are not enlarged to palpation, radical
neck dissection in continuity with radical
tocal laryngectemy is indicatec!, since there
is a strong probabhility that microscopic
metastases are already present in these
vlands.

Pre-operative Preparation

'I'hese patients usually present themselves
with a history of increasing hoarseness of
voice, dysphagia and dyspnea. If there is
marked respiratory ohstruction it is better
to do an immediate tracheostomy under
local anesthesia before proceeding with
routine investigations. The tracheostomy
should he done at a high level, through the
cricothyroid membrane or the cricoid ring,
in order to canse minimal interference with
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the later operation of laryngectomy. A low
tracheostomy leaves only a short tracheal
stump for formation of the tracheal stoma
and also interferes with the skin incision.

The routine diagnostic procedures are
mentioned above. Biopsy should never be
omitted, since it is possible for tuberculosis
of the larynx to present an appearance very
similar to that of cancer. If dysphagia is
marked, a nasogastric tube may be passed
for purposes of pre-operative nutrition or a
gastrostomy may be done. Adequate vita-
mins should be given. If the hemoglobin is
very low, one or two blood transfusions may
be given before operation. As a general
rule, at least 1000 cc. of whole hlood shouid

be kept on hand for transfusion during the
operation,

The night before operation the entire
neck, face and upper chest are carefully
shaved and washed. The shaving is carried
out up to a level above the ears. In the
morning a nasogastric tube is passed into
the stomach and securely taped at the nose.
This is essential for post-operative feeding
and it is much better to put it in place
before operation. An injection of strep-
tomycin and penicillin and adequate pre-
medication are given and the patient is
sent to the operation theatre.

Anesthesia

The subject has been discussed by Boyan
and Howland' on the basis of experience
with 1,029 laryngectomics. In general the
principles suggesied them have been foliow-
ed. In most cases, even where preliminary
tracheosiomy has been necessary because
of respiratory obstruction, it is possible to
pass an ordinary endotracheal tube with 3
balloon cuff through the larynx into the
trachea. This is very desirable, since the
tracheostomy tube can be removed and the
field lcft clear for the required procedure.
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Under these conditions we have found the
following technique very satisfactory :

{}} The trachea and larynx are topi-
cally anesthetized by dropping
2 per cent anethane into the trache-
ostomy tube,

(2) Anesthesia is induced with intra-
venous medium pentothal.

(3) A temporary connection is made
hewween the tracheostomy tube and
the anesthesia machine and surgi-
cal anesthesia is obtained with
ether and oxygen using a closed
system,

(#) The orotracheal tube with infia-
table cuff is introduced through
the larynx in the usual manner
and the tracheostomy tube is with-
drawn. The cuff is inserted in
such a way as to block the trache-
oslomy opening and 10 prevent
blood and secretions from going
down the trachea.

(5] A light plane of anesthesia with
ether and oxygen has proved very
satisfactory for maintenance.

El there has been no necessity for previous
tracheostomy, the orotracheal wbe i intvo-
duced the balloon cufl inflated, and anesthe-
sia. maintained in the usual way, leaving
the neck free for the surgeon. If the growth
in the larynx prevents the passage of the
endotracheal tube, it is necessary to intro-
duce a cufl tube through the tracheastomy
opening, which may he enlarged if neces-
sary, for maintenance of anesthesin. This
is done alter induction of anesthesia as
outlined above. An ordinary endotracheal
tube may be used and passed upward near
the patient’s ear on the side opposite to the
neck dissection for connection 16 the anes-
thesia machine outside the surgical field.
The initial stage of the operation must then
be carvied out with this tube in place.

TOTAL LARYNGECTOMY

Whichever method is used, the cs:sc.ntial
point is that anesthesia must be admlmfter-
ed through an endotracheal tube provided
with an inflatable cuff to occlude the trachea
and prevent the passage of hlood and
secretions into the lung.

Technique of Operation

Position—The patient is placed in the
supine position with 2 thin pillow under the
shoulders. The neck is extended and the
head turned toward the side opposite Ehe
lesion, thus exposing the neck on the side
of the lesion. The table is tilted somewhat
downwards at the feet and up at the head
to bring the surgical field inoa h.onzontal
plane. An intravenous infusion is started
in the saphenous vein at the ankle ‘by
venepuncture or vemesection. A very dec
area from the nipples to the lower half of
the flace and including both sides of the
neck and both shoulders is prepared.

Incision.-—The preferred incision is sh_o-wn
in Fig. 1, The transverse area of 1he incision
begins near the mastoid process anq extends
across the neck to the opposite tip of the
hyoid bone. The vertical arm starts down-
ward und then curves laterally to mccf .thc
central part of the clavicle. This incision
provides adequate exposure and lca\'Fs tlu:r
suprasternal area free for the formation o

Fig .1
&Lin Incision.
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the tracheal stoma. Naturally, a modifica-
tion of the incision may have to be made
when there is a previous trachcostomy.
The incision is deepened through the
platysma muscle and flaps consisting of
skin, subcutaneous tissue and platysma are
widely dissected in all directions. The limits
of dissection are the margin of the mandible
above, the clavicle below, the edge of the
trapezius muscle on the side of the neck
dissection, and the sternomastoid muscle on
the opposite side. Care is taken to preserve
the mandibular branch of the facial nerve,
if possible. Throughout the operation, bicr.:d-
ing points aie grasped with fine mosquito
forceps and controlled with fine cotton
ligatures, or with the electric cautery on
the specimen side. Sharp dissection with a
scalpel or fine scissors is used throughout.
Care is taken to avoid rough handling of
tissues or excessive manipulation of the
tumor (Fig. 2).

Lower Neck Dissection.—The neck dissec-
tion is now begun and follows in general
: . . 6

the technique so well described by Martin®.

The sternomastoid muscle and the internal
jugular vein are divided and reflected

upward for a short distance, exposing the

Fig. 2

: f skin and platysma muscle reflected
Hlaps ‘io expose the ficld of operation,
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common carotid artery and the vagus nerve
and, Tlateral o these, the phrenic nerve
lying or: the anterior scalene muscle. Later-
ally, the omohyoid muscle and the spinal-
accessory nerves are divided and the fatty
contenmts of the posterior triangle are dis-
sected upward and medialh, exposing the
brachial plexus. Laterally, this dissection is
carried upward along the anterior edge of
the trapezius muscle to the level ()I.' the
mastoid. As this is done, the specimen s
reflected medially instead of turning i.l
upward as in the routine neck dissection.
In this way, the neck contens remain
attached all along the lateral border of the
larynx, but the carotid artery is exposed tO'
a point well above the hifurcation, bringing
the hypoglossal nerve into view. The supe-
rior thyroid branch of the external caroticd
artery is divided and ligated (Fig. 3.

Upper  Neck  Dissection.— The  dissection
now begins at the margin of the mandible,
reflecing downward the contents of the
submental and the submaxillary triangles.
Laterally, the lower pole of the parotid
gland is exposed but wsually is not resected.
The upper end of the sternomastoid muscle
is now transected just below the mastoid
process. This exposes the belly of the
digaswric muscle, which is refracted upward
o provide a maximal exposure ol the upper
end of the internal jugular vein. The vein
is doubly ligated and divided at i high
level, including with the specimen as mu.rh
is possible of the surrounding areolar and
Ivmph-node-bearing tissue. T'he accessory
nerve is again sectioned at this level ;m;.i
the hypoglossal nerve identified and pre-
served. 'The entive neck dissection specimen
is now free inferiorly, superiorly and
laterally, remaining attached only to the
larynx and thyroid medially ‘Fig, 3).

Fig. 3

Lower part of neck dissection completed, Neok
comtents reflecied medially and still
attached 10 larynx,

Ipsilateral Mobilization of Larynx and Thy-
roid Lobe.-Attention is now turned to the
mobilization of the larynx. On the yide of
the lesion (ie. the side of the neck dissec-
tion) the entire thyroid lobe is mobilized
with the larynx and remains attached 10 i,
since there is a danger of involvement of
the upper pole of the gland by direct exten-
sion ol the wimar. The sternothyroid and
sternohvoid muscles arve first transected just
above the sternal notch  and l'(‘ﬂ(‘(.‘l(‘d
upward, expusing the thvroid lobe, The
inferior thyroid veins and e inferior
thyroid artery are divided and ligated to
mobilize the gland. The recurrent laryneeal
nerve is divided. The inferim c‘uns.tri(‘mr
muscle is divided along the Posterior margin
ol the thyroid cartilage, swinging the n;'('k

dissection specimen medially to obtain ex-

posure of this area. Above the corng of

the thyroud cartilage, the supevior Luvngeal
nerve and avtery ave divided and lgated
(Fiyg. 4.
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Fig- 4

Up rt of neck dissection completed.
[ %ﬁ M f larynx on the side of lesion

ization o . .
including right thyroid with

the specimen.

Mol
completed,

Contralateral Mobilization of the Larynx.—
On the side opposite to the lesion, the
entire thyroid lobe together with the attach-
ed parathyroid is to be preserved. The
sternomastoid muscle is retracted laterally
and the sternchyoid and thyrohyoid muscles
are transccted just above the sternal notch
and reflected upward, freeing them from
the anterior surface of the thyroid capsule.
The thyroid isthmus is transected and the
thyroid lobe is reflected laterally and sepa-
rated from the trachea and the larynx.
Many small branches of the inferior and
superior arteries which enter the trachea
and the larynx, must be clamped and
ligated. The upper pole and the superior
thyroid artery and vein are also reflected
laterally away from the larynx. The inferior
constrictor muscle fibers and the superior
laryngeal artery and nerve arc divided
exactly as on the opposite side (Fig. 5.

Suprahyoid Dissection.—Attention is now
turned to the region above the hyoid bone,
where the mylohyoid and hyoglossus muscles
are transected. The hyoid bone is divided
on either side just medial to the attachment
of the digastric tendon, thus removing the

Fig. 5
Mobilization of larynx on side opposite to
the lesion completed, reflecting left

thyroid lobe away from the specimen
and preserving it.

central part of the bone with the specimen
and leaving the tips in situ. Formerly, we
used to preserve the hyoid bone but it has
been found much more satisfactory to
remove most of it for severa]l reasons:
(1) Tt makes it easy to do a wide excision
around the epiglottis, removing part of
the base of the tongue, if necessary; (2) It
facilitates closure of the hypopharynx after
laryngectomy ; (3) removal of the hyoid
causes no demonstrable interference with

swallowing. .

The larynx is now completely mobilized,
remaining attached only by the hypepha-
ryngeal mucosa above and the trachea be-
low. The neck dissection specimen s still
attached on the sidc of the lesion {Fig. 6).

Transection of the Trachea—The balloon
ol the endotracheal tube is now deflated,
the tube withdrawn somewhat, and the
trachea transected. Unless there is subglottic
extension of the tumor, this is done at
a high level, usually just or below the
first tracheal ring. The orotracheal tube is
now removed and a sterile right-angled
cuffed tube, designed specially for this pur-
pose', is inserted into the distal tracheal



10 THE INDIAN JOURNAL OF SURGERY

Fig. &

Division of suprabyeid muscle and hyoid
bope completed.

stump and the ather end passed up o the
anesthetist for comnection with the anes
thesia machine. Stay sutures in the margin
of the tracheal stump are ded arvund the
wbe to secure it in place and the cuff is
firmly inflated to provide a closed system
and 1o block the trachea against bloogd and
seeretions (Fig, 74,

Transection of Hypopharrny—The mucosa
of the hypopharyux is now opened near the

Fig. ¥

Hyepuphar s apeued on fefUside, opposite (o
e benion, vopesing tumor of arvteanepighottix
Folid as Larynx rotased.

Fig. 7

Trachea transected and anesthesia tnbe placed
i distad vracheald Mtump,

cotny ol the thyreid cartilage on the side
Opposite the lesion. As this incision is
eolarged and the larynz rotated, = good
view of the lesion is obtained. Under direct
vision the mucosa is now divided all the
way around, varrying the incision at least
une centimeire beyond the grossly visibie wy
paipable limits of ke cancer. The speci-
men is remnved (Figs. 8 aud 9},

Yig, 4
Larynx and neek coments retoned afeer
mosion of wawesa of hypopharynx, Delers
af hypophatynx exposed.,
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Fig. 10

Hypapharynx  elosed wsing T V-shaped
sutvre fine. A fransverse sutace line i possible
He many cases and provides 3 more
satisfaciory closorr.

Closure of the Hypopharyny and Esophagus -~
This step is exteemely important, sice cate
lessness or poor iechnique will result in
sroublesome post-operative fisiulae. Ofien
the hypopharyax can be closed tranaver-
scly, and this is probably ideal. IF ihis is
not possible, 2 T "'-shaped closure s gene-
rally the most useful. Tn either case the first
laver of 1he closure is @ continuous jnves-
ting Cgnnell sutuve of G0 atcawwatic
chromic catgm. This suture includes the
mucosa and some of the supposiing  dissuss.
It is re-inforced by a second laver of inter-
rupted sutores of Bane cottep. In placing
these sutures, the posteriar helly of the
digastric, the smuscles of the tongue, the
suprahyoid musclesand the pharyngeal con
strictar muscles are made use of to. provide
sipport to the suture Yine, Nawnrally, ren-
sion o the sutures must be avoided
{Fig. 10).

Closure of the wound —Aftey closure of the
hypopharynx, the entire wound is wasfwd
out tharoughly with warm saline solauion,
caking care to prevent fluid from enteriag
the trachea, which is stil) occluded by the
special ube and inflated cofl.” Femosasis

15 carefully checked and penicillin and
streptomycin powder is placed in the wound.
Two small catheters, pear the tip of which
many holes have been em, are placed in
the wound and brought out through smail
stal wounds in the skin faps on either side.
These catheters are secured in place with
corton skin suturey and are used for post-
aperative suction drainage of the wound.
The skin faps are carefufly approximated
by means of interrupted fine cotton sutuves
for the platysma muscle and a second layer
of interrupted fine black cotton skin sutu~
res (Fig. 11).

Trachsal Stoma.~The completion of the
tracheal stoma is left until the last, gince to
accomplish this the anesthesiz tule must be
rémoved and, the pavlent is Hkely to start
waking vwp and movizg soon afieywards.
Naturajly, it is important to insuce that
effective, spontaneous vespiralion is present
belore the anesthesia tube is removed. The
open end of the trachen is now oot some-
what obliquely, with the long Lip posse-
riorly, in order to provide Tor a wider
stoma, A large, round hole is now cut in
the skin flap in the iuprasteynal arca, and
the trachea is Lrought through this hole

s Fig. 11

Qpryation compieted by closure of skia inci.

siop and formation of tracheal stoma, Mate

caphreters in plate under the skin flaps for
suction drainage,
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for smuring 10 the skin margins, It s
important to have a wide-open stoma, since
there is always a tendency for the stoma 10
contract post-operatively, and an unduly
narcow stoma is often very troublesome and
difficult to correct Jater on. The tracheat
margin is secured to the skin edges with
numerous interrupted sutures of fine black
cotton. A Martin-type laryngeciomy tube*
is placed in the stoma and a light dressing
applied to the wound. A bulky pressure
dressing is not necessary since suction under
the skin flaps is 10 be used.*

Post-Operative Care

After operation, continuous suction
applied to the catheters whicl, were placed
beneath the wound Aaps. This is maintained
lor about forty-eight hours after which the
catheters may be removed. 1In most cases
the total dramage of blood and serum
amounts to about o 130 cc. Suction may
be applied by means of a Wangensteen
apparatus or by means of the pump used
for intra-thoracic suctjon drainage.

is

As s00r as the patient has come out of
anesthesia, the head of the hed is elevated
somewhat, o promote drainage from (e
face and neck and thus minimize edem;,
The tracheostomy is aspirated at least once
every hour for the first twenty-four hours
and thereafter as required. The tracheos-
tomy tube is cleaned, hoiled and replaced
several times daily and the area around the
tracheal sioma is kept as clean as possible.
The tracheostomy tube may be dispensed
with after the fourteenth day, when the
tracheal stoma is well-healed.

Suction is applied to the nasogastric tuhe
tor the first twentyfour hours until any
tendency to nausea or vomiting has subhsi-

ded. Then feedings of milk, tea, raw cugs,

soup, etc., are given through the tube. If

the condition of the wound s satisfuctory,

oral inake is cautiomly begun on lhr‘
eighth dav afier operation. A first 0"1!.
glucose water is given, one ounce evern
hour. 10 this ix swallowed well, without
evidence of leakage, the quantity is inerea
sed next day. On the third day the tube
may be removed and a Tull liquid dict may¥
be given. Solid food is staried gl’;ldllfl"}'
from the fourteenth day after operation:
Occasionally, a small fistula may be noted
after oral fluids ave started. If this occur®
oral intake is stopped and leeding is cone
tnued by means of the nasogastric tube.
Usually, such fistulae will close within 8 10
10 days. We have no experience with 1aree
fistulae requiring plastic surgery for closure

A combination of 400,000 units of pen
cillin and § Gm. of streptomyrin is injected
twice daily for the firn six days and once
daily thereaflter, till the fourtcenh day. @
prevent infectian of the extensively o
taminated wound. ‘The patient is cneous
raged 10 sit up and move about from the
fiest duy after operation. Most of the skin
sutures may he removed on the seventh days
but those around the tracheal stoma A€
left until the tenh day,

Clinical Experience

‘The technigue presented in this papet was
develuped as a resull af experiences with
lorty-seven wotal laryngectomies for cancer
performed at the Miraj Medical (:Cl_""'
and the Wanless Tuberculosis Sanatorinm
over a period of several years. In fourtect
cases (the earlier ones in the series , only @
*wide-field ” onal larvingectamy was per-
formed, without complete  radical neck
dissection. Infilteen cases, resection of the
Lavnx, hypopharynx and cervical esophi-
gus was done for cancer o the hy popharynx.
and various abdominal viscera wore ent
ploved for reconstiuction of the cervical
esophagus. In two  cases, radical neck
dissection and radical total laryngeotons
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were performed in scparate siaged opera-
tions. In another case total Iaryngcctom}!
was combined with hemiglossectomy, hemi-
mandibulectomy and radical neck dissec-
tion in the treatment of cancer of base of
tongue. Fifteen patients have bfcn o;_)era!e.d
upon with the technique described in this

paper.

Fourteen of these 15 patients were males.
In 12 cases the cancer originated in the
pyriform sinus. In two cases the primar‘y
site was the vocal cord and in one case it
was the post-cricoid area. In eleven out of
the 15 cases (73'3 per cent) tumor metas-
tasis was found in the glands removed by
vadical neck dissection, thus emphasizing
the need for radical neck dissection when-
ever total laryngectomy is performed in the
treatment of extrinsic cancer of the larynx,

The operation consisted of a radical l?lnl
faryngectomy combined with a ra.idnc‘al
neck dissection on the side of the lesion in
each case. In six of the fifteen cases tracheos-
tomy had been performed prior to the main
resection. The mucosa was closed trans-
versely in five cases and a “ T shaped
closure was employed in tlen cases. The
average time required for the operation was
about five hours. An average of B800—
1200 cc. of whole bleod was given during
the course of the operadon.

Past-operative complications consisted of
2 small wound infection in two cases and a
temporary salivary  fistula  in  three
cases. Two of 1he fistulae were very
small and closed spontaneously within
vight days. The third tislulfl was farger
;n‘ul required six weeks for complete
closure. However, it closed spuntanm}lsly,
without further surgery, and a good func-
tional result was obtained, There was no
mortality. All patients were (Iischarqt-c.i m

good condition, eating a normal diet. In
spite of the loss of voice, the patients are
uniformly happy with the results of this .
operation, since they are relieved of z pain-
ful and foul-smelling tumor with its ateen-
dant difficulties in breathing and swallowing.
These patients were operated upon too
recently for significant evaluation of results in
terms of cure of cancer, but it is reasonable
to suppose that an extended, carefully plan-
ned operation of this type would offer a
hetter chance of cure than more Jimited
surgery or radiotherapy.

Discussion

It is the opinion of the authors that the
operation described in this paper represents
the bestavailable treatment for cancer of the
““ extrinsic larynx " (pyriform sinus, arvies
noids, aryteno-epiglottic fold) and extensive
cancer of the intrinsic larynx. In all such
cases ipsilateral radical neck dissection should
be done even when grossly enlarged glands
are not palpable.

The operation is a painstaking and
exacting one. It must not be performed
hastily or roughly. Time should not he
wasted, but the objective is not speed but
rather complete eradication of the cancer,
At least four hours will be required, even
after considerable experience. If hemostusis
is accurate and complete, the blood loss s

.only maderate and the patient remains in

excellent condition throughout the operation,

fn India, where the incidence of oro-
pharyngeal cancer is high, there should be
more emphasis on the surgical treatment of
these lesions by modern methods and steps
should be taken to frain younger surgeons
in the detailed and exacting techniques
required.



Summary

1. Cancer of the larynx, especially the
“ extrinsic”’ type originating in the pyriform
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radical neck dissection in continuity. This is
true even where enlarged lymph glands are

not palpable.

sinus, arytenoMs and aryteno-epiglottic
folds, is common in India.

3. A technique for performing this opera-
tion is presented in detail.

4. This technique is based upon an ex-

2. Since these cancers metastasize early to  perience with total laryngectomy in forty-
fhc upper deep cervical lymph glands, the  seven cases, the Jast filtecn of which were
ideal surgical treatment is radical total performed according 1o this technigue with
laryngectomy combined with ipsilateral  gratifying results.

n

-

3.
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PRIMARY PYLORIC HYPERTROPHY IN ADULTS

(A4 report

R.S. GUPTA and S.

Primary pyloric hypertrophy in adults is
an interesting clinical entity. Since its first
description by Portal and Curveilheir in

1885, more case reports have appeared in
the world literature. A number of investi-

galors consider this condition as a man:‘fcs~
Aation in adulthood of a congenital disease,
and hence the name “achalasia ™ of the
pylorus has been applied.

Case Report

Gase .—\ female patient aged 21 vears was
admitted for vomiting 7 to 8 times a day for the
past 6 days. The paticnt would not eat anything for
fear of vomiting. The vomits contained ingested
fomd macter with litle bile. The patient was having
pain in the epigastric region for the past 6 months
with occasional vomiting.

Past history did not reveal much. The patient had
no difficully in waking milk in the first year of hiath
ur since, till the present complaint 6 months ago.

On examination, a thinly buil, obviously dehy-
drated female markedly anaemic, was scen with a
Pulse rate of 90 p.m., B. P. of 110f70 and a temype-
rature of 98°F. On palpation of the abdomen, a
mass 17 X 4* was felt in the right hypochondrium
just 10 the right ol the midline. Visible perisialsis
could be seen going from left to right in the epigas-
triutn. The lump wad intra-abdominal and could
not be moved from side 1o side, and was tender on
palpation. The rest of the examination was cssenti-
ally negative. Laboratory examination showed a-Hb,
of 70%,a W.B.C. count of 5900 ; urine - NAD,
stool- NAD: R. T. 46 secs., C. T- 3 min. 4! secs. An
F, T. M. showed absence of free hydrochloric acid,
A Barivm Meal examination showed pyloric obstruce
tien. Very litle barium trickling through afier

6 hours.

The patient was treated by stomach washouts,
and milk diet for 6 days and was put up for opera-
tion on 16:3-59, The abdomen was opencd by a

of 2 cases)
BY

S. BAITAL, Calcuua.

right paramedian incision and the pylorus was felt
to be firm in cousistency giving the impression ol a
tumour formation. No evidence of scarring due o
any ulcer was scen. A partial gastrectomy with a
Polya-Hoffmeister antecolic antiperistaltic  anasto-
mosis was done.

On opening the removed stomach, marked narro-
wing of the pylero-antral junction was scen, so much
s0, that a probe could be passed through onty with
difficulty. On incising the pylorus the pyloric canal
was markedly narrowed and the wall was thicke-
ned (Fig. 1)) The mucosa of the pylorus appeared
hypertrophied. There was no evidence of any ulcer.
Histalogical examination of the pyloric canal shewed
~—* Formation of papillac of mucosa with thickened
muscular coat without any evidence of inflammatory
cells.”” This is shown in (Figs. 2 & 3.)

The post-operative course was uneventful and the
paticnt was discharged on the 14th post-operative
day. At follow up, one year after the operation the
patient was well with ne complaints, having put on
about 18 lbs. in weight.

Fig. |

Case |—Specimen showing marked
narrowing of the pyloric canal,
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Fig. 2

Case |-—Microphorograph shawing
formation of papillac of mucosa
HUE- X 2000

Case 2--A nntle parient aged 24 vears was adniiv-
ted for pain in the colgastium with vamitiog off
and on foy the past one year, The pasient bad beea
well 1) one vear age when he staned griing vomi-
ung off and on afier weab wich ald painin the
epigasirium. The vomiting gradually progeessed and
for the last one mwonth he had vomiting alter cach
meal. There has heen loss of weight of aliout 14 Ths.
in the lasy one vear.

Tiw patient bud been well previously aml there
was no history of any complainis in childLood.

On examipation a thinly built aduhi male slighily
anarnie was seen. On palpaton of the abdomen,
wnderness on deep palpation, wothe vgght ol the
midline 0 the epigasteiam was ehicited, There was
nis palpabde lomp, Visible peristalsis o the epigas-
1riugn From el to pight was seen ailer giving aodeink
of water Charcoal vetention in the stomach was
present afwer 34 hours. Labirawny mvestigations
stiowrd: Hb, 727, W. B 0. 7200 utine ~ NADD,
stool - NADL Fractionalanalysks showed achlorhydria,
A Barmom meal examination showed pylorie sienosis.
There was almost complete retention of basiom in
the stomavh alter 5 hours.

Fig, 3
Case 1—Microphotograph showing hyper-
srophy of the muscolar layer withour any
inflammatory celis
THL E.ow 2000,

The parienr was operawl w0 by 5 right para-
mecdhian inecision  and  the  atwlomen ippened, (e
pylotus was found thickened giving the impression
of a unuour, There was no searciw or ovideper
of any uleeration in the stomach, A partiad gastres-
tomy with a Polya Bolfineister antecohe antiperivial-
i anustamionis was done,

U opewing the stomiach marked stenosis a1 (e
pyloro-antral junciion was seen. The opeting was
warrowed 1o the size of about 2 wman. - Fig, 41, The
priorie canal was found narrowed with thickening
of the pyloric musele, and the mocosa of thie pylora.
was lvperirophicd - Fig. 53,

Hostoslogiral  examinanon of the pvlore regiog
showed = warked thickening of the musele wall-
with the presewce of thickened neeves, Thee
autrteroos mnconal fokds withouwt ant cvidhonee ot
milammation ™ - Figs. 0 & Ty,

e Post-operative sourw was uneventful, e
patient heing disclinged on the TH6 postooprrating
day.

no complaints, can ¢a

Td

HYPERTROPHY IN ADULTS

PRIMARY PYLORIC

Fig. 4 Fig. 5
g ) .

. —8 ed narrowing and
d imen showing marked Case 2 .bhowEng marks n row;. g
Case 2— Resected speci e T myloric

stenosis of pylaro-amraljuminn.

Follow up

is dot s i - has
1 is well 6 months after operation and is doing his normal duties. He
i as put on 12 Ibs. in weight.

The pati
b t a normal m:al and h

Fig. 6and 7 .
inent muscle bundie with hypertrophy without any

. -1 rom
Case 2-—Microphotographs Sho‘;;gimrr;alnrs' cells. (H.E. x 200}
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Discussion

Correa Netto, in a detailed clinical study
attempted to identify this condition with
achalasia of other sphincters of the digestive
tract. Raia described lestons in the myen-
teric plexuses of the pylorus which could
lead to complete destruction of the nerve
elements which were replaced by connective
tissue. The pathogenesis of this disease
may therefore be explained on the hasis of
Hurst’s theory of achalasia. A relationship
may also be drawn between the develop-
ment of primary pvloric hypertrophy in
adults and the structure and function of
the pyloric canal. Cole and Wernstedt’s
work tends to support the abhove view. The
pvloric canal in man contains a specialised
structure of circular muscle fibres compri-
sing the pyloric wing muscle. This muscle
which is fan-shaped consists of two sphinc-
teric loops enclosing interpositioned circular
fibres. The fibres of these two sphincteric
loops converge on the lesser curvature for-
ming a muscular prominence <alled the
muscle torus. Torgersen and Canningham
considered also the structure of the longitu-
dinal muscuilature of the pyloric canal as
supporting evidence for the specialised
function of the pyloric wing muscle. Tor-
gersen further suggested a  functional
imbalance between the circular and longitu-
dinal mmusculatures of the pyloric canal in
the cansation of infantule pvloric hyper-
wrophy. This may persist into adult life
either asymptomatically or with mild
symptoms. These mild symptoms may be
aggravated later on by some secondary
factors. It is also possible that a functional
lesion alone is present at birth with the
organic phase developing in adult life. In
both of the cases under review, there was
marked hupertrophy of the proximal sphinc-
teric loop of circular muscle fibres resulting
in an extreme degree of stenosis at the

pyloro-antral junctien. The mucus mem-
brane in both cases showed ocdema and
numerous sinusoid vessel conglomerates in
the submucosa. There was a complete
abscuee of fibrous tissue in the histopatho-
logy slides, which would negate a previous
inflammatory process.

Bockus divided cases of pylovic hypertro-
phy in adults into three groups according
to the duration of symptoms: (I) those in
whom symptoms dated from infancy,
{2} those in whom symptoms have been
present for a long duration but beginning in
adutt life, (3} those with symptoms of
short duration starting in adult or late life,
In both the cases under review, the
symptoms started off in adult life and were
of relatively short duration. A very sear-
ching history could not trace back the
svmptoms to more than 6 months in case
I, and 12 months in case 2. Yet at opera-
tion a marked degree of stenosis was scen.
This would tend to support Torgensen's
suggestion of functional imbalance between
the circular and longitudinal musculatures
of the pyloric canal present since infancy.
without syinptoms, with the sudden develop-
ment of a more pronnunced hvpertrophy of
the civcular muscle of the pyvlorus, wiggered
by some secondary factors in adult hile,
causing acute symptoms, We are, therefore,
inclined to feel that the actiology of primary
pyleric hypertrophy of adults can be ex-
plained more on the structure and function
of the pylovic canal, than on any develop-

mental defeet in the myenteric plexuses ol

the pylorus.

The symptoms of the condition are indis-
tinguishable from those of stenosis due te
ulcer of ihe pyloric canal. The main
symptoms being a mild pain in the epigas-
trium with nausea and vomiting, vesulting
in definite weight loss and alow gastric acid
curve. Both the cases showed achiorhydria.

FPRIMARY PYLORIC HYPERTROPHY IN ADULTS

On radiological examination a marked
degree of pyloric stenosis isscen. Anelonga-
tion of the pyloric canal is usually described.
In the majority of cases an abrupt narro-
wing of the pyloric canal in contrast to a
well distended antrum is present. The
hypertrophied musculature of the circular
coat may produce a concave impression on
the base of the duodenal cap, a sign descri-
bed by Kirklin and Harris. This sign would
he absent in cases where the hypertrophy
was more In connection with the proximal
sphincteric Joop and was not seen in the
two cases under review.

Semmary

1. Two cases of primary pyloric hyper-
trophy in adults are described.
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2. An attempt is made to correlate both
the infantile’and adult pyleric hypertrophy
on the basis of a functional imbalance bet-
ween the circular and longitudinal muscula-
tures-of the pyloric canal,

3. The anatomical structure of the pyloric
canal is described.

4. The radiological signs helpful in diag-
nosis are discussed.
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Imtroduction

Muoach controversy and confusion st
exist regarding the development of toxic
symptoms and manifestations in uracmic
cases. In all cases of wraemia, be it of a
pre-renal, renal or of a post-renal type,
urea is retained in the body primarily due
to renal insufficiency. The treatment of
uraemia so far was directed towards elimina-
tion of urea from the body by methods
involving intestinal and peritoneal dialvsis,
artifictal kidney, and by excluding the
intake of exogencus, protein (Bull's regime).
Synthesis of urea in vivo takes place in the
Jiver mainly and the kidneys are responsi-
ble for an effective elimination from the
body (Mann et al 1924). That it is possible
to stop urea svnthesis in the body was first
pointed out by Sen (1959}, Intravenous ad-
ministration of L-lysine HC, the strongest
arginase inhibitor, increases the survival
time in bilaterally nephrectomised dogs. Tt
is also postulated that in uraemic cases, if
the synthesis of urea can be minimised or
totally siopped in the body, the retained
urea of the blood will be gradually elimi-.
nated ria the kidneys, though at a slower
rate, with simultancous marked improve-
ment in the clinical symptoms of the
paticnt. Resulis of clinical trial on three
human uraemic cases were reported by
Sen (1959). All the threc cases of that series
recovered completely following administra.
tion of L-lysine HCIL. The series of cases
now being presented in this paper, having
received treatment for uraemia with Lklysine

HC1, show encouraging results and thereby
lend further confirmation to the observa-
tions first elicited by Sen (I. ¢.) on expeid-
mental dogs.

Methods

All the patients now being presented,
were admitted 10 the Surgical Wasd ol
the N. R. S. Medical College and Hospital,
Calcutta, for various surgical conditions.

Selection of cases for treatment was made
at random. During the treatment with
acginase inhibitor, the patients received a
completely protein-free diet and Glucose
solution intravenously calculated to supply
thirty calories pes kilogram of body weight
of the patient. In milder cases, how-
ever, Glucose solution was not injected
intravenously, but the patient was put on &
completely protein-fiee diet in the form of
boiled rice, sugar, whey fruit juice, fresh
fruit etc. L-lysine HC1 was injected intra-
venously 1 Gm. in 102, solution auce in
every 24 hours. No other specific therapeutic
measures were adopted in order that the
action of L-lysine HCI may be assessecl
without any bias,

Case Reports

Case [— % B, a woman of b), was admpngnl on
4-£-59, with transitional coeli carcinona of thy
urcthra. She was operated on four davs later and
local excision of the growth was done. Post-operative
recovery was uneventful, on 24-8-39, however. she
beeanie slightly drowsy and apathetic. Estimation
of blood urea on that day revealed a figare of
2% mg®%. The paticnt was put on a protein-lree dict
and Glucose drinks. Omne Gm, of Lysine HEL was

24 hours was 900 ml. In
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injected intravenowsly daily. ‘The total vrinary out-
put during thc next 24 hours was 1200 c.c. T_hc
blood 1rea fell down to 84 mg?, after 24 hours with
marked improvement in the clinjcal state. T!'calm.cnt
with Lelysine HCl was continued for a further period
of three days, at the close of which the blood urea
was 78 mg%. The paticnt gou discbarged on risk-
bond and further treatment could not he continued.

Case 2.—5. P. D., a2 man of 73 was admitied on
18-8-59, with acutc retention of urine due to bcn:zign
hypertrophy of the prostate. The bladder was drained
by means of a suprapubic catheter. Clinically, the
patient was not uraemic and cutimation of blood
urea on 24-8-59, revealed a figure of 74 mg%. The
patient was put en 2 protein-free dict a'nd-Glucose
drinks. He was given an injection of L-lysine HCY
intravenously and during the nrxt .4 hours the
blood urea came down to 28 mg9%. Treatment was
discontinued. Subsequent recovery of the patientwas
uneventful.

Case 3.—R. M., a2 man of 60, was admilted on
2.7-59, with an old un-unired fracture of the neck of
the right fermur. He was operated upon on 11-7—5_9;
an ostcotomy was done and a ‘\'hilmaP's plaster spica
applied. Four days after the operation, -lhr patient
showed early signs of uraemic manifestations. Blood
urea estimatinn revealed a urea level of 54 mgm%,.
On 20.7-59, L-lysine HC1 was siarted intravenously,
the duse being 1 gm- in 10% solution, cvery 24 hours.
600 ml. of 10% Glucose selution were given by
drip at the rate of 30 drops per minute and_ the
patient was kepton a protein free diet. He received,
on an average, 2500-3000 ml. of 258, Glucose solu-
tion intravenousty daily. On 21-7-59, the blood urea
came down from 34 mg® to 30 mg% and on
23-7-59, it was estimated at 235 mg. 2, with simul-
rancous improvement in the clinical atate of l_hc
patient. The patient received only 3 gm. of L-lysine
HC) jn all.

(ase 4.—B, R., a man of 44, was admiued on
16-7-59, with ‘acuie abdomen '. He was operated on
the very day of admision and a suh.dlaphrz_agmauc
abscess was drained. The prst-operative pﬂ'lot':l was
¢ather stormy as the patient dc\:'clo—pcd effusion in
the right pleural cavity. On 20-7-3’9.';_1:‘ hecame
confused and uracmic. Blood urca wah cti
60 mg% on 27-7-39 I gm. o
injected intravenously on -t}
and the patient received
Glucose solution by mea
wrea estimation on 30-
30 mg%. Urinary out

in the blood urea level by 30 g%, was recorded after
giving only one injection of L-lysine HC!, though
there was no marked improvement in the clinical
state of the patient due to the pleural condition, he
did come back to full consciousness.

Case 5.—B. D., a woman of 60 was admitted with
Papillary Carcinoma of the bladder. Uretero-colic
anastomosis on the Jeft side was performed on 22-8-59.,
Following the operation the patient gradually became
drowsy and was in a semi-comatose condition on
31859, when the hlood urea was estimated at
92 mg%%. Thepatient was put on a 25% Glucose
drip, and a completely protein-lree diet. L-lysine
HCI was injecied intravenously in doses of | gm.
every 24 hours. REstimation of the blood urea on
1-9-59, revealed a figure of 80 and remained at that
level on 2-9-59 also. The total amount of approxi-
mate urinary output was between 300-400 ml. each
day. The patient cxpired on 3-8-59, in a comatose
condition.

Case 6.—B. M. R., a man aged 65, was admitted
with subacute intestinal obstruction (Carcinoma
Caecum). Clinically, he was not uraemic, but his
blood urea level estimated on 28-9-59 wasat B2 mg%.
He was put on a protein-free diet and a Glucose drip.
‘Fhe total guantity of urine passed during the previous
24 hours was 520 ml. 1 gm. L-lysine HCl was
injected intravenously daily for 2 days and on
30.9-59, the blood urea was rccorded at 54 mgd,
The total quantity of urine passed gradually increased
0 800 ml. per 24 hours during the period of treat-
ment. The patient was operated upon on 30-8-59,
and an Tleo-transverse anasiomosis was done.

Case 7.—R.B.,a man of 80 was admitted with
Benign enlargement of the prostate, his only symp-
tom was frequency of micturition. On 30-10-39, his
blood urea was estimated at 72 mg9%,. He received
i gm. L-lysine HCl intravenously daily from
31-10-59, a protein-free dict and on an average he
passed 900 ml. of urine every 24 hours. Clinically,
he was not uracmic. He reeceived five intravenous
injections of L-lysinc HC! and over these five days
of treatment, his bicod urea came down gradually
from 72 mg% to 44 mg9%, well within the safe limit
to undergo an operation.

Case 8.—-B. R. C., a man of 35 was admitted with
ion enlargement of the prostate with the sympiom
ucncy of micturition. His pre-operative blood
vel, estimated on 2-11-59, was 70 mg%. He
a protein-free diet, Glucose drink and 1 gm.
HC! intravenously on 2-11-59. During the

g
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urine and the blood urea Jevel war estimared ai 44
mg%- During the next 24 bours it came down to
32 mg%. Treatment was discontinued at this stage
as the patient was well within the range of safevy for
surgery.

Case 3.—3. K. P aman of 32 with stricture of
the urcthra was operated upon un 7-11-59, when the
bladder was drained by suprapubic tube and
excision of the stricture wilh reconstruction of the
urcthra was done. Three days later, the total urinary
output fell to 390 ml. and the palient became
uracmic. Biood urea estimated on 10-11-59 cevealed
a ﬁgun:of 100 mg9%,. He was immediately put on
an intravenous Glucose drip {25%) and ) gm, of
L-bwsine HCI was administered intravenously on twn
successive days. During the period of treatment the
wial quantity of urinary output rose from 380 mi.
ta 550 ml. An estimation of blood ureaon 12.11.59
rf-cardeda figure of 30 mg%,. The general condi:
tion of the patient markedly improved with the fall
in the blood urea level.

Case 10.—5. C. 5., a man aged 63 yrars was
admitted on 14-11-59, with painless haematuria and
with an irvegular firm lump in the left loin. Clini-
val diagnosis of bypernephroma of 1he Jeft kidney
was made. He was extreincly anaemic (Hb 409
and received 280 ml. of blood on 15-11-59. Follow-
ing the transfision he became comatese, vomited
once, and passed 30 wl. of urine over the next
24 hours. His blood wrea on 16-11-59, was 94 mg2;,.
239, Glucose drip was immediately started intra-
venously and 1 gm. of L.lysine HC) was injecied
intravenously dailv. Over the next three days, theugh
his daily total urinary outpunt rase from 300 w 790
ml., hi; blood vrea remained at 96 mg?% Injections
of L-lysine HC1 were continued for two more days
and on 21-11-59, the blood urea came down to 56
mg%,. His to1al daily vrinary oulpwt rrached 900
m). The patiem was romciom at the end of the
treatment and recovery was uneventful.

Case 11.—5. G., a man of 68 was admited on
$-12.59 with frequency of micturition duc to benign
byperirophy of the prostate. Clinicaily, the patient
wis NOL wraemic, and his pre-operative blood urea
level cstimated on 541239, was 78 mg9%. He was
put on a protein-free diet, and | gm. of L-lysine
HCI was injected intravencusly daily from 8.12-539,
He received three syccesaive injections of Lefysine
HC! and on 11-[2-59, his blood urca was recorded
at 30 mg%. The wal quantity of urine passed by
the patient on anaverage was Lewween 800-900 ml.
per dav.

Case 12.—K. K. P., a man of 60 was admitied on
12-12-59, with scuic abdomen. He was operated on
the same day and a1 operation the peritonenl
cavily was found to be flooded with bhilious mate
rialk A perforated, gangrenous gall bindder was
removed and the peritoneal cavity was drained. The
patient was slightly incoherenmt in his speech (rom
the same cvening and the suction roaterial from the
stomach contained altered blood. Over the next
couple of days his general condition deteriorated
and on 15-12-59 his blood urca was estimated at
120 mg%. The paticnt was kept on a Glucose drip
and injections of | g of Lelysine HCL were given
intravenously daily. Bis urinary output was well
within normal limits. On 17-12-59, his blood urca
came down to 114, on the 18th 10 88 mgS, but it
tose again to 108 mg% on the 19th, L-lysine HCI
injcction was continued and on 22-12-39, the blood
urea was recorded at 98 mg®,. All these days, altered
Llod was aspirated through  the gastric  tube.
though the patient's aystelic biood  pressure did not
fall below 100 mm. of Hg. From 23.12.5%, the
paticnt's condition gradually deteriorated and he
expited in a wiate of deep toma on 28-12.59, At
a blood urea level of 124 mg%5.

Case 15— K. N. P, a man of 45 with appeadi-
cular perforation and canly peritonitis was admitied
on 27-2.60. He was operated on the same day, and
at operation a gangrenons appeodic with perfora-
tion au its tip was removed. The patient did not
show any clinical manifesstions of uracmia. His
blovd urea estimatied on 5360, was 72 wp®,. The
urinary oupt was within normal fimins. He was
puton a protein-free dict and reecived { gm. of
Etysine HOL imaas enowsly for three successive days
The bload urea came down 10 28 mg9% on B-3-GU.
when the treattent  wasr discontinued, Recovery
was uncvent{ul.

Case H.— K. B. D, a woman aged 65 was admit-
ted with intertrochanteric [racture of the eft femur
on 25260, The patient was put on skin traction
three days fater, Afier about two weeks, ir., on
12-9-G0, the paticot hecame slightly drowsy and
apathetic, Her bioad vrea estimated on the same
day was 10§ mg?;. She was pusv on a protein-leee
diet and Glurose drinks and  received | gm. of
L-lysine HOI intravenomly daily. Her daily urinary
output was between T80 and 950 mit. On 15-3-60.
the blood urea was reduced w 78 mg?, and the
injections of L-lysine HCl weve continued for three
more days. After three days the blood usea was
recorded at 52 mg%,. The symptoms of uracmic mani-
festations passed off completely at thix stage when
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reatment was discontioued. Ttis to be noted that
the patient received 7 gm- L-lysine HCl overa week
and the fall i the blood urea level, though steady

was rather slow.

Case 15.—C. §., = man aged 60 had vndergone
onc stage prosiatectomy with primary closure of the
biadder on 12-3-60. ©On the third post-operative day
he suddenty became incoberent in speech  and
drowsy. The total quantity of urine passed by the
patical on the third post-operative day was 1980 ml.
but his bicod urea level was recorded at 63 mg%,.
The patient received a peotcin-free diet and Glucose
drinks as ususl and 1 gm. of L-lysine HCl was
injected intravenously for three successive days. On
the third day following administration of L-tysine
HC1 his mental symptoms disappeared completely
and the blood urca came down 10 50 mg%. Recovery
was uneventful.

Case 16—8 C. B., 2 man of 43 was admitted o

23.1.60 with retention of ucine duc to impassable -

stricture of the urethra. On admission be was grossty
aracmic with mental confusion and incoherent talk
and his general condition was extremely Jow. Sup-
rapubic  cystosomy Was donc. Following  the
operation ao improvement in the mental stare was
noted and on the day afice the operation the patient
passed 870 ml. of urine. On the next day 123-1-60)
the urine volume was reduced to 300 ml. and the
blood urea was recorded at 94 mgSo- 250, Glucose
drip and a protein.free dict were instituted and 1 gm.
L-lysine HCl was injected intravenously.  The
urinary volume increased to 300 ml in the next
24 hours and over a period of another 24 hours the
volume rose 10 1300 mi. Blood urea came down 10
68 mg?) on 18.1-60 and 47 mg%,. on 29-1-60. With
the drop in the blood urca level 2o within normal
Vimits, the patient’s general condition improved and
the uraemic state passed away completely.

Case 17—~C. D. D., 2 man of 40 was operated
upon on 16-8-59, for a buge amoebic liver absces.

Following operalion, {rom the same cvening, the
remained in a semi

paticnt bacame grassly uracmic,
reveated pre-

comatose slake and gasteic suction
senee of altered blood in faic amounts. The total
yuantiry of urinary eutput on the dav of operation
was only 200 mi. Biood urca estimated on I7-H—?ﬁ3,
wits 116 mg%g. Continuous gasiric sucliun was carried
out, 25% Glucose drip was started .imra\'cnously
and 1 gm. L-lysine HCI was injected mtrm‘cnou's}y.
“The urinary volume did not increase and the paticnd
expired the next day, ie. on IB-F-SQ. Blood
sample collncted immediately before his death had

an urea level of 138 mg%. The paticnt died in a
state of coma.

It is intereating to note that there was a significant
rise in the blood urea level in spite of injections of
L-lysine HCI, the interpretation of which be dis-
cussed later. :

Case }8.—H. L., a man of 58 was admitted on the -
evening of 9-4-60, with intestinal obstruction. He was
operated on the next morning {10-4-60) and at
operation a solitary stricture in the lower jeiunal
foop was detected. Obstruction was relieved by short
circuiting the stricture. The patient’s condition
gradually improved Following the operation, but on
15-4-60, he developed acute abdominal pain with
rigidity. A diagnovis of rupture of the anastomotic
stoia was made and the abdomen was re-explored-

At the second operation, the peritoneal cavity was

found to he Aooded with small intestinal contents
and a round worm about 15 cm .long was seen
peeping  through the site  of the anastomosis
which was obviously the causc of the mischief, The
round worm was removed and the opening at the
anastomotic sitc was repaired and reinforced by a
patch of omentum. The patient’s gevneral condition,
however, did not improve and he sank gradually
due o peritonitis. During the whole post-operative
period he reccived broad spectrum amibjatics. On
19-4-60, his blood urea was estimated at 24 mg% but
on the Z4th he passed into a state of goma and bloed
urca estimation on 25-4.60, revealed a figure of
238 mg%,. The patient was in a moribund state and
was gasping. The total quantity of urine passed
during the last 24 houry was 400 ml. approximaiely.
The patient was put on 259, Glucesc drip anrd
1 gm. of L-lysinc HCl was injected intravenously.
The patient expired two hours -aftey the injection,
Biood sample collected a few minutes before his
death showed a urea kevelaf 224 mg%. It will be
aoted here that the blood urea level deopped by a
14 mg?, over a short prriod of 2 hours only
following the injection of L-lysine HCL | gm. in-
wravenously.

Cace 19.—~M, U., a woman of 21 was admitted on
71.4-60, with a huge Colloid! goitre. Routine exami-
nation of bloud urca on 23-4-80, revealed a figure of
58 mg%. The patient was put on a pure carbohydrate
diet, to mect the daily calorie neods {at 30 calories
per kilo of body weight) and one injection of
L-lysine HGl was given on the same day. Blood urea
level came down from 58 mg9;, to 40 mg?;, after only
one injection of L-lysine HCI.
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Case 20.—M. A, a woman of 08 was admitted
with an old fracture of the neck of the femur for
which an ostcotomy was doneon 7-3-60, and a Whit-
man's plaster spica applird, Three days later, i.e.
10-5-60, the patient became drowsy and delirious,
The toral quamity of urine passed daily came down
to 260 ml. Blood urea estimaled on 10-5-60, was 88
mg%,. The patient was put on a Glucose drip and
injection of L-lysine HCl 1 gm. was given intrave-
nously daily for two days, On 12-560, her hlood
vrea level was §6 mg®; ; one more L-lysine HCl was
injected on that date and an the following day the
blood urea level was asimaied at 42 mg?%,. The
general condition of the patient improved remark-
ably after the first injection and 24 hours afier
starting the treatment the patient passed about 800
ml. of urine. Subsequently, the urinary valume was
within normal liits.

Discussion

The intricate problem of the “uraemic

state” is worth studying, as retention of
urea in the body alone may not be respon-
sibie for the production of uraemic mani-
festations. At the same time the authors
would like to emphasize that retention of
urea in the hody does play a great role in
the production of toxic manifestations. It
has been pointed cut by Shackman (1939)
that in the state ol uraemia, even when the
patient is put on pure carbohydrates (in the
form of 407, Dextrose by intravenous drip)
in order to supply sufficient calorie needs
and to avoid endogenous protein lweak-
down, there is a daily increase of blood
urca by 20-30 mg2;, serum potassium by 5
mEq '} and an average daily fall of serum
bicarbonate by 1'5 mEq/l, which would
obviously denote the degree ot acidosis
consequent on phosphate  and  sulphate
vetention. He turther pointed out that in
vases complicated by fever or intestinal
hleeding with abserption of bloed protein
from the bowel, or whenever there is endo-
genous protein breakdown following severe
tissue trauma (e.g. major surgical opera-
tion or severe lacerated injury—the  kata-
bolic phase™}, the daily blond urea may

tise by 80 mg?), serum ;;otassium by I-5
mEq,1 and the fall of serum bicarbonate
may be as great as 3 mEq‘l. From the
above data the cause of production of
acidosis in uracmic subjecis is obvious, and
it also becomes clear how the conservative
regime for the treatment of acute renal
failure proves insuflicient. Moreover, studics
on  cxtracellnlar polassinm  concentration
show that a rise to 7 mEq/l or morc may
be responsible for the development of arry-
thimias and  sudden death in uraemia
{Shackman 1. ¢.).

So far the treatment of uraemia has been
directed  entirely towards elimination of
urea and correction ol electrolytic imbalance
v various methads such as peritoneal and
intestinal dialysis and artificial kidoey,

Sen (1959) attacked this baffling problem
lrom an entirvely different angle. Taking
for granted that urea synthesis in the liver
conld be stopped by use of 1-lysine monohy-
drochloride, the most potent arginase-inhi-
bitor, he succeeded in prolonging the life of
bilaterally nephrectomised dogs. The ohser-
vation was not only theilling, it was satis-
fying indeed being heset with promises of
hope {or the uraemic subjects of the future.
The fact hat the lives of hilaterally
nephrectomised dogs can be prolonged I)_;'
keeping urea synthesis at the minimum,
goes to prove indirectly that in uraemic
subjects the unckecked symihesis of uvea,
coupled with its retention due to kidney
Tailure, is the crux of the problem iy treat-
ment.

At the omset, it must he cmphasized than
ireatment of uraemic cases with arginase-
inhibitor does not claim w eliminate urea
from the body in any way, but it only anms
at stopping urca synthesis in the bodv.
Thus,the prognosis of uraemic cases treated
by arginase-inhibiter will depend upon the
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ultimate renal functional integrity. Assess-
ment of the value of this form of treatment
is therefore naturally dependent on the
recoverability or otherwise of the underlying

renal pathology.

In the present series of experiments on 20
human subjects treated only by intravenous
injections of 1 gm. of l-lysine HCl in 10%
solution daily, 16 of them recovered while 4
paticnts died. While the cause of recovery 6
obvious, the cause of death for the 4 patients
(cases 5, 12, 17 and 18) needs clarification.
In case 5, following ureterocolic anastomosis
on the left side only, the patient gradually
became uracmic and her blood urea was
92 mg?,. After the firstinjection of l-lysine
HClit remained at 90 mg%, a fall in the
urea pereentage too insignificant 1o be

“taken into account and onthe following day

it still remained at 90 mg%. The total
quantity of urine passed by the patient was
approximstely 300-400 ml. daily. This case
goes 10 show that lysine HCI succeeded n
minimising urea synthesis in the liver,
though it could not probably stop complete
synthesis of urea in the body. It is obvious
that the daily total urinary excrevion was
not sufficient cnough to eliminate the
retained urea in the blood, which remained
more or less steady at the level of 90 mg%.-
Ammonia intoxication {McDermott et al
1954) was probably the cause of death in
this particular case.

In case 12, where the patient had a per-
forated gall bladder with bilious pcriton‘itis,
blood urea level was 120 mg%;. The paticnt
was bleeding from the gastric mucosal
suiface and the suction material from the
stomach contained altered blocd. With
injections of l-lysine HCI, it gradulall)' came
down to 88 mg%, to go up agam 10 IQB
mg*, on the third day. Afier three days it
came down to 98 mg?®, again, but on the
next day the patient expired at a blood urea
level of 124 mg%,. The cause of death in

this particular case is easy to explain. As
the patient was having gastro-intestinal
haemorrhage, an effect more or less similar
to giving the patient a high-protein diet was
produced, with the production of ammonia
intoxication (McDermott & Adams, 1954).

In case 17, a case of amaebic liver abscess,
the blood urea was estimated 10 be 116 mg?%,
at the time sthe patient became comatose.
Altered Dblood was continuously  being
aspirated {rom the stomach following the
operation. The patient received only 1 gm.
of l-lysine HCI and he expired 18 hours
after the injection jn a stale of coma. Blood
sample collected immediately before® his -
death revealed a urea percentage of 138 mg.
The cause for this rise is obvious. The
presence of altered blood in the gastro-
intestinal tract acted as a protein mecal and
the patient passed only a very small
quantity of urine daily {200 ml. approx.), a
volume which could not eliminate urca
from the body efficiently. The cause of death
was probably ammonia intoxication as a
result of breakdown of the ingested biood
by intestinal micro-organisms.

In case 18, the patient developed a severe
degree of peritonitis following rupture at
the anastomotic site caused by a round
worm. The patient was given only one
injection of J-lysine HCI at a bloed urea
level of 238 mg%. The patient expired
after two hours and a sample of blood
collected immediately before his death
showed a urea level of 224 mg¥%,. The fall
of blood urea level by 14 mg% was
naturally due to inhibition of further urex
synthesis in the body and simultancous
excretion of the same za the kidney. In
this case, death was probably due to a
combination of factors,—severe peritonitis
and swrgical trauma leading to endogenous
protein breakdown, in association with high
blood urea.
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In rest of the cases, the urea level was
successfully brought down from the original
high level afier use of I-lysine HCl. The
authors have used 25%, Glucose instead of
40%, solution for transfusion since in a
tropical country like ours, water is greatly
climinated »ia sweat and respiration.

The cases for treatment with k-lysine HCI
were selected at random and whoever had
the slightest chances of recovery was given
a fuli trial. Lastly, it may also be men-
tioned that no side effects were noticed in

any one ol our cases following I-lysine HC
administration.
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CHRONIC DUODENAL ILEUS

R. §. GUPTA and Miss RAMA ROY, Calcutta.

Chronic duodenal ileus was first des-
cribed by Finney in 1906. In 1921 Wilkic
gave a masterly description of this condi-
tion, which is characterised by recurrent
dilatation of the duodenum without any
anatomical or pathological cause. The supe-

. rior mesenteric artery is drawn taut by a

pendulous small intestine and the duodenum
is compressed in the acute angle between
thin vessel and the aorta. Louw reviewing 54
cases with duodenal ileus from 1953 to 1958
believes that malrotation of the intestine is
the major cause of duodenal ileus. Neuro-
muscular incoordination may explain those
cases of duodenal ileus where the dilatation
extends only to the level of the ampulla of
Vater or where it is continued beyond the
superior mesenteric artery to the duodeno-
jejunal flexure. For chronic duodenal ileus
due 1o compression by the superior mesen-
teric artery, or mesenteric ileus Wilkie had
stressed a (1) Jong history of dyspepsia and
hilious complaints dating from childhood
which might he relieved .by position ; (2}
occasional acute colicky pain and vomiting ;
(3) occasional large pale offensive stools;
{4) associated duodepal ulcer; (5} roent-
genological demonstration of a grossly
dilated duodenum eanding abruptly in the

rvegion of the superiof® mesenteric artery.

Chronic duodenal ifeus is an extremely rare

disease to-day.

Case Report

A female patient aged 20 years was admitted on
10-7-60 with complaints of pain in the abdomen for
the past one year, associated with vomiting off and
on. The patient was well till year ago when she had
acure ‘dysentery’ for which she -had to be hogpitalised.
She Jost about 20 Ibs. of weight during this attack.
Follawing this she started getting pain in the epigas
tric region, especially after meals, which was relieved
by vomiting. The pain hecame more or less constant,
aggravated by food and radiated to the back. ‘The
vomits contained bile and relieved the pain 10 a
certam exient.

On examination, a thinly built female, obviously
dehydrated and anacmic was scen, Therewas evie
dence of the patient having Jostiweight. Oun inspection
visible peristalsis could be seen in the epigastrium
going (rom left to right. There was tenderness on
decp palpation just to the right of the umbilicus. A
vaginal examination showed a nulliparous uterus
with culs clear. Heart NAD, Respiratory sysiem -
NAD; urine - NAD; Temp. 98:2°F, Pulse 100 p.m.,
B. P. 106/80, Hb.%,—60%,, WBC 5800; E. 5. R. 10
m.m. Ist hr.; stool - normal ; X-ray chest - Normal,
F. T. M. showed achlorhydria. Weight 68 Ihs. A
harium meal examination showed a normal stomach,
with obstruction in the 3rd part of duodenum in the
region of superior mesenteric vessels with dilatation.
{Fig. 1) Very little barium trickled through with a°

subst antial hold up of barium after 6 hours.

The patient was prepared for operation by stomach
washes and L. V. fluids dnd her elcctrolyte balance
was corrected. On 22-7-60 a laparotomy was done
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Fig. |

A Barium Meal examination shows obstruetion
in 3rd part of duodenum in the region
of superior mesenteric vessels.

by aright paramedian incision. On opening the peri-
tontum most of the small bowel was found lying in
the pelvis and the mesentery of the small bowel was
seen to be taut. ‘The small bowel was delivered into
the abdominal cavity from the the pelvis and exami-
ned. The duvdeno-jejunal junciion was normal as
was the small and large bowel. The right colon was
then mobilised by incising the peritoneum on its
right side. The attachment of the mesentery of the
small bowel 1o the posterior paricties was incised and
the mesentery together with the superior mesenteric
vessels was lifted upwards towards the left by the
manocuvre described by Cattel. An excellent view
of the 3rd & 4th parts of the duodenum was s
obtained. No tumour or any other lesion could be
paipated in the third part of the duodenum. The
wall of the  duodenum was smooth and no consiric-
tion could be made out on its surface. Therr was
distension of the whole of the s, 2nd & 3rd pans
of the duodenum. Aficr a thorough exploration
revealing that no obvious pathological lesion was
present in the duodenum, the mescatery of the small
bowel was replaced. No attempt was made to rean-
ture the right half of the colon to its normal

OF SURGERY

Fig. 2

A Rarium Meal one numnth alter operatumn
shows duodenn-jejunostomy working
satisfactonily,

attachmenta. The transverse colon and omentuny were
lifted upwards. The first loop of jeinnum was then
brought up in front of the waperior mesenirric vessels.
A 27 horizontal incision was made in the peritoneiitt
between the middle colic and right colic vessels.
exposing the third part of the duodenum, taking card
not 1o injure the vessels, The lToop of the Jrjunum
was then laid against this exposed part of the danle-
num after approximating the peritoncum of the
jeiunal mesentery and the perigoncum of the postes
rior abdeminal wall, so as 1o close off the peritoneal
tunnel ceeated by the anastorumis, Taterruped <81 ’
silk stitches through sero-minscwlar coat hetwrern the
jejunum and duodenum were then applied. A througlt
and through all coats contipvous < A17 chaomn
catgut anastomosis was then carried out, “Fhe anns
tomiais was compleicd by applyving an antenor 1ow
of ipterrupted = 0D w1k stitches. Nt intestinal s lamp-
were used during the anastomosis. The alwlomen
was Closed without drainage.

L 4

The post oprrative cosrse was uneventful, sStuches

werr removed on the Buh post-pperative day.

CHRONIC DUODENAL ILEUS 59

Follow up

A barium meal examination was done
months after operation and is shown in
(Fig. 2). The patient is symptomless and has
put on 22 1bs. of weight.

Summary

1. A case of chronic duodenal ileus -
mesenteric .ileus as seen in a 20 year old
female is presented.

2. The aetiology of this condition is
briefly discussed.

3. A duodenc-jejunostomy between the
3rd part of the duodenum and the first
proximal loop of jejunum was carried out
and the operative procedure is described in
some detail.

4. A follow up at 3 months shows an
excellent result.
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SERUM POTASSIUM IN SURGICAL STRESS

BY

A. K. BANERJEE, Vellore and B. N. BALKRISHNA RAQ, Gwalior.

Introduction

Sclye says that anvthing that causes siress
endangers life unless it is met by adequate
adaptive responses; conversely anyvthing
that endangers lile causes stress and
adaptive responses. Adapubility and resis-
tance to stress are fundamental requisites
for life and every vilal organ and function
participates in them.

The effect of stress may be mild or severe,
may develop quickly or gradually and may
be short lasting or prolonged depending
upon the type ot stress.

~ There are series of changes occurring in
the blood of a person undergoing an opera-
tion.

Many workers have estimated serum
clectrolyies in persans under various types
of stress {.g.} pregnancy, traumaltic injuries,
cther anaesthesia, artificial fractures ete.

Berry, Hob and Campbell (1948) noticed
an increase ol the urinary excretion of
potassium during the post-operative phase
and this was confirmed by Randall, Habit,
Dickwood and Werner {1949); Blixenkrone-
Moller (1949 ; Marks (19507 ; Wilkins,
Bitling, Bagy and Stewart (1930); Mc Innes,
Bodansky, Brunswig (1933) and Cole (19530
Reinberg and  Stolkwoski (1953} lound
increased potassium in plasma and extra-
celtular fluids during stress. Eliel, Pearson
and Lawson (1930, studied 32 post-operative
cases and they observed that urinary excre-
tion of potassium was maximum on the

first 24 hours, gradually diminishing from
the 4th to the 7th day. Thev aturibute this
to  hyperadrenal activity due o suvgical
trauma. ' :

MacPhee (1953; observed that serunm
potassium concentration appearcd 1o bhe
variable and showed no pronounced change.
In general, the concentration of potassium
in the serum was slightly lowered during
some part of the pust-operative period.

Terail and Elkinton (1949, have demon-
strated that in both normal and potassium
depleted patients the kidney has a limited
minimal excretion of potassium and below
the minimal Jevel the excretion does not
fall. They believe that continued loss cven
in the presence of cellular potassium defi-
ciency is an important factor in producing
further depletion. The incidence ol surgical
vperation increases further loss,

Manzanitla et al {1933 found thar calciun
and potassium tend to go down during
surgival stress while phosphorus tends te

rise.

Evans {1950, hos remarked that afier
accidental or surgical trauma, sympatho-
adrenal discharge (Selve’s alarm Feacuon ;
may result in extraordinary loss of potassium
by the wrinary route, Continuous gastric
suction lor 4 or 5 davs without pmassimn
replacenient may lead w potassium defi-
CICTIICY .

Methods and Material

The patien® were taken from the male
and female surgical wards of the J. A. Group
of Hospitals, Gwalior. No particular disra-sc,
sex or age group was selected. Pre-operative
blood was taken from cach patient under
study to establish the normal base line of

that person.

In the fust filty cases - five samples of
blood were iakewn, -fivst - 24 hours hefore
operation, second and third - before and
aler the operatian, fourth - after 48 hours
and ffth - after 7 days.

In the second fifty cases - the same number
of blood samples were taken but time inter-
val was different. The first three samples
were taken at the same time as in the fisst
fifty cases. The fourth sample was taken
24 hours afeer operation and the filth
sample on the fifth day afier the aperation.

‘Patients undergoing operations under
spinal anaesthesia only were wcluded in
this study sa as to avoid the chemical effect
of a gencral anaesthetic. Blood was taken
without applying any tourniquet or any
massage as Farber et al laave pointed out
that plasma polassium tevel increases tran-
siently by even slight exeroise i veins
draining the exercised muscles.

Patassinm wasestimated by the methad
described in E. J. King’s book on Micro-
analvsis in Medical bio-chentistry.

Ohbaervations

1n 72 cases there was a fallin pnta:.ssium
level during the operation. The maxunum
and minimum fall was found 10 be4-5and ‘0'1
mygm, respectively. A rise in the !evcl durmg
the ohservation was ohserved in 28 cases
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but most of them shewed fall in the post-
operative period. Maximum and minimum
rise was 33 mgm. and 02 mgm. respec-
tively.

A. Age Group: 10-20 years.—7 cases were
studied in this age group. A rise in
potassium level was seen in 2 cases
and fall in 5 cases.

=

Age Group : 20-30 years.—30 cases were
investigated in this age group. 23 cases
showed a fall and 7 cases showed a
rise in potassium level.

G

Age Group: Hrdl) years.— 30 cases were
studicd, 22 cases showed a fall and
8 cases showed risc,

D. Age Group: 40-3) years.—16 cases were
studied. Porassivm Jevel fell in
12 cases and rose in 4 £ases.

E. Age Group: 50 pears and above.—12 cases
were investigated in this group. 8 cases
showed a fall and four cases a rise.

Potassium level in relation to duration
of Operation

I'he duration of operation was taken
from the time the spinal anaesthctic was
effective 1o the end of operation. The dura-
tion of operation had been divided into
three different groups (1) 0.30 mioutes
(2 30-60 minutes and (3) 60 minutes and
above.

\. Duration of operation §-30 minufes.—
Twenty six cases were studied in this
group. Potassium showed a fall in 17
cases, rise in five cases and no change
in four cases. The maximum and
minimum fal) was 34 and 0-3 mgm.



THE INDIAN JOURNAL QF SURGERY

0 R BT T
A W I %
! igs" . i g’)//
v i
[ |
1 r
8e
'—""lj?u‘.‘i.a,‘
L

Fig. 1

. i
Lo 59"3"_“""-"’“:'

Fig. 1

¢
& A
i {
;h
L] K
. W .ea
i .
& '
. -
o . r
,tqfl!.u-g!t ?,‘ v .
! . ,‘ - .
= e
Fig. 4

Photographs | and -
1 s ad * and 3 showi .
Pho . . ) ving Ll of Potassite duari .
tograph 4 shows vise of patassiun dueing O "'3\':05, urtng, Opevation,

53

SPRUM POTASSIUM N SURGICAYL STRESS

2. Duratian of eperation: F-ED minules.—
Forty eight cases were investigated.
Potassium level fell in shiny five
cases, rose in iwelve cases and no
chaqge it one £ase,

The maximum rise waz 30 mgm. and
minimum ¢2 mgm. The maximum
fall was 38 mgm. and miniarea

02 mgm.

3. Duration of operalion: €0 wenuics and
abore.—Fall in potassium level in
thirteen rases and rise in four cascs.

The maximum apd minimum rise
was 2°) mgm. and Q-4 mgm. Tespecs

tively.

The maximum and minipwm fail was
2:5 mgm. and §-3 megm. respectively.

Discussion

It has been obscrved that there is 2
decrease of potassium during avd after the
aperation. [0 some CAses it was observed
that there was a rise and in some none.
Pust-aperatively potassium  Jevel remains
Jow but comes 16 normal on the fifth day
anwards ; it remained Jow in some Cases
who had diarshoca ot prolonged sepsis in
the post-operative penod.

This sustained decrease potassium may
be cxplained by the stimulang action of
stress on the pituitary-adread cortical and
medullo-adrena) sysiems and secondly, lack
of ingestion of potassium agsociated with
continued Joss in the vomits and urine in
the post-aperalive period. Manzanilla et al
{1453} also found a fadl in  potassium level
and thought that it may be due to stimu-
Jation of the pituitary adreaal axis.

shbertson  (1936) found increased

excretion of phosphotus and potassiuin it
urine after injury. ¥ auributed this

katabolism of tissue, probably muscle.

Howard ot al {1946} do npot agree with
Cuthbertson. Blixenkrone-Moller  (1949)
found that the greatest amount of potas-
sium was excreted in the first vwenty four
hours after operation. He attributed the
lass of potassium chiefly to intra-cefiular

dehydration.

Randal et al (1949) have shown with
balanced studies pre and post-operatively
in surgical patients, that the potassium losses
were 1wo to three times higher than wotldd
be anticipated from nitrogen loss. They
said, < therefore this extra potassium cowme
feora the cells”, The Joss occurred not only
hecause of potassium deprivation in the
presence of normal ucinary excretion but
Secause of removal of potassivm by vomit-
drainage and diarthoea. In
potassium excretion in
m veactiofl

ing, sucuon,
addition to this,
arine occurs as & pact of the alar
that oeeurs with disease or operation.

Elies et al {1949) observed fall of potas-
sium, which graduatly came up by the
aghth day. This was accounted  fof by
hyperadrenal activity. This bears a striking
resemblance to the findings in papents with
Cushing's syndrome. Eliel and Pearson
(1951) induced hypesadreno-corticism by
injecting ACTH or cortisont and Found

stnilar changes.

Patients maintained post-operatively on
parenteral fluids, fow or lacking in potas-
Lium moy develop a syndiome characterized
by apathy, lethargy, muscnlay  weakness,
abdominal distension and ileus, cardiac
arrvthwmias and ocdema, occasionally confu-
sion, delirium, muscular twitching  and
tetany. Evidence was found in these patients
of the existence of (] Hypopotassacmiz (2)
Hypochloraemia {3y metabolic alkalosis (4}
lowering of erythvocyte  potassiuin and
increase of ervthroeyte sodiur. Two (actors
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_were thought to be of primary impornance
in the pathogenesis of potassivm deficit.

1. Adreno-cartical hyperfunction result-
ing from trauma (Alarm reaction)
Jeading 10 increase renal excretion of
potassiumn.

2, A low potassium intake with poor
renal conservation of potassium in the
post-operative period.

Berry, Job and Campbell (1947) say that
in the homeosiatic readjustment required
1o meet the obligations placed on an or-
ganism by a stress, there is concurrent
reactivation of at least two imiportant mecha-
nisms —

1. The hypothalamico-nenrchypophysial
and

2, Adreno hypophysial—adrenocortical.
The contral of the former is located
in the hypothalamus and the two
systems are activated simultaneously.
Evidence is present that the antidiu-
retic hormone has no effect on potas-

sium excretion in reciprocai fashion

to sodium. An unrecognised urinary
potassium loss occurs during all ope-
rations and is part of the natural
response 10 stress.

Hayes and Coller (1932) observed that
there is a rapid and progressive activation
of the pituitary adrenocortical axis in res-
ponse 1o the stress of anaesthesia and
surgical trauma. The endogenocus velease
of pituitavy adrenocorticotropic hormwne
evokes the production of adrenocortical
steroids. The physiological response of
the adrenal gland in stress produces a
reciprocal effect on sodium and potassivin
excretion inhibiting the former and facili-
tating the latter, so confirming the obser-

vations that protein catabolism does not

account entirely for the amount of poias.

sium excreted in the immediate post-opera-
tive period.

Manzanilla et al (1953) found decrease
in the potassium level after operations and
explained it on the basis of the activation
of the pituitary cortice adrepal system.
Fasting, lack of ingestion of potassivm,
increased and continued excretion of potas-
sium and possible resultant dehydration
were thought to be additional factors. They
found a definite increase in young persons ;
a decrease or small increase in old people.

In the present series one hundred patients
were investigated and it was found thas
there was’ decrease in the potassium level
in 77 cases and rise in 23 cases. Even those
who showed rise during operation, showed
a fall in the post-operative period in most
of the cases. There was no definite relation
found with apge groups. However, it was
notived that rise and [all in the age group
of 10-20 years was very small in comparison
io higher age groups. Berrv et al (1948)
mention that in older patients, potassium
exeretion may be less because of renal
tmpamment.  Variation in the levels in
relation to duration of operation was also
interesting. Very little changes were seen
in the first 30 minvtes. Peak changes were
scen between 45 and Y0 minutes.

Terail and Elkinton (1949} have demon-
stratedd that in both normal and potassjum
depleted paticnts, the kidney has a limiwed
minimal exevetion of potassium and below
that minimal level the exeretion does not
). IFin addition e these orher sources
uf petassium deficit, the incident of surgical
aperation increases potassitim oss, cellula
potassium is further depleted and the state
of potassium deficiency is hastened.
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Conclusions

1. Surgical stress causes fluctuation in

the level of potassium which is mostly a
fall in the level and sometimes a rise,

2. Potassium level remains low till about

5 days post-operatively.

3. Diarrhoea, vomiting, and sepsis in the

post-operative period further lower
the potassium level.

4. The variation is probably due to stimu-

lation of pituitary cortico adrenal
system due to stress.

Sammary

A study of serum potassium in 100

patients who were operated is presented
herewith.
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ORTHOPAEDIC SECTION

ARTHROPLASTY OF THE ELBOW JOINT

BY

A D, DIAS, Bombay.

Ankylosis of the clbow can indeed be a
very trying disability. This is more so when
the joint is ankylosed ina bod position,
Arthroplasty  plays a large part in the
successful rehabilitation of these elbows.
This is the opinion of severat surgeons like
Giuntini’, Knight®, Van Zande®, Mercer',
Sanchis-Olmoy’, Wikon'!, etc.

Adeo

The aimn of arthegplasty is 1o obtain both
free movement and also a stable jont, since
mobility alone will nat materially improve
the function of the fimb,

P

Asseszient of 5 Cuse

All ankylosed elbows are not suitable for
arthroplasty. The following features may
be considered useful in assessing a case.

(1} Nature of the causative disease.—Arihro-
plasty shoutd only be performed on joinus
which are biologically sound ie. joinv that
contain 1o waces of active or latent inflam-

malion. @

Tuberculous disease of the elbow readihy
heals wmder conservative therapy vhough
stiff and ankvlosed joint is che altimate out-
come. The bone vnds, however, are w0 often
healthy that artheoplasty tan be carried out
with a fair prospect of success. Knighe?,
however, feels thay anthroplasty iscontraindi-
cated in 1uberoulosis.

When Joint ankylosis has followed gono-
coceal or 2 pyogenic tnfection, shout a year
or so should preferably elapse before

operation is undertaken, in order 1o be
reasonably sure that al} inflammation has
subsided (Mercec?).

"The results of arthroplasty for rhenmatoid
arthrits ave on the whole poorer than i the
other tvpes of ankylosis because of the
danger of reerudesence.

The best results are obtained when
arthraplasty is done for wraumatic anky-
losis.

(2} Condition of the muscles controlling the
Joimt.—1f the flexors and axtensors of the
Joint are free from toxic or disuse avrophy
or scarring, then there is an excelient chiance
of a good and wseful joint resulting from
ihe operation.

{3y Condition pf the Skin.—1f shere has
been extensive destruetion of the skin at the
time of the original affection, the joing w2y
be left with skie of poor quality. Tt wonld
then be necessary to replace this skin by a
pedicle Aap graft prior 1o arthroplasty.

{3} Whether the ankylosis it bilateral—
Arthroplasty is likely to be most useful and
best appreciared in these cases,

(5) Position of the ankplvied joint and oces-
pation of patient.—If the ankylosis is i =
good position, this would be quite compati-
ble with the efficient luncioning of the
linb, Thus in an occupation requiting
hard physical labour where sirength and
stability are more important than mobility
arithroplasty shotdd be avoided,

ARTHROPLASTY OF THE ELBOW JOINT

When the position of the ankylosis is bad

or where the ankylosed joint is painful or

becoming progressively deformed, then
arthroplasty would be indicated.

(6) Temperament of the patient.—Arthro-
plasty needs considerable and prolonged
post-operative physiotherapy. This can be
quite painful especially in the early stages.
Hence uniess the patient is willing and Lkely
to cooperate, it may not be worthwhile to
percform the operation. :

(7) Age of the Patient.—The operation is
likely to give the best results in young
patients, but should be performed after
active bone growth stops. If performed
carlier, trauma to the epiphysis may distort
or arrest growth. (Good results can be confi-
dentally expected up to the age of 40.

Indications

Thus arthroplasty would be indicated in
complete fibrous and bony ankylosis. It is
also indicated in partial ankylosis when
movement is insufficient or when pamisa
disabling factor.

Arthroplasty may also be performed asan
early and primary treatment for serious
fractures of the elbow in adults, whenitis
almost certain that rormal function will not
Le obtained by conservative treatment. The
conditions mentioned in * assessment of a
case’ should, however, be satisfied. In
these cases there is considerable local trauma
to the soft tissues as a result of the force of
the injury. Also the triceps insertion may
he separated from the bonc in a rather
undesirable fashion. Again there may he
damage 10 the adjoining surfaces of the
radins and ulna resulting in crossunion;
this union would diminish or ehviate pro-
nation and supination (Fig. 4). Al these
factors then might vitiate a good result.

Fig. 1

Pre-operative x-ray (Case No. 3) showing

complete bony ankylosis with fracture of
bony mass duc to manipulation.

Fig. 2
Post-operative X-ray {Case No. 3)

Fig. 3
Post-operative photograph of Case No. 3
showing range of flexion and extension.
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Fig. 4

Post-operative x-ray (Case No. 5).

Hence the performance of an arthroplasty
at this stage mavy be considered contro-
versial. It has actually been frowned upon by
Sir Watson Jones™ who prefers to 1reat the
patient  conservatively and subsequently
reassess the case.

In this series, there were 2 patients on
whom arthroplasty has been done as pri-
mary treatment for serious fractures and the
results are satisfactory.

Fig. §
Post-operative p!}o{og;a?h {Case No, 5}

showing flexion.

Techaiqwe
1. Exposure.~The joint is exposed through
a vertical posteriar incivion, 5" in length-
This was the incision employed in ail the
cases,

2. Triceps insertion.—Great care should be
taken in irying to separate the triceps inser-
tion from the olecranon. In doing this n
will be found that it is not possible to srip
off the insertion with a periosteum clevatof,
but the separation reguires small strokes
with a sharp knife. Unijess this care istakew
the triceps insertion will get frayed and
mangled and there will be considerable
weakness of extension. By subperiosteal
dissection, all vital stcuctures will remain
undamaged. With the exception of the uinar
nerve, none of these vital structies will
even be seen,

3. Formation of the gap.—The bone ends
are then disiocated out of the joint and
sectioned  with the gigli saw. The gap bet-
ween the bone ends should be about 17

Fig. 6

Post-operative photograph (Case Nov 5.
showing extenyion.
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Fig. 7
Pre-operative x-ray of Case No. 7.

A large gap is likely to result in a weak
ethbow. If serial post-operative x-rays are

taken, one will notice that the distance -

between the bone ends gradually gets Jess
and less.

4, Shaping of the bone ends ——-The humerus
when sectioned should have as wide an end
as possible 1o increase stability. In this
series, the standard method of shaping the
bone ends was not employed. Instead, the
hone ends were sectioned transversely-—the
humerus at or just below the epicondyles
and the radius and uina at the level of the

neck of the radius.

5. Covering of the bone ends.—It is very
essential to cover the bone ends, otherwise,
a large amount of granulation tissue and new
bone forms between the raw surfaces. This
ultimately results in a fusion between the

various bones.

Simple application of bone wax over the
raw surfaces of the bone, without mterpo-

other tissue in between them 1s

sing any .
Various

inadequate to prevent cross union.
tissues have been used to cover the bone

Fig. 8

Past-operative x-ray af Case No. 7.

ends. These tissues should be generous and
well draped over the raw bone. The inter-
posed tissue acts as 2 protective cap and
monid for the subjacent growth of fibroblats
{Albrook and Kirkaldy-Wiltis-{1). The
portion of the interposed tissue between the
bone ends becomes liquefied and a sac or
cavity lined with adventitious tissue forms
which is not unlike that of a physiological
joint or bursa.

Fascia lata has been used in all but one
of the cases in this series. Removal of these
sheets {rom the thigh does not result in any
herniation ol the thigh muscles.

Several other interposing materials have
also been used. Mercer® mentions the use
of pedicled muscle flaps, but these are not
always convenient to use. Wilson'! pre-
fers nylon to fascia as he feels that fascia
becomes adherent and more time is required
to develop motion than with nylon.
Giununi® has vsed gelfoam as an inter-
posing material since it was alse haemosta-
tic and is quite satisfied with his results.
Sanchis-Olmos® has used skin  instead
with good results.
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6. Prevention of adhesions,—By maintaining
strict asepsis and careful haemostasis and by
suitable post-operative care, the incidence
of post-operative adhesions can be kept
down to the harest minimum. The use of
intraarticular hydrocortisone locally is also
a useful aid and it does not cause any delay
in the healing of the incision.

Post-operative Care

The limb is suspended from a transfusion
stand with the clbow at right angles soon
after operation. This gives elevation and
the necessary traction,

Rehahilitation

Physiotherapy is started about 10 days
alter operation. Patient and persistent reha-
bilitation will ultimately reward the patient
with a sirong, stable and mobile joint. This
usually occurs within 4-6 months following
operation. A range of motion of from
90-120° ina useful arc is considered ideal
{Van Zandt®).

Late-Results and Complications

Delayed ulnar nerve palsy may occur
secondarily to valgus deformity when trans-
position of the nerve may be necessary. I
the joint is not quite stable, the instability
can be considerably reduced by fascial
stabilisation (Knight*}*

Bone absorption may ocecur as a result of
extensive periosteal siripping or infection.
New bone formation frequently occurs, but
this hardly causes pain or limitation of
movement. The x-ray appearance of a joint
subjected to arthroplasty does not always
parallel the functional results. Even when
the x-ray shows irregular joint surfaces, the
functional result can he quite good.

Medial or lateral subluxation may occur,
but ordinarily if bone absorption is minimal,
this subluxation is of little importance.

Analysis of the Cases (Table 1)

All the 10 cases were operated on by me at
the Lokmanya Tilak Municipal General
Hospital, Sion. They were all post-trauma-
tic cases. FEight had bony ankvlosis
(3 following fracture dislocations and
3 following comminuted fractures of the
elbow). One was an unreduced disloca-
tion with myeositis and a stiff elbow. Another
had fibrous ankylosis.

The ages of the patients ranged between
18 years and 48 years, In 2 cases, arthro-
plasty was performed as an early and primary
treatment for serious compound fractures of
the elbow,

In 7 cases, the injury had occurred bet-
ween 2-12 months prior 1o operation. In
one patient who was 23 years old, the
injury was said w have occurred in child-
hood. In all cases, lascia was used as the
interposing material except in one case
where the raw bone ends were only caute-
rised and covered with hone wax. T'he
follow up period varied from 4-25 months,
The range of motion varied from 100-135°
except in the case where oo fascia was used
where the range was onlv 55", In the lawter
case, there was quitec an amount of new
hone formation post-operatively.

In all cases, muscle power was good. In
the 2 cases, where arthroplasty was done
for recent fracwures, the power (especially
of extension) was weaker though sufficiemt
for ordinary activity. Stability was satjs.
factory in all rases.

Conclusion

Even though the number of cases in this
series is too small 10 have any statistical
significance, the results do appear encoura-
ging.
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Knight and Van Zandt* who followed
up 45 cases, 14 years afier operation came
to the conclusion that fascial arthroplasty
ol the clbow properly performed in selecied
cases offers a reasonable expectation of
70-320° of motion in a useful arc with good
. strength and stability and with liude il any

pain.

Swmmary

The aim, indication, technique and
complications of arthroplasty of the elhow

have heen described. Due stress has been .

laid on the proper selection of cases and on
the nced for patient and persistent post-
operanve rehabilitation. The manner of

sclecling a case has also been presented.
10 cases have been analysed.
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THE TREATMENT OF ORDINARY ABSCESS BY INCISION,
EVACUATION AND PRIMARY SUTURE

BY

A. K. TALWALKAR and M. N. SAHANE, Bombay.

From the days of primitive surgery till
amost today, the old classical ireatment of
an acute abscess has been to incise, evacuate
and drain, followed by regular daily
dressings. Granulation tissue creeped in
from the walls of the cavity and eventually
filled it. The skin grew over the granulations
and the cavity was closed. It is essential
that the cavity should fill in evenly without
pocketing so as to prevent recurrence or
fistula formation. This was avoided by
packing the cavity with gauze soaked in
antiseptic solutions. The pack was changed
frequently as the cavity began to fill up.
But this would take weeks beflore the abscess
was healed up completely.

We are challenging this classical treat-
meat by incision, evacuation and primary
stiture of abscesses and we think it isa
correct modern treatment with the umbrella
of antibiotics,

It is almost a hundred years ago, that

John Hillon during one of his famous

”

lectures on *“ Rest and pain ” asked a ques-
tion: Why do surgeons open abscesses?
He has given many reasons for it.

(1) ‘To refieve the paticnt from pain and
canstitutional distitrbance.

(2) To limit destruction of tissues.

{3) To prevent further encioachment
upon important organs.

f4) To remove accumulated extraneous
fluid ; but the most important heing,

10

(3) To permit and secure co-optation of
internal surfaces of the ahscess, to
give its internal surfaces rest, so as to
permit of their union and further
rest for consolidating the medium of
union.

Once the abscesses are opened, and eva-
cuated, the frequent dressings, this continu-
ous interference with nature by the surgeon,
might be called “ meddle some surgery ™ in
John Hilton's weords. Once more 10 quote
Hilton, *“ Rubbing the two surfaces of the
abscess together once or twice a day, we are
not only likely to disturb the natural process
of granulation, but almost sure by such
friction to induce an inflammatory condition
in structures which for the purposes of
repait ought to be in a comparatively
healthy state and quietly taking their own
steps towards filling up the whole interior
of an abscess in a sound manner.

Frequent dressings are not only painful
but often may lead to a secondary infection,
And as most of the patients are treated as
outdoor cases, they involve many hours of
travelling, waiting and much expense.’

For many vyears, in the treatment of acute
osteomyelitis, afier surgical interference
under antibiotic cover, Tructa has been
doing a primary closure of the skin with
most gratifying results. Healing is almost
invariably by primary intention and the
incidence of recurrence and sinus formatian
was tnuch less.
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In the Orthopaedic Unit of K. E, M.
Hospital, Bombay, we receive many cases
from the general surgical units with a diag-
nosis of ? Acute ostcomyelitis, which on
opening turn out to be cases of simple
abscesses without involvement of bone,

- Applying the same principle as employed

by Trueta in cases of acute osteomyelitis, we
have departed lately from the accepted
principle of abscess treatment and have
done incisions,. evacuation and primary
suture of the skin instead ol incisions, eva-
cuation and drainage.

The object of this paper is not to present
a large series of cases but to stress the point,
whether the principle of abscess treatment
should not be changed now. Asthe number
of cases of pure abscesses received by Ortho-
paedic Unit is very small, it is decided to
present a paper with large number of cases
in collaboration with general surgical units
at a later stage.

Thirty-six cases of pyogenic abscesses at
various sites treated in one of the Ortho-
paedic Units of K. E. M. Hospital, Bombay,
from January 1960 to May 1961 have been
included in this series. Twenty-two were
males and 14 females.

Age incidence is as follows :—

Table 1
Age in vears N, of cases

0—10 22
L1—20 4
21—30 2
31—40 I
1150 ]
51—60 0
61—70 !
71—80 1

Total 36

The table below shows the various sites
where abscesses were located :—

Table 1IN
Site Right  Lelt  Total

1. Scapular region | 1 2
2. Axiila — 1 1
3. Shoulder 2 — 2
4, Arm 3 2 5
5. Forearm 2 1 3
6. Chest 2 — 2
7. Lumbar region — - 2
8, -Gluteal region 3 2 5
9. Thigh 5 4 9
10. Poplitral region 3 1 4
11, Leg 2 1 3
12, Foat 1 K] 4
Tomal 24 16 42

— e

A few hours hefore the abscesses are
opened, antibiotics are started. In most
cases injection Penicillin 1 lac units 3.4
hourly is sufficient. But if the antibiotic
sensitivity tests show that the organisms are
resistant 10 Penicillin then a broadspectrum
antibiotic iz given.

Abscesses are opened under general
anacsthesia after usual preparations. After
the abscess is incised and the pus evacuated,
a finger is inserted in the abscess cavity,
sepia if any are broken, hidden pockels are
searched for and opened and an attempt is
made 16 remove as much debris and necrotic
tissue from the abscess wall as passible. No
deliberate attempt is made to curette ot
the abscess wall with a scoop. :

After the surgeon is satisfied that no
pockets are left and thorough evacuation js
done, local Penicillin is instilled and the
skin is closed with interrupted nylon sutures.
A compression dressing is given. The pus is
sent for smear, culture and

o antibiotic
SEnsitivity test.
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Post-operatively the limb is rested in
different ways according to the site of the
abscess. In the abscess of the thigh Thomas’
traction is given. In the case of leg and
foot a posterior slab is all that is necessary.
Abscesses of upper limbs arc rested by a
cuff and collar sling.

Antibiotics are continued for 6-7 days.

The sutures are removed on the 7ith or
8th day. Till that time wound is not
opened. If the healing of the wound is by
primary intention, there is not much oedema,
the immobilisation is discontinued and
active exercises are started. Patient gets
back to normal work in a few days time.
If there is slight gaping with little dis-
charge, just a superficial dressing 2.3
times will be snfficient for healing. If,
as in occasional case, there is a recurrence
of the abscess, a proper antibiotic as deter-
mined from the antibiotic sensitivity test is
started before the procedure is repeated.

Out of 14 smear and culture reports
available, the following table shows the
incidence of different organisms :

Table 11

Smear Reparts
. Pus cells only

2. Pus cells with mononuclear  cells
and R. B, C. t

5 Pus cclls with gram positive cocci ... 4

-l

1. Pus cells with coccobacilli and gra
negative rods l

5, Pus cells with gram negative

hacilli 1
Table IV
Culture Reperts

1. No growth B
2. Staph. pyogcenes 2
3. s aurrus 2
4. ,, albus i
5. B. coli 1

il

In one case an entirc guinea worm was
removed after the incision of the abscess
(Case No. 24).

Follow up and results

All the 36 cases were followed up. The
{ollowing table shows the period of post-
operative follow-up. Minimum follow up
was 2 months and maximum 20 months.

Table V
Follow up period ) No. of cases
0 - 6 monihs 23
6 months - 1 years 7
1~ 1} years 3
1§ -2 years 3
Total 36

, At the follow up examination the cases
were seen to ind out whether the union of
the skin was by primary intention or there
was any gaping of the wound or a sinus
which persisted. Also whether there wasa
recurrence of the abscess at the same site
was determined. Quick improvement in
function was a noticeable [eatare.

Table VI
Result No. of cases Percentage
Primary union of skin 30 83-3
Gaping of the wound 1 27
Temporary sinus {ormation 3 " 83

Recurrence of abscess at
samae site 2 55

All the cases that are listed under the
heading of “Primary union’ showed com-
plete healing of the skin on the 7th or 8th
day. There was no recurrence or ocdema of
the skin. Criterion of healing was complete
healing of wound without surface moisture,
granulation tissue or scab. The movemenis
were started immediately and they returned
to normal within a few days.
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Sutures of one patient were removed on
the 4th day by mistake. About 1 inch of the
wound in the centre gaped. Only superficial
dressing was done without any attempt to
pack the cavity and the wound healed on
the 16th day (Case No. 35).

Three cases showed temporary sinus for-
mation. It may hbe due to inadequate
drainage of the abscess. These patients also
healed up in 8-10 more days (Case Nos. 16,
29 and 31).

There was a recurrence of the abscess at
the same site after a few days in twa patients.
But it should be noted that both these
patients had primary union of the skin. In
one case the recurrent abscess was very
small (Case No. 25) and it subsided after
aspiration. In the other patient (Case No.
15) the procedure was repeated and the
wound healed by primary intention.

Discussion

Since the discovery of antibiotics, like
many other diseases the treatment of absces-
ses has to be modified with an advantage to
the surgeon. Incision and primary suture of
the abscesses is a very cenvenient and time-
saving procedure. In a very busy general
hospital like K.E.M. Hospital, where 20-25

abscesses are opened every day, and of

course, dressed regularly therealter, many
hours of labour can be saved, and the house
surgeon can have more time at his disposal
for the other work if this procedure is follo-
wed in every case.

An incidence may be recalled in this
instance. In one of the general surgical
units, the house surgeon, who had heard
about this procedure from his orthopaedic
colleagues, did a primary sulure of the
abscess. On the 3rd day during the ward
round, his chiel ordered him to open the
abscess again and pack it. To his surprise
the house surgeon found it difficult to get

the original abscess cavity, which Dy this
tlime was healing satisfactorily.

Ellis of Leeds, has been following this
procedure for many years for abscesses
around the anal region, with very satisfying
results. But he curettes out the lining of
the cavity *““to allow blood laden with
antibiotic to ocoze in’’. He postulates that
before operation the lining of the abscess
had not only prevented the infection in the
abscess from getting into the circulation,
hut had also prevented Penicillin in circula-
tion from getting into the abscess.

Scott et al had used this method in the treat-
ment of infections of the hand. They called
it excision of the abscess because they excised
the necrosed tissue completely before
suturing the skin. “ Excision takes the place
of the usual process by which dead tissues
are eliminated by discharge. Healing is
thereby accelerated. Morever, the best
possible conditions are provided for control
of residual infection by the striking and
immediate improvement in local blood
supply after relief of tension ™.

Immediate skin cover is the best defence
against secondary infection and minimises
amount of scarring.

There are certain factors which mav
delay or prevent healing.

L. Necrosis of the skin.—This happens
when the conservative treatment is conti-
nued for a long time and the abscess points
1o the surface. Even in these cases if the
abscess is incised at the comparatively heal-
thy part of the skin, sloughing of the skin
and secondary ulcer formation can be
prevented.

2, Inadequate evacuation of the abscess—'This
mav be the cause of recurrence or temporary
sinus formation.

3. Inadequate antibiotic wmbrella.
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Summary -

Thirty-six cases of pyogenic abscesses at
various sites treated in the Jast 20 monthsin
the Orthopaedic Unit of the K.E.M. Hospital
with incision, evacuation and primary suture
of the skin are reviewed. 83:3% showed

-union by primary intention without recur-

rence. Advantages of this method over the
traditional one of incision, evacuation and
drainage are discussed.
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Dr. A. K. Talwalkar said the work done
under hisguidance, the number of cases was
small because of faully documentation
whichi led to exclusion of many cases from
the series presented. He advocated removal

of the lining membrane, use of a big enough
incision, suturing of skin only and suffi-
ciently long use of antibiotics for successful -
gut.come.

Dr. M. R. Chowdhary (Akola) agreed with
Dr. Sahane and described his technique of
incision and drainage of breast abscesaes.
He, however, used a drain for 24 hours and
sutured the deeper tissues with catgut obli-
terating all dead-space.

Dr. Dixit pointed out that the series did
not include infections of tips of fingers.

Dr. Satyaprakash advocated the use of
tourniguet for clear vision.

Dr. Kohli enquired if the recurrences
were in any way related to the size of the
abscess and absence of drainage, Dr. Sahane
replied to say the small series did not allow
him to draw definite conclusions in this
direction.
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