Western University

Scholarship@Western

Canadian Journal of Surgery Digitized Special Collections

3-1-1974

Volume 17, issue 2

Canadian Medical Association

Follow this and additional works at: https://ir.lib.uwo.ca/cjs

b Part of the Surgery Commons

Recommended Citation
Canadian Medical Association, "Volume 17, issue 2" (1974). Canadian Journal of Surgery. 88.
https://ir.lib.uwo.ca/cjs/88

This Book is brought to you for free and open access by the Digitized Special Collections at Scholarship@Western.
It has been accepted for inclusion in Canadian Journal of Surgery by an authorized administrator of
Scholarship@Western. For more information, please contact wiswadmin@uwo.ca.


https://ir.lib.uwo.ca/
https://ir.lib.uwo.ca/cjs
https://ir.lib.uwo.ca/disc
https://ir.lib.uwo.ca/cjs?utm_source=ir.lib.uwo.ca%2Fcjs%2F88&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/706?utm_source=ir.lib.uwo.ca%2Fcjs%2F88&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/cjs/88?utm_source=ir.lib.uwo.ca%2Fcjs%2F88&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wlswadmin@uwo.ca

The Canadian Journal of Surgery

Le journal canadien de chirurgie

VOLUME 17 MARCH 1974 NO 2
ISSN 0008-428X

LIST OF CONTENTS

QUILL ON SCALPEL

Page
The Canadian Cardiovascular Society.
R. J. Baird 69

THE CANADIAN CARDIOVASCULAR SOCIETY

Papers Presented at the Annual Meeting, Halifax, Nova Scotia,
October 19, 20, 1973

Role of “Myocardial Sinusoids” in the Early Run-Off of Myocardial Arterial
Implants: A Critical Reappraisal.

C. J. Chiu, M. L. MacRae and H. J. Scott 70
Stress at Vascular Anastomoses in Relation to Host Artery : Synthetic Graft
Diameter.
C. E. Kinley, P. E. Paasche, A. S. MacDonald, A. E. Marble and E. R. Gozna 74

Aorta-to-Coronary Artery Bypass Operation for Chronic Intractable Congestive
Heart Failure.
A. Solignac, J. Lesperance, P. Grondin and L. Campeau 76

Intracellular lonic and Adenosine Triphosphate Changes in the Myocardium
During Cardiopulmonary Bypass and Anoxia.
K. Prasad, S. S. Nakai, J. C. Russell, L. P. Sterns and J. C. Callaghan 80

Acute Myocardial Infarction and Muscle Salvage: A Potential Role for
Pharmacological Agents.

J5 RL SIMITR oottt es eSS 84
Intracardiac Pressures During Induced Ventricular Fibrillation and Anoxic Arrest.

W. B. Firor and F. Di8S ..o 89
Clinical Experience With the Intra-aortic Balloon in Assisting the Circulation.

Y. Akyurekli, W. J. Keon and P. Bedard 94
Effect of Myocardial Revascularization on Ventricular Fibrillation Thresholds in

Dogs.
T. G. Kass, J. F. Symes, C. J. Chiu and P. E. Blundell 97

Mustard Operation in Infancy for Transposition of the Great Arteries: A Seven-
Year Experience.
M. Paquet, J. E. Gibbons and A. R. C. DODEll ..o 102

Leiomyoblastoma of the Stomach.
5. E. O’Brien and K. J. Shier 105



cogive your
vitamin-deficient
patiento doily
therapeutic supply
ofvitamin C:

27 baked pOtatOeS(skinsandau)A
orone Allbee with0550. Aipeg i

(KD tiptiM cmiVWi*,
Postoperative care, acute infection, long-term illness or convalescence—whenever a m&’m“'s“fff'}ﬁ'|§?i$”
nutritional supplement is indicated, remember Allbee with C-550. One capsule daily AT et .

gives your patient as much Vitamin C as 27 baked potatoes, skins and all, and full

therapeutic amounts of the B-complex vitamins, including as much niacin as 2 pounds

of sirloin steak. Allbee with C-550 is available at pharmacies on your prescription or

recommendation in bottles of 30,100, and 500. MG CBINS

Forcomplete prescribing information, consultproductliterature or the Compendium.

A. H. Robins Co. of Canada, Ltd., Montreal, Quebec. /1'H'JNOBINS



March 1974 11

Successful Mesenteric Artery Embolectomy Without Bowel Resection: A Case
Report.
W. G. Jamieson and R. L. HOHIdAY ... 11

The Motor Defect of Esophagitis.
R. D. Henderson, F. Mugashe, K. N. Jeejeebhoy, J. Cullen, A. Boszko,

M. Szczpanski and G. Marryalt ... 112
Primary Lymphosarcoma of the Lung: A Case Report and Review of the
Literature.
P, N. Thiessen and C. M. COUVES ...cooceeiiciiiiie it cee st et se s st stsssre s stassasssre s saneneaaas 117
BOOK REVIBWS ettt ettt et eb e 121
INStructions t0 CONFIDULOTS  .....oeeiiiiiecc et XLI
BOOKS RECEIVEA ....ouiitiiiiiiicie ittt ettt eb ettt en e XLII

The Journal is published bi-monthly. The subscription rate is $15 per year
($7.50 per year for trainees in surgery). The Journal is indexed in "Index
Medicus", "Current Contents” (Life Sciences) and the "Science Citation
Index".

Printed in Canada by harpell’s press co-operative for The Canadian Medical Association,
P.O. Box 8650, Ottawa, Ontario K1G 0G8. Postage paid in cash at third class mailing rate.
Permit No. C 2. Return postage guaranteed.

BLOOD
FLOW

\

Biotrortex Laboratory has eliminated
the guesswork in evaluating the effective-
ness of an aorto coronary vein bypass.
The BL-603 Clinical Blood Flowmeter

far clinical provides asimple, yet effective method
applications of determining graft patency prior to
surgical closure.
o Designed for clinical O.R. The BL-603 is not a new instrument;
or cath lab use it is simply an extension of a device
. . which has been thoroughly proven in
° Eya;élypraopbrgled handle- hundreds of research applications
throughout the world. It is depend-
® Patient safety assured able; designed to highest safety
through isolation circuitry standards; simple in operation; precise

in measurement - a complement to

« Simple to operate - .
P P modern day cardio-vascular surgery.

minimum controls - direct
meter readout in milliliters }
per minute Biotronex Laboratory, Inc.

9153 Brookville Road Silver Spring, Maryland 20910 Phone: 301/588-6400



Vol. 17

When oral therapy cannot be given
and Furadantin is the drug of choice

FURADANTIN™

Sodium Parenteral

(nitrofurantoin sodium)
For intramuscular or intravenous use in cystitis, pyelitis,
pyelonephritis (due to susceptible organisms)

Furadantin Sodium Parenteral promptly provides an-
tibacterial urine levels. It is exceptionally effective
against most urinary tract pathogens, and audits of
bacterial sensitivities clearly show the consistent and
undiminished effectiveness of Furadantin over a period
of several years. Prompt action, high solubility and high

antibacterial concentration at the site of urinary tract
infections have established Furadantin asthe agent of
choice for the elimination of urinary tract pathogens
sensitive to it. Furadantin Sodium Parenteral is availa-
ble in the useful, convenient intramuscular form. It may
also be given, after dilution, as an intravenous drip.

Bacterial Sensitivity to Furadantin

Culture
Species Audit 17
1965
E. Coli 95.4
Aerobacter 78.5
Klebsiella Aerogenes 79.7
Proteus 54.4
Staphylococcus aureus 93.1
Pseudomonas 11.3

Sensitivity
Audit 2" Audit 3s Audit 4s

1966 1968 1969
91.1 94.4 95.5
79.3 78.2 83.0
82.4 82.2 77.7
56.9 41.4 46.9
92.0 100.0 97.0

8.1 12.1 8.3

Source R A Gosselin and Company Incoroorated. Dedham Mass Audit of Bacteriology Cultures Vol Il Part Ii for the periods
shown (1965 1966.1968 1969) National Audit of Pathology (Urine) Cultures in hospitals (108) located throughout nine census regions

Complete prescribing information available on request.

-Registered Trade Mark

Originators and Developers of the Nitrofurans
EATON LABORATORIES

Division of Norwich Pharmacal Company Ltd.
Paris Canada



March 197A v

The Canadian Journal of Surgery

Le journal canadien de chirurgie

Co-editors, Canadian Journal of Surgery: L. D. MacLean
C. B. Muelter

Editor, C.M.A. Publications: J. R. Anderson
Associate Editor: A. W. Andison
Assistant Editor: Mrs. G. Pancirov

Business Manager, C.M.A. Publications: C. K. Goodman

Editorial Board:

G. W. Bethune, Halifax, N.S. A. D. McLachlin, London, Ont.
J. Burke Ewing, Ottawa, Ont. N. T. McPhedran, Calgary, Alta.
J. R. Gutelius, Kingston, Ont. M. Parent, Montreal, Que.

R. Cameron Harrison, Vancouver, B.C. B. J. Perey, Sherbrooke, Que.

J. F. Lind, Hamilton, Ont. J. Turcot, Quebec, Que.

James B. Littlefield, St. John’s, Nfld. D. R. Wilson, Toronto, Ont.

R. A. Macbeth, Edmonton, Alta.

Editorial Consultants:

J. Baird, Toronto, Ont. . Lynn, Kingston, Ont.

. Bryans, Vancouver, B.C. . McCorriston, Kingston, Ont.
Carroll, London, Ont. . MacKinnon, Montreal, Que.
Cholette, Montreal, Que.

E

E.

P. . Patterson, Vancouver, B.C.
E. Devitt, Ottawa, Ont.

C

N

. Phillips, Toronto, Ont.

. Ferguson, Winnipeg, Man. . Thompson, Vancouver, B.C.

MmO~ ~@“»nmao

. Thomson, Toronto, Ont.
. Thurston, Edmonton, Alta.
Zingg, Toronto, Ont.

. N. Gurd, Ottawa, Ont.
W. H. Kirkaldy-Willis, Saskatoon, Sask.
B. Langer, Toronto, Ont.

_E.C’.I.G)_Z.'"'_XF‘FU
OO0 Ww T Telw



absorbed completely in four to six weeks;
liquefies within two to five days when used as
a surface dressing

safe as a permanent packing in any tissue;
won't interfere with bone regeneration or cause
cyst formation

effective dry or moist
compatible with thrombin solution

a naturally occurring substance; non-irritating;
neutral pH

stimulates the natural clotting mechanism

may be cut, molded to shape, and sutured
when necessary

available as sponges, packs, prostatectomy
cones, sterile and non-sterile powder, to meet
most surgical needs

sealed in individual envelopes to insure sterility

‘BADCMAAK: OELFOAM  CE SSI9

THE UPJOHN COMPANY OF CANADA/DON MILLS, ONTARIO



March 197)*

EDITORIAL COMMENT 69

QUILL ON SCALPEL This section
provides a medium through which Canadian
surgeons can declare themselves, briefly and in-
formally, on the day-to-day affairs of surgery.

THE CANADIAN CARDIOVASCULAR
SOCIETY

This issue of the Canadian Journal of Sur-
gery contains nine papers presented by sur-
geons at the 26th Annual Meeting of the
Canadian Cardiovascular Society in Halifax,
N.S. in October 1973.

The Canadian Cardiovascular Society/
Societe Canadienne de Cardiologie was in-
corporated in 1947 under the name of the
Canadian Heart Association. In order to
avoid confusion with the Canadian Heart
Foundation, the name was changed to its
present form in 1962. The initial members
were physicians with an interest in the new
developments in cardiology. The specialty
of cardiovascular surgery began in the mid-
fifties and was officially recognized in 1964
by the action of the Royal College of Phys-
icians and Surgeons of Canada in inaugurat-
ing a Fellowship in Cardiovascular and
Thoracic Surgery. The surgeons across
Canada who were devoting their practice to
cardiac and vascular surgery joined the
Canadian Cardiovascular Society and be-
came welcome and active members. The
Society now consists of 500 active members
of whom approximately 50 are surgeons.
Two eminent Canadian surgeons have served
as President of the Society—Dr. David
Murphy and Dr. Wilfred Bigelow. Promi-
nent surgeons have frequently been asked
to deliver the annual special lectures: Dr.
Gordon Murray, Dr. Arthur Vineberg, Dr.
Wilfred Bigelow, Dr. Dwight Harkins, Dr.
William Mustard, Dr. Norman Shumway,
Dr. Gerald Austen, and Dr. Pierre Grondin.

Although the Society publishes the ab-
stracts of its meetings in its “Proceedings”

and occasionally in the Canadian Medical
Association Journal, there has not been an
official journal in which the complete sci-
entific manuscripts have been published.
Therefore the Council of the Society wel-
comed the invitation from the editors of the
Canadian Journal of Surgery in 1972 to
publish a limited number of papers of in-
terest to surgeons in a special issue of the
Journal. The first issue devoted to cardio-
vascular surgery was published in July 1973;
the current issue is the second.

The international stature of Canadian
surgical endeavour has not received the
acknowledgement it deserves because of the
past practice of the Royal College of Phys-
icians and Surgeons of Canada and most
of the various specialty societies, of publish-
ing the papers presented at their meetings
in abstract form only. The formal publica-
tion of the material is then frequently
neglected by the author or else the manu-
script is submitted to a specialty journal in
the United States or elsewhere. Although
the latter course offers certain advantages,
it undoubtedly lessens the international im-
pact of Canadian advances in surgery and
reduces the potential value of the Canadian
Journal of Surgery.

The writer expresses his thanks to Dr.
Claude Labrosse and Dr. Whitmer Firor for
collecting the manuscripts. He hopes that
the co-operation between the Journal and
the Canadian Cardiovascular Society will
continue and that other surgical societies in
Canada will follow the example.

R. J. Baird

Member,
Canadian Cardiovascular Society
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ROLE OF “MYOCARDIAL SINUSOIDS”
IMPLANTS: A CRITICAL REAPPRAISAL*

MYOCARDIAL ARTERIAL

IN THE EARLY RUN-OFF OF

C. J. CHIU, M.D., Ph.D., M. L. MacRAE, B.Sc. and H. J. SCOTT, M.D., Montreal, Que.

Summary: The concept that an extensive net-
work of "endothelium-lined myocardial sinu-
soids" provides a unique early run-off for a
surgically implanted artery has been widely ac-
cepted. The authors used India ink and nu-
cleated chicken erythrocytes as markers to stu-
dy the run-off from implants in canine myocar-
dial tunnels. Light and electron microscopic
studies, when correlated with the findings from
corrosion casts, indicate that the blood intro-
duced into the tunnel escapes into the intersti-
tial space, which has no lining of endothelium.
The initial minimal communications that may
exist between the implant and the coronary ves-
sels appear to be caused by traumatic disrup-
tion of the vascular bed in the process of creat-
ing the myocardial tunnel. Thus, neither the
patency of the implanted vessel, nor the later
development of implant-to-coronary vascular
communications depends on the existence of the
so-called "sinusoidal spaces" in the myocar-
dium.

Resume: On a maintenant largement accepte le
concept qu'un vaste reseau de "sinusoTdes du
myocarde, pourvus d'epithelium” puisse consti-
tuer une porte de sortie pour l'evasion precoce
d'une artere implantee chirurgicalement. Les
chercheurs ont voulu etudier comment se pro-
duisait chez le chien I'evasion des arteres, im-
plantees dans des tunnels myocardiques. Its ont
utilise comme marqueurs de l'encre de Chine
et des erythrocytes de poulet. Les examens au
microscope classique et au microscope electro-
nique, quand ils etaient mis en correlation avec
les renseignements fournis par les cylindres
epitheliaux. indiquaient que le sang introduit
dans le tunnel s'echappe dans l'espace intersti-
tuel, depourvu d'endothelium. Quant aux mini-
mes communications qui peuvent exister au de-
but entre le greffon et les vaisseaux coronaires,
elles sont causees par le traumatisme inflige au
lit vasculaire au moment de la creation du tun-
nel. De sorte que, ni la permeabilite du vaisseau
greffe ni le developpement ulterieur de com-
munications vasculaires greffon-coronaires ne
dependent de (‘existence dans le myocarde de
ce qu'on appelle des "espaces sinusoidaux".

*From the Division of Cardiovascular and
Thoracic Surgery, McGill University, and
the Montreal General Hospital, Montreal
109, Que.

Supported by grants from the Medical Re-
search Council of Canada and the Quebec
Heart Foundation.

Grant and Regnier,1 Wearn et al2 and a
number of earlier anatomists,8 using the
techniques of serial histological sections and
corrosion casts, described the so-called
“myocardial sinusoids” in the heart. These
structures were considered to be very thin-
walled vascular spaces, the walls being com-
posed of an endothelial layer with or with-
out minimal supportive tissues, often of ir-
regular shape and measuring in diameter
approximately 100 to 250 /x. On these
structures Vineberg4 based the rationale of
the implantation of bleeding arteries into
the myocardium. It was hypothesized that
such a *“sponge-like network of endothe-
lium-lined myocardial sinusoidal system”5
provided a unique run-off for the bleeding
artery, thus maintaining its patency and pre-
venting hematoma formation. This theory
and the myocardial arterial implant proce-
dure itself, met with considerable scepticism
from surgeons for over two decades. How-
ever, in the early 1960s, with the advent of
coronary angiography, the patency of the
implanted artery was proved and the re-
sultant surge of interest in the myocardial
arterial implant procedure was accompanied
by an uncritical acceptance of the rationale
proposed for it.6 In a recent article the
continuity of myocardial sinusoidal spaces
was purportedly demonstrated with a corro-
sion cast made by injecting polyvinyl ace-
tate through a catheter inserted into the
ventricular wall.7

Although this concept of myocardial
arterial implant run-off is convenient and
of historical value, it may be misleading
in view of current knowledge of the ana-
tomy and physiology of the myocardium. At
present, the existence of so-called arterio-
luminal and arteriosinusoidal vessels is de-
batable,8 and the evidence for their exis-
tence is considered inconclusive. Further-
more, in recent years infusion of fluid di-
rectly into the myocardium has been em-
ployed by physiologists to estimate the
“intramyocardial pressure”, which may be
important in the distribution of coronary
blood flow within the myocardium.9 In
these studies the infused fluid is thought to
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enter the interstitial space. In the experi-
ments described below we used two markers
to trace the run-off from the myocardial
implant in order to make a critical reapprai-
sal of the role of myocardial sinusoids in
the arterial implant procedure.

Method

Five dogs weighing 15 to 22 kg were
anesthetized with intravenous pentobarbital.
30 mg/kg body weight, intubated, and ven-

/ tilated with a positive-pressure respirator.
Left lateral thoracotomy was performed
and the pericardium was opened longitudi-
nally. The aortic pressure was monitored
with a catheter inserted into the femoral
artery and advanced to the aortic arch. A
Statham strain gauge and a Grass recorder
were used to monitor the blood pressure. A
myocardial tunnel, 2 to 3 cm in length, was
made to the left of and parallel to the left
anterior descending coronary artery, and a
14-gauge venocath catheter with multiple
side holes was introduced into the tunnel
and sutured in place. The marker substance
was then infused by means of the catheter
at a hydrostatic pressure identical to the
mean aortic pressure as recorded at the
time. In two dogs an India ink suspension
containing colloidal carbon particles (100
to 250 A) was used as the marker, and the
spread of the ink was followed macrosco-
pically and with histological sections. In
three other dogs, chicken (Gallus domesti-
cus) blood was used as the marker sub-
stance. The chicken erythrocytes were
chosen because their size (11 x 7 ju) ap-
proximated that of the dogs’ erythrocytes
(7 ft). Since all the chicken erythrocytes are
nucleated, in contrast to the non-nucleated
canine erythrocytes, histological identifica-
tion and tracing of the path of the former
is greatly facilitated. The chicken blood
was obtained by direct cardiac puncture
with a heparinized syringe. Up to 20 ml of
chicken blood was infused and the rate of
infusion into the myocardial tunnel was
noted. All the animals were killed at the
end of infusion and specimens were taken
for both light and electron microscopic
examinations. The myocardial specimens
for histological study were fixed in 10%
formalin-saline and stained with hematoxy-
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lin and eosin. For electron microscopic
examination, the specimens were first fixed
in 2.5% glutaraldehyde in 0.2% Sorensen’s
buffer and 1% osmium tetroxide. The spe-
cimens were dehydrated, embedded in epon,
sectioned at 600 to 900 A, and then stained
with 4% uranyl acetate and Reynold’s lead.
An RCA Victor EMU-4 electron micro-
scope was used to view and photograph
the sections.

In five other animals, catheters were si-
milarly introduced in vivo into the myocar-
dium, and the hearts were then excised. In
order to visualize any direct communica-
tion between the implant and the coronary
vascular system, blue polyvinyl acetate plas-
tic was injected into the intramyocardial
catheter, and more of the same material
coloured red was injected under pressure
into the left coronary artery and myocardial
implant run-off obtained. The findings from
the corrosion-cast studies were correlated
with those observed in the histological sec-
tions.

Results

India ink injected into the myocardial
tunnel was seen to spread peripherally
with a somewhat irregular boundary, and
was seen in the venules on the epicardium.
Microscopically, the ink spread among the
muscle bundles and was evenly distributed
around each individual muscle fibre (Fig.
1). The bulk of the ink was found in the
interstitial space between the muscle fibres
and was not surrounded by any identifiable
endothelial layer.

Fig. 1.—ntramyocardial spread of India ink in-
jected via a catheter implanted in the myocardium.
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Fig. 2.—Pools of nucleated chicken red cells in
the myocardium following infusion through the
myocardial implant.

Fig. 2 demonstrates the intramyocardial
distribution of the chicken erythrocytes,
which spread in sheets in the interstitial
space between the muscle bundles. How-
ever, in contrast to the India ink, the
chicken red cells did not occupy the spaces
surrounding individual muscle fibres, pre-
sumably owing to their larger size. Fig. 3
clearly indicates the interstitial distribution
of the nucleated chicken erythrocytes, in
contrast to the location of the non-nucleated
canine blood cells in a clearly demarcated
coronary microvessel. Thus the canine
erythrocytes are confined in a space sur-
rounded by endothelial cells, while the
chicken red cells are outside such endothe-
lium-lined spaces. This is more clearly de-
monstrated by the use of electron micro-
scopy which shows the chicken erythrocytes
to be in direct contact with the sarcolemma
of the muscle fibres without intervening
endothelial cells (Fig. 4). Multiple histolo-

Fig. 4.—Electron microsopy demonstrates that
the nucleated erythrocytes (left) are in direct
contact with the myocardial sarcolemma with-
out intervening endothelium.

~ Fig. 3.—Non-nucleated canine erythrocytes are
in the coronary vessel (left), while the nucleated
%hicrllggn erythrocytes are in the interstitial space
right).

gical sections clearly indicate that the bulk
of early run-off from myocardial arterial
implants is into the interstitial space rather
than into the so-called “myocardial sinu-
soidal spaces”.

The corrosion-cast studies suggest the
true nature of the early connections between
the implant and the coronary vasculature.
As shown in Fig. 5, the blue polyvinyl ace-
tate injected into the implant escaped into
the interstitial space around the myocardial
tunnel. The red material injected into the
left coronary artery under pressure can be
seen also to escape into the interstitial
space, but only in the immediate area of
the myocardial tunnel (Fig. 5). Thus it
would appear that the disruption of the
coronary vessels produced by the creation

Fig. 5.—Corrosion cast demonstrates that the
blue-coloured run-off (arrow) from the catheter
implanted in the myocardium (1) communicates
with the extravasated (red coloured) plastic in-
jected into the left coronary artery (LCA).
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of the myocardial tunnel brings about lim-
ited communication between the implant
and the coronary vessels via the interstitial
space surrounding the implant.

Discussion

Many earlier studies indicated that the
immediate run-off from the artery implanted
into the myocardium was nil or very
small,1" and under our experimental condi-
tions it was less than 2 ml/min. The experi-
mental studies reported here, using both
India ink and nucleated erythrocytes as
markers, demonstrate that such minimal
run-off is mostly into the interstitial space,
which is a three-dimensional continuum,
intermeshing with the syncytium-like myo-
cardial fibres. These findings failed to sup-
port the concept of “sponge-like sinusoidal
spaces” in the myocardium providing a
unique run-off from an implant in this
particular organ. Aside from the persisting
controversy as to the existence of such sinu-
soidal spaces in the myocardium, other ex-
perimental studies indicate that adequate
initial run-off may not be a sine qua non
for the continued patency of such an im-
planted artery. The studies of Carlson et a/11
suggest that a segment of implanted vessel
with no immediate run-off may stay open,
presumably owing to the contractile com-
pression of the myocardium against the im-
planted blood vessel, producing a to-and-
fro movement of the blood column and
resulting in its defibrination and non-coag-
ulability. Yet such observations may not fully
explain the implant patency, as illustrated
in the work of O’Grady et all2 in which a
splenic artery was implanted into the pa-
renchyma of the kidney. These renal im-
plants were found to remain patent for a
prolonged period. No “sinusoidal system
has been described in the kidney, and since
the kidney is not a contractile organ one
would not expect a to-and-fro movement
of the blood contained in the implanted
splenic arter%/.

It should be emphasized that the develop-
ment of “delayed” communications between
the myocardial arterial implant and the
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coronary artery has been demonstrated in
numerous experimental and clinical cases
by angiography. The results reported here
should not imply any doubt as to the ac-
curacy of such observations, nor should
they be related to the clinical usefulness
of the implant procedure. A critical re-
appraisal of the accepted “sinusoidal hypo-
thesis”, however, may provide new insight
into the rationale for arterial implants in
the heart and other organs.

The technical assistance of Frances Corbeil,
B.Sc. and Connie Goodberry in the preparation
of histological and electron microscopic sections
is acknowledged.
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STRESS AT VASCULAR ANASTOMOSES IN RELATION
TO HOST ARTERYrSYNTHETIC GRAFT DIAMETER*

t. E. KINLEY M.D ER.CS.[C]

P. F* PAASCHE, B.Sc,,

A. S. MacDONALD, M.D.

E.K.C .SJCJ, A. E. MARBLE, M.Eng., P.Eng. and E. R. GOZNA MD
Halifax, N.S. ' o

Summary: Shear stress at host artery-synthetic
graft anastomoses was calculated from meas-
urements made on a Dacron prosthesis placed
in the abdominal aorta of dogs. Results indicate
that the minimum stress at the anastomosis
occurs when the graft:host-artery radius ratio
is approximately 1.4. A comparison of stress
magnitudes indicates that for any ratio between
1.0 and 1.6, the stress at the anastomosis is
less than one-thirtieth of the vyield stress for
6-0 suture, suggesting that separation is not
due to suture rupture but to suture tearing
through the arterial wall.

Resume: Nous avons calcule le stress par ci-
saillement auquel sont soumises les anasto-
moses entre l'artere de I'hdte et la greffe syn-
thetique, par des mesures faites sur une pro-
these en Dacron placee dans l'aorte abdominale
de chiens. Les resultats indiquent que le stress
minimum au niveau de I'anastomose survient
quand le rapport des rayons entre la greffe et
I'artere de I'hote est d'environ 1.4. La compa-
raison des degres de stress indique que, pour
tout rapport de 1.0 a 1.6, le stress au niveau
de l'anastomose est inferieur au trentieme du
stress que subit une suture 6-0. Ceci permet
de croire qu'il s'agit d'un dechirement de la
suture a travers la paroi arterielle mais non
d'une rupture de la suture.

In a previous paper, our group has shown
that prosthetic vascular grafts are essentially
non-distensible, whereas the host artery has
a diameter change of 10% over the cardiac
cycle of pressure.l Follow-up studies2 have
shown that the prosthetic graft becomes more
rigid as time passes, whereas host-artery
distensibility remains constant. This ob-
servation of large distensibility difference
prompted us to investigate the magnitudes
of the stresses existing at the anastomosis
of the graft to the host artery. Fig. 1 shows
such an anastomosis as well as the three
stresses acting on the suture line. This fi-
gure indicates that both the axial stress and
the shear stress are acting parallel to the

Faculty of
N.S.

*From the Department of Surgery,
Medicine, Dalhousie University, Halifax,

Canadian Heart Foundation Grant

suture. A mathematical model which relates
these stresses to the intravascular pressure
and the physical properties of the wvessel
wall was devised by our group.3 This model
indicated that because of the large dis-
tensibility difference, the shear stress in the
arterial wall just distal to the anastomosis
is significantly larger than that found in the
normal healthy artery. The model predicted
that the minimum shear stress occurred at
a graft:host-artery radius ratio of approxi-
mately 1.4. Previous studies of the optimal
ratio of graft:host-artery radius have been
based on blood flow.4' » From these studies
Szilagyi et ale concluded that the ratio
should be less than 1.6 in order to ensure
laminar flow, and greater than 1.4 in order
to accommodate the taper of the artery.
Also, as shown by Furuse et al,6 the ratio
of graft:host-artery radius is an important
consideration in that the velocity of the
blood flowing in the graft triples as the
ratio decreases from 3.0 to 1.5. If the blood
velocity is too low there is a chance of
coagulation of the blood and loss of graft
patency. In order to obtain some verifica-
tion of the above ratio we have carried out
experiments in the dog in which measure-
ments were made to permit calculation of
shear stresses at anastomoses.

Txr

Fig. 1le—Graft-host vessel anastomosis showing
stresses acting on the suture line. T, = axial
stress, T 7= hoop stress, Txr — shear stress.

M ethods

Experiments were performed on five
healthy mongrel dogs, ranging in weight
from 18 to 22 kg. The animals were anes-
thetized with pentobarbital sodium (30 mg/

T
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kg body weight) and intubated. At laparo-
tomy a 4- to 5-cm segment of the abdominal
aorta was replaced by a Dacron prosthesis.
This prosthesis was selected so that the
graft:host-artery radius ratio at normal dias-
tolic pressure (i.e. 80 mm Hg) was in the
range of 1.0 to 15. The anastomosis was
end-to-end using simple continuous 4-0
Dacron. The abdominal incision was closed
and normal activity permitted over a period
of time which allowed the prosthesis to be
enveloped by fibrous tissue. The animals
were again anesthetized and the anastomoses
exposed at laparotomy for measurements.
The lateral intravascular pressure was meas-
ured at the anastomotic site using a U.S.C.1.
no. 7F catheter coupled to a Hewlett
Packard transducer and a Hewlett Packard
7858A recorder. The strain was measured
on the host artery 1 mm distal to the anas-
tomosis using a mercury-in-Silastic strain
gauge coupled to a Wheatstone bridge and
the Hewlett Packard 7858 recorder. A dia-
gram of the measurement apparatus is
shown in Fig. 2. Strain was continuously
recorded for an intravascular pressure range
of 100 to 200 mm Hg. The higher pres-
sures were induced by administration of 0.4
ml of adrenalin.

Results

The strain measurements obtained from
the five experiments were converted to
stress by first calculating the modulus of
elasticity from the strain and pressure data
using equations given by Paasche et al.z
The shear stress data were plotted for a
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Fig. 3.—Shear stress versus intravascular pres-
sure for five graft:host-artery radius ratios.

pressure range of 100 to 200 mm Hg as
shown in Fig. 3 for five ratios of graft:host-
artery radius. Each line on the graph shows
the change in shear stress with pressure for
a given graft:artery radius ratio. It will be
noted that as the ratio increases from 1.05
to 1.45 the shear stress changes from a posi-
tive value o f10x 104 toa negative value of
-2 X 104 dynes/cm2. This change in shear
stress from positive to negative can be ex-
plained as a change in the direction of the
shear stress vector. In the mathematical
model the shear stress was taken as positive
when directed radially inwards towards the
centre of the artery. For the higher ratios
the shear stress has an outward direction
for lower pressures, which causes the shear
stress to be negative. When the pressure in-
creases to 200 mm Hg the direction of the
stress vector changes and a positive shear
stress is developed. For the lower ratios the
inward direction of the shear stress is main-
tained for all pressures.

Discussion

These experimental results seem to con-
firm the theoretical model’s prediction that
the minimum anastomotic shear stress oc-
curs at a graft:host-artery ratio of 1.4. How-
ever, the shear stresses determined are in
the order of one-thirtieth of the tensile
breaking stress of the suture materials used
in this study. This suggests that disruption
of suture lines at the arterioprosthetic anas-
tomosis is not due to suture-line shearing but
to the tearing of the artery by the suture.
This is a result of excess shear stress due
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“Bacteroides species are often over-
looked as a cause of serious infec-
tion both by clinicians and micro-
biologists. They are most commonly
associated with intra-abdominal
and pelvic sepsis following gastro-
intestinal surgery.”

Tracy, 0.,et al.(29 Jan.’72).
Brit. med.J.,p. 280.

‘Our experience with this series of seriously
il patients provides clinical confirmation to,t
complement recent in vitro evidence that
clindamycin is the antibiotic of choice for
use in bacteroides infections. Not only was
the response in 17 of the 18 patients favour-
able, but in several it was dramatic.” %

Haldane, E.V.and van Rooyen,C.E.(1972).
C.M.AJ.,p. 1177.
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to the marked contrast in graft:host-artery
distensibility. Work by others™ 8 has shown
that a truly non-absorbable suture is re-
quired for permanent security of synthetic
vascular grafts. Silk is not suitable because
the silk fibres fragment and are removed
by mononuclear phagocytes as was demon-
strated by Cutler and Dunphy.9 Three pos-
sible approaches to the problem are; an in-
vestigation to determine the best pattern
for suturing grafts to host arteries; the use
of the ratio of 1.4; and finally, the design
of grafts which, in their elastic properties,
simulate the host arteries.
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AORTA-TO-CORONARY ARTERY BYPASS OPERATION FOR CHRONIC
INTRACTABLE CONGESTIVE HEART FAILURE*

ALAIN SOLIGNAC, M.D.,f JACQUES LESPERANCE, M.D., PIERRE GRONDIN
M.D. and LUCIEN CAMPEAU, M.D. Montreal, Que.

Summary: Eleven patients selected on the
basis of objective clinical and radiological evi-
dence of congestive heart failure and pulmon-
ary venous hypertension obtained a poor result
from aorta-to-coronary artery vein graft. All ex-
cept two vein grafts, assessed angiographically
at 12 to 30 months after operation or at necrop-
sy, were patent. The operative mortality was
acceptable (two of 11), but the overall three-
year mortality was extremely high (64%). This
mortality curve is comparable to that of med-
ically treated patients. It is concluded that this
operation is not helpful in cases of intractable
congestive heart failure because the severe
diffuse left ventricular asynergy which is in-
variably present is seldom reversible and is so
extensive that segmental resection of the ven-
tricular wall is of doubtful value. Furthermore,
complete revascularization is frequently not
feasible because of diseased arteries with a
poor distal run-off.

Resume: Nous avons etudie 11 patients ayant
des pontages veineux aorto-coronariens pour
insuffisance cardiaque congestive avec manifes-
tations objectives cliniques et radiologiques
(hypertension pulmonaire veineuse). Nous in-
sistons sur le fait qu'avant [‘intervention, la de-
faillance cardiaque etait refractaire a un traite-
ment medical optimal et que dans tous les cas,
existait une asynergie ventriculaire gauche se-
vere et diffuse. Tous les pontages sauf deux
etaient permeables lors d'angiographies faites
12 a 30 mois apres l'operation ou lors de l'au-

topsie; neuf patients sur 11 avaient des gref-
fons permeables aux arteres descendante
anterieure et coronaire droite. La mortalite

operatoire est acceptable (2/11), mais la mor-
talite tardive est trop elevee (64%). Cette
courbe de mortalite est identique a celles rap-
portees dans la litterature pour des patients
traites medicalement. Seul un patient s'est trou-
ve ameliore apres intervention. La conclusion
de cette etude est que le pontage aorto-coro-
narien n'est d'aucune aide dans l'insuffisance
cardiaque refractaire au traitement medical. En

*From the Departments of Medicine, Radio-
logy and Surgery, Montreal Heart Institute,
Montreal, Que.

*(Supported by a fellowship from the Cana-

dian Heart Foundation.

Reprint requests to: Dr. Lucien Campeau,
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effet, l'asynergie ventriculaire severe, presente
dans tous les cas, est rarement reversible et si
etendue qu'une resection de tissu cicatriciel
est de valeur douteuse; de plus, un revascula-
risation complete est rarement possible a cause
de la frequence elevee de mauvais lits d'aval
chez ces patients avec atheromatose corona-
rienne diffuse.

A 1though the aorta-to-coronary artery by-
pass operation using a saphenous vein graft
is now an acceptable procedure for the
treatment of incapacitating angina pectoris,
its efficacy in the treatment of congestive
heart failure due to coronary artery disease
is still controversial. Some authors have
found it to be beneficial whereas others con-
clude that it is not helpful.1'3 It is recognized
that angina associated with heart failure
may be relieved by this operation4'6 but the
course of cardiac insufficiency is less well
known. It is also accepted that heart fail-
ure associated with true left ventricular
aneurysm is usually improved following its
resection.7 8 We report the results of direct
revascularization in patients with intractable
chronic congestive heart failure, without
ventricular aneurysm, with particular em-
phasis on the postoperative clinical status
and survival.

Material and Methods

Eleven men were studied; their mean age
at the time of operation was 53 years (range
44 to 63 years). These patients were part
of a larger group of 221 patients operated
on for coronary artery disease between
September 1969 and February 1971. Only
cases with objective clinical and radiological
evidence of congestive heart failure were in-
cluded. These patients had pulmonary rales
and radiological, evidence of pulmonary
edema and/or pulmonary venous hyperten-
sion in spite of optimal medical therapy.
They belonged to NYHA Classes Il and
IV. Moderate to severe angina was present
in eight patients. Seven had had at least
one episode of myocardial infarction.

Selective coronary arteriography, ob-
tained in multiple planes, and left cineven-
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triculography in the right anterior oblique
projection were carried out by previously
described techniques/” All patients had se-
vere atheromatosis characterized by either
complete obstruction or at least 75% ste-
nosis of three major coronary arteries. Left
ventriculography  demonstrated extensive
areas of akinesis and/or severe hypokinesis.
The degree and extent of the abnormal ven-
tricular contraction was assessed by a semi-
quantitative analysis of wall motion, which
consisted of comparisons of tracings of the
projected images in end-systole and end-
diastole,10' 11 or by qualitative evaluation
whenever the former technique was not
possible, i.e. when the heart was too large
to be visualized in all its contours without
travelling. Three segments of the ventricu-
lar cavity were considered—anterior, apical
and inferior, excluding the basal region of
the left ventricle corresponding to the deep
constrictor muscles (Fig. 1). Segmental

LEFT VENTRICULAR CONTRACTION INDEX

Fig. 1.—Petermination of the contraction in-
dex—the sum of contraction scores from each
of the three segments—may range from 0 (dif-
fuse akinesis) to 12 (normal contraction).

contraction was graded from 0 to 4: 4,
normal wall motion; 3, slight hypokinesis
or slight decrease of wall motion; 2, moder-
ate hypokinesis; 1, severe hypokinesis; and
0, akinesis or absent wall motion. The sum
of these contraction grading scores for each
of the three wall segments was considered
as a contraction index which could vary
from O (akinesis of all three segments) to
12 (normal contraction of all segments). As
shown in Table I, these patients all had a
very low contraction index, ranging from
0 to 3, compatible with diffuse and severe
asynergy.

The resting left ventricular end-diastolic
pressure varied from 18 to 40 mm Hg, with
a mean of 28 mm Hag.

All  major coronary arteries having
proximal stenosis greater than 75% and

AORTA-TO-CORONARY ARTERY BYPASS 7

good distal run-off received a graft. Ten pa-
tients had a bypass to the anterior descend-
ing as well as to the right coronary artery;
the latter was dominant in all cases. The
other patient had an aorta-to-right coronary
artery graft. No other surgical procedure
was carried out, such as internal mammary
implantation, resection of wall segments or
mitral valve correction.

Graft patency was assessed by angiogra-
phy 12 to 30 months after operation in five
patients and at necropsy in the others. All
five patients who had one- to three-year
postoperative angiographic studies also had
left ventriculography and selective coronary
cinearteriography.

Results

The overall mortality after three years
was 64% (seven of 11 patients). Two pa-
tients died of cardiogenic shock in the early
postoperative period, the others died be-
tween the third and twenty-second post-
operative months. The clinical course of the
nine patients who survived beyond the first
postoperative month was considered with
respect to angina and congestive heart fail-
ure. Angina was relieved completely in all
patients who were so afflicted before oper-
ation, but congestive heart failure was im-
proved in only one patient. In the others
heart failure persisted unaltered or was only
temporarily improved. All vein grafts were
patent except two, both to the anterior des-

TABLE |.—Preoperative Left Cineventriculo-
graphy

0 = akinesis; 1 = severe hypokinesis; 2 = moderate
hypokinesis; 3 = mild hypokinesis; 4 = normal
contraction.
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cending artery. In the five patients in whom
postoperative angiography was performed,
left ventricular asynergy was not improved
and the severity of the coronary artery le-
sions had not increased.

Discussion

It should be stressed that this study is
concerned exclusively with patients suffer-
ing from severe intractable congestive heart
failure, demonstrated by objective clinical
and radiological evidence. Functional in-
capacity based on subjective evaluation was
not retained as a selection criterion when-
ever objective evidence of congestive heart
failure was absent. Indeed, symptoms such
as dyspnea, orthopnea and paroxysmal noc-
turnal dyspnea may be the only clinical
manifestations of heart failure in coronary
artery disease (in these circumstances they
usually indicate mild failure) and cannot be
unequivocally accepted as such. On the
other hand, an abnormally high left ventri-
cular end-diastolic pressure and/or an ab-
normal left ventricular contraction, when
these are isolated findings, do not necessari-
ly indicate congestive heart failure but may
only imply myocardial ischemia. Finally,
only patients who had not responded to op-
timal medical therapy were included in this
study because we suspected that they be-
longed to a distinct group of patients in
whom we had hoped that direct myocardial
revascularization might succeed where heart
transplantation had failed.12 Less severe
heart failure amenable to medical therapy
yet associated with an acceptable functional
impairment may indeed improve following
operation when this is advocated primarily
for the relief of angina.

It was found that all these patients, se-
lected on the basis of objective evidence of
congestive heart failure refractory to med-
ical therapy, had almost invariably suffered
one to many previous episodes of myocar-
dial infarction and, more important, severe
diffuse left ventricular asynergy. All cases
had an enlarged left ventricular cavity and
the ejection fraction was below 0.30. This
was estimated from a table obtained by
relating the contraction index described
above to the calculated ejection fraction
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Rig- 2—Survival rate of patients with congestive
heart failure compared to the survival in two se-
ries (Aldridge and Bruschke, Proudfit and Sones)
of unoperated patients. MHI = patients operated
upon at the Montreal Heart Institute.

using Dodge’s technique derived from a
large sample of patients with coronary artery
disease.11

Operation in these patients did not im-
prove their clinical status nor did it increase
their survival. Survival curves obtained from
unoperated patients with severe congestive
heart failure, as described by Aldridgel”
and by Bruschke, Proudfit and Sones,14
are no different from those obtained in
our series of operated patients (Fig. 2).
Diffuse severe asynergy, a constant finding
in our patients, has also been reported by
Bruschke, Proudfit and Sonesl4 to have a
high yearly mortality. The survival curve
in their unoperated patients is also equiva-

Fig. 3.—Survival rate of nine patients with se-
vere diffuse asynergy (MHI) compared to that in
a series (Bruschke, Proudfit and Sones) of unoper-
ated patients.
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lent to that obtained in our operated series,
at least for the three-year duration of our
follow-up study (Fig. 3). Although the oper-
ative mortality is not high in this small se-
ries (two out of seven), it has been reported
to be as high as 25% to 50% in patients
with heart failure.2 On the other hand, the
late and overall mortality have been signifi-
cantly higher in this group of patients with
heart failure compared with that observed
in a group of patients without heart failure
operated upon during the same period in
our institution (Figs. 4 and 5).

i“ 31 month-survival

Without heart With heart
Failure n=210 Failure n=11
X2=33.31
p<0.001

Fig. 4.—Thirty-one-month survival and overall
mortality in operated patients with heart failure
compared with those of operated patients without
heart failure.

There are three possible explanations for
the failure of aorta-to-coronary artery by-
pass in our patients: the irreversible nature
of the severe asynergy; its wide extent pro-
hibiting segmental resection of the ventricu-
lar wall; and the lack of complete revascu-
larization. Severe abnormalities of segmental
motion of the ventricular wall are not usual-
ly improved by this operation; this is partic-
ularly true in respect of akinesis which is
almost always due to previous myocardial
infarction.1' Indeed, increasing coronary
blood flow cannot be expected to improve
the contraction of predominantly scar
tissue. The value of segmental resection of
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31 month—survival

X2 =32.30
p <0.001

Fig. 5.—Thirty-one-month survival and late
mortality in operated patients with heart failure
compared with those of operated patients with-
out heart failure.

the ventricular wall in such cases is ques-
tionable because of the diffuseness of the
asynergy. Such resections would still leave a
diffusely asynergic left ventricle, albeit one
with a smaller cavity.16 Even with a smaller
cavity it is doubtful whether its function
would be improved on the basis of Laplace’s
law since asynergy persists in the wall that
remains. Furthermore, several authors have
found such resections of ventricular wall
have had no beneficial effects.2- 8 17

Such severe ventricular dysfunction, al-
most invariably associated with previous
myocardial infarctions, was related in this
series to marked three-vessel involvement.
In all patients at least one diseased artery
was not amenable to surgery because of a
poor distal run-off, resulting in incomplete
revascularization. It is postulated that such
severe heart failure is almost always accom-
panied by diffuse coronary atheromatosis
which prohibits grafting of all affected
arteries.
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IONIC AND ADENOSINE TRIPHOSPHATE

CHANGES IN THE MYOCARDIUM
DURING CARDIOPULMONARY BYPASS AND ANOXIA*

K. PRASAD, M.D., Ph.D.,f S. S. NAKAI, M.D., J. C. RUSSELL, Ph.D.,
L. P. STERNS, M.D. and J. C. CALLAGHAN, M.D., Edmonton, Alta.

Summary: The effect of duration of anoxic
cardiac arrest upon the intracellular concentra-
tions of Na", K+, Ca++, adenosine triphos-
phate and the inulin space was measured in
dogs. The Na* concentration did not change
significantly at times up to one hour, while the
K+ concentration decreased steadily to 60% of
control values by one hour. The Ca++ and
adenosine triphosphate concentrations fell con-
siderably in the first 15 minutes, were stable
for a further 15 minutes and fell to very low
values in the period of 30 to 60 minutes of
anoxia. The inulin space (a measure of extra-
cellular space) was stable during the first 30
minutes of anoxia, then rose rapidly to ap-
proach unity by 60 minutes. It is suggested
that the Ca ~+ and adenosine triphosphate con-
centrations are indicators of the extent of myo-
cardial damage and correlate strongly with the
rapid rise in the inulin space.

Resume: Nous avons mesure chez le chien
I'effet produit par la duree de l'arret cardiaque
anoxique sur les concentrations intracellulaires
du Na du K+, du Ca++, de I'ATP et sur l'e-
tendue de l'inuline. Jusqu'a I'etape d'une heure,
la concentration de Na+ n'avait guere change,
tandis que celle du K+ avait diminue reguliere-
ment jusqu'a atteindre 60% de sa valeur initia-
le. Les concentrations du Ca++ et de I'ATP ont
diminue beaucoup durant les 15 premieres mi-
nutes, sont restees stables pendant les 15
minutes suivantes pour atteindre des valeurs
extremement faibles durant la periode d'anoxie
de 30 a 60 minutes. L'etendue de l'inuline (me-
sure d'etendue intracellulaire) est reste stable
pendant les 30 premieres minutes d'anoxie,
puis a ete l'objet d'une remontee rapide pour
s'approcher de l'unite a 60 minutes. 1l est
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permis de croire que les concentrations de
Ca++ et d'ATP sont de bons indicateurs de
I'ampleur de la lesion du myocarde et sont en
etroite correlation avec la montee rapide de
I'etendue de l'inuline.

Anoxic cardiac arrest is now an established
procedure during open-heart surgery. De-
crease in myocardial contractility during
anoxia has been reported in man and an-
imals.1'3 Myocardial ischemia has been
known to produce cardiac arrhythmias in
the dog and guinea pig.4’5 Arrhythmias
during anoxia have been postulated to be
due to a shortening of the action-potential
duration and effective refractory period, and
a decrease in the resting potential.6 The
electrophysiological mechanism involved in
the anoxic type of arrhythmia seems to be
related to the changes in the intracellular
ions and the available energy.

The present investigation was undertaken
to study the changes in adenosine triphos-
phate (ATP) and intracellular ions in the
myocardium with varying degrees of anoxia
during cardiopulmonary bypass. It was
hoped that this would help elucidate the
mechanism of decrease in myocardial con-
tractility and the genesis of cardiac arrhyth-
mias and arrest during anoxia in open-heart
surgery. We also hoped to determine the
stage in time when the changes become ir-
reversible.

Methods

Thirty-four dogs of both sexes weighing
15 to 25 kg were used. They were anes-
thetized with 30 mg/kg Nembutal intrave-
nously and ventilated artificially using room
air by means of a Mark VIII (Bird) respira-
tor. A Travenol 2 LF disposable bubble oxy-
genator primed with Ringer’s lactate solu-
tion, and buffered to equate its pH and
ionic concentrations with those of plasma,
was used for bypass. Heparin was admin-
istered in a dose of 250 mg/kg body weight.

The animals were assigned to the follow-
ing experimental groups, using a random
number sequence:
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Group | —Perfused control group of
five dogs placed on total cardiopulmonary
bypass for one hour. Tritium-labelled inulin
was then injected as described below, and
plasma and ventricular muscle samples were
taken for the measurement of plasma and

intracellular Na+, K+, Ca++, ATP, and
inulin;
Group Il—Anoxic group of five dogs

subjected to 30 minutes of myocardial
anoxia;

Group IlIl.—A. second anoxic group;
six groups of four dogs each were exposed
to 15, 20, 25, 30, 40, and 60 minutes of
anoxia respectively. As in Group | the dogs
were placed on bypass for one hour, follow-
ing which the aorta was clamped and the
coronary arteries were perfused with
Ringer’s lactate solution. This solution had
been rendered anoxic (Po2 < 5 mm Hg) by
bubbling nitrogen through it in a closed
system. The pH and the ionic concentra-
tions of the solution used were similar to
those of the dog blood. Radioactive inulin
was injected into this coronary perfusate
10 minutes before sampling. The use of this
perfusate to render the myocardium anoxic
was essential in order to maintain a con-
tinuous open system and allow measure-
ment of ionic changes and inulin space. An
atrial vent was made to drain the excess
fluid, thereby maintaining the open system
and preventing distension of the heart.

Muscle samples for ATP measurement
were immediately deep-frozen in liquid
nitrogen and maintained at -90° C until
processed. They were weighed and then
ground in liquid nitrogen in a mortar with
eight times their weight of 6% perchloric
acid. After the resulting mush had been
allowed to thaw slowly, the protein-free
supernatant solution was used for the meas-
urement of the ATP concentration by the
method of Bergmeyer.7 For the cation
measurements 0.5- to 1-g samples were
digested overnight at 40° C in a mixture
of 2 ml of concentrated nitric acid, 2 ml of
70% perchloric acid and 1 ml of water.
After boiling for 30 minutes the solutions
were made up to 10 ml with water. Na+
and K+ concentrations were then measured
using an Instrument Laboratories model
143 flame photometer. Ca++ concentra-
tions were measured by the method of
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Kingsley and Robnett.8 Water contents
were measured by drying in an oven at
100° C.

Separate 50-mg muscle samples were
taken for the estimation of the inulin space.
These samples were weighed, dried and
combusted in a Packard model 300 tricarb
sample oxidizer. The combustion products
were counted in Brays’ mixtureO in a Nu-
clear Chicago Mark 1 liquid scintillation
counter. Plasma samples were treated sim-
ilarly. The counting efficiency was deter-
mined by the channels ratio method.

The extracellular space was computed
from the radioactivity values for the muscle
and plasma. It was assumed that the ex-
tracellular concentration of inulin and the
ions was equivalent to the plasma value.
The intracellular concentrations were then
computed. In the cases in Group I, where
the measured inulin space became very
large, the average value for Groups | and
Il was used. As it was apparent that con-
centration gradients across the cell walls
existed for Na* and K+, but not for inulin,
this was believed to be justified. In any
event, calculations on the basis of the ex:
perimental inulin spaces for Group 11l gave
nonsensical results.

Statistical analysis was done following
Kenny and Keeping,10 using Student’s t
test.

Enzymes and enzyme substrates were ob-
tained from Sigma Chemical Company Ltd.,
St. Louis, Mo. All other chemicals were
reagent grade. Inulin-methoxy-;H (162
mC/g, molecular weight = 56,000) was
obtained from New England Nuclear, Bos-
ton, Ma. Solutions were made to 5 mC/1
without added carrier. Ten millilitres of
this solution was used for each experiment.

Results

Table | and Figs. 1 to 5 summarize the
results. The intracellular Na+ concentration
might appear to have increased during
anoxia, but the changes were not significant.
The K+ concentration on the other hand
decreased steadily, the values from 20 min-
utes on being significantly lower than the
control. The value at 60 minutes was about
60% of the control. In comparison the in-
tracellular Ca++ concentration fell rapidly
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TABLE |l.—Intracellular Concentrations and Extracellular Space. Figures Indicate Means
and Standard Deviations
Na+ K+ Ca++ ATP Inulin
mEq/I mEaq/| mEqg/I nmoles/g space
Group | — perfusion 60 min... 27.6 94.3 26.7 55 0.26
_ _ +12.2 + 71 + 65 + 06 + 008
Group Il —anoxia 30 min.... 39.8 74.2 159 3.7 0.22
) . +13.1 +11.5 + 42 + 0.2 + 0.10
Group Il — anoxia 60 min.. 39.4 54.1 0.91 0.72
+23.7 +15.8 < 2* + 0.07 + 0.14

*2 mEqg/1 is the lower limit of the method used.

Fig. l1.—ntracellular Na+ concentrations as a
function of the duration of anoxia. The vertical
bars represent the standard deviations. None of
the concentrations was significantly different (at
the 0.05 level) from the value before anoxia.

Fig. 2—-Intracellular K+ concentrations as a
function of duration of anoxia. The vertical bars
represent the standard deviations. The significance
of the differences from the values before anoxia
is indicated by S =P < 0.05, NS = P > 0.05.

3L

3° L

Fig. 3—ntracellular Ca++ concentrations as a
function of duration of anoxia. The vertical bars
represent the standard deviations. The significance
of the differences from the values before anoxia
is indicated by S = P < 0.05, NS = P > 0.05.

Fig. 4.—Tissue ATP content as a function of
duration of anoxia. The vertical bars represent
the standard deviations. The significance of the
differences from the values before anoxia is in-
dicated by S = P < 0.05, NS = P > 0.05

Fig. 5.—€Cardiac tissue inulin space as a func-
tion of duration of anoxia. The vertical bars rep-
resent the standard deviations. The significance of
the differences from the values before anoxia is
indicated by S = P < 0.05, NS = P > 0.05.

and reached extremely low values at 60
minutes. The ATP content of the muscle
also fell dramatically, being 16% of the
control value at one hour. The inulin space
remained relatively constant for the first 30
minutes of anoxia. Thereafter it rose rapidly
to values approaching unity at one hour.
Table Il shows the concentrations of Na+,
K+ and Ca++ in the perfusates used, as
measured during each experiment.
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TABLE I|l—Perfusate lon Concentrations.
Figures Indicate

Means and Standard Deviations

Na+ K+ Cat++
mEg/l mEg/l mEqg/l

Group | —
perfusion 60 min 156.1 3.0 4.9
+ 46 04 +0.8

Group Il —
anoxia 30 min 158.5 4.2 4.5
+ 135 0.4 +0.5

Group Il —

anoxia 60 min 134.8 4.0 3.7
+ 292 1.1 +0.4

Discussion

In the anoxic hearts, the inulin space
increased from 0.26 to 0.72, indicating that
in some way the cell membranes had be-
come permeable to the inulin. The mechan-
ism by which this occurs is not known but
must involve some sort of selective mem-
brane defect, as the affected muscles still
retained a Na+ and K+ concentration
gradient.

The active transport of Na+ and K+
across cell membranes depends upon ATP
and adenosine triphosphatase.11 The ATP
content was markedly reduced during
anoxia, as expected with anaerobic metab-
olism. Lowered ATP levels would be ex-
pected to lower the ion pumping rate. The
lowered intracellular K+ and slightly
elevated intracellular Na+ concentrations are
undoubtedly a reflection of this rate change.
The lower intracellular Ca++ concentration
during anoxia might be due to decreased
binding or uptake into the sarcoplasmic reti-
culum.

The data in Figs. 3 and 4 for Ca++ and
ATP may be interpreted in terms of an
initial fall in concentration, followed by a
stable period from 15 to 30 minutes. After
this both concentrations fell drastically. The
inulin space showed a similar pattern, with
no change for 30 minutes, followed by a
marked increase. It is possible that the
lower intracellular Ca++ might be due to a
membrane defect, the same as, or related to,
the defect allowing passage of the inulin.
Both correlate with the fall in ATP content.
Decrease in myocardial contractility is
probably due to a decrease in the available
energy (ATP) and the decrease in the in-
tracellular Ca++. The genesis of cardiac
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arrhythmias during or following operation
is probably due to lowered intracellular K+
as well as ATP content.

The results do not allow any statement
as to the reversibility of changes. It seems
probable that reversibility is related to the
severity of the disturbance, as reflected in
such parameters as the ATP concentration
and the cation concentration gradient. The
Ca++ concentrations decreased to very low
values at times over 30 minutes, and this
decrease may relate to reversibility. Whether
this is actually so can only be elucidated by
a further series of experiments.
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INFARCTION AND MUSCLE SALVAGE:

A POTENTIAL ROLE FOR PHARMACOLOGICAL AGENTS*
ELDON R. SMITH, M.D., F.R.C.P.[C], Halifax, N.S.

Summary: Because most in-patient deaths from
acute myocardial infarction result from "pump"”
failure secondary to excessive muscle necrosis,
recent investigation has been aimed at decreas-
ing infarct size by improving the balance be-
tween myocardial oxygen supply and demand.
Experimental studies in dogs have shown that
the use of nitroglycerin, beta-receptor blockade,
glucocorticoids, hyaluronidase, glucose-insulin-
potassium solution and intra-aortic balloon
counterpulsation can reduce the size of infarc-
tion resulting from acute coronary artery occlu-
sion. These results suggest the exciting possi-
bility that such agents, alone or in combination,
may prove efficacious in limiting muscle necro-
sis during acute myocardial infarction in man.

Resume: Etant donne que la majorite des deces
par infarctus aigu du myocarde est causee par
un defaut de la "pompe" cardiaque, secondaire
a une necrose excessive du myocarde, on a
cherche recemment a reduire la dimension de la
zone de necrose en ameliorant I'equilibre entre
I'apport d'oxygene et les besoins de I'organe.
Des essais effectues chez le chien ont montre
que I'emploi de nitroglycerine, d'inhibiteurs des
beta-recepteurs, de glucocorticoides, d'hyaluro-
nidase, de solution a base de glucose-insuline-
potassium et d'une contrepulsation par ballon
intra-aortique sont autant de mesures suscepti-
bles de reduire la dimension de l'infarctus resul-
tant de l'occlusion aigue d'une artere coronaire.
Ces resultats experimentaux permettent de
croire qu'en utilisant ces agents, isolement ou
associes, on pourrait limiter I'etendue de la
zone de necrose au cours de I'episode aigu d'in-
farctus du myocarde chez I'homme.

In the USA approximately 600,000 persons
die each year from acute myocardial infarc-
tion. Of these deaths 50% occur before the
patients reach hospital,1-2 and presumably
they are due to ventricular fibrillation.3 In
patients who survive long enough to be ad-
mitted to a coronary-care unit, however,
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Halifax, N.S.
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primary rhythm disturbance is an uncom-
mon cause of death; “pump” failure followed
by development of the shock syndrome is
responsible for death in most of these
cases.4- 5 Therefore it is not surprising that
at necropsy large areas of infarcted myocar-
dium are demonstrable in virtually all pa-
tients who die in cardiogenic shock.6-7
Similarly, a study8 using creatine phospho-
kinase release as a reflection of infarct size
showed a direct relationship between in-
patient mortality and the amount of necro-
tic cardiac muscle, and indicated larger in-
farcts in survivors in whom Class Il or IV
symptoms developed than in those with mi-
nimal or no subsequent limitation. There-
fore, as both recovery from the acute epi-
sode and the degree of postinfarct reduction
in function apparently relate to the amount
of necrotic muscle, efforts to reduce in-
patient mortality and the incidence of severe
postinfarct left ventricular dysfunction
should be directed at limiting the area of
ischemic myocardium.

Recent experimental studies have indi-
cated that, even in the early stages of acute
myocardial infarction, a portion of myocar-
dium is blighted, and that this will become
necrotic despite treatment. However, there
is a surrounding area of muscle that is com-
promised yet can survive if the balance
between oxygen supply and demand is im-
proved,9 and considerable data from ani-
mal studies and preliminary trials in humans
suggest that some pharmacological agents
have the potential to influence the fate of
this jeopardized area of myocardium.

Anatomic and Physiological
Considerations

The coronary circulation can be divided
into two functional components, the large
epicardial or conductive vessels and the
small arteriolar resistance vessels. The ma-
jor portion of total coronary resistance is
the result of arteriolar tone. Although coro-
nary arteries receive adrenergic innervation,
neurohumoral mechanisms appear to play
no significant role in regulating coronary
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vascular resistance and blood flow;10 rather,
metabolic substances, notably adenosing,
fixiely regulate tone in the resistance vessels
and govern coronary arterial blocd flow. As
myocardial oxygen extraction is almost
maximal even during rest, this metabolic
vasodilation is the only reserve mechanism
available for augmenting myocardial oxygen
delivery.

Recent studies by Jamesll and others
clearly documented the presence of colla-
teral coronary vasculature in normal human
hearts; the extent and calibre of the chan-
nels differed considerably, but almost every
heart contained vessels greater than 100 /z
in diameter. Many of these intercoronary
anastomoses arise from conductive vessels
and therefore are proximal to the arteriolar
resistance vessels. Normally, because there
is no pressure differential between the prox-
imal and distal ends, no flow occurs within
the channels. With the development of
atherosclerotic narrowing of the large ves-
sels, however, a pressure differential de-
velops between the normal portion of the
artery and the distal segment of the nar-
rowed vessel and induces flow through the
collateral channel. Continued exposure to
pulsatile flow enlarges the channels, which
develop a muscular wall and may become
visible on coronary angiograms.

Relatively few factors appear to influ-
ence coronary collateral flow: (1) Collateral
flow, like flow in any vessel, is dependent
upon driving pressure—in this instance,
pressure in the root of the aorta. (2) The
duration of diastole is a major determinant
of coronary and coronary collateral flow
since both are primarily diastolic events.
Experiments in which the influence of these
two factors was measured as retrograde
flow in a proximally occluded coronary
artery demonstrated their independent ef-
fects;12 therefore intervention that either
decreases aortic diastolic blood pressure or
increases cardiac rate decreases collateral
blood flow. (3) Studies in animals have
shown that nitroglycerin, also, can increase
fiow through such anastomoses.12 The
mechanism of this action is not clear;
nitrates may dilate large coronary vessels or
collaterals directly, but it seems equally pos-
sible that their beneficial effects stem from
their peripheral action, causing redistribu-
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tion of coronary blood flow to ischemic
myocardium.

Since all patients have collateral chan-
nels, it is still unexplained why some pa-
tients with coronary atherosclerosis suffer
massive myocardial necrosis whereas others
with similar anatomy have only a limited
infarction or even no muscle damage. Ob-
viously a great deal remains to be learned
concerning the mechanisms involved in the
utilization of these collateral pathways.
Meanwhile, attempts to improve the clinical
course of acute myocardial infarction are
limited to techniques that might: (a) in-
crease myocardial oxygen delivery and/or
improve distribution; (b) decrease myocar-
dial oxygen demand; or (c) alter both and,
therefore, improve the relationship between
oxygen supply and demand.

Increased Myocardial Oxygen

Delivery

Aortocoronary bypass surgery is a valu-
able adjunct to therapy for chronic ischemic
heart disease but its usefulness in cases of
acute myocardial ischemia has not been
established. Even if the current, multicentre,
random study of medical versus surgical
management of the unstab’e-angina syn-
drome shows that operative intervention is
efficacious in this situation, such therapy
will not help the majority of patients in
coronary-care units who already have myo-
cardial necrosis. Such patients would bene-
fit most from some form of intervention that
would limit the size of infarction during the
acute event, permitting revascularization
if warranted by symptoms during conva-
lescence.

Other methods of increasing oxygen
delivery are limited. The administration of
40% oxygen reduces infarct size in dogs,13
and this measure is used routinely in most
coronary-care units. Experimental studies
have shown that several other agents, not
clearly related to increasing the oxygen
supply, can reduce the degree and extent
of myocardial ischemia; these include glu-
cocorticoids, hyaluronidase and glucose-in-
sulin-potassium solution.14 16 The mechan-
ism of their action is not clear but it seems
likely that their effectiveness depends on
collateral blood flow into the ischemic zone.
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Decreased Myocardial Oxygen
Demand

Beta-adrenergic blockade with proprano-
lol, which decreases both heart rate and
contractile force, is the most widely used
method of reducing myocardial oxygen
needs. Unfortunately, this agent tends to
precipitate left ventricular failure in patients
with acute infarction, thereby precluding its
wider use. By contrast, some patients with
unstable angina respond to rest, sedation,
and propranolol therapy, and do not pro-
gress to acute infarction. The situation be-
comes complex when unstable angina thus
treated does not respond, as many oppose
open-heart surgery in the presence of |3-
blockade.17 This brings about a situation
in which the indication for operation is
failure of medical management, and the
medical management of choice is contra-
indicated if urgent operative intervention is
contemplated.

When acute myocardial infarction is
complicated by left ventricular failure, di-
gitalis and diuretics may decrease the oxy-
gen demand. Diuretics act by decreasing
intravascular volume and left ventricular
dimensions and, therefore, myocardial wall
tension—a major determinant of myocardial
oxygen consumption. Similarly, during left
ventricular failure cardiac glycosides may
reduce wall tension enough to more than
compensate for the increased oxygen cost
of the positive inotropism, the net effect
being decreased oxygen demand.

Increased Myocardial Oxygen
Supply With Decreased Oxygen
Demand

The concept of aortic balloon counter-
pulsation evolved from knowledge of the
factors that influence myocardial oxygen
supply and demand. Inflation of an intra-
aortic balloon during each diastole increases
coronary perfusion pressure during the
period when coronary flow occurs, and
deflation during systole decreases systolic
pressure and, therefore, left ventricular
work. The former increases oxygen deliv-
ery and latter diminishes oxygen demand.
Experiments in dogs have shown that intra-
aortic counterpulsation reduces infarct size,
18 and considerable clinical experience has
been gained with this technique in several
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centres. Unfortunately, in patients with
acute infarction and cardiogenic shock, the
long-term results are discouraging,1i proba-
bly reflecting the large area of necrotic
muscle present by the time counterpulsa-
tion is instituted.

More recently the balloon pump has been
used to facilitate urgent hemodynamic and
angiographic study of patients with pre-
infarction states.20 Although the concept
of counterpulsation is sound, the usefulness
of the method is limited. Its operation re-
quires expensive equipment and highly
trained staff, and the procedure is invasive
and cannot be maintained for long periods.
These factors render unlikely its prophylac-
tic use to prevent ischemia which is severe
enough to induce the shock state.

To effectively limit infarct size and the
hemodynamic consequences of a large area
of necrosis, a procedure should be inexpen-
sive, easy to perform and suitable for pro-
longed use. No procedure that meets these
criteria is available at present, although re-
cent experiments in animals and some pre-
liminary human studies suggest that vaso-
active substances can significantly limit the
degree of ischemia and therefore the extent
of ultimate muscle necrosis during acute
myocardial infarction. In a recent series
of experiments with closed-chest, sedated
dogs at the National Heart and Lung In-
stitute, Bethesda, Md., myocardial ischemic
injury following acute coronary occlusion
was more extensive when the heart rate was
increased or the systemic arterial pressure
was decreased.21 By contrast, increasing the
arterial pressure by the infusion of a-recep-
tor agonists resulted in less ischemia. In
view of these findings it was somewhat sur-
prising that nitroglycerin administered intra-
venously during coronary occlusion resulted
in significantly less myocardial ischemia,
despite decreased mean arterial pressure
and increased heart rate.22 With wvenous
hemorrhage sufficient to produce the same
change in arterial pressure and heart rate
as that produced by nitroglycerin, the de-
gree of resultant ischemia tended to in-
crease. Moreover, prevention of the nitrate-
induced hypotension and the reflex heart-
rate increase by the simultaneous intraven-
ous administration of methoxamine poten-
tiated the beneficial effect of nitroglycerin
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on the degree of ischemia; even when infused
as long as two hours after coronary occlu-
sion, these drugs promptly induced a
marked decrease in myocardial ischemia.
It seems clear that nitroglycerin, when given
with an a-receptor agonist in a dose suffi-
cient to abolish the nitrate-induced decrease
in coronary perfusion pressure and the re-
flex heart-rate increase, can decrease the
extent of myocardial ischemia following
experimental coronary occlusion.

To ascertain  whether this beneficial
effect on the ischemic process enhances the
electrical stability of the myocardium, we
measured the amount of current necessary
to induce ventricular fibrillation following
acute reversible ligation of the anterior des-
cending coronary artery.23 In dogs pre-
treated with nitroglycerin the ventricular
fibrillation (VF) threshold was significantly
increased. Moreover, when phenylephrine
was given simultaneously in a dose suffi-
cient to reverse the nitroglycerin-induced
hypotension, the VF threshold was further
increased, to a value not significantly dif-
ferent from control. In a more recent stu-
dy,24 using a canine model in which death
from ventricular fibrillation usually occur-
red within 30 minutes of proximal coronary
occlusion, nitroglycerin plus methoxamine
significantly increased the survival rate.

These experimental observations imply
that nitroglycerin combined with an a-adre-
nergic agonist not only reduces the extent
of ischemic injury following coronary artery
occlusion but also decreases the predisposi-
tion for ventricular arrhythmias. Although
the effects of these agents in man are not
known, recent studies23’ 26 have shown that
the administration of nitroglycerin or so-
dium nitroprusside (both non-specific vaso-
dilators) to patients with acute myocardial
infarction and congestive cardiac failure can
improve their hemodynamic state.

Discussion

Although nitroglycerin has been used for
more than a century in the treatment of an-
gina pectoris, traditionally it has been con-
sidered contraindicated in acute infarction.
This belief is based on the assumption that
the nitrate-induced reduction in coronary
perfusion pressure and the reflex increase in
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heart rate would extend the ischemic pro-
cess. However, the experiments referred to
above demonstrate that nitroglycerin can
reduce the degree of ischemia following co-
ronary occlusion in dogs. These findings
imply that nitroglycerin exerts its beneficial
effect independently of reduction in ventri-
cular afterload, and despite a decrease in
coronary perfusion pressure and increase in
heart rate. These observations do not prove,
however, that nitroglycerin acts directly on
the coronary vasculature. The effects of
nitroglycerin on the venous system could
result not only in increased myocardial
blood flow with decreased oxygen demand
but also in a favourable redistribution of
flow to ischemic myocardium.

Regardless of the mechanism of its ac-
tion, it is clear that nitroglycerin plus an
a-receptor agonist can reduce ischemic in-
jury during experimental acute infarction.
Whether a similar reduction in ischemic in-
jury can be achieved during acute myocar-
dial infarction in man is unknown: the ef-
fects of these agents may be entirely differ-
ent when more than one vessel is diseased.
However, experimental results are encourag-
ing and indicate a need for clinical studies.

If such studies confirm the experimental
observations, a valuable adjunct to the
therapy of acute myocardial infarction may
be available. Combinations of vasoactive
drugs with other pharmacological agents or
with balloon counterpulsation may prove
more effective than any single form of inter-
vention. Such therapeutic regimens could
provide major clinical benefits. First, the
need for urgent operative intervention in the
unstable anginal patient might be reduced,
permitting elective study and operation for
more patients at a time when risks are mi-
nimal. Second, for those patients who do
require emergency operation such therapy
might reduce the risks of infarction devel-
oping during hemodynamic investigation,
operation and the early postoperative pe-
riod. Finally, and perhaps more exciting, is
the possibility that the prophylactic admin-
istration of these agents early in the course
of acute myocardial infarction might pre-
vent excessive muscle necrosis and thereby
significantly reduce the incidence of both
cardiogenic shock and severe postinfarction
left ventricular dysfunction.
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INDUCED VENTRICULAR

FIBRILLATION AND ANOXIC ARREST*
W. B. FIROR, M.D., F.R.C.S.[C] and F. DIAS, M.D., F.R.C.S.[C], Saskatoon, Sask.

Summary: The left heart is commonly vented
during aortocoronary bypass operations on the
assumption that without it, left ventricular dis-
tension and excessive left-sided pressures will
inevitably occur. To test this hypothesis, a
series of experiments were carried out in 25
dogs. These showed that distension of the left
heart and a rise of intracardiac pressures are
not the inevitable consequences of ventricular
fibrillation or anoxic cardiac arrest. These
phenomena were more likely to occur in the
fibrillating than in the arrested heart. Adequate
drainage of the right heart usually suffices to
decompress the left heart as well but inade-
quate drainage of the right heart regularly leads
to excessive left-sided pressures and distension.
A few animals showed left-sided distension
despite adequate right heart decompression.
The reasons for this are not clear from the
present experiment.

Resume: Dans la majorite des operations intra-
cardiaques. on considerait comme essentiel de
decomprimer la partie gauche du coeur. Nous
avons etudie sa necessite chez 25 chiens chez
lesquels on avait provoque experimentalement
une fibrillation ventriculaire ou un arret car-
diaque anoxique. On a observe que la distension
du coeur gauche et (‘augmentation des pres-
sions intracardiaques ne se produisaient pas
necessairement et qu'il y avait plus de chances
qu'elles soient provoquees par la fibrillation
que par l'arret cardiaque. Un bon drainage du
coeur droit suffira generalement a operer la
decompression du coeur gauche, mais drainage
incomplet du coeur droit provoque generale-
ment des pressions excessives du cote gauche
et distension. En depit d'une decompression
adequate du coeur droit quelques animaux ont
presente une distension du coeur gauche. Ceci
est un phenomene que nos experiments n'ont
pas pu expliquer.

For many years it has been common prac-
tice to vent the left side of the heart in
operations for acquired valvular and conge-
nital heart disease. More recently this
maneuver has been generally adopted for

*From the Department of Surgery, University
Hospital, University of Saskatchewan, Saskatoon,
Sask.

Supported by grants from the Saskatchewan Heart
Foungatlon and the Medical Research Council of
Canada.

operations for ischemic heart disease with-
out any proof of its necessity or desirability
in this situation. The practice has been
based upon the premise that without venting
cardiac distension and excessive pressures
in the left heart will inevitably develop. The
experiment described below was designed to
test this assumption and was stimulated in
part by the observation of Evans et all that
in a closed-chest dog retrograde flow
through the lungs and right heart occurred
during ventricular fibrillation and supported
circulation. Cardiac distension was not ob-
served in their experiments and it seemed
reasonable to us to suppose that the same
relationships would hold with the chest and
pericardium open.

Method

Twenty-five mongrel dogs were anes-
thetized and subjected to thoracotomy and
whole-body perfusion using a disposable
bubble oxygenator and non-hemic priming
solution. Uncrossmatched whole blood was
added during perfusion as necessary to
maintain the hematocrit at 25% to 30%.

Before perfusion, catheters were placed
in the left ventricle, left atrium and right
atrium for pressure recording, and the azygos
vein was ligated. Pressures were measured
with Statham P23 AC transducers and
recorded on a Grass Model 5C polygraph.
Both venae cavae were cannulated through
the right atrium. The left side of the heart
was not vented. Arterial return was through
the femoral artery.

Ten minutes after the onset of perfusion,
anoxic arrest was induced by cross-clamping
the ascending aorta. After 30 minutes of
anoxia the clamp was released, the heart
was defibrillated and perfusion was termi-
nated as soon as the heart was capable of
sustaining the circulation.

The group of animals was divided into
three experimental subgroups as follows: In
Group A (13 dogs) ventricular fibrillation
was induced electrically five minutes after
the start of perfusion and five minutes be-
fore the induction of cardiac anoxia. In
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TABLE l.—Intracardiac Pressures. Mean * Sem*
After 10 After 30

Before minutes’ minutes’ Before After
perfusion perfusion arrest resuscitation perfusion
52 + 0.6 56 + 0.8 48 + 0.8 45 + 08 57 + 0.7
53 = 0.6 111 + 17 90 + 17 81 ch 0.9 75 + 0.7
39 + 07 145 + 25 98 + 1.8 9.1 + 0.6 36 + 0.9
40 + 10 23 = 0.7 26 + 11 58 + 1.0
49 + 12 27 £ 07 9.0 + 2.9 88 + 06 6.3 + 12
24 + 12 46 + 09 90 + 24 95 + 05 23 + 0.8
76 + 10 6.3 + 0.8 284 + 34 670 + 29 87 + 0.7
8.0 + 0.9 64 + 14 286 + 3.3 803 + 7.3 10 + 05
6.3 + 13 70 + 0.6 278 + 3.6 818 + 6.5 45 + 05

*In the beating heart left ventricular end-diastolic pressure is recorded. In the fibrillating or arrested heart

mean left ventricular pressure is recorded.

Group B (seven dogs) arrest was induced
directly without prior fibrillation. In Group
C (five dogs) the right heart was excluded
from the extracorporeal venous drainage
system by means of tourniquets about the
caval cannulas.

Results (Table I)

The results in Group A subjects are
shown in Fig. 1. There was a moderate but
significant rise (P < 0.005) in both left
ventricular pressure (3.9 mm Hg + 0.7 to
145 £ 2.5) and mean left atrial pressure
(5.3 £0.6 mm Hg to 11.1 + 1.7) during
the period of induced ventricular fibrillation
prior to arrest. However, this was not ob-
served in all dogs. The apparent reverse
gradient across the mitral valve seen after

mmHg

10 min.
perfusion

Control

10 minutes of perfusion (five minutes of
fibrillation) is not significant (P > 0.05).
Mean left ventricular pressure has been
plotted in the fibrillating or arrested state
and left ventricular end-diastolic pressure in
the beating state. Left-sided pressures de-
clined during the 30-minute arerst and did
not rise following termination of anoxia
or during resuscitation of the heart. In only
two of these 13 animals was gross cardiac
distension observed. Two animals died be-
fore the end of perfusion because of hemor-
rhage, but in the remaining 11 perfusion
was successfully concluded. No significant
changes in right atrial pressure were ob-
served.

The results in Group B are shown in Fig.
2. There was no significant change in in-
tracardiac pressures during the pre-arrest

Prior to
Resusc.

30 min.
Arrest

After
Perfusion

Fig. 1.—Intracardiac pressures, Group A (13 dogs).
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mmHg
Control 10 min. 30 min. Prior to After
Perfusion arrest Resusc. Perfusion

Fig. 2.—ntracardiac pressures, Group B animals (seven).

period of perfusion. During the time of
anoxic arrest left ventricular and left atrial
pressures slowly rose to a mean value of
9.0 £ 2.9 mm Hg (P < 0.05). There was
no further change in the average of left-
sided pressures in this group during the
period of cardiac resuscitation, but one of
the animals did display gross cardiac dis-
tension. In six dogs bypass was successfully
concluded, but in the seventh the procedure
was terminated because of an aortic tear.
There was no significant change in right
atrial pressure at any point in the experi-
ment.

A comparison of left atrial pressure events
in these two groups is shown in Fig. 3. The
difference observed between the fibrillating
and non-fibrillating heart after 10 minutes
of perfusion is significant at the P < 0.005
level. The behaviour of these two groups
at other points in the experiment was sim-
ilar.

mmHg

Control 10 min.

Perfusion

Fig. 4 demonstrates the influence on the
left atrial pressure of tightening tourniquets
about the caval catheters and is essentially a
repetition of the information in Fig. 3 to
which has been added the left atrial pressures
in Group C animals. Left atrial pressure be-
gan to rise during the period of anoxic arrest
and reached a level of 37.0 + 4.5 mm Hg
at the end of 30 minutes of anoxia. All
hearts had become grossly distended by the
time of release of the aortic clamp, at which
point there was a further precipitous rise
in left atrial pressure (to 61.0 + 10.0 mm
Hg) and extreme cardiac distension devel-
oped. Right and left atrial pressures were
identical in this group. Following release of
the caval tourniquets there was prompt
cardiac decompression, and defibrillation
could not be performed until this occurred.
In two of these five dogs the heart was in-
capable of sustaining the circulation unaided
by mechanical means.

30 min.
Arrest

Prior to
Resusc.

After
Perfusion

Fig. 3.—Influence of ventricular fibrillation on left atrial pressure.
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mmHg
80 -i

70-

10 min.
Perfusion

Control

Vol. 17

Prior to
Resusc.

30 min.
Arrest

After
Perfusion

Fig. 4.—Influence of caval tourniquets on left atrial pressure.

Discussion

The left side of the heart is vented in
a wide variety of operations for acquired
valvular and congenital heart disease in
order to prevent cardiac distension, to pro-
vide a bloodless operative field and to per-
mit egress of air and other possible embolic
material. This practice has been widely ap-
plied in surgery for ischemic heart disease,
in which no cardiac chamber is entered and
in which the valves are all usually intact.

Venting of the left heart can be carried
out either through the left atrium or the
apex of the left ventricle.2 As well as being
a slight inconvenience to the surgeon from
an extra cannulation, neither route is en-
tirely free from hazard. Major hemorrhage
can occur from either site and, with the
heart closed, mismanagement of the vent
can easily introduce air rather than eliminate
it. In addition, in a chronically ischemic
heart important collateral vessels can trav-
erse the apex and may be compromised
by the the introduction of the vent or in
the repair of the resulting stab wound.
The authors have seen small aneurysms at

the left ventricular apex at cardiac catheteri-
zation after open-heart operations or trans-
ventricular mitral valvotomy.

Proctor3 has shown that after eight hours
of induced ventricular fibrillation and cir-
culatory support in the closed-chest dog,
defibrillation can be carried out and survival
achieved. Although intracardiac pressures
were not measured in his experiments, the
survival of his animals suggests that no
serious impairment of left ventricular func-
tion, from either distension or other cause,
had occurred.

Evans et al,1 using a similar preparation,
showed that intracardiac pressures did not
rise, left ventricular distension did not oc-
cur and retrograde flow of blood through
the lungs could be demonstrated. They
suggested that in the fibrillating heart the
mitral, pulmonary and tricuspid valves be-
come incompetent and they pointed out that
the retrograde movement of blood through
the lungs could be more accurately de-
cribed as “seepage” than as flow.

The present investigation shows that
much the same relationships hold with the
chest and pericardium open. Cardiac dis-
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tension and excessive left-sided pressures
during ventricular fibrillation or arrest were
infrequently observed in hearts in which the
right side was left in communication with
the extracorporeal venous drainage system.
Why these undesirable events occurred in
some animals and not in others is unclear.
It is possible that atrial sinus rhythm in
the presence of ventricular fibrillation is
sufficient to propel some blood in the for-
ward direction, and it is possible that simul-
taneous atrial fibrillation may protect against
this. Unfortunately, the present experiment
does not answer this question.

The rise in intracardiac pressures ob-
served in the arrested heart once tourni-
quets are applied to the caval catheters
shows that, despite a lack of coronary sinus
flow, blood must continue to enter the right
atrium from some source. We presume that
this represents the retrograde bronchial and
Thebesian return demonstrated by Evans et
al and that once this retrograde avenue is
closed by application of tourniquets, dis-
tension of the arrested or fibrillating heart
becomes inevitable.

Venting the left heart is essential to the
conduct of many intracardiac operations and
has been practised since the early days of
open-heart surgery. The belief that, without
it, cardiac distension and dysfunction will
inevitably occur, seems to have arisen from
the elegant experiments of Ross et al.4
However, it is possible that some of the
deleterious effects on cardiac and pulmonary
function which they observed following ar-
rest in the unvented heart may have been
related to the potassium citrate they used
to arrest the heart in their experiments.5
Further, although it is not entirely clear, it
seems likely that caval tourniquets were
applied in their experiments. Our data sup-
port the idea that the left heart must be
decompressed if arrest or ventricular fibril-
lation is induced and the right heart is not
completely drained.

The present study suggests that venting
is not necessary for all operations for
ischemic heart disease and at present we
do not employ it for most operations in-
volving the anterior descending or right
coronary arteries. We continue to use a
vent if there is doubt concerning the in-
tegrity of the aortic valve or if we anticipate
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performing a graft to the left circumflex
coronary artery. We are concerned that the
forceful retraction occasionally required to
expose this artery may cause temporary aor-
tic insufficiency and thus left ventricular
distension. Our current preference in aorto-
coronary bypass is to vent via the left atrial
rather than the left ventricular route. Our
results also suggest that an undesirable rise
in intracardiac pressure is more likely to
occur in the fibrillating than in the arrested
heart and that it is probably desirable to
keep the pre-arrest period of ventricular
fibrillation to a minimum.

Conclusions

Distension of the left heart and rise of
intracardiac pressures are not inevitable
consequences of ventricular fibrillation or
anoxic cardiac arrest.

These phenomena are more likely to oc-
cur in the fibrillating than in the arrested
heart.

Adequate drainage of the right heart will
usually suffice to decompress the left heart
as well. Retrograde bronchial and Thebesian
return through the lungs and right heart
likely occurs.

Venting of the left heart may not be
necessary in all operations for ischemic heart
disease.
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in the overgrowth of non-susceptible
organisms, including fungi. Appro-
priate measures should be taken if this
occurs.

DOSAGE

A spray lasting only a few' seconds on
each exposed tissue layer is sufficient to
control most pathogenic organisms

SUPPLIED

Each gram of off-white to yellow sterile
powder contains: neomycin sulfate
equivalent to 330 mg of neomycin base,
zinc bacitracin 25,000 I.U.. polymyxin
B sulfate 100,000 I.U. pressurized with
inert chlorofluorohvdrocarbon propel
lants; available in 109 gram aerosol
container units. Powder content is 1.5g
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SUGGESTED MANNER OF USE

Spray before incision. Subsequently, spray as
each tissue layer is exposed, e g , at the levels
of the fascia and the peritoneum. Spray when
exposing the hepatic pedicle prior to incision
Spray as the gallbladder is raised to

expose the cystic duct and artery and spray
each layer as closing
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INTRA-AORTIC BALLOON IN

ASSISTING THE CIRCULATION

Y. AKYUREKLI,

M.D., F.R.CS.[C], W. J. KEON, M.D., F.R.C.SJC] and

P. BEDARD, M.D., F.R.C.S.fC], Ottawa, Out.

Summary: Over a nine-month period, intra-aortic
balloon pumping has been used on 14 patients.
Of the seven patients in whom the indication
for the procedure was inability to discontinue
cardiopulmonary bypass following open-heart
operation, three survived. Four patients suffered
from postoperative cardiogenic shock and one
of these survived. The use of intra-aortic bal-
loon pumping for the relief of intractable angina
pectoris produced some relief in one patient but
brought about no improvement in the other two
in whom it was tried.

Resume: Pendant neuf mois, nous avons utilise
la contrepulsion par ballonnet intra-aortique
chez 14 malades. Chez sept de ces malades,
| indication de cette methode etait I'impossibi-
lite d'arreter la derivation cardiopulmonaire
apres une operation a coeur ouvert. Trois de ces
malades ont survecu. Quatre patients ont souf-
fert d'un choc cardiogenique dont un a survecu.
La contrepulsion par ballonnet intra-aortique
pour soulager une angine de poitrine rebelle a
reussi chez un malade, mais n'a pu ameliorer
I'etat des deux autres, chez lesquels elle avait
ete tentee.

Since the principle of balloon pumping was
first reported by Moulopoulos, Topaz and
Kolffl and Clauss et al2 in 1962, intra-
aortic balloon pumping has been established
experimentally and clinically as an effective
method of mechanical circulatory assistance
for the failing heart.3%6

In this report we summarize our experi-
ence with this promising method in three
different clinical situations.

Method

From June 1972 to March 1973 intra-aor-
tic balloon pumping (LABP) was performed
on 14 patients, 12 men and two women.
Their ages ranged from 44 to 64 years. The

Avco intra-aortic balloon pump, console
model IABP-7, was used in combination
with the three-segmented 40-ml balloon

which is designed to inflate from its central
segment toward the ends. The balloon cathe-
*From the University of Ottawa Cardiac Unit,

Ottawa Civic Hospltal 1053 Carling Avenue,
Ottawa, Ont. K1Y 4

ter was introduced through the femoral
artery into the descending thoracic aorta,
just distal to the origin of the left subclavian
artery. Phasic function of the balloon was
accomplished by the console, utilizing the
electrocardiogram to trigger its inflation
during ventricular diastole and deflation
during ventricular systole.

Results

Group |

In seven patients the indication for bal-
loon pumping was inability to remove pa-
tients from cardiopulmonary bypass follow-
ing open-heart surgery. Four patients in this
group died (Table I). One patient had pul-
monary embolectomy and expired with
IABP in progress. The other three patients
had undergone emergency revascularization
for cardiogenic shock following acute myo-
cardial infarction and none of these survived.

Three patients out of seven in this group
survived (Table I). One developed a “stone
heart”' following aortic valve replacement
and his successful removal from cardiopul-
monary bypass can be credited to IABP;
after an additional 1Vi hours of balloon as-
sistance this patient recovered. Two patients
with severe left ventricular dysfunction had
undergone elective myocardial revasculariz-
ation and left ventricular aneurysmectomy;
both were removed from cardiopulmonary
bypass with the assistance of IABP and
ultimately survived.

Group I

Four patients had IABP for postoperative
cardiogenic shock (Table Il). Two of these
patients became hypotensive two to four
hours after myocardial revascularization;
one died shortly after mechanical failure of
the balloon pump. The third patient became
hypotensive and went into cardiogenic
shock on the second postoperative day and
died shortly after, while IABP was in pro-
gress. Two weeks after operation the last
patient in this group developed shortness
of breath, hypotension and, ultimately, car-
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TABLE |I.—IABP When Cardiopulmonary Bypass Cannot be Discontinued. Group |
Blood pressure Central venous pressure
(mm Ho) (mm Hg) Urine
Patient Age IABP Preo-perative R )
(Slex) (ygears) (hours) congition Operation Before During After Before During After output

FATAL CASES .
J.L. 56 3 Pulmonary Pulmonary 60-65  70/95 20 Nil
(F) embolus enbolectomy
G.B 59 Acute MI Emergency R, 65 70/95 120/80 25 20 10 Increased
™M) LAD, C grafts
A.N. 50 52/ Cardiogenic Emergency LAD 65-70 60/100 25-30 15-20 Increased
(M) shock graft; resection

of infarct
A.B. 62 1 M1, CHB Emergency LAD 60-65 60/95 20-25 15-18 Nil
(M) and R grafts
SURVIVALS Good
F.B 64 1K Aortic stenosis  Aortic valve 60-65 70/90 100/75 18 12 14 afggr
(|5) ’ replacement AR

(developed stone

heart)
D.W. 44 7K 3 MI, CHF LAD graft and 65-70 60/100 100/85 30 20 22 vaﬂOhd
(M) aneurysmectomy A
J.H 52 6 MI, CHF R, LAD grafts 60-65 65/110 115/65 18 14 11 G_ot?]d
(I'VI)‘ and aneurys- ‘INAIBP

mectomy
M1 = myocardial infarction; LAD = left anterior descending coronary artery; R = right coronary artery; C : circumflex

coronary artery;

diac arrest.

CHB = complete heart block;

CHF = congesti

He was resuscitated but re-

instituted.

mained in shock and IABP was
After 12 hours of balloon assistance he re-
covered.

Group Il

Three patients underwent elective 1ABP
for the relief of intractable angina pectoris
which was not amenable to surgical treat-
ment (Table I11). One of these patients had
relief of angina but the other two were not
essentially improved.

Pa-
tient
(Sex)

R.D.
(M)

D.M.
(M)

¢T = myocardial infarction;
ight coronary artery;

Age
(vrs)

64

44

a7

49

IABP

(hrs)

K

12

13

ve heart failure.

Discussion and Conclusions

Because of its simplicity and safety IABP
is gaining wide clinical acceptance in the
treatment of cardiogenic shock8 and as a
supportive modality for patients undergoing
cardiac catheterization and emergency re-
vascularization.9 Our clinical experience,
like that of others,5 has demonstrated the
usefulness of IABP in patients suffering

from cardiogenic shock following open-
heart surgery.
TABLE I11.—IABP in the Immediate Postoperative Period. Group 11
Central venous pressure
Pre- Blood pressure (mm Hg) (mm Hg) Urine  Out-
Reason operative .

for pump cgndition Operation  Before During  After Before ] During After output come
Became MI LAD, 40/- 75160 16 12 Nil Died
hypoten- C grafts,
sive 2nd LIM
day postop.
Hypoten- M1 Emergency 60/- 60/55 36 25 Nil Died
sion imme- CHF R, LAD
diately grafts
postop.
Acute pul- MI R, LAD 50/- 75/100 115/80 30 15 13 Good \i%d
monary CHF grafts,
edema and aneurys-
hypoten- mectomy
sion 2
weeks
postop.
Hypoten- M1 R, LAD, unre- 65/60 Died
sion imme- C grafts, 1cord-
diately LIM 1 able
postop.

CHF =

i congestive heart taiiure;
C = circumflex coronary artery;

LIM =

= left anterlor dassending coronary artery; R =

left internal mammary (implant).
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| ABLE 111.—1ABP for Relief of Intractable Angina. Group 111

Bl%d e [

m Age . A
w ex5s (ye%rs) Operalim (hours) Before  During Result
%I\% 57 kmal glrg}‘tl LIM, IK 160/110  110/150  Little or no improvement
(BM|§ 48 |1_§A7(|)3 graft, LIM, 2 120/80 115/95 Improved
I(EM'I;- 50 Double Vineberg 2A 135/80 170/90 No improvement
| AH 1 . . H 1
feteLImammiTtapStnding Crenary LIM = left Sterna! mammary implant; RIM = right

BF rs that three patients out of seven
who other\lee not be removed from
cardlopu monarsy a/pass fol owmg cardjac
surgery were saved with the use of tnis
device: We are copvinced that these pa-
tlentg would'pave died had this Erocedure
not been .available.. The .only other patient
[n our series to s rV|ve with the use of IABP
for acute gump ajlure was one who had ge-

veloped cardio enlc shock foIIowmg cardiac-
frre t.two we a er mh/ocar lal “revascy-
elieve .t

arlzan?n We

at this patient’
shurwgewalso can be attributed to thg %

Uuse 0

Further exBerlence IS necessary  before
definite. conclusions can be reached as to
the indications. and uses of the Intra-aortic

?on In assisting circu atl?n At Eresent
we feel tha% Its pri mPnaI use lies In aflstlng
patients tsu e?tng fro hacutte pum Itallur

mediately after open-heart surgery, It ma
arlgo %e us%vfuq in pgtlents who gevZIo car-
|ogen|c S ock for which there 15 no Im-
mediate surgical treatment, We believe that
the device can contrl ute to th sumort of
the patient In card |o%en|c shock while car-
diac, catheterization and angiographic studies
are being carried out,
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EFFECT OF MYOCARDIAL REVASCULARIZATION ON VENTRICULAR
FIBRILLATION THRESHOLDS IN DOGS*

T. G. KASS, M.D,, J F. SYMES, M.D,, C. J. CHIU, M.D., Ph.D., F.R.C.S.[C] and
P. E. BLUNDELL, M.D., F.R.C.S.fC], F.A.CS., F.A.C.P., Montreal, Que.

Summary: Occlusion of the origin of the left
anterior descending coronary artery of dogs
causes an immediate decrease in the ventricular
fibrillation threshold to below 50% of control
values. Release of the coronary occlusion after
periods of one or two hours is associated with
a return of the thresholds to normal values
within a two-hour period. Our study suggests
that early revascularization of myocardial in-
farcts will be associated with an improvement
of the electrical stability of the heart.

Resume: L'occlusion de l'origine de l'artere co-
ronaire gauche chez le chien provoque une di-
minution immediate du seuil de la fibrillation
ventriculaire, a moins de 50%; de sa valeur ini-
tiale. L'arret de cette occlusion apres une pe-
riode variant d'une heure a deux heures se tra-
duit, dans un laps de temps de deux heures,
par le retour du seuil a sa valeur premiere. Cette
etude permet de croire qu'une revascularisation
precoce des infarctus du myocarde ameliorera
la stabilite electrique du coeur.

Cardiac arrhythmias and pump failure
account for most of the deaths following
myocardial infarction. The importance of
ventricular fibrillation and related arrhyth-
mias is emphasized by the fact that 20% of
all persons developing symptomatic coronary
atherosclerosis die suddenly within one year
of the onset of symptoms.l Prior to the
aggressive treatment of arrhythmias in mod-
ern coronary monitoring units, ventricular
fibrillation accounted for approximately
one-third of these deaths,2 the most critical
period being within the first two days of
infarction. The exact cause for abnormal
impulse production remains unclear. With
the advent of the aortocoronary bypass
grafting, isolated cases of emergency coro-
nary revascularization for the management
of intractable ventricular arrhythmias have
been reported.3- 4 For this reason informa-
tion concerning the electrical stability of the

*From the Division of Cardiovascular and Tho-
racic Surgery, McGill University, and the Mont-
real General Hospital, Montreal, Que.

Supported by grants from the Quebec Heart
Foundation and the Medical Research Council of
Canada.

heart following coronary occlusion and re-
vascularization becomes of considerable im-
portance.

To date, ventricular-fibrillation-threshold
(VFT) studies conducted during the early
phase of myocardial revascularization have
not been reported. This report concerns the
effects on dogs of restoring blood flow fol-
lowing occlusion of the left anterior des-
cending artery for periods of one and two
hours and compares the results with those
noted following permanent ligation.

Materials and Methods

Sixteen mongrel dogs of both sexes,
weighing 9 to 23 kg, were anesthetized with
Nembutal (30 mg/kg) and ventilated with
100% oxygen using a Harvard pump while
an intravenous line was kept open with nor-
mal saline. Additional anesthetic was given
during the procedure when necessary in
doses of 50 mg. Temperatures were meas-
ured using an esophageal thermometer and
remained within about 1.5° C of the pre-
operative temperature. A thoracotomy was
carried out through the left fifth interspace,
the pericardium opened and VFTs were
measured by the method of Shumway, John-
son and Stish.

The area supplied by the ligated left an-
terior descending coronary artery (LAD)
was stimulated using electrodes consisting
of two 30-gauge needles embedded 1 cm
apart in a Silastic block; the terminal 2 mm
of the needles was left bare. The LAD was
occluded approximately 2.5 cm from its
origin by a loop of 0 silk applied by a snare.
Electrocardiographic leads were connected
and the signal was fed into a Grass model
S4 stimulator, which then fired a DC sti-
mulus of known amplitude and duration, at
a pre-set delay, from the QRS of the elec-
trocardiographic tracing (Fig. 1). The sti-
mulus impulse and ECG could be viewed
simultaneously by means of an oscilloscope.
By gradually increasing the current strength
and sweeping the interval of the cardiac
cycle to ensure application of the stimulus
during the vulnerable period, we obtained
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a measure of the smallest stimulus required
to produce ventricular fibrillation, i.e. the
VFT. The duration of the stimulus was con-
stant at 12 msec, and the amplitude was
measured in millimetres on the oscilloscope
screen. The impulse could be recorded as
well on photographic film during the proce-
dure. The current was calculated from the
E
formula: 1 = — where | = current in am-
R
peres, E = scope height of stimulus in centi-
metres and R = constant circuit resistance
(10 ohms).

Following the production of ventricular
fibrillation the heart was immediately de-
fibrillated using an AC defibrillator (1/10
sec, 125 to 175 v), no drugs being used in
resuscitation. After the determination of
the control VFT for each heart the LAD
was occluded for a variable period of time,
and VFTs were measured repeatedly every
15 to 30 minutes throughout a three-hour
period.

Three groups of animals were studied,
distinguished as follows: (1) permanent oc-
clusion (five animals), (2) 60-minute occlu-
sion (six animals), (3) 120-minute occlu-
sion (five animals).

Blood gases were measured at the start
of each experiment and before alternate
determinations. The animals were sacrificed
at the end of the experiment.

Results

In all groups the VFTs are plotted as
percentages of the control value for each
heart against time, the occlusion being ap-
plied immediately after zero time.

Group 1—Permanent Occlusion (Fig. 2)

In this group the VFT dropped initially
to 30% to 40% of the control value, rose
after the first hour and then remained at
approximately 50% for the 3Vi hours dur-
ing which measurements were taken.

VFT
50 =

60 120 180

TIME min
Fig. 2—VFTs in the permanent-occlusion group.
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Fig. 3.—VFTs in the 60-minute occlusion group.

Group 2—60-Minute Occlusion (Fig. 3)

In this group the drop in VFT during the
occlusion period is comparable to that ob-
served during the corresponding period in
the permanent occlusion group, but follow-
ing release of the occlusion the VFT rose
progressively towards control values, reach-
ing 90% to 100% at three hours.

—_—

60 120 180
TIME min
Fig. 4—VFTs in the 120-minute occlusion

group.
Group 3—120-Minute Occlusion (Fig. 4)

The VFT remained at levels comparable
to those of the permanent occlusion group
during the period of occlusion, but rose
from 90% to 100% of the control values
during the hour after release.

In Fig. 5 the mean values for each 30-
minute interval for each of the groups are
plotted and demonstrate the changes in
VFT with revascularization of the ischemic
myocardium. A significant difference (P =
0.01) was noted between groups where the
circulation was temporarily or permanently
occluded. The average blood-gas levels
were as follows: pH 7.36, Po2 368.5 mm
Hg and Pco2 28.4 mm Hg. Only one animal
was markedly acidotic and in that instance
the VFT was similar to those for other ani-
mals over the same period. Patency of the
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LAD following release of the snares was
confirmed by the immediate return of pink
colour to the myocardium and by injection
studies following sacrifice of the animals.

Discussion

From research carried out in the past
we know that ventricular fibrillation fre-
quently follows high coronary occlusion in
dogs,6 the ectopic ventricular activity usual-
ly occurring within 48 hours and most com-
monly during the first few hours.7 Studies
on VFT were begun 40 years ago by Wig-
gers and Wegria,8 who reported the first
quantitative study of electrical stimuli ap-
plied directly to the heart and adjusted to
fall in the vulnerable period of the cardiac
cycle. The VFT was defined as the smallest
electrical stimulus that would precipitate
ventricular fibrillation. These authors de-
monstrated that thresholds could be altered
by administration of drugs such as procaine.
In 1957 the circuitry of the instrument was
modified by Shumway so that the electro-
cardiogram could be used to trigger a sti-
mulus of known strength and duration at
any point in the cardiac cycle. Using this
method subsequent studies have demon-
strated fairly constant thresholds with re-
peated testing on the same animal under
constant conditions.9 A direct relationship
was established with the rise and fall in
temperature from 23° to 40° C9and a drop
in the VFT was seen with acidosis (pH
7.1).10 It was noted that animals ventilated

x 60-mm  occi

0 12 0-min

Fig. 5—Changes in VFT with revascularization
of ischemic myocardium.



100

with cigarette smoke had lower VFTs11 and
a similar effect was noted with large intra-
venous doses of caffeine.12 The VFT was
raised by the administration of lignocaine
and bretyllium;13 the effects of the intra-
venous lignocaine were rather brief (10 to
15 minutes) and correlated well with the
sharp fall-off in blood level.

Ventricular fibrillation threshold has been
studied in relation to coronary occlusion. It
was noted that a drop in the VFT following
coronary occlusion could be partly reversed
by an infusion of dextrose, insulin and po-
tassium,14 bearing out the suggestion that
this treatment decreased infarct size.15 In
animals who had had a previous revascu-
larization procedure (Vineberg) the drop in
the VFT with left anterior descending artery
occlusion was minimized.16 A similar effect
was noted in animals in which an infarctec-
tomy had been performed.17 Other work-
ers18 have found that the VFT two months
after coronary ligation rises to normal levels,
probably owing to impaired conduction in
the area of fibrosis.

Our results demonstrate a consistent
change in the electrical stability of the ca-
nine myocardium associated with coronary
occlusion and revascularization. Occlusion
of the LAD causes a distinct fall in the
threshold in the ischemic area to below
50% of control values. If occlusion is main-
tained the VFT rises to approximately 50%,
then stays constant for the next 2Vi hours.
On the other hand, if the occlusion is re-
leased, i.e. if revascularization occurs, there
is a rapid return to normal values within
two hours of release. Our findings indicate
that revascularization of ischemic myocar-
dium within two hours of occlusion results
in a complete return of electrical stability
in the ischemic area within a few hours. This
is in contrast to the persistence of electrical
instability in areas of myocardium where
ischemia is allowed to persist.

Extrapolation of our results to the human
situation must be made with extreme cau-
tion. Important differences between our
model and patients with acute myocardial
infarction include the level of coronary ob-
struction, the presence of intercoronary
anastomotic channels and differences in the
basal level of electrical stability. In coronary
care units more than 20% of patients with
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acute myocardial infarction develop ventri-
cular tachycardia and almost one-quarter of
those then develop ventricular fibrillation.10
A combination of medication and counter-
shock can be expected to prevent most
deaths due to cardiac arrhythmias.20 How-
ever, it would appear that in some refractory
cases emergency coronary revascularization
to restore electrical stability to the heart
may be beneficial. Our study suggests that
if revascularization is performed within a
few hours of coronary occlusion the elec-
trical stability of the heart will be enhanced.
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INFANCY FOR TRANSPOSITION OF THE

GREAT ARTERIES: A SEVEN-YEAR EXPERIENCE*

MARC PAQUET, M.D., JAMES E. GIBBONS, M.D. and A. R. C. DOBELL, M.D.,,
Montreal, Que.

Summary: Our experience suggests that about
two-thirds of infants with d-transposition of
the great arteries and an intact ventricular sep-
tum can derive palliative benefit from balloon
septostomy alone, and undergo an elective
Mustard operation at about 12 months of age.
When palliation provided by septostomy is
short-lived heart catheterization should be done,
and a second balloon septostomy is indicated if
there is an interatrial pressure gradient.

When these possibilities have been excluded
we believe a Mustard operation is to be pre-
ferred to palliative surgery. We are satisfied
that the small patients can undergo the opera-
tion without undue risk, but it remains to be
seen whether there will be a higher incidence of
venous obstruction due to shrinkage of the baf-
fle and its adherence to intracardiac structures
in smaller babies.

Resume: D'apres notre experience personnels,
nous croyons que pres des deux-tiers des nour-
rissons qui presentent une transposition des
grandes arteres et dont le septum ventriculaire
est intact, peuvent beneficier, tout au moins a
titre palliatif, de la seule septostomie par in-
troduction d'un ballon. Ms peuvent alors atten-
dre et subir l'intervention de Mustard vers l'age
de 12 mois. Si l'effet palliatif obtenu de la sep-
tostomie est de trop courte duree, on procede
a un catheterisme cardiaque. Une seconde sep-
tostomie est indiquee s'il existe un gradient de
pression interauriculaire.

Si ces possibilities sont exclues, nous esti-
mons que l'operation de Mustard est preferable
a une intervention purement palliative. Nous
croyons que les petits patients peuvent suppor-
ter l'operation sans courir de risques inutiles,
mais il reste a verifier le risque eventuel d'une
plus grande frequence d'obstruction veineuse
par retrecissement du deflecteur ("baffle") et
son adherence a des structures intracardiaques
chez les plus petits nourrissons.

Of infants bom with one of the various
forms of complete d-transposition of the
great arteries, about 60% have an intact
ventricular septum and inadequate atrial
mixing. These patients characteristically
are seen in the early days, or even hours,

*From the Departments of Cardiology and Car-
diovascular Surgery, The Montreal Children’s
Hospital, and McGill University, Montreal, Que.

of life with critical hypoxia and metabolic
acidosis. Balloon atrial septostomy is the
initial step in the management since it de-
compresses the left atrium and improves
interatrial mixing. As our experience will
illustrate, more than half the infants re-
ceiving this palliative treatment can be
carried safely through the first year of life
to become candidates for an elective intra-
cardiac operation to reroute pulmonary
and systemic venous blood by means of an
interatrial baffle as described by Mustard.1

In a smaller group, constituting about
30%, the palliation provided by septos-
tomy is either transient or inadequate. In
these young infants whose condition is
precarious we have generally proceeded
early to perform the Mustard operation ra-
ther than a preliminary palliative operation.

Patient Material and Early
Management

In this study we include all 23 infants
with complete d-transposition of the great
arteries in whom we performed a Mustard
operation during the first two years of life
in the six-year period from February 1967
to April 1973. Excluded from the series are
those with associated ventricular septal de-
fect and/or pulmonic stenosis. Included are
four patients who had an associated patent
ductus arteriosus, which was ligated soon
after septostomy in two infants and at the
time of intracardiac operation in the other
two.

For the majority of these patients the
sole means of palliation used was balloon
atrial septostomy (Table 1).2 The procedure

TABLE |.—Palliative Procedures Preceding
Corrective Surgery in 23 Infants

Procedure No. of patients

BAS only 18 (4 had 2 BAS)

BAS + Hanlon-Blalock 3 (4, 7 and 8 months
after BAS)

BAS + Sterling-Edwards 1 (6 months after

BAS + Waterston shunt
BAS

BAS)
1 (4 days after BAS)
balloon atrial septostomy.
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Fig. 1.—Age distribution for the 23 patients at
the time of the Mustard operation. The four oper-
ative deaths,_depicted in black, were at ages 24,
20, 13 and 7 months.

Was performed during the diagnostic cathe-
terization. Five infants had septostomy in
the first 24 hours of life and the mean age
at the time of the procedure was 14 days.
In four patients the septostomy was re-
peated after an interval ranging from five
days to 3'/i months, and this second pro-
cedure brought about considerable improve-
ment. Prior to 1970 an occasional palliative
operation was performed (Table ). Signifi-
cant improvement was documented in two
of the three Hanlon-Blalock operations. In
one infant the decision to perform a Wa-
terston shunt was inappropriate as there
was no pulmonic stenosis; however, the pa-
tient survived a Mustard operation five
weeks later.

Intracardiac Surgery

Fig. 1 shows the age distribution at the
time of intracardiac surgery. The mean age
was 13 months with a range from 1 to 24
months. There was no relationship between
age and postoperative mortality.

The weight range was from 3.8 to 11
kg, with a mean of 7.3 kg. The infants
tended to be poorly developed, 13 being be-
low the third percentile for weight and only
three above the tenth percentile. There was
no relationship between weight and oper-
ative mortality.

Preoperative aortic oxygen saturations
were highly variable and ranged from 43%
to 86%. The lower values were not specifi-
cally noted in those infants who required
earlier operation. In 12 of the 23 patients
the left ventricular pressures were low, that
is less than 50% of the systemic (right ven-
tricular) pressure. A higher left ventricular
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pressure was noted in eight patients (34%).
In two of these infants the left ventricular
pressure was systemic, although at operation
there was no ventricular septal defect or
pulmonic stenosis. There was no correlation
between the preoperative left ventricular
pressure and the operative mortality.

A standard bypass technique was used
and the venae cavae were cannulated at
their entrance to the right atrium. Moderate
hypothermia (27° C) and intermittent aor-
tic cross-clamping were used to provide op-
timal operating conditions. Extracorporeal
flow was reduced if bronchial flow pre-
vented excellent exposure of the posterior
wall of the left atrium. The posterior, supe-
rior and inferior portions of the atrial sep-
tum were excised and re-endothelialized.
The anterior septum was left near the tri-
cuspid valve and the interatrial baffle was
attached to this remnant. The baffle was
fashioned of pericardium in most patients
but in some an elasticized Dacron baffle
was used. The material was cut to the shape
of a valentine heart, about as wide as it was
long, and the point was sutured behind the
base of the left atrial appendage and ante-
rior to the left pulmonary veins. The re-
mainder of the baffle was attached3 so as
to direct systemic venous blood to the mitral
valve and pulmonary venous blood to the
tricuspid valve. The flared shoulders of the
valentine heart were sutured about the ca-
val entrances to the right atrium. The in-
dented neck was sutured to the anterior sep-
tal remnant, thus preventing excessive bil-
lowing towards the free atrial wall which
could obstruct pulmonary venous flow.
Coronary sinus flow was directed to the
mitral valve along with the caval flow. In
one patient a small right atrium was en-
larged by interposing a patch of fabric in the
atrial incision.

In the first nine patients operated on be-
fore 1969 there were four postoperative
deaths. These deaths were discussed in de-
tail in a previous publication.4

In the last 14 consecutive operations
there have been no postoperative deaths.

Long-Term R esults

The 19 survivors have now been followed
up for a period of 78 months with a mean
follow-up of 33.6 months. In this group
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there were two late deaths. The first oc-
curred in a 5-month-old infant who had
undergone the Mustard operation at 6
weeks of age and whose postoperative
course had been uncomplicated. She died
suddenly at home four months after opera-
tion. Autopsy demonstrated massive aspira-
tion pneumonia and severe pulmonary ve-
nous obstruction due to adherence of the
baffle of pericardium to the free wall of
the atrium at the site of excision of the
posterior rim of the atrial septum. The other
late death was due to hemorrhage at a sec-
ond operation seven years after the initial
procedure. Again, pulmonary venous ob-
struction had occurred. We would currently
reoperate through a right anterior thoraco-
tomy in these patients in whom the peri-
cardium has been widely excised to provide
the material for the construction of the
baffle so that the right atrium is adherent
to the sternum, making it extremely vulner-
able during performance of a sternotomy.

There has been considerable interest in
conduction disturbances in patients after
the Mustard operation. Seven of the survi-
vors (36.8%) have had normal sinus rhythm
throughout the follow-up period (one pa-
tient has first degree atrioventricular block).
The remaining 12 patients showed various
atrial arrhythmias in the early postopera-
tive period. In eight of these (42.1%) there
was some form of nodal rhythm but spon-
taneous return to normal sinus rhythm in
the early months after operation. In four
patients (21.1%) the atrial arrhythmia
seems permanent; three have nodal rhythm
and one has a wandering atrial pacemaker.
One child with nodal rhythm developed
atrial flutter three years after operation.
After cardioversion and return to nodal
rhythm he received digitalis to prevent re-
currences.

The growth pattern of the surviving pa-
tients is shown in Fig. 2. Preoperatively nine
patients were below the third percentile for
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Fig. 2.—Growth status before and after the
Mustard operation by weight percentile.

weight and only two were above the tenth
percentile. At follow-up only four patients
are below the third percentile and more
than half are now above the twenty-fifth
percentile.

With one exception the survivors are
clinically acyanotic and show near-normal
exercise tolerance. The exception is a pa-
tient who, 19 months after operation, has
clinical and hemodynamic evidence of pul-
monary and systemic venous obstruction at
the atrial baffle level.

Three patients have persistent neurolo-
gical deficits. One 6-year-old child is men-
tally retarded and has a spastic left hemi-
plegia attributed to severe cerebral anoxia
which occurred in the neonatal period prior
to septostomy. Two patients have mild and
improving hemiparesis first noted after the
Mustard operation.

References

1 Mustard WT: Successful two-stage correction
of transposition of great vessels. Surgery
55: 469, 1964

2. Rashkind WJ, Miller WW: Transposition of
great arteries. Results of palliation by bal-
loon atrioseptostomy in thirty-one infants.
Circulation 38: 453, 1968

3. Mustard WT, Keith JD, Trusler GA, et al:
Surgical management of transposition of
great vessels. J Thorac Cardiovasc Surg
48: 953, 1964

4. Dobell AR, Gibbons JE, Busse EF: Hemody-
namic correction of transposition of great
vessels in infants. J Thorac Cardiovasc
Surg 57: 108, 1969



March 197i

LEIOMYOBLASTOMA

105

LEIOMYOBLASTOMA OF THE STOMACH

S. E. OBRIEN, M.D., F.R.CS[C], FAC.S.* and K. J SHIER, M.D.,
F.C.A.P, C.R.C.P.[C],f Hamilton, Out.

Summary: Six cases of leiomyoblastoma of the
stomach treated in our institution over the past
five years are reviewed. Three patients pre-
sented with gastrointestinal bleeding, two tu-
mours were discovered incidentally at laparo-
tomy and one patient presented with vague
epigastric discomfort. A brief review of the
literature indicates that these are uncommon
tumours which are frequently misdiagnosed.
They are commonly benign and can be ade-
quately treated by wide local excision.

Resume: L'article passe en revue six cas de
leiomyoblastome de I'estomac qui ont ete trai-
tes dans notre institution depuis cinqg ans. Trois
malades presentaient une hemorragie gastroin-
testinale, deux autres une tumeur decouverte
par hasard au cours d'une laparotomie et le
dernier ne se plaignait que de vagues malaises
epigastriques. Une breve revue de la litterature
indique qu'il s'agit de tumeurs rares, dont le
diagnostic est souvent meconnu. Elies sont ge-
neralement benignes et peuvent etre traitees
adequatement par une excision locale.

In 1962 Stoutl described a group of 69 bi-
zarre, smooth muscle tumours of the stomach
which he had collected in the surgical path-
ology laboratory of Columbia University.
Six of these tumours had previously been
described in the French literature by Martin
et al'~ These tumours varied considerably
in histological appearance from the usual
leiomyoma and had been previously mis-
diagnosed as neurilemoma, neurogenic sar-
coma, liposarcoma, leiomyosarcoma, glo-
mus tumour, hemangiopericytoma, anaplas-
tic carcinoma, etc. Despite their unusual
appearance, Stout determined that these
were in fact smooth muscle tumours of a
bizarre nature. The great majority were
considered to be benign although two tu-
mours eventually metastasized. Fourteen of
these tumours were incidental findings, eight
of them being discovered at laparotomy for
other conditions, and six at autopsy.

In 1966, Fournier and Magner3 de-
scribed six cases collected in the Canadian
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fAssistant Professor of Pathology, McMaster

University.

Tumour Registry; five had presented with
gastric hemorrhage and one was an inciden-
tal finding at autopsy. All were considered
benign. Since then 11 additional cases have
been added to the Registry.4

De Castro, Olsen and Littler5 in 1972
described a leiomyoblastoma in a 16-year-
old girl who presented with anemia and was
found to have a large intramural tumour of
the stomach on barium meal examination.
Their patient was treated by radical sub-
total gastrectomy, although the tumour
proved to be benign. These authors point
out that only four cases of leiomyoblastoma
have been reported in patients under the
age of 20 years.

In a recent article Lavin, Hajdu and
Foote8 reported 26 cases over a 40-year
period. Surprisingly, nine of their patients
died of metastatic disease.

Abramson,7 in a more recent collective
review, reported a total of 190 cases of gas-
tric leiomyoblastoma in the literature.
Twenty-three, or 12% of the reported cases,
were malignant as evidenced by metastases.

We have recently treated two patients
with leiomyoblastoma of the stomach, and
in reviewing our pathology records have dis-
covered four additional cases occurring in
our institution over the past five years (Ta-
ble 1). Two of these tumours were initially
diagnosed histologically as neurilemoma,
but review of the sections has led to their
reclassification as leiomyoblastoma. Three
of these patients presented with gastroin-
testinal bleeding, one with vague epigastric
distress, and two tumours were incidental
findings at laparotomy for other lesions. All
were considered benign. One of our recent
cases is reported below.

Case Report

A.S., a 68-year-old Italian man was admitted
to hospital on July 30, 1971 with the diagnosis
of chronic pulmonary fibrosis. He also com-
plained of epigastric discomfort of undeter-
mined duration. There had been no evidence
of gastrointestinal bleeding at any time.

Physical examination was essentially nega-
tive. Admission hemoglobin was 13.3 g/100
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TAELE |.—Authors’ Series of Cases
Age . Tumour size
Case Sex (years) Presenting symptom (cm) Treatment
HM. .o, M 71 Melena 5 isi
MA. F 28 Hematemesis 3 tg&f‘;‘} g;«c::g:gﬂ
BT, F 69 Incidental 25 Local excision
Xineu_rysmectomy)
k ES ..................... K/I gg ES%”;'QHC discomfort Z Local excision
M.G...cocoveve. F 43 Incidental 1 ES@;E'%{&SS?S#O”

(cholecystectomy)

ml. Three gastric washings were negative for
malignant cells. Fasting gastric pH was 2.5.
Chest radiograph revealed bilateral pulmonary
fibrosis involving the mid-lung fields with
pleural thickening over the right apex.

An upper gastrointestinal series on August
11 disclosed a large filling defect situated post-
eriorly in the distal part of the stomach and
measuring approximately 4.5 cm in diameter.
It appeared fixed to the posterior wall without
an evident stalk (Fig. 1). No ulceration was
noted on its surface. Repeat barium meal
examination on August 13 confirmed the ini-
tial findings.

Fig. 1—Patient AS. Spot film of barium meal
showing a filling defect in the gastric antrum.

Gastroscopy was carried out on August 16
under local anesthesia. A polypoid lesion,
measuring 4 cm in diameter, was seen in the
antrum proximal to the pyloric canal. This
was sessile and appeared to be located in the
submucosa. There was no evidence of ulcera-
tion of the overlying mucosa. The lesion ap-
peared to move quite well with peristalsis. The
remainder of the stomach was normal. Biopsy
was not taken due to difficulty in stabilizing
the lesion because of its extreme mobility.

It was the final impression that this was
either a benign submucosal tumour such as a
leiomyoma or lipoma, or possibly a slowly
growing lymphoma or reticulum cell sarco-
ma. In view of the patient’s pulmonary con-
dition, it was thought that operation should
not be carried out at this time, but that follow-
up radiographs be taken to detect any change
in the size of the lesion.

The patient was readmitted on November
6, 1971 after a follow-up barium meal exam-
ination had indicated possible increase in the
size of his lesion. There was no change in his
symptomatology or physical findings and no
evidence of gastrointestinal bleeding. After
repeat consultation it was concluded that this
patient was in satisfactory condition from the
pulmonary standpoint to undergo operation.

On November 10, 1971 laparotomy was car-
ried out through a left upper paramedian in-
cision. A fairly large, firm, discrete, local-
ized tumour was found arising in an exogastric
fashion from the posterior wall of the greater
curvature in the region of the antrum (Fig.
2). The lesion was mobile and there was no
evidence of secondary involvement in either
the regional nodes or the liver. Because of the

Fig- 2—Patient. A.S. The exogastric, bosselated
tumour mass arising from the posterior aspect of
the greater curvature. Note the dilated veins on
the Surface of the tumour.
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Fig. 3.—Patient A.S. Gross appearance of the
operative specimen. The tumour is completely in-
tramural and well circumscribed. The overlying
mucosa and the surrounding serosa are intact.
The sectioned surface is wet and smooth without
any evident trabeculations. It is irre?ularly white
and tan in colour with many areas of recent hem-
orrhage.

uncertain nature of the tumour and the fact
that there were large dilated veins over its
surface, a sleeve type of gastric resection was
carried out, removing the tumour and a por-
tion of stomach on either side, followed by
an end-to-end anastomosis to restore conti-
nuity.

The patient had an uneventful postoperative
recovery and was discharged from hospital on
November 20, 1971.

The pathologist described a 10-cm segment
of stomach containing a 4-cm circumscribed
globular tumour protruding outwardly from
the gastric wall and completely covered by
serosa. The outer surface was somewhat bosse-
lated. The tumour was confined entirely to
the gastric wall. The overlying mucosa was
not involved and was not ulcerated. On cross-
section the tumour appeared to arise in the
external muscle layer and was soft, pale, he-
morrhagic and moist (Fig. 3).

The histological diagnosis was leiomyoblas-
toma or bizarre smooth muscle tumour of the
stomach.

Pathology
Gross Features

All six tumours were discrete, nodular,
well-circumscribed masses which measured
from 0.8 to 7.0 cm in greatest diameter and
were located within the gastric wall. The
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sectioned surfaces were wet, glistening and
varied in colour and appearance. They were
pale, tan-pink to white, with occasional inter-
lacing trabeculations suggestive of a smooth
muscle tumour. Some showed small areas of
hemorrhage. In all cases the overlying mu-
cosa was intact and uninvolved, despite the
occurrence of bleeding in three cases.

Histological Appearance

In patient J.E., although grossly the no-
dule was discrete, it irregularly infiltrated
the muscle coat of the stomach for short
distances and separated normal muscle fi-
bres of the gastric wall. The other five tu-
mours were all round or bosselated and had
formed a pseudocapsule of varying thickness
suggesting a slow expansive growth.

With minor variations, the histology was
similar in all six cases. All contained sheets
of mildly to moderately pleomorphic cells
with well-delineated cytoplasmic borders
and granular, vacuolated or completely clear
cytoplasm, resembling an epithelial syncyti-
um (Fig. 4). The nuclei were vesicular with

Fig. 4.—Microscopic section showing sheets of
clear, vacuolated and pink-granulated cells with
well-delineated cytoplasmic borders and more or
less regular vesicular nuclei with prominent nu-
cleoli & E x 280).



108 THE CANADIAN JOURNAL OF SURGERY Vol. 17

Fig. 5.—Microscopic section showing a mixture

of spindle and dear epithelioid cells with focal
lymphocytic infiltrate in a loose edematous stroma
(H & E x 280).
a small nucleolus. Some were hyperchroma-
tic and of somewhat bizarre shape. All tu-
mours, in addition, contained spindle cells
with or without transitional forms between
spindle and epithelioid cells (Fig. 5). Most
spindle cells had vesicular nuclei, with the
occasional spindle cell nucleus revealing the
characteristic shape of a mature, smooth
muscle nucleus with straight borders, and
blunt edges and corners resembling the
shape of a cigarette. All tumours were very
vascular and showed some sprinkling by
lymphocytes or follicular aggregates of lym-
phocytes with occasional plasma cells (Fig.
5).

In none of the six cases, including Case
J.E. in which the growth was infiltrative,
were there any noticeable mitoses. The
relative absence of mitotic figures is gen-
erally considered to be an important his-
tological feature of these tumours.1

Electron micrographs were prepared from
formalin-fixed tumour tissue of Case M.G.
(Fig. 6). The tumour cell nuclei showed
deep infoldings of their membrane, which is
a characteristic feature of smooth muscle

Fig. 6.—Electron photomicrograph of two ad-
joining cells. The nuclei show deep infoldings of
their membrane and a prominent nucleolus which
are characteristic features of smooth muscle nu-
clei. A basal lamina (basement membrane) nor-
mally present in smooth muscle at the cytoplas-
mic borders between cells is not present. Several
mitochondria cluster around the nuclei. Numer-
ous bundles of filaments are arranged longitudi-
nally parallel to the long axis of the nucleus and
cell. They are in parts separated and distorted by
large empty clear spaces without bordering mem-
branes (x 12,000).

nuclei. A basal lamina, normally present in
smooth muscle nuclei, was absent from all
cells examined. Numerous myofibrils were
present in all cells. Large irregular and round
empty spaces devoid of any structural bor-
der or lining were evident in many cells.
They are believed to be artefacts of slow
formalin fixation (Fig. 6).

The nature of the tumour cells as altered
smooth muscle is recognizable only in elec-
tron micrographs, which consistently reveal
the presence of myofibrils.8 9 Myofibrils
cannot be recognized in light microscopic
sections and evidence of their derivation
from smooth muscle by light microscopy
alone is only circumstantial. They originate
in sites which normally contain smooth
muscle and sometimes one or another cell
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Fig. 7.—Frozen section of tissue block corres-
ponding to the formalin-fixed tissue section illus-
trated in Fig. 4. Note the complete absence of
“clear cells” (polychrome methylene blue stain x
440).

exhibits a nucleus with the characteristic
features of a mature smooth muscle nucleus
(see above).

Comog8 suggests that the cytoplasmic
clear zones, which are so characteristic of
leiomyoblastomas as seen by light micro-
scopy, are an artefact caused by slow fixa-
tion, since they are absent in frozen sec-
tions (Fig. 7) and in tissue prepared by im-
mediate fast fixation for electron micro-
graphy. The large, apparently artefactual,
empty spaces visible within cytoplasm of
the tissue prepared from Case M.G. (Fig.
6) appear to confirm Comog’s suggestion.
This tumour was routinely fixed in 10%
buffered formalin for a period of approx-
imately two hours before a representative
block was cut and fixed in 2% glutaralde-
hyde.

Stout and Lattes10 pointed out that leio-
myoblastomas have probably received a
greater number of erroneous diagnoses than
any other tumour. This circumstance ap-
pears to reflect the rarity of these tumours.
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Once the surgical pathologist is familiar
with the characteristic histological appear-
ances, these tumours usually do not pose a
major diagnostic problem. When attempting
a frozen-section diagnosis he must be aware
of the fact that the characteristic “clear
cells” (Fig. 4) are formalin fixation arte-
facts and are never present in frozen-section
material (Fig. 7).

Like most smooth muscle tumours, the
majority are benign. However, 12% of
the cases reported in the literature metasta-
sized, primarily to the liver and less fre-
quently to regional lymph nodes. The un-
common malignant forms differ from the
benign type only by a higher incidence of
mitoses, which is the morphological mani-
festation of their growth potential.1 Accord-
ingly, the average size of the malignant leio-
myoblastoma is larger.2

Clinical Features

Smooth muscle tumours of the stomach
are relatively uncommon and few surgeons
have extensive experience with them.11
Leiomyoblastoma is of particular impor-
tance since, as indicated above, it is fre-
quently misdiagnosed and may erroneously
be considered a malignant neoplasm. Un-
fortunately frozen-section examination of
these tumours at the time of operation may
not be reliable.

The tumours usually present as circum-
scribed, intramural masses which frequently
project into the lumen or may even be exo-
gastric as in our reported case. Although
the tumour does not directly involve the
overlying mucosa, there may be secondary
ulceration producing hemorrhage. Hemor-
rhage may also occur without actual ulcera-
tion of the mucosa as in three of our cases.

Leiomyoblastoma has a slight preponder-
ance in men with a sex ratio of 9:7. It is
commoner in the older age groups, the
average age being 56.6 years; 84% of pa-
tients are over the age of 40.

The commonest presenting symptoms are
gastric bleeding and secondary anemia. Epi-
gastric discomfort is a less common symp-
tom. Large tumours may be palpable on
clinical examination. Frequently the tu-
mours are found as incidental findings at
laparotomy as in two of our cases.
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Barium meal examination usually reveals
the presence of a filling defect or an intra-
mural tumour mass commonly located in
the antrum of the stomach but also in the
body or the cardia. The tumours are fre-
quently mobile. The adjacent mucosal folds
appear normal and peristalsis is usually
present in the area of the lesion. Frequently
the radiologist will suggest the diagnosis of
a smooth muscle tumour on the basis of
its intramural location, its circumscribed
nature, and the frequent small central ulcer-
ation of the overlying mucosa which may
account for gastric bleeding. However, the
precise histological diagnosis must always
await surgical excision.

Gastroscopy, although carried out in a
few cases, has not yet proved to be a precise
tool in diagnosis.

Treatment of these lesions is always sur-
gical. The majority of them can be treated
by wide local excision although often some
form of gastric resection may be necessary
because of their size or location. The sur-
geon should never hesitate to carry out ex-
tensive resection of even very large smooth
muscle tumours, since even if the lesion
proves to be a leiomyosarcoma, a reason-
ably high five-year survival rate, in the
range of 40%, can be expected.12’ 13 These
tumours rarely metastasize to regional
lymph nodes and do not extend in the sto-
mach wall beyond their gross margins.
Consequently total gastrectomy and en bloc

are not indicated.
not usually radio-
radiotherapy is not
management.

lymph-node dissection
Leiomyoblastomas are
sensitive and therefore
recommended in their
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SUCCESSFUL MESENTERIC ARTERY EMBOLECTOMY WITHOUT
BOWEL RESECTION: A CASE REPORT

W. G. JAMIESON, B.A., M.D., F.R.C.S.fC&Engg, F.A.CS* and R. L. HOLLIDAY,
M.D., London, Ont.

Summary: A case of successful mesenteric ar-
tery embolectomy without bowel resection is
described. Early diagnosis and prompt treatment
are of the essence. Central abdominal pain, a
source for an embolus and fecal incontinence
best suggest the diagnosis. Emergency opera-
tion is indicated with removal of the embolus.

When the correct diagnosis has been made,
the results are extremely gratifying if the em-
bolus is removed before intestinal infarction
occurs.

Resume: Nous presentons ici un cas d'embolec-
tomie de l'artere mesent6rique que nous avons
réussi sans resequer l'intestin. Pour cela, il faut
necessairement poser un diagnostic precoce et
traiter rapidement. Les meilieurs elements du
diagnostic sont une vive douleur abdominale, la
recherche de la source d'un embolus et I'incon-
tinence fecale. Il faut alors intervenir d'urgence
et enlever I'embolus.

Une fois pose un diagnostic exact, les resul-
tats de I'operation sont tres satisfaisants si
I'embolus est enleve avant que ne survienne
I'infarctus intestinal.

Embolic occlusion of the superior mesente-
ric artery was first described in 1843.
Approximately 40% of superior mesenteric
artery occlusions are due to embolism,
usually associated with heart disease and
myocardial infarction.1

The first successful peripheral embolec-
tomy was reported by Labey in 1910.2 In
1951 Klass3 of Winnipeg reported a suc-
cessful superior mesenteric artery embolec-
tomy. Since then 30 cases of superior me-
senteric artery occlusion without bowel re-
section have been described.4-5

The purpose of the present report is to
emphasize the acute symptoms of superior
mesenteric artery embolism and the absolute
necessity for prompt diagnosis followed by
emergency operation.

Case Report

A 67-year-old white man was admitted to
Westminster Hospital, London, Ontario on
March 13, 1970. He had rheumatic heart dis-
ease and had been admitted to hospital many

#Suite 207, 111 Waterloo Street, London, Ont.

times for control of fibrillation, and on one
occasion for myocardial infarction. On admis-
sion to the Cardiac Unit he had auricular
fibrillation and a heart rate of 140/min; blood
pressure was 150/90 mm Hg. Heart murmurs
were audible consistent with mitral insuffi-
ciency, mitral stenosis and aortic stenosis.
Attempts to convert his auricular fibrillation
to sinus rhythm with quinidine were unsuccess-
ful.

On March 23, at 7.30 a.m., he had an epi-
sode of severe abdominal pain and fecal in-
continence. The pain was continuous in the
centre of the abdomen, did not radiate and
was associated with profuse sweating and
peripheral cyanosis. On examination the en-
tire abdomen was tender, no rigidity was
present and bowel sounds were absent. His
blood pressure was 110/70 mm Hg and heart
rate was 120/min. The diagnosis of superior
mesenteric artery embolism was made.

Three hours after the pain began, laparo-
tomy was performed through a midline
abdominal incision. The bowel was grey-
white and contracted from a point 12 inches
distal to the ligament of Treitz to the trans-
verse colon. Pulsations in the mesentery of
this segment of the bowel were absent.

The superior mesenteric artery was ap-
proached through the inferior surface of the
transverse mesocolon. The superior mesenteric
vein was dissected free from the artery and
the latter exposed for about two inches. The
obstruction was readily apparent owing to the
forceful pulsation proximal to the block and
the absence of pulsation distal to it. This area
was controlled between no. 8 rubber catheters.

The first jejunal branch of the superior me-
senteric artery was open and pulsating, and
arterial clamps were placed just distal to it.
The artery was opened by a longitudinal inci-
sion and the embolus, 1 cm x 0.5 cm, was
removed.

The proximal clamp was released and good
blood flow was obtained. The distal clamp was
opened and a no. 4 Fogarty catheter was in-
serted distally but no thrombus was found
beyond the embolus. The distal tree was irri-
gated with heparinized saline (1,000 units in
500 ml of normal saline). After the artery
was closed with 6-0 silk sutures the clamps
were opened. Excellent pulsations were now
evident in the superior mesenteric artery and
the bowel immediately developed a reactive
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pink hue. The abdomen was closed after ob-
serving the intestine for 15 minutes.

The patient’s recovery was straightforward.
Four weeks after the operation the fat con-
tent of a 24-hour stool sample was normal.
He was discharged 47 days after admission,
still fibrillating and on anticoagulants.

D iscussion

Time is of the utmost importance in de-
termining the fate of the patient with a
superior mesenteric artery embolus. In this
case the time interval was three hours but
there is no definite agreement as to when
this “golden time” of possible embolectomy
is past. Some reports of up to 30 hours are
to be found in the literature.

Diagnosis must be immediate and accu-
rate. Some of the diagnostic aids are: (1)
sudden onset of central abdominal pain,
(2) a potential source for an embolus, (3)
forceful emptying of the rectum and (4)
suspicion of the possible diagnosis. Other
than these there are no reliable physical,
laboratory or radiographic findings that are
specific.

The surgical approach is via the base of
of the mesentery of the transverse colon.
Some have favoured the approach through
the gastrocolic omentum and others via the
left paracolic gutter with reflection of the
colon, spleen and pancreas.

The most difficult and worrisome aspect
of this operation is the decision as to the
viability of the bowel at laparotomy. If
there is the slightest chance that the bowel
is viable, attention should be directed to-
ward the artery with the object of accom-
plishing embolectomy or thrombectomy.
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THE MOTOR DEFECT OF ESOPHAGITIS

R. D. HENDERSON, M.B., F.R.CS.[C], F. MUGASHE, B.A.,, M.D,,
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Summary: Esophageal manometric studies were
done on 20 normal subjects and 50 patients with
hiatus hernias to investigate the motor changes
associated with this condition. The motor de-
fect in the patients with hiatus hernias was
compared with the defect produced experimen-
tally in dogs. In the animals, esophagitis was
induced by perfusing the esophagus with a
mixture of bile and acid. In both the human
and the dog studies, it was found that similar
motor changes at the gastroesophageal junction
and in the body of the esophagus were present
in esophagitis. These findings suggest that the
motor defects of hiatus hernia are related to
reflux and esophagitis, rather than to the me-
chanical effects of the hernia.

Resume: Une etude manometrique de I'oeso-
phage a ete entreprise chez 20 sujets normaux
et chez 50 malades souffrant de hernie hiatale.
Ces etudes avaient pour objet de mettre en
evidence les modifications motrices qui accom-
pagnent la pathologie. Le trouble moteur chez
les malades presentant une hemie hiatale a ete
compare au defaut provoque artificiellement
chez le chien. Chez les animaux, nous avons
cree une cesophagite en perfusant I'oesophage
avec un melange de bile et d'acide. Tant chez
I'homme que chez le chien, nous avons constat6
que des modifications similaires au niveau de
la jonction gastro-oesophagienne et dans le
corps meme de l'oesophage accompagnaient
I'oesophagite. Ces diverses constatations laissent
supposer que les defauts majeurs de la hernie
hiatale sont la consequence du reflux et de
I'oesophagite, plutot que des effets purement
mecaniques de la hernie.

Many workers have studied the motor de-
fect present in patients with hiatus
herniasl3 and have shown disordered motor
activity (DMA) in the body of the
esophagus and a reduction in the tone of
the gastroesophageal junction. Although
these major motor defects have been related
to the presence of esophagitis, it has not been
possible in humans to determine how much
of the defect is due to the hiatus hernia and

Reprint requests to: Dr. R. D. Henderson, Room
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how much to associated reflux and esophag-
itis.

To investigate the motor defect of eso-
phagitis, two studies were carried out. The
first was done in 20 normal subjects and 50
patients with hiatus hernias. From this we
concluded that the hiatus hernia was as-
sociated with DMA in the body of the eso-
phagus. These changes were more severe
when esophagitis was present and often
were associated with a fall in the tone of
the high pressure zone (HPZ) and a reduc-
tion in the degree of relaxation in response
to deglutition. In the second study, eso-
phagitis was produced in dogs4 without
hiatus hernias and the secondary motor
defect was correlated with the stage of eso-
phagitis. As esophagitis became more
marked, the dogs developed severe DMA.
In the HPZ there was a fall in tone and a
decrease in relaxation in response to
deglutition. Comparison of the results of
these two studies gives a better understand-
ing of the development of the motor defect
in patients with hiatus hernias and eso-
phagitis. In the dog experiment the motor
defect was secondary to esophagitis alone.
The defect produced is very similar to that
found in humans with a hiatus hernia.

Experiment 1
Material and Methods

Twenty normal subjects were chosen,
none of whom gave a history of esophageal
disease. Each subject had one esophageal
motility examination in the morning after
an overnight fast. The same technique was
used for normal subjects and for hiatal
hernia patients.

Three PE 190 tubes were fused together
with the side openings 5 cm apart. Constant
water infusion was maintained by a mo-
dified 2202 Harvard pump using 220-ml
syringes and infusion at 3.6 ml/tube/min.
Statham P23De strain gauges were used as
sensing devices and a 1508 Honeywell
ultraviolet visicorder as the recording
device.
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A similar study was done on 50 patients
with hiatus hernias. As well as a history of
hiatal hernia disease, all had radiological
evidence of a hernia and esophagoscopy
was carried out on 41 of the 50 patients
during their investigation. The results ob-
tained from these manometric studies were
analyzed and compared and in the hiatal
hernia patients they were also related to the
history of their disease and to the endo-
scopic findings.

Results

Normal subjects. — The HPZ was an-
alyzed to determine the mean high tone and
to quantitate its relaxation. The mean high
tone of the HPZ is the mean high pressure
in the respiratory positive HPZ minus
gastric pressure, or the mean high pressure
in the respiratory negative HPZ minus eso-
phageal pressure (Fig. 1). Relaxation in the
HPZ is expressed as a percentage of tone in
the HPZ as measured immediately before
relaxation.

G+ = MEAN HIGH PRESSURE INH PZ
TONE =GE—-G

RELAXATION % = FHiA¥EM « | f

Fig. 1.—Tone in the HPZ is measured as the
mean high pressure in the respiratory positive
zone of the HPZ minus gastric pressure, or the
mean high respiratory negative pressure minus
the esophageal pressure. Relaxation is measured
in cm H2D and expressed as a percentage of
tone.

Disordered esophageal motor activity
was expressed as the percentage of DMA
present in each examination, counting all
motor waves present.

In the normal subjects the average tone
of the HPZ was 12 c¢cm HoO. In five the
sphincter tone was low (from 7to 9cm H20),
in two it was between 17 and 22 cm H20
and the remaining 13 subjects had a
sphincteric tone of between 10 and 16 c¢cm
HoO (Table 1).

ESOPHAGITIS

113

TABLE |.—Tone of the Gastroesophageal
High Pressure Zone*
Tone Normal subjects Hiatal hernia
{cm H20) {20) patients {50)
0— 6 0 14
7— 9 5 18
10 — 16 13 16
17 — 22 2 2

*Average tone in_normal subjects was 12 cm H20
and in hiatal hernia patients 8.1 cm H20.

TABLE Il.-—Relaxation and Sphincter Tone

% relaxation in

Tom % relaxation in 50 hiatal hernia
{cm H20) 20 normal subjects patients
0— 6 0 11
7— 9 80 47
10 — 16 72 61
17 — 22 84 63

*Average relaxation in normal subjects (96 swallows)
was 75%; in hiatal hernia patients (113 swallows) it
was 54%.

Relaxation in the HPZ in response to de-
glutition averaged 75% of tone in 96 re-
corded swallows (Table I1). In two-thirds
of all swallows the relaxation was greater
than 70%. The percentage relaxation did
not alter in relation to the tone of the HPZ,
although the absolute relaxation was less in
subjects with a low-tone HPZ than in those
with a high-tone HPZ.

Disordered motor activity as indicated
in the body of the esophagus was always
less than 15% of the recorded motor waves
in the normal subjects.

Patients with hiatus hernias—Data were
analyzed in the same way as for normal
subjects. The tone of the HPZ in this group
averaged 8.1 cm HoO (Table I). In 14
patients the tone was from 0 to 6 cm HoO.
This very low tone was not seen in normal
subjects.

In 113 recorded swallows, percentage re-
laxation of the HPZ in response to degluti-
tion averaged 54%. In sharp contrast to
normal subjects the percentage relaxation in
hiatal hernia patients decreased as the tone
of the HPZ decreased; patients with a low-
tone HPZ had a very low percentage relaxa-
tion (Table II).

The frequency of DMA in the body of
the esophagus varied considerably from
less than 10% up to 90% of recorded
swallows. More than 50% DMA was found
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in all patients with HPZ tone of less than
6 cm H20.
From the clinical history of reflux, four

stages were recognized: Stage |—minimal
infrequent symptoms; Stage Il—moderate
symptoms, no complications; Stage Ill—

severe symptoms, no complications; Stage
IV—severe symptoms, night aspiration or
mechanical stricture.

Applying this classification, patients with
a history of severe heartburn had a low-
tone HPZ.

Esophagoscopy was performed on 41
patients withs hiatus hernias. Esophagitis
was staged as follows: Stage 0—no eso-
phagitis, Stage I|—erythema, Stage 11—
superficial ulceration, Stage Ill—deep
ulceration and Stage IV—stricture.

When the tone of the HPZ was related
to the stage of esophagitis, Stages 111 or IV
were found only in those patients with a
low-tone HPZ.

Experiment 2

In the second study we examined the
effect of esophagitis upon the body of the
esophagus and the gastroesophageal junc-
tion in 11 normal dogs.

Previously5 we had developed a tech-
nique that allowed us to produce controlled
esophagitis and, wusing repeated mano-
metric examination, we are able to follow
the motor changes in the esophagus during
the development and healing of esophagitis
in the dog.

Material and Methods

Eleven adult dogs, average weight 15 to
20 kg, were studied. Each dog was trained
to swallow esophageal motility tubes and to
lie quietly during the study. The techniques
of continuous perfusion and of recording
were the same as in the first experiment.
Each dog had three normal motility runs
before esophagitis was produced.

Esophagitis was produced by a conti-
nuous drip into the esophagus through a
PE 320 tube introduced through the mouth,
while the animals were lying quietly sedated
by Innovar.

The solution was introduced into the
esophagus over a four-hour period daily for
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between 15 and 30 days.®’8 The dogs were
divided into three major groups:

Group /.—Two dogs, saline drip to the
mid-esophagus.

Group Il.—Four dogs, 50 ml 0.1N HC1
and 50 ml of bile. The drip was given 3 cm
above the gastroesophageal junction.

Group I11.—Drip given to the mid-
esophagus, divided into three subgroups: (a)
two dogs, 50 ml 0.IN HC1 and 50 ml of
dogs’ bile—sacrificed at 13 and 18 days re-
spectively; (b) two dogs, 50 ml 0.1N HC1
and 50 ml of dogs’ bile dripped for 21 days,
followed to complete resolution of the
esophagitis (15 days) and then sacrificed;
(c) one dog, 50 ml 0.1N HC1 and 50 ml gly-
cholate (1%) dripped for 21 days, followed
to complete resolution of the esophagitis
(15 days) and then sacrificed.

Esophageal manometry and esophago-
scopy and biopsy were carried out at three-
day intervals during the study. The dogs
were sacrificed and autopsies were per-
formed at its conclusion. All biopsies and
tissues taken at autopsy were examined by
an independent pathologist.

Results

Group |—The saline-dripped dogs did
not develop endoscopic or histological
evidence of esophagitis. On manometry,
no changes were observed in the body of

the esophagus or at the gastroesophageal
junction.

Group Il.—Three of the four dogs in
this group developed Stage Ill esophagitis
at the gastroesophageal junction after 10 to
12 days and one by the eighteenth day.

The tone of the gastroesophageal junc-
tion,10 measured by subtracting the mean
gastric pressure from the mean high
gastroesophageal junctional pressure (Fig.
1), did not alter immediately. The tone
began to fall as Stage Il esophagitis devel-
oped and continued to fall until Stage 111
esophagitis was reached.

With relaxation and contraction at the
gastroesophageal junction, the deglutition
complex was also altered. Relaxation at
the gastroesophageal junction was measured
both directly in centimetres of water and
as a percentage of the tone of the gastro-
esophageal junction (Fig. 2). During the
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Fig. 2.—Relaxation at the gastroesophageal
HPZ — the effects of bile drip. The percentage
relaxation in the HPZ fell early in the study
before visible esophagitis developed. The fall in
percentage relaxation then slowly continued until
Stage Il esophagitis was reached.

experiment there was an immediate fall
in relaxation which was noted at the time
of the first manometric study. The reduc-
tion in relaxation continued as the experi-
ment progressed, but the change was not
as marked in the remainder of the study.
There was no significant change in the du-
ration of relaxation, or in the amplitude

NORMAL

(IAS + GE TONE)

HIATUS HERNIA
(LOSS | A'S -NORMAL TONE)

REF1UX

BILE ACIDS [
N >*» ESOPHAGITIS
HOL

10 I ,

MOTOR DEFECT

| -1 N
DMA SPHINCTER
(POOR EMPTYING) 1 TONE

Fig. 3.—Production and effect of reflux. The
dogs in Group Mb and Illc developed esophagitis
and the DMA progressed as in Group llia. After
21 days the drip was stopped and the esophagitis
resolved. With the resolution of the esophagitis,
DMA decreased to its pre-drip normal level.
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and duration of the contraction phase of
deglutition.

Group IlIl.—In all the animals in this
group, as esophagitis developed, a major
motor defect also developed in the body
of the esophagus: DMA, estimated by
counting the number of simultaneous motor
waves, reached a maximum when Stage
Il esophagitis was reached. In subgroups
(b) and (c) the dogs were allowed to re-
cover by stopping the drip. As the esoph-
agitis resolved, the motor defect com-
pletely regressed to the pre-drip normal.

Discussion

In both studies motor changes were seen
in the esophagus. Each of the human sub-
jects had a hiatus hernia but the motor
defect in these patients was more severe
in those who also had esophagitis. The dogs
did not have hiatus hernias but with the
production of Stage Il esophagitis, motor
changes developed similar to those seen in
humans.11 The major parameters of motor
changes were DMA in the body of the
esophagus and tone and relaxation in the
HPZ.

The importance of these motor changes
in patients with hiatus hernias becomes
evident when one considers what happens
in a hiatus hernia with reflux (Fig. 3). The
normal subject has many possible antireflux
mechanisms, but probably the most impor-
tant are the HPZ and the intra-abdominal
segment (IAS) of the esophagus. When a
hiatus hernia is present, the IAS of the
esophagus is lost and the gastroesophageal
HPZ is left as the major barrier to reflux.
Reflux, when present, may produce esoph-
agitis. From previous studies we concluded
that the quality of the refluxed bolus was
important because we could produce
esophagitis more readily by a drip of bile
and HC1l combined than with bile or acid
alone.

The present study shows that two of the
major motor defects of esophagitis are
DMA of the body of the esophagus and a
reduction in tone of the HPZ. In human
studies DMA has been shown to be as-
sociated with delayed emptying of the esoph-
agus.12- 13 Delayed emptying exposes the
esophagus to the refluxed bolus for a



116

longer period and potentially increases the
irritative effect of the reflux.

Decreased tone in the HPZ reduces the
major barrier to reflux and potentially will
increase reflux. These two factors, once
activated, tend to increase reflux progressiv-
ely and decrease the emptying time of the
esophagus, resulting in more severe esoph-
agitis.

Summary

In Experiment 1, 20 normal subjects and
50 patients with hiatus hernias were studied.
The hiatal hernia patients had motor de-
fects which were more severe if esophagitis
was also present. The body of the esoph-
agus showed a variable frequency of dis-
ordered motor activity from 10% to 90%.
In those patients with Stage 111 or Stage IV
esophagitis the frequency of disordered
motor activity was always greater than
50%.

In the group with a history of severe
reflux or endoscopic findings of Stage IlI
esophagitis, the tone of the gastroesophageal
high pressure zone was always decreased.

In the high pressure zone of the hiatal
hernia patients there was a decrease in
relaxation in response to deglutition. Re-
laxation averaged 54% compared with
75% in normal subjects. This reduction
was more marked in those with Stage Il
esophagitis and a low-tone high pressure
zone.

In Experiment 2, 11 dogs were studied.
Esophagitis was not produced in the two
dogs who received a saline drip and there
was no motor defect. In the other nine
animals we produced esophagitis at the
gastroesophageal junction or in the body
of the esophagus. The body of the esoph-
agus developed progressive disordered mo-
tor activity which increased to affect at
least 80% of the recorded motor waves
when Stage 111 esophagitis developed. When
the drip was stopped and the process
allowed to resolve, the esophagitis totally
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cleared and disordered motor activity sub-
sided to zero. When Stage Il esophagitis
was produced at the gastroesophageal
junction, the tone of the high pressure zone
fell progressively until it was less than 25%
of the pre-drip level. Associated with the
fall in tone, there was a fall in relaxation at
the high pressure zone in response to degluti-
tion. The relaxation declined sharply
to an average of 70% at Stage | esophagitis,
then more gradually until it reached ap-
proximately 50% of the pre-drip level at
Stage 111 esophagitis.
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PRIMARY LYMPHOSARCOMA OF THE LUNG: A CASE REPORT
AND REVIEW OF THE LITERATURE*

PAUL N. THIESSEN, B.Med.Sc. and C. M. COUVES, M.D., F.R.C.S.[Edin. &C],
F.A.CS., F.A.C.C., Edmonton, Alta.

Summary: A survey of the literature shows
that fewer than 100 cases of primary lympho-
sarcoma of the lung have been reported to
date. To be accepted as primary lymphosarco-
ma the lesion must be confined to one lung
without mediastinal or distant disease. One-
half of patients reported in the literature had
respiratory symptoms preceding diagnosis of
their disease. Of the others, approximately
one-third were asymptomatic at the time of
diagnosis, Radiological findings are non-speci-
fic, and the most common presentation is dif-
fuse lobar involvement with indistinct margins.
A preoperative diagnosis is not possible in
the majority of patients. Treatment has in-
cluded surgical excision, radiotherapy, or both.
Five-year survival rates are 43.9% with opera-
tion and 41.6% with radiotherapy. This survival
rate increases to 46.2% when radiotherapy is
combined with operation. The case report of
a patient with primary lymphosarcoma, who
presented at the University of Alberta Hospital,
Edmonton in 1972, is included.

Resume: D'apres une revue de la litterature, on
a jusqu'ici rapporte un peu de moins de 100
cas de lymphosarcome primaire du poumon.
Pour etre acceptee comme telle, la lesion doit
etre limitee a un seul poumon, sans etre ac-
compagnee d'une atteinte du mediastin ou d'une
pathologie a distance. La moitie des malades
signales dans la litterature presentaient des
symptomes respiratoires avant le diagnostic.
Environ un tiers des autres etaient asymptoma-
tigues au moment du diagnostic. Les signes ra-
diologiques ne sont pas specifiques et l'image
la plus frequente est une atteinte lobaire dif-
fuse, dont les marges sont vagues. Chez la ma-
jorite des malades, il est impossible de poser
un diagnostic preoperatoire. Le traitement com-
porte une excision chirurgicale, la radiotherapie
ou les deux modes therapeutiques. La survie de
cing ans est de 43.9% chez les operes, et de
41.6% avec l'irradiation. Le taux de survie aug-
mente a 46.2% quand les deux traitements sont
combines. On trouvera egalement dans le present
article la presentation d'un malade atteint de

*From the Department of Sur er){ University of
Alberta and the University of Alberta Hospital,
Edmonton, Alta.

Reprint requests to: Dr. C. M. Couves, 11-101
Clinical Sciences Bmldlng, University of Alberta,
Edmonton, Alta. T6G 2G3.

lymphosarcome primaire qui
1972, a I'Hopital
Edmonton.

a ete admis, en
universitaire de I'Alberta, a

Primary lymphosarcoma of the lung is a
rare entity. Recently a patient with this con-
dition presented at the University of Alber-
ta Hospital, Edmonton. This report presents
the findings in the case and a review of the
literature.

Case Report

The patient, a 67-year-old white woman,
was admitted because at routine radiological
examination at a mobile tuberculosis unit on
March 30, 1972 she had been found to have
an asymptomatic mass in the left lung field.

The patient had no respiratory or cardio-
vascular symptoms at the time of her admis-
sion, apart from paroxysmal tachycardia and
occasional palpitations. One sister had died of
pulmonary tuberculosis 20 years earlier. She
was a non-smoker. Her medical history in-
cluded the occurrence of long-standing Ray-
naud’s phenomenon, stress incontinence, re-
curring bladder infections and severe super-
ficial bilateral varicosities. Her weight was
constant at 165 Ibs.

Clinical examination of the respiratory sys-
tem was negative. There were no palpable
lymph nodes. Her blood pressure was 200/90
mm Hg. An ejection click could be heard at
the apex, and a grade I1/V1 ejection systolic
murmur was present which radiated to the
neck. Apart from total blindness in the left
eye and a nominal aphasia, the remainder of
the physical examination disclosed no abnor-
mal findings.

The results of laboratory investigation on
admission were as follows: hemoglobin 12 g/
100 ml, leukocytes 5,300/cmm with a normal
differential count, sedimentation rate 26 mm
in one hour, blood glucose 97 mg/ 100 ml, uric
acid 4.7 mg, blood urea nitrogen 19 mg, crea-
tinine 0.7 mg, bilirubin 0.5 mg and total pro-
tein 6.9 g/100 ml. The SGOT level was nor-
mal at 23 units/ml. The LDH and alkaline
phosphatase values were within normal limits.
Cultures of expectorated specimens were nega-
tive.

Radiological examination showed an ill-de-
fined “water density” lesion in the posterior
segment of the lower lobe of the left lung,
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Fig. 1L.—Frontal projection of the chest showing
an ill-defined lesion measuring approximately 5
x 8 cm in the lower portion of the left lung.

which measured approximately 5x8 cm (Figs.
1 and 2). The mass had indistinct margins fad-
ing into contiguous lung tissue with no evi-
dence of an air bronchogram effect. Both
these features were thought to be characteristic
of an interstitial consolidation. Tomography
revealed no hilar or mediastinal lymph-node
enlargement. A 111 lung scan revealed an
area of decreased activity in the left lower
lobe corresponding accurately to the size and
location of the lesion on the plain roentgeno-
gram. Liver, spleen and brain scans showed
no evidence of tumour involvement in these
organs.

Fig. 2.—Lateral projection of the chest confirm-
ing the size and location of the tumour.

The electrocardiogram was normal and the
electroencephalogram showed only a mild
grade | dysrhythmia with no focal abnorma-
lities. Pulmonary function studies showed a
total lung capacity of 4.84 1 a vital capacity
of 3.26 1 and a residual volume of 33%. The
forced expiratory flow from 0 to 25% was
48 1or 87% of the estimated normal value,
and alveolar Pco2 was 34 mm Hg. Broncho-
scopy revealed no evidence of endobronchial
disease.

An operation was performed on May 15,
1972 when, through a fifth interspace post-
erolateral approach, the mass could be readily
palpated in the central portion of the left
lower lobe. A left lower lobectomy was per-
formed. An immediate frozen section revealed
that the tumour was a lymphosarcoma, with
a uniform appearance of mature lymphocytes
and no follicle formation (Figs. 3 and 4).

The patient’s recovery was satisfactory and
she was discharged on the eleventh postoper-
ative day.

Discussion

The first case of primary lymphosarcoma
of the lung was reported by O’Donnelll in
1926, and a survey of subsequent literature
shows that this remains a rare entity. This
is in contrast to pulmonary involvement
secondary to generalized lymphosarcoma
which according to Robbins2 occurs in ap-
proximately 7% of patients with malignant
lymphoma. Ergin and KemlerO reported 27
cases of primary pulmonary lymphosarcoma
in a literature search they conducted in
1960. In 1965 Papaioannou and Watson,4
in an excellent appraisal of primary lympho-
ma of the lung, reported 77 cases in the
literature to that date. In 1969 Gautam5
reported an accumulative total of 80 cases
of primary lymphosarcoma to that date. The
additional reports since that time would give
a total of fewer than 100 cases.

There remains some confusion in the
literature in recording the true incidence of
this condition. Some clinicians have re-
ported patients with primary lymphosarcoma
in the presence of mediastinal or distant
lymph-node involvement. Furthermore, the
nomenclature used to designate this tumour
has varied. The classification most common-
ly used today is that of Jackson and ParkerQ
put forward in 1947. In 1965 Papaioannou
and Watson4 of the Sloan Kettering Cancer
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Fig. 3.—Microscopic section of the excised tu-
mour mass showing uniform appearance of ma-
ture lymphocytes with no follicle formation (H
& E x 100).

Fig. 4.—View showing a uniform appearance of
mature lymphocytes (H & E x 169).
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Center conducted a careful search of the
literature from which they concluded that
a total of 93 cases of primary lymphoma of
the lung had been reported to that time
(these included seven patients with primary
lymphoma of the lung treated at Sloan Ket-
tering). The total comprised 77 cases of
primary lymphosarcoma and 16 cases of
primary reticulum cell sarcoma.

The criterion for inclusion in their series
was confinement of the lesion to one lung,
with or without hilar involvement but with-
out mediastinal disease. Patients suspected
of having secondary lymphoma of the lung
were excluded. Also excluded were reports
from the literature in which insufficient in-
formation for adequate classification was
present, and those cases which were found
incidentally at autopsy. They found 149
cases reported as primary lymphoma of the
lung but 55 cases failed to meet their crite-
ria and were excluded.

In the 77 cases of primary lymphosarco-
ma reviewed, the average age of patients
was 52.9 years compared with 42.6 years
in the 16 cases with primary reticulum cell
sarcoma.

In approximately half the patients respi-
ratory symptoms preceded the discovery of
the disease by months or years. The most
common symptoms were cough, chest pains
and recurrent respiratory infections. How-
ever, one-third of the patients were asymp-
tomatic and the lesion was discovered in
routine chest roentgenograms. Our patient,
as noted, was without respiratory symptoms.

Primary lymphoma of the lung originates
from lymphoid tissue present subpleurally
in proximity to pulmonary veins and bron-
chi or in the lung parenchyma itself. Stern-
berg, Sidransky and Ochsner7 point out that
lymphoma cells do not spread by intra-alve-
olar extension but rather by spread within
alveolar septa. Though it grows diffusely,
the primary lymphoma usually does not in-
filtrate or obstruct the lumen of vessels or
bronchi. The absence of infiltration or ob-
struction is undoubtedly the main reason
why the diagnosis of primary lymphoma of
the lung is difficult to make before oper-
ation.

Radiological findings in primary lympho-
ma are non-specific. The size of the lesion
varies greatly, and it may be associated with
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hilar densities characteristic of lymphade-
nopathy. It may appear as a single, poorly
defined mass in the parenchyma, near the
hilus or subpleurally. The most common
radiological presentation of the lesion is
diffuse lobar involvement with indistinct
margins. As bronchi are seldom compro-
mised by the tumour mass, patent bronchi
may occasionally be seen coursing through
the substance of the lesion. When the tu-
mour is near the pleural surface it may
produce a pleural reaction with adhesion or
pleural fluid. The lesions have been ob-
served to cross interlobar fissures with in-
volvement of adjoining lobes.

The usual absence of bronchial involve-
ment is probably responsible for the high
incidence of negative bronchoscopic exam-
inations. In more than 50% of the patients
with primary lymphoma of the lung no ab-
normal findings were noted at broncho-
scopy. However, in a number of cases
bronchial erythema accompanied by some
edema and stenosis was noted. Biopsy of
these erythematous areas usually reveals
characteristics of chronic inflammation only.
Papaioannou and Watson4 found only four
cases where a diagnosis of malignancy, and
one case where a diagnosis of lymphoma,
was obtained from bronchial biopsy.

Because the bronchial mucosa is not in-
volved, exfoliative cytology has been of
little value in establishing a diagnosis.

The actual pathogenesis of lymphosarco-
ma has been the subject of some contro-
versy. Baron and Whitehouse8 express
doubt that the lesion is malignant from the
start, and consider that it may merely be a
degeneration of a benign lymphoma. Saltz-
stein0 believes that many lymphosarcomas
represent benign inflammation of “pseudo-
lymphomas”, rather than truly malignant
lymphomas.

Gautamr reported a slight preponderance
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of females with this disease, and observed
that its occurrence bears no relation to en-
vironment, occupation or chronic lung dis-
ease.

Papaioannou and Watson4 reported a
five-year survival rate of 46.7% in primary
lymphosarcoma of the lung. They compare
this with the five-year survival rate of
54.5% in primary lymphosarcoma of the
head and neck, and 24% in primary lym-
phosarcoma of the small intestine.

Treatment of this condition has included
surgical excision (either lobectomy or pneu-
monectomy), radiotherapy or both. In the
series of Papaioannou and Watson the five-
year survival rate was 43.9% with oper-
ation. This compares favourably with the
survival rate with radiotherapy, which was
41.6%. When radiotherapy was combined
with surgery the survival rate was increased
to 46.2%.
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BOOK REVIEWS

ATLAS DER GYNAKOLOGISCHEN OPE-
RATIONEN. Unter Beriicksichtigung gyna-
kologische-urologischer Eingriffe. 3rd ed. O.
Kaser, F. A. llkle and H. A. Hirsch. 593 pp.
Illust. Intercontinental Medical Book Corp.,
New York; Georg Thieme Verlag, Stuttgart,
1973. DM 248,00. $102.55 (approx.).

This large and impressive volume has been
produced with all the care one has come to
associate with this eminent German publishing
house. The selection of paper, the binding, the
clarity of the print and the excellence of the
illustrations attest to the publishers’ intention
to spare nothing to make this an outstanding
and authoritative text. They and the authors
deserve congratulations for their success.

The subject matter covers all the standard
gynecological procedures and includes as well
descriptions of such modern subjects as vac-
uum curettage and the use of hypertonic saline
in abortion, laparoscopy, the Shirodkar cer-
clage and the Williams operation utilizing the
labla majora in cases of congenital absence of
the vagina. There is a detailed section on tubo-
plasty and reimplantation of the tubes in cases
where tubal obstruction is responsible for in-
fertility. It is gratifying to see included steps
designed to overcome difficulties in awkward
situations: hemisectomy of the uterus when
its size causes trouble at vaginal hysterectomy,
myomectomy as a preliminary to abdominal
hysterectomy when the myomata are unduly
large, and subtotal hysterectomy followed by
excision of the cervix when the pelvic organs
are unduly fixed.

There are clear accounts of repair of her-
nia, of breast surgery, of bowel resection and
of urological operations which the gynecologist
may be called upon to perform unexpectedly.

The illustrations make this a valuable refer-
ence work even for those with only a rudimen-
tary knowledge of the German language, to
be consulted with profit the evening before an
operation thought likely to be complicated.

A. W. Andison

INTERMEDIARY METABOLISM OF THE
LIVER. Edited by Henry Brown and David
F. Hardwick. 187 pp. Hlust. McGraw-Hill
Ryerson Limited, Toronto; Charles C
Thomas, Publisher, Springfield, 111, 1973.
$12.75.

This book was written following a conference
on intermediary metabolism of the liver, spon-
sored by the Harvard Medical and Surgical
Services, Boston City Hospital. The first three
chapters deal with the role of the liver in spe-
cific aspects of protein, lipid and carbohydrate
metabolism. In the chapter “Metabolic Studies
Following Orthotopic Liver Transplantation”,
Dr. Starzl demonstrates that the two liver pro-

teins studied retain the phenotype of the donor.
This makes it possible to use these proteins as
indicators of graft function and also opens new
vistas of therapy for liver-based metabolic
disorders. The role of hepatic adenosine tri-
phosphate deficiency in various disease states
is discussed. Experimental models of fructose-
and methionine-induced hepatic ATP depletion
are discussed with their implications for patho-
genesis and treatment. There is a review of
ammonium metabolism in liver disease and a
discussion of the present status of therapy for
this disorder. The final chapter deals with
the clinical methods used in support of ful-
minant hepatic failure.

This is probably not a book that will be
widely read by practising surgeons. Neverthe-
less it is well-referenced and will be of interest
to those engaged in hepatic research and those
whose primary interest is hepatology.

R. M. Stone

Toronto General Hospital,
Toronto, Ont.

REHABILITATION OF THE FACIALLY
DISABLED. Prevention of Irreversible Psy-
chic Trauma by Early Reconstruction. J. J.
Longacre. 124 pp. lllust. McGraw-Hill Ry-
erson Limited, Toronto; Charles C Thomas,
Publisher, Springfield, 111, 1973. $14.75.

This monograph is a plea by an experienced
surgeon for early reconstruction of facial de-
formity to prevent irreversible psychic trau-
ma. Quite correctly he points out that though
facial disfigurement is rarely physically dis-
abling, the psychological and socioeconomic
ramifications reach much further than those of
the physically handicapped.

The "book is very short and can be read in
one evening. The first section deals with early
reconstruction after trauma such as is seen
in war wounds and motor vehicle accidents.
The second discusses and emphasizes imme-
diate reconstruction after ablative cancer sur-
gery of the head and neck. Many examples
are given showing the psychic damage to peo-
ple by making them facial mutilees. Cure of
the cancer without reconstruction may destroy
the patient’s entire ego. Technical details in
these two sections are only briefly discussed
but are based on the usual plastic surgery prin-
ciples.

The next section deals with early correction
of congenital facial deformities such as Crou-
zon’s, Apert’s and the first and second bran-
chial arch deformities by repeated onlay grafts
of ribs. The work of Tessier and others has
now made most of these techniques invalid
but the principle of early treatment before the
child is fully grown to prevent irreversible psy-

(Continued on page XXXII)
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chic damage remains true. A short chapter on
the behaviour of rib grafts has little basic sci-
entific proof but the 20-year follow-up of
many cases, including radiographic evidence,
together with discussion by the author of ex-
perience with over 1,000 cases of rib onlay
grafting demand the acceptance that free bone
grafts do, in fact, fulfil the purpose of their
design.

An unusual feature of this book is two chap-
ters by Dr. Thelma Brown. She was a success-
ful, attractive psychologist severely disfigured
in a motor vehicle accident who describes the
mental changes gone through before, during
and after rehabilitation by facial reconstruc-
tion in a section “The Ego in Distress”. Dr.
Brown also gives a format for numerical evalu-
ation of the ego functioning level related to
the body image.

It would be too easy to adversely criticize
this book. All the many photographs are black
and white with little control of lighting or
position. Thus, colour texture differences and
many scars cannot be appreciated. Not all
cases shown live up to the author’s claim of
complete restoration to normal. However, this
book should be read by all who are called
upon to deal with congenital, traumatic or ia-
trogenic facial deformity whether they believe
in early reconstruction or not.

I. R Munro

The Hospital for Sick Children,
Toronto, Ont.

OUTPATIENT SURGERY. Edited by George
J. Hill, 1I. 1079 pp. IBust. W. B. Saunders
Company, Philadelphia; W. B. Saunders
Company Canada Limited, Toronto, 1973.
$28.85.

It is a delight to see a surgical textbook that
reverses the trend to greater and more costly
surgical care by stressing that which can be
done safely, reasonably and at much less cost
of money, personnel and facilities on an out-
patient basis. The book covers outpatient sur-
gery in its widest sense including anesthesia,
ophthalmology, otorhinolaryngology, podiatry,
obstetrics and gynecology. Twenty-four of the
27 authors are from the Denver, Colorado
area. They emphasize the diagnosis and man-
agement of outpatient problems as well as the
preoperative and postoperative outpatient care
of patients requiring hospitalization. There are
very interesting chapters on: organization; de-
sign, function and operation of outpatient
clinics and emergency rooms; outpatient sur-
gery in developing countries; surgery and med-
icine in the field; the unconscious patient; and
excruciating pain. The pictures and diagrams
are excellent.

Although the text is at times wordy and at
times supplies detail more appropriate to a

(Continued from page 122)
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The recovery of patients in shock

is often complicated by a pattern of
deteriorating pulmonary function.
This pulmonary insufficiency pro-
gresses despite restoration of haemo-
dynamic balance and apparent stabili-
zation of the acute episode.

Under conditions of prolonged shock,

lack of oxygen at the cellular level
causes alterations in the oxygen-carbon
dioxide exchange mechanism. These
changes in cell metabolism lead ultimately
to interstitial oedema and perivascular
haemorrhage.1Polymorphonuclear leuko-
cytes aggregate inthe pulmonary capillaries
and obstruct the pulmonary vascular bed.
As these trapped cells break down, they
release lysosomes, tiny subcellular par-
ticles containing proteolytic enzymes.1
These enzymes attack their host cell and

go on to damage or destroy other cells.2
The resulting tissue damage may not Prescribing information
readily repair itself even if the shock
patient survives.
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complete textbook of medicine, it is recom-
mended. It should be available in all emer-
gency departments as a reference work. It
should be of considerable value to students,
interns and residents who work in an outpa-
tient setting. Practising surgeons will find that
the chapters on areas adjacent to their own,
e.g. cancer chemotherapy, transplantation,
anesthesia, provide refreshing current sum-
maries.

J. E. Devitt

Continuing . Medical Education,
Ottawa Civic Hospital,
Ottawa, Ont.

PATHOLOGY ANNUAL. Volume 8, 1973.
Edited by Sheldon C. Sommers. 479 pp.
Ilust. Appleton-Century-Crofts, Educational
Division, Meredith Corporation, New York,
1973. $18.50.

This volume of the “Pathology Annual” con-
tinues in the established tradition of presenting
concise reviews of important current topics in
clinical and experimental pathology. This vol-
ume covers 15 unrelated topics. The first pa-
per by Dr. D. W. Penner of Winnipeg pro-
vides a lucid account of the difficult subject of
quality evaluation techniques in surgical
pathology, a timely article and very well done.
Another excellent article deals with correla-
tions between specimen mammograms and
pathologic findings in breast disease. Other
articles deal with endometrial and cervical
cancer, anthracotic pneumoconiosis, the patho-
biology of lymphocyte interactions, recent ad-
vances in pathologic aspects of neonatal respi-
ratory disease, intestinal lymphoma and iIn-
flammatory diseases of the liver. The book is
highly recommended for pathologists and por-
tions could be useful to a range of surgical
specialists.

M. J. Phillips

Department of Pathology,
Toronto General Hospital,
Toronto, Ont.

REOPERATIVE GASTROINTESTINAL
SURGERY. Thomas Taylor White and R.
Cameron Harrison. 304 pp. llust. Little,
Brown and Company, Boston, 1973. $25.00.

This monograph is an excellent addition to the
surgical literature. It presents a concise review
of the diagnostic and operative problems of
reoperative gastrointestinal surgery and dis-
cusses these In considerable detail. This is the
first book of its type in the English literature
and, as such, is of particular importance, fill-
ing the gap admirably.

The text covers abdominal wall problems,

(Continued on page XL)
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Powder. Furacin Solution, and Furacin Topical Cream.

Additional information available on request
Originators and Developers of the Nitrofurans
EATON LABORATORIES

Division of Norwich Pharmacal Company Ltd.
PARIS. CANADA

Furacin and Solubase are registered Trade Marta
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the esophagus, stomach and duodenum, biliar
tract, pancreas and the small and large bowel.
Each topic is well discussed and illustrated
and numerous well-chosen references substan-
tiate the authors’ opinions.

The paragraphs on stomach and duodenum,
biliary tract and pancreas are particularly in-
formative and it is likely these cover areas of
major interest to the authors. The same can-
not be said of the section on the esophagus,
for modern trends in the diagnosis and man-
agement of esophageal disease are omitted.
This is an unfortunate deficiency in an other-
wise admirable text.

This monograph will be of value to the
practising surgeon and be of even greater
value to the resident surgeon.

R. D. Henderson

Toronto General

Department of Sul_r'gery,
ospital,
Toronto, Ont.

SURGERY OF THE HIP JOINT. Edited by
Raymond G. Tronzo. 840 pp. lllust. Lea &
Febiger, Philadelphia; The Macmillan Com-
pany of Canada Limited, Toronto, 1973.
$49.54.

Dr. Tronzo is to be congratulated on his mas-
terful editing of this book. As he states in his

Vol. 17

ﬁreface, there are very few books devoted to
ip problems and the need for a comprehen-
sive text on hip surgery is undoubted.

Despite the use of multiple contributors,
there Is surprisingly little overlap of the ma-
terial presented by the various authors and
what little there is, is of value.

The book is specifically orientated towards
treatment, as its title implies, and there is little
emphasis on the theoretical or histopathological
aspects of disease processes apart from an ex-
cellent and stimulating chapter by Victor
Frankel on the biomechanics of the hip. Dr.
Frankel’s observations are of importance when
considering surgical apporaches to hip prob-
lems but 1 feel that Raymond Tronzo was
wise in not enlarging the content of his book
with other chapters on basic pathology.

This is, in essence, a practical manual and
therefore the book has been profusely and ex-
cellently illustrated with beautiful radiographs
and very clear diagrams. It will be extremely
valuable reading, not only for a surgeon whose
ractice includes a considerable amount of

ip-joint surgery but also for orthopedic resi-
dents for whom it will provide a clear, lucid
and authoritative account.

“Surgery of the Hip Joint” is an erudite,
thorough and masterly survey of the subject.

I. Macnab

The Wellesley Hospital,
Toronto, Ont.

Announcement of a Postgraduate Course on
INFECTION and ORTHOPAEDIC SURGERY

The Chateau Champlain Hotel, Montreal, Canada
May 16, 17, 18, 1974
Sponsored by

THE DEPARTMENT OF ORTHOPAEDIC SURGERY
THE MONTREAL GENERAL HOSPITAL and McGILL UNIVERSITY

Infection has long been a serious

and difficult

problem for the orthopaedic surgeon.

This has been emphasized in recent years with the increasing use of large and complicated implants

and polymer cements.

It is the purpose of this course to review the traditional areas of bone and joint infection

and,
attention will be paid
established, its management.

This is the second postgraduate course
and ORTHOPAEDIC SURGERY".
the following subjects.

BASIC
The Organism
Antibiotics

in addition to examine the special problems of sepsis related to implant surgery.
to the subject of surgical

devoted
A prominent international faculty has been

Particular

infection, its causes, its prevention and, once

"INFECTION
present

entirely to the problem of
assembled to

PRINCIPLES
Pathophysiology of Bone Infection
Epidemiology of Hospital Infections

Radiology
Hospital Infection Unit

OSTEOMYELITIS

Acute Osteomyelitis
JOINT
OR. INFECTION and

Factors Influencing Operative Infection

Ultra-Violet Light

SOFT TISSUE

Management of Open Fractures and Wounds

PROBLEM';

Factors Contributing to Infection of Joint Replacement
Infected Spinal Instrumentation

Drapes and Helmets
WOUNDS and

SPECIAL

Subacute Asteomyelitis
INFECTION
ENVIRONMENTAL

Chronic Osteomyelitis

CONTROL

Laminar Flow Ventilation
Prophylactic Antibiotics

INFECTION

Gas Gangrene

Infected Internally Fixed Fractures
Infected Toral Hips

Infected Total Knees
For further information write to —

Jo MILLER,
The Montreal General Hospital, Montreal, Quebec, Canada,

M.D.
H3G 1A4.
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