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QUILL ON SCALPEL

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

Relationship of the Royal College to the Journal

Observant readers will notice that in
this issue of the Journal its objectives
are stated at the head of the list of
contents. The intention is to print them
in each issue to remind readers of what
the Journal is supposed to do and to
encourage them to form a judgement as
to how adequately the Journal is fulfill
ing its purpose. Reader satisfaction will
be an important consideration when the
Royal College reaches its decision whe
ther or not to renew its sponsorship of
the Journal when the present arrange
ment terminates on Dec. 31, 1980. The
College will have to decide whether the
reasons that induced it to assume the
sponsorship of the Journal are still valid
and what proposals for change, if any,
it will make to the owner, the Canadian
Medical Association.
The Canadian Journal of Surgery was
founded in 1956 as an outcome of dis
cussions between the Canadian Asso
ciation of Clinical Surgeons, the Royal
College of Physicians and Surgeons of
Canada, the Canadian Medical Asso
ciation and a number of other associa
tions. An editorial board with broad
representation from many of the or
ganized subspecialty surgical groups
was formed, with the Canadian Medi
cal Association as publisher. About 10
years ago the Journal was faced with
dwindling individual subscriptions, a
state of affairs attributable to a number
of causes: lack of interest on the part
of the professors of surgery, “author
orientation” of the Journal (i.e., too
many case reports and research-type
articles), no provision for self-assess
ment of knowledge and lack of in
terest on the part of the subspecialties
of surgery. In fact, the plight of the
Journal was not unique, for it is al
ways difficult for unsponsored journals
to survive in the competitive market of
medical publications. The editorial

board examined the alternatives avail
able to them that would enable the
Journal to continue publication in what
was becoming an alarming situation. An
approach to the Royal College seemed
the most attractive proposition for a
number of reasons: the Journal would
have greater access to the papers pre
sented at the annual meeting of the
College, the enlarged circulation would
permit an increase in advertising rev
enue and therefore more editorial con
tent and the Journal might even become
the house organ of the surgical division
of the College.
Following lengthy discussions, the
Royal College agreed to assume spon
sorship provided that control of edito
rial policy was vested in the College
while the Canadian Medical Associa
tion would continue to act as owner and
publisher of the Journal. All surgical
fellows would receive the Journal as
well as any medical fellows who might
request it. The College agreed to sub
sidize the Journal on the basis of a
capitation per subscription and any
profits from the publication would be
shared with the Canadian Medical As
sociation. Journal policy was to include
the following: (a) the Journal was to
contribute to continuing medical educa
tion, (b) it would serve as a vehicle for
recording scientific and clinical observa
tions, (c) it would extend and improve
the international image of Canadian
surgery, (d) it would use innovative
communication techniques and (e) the
cost of subsidizing the Journal was not
to compromise other essential College
activities. The Journal was to be ecu
menical in its content, publishing ma
terial of interest to all the surgical
fellows. A new editorial board was con
stituted, of which half the members
were retained from the former board.
Care was taken to see that there was

representation from the professors of
surgery, the surgical subspecialties and
the nonacademic surgical community.
This agreement between the College
and the Canadian Medical Association
ran for 3 years. At the end of that pe
riod, in December 1977, it was renewed
for a further 3 years for a number of
reasons, mainly because 3 years was
considered too short a period for the
Journal to demonstrate its ability to
meet the objectives of the Royal College.
Since 1976 the College’s committee
on communications has been responsi
ble for overseeing relations between the
Journal and the College. It soon be
came apparent that an efficient me
chanism for interchange between the
coeditors and the College was neces
sary. A satisfactory solution was to
have the committee on communica
tions serve as editorial council of the
Journal, leaving the editorial board to
advise the coeditors on the promotion
and production of articles and to act
as their editorial consultants. The
committee on communications also
looked at the objectives of the Journal
and by elimination and combination
was able to reduce them to the present
two. Readership surveys were conduct
ed by the Canadian Medical Associa
tion in 1976 and again in 1977. Al
though conducted for another purpose,
they did provide an opportunity for
soliciting readers’ opinions. These opi
nions suggested that the Journal is ac
ceptable to general surgeons and to one
or two subspecialty groups but that
other subspecialty groups, particularly
those who publish their own journal, are
either not interested or actually hostile.
SESAP (Surgical Education and Selfassessment Program) items, review ar
ticles and named lectures are popular
and there were requests for more ma
terial of this type.
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In spite of the mixed reactions to the
Journal there has been a steady in
crease in the number of submissions so
that in 1978 the editorial content had
to be increased by reducing the size
of the type and adopting a larger form
at. The College increased the capitation
to help pay the additional cost, but it
now appears that more space and even
an increased number of issues may be
required to accommodate the increas
ing backlog of papers. The recently
formed Canadian Association of G en
eral Surgeons has expressed keen in
terest in the Journal as a medium for
publishing papers presented at its an
nual meeting.
How satisfactory has the arrange
ment proved to both parties to the
agreement? F o r the Royal College it
has meant control of editorial policy
of one of the few clinical surgical
journals in N orth America. For the
Canadian Journal o f Surgery it has
provided a guaranteed circulation, an
increase in the number of solicited and
unsolicited manuscripts, greater access
to the papers presented at the College’s
annual meeting and broader subspecial

ty support. On the negative side, the
College has left itself open to a charge
of discrimination in favour of a seg
ment of the fellowship. Perhaps, how
ever, the College’s sponsorship of the
Journal should be viewed as a pilot ex
periment and, depending on its success,
should be abandoned or extended to
give to all fellows the same privilege
that the surgeons now enjoy. The wide
appeal of the Journal and its increased
popularity with authors is gratifying,
but for the Royal College there are
more searching questions to be an
swered. How realistic is it for the Jour
nal to strive to be ecumenical and at the
same time be an organ for continuing
medical education and for recording
original observations? Are these im
possible burdens to place on a journal?
How effective is its performance in
these two areas and what balance
should it strike between both these ob
jectives? Has the Journal reached its
full potential or would further com
mitment in time and resources appre
ciably enhance its performance? What
are the problems when one organization
owns a publication, another controls

editorial policy and both share the
costs? All these questions are difficult
to answer but cannot be ignored if the
Royal College is going to establish a
policy with respect to the sponsorship
of journals, particularly the Canadian
Journal o f Surgery.
Some time in 1980 the Royal College
and the Canadian Medical Association
will decide what the future course of
the Journal should be. The Journal has
benefited from the partnership and is
gaining in stature. It is to be hoped
that the decision of the owner and
sponsor will not be one that will jeo
pardize its future.
J ohn R. M artin,

md, frcp [c]

Chairman,
Committee on communications,
Royal College of Physicians and
Surgeons of Canada
The coeditors would appreciate receiv
ing from readers their views and
comments on the issues raised in Dr.
Martin’s editorial.

The Canadian Association of Emergency Physicians

From time to time your editors receive
correspondence asking the Journal to
publish an announcement of the forma
tion of an agency, society or group or
of its projected activities. In general
we have published such correspondence
only when space was available at the
end of an issue and have reserved the
section “Quill on Scalpel” for com
ment by the surgeons of Canada on
matters of surgical, scientific and
clinical interest.
We recently received the following
letter and believe it is of sufficient in
terest to w arrant publication in the edi
torial section.
October 15, 1978
Dear Colleague:
Re: Canadian Association of Emergency
Physicians
In Toronto, on September 12, 1978,
the Canadian Association of Emergency
Physicians was founded. The objectives of
the Association are:
1) to study and recommend standards
of Emergency Medical Care in
Canada,
2) to foster research and education
in the field of Emergency Medicine,
3) to promote co-ordination of com
6

munity, provincial and national
emergency care facilities and per
sonnel,
4) to provide representation for Cana
dian physicians engaged in the prac
tice of Emergency Medicine.
Membership is open to any physician
who has significant interest and is active
in the practice of Emergency Medicine in
Canada. That practice may be full or
part time.
The history of the development of
Emergency Medicine is well known to
many. As a specialty or area of special
interest, its development in the United
States has certainly predated us by some
time. However, increasingly in the past
ten years, Emergency Departments across
Canada have become staffed by either
full time Emergency Physicians or inter
ested Family Physicians. Despite being,
it has been said, one of the last frontiers
of Medicine, very little is known about
Emergency Department medical practice
in Canada. In 1975, the Department of
National Health & Welfare produced an
extensive document “Emergency Services
in Canada”. The report concerns itself
with the administrative and organiza
tional aspects of emergency services more
than with the actual role of the Emergency
Physician, although there are some med
ical organizational recommendations in
cluded.

In the same year, the Ontario Ministry
of Health produced “The Report of the
Project Team on Emergency Services and
Primary Care”. Again this document
addressed itself particularly to prehos
pital care,
ambulance organization,
categorization of Emergency Departments
and organizations of emergency health
systems. No recommendations regarding
medical staffing or standards of emer
gency care were made.
The informal development of Emer
gency Medicine has not escaped the
notice of the Royal College of Physicians
and Surgeons and the College of Family
Physicians of Canada. Both of these Col
leges feel that any well-trained Family
Physician can provide the immediate
necessary care for all emergencies as
well as most of the traditional special
ities (sic). However, it is also recognized
that there are unique skills involved, which
require more specific training than is
usually found in the Colleges’ pro
grammes.
It is also recognized that there are
no standards of training, of training pro
grammes or of evaluation of physicians
who do undergo a special training in
Canada. There is certainly no standard
ized medical care in the Emergency De
partments across Canada. Some Emer
gency Departments have a well established
full time Emergency Room Physician
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Group. Some Emergency Departments are
staffed by interested family physicians, on
a rotational basis. Some major teaching
hospitals still staff their Emergency De
partments with junior housestaff alone,
and some smaller centres have their
Emergency Departments covered by avail
able physicians on call.
The need became apparent, therefore,
to both Colleges, to improve the quality
of emergency care in Canada, and a
Committee of members of both Colleges
became a Conjoint Committee in 1975
to consider the need for physicians with
special training in Emergency Medicine,
and the necessity to offer this physician
some type of certification. The Commit
tee has acknowledged the present in
volvement of the Family Physician, the
traditional specialists and increasingly, the
specifically trained Emergency Physician
to provide care in Emergency Depart
ments.
Therefore, during 1977 this Conjoint
Committee of the two Colleges gave birth
to a joint specialty committee, with terms
of reference that recognized the need
to train, evaluate and certify the individual
who wishes to make Emergency Room
Medicine his career.
It seems appropriate, therefore, at
this stage in the development of Emer
gency Medicine, that those who work as
Emergency Physicians across Canada
have national representation, so that their
opinions and concerns have the impact

appropriate in the future. It is hoped
that with full and representative member
ship, the Canadian Association of Emer
gency Physicians can serve as a voice
for Emergency Physicians in a large num
ber of areas where such expertise is
needed.
In the first year of operation, the goals
of the Canadian Association of Emergency
Physicians are:
1) to compile an exhaustive list of all
who practice Emergency Medicine
in Canada,
2) to encourage as extensive and na
tionally representative membership
as possible,
3) to plan for a first annual meeting
to be held in 1979, which would
consist of both clinical programmes
and a business meeting,
4) to prepare position papers on a
number of topics, including re
views and opinions on training and
certification in Emergency Medicine,
standards, continuing education, etc,
5) to design and circulate regular news
letters to keep membership aware
of all pertinent developments in the
field of Emergency Medicine.
In order that Emergency Medicine
achieve the recognition it deserves, I
would urge all Physicians active in Emer
gency Medicine to join the Association.
It would be appreciated if all who receive
this letter feel free to communicate their
views to the Executive and to include

the names and addresses of any colleagues
who might be interested in becoming
members.
The founding membership fee is $50.00
payable to the Canadian Association of
Emergency Physicians.
Yours sincerely,
David M.C. Walker, m d , fr c p [c ]
Secretary-T reasurer
Dr. Allen Sholtz
Vice-President
Dr. Denis Psutka
President
P.S. If you have already joined, welcome,
and please show this to any inter
ested friend.
Knowing that the issue of who staffs
emergency rooms is of interest to the
surgical com m unity, we are convinced
that this letter not only warranted pub
lication but also requires some re
sponse. If any readers wish to com 
municate with us concerning the issues
raised by the creation of the Canadian
Association of Emergency Physicians,
its stated goals and the problems of
the appropriate staffing of emergency
rooms, we are willing to publish your
letters, both pro and con.
C.B. M ueller
L.D . M acL ean

Coeditors

NOW YOUR CHOICE
For convenience • Hepalean® Low-Dose pre
filled syringe, containing
5.000 U.S.P. units in 0.2 ml.
OR
For economy
• Hepalean® multi-dose
2 ml vial, containing
25.000 units per ml.
Contraindications:
Haemophilliaand severe clotting disorders, shock, hyper
sensitivity to heparin, severe liver damage. Active bleeding
from a local lesion such as an acute ulcer or ulcerating
carcinoma. Recent neurosurgery or spinal surgery.
Hepalean® Low-Dose anticoagulant* is manufactured by the
leading Canadian producer of heparin, Harris Laboratories.
Full prescribing information is available from Harris
Laboratories, 1890 Brampton Street, Hamilton,
Ontario, L8H 7K1.
•Heparin Sodium Injection, U.S.P.

Harris Laboratories
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To lower
blood pressure
during
anesthesia

Ni pride

reduces excessive
blood loss

Precautions
(sodium nitroprusside)

for controlled hypotension during anesthesia
Rx Summary
‘Nipride’ is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection.
Indications
'Nipride' is indicated for producing controlled hypotension during
anesthesia to reduce bleeding in surgical procedures w here deemed
appropriate. Benefit-risk ratio should be carefully considered on an
individual basis.
Contraindications
In the treatm ent of compensatory hypertension, e.g. arteriovenous
shunt or coarctation of the aorta. It is also contraindicated in physically
poor-risk patients (A.S.A. Risk 5), in patients w ith uncorrected anemia
or hypovolemia or in those with known inadequate cerebral circulation.
In patients with liver disease, severe renal disease, Leber's optic
atrophy and disease states associated with vitam in B 12 deficiency.
Warnings
‘Nipride’ is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection. Infusion rates
greater than 8 ug/kg/m inute are virtually never required. If at this
rate an adequate reduction in blood pressure is not obtained within
10 minutes, administration of ‘Nipride’ should be stopped.
Fatalities due to cyanide poisoning have occurred following sodium
nitroprusside administration. One factor is common to all known
cases, namely that large amounts of nitroprusside were infused at
high rates. Since detoxification relies upon enzymatic action, the
rare possibility of deficient or atypical enzymes occurring in humans
should always be considered. Patients most apt to run into difficul
ties are those who are resistant to the hypotensive effect or those
in whom maintenance at the selected blood pressure level is difficult
or impossible.
Constant attention to the patient’s dose-response characteristics
is mandatory. If infusion rates are in excess of 8 ^g/kg /m inu te deter
mine the nature of the response (effective constant response at
higher dose; tachyphylactic; resistant - none or less than expected).
As soon as either tachyphylaxis or resistance is determined the infu
sion of ‘Nipride’ should be discontinued immediately. In abnormal
responders it has been noted that metabolic acidosis may occur
at higher doses.
Caution should be exercised in using ‘Nipride’ in patients with hypo
thyroidism or severe renal impairment.
Blood levels of thiocyanate should be determined if treatm ent is to
be extended especially in patients with severe renal dysfunction.
As long as blood thiocyanate levels do not exceed 10 m g /100 ml, it is
probably safe to continue with the infusion. Peritoneal dialysis can
be helpful if too high levels of thiocyanate are found.
Hypertensive patients are more sensitive to the intravenous effect
of sodium nitroprusside than are normotensive subjects. Patients
receiving concom itant antihypertensive m edications (especially
hydralazine or hexamethonium) are more sensitive to the hypotensive
e ffect of sodium nitroprusside and the dosage of 'N ipride' should
be adjusted downward accordingly.
The follow ing Warnings apply to the use of ‘N ipride’ for controlled
hypotension during anesthesia:
1. Extreme caution should be exercised in patients who are especially
poor surgical risks (A.S.A. class 4 and 4E).
2. Tolerance to blood loss, anemia and hypovolemia may be dim in
ished. If possible, preexisting anemia and hypovolem ia should be
corrected prior to employing controlled hypotension.
3. Hypotensive anesthetic techniques may alter pulm onary ventilation
perfusion ratio. Patients intolerant o f additional dead airspa ce
at ordinary oxygen partial pressure may benefit from higher oxygen
partial pressure.
4. Resistance and tachyphylaxis o ccu r more frequently in norm oten
sive patients infused with sodium nitroprusside. Induction of delib
erate hypotension in healthy young individuals may prove to be
more d ifficu lt than in other segments of the population.
5. Upon discontinuance of the sodium nitroprusside infusion for the
purpose of controlled hypotension during anesthesia a rebound
hypertension has been observed on rare occasions.

Adequate facilities, equipm ent and personnel should be available
for frequent and vigilant m onitoring of blood pressure. W hen the in fu 
sion is slowed o r stopped, blood pressure usually begins to rise im me
diately and returns to pretreatm ent levels w ithin one to ten m inutes.
It should be used w ith caution and initially in low doses in elderly
patients, since they may be more sensitive to the hypotensive effe cts
of the drug.
If, in the clin ica l situation, stress induced by pain or m anipulation
is reduced o r elim inated during 'Nipride' infusion, the patient could
experience a g re a te r than expected reduction in blood pressure
unless the rate o f infusion is adjusted downward as required.
'Nipride' te n ds to deteriorate in the presence of light. Therefore, the
infusion bo ttle should be w rapped with aluminum fo il o r oth er opaque
material. S olutions of ‘N ipride’ should not be kept or used longer
than four hours. 'N ipride' in aqueous solution yields the nitroprusside
ion, which reacts with even m inute quantities of a wide variety of
organic and in o rg a n ic substances to form usually highly coloured
reaction p ro d u cts (blue, green or dark red). If this occurs, th e infusion
should be replaced as quickly as possible.
Adverse reactions
Nausea, retch in g , emesis, diaphoresis, apprehension, headache,
restlessness, agitation, muscle tw itching, retrosternal d isco m fo rt and
chest pain, palpitations, dizziness, faintness, weakness, rash, abdo
minal pain, confusion and som nolence have been noted w ith too
rapid reduction in blood pressure. These sym ptom s rapidly disap
peared w ith slow ing of the rate of infusion or tem porary d is c o n tin u a 
tion of infusion and did not reappear with continued slow er rate
of adm inistration.
Irritation o f the injection site may occur. M ethem oglobinem ia and
one case o f hypothyroidism following prolonged therapy have been
reported.
Dosage and administration (for controlled hypotension)
Use of ‘Nipride’ in anesthetized normotensive patients undergoing
deliberate hypotensive surgery must be restricted to carefully
selected cases. There is a possibility of an abnormal response
occurring in normotensive patients. In this event, the infusion of
‘Nipride’ should be discontinued immediately. (See Warnings).
The contents o f a 50 mg 'N ipride' vial should be dissolved in 3 ml
of sterile dextrose in water w ithout preservatives. No other diluent
should be used. D epending on the desired co n centration, all of the
prepared sto ck solution should be diluted in 500 or 1000 ml o f 5 per
cent sterile dextrose in water and prom ptly wrapped in alum inum
foil or o ther opaque material. Both stock solution and infusion so lu 
tion should be freshly prepared and any unused portion discarded.
The freshly prepared solution for infusion has a very fa in t brow nish
tint. If it is h ighly coloured, it should be discarded. (See Precautions).
The solution should not be kept or used longer than fo u r hours from
initial reco n stitu tio n . The infusion fluid used for the adm inistration
of 'Nipride' should not be employed as a vehicle for sim ultaneous
adm inistration o f any other drug.
'Nipride' dosage varies considerably from patient to patient, hence
the need fo r individual titratio n . The infusion should be started at
the lower dosage range, 0.5 u g /k g /m in u te and increased by
0.2 fig /k g /m in u te every 5 minutes until the desired red u ctio n in
blood pressure is obtained. The blood pressure usually starts to drop
immediately o r at least w ithin a few minutes. C ontinuous m onitoring
of the blood pressure is necessary. Blood pressure should not be
allowed to d ro p at too rapid a rate and systolic pressure should not
be lowered below 60 mm Hg.
Infusion rates greater than 8 jxg /kg /m in u te should rarely be used.
The maximum recom m ended dose is 800 /rg/m inute.
'Nipride' should be adm inistered by an infusion pump, m icro -d rip
regulator or any sim ilar device that will allow precise m easurem ent
of the flow rate. Avoid extravasation. The rate should be adjusted
to maintain the desired hypotensive effect, as determ ined by freq u e n t
blood pressure determ inations.
For the use of 'N ip ride ' in the treatm ent of hypertensive crises please
refer to the P roduct M onograph.
Supply
'Nipride' is supplied in 5 ml am ber-coloured vials co n taining the
equivalent of 50 mg sodium nitroprusside fo r dilution w ith 5 p ercent
sterile dextrose in water (available in packages of 10).
Product M onograph available on request.
* Reg. Trade M ark for sodium nitroprusside 'Roche'
® Reg. Trade M ark

Can. 8042

Ni pride

Usage in pregnancy
The safety of 'Nipride' in women who are or who may become preg
nant has not been established; hence, it should be given only when
the potential benefits have been weighed against possible hazard
to mother and fetus.
Usage in children
The safety of 'N ipride’ in children has not been established. Clinical
experience is limited.

Hoffmann-La Roche Limited
Vaudreuil, Quebec
J7V6B3
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REVIEW ARTICLE

Clinical Implications of the Gastrointestinal Hormones
H.T. D ebas ,

The importance of the gastrointestinal
hormones to the clinician is considered
under three headings: in disease states,
diagnostic applications and therapeutic
implications. Pearse's APUD (Amine
Precursor Uptake and Decarboxylation)
theory is referred to, and single and
multiple endocrinopathies are discussed
with particular reference to diagnostic
criteria and principles of management.
The field of gastrointestinal endo
crinology is rapidly developing and
these peptides will assume an even
greater importance to the clinician
who must keep abreast with these
developments.
L’importance, pour le clinicien, des
hormones gastrointestinales est consideree sous trois chapitres: dans les
etats pathologiques, selon leurs applica
tions diagnostiques et leurs implications
therapeutiques. On refere a la theorie
de la captation et de la decarboxylation
des precurseurs d'amines de Pearse
et on discute des endocrinopathies
simples et multiples, en ce qui concerne
surtout les criteres diagnostiques et
les principes de traitement. Le domaine
de I'endocrinologie gastrointestinale
est en croissance rapide et ces peptides
prendront une importance encore plus
considerable pour le clinicien; celui-ci,
se doit de se maintenir a jour sur
ces developpements.

than the pituitary gland. A partial list
of the gastrointestinal hormones and
their site of origin is given in Table I.
Gastrointestinal hormones are impor
tant to the clinician in three ways: they
underlie disease states, they may be
used as a diagnostic tool and they may
have therapeutic applications. It is the
aim of this article to summarize briefly
the clinical implications of gastroin
testinal hormones under these three
headings. For more detailed presenta
tion of physiologic and biochemical
considerations the reader is referred to
two excellent reviews by Gregory1 and
Grossman.2
The recognition by Pearse3 that
many endocrine cells of the gastroin
testinal tract and pancreas share the
common characteristics of a high
amine content and a capacity of their
cytoplasm to form the enzyme decar
boxylase led him to propose that all of
these cells are derived embryologically
from neuroectodermal precursors situ

Reprint requests to: Dr. H.T. Debas,
Department of surgery, University of
British Columbia, 700 West 10th Ave.,
Vancouver, BC V5Z 1L5
10

ated in the neural crest. The APUD
(Amine Precursor Uptake and Decar
boxylation) theory has extended our
knowledge and provided a plausible
explanation not only for the multiple
endocrinopathies that may occur but
also for the presence of the same poly
peptides in both the gut and the brain,
constituting the so-called “mind-gut
axis”. It is fashionable now to talk of
the tumours secreting gastrointestinal
hormones as “apudomas”. Whether or
not the APUD theory will eventually
be confirmed, it has revolutionized our
basic concepts and has led to new and
fruitful avenues of research. Welbourn4
has provided an excellent review of
apudomas of the gut.
Gastrointestinal Hormones
in Disease States

Classically, diseases linked to hor
mone malfunction are found in associa-

Table 1—The G astrointestinal Hormones and Peptides
Organ
Stomach

Intestine

A veritable explosion of knowledge
has occurred in the field of gastroin
testinal endocrinology with the elucida
tion of the structure and function of
the long-recognized hormones and the
discovery of several new peptides. The
stomach alone elaborates more peptides
From the department of surgery,
faculty of medicine, University of British
Columbia, Vancouver, BC

m d , fr c s [ c ]

Pancreas

Peptide

C e ll type

G astrin
Glucagon
Somatostatin
Substance P
Gastrin
Cholecystokinin
Secretin
Enteroglucagon
Enteroglucagonoid
(glucagon-like
im m unoreactivity)
Vasoactive intestinal
polypeptide
G astric inhibitory
polypeptide
Motilin
Chymodenin
Somatostatin
G astrin

G cell
A cell
C cell
EC cell
?
1 cell
S c e ll
A cell
EG cell?

Vasoactive intestinal
polypeptide
Glucagon
Somatostatin

?

H cell?

Disease states
G -cell hyperplasia, antral gastrinom a
—
—
—

Duodenal gastrinom a
—
—
—

—

K cell
EC cell
?
5-cell
g -ce ll

A cell
5 -ce ll

—
—
—

Gastrinoma (Z o llin ger-E lliso n
syndrome)
Vipoma (w atery diarrhea, hypokalem ia
and achlorhydria)
Glucagonoma
Somatostatinoma
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tion with: (a) hypersecretory states, (b)
hyposecretory states and (c) anomalies
of sensitivity, metabolism and release.
Hypersecretory States
Undoubtedly the main impetus for
the explosive development of gastroin
testinal endocrinology came from the
exciting discovery by Zollinger and
Ellison in 19555 that hypersecretion of
gastrin was associated with a fulminant
type of peptic ulcer disease. Since then
hypersecretion of other gastrointestinal
peptides has been linked to clinical
syndromes either as single or multiple
endocrinopathies.
1. Hypersecretion of Gastrin
The most important hypergastrinemic
state is that present in the Zollinger-Ellison syndrome (ZES) or gastrinoma.
Hypergastrinemia may also be asso
ciated with the following conditions:
G-cell hyperplasia, primary or second
ary to vagotomy or achlorhydria;
retained antrum; short-gut syndrome;
renal failure; and in a recently de
scribed condition of macromolecular
hypergastrinemia6 (Table II).
Zollinger-Ellison syndrome.—Several
excellent reviews of this condition
have been published.7'9 As experi
ence has accumulated it has become
clear that not all patients with ZES
have a fulminant course of peptic
ulceration. In some patients with gas
trinoma the peptic ulcer disease is in
distinguishable from ordinary duodenal
ulcer disease, and some may not even
have peptic ulcer disease at the time of
diagnosis.9 Most of the gastrin-secreting
cells (G cells) are located in the stom
ach and proximal duodenum. The 8cells of the pancreas can be shown by
immunofluorescence techniques to con
tain gastrin but it is exceedingly dif
ficult to extract this gastrin. Neverthe
less, the majority of gastrinomas do
arise in the pancreas; only infrequently
do they have their origin in the duo
denum,10’11 and rarely in the antrum.12’13

Table II— Causes of Hypergastrinemia
Gastrinoma
Pancreatic
Duodenal
Antral
Multiple endocrine adenopathy (MEA type 1)
G-cell hyperplasia
Primary
Secondary
Pernicious anemia
Hyperparathyroidism
Postvagotomy state
Retained antrum
Short-gut syndrome
Renal failure
Macromolecular hypergastrinemia!

Ellison and Wilson8 reported that
152 (61%) of 249 ZES tumours were
malignant and another 25 (10%) re
presented diffuse islet cell hyperplasia.
Almost the entire spectrum of clinical
manifestations of gastrinoma is attrib
utable to hypersecretion of gastrin:
hypersecretion of acid, hypertrophy of
the gastric and at times of the duodenal
mucosa, increased parietal cell mass,
inhibition of water and electrolyte ab
sorption by the small intestine, and
stimulation of contraction of the smooth
muscle of the small and large intestine.
Despite the absorptive and motor ef
fects on the intestine of excessive
amounts of circulating gastrin, the
diarrhea in most cases of ZES probably
results from irritation and damage to
the small-bowel mucosa caused by a
large acid load. The excess acid also
destroys lipase leading to maldigestion
of fat and to steatorrhea.
The diagnosis of ZES is suggested by
the pattern of acid secretion in patients
presenting with peptic ulcer. Often the
basal acid output (BAO) is over 15
mmol/h, and the ratio of the BAO to
the maximal acid output (MAO to
histamine or pentagastrin) is greater
than 0.6:1. Fasting gastrin concentra
tion in healthy subjects and patients
with duodenal ulcer is less than 150
ng/L in most laboratories; in patients
with ZES it is 5 to 10 times higher.
Increasingly, however, patients do not
have this fulminant pattern of acid or
gastrin secretion, hence the importance
of provocative tests.
Three types of stimulation test are
useful: (a) the meal test, (b) the calcium
infusion test and (c) the secretin test.

By contrast, in the patient with ZES,
secretin causes a paradoxical increase
in circulating gastrin concentration,18’19
a finding that has proved to be of great
diagnostic value.

It is impractical to screen all patients
with duodenal ulcer for ZES. How
ever, both fasting serum gastrin meas
urement and provocative tests for
gastrinoma are indicated in the follow
ing clinical settings: (a) where a pri
mary duodenal ulcer is associated with
diarrhea, basal hypersecretion of acid
(over 15 mmol/h) or hypercalcemia, or
radiologic or endoscopic evidence of
gastric mucosal hypertrophy; (b) when
location of the peptic ulcer is unusual
(postbulbar or jejunal); (c) when a
duodenal ulcer develops in a relative
of a patient with proved multiple en
docrine adenopathy (MEA type 1, see
below); (d) in patients with peptic
ulceration recurring after an adequate
operation for the primary ulcer.
The knowledge that gastrinomas are
of low-grade malignancy, coupled with
the understanding that the pathophy
siologic disturbances in ZES arise from
the actions of excessive amounts of
gastrin, has resulted in the adoption
of total gastrectomy as the primary
form of therapy. Rarely, isolated tu
mours of the duodenum or pancreas
may be excised and gastric resection
omitted. In a series reported by Elli
son and Wilson,20 19 of 22 patients
treated by total gastrectomy did well;
this result is to be compared with the
50% mortality in patients treated by
either tumour resection or subtotal gas
trectomy and the 100% mortality in
patients treated with vagotomy and
• In the healthy subject or the drainage alone. These data suggest
patient with an ordinary duodenal ulcer that total gastrectomy is the only justi
the response to a standard meal will be fied form of surgical therapy under
an elevation of the concentration of most conditions. When hyperpara
serum gastrin by 50% to 300% -12 In thyroidism accompanies hypergastrine
patients with ZES the already high cir mia, the parathyroid adenoma should
culating gastrin concentration is little be excised first.21 This will often lead
affected by a meal. This suggests that to the regression of symptoms. No
food does not stimulate gastrin release doubt the advent of the histamine
from a gastrinoma. By contrast, patients H2-receptor antagonists will change the
with hypergastrinemia of antral origin acceptability of total gastrectomy as
have an exaggerated gastrin response the standard therapy. With these
agents adequate control has been
to a meal.
achieved in several ZES patients for
• Infusion of calcium, 12 to 15 mg/
kg body weight, over a 3-hour period prolonged periods.22 If they are uni
will bring about a two- or threefold formly effective in all patients, if they
increase in the concentration of serum are safe when used over a long time
gastrin in a patient with ZES in the and if there is no “escape” from their
third hour but cause only a modest action they may replace total gastrec
tomy as the primary mode of therapy.
increase in healthy subjects.13’14
• Infusion or a bolus injection of Meanwhile they have been used suc
secretin (1 to 2 units/kg body weight) cessfully in the short-term control of
will cause a decrease or no change in diarrhea and other symptoms of pa
serum gastrin concentration in healthy tients with ZES while they are being
subjects and in patients with non-Zol- prepared for surgery.23
G-cell hyperplasia.— Primary G-cell
linger-Ellison duodenal ulcer, per
nicious anemia15,16 or retained antrum.17 hyperplasia as a cause of hyper-
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gastrinemia and peptic ulceration was
first discovered by Cowley and asso
ciates24 in 1973. In the case they re
ported, high basal and maximal acid
secretion, plasma gastrin in excess of
8000 ng/L and peptic ulceration were
associated with G-cell hyperplasia of
the antrum in the absence of gastrino
ma, islet cell hyperplasia and hyper
parathyroidism. The patient was cured
by vagotomy and antrectomy. In spite
of several additional reports of similar
cases, there is adequate immunocytologic documentation in only a few. Pri
mary G-cell hyperplasia must, there
fore, be regarded as a rare condition.
Primary G-cell hyperplasia can be
demonstrated by an exaggerated gas
trin response to a meat meal and sup
pression of fasting serum gastrin by
intravenous administration of secretin.
The treatment is antrectomy to remove
the source of gastrin and vagotomy to
reduce acid secretion from the hyper
plastic oxyntic cell population in the
remainder of the stomach.
By contrast, secondary G-cell hyper
plasia is common in pernicious ane
mia,25 reflecting persistent lack of acid
feedback inhibition, and following
vagotomy.26 It is likely that postvago
tomy hypergastrinemia results not only
from G-cell hyperplasia but also from
withdrawal of a vagally-mediated in
hibitor of gastrin release.27
Retained antrum.—If a portion of
the antrum is left in continuity with
the duodenum but excluded from the
acid-secreting stomach, as occurs after
a Polya gastrectomy, a state of hyper
gastrinemia and severe recurrent ulcer
disease may ensue. The diagnosis is
made by reviewing the histology of the
distal margin of the gastrectomy speci
men which should not contain a cuff
of duodenal mucosa, by performing a
technetium scan and by showing that
secretin suppresses the hypergastri
nemia. Simple excision of the retained
antrum corrects this condition.
Short - gut syndrome.—Following
massive small-bowel resection a hypergastrinemic state develops that may
lead to peptic ulceration.28,29 This is
thought to be due to the removal of
either an enteric inhibitor of gastrin
release or a site of gastrin catabolism.
Ulcer disease complicating the shortgut syndrome is best treated by vago
tomy and antrectomy. Here, too, the
new histamine H2-receptor antagon
ists may be useful.
Renal failure.—Both acute and
chronic renal failure may be associ
ated with elevations in serum gastrin
concentration. Hypergastrinemia under
these circumstances has a direct rela
tion to the serum creatinine concen
tration.50 The kidney is an important
site for gastrin degradation and hyper
12

gastrinemia may result from defective
gastrin breakdown.
Macromolecular hypergastrinemia.—
Malagelada and Go6 recently described
five patients who had fasting hyper
gastrinemia without evidence of gastri
noma or features of MEA type 1. Three
of the five had ulcer disease. The hyper
gastrinemia was due to a circulating
large-molecular gastrin, probably of
nonantral and nontumour origin. These
patients were not marked hypersecretors and the macromolecular form of
gastrin had biologic activity less than
normal. The clinical importance of this
discovery is that the demonstration of
an elevated serum gastrin concentration
by means of the antibodies used in
most laboratories does not necessarily
indicate the presence of either a gas
trinoma or some other cause of hyper
gastrinemia. Therefore it is essential
either to correlate hypergastrinemia
with acid secretion or to determine the
molecular forms of gastrin in the blood
of patients with hypergastrinemia.
2. Hypersecretion of Other Gastro
intestinal Hormones
Only the hypersecretions of vasoac
tive intestinal polypeptide (VIP), gluca
gon and somatostatin have been estab
lished as definite clinical syndromes.
Reports describing tumours that secrete
secretin and gastric inhibitory polypep
tide have not been convincing.
Pancreatic cholera (“vipoma”), wa
tery diarrhea, hypokalemia, achlorhy
dria syndrome.—Verner and Morrison31
in 1958 described two cases of non-/)
islet cell tumours of the pancreas in
which the patients had died of the ef
fects of severe watery diarrhea and
hypokalemia without any evidence of
peptic ulceration. There are now sev
eral dozen such cases on record. The
dominant features are profuse, cholera
like, watery diarrhea with volumes as
high as 6 to 8 L / d, severe hypokalemia
and achlorhydria or hypochlorhydria,
hence the designation “watery diarrhea,
hypokalemia, achlorhydria” (WDHA)
syndrome. In addition to these symp
toms, patients may have flushing, mild
diabetes and hypercalcemia. In most
patients, but not all, the serum concen
tration of VIP has exceeded 200 ng/L
and the resected tumours have all con
tained large amounts of VIP. There is
a group of patients, however, with all
the clinical manifestations described
above in whom the VIP concentrations
are not elevated and at laparotomy no
pancreatic tumour or islet cell hyper
plasia is found. Bloom and Polak32 have
called this the pseudo-Verner-Morrison
syndrome, and it is not clear what en
tity this condition represents.
Patients suspected of having pan

creatic cholera should be explored
surgically. The gallbladder will often
be large and atonic, containing dilute
bile with a high concentration of bi
carbonate and chloride ions. Any gross
tumour should be excised. If no tu
mour is found, distal pancreatectomy
should be performed since some pa
tients will have either diffuse hyper
plasia of non-8 cells or microadenosis.
A subsequent total pancreatectomy
may be necessary.
The pathological diagnosis in 55 re
ported cases recently reviewed by
Verner and Morrison33 was malignant
tumour in 22, benign adenoma in 20
and hyperplasia only in 12. In one
patient no pathological changes were
found in the pancreas.
Hyperglucagonemia.—Glucagon - se
creting tumours of the pancreas are the
rarest of the islet cell tumours. McGavran and colleagues34 described the
first case in 1966. The clinical features
of the disease are mild diabetes; a pecu
liar erythematous dermatitis, which is
migratory, marginate and necrotizing
and affects the groins, buttocks, limbs
and trunk; angular stomatitis and glos
sitis; loss of weight and anemia. Glucagonomas are generally believed to oc
cur sporadically but recently Boden35
described hyperglucagonemia in four
members of the family of a patient
with a glucagonoma and suggested that
there is familial transmission as an
autosomal dominant trait.
Pancreatic somatostatinoma.—Re
cently Larsson and colleagues36 and
Ganda and associates37 reported two
cases of somatostatin-secreting islet cell
tumours arising from the 8-cells of the
pancreas. In both the clinical presenta
tion was that of diabetes mellitus and
in one, an islet cell tumour was found
incidentally during cholecystectomy.
Somatostatin is secreted by the 8-cells
in the pancreas and may exert a direct
control on the neighbouring glucagonand insulin-secreting cells. Another
location of somatostatin production in
the gastrointestinal tract is the gas
tric mucosa, but to date no gastric
somatostatinoma has been described.
Although somatostatin is known to in
hibit acid secretion and gastrin re
lease, much as it does insulin and
glucagon release, it is not known
whether it has a physiologic role in the
control of gastric secretion. It appears
that when diabetes mellitus is asso
ciated with a “nonfunctioning” islet
cell tumour, the possibility exists that
the tumour is somatostatin-secreting in
nature and is the cause of the diabetes.
It is of interest that both patients with
somatostatinoma referred to above also
had gallstones. Stomatostatin inhibits
gallbladder contraction and may in
duce bile stasis. It is too early to say
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whether gallbladder disease is a part of
the clinical picture of somatostatinoma.
3. Multiple Endocrine Adenopathy
Multiple endocrine adenopathy, or
adenomatosis, is of two types, MEA 1
and MEA 2. The latter is synonymous
with the Sippel syndrome in which
a medullary carcinoma of the thyroid
is associated with parathyroid adenoma
and bilateral pheochromocytoma. This
type of multiple endocrinopathy is
not the concern of the present paper.
Multiple endocrine adenopathy type
1 is a syndrome that is often familial
with an autosomal dominant inherit
ance and includes most commonly hy
perparathyroidism (88%), islet cell
tumour (81%) (which may be either
a gastrinoma, insulinoma or vipoma)
or a tumour of the anterior pituitary
(65%) resulting in either acromegaly
or Cushing’s syndrome.38 Duodenal ul
ceration is frequently a presenting
symptom of MEA type 1, and not un
commonly the physician is confronted
with a patient who has hyperpara
thyroidism and peptic ulceration. All
such patients should be investigated for
the Zollinger-Ellison syndrome as out
lined earlier. Hypergastrinemia may
simply indicate the response to hyper
calcemia but it may also be due to
an associated Zollinger-Ellison syn
drome. Even when a gastrinoma is
suspected, Turbey and Passaro21 have
recommended that surgical treatment
should be directed first to the correc
tion of the hyperparathyroidism. The
patients whose hypergastrinemia and
duodenal ulceration are attributable to
hyperparathyroidism can expect to be
cured. The patients with an associated
gastrinoma may be improved suffici
ently that a remission of their peptic
ulcer may occur. Surgical treatment
of the gastrinoma should be under
taken only when the complications of
peptic ulceration force the hand of the
surgeon.
Hvposecretory States
No disease state has so far been at
tributable to hyposecretion of any one
or more gastrointestinal hormones, and
it is unlikely that such abnormalities
will ever be found, for two reasons.
First, unlike other endocrine organs
in which all the secretory cells are
clustered in one compact organ, the
gastrointestinal tract has its endocrine
cells widely dispersed along most of its
length, so that a disease state or excision
of one segment cannot remove the
entire source of the secretion concerned.
For example, normal concentrations of
circulating gastrin are found in man

after antrectomy.39 Second, there are
similarities in structure and function
between several gastrointestinal hor
mones, so that the actions of a hormone
secreted in inadequate amounts can be
taken over by other hormones. For ex
ample, because of its structural simi
larities with cholecystokinin, gastrin
has both the cholecystokinetic (ability
to contract the gallbladder) and pancreozyminic (ability to stimulate pan
creatic enzyme secretion) actions of
cholecystokinin.40 Similarly VIP has a
secretory-like action in its ability to
Stimulate the flow of alkaline pancre
atic secretion.41
Nevertheless, two possibilities of a
hyposecretory state have been men
tioned: cholecystokinin deficiency in
some forms of obesity and enterogastrone deficiency in peptic ulcer disease.
On the basis of animal experiments
cholecystokinin has been suggested as
the satiety factor, the messenger that
turns off the satiety centre when enough
food has been consumed.42 To date
there is no evidence that cholecystokinin
plays such a role in man. There has
been much speculation about whether
enterogastrone deficiency can act as a
cause of ulcer disease. The most re
cent candidate to qualify as an en
terogastrone, gastric inhibitory polypep
tide, is found in higher concentrations
in the blood of patients with duodenal
ulcer than in healthy subjects.43 The
search for other enterogastrones con
tinues.
Anomalies of Sensitivity, Metabolism
and Release
The clinical manifestations of an
endocrine abnormality may occasion
ally be related either to changes in
target-organ sensitivity or to altered
metabolism or pattern of hormone re
lease. Although no specific disease of
the gastrointestinal tract can be attrib
uted solely to these types of anomaly,
evidence exists that, at least in part,
these anomalies are involved in the
pathophysiology of some conditions.
/. Anomalies of Increased Sensitivity
Peptic ulcer disease.—Fasting serum
gastrin concentrations in patients with
duodenal ulcer do not differ from
those of healthy persons.44 After a
protein meal, however, patients with
duodenal ulcer release more gastrin
than do healthy controls,45'46 partly be
cause of a decreased feedback inhibi
tion of gastrin release.47 Also, patients
with duodenal ulcer are three times
more sensitive than healthy subjects to
stimulation with pentagastrin.48
Achalasia.— Gastrin is known to con
tract the lower esophageal sphincter,
which in achalasia is hypersensitive to

gastrin. It has therefore been suggested
that increased sensitivity to normal
concentrations of circulating gastrin
might underlie the pathophysiology of
achalasia.49 There is as yet insufficient
evidence to support this hypothesis.
The irritable colon syndrome.-—A
possible mechanism for the irritable
colon syndrome is an increased sen
sitivity of the colonic musculature to
cholecystokinin which is released into
the circulation from the small intestinal
mucosa in response to the ingestion of
protein meals and fats. In patients with
this condition, parenteral cholecysto
kinin induces colonic hypermotility
which correlates with their symptoms.50
2. Anomalies of Decreased
Sensitivity
Reflux esophagitis.—Reflux esopha
gitis correlates highly with decreased
lower esophageal sphincter pressure.
Gastrin is known to contract the lower
esophageal sphincter. Some have
claimed that maintenance of the sphinc
ter pressure may be a physiologic ac
tion of gastrin51 and that the decreased
pressure that is found in peptic eso
phagitis is caused by either decreased
sensitivity of the sphincter to gastrin
or decreased circulating gastrin.52 Re
cent data refute this hypothesis.53
Gastric ulcer.—There is good evi
dence of dysfunction of the pyloric
sphincter in patients with gastric ulcer.
Thus, duodenogastric regurgitation of
bile is a frequent finding in such pa
tients. Both secretin and cholecysto
kinin contract the pyloric sphincter.54
It has recently been shown that the
pyloric sphincter of patients with gas
tric ulcer responds poorly to both
endogenous and exogenous secretin
and cholecystokinin.55 This is an exam
ple of a decrease in target-organ sen
sitivity to the action of hormones.
3. Anomalies of Metabolism and
Release
Acid peptic disease in renal failure.
—A clinical impression exists that
there is an increased frequency of acid
peptic disease in patients with renal
failure. As mentioned above, renal fail
ure is associated with hypergastrinemia.
Increased frequency of peptic ulcera
tion after portacaval shunt.— Although
much has been written about this as
sociation, there is no valid study that
shows a true increase in the frequency
of peptic ulcer after portacaval shunt.
The intestinal factor that mediates the
intestinal phase of acid secretion is
said to be inactivated by the liver.56
If this is true, a state of gastric acid
hypersecretion would be expected both
after a portacaval shunt procedure and
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in cirrhotic patients with a pathologic
rather than a surgical shunt.
Increased frequency of peptic ulcera
tion after massive small-bowel resection.
—As already mentioned, there is evi
dence of increased frequency of pep
tic ulceration in the “short-gut syn
drome”.28,29 What is not clear is the
mechanism for this association. The
hypergastrinemia that follows smallbowel resection has been attributed to
reduced destruction of gastrin since the
small intestine has been considered an
important site of gastrin metabolism.
This is not likely to be the main ex
planation; rather, as suggested by
Straus, Gerson and Yalow,29 the with
drawal of an inhibitor of gastrin re
lease from the small intestine may be
the main reason.

in which secretin (1 unit/kg body
weight) is given as a bolus injection
intravenously and pancreatic juice is
collected by duodenal aspiration dur
ing four periods of 20 minutes each.
The volume and bicarbonate and
amylase concentrations of the juice
are then determined. The main value
of this test is to identify patients with
chronic pancreatitis in whom there is
no normal increase in bicarbonate con
centration. Late in the disease these
patients also have a reduction in the
volume of secretion. The addition of
cholecystokinin to secretin heightens
the degree of stimulation and may
make it a better test. Few data are
available, however, to assess the diag
nostic superiority of the latter test.

during this procedure.62,63 Perhaps the
most important application of the gas
trointestinal hormones in radiology will
come when advantage is taken of the
opposing actions of cholecystokinin
and secretin on small-bowel motility
during examination of the small bowel.
Secretin given intravenously promptly
arrests the progress of the head of
barium and relaxes the small bowel al
lowing detailed examination of the
mucosal pattern, while cholecystokinin
reverses the effect of secretin and ad
vances the head of barium which can
subsequently be arrested again by
secretin. The alternating use of these
two hormones will be a major step
towards providing a satisfactory roentgenographic examination of the small
bowel.

*

Use in Provocative Tests
Diagnostic Applications

The gastrointestinal hormones have
been used not only in the diagnosis of
disease states but also to aid in roent
genologic and endoscopic procedures.
Hormone Levels in Blood and Tissue
The most obvious application is in
measuring hormone concentration in
blood and in biopsy specimens from
tumour tissues for the diagnosis of the
hypersecretory states already described.
Such measurements are especially im
portant in the diagnosis of gastrinoma,
vipoma and glucagonoma.
Use in Secretory Testing
The augmented histamine test of
Kay57 for measuring maximal acid
output by the stomach has been largely
replaced by the pentagastrin test. Pentagastrin is a synthetic gastrin analogue
composed of five amino acids, the last
four of which are the four C-terminal
amino acids of the gastrin molecule.
The pentagastrin test is safer and takes
less time.58 After a basal 15-minute
period of acid collection using a naso
gastric tube whose position is fluoroscopically confirmed, pentagastrin is
given in a dose of 6 /u.g/kg body
weight, intramuscularly. Gastric juice
is collected for three periods of 15 min
utes each. The acid output in the last
two 15-minute periods is multiplied by
two to give the maximal acid output
per hour. Failure of the stomach to
secrete acid on two separate occasions
in response to this dose of pentagastrin
is conclusive evidence of achlorhydria.
The association of achlorhydria with a
gastric ulcer is virtually diagnostic of
malignant disease.
The secretory capacity of the pan
creas is assessed by the secretin test,
14

The use of secretin in the provoca
tive test for Zollinger-Ellison syndrome
has already been discussed. In addi
tion, intravenous injection of glucagon
has been found to be a useful and safe
provocative test for diagnosing insuli
noma, glucagonoma and medullary
carcinoma of the thyroid. In 70%
to 80% of patients with insulinoma
there is an exaggerated plasma insulin
response to glucagon (1 mg intrave
nously), insulin values rising to 150
yLtU/mL or higher within 5 to 10 min
utes.59 The glucagon test is safer than
the tolbutamide test since glucagon
raises rather than lowers blood glucose
concentrations.
Glucagon is a potent insulinotropic
agent in healthy persons. Patients with
glucagonoma, on the other hand, are
relatively insensitive to the adminis
tration of exogenous glucagon. This ob
servation makes glucagon useful for
diagnosing functioning glucagonoma.34
Glucagon may also be of value in
the diagnosis of medullary carcinoma
of the thyroid, from which it may
provoke the release of calcitonin.60

Endoscopic Application
Since glucagon relaxes the duodenum
without stimulating pancreatic secre
tion, it is ideal for use during endo
scopic examination of the duodenum
(personal observations). An intravenous
injection of a small amount of secretin
will cause a flow of pancreatic juice
from the ampulla of Vater permitting
rapid identification for endoscopic
retrograde cannulation of the papilla.
Secretin also may be used to stimulate
pancreatic secretion to provide ade
quate pancreatic juice for cytologic
examination. An intravenous injection
of cholecystokinin will cause contrac
tion of the gallbladder and rapid entry
of bile into the duodenum whence it
can be aspirated by means of an endo
scope for examination for cholesterol
crystals. The presence of cholesterol
crystals in the bile of a patient with
typical biliary tract symptoms but with
a normal cholecystogram may help in
the diagnosis of small calculi or cholesterolosis.
Therapeutic Applications

k.

Roentgenologic Application
The inhibitory action of glucagon
on the motor function of the duodenum
is exploited in glucagon hypotonic duo
denography and in relaxing the colon
during examinations after a barium
enema. Other gastrointestinal hormones,
especially secretin and VIP, as well as
glucagon, are powerful vasodilators.
This vasodilatory action of secretin
and glucagon is utilized to improve
detail in selective angiography.61
There is no good reason why intra
venous administration of cholecysto
kinin should not replace the ingestion
of a fatty meal during oral cholecys
tography, since cholecystokinin may
help to visualize the common bile duct

Theoretically, there are several pos
sible therapeutic actions of the gastro
intestinal hormones. There are, how
ever, no established therapeutic uses
for these hormones to date.
Synthetic secretin has been used in
a prospective double-blind study of the
treatment of duodenal ulcer.64 The
theoretical basis for its administration
is obvious: secretin is a potent in
hibitor of acid secretion, it is a potent
stimulator of the secretion of alkaline
pancreatic juice and has been shown
to produce alkalinization of the con
tents of the duodenal bulb and stomach
for up to 3 hours after subcutaneous
injection.05 Unfortunately, the trial
mentioned above64 had to be discon-
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tinued because of the development of
transient, asymptomatic hyperamylasemia in patients treated with secretin.
The powerful motility-stimulating
action of choleeystokinin and its anal
ogues has been utilized in the treatment
of paralytic ileus. 66 Gastrointestinal
hormones may also have a therapeutic
application in the irritable colon syn
drome, another motility disorder.
Glucagon has been used therapeu
tically for some time for its cardio
tonic action in patients in shock and
for its hyperglycemic effects. Glucagon
has been proposed for the treatment of
acute pancreatitis. 67,68 Again the theo
retical benefits are obvious: glucagon
inhibits pancreatic enzyme secretion,
inhibits gastric acid secretion, increases
blood flow to the pancreas and is
cardiotonic. Most of the studies to
date on the therapeutic usefulness of
this hormone in pancreatitis have been
uncontrolled.
Both choleeystokinin and glucagon
are potent vasodilators and increase
mesenteric blood flow to, as well as
oxygen consumption by, the intestine. 69
There is a theoretical possibility that
these substances, given either intra
venously or by selective mesenteric in
fusion, may be useful in the treatment
of patients with nonocclusive ischemic
enterocolitis.
Vasoactive intestinal polypeptide has
a powerful vasodilatory action on the
coronary and peripheral circulation. It
is also a powerful bronchodilator capa
ble of antagonizing the bronchoconstrictor action of several agents. Said70
has stated that these actions have ob
vious potential clinical application.
Conclusions

The field of gastrointestinal endo
crinology is developing rapidly. Major
advances will be made when new pep
tides are discovered and their mecha
nisms of action and physiologic rele
vance elucidated. Of greater importance
to the clinician will be the identification
of further disease states caused by the
abnormal production of gastrointestinal
hormones and the use of such hor
mones as tumour markers and in the
diagnosis of several benign gastroin
testinal conditions. In this respect it
will soon be possible to characterize
the profile of gastrointestinal hormones
in the patient’s serum and to say which
portion of the intestine may be affected
by inflammatory or malabsorptive
disease. Further characterization of
gastrointestinal peptides as neurotrans
mitters, especially at vagal nerve ter
minals, will revolutionize our concept
of the autonomic nervous system. The
peptidergic system may be an even

more important division of the auto
nomic nervous system of the gut than
the sympathetic and parasympathetic
systems. The importance of this fact in
understanding certain disease states and
the pathophysiology of some of the
undesirable sequelae of gastrointesti
nal surgery are obvious.
Clinicians should keep themselves
abreast of developments in this field
and make a subject section for gastro
intestinal hormones in their filing sys
tems or personal libraries.
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Treatment of Aortoiliac Disease
by Axillofemoral Artery Bypass
N athan M. Sheiner ,

Between July 1, 1971 and June 30,
1977, 45 axillofemoral artery bypass
procedures were performed on 39 men
and 5 women whose average age was 67.7
years. Twenty-four patients received
25 unilateral axillofemoral bypasses;
the remaining 20 patients underwent
axillobifemoral artery procedures.
The indication for surgery in 42 patients
was limb salvage; the other 2 had
infected aortic prostheses. All patients
in the former group had serious
associated disorders which would have
made a conventional intra-abdominal
procedure hazardous. The early mortal
ity was 2.3% and the late mortality
29.6%. Of the 45 grafts 20 became
occluded; however, 8 of the occluded
grafts were successfully revised and
have remained patent. For the 25
unilateral grafts at risk the 5-year
cumulative patency rate determined by
life-table methods was 50.6% and for
the 20 bilateral grafts it was 89.7%.
Our experience indicates that axillobi
femoral bypass has a significantly
CP < 0.02) higher patency rate than
unilateral axillofemoral bypass and is
an acceptable alternative to conventional
intra-abdominal procedures in elderly
and poor-risk patients with aortoiliac
disease.
Entre le le r juillet, 1971 et le 30 juin,
1977, 45 pontages de I’artere axillofemorale ont ete realises chez 39
hommes et 5 femmes dont I’age moyen
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etait de 67.7 ans. Vingt-cinq pontages
axillofemoraux ont ete pratiques chez
24 patients; les 20 autres patients
ont subi des derivations axillobifemorales. Chez 42 patients (’intervention
etait destinee a sauver un membre;
les 2 autres avaient une infection
d'une prothese aortique. Tous les
patients du premier groupe souffraient
de maladies associees serieuses
qui auraient rendu dangereuse une
intervention intra-abdominale conventionnelle. La mortality precoce a ete
de 2.3% et la mortality tardive, de
29.6%. Une occlusion est survenue
dans 20 des 45 greffes; toutefois, 8
d’entre-elles ont ete reparees avec
succes et sont demeurees fonctionnelles. Pour les 25 greffes unilaterales
exposees, le taux cumulatif de patence
a 5 ans determine a I'aide de tables
actuarielles a ete de 50.6% et il a ete
de 89.7% pour les 20 greffes bilaterales.
Notre experience indique que la deri
vation axillobifemorale possede un
taux de patence significativement plus
eleve (P < 0.02) que celui de la
derivation axillofemorale u n ila te ra l et
represente une alternative acceptable
aux interventions intra-abdominales
conventionnelles chez les patients
ages ou les sujets a mauvais risque
souffrant d’une maladie de I'artere
iliaque.

Aortoiliac disease is generally man
aged by thromboendarterectomy or by
pass when the disease is of a stenotic
or occlusive nature and by graft re
placement when the disease is aneurys
mal. These so-called “anatomic” oper
ations are extensive surgical procedures
and are not applicable to all patients
with aortoiliac disease. Consequently
in pertain patients an “extra-anatomic”
bypass procedure is desirable.
There are two primary indications
for using an extra-anatomic bypass in
patients with aortoiliac disease: (a)
When the patient is considered a poor

operative risk for conventional revascu
larization because of serious associated
diseases of the cardiac, pulmonary,
renal or cerebrovascular systems. In
these instances it may be desirable to
substitute a procedure of lesser mag
nitude. (b) When the anatomic route
cannot be used because of intra-ab
dominal infection, neoplasm, colos
tomy, irradiation fibrosis or other
such conditions. It is in these two
situations that the extra-anatomic
axillofemoral artery bypass has achieved
widespread popularity. In this paper
we report our experience with this op
eration.
Historical Aspects
Lewis1 was the first to report the
use of an extra-anatomic bypass in the
management of a patient with aortoiliac
disease. During an operation on a pa
tient with a ruptured aortic aneurysm
Lewis noted that there was a dissection
of the proximal aorta. An attempt to
anastomose an aortic homograft to the
proximal aorta failed. The middle third
of the clavicle was excised and a nylon
graft anastomosed to the proximal sub
clavian artery after division of the
vessel and ligation of its distal end.
The graft was then drawn subcutane
ously across the thorax to enter the
abdomen to the left of the xiphoid pro
cess. It was anastomosed end-to-end
to a bifurcated aortic homograft, the
limbs of which were anastomosed endto-end to the iliac arteries. In 1962
unilateral axillofemoral bypass for
aortoiliac occlusive disease was per
formed almost simultaneously by Blaisdell and Hall2 and by Louw.3’4 In 1966
Sauvage and Wood5 described an
axillobifemoral artery bypass formed by
anastomosing a crossover suprapubic
limb to a unilateral axillofemoral graft.
Since these publications many addi
tional reports of axillofemoral grafts
have appeared in the literature.6'16
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Patients and Methods

In the 6-year period between July
I, 1971 and June 30, 1977, at the
Jewish General Hospital, Montreal, 45
axillofemoral bypass procedures were
performed in a group of 44 patients
(39 men and 5 women) whose mean age
was 67.7 years (Table I). The indica
tion for the operation was aortoiliac
disease with limb-threatening ischemia
in 42 patients and an infected aortic
prosthesis in the other 2. Each patient
in the former group was considered a
poor risk for conventional “anatomic”
revascularization owing to the presence
of one or more associated diseases
(Table II). In these same patients rest
pain was present in 24, ischemic ulcers
in 12 and gangrene of one or more
toes in the remaining 6 patients. In
no instance was the operation done for
claudication alone. Six patients had un
dergone a previous revascularization
procedure that had failed; four of these
were aortoiliac or aortofemoral bypass
and two were femoral-to-femoral by
pass.
Operative Procedures

Seventy separate operative proce
dures were performed on the 44 pa
tients (Table III). Unilateral axillo
femoral bypass was carried out 25
times in 24 patients; a single patient
underwent two separate unilateral pro
cedures 18 months apart. Three pa
tients received a unilateral axillofemoral
graft combined with a femoropopliteal
graft, a procedure we have termed the

T a b le

1— A g e D i s t r i b u t i o n o f 4 4 P a t ie n t s
W h o R e c e iv e d A x i l l o f e m o r a l G r a f t s

Age, yr

N o. of p a tie n ts

P e rce n t

4 0 -4 9
5 0 -5 9
6 0 -6 9
7 0 -7 9
8 0 -9 0

1
5
19
16
3

2.3
11.3
43.2
36.4
6.8

T ota l

44

1C0.0

D ia b e t e s
H y p e r t e n s io n
C o r o n a r y a r t e r y d is e a s e
C e r e b r o v a s c u la r
in s u f f ic ie n c y
C h r o n ic p u lm o n a r y d is e a s e
C h r o n i c r e n a l d is e a s e
O th e r
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Operative Techniques

The technique of axillofemoral by
pass has been well described.6,14,16
However, several important points are
worth re-emphasizing. Patients who are
considered candidates for this proce
dure are carefully examined for the
presence of subclavian artery disease.
A decreased blood pressure in one arm
or a bruit over the subclavian artery
indicates stenosis of the vessel and may
contraindicate the use of that axillary
artery. In such cases the subclavian
artery is examined by arteriography.
The operation is generally performed
under light general anesthesia, though

T a b le I I I — O p e r a t i v e P r o c e d u r e s P e r f o r m e d
o n t h e 44 P a t ie n t s

N o. of
p ro c e d u re s

P roce d u re
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f e m o r o p o p lit e a l b y p a s s
A x il lo b if e m o r a l b y p a s s
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f e m o r a l to a x il lo b i f e m o r a l

25
3
17

b yp a ss
R e v i s i o n o f a x il lo f e m o r a l g r a f t

3

X l
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10

X2
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3
2

X3

P e r io d
0 - 30 d
31 d - 1 y r

N o . o f p a t ie n t s
1
7

N o . o f p a tie n ts
(a n d % )
15 (3 4 )
26 (5 9 )
39 (8 9 )
7
19
11
6

(1 6 )
(4 3 )
(2 5 )
(1 4 )

if necessary local anesthesia can be
used. All bypasses in our series were
effected by 8- or 10-mm knitted Dacron
grafts. However, saphenous veins3 or
even combinations of saphenous and
cephalic veins have been used.17 The
length of the graft is important. A graft
that is too short will produce down
ward traction on the axillary artery
with consequent kinking of the artery.
This will cause turbulence at the
anastomotic site and possibly throm
bosis. Conversely, a graft that is too
long will buckle and “snake”, again pos
sibly resulting in thrombosis. The path
that the graft takes from the axilla
to the groin must be carefully selected.
A direct path from the axillary to the
femoral artery across the most promi
nent portion of the costal arch is
avoided to prevent kinking of the graft
when the body is flexed. The graft must
be placed along the anterior axillary
line.
Many patients who are candidates
for axillofemoral bypass have an oc
cluded superficial femoral artery and
in this group care must be taken to
ensure that the patency of the deep
femoral artery is adequate. If it is
stenotic at its orifice the arteriotomy
in the common femoral artery is ex
tended along the deep femoral artery
to a point beyond the stenosis. The
Dacron graft is then tailored to serve
as a patch for the deep femoral
artery. If the disease in this artery ex
tends beyond its orifice, the vessel is
endarterectomized and an autogenous
vein patch sewn to the endarterectom
ized segment. The axillofemoral Dacron
graft is then anastomosed more proximally to the common femoral artery.
If there is diffuse disease or occlusion
of the deep femoral artery we perform
a sequential axillofemoral and femoro
popliteal bypass, using autogenous
saphenous vein for the femoropopliteal
portion.
Thrombosis of the graft is generally
managed by prompt re-exploration.
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sequential axillofemoral and femoro
popliteal bypass. Axillobifemoral by
pass was the initial procedure in 17
patients. In three other patients a uni
lateral bypass was converted later to
a bilateral bypass by inserting a cross
over suprapubic limb. Therefore there
were 25 unilateral axillofemoral grafts
and 20 axillobifemoral grafts. Graft
thrombectomy or revision was done in
15 patients, in 10 on one occasion, in
3 on two separate occasions and in 2
patients on three separate occasions.

1 - 2 yr

3

2 - 3 yr
> 3 yr

1
2

C a u s e o f d e ath
a n d n o . o f p a t ie n t s
M y o c a r d ia l in f a r c t io n
M y o c a r d ia l in f a r c t io n
L e u k e m ia
G a s tr o in t e s tin a l
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Thrombectomy is performed when
thrombosis of the graft occurs early
in the postoperative period. Late graft
thrombosis requires excision of the en
tire graft, except for short segments
that are left attached to the axillary
and femoral arteries, and the insertion
of a new graft. In these cases the
anastomosis of the graft to the super
ficial femoral or deep femoral artery
is carefully examined and its calibre
estimated with the aid of graduated
Hegar dilators. Stenotic lesions at the
junction of the superficial and deep
femoral arteries are managed by angio
plasty to prevent reocclusion of the
graft.
Results

Mortality
Fourteen (31.9%) patients died dur
ing this study, reflecting the severity
of the associated disorders in this group
of patients. One patient died during
the first 30 days so that the operative
mortality was 2.3%. Of the 14 pa
Table V—Early and Late Complications of
of Axillofemoral Bypass
No. of
patients

Complication
Early
Wound complications
Infection of groin incision
DehiscenCe groin incision
Seroma of groin
Lymphocele of groin
Postoperative myocardial
infarction
Postoperative cerebrovascular
accident
Postoperative hepatitis
Postoperative atelectasis
Graft occlusion
Late
Graft occlusion
Brachial artery embolism

5

2
1
1
1

3
1
1
2
5
14
3

tients who died, 9 had patent grafts.
The causes of death are listed in Table
IV, and it is to be noted that seven
deaths were due to myocardial infarc
tion.
Complications (Table V)
In all instances there was primary
healing of the axillary incision. In
five patients the groin incision was the
site of a complication. Deep wound
infection occurred in two of these
and in both the graft became occluded.
A seroma developed in one patient
and a lymphocele in another; both
were successfully managed by repeated
aspiration. In one elderly patient the
edges of the groin incision separated
after removal of the sutures; the in
cision was resutured and remained
healed.
Graft occlusion (Table VI) was the
most common complication, occurring
in 19 patients (20 grafts); in 5 the
occlusion developed within the first
postoperative month. Thrombectomy,
attempted in two of these patients,
was successful in one. Fourteen grafts
(13 patients) became occluded between
1 and 12 months after operation. The
single patient with two separate uni
lateral axillofemoral grafts suffered
occlusion within this interval. Twelve
of the 14 occluded grafts were ex
plored and the patients subjected to a
total of 17 separate operative proce
dures. Thrombectomy or revision was
carried out once in eight grafts, twice
in three grafts, and on three separate
occasions in one graft. Patency was re
established in 7 of the 12 grafts that
were explored. In one patient the graft
became occluded twice during the
second postoperative year and was
successfully revised on each occasion;
it became occluded for the third time
40 months after after the original oper
ation but this time patency could not
be re-established. In summary, of the

20 grafts that become occluded, revi
sion or thrombectomy was attempted
in 15 and long-term patency was re
established in 8. Of the five patients
who had revision on more than one
occasion, only two have persistently
patent grafts.
An interesting late complication en
countered in three patients was em
bolism of the brachial artery on the
side of the axillofemoral graft. In all
three the embolus was assumed to
have become detached from a throm 
bus that developed at the site of
anastomosis of the graft to the axillary
artery. In two cases embolism occurred
at the same time that the graft became
occluded. Brachial embolectomy, per
formed in all three patients, success
fully restored the circulation in each.
Of the 12 patients with failed grafts,
major amputation was required in 9.
One patient underwent a successful
aortofemoral bypass and a transmeta
tarsal amputation. The remaining two
patients had persistent ischemia and ul
timately died. In no instance was a
major amputation required when the
graft was patent. Patients with rest
pain were either totally relieved of
this symptom or considerably improved
following successful grafting.
Patency Rates
Of the 45 grafts at risk, 25 were uni
lateral and 20 were bilateral grafts;
3 of the latter represented unilateral
grafts that were converted to bilateral
grafts by the insertion of a crossover
limb. In this series of patients grafts
that became occluded but were success
fully revised were considered patent.
For the 25 unilateral grafts at risk the
5-year cumulative patency rate, de
termined by life-table methods, was
50.6%, and for the 20 bilateral grafts,
89.7% (Fig. 1).

Table VI—Analysis of Graft Occlusions

No. of grafts occluded

Attempted
thrombectomy
or revision

Patency
re-established

Total
occluded

0 - 30 d
31 d - 1 yr
1 - 2 yr
2 - 3 yr
3 - 4 yr

5
14

2
12*

1
7

Total

20f

Time

It

0

If

0

0

It

ot

4
7
0
0
1

8

12

If

15

It

’ These 12 grafts were subject to 17 separate procedures, 8 grafts to thrombectomy or revision
once, 3 grafts twice and 1 graft three times.
(One graft was revised on two separate occasions 1-2 yr after placement. Same graft
became occluded again at 40 months and patency could not be re-established. Therefore, 20 grafts
became occluded and 15 were subjected to thrombectomy or revision. Early patency was estab
lished in nine grafts but ultimate patency in eight.
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FIG. 1—Cumulative patency rates of
unilateral axillofemoral and axillobifemoral grafts as determined by life-table
methods.
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Discussion

A review of several reported series
of axillofemoral grafts indicates that
there is considerable variation in the
patency rates for this procedure (Table
yjj7,9,i3,i5) Johnson and colleagues13
reported a 5-year patency rate of 37%
in unilateral grafts and 76% in bi
lateral grafts. The latter figure was
the same as for their 5-year patency
rate for aortoiliac and aortofemoral
grafts. In Johnson’s study, as in ours,
grafts that became occluded and in
which patency was successfully re
established were considered as patent
grafts. Johnson and associates con
cluded that axillobifemoral bypass
“appears to afford at least as good an
outcome as aortic bypass surgery with
regard to patient survival, limb survival,
and long term graft patency”. They
encouraged the use of axillobifemoral
bypass as an alternative to aortoiliac or
aortofemoral bypass. Eugene, Goldstone and Moore,9 in reporting a series
of 59 patients with axillofemoral
grafts, considered grafts that became
occluded and were then reopened as
failed grafts; the patency rate was
50% at the end of 2 years and only
20% of the patients did not require
revision. In their series there was no
statistically significant difference in pa
tency rates between unilateral and bi
lateral grafts and the long-term patency
rate of axillofemoral grafts was con
siderably lower than that of convention
al aortoiliac or aortofemoral bypass,
which in their institution had a 5-year
patency rate of 85%. Eugene, Goldstone and Moore concluded that these
grafts should be used only in selected
instances “to restore lower extremity
circulation in poor risk patients with a
limited life expectancy” and for the
management of the infected aortic pros
thesis.
Conclusion

patients who currently undergo axillo
femoral grafting in our institution
have an axillobifemoral procedure
performed whenever feasible. The
increased blood flow in bilateral grafts
may create hemodynamic conditions
that favour continued patency. Our
current practice is to utilize axillo
femoral grafts for all patients with aor
toiliac disease who have limb-threat
ening ischemia and who are over the
age of 70 years and for younger pa
tients who are considered poor opera
tive risks for conventional revasculariz
ation. We also use axillobifemoral by
pass in the management of patients
with infected aortic prostheses, mycotic
abdominal aortic aneurysm and aortoduodenal fistulas and for patients in
whom the conventional intra-abdomi
nal approach is precluded because of
such conditions as sepsis or adhesions.
We emphasize that in a significant
proportion of patients (almost 45%
in our experience) grafts will become
occluded. However, patency of those
grafts can be re-established by throm
bectomy or revision in many cases.
Therefore the surgeon who undertakes
the operation of axillofemoral artery
bypass must be prepared to reoperate
on many patients.
Addendum
Between July 1, 1977 and June 30,
1978 axillobifemoral artery bypass was
performed in six more patients. Three
had limb-threatening ischemia but were
considered poor risks for conventional re
vascularization. Two patients with rup
tured aortic aneurysms received axillobi
femoral grafts because of difficulty in
dealing with the proximal aortic stump.
In one patient axillobifemoral bypass was
performed because of anticipated tech
nical difficulties as a consequence of
previous operative procedures on the ab
dominal aorta. All six grafts remained
patent during the short follow-up period
although both patients with ruptured
aneurysms died of renal failure.

Our experience indicates that axillo
bifemoral bypass has a substantially
higher patency rate than unilateral
axillofemoral bypass. Consequently,
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Tagamet
(cimeiidine) injection

The 'Tagameft'effecft
The precise mechanism by which 'Tagamet' controls upper g.i. bleeding is not
understood, although several theories exist, of which these seem the most likely.

Significantly Inhibits Gastric Acid Secretion,
raising the pH of the stomach to inactivate pepsinogen (thereby decreasing pepsin which is
known to digest protein in an acidic environment) and possibly promoting clot formation.

M May Decrease Gastric Mucosal Blood Flow
due to inhibition of acid secretion, allowing the body's hemostatic mechanism
to control bleeding.

■ May Prevent Further Damage to the Mucosa
by acid through blockade of histamine H2receptors, thereby encouraging
healing of the mucosal injury.

65 patients in whom other nonsurgical measures had failed, or
for whom surgical intervention
was considered impossible or
unduly hazardous, were
evaluated; the results are
reported in the adjacent table.1

Heavy
Moderate
Subacute/recurrent

C o m p le te
Su ccess

P a rtia l
Su ccess

C o m p le te
& P a rtia l
Su ccess

65%
52%
45%

15%
22%
25%

80%
74%
70%

F a ilu r e

20%
26%
30%

1. Data on file, SK&F Medical Department

The H Receptor Antagonist-A major clinical
advance for uncontrolled g.i. bleeding
SMITH KLINE &FRENCH CANADA LTD.
Montreal, Quebec H4M 2L6

DUODENAL ULCER. NON-MALIGNANT
GASTRIC ULCER, AND GASTRO
ESOPHAGEAL REFLUX DISEASE

fkgamet
(cimetidine SK&F)
Tablets
Injection
P rescribing Inform ation
(Product Monograph available to practitioners on request)

ACTION
Cimetidine competitively inhibits the action of histamine
at the histamine H 2 receptor, and thus represents a new
class of pharmacological agents, the histamine
H2 -receptor antagonists.
Cimetidine is not an anticholinergic agent. Studies have
shown that cimetidine inhibits both daytime and nocturnal
basal gastric acid secretion. Cimetidine also inhibits
gastric acid secretion stimulated by food, histamine,
pentagastrin, caffeine and insulin. Its ability to inhibit
gastric acid secretion via this unique mechanism of action
permits a new approach to the treatment of acid-related
gastrointestinal disorders.
Cimetidine is absorbed rapidly after oral administration.
The plasma half-life is approximately two hours. The
principal route of excretion is the urine.
The degree and duration of inhibition of basal and
stimulated gastric acid secretion are dose-related; the
data suggest that 8 0 % or higher inhibition throughout a
2 4 hour period can be achieved by a dosage regimen of
3 0 0 mg four times daily given with meals and at bedtime.
Cimetidine 3 0 0 mg reduced total pepsin output as a result
of the d ecrease in volume of gastric juice. The drug had no
effect on the rate of gastric emptying or lower esophageal
sphincter (LES) pressure.

INDICATIONS AND CLINICAL USE
Tagamet® (cimetidine) is primary therapy for conditions
where the inhibition of gastric acid secretion is likely to be
beneficial, such as:
□
□
□
□
□

Duodenal ulcer
Non-malignant gastric ulcer
Gastroesophageal reflux disease
Management of upper gastrointestinal hemorrhage
Pathological hypersecretion associated with ZollingerEllison Syndrome, systemic mastocytosis and multiple
endocrine adenomas.

CONTRAINDICATIONS
There are no known contraindications to the use of
'Tagam et' (cimetidine).

PRECAUTIONS
Use in P regn an cy : Nursing Mothers:
There has been no experience, to date, with use of
'Tagam et' (cimetidine) in pregnant patients. Reproduction
studies performed in rats, m ice and rabbits have revealed
no evidence of impaired fertility or harm to the fetus due to
'Tagam et'. Studies have demonstrated that 'Tagamet'
crosses the p lacental barrier. It is also secreted in the milk
of animals. 'Tagam et' should be used in pregnant or
lactating patients or women of child-bearing potential only
when, in the judgement of the physician, the anticipated
benefits outweigh the potential risks.
Use in Children
Clinical experience in children is limited. Therefore,
'Tagam et' (cimetidine) therapy cannot be recommended
for children unless, in the judgement of the physician,
anticipated benefits outweigh the potential risks. In very
limited experience, 2 0 -4 0 mg/kg per day has been
administered in divided doses by mouth or intravenously.
Use in Im paired Renal Function
Because 'Tagam et' (cimetidine) is excreted by the kidney,
a reduced dosage should normally be administered to
patients with impaired renal function. (See DOSAGE AND
ADMINISTRATION)
Drug Interactions
Studies in animals revealed no pharmacological inter
action between 'Tagamet' and commonly used drugs. No
significant interactions have been observed in man.

ADVERSE REACTIONS
Mild and transient diarrhea, muscular pain, dizziness and
rash have been reported in a small number of patients
during treatment with 'Tagamet' (cimetidine). There have
been reports that a few patients have developed mild
nonprogressive gynecomastia during prolonged treatment.
No evidence of induced endocrine dysfunction was found,
and the condition remained unchanged with continuing
'Tagam et' treatment. Some increases in plasma creatinine
and serum transaminase have been reported.

OVERDOSAGE
In cases reported to date, involving oral ingestion of up to
10 grams of 'Tagam et' (cimetidine), no untoward effects
have been noted, and recovery has been uneventful.
Treatm ent
The usual measures to remove unabsorbed material from
the gastrointestinal tract, clinical monitoring and
supportive therapy should be employed. Studies in animals
indicate that assisted respiration may be of value and that
any tachycardia may be controlled by administration of a
fl-blocker.

DOSAGE AND ADMINISTRATION
ADULTS:
(Experience with 'Tagamet' in children is limited and it has
not been evaluated in clinical studies—see PRECAUTIONS)
In clin ical studies 'Tagamet' (cimetidine) has been used in
divided doses of up to 2 4 0 0 mg/day.
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The recommended adult oral dosage for duodenal ulcer,
non malignant gastric ulcer and gastroesophageal reflux
disease is 300 m g four times a day, with m eals and at
bedtime.
While healing with 'Tagamet' often occurs during the first
week or two, treatm ent should be continued for at least
four w eeks unless healing has been demonstrated by
endoscopic examination.
Some patients may require concomitant antacids until
symptoms disappear.

MANAGEMENT O F UPPER
GASTROINTESTINAL HEMORRHAGE
In patients with upper gastrointestinal bleeding of
sufficient magnitude as to require blood transfusions,
'Tagam et' should be adm inistered parenterally,
preferably by intravenous injection or intermittent
infusion or, if necessary, by constant intravenous infusion
until 4 8 hours after active bleeding has stopped. At this
time an oral dosage regimen may be instituted and should
be continued for at least 7 -10 days.
Recommended d osage for oral administration:
3 0 0 mg every 6 hours.
Recom m ended d osage for intram uscular injection
adm inistration:
3 0 0 mg every 6 hours. Inject the entire contents of a 2 ml
ampul.
Recommended d o sa g e for intravenous injection
adm inistration:
3 0 0 mg every 6 hours. Dilute 'Tagamet' in Sodium
Chloride Injection (0.9% ) (or other compatible i.v.
solution) to a total volume of 2 0 ml and inject over 1-2
minutes.
Recommended d osage for intermittent intravenous
infusion adm inistration:
3 0 0 mg every 6 hours. Dilute 'Tagamet' 3 0 0 mg in 1 0 0 ml
of Dextrose Injection (5% ) (or other compatible i.v.
solution) and infuse over 15-20 minutes.
In some patients it may be necessary to increase dosage.
When this is necessary, the increases should be made by
more frequent administration of a 3 0 0 mg dose, but total
daily dosage should not exceed 2 4 0 0 mg.
Recom m ended d osage for constant intravenous
infusion adm inistration:
2 mg/kg/hour. Dilute 'Tagamet' for injection in a
compatible i.v. solution, such as Sodium Chloride Injection
(0.9% ) or Dextrose Injection (5% or 10%). In some patients
it may b e necessary to increase dosage. Dosage should
usually not exceed 4 mg/kg/hour.

DOSAGE ADJUSTMENT FO R PATIENTS WITH
IMPAIRED RENAL FUNCTION
Patients with severely impaired renal function have been
treated with 'Tagam et'. However, such usage has been
very limited. On the basis of this experience the
recommended dosage is 3 0 0 mg every 12 hours orally or
by intravenous or intramuscular injection. Should the
patient's condition require, the frequency of dosing may be
increased to every 8 hours or even further with caution. In
severe renal failure accumulation may occur and the
lowest frequency of dosing compatible with an adequate
patient response should be used. Hemodialysis removes
circulating cimetidine, therefore, the timing of dosage
should be adjusted to the dialysis schedule.

PATHOLOGICAL HYPERSECRETORY
CONDITIONS
(e.g., Zollinger-Ellison Syndrome)
Recommended adult oral d osage:
3 0 0 mg four times a day with meals and at bedtime. In
some patients it may be necessary to administer 3 0 0 mg
doses more frequently to control symptoms. Dosage should
be adjusted to individual patient needs, but usually should
not exceed 2 4 0 0 mg per day. If intravenous administration
is required, the d osage schedule should be the same as
that recommended for control of upper gastrointestinal
bleeding.

SPECIAL CASES
In patients in whom control of gastric acid secretion is
desirable, the recommended oral dosage of 'Tagamet' is
3 0 0 mg four times a day, with meals and at bedtime. If
intravenous administration is required, the dosage
schedule should be the same as that recommended for
control of upper gastrointestinal bleeding.

STABILITY O F INJECTABLE FORM
'Tagamet' injection, when added to or diluted with most
intravenous solutions, such as Sodium Chloride injection
(0.9% ) or Dextrose injection (5% or 10% ), is stable for 4 8
hours at normal room temperature 'Tagamet' Injection
should not be refrigerated.

AVAILABILITY
Tablets:
Pale green circular biconvex film coated tablets, each
containing cimetidine 3 0 0 mg (monogrammed SKF T13).
Bottles of 10 0 tablets.
Injection:
Each 2 ml dose contains cimetidine HC1 equivalent to 3 0 0
mg of cimetidine, in Sterile Water for Injection. Preserved
with phenol, 0 .5 % . Ampuls of 2 ml, packaged in 10's.
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SMITH KLINE 8 FRENCH CANADA LTD.
MONTREAL, QUEBEC H4M 2L6
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and associates.22 In our series we have
so far found no instance of hyperten
sion and there have been few late
sequelae.
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Computerized Axial Tomography and Fine-Needle Biopsy
in Surgery of the Pancreas
D enis B ourbeau, md, frcs[c], Jacques Sylvestre , md , frcp [c], H enri-P aul L evesque, md , frcp [c],
R obert G. D ussault, md, frcp [c], Y van B oivin, md , fiac and Serge D ube , md

Notable advances have been made in
the investigation of pancreatic disorders.
However, many of the diagnostic tests
required are still of an invasive nature
and are attended by difficulty and risk.
The authors have found that the noninvasive method of axial tomography
is highly reliable for the evaluation
of pancreatic lesions, especially in
cases in which a pancreatic mass is
present or the duct of Wirsung is
dilated. This procedure can also be
helpful in the follow-up of patients
who have suffered from acute or
chronic pancreatitis.
The same diagnostic problem is
present at operation. To obtain a quick
and reliable diagnosis of pancreatic
lesions, the authors performed fineneedle aspiration biopsies followed by
immediate staining and examination of
the specimen. Among 43 patients an
accurate diagnosis was obtained in 41
instances and no complication was
ascribed to this diagnostic procedure.
Des progres remarquables ont ete
accomplis dans la recherche des mala
dies du pancreas. Toutefois, plusieurs
des epreuves diagnostiques necessaires demeurent de nature envahissante
et sont accompagnees de difficultes
et de risques. Les auteurs ont trouve
que la tomographie transverse axiale,
une methode non envahissante, est
tres fiable pour ('evaluation des lesions
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pancreatiques, tout specialement dans
les cas ou il y a presence d’une masse
pancreatique ou lorsque le canal de
Wirsung est dilate. Cette technique
peut aussi etre utile pour la surveillance
de post-cure des patients ayant
souffert de pancreatite aigue ou
chronique.
Le meme probleme de difficulty
diagnostique se retrouve au moment
de I'operation. Pour obtenir un
diagnostic rapide et fiable, les auteurs
ont procede a des biopsies a I 'aiguille
fine, suivies de coloration et d’interpretation immediate. Ils ont obtenu un
diagnostic exact 41 fois sur 43 et
aucune complication n'a ete reliee a ce
procede diagnostique.

Many uncertainties face the surgeon
whose task is to identify pancreatic
disease, either before or during oper
ation. We describe our experience with
computerized axial tomography, which
in our hands has been helpful in the
diagnosis of pancreatic lesions. Al
though important contributions to the
preoperative elucidation of the nature
of pancreatic masses have been made
by arteriography, transhepatic cholan
giography and endoscopic retrograde
pancreatography, these procedures are
invasive and therefore carry a risk to
the patient which limits their use.
Hence, computerized axial tomography
and ultrasonography are now being
considered as alternative noninvasive
techniques for determining pathologic
change in deep-seated organs. In their
application to the upper abdomen, the
newly developed axial imaging devices
also have the advantage of being arearelated rather than organ-oriented and
thus provide additional diagnostic in
formation in cases of jaundice, regional
infiltration secondary to pancreatic dis
ease and pancreatic or hepatic involve
ment in the course of disease affecting
an adjacent organ.

abr ,

Computerized Axial Tomography
In the 12-month period from Sep
tember 1976, we submitted patients
suspected of having a pancreatic lesion
to computerized tomography using a
prototype EMI total body unit (EMI
Medical Inc., Northbrook, IL). The
results of 500 upper abdominal scans
are available.
The examination was conducted us
ing at least two contiguous slices,
each 1.3 cm thick, but any single cut
may show a surprisingly large area
of the normal anatomy (Fig. 1).
Seventy-eight studies were directed
primarily to the pancreas. Only a
single false-negative result was ob
tained. Cancer of the pancreas was diag
nosed in 23 patients and pancreatitis
in 34 patients on the basis of ab
normalities disclosed by computerized
axial tomography together with the clin
ical and biochemical findings. Since
there are no specific histologic features
to distinguish between cancer and in-

FIG. 1— Contrast agents in low con
centration outline gallbladder (a); com
mon bile duct (b) is seen cut through its
intrapancreatic course. Stomach (c) and
duodenal loop (d) are also faintly opacified
to outline head and body of pancreas (e)
against lesser sac and retroperitoneal fat
(f). Splenic vein is seen coursing behind
tail of pancreas. Superior mesenteric
artery (g) is shown arising from aorta
(h ).
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flamation in a homogeneous pancreatic axial tomography 16 months after a
mass, a precise diagnosis could not Whipple operation in a patient whose
pancreatitis had been caused by al
always be made.
Computerized axial tomography has cohol abuse. A large mass was dem
proved useful in identifying the nature onstrated arising from the tail of the
of masses associated with clinical and pancreas, displacing the stomach and
biochemical pancreatitis as the follow the spleen. Calcified nodules and a
pseudocyst measuring 2.5 cm in
ing example indicates.
A patient was found to have a serum diameter were revealed (Fig. 7a). The
amylase value in the range of 5000 cut surface of the specimen removed
IU/ L (normal, 70 to 300) and was at a second operation had the same
treated for pancreatitis over a period characteristics that were seen on the
of 21 days. A mass was palpable in scan (Fig. 7b). The appearance is
the upper abdomen and on computer typical of relapsing pancreatitis.
As illustrated by our clinical experi
ized axial tomography was seen to be
coalescent with the pancreas (Fig. 2). ence, the correlation between com
The size of the mass in the retroperi puterized axial tomography and the
toneal space and its compact horseshoe findings at operation proves that the
shape were suggestive of lymphoma and technique is a useful aid in the diag
this diagnosis was proved at operation. nosis and follow-up of various pan
The pancreatic duct can be visualized creatic conditions. The ultimate value
only under pathologic conditions, when of this noninvasive method for study
it is dilated (Fig. 3). Such dilatation ing the pancreas must be reviewed in
occurs proximal to a pancreatic mass, the light of broader experience and
whether it is malignant or inflamma must be kept in perspective with paral
tory. A solid pancreatic mass usually lel developments in ultrasonography.
has no distinguishing characteristics.
Moreover, such a mass is recognizable
Fine-Needle Aspiration Biopsy
only when it is more than 3 cm in
Fig. 4b
diameter. Hence, a dilated duct of
Once the pancreatic lesion is disWirsung is important in indicating the
FIG. 4— (a) Pseudocyst (arrow) of tail
of pancreas, with inflammatory changes
presence of a small occult mass. The
and enlargement of part of pancreas sur
cause of the anatomical changes must
rounding it. (b) Demonstration of waterbe decided from the clinical context and
density characteristic of pseudocyst in
the limitation of the diagnostic accuracy
tail of pancreas.
of computerized axial tomography must
be recognized.
Findings such as those caused by a
pseudocyst (Fig. 4) which has tissue
characteristic of water-density, at zero
EMI units, or by lesions containing
calcium indicate a benign lesion.
We have used computerized axial
tomography in the follow-up of pa
tients with acute or chronic relapsing
pancreatitis and for the postoperative
follow-up of patients who have under
FIG. 2—Large coalescent and horse
gone duodenopancreatectomy. The fol
mass (arrows) in retroperi
lowing cases exemplify the value of shoe-shaped
toneal area extends into pancreas and
the method in these circumstances.
lesser sac.
An alcoholic was found to have a
pulsating epigastric mass and an ele
vated concentration of pancreatic en
zymes. The aorta could be outlined on
the computerized axial tomogram and,
although not enlarged, it was partially
obscured by the inflammatory reaction
of the pancreas in contact with it (Fig.
5a). Six weeks later the pancreas had
decreased in size and the retroperitoneal
reactive infiltration occupying the right
paravertebral area was also diminished
(Fig. 5b).
The absence of recurrence was dem
Fig. 5b
onstrated at 1-year follow-up examina
FIG. 5— (a) Enlargement of head of
tion in a patient who had undergone a
pancreas (arrow) with inflammatory re
Whipple resection for cancer of the
action extending into paravertebral retro
FIG. 3—Ability to recognize duct of
head of the pancreas (Fig. 6).
peritoneal space on right, (b) Six weeks
Wirsung (arrows) coursing through pan
An unexplained symptomatic recur creas is indicative of inflammatory re later, retroperitoneal and pancreatic reac
tions have clearly diminished.
rence was verified by computerized action in head o f pancreas.
30
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Fig. 6b
FIG. 6— (a) Tomogram showing neo
plastic mass (arrow) in head of pancreas.
Mass was resected by Whipple operation,
(b) One year after Whipple operation.
Remnant (arrow) of body and tail of pan
creas is shown. There is no evidence of
recurrence in lesser sac or retroperitoneal
fat.

covered, there still remains a major
problem at the time of operation. Ac
cording to Howard and Jordan,1 “The
determination at laparotomy of wheth
er or not a tumor is present in the head
of the pancreas can usually best be
made on a clinical rather than a histol
ogic basis. Such a clinical determina
tion, of course, reflects a compromise
with sound standard operative princi
ples of treatment of malignant tumors.”
Hence, biopsy of the pancreas is re
quired to provide the diagnosis. Usu
ally a standard Vim-Silverman needle
or wedge biopsy is performed. Either
procedure may give rise to such com
plications as pancreatitis, pancreatic fis
tula or hemorrhage. The mortality is
as high as 1.7% in some reported
series.2 Also, the tissue specimen may
be inadequate for the detection of
cancer because the tumour is often
deep-seated and surrounded by zones
of inflammation and fibrosis.
The biopsy technique using a fine
needle, developed following the work
of Christoffersen and Poll3 in Scandina
via, has many advantages and has been
used at the Hotel-Dieu de Montreal
since 1973.
Pathological Procedure
The tissue samples are obtained
from the pancreatic lesion using a
22-gauge needle attached to a syringe
held in a Franzen-type syringe holder.
The surgeon directs the needle into
the palpable mass in several directions
and aspirates material by withdrawing
the piston of the syringe. In most cases
fragments of tissue together with a
little liquid blood are drawn into the
needle and subsequently expelled onto

a glass slide. The larger fragments are
crushed and a thin evenly spread smear
is made and fixed in 95% alcohol. The
smear can be stained immediately or
processed in routine fashion and in
terpreted the next day. For immediate
reading we have used with great satis
faction a modified Papanicolaou stain
ing technique (Table I), mainly be
cause we are familiar with the appear
ance of cells stained by this technique,
but other methods have given equally
satisfying results.4
An interpretation can be supplied
within 10 minutes. The main diagnoses
have been normal pancreas, chronic
pancreatitis and adenocarcinoma of
the pancreas.
Normal pancreas appears on the
smear as acini and fragments of duct
epithelium (Fig. 8). The acini show
low cuboidal cells with a granular cyto
plasm and the ductal epithelium con
sists of adherent tall cylindrical cells
with small nuclei. The regularity of cel
lular arrangement, the formation of
sheets only one cell in thickness, the
mutual cohesiveness of the cells and
their well-preserved polarity, and the
normal or slightly atypical nuclei, all
indicate normal pancreatic tissue in
the biopsied area.
When the pancreas is the site of a
chronic inflammatory process the ap
pearance of the smear will permit
recognition of the lesion. Much more
material is obtained and it is partly
liquid and contains many inflammatory
cells, in particular polymorphonuclear
leukocytes. The epithelial fragments
are irregular in shape and made up
of ductal cells with little change in
their cytoplasm and whose nuclei con
tain a micronucleolus.

T a b le 1— R apid S ta in in g M e th o d f o r F in e -N e e d le A s p ira tio n B io p s y
( T o t a l D u r a t io n , 10 M in u te s )
S tep

T o ta l t im e r e q u ir e d

P la c e s m e a rs in a s lid e c a rr ie r

Fig. 7b
FIG. 7— (a) Tomogram obtained 16
months after Whipple operation. Large in
flammatory mass (white arrow) is displac
ing stomach and spleen. Calcified nodules
(small black arrow) and pseudocyst (large
black arrow), 2.5 cm in diameter, are
seen, (b) Cut specimen of mass seen in
(a). Appearance typifies relapsing pan
creatitis. Large arrow = pseudocyst, small
arrow = calcified nodules.
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Traditional treatments have all involved a significant risk of dose-related toxicities. The introduction of
PYOPEN*(carbenicillin) was an important therapeutic advance, providing the safety of penicillin, combined with
bactericidal effectiveness against Pseudomonas aeruginosa and other gram-negative organisms.
. it would appear that carbenicillin is effective in modifying the course of a P seu d o m o n a s
surface culture in bum patients!’1

In severe and overwhelming Pseudomonas infections so often found in burn patients, PYOPEN provides a logical choice
of therapy—effectiveness without dose-related toxicities and the traditional margin of safety common to all penicillins.
So, for the treatment of Pseudomonas infections in burns... consider PYOPEN.
1. C o pela nd, C h a rle s E., C a rbe nicillin therapy in burn patie nts, Burn Unit, General Surgery, M ercy H ospital,
P itts b u rg h , Pa, U.S.A. Proceedings o f the S ym posium New York, N.Y. July 12, 1969,Excerpta M edica Foundation.
F o r b rie f p re s c rib in g in fo rm a tio n see page 98
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Carcinoma of the pancreas can be
diagnosed by the microscopic examina
tion of smears obtained by fine-needle
aspiration of the tumour. What is most
striking is the abundance of tissue frag
ments which vary in shape and size.
The cells are piled up in a jumbled
fashion without any regular pattern
and are surrounded by isolated cells
with malignant characteristics (Fig. 9).
The degree of differentiation varies

4-

j

0

4

from a tall cylindrical cell to a more
rounded form containing little cyto
plasm which sometimes is highly vacu
olated by droplets of mucus. Cancer
smears also contain inflammatory cells
and a small amount of liquid and blood
(Fig. 10).
Fine-needle aspiration biopsy was
performed on 43 patients, 17 women
and 26 men. Their ages ranged be
tween 26 and 86 years, the majority
being in the sixth, seventh and eighth
decades (Fig. 11). With one exception
all biopsies were performed at laparo
tomy. The smallest lesion in this series
was 1.5 cm in diameter. An accurate
diagnosis was established by this tech
nique in 41 of 43 pancreatic masses.
In 26 patients the cytology was in
dicative of carcinoma. Of these nine
underwent pancreatic resection and
the diagnosis of carcinoma was con
firmed histologically in every case.
In 12 patients the diagnosis was con
firmed by formal biopsy of a hepatic
or lymph-node metastasis. The diag
nosis in four patients was not conf

►

#

firmed until death. One patient with
positive cytologic findings unconfirmed
on histologic grounds still survives but
the diagnosis is recent.
The only false-negative diagnosis in
the series was in a patient whose lesion
contained moderately atypical cells and
was considered benign; after resection
carcinoma was found. In another case
the diagnosis was doubtful but chronic
pancreatitis was identified in a con
ventional biopsy specimen. Both these
cases occurred early in the series.
It is interesting that two of the pa
tients with a preoperative diagnosis of
pancreatitis were found to have pan
creatic carcinoma by fine-needle biopsy
so that definitive surgery could be
performed for these patients. On the
other hand in five patients with a
clinical diagnosis of carcinoma use of
the fine-needle technique led to the
diagnosis being changed to pancreatitis.
There was no operative mortality.
One patient had acute pancreatitis after
the needling procedure but this patient
had also undergone retrograde pancrea
tography and sphincterotomy.
The mean duration of follow-up in
the benign cases was 35 months.
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FIG. 8— Normal pancreatic duct epi
thelium. Oval nuclei with micronucleoli
are separated by clear cytoplasm (modi
fied Papanicolaou stain, reduced by 25%
from X480).
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FIG. 10— Adenocarcinoma of pancreas.
“Dirty” background with four clumps of
cells. Two on left show malignant charac
teristics. Two clumps on right are atypical,
probably benign (modified Papanicolaou
stain, reduced by 25% from X 120).

We have described the positive con
tribution of computerized axial tomo
graphy to the investigation of pan
creatic masses. Despite the latest re
finements of this diagnostic tool, the
surgeon in the operating room may
still be faced with a problem in defin
ing the nature of a pancreatic mass.
In this situation the use of fine-needle
aspiration biopsy is undoubtedly safer
than standard biopsy. It is rapidly per
formed, provides a quick diagnosis and
is reliable, so that the appropriate treat
ment can be carried out. In order to
obtain valid results, the surgeon must
scrupulously practise the technique as
described and a trained cytopathologist
must be immediately available, since
the diagnosis rests primarily on the cell
morphology.
R eferen ces

+ 1

*
y

*

FIG. 9— Clump of malignant cells from
ductal adenocarcinoma. Nuclei are piled
up, of irregular size and shape and have
large abnormal masses of chromatin.
Nucleoli are large (modified Papanicolaou
stain, reduced by 25% from X720).

AGE

FIG. 11— Age of patients, by decade,
who underwent fine-needle aspiration
biopsy; 87% of patients were over 50
years old.

1. H oward J, J ordan GL j r : Cancer of
the pancreas. Curr Probl Cancer 2:
30, September 1977
2. L ightwood R, R eber HA, W ay LW:
The risk and accuracy of pancreatic
biopsy. Am J Surg 132: 189, 1976
3. C hristoffersen P, P oll P: Peroperative pancreas aspiration biopsies. Acta
Pathol Microbial Scand [Suppt] 212
28, 1970
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Periampullary Tumours:
Advances in Diagnosis and Surgical Treatment
B ernard L anger, md , frcs[c ], facs, R obert L ipson, md, James D. M c H attie , md , frcp [c ],
Joseph J. C onnon, m b , b ch , frcp [c ], C hia-Sing Ho , md , frcp [c ], M ichael J. M c Loughlin , m b , frcr , frcp[ c ],
M. James Phillips , md , frc path, fcap , frcp [c ] and L iang-C he T ao, md , frcp [c ]

Forty-five carcinomas of the region of
the ampulla of Vater w ere resected
at the Toronto General Hospital during
a 16-year period. In 26 the presenting
symptom was pain and in 32 it was
jaundice. The most useful means of
investigation was endoscopic retrograde
cholangiopancreatography. Angiography
was of value in determining resect
ability prior to operation, and percu
taneous aspiration biopsy allowed a
preoperative diagnosis in the case of
large pancreatic tumours. In 39 patients
who had a Whipple procedure the oper
ative mortality was 8% . Total pan
createctomy performed in two patients
and local excision of ampullary carci
noma in four patients were attended
by no operative deaths. Long-term
survival was best in patients with
ampullary carcinomas and worst in
those with pancreatic cancer.
Sur une periode de 16 ans, 45 carcinomes de la region de I’ampoule de
Vater ont ete reseques au Toronto
General Hospital. Dans 26 cas, le
malade se plaignait de douleur, et
dans 32 cas il y avait un ictere. Le
procede d’investigation le plus utile a
ete la cholangiopancreatographie
endoscopique retrograde. L’angiographie
s'est avere utile pour determiner avant
I'operation si la tumeur etait re
sectable; la biopsie percutanee par
aspiration a permis d’etablir le
diagnostic dans les cas de grosses
tumeurs pancreatiques. Chez 39
patients qui ont subi un mode operatoire de Whipple, la mortalite operatoire
a ete de 8% . Aucun deces opera
toire n'a ete enregistre chez deux
patients qui ont eu une pancreatectomie
totale et chez quatre patients qui ont
subi une excision locale du carcinome

ampullaire. La survie a long term e a
ete meilleure chez les patients porteurs
d'un carcinome ampullaire, et pire chez
ceux qui avaient un cancer du pancreas.

According to the textbooks, the pa
tient with carcinoma in the region of
the ampulla o f Vater first presents with
painless jaundice. In practice, however,
the picture is more complex and can
cer may be concealed by a number o f
symptoms com m only produced by
benign upper abdominal conditions.
Also, the region o f the ampulla of
Vater, deep in the abdominal cavity,
has, until recently, been relatively in
accessible to radiologic and histologic
diagnostic methods. Finally, surgery
in this area is not simple and, because
o f the significant morbidity associated
with excision o f tumours, the role o f
radical surgery in periampullary carci
noma is still controversial.
W e have reviewed the experience
with resectable periampullary carci
noma during a 16-year period at the
Toronto General Hospital. This study
revealed a number o f com m on modes
o f clinical presentation that should
alert the clinician to this diagnostic
possibility. It also made apparent the
value o f certain newer diagnostic tech
niques and supported our belief in an
aggressive surgical approach.

Patients
Forty-five

patients

Presented at the 1st annual meeting of
the Canadian Association of General
Surgeons, Vancouver, BC, Jan. 25, 1978
Reprint requests to: Dr. B. Langer, Rm.
1-127, University Wing, Toronto General
Hospital, Toronto, Ont. M5G 1L7
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T a b le 1— R ese cta b le P e ria m p u lla ry T u m o u rs Seen a t th e
T o ro n to G e n e ra l H o s p ita l b e tw e e n Jan. 1, 1962 a n d Dec. 31,1977
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26

13
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32

21

S ite o f tu m o u r

From the departments of surgery,
medicine, radiology and pathology,
Toronto General Hospital and the
University of Toronto, Toronto, Ont.

had a periam

pullary carcinoma resected at the T oronto General Hospital between Jan.
1, 1962 and Dec. 31, 1977. The importance o f recently developed diagnos
tic tests is indicated by the fact that
more than half these patients were first
seen in the last 3 years o f the review.
Only those who underwent resection
were studied in detail to focus atten
tion on the clinical picture in patients
with potentially curable lesions; 24 pa
tients had ampullary carcinoma, 8 had
carcinoma o f the pancreas, 6 had a
tumour o f the com m on bile duct and 7
had duodenal carcinoma.
The mode o f presentation in these
45 patients is set forth in Table I. Only
13 presented with painless jaundice.
Twenty-six had significant pain. In
some the pain was continuous but in
most it was intermittent and related
to meals. In almost one third o f the
patients there was elevation o f the
serum amylase concentration o f such
degree that a diagnosis o f pancreatitis
could be entertained. Indeed, several
patients had obvious attacks o f acute
pancreatitis and two had pseudocysts.
Consequently we consider carcinoma
as an important etiologic possibility in
the patient with pancreatitis in whom
there is no other obvious cause such as
alcohol ingestion or gallstones.
Although jaundice was the com m on
est presenting symptom, it was absent
in 13 o f the 45 patients, including
some who had a tumour arising in
the ampulla itself. Weight loss, present
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in 32 patients, does not by itself seem
to bear any relation to resectability.
In 21 patients the first complaint was
vaguely described indigestion which
was either the presenting complaint or
preceded other more obvious symptoms
which led to investigation.
Diagnosis is difficult both on clinical
evidence and in the operating room;
28 of the 45 patients had had at least
one preliminary operation before the
definitive operative procedure was per
formed (Table II). In only 14 of these
28 patients was the diagnosis made at
the preliminary operation, in 7 it was
missed entirely and in another 7 it was
considered a possibility but not proven.
In three patients an attempt at open
transduodenal exploration of the ampullary region resulted in complica
tions that made the subsequent resec
tion much more difficult and hazard
ous, requiring a Whipple operation as
well as resection of the right colon in
two patients and multiple procedures
including a Whipple operation in an
other. We therefore recommend only
the least necessary operative manipula
tion when a periampullary carcinoma
is suspected in the operating room and
the surgeon is not prepared to proceed
with a radical resection.
Investigation

Many investigative techniques are
available for patients in whom pan
creatic or periampullary disease is
suspected. Tests of pancreatic func
tion (secretin test, fecal fat measure
ment, glucose tolerance test) are non
specific but occasionally direct atten
tion to the pancreas in patients with
obscure upper abdominal symptoms.
Hypotonic duodenography can be ex
tremely useful in reaching the diag
nosis in cases of ampullary and duo
denal lesions and some tumours of the
pancreatic
head.1 Ultrasonography
may be of value in demonstrating mod
erately large solid tumours and cysts of
the pancreas but has not been helpful in
demonstrating small early resectable
lesions.2 It also aids in showing ob

structed dilated bile ducts and may be
useful as a screening procedure in the
jaundiced patient. Direct cholangio
graphy, either by percutaneous fineneedle puncture3 or endoscopic re
trograde cannulation,4 gives much
more accurate delineation of obstruct
ing lesions in the biliary tract. We have
had little experience with computerized
tomography, but the literature suggests
that its usefulness is currently compa
rable to that of ultrasonography.2'5
The most valuable method by far is
endoscopic retrograde cholangiopan
creatography (ERCP), which allows di
rect visualization of the common bile
and pancreatic ducts (Figs. 1 and 2).
By its use, early ampullary and pan
creatic lesions may be identified which
could otherwise not be seen. In skilled
hands the success rate of cannulation
of the ampulla approximates 95% and
of the specifically desired duct, 80% .6
Selective angiography rarely shows
small early periampullary tumours and
is therefore not advocated as a screen
ing technique. It may help, however,
in delineating the extent of larger le
sions of the pancreatic head and in
determining resectability preoperatively.
Examples of lesions that appear unresectable are shown in Figs. 3 and 4.
Percutaneous aspiration biopsy using
a fine needle under roentgenographic
control7 is also valuable in the diagno
sis of larger lesions than can be local
ized by ERCP, barium examination,
computerized tomography or angiogra
phy. Although this technique does not
contribute to the early diagnosis of
small periampullary lesions, it may
allow a positive diagnosis prior to lapa
rotomy and assist in planning the

operative procedure, especially in the
case of large pancreatic cancers. Oc
casionally, where there is other evi
dence of unresectability, percutaneous
biopsy permits avoidance of laparoto
my for diagnosis only. Our current
accuracy rates for pancreatic carcino
mas (most of which were unresectable)
are shown in Table III.

FIG. 1— Ampullary carcinoma. Endo
scopic
retrograde
cholangiopancreato
graphy (ERCP) shows gross dilatation of
common bile duct and minimal dilatation
of pancreatic duct. Narrowing of com
mon bile duct due to extension of tumour
is indicated by arrow.
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FIG. 2— Carcinoma of head of pan
creas. On ERCP there is obstruction of
pancreatic and of common bile ducts
(arrows) at similar distance from ampulla
of Vater. Radiologic appearance is typical
of this lesion.
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Operative Procedures

Of the 45 patients 39 required a
Whipple-type resection of the head of
the pancreas, duodenum, gastric an
trum and proximal jejunum. Vagotomy
was usually included. Four patients
with small ampullary carcinomas were
managed by local excision. In one pa
tient this was done because of his poor
general condition; in the other three
complete local excision of a highly dif
ferentiated but locally invasive tu
mour was accomplished without having
to resort to a Whipple operation. Such
local excision requires examination of
frozen sections and verification in the
operating room that the tumour does
not extend to the line of excision; it is
not recommended unless a pathologist
highly experienced in ampullary lesions
is available. In two patients, one with
carcinoma of the pancreas and one
with carcinoma of the duodenum, a

total pancreatectomy was required to
remove the tumour completely.
The morbidity resulting from radical
resection of tumours of this area is
high, as indicated in Table IV. Twentyfive (64%) of the 39 patients under
going a Whipple procedure had one or
more postoperative complications. The
operative mortality in this series, how
ever, was relatively low (8%) and in
the last 20 Whipple operations we have
had no deaths. This operative mortality
compares favourably with that re
ported by Warren and associates8
(H%>) and Smith9 (9%) and is thought
to be largely due to increased experi
ence in managing the technical details
of the operative procedure and to im
proved methods of handling postoper
ative complications. The use of total
parenteral nutrition in particular has
permitted survival of a number of pa
tients who would otherwise have died
as a result of pancreatic leaks and
sepsis.
Survival Data

The survival data are shown in Ta
ble V. The numbers are not large en
ough to allow conclusions; however,

it is obvious that the best results so
far have been in the group of patients
with ampullary carcinoma and the
worst results in those with pancreatic
carcinoma. We believe we are seeing
ampullary carcinomas earlier and that
we are therefore seeing more resecta
ble tumours; but there is little evidence
of any significant change in the dismal
picture of pancreatic cancer in which
most tumours are still unresectable
when first diagnosed.
Accumulated data from other cen
tres indicate that 5-year survival rates
for ampullary, bile duct and duodenal
carcinoma are from 25% to 40%,
whereas the figures for resectable carci
noma of the pancreas are under
15%.8,10,11 The controversy regarding
the use of either total pancreatec
tomy12,13 or bypass only14,15 instead of
the Whipple procedure for carcinoma
of the pancreas, has not yet been re
solved. Our current practice is to use
the Whipple procedure in those cases
in which the tumour is confined to
the head of the pancreas since this can
be done with an operative mortality as
low as for total pancreatectomy and
avoids the inevitable complication of
diabetes. Also, unlike bypass surgery,
the Whipple procedure does provide

Table IV— Operative Complications and M ortality
Whipple
operation

Complication

FIG. 3— Arterial phase of selective
celiac angiography demonstrates irregular
narrowing of proximal right (arrow) and
left hepatic arteries, indicating tumour
encasement by pancreatic cancer and in
operability.

Pancreatic fistula
Bleeding
Infection
Major
Minor
Obstruction
Diabetes
Pulmonary
Cardiac
Renal

Total
pancreatectomy

11
5
6
5
5
1
5
2
3

Local
excision

____

_

—

—

—

—

—

—

2
2

—

—

—

—

—

—

—

No. of patients/total
no. (and % )

25/39 (64% )

2/2

2/4

Operative deaths/
total no. of patients
(and % )

3/39 (8% )

0/2

0/4

Table V— Survival of Patients with Resected
Periam pullary Tumours
A live, yr
Operative
survivors

FIG. 4— Venous phase of selective
splenic arteriography shows severe local
ized narrowing (arrow) at junction of
splenic and portal veins due to encase
ment by pancreatic cancer.
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Ampulla of Vater
(n = 23)
Pancreas
(n = 8)
Common bile
duct (n = 6)
Duodenum
(n = 5)

<1

1-2

2-3

3-4

6

6

—

—

2

—

—

1

—

—

1

—

1

1*
—
1*

4-5

>5

Died

Mean survival, mo

2*

2

7

26

—

—

5

13

—

1

4

16

—

—

2

12

‘ With recurrent disease.
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an opportunity for cure, even though
it is small. Whether total pancreatec
tomy produces better long-term sur
vival rates remains to be proved.
♦

V

*

V

*■
V

>

Conclusions

Carcinoma in the region of the am
pulla of Vater should be suspected in
patients with vague upper abdominal
symptoms including meal-related pain,
pancreatitis and weight loss or pain
less jaundice. The most useful clinical
means of investigation is endoscopic
visualization of the ampulla with biop
sy used in conjunction with cannulation and roentgenographic visualiza
tion of the pancreatic and common
bile ducts. Angiography is often useful
in the preoperative assessment of re
sectability, and percutaneous aspiration
biopsy may allow an accurate preoper
ative histologic diagnosis to be made.
Complete excision of tumour in this
area usually requires a Whipple-type
operation. An experienced surgeon can
attain a mortality of well under 10%.
Occasionally a very early well-differen
tiated tumour may be dealt with by
local excision, and some carcinomas
of the head of the pancreas may re
quire total pancreatectomy. When a
tumour in the periampullary region
is suspected at operation, only minimal

diagnostic or therapeutic procedures
should be carried out, unless the sur
geon is prepared to proceed with
radical surgical excision should carci
noma be found.

6.
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an urgent problem
postoperative anaerobic
in gynecological
infections

. clindamycin is an important antibiotic in the
therapy of such [gynecological] infections.”
Swenson, R.M., et al. (1974). Obstet. & Gynecol., 44:699.

in abdominal
infections

This study suggests “ ...clindamycin is an excellent
and relatively safe antibiotic for treatment of
[abdominal] infection caused by anaerobes when
combined with surgery (when indicated) or other
antibiotics active against aerobic gram-negative
bacilli, if present.”
Levison, M.E., etal.(Mar., 1974).
Antimicrob. Agents & Chemother., p. 276-280.
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an accepted solution
Dalacin C Phosphate S.S.
4
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i lections

jn pulmonary
anaerobic infections
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means of removing the com pound from the blood. Periodic serum levels o f clin d a m y c in s h ou ld be determ ined in p a tie n ts w ith severe rei
insufficiency.
Adverse Reactions: Local.
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1978 DAVIS & GECK SURGICAL ESSAY

Preinfarction Diagnosis of Acute Mesenteric Ischemia by
Simple Measurement of Inorganic Phosphate in Body Fluids
B.M. T aylor,

md ,* W .G .

Acute mesenteric ischemia is extremely
difficult to diagnose because peritoneal
signs are absent until the bowel
becomes necrotic and irretrievably
damaged. So far the only reliable
diagnostic procedure has been
mesenteric angiography. The present
study verifies that significant elevations
of serum inorganic phosphate concen
trations occur in dogs after mesenteric
occlusion; the authors' initial clinical
studies in humans support these experi
mental findings. Detailed analysis of
body fluid and soft tissue phosphate
content shows that the high phosphate
load originates in the sloughing intestinal
mucosa; if this phosphate escapes
filtration by the liver it enters the
systemic circulation. Simple measure
ment of the inorganic phosphate con
centrations of the serum and peritoneal
fluid may lead to earlier diagnosis of
acute intestinal ischemia and a
successful revascularization procedure
to prevent its progression to infarction.
L'ischemie mesenterique aigue est
extremement difficile a diagnostiquer
car les signes peritoneaux sont absents
jusqu’a ce que I’intestin devienne
necrotique et irremediablement
endommage. Jusqu'a maintenant, la
seule technique diagnostique fiabie a
ete I’angiographie mesenterique. La
presente etude verifie si des augmen
tations significatives des concentraFrom the department o f surgery,
Victoria Hospital and the University of
Western Ontario, London, Ont.
*Resident in general surgery, University
o f W estern Ontario, London; winner o f
the 1978 Davis & G eek Surgical Essay
Award fo r Residents.
Reprint requests to: Dr. B. Taylor, c/o
Dr. W .G . Jamieson, Ste. 207, 111 Water
loo St., London, Ont. N6B 2M4
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tions seriques en phosphate inorganique
surviennent chez ie chien apres une
occlusion mesenterique; les premieres
etudes cliniques des auteurs chez I'humain soutiennent ces resultats experimentaux. Une analyse detaillee de la
teneur en phosphate des liquides de
I'organisme et des tissus nous montre que la forte charge en phosphate
provient du detachement de la muqueuse intestinale; si ce phosphate
echappe a la filtration hepatique, il
entre dans la circulation generate. La
simple mesure des concentrations de
phosphate inorganique dans le serum
et le liquide peritoneal peut permettre
de diagnostiquer precocement l'ischemie
intestinale aigue et de proceder avec
succes a une intervention de revascu
larisation destinee a prevenir sa pro
gression jusqu'a I’infarcissement.
The early diagnosis o f acute mesen
teric ischemia is difficult because the
onset o f peritoneal signs is delayed
and the results o f laboratory tests are
inconclusive until the patient becomes
critically ill. Experiments in dogs have
shown significant elevation o f inor
ganic
phosphate concentrations in
blood from peripheral veins1 and in
peritoneal fluid2 soon after mesen
teric
vascular
occlusion.
Recently
we
have
found
elevated urinary
phosphate values in the same experi
mental model.3 We conducted a study
in which we briefly reviewed our
earlier
findings
and
further
in
vestigated the source o f this inorganic
phosphate by comparing phosphate
concentrations in various body fluids
and soft tissues before and after in
testinal infarction. W e report the early
hemodynamic effects o f mesenteric
ischemia and discuss the role o f lactate
in the production o f the metabolic
acidosis found in this condition.
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The data show that significant
(P < 0.05) changes in phosphate values
occur soon after the onset o f acute
mesenteric ischemia. Hence simple
measurement o f the inorganic phos
phate concentration should immediately
point to the diagnosis.

Material and Methods
Healthy mongrel dogs (weight, 20
to 30 kg) were anesthetized with
intravenous pentobarbital sodium, in
tubated and allowed to breathe room
air spontaneously. Intestinal infarction
was produced at laparotomy by liga
tion o f either the superior mesenteric
artery (SM A) (group 1 dogs) or su
perior mesenteric vein (SMV) (group
2 d og s). In control animals the su
perior mesenteric vessels were exposed
but were not ligated. The abdo
men was then closed. A nonocclu
sive femoral vein catheter was used for
serial peripheral blood sampling before
mesenteric vessel ligation (0 hours) and
at regular intervals thereafter. All dogs
received intravenous Ringer’s lactate
solution (75 m L /h ) through a fore
limb vein for maintenance fluid re
quirements. Four o f the dogs whose
SM A was ligated were observed for
24 hours and the others for 8 hours.
All the animals whose SM V was ligated
died in less than 8 hours.
In a previous experiment2 peritoneal
fluid was aspirated by means o f a
cannula introduced through the right
flank and placed in the lower part o f
the peritoneal cavity. Then either the
SM A or SM V was ligated (or, in con
trols, simply exposed); peritoneal fluid
was collected at regular intervals for 8
hours and the phosphate content o f
individual samples determined.
In this experiment we measured the
serum phosphate value every 2 hours
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for 8 hours in three groups of 10
dogs—in control dogs and after SMA
(group 1) or SMV (group 2) liga
tion—to verify earlier results of
elevated peripheral blood phosphate
concentration after the development of
acute intestinal ischemia. Blood sam
ples were centrifuged soon after being
drawn; the serum was refrigerated
until phosphate and creatinine concen
trations were measured by autoanalyzer
(Technicon Instruments Corp., Tarrytown, NY). Hourly urinary excretion of
phosphate was measured in specimens
of urine obtained from the same groups
of animals by inserting indwelling
urinary catheters.
To discover the source of the inor
ganic phosphate and its mechanism of
entry into the peripheral blood, the
phosphate content of various soft tis
sues was measured after sacrificing two
dogs by administering an overdose of
anesthetic and immediately removing
and quick-freezing specimens of small
intestine, liver, lung, heart, spleen and
skeletal muscle in liquid nitrogen; the
method of Goldenberg and Fernandez4
was used to measure the inorganic
phosphate content of these organs.
Sequential intestinal and liver biopsy
specimens were taken from five group
1 dogs and five group 2 dogs. The
rectus sheath was temporarily closed
with towel clips between biopsies.
In four other dogs from each of
groups 1 and 2, phosphate concentra
tions of different body fluids were
measured simultaneously at regular in
tervals in an attempt to document a
“phosphate gradient” from fluid in the
infarcted gut to blood in the peripheral
vessels (Fig. 1). Intestinal fluid was
aspirated from the small bowel through
a 16-gauge catheter or milked through
a 0.5-cm incision in the antimesenteric
border of the ileum. The portal vein
was cannulated with an 18-gauge
catheter for sampling purposes and
Ringer’s lactate solution was infused
slowly to prevent thrombosis. To
measure the phosphate content of the
liver venous effluent a no. 8 French
angiographic catheter was introduced

Medical Division, Oxnard, CA) con
nected to a no. 16 catheter in the
femoral artery. Distal femoral pulses
were palpable in all cases.
A marked metabolic acidosis devel
ops in dogs after intestinal infarction.2
To elucidate its cause we measured
serum lactate concentrations in the
animals with Swan-Ganz catheters in
place and in three control dogs. Speci
mens of arterial blood (1 mL) were
drawn prior to ligation of the mesen
teric vessels and at intervals thereafter.
The blood was immediately mixed with
2 mL of 0.6 N perchloric acid for deproteinization.5 The specimens were
then centrifuged and the supernatant
was frozen until analysed.
The statistical analysis on the experi
mental data employed the appropriate
paired or unpaired Student’s r-tests.

into the right external jugular vein after
making a skin incision, passed down
the vena cava under fluoroscopic con
trol and positioned in a peripheral
branch of a large hepatic vein. Con
comitantly blood samples were drawn
from the femoral vein to allow com
parison of peripheral venous phosphate
concentrations with those of intestinal
fluid and blood from the portal and
hepatic veins.
From two other anesthetized dogs
500 mL of blood was removed over 10
minutes from the femoral vein and the
same volume of Ringer’s lactate solu
tion infused. A 10-mL aliquot was
centrifuged for determination of serum
phosphate content and almost all the
remainder was injected into the lumen
of the healthy small bowel to observe
the effect of intraluminal blood on
the serum phosphate concentration. In
addition, two tubes containing 10 mL
of this blood were simply incubated in
a water bath at 37.5°C and later centri
fuged at 4 and 8 hours, respectively;
the serum phosphate concentration was
measured to assess the effect of
“stagnation” hemolysis.
Cardiac output during acute in
testinal ischemia was measured on a
thermodilution cardiac output com
puter (model 9510) (Edwards Labo
ratories, Santa Ana, CA) after passing
a no. 8 French Swan-Ganz triple
lumen catheter into the pulmonary
artery from the femoral vein under
fluoroscopic guidance. Systemic arterial
pressure was measured with a Statham
SP 1400 pressure monitor (Statham

Results

After SMA ligation the bowel im
mediately became pale, mottled and
spastic; the mucosa began to slough
after 2 to 4 hours; peristalsis ceased
and the muscle became discoloured
after 6 to 8 hours. Small amounts of
bloody peritoneal fluid collected. Of
the four group 1 dogs that were studied
for 24 hours all became hypotensive
and oliguric after about 18 hours and
soon died. At autopsy the intestinal
wall was necrotic and contained large
amounts of gas, suggesting uncontrolled
anaerobic infection.
In contrast, after SMV ligation the
dogs immediately became hypotensive.
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FIG. 1—Sites of phosphate measure
ment before and after mesenteric vascular
occlusion.

FIG. 2— Serum phosphate values rose in dogs of both groups after vessel occlusion;
rise in group 1 dogs was transient. ■■■■—— = superior mesenteric artery ligation, 8 dogs
(group 1);------ = superior mesenteric vein ligation, 10 dogs (group 2); . . . . . . . — con
trol, 10 dogs.
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Nearly all the animals in this group
died in less than 6 hours. The bowe!
wall became dusky and edematous, and
large amounts of bloody intraluminal
and peritoneal fluid exuded from the
gut wall. These changes likely resulted
from venous obstruction in the pres
ence of a high-pressure arterial inflow.
Serum phosphate values rose and were
significantly (P < 0.05) different from
those of controls after 2 hours (Fig. 2).
When the values in the four dogs
studied for 24 hours are considered it
is apparent that the increase in serum
phosphate concentration is transient
and returns towards control values 14
hours after vessel ligation.
Absolute urinary phosphate values
rose in the group 1 dogs (Fig. 3) but
because of the wide standard deviation
were not significantly different from
those of controls. Urine output and
serum creatinine value remained nor
mal in these animals for about 18
hours, but in the group 2 animals urine
output fell quickly after vessel ligation
and serum creatinine values rose. Uri
nary phosphate values remained un
changed in group 2 dogs.
Bioassay of soft tissues showed that
the small intestine contained the high-

Table 1— Inorganic Phosphate Content of
Soft Tissues

Organ
Spleen
Lung
Liver
Heart
Skeletal muscle
Small intestine

Inorganic phosphate,
mg/g tissue
0.1873
0.2160
0.2509
0.2701
0.6073
1.254

est amount of inorganic phosphate
(Table I). Sequential assays after mes
enteric occlusion demonstrated a sig
nificant (P < 0.05) decrease in intesti
nal wall phosphate content and a sig
nificant (P < 0.025) accumulation of
phosphate in the liver (Table II) in both
groups 1 and 2.
Study of the body fluid phosphate

gradient (Figs. 1 and 4, Table III)
showed that intestinal fluid phosphate
concentrations increased more rapidly
than those of peripheral blood after
mesenteric occlusion. The intestinal
fluid removed from the gut lumen after
vessel ligation was brownish-black,
viscous and foul-smelling, quite unlike
the mixture of greenish-yellow bile and

Table II— Inorganic Phosphate Content of Liver and Small Intestine afte r Mesenteric Occlusion
(Mean ± S E M )
Phosphate content, m g/g tissue
Tim e after vessel ligation, h

Intestine

Liver

0.47 ± 0.04
0.36 ± 0.04
0.40 ± 0.07

0.43 ± 0.03
0.47 ± 0.04
0.52 ± 0.04f

0.44
0.30
0.30
0.31

0.41
0.44
0.50
0.62

Group 1 (n = 5)

0
4

8
Group 2 (n = 5)

0
2
4

6

±
±
±
±

0.03
0.04*
0.04f
0.02*

±
±
±
±

0.03
0.04
0.04f
0.05f

*P < 0 .0 5 .
fP < 0.025.

Table I I I —Comparison of Peripheral Vein Phosphate Content w ith Other Body Fluids after Acute
Mesenteric Occlusion (Mean ± SEM)
Inorganic phosphate, mg/dL
Tim e after
vessel ligation, h

Peripheral
vein

Portal
vein

Hepatic
vein

Intestinal fluid

Group 1 (n = 4 )
0
4
8

4.23 ± 0.47
5.21 ± 0.22
5.03 ± 0.36

4.20 ± 0.65
5.71 ± 0.49
5.36 ± 0.34

3.91 ± 0.50
4.94 ± 0.06
5.03 ± 0.38

19.5 ± 1.8f
31.4 ± l.Of
57.6 ± 1.8f

Group 2 (n = 4 )
0
2
4

4.43 ± 0.55
5.48 ± 0.58
8.88 ± 1.52

4.58 ± 0.51
6.49 ± 0.92
15.3 ± 1.68*

4.18 ± 0.50
6.43 ± 0.58
8.33 ± 3.05

19.5 ± 1.8f
18.9 ± 2.4f
36.3 ± 11.3f

*P < 0.025 compared w ith peripheral vein phosphate.
fP < 0.001 compared w ith peripheral vein phosphate.

GROUP 1 (n = 4 )

G R O U P 2 (n = 4)

6 0 -|
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40-
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T IM E A F T E R V E SSEL O C C L U S IO N (H)

FIG. 3— Urinary phosphate values in
creased in group 1 dogs but increase was
not significant because of wide variability.
.......... — group 1, 8 dogs; — — = group
2, 10 dogs; ........... = control, 9 dogs.
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2
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FIG. 4— Phosphate concentrations were highest in hemorrhagic fluid aspirated from
ischemic intestine. Portal vein concentrations of phosphate were higher than hepatic
vein or peripheral vein concentrations.
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In the past, penicillins were not considered as products of first choice in the treatment of anaerobic infections, such as
bacteroides, and consequently, other potentially more toxic therapeutic agents were used.
Now, PYOPEN* (carbenicillin), one of the newer broad-spectrum semisynthetic penicillins, offers advantages previously
unavailable in this type of therapy.
Recent studies123 have shown that PYOPEN is effective in 90.3% of cases of intra-abdominal infections due to anaerobic
and/or mixed gram-negative infections. PYOPEN is not only effective, it is also free from dose-related toxicities, and
provides the traditional margin of safety common to all penicillins.
So, for relatively safe and convenient therapy for both aerobic and anaerobic infections, whether single or mixed...
consider PYOPEN.
1. Sw enson, Robert M. and Bennett Lorber, A n tim ic ro b ia l A g e n ts and C hem otherapy, Vol. 9, No. 6, J une 1976, pp. 1025-1027.
2. Fiedelm an, W illia m and C. Douglas W ebb, Current T he ra p e u tic Research, Vol. 18, No. 3, Septem ber 1975, pp. 441-451.
3. T hadepalli. Haragopal, C urrent Therapeutic Research, Vol. 20, No. 4, O ctobe r 1976, S e ctio n 2, pp. 589-603.
For b rie f pre scrib in g in fo rm a tio n see page 98
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T a b le IV — E ffe c ts of G a s tr o in te s tin a l a n d W a te r -B a th In c u b a tio n o f A u to lo g o u s B lo o d on S eru m
P h o s p h a te C o n c e n tra tio n in T w o D ogs (M e a n ± S E M )

T im e a f t e r
in je c t io n , h

12 .0 ± 0.2
7 .2 ± 0.3
1 .1 ± 0.3

0
4
8

T a b le

In te s tin a l flu id
p h o s p h a te , m g /d L

S e ru m p h osph ate
(c e n tr ifu g e d im m e d ia te ly ),
m g /d L
4 .3 ± 0.1
4 .2 ± 0.1
4 .2 ± 0.1

V — C a rd ia c O u tp u t a f t e r In te s tin a l
In fa rc tio n (M e a n ± S E M )

T im e a f t e r
v e s s e l lig a tio n , h
G ro u p 1 ( n = 2 )
0
4
6
8
G ro u p 2 (n = 5 )
0
2
4
6

C a rd ia c o u tp u t
L /m in
2.7 5
2.21
2.40
2.21

±
±
±
±

0.12
0.10
0.15
0.23

2.86 ± 0.85
1.57 ± 0 .0 7 *
1.51 ± 0 .0 4 *
A ll a n im a ls d ead

* P < 0 .0 5 .

intestinal juice present just prior to
vessel ligation. The phosphate concen
tration of blood from the portal vein
was significantly (P < 0.025) higher
than that of blood from peripheral
veins and the hepatic vein; from the
last two sources the concentration of
phosphate in blood measurements was
similar.
In the two dogs whose viable small
intestine was filled with blood (Table

393633 30 £

27-

£

24-

^ 5 21-

st

18-

2

15-

i/3

12-

9

-

6-

3
0 FIG. 5—Highly significant (P < 0.01)
increase in serum lactate concentration
during mesenteric ischemia is likely re
sponsible for metabolic acidosis fre
quently associated with this condition.
------------ = group 1, three d o g s;...............
= group 2, three dogs;--------- = control,
three dogs.
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S e ru m p h o s p h a te
(d r a w n a t 0 h a n d
in c u b a te d a t 37°C
u n til c e n trifu g e d
a t 4 a n d 8 h ), m g /d L
4 .3 ± 0.1
5 .2 ± 0.2
5 .7 ± 0 .2

IV), most of the serum had been
absorbed by 8 hours and a thick, black
sludge remained in the bowel. Serum
phosphate concentration did not change
over the 8 hours despite the large
volume of bloody fluid exuded into the
intestine. The phosphate concentration
of the intestinal fluid decreased over
an 8-hour period. Peripheral blood
samples incubated at 37°C showed a
rise in the serum phosphate concentra
tion if the specimens were not centri
fuged soon after venipuncture.
Cardiac output fell slightly over an
8-hour period in group 1 dogs and
rapidly in group 2 animals until they
died (Table V).
Serum lactate values were significant
ly (P < 0.01) higher in both groups of
animals subjected to infarction than
those in control animals (Fig. 5). The
values were not affected by infusion
of Ringer’s lactate solution.
Discussion
Acute intestinal ischemia, notoriously
difficult to diagnose because peritoneal
signs are delayed until the bowel be
comes necrotic,6 produces an elevation
of serum, urine and peritoneal fluid2
phosphate values in dogs. The increase
in serum phosphate concentration after
arterial occlusion appears to be
transient, rising at 2 hours after vessel
occlusion and beginning to fall at 14
hours. It may be greater in the animal
with venous infarction because the
high pressure arterial inflow causes
exudation of intestinal fluid into the
peritoneal cavity where it can be ab
sorbed across the extensive serosal sur
face area.
The mean urinary phosphate concen
tration rose in group 1 dogs (but not
significantly) and the animals’ renal
function seemed normal until immedi
ately before death. The group 2 dogs
appeared to experience acute renal
failure (falling urine output, rising
serum creatinine value) immediately
after ligation of the vessel; this would
account for the low urinary phosphate
concentration when compared with the
group I animals.
In this experimental model the
phosphate load appeared to originate

in the intestinal lumen and likely re
sulted from ischemic necrosis of the
gut wall, with the release of intra
cellular enzymes and ATP- and ADPbound phosphate. These enzymes may
also have acted to lyse the blood prod
ucts which accumulated in the intes
tinal lumen. Simple hemolysis alone is
not enough to explain the high con
centration of phosphates in intestinal
fluid after mesenteric infarction, be
cause in our study we found that the
serum phosphate values did not in
crease in the two dogs with viable
blood-filled bowel.
The large reserve of phosphate in
the intestinal fluid then enters the mes
enteric veins or exudes into the
peritoneal fluid, from which it may be
absorbed by systemic veins. Phosphate
concentrations in blood from the portal
vein are higher than systemic values,
suggesting that the liver is, in fact,
leaching out the phosphate that filters
through it. The liver’s filtering effect
is supported by the low phosphate con
centrations of blood from the hepatic
vein. Sequential bioassay results show
ing a fall in intestinal wall phosphate
content and a rise in liver phosphate
content agree with our concept that
the liver traps a substantial amount of
phosphate.
The group 1 dogs became hypo
tensive and oliguric 18 hours after oc
clusion of the vessel. Although we
measured cardiac output only for the
first 8 hours, we would expect the
rather stable early output values of
these animals to fall after 18 hours.
The clinical course observed with this
experimental model is similar to that
seen in patients with acute SMA oc
clusion. The patients are normotensive
initially but, as sepsis and dehydration
begin, marked peripheral vasoconstric
tion develops to maintain systolic pres
sure. Lefer and Martin7 postulated that
a myocardial depressant factor is
formed in the ischemic gut; this con
cept opens a whole new field of re
search on the cardiovascular effects of
the newer gastrointestinal hormones.
In contrast, dogs subjected to venous
infarction immediately experience hypo
volemic shock, with massive “third
space” losses into the mesentery, in
testinal wall and peritoneal fluid. The
same clinical picture is seen at opera
tion in patients with mesenteric venous
thrombosis.
The marked metabolic acidosis previ
ously observed in the experimental
animal2 can likely be attributed to high
serum lactate concentrations; the
lactate is probably released from
ischemic intestinal cells before frank
necrosis occurs. Brooks and Carey8
advocated the use of this base deficit
as a clue to the presence of intestinal
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infarction, but metabolic acidosis has
many causes more common than gut
necrosis.
Other reasons for elevated serum
phosphate concentrations must be con
sidered but fortunately they are few.
Hemolysis due to delayed centrifuga
tion and refrigeration is probably the
most common. Another cause, chronic
renal failure, can be recognized by the
presence of high blood urea nitrogen
and serum creatinine values. General
ized “low flow” states with poor peri
pheral and central perfusion cause an
increase in phosphate concentrations,
thought to result from ATP breakdown
in ischemic skeletal muscle.9 Rare
causes of hyperphosphatemia include
hypoparathyroidism and multiple heal
ing fractures.
Conclusions
Phosphate concentrations are ele
vated in peripheral blood, peritoneal
fluid and to a lesser extent in urine
after intestinal infarction in dogs. The
initial results of a clinical prospective
study3 suggest that a similar pattern
exists in humans.
We have demonstrated that the
source of this phosphate is initially
the gut wall itself and subsequently is
the bloody fluid and necrotic tissue
within the gut lumen. This fluid reaches
the peripheral blood by transperitoneal
absorption or by way of the portal

system. The liver appears to play a
major role in removing much of the
phosphate that passes through it;
hence, the phosphate values for peri
pheral blood do not rise as high as
those for blood from the portal vein
or peritoneal fluid. Probably a long
segment of gut must be infarcted in
order that enough phosphate may be
released to clear the liver and raise the
peripheral blood values.
Other laboratory clues to the diag
nosis i ncl ude hem oconcentration,
marked leukocytosis and an acidosis in
compatible with the patients’ apparent
ly healthy appearance.2 This acidosis
probably results from release of lactate
by the ischemic intestinal cells.
We suggest that all patients with a
history suggestive of acute mesenteric
ischemia and the laboratory findings
as described should undergo mesen
teric angiography immediately to prove
the diagnosis. Elevation of the phos
phate concentrations of peripheral
blood and peritoneal fluid occurs early,
when the mucosa begins to slough;
however, at this stage the intestinal
muscle is still viable. This clue to the
diagnosis should lead to earlier opera
tive intervention and a revasculariza
tion procedure, and should obviate the
need to resect long segments of in
testine.
We thank the staff of the animal labo
ratory, Victoria Hospital, London, Ont.,

for their cooperation and B. Rankin,
b sc n , ms , and R. McRaild, r t , b sc,
and his staff for their advice and as
sistance in measuring inorganic phosphate
concentrations.
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SESAP II Question
329. Preferred initial management of a patient with a tear of the membranous or cartilaginous portion
of a bronchus associated with a 30 per cent pneumothorax would consist of
(A) immediate thoracotomy and primary repair by suturing
(B) intercostal tube drainage and tracheal intubation
(C) bronchoscopy and esophagoscopy followed immediately by direct suturing
(D) bed rest and observation; surgical treatment if tension pneumothorax develops
(E) none of the above
For the incomplete statement above select the completion that is best of the five given.
For the critique of Item 329 see page 59 of this issue.
(Reproduced by permission of the American College of Surgeons from SESAP II Syllabus: Surgical
Education and Self-assessment Program No. 2. For enrolment in the Surgical Education and Selfassessment Program No. 2 please apply to the American College of Surgeons, 55 East Erie St.,
Chicago, IL 60611).
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In the past,penicillins were not considered as products of first choice in the treatment of anaerobic infections, such as
bacteroides, and consequently, other potentially more toxic therapeutic agents were used.
Now, PYOPEN* (carbenicillin), one of the newer broad-spectrum semisynthetic penicillins, offers advantages previously
unavailable in this type of therapy.
Recent studies123 have shown that PYOPEN is effective in 94.1 % of cases of pelvic infections due to anaerobic and/or
mixed gram-negative aerobic infections. PYOPEN is not only effective, it is also free from dose-related toxicities, and
provides the traditional margin of safety common to all penicillins.
So, for relatively safe and convenient therapy for both aerobic and anaerobic infections, whether single or mixed...
consider PYOPEN.
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ORIGINAL CONTRIBUTIONS

Digital Replantation: A Functional Assessment
R a l p h T. M a n k t e l o w , m d , f r c s [ c ] an d

With the advent of microvascular
anastomosis it has become technically
and practically feasible to replant
amputated digits. In the last 5 years
the achievements in this field of surgery
have shown considerable improvement.
Success is initially measured in terms
of survival of the amputated digit but
finally in terms of function. This
paper presents a functional assessment
of the authors’ 33 digital replantations
in 20 patients. In all of these patients
the period of follow-up has been longer
than 2Va years. An 85% survival rate
for the replanted digits was obtained.
Of the 17 patients who have surviving
digits function in 15 was judged to
be significantly improved by the
procedure. These results have permitted
the development of guidelines for
selecting patients who will benefit most
from the procedure.
Avec la mise au point des micro
anastomoses vasculaires, la reimplanta
tion de doigts ou d'orteils amputes est
devenue realisable, tant sur le plan
technique que sur le plan pratique.
Au cours des 5 dernieres annees, les
realisations dans cette branche de la
chirurgie ont permis d'observer des
ameliorations notables. Si la reussite
se juge d'abord sur la survie du doigt
ampute, c’est finalement d’apres le
resultat fonctionnel qu'on peut
I'apprecier. Cet article presente une
evaluation fonctionnelle des 33 reim
plantations digitales entreprises par
les auteurs chez 20 patients. Dans
tous ces cas, le recul est superieur a
2V2 ans. Un taux de survie de 85% a
ete obtenu pour les doigts reimplantes.
Parmi les 17 malades dont les trans-
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N a n c y H. M c K e e , m d , f r c s [ c ]

plants ont survecu, on estime que la
fonction a ete significativement
amelioree par cette technique operatoire chez 15 d’entre eux. Ces resultats
ont permis d'etablir des criteres de
selection des patients qui pourront tirer
un benefice maximum de cette
intervention.
The possibility o f reattaching an am
putated digit or hand has intrigued
physicians for many years.1 Although
the traumatically divided tendon, bone
and nerve are amenable to repair, the
inability to anastomose arteries and
veins as small as 1 mm in diameter has
long prevented viable digital replanta
tion. In the relatively short space o f
10 years this inability has been over
com e and the repair of such small
vessels has becom e a reliable clinical
procedure. In both laboratory and
clinical settings it is now possible to
achieve anastomosis patency rates in
excess o f 90% in vessels 1 mm in
diameter.2
The first successful thumb replanta
tion was accomplished in Japan by
Komatsu and Tamai3 in 1965. Since
then the procedure has been refined
and performed successfully in many
parts o f the world. The results o f
finger and hand replantations have
been infrequently documented4 and the
indications for the operation are un
clear. Success must be measured first
in terms o f survival o f the amputated
part and second in terms o f its func
tional usefulness. With increasing ex
perience survival has become more
predictable, and more emphasis is now
being placed upon those aspects o f
repair that will promote restoration o f
optimal function. Because o f the heal
ing o f adjacent tendons and bone, ad
hesions and serious restriction o f tendon
gliding might be expected. In addi
tion, decrease o f fingertip sensibility
may be a problem because o f the
severed and repaired digital nerves.
W e propose to discuss the functional

results o f finger, thumb and transmetacarpal replantations and to fo r
mulate a concept o f the current indica
tions for these procedures. Our ex
perience during the last 5 % years,
embraces 81 digits in 52 patients w h o
have had such replantations. In 20
o f these patients the period o f follow 
up is longer than 2Vi years and the
present report is based on our experi
ence with these 20 patients (Table I).

Operative Technique
The success o f the digital replanta
tion depends upon meticulous atten
tion to detail in preparing and planning
the various steps o f the procedure and
in precise anastomosis o f vessels. The
operative details are summarized in
Table II.
Although the technique o f digital
replantation still requires further refine
ment, the basic procedure is well estab
lished.5 The amputated part is taken
to the operating room and all struc
tures are identified and debrided. The
patient is then brought into the operat
ing room and the amputation stump is
similarly prepared. Ideally a team ap
proach is used, with two surgical teams

Table I— Pertinent Data on 20 Patients Who
Underwent Digital Replantation between
November 1973 and December 1975
Replantation,

33 digits
(3 incomplete
amputations)
Age, 6 - 61 yr (average 29 yr)
Accident site
Work:
14
Motor vehicle accident: 1
Home: 5
Number of digits amputated
Single-digit amputations: Thumb
Index
Middle
Multiple-digit amputations (2 -4
fingers):
Transmetacarpal amputations:
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2
1
7
2
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operating simultaneously. Replantation
begins with fixation of bone and is
followed by repair of flexor and ex
tensor tendons. Digital veins, arteries
and nerves are then anastomosed,
usually in that order. The vascular
anastomoses are done using the oper
ating microscope and 10-0 nylon su
tures.
In the first two fingers we replanted
our chief concern was the vascular re
pair. Bone fixation was not firm and
there was poor apposition of bone.
Nonunion resulted in both digits. Since
then we have taken great care to ob
tain good bone fixation, providing a
large area of bone contact by squaring
the ends with an oscillating saw. As
bone fixation should not involve ad
jacent joints or tendons, fixation with
interosseous wire loops and bone
screws, as well as Kirschner wires, has
been useful.
Bones should be sufficiently short
ened to allow approximation of all
divided structures without undue ten
sion. The amount of bone shortening
represents an important decision which
must be made at the beginning of the
procedure after the identification of
all structures to be repaired.
Primary repair of flexor and ex
tensor tendons has been the operative
procedure of choice. Flexor tendon
grafts following the insertion of Silastic
rods have been used in cases of tendon
avulsion.

Table II— Operative Details on 33 Digits
Replanted
Interval before surgery commenced, 2 - 12 h
(average 5 - 6 h)
Ischemia time, 6 - 21 h
Operating time of initial surgery, 6 - 15 h
Secondary operative procedures, 21
Bone fixation
Kirschner wires, bone screws, interos
seous wires
Average duration: 9 wk
Average bone shortening: 1 cm
Nonunion: 4 (all bone grafted success
fully)
Tendon repair
Extensor: Primary 32
Secondary 2
Flexor:
Primary 28
Secondary following place
ment of Silastic rods 5
Tenolysis - fingers 3
palm
1
wrist
4
Vascular repair
Veins: 1 or 2 per digit
Arteries: 1 per digit
Revision for thrombosis:
5 veins (none successful)
2 arteries (1 successful)
Nerve repair
Primary:
29
Secondary: 4
Skin
Primary skin graft: 1
Secondary flaps:
4
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It has been thought that two veins
should be repaired for every artery.5
Technically this may not be possible
as small undamaged veins suitable for
repair cannot always be found. We
have been happy with the repair of
one good vein. This has always sup
plied adequate venous drainage. A vein
graft may be used to bridge a defect.6
As the digital nerves lie adjacent
to the digital arteries it is technically
easier to repair them at the time of
the initial surgery than to explore the
area later.
Skin coverage is usually possible be
cause of the bone shortening that has
been done to allow approximation of
the divided structures.
Postoperative care usually includes
administration of heparin, cloxacillin
and acetylsalicylic acid. The replanted
digit(s) should be checked frequently.
Physiotherapy

Postoperative physiotherapy is most
important in these patients. The in
jury presents a special problem. In
general, hand injuries should be
mobilized as rapidly as possible to
minimize joint stiffness and formation
of tendon adhesions. The shortest pe
riod of immobilization acceptable for
healing varies depending on the tissue,
being different for skin, vessels, nerves,
joints and bone. If the digit is im
mobilized until bone healing is com
plete then irreversible stiffness is to
be expected. Therefore there has been
a trend, particularly recently, to very
early mobilization to maintain joint
mobility and obtain tendon gliding.
This has necessitated firm bone fixa
tion without infringing on adjacent
joints and tendons. There are also
conflicting requirements for postoper
ative immobilization and mobilization
because of the existence of both flexor
and extensor injuries on the same digit.
Because of these special problems we
have entrusted the treatment to only
a few physiotherapists who are then
able to acquire the experience likely
to develop principles for conferring the
most benefit in these injuries.
Results

The results of replantation both short
and long term are set forth in Table III.
Patients with finger amputations
will sometimes have the digit still at
tached by some skin which may contain
a digital vein although all other struc
tures are divided. In such a case the
amputation is classed as incomplete.
These digits are nonviable unless a
microvascular arterial anastomosis is
performed. Three patients with incom

plete amputations are included in the
study because the results of their re
pairs are similar to those in patients
with complete amputations.
With the improvement in the tech
niques of microvascular anastomosis,
survival can almost be predicted on
the basis of the type and degree of
vascular injury. Avulsion injuries are
particularly difficult to repair as there
is usually a long damaged segment of
artery and vein proximal to the site
of vessel division. Successful repair
can be accomplished by the use of
vein bypass grafts or by transferring
a digital artery and vein from an ad
jacent digit. For this reason the in
dications for repair of avulsions apply
mainly to the thumb. We were ini
tially surprised both at the number
of crush injuries that were referred
for replantation and at how many of
these were suitable for replantation.
To be considered suitable there must
be a narrow area of crushing that is
localized to the region of the amputa
tion site, and tissue distal and proximal
to the amputation site must be un
harmed. Simply by debriding the
crushed tissues for a few millimeters
one usually discovers undamaged tissue
suitable for repair.
The degree of sensory return in re
plantations is about the same as in
cases of simple digital nerve injury

Table III— Results
Survival of digits, 28/33 (85%)
By digit:
Thumb
7/8
Index
4/6
Middle
8/8
Ring
6/7
Little
3/4
By mechanism of injury:
Slice
5/6
Crush
21/23
Avulsion
2/4
Sensory return
Average 2-point discrimination:
In digits 8 mm
In transmetacarpal amputations
10 -1 5 mm
Tendon gliding distal to replantation site
Extensor: Fair to good
Flexor:
Thumbs 0°-50° interphalangeal flexion
Digits minimal
Hands fair to good
Compensable workmen, 12
Returned to same job: 8
Returned to light work: 1
Not working for other reasons: 3
Time to return to work:
Thumb 4 - 6 mo
Digits 3 - ? mo
Complications
Shoulder-hand syndrome: 1
Persistent sensitivity of digit: 1
Stiffness of digit requiring later ampu
tation: 2
Severe depression: 1
Cold sensitivity: see text
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and the quality of sensory return de and middle fingers to that of his thumb
pends mostly on the technical ade at the time of injury years before and
claimed that the fingers were less sen
quacy of the repair.
Interestingly, active extension was sitive than the thumb had been.
usually good in all types of amputa
tions but active flexion was good only
C ase R eports and D iscussion
in thumb and transmetacarpal amputa
There is a notable difference in re
tions. In fact, in finger injuries over
the proximal or middle phalanx, tendon turn of function between thumb, fin
gliding was usually nonexistent except ger and transmetacarpal replantations.
in children. Tenolysis was performed Therefore illustrative cases from each
in three fingers but did not produce of these three groups are described and
discussed.
worthwhile improvement.
Eight of 12 workmen returned to
Thumb Replantation
their former employment. In most
Case
1.—A 37-year-old woman suffered
cases these were fairly dangerous jobs
which required considerable manual amputation of her thumb at the proximal
activity. One man returned to lighter
work. Of the three workmen who have
not yet returned to work, one is re
training, one had replantation of three
fingers and should be back at Work
shortly and the third has had an un
related illness.
One patient aged 62 years sus
tained injury to four fingers and had
two fingers replanted. He has persistent
paresthesia and hypersensitivity in one
of these fingers which have been un
relieved by standard desensitization
procedures and transcutaneous nerve
stimulation. Of 33 replanted digits
this is the only digit to have a sensory
disturbance; the finger would have been
removed but the patient has had an
unrelated illness which has taken pre
cedence over amputation.
One of the digits subsequently re
moved because of stiffness was a single
replantation performed in a patient who
had the proximal phalanx of four fin
gers amputated. He found that although
the finger was an asset for fine activ
ities such as buttoning up his clothes,
it got in his way on the job. Being
a very physically active person, climb
ing scaffolds and ladders, he was apt
to strike the finger and it was more
of a danger than an asset. In another
patient a replanted digit was removed
because of stiffness and scissoring
(case 4).
In our northern climate cold sensi
tivity is frequently a difficulty after
many hand injuries. Usually it is not
related directly to the vascular injury.
It is thought more likely to be due to
reflex vasoconstriction triggered by
cold and to altered peripheral nerve
organ sensitivity. Frequently the de
gree of cold sensitivity is unrelated to
the severity of the injury. In our cases
cold sensitivity has been a problem but
no more so than in patients who have
had injuries such as amputation clos
ures. One of our patients who 9 years
Fig. lb
earlier had undergone amputation
FIG. 1— Case 1. (a) Tidy left thumb
closure for loss of the distal phalanx amputation through proximal phalanx,
of a thumb compared the cold sensitiv (b) Appearance of left thumb with 8
ity following replantation of his index mm of bone shortening.

phalanx while operating a punch press
(Fig. la). Replantation was successfully
performed with the repair of all struc
tures (Fig. lb). She was able to return
to her job and operate the same machine.
Her two-point discrimination is 7 mm.
She has virtually normal use of her
thumb and is able to engage in all her
former activities. Although our attention
was directed chiefly to return of function
with respect to tendons, joint and nerves,
the woman’s appreciation for having her
thumb rather than an amputation stump
was a reminder of the psychic trauma
that can be caused by an amputation in
a young woman.

The results of thumb replantations
are shown in Table III. Movement at
the interphalangeal joint has ranged
from 0° to 50° of active flexion and
extension. In every case the replanted
thumb has proved very useful and all
patients have been satisfied with the
result. There are two reasons for this
particular satisfaction with respect to
thumb replantations First, the thumb
plays an important role in total hand
function, being necessary for both
pinching and grasping. Loss of the
thumb can produce a 40% to 50%
decrease in the usefulness of the hand.
Second, the thumb is positioned for
pinch and grasp function mainly by
the carpometacarpal joint. Since most
amputations pass distal to this joint,
the joint is left intact and the patient
is still able to place the damaged thumb
in almost any position desired for pinch
or grip despite decreased movements
at the metacarpophalangeal and inter
phalangeal joints. Hence the replanta
tion of a thumb provides a vast im
provement in total hand function. It is
our opinion that other forms of thumb
reconstruction including pollicization
do not provide as useful a digit as does
replantation.
Finger Replantation
Case 2.—This 38-year-old right-handed
draftsman lost portions of four fingers
in a radial arm saw. The amputation of
the middle and ring fingers passed through
or close to the proximal interphalangeal
joints (Fig. 2 a and b). Replantation of
these two fingers was done at this level,
with fusion of the joints. He returned to
his former job 10 weeks later. Most of
his movement was at the metacarpo
phalangeal joints with no action exerted
by the flexor tendons on the distal in
terphalangeal joints (Fig. 2c). Good ex
tension of these distal interphalangeal
joints through a range of 40° was possi
ble (Fig. 2d). A flexor tenolysis was per
formed 1 year later and conferred about
10° of active flexion. Sensation is 10
mm of two-point discrimination. Despite
the stiffness in this patient’s fingers they
are useful in his work and for such
hobbies as woodworking and playing the
comet.
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Case 3 .—A 53-year-old man lost all
four fingers of his right hand. The am
putation of the middle finger was incom
plete. Amputation of both middle and
ring fingers was through the middle
phalanx. In this case because the proximal
interphalangeal and metacarpophalangeal
joints were proximal to the level of the
injury a good range of motion was to be
expected in these joints and a much more
useful range of movement was obtained
than in case 2 (Fig. 3). Amputation
closure through the proximal portion of
the middle phalanx usually requires dis
articulation of the proximal interphalan
geal joint to obtain soft tissue closure.
Thus replantation of an amputated digit
at this level is likely to provide better
total hand function. Although the vessels
are smaller at this level they are within
the repairable range.

It is important to appreciate that
with the current expertise in replanta
tion, significant flexor and extensor
tendon adhesions develop at the re
plantation site. Limited motion distal

to the amputation is the rule rather than
the exception.
In considering replantation of fin
gers, the function of the hand as a
unit must be the prime consideration.
All patients who have a replantation
will have definite stiffness of the digit
and a decrease in sensation distal to
the replantation site. Most patients will
find stiffness more of a disadvantage
in the ulnar digits than in the radial
digits.
If a person has lost three or four
fingers, the current practice is to re
plant two or three of these with the
expectation of obtaining definite func
tional improvement. If only one finger
has been amputated, replantation
should not be done for functional reas
ons. A single stiff finger with decreased
sensation in an otherwise normal hand
will be more of a liability than an asset.
Replantation of a single digit may be
desirable in the occasional person for
purely esthetic reasons, or in a child

since recovery of tendon gliding is much
more likely in children than in adults.
The indications for replantation
when two fingers have been amputated
are not as clear. Many workmen who
have lost two fingers and who do not
have problems with the stumps have
a useful hand and will return to their
former work without much difficulty.
This fact should be kept in mind when
considering a workman who has lost
only two digits and whose other fin
gers have escaped injury. Replantation
of two fingers when the other two are
uninjured should be reserved for spe
cial situations involving only the index,
middle and ring fingers. The esthetic

1

f

t

Fig. 2c

Fig. 2a

4

4

FIG . 2— Case 2. (a) Stumps of domi
nant right hand in draftsman, (b) Four
amputated fingers, (c) Demonstration of
active metacarpophalangeal flexion and
practical value of replantation, (d) Palmar
appearance showing good extension of
replanted digits.
50

Fig. 3b

Fig. 2d

FIG. 3— Case 3. (a) Active extension
1 year after replantation of incomplete
middle finger amputation and complete
ring finger amputation, both through
middle phalanx, (b) Active flexion.
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encouraging enough to justify some
conclusions.

considerations mentioned above and the
different outlook for children apply
also in these circumstances.

Case 4.—This 31-year-old man lost his
left hand in an industrial accident when
it was crushed between a falling weight
and a steel railing. There was a trans
metacarpal amputation except for the in
dex finger which was amputated through
the metacarpophalangeal joint (Fig. 4a).
The entire hand was replanted. Silastic
rods were used followed by flexor tendon
grafting (Fig. 4b). Because of the damage
to the metacarpophalangeal and proximal
interphalangeal joints the index finger was
later amputated owing to its decreased
range of motion and scissoring. The pa
tient now has a very useful hand with a
strong grip and a good range of motion
(Fig. 4 c to e). The sensation is adequate
with a two-point discrimination of 15 mm.

Transmetacarpal Replantation

Our experience with transmetacarpal
replantations is not as great as with
fingers and thumbs but the results are

Tendon adhesions are not as great
a problem in the palm as they are
more distally in the fingers. Most of
our later cases have had primary flexor
tendon repair at the time of the initial
replantation. Some have required teno
lysis and others secondary tendon re
pair. The results of transmetacarpal
replantations are certainly very re
warding, with patients usually having
good grip and pinch function in the
replanted hand. When compared with
the alternative, a midpalmar amputa
tion, replantation at this level is not
to be questioned.

Fig. 4a

Conclusions

In the short space of a few years
digital replantation has become a com
mon procedure. The chance of survival
of the digit with a worthwhile return
of function is excellent if care is taken
in the selection of patients. Current
indications for the selection of patients
are given in Table IV and the protocol
for referring patients with amputated

Table IV—Guidelines for R eplantation

Thum bs: Proxim al to interphalangeal jo in t
Fingers: Those proxim al to m idportion of
m iddle phalanx
If 3 - 4 am putated - yes
2
am putated - someti mes
1
a m p u ta te d -o n ly ch ildren and
rarely fo r esthetic reasons

Fig. 4b
FIG. 4— Case 4. (a) Crush injury re
sulting in amputation of left hand. There
is minimal damage proximal and distal
to level of amputation, (b) Hand 3 months
after injury. Silastic rods are in place.
Damage to metacarpophalangeal joint of
index finger resulted in decreased range
of motion and in scissoring, (c) Range of
extension and (d) flexion achieved at 22
months after injury, following amputation
of index finger, (e) Palmar aspect of hand
in extension.

Transm etacarpal am putations: yes
If mechanism of am putation was:
Clean slice
-y e s
N arrow crush - yes
Avulsion
-th u m b s only
The desirable maximum delay u n til p a tie n t
arrives at replantation centre, if parts are
promptly cooled, is:
Digits
10 h
Limbs
5h

Fig. 4e
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polypeptide proteinase inhibitor

• In Acute Pancreatitis
# In Hyperfibrinolytic Hemorrhages
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Trasylol

digits and limbs for replantation in
Table V.

• increases the chances
of survival in acute
pancreatitis
• prevents the enzymatic
release of toxic
polypeptides and kinins
• inhibits hyperfibrinolytic
hemorrhage
Indications and Dosage

Hyperfibrinolytic Hemorrhage
These co n d itio n s o ccu r in surgery,
including open heart surgery, prostatic
surgery and pathological obstetrical
bleeding conditions, such as in abruptio
placentae.
Initial dosage: 200,000 — 500,000 K.I.U.
of which 200,000 K.I.U. should be given
by intravenous injection (at a rate not to
exceed 5 ml per minute), the rest if neces
sary by slow infusion. Adm inistration
should be continued up to 1,000,000
K.I.U. per day until the hemorrhage has
been arrested.

Pancreatitis
Initial dosage: 100,000 — 200,000 K.I.U.
to be followed by 100,000 K.I.U. every
six hours for a period of 4-5 days. The
drug is administered either by intraven
ous injection (at a rate not to exceed 5
ml per minute) or by slow infusion.
Warnings and Precautions
Trasylol is a polypeptide and thus may
act as an antigen. Although adverse reac
tions due to hypersensitivity have been
described infrequently, this possibility
should always be kept in mind. In patients
with a history of hypersensitivity, the
usual precautions for the prevention and
arrest of allergic reactions should be
observed prior to the administration of
Trasylol.
Availability
Trasylol (aprotinin) is available in 10 ml
ampuis co nta ining 100,000 K.I.U. in
boxes of 5 ampuls.
Trasylol® Product Monograph is available
on request.

The object of

Ttasylol:

Patient
Check general condition
Pressure dressing for amputated stump
— no clamps
Administer antibiotics (cloxacillin)
Indicate that advisability of replantation
will be decided at referral centre
Amputated digit or limb
If grossly di rty, cleanse
Place in plastic bag or operating glove,
knot tightly and place on ice
Arrange to change ice as necessary
during trip
If amputation is incomplete wrap ice bag
about amputated part
Phone referral centre re advisability of re
plantation
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Multiple Primary Cancers Involving the Lung
R .I. M it c h e l l , m d , fr c s [c ]

Of 150 consecutive patients with
resectable bronchogenic carcinoma, 11
were found to have multiple primary
tumours of the respiratory tract. Five
patients had more than one primary
tumour of the lung and six had previ
ously received treatment for carcinoma
of the larynx. In the same group of
150 patients, 14 had one or more
cancers involving other organs. The
appearance of a new solitary lung
lesion in a patient with another cancer
demands special attention to determine
the exact diagnosis and to decide upon
the best method of treatment. Physicians
should be aware that such a
lung lesion may represent a new
primary lung cancer rather than a
metastasis. The criteria are defined
for the pathological definition of two
separate primary tumours in these
cases.
Sur 150 cas consecutifs de cancers
bronchopulmonaires resectables, des
tumeurs primitives multiples des voies
respiratoires ont ete decouvertes
dans 11 patients. Cinq patients
presentaient plus d'une tumeur
primitive du poumon, et six malades
avaient ete traites precedemment
pour un cancer du larynx. Dans cette
meme serie de 150 patients, 14 patients
avaient un ou plusieurs cancers
atteignant d’autres organes. L'apparition
d’une nouvelle lesion pulmonaire
solitaire chez un malade porteur d’un
autre cancer exige une attention
particuliere permettant de poser un
diagnostic exact et de decider du
meilleur mode de traitement. Le medecfn
doit savoir qu’une telle lesion du
poumon peut representer un nouveau
cancer pulmonaire primitif plutot
qu’une metastase. On definit les
criteres pathologiques qui caracterisent
deux tumeurs primitives distinctes
dans ces cas.

The appearance of a solitary new
lesion of the lung in a patient who has
From the division of thoracic surgery,
The Wellesley Hospital, Toronto, Ont.
Reprint requests to: Dr. R.I. Mitchell,
Ste. 222, E.K. Jones Building, 160
Wellesley St. E, Toronto, Ont.
M 4Y 1J3
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been treated previously for cancer,
either of the lung or another organ,
requires careful assessment to deter
mine if this is an incidental benign
lesion, a recurrence of the primary
tumour, a solitary metastasis, or a
new primary carcinoma of the lung.
Precise diagnosis is essential because
new primary bronchogenic cancers may
require treatment different from that
of metastatic lesions. In the past, few
cases of multiple primary cancer of the
lung have been reported, but surgeons
are becoming more aware of this pos
sibility and by using sputum cytology
to recognize early lesions of the trache
obronchial tree are able to detect
more such cases. A recent review of
150 consecutive patients with resectable
primary
bronchogenic
carcinomas
treated in the thoracic surgery division
of the Wellesley Hospital, Toronto, be
fore Dec. 31, 1976 disclosed that 25
had other primary cancers, in either
the lung or other organs. In 20 of
these patients lung cancer was diagnosed
after the other cancer had been
treated and in 2 resection of the lung
cancer preceded the appearance of the
other tumour. Separate primary can
cers were diagnosed synchronously in
three patients.
This paper examines these 25 cases
in detail to illustrate the diagnostic
dilemma faced by the physician when
a tumour appears in the lung of a
patient who has a coexistent or previ
ously treated primary malignant growth
of the lung or some other organ. It
considers the criteria for the pathologi
cal definition of two separate primary
tumours and discusses the differential
diagnosis of recurrent and metastatic
lesions. Its major purpose is to em
phasize the importance of considering
the possibility of a new primary lung
cancer when a fresh pulmonary lesion
develops in a patient with a coexistent
or previously treated cancer. Apparent
ly some patients with bronchogenic
carcinoma subsequently may have
other primary tumours.
The study did not include patients
with alveolar cell carcinoma, which
may produce multicentric lesions in
the lung, or patients with unresectable
lung cancer seen during the same pe
riod to determine whether they had

other primary tumours. Also it did not
include the many cases of recurrent
or metastatic lesions of the lung, some
of which were metastatic endobron
chial tumours.
Patients and Methods

The series of consecutively treated
patients consisted of 122 men and 28
women whose ages ranged from 37
to 83 years.
The diagnosis of primary lung can
cer and the assessment of operability
were made from a careful history and
complete physical examination, sputum
cytology and chest roentgenography.
Tomography was undertaken in many
and all were submitted to broncho
scopy. Mediastinoscopy was performed
in most patients and anterior mediastinotomy as well in some. Bronchial
washings, brushings and biopsy speci
mens were collected in appropriate
situations. Percutaneous needle biopsy
was frequently done to establish the
diagnosis and pulmonary angiography
was used, mainly to indicate resecta
bility but in some instances to aid in
the diagnosis. An attempt was made
preoperatively to exclude the presence
of metastatic spread by radioisotope
scanning of bones, liver and spleen
and by biochemical studies.
In the 25 patients with multiple pri
mary cancers we based the final diag
nosis of a new primary tumour either
upon the existence of a histologic type
different from that of the previous
tumour or on the pathologist’s demon
stration that the tumour originated in
the bronchus, that is, the epithelium
could be seen to change from normal
to dysplastic, from dysplastic to carci
noma in situ and finally, in most cases,
to frankly invasive carcinoma.
Multiple Primary
Bronchogenic Cancers

There were five patients with mul
tiple primary bronchogenic cancers,
one synchronous and four metachro
nous (Table I). The synchronous tu
mour, a second primary adenocarci
noma, was an incidental finding dis
covered by the pathologist and not
suspected before operation. Two of
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the metachronous lesions were de
tected on follow-up roentgenograms.
The diagnosis was suggested by cytol
ogic examination of the sputum in the
two others; it was confirmed by exam
ination of a biopsy specimen in one
patient and of the resected specimen
in the other.

was detected and proved by biopsy of
the left main bronchus. The patient elected
treatment by irradiation and was the only
person in the group of 150 with operable
lesions who was not operated upon.

upper lobectomy. The pathologist was
able to demonstrate the origin of a new
primary squamous cell carcinoma from
the bronchus.
Multiple Primary Cancers of the
Lung and Other Organs

Multiple Primary Cancers
of the Lung and Larynx

Illustrative Cases
Case 1.—A 70-year-old man (patient 2
in Table I) was found to have a cavitary
lesion in the upper lobe of the right lung.
The lesion was detected on a routine fol
low-up roentgenogram. Fifteen months
earlier a left upper lobectomy had been
performed for adenocarcinoma. He had
been seen at regular intervals from that
time until the detection of the new lesion.
A percutaneous needle biopsy specimen
showed squamous cell carcinoma. Exami
nation of the resected specimen confirmed
that this was a new primary lesion. The
patient underwent a right upper lobec
tomy for this second primary tumour.

The combination of lung and laryngeal
cancer was encountered in six patients
(Table II). Both tumours were of
squamous cell type in all but one pa
tient, who was found to have a large
cell anaplastic carcinoma in the upper
lobe of the left lung. In these cases,
great pains were taken to demonstrate
that the cancer originated from bron
chial mucosa so as to establish that
it was actually a separate primary
tumour. All were heavy cigarette smok
ers and this was probably an etiologic
factor common to the development of
both cancers.

Case 2.-—A 60-year-old man (patient
5 in Table I) was referred from another
institution where he had been receiving
treatment for an infection in the left leg.
Sputum cytology had been requested by
his attending physician because of the
history of a right pneumonectomy for a
squamous cell carcinoma 7 years previ
ously. The cytology report was positive on
two occasions and this was confirmed by
bronchial washings. On a second bron
choscopy an area of carcinoma in situ

Illustrative Case
Case 3.—A 68-year-old man (patient
6 in Table II) was admitted with a his
tory of chronic productive cough. He had
been treated 3 years previously by irra
diation for a squamous cell carcinoma
of the larynx. A chest roentgenogram
showed a round lesion in the left upper
lung field which proved to be malignant
on percutaneous needle biopsy. There was
no evidence of spread to the mediastinal
nodes or other organs. He underwent left

There were 14 patients in whom pri
mary carcinom a of the lung and pri
mary carcinoma of another organ was
detected (Tables III and IV). In five
women breast carcinoma was the other
primary cancer, and in one of these
the breast cancer appeared after the
treatm ent of the lung cancer. The fre
quent concurrence of these two can
cers no doubt reflects the common
frequency of each in women. In several
patients in the entire group the investi
gation of the pulm onary lesion was
delayed because the first impression
was that it represented a metastasis
from the previously treated carcinoma.
One patient was found to have a cere
bral tum our which was thought to be
a metastasis from his lung cancer, but
at autopsy proved to be a separate
ependymoma.
Illustrative Cases
Case 4.—-A 72-year-old woman (patient
5 in Table III) was found to have a
round lesion in her right upper lung field
on a routine follow-up chest roentgeno
gram. She had been treated 5 years previ-

Table I— M ultiple Prim ary Bronchogenic Carcinomas
Other bronchogenic carcinoma

Bronchogenic carcinoma
Patient
no.
i
2
3
4
5

Histologic type

Site

Lobectomy and
sleeve resection

Squamous
carcinoma

LLL

RUL

Right upper lobectomy

Adenocarcinoma

LUL

LLL
RUL

Left pneumonectomy
Right upper lobectomy

LMB

Irradiation

Adenocarcinoma
Squamous
carcinoma
Squamous
carcinoma

Histologic type

S ite*

Anaplastic
(large cell)
carcinoma
Squamous
carcinoma
Adenocarcinoma
Carcinoma in
situ
Carcinoma in
situ

RUL

Treatm ent

Treatm en t
Left lower
lobectomy

In te rval betw een
appearance of p rim aries
ly r

Left upper
lobectomy
LUL Left pneumonectomy
RLL Right low er and middle
lobectomy
RMB Right pneumonectomy

15 mo
Synchronous
4 yr
3 mo
1 yr

*R UL = upper lobe of right lung, LLL = lower lobe of le ft lung, LMB = le ft main bronchus, LU L = low er lobe of le ft lung, RLL = low er lobe of rig h t
lung, RMB = right main bronchus.

Table I I — Carcinoma of Lung and Larynx
Carcinoma of larynx

Bronchogenic carcinoma

Patient no.

Histologic type

Treatm ent

Histologic type

1
2
3

Squamous carcinoma
Anaplastic (larg e cell) carcinoma
Squamous carcinoma

Squamous carcinoma
Squamous carcinoma
Squamous carcinoma

Irradiation
Laryngectomy
Laryngectomy

1
1
1

4
5
6

Squamous carcinoma
Squamous carcinoma
Squamous carcinoma

Left pneumonectomy
Left upper lobectomy
Right middle and lower
lobectomy
Left pneumonectomy
Right lower lobectomy
Left upper lobectomy

Squamous carcinoma
Squamous carcinoma
Squamous carcinoma

Irradiation
Laryngectomy
Irradiation

2
2
3
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Treatm en t

In te rv a l betw een
appearance of
prim aries, y r
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ously for an infiltrating duct carcinoma
of the right breast by modified radical
mastectomy and postoperative irradiation.
The radiologist was of the opinion that
the lung lesion represented a metastasis.
Another film taken 6 months later showed
that the tumour had increased in size but
no other lesion was apparent. She was
referred to the division of thoracic surgery
and the diagnosis of a new primary squam
ous cell carcinoma of the right upper lobe
was proven and right upper lobectomy
performed.
Case 5.—A 71-year-old man (patient
9 in Table IV) was referred because of
a coin lesion in the upper lobe of the
right lung, discovered during the investi
gation of pain in the back. Eleven years
earlier he had had resection of the colon
for adenocarcinoma and 3 years earlier
he had had a radical prostatectomy for
adenocarcinoma. His lung lesion was
diagnosed as a new squamous cell carci
noma and because serum concentrations
of alkaline phosphatase and acid phos
phatase were elevated, it was believed that
the back pain was related to dissemina
tion of his prostatic carcinoma. Orchiec
tomy was performed and his back pain
completely disappeared. The lung lesion
was subsequently managed by a right
upper lobectomy and sleeve resection be
cause of the involvement of the orifice of
the right upper bronchus by the carci
noma. Selection of the correct treatment

was made difficult by the possibility that
the patient’s back pain might be related
to a metastasis from the lung cancer
rather than from the prostatic carcinoma,
as well as by concern that the lung lesion
might represent a metastasis from his
previously treated cancers.
Case 6.—A 63-year-old man (patient
4 in Table IV) had had total esophagec
tomy for a squamous cell carcinoma of
the upper third of the esophagus 3 years
previously. Collapse of the upper lobe of
the left lung led to the discovery of an
endobronchial squamous cell carcinoma
originating at the orifice of the bronchus
to the upper lobe. It could not be de
termined with certainty preoperatively
whether this was an endobronchial metas
tasis or a new primary bronchogenic car
cinoma, but because there was no other
evidence of metastatic spread a left pneu
monectomy was performed. The patient
died 4 months later of a brain metastasis
and autopsy revealed no residual tumour
in the mediastinum or remaining lung.
The decision to treat this man’s second
primary tumour had been delayed because
of the initial opinion that the collapse of
his left upper lung had been caused by a
metastasis from the original esophageal
carcinoma.
Discussion
The fact that multiple primary can

Table I I I — Carcinoma of Lung and of B reast
B reast
carcinoma

Bronchogenic carcinoma
P atient
no.

Histologic type

Treatm ent

i

Adenocarcinoma

Left upper lobectomy

2

Squamous carcinoma

Left low er lobectomy

3

Squamous carcinoma

Left pneumonectomy

4

Adenocarcinoma

Right pneumonectomy

5

Squamous carcinoma

Right upper lobectomy

Histologic type
In filtra tin g duct
carcinoma
In filtra tin g duct
carcinoma
in filtra tin g duct
carcinoma
In filtra tin g duct
carcinoma
In filtra tin g duct
carcinoma

Interval between
appearance of
prim aries, yr
3
4
1
21
5

cers occur in different organs was ap
preciated by Billroth and Von Wintwarter1 as early as 1889. The world
literature on the subject was surveyed
by W arren and Gates2 in 1932. Moertel, Dockerty and Baggenstoss3,4 re
viewed 37 580 cases of proven carci
noma seen at the Mayo Clinic from
1944 through 1953. Multiple primary
carcinoma was found in 1909 (5.1% )
cases; the growths affected different
organs in 1049 (2.8%). There were
921 cases of two primary tumours
and 48 cases of three or more. In
841 patients the lesions were diag
nosed simultaneously and in 983 an
interval had elapsed between the times
of diagnosis. Another 85 patients
had lesions diagnosed both simultane
ously and after an interval. The authors
pointed out that multiple malignant
neoplasms found at autopsy far ex
ceeded those found clinically. The
association of second primary cancers
in paired organs, such as the breasts,
or in organs influenced by estrogen,
such as the breast and reproductive
organs of women, has received consid
erable attention and was also reviewed
in the report mentioned above.3’4 The
suggestion that the existence of any
one malignant neoplasm implies an in
creased susceptibility of any other
organ was discussed and the conclu
sion was reached that there is no
acceptable evidence that the develop
ment of multiple primary tumours is
governed by anything more than coin
cidence. Moore and associates5 re
viewed 363 autopsy reports on patients
with multiple primary tumours who
died at Roswell Park Memorial Insti
tute, Buffalo, NY, between May 1956
and January 1964. Special attention
was directed to the synchronous
tumours found in 144 of the 230
males and in 61 of the 133 females
whose cases were scrutinized. These
authors concluded that there was a
noteworthy excess over the expected
number of synchronous tumours in

Table IV — Carcinoma of Lung and Other Carcinomas
Bronchogenic carcinoma

56

P atient no.

Histologic type

1
2
3

Squamous carcinoma
Adenocarcinoma
Squamous carcinoma

Right low er lobectomy
Left pneumonectomy
Left pneumonectomy

4
5
6
7

Squamous carcinoma
Adenocarcinoma
Squamous carcinoma
Squamous carcinoma

Left
Left
Left
Left

8
9

Adenocarcinoma
Squamous carcinoma

Left upper lobectomy
Right upper lobectomy
and sleeve resection

Treatm ent

pneumonectomy
upper lobectomy
upper lobectomy
pneumonectomy

O ther carcinomas

Interval between
appearance of
prim aries, yr

Histologic type

Site

Squamous carcinoma
Squamous carcinoma
Squamous carcinoma
Adenocarcinoma
Squamous carcinoma
Ependymoma
Squamous carcinoma
Transitional cell
carcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma

Floor of mouth
Floor of mouth
Esophagus
Prostate
Esophagus
Brain
Vulva
Bladder

2
I
Synchronous

Colon
Colon
Prostate

Synchronous
11
3

3
3
l '/ 2
4
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females when both tumours were in
related sites such as the breasts and
genital organs, whereas in males the
number of observed synchronous tu
mours was less than expected.
Reports of multiple primary lung
cancers are few and their frequency
has been estimated to be between
0.8% 6 and 6.8%.7 The tumours may
arise synchronously or metachronously. The choice of effective treatment
makes it essential to differentiate new
primary tumours from metastases and
from recurrence of a previous tumour.
Occasionally a bronchogenic carcinoma
may metastasize to the same lung or
to the opposite lung and local recur
rence on the same side may account
for the appearance of a new pulmonary
lesion. Billroth,8 the first to describe
multiple primary tumours, declared
that for two lesions to be proved sepa
rate primary tumours they must be in
separate locations, must differ from
each other in microscopic appearance
and must each produce its own metas
tases. Warren and Gates2 liberalized
these criteria and recommended the
following: the tumours must be malig
nant, they must be distinct from one
another and one tumour must not be a
metastasis from the other. Black and
Ackerman9 stressed the importance of
epidermoid carcinoma in situ in the
histogenesis of carcinoma of the lung
and described patients with multiple
lesions in one or both lungs. Auerbach
and colleagues10 made a detailed study
of the tracheobronchial tree of 54 pa
tients who had died of bronchogenic
carcinoma. They found definite car
cinoma in situ (as opposed to border
line carcinoma in situ) in 9.2% of
7993 usable histologic slides examined,
but of much greater interest was the
finding, at sites removed from the
bronchogenic carcinoma that had
caused the patient’s death, of five early
invasive cancers in areas of carcinoma
in situ. A similar study was reported
by McGrath, Gall and Kessler11 in
1952. Knudson and colleagues6 re
ported on 9 of 1057 patients with can
cer of the lung in whom a secondary
carcinoma of the respiratory tract, in
cluding the larynx, developed. They
stated that as the entire respiratory
tract is bathed with the same carci
nogen, one would expect to find more
than one primary neoplasm in the
respiratory tract of a certain propor
tion of patients who smoke.
Glennie, Harvey and Salama,12 Wat
son, Cameron and Percy13 and Robin
son and Jackson14 also have reported
series of multiple primary lung can
cers. The last named emphasized that
pleomorphism occurs frequently in
bronchial carcinoma and stated that
the acceptance of a dual origin of

primary pulmonary cancer on his
tologic grounds depends upon ex
cluding pleomorphism in serial sections
of any one tumour. Therefore in
cases in which differing histology
is accepted as proof of a new primary
lesion, it is important to exclude
pleomorphism in the original lesion.
Smith, Nigam and Thompson15 have
discussed the development and treat
ment of a second primary lung carci
noma and described 55 patients in
whom a second primary was thought
to have developed as opposed to a
recurrent cancer. In all these patients
the first manifestation of a second
carcinoma was the appearance of a
new single shadow on the follow-up
roentgenogram. These authors sug
gested that from a practical viewpoint
the management does not differ whether
this new-found disease is primary or re
current, but I believe that there is a dis
tinct possibility that some of these
lesions were not new primary tumours.
Our review emphasizes the difficulty
of reaching the diagnosis in the case
of fresh pulmonary lesions appearing
in patients who have previously been
treated for lung cancer. Merrick and
associates16 reported on 15 patients
with multiple primary lung cancers of
whom 2 had synchronous and 13 meta
chronous lesions. They agreed that the
demonstration of two different cell
types constituted evidence of multiple
primary tumours and in cases of
similar cell types, arbitrarily chose 5
years as the time necessary to qualify
the second tumour as a new primary.
However, they also pointed out that
demonstration of the transition from
normal bronchial epithelium to carci
noma in situ and then to invasive car
cinoma constituted proof of origin of
a separate tumour in the bronchus. It
is now possible to detect occult
bronchogenic carcinoma by cytologic
means and the resection of carcinoma
in situ detected by these means is now
well established.17'18 In our series, two
of the five patients with multiple pri
mary lung tumours had carcinoma in
situ; one of these was treated by lobec
tomy and the other by irradiation.
The appearance of a mass in the
lung of a patient with a coexistent or
previously treated malignant lesion de
mands special attention. The surgical
resection of single and multiple metas
tases, combined with adjunctive chemo
therapy in some cases, has given en
couraging results and is established
treatment in cancers and sarcomas of
various origins. Accordingly, such a
patient should not be viewed as in
curable. However, it should be remem
bered that a solitary lung lesion may
represent a new primary tumour and
this consideration applies equally

whether there has been a previous lung
cancer or cancer of another organ.
Adkins and associates19 reported on 50
patients who had been treated for a
malignant tumour and in whom a sin
gle intrathoracic lesion was demon
strated by roentgenography. Of these
lesions in the lung 32 were found to
be metastatic and 18 nonmetastatic;
10 of these 18 were new primary lung
cancers. The benign pulmonary lesions
included granuloma, hematoma, leiomy
oma, xanthoma and pneumonitis. These
authors concluded that the resection
of a single intrathoracic lesion in a
patient with a history of carcinoma
elsewhere in the body is desirable and
may be the only way of differentiating
a metastasis from an unrelated lesion.
In the present series the diagnosis in
several patients with new solitary lung
lesions was considerably delayed be
cause it was believed that these lesions
represented a metastasis from another
cancer and that further treatment
might not be indicated.
It is important to examine cancer
patients at regular intervals and to
perform a chest roentgenogram as part
of this follow-up. Moreover, in patients
who previously have had lung cancer
sputum cytology should be carried out
to detect the onset of carcinoma in situ
in the remaining tracheobronchial tree
long before radiologic changes appear.
Lung cancer does metastasize to the
same lung and to the opposite lung and
endobronchial metastases do develop
from cancer of other organs. It may
be very difficult to differentiate between
these various clinical conditions, but
it is important to attempt to do so
because the treatment recommended
will depend upon the proven diagnosis
and in some benign conditions active
treatment may not be required. Al
though the presence of multiple pri
mary cancers in a patient excites a
special interest because it may provide
evidence of an immunologic deficiency,
all physicians should recognize the im
portance of the diagnosis and treat
ment of new solitary lung lesions. The
occurrence of multiple primary can
cers in 25 of 150 patients with operable
carcinoma of the lung in this series
is a higher frequency (17%) than one
would have anticipated and although
11 of these had multiple lesions of the
respiratory tract, the 14 others with
separate cancers in other organs made
necessary some difficult decisions re
garding diagnosis and treatment.
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Poulenc News
Antiemetic Stemetil shown to ha\e
beneficial effect on LOS tone
Aspiration of acid into the lungs remains a
common cause of death associated with gen
eral anaesthesia. The lower oesophageal
s p h in c te r (L O S ) is sa id to be a m a jo r
mechanism which maintains competence of the
gastro-oesophageal junction, and several drugs
commonly used during anaesthesia may influ
ence LOS tone, thereby increasing or decreas
ing the tendency to regurgitation.
Reporting in the July 1978 issue of the British
Journal of Anaesthesia, researchers demon
strated that Stemetil (prochlorperazine) an an
tie m e tic used com m only before and after
surgery, significantly increases LOS tone with
out affecting oesophageal pressure. The resul
tant increase in Barrier Pressure (BP) de

creases the tendency to regurgitation. The in
vestigators measured an average increase of
BP from 2.31 kPa to 3.36 kPa (P<0.005) in 8
volunteers following the I.V. administration of
12.5 mg Stemetil.'
This information further enhances Stemetil’s
reputation as a pharmacologically complete an
tiemetic. In addition to its effect on LOS tone,
Stemetil’s multi-level antiemetic action promptly
stems nausea and vom iting of central or
peripheral origin. Its anxiolytic action2 inhibits
cortical impulses associated with “ psychological
vomiting”. Its C.N.S. action directly blocks the
chem oreceptor trigger zone,3 4 raising the
threshold for impulses arriving at the medullary
vomiting center.
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Stemetil in
Radiation Sickness
The results of a trial involving 45 patients who
developed nausea and vomiting following radia
tion therapy showed that Stemetil was effective
in all of the patients within 1-2 days, with good to
excellent results.
Stemetil was administered in a dosage of 10 mg
b.i.d. after the onset of nausea and vomiting,
and was continued for 5-10 days after symp
toms ceased. The only side effect was drowsi
ness, which might not have been drug related.5
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etiologies: gastrointestinal disorders, drug
intolerance, motion and radiation sickness,
post-operative conditions, pregnancy, vertigo
and migraines.
Dosage: Adults, oral route - Usual effective
dosage is 5 to 10 mg, 3 or 4 times daily; in very
mild cases, a single dose of 5 to 10 mg is often
adequate. 'Spansule' Capsules: one or two
every twelve hours. This dosage may be
increased as required by increments of 10 mg
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hours before anesthesia. Repeat once during
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anticonvulsant w h ile on therapy. Tardive
dyskinesia may occur in patients on long-term
therapy. If used with C N S depressants, the
possibility of an additive effect should be
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abilities required for the performance of
potentially hazardous tasks such as driving a
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the first few days of therapy. Keep in mind that
all medications should be used cautiously in
pregnant patients, especially during the first
trimester.

Side effects: extrapyramidal reactions, dis
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Overdosage: no specific antidote; symptoma
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Critique of Item 329 (SESAP II)
The degree of an injury to the intrathoracic portion of the trachea
and bronchi varies. A tear of the membranous portion of the bronchus
with a pneumothorax usually heals without complications. Extensive
rupture of the cartilaginous portion of the bronchus or trachea may
require additional operative procedures either immediately or at some
time later, depending somewhat on the condition of the patient and
other injuries that he may have incurred. Tracheal intubation avoids
the rapid increase in intratracheal pressure associated with coughing,
and maintains a patent airway in these patients who may have ex
tensive subcutaneous emphysema. The intercostal tube drainage
permits reexpansion of the lung and prevents the development of a
tension pneumothorax which can be a serious sequela of this injury.
B
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stimulates natural clotting and healing of disrupted tissue
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Iatrogenic Femoral Nerve Injuries
A lan R . H u d so n ,
G ordon A . H u n t e r , m b , frc s,

Eighteen cases of iatrogenic femoral
nerve injury are described. In two
patients the damage was incurred as
a result of an intra-abdominal operation.
In three others the nerve was injured
at the level of the inguinal ligament.
In the majority femoral nerve palsy
followed surgery to the hip joint and
was attributable to a lesion-in-continuity.
Only one of the patients in the series
made a full recovery, but because only
severe cases were included these
disappointing results by no means
represent the expected outcome. To
avoid this serious and distressing
complication of surgery, the surgeon
must be familiar with the anatomic fea
tures of the region and must take care
to avoid compression of the femoral
nerve by retractors and its over
stretching during operations on the
hip joint.
On decrit 18 cas de lesions iatrogeniques du nerf femoral. Chez deux
patients, le dommage est survenu a la
suite d'une operation intra-abdominale.
Chez trois autres, I’atteinte du nerf
etait situee au niveau du ligament
inguinal. Pour la majorite, la paralysie
du nerf femoral a suivi une chirurgie
de I'articulation de la hanche et etait
attribuable a un bris de continuite. Un
seul patient de cette serie a beneficie
d’un retablissement complet mais,
comme seuls les cas graves sont
incluent, ces resultats desappointants
ne sont pas representatifs de Tissue
escomptee. Afin d'eviter cette complica
tion serieuse et affligeante de la
chirurgie, le chirurgien doit etre familier avec les details anatomiques de
cette region et prendre la precaution
d'eviter une compression du nerf
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femoral par les retracteurs, et son
etirement durant les interventions de
I’articulation de la hanche.

The primary purpose of this review
is to draw attention to the vulnerabil
ity of the femoral nerve to injury in
various clinical settings. The nerve
may be injured in its intra-abdominal
course or in the region of the inguinal
ligament. Because we have seen a rela
tively large number of patients with
this infrequently reported injury in our
referral practices, we have reviewed
other cases managed by colleagues at
the University of Toronto teaching hos
pitals. Thus, the number of cases re
ported in this paper does not represent
an accurate incidence for the 5 years
over which cases were collected. Mild
and transient femoral nerve palsies
tend to be forgotten, and surgeons are
loath to call attention to the more
serious injuries sustained by patients
during operations.
A secondary purpose is to discuss
those factors in basic science, clinical
presentation and technical feasibility
that influence the management of pa
tients with iatrogenic femoral nerve
injuries.
Diagnosis

The femoral nerve supplies the larg
est muscle in the body—the quadriceps
femoris whose main function is exten
sion of the knee, which is an integral
component of such daily functions as
walking and arising from a sitting
position. Patients with total femoral
nerve palsy can walk on a flat surface
and even stand unsupported on the
affected limb, but the characteristic
disability is great difficulty in climbing
stairs. The femoral nerve also supplies
the sartorius muscle, which is tested
by asking the patient to assume the
tailor’s position.1 As the seated patient
attempts to flex the hip, the sartorius
muscle stands out at its origin just
below the anterior superior iliac spine.
Failure to demonstrate action of this
muscle indicates a high femoral nerve
injury. The sensory loss associated
with femoral nerve palsy is more of

diagnostic than practical importance.
The sensory abnormality may extend
distally in the leg to the area of distri
bution of the saphenous nerve. The
tensor fasciae latae muscle helps to
stabilize the extended knee by its
action through the iliotibial tract and
thus is important in patients suffering
from femoral nerve palsy.2 This muscle
will also become active if an affected
patient, sitting on the edge of the
examining couch, is asked to flex the
hip. The tensor fasciae latae then be
comes quite prominent (the action of
this muscle should not be mistaken for
that of the rectus femoris) and thus
gives a false impression of early motor
return to the quadriceps mechanism
since the tensor fasciae latae is sup
plied by the superior gluteal nerve. The
psoas major is supplied segmentally,
but the iliacus muscle is innervated by
short twigs of the femoral nerve. Weak
ness of hip flexion may therefore ac
company high femoral nerve lesions.
The recognition of a femoral nerve
palsy usually does not present a great
diagnostic problem. The characteristic
motor and sensory abnormalities, asso
ciated with a reduced or absent knee
jerk, are usually easily appreciated. If
there is any question of radicular
pathologic change, the problem is
usually simply solved by asking the
patient to resist the forced abduction
of the hips. The obturator nerve has
its origin from the same roots as
the femoral nerve and normal function
of the adductor group of muscles in
dicates that the roots are intact and
that the lesion is therefore peripheral
in the femoral nerve itself. Diagnosis
may be rendered more difficult if the
rectus femoris muscle has been detached
from the pelvis during hip surgery or
if local pain at the hip or knee joint
makes movement difficult. In these
situations sensory and reflex exami
nation may be most helpful in de
termining the correct diagnosis.
Our 18 patients could be divided
into three groups, each with its own
clinical and therapeutic problems.
Group 1 included the patients who
sustained intra-abdominal femoral nerve
injuries. Group 2 consisted of patients
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with femoral nerve lacerations that oc
curred at the level of inguinal ligament.
Group 3 comprised patients who sus
tained lesions-in-continuity of the fem
oral nerve during operations on the
hip joint.
Group 1— Intra-abdominal Injury

Cases
Two patients had intra-abdominal in
juries. A 17-year-old girl underwent
exploration of a mass in the right
iliac fossa. The preoperative diagnosis
was a recurrence of a Wilms’ tumour
which had been resected when the
girl was 9 months old. A transperitoneal resection was performed and
the pathology report was that the
lesion was a neurofibroma. The pa
tient experienced immediate postoper
ative femoral nerve palsy. Extraperitoneal re-exploration 6 months later
demonstrated a bulb of the distal stump
of the femoral nerve lying in the groove
between psoas major and iliacus mus
cles. The second, third and fourth lum
bar roots had been resected at the
foramina so that it was impossible to
effect a repair.
A 28-year-old woman was delivered
by cesarean section. Her postoperative
course was complicated by deep vein
thrombosis, which was treated with
sodium warfarin, and by sepsis. Eight
days after the institution of anticoagu
lant therapy, bilateral femoral nerve
palsy developed. Intravenous pyelo
graphy confirmed the presence of a
retroperitoneal mass. Three days later
the fascia overlying both iliacus muscles
was incised through an abdominal ex

traperitoneal incision and from each
side 300 mL of blood escaped. Two
days later function of the quadriceps
muscle on the right side began to im
prove and rapidly attained normal
strength. No improvement was seen on
the left side and atrophy of the quadri
ceps muscle supervened. Re-exploration
15 weeks after the incision of the iliac
fascia revealed a scarred 2-cm segment
of the intrapelvic femoral nerve. Re
cordings of nerve action potential in
the groin showed no response to stimu
lation of the nerve by way of the ab
dominal exposure. The scarred segment
was resected and the distal stump
brought out on the thigh. Under mi
croscopic control sural nerve grafts
were then sewn to the distal fascicles,
using 8-0 polyglycolic acid monofila
ment sutures, and these grafts were
then passed up into the abdomen and
sewn to the fascicles of the proximal
stump through the abdominal inci
sion (Fig. I).3,4

nication, 1976) has emphasized the im
portance of placing the abdominal in
cision sufficiently high to allow access
to the L2-3 intervertebral foramen
(Figs. 2 and 3). The peritoneum is
then reflected medially. The lateral
femoral cutaneous nerve of the thigh,
easily seen, forms a useful indication of
the upper extent of the paravertebral
dissection. The intrapelvic femoral
nerve should be identified distally with
out difficulty, since a finger passed up
from the groin will indicate its position
deep to the iliac fascia. The nerve
should then be dissected proximally,
care being taken not to damage the
branches to the iliacus muscle, over
the bare iliac bone, to the roots. The
psoas major muscle is retracted and
rolled medially to display the foramina.
At this stage the anesthetist discontinues

Operative Method
The patient is placed in the supine
position. The skin is prepared and
draped so as to allow access to the
abdomen and groin. The areas be
tween the knees and ankles are com
pletely exposed so that sural nerve
grafts may be taken. The femoral
nerve is identified in the groin and
followed up into the pelvis, deep to
the inguinal ligament and iliac fascia.
A muscle-splitting incision is made at
a point two fingers’ breadth above the
anterior superior iliac spine. The mus
cle split is taken as far medially as the
rectus sheath. Kline (personal commu
FIG. 2— Group 1. Operative exposure.

FIG. 1—Glectronphotomicrograph of transverse section of proximal stump. Clus
ters of regenerating axon sprouts cause great increase in fibre density. A = axons show
ing early remyelinization, Ma = macrophage, C = collagen, rbs = red blood corpuscle
(osmium tetroxide stain, reduced by 13% from X91S0).

FIG. 3— Femoral nerve lies on deeper
plane than femoral artery. Branches of
superficial circumflex iliac artery or
lateral circumflex vessels run laterally be
tween terminal nerve branches (left).
Misplaced retractor may cause damage to
nerve and its branches (right).
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the use of muscle relaxants to allow
the results of nerve stimulation to be
gauged. Nerve action potentials are
then recorded across the lesion. It is
essential that all permanently damaged
nerve tissue be resected so that a normal
fascicular pattern is displayed on both
proximal and distal stumps before
grafts are introduced and sutured
(Fig. 4).5 If a sural nerve graft is re
quired, the hip and knee are flexed and
the femur is internally rotated. The
nerve is then removed through either
a continuous or interrupted incision
(Fig. 5). The graft is reversed to mini
mize the escape of axons at the
branches. Interfascicular grafts are
sewn in place using 8-0 suture material.
If a shorter length of graft is required
it would seem reasonable to use the
intrapelvic portion of the lateral fem
oral cutaneous nerve, although the au
thors have not done so. The regenerat
ing axon sprouts grow into the endoneurial environment of the graft,
where they come into contact with the
Schwann cells of the graft.6 These
Schwann cells, having digested their
myelin, support the axons in their pas
sage through the graft up to the distal
suture line, where the advancing wave
of axons is received by the host
fascicles.7'9
Discussion
The operative procedure is essen
tially nondestructive, as all three muscle
layers are parted in the line of their
fibres. We advocate this combined abdominal/inguinal approach for ex
ploration of intrapelvic femoral nerve
injuries as it affords full exposure of
the nerve and allows rapid identifica
tion of the damaged nerve elements
which may be concealed by adhesions
and scar tissue. This approach seems
to be the logical operation for the
relief of femoral nerve compression by
an iliac fossa hematoma, as it would
permit decompression of the nerve re
gardless of the pathogenesis of the
hematoma.10'14

tical in each case. Nerve elements were
embedded in dense scar and the proxi
mal stump of the femoral nerve had
retracted into the pelvis. In no in
stance was a satisfactory repair ob
tained, as the distal branches were all
of small calibre and embedded in dense
scar tissue.
Operative Method
The femoral vein is easily found on
dissection in the inguinal region and
the femoral artery is located without
difficulty by palpation lateral to it.
The femoral nerve lies at a deeper
plane and may be identified only after
some delay if the dissection is made
too superficially (Fig. 2). The proximal
stump can be identified by way of a
muscle-splitting extraperitoneal inci
sion which need not be placed as high
in the abdomen as that required for
full exposure of the nerve. Branches
of the superficial circumflex iliac ar
tery or the lateral circumflex vessels
run between the femoral nerve branches
and the nerve may be injured during
blind coagulation of these vessels.
Discussion
It is axiomatic that the nerve has
been severed if a total femoral nerve
palsy follows an operation in which
the nerve is directly within the path
of the surgeon. If the accident is im
mediately recognized, the appropriate
measure is conventional suture of the
epineurium, as the original operation
affords by far the best opportunity of
identifying the various branches of the
femoral nerve close to the point of in
jury. If the accident is not recognized
at once, the wound should be re-ex
plored as soon as the skin is healed.

The classic studies in human nerve
injuries suggest that suture of the epi
neurium is the best method of repair,
and, experimentally, end-to-end repair
remains the best technique.15'17 If the
main trunk is severed, a primary endto-end suture should be performed.
It is not unusual, however, for the
main femoral nerve to branch within
0.5 cm of entering the thigh (Fig. 2).
These branches are quite small and
very difficult to repair if buried in
dense scar tissue. It is worth attempt
ing interfascicular grafting if a rela
tively undamaged distal branch can be
identified, as this would allow at least
partial function of the quadriceps mus
cle.
Group 3— Lesions-in-Continuity
the Inguinal Ligament

Cases
Thirteen patients suffered from fem
oral nerve palsies following surgery to
the hip joint. In each instance the pa
tient suffered a lesion-in-continuity. In
three patients the approach was an
terior and in the remainder it was
lateral. In two instances the operating
surgeon encountered excessive hemor
rhage and was of the opinion that the
nerve had been damaged during cautery
of the severed vessels. One of these
patients made a full recovery within 12
weeks of sustaining a total femoral
nerve palsy. The other has a perma
nent abnormality. In another case a
defect in the anterior acetabular wall
allowed cement to escape, and subse
quent operation 12 weeks after the
original procedure revealed fibrosed
nerve elements stretched over the lump
of cement resulting in a permanent
femoral nerve palsy. In yet another

(

\

Group 2— Nerve Laceration at the
Inguinal Ligament

... . .

We have dealt with three cases of
accidental division of the femoral nerve
sustained during an anterior approach
to the hip joint in two instances and
during operative management of a frac
tured pelvis in the third. Each patient
underwent a delayed exploration
through an inguinal incision, with re
traction of the inguinal ligament and
dissection up into the pelvis deep to
the iliac fascia. The findings were iden
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FIG. 4— Electronphotomicrograph im
mediately proximal to resection line,
shows early remyelinization in regenerat
ing axon cluster (A). Macrophage (Ma) is
partially within and partially without base
ment membrane tube. U = unmyelinated
axon, My = myelin debris and arrow in
dicates basement membrane (osmium
tetroxide stain, reduced by 30% from
X 4850).
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FIG. 5— Incisions used for removal of
sural nerve graft; a = vertical incision,
b = interrupted incisions.
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instance, a 55° flexion contracture of
a hip subjected to anterior capsulotomy
prior to hip-joint surgery might have
been responsible for the postoperative
femoral nerve palsy. This patient made
a partial recovery, the improvement
being first noted 5 weeks after opera
tion. In the remaining cases no possi
ble cause of femoral nerve injury was
defined by the operating surgeon.
The common denominator in all
these operations, many of which were
prolonged and presented difficult tech
nical problems, was the use of a re
tractor inserted anterior to the hip
joint and hooked over the brim of the
pelvis. Incorrect placement of the in
strument results in the femoral nerve
being compressed by the end of the
retractor, causing fascicular damage of
varying severity (Fig. 2). The pathologic
change is that of a lesion-in-continu
ity.18'19 If the fascicles remain intact and
the majority of nerve fibres suffer one
of the lesser forms of injury, the return
of function is noted within 4 or 5
weeks, or sooner.20,21 This early return
of function usually heralds a full
recovery. At the other extreme the
fascicular structure is irreparably dam
aged. When the damage has been of
intermediate severity there will be in
complete recovery and hence consid
erable disability to patients already suf
fering from hip-joint disease. Postoper
ative mobilization of these patients is
seriously retarded.
O perative M ethod

The anterior operative approach used

for exploration of three cases in this
group was the same as that described
for group 2 cases. This exposure re
vealed strands of fibrous and nerve
tissue (Fig. 6). In one case the branch
to the vastus medialis and one other
sizeable muscular branch were iden
tified. In that case, 6 months elapsed
without recovery, so, through an intra
abdominal
incision,
interfascicular
grafts were placed between the main
trunk and the two muscular branches.
Discussion

In instances of injury where the
femoral nerve is well removed from
the actual incision (e.g., a lateral ap
proach to the hip joint), it is reason
able to assume that an indirect injury
has been sustained and is therefore of
uncertain severity, as in the situation
of femoral nerve injuries caused by
retractors in gynecologic procedures.22'24
The surgeon must be guided by the
general principles affecting the man
agement of lesions-in-continuity, re
gardless of whether the nerve has been
injured by retractor compression, ce
ment compression, traction or cau
tery. These principles include serial
examinations for evidence of the re
turn of motor, sensory and reflex func
tion. Electrophysiologic studies pro
vide further data, and, if carefully ap
praised by an experienced and skilful
specialist, furnish a useful guide to
the severity of the pathologic change
and hence to prognosis. Although we
have not had experience with cases of
multiple nerve injury, electrophysiologic

studies may reveal evidence of damage
to the sciatic and obturator nerves.25
Electromyographic studies may help
differentiate between muscle wasting
from disease and “weakness” due to
pain following major hip-joint sur
gery.26 Careful electromyographic stud
ies performed by an experienced spe
cialist may give valuable evidence of
axonal continuity or regeneration be
fore there is any voluntary muscle con
traction on clinical testing. Return of
clinical or electrical function encour
ages conservative management, as this
suggests that the fascicular pattern of
the nerve is intact. If there is no evi
dence of recovery by 14 weeks, the
wound should be explored. The au
thors believe that operation should be
undertaken at a centre able to provide
both preoperative electrophysiologic
assessment and intraoperative record
ing of nerve action potentials directly
from the injured nerve. The recording
techniques described by Kline and Nulsen18 allow stimulation of the nerve
trunk proximal to the lesion-in-continuity and recording from the trunk
distal to the lesion. This permits the
detection of axonal transmission be
fore axon sprouts have reached the end
organ. In addition, the surgeon or his
associates should be experienced in the
interpretation of frozen-section fascicu
lar biopsies. The presence of appreci
able nerve action potentials across the
lesion indicates that an external neuro
lysis alone should be performed and
no resection should be undertaken. If
the nerve is irreparably damaged, re
section and nerve grafting using mi
croscopic interfascicular techniques of
fer the best hope for a return of
function. We believe that when there
is no evidence of improvement ex
ploration should not be unnecessarily
postponed, as irreparable muscle dam
age follows prolonged denervation.
Results

FIG. 6— Electronphotomicrograph of fascicular biopsy o f distal branch o f fem oral
nerve. Fibre density is greatly reduced. Bands of Biingner (B) contain Schwann cell
profiles but no axons. Compare this appearance with that in Fig. 1. C = endoneurial
collagen, F = endoneurial fibroblast, S = Schwann cell nucleus (osmium tetroxide
stain, reduced by 13% from X 9150).

In this series of 18 patients only 1
made a full recovery. All the others
were incapacitated by total or very
severe femoral nerve palsy. This re
flects our method of case selection and
does not represent the expected out
come of all femoral nerve injuries sus
tained by accident. Mild compression
injuries, in particular, may result in
a full recovery. We have seen cases
of incomplete and mild femoral nerve
palsy resulting from misplacement of
pelvic retractors during renal trans
plantation or from hip-joint operations.
Such cases are not included in this
survey, which deals only with cases
of severe damage to the femoral nerve.
Assessment of the efficacy of ex
ternal neurolysis for lesions-in-conti-
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nuity is difficult. Any partial recovery
exhibited by patients after this pro
cedure might have occurred with the
passage of time without interference.
It is our impression that the final
clinical picture is primarily related to
the severity of the pathologic changes.
The dismal prognosis in cases of
severe or irreparable nerve damage
prompted us to follow the lead of Kline
and Nulsen27 in performing inter
fascicular grafting in two cases (one
in group 1 and one in group 3). In
neither instance has sufficient time
elapsed to allow evaluation of the re
sult.
Conclusions
Resection of the intrapelvic femoral
nerve should be made only after the
nature of the lesion has been estab
lished beyond doubt. In the rare in
stances in which resection is neces
sary, every effort should be made to
preserve proximal elements for nerve
grafting.28
Patients
receiving anticoagulants
should not have injections in the thigh
or abdomen. Prompt diagnosis and
surgical treatment in those patients
with severe nerve compression offer
the best hope of recovery.
Self-retaining retractors should be
positioned with care in operations
around the pelvic brim. This is par
ticularly important in patients who
may have a generalized metabolic dis
turbance which may predispose to
nerve pressure palsy.
Accidental injury by suture or divi
sion of the femoral nerve is avoided
by an appreciation of the anatomy of
the region.29 The relationship of the
nerve to the femoral sheath, inguinal
ligament and hernial orifices should be
stressed. (Kline and Nulsen27 have re
ported injury to the femoral nerve dur
ing hernia repairs, varicose vein oper
ations and arterial bypass procedures.)
If hemorrhage occurs near the nerve,
the offending vessel should be carefully
isolated and coagulated with bipolar
cautery to avoid heat damage to the
nerve.
Excessive hip flexion contracture
should be reduced with caution to
avoid stretching the femoral nerve or
lumbar plexus. If the anterior acetabu
lar rim is deficient the surgeon should
specifically guard against leakage of
cement in the proximity of the femoral
nerve.
Retractors placed anterior to the
hip-joint capsule should be deep to
the rectus femoris, and not over or
through the muscle. The position of
the instrument should be repeatedly
noted in prolonged and difficult opera
tions which may require excessive re
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traction. Leverage imparts a concen
trated force on the tip of the retrac
tor as it grinds into the femoral nerve.
The frequency of iatrogenic femoral
nerve palsies will be reduced if these
precautions are observed during oper
ations around the hip joint. While
mildly affected patients make good
recoveries, the more severely afflicted
present difficult problems in manage
ment, and quadriceps weakness or
paralysis vitiates the otherwise good
operative result.
We thank Mr. D. Hunter, RT, for
technical assistance, and our colleagues
for allowing us access to their patient
records.
Laboratory equipment was purchased
with funds obtained from the Medical
Research Council of Canada, grant MA3393.
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Zollinger-Ellison Syndrome Associated
with Parathyroid Adenomas and Ectopic Gastric Tissue
in the Lower Esophageal Mucosa
A. N akayasu, md , A.J. D owell , mb , bs, C. R eynolds, md, fr c p [c],
S.N. Stordy, md , frcp [c] and I.G.M. C leator, mb, ch b, frcs [c1, frcs ( edin ),

A rare case of the Zollinger-Ellison
syndrome associated with hyperpara
thyroidism and ectopic gastric tissue
in the lower esophageal mucosa is
reported. Preoperatively the patient, a
53-year-old woman, had hyperchlorhydria
and her fasting serum gastrin concen
tration was mildly elevated. There was
a considerable increase in the gastric
acid output and concentration of serum
calcium after secretin infusion. At
operation the patient had a gastric
ulcer 10 cm in diameter, an islet
cell tumour of the pancreas 14 cm in
diameter and ectopic gastric mucosa
in the distal third of the esophagus.
A gastrectomy was performed, the
pancreatic tumour excised and part of
the distal esophagus removed through
a left thoracotomy.
Four months after the operation the
gastrin concentration had returned
to low normal, but the serum calcium
values remained high. One month later
two parathyroid adenomas were
removed which effectively cured the
hypercalcemia.
On signale un cas rare de syndrome
de Zollinger-Ellison associe a une
hyperparathyroi'die et a la presence de
tissu gastrique ectopique dans la
muqueuse oesophagienne inferieure.
Avant I'operation, la patiente, une
femme de 53 ans, souffrait d’hyperchlorhydrie et sa concentration de gastrine serique a jeun etait legerement
elevee. On a enregistre une augmenta
tion considerable de la secretion de
I’acidite gastrique et de la concentration
du calcium serique apres une infusion
de secretine. A I’operation, la patiente
presentait un ulcere gastrique de 10
cm de diametre, un insulinome de 14
cm de diametre et une muqueuse
gastrique ectopique dans le tiers distal
de I'oesophage. On proceda a une
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gastrectomie, a I'excision de la tumeur
pancreatique et une partie de I'oesophage distal fut enlevee par la voie
d'une thoracotomie gauche.
Quatre mois apres I’operation, la
concentration de gastrine etait revenue
a une normale basse, mais la calcemie
demeurait elevee. Un mois plus tard,
deux adenomes parathyroidiens furent
enleves, ce qui corrigea efficacement
hypercalcemie.

In 1955 Zollinger and Ellison1 described
two cases of patients with m arked
gastric hypersecretion, peptic ulcer dis
ease resistant to conventional surgical
treatm ent and associated non-^-cell
tum our of the pancreas. They pos
tulated that an ulcerogenic hum oral
factor of pancreatic islet cell origin was
responsible for the peptic ulcer dia
thesis. The ulcerogenic hormone elabo
rated by the tum our is now known to
be gastrin and these tumours may ap
propriately be called gastrinomas.2 The
development of sensitive radioimmuno
assay techniques for gastrin3 has al
lowed a definite diagnosis to be m ade
much earlier, and by 1973 nearly 1000
reports of patients with Zollinger-Elli
son tumours had been collected by
Wilson4 for the Zollinger-Ellison tu 
mour registry.
There have been numerous reports
of multiple endocrine adenomatosis
(MEA), type 1, in which patients with
gastrin-producing pancreatic tumours
have tumours in other endocrine glands
as well.2 Hyperparathyroidism is the
most common associated endocrine ab
normality. It has been observed in sev
eral patients with the Zollinger-Ellison
syndrome (ZES) that correction of hy
perparathyroidism by resection of one
or more parathyroid adenomas m ark
edly improved symptoms of peptic
ulcer disease and decreased acid secre
tion.5
Regression of metastatic tum our and
decrease of serum gastrin to norm al
concentrations have been observed after
total gastrectomy for ZES.6 A possible
explanation for this is that the stomach
produces a trophic agent which en
hances tumour growth. However, many

frcs ,

FACS

patients continue to have m arked eleva
tions of serum gastrin.7 This is pre
sumptive evidence that a functioning
gastrinoma persists.4 It has been sug
gested that “even a rim of gastric m u
cosa at the esophageal junction is suf
ficient to maintain tum our growth and
elevated gastrin levels following ‘total
gastrectom y’ ”.8
The following case of ZES represents
the first, to our knowledge, in which
ectopic gastric tissue in the lower eso
phageal mucosa was found during
operation.
Case Report
A 53-year-old white woman was ad
mitted to St. Paul’s Hospital, Vancouver,
in August 1976 for investigation of ab
dominal pain and weakness. She had had
three operations for peptic ulcer over
the previous 10 years: in 1964, a Billroth
1 gastrectomy for prepyloric ulcer; in
1971, a Billroth II gastrectomy for anas
tomotic ulcer; and in 1974, vagotomy and
revision of the Billroth II gastrectomy.
Following the last procedure she was
well until 3 months before admission
when she began to experience pain in
the left upper quadrant of the abdomen
and in the left shoulder; the pain was not
associated with meals. She had been tak
ing up to 100 tablets of acetylsalicylic acid
with codeine per month to relieve the
pain. She denied the presence of epigas
tric pain, burning, excessive gas, heart
burn and dysphagia. Her appetite had
been poor since the first operation and
had been particularly poor over the past
year. She had lost about 15 kg in weight.
She was able to eat only relatively small
meals but drank about 2000 mL of milk
daily. She was not using any appreciable
quantities of antacid medication. She
had not noticed jaundice or gastrointesti
nal hemorrhage. She had been troubled
with diarrhea over the past 2 years but
a description of the stools did not sug
gest a malabsorption syndrome. Recently
her diarrhea had been improved although
she still had two to three bowel move
ments daily. An additional complaint was
of unusual dizzy spells which occurred at
random periods during the day. These
spells were rather vaguely described and
were associated with a substantial weak
ness of her muscles, making it extremely
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difficult for her to manage the house
hold. She did not overuse tea, coffee, al
cohol or medications other than acetylsalicylic acid. Her family history was non
contributory except that her mother had
died of carcinoma, type unknown. She
had two adult children with ulcer symp
toms.
On physical examination she was thin,
pale, tense and anxious. There was no
adenopathy, but a mass was present in the
right breast (diagnosed by excisional
biopsy as fibroadenoma). The blood pres
sure was 100/60 mm Hg and the pulse
rate 96 beats/min and regular. No ab
normalities were detected in the pul
monary and cardiovascular systems. The
abdomen was flat and not tender. There
was a hard, mobile mass in the left upper
quadrant. The liver was not enlarged and
there was no clinical evidence of chronic
liver dysfunction. Findings on examina
tion of the skin, extremities and central
nervous system were within normal limits
except for weakness.
Laboratory values on admission were
as follows: hemoglobin 11.5 g/dL (7.14
mmol/L), leukocyte count 19.7 X 109/L
and blood urea nitrogen 38 mg/dL (13.6
mmol/L); fasting serum glucose 85 mg/
dL (4.7 mmol/L), serum sodium 142
mmol/L, serum potassium 4.7 mmol/L,
total serum protein 66 g/L, serum albu
min 3.6 g/dL (522 jj.mol/L), serum
globulin 2 g/L, <*2-globulin 8 g/L, |3globulin 11 g/L and 72-globulin 9 g/L,
serum carotene 32 txg/dL (0.60 p.mol/L)
(normal, 50 to 200 [0.93 to 3.73]), serum
amylase 241 IU/L (normal, 70 to 300),
total serum thyroxine 7.7 u.g/dL (99
nmol/L) (normal, 5.3 to 12.3 [68 to
158]), parathyroid hormone 190 ng/L
(normal, 150 to 4 25 ), serum folliclestimulating hormone (FSH ) 26 p.g/L
(normal, 10 to 58), serum thyroid-stimu
lating hormone (THS) 1.1 10~3IU/L (nor
mal, 1.5 to 10), plasma cortisol 31.5
irg/dL (0.87 p.mol/L) (normal, 5 to 20
[0.14 to 0.55]).
The patient’s serum calcium concen
tration was uniformly elevated throughout
her hospitalization at 10.5 to 11.5 mg/
dL (2.62 to 2.87 mmol/L) (normal, 8.6
to 10.3 [2.15 to 2.57]). Her serum alka
line phosphatase value was 145 IU/L
(normal, 35 to 105) and the serum phos
phate value was 2.9 mg/dL (0.94 mmol/
L ) (normal, 2.5 to 4.4 [0.81 to 1.42]).
Fasting serum gastrin values were between
480 and 700 ng/L (normal, to 200 ng/L).
Growth hormone values measured by
radioimmunoassay after stimulation with
levodopa were within normal limits.
Endoscopic examination of the eso
phagus and the stomach revealed an
opaque, finely nodular esophageal mucosa
with free reflux of turbid, bile-stained gas
tric content at the gastroesophageal junc
tion and hyperemic, friable gastric mucosa
with an ulcer on the wall over the lesser
curvature of the gastric remnant and sto
mal area. A number of biopsy specimens
showed granulation tissue infiltrated by
both acute and chronic inflammatory
cells.
Celiac angiography (Fig. 1) and ab
72

dominal aortography identified a welldefined highly vascular mass in the upper
left abdomen, 14 cm in diameter, con
sistent with a gastrinoma arising in the
tail of the pancreas. The spleen was
visualized high under the left hemidiaphragm. The mass received some of its
blood supply from the proximal left lum
bar arteries.
Gastric analysis found a basal acid
output (BAO) of 18 mmol/h and a maxi
mal acid output (MAO) of 22 mmol/h
after a subcutaneous injection of pentagastrin (6 p.g/kg body weight) (BAO/
MAO = 6 8 % ). After four basal gastric
acid collections at intervals of 15 minutes,
graded doses of Boot’s secretin (1 and 2
units/kg-h) were given intravenously (Fig.
2. Gastric acid secretion increased from a
mean basal value of 2.1 mmol every
15 minutes to a peak of 3.8 mmol. The
lower BAO (8.4 mmol/h) followed a period
spent in hospital undergoing nasogastric
suction. The serum calcium concentration
increased from the basal value of 10.7
mg/dL to 11.3 mg/dL (2.67 mmol/L to
2.82 mmol/L) at 90 minutes. Serum gas
trin values increased from 750 ng/L to 850
ng/L at 90 minutes. (Laboratory error on
measurement of gastric acid is 11%, of se
rum calcium 2% and of serum gastrin 5%.)
Roentgenography showed the sella
turcica to be normal in size and contour.
No parasellar calcification was seen. Bone
scanning using technetium-99m pyrophos-

FIG. 1—Celiac angiogram. Well-defined
highly vascular mass measuring 14 cm in
diameter is present in upper left abdomen.

phate showed increased activity in the mid
dle phalanges of the hands, in some metacarpals and in the right tarsal bones con
sistent with metabolic bone disease.
We concluded that the patient had a
gastrinoma, probably the tumour shown
by angiography, and a large gastric ulcer
penetrating into surrounding tissues. In
addition, the elevated serum calcium
values in the presence of a normal serum
albumin concentration and normal renal
function suggested that primary hyperpara
thyroidism was also present. Since the
serum calcium concentration remained
below 12 mg/dL (2.99 mmol/L), we
considered that exploration of the neck
could be safely deferred until the pa
tient’s gastric ulcer and pancreatic tumour
had been dealt with. Throughout her later
course, the serum calcium concentration
was carefully monitored.
After a blood transfusion was given,
the abdomen was explored. A 10-cm gas
tric ulcer on the anterior aspect of the
stomach remnant had penetrated into the
diaphragm anteriorly and superiorly, and
into the left lobe of the liver. There was
a tumour 20 cm in diameter arising from
the tail of the pancreas. No metastases
were found in the liver or elsewhere and
the remainder of the pancreas contained
no other nodules; the tumour appeared
to be benign and solitary.
The tumour and the spleen were mobi
lized, the vascular connections identified
and divided. The tail of the pancreas was
excised, the duct identified and then
ligated and oversewn. The stomach to
gether with 5 cm of the afferent loop
embracing the previous enteroanastomosis and 1 cm of the efferent loop were
then excised along with a 1-cm cuff of
esophagus. A frozen section of the eso
phageal junction was reported as showing
gastric mucosa at the esophageal end. A
further 3 cm of the esophagus was
removed as a cuff and gastric mucosa was
again identified. Through a left thoraco
tomy the thoracic esophagus was exposed
and the portion below the lower left pul
monary artery excised. At this level only

S e c r e t i n Infusi on
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TIME
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FIG. 2—Gastric acid (H +) output (-------), serum calcium (----------- ) and serum
gastrin (......... ) responses to intravenous infusion of Boot’s secretin.
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squamous epithelium was present. Continu
ity was established by passing the end of the
distal jejunum to the left of the middle
colic vessels, then upwards through a
hole made in the mesocolon to make an
end-to-end anastomosis between it and the
esophagus. The procedure was com
pleted by attaching the portion of the
proximal jejunum just distal to the liga
ment of Treitz to the efferent loop of
the jejunum by an end-to-side anastomo
sis similar to a Roux-en-Y anastomosis.
During the operation the patient was
given 14 units of whole blood because
of excessive bleeding from the highly
vascular tumour and the vessels supplying
it from the lumbar arteries.
The patient’s postoperative course
was complicated by a subphrenic abscess
which was drained on the 13th postopera
tive day. Eight weeks postoperatively an
infected sinus, which originated at the
black silk suture used to ligate the pan
creatic duct, was drained. The patient was
maintained both on intravenous and oral
feeding and gradually improved so that
she was discharged 11 weeks after the
operation.
The tumour (Fig. 3) after fixation
measured 9 x 1 0 x 9 cm and weighed
556 g. The external surface was smooth
and hemorrhagic; the cut surface was
whitish yellow and was soft but not
necrotic.
Several areas showed small
hemorrhages and numerous small cysts
up to 1 cm in diameter.
Microscopic study of the pancreatic
tumour (Figs. 4 and 5) revealed sheets of
uniform cells with oval to round vesi
cular nuclei; in many cells the cyto
plasm was eosinophilic and granular. The
cell margins tended to be angular. A
striking feature of the lesion was the
presence of acinar spaces containing palestaining eosinophilic material. No true
gland formation was present. The tumour
showed moderate vascularity. The his
tologic pattern was consistent with that
of a gastrinoma. The tumour appeared
to be surrounded by a fibrous capsule
within which were nests of tumour cells.
Random sections through the adjacent
pancreas showed no significant pathologic
changes. The gastrin content of the
pancreatic tumour was 40 ng/L.
Sections of the stomach wall dem
onstrated edema and congestion of the
lamina propria. There was extensive
hemorrhage at the margin of the ulcer,
but no malignant changes. A section
taken at the proximal line of resection
disclosed segments of esophageal squa
mous epithelium interspersed with areas of
ectopic gastric mucosa.
After discharge on Oct. 28, 1976 the
patient’s diarrhea and abdominal pain
disappeared. Serum gastrin and calcium
concentrations on Oct. 1 had still been
elevated (620 ng/L and 11.2 mg/dL
[2.79 mmol/L] respectively). The serum
gastrin value on Dec. 8 was 125 ng/L
(i.e., within the normal range), suggesting
that the primary source of gastrin secre
tion had been removed.
On Feb. 2, 1977 the neck,was explored.
A cylindrical, highly vascular, dark-brown,

almost bluish solid nodule, measuring
4 x 2.5 cm, was discovered within the
left lobe of the thyroid gland. This large
parathyroid adenoma was embedded in
the left lobe of the thyroid making removal
of the latter necessary. A second para
thyroid adenoma was identified in the
right inferior position and was excised.
The right superior parathyroid was not
located. Examination of microscopic sec
tions of the nodule within the left thyroid
lobe confirmed it as a parathyroid
adenoma consisting of sheets of cells with
vesicular nuclei and vacuolated cyto
plasm divided by fibrous septa. Exten
sive interstitial hemorrhage was seen. A

fibrous connective tissue capsule was
present. Adjacent thyroid tissue showed
no significant pathologic change. The
parathyroid adenoma at the right inferior
position had a histologic pattern similar
to that of the lesion on the left side.
Postoperative serum calcium and gas
trin levels were, respectively, as follows:
day 4, 7.1 mg/dL (1.77 mmol/L) and
155 ng/L; day 5, 7.9 mg/dL (1.97
mmol/L) and 250 ng/L; day 7, 8.2
mg/dL (2.05 mmol/L) and 205 ng/L.
Vitamin D and calcium lactate were ad
ministered orally to maintain the calcium
at normal concentrations over the next
week and then were discontinued. On
follow-up 6 months later the patient had
gained 10 kg in weight since August 1976;
she was asymptomatic and was receiving
no other medication except vitamin B12.
Two sons and one sister of the pro
positus were investigated. Serum gastrin
and calcium values were normal in one
son and the sister. The serum calcium
concentration of the other son, aged 31
years, was 11.1 mg/dL (2.77 mmol/L); at
operation three parathyroid adenomas
and one atrophic gland were found.
Discussion

FIG. 3—Appearance of cut surface of
pancreatic tumour. External surface is
smooth and hemorrhagic and cut surface
whitish yellow and soft. Several small
areas of hemorrhage are present, with
numerous small cysts up to 1 cm in diam
eter.

Excess release of gastrin, producing
hypergastrinemia, is a characteristic
feature of ZES.9-11 In their review of
260 cases of ZES, Ellison and W ilson12
reported the frequency of the initial
complaints as follows: pain related to

FIG. 4— High-power photomicrograph
of pancreatic tumour. Note sheets of
rather uniform cells with oval to round
vesicular nuclei. Many cells have eosino
philic cytoplasm (hematoxylin and eosin
X 400).

FIG. 5—Low-power photomicrograph
of pancreatic tumour (hematoxylin and
eosin X 30).
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ulcer disease 74%, pain related to
diarrhea 15%, pain related to acute
perforation 18%, melena 22%, hematemesis 19%, diarrhea 36% and vom
iting 26% . In their series 93% of the
patients had peptic ulcer and the re
maining 7% had diarrhea alone. Our
patient was admitted with pain in the
left upper quadrant and associated pain
in the left shoulder of 3 months’ dura
tion, probably due to penetration of the
ulcer into the left diaphragm, but she
denied any classic ulcer symptoms such
as epigastric pain, burning, excessive
gas, heartburn, or dysphagia. She also
had diarrhea of 2 years’ duration. Diar
rhea has been reported in 33% to 75%
of patients with ZES13,14 in whom it is
probably caused by several factors in
cluding delivery of excessive amounts
of gastric acid into the duodenum,
damage to the small-bowel mucosa by
gastric acid, decreased small-bowel ab
sorption resulting from the action of
gastrin and from mucosal damage, and
increased intestinal motility.15 Our
patient’s diarrhea was cured by total
gastrectomy, suggesting that gastric
hypersecretion was an essential factor
in its production.
Various measurements of gastric acid
secretion are said to be useful for diag
nosing ZES. Prominent among these
are a BAO greater than 15 mmol/h,16 a
BAO more than 60% of MAO17 and
a 12-hour nocturnal secretion exceeding
1000 mL in volume or 100 m m ol/H +.3
With these criteria false-negative results
may be obtained in ZES and occasional
false-positive results in uncomplicated
duodenal ulcer. Aoyagi and Summerskill16 found that basal secretion in
1 hour was less than 15 mmol in 10
of 31 patients with ZES. In a recent
study of 12 patients with ZES 5 were
found to have BAO less than 50% of
MAO.18 These results do not support
the use of the BAO/MAO ratio for
detecting patients with ZES, although
in our patient the BAO was 68% of
MAO.
The fasting serum gastrin concentra
tion7,19 has been shown by radioim
munoassay to be markedly elevated in
patients with ZES; normal fasting
serum gastrin concentration is less than
200 n g /L (an average in our laboratory
of approximately 70 ng/L), whereas in
patients with ZES it is greater than
300 ng/L. Hypergastrinemia may be
found in patients with pyloric obstruc
tion, achlorhydria, hypochlorhydria,
gastric atrophy, gastric carcinoma, or
retained gastric antrum in the afferent
loop after gastrojejunostomy and fol
lowing vagotomy. Furthermore, pa
tients with ZES can have day-to-day
variations in gastrin values that are at
times diagnostic and at other times not
elevated, suggesting intermittent rather
74

than continuous release of gastrin from
the tumour.20
Consequently, provocative tests have
been described to distinguish patients
with ZES from those with duodenal
ulcer or other abnormalities. In healthy
individuals the act of eating, partic
ularly a protein-containing meal, re
sults in gastrin release and subsequent
increase in the serum gastrin concentra
tion.21,22 Patients with duodenal ulcer
may show a greater response to meals,
but in those with ZES the gastrinsecreting tumour is not affected by the
meal and there is no increase in the
serum gastrin value.23,24 There may be a
small group of patients with gastric
hypersecretion and borderline hyper
gastrinemia, presumably secondary to
hypertrophy of the antral gastrinsecreting cells,25 who after a test meal
will also show an increase in peripheral
gastrin content into the range of the
patient with ZES. Greatly elevated fast
ing gastrin concentrations and inte
grated gastrin responses to a test meal
have also been demonstrated in pa
tients with the short-bowel syndrome.26
Intravenous infusion of calcium (12
mg/ kg body weight over a 3-hour
period) increases the serum gastrin
concentration and gastric acid secretion
in patients with ZES.27,28 Calcium-stimu
lated gastrin assay during the post
gastrectomy period in patients with
ZES has also been suggested as useful
in prognosis.29 It has been suggested
that calcium directly affects the parietal
cells causing the release or elaboration
of gastrin, or that calcium potentiates
gastrin release mediated by other sub
stances.30 The role of calcium in the
release of peptide hormones has been
previously demonstrated with respect
to glucagon,31 insulin32,33 and vasoac
tive intestinal polypeptide,34 and calcium
is known to be essential for most
endocrine secretory processes. It has
also been suggested that calcium and
cyclic-AMP act as key components of
a complex membrane control system
and are necessary, not only for the
regulation of cellular secretion of poly
peptide hormone, but also for the ac
tion of peptide hormones at target end
organs.35
However, the exact mechanism of
action of calcium on gastrin-producing
tumours is still unknown. Trudeau and
McGuigan27 have demonstrated the
lack of functional autonomy of gastrinproducing tumours in response to cal
cium infusion. In their patient the con
centration of serum gastrin varied di
rectly with that of serum calcium.
A third and more recently described
provocative test for identifying patients
with ZES employs secretin infusion.
Secretin infusion suppresses the release
of antral gastrin following a meal in

healthy persons, in patients with
duodenal ulcer and in those with per
nicious anemia,36,37 whereas it stimu
lates release of gastrin from tumour
tissue in some patients with ZES.38"12
Information on the effect of secretin on
serum calcium is both sparse and con
tradictory. Isenberg and associates38 re
ported a notable increase in serum cal
cium concentration after secretin infu
sion in a patient with ZES, and in a
subsequent report43 stated that secretin
infusion resulted in substantial eleva
tion of serum calcium values in healthy
persons, in patients with primary hyper
parathyroidism and in patients with
ZES. However, Thompson and col
leagues39 and Bradley and colleagues44
failed to substantiate this effect. We ob
served an appreciable increase of gas
tric acid secretion, serum gastrin and
serum calcium following infusion of
Boot’s secretin (Fig. 2). Gastric acid
secretion increased from 1.2 mmol to a
peak of 3.8 mmol every 15 minutes,
and the serum calcium value increased
from 10.7 to 11.3 mg/dL (2.67 to 2.82
mmol/L) at 10 minutes after be
ginning secretin infusion. Serum gastrin
increased from 750 to 850 ng/L at 90
min after starting secretin infusion.
The mechanism by which secretin in
creases serum calcium concentration is
speculative. However, it is becoming
increasingly clear that gastrin and
secretin are inextricably involved in
calcium metabolism. Isenberg and as
sociates38 suggested that secretin may
produce hypercalcemia by releasing
parathyroid hormone. On the other
hand Bradley and coworkers41 demons
trated a decrease in parathyroid hor
mone values in response to exogenous
secretin in patients with ZES, while
calcium values were observed to in
crease, suggesting that secretin-induced
elevations of calcium are not mediated
by parathyroid hormone.
Tumours of nonpancreatic endocrine
tissues are found in 10% to 48% of pa
tients with ZES.12,45,46 This association
has been called multiple endocrine ade
noma syndrome, type 1 (MEA 1). Hy
perparathyroidism is the most common
associated endocrine abnormality. In a
review by Ballard, Frame and Hartsock47 of patients with MEA 1, 88%
had a parathyroid abnormality with
pancreatic and pituitary abnormalities
in 85% and 65% respectively. The
familial form of MEA 1 is inherited as
an autosomal dominant condition,48 with
variable expressivity, although many re
ported cases of MEA 1 and ZES have
been said to have a negative family his
tory. Vance and associates49 proposed
that the basic genetic defect in MEA 1
involves hyperplasia of the primordial
cells of the islets of Langerhans with
long-term oversecretion of one or more
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islet cell hormones, which in turn induce
changes in the other endocrine glands
of the foregut. Friesen, Schimke and
Pearce50 suggested that a basic, possibly
genetic, abnormality of the endocrine
cells of the embryonic foregut may be
the explanation of the pluriglandular,
polyhormonal and familial manifesta
tions of the MEA syndrome and of
ZES. A tumour of one organ may
modify the clinical manifestations
caused by a tumour of another endo
crine organ. In several patients correc
tion of hyperparathyroidism by resec
tion of parathyroid adenoma(s) greatly
improved symptoms of peptic ulcer
disease and decreased gastric acid secre
tion when ZES was also present,5 pos
sibly owing to the beneficial effect of
correction of hypercalcemia. Dent and
colleagues51 showed that serum gastrin,
calcium and parathyroid hormone con
centrations decreased following para
thyroidectomy, suggesting that gastric
surgery should only be carried out if
symptoms persist following control of
hypercalcemia. Reduction of gastric
acid secretion following parathyroid
ectomy, however, is not a constant
finding.52-54 Moreover, it has been
stated that there may be no benefit in
performing parathyroidectomy before
abdominal operation (i.e., total gas
trectomy).55
Complete removal of the stomach,
the target organ for gastrin, has been
advocated to control the ulcer diathesis
in most patients because the gastrinproducing tumours are often multiple
or malignant with metastases. Pro
longed survival and reports of tumour
regression after total gastrectomy sug
gest that removal of the end organ, the
stomach, might influence tumour
growth, and a feedback mechanism has
been suggested.56 Based on observations
of the absence of residual tumour and
metastases at “second-look” operations
and on evidence of the disappearance
of tumour metastases by roentgenographic study, Friesen6 proposed a
“gastric factor” which influences growth
of islet cell tumours. He postulated a
feedback relationship between the
stomach and pancreatic tumour where
by the stomach directly stimulated tu
mour growth and production of gastrin.
This concept implies that total removal
of the stomach would abolish this tro
phic influence and cause regression or
lack of progression in the growth of the
islet cell tumour. Stadil, Rehfeld and
Thaysen57 suggested that this genetic
factor was related to gastric juice,
based on their observation that in a
patient with ZES gastric aspiration
lowered serum gastrin concentration
and reinstillation of the gastric juice
restored serum gastrin to the previously
high value. A more recent “overview”

theory implicates the hypothalamus and
pituitary gland as possible mediators
in the feedback cycle.58 With longer fol
low-up observations, however, Fox and
coworkers59 reported an increasing num
ber of deaths from tumour in patients
who had had total gastrectomy, sug
gesting that the operation does not per
manently control tumour growth and
metastases in patients with malignant
Zollinger-Ellison tumours. Although
there have been some patients with
ZES whose elevated serum gastrin con
centrations returned to normal after
total gastrectomy,7,60 a large number of
patients continue to show marked ele
vations of serum gastrin.27,28,7'61 The
serum gastrin concentrations in our
patient were elevated 1 month after
removal of her gastrinoma, but re
turned to normal 3 months later before
her parathyroid surgery.
It is of interest that ectopic gastric
tissue was identified as high as 4 cm
above the esophagogastric junction,
necessitating thoracotomy with partial
resection of the thoracic esophagus. To
our knowledge there are no reports of
ectopic gastric mucosa within the eso
phagus in patients with ZES. It has been
suggested that “even a rim of gastric
mucosa at the esophageal junction is
sufficient to maintain tumor growth
and elevated gastrin levels following
otherwise total gastrectomy”,8 so we
felt justified in proceeding with the
thoracotomy.
Ellison and Wilson12 reported that
61% of 249 Zollinger-Ellison tumours
were malignant. It is not possible to
differentiate benign from malignant
lesions by histologic examination.
Criteria for malignancy depend upon
demonstration of metastatic spread,
although a metastatic tumour may be
missed. On light microscopy the pan
creatic tumour of our patient was best
classified as a gastrinoma. Its gastrin
content was 40 ng/L and it is therefore
likely that the pancreatic tumour was
functioning. The serum gastrin concen
tration had returned to normal prior to
parathyroidectomy so it is most un
likely that the parathyroid was the
source of gastrin, as has been sug
gested.62,63
We thank Dr. A. Rutherford for the
preparation of the macro- and micro
graphs and Mrs. Eileen Bonaguro and
Miss Nicola O’Connor for their technical
assistance.
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• preserves lysosome and cell membranes, thereby preventing the release of destructive
lysosomal enzymes3
• preserves platelets thereby reducing the risk of intravascular coagulation1
• preserves leukocyte integrity thereby helping to maintain the pulmonary architecture1
The recovery of patients in shock is often complicated by a pattern of deteriorating pul
monary function, commonly described as shock lung. This pulmonary insufficiency
progresses despite restoration of haemodynamic balance and apparent stabilization 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 peri
vascular haemorrhage.1Polymorphonuclear leukocytes aggregate in
the pulmonary capillaries and obstruct the pulmonary vascular
bed. As these trapped cells break down, they release lysosomes, tiny subcellular particles containing proteolytic
enzymes.1These enzymes attack their host cell and
go on to damage or destroy other cells.2 The re
sulting tissue dam age may not readily repair
itself even if the shock patient survives.
When administered in conjunction with
standard therapeutic measures, SoluMedrol exerts a protective effect
on the lung and improves the
patient’s chance of survival.
Prescribing information on page 78.
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Torsion of the Greater Omentum or Appendices Epiploicae
Stephen C. Brady,

The authors conducted a 20-year
review of the records of patients with
torsion of greater omentum or appen
dices epiploicae admitted to the
Vancouver General Hospital. Presenting
signs and symptoms, operative findings
and some recent reports are examined
and conclusions are given. Diagnosis
of the condition is rarely made preoperatively owing to the lack of specific
symptoms. When a straightforward
diagnosis of appendicitis has been
made, yet a normal appendix is found,
torsion of omentum should be con
sidered and excluded.
Les auteurs ont mene une revue
portant sur une periode de 20 ans, des
dossiers des patients souffrant d'une
torsion du grand epiploon ou des
appendices epiploi’ques, entres au
Vancouver General Hospital. On examine
les signes et les symptomes qui ont
conduit a (’hospitalisation, les constatations operatoires et quelques comptes
rendus recents, et on en tire des
conclusions. A cause de I'absence de
symptomes specifiques, le diagnostic
de cette affection est rarement pose
avant I'operation. Quand un diagnostic
ferme d'appendicite est fait et que,
neanmoins, un appendice normal est
retrouve, une torsion de I’epiploon
devrait etre envisage et exclus.

At the Vancouver General Hospital
during the 20 years 1956 to 1975 there
were 24 cases in which torsion of the
greater omentum or of an appendix
epiploica was the major pathologic
finding at laparotomy. We review
these cases and the recent literature
relating to the subject.
Definition

Primary idiopathic torsion of the
greater omentum is diagnosed only
when no other significant intra-abdo
minal disease is found at laparotomy to
account for abdominal complaints.
From the department of surgery,
Vancouver General Hospital, Vancouver,
BC
*Resident in surgery, University of
British Columbia and Vancouver
General Hospital
7Clinical associate professor, University
of British Columbia; attending staff,
Vancouver GeneraI Hospital and
Children’s Hospital, Vancouver
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M urray R. K l im a n ,

Theoretically there should be no his
tory of abdominal trauma or opera
tion even if this seems coincidental.
Spitz, Pantanowitz and Thaning1 spec
ified that the resultant infarction of the
omentum must be segmental and a
result of torsion as distinct from m as
sive vascular occlusion involving a large
area of the omentum or an adjacent
organ.
Secondary omental torsion is that as
sociated with other, possibly causative,
conditions such as acute or chronic intraperitoneal inflammation, hernias,
scars, adhesions or foreign bodies.
The following two case reports are
examples of typical and atypical tor
sion of omentum.
Case Reports

Case 1.—A 24-year-old man complained
of right-sided abdominal pain of 3 days’
duration. It was steady in nature and had
become progressively more severe. The
day before admission he lost his appetite
and had a slight fever, but his bowel and
urinary habits remained unchanged. He
had previously been in good health and
had had no operations. His pulse was 74
beats/min, blood pressure 125/80 mm Hg,
temperature 38 °C, leukocyte count 10
X 109/L (64% polymorphs and 3%
band cells). On abdominal examination
there was tenderness, muscle guarding
and slight rebound tenderness in the right
lower quadrant and the bowel sounds were
normal; no mass was palpable. Rectal ex
amination discovered no abnormality. He
was admitted with the diagnosis of acute
appendicitis. At laparotomy several mil
lilitres of blood-stained fluid was found.
His appendix, which appeared normal,
was removed. A hemorrhagic mass,
7.5 X 3.75 cm, was found in the right
side of the abdomen in the region just
below the gallbladder. It was identified as
a piece of strangulated greater omentum;
its pedicle had three twists. The mass was
removed and its area of attachment ligated.
The patient was discharged 3 days later.
Case 2.—A 14-year-old boy with Down’s
syndrome had a 4-day history of intermit
tent pain in the midabdomen. He had no
nausea or vomiting but passed two wa
tery stools. He had had no previous opera
tions. The initial leukocyte count was
10.8 x 109/L (70% polymorphs, 8% band
cells and 10% lymphocytes); 24 hours
after admission the count rose to 17
X 109/L. His temperature was 38 "C. On
examination there was marked tenderness
in the left lower quadrant of the abdo
men with guarding and rebound tender
ness and there was mild tenderness in the

md, F R cs[c]f

right lower quadrant. On rectal examina
tion tenderness was present on the left
side. The right testicle was undescended.
Bowel sounds were normal. After a 24hour period of observation a laparotomy
was performed through a low midline in
cision. A mass of gangrenous omentum,
6 cm in diameter, was adherent to the
sigmoid colon. This had a pedicle that
had twisted 360°. The mass was dissected
free and removed after ligation of the
area of origin. Appendectomy was also
done. Postoperative recovery was straight
forward.
This second case is atypical. It did
not follow the usual pattern of omental
torsion which is one of mild perium 
bilical or right-sided pain progressing
to moderate right-sided pain. The pa
tient’s signs and symptoms became
left-sided and the leukocyte count rose
to an unusually high figure. Twisted
omentum was found in the left lower
area of the abdominal cavity, not on
the right side as usual.
Review Study

Of the 24 cases recovered from the
hospital records, 22 were of omental
torsion and 2 were of torsion of an
appendix epiploica.
The sex distribution was predom i
nantly male with a ratio of 3:1. Age
distribution was from 7 to 71 years
(average 29 years). The m ajority of
patients were between 10 and 50 years
(Fig. 1); 5 were less than 16 years of
age.
Sym ptom s
Pain was the m ajor presenting com 
plaint, occurring in every patient
without exception (Tables I and II).
This was followed in frequency by
anorexia (six patients), nausea (six) and
diarrhea (three).
N u m b e r in G r o u p

A g e G r o u p s (yr)

FIG. 1— Age distribution of patients.
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The duration of acute pain ranged
from 24 hours to 7 days. One patient
had noticed episodes of similar pain
for 2 months and another had had
similar attacks for as long as 3 years.
Only four patients gave a history of
having carried out any strenuous activ
ity in the 24 hours before the onset of
symptoms.
Preoperative Examination
Preoperative physical examination
usually discovered right-sided abdomi
nal tenderness, in most cases in the
right lower quadrant. Most patients had
some degree of guarding and rebound
tenderness. Seven patients reported
that pain was worse on movement,
coughing, straining or bending. Rectal
examination was performed in 12 pa
tients; the findings were normal in 5,
there was tenderness on the right in 6
and on the left in 1. An abnormal mass
was detected preoperatively in only
one case, on the right side of the pelvis,
and it proved to be an omental mass
attached to the right uterine wall. Phys
ical findings are summarized in Table
III.
Temperature range was from 36.4°C
to 38.4°C; in most patients it was
normal or mildly elevated (i.e., less
than 38°C). Pulse rate was generally
70 to 90 beats/min and in only one
was it over 100 (112). Total leukocyte
count was less than 10 X 10VL in nine
patients, 10 to 12 X 109/L in nine and
greater than 12 X 109/L in seven, the
highest count being 17 X 109/L. The
differential count was usually within
normal limits, only seven patients had
a neutrophil count greater than 70%
and only eight had a band cell count
greater than 2%. In all cases the results
of urinalysis were normal.
Preoperative roentgenography was
done on eight patients; in six the re
sults were entirely normal and in the
other two only nonspecific changes
were seen such as a few dilated smallbowel loops with occasional air-fluid
levels.
The preoperative diagnosis was usu
ally acute appendicitis (20 patients).
The next most common was “acute
abdomen, not yet diagnosed” (three
patients). Cholecystitis and a geni
tourinary cause were also suspected
(Table IV).

adherent omental mass. The appendix
was normal in 21 cases, fibrotic in 1
and described as showing early inflam
mation in 1 (associated with a 2-cm
omental mass in the right lower quad
rant). The size of the omental masses
varied from 2 cm to 7 cm; in one
case the whole left half of the omen
tum was twisted. The number of twists
when recorded varied from one to three
full turns. Blood-stained fluid was
found in four cases and clear fluid in
one. The masses were located pre
dominantly on the right side being
distributed from the right lower quad
rant near the appendix and cecum up
to the hepatic flexure. In two cases the
mass was found adjacent to the gall
bladder area (the preoperative diagnosis
was retrocecal appendicitis or cho
lecystitis). In one case a piece of
omentum was caught in the falciform
ligament leading to torsion of a
3 X 5-cm mass. Other locations of
masses are outlined in Table V.

uneventful recovery and were dis
charged within 3 to 10 days. In one
elderly man urinary retention developed
which required transurethral prostatic
resection. An 8-year-old boy suffered
from acute gastric dilatation which re
sponded to treatment.
The charts reviewed showed no im
mediate or long-term problems re
quiring subsequent hospitalization for
pathologic conditions related to the
omental torsion or its treatment.
Clinical Manifestations
From consideration of this series of
cases the following facts emerge con
cerning primary torsion of omentum:
1. The majority of patients are un
der 50 years of age, being fairly equally
distributed between the second and
fifth decades. Males predominate about
2.5:1 (patients with torsion of an ap
pendix epiploica excluded).
2. Abdominal pain is the first out
standing feature, its onset being usually

Postoperative Follow-up
Postoperatively there were very few
problems. Most patients made an

Table IV— Preoperative Diagnosis
Diagnosis

Site

Early

Late

9
4
3
3
3
1
1

16
1
4
2

Right lower quadrant
Generalized
Right side
Perium bilical/central
Epigastric
Right upper quadrant
Upper abdomen

80

20
3
2
2
1

*ln differential w ith appendicitis.

—

1
~

Table V— Location of Mass as Described on
Operative Report
Table I I — Nature of the Pain
Pain recorded
as
Steady
Interm ittent
Crampy
Mild
Moderate
Severe
Increasing severity
Not specified

Early
14
6
2
20
—
—

4

Site

No. of cases

Right side of abdomen
Right lower quadrant
Right upper quadrant
Near gallbladder
Ascending colon
Transverse colon
Cecum
Sigmoid colon
Uterus
Falciform ligament
A nterior peritoneum

Late
23
—
—

1
2
7
10
4

9
3
2
2
1
1
1
1
1
1
1

Table III--Sum m ary of Physical Findings

Operative Findings
In 22 cases a hemorrhagic mass of
omentum on a twisted pedicle was
found and in 14 of these there was
some degree of infarction or gangrene,
or both. There were two cases of a
twisted appendix epiploica, both with
gangrene and one associated with an

No. of cases

Appendicitis
Acute abdomen, not yet
diagnosed
Possible cholecystitis*
Possible genitourinary cause*
Possible bowel obstruction*

Table 1— Site of Pain

Site
Right lower quadrant
Right upper quadrant
Right side
Right costovertebral angle
Left lower quadrant
Generalized

Maximal tenderness
17
1
3
1
1
1

Guarding and rebound
tenderness
17
1
3
—

1
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within 2 days before admission but
possibly as long as 7 days. In most
cases the pain starts in the periumbilical
area or on the right side of the abdo
men and in almost all it finally local
izes in the right middle and lower
quadrants. The pain is usually mild at
onset, gradually increases in severity
and is generally aggravated by move
ment or straining.
3. Gastrointestinal complaints are
the exception rather than the rule and
usually manifest as anorexia and
nausea. Vomiting and diarrhea are un
common.
4. A history of preceding strenuous
activity is uncommon (17%).
5. Most patients exhibit right-sided
tenderness, guarding and rebound ten
derness, usually in the lower quadrant.
Rectal tenderness is present in only
25% of cases.
6. A palpable mass is rare.
7. Temperature, pulse rate and
blood pressure are normal or only
slightly elevated.
8. Leukocyte count is usually nor
mal or only mildly elevated and may
have a mild shift to the left.
9. Results of urinalysis and abdomi
nal roentgenograms are normal in most
cases.
10. The commonest preoperative di
agnosis suspected is acute appendicitis;
cholecystitis and unspecified abdomi
nal pain are other diagnoses uncom
monly made.
11. Diagnosis is made at laparotomy
where the usual finding is a mass of
omentum, twisted one to three times
on a pedicle, lying somewhere in the
right side of the abdomen. Quite often
there is associated infarction of the
mass. Free fluid, either clear or bloodtinged, is occasionally found (21%).
, 12. Treatment by simple ligation of
the pedicle and excision of the mass is
sufficient and an uncomplicated post
operative recovery with early discharge
is the rule.
Review of the Literature

Torsion occurs when part of the
organ concerned, whether the main
body or an appendage, twists on its
long axis thus causing venous obstruc
tion. This results in edema with further
vascular embarrassment, the final re
sult being infarction and gangrene.
Adams2 noted that two situations must
exist for primary torsion of the omen
tum—a redundant and mobile segment
of omentum and a fixed point around
which it may twist. In secondary tor
sion the distal end of a segment of
omentum is attached so that it is not
freely mobile, requiring that the tor
sion be bipolar with central rotation
between two fixed points.

Several authors have described pos
sible predisposing factors for primary
omental torsion. Spitz, Pantanowitz and
Thaning1 have summarized these as
follows:
1. Changes in omental consistency—
inflammation, edema or excess fat de
position.
2. Anatomical malformations— ton
gue-like omental projections, bifid
omentum or accessory omentum.
3. Vascular peculiarities: (a) In 1906
Payr3 suggested that a redundancy of
the venous system in relation to the
arterial supply caused kinking, re
sulting in venous engorgement. The
distended veins then rotate around the
arterial axis. All that is needed is an
initial cause for the kinking, (b) Totten4
believes that following a meal any
activity that causes straining, such as
coughing, sneezing or lifting, may
cause rupture of a dependent vein
with hemorrhagic extravasation and
thrombosis. The resulting weighty mass
may then undergo torsion.
A history of strenuous activity prior
to the onset of pain does not appear to
be a prerequisite as this occurred in
only 4 of the 24 cases in our series.
Undoubtedly such activity is more im
portant in the secondary torsions that
are associated with external hernias.
Obesity has been suggested as a pos
sible predisposing factor because an
obese person usually has a heavier
omentum. However, Mainzer and
Simoes5 found that only 12% of pa
tients with primary omental torsion
were obese. Obesity was rarely men
tioned in the physical findings of pa
tients in the present series and there
fore no correlation can be stated.
The greater frequency of right-sided
torsions is likely because the right
side of the omentum is longer, heavier
and more mobile than the left.
The most extensive review of the
literature to date has been made by
Mainzer and Simoes5 who reported a
personal series of six cases and re
viewed 165 cases collected from the
literature. Symptoms, signs, epidem
iology and findings showed no es
sential differences from what we report
in our series. Mainzer and Simoes
described three cases of total omental
torsion and one case of spontaneous
derotation which was suggested as a
possible cause for right-sided abdominal
pain, which was mild and episodic and
was not diagnosed.
Parrish and Potts6 described an in
teresting case of omental torsion in a
4-month-old child with hydrocephalus.
A portion of omentum had twisted
around the peritoneal shunt resulting in
an omental cyst, filled with cerebro
spinal fluid, that underwent torsion and
hemorrhage.

Torsion of an Appendix Epiploica

This was included in the study as a
variant of torsion of intra-abdominal
fatty appendages. We discovered two
such cases that resulted in infarction.
In one case this was the only pathologic
finding and in the other it was associ
ated with a hemorrhagic mass of omen
tum undergoing torsion.
In the first patient, a 17-year-old
youth, there was a 24-hour history of
steadily increasing pain in the right
lower quadrant. His temperature was
37.4°C and his leukocyte count was
14 X 109/L with 80% neutrophils and
5% band cells. He had tenderness over
McBurney’s point. At laparotomy a
2-cm mass of hemorrhagic appendices
epiploicae was attached to the ascend
ing colon just above a normal ap
pendix.
Musgrove7 stated that the most com
mon site for torsion of an appendix
epiploica is the left lower quadrant and
the diagnosis, as with omental torsion,
is rarely made preoperatively. The ma
jor complication of the torsion is an
adhesion that can cause bowel obstruc
tion. If the appendix epiploica becomes
detached an intraperitoneal loose body
results but rarely causes symptoms.
Discussion

Although there were periods of a
few years when none of these specific
torsions occurred, an average of about
one case per year is dealt with in a
large teaching hospital in a metro
politan centre of about 1 million
people.
As to the ultimate fate of an omental
torsion that is missed, one can only
speculate. Eventual infarction and gan
grene are inevitable if derotation does
not occur. The resulting mass would
then be attacked by the cells of the
defence mechanism and autodigestion
attempted. At least, the mass would be
sealed off by fibrous tissue. It is dif
ficult to imagine that this by itself
would cause serious morbidity. If,
however, complications developed such
as intraperitoneal infection or adhe
sions causing obstruction, then serious
sequelae would be expected.
If a normal appendix is found in a
patient in whom appendicitis has been
diagnosed it is worth while, if not im
perative, to explore the abdominal
cavity by hand to rule out an omental
torsion as well as other possible causes.
Brodriff8 pointed out that one must
suspect this entity whenever there is an
“atypical pattern of appendicitis”.
Since most omental torsions are found
on the right side of the abdominal
cavity, especially in the right lower
quadrant, the correct diagnosis should
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not frequently be overlooked when the
appendix is normal.
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Adrenal Hemorrhage during the Treatment of Ulcerative
Colitis with Adrenocorticotropic Hormone
W.T. S im p s o n , m b , ch b *

Spontaneous adrenal hemorrhage is a
rare condition that carries a high
mortality. Its diagnosis may present
considerable difficulty. Two instances
of adrenal hemorrhage are reported,
both occurring in patients with ulcerative
colitis who had an acute exacer
bation of their disease. Both patients
w ere receiving adrenocorticotropic
hormone therapy and it is thought
that this was responsible for the
hemorrhage.
L’hemorragie surrenale spontanee est
une affection rare qui entraine une
forte mortality. Son diagnostic peut
presenter une difficulty considerable.
On signale deux cas d’hemorragie
surrenale survenant tous deux chez
des patients souffrant de colite
ulcereuse en exacerbation aigue. Les
deux patients recevaient de I’hormone
adrenocorticotrope et Ton croit ce
traitem ent responsable de I'hemorragie.

Spontaneous adrenal hemorrhage may
affect one or both adrenal glands and
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can present either as an acute condi
tion or insidiously. It is often unsus
pected and is seldom diagnosed on
clinical grounds. Diagnostic tests are
few and relatively nonspecific.
In surgical practice the condition
most commonly has an acute onset.
Characteristically the patient complains
of sudden continuous pain in the up
per abdomen, flank or back.1 There
may be associated hypotension and a
reduction in the hemoglobin concen
tration. Plain roentgenograms may
show a pattern of generalized ileus
and intravenous pyelography may
show a displaced kidney. Beta-scan ul
trasonography may prove helpful.
Specific changes in the concentrations
of serum electrolytes, such as the hypo
natremia and hyperkalemia seen in
Addisonian crises, do not usually occur
and eosinophilia is likewise an in
constant finding.
The association of spontaneous
adrenal hemorrhage with certain clinical
situations may lead to establishment
of a correct diagnosis. Anticoagulants
and stress situations are commonly im
plicated, as are sepsis, intra-abdominal
and intracranial operative procedures
and adrenal tumours, both primary
and secondary.
An acute exacerbation of ulcerative
colitis constitutes a severe stress situa
tion, and therapy with adrenocortico
tropic hormone (ACTH) may com
pound the changes occurring in the
adrenal gland that predispose to spon
taneous hemorrhage. The following
two case reports exemplify this combi
nation of circumstances.

Case Reports

Case 1.—A 54-year-old man with a
6-month history of ulcerative colitis was
hospitalized because of an exacerbation
of his symptoms. He was treated with
salicylazosulfapyridine and ACTH. The
symptoms resolved and he was discharged
after 2 weeks. Salicylazosulfapyridine
alone was prescribed. Four months later he
was readmitted for a further course of
ACTH and received on this occasion up to
60 units intravenously daily for 8 days. On
the sixth day of treatment he experienced
sudden onset of severe left hypochondrial
and flank pain that was associated with
hypotension. His hemoglobin concentra
tion fell from 15.3 g to 8.4 g/dL without
external evidence of blood loss. Plain
roentgenograms of his abdomen revealed
a moderately dilated colon and an in
fusion pyelogram showed a displaced left
kidney. His general condition improved
after blood transfusion but he continued
to have abdominal pain and tenderness
and severe diarrhea. He was considered
to have an acute exacerbation of his
ulcerative colitis and was subjected to
laparotomy, which revealed a massive
retroperitoneal hematoma arising from
the left adrenal gland and acute colitis
affecting the entire colon. Left adrenalec
tomy and proctocolectomy were per
formed.
Microscopic examination of the re
sected specimen showed acute adrenal
vein thrombosis with extravasation of
blood into surrounding infarcted medulla
and cortex. There was severe intrafascicular edema of the cortex and an appear
ance suggestive of previous cortical hyper
trophy. The diagnosis of acute ulcerative
colitis was confirmed by microscopy. The
patient had an uncomplicated postoper
ative course.
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Case 2.—A 33-year-old man was hos
pitalized in order to control his ulcerative
colitis with ACTH. He had been treated
with salicylazosulfapyridine since the on
set of the disease 7 years previously but
had recently experienced an exacerbation
of his symptoms. He received up to 90
units of ACTH intravenously daily for 11
days. On day 11 he suffered sudden onset
of severe epigastric pain radiating along
the costal margins. His blood pressure
remained stable but his pulse rate rose
to 120 beats/min and his hemoglobin
concentration fell by 3 g/dL over a 12hour period. His leukocyte count rose
from 7.0 X 109/L to 32.6 X 109/L.
His abdomen was diffusely tender and
bowel sounds were reduced. There
was no external evidence of blood loss.
Plain roentgenograms of his abdomen re
vealed a dilated colon and this finding,
together with the clinical picture, led to
a presumptive diagnosis of fulminating
ulcerative colitis.
At laparotomy the entire colon was
found to be diseased but not acutely
dilated. There was a massive retroperi
toneal hematoma arising from the right
adrenal gland, as well as a small quantity
of free intraperitoneal blood. The hema
toma was not expanding so it was left
undisturbed. A colectomy was performed
leaving the rectum in situ. The hematoma
size was assessed by /3-scan ultrasono
graphy and by 2 weeks postoperatively it
had diminished. The postoperative course
was smooth. The rectum continues to
show signs of ulcerative colitis and will
require removal in the future.
Discussion
Acute adrenal hemorrhage (apo
plexy) may be unilateral or bilateral.
It is rarely recognized clinically but
has been found in 0.14% to 0.4%
of autopsy series.2’3 The first descrip
tion of adrenal hemorrhage is attrib
uted to Griselius of Vienna in 1670.4
In 1900 Arnaud reviewed 79 cases and
advocated the current classification of
three clinical types.5,6
The first of these is characteristic of
the Waterhouse-Friderichsen syndrome
and is associated with severe sepsis,
purpuric rash and rapid progression to
a collapsed state. The spontaneous
form is not associated with purpuric
rash, but may be accompanied by signs
of acute peritonitis or progress to
marked weakness, coma or convul
sions. The third type is seen in pa
tients who have died 2 to 3 weeks after
severe burns or sepsis, it is an autopsy
finding since often there are no at
tendant signs or symptoms.
There have been many reports of
various clinical associations and sug
gestions of possible pathologic mechan
isms which attempt to explain this
entity. The most frequently observed
associations, apart from adrenal tu
mours, are stress,7 sepsis,8 coagula

tion disorders,9 and intra-abdominal
and intracranial surgery.10,11 Two other
important clinical groups are the new
born and women immediately post
partum, in whom involution of the
adrenal glands is held responsible for
the changes leading to hemorrhage.12
The administration of steroids, nota
bly ACTH, has also been implicated
and the reason for this might be ex
plained by the histologic changes noted
in the adrenals that are induced by
the stimulating action of A C T H .13
Symington6 reported that all grades of
hemorrhage were present in the adrenal
glands removed from 28 patients who
received ACTH for 4 days prior to
adrenalectomy during the years 1957
to 1964 at Glasgow Royal Infirmary.
Massive adrenal hemorrhage during
ACTH therapy was also reported by
Gjprup and Thorburg.14
It is possible that the common fac
tor responsible is either exogenous
ACTH, as in these reports, or endo
genous ACTH as in the previously
mentioned stress situations. This theory
stimulated some interesting experimen
tal work into the possible mechanisms
involved. Wilbur and Rich15 dem on
strated cortical degeneration in rats
given pharmacologic doses of ACTH.
Shaberg16 observed focal hemorrhages
in the adrenal cortex of guinea pigs
within 24 hours of treatment with
ACTH. Levin and Cluff17 confirmed
these observations and Mosley and
Cluff18 demonstrated vascular-wall in
jury and coagulation defects as a re
sult of stimulation of the adrenal with
ACTH. This work is well summarized
by Clark.10 The final mechanism is as
yet unknown but probably involves
rupture of the capillaries which form a
vascular barrier around the cells of
the zona reticularis, thereby allowing
congestion and hemorrhage after stimu
lation.6
It is highly likely that the adrenal
hemorrhage observed in the two cases
presented here was a result of hyper
sensitivity of the adrenal gland in a
stress situation compounded by the
ACTH stimulation. An appreciation of
the possibility of adrenal hemorrhage
in these two patients could have led
to its correct preoperative diagnosis. In
particular the unexplained decrease in
hemoglobin concentration in both cases
and the finding on intravenous pyelo
graphy in one were suggestive. U ltra
sonography will undoubtedly be of
value in the diagnosis of this condi
tion in future.
Surgical exploration is indicated if
this combination of adrenal hem or
rhage and acute exacerbation of ulcera
tive colitis is diagnosed, not only to
provide definitive treatment of the
ulcerative colitis if indicated, but to

perform
adrenalectomy when the
hem atom a is evidently enlarging. A
hematoma in the adrenal area which
appears stationary in size may be left
undisturbed; serial examinations by
ultrasonography are advisable in the
postoperative period.9
I thank Drs. A.D. McKenzie and G.A.
Bell for permission to report their pa
tients.
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Pneumothorax Complicating a Fracture of the Clavicle
B arry W. M alcolm, md , frcs[c], F. M ichael A meli, md, frcs,
and E dward H. Simmons , md , frcs[c], facs

Fractures of the clavicle, while common,
are associated with few serious
complications. The authors report the
case of a 29-year-old man with a
simple fracture of the middle third of
the clavicle that was associated with
a 30% pneumothorax. The force and
mechanism of the injury, severe
pleuritic pain and reduced breath
sounds suggested the diagnosis
which was confirmed roentgenographically. The possibility of pneumo
thorax must be considered in any
patient with a fracture of the clavicle,
especially in the unconscious patient
who has sustained multiple injuries.
Bien qu’elles soient frequentes, les
fractures de la clavicule sont rarement
associees a des complications serieuses.
Les auteurs citent le cas d’un homme
de 29 ans, porteur d'une fracture
simple du tiers median de la clavicule a
laquelle s’est associe un pneumothorax
a 30%. La force et le mecanisme de
la blessure, une douleur pleuretique
severe et une diminution des bruits
respiratoires ont suggere le diagnostic
qui a ete confirme a la roentgenographie.
La possibility d’un pneumothorax doit
etre envisagee chez tout patient ayant
une fracture de la clavicule, particulierement chez les patients inconscients
ayant subi des blessures multiples.

C ase Report

A 29-year-old white man, while playing
hockey at the local arena, was checked
into the boards, striking the point of his
left shoulder. He had been wearing no
protective hockey gear. When he was
brought to the emergency department of
the Toronto East General and Orthopaedic
Hospital he complained of constant pain
in the left shoulder region which was
slightly increased on deep inspiration.
On physical examination the patient ap
peared healthy although he was obviously
suffering moderate pain. The blood pres
sure was 120/80 mm Hg, the pulse rate
was 84 beats/min and the respiratory rate
was 24/min. He was not cyanotic. Abnor
mal clinical findings were restricted to the
left clavicular region and the left hemithorax. There was an obvious painful
deformity with ecchymosis and swelling
in the left midclavicular area. A small
abrasion was noted at the tip of the left
shoulder.
Roentgenograms of the left shoulder
disclosed an obviously displaced fracture
of the middle third of the clavicle. On
examination of the chest, performed pri
marily because of pleuritic-like exacerba
tions of the left-sided pain, decreased
breath sounds were detected in the left
upper part. No consistent change in the
percussion note was found. Close inspec
tion of an anteroposterior roentgenogram

Fractures of the clavicle are common
in orthopedic practice. In comparison
with the relative frequency of some de
gree of malunion without functional
disability, the major complications of
these fractures, such as neurovascular
injury and nonunion, are distinctly un
common. This paper describes a case
of pneumothorax complicating a frac
ture of the clavicle.
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FIG. 1—Roentgenogram showing frac
ture of middle third of clavicle and ab
sence of lung markings in left apical re
gion.

frcs[c], facs

of the chest (Fig. 1) revealed a 30% pneu
mothorax affecting the upper part of the
left lung. On re-examination of the films
taken to demonstrate the clavicular frac
ture, the pneumothorax was also evident.
The pneumothorax was treated in the
emergency department by insertion of a
chest drain under local anesthesia. Suc
tion at —20 cm H20 was instituted
and maintained. Repeat roentgenograms
showed satisfactory return of expansion
of the lung. The chest tube was removed
and a figure-of-eight bandage applied to
the clavicle 5 days after the injury had
been sustained.
At follow-up 3 months later the lung
was completely re-expanded. There was
clinical and radiologic evidence of union
of the fractured clavicle associated with
normal shoulder movement but with mod
erate cosmetic deformity.
D iscussion

Yates1 reported the occurrence of
right pneumothorax accompanying a
comminuted fracture of the middle
third of the right clavicle in a 14-yearold boy injured in a motor vehicle ac
cident. He had also sustained a mod
erately severe head injury and was
amnesic but had no demonstrable blunt
chest injury.
The patient whose case we have de
scribed had no craniocerebral injury.
There was no history or sign of blunt
chest trauma or clinical evidence of
respiratory embarrassment. Accurate
scrutiny of the pain pattern and its
association with respiration, the find
ings on physical examination, and close
inspection of the lung outline and
markings on the roentgenograms led
us to recognize the pneumothorax.
It is our conclusion that severely dis
placed fractures of the clavicle justify
clinical and roentgenographie examina
tion of the chest, especially in the
traumatized patient without blunt chest
injury.
R eference
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Surgical Management of Subphrenic Abscess
O fei F leischer-D joleto , md ,* Sherif S. H anna,
D ennis W. Jirsch, md , m sc, ph d ,

Subphrenic abscess is a serious com
plication of thoracic or abdominal
surgery and its diagnosis and manage
ment are difficult. The authors reviewed
the records of 58 patients with 65
subphrenic abscesses seen over a 10year period. The diagnosis was made
clinically in 42 instances and at autopsy
in 23. The patients had suffered from
various diseases (e.g., carcinoma, duo
denal and gastric ulcers, peptic stric
ture) and had undergone a variety of ab
dominal operations. In no patient did
a subphrenic abscess develop as a
result of appendectomy or surgery of
the small intestine. The authors maintain
that the diagnosis of subphrenic
abscess is not difficult if the surgeon
is alert to the possibility of the condition
in a patient who does poorly after
abdominal surgery, has leukocytosis,
fever and an ipsilateral pleural effusion
or elevation of the diaphragm. Chest
roentgenography was the most useful
diagnostic aid and radioactive isotope
liver-lung scanning, although used in
only four cases, was also valuable.
In 15 of 35 patients whose abscesses
were drained a right subcostal incision
was used; a longitudinal incision was
used in 11 and a left subcostal incision
in 5. There was considerable morbidity
and the mortality was 26% (9 of 35).
A review of the literature and the
results of their study have led the
authors to recommend the transperitoneal approach for drainage of sub
phrenic abscesses. This allows better
visualization and drainage than other
approaches and early detection of
multiple abscesses. The mortality
associated with transperitoneal drain
age is comparable to that of extraperitoneal drainage.
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L'abces sous-diaphragmatique repre
sente une complication serieuse de la
chirurgie thoracique et abdominale, et
son diagnostic et son traitement sont
difficiles. Les auteurs etudient les
dossiers de 58 patients ayant presente
65 abces sous-diaphragmatiques au
cours d'une periode de 10 ans. Le
diagnostic a pu etre pose cliniquement
dans 42 cas et il a ete determine a
I'autopsie dans 23 cas. Les patients
avaient souffert de diverses maladies
(carcinome, ulceres gastrique et
duodenal, retrecissement peptique) et
avaient subi une variete d'interventions
abdominales. Aucun abces sous-dia
phragmatique n’est apparu a la suite
d'une appendicectomie ou d’une
operation du petit intestin. Les auteurs
soutiennent que le diagnostic d'abces
sous-diaphragmatique n'est pas difficile,
si le chirurgien est bien conscient de
cette possibility chez un patient qui
se retablit mal d'une chirurgie abdo
minale, presente une leucocytose, de
la fievre et un epanchement pleural
ipsilateral ou un soulevement du diaphragme. La roentgenographie thoracique
a ete I’outil de diagnostic le plus utile
et la scintigraphie isotopique foiepoumon a aussi ete valable, bien
qu'elle n'ait ete utilisee qu’en quatre
occasions.
Une incision sous-costale droite a ete
utilisee chez 15 des 35 patients dont
l'abces a ete draine, une incision
longitudinale a ete employee dans 11
cas et une incision sous-costale gauche,
dans 5 cas. La morbidity a ete
considerable et la mortality a ete de
26% (9 des 35 cas). Une revue de la
litterature et des resultats de leur
etude a amene les auteurs a recom
mander une voie d'abord transperitoneale pour le drainage des abces sousdiaphragmatiques. Ceci permet une
meilleure visualisation et un meilleur
drainage que les autres abords, ainsi
que la detection precoce des abces
multiples. La mortalite associee au
drainage transperitoneal est comparable
a celle du drainage extraperitoneal.

Despite the availability of potent anti
biotics and contemporary operative
techniques, subphrenic abscess remains
a serious condition and almost every
abdominal surgeon has had experience

and

with this troublesome complication.
Subphrenic abscess was first described
in detail by Von Leyden in 1879.1
After a century of clinical observation
and documentation of the condition,
both diagnosis and management remain
serious problems in abdominal and
thoracic surgery. Recognition of these
difficulties led us to review our experi
ence with subphrenic abscess at St.
Michael’s Hospital, Toronto, over a
10-year period.
Patients

The clinical records of all patients in
whom subphrenic abscess was diagnosed
from Jan. 1, 1967 to Dec. 31, 1976
were reviewed. The diagnosis was
established surgically or at autopsy in
each case. Intra-abdominal abscesses
that were not true subphrenic abscesses
were excluded from the series.
A total of 65 subphrenic abscesses
were encountered in 58 patients during
the survey. In 42 the diagnosis was
established on clinical grounds; in 23
the subphrenic abscess was found at
autopsy. The mean age of patients in
the former group was 52 years and
in the latter group 65 years.
The 23 patients with subphrenic
abscesses discovered at autopsy had had
various diseases. In 11 patients lapa
rotomy disclosed widespread intra-ab
dominal malignant lesions and although
an intra-abdominal abscess was sus
pected postoperatively, nonsurgical
therapy was considered reasonable in
these circumstances. Three patients
were moribund when first seen in the
emergency department and died before
resuscitation could permit an opera
tion; one had a perforated duodenal
ulcer, another a gastric carcinoma and
the third a peptic stricture. In six
patients abdominal surgery was fol
lowed by multiple organ failure, usually
with associated failure of enteric anas
tomoses. Finally, in three cases (two of
partial gastrectomy, including inciden
tal splenectomy, for benign gastric ul
cer and one of cholecystectomy with
duct exploration) subphrenic abscesses
were found at autopsy in a context that
might have permitted the patient to
be rescued had the diagnosis been
made and surgical drainage instituted.
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All three patients had fever, leukocy
tosis and elevation of the diaphragm
on the side of prior surgery.
Of the 42 subphrenic abscesses diag
nosed during life, 7 were recurrent or
residual. In the 35 patients with ab
scesses that developed following sur
gery, the operation had been in the
gastroduodenal area in nearly half
(Table I). In approximately one third
it followed biliary tract surgery and
in other cases it was secondary to an
operation on the colon or pancreas or
was a consequence of splenectomy. It
is interesting that there was no in
stance of subphrenic abscess following
appendectomy or isolated surgery of
the small intestine. Of the operations
that preceded development of the sub
phrenic abscess 43% were performed
as emergency procedures.
Even using the simplified anatomic
classification of subphrenic spaces by
Boyd,2 namely, two spaces on the
right (a subdiaphragmatic and a subhepatic space) and two spaces on the
left (a subdiaphragmatic and a lesser
sac space), we could not always define
precisely from patient records the lim
its of the abscess. Nor was the defini
tion of the anatomic localization by
Mitchell3 and by Harley4 always appli
cable. Laterality of an abscess in rela
tion to the falciform ligament was
more easily discerned; 27 of the ab
scesses were situated to the right of the
falciform ligament, 24 to the left and
14 were bilateral. Only one left-sided
abscess developed in the lesser sac.
Diagnosis

In the diagnosis of subphrenic ab
scess a triad of findings was note
worthy In a patient doing poorly fol
lowing major abdominal surgery, leuko
cytosis, fever and ipsilateral pleural
effusion or elevation of the diaphragm
were highly suggestive. In two thirds
of the cases all three features were
present and the abscess was found on
the side of the radiologic changes.
However, in roughly one third of the
patients the leukocyte count was nor
mal and the temperature was not ele

vated. Seventeen patients had a pleural
effusion and 20 had elevation of the
diaphragm on the side of the abscess.
Either pleural effusion or elevation of
the ipsilateral diaphragm, or both, was
present in nearly 90% of patients
whose subphrenic abscess was diag
nosed during life.
Management

Of the 35 patients in whom ab
scesses developed following surgery 18
were given antibiotics before their ab
scesses were recognized, usually be
cause of the association of fever and
pulmonary changes consistent with
pneumonitis as detected by clinical ex
amination or chest roentgenograms.
Twenty-nine of these patients had an
other major complication following
their surgery, most commonly involv
ing the respiratory system, viz., pneu
monia, atelectasis or pulmonary em
bolus, suspected or proved. A smaller
number of patients had associated
wound infection and postoperative
hemorrhage.
The surgical approach used to drain
the subphrenic abscess is of interest
(Table II). Nearly half of the drainage
procedures were performed through a
right subcostal incision. A longitudinal
incision was used in 11 cases and a
left subcostal incision in a further 5.
Various types of drain were used (sump,
corrugated rubber, latex, Penrose) and
in varying numbers; the small num
bers of each preclude any conclusion
in regard to the efficacy of the drains
used.
The contents of all abscesses were
cultured and the organisms grown are
listed in Table III. Culture of abscesses
from the 58 patients yielded two or
more types of bacteria in 30, only one
type in 19 and no growth in 9 pa
tients. In the group whose cultures pro
duced no growth it is likely that
anaerobic bacteria would have been
identified but the appropriate cultures
were not done. Escherichia coli, Klebsi
ella/ Aerobacter and Streptococcus faecalis were the organisms most frequent
ly encountered. Staphylococcus aureus

was isolated on only five occasions.
Bacteroides organisms were cultured
only twice but during most of the dec
ade covered by this study anaerobic
cultures were not routinely carried out.
Most patients were confined to hos
pital for prolonged periods; the aver
age duration of hospitalization for a
patient with subphrenic abscess was 7
weeks (range, 7 to 151 days). Also,
the mortality associated with subphrenic
abscess was considerable. Of 35 pa
tients in whom surgical drainage of 42
abscesses was performed, 9 died. Six
of these deaths were associated with
either continuing sepsis or septicemia;
they tended to occur in older patients
and followed one of a number of types
of upper abdominal surgery. A recur
rent or residual abscess developed in
seven patients following drainage of
an initial abscess; two died and in these
two inadequate drainage of the pri
mary abscess was believed to have
played some part in the continuing
sepsis.
Discussion

This survey demonstrated that sub
phrenic abscess as a persistent com
plication of intra-abdominal surgery
was associated with considerable morT a b le I I — Surgical Approaches Used in
D rainage of Subphrenic Abscesses

Approach
R ig h t subcostal incision
Longitudinal incision
L e ft subcostal incision
L e ft fla n k incision
B ila te ra l subcostal incisions
P o sterio r 12th rib bed
(O ch sn er) approach
A n te rio r extraserous
(C la irm o n t) approach

15
11
5
2
1

Total

35

P receding s u rg ery

Escherichia coli
Klebsiella/Aerobacter
Streptococcus faecalis

No. of patients

% of to tal

G as tric resection
P e rfo ra te d duodenal u lc e r (patch c lo s u re)
B ilia ry tra c t surgery
C olon resection
P a n c re a tic resection
S plenectom y, debridem ent and liv e r resection
C esarean section

12
5
12
2
1
2
1

34
14
34
6
3
6
3

T o ta l

35

100

86

1
0

Ta b le I I I — Type and Frequency of Organism s
C ultured from Subphrenic Abscesses

Organism
T a b le 1— P revio u s S urgery in 35 P atien ts in Whom
Subphrenic Abscesses W ere Drained

No. of
patients

a -h e m o ly tic streptococcus

Pseudomonas sp.
Proteus sp.
Staphylococcus aureus
Clostridium perfringens
Candida albicans
Paracolon bacillus

Enterobacter sp.
Bacteroides sp.
D iphtheroids

Lactobacillus sp.

No. of
tim es
cultured
22
14
13
10
9
9
5
5
3
2
2
2
1
1
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bidity and mortality. Such an abscess
commonly followed emergency surgery
in the upper abdomen. No instance of
subphrenic abscess followed appendec
tomy or surgery of the small bowel in
the present series. In former series 25%
of subphrenic abscesses developed in
patients who had undergone appendec
tomy.5 An appreciable number of sub
phrenic abscesses were diagnosed only
at autopsy and in three cases were
found in association with benign or
treatable disease. All three had fever,
leukocytosis and elevation of a hemidiaphragm and surgery might have
proved lifesaving had the diagnosis
been made before death. In this regard,
the willingness of the surgeon to con
sider the presence of a subphrenic ab
scess in the patient who is ill following
abdominal surgery is perhaps the most
important aid to diagnosis.6
Repeated examinations are most es
sential. In our series chest roentgeno
graphy was the single most useful in
vestigation; pneumonitis, pleural effu
sion or elevation of a hemidiaphragm
was usually associated with a sub
phrenic abscess and the abscess was
almost always on the side of the radiologic changes. In only four cases was
combined radioactive isotope liver-lung
scanning used but in all four it was
successful in localizing the abscess.
The scan verified the clinical diag
nosis and this method may prove use
ful in future. Liver scanning alone
was performed in four cases; only one
scan was abnormal. Ultrasonography
and computerized axial tomography
promise a high degree of diagnostic
accuracy7 but were not available for
this series.
In the operative management of the
subphrenic abscesses we reviewed ac
curate localization was possible in
every instance; nearly 20% of ab
scesses were bilateral. Many were not
confined to the supra- or infrahepatic
space but extended through both
spaces. In most cases drainage was in
stituted promptly once the diagnosis
had been made.
Clairmont and colleagues described
an anterior extraperitoneal approach
for drainage of subphrenic abscess in
1905 and again in 1926.8 A subcostal
incision was carried down to the transversalis fascia and extraperitoneal
finger dissection was performed until
the abscess was encountered and
drained extraperitoneally.8 In 1920 Al
ton Ochsner joined Clairmont’s unit in
Zurich and later returned to America
to become a persistent advocate of
extraserous drainage.1 Ochsner and
Graves9 described also a posterior ex
traperitoneal approach. In this method
(the Ochsner approach) a skin incision
is made over the 12th rib at the L-l

level and deepened through the
diaphragm to reach the renal fascia.
The posterior parietal peritoneum is
reflected by finger dissection until the
abscess cavity is entered and drained
extraperitoneally and extrapleurally.
Recently there has been debate about
the best surgical approach for drain
age of a subphrenic abscess. We note
that most abscesses are drained transperitoneally and wonder about the ef
fect this has on morbidity and mortal
ity. In the series we report all but 1
of 35 surgically treated patients had
transperitoneal drainage and the mor
tality was 25.7%. This compares well
with mortality figures quoted for extra
peritoneal drainage, which ranged from
35% to 43%.5,6 No advantage from
the extraserous approach is demonstra
ble from our study. Therefore we shall
continue to employ transperitoneal
drainage in most cases, both because
the mortality is comparable with that
of other forms of approach and be
cause up to 20% of abscesses are bi
lateral. DeCosse and associates6 de
clared that the most frequent and seri
ous cause of operative failure for sub
phrenic abscess is inadequate drainage,
which results in a mortality greater
than 50%. Similarly, in a prospective
study of 43 patients with subphrenic
abscess, Halasz10 found that missed
synchronous
abscesses contributed
greatly to mortality and were almost
entirely limited to patients whose ab
scesses were drained by way of various
extraperitoneal approaches. Transperi
toneal operation, in contrast, permits
exploration of potential abscess sites,
complete drainage of all purulent col
lections and a reduction in the number
of second operations necessary and in
mortality (12%).
Although the mortality associated
with subphrenic abscess continues to
be high, this cannot be ascribed to the
abscess alone, since most of these pa
tients had another major complication
such as disruption of a gastrointestinal
anastomosis, wound infection or respi
ratory failure. The value of antibiotics
in prophylaxis or treatment is uncer
tain since nearly half of our patients
received antibiotics before diagnosis
of the abscess and these did not ob
viate the need for subsequent drainage.
Moreover, all but one patient received
antibiotics after drainage of the abscess
and this did not prevent the develop
ment of a second abscess in seven pa
tients.
Summary

Subphrenic abscess remains a rela
tively common complication of ab
dominal surgery and is often associated
with a complicated course following

gastroduodenal or biliary tract surgery.
The recognition of subphrenic abscess
is not difficult if the surgeon remains
constantly aware of its possibility. Once
the diagnosis is made, drainage by the
most direct surgical route is indicated.
Transperitoneal drainage is to be rec
ommended since the mortality associ
ated with the procedure in this series
was comparable or superior to that
associated with extraperitoneal drain
age. The transperitoneal approach al
lows better visualization, early detec
tion of multiple abscesses and better
drainage.
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Nouvelle utilisation du “Gott aneurysm shunt”
lors de derivation totale de la crosse aortique
A.

V erdant, md , frcs[c ],* C. M ercier, m d , m sc, FRCs[c],t R. C ossette , m d , FRCs[c],f
L. Dontigny , m d , frcs[c ],* A . Page, md , frcs[c],J et C. P elletier , md , frcs[c]§

A I'occasion de deux cas de ruptures
traumatiques de la crosse aortique,
nous decrivons une version simplifiee
de la derivation que nous avions deja
mise au point il y a 31/2 ans. L'agencement de deux tubes de Gott (9 mm
et 7 mm) avec un connecteur special,
nous perm et de realiser une derivation
externe sans suture. Cette methode
qui exclut la circulation extra-corporelle
et les anastomoses temporaires de
Dacron sert a perfuser temporairement
tons les vaisseaux cerebraux et I'aorte
thoracique descendante durant le
clampage aortique. La constatation
interessante a noter, est I’absence de
surcharge ventriculaire gauche meme
apres une heure de clampage aortique.

Traumatic rupture of the thoracic
aorta is a well-known complication of
closed chest injuries but transsection
of the horizontal portion of the aortic
arch due to blunt trauma is very
uncommon.
Over the past 3 years the authors have
treated two closed injuries of the aortic
arch. In both cases there was avulsion
of the left subclavian artery. The
aneurysm was in close proximity to the
innominate and left carotid arteries.
Clamping of these vessels and of the
ascending and descending aorta was
required in order to effect the repair.
Circulation to the brain and to the
body in general was maintained through
a temporary sutureless external shunt.
This technique has previously been
described but has now been greatly
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de Montreal, Montreal, PQ
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simplified. This external shunt has
three basic components: a stainless
steel connector (inner diameter 1.25
cm) with two side branches (inner
diameter 1 cm) and a stopcock to
eliminate air and two preheparinized
Gott shunts (outer diameter 9 mm and
7 mm). The 7-mm shunt is cut into
two halves that are connected to the
side branches of the connector and
serves to maintain circulation in the
cerebral vessels. The 9-mm shunt is
also cut into two halves that are
connected to the ends of the
stainless steel connector. These serve
to bypass the aortic arch when their
tapered ends have cannulated the
ascending and descending aorta and
have been secured with purse-string
sutures. The ascending aorta, the
descending aorta, the innominate
artery and left carotid artery are
cannulated in that order.
The procedure represents a significant
improvement over the technique
previously used. The overall surface
area of the shunt is increased, ensuring
better decompression of the left heart
and increased cerebral flow.
Two patients with traumatic avulsion
of the aortic arch have been operated
on using this bypass technique. One
patient has survived 31/2 years and has
no symptoms; the other died 12 hours
postoperatively of perioperative cerebral
air embolism, which we believe could
have been avoided by using a different
sequence of declamping. The technique
described avoids the use of heparin
and possesses distinct advantages in
what is a complex surgical procedure.

Parmi 21 traumatismes fermes de
I’aorte thoracique traites chirurgicalement, nous avons rencontre deux cas
extremement rares de rupture de la
crosse aortique dans sa portion horizontale.
Ces deux lesions, accompagnees
d’une avulsion de l’artere sous-claviere
gauche, se presentment sous forme de
faux anevrismes siegeant entre la carotide primitive et la sous-claviere gauche
avec extension proximale en regard
du tronc inomine (Fig. 1).
A la lumiere de ces deux exemples
cliniques, nous avons considerablement
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simplifie la technique de perfusion decrite enterieurement lors de la publi
cation d’un de ces cas.1
Rappel technique

La reparation aortique a ce niveau
necessite la derivation temporaire des
vaisseaux cerebraux durant le clampage
aortique. Le choix de deux techniques
s’offre au chirurgien: (a) la circulation
extracorporelle, dont l’obstacle majeur
demeure le risque hemorragique inhe
rent a l’heparinisation totale; (b) les
multiples
anastomoses prosthetiques
decrites par De Bakey et collegues2
pour la chirurgie des anevrismes de
la crosse aortique. Un minimum de
cinq anastomoses temporaires est necessaire avant d’entreprendre le temps
operatoire principal.
Nous avons opte il y a 3 Vi ans
pour une troisieme technique qui elimine la circulation extracorporelle et
les anastomoses multiples de Dacron.3
Cette methode reposait sur l’agencement de 13 pieces de base (canules, connecteurs, tubes de chlorure de polyvinyle de trois diametres differents).
Elle nous a permis de reparer ces deux
ruptures de la crosse aortique par un
remplacement aortique segmentaire a
l’aide d’une prothese de Dacron a laquelle une branche anastomosee late-

FIG . 1— Schematisation des deux rup
tures de la partie horizontale de la crosse
aortique que nous avons eu a traiter. Il y
a retraction des deux extremites aortiques et desinsertion de la sous-claviere
gauche (SCV.G). SVC.D = sous-claviere
droite, CD = carotide droite, CG =
carotide gauche.
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ralement reassura la continuity de l’artere sous-claviere gauche.
La premiere malade, une jeune fille
de 19 ans, operee en aout 1975 demeure actuellement asymptomatique
plus de 3j/2 ans apres l’intervention.
Le deuxieme malade, un homme de
40 ans, victime d’une embolie d’air
residuel dans l’aorte, est decede 12
heures apres la correction chirurgicale.
Une sequence differente de declampage aortique aurait pu eviter cette
issue fatale.
Un protocole de decanulation bien
standardise reste maintenant disponible en tout temps a la salle d’operation
et nous avons de plus simplifie considerablement notre derivation temporaire tout en y ajoutant un moyen
efficace d’evacuer l’air.
Nouvelle technique

Trois elements de base entrent dans
sa composition (Fig. 2): un connecteur metallique tubulaire de 1.25 cm
de diametre avec deux embranchements
lateraux de 1 cm de diametre repre
sente la piece maitresse (Fig. 3) et
deux tubes de Gott (Sherwood Medical
Industries, St. Louis, MO) preheparinises de 9 mm et de 7 mm de dia
metre viennent s’y connecter.
L’experience acquise avec le “Gott
aneurysm shunt” de 9 mm utilise de
routine pour la chirurgie de l’aorte
thoracique descendante nous fut extremement precieuse. Son homologue de
7 mm s’introduit aisement dans les
carotides primitives. Le montage que
nous avons realise est le suivant (Fig.
4): deux tubes de Gott (no 9 et no 7)
sont egalement sectionnes en leur cen
tre. La partie large (12.5 mm) de chaque moitie du tube no 9 est connectee
aux deux extremites de 1.25 cm du

connecteur. Leurs deux parties effilees
(9 mm) sont destinees l’une a l’aorte
ascendante, l’autre a l’aorte descen
dante. La partie large (10 mm) de
chaque moitie du tube no 7 vient s’agencer aux deux branches laterales de
1 cm du connecteur. Leurs extremites
effilees (7 mm) sont introduites au
niveau du tronc inomine et de la carotide gauche.
Une ouverture a 90° a la partie
superieure du connecteur permet d’adapter un robinet a trois voies destine
a [’evacuation de l’air. Toute l’approche et les canulations vasculaires sont
realisees par thoracotomie gauche
(Fig. 5).
Discussion

L’avantage evident des tubes de Gott
est leur preheparinisation excluant tou
te anticoagulation peroperatoire.4 Le
connecteur metallique represente la
seule surface thrombogene du systeme.
En baignant ce dernier dans une solu
tion heparinisee un choix s’impose: (a)
s’abstenir de donner de Fheparine, ou

(b) utiliser une dose de 3000 a 5000
unites d’heparine systemique qu’il
est facile de neutraliser.
La presence de canules intracarotidiennes nous fait preferer la deuxie
me alternative. L’heparine utilisee a
ces petites doses offre trois avantages:
(a) une meilleure protection des vaisseaux cerebraux, (b) la possibilite de
recuperer les pertes sanguines a l’aide
de l’autotransfuseur, et (c) une diminu
tion impressionnante des problemes hemorragiques comparativement a ceux
rencontres avec la circulation extracorporelle.
Cette nouvelle derivation tres simplifiee devrait permettre un meilleur
debit puisque le diametre total des tu
bes s’en trouve augmente. L’evacuation
de Fair devrait etre plus facilement
realisee. Cette methode reduit au mi
nimum le nombre de tubes se croisant
dans le champ operatoire qui est relativement restreint.
Notre seule apprehension a la tech
nique etait la possibilite d’une surchar
ge ventriculaire gauche au moment du
clampage de l’aorte ascendante. Dans
nos deux exemples cliniques, aucun
signe de defaillance ventriculaire gau
che ne s’est manifeste, meme apres
une heure de clampage aortique.
Nous nous proposons cependant de
mieux documenter cet aspect de la
technique par des mesures hemodynamiques per-operatoires precises. Le
diametre ideal de la derivation donnant
la meilleure perfusion pour un mini
mum de travail cardiaque reste encore
a etre precise.
Conclusion

FIG. 3— Connecteur metallique fabrique specialement pour agencer les tu
bes de Gott no 9 et 7.

Nous ne saurions actuellement preconiser d’autorite l’emploi libre de
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Connecteur metallique

FIG. 2—“Gott aneurysm shunt”. Les
cinq pieces de base de notre systeme de
derivation temporaire pour la chirurgie de
la crosse aortique.

FIG. 4—Montage complet de la nou
velle derivation pour chirurgie de la crosse
aortique.

FIG. 5— Schema de la mise en place
de notre derivation sur la crosse aortique
et ses branches.
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cette technique que nous n’avons utillisee que dans deux situations d’urgence. Cependant s’il s’averait hemodynamiquement qu’aucune surcharge n’est
infligee au coeur gauche, nous n’hesiterions pas a favoriser son emploi dans
la chirurgie elective des anevrismes
de la crosse aortique ou l’aorte ascendante est libre de toute lesion.
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Restoration of Gastrointestinal Continuity
(Pauchet’s Operation)
D.W.B. J o h n s t o n ,

Restoration of continuity of the gastro
intestinal tract following resection has
always presented a challenge to the
general abdominal surgeon. Restoration
of the left colon has been especially
dangerous. In the early days the
mortality approached 90% due mainly
to breakdown of the anastomosis.
Recently, with a better understanding
of the blood supply to the colon and
more careful preparation of the colon,
the mortality and morbidity have been
reduced. In a small group of cases,
in which previous surgery has inter
fered with the blood supply to the
colon or a secondary pathologic
condition exists, continuity cannot be
restored by end-to-end anastomosis.
In this group the interposition of the
ileum between the transverse colon
proximally and the rectum distally has
resulted in functional continuity of the
colon with no adverse metabolic effects.
Le retablissement de la continuite du
tractus gastrointestinal apres resection
a toujours presente un defi pour le
chirurgien general. La reconstitution
du colon gauche s'est averee particulierement dangereuse. Dans les premiers
temps, la mortalite approchait 90%, du
principalement au bris de I'anastomose.
Recemment, grace a une meilleure
connaissance de I'irrigation sanguine
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du colon et a une preparation plus
soigneuse du colon, la mortalite et la
morbidity ont ete diminuees. Dans
un petit nombre de cas ou une chirurgie
precedente gene I'apport sanguin au
colon ou lorsqu'un etat pathologique
secondaire existe, la continuite ne peut
etre retablie par une anastomose
termino-terminale. Dans ce groupe,
I’interposition de I'iieon entre le colon
transverse, a la partie proximate, et
le rectum, a la partie distale, a resulte
en une continuite fonctionnelle du
colon sans effet secondaire
metabolique.

The purpose of this paper is to rein
troduce Pauchet’s operation.1 This op
eration allows the re-establishment of
colonic continuity by interposition of
an ileal segment. The same principle
can be used successfully to provide
continuity between the lower or mid
dle esophagus and the duodenum after
total removal of the stomach.
Anticipating that one day a patient
would present a technical problem with
respect to re-establishing continuity of
the left colon after resection, we car
ried out a study on 12 mongrel dogs.
After removing the left colon we re
stored continuity of the bowel by in
terposing a loop of ileum on its own
intact vascular pedicle (Fig. 1). All
animals survived the procedure, had
normal bowel movements and showed
no evidence of any disturbance of the
enterohepatic circulation. Fig. 2 is a
roentgenogram of one of the dogs after
a barium contrast enema.
Encouraged by these results in ani
mals we felt confident in applying

Pauchet’s principle in the management
of patients. The following three cases
illustrate the application of the proce
dure.

FIG. 1— Exposed abdominal contents
of dog showing ileal loop interposed on
its own vascular pedicle.

Small Bowel

Ileal Loop

FIG. 2—Roentgenogram obtained after
barium enema on live dog shows inter
posed ileal loop with normal peristalsis.
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Case Reports

Case 1.—An 80-year-old white man
had as his chief complaint pain in the
left lower abdominal quadrant and con
stipation of 1 week’s duration. He had
had a similar attack 6 months previously,
which had subsided after 2 days. He had
previously received treatment for hyper
tension and benign prostatic hypertrophy.
A diagnosis of acute diverticulitis was
made.
After 2 days of conservative manage
ment the patient experienced a sharp pain
which soon changed to generalized ab
dominal discomfort. A roentgenogram
showed free gas in the peritoneal cavity;
bowel sounds were persistently audible.
After treatment with intravenous fluids
and antibiotics for 24 hours, a right
transverse colostomy was performed. At
operation a fecal odour and yellowish peri
toneal fluid were noted but from the
latter neither aerobic nor anaerobic or
ganisms could be cultured. After recovery,
roentgenography following a barium
enema showed irregular sigmoid margins
with evidence of spasm and poor filling.
A diagnosis was made of diverticulosis
and diverticulitis of the sigmoid colon.
The patient made a good postoperative
recovery and returned home 1 month af
ter admission.
Four months later the patient returned
complaining of prolapse of his colostomy
with marked edema of the stoma and
soiling. Roentgenography now showed
obstruction of the lower sigmoid colon
with a pattern not typical of either diver
ticulitis or carcinoma. At laparotomy the
left colon was found to be markedly in
durated and showing the classic changes
of diverticulitis. At the level of the
peritoneal reflection an obstructing carci
noma was found that had invaded the
serosa anteriorly. The upper rectum and
the entire left colon were mobilized and
resected. End-to-end anastomosis was not
possible because of marked shortening
and fixation and the transverse colon due
to the previously performed defunctioning
transverse colostomy. A segment of dis
tal ileum was isolated on its pedicle and
was swung laterally to fill the gap in
the colon. An isoperistaltic end-to-end
anastomosis was performed. Small-bowel
continuity was restored by end-to-end
anastomosis and closure of the mesen
teric defect. A transverse colostomy served
to protect the two anastomoses distal to
it. Three days postoperatively bowel
sounds were audible, the pulse rate was
normal and the patient was afebrile; the
nasogastric tube was removed.
Pathological examination of the re
sected specimen confirmed the diagnosis
of adenocarcinoma of the colon involving
the serosa and the mesocolic fat, and
three out of five resected lymph nodes.
Evidence of diverticulitis and peridiver
ticulitis was also present.
After satisfactory proof of patency of
the coloileal segment, the colostomy was
closed. Within 1 week the patient passed
mucus per rectum and within 2 weeks
he was having two formed bowel

movements daily. Follow-up roentgeno
graphy after a barium enema showed
slight narrowing at the anastomotic lines
and residual diverticulosis in the trans
verse colon.
This patient died of carcinomatosis 3
years after hospitalization. At autopsy the
interposed segment of ileum appeared
quite healthy.
Case 2.—A 75-year-old woman was
first seen in 1958 when she complained
of crampy abdominal pain. A roentgeno
gram obtained after a barium enema
showed an obstructing lesion in the
splenic flexure which at laparotomy was
found to be a large neoplasm. This re
quired a wide resection which included
the spleen, the body and tail of the pan-

FIG. 3— Case 2. Area removed in re
secting metachronous carcinoma of recto
sigmoid.

FIG. 4— Case 2. Final result with ileal
loop in place.

creas, part of the left diaphragm and, of
course, the transverse and descending
colon. It was possible to do an end-to-end
anastomosis of the proximal transverse
colon to the lower descending colon. In
1967 a modified radical mastectomy was
carried out because of a malignant lesion
in the medial quadrant of the left breast.
She was seen again in July 1968 when
she complained of a malodorous vaginal
discharge and passage of gas per vaginam.
Sigmoidoscopy revealed no abnormality
but a roentgenogram obtained after a
barium enema showed advanced diver
ticulitis of the sigmoid colon and a
suspicious annular lesion in the midsigmoid colon.
At laparotomy advanced diverticulitis
was found and just above the peritoneal
reflexion was a large mass which was
fixed to the vault of the vagina. The mass
was dissected free along with an at
tached cuff of vagina. A decision was
made to ligate the inferior mesenteric
artery. It was realized, of course, that in
all likelihood the blood supply to the
whole left colon came from below the
peritoneal reflexion (the pouch of Dou
glas), owing to the ligation and division
of the marginal artery of Drummond at
the time of the first colonic resection.
Hence, it was not surprising that, after
ligating the inferior mesenteric artery,
the whole colon up to and including
the original anastomosis turned blue and
quickly lost its sheen and lustre. A wide
resection beyond the line of the original
resection was therefore mandatory, but
after this had been completed it was quite
impossible to bring the remnant of trans
verse colon down to the rectum because
the middle colic artery could not be
mobilized or sacrificed. The only alter
natives were to perform either a right
transverse terminal colostomy, suturing
the rectum after the method of H art
mann, or Pauchet’s interposition opera
tion. The latter course was chosen. Ten
inches of terminal ileum with its vascular
pedicle was isolated and the segment was
inserted in an isoperistaltic fashion be
tween the colon proximally and the rec
tum distally (Fig. 3) using end-to-end
anastomoses (Fig. 4). The patient made
a good postoperative recovery and at the
time of writing is well and having normal
bowel movements.
Case 3.—A 75-year-old man was ad
mitted on Sept. 29, 1968 because of
obstructing carcinoma of the rectosigmoid,
confirmed by sigmoidoscopic examination
and biopsy at 20 cm. A transverse defunc
tioning colostomy was performed on Oct.
2 and 3 weeks later the tumour was re
sected and an end-to-end anastomosis car
ried out between the descending colon and
the upper third of the rectum. At this time
thickening of the wall of the descending
colon was noted and a biopsy specimen
showed changes compatible with ischemic
colitis. Subsequently, roentgenograph ic
and sigmoidoscopic studies showed a stric
ture at the site of the anastomosis, so
the defunctioning colostomy was not
closed.
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A year later the patient was readmitted
and after progression of his malignant
condition had been excluded the left
transverse colon and descending colon
were resected, including the previous
anastomosis (Fig. 5). Because the middle
colic artery could not be mobilized or
sacrificed, it was impossible to join the
remainder of the transverse colon to the
rectum. Rather than leave the patient with
a permanent colostomy and a rectal

stump, a loop of ileum was interposed be
tween the right transverse colon and the
rectum. Postoperatively a fecal fistula
developed at the proximal anastomosis
but eventually this closed.
This patient survived 6 years after re
storation of his colonic defects. During that
time he showed no evidence of bile-salt
malabsorption and had no difficulty with
bowel movements. He died of cachexia
due to carcinomatosis.
Case 4.—This case shows the applic
ability of the procedure to another part
of the gastrointestinal tract. A 54-yearold man was admitted with a large carci
noma in the cardiac region of the stom
ach, obstructing the esophagus. A total
gastrectomy with resection of the lower
third of the esophagus was performed. In
stead of a Roux-en-Y procedure to re
store continuity, a jejunal loop was swung
upwards and anastomosed proximally to
the lower end of the middle third of the
esophagus and distally to the first part
of the duodenum (Figs. 5 to 7). This pa
tient made a smooth recovery and during
the rest of his life was able to eat and
maintain his nutrition by frequent small
meals. At no time after the operation did
he show any evidence of vitamin B12
deficiency. He died of carcinomatosis 3
years later.
D iscussion

FIG. 5— Stippled area shows extent of
stomach and esophagus removed.

There is no question that use of an
ileal or jejunal segment is an accept
able method of restoring continuity of
the gastrointestinal tract. In our pa
tients we did not notice any disturbance
of hormonal activity in the interposed
segment.2 Malabsorption studies were
not carried out on these patients but
none had steatorrhea. Hoffmann and
Poley3 claimed that a length of ileum
greater than 100 cm must be resected
before bile-salt reabsorption is adversely

affected. Thompson and Wrathell4 have
shown that resection of an ileal seg
ment longer than 60 cm adversely af
fects vitamin B i2 absorption. In our
cases the length of the ileum interposed
in each case was less than 30 cm.
There will be an increasing need for
interposition operations as early resec
tion of the left colon in acute per
forating diverticulitis becomes more
common and longer segments of the
left colon are removed (Hartmann’s
procedure). The author has experience
of three other cases in which there was
great difficulty in obtaining length for
restoring continuity, by simple, direct
end-to-end anastomosis, and in two of
these cases unrelenting strictures devel
oped at the site of anastomosis.
This study was made possible by a
generous financial grant from Mr. George
Dingman of St. Thomas, Ont.
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Recurrent Gastrointestinal Bleeding Due to
Smooth Muscle Tumours of the Small Intestine
N icolas V. C hristou, md, m sc, L awrence A. Stein , md ,
and Jonathan L. M eakins, md , d sc, frcs[c]

The cause of recurrent gastrointestinal
hemorrhage can be very difficult to
identify. When the source of bleeding
is beyond the ligament of Treitz the
bleeding is often from a smooth
muscle tumour of the small intestine.
A review of the records of the Royal
Victoria Hospital, Montreal, for the past
25 years discovered 14 instances of
such tumours, in more than half of
which the presenting symptom was
recurrent gastrointestinal hemorrhage
of obscure origin. Barium contrast
roentgenography, endoscopy and
radionuclide scanning have not been
found helpful in diagnosis. Selective
angiography followed by laparotomy
is the best mode of management
with respect to both investigation
and treatment. The data obtained from
our series of cases are compared with
those of other series reported in the
literature.
La cause d'une hemorragie gastrointestinale recidivante peut etre tres
difficile d'identification. Quand I'origine
de I'hemorragie depasse le ligament
de Treitz il s ’agit souvent d'une tumeur
de la musculature lisse du petit intestin.
L’etude des dossiers de Royal Victoria
Hospital de Montreal, couvrant les
derniers 25 ans, en a revele 14 cas;
dans plus de la moitie de ceux-ci,
le symptdme amenant le patient en
consultation etait une hemorragie
gastrointestinale recidivante d'origine
inconnue. La roentgenographie au
baryum, I'endoscopie et la scintigraphie
isotopique ne se sont pas revele
utiles au diagnostic. L'angiographie
selective suivie d'une laparotomie est
le meilleur abord tant du point de
vue de I'investigation que du traitement.
Les donnees obtenues de notre serie
de cas sont comparees avec celles
d'autres series signalees dans la
litterature.

The source of gastrointestinal bleeding,
especially when this is located distal to
the ligament of Treitz and proximal to
the colon, can be difficult to identify.
The available investigative techniques
applicable in a patient with gastroin
testinal hemorrhage include esophagogastroduodenoscopy, barium contrast
roentgenography,
colonoscopy,
the
fluorescein dye test (string test), radio
nuclide scanning and selective celiac
and mesenteric angiography. Smooth
muscle tumours of the small intestine
are not often suspected as the cause
of bleeding, despite occasional reports
of cases.1"8 The surgeon tends to seek
exotic entities such as arteriovenous
malformations or ectopic gastric mu
cosa. Our recent experience of bleed
ing caused by such tumours in three
cases, illustrative of the difficulty of
establishing the diagnosis, prompts this
report and permits us to suggest an
approach to the management of recur
rent gastrointestinal bleeding when the
cause is obscure.

Patients

A search of the records of the Royal
Victoria Hospital, Montreal, from 1950
to 1976 discovered 14 cases of leiomy
oma or leiomyosarcoma of the small
intestine. The clinical characteristics
of the patients are summarized in Table
I. The youngest patient was 30
years of age; most were older than
50 years. The sexes were equally rep
resented. Bleeding was the most com
mon presenting symptom, occurring in
eight patients. Two patients had in
testinal obstruction and perforation. A
76-year-old man presented with the
unusual findings of peritonitis and a
perforated leimyosarcoma of the ileum.
In a 55-year-old woman a leiomyoma
of the duodenum was an incidental
finding at cholecystectomy.
Table II shows the distribution of
tumours in the small bowel. More than
half were in the jejunum (8 of 14) al
though the duodenum contained a high
number (2 of 14) relative to its length.

Table 1— Sum m ary of All P a tie n ts with Smooth Muscle T u m o u rs of Sm all In te stin e
at th e Royal V icto ria Hospital, Montreal, 1950 to 1976
Age on
Patient Year of adm ission,
Sex
no. admission
yr
i

1951

51

M

2

1956

37

M

3

1957

71

F

4

1960

42

F

5
6
7

1960
1964
1966

62
55
30

M
F
M

8

1970

83

F

9

1973

76

M

From the departments of surgery and
radiology, Royal Victoria Hospital and
McGill University, Montreal, PQ

10

1974

75

M

11

1976

55

F

Supported in part by a grant from the
Medical Research Council of Canada

12
13

1976
1976

35
68

F
M

14

1977

52

F

Reprint requests to: Dr. J.L. Meakins,
Department of surgery, Royal Victoria
Hospital, 687 Pine Ave. W, Montreal,
PQ H3A 1A1

frcp [c]

Reason for adm ission
R e cu rre n t gastrointestinal
bleeding
G astro in testin al bleeding,
known duodenal ulcer
M yelofibrosis, esophageal
v a rice s, hypersplenism ,
recurrent gastro in te stin al
bleeding
R e cu rre n t gastrointestinal
bleeding
R igh t lower quadrant m ass
C h o le lith ia sis
Bowel obstruction and
perforation
Bowel obstruction and
perforation
P e rito n itis
R e cu rre n t gastrointestinal
bleeding
R e cu rre n t gastrointestinal
bleeding
Retroperitoneal m ass
R e cu rre n t gastrointestinal
bleeding
R e cu rre n t gastrointestinal
bleeding
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D ia gn o sis
Leiom yom a of je ju n u m
Duodenal u lcer and leio m yo
ma of je ju n u m
Leiom yom as of ileum

Leiom yosarcom a of je ju n u m
Leiom yosarcom a of ileum
Leiom yom a of duodenum
Leiom yom a of je ju n u m
Leiom yom a of je ju n u m
Perforated leiom yosarcom a of
ileum with carcin o m a to sis
Leiom yom a of duodenum
Leiom yom a of je ju n u m
Leiom yosarcom a of ileum
Leiom yosarcom a of je ju n u m
Leiom yom a of je ju n u m
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Table I I - Distribution of Smooth Muscle
Tum ours in the Small Bowel
Site
Duodenum

Jejunum

Ileum

Type
Leiomyoma
Leiomyosarcoma
Leiomyoma
Leiomyosarcoma
Leiomyoma
Leiomyosarcoma

Number Percent
2

14

0

—

6

43

2

14

1

7

3

22

Most of the tumours were within 60
cm of the ligament of Treitz either
distally in the jejunum or proximally
in the duodenum. Characteristically,
bleeding in these patients presents as
rnelena and is recurrent. Results of
all the usual methods of investigation
were normal. Angiography proved to
be of value but was not infallible. Five
cases are reported, two early represen
tative cases and three recent.
Case Reports
Early Cases
Case 1.—A 51-year-old man (patient
1, Table I) complained of feeling dizzy
and gave a history of passing tarry stools
intermittently over 2 years but persistent
ly in the 4 days before admission (1951).
His hemoglobin concentration was 7 g/
dL. A roentgenogram after a barium meal
appeared normal. Bleeding persisted and
a laparotomy was performed. Because
there was thought to be some scarring
of the first portion of the duodenum an
ulcer was presumed to be present. A
subtotal gastrectomy was carried out.
During performance of the retrocolic
gastrojejunostomy a mass, (diameter, 9
cm) was found involving the jejunum
close to the ligament of Treitz. This was
resected and the pathologist’s examina

tion revealed it to be a leiomyoma of
the jejunum with an ulcerated surface
and central necrosis. There was no evi
dence of peptic ulcer.
Case 2.—A 42-year-old woman (pa
tient 4, Table I) was admitted (1960)
because of weakness; occult blood was
present in the stool and her hemoglobin
concentration was 5 g/dL. No blood was
found in the nasogastric aspirate. Roent
genography after air contrast barium
enema and after a barium meal with
follow-through showed no abnormality
and the “gastrointestinal capsule test”
gave a negative result. She was discharged
after transfusion but was readmitted 8
months later because she was feeling tired
and dizzy. Again occult blood was present
in the stool. The hemoglobin value was
10 g/dL. Results of all investigations were
normal and the patient refused to un
dergo laparotomy. She was transfused and
sent home but a third admission was
necessary when she suffered from melena
and her hemoglobin value had fallen to
5.5 g/dL. Again the results of all investiga
tions were normal but when roentgeno
graphy after a barium meal was repeated
it showed a questionable filling defect in
the jejunum. Bleeding continued and
eventually a laparotomy was performed.
A leiomyosarcoma of the jejunum with
an ulcerated mucosal surface was found
30 cm distal to the ligament of Treitz
and was resected.
Recent Cases
Case 3.—A 55-year-old woman (pa
tient 11, Table I) complained of marked
dizziness and fainting and gave a his
tory of intermittent melena over the
past \Vz years. The hematocrit on ad
mission (1976) was 19%. The investiga
tion included nasogastric aspiration, esophagogastroscopy, roentgenography after
barium meal and barium enema, and sig
moidoscopy; all findings were normal.
The melena ceased after she was trans
fused and she was discharged without a
diagnosis having been made. She returned
2 months later, again complaining of
melena and dizziness; the hematocrit was

27%. Repeat investigations including an
giography failed to identify the source
of bleeding and again she was transfused
and discharged. More than a year elapsed
when once more she experienced gastro
intestinal hemorrhage. She received a
transfusion at another hospital and then
was transferred to our hospital. She
claimed that the melena generally was a
consequence of lifting heavy objects. The
hematocrit on admission was 29%; roent
genograms following a barium meal were
normal but following a barium enema
showed diverticula. Selective superior
mesenteric angiography was repeated and
showed a blush suggestive of an arterio
venous malformation in the upper small
bowel (Fig. 1). Laparotomy revealed a
leiomyoma of the jejunum measuring 3 X
3.2 x 1-7 cm (Fig. 2) which was re
sected.
Case 4.—A 68-year-old man (patient
13, Table I) presented to another hos
pital in July 1975 after having passed
blood per rectum. Roentgenography after
a barium enema demonstrated diverticulosis which was thought to account for
the bleeding. He was transfused and dis
charged. In December 1975 he was ad
mitted to the Royal Victoria Hospital
complaining of melena. No blood was
found in the nasogastric aspirate; esophagogastroduodenoscopy and repeat roent
genograms showed no abnormality. Angio
graphy was not performed. After being
transfused with 10 units of whole blood
he was discharged without a diagnosis
having been made. He returned in March
1976 to report that he had had four epi
sodes of melena. He had not suffered any
pain and denied having taken acetylsalicylic acid or alcohol. The nasogastric
aspirate was free of blood. Endoscopy
followed by roentgenography of the up
per gastrointestinal tract showed no ab
normality. Passage of fresh blood with
melenic stools prompted celiac axis and
superior mesenteric angiography which
demonstrated a highly vascular lesion in
the small bowel (Fig. 3). At laparotomy
a mass measuring 11 X 7 cm was found
in the jejunum, 45 cm distal to the liga
ment of Treitz. Pathological examina
tion of the resected specimen showed a
leiomyosarcoma without ulceration (Fig.
4).
Case 5.—A 52-year-old woman (pa
tient 14, Table I) attended another hos-

FIG. 1— Case 3. Selective superior mesenteric arteriogram shows moderately
vascular, well-outlined mass (white arrows) supplied by jejunal branches. Note early
filling of vein (black arrows) suggesting diagnosis o f arteriovenous malformation.
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FIG. 2— Case 3. Leiomyoma in midje
junum.
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pital because of melena of 10 days’
duration unassociated with pain or inges
tion of alcohol or acetylsalicylic acid|.
She was given a blood transfusion but
the melena continued so she was trans
ferred to the Royal Victoria Hospital for
investigation (1977). The hematocrit on
admission was 32%. Nasogastric aspirate
contained no blood; findings on esophagogastroduodenoscopy and colonoscopy
were normal. Scanning with radioactive
technetium did not demonstrate the
presence of ectopic gastric mucosa. Selec
tive angiography was attempted but was
discontinued because of an acute allergic
reaction. The melena finally ceased and
the patient’s condition became stable. She
was discharged without a diagnosis hav
ing been made and returned 3 months
later with recurrence of melena. On this
occasion laparotomy was performed and
a bleeding leiomyoma of the jejunum was
found and resected.
Discussion
Smooth muscle tumours of the small
intestine account for only 1 % of malig
nant lesions of the gastrointestinal
tract.9 Starr and Dockerty10 reviewed
the records of the Mayo Clinic from
1912 to 1950 and found 36 cases of

leiomyoma and 40 of leiomyosarcoma
of the small intestine. The male/ female
ratio was 2:1. Gastrointestinal bleed
ing in the form of melena (50 of 76)
and abdominal pain (50 of 76) were
the most common presenting symp
toms, being followed in order of fre
quency by the presence of an ab
dominal mass and intestinal obstruc
tion.
Skandalakis, Gray and Shepard,11
reporting on 342 cases of leiomyoma
and 259 cases of leiomyosarcoma,
stated that their frequency in the duo
denum is 25% and 28% respectively,
in the jejunum 37% and 33%, in a
Meckel’s diverticulum 2.3% and 6.4%
and in the ileum 31% and 29%. These
tumours derive from smooth muscle fi
bres of the small intestine and can
vary in size from that of a pea to
that of a grapefruit. They may protrude
from the serosal surface and present
as an abdominal mass.
Leiomyoma and leiomyosarcoma are
notorious for causing bleeding, which
usually occurs when there is mucosal
ulceration or central necrosis. The
hemorrhage is generally into the bowel
lumen but has been reported to occur
in the peritoneal cavity.12 In our series
57% of the patients presented with
recurrent gastrointestinal hemorrhage.
The characteristic presenting symptoms
are therefore recurrent melena and
accompanying faintness. Anemia is to
be expected.
Perforation of a smooth muscle
tumour is very rare, only seven cases
having been reported.13 The outcome in
the one such case from our series was
fatal due to widespread disease. The
frequency of these tumours is high in
the duodenum in proportion to its
length but the jejunum is the most
common site of their occurrence. No
smooth muscle tumour was detected in

a Meckel’s diverticulum. Routine in
vestigation such as endoscopy, roent
genography after barium meal or
enema, and the string test all yield
normal results. Before resort to angio
graphy these patients would have re
current melena until surgery was per
formed in the absence of a diagnosis.
The courses of the patients whose cases
we describe are typical. Following the
adoption of the aggressive use of angio
graphy it became possible to demon
strate an active bleeding site or a
vascular mass (cases 3 and 4). These
tumours show hypervascularity with
irregular vessels and venous lakes.
There is usually a number of large
feeding arteries. The margins are well
circumscribed indicating the true size
of the mass.1416 A number of scattered
reports confirm that selective angio
graphy is a useful diagnostic tool in
these cases.14'18
We believe that in recurrent gastro
intestinal hemorrhage selective celiac
axis and mesenteric angiography is the
most valuable aid in diagnosis short of
laparotomy and should be performed
without delay. By this means the nature
of smooth muscle tumours is demon
strable even when there is no active
bleeding. If a suggestive lesion is seen,
laparotomy is indicated. A careful
search should be made of the small
bowel with close attention to the region
about the ligament of Treitz. The tu
mour can usually be located but if it
is not readily found the duodenum
must be mobilized by Kocher’s opera
tion to permit careful inspection. Once
the tumour is found a segmental re
section with primary end-to-end anas
tomosis should be carried out.
All smooth muscle tumours should
be treated as malignant since a dis
tinction based on their pathologic char
acteristics is difficult. There is some
controversy in the literature as to their
mode of spread and therefore of the
limits of resection. Some authors claim
that spread is hematogenous or by local
infiltration, or both, without lymphatic
involvement, in which case wedge re
section is adequate.10 Others declare
that these tumours behave like any
other malignant growth and spread by
lymphatic channels as well and recom
mend more radical surgery including
excision of any accessible hepatic metastases.11
We thank Dr. John Moore for allowing
us to use the slides for case 4.

Fig. 3b
FIG. 3— (a) Case 4. Selective superior
mesenteric arteriogram demonstrates mod
erately vascular mass in left upper quad
rant which is not well outlined, (b) Detail
of ill-defined mass emphasizes its vascu
larity, and vascular staining and contrast
puddles suggest its malignant nature.
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CHIRURGIE DU TUBE DIGESTIF.
Oesophage—Estomac— Duodenum— Jejimo-Ileon—Colon—Rectum—Anus. Cl.
Oliver. 365 pp. Illust. Masson, Paris,
1977. $14.62. ISBN 2-225-45716-6.
Ce petit livre est un precis de techniques
chirurgicales utilisees en chirurgie du tube
digestif, telles que pratiqu6es a la clinique
chirurgicale de l’Hotel-Dieu de Paris. Ce
precis est richement illustre de schemas
tres explicites. Les techniques sont decrites dans un texte qui a tendance a
adopter un style telegraphique.
Fidele a la tradition europeenne, ce
precis expose en detail la faqon exacte de
proceder selon l’ecole dirigee par l’auteur.
Ce dernier n’offre aucune pretention a
l’originalite des techniques. De nombreuses references a la litterature Interna
tionale sont donnees. En regie generale,
les techniques decrites sont celles qui sont
couramment utilisees en Amerique du
Nord. L’on y trouve meme des interven
tions d’utilisation assez recente, comme
l’ileostomie continente de Kock. Lorsque
plusieurs voies d’abord sont offertes pour
la meme situation clinique, comme dans
les diverses operations pour hernie hiatale, l’auteur n’offre aucune discussion
des avantages ou desavantages de chaque
intervention et les resultats cliniques ne
sont pas discutes.
En vue de l’espace restreint que s’est
accorde l’auteur pour traiter un sujet

d’une ampleur considerable, la plupart
des operations sont expliquees de faqon
assez breve. Pour cette raison, cet ouvrage
trouvera probablement son utilisation
principale aupres des residents en chirur
gie digestive, au stade initial de leur for
mation.
Bernard P erey , md , frcs[c]

Departement de chirurgie,
Centre Hospitalier Universitaire,
University de Sherbrooke,
Sherbrooke, PQ
CLINICAL ENDOCRINOLOGY: A SUR
VEY OF CURRENT PRACTICE.
Edited by Calvin Ezrin, John O.
Godden and Paul G. Walfish. 334 pp.
Illust. Appleton-Century-Crofts, New
York, 1977. $18.50. ISBN 0-8385-11376.

This book, the work of some 24 authors,
contains edited papers from a symposium
on endocrinology held in the summer of
1975. It is not clear from the preface at
whom the papers were aimed—students,
house staff, family practitioners or in
ternists. Both these facts present diffi
cult problem in the preparation of a
volume designed to survey current prac
tice. Thus a paper designed for a sophis
ticated audience may reasonably be brief
and provocative, even controversial, if it
is designed to be filled out by verbal
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discussion—yet such a paper may make a
much less satisfactory impact if it is to
stand on its own in a book to be read
by a more general audience. And a paper
prepared for a general audience will per
force include background material that
may make it seem pedestrian to readers
familiar with the field.
For these reasons one might expect a
certain unevenness in reading through the
volume, which, indeed, is the case. A
good deal of the chapter on diabetes in
juveniles, while sound and well written,
will strike pediatricians and internists as
rather elementary. A subsequent chapter
on insulin therapeutics deals with its topics
so sketchily and contains so little that is
new that it could scarcely reward any
likely reader of the volume; its unqualified
and repeated endorsement of normoglycemia as the goal of insulin therapy,
seems to me, potentially dangerous.
However, there is much that is attrac
tive and stimulating about the book.
Cahill, for example, has contributed two
illuminating chapters entitled “The meta
bolic effects of insulin” and “Disposition
of sugars, proteins and fats in health and
disease”; Forbath’s chapter on oral hypo
glycemic agents provides the reader with
a lucid summary of the confusing issues
raised by the data from the University
Group Diabetes Program (UGDP) and
related studies. Several able brief review
articles cover areas of both theoretical
and practical importance to the internist,
such as prolactin secretion (Friesen), tests
of thyroid function (Higgins) and the
management of hyperthyroidism (Volpe).
Some sections are bound to appeal to
anyone interested in clinical endocrinol
ogy; the book would be particularly
valuable for senior house staff preparing
for certification examinations. It deserves
a place in all library collections, even the
small ones.
D.L. W ilson ,

md , f r c p [c ]

Professor and head,
Department of medicine,
Queen’s University,
Kingston, Ont.
CLINICAL PAEDIATRIC SURGERY.
Diagnosis and Management. 2nd ed.
Peter G. Jones. 586 pp. Illust. Blackwell Scientific Publications, Oxford;
J.B. Lippincott Company of Canada
Ltd., Toronto, 1976. Price not stated,
paperbound. ISBN 0-632-00436-3.

The language in this book is simple and
clear and the style concise. The chapters
and paragraphs are short; they are inter
rupted only by strategically located
tables, photographs and line drawings—all
of excellent quality. Italics and heavy
print are used effectively to facilitate
rapid scanning and to underline points of
particular importance. The references are
limited in number but are carefully
selected and up to date.
The editor has no doubt instructed the
authors to present a real-life approach to
clinical problems and they have succeeded.
The traditional organ-by-organ discussion

has been set aside in favour of discussions
based on symptom complexes. Typical ex
amples are: vomiting in the first month of
life, the infant with a large head and the
child with an abdominal mass. In addi
tion, Jones has not skeletonized the sub
specialty chapters down to useless, un
informative abstracts; those fundamental
aspects of neurosurgery, orthopedics, uro
logy, ophthalmology, cardiac and plastic
surgery that he considers pertinent are,
within the self-imposed limitations of the
book, expertly handled.
1 was struck by the way the authors
share with the reader those same universal
pieces of pediatric surgical wisdom that
my colleagues and I try to impart to our
residents in the day-to-day practice of the
art. To accomplish this, the aphorism is
used to good effect. One of the best
examples is found in the chapter on
constipation: “There are only two con
traindications to rectal examination in
pediatric surgery i) no anus, and ii) no
fingers.”
There is only one drawback to this
book; occasionally it becomes “provincial”
in that the editor has selected for em
phasis certain topics that are of more
obvious relevance to the Australian phy
sician. For example, one whole chapter is
devoted to hydatid disease, while the dis
cussion of regional enteritis is given the
equivalent of only one page—a some
what anomalous balance for the North
American reader.
With this second edition, Jones and his
team of authors have provided us with the
best short textbook of pediatric surgery
available today; it lives up to the stand
ards set by the first. It contains sufficient
clinical information to make more elabo
rate texts almost unnecessary, except as a
reference source.
P. SOUCY, MD, FRCS[C]

Department of surgery,
Children’s Hospital of Eastern Ontario,
Ottawa, Ont.
DISEASES OF THE NOSE, THROAT
AND EAR. 12th ed. John Jacob Ballenger. 1118 pp. Illust. Lea & Febiger,
Philadelphia; The Macmillan Company
of Canada Limited, Toronto, 1977.
$69.95. ISBN 0-8121-0549-4.

Ballenger’s text on otolaryngology has
been a well-received publication since
1914. This new 1977 edition is an im
provement on the previous one in that it
covers many new topics, such as cryo
surgery, immunology, chemotherapy of
head and neck neoplasms, and poly
tomography of the facial bones and para
nasal sinuses. Also the chapters on bronchoesophagology and reconstructive sur
gery of the head and neck have been
rewritten.
The chapter on audiology by James
Jerger and Robert Frisina is a general in
troduction to the topic that may suit the
needs of the undergraduate student or the
general practitioner but not those of the
specialist or the postgraduate student.
The tests for differentiation between

cochlear and retrocochlear lesions have
only been listed by name; no information
has been supplied on the test itself. Tests
for functional hearing loss and electric
response audiometry are treated in the
same manner, so that the reader seeking
information about these tests must resort
to the references listed or seek another
book on audiology.
The section on salivary gland tumours
is poorly written. Perhaps in the next edi
tion it could be expanded; as it stands it
definitely does not meet the needs of the
postgraduate student or specialist.
Generally this edition is an improve
ment on the previous one; the text is easy
to read, the chapters are concise and clear
ly set out and the quality of the publica
tion has improved. I recommend this book
for undergraduate students and physicians
in practice and most of it will be helpful
to postgraduate students and specialists.
D.W. M cC ullough ,

m b , ch b , frcs (ed in ),

frcs [c]

Professor and head,
Department of otolaryngology,
University of Manitoba,
Winnipeg, Man.
FEMALE URINARY INCONTINENCE.
Stuart L. Stanton. 118 pp. Illust. LloydLuke (Medical Books) Ltd., London;
Year Book Medical Publishers, Chi
cago, 1977. Price not stated. ISBN
0-85324-129-5.

This slim volume presents a review of
current advances in the management
of female urinary incontinence. The ac
count of anatomy and physiology is easily
understood, particularly the references to
recent work concerning the intrinsic ure
thral sphincter mechanism. There is a
concise description of the often confus
ing triple innervation of the bladder and
urethra. The chapter on symptoms and
signs outlines a useful office protocol
for establishing the etiology of urinary
incontinence. The sections on investiga
tion of the problem are sensibly organized
and well written. The author describes
both North American and British theories
relating to urinary stress incontinence.
Most North American gynecologists and
urologists would concur with the investi
gative routine recommended. The approach
to management is conservative. An up-todate review of drug usage is included.
The discussion of the use of mechanical
devices to effect continence is the best I
have encountered.
In the section on operative treatment
of urinary incontinence Stanton describes
most of the commonly performed proce
dures with objectivity. In particular, the
detailed account of urethrovesical suspen
sion procedures (i.e., the MarshallMarchetti operation and the Burch colposuspension) was well illustrated and
outlined the operative indications and con
traindications concisely.
I recommend this small volume both
to postgraduate students and practis
ing gynecologists. In the past decade
urodynamics has rapidly expanded into

VOLUME 22, NO. 1, JA N U A R Y 1979 / THE CANADIAN JOURNAL OF SURGERY

99

an established subspecialty; this work
serves as an adequate introduction to the
subject.
H enry F. M uggah, m d , frcs [c]

Department of obstetrics and gynecology,
Ottawa Civic Hospital,
Ottawa, Ont.
GYNECOLOGIC OPERATIONS. As Per
formed by Members of the Staff of
the Women’s Hospital, St. Luke’s Hos
pital Center, New York. Harold M.M.
Tovell and Leonard D. Dank. 321 pp.
Illust. Harper & Row, Publishers,
Hagerstown, 1978. $30. ISBN 0-06142553-2.

This new textbook of gynecologic surgery
is well written and clearly and beautifully
illustrated.
Harold Tovell has acted as editor and
has also written many of the chapters.
Each step mentioned by the surgeon is
accompanied by an illustration. So clearly
do the illustrations depict the operation
that one almost could perform it without
reference to the text. Leonard Dank, the
artist obviously has spent many hours in
the operating room as an observer.
All the surgical procedures that the
average gynecologist is likely to perform
are included, even marsupialization of a
Bartholin cyst. A unique feature is an
analysis and discussion by each of two
gynecologists at the end of every chapter,
of the procedure described. To be of
real value such comment should evaluate
critically the technique of each operation
but too often it is merely a recital of its
author’s own technique.
The operation of laparoscopic steriliza
tion by tubal coagulation and by applica
tion of the Falope ring is described very
clearly and the novice laparoscopist should
have no trouble following the steps.
Not many operators perform vaginal
hysterectomy as described by G.G. Bemis.
The practice of delaying the opening of
the cul-de-sac until after anterior delivery
of the uterus and division of the broad
ligaments would appear to add difficulty
to the operation except where there is a
marked degree of prolapse. With the in
creasing use of vaginal hysterectomy in
cases of dysfunctional bleeding and in-situ
carcinoma of the cervix, early opening
into the cul-de-sac and dividing the
uterosacral ligaments increases mobility
and accessibility.
The Manchester operation is not em
ployed often on this side of the Atlantic
and the method advocated in this text
appears difficult. The critique by W.I.C.
Morris, emeritus professor in Manchester,
points out the difficulty of amputating
and reconstructing the cervix after com
pletion of the anterior repair. Also, in my
opinion a much more satisfactory result is
obtained by leaving the anterior repair un
til the cervix has been mobilized, am
putated and re-covered with vaginal
mucosa. And why bisect the cervix before
amputating it?
This new textbook will be a valuable
addition to the library of the resident-in
100

training and the practising gynecologic
surgeon. It depicts clearly in just over
300 pages what takes some authors sev
eral volumes to describe. It is a very
readable book, although for me the pleas
ure of reading it was reduced somewhat
by the great number of split infinitives.
A rthur S. M ajury , md , frcog

Winnipeg Clinic,
Winnipeg, Man.
INSTRUCTIONAL
COURSE
LEC
TURES. Volume XXVI 1977. The
American Academy of Orthopaedic
Surgeons. 227 pp. Illust. The C.V.
Mosby Company, Saint Louis, 1977.
$28.90. ISBN 0-8016-0022-7.

Volumes of instructional course lectures
from the American Academy of Ortho
paedic Surgeons always make my profes
sional mouth water in anticipation of de
lectable and largely predigested servings
of useful information. For, although these
books are directed primarily to trainees in
orthopedic surgery, the material they con
tain is an excellent source of continuing
medical education. This book lives up
to the high standard established by the
previous volumes.
The first section is devoted to ortho
pedic sepsis; it contains a great deal of
hard data and is therefore fairly heavy
reading. All subjects are compressed into
short essays; in 11 of them the authors
have reviewed standard textbook teaching
but have included supporting data from
their practice or research. By reading this
section attentively one can learn how to
develop sound plans for management of
the individual patient and reasoned pol
icies for systems designed to prevent in
fection. The authors have included dis
cussion on the importance or value of
air flow, ultraviolet lights, draping and
gowning practices. Unfortunately Girdlestone, a respected surgeon, was not ac
corded the respect he deserves—probably
due to a typographical error his name
was spelt with a small “g”.
In the second section there are four
rather long essays. The first, on lesions of
the brachial plexus, includes analysis of the
thoracic outlet syndrome and the authors
provide us with a clear review of a rather
confusing subject. This essay is followed
by a miniature review course on plastic
surgery under the subject of hand in
juries. The third article on upper ex
tremity reconstruction in spastic paralysis
and related neuromuscular disorders should
be read by all those who attempt this
kind of surgery; it is not necessarily en
tirely correct, but the philosophies, prob
lems and suggested solutions are clearly
described, and guided by this article new
comers to the field should work wisely.
The final essay is entitled “Staged tendon
reconstruction”; it refers to the use of a
temporary silicone rubber-over-Dacron
tendon and is used to develop a sheath
before inserting the definitive tendon
graft. Experimental and clinical data are
offered to support the use of this tech
nique, although I hope that only surgeons

experienced in tendon work of the hand
will attempt it.
In the third section the authors cover
three very difficult areas in orthopedic
surgery under the heading “Orthopaedic
complications”. These are areas where
the average orthopedic surgeon may not
build up personal experience rapidly and
the overviews offered here are therefore
especially helpful. The management of
pathologic fractures due to malignant dis
ease is always a problem, and in the
paragraphs on the nonoperative manage
ment of this condition the authors have
put the operative techniques available
into perspective. A few orthopedic sur
geons treat large numbers of patients with
reflex sympathetic dystrophies; they will
find the discussion on this subject useful.
Others, who see these conditions less
frequently will gain a good review of the
background information on this subject
and will be better able to recognize, un
derstand and treat those cases that do
come their way.
The final section of the book entitled
“Automation of an orthopaedic practice”
made me think of Alvin Toffler’s “Fu
ture Shock”. The authors discuss the
important issue of efficient management
of an orthopedic practice for the maxi
mum benefit of the surgeon and his pa
tient. The challenges to established think
ing contained in this discussion deserve
considerable unprejudiced thought by all
of us.
D.A. G ibson ,

md , frcs [c]
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Ontario Crippled Children’s Centre,
Toronto, Ont.
INTESTINAL ISCHAEMIA. Adrian Marston. 190 pp. Illust. Edward Arnold
(Publishers) Ltd., London; The Mac
millan Company of Canada Limited,
Toronto, 1977. Price not stated. ISBN
0-7131-4264-2.

This monograph is a comprehensive re
view of the broad field of intestinal
ischemia. The author is well qualified to
undertake this task having established a
wide reputation for his pioneer work on
ischemic colitis.
The book contains an abundance of
tabulated data on various surgical proce
dures and an extensive list of references
at the end of each chapter. One minor
criticism is the poor quality of some of
the radiographs and photomicrographs;
also, a number of the figures are printed
upside down.
In the first chapter the author dis
cusses, not entirely successfully, the ap
plied anatomy of the mesenteric circula
tion. There are some typographical errors
but, more important, there are errors
in some of the anatomical descriptions.
The superior mesenteric artery, for in
stance, is described as running in front
of the neck of the pancreas and crossing
behind the uncinate process. Further on,
this artery is said to emerge from behind
the duodenum. In the latter half of the
chapter the author provides the reader
with an excellent review of the microcir
culation of the intestines and in the chap-
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ters on the physiology of intestinal blood
flow and the laboratory studies of intesti
nal ischemia he presents a great deal of
information on the subject in a concise
and readable format.
It is in the clinical areas, however,
that the author excels. The sections on
acute intestinal failure, chronic intestinal
ischemia, focal ischemia and ischemic
colitis are authoritative without being dog
matic. Marston acknowledges that the rec
ognized classification of ischemic colitis
into gangrene of the colon, ischemic stric
ture and transient ischemic colitis is out
dated; he agrees with other writers that
only two groups need be considered—
those with severe and those with mild dis
ease. The vexing question of celiac axis
compression is particularly well handled
and both sides of the controversy are
presented at length.
In summary this monograph is highly
recommended as a useful guide for those
doing research in this field and for those
involved in the clinical treatment of in
testinal ischemia.
E.S. W right ,

m d , frcs [c]

Associate professor of surgery,
Memorial University of Newfoundland,
St. John’s, Nfld.
JAMIESON A N D KAY’S TEXTBOOK
OF SURGICAL PHYSIOLOGY. 3rd
ed. Edited by Iain McA. Ledingham
and Colin MacKay. 381 pp. Illust.
Churchill Livingstone, Edinburgh; Long
man Canada Liimted, Don Mills, 1978.
$57.60. ISBN 0-443-01051-X.

This new, totally revised edition contain
ing 28 chapters is comprehensive and au
thoritative, but not encyclopedic. The text
forms an excellent core for the physio
logic basis of surgical practice and the
requirements of the surgical practitioner
are constantly considered. Despite the
large number of contributors (27), the
material is presented clearly and uniform
ly. Most chapters have an introductory
paragraph outlining the material to be
covered. The important contributions in
each section are emphasized. The text
covers basic material of interest to every
one: wound healing, fluid and electrolyte
balance, metabolic responses, endocrine,
blood, shock and immunology as well as
areas of particular interest to surgical
specialists, such as heart, circulation,
breast, respiratory system, gastrointestinal
tract, central nervous system, urinary tract
and reproductive organs.
References have been carefully selected
to include current investigations. Illustra
tions and diagrams are liberally used and
for the most part are simple line draw
ings which complement the written text
well. The book is printed on high grade
paper and appeared to be free of typo
graphical errors.
This is an excellent text, notable for
the uniformity of its chapters, the selec
tion of material presented and the presen
tation of that material. It will be of gen
eral interest to trainees in surgery.
L loyd D. M aclean, m d , frcs [c]

OPERATIVE SURGERY. Fundamental
International Techniques. Gynaecology
and Obstetrics. Edited by D.W.T.
Roberts. 212 pp. Illust. Butterworths &
Co. (Publishers) Ltd., London; Butterworths & Co. (Canada) Ltd., Scar
borough, 1977. $29.95. ISBN 0-40700615-X.

The editor has with some success en
couraged his authors to concentrate on
the surgical procedures that the average
gynecologist uses; only a small amount of
space is afforded to those operations that
are usually performed by subspecialists.
The authors describe the techniques and
do not clutter the book with long discus
sions on etiology, symptoms and diagnostic
processes. The drawings are excellent, but

in some areas there is insufficient detail
and intermediary steps are omitted.
In the section on dilatation and curet
tage I am pleased that preliminary cath
eterization of the bladder is deemed un
necessary. Hegar dilators are shown; in
my experience Pratt dilators are more
efficient and safer. Unfortunately they
are not illustrated. In the chapter dealing
with the surgical treatment of recurrent
abortion in the second trimester of preg
nancy, the Shirodkar operation is described
adequately. However, the MacDonald
technique, which is as efficient as the
Shirodkar operation and easier to do, is
explained only briefly.
The technique for the marsupialization
of a Bartholin’s cyst or abscess is described
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clearly, as is the removal of a cyst of the
duct. The authors quite properly remind
the reader that excision is now performed
rarely because of the ease and efficacy of
marsupialization.
The chapter dealing with laparoscopy
is excellent. The author of this section
evidently uses an operating cannula on
each side of the abdomen. Most laparoscopists in America find that all necessary
examinations and procedures can be per
formed using the one cannula placed not
far from the midline of the lower abdo
men. The descriptions of the use and
applications of the Falope ring and the
Hulka clips are skimpy.
The Sturmdorf suture is described. I
have had difficulty teaching residents how
to use this suture, and suspect that some
one trying to learn this method of reepithelializing the amputated cervix might
be confused if he relied only on the de
scription in this book. I find the twoneedle technique easier to carry out. The
authors advise that the needle enter the
vaginal skin exactly 1.875 cm from the
edge. Does this degree of accuracy really
matter?
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The section on vaginal hysterectomy is
well done. However, morcellation is not
described. This technique is used when
the whole uterus is too large to be re
moved through the vagina. Many gynecol
ogists are convinced that when morcella
tion is necessary vaginal hysterectomy is
contraindicated; on the other hand, others
do not consider the technique difficult and
many gynecologists perform it. The au
thors have not mentioned the technique,
advisability, or complications of salpingooophorectomy at the time of vaginal hys
terectomy. They have described repair of
a complete third degree perineal tear well,
but no mention is made of the Warren
flap procedure, which 1 have found to
be successful and free of special difficulty.
The operations for the relief of incon
tinence of urine are shown adequately.
Two drawings illustrate the MarshallMarchetti procedure, but no mention is
made of the Burch modification; Burch
recommended that the sutures be sewn to
Cooper’s ligament rather than the peri
osteum of the symphysis pubis.
In discussing the treatment of tubal
pregnancy, the authors advise that the
ipsilateral ovary should be retained; this
would seem to be good advice. I am glad
to read the recommendation that when an
ovarian neoplasm is removed, the seem
ingly normal ovary on the other side
should be bisected, examined carefully,
and then sewn together. The section on
tuboplasty is excellent. These procedures
are becoming increasingly specialized; it
may be that in the near future, only
surgeons with specific training will do this
kind of surgery.
In discussing myomectomy, the author
mentions the danger of small bowel adher
ing to the incision. One of the tricks that
has been used to obviate this complication
is the suturing of a piece of omentum over
the incision in the uterus. This reduces
the danger of adhesions forming between
bowel and myometrium and reduces the
incidence of intestinal obstruction.
One of the problems following hysterec
tomy is prolapse of the vault of the
vagina. This is troublesome and treatment
is not simple. I can find no section in
this book where the corrective procedure
is presented. I hope that in future editions
this omission will be rectified.
I enjoyed reading this book and can
recommend it without hesitation.
H a r r y O x o r n , m d , f r c s [ c ], f a c s

Chief,
Department of obstetrics and gynecology,
Ottawa Civic Hospital,
Ottawa, Ont.
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OPERATIVE SURGERY. Fundamental
International Techniques. The Hand.
Edited by R. Guy Pulvertaft. 407 pp.
Illust. Butterworths & Co. (Publishers)
Ltd., London; Butterworths & Co.
(Canada
Ltd.,
Scarborough,
1977.
Price not stated. ISBN 0-407-00618-4.

Although Rob and Smith’s series on op
erative surgery, is now in its third edition,
this volume on hand surgery is only in its

second. Under the capable editorship of
Guy Pulvertaft, this edition maintains
the high quality and easy readability of
many British textbooks. The subtitle
“Fundamental International Techniques”
more accurately describes the content and
authorship of this tome, which deals
almost exclusively with techniques of
hand surgery. Both British and interna
tional experts offer their personal ap
proaches to the most complex as well as
the most common problems encountered
in the field.
The book is divided into 11 broad sub
jects and further subdivided into 37 morespecific chapters; for example, the subject
of injuries to the hand is divided into 15
chapters ranging from the acute injury
to digital replantation.
For the most part this book contains
priceless information from master hand
surgeons. The chapters by Campbell Reid
on the technical principles of reconstruc
tion of mutilated hands, use of neuro
vascular island flaps and correction of
small-joint stiffness are outstanding. Simi
larly, the section on surgery of the hand
affected by cerebral palsy by Richard
Smith and on the rheumatoid hand by
Vaughan Jackson are most valuable.
The book contains very few clinical
photographs, almost all the illustrations
being line drawings. However, this does
not detract from their usefulness in con
cert with the written text.
Naturally, with such a highly personal,
multiauthored text I did not agree with
some of the recommendations. For exam
ple, under the topic of “The acute injured
hand”, the thenar flap is recommended for
coverage of tip amputations and there is
no discussion of the Kutler, Kleinert or
Poy techniques for tip closure. Indeed,
only much later, in what appears to be
a chapter on elective amputation, did I
encounter alternative techniques for sal
vage of fingertips.
I also disagree with the rather summary
dismissal of intravenous block anesthesia
in the chapter devoted to that subject.
This simple and harmless technique is
most useful for such procedures as gang
lion removal, extensor tendon repair and
uncomplicated carpal tunnel decompres
sion.
The chapter on nerve repair is out
dated since it does not stress the useful
ness of microscopic repair of these in
juries. Most centres, at least in North
America, would advocate nerve anas
tomosis utilizing the operating microscope.
The emphasis on surgical techniques as
advocated by world authorities in each
category makes this volume invaluable for
the novice hand surgeon and certain chap
ters dealing with more uncommon but
complex problems make this an excellent
reference work for the experienced hand
surgeon. I highly recommend this atlas
of surgical techniques.
H arvey

C.

B r o w n , m d , f r c s [ c ], f a c s
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Montreal, PQ
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