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Foreword

Recent developments have favourably and extensively altered general
surgical practice. As editor I have happily been able to select certain
topics of new and major interest for detailed discussion and have thus
had the opportunity to collect these authoritative submissions within
the covers of one text.

The range of topics is broad. Endoscopy has changed the nature of
both investigation and treatment of much gastrointestinal disease and
the therapeutic uses of endoscopy continue to grow. That sophisticated
new tool of the radiologist, computerized axial tomography, has revolu-
tionized the diagnosis of intra-abdominal disease, very often permitting
precise localization of hitherto occult disease, and, as might be expect-
ed, it has become helpful in determining both the nature and extent of
surgical and other therapy. Although an invasive procedure, intra-
abdominal angiography has similarly come of age as a means of localiz-
ing gastrointestinal haemorrhage and controlling such bleeding.
Unfortunately, intra-abdominal malignancy continues to be a major
source of concern to the general surgeon and the discovery that such
tumours are associated with unusual markers, termed oncofetal anti-
gens, suggests that early diagnosis and early detection of recurrence
may yet be feasible. Adjuvant or post-surgical therapy is an exciting de-
velopment in terms of prolonging the disease-free interval in women
with breast cancer limited to regional lymph nodes. Equally efficacious
therapy is not yet available for patients with gastrointestinal cancer,
highlighting the need for more specific drugs and drug combinations.
Intravenous hyperalimentation can reverse progressive malnutrition
and permit survival in patients with a variety of diseases that would
have been once untreatable. Pharmacologists have been busy and pro-
ductive and several drugs have changed our approach to peptic ulcer
disease; gastric surgery is much less often necessary unless drug
therapy has proven inadequate or if fear of malignancy is present.
Patients with ascites that did not respond to dietary restriction and diu-
retics were once untreatable; the development of a catheter system

ix



X FOREWORD

which reintroduces ascitic fluid into large veins has changed this.
Ulcerative colitis, a frequent disease of youth, may require proctocolec-
tomy and before the advent of the continent ileostomy, such patients
wore a permanent external bag. For these and other ileostomy patients,
a continent intra-abdominal reservoir has been of inestimable benefit.
Bile duct obstruction above the ampulla, whether due to stone, stricture
or neoplasm, may prove difficult in diagnosis and treatment but ultra-
sonography, computerized axial tomography and other contrast studies
have revolutionized such diagnosis. It is possible to treat retained biliary
tract stones and strictures although prevention remains paramount and
tumour blockage of the biliary tree has similarly become amenable to
specific, technically advanced therapy.

Although these topics may be considered as examples of current clini-
cal achievement, they enlarge our horizons for further discovery. As
editor, my approach to the selection of both topics and authors has been
an eclectic one. To some extent I would hope that the material is both
provocative and informative. The chapters succeed, [ believe, in describ-
ing areas of progress and concern germane to current surgical practice.

Toronto, Canada D. W. Jirscu
December 1980



1
The surgeon and endoscopy
for gastrointestinal disease

W. 1. WOLFF

INTRODUCTION

Advances in instrumentation have brought a new dimension to the
diagnosis and clinical management of diseases of the alimentary tract.
The flexible fibre-optic endoscopes which have become available during
the past two decades are responsible for a veritable explosion in the field
of endoscopy, obviously satisfying a long-felt need for direct examin-
ation of the interior of the digestive hollow viscera — a need never
adequately fulfilled by rigid instruments. In expert hands these flexible
endoscopes offer the opportunity for examination on an ambulatory
basis with only topical anaesthesia, little discomfort to the patient, and,
what is most important, a remarkably high degree of safety.

It is reasonable to state that, at the present time, endoscopic evalu-
ation has achieved equal status with roentgenographic examination in
terms of relative importance in diagnosing diseases of the digestive
tract. This high level of reliability has been reached primarily as the
result of two factors:

(1) advances in the quality and variety of instruments available to the
clinician, and, more importantly;

(2) an enormous increase in the number of trained and experienced
endoscopists who are capable of performing skilful and safe studies.

These two methods of disease diagnosis, i.e. radiography and endo-
1



2 FRONTIERS IN GENERAL SURGERY

scopy, are not competitive but rather complementary'. Usage of both
modalities can provide a higher degree of accurate diagnosis than was
formerly possible and has resulted in markedly improved patient care.
In addition, the modern endoscopist and radiologist are prepared to
offer not only diagnostic services but also important therapeutic oppor-
tunities, such as colonoscopic removal of large bowel polyps; gastro-
scopic laser or electrocauterization of points of gastrointestinal
haemorrhage; reduction of intussusception or volvulus; radiologically
controlled transcatheter vascular blockades of demonstrated sites of
active bleeding, and others.

Indeed, the state of the art is such that those involved in direct patient
care, be they primary care physicians, internists, surgeons, pedia-
tricians or radiologists, should have a good working knowledge of what
endoscopy has to offer so that they will know which patients can benefit
and when to call upon the endoscopist. Surgeons who do not do endo-
scopy or who have not had the opportunity to have reliable endoscopic
support available often fail to realize the very considerable advantages
endoscopically derived data contribute in terms of deciding upon the
nature, timing and extent of the surgical procedure to be undertaken.
For example, the ‘blind gastrectomy’ for upper gastrointestinal haemor-
rhage is (or should be) an obsolete operation; emergency portosystemic
shunting operations for massive bleeding are now performed much less
frequently since it has been recognized that patients with documented
oesophageal varices may well be bleeding from other sources; complex
operations on the jaundiced patient are better planned and executed
when the site, extent and nature of the obstructing lesion have been
defined by endoscopic retrograde cholangiopancreaticography, poss-
ibly abetted by transhepatic ‘skinny’ needle hepatic ductography; the
patient with sigmoid colon obstruction in the presence of known diverti-
culitis may have an associated carcinoma which the colonoscopist can
see and biopsy, and so forth.

What endoscopic skills the surgeon himself should acquire is a con-
sideration still in evolution. Unfortunately, surgeons for the most part
have been slow in accepting an active role in learning such techniques.
When we introduced endoscopic examination of the entire colon using
the fibre-optic colonoscope in 1969, most surgeons regarded the pro-
cedure as a tour de force. Even when we began to remove colonic polyps
endoscopically that same year and in ever-increasing numbers there-
after", there were only a handful of surgical centres whose leaders
had the perspicacity to recognize the potential of the technique and to
organize programmes in surgical endoscopy'>". As a result, endoscopy
of the alimentary tract is now largely in the hands of gastroenter-
ologists, with surgeons climbing on the bandwagon in notable numbers
only during the past few years. Since such examinations do not fall
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rightfully into the province of any specialty group exclusively, it
behooves the surgeon to develop his own skills in the method or, at the
very least, to possess a first-hand familiarity with its potentialities and
its limitations™™.

Endoscopic study has particularly important implications with
respect to alimentary tract cancer™”**. The information gained often
enables the clinician to act promptly and decisively. Early cancers of the
oesophagus or stomach can be detected and proven by direct biopsy or
cytological brushings well before they are demonstrable by the usual
radiological techniques®. We have repeatedly mentioned in our publica-
tions examples of colonic cancer diagnosed by colonoscopy when the
barium enema was read as negative. When the radiological study is
interpreted as indeterminate, endoscopy frequently can settle the issue.
Positive radiological findings are confirmable by biopsy and identi-
fication of false-positives can prevent an unnecessary operation.

OESOPHAGOSCOPY

Modern gastrointestinal endoscopy can be said to have originated with
Kussmaul who, in 1868, assisted by a professional sword-swallower,
passed a 24-30 cm hollow tube into the gullet and peered through it by
the light of an oil-lamp and a reflector®. Stoerk, an Austrian laryngolo-
gist, in 1881 examined the oesophagus with rigid tubes”, but Mikulicz,
a well-remembered Polish surgeon, is credited with developing the
principle of rigid tube gastroscopy®. By 1917, there were enough
specialists in the USA interested in the subject to form the ‘Association
of American Peroral Endoscopists’. Four years later this became the
‘American Bronchoscopic Society’, and, later on, ‘The American
Broncho-Esophagological Association’, in recognition of the importance
of advances in knowledge of diseases of the upper food passages®.
Prominent among practitioners of the art was Chevalier Jackson, a Phil-
adelphia surgeon who, in 1907, published the first textbook on the
subject entitled Tracheo-Bronchoscopy, Esophagoscopy and Gastroscopy™.
Henning, in 1932, formalized the application of endoscopy to
gastroenterological problems®, but the real impetus towards upper
gastrointestinal endoscopic study came from the work of Schindler and
his disciples beginning in the early 1920s*. Rigid scopes were required
for oesophageal examinations and even Schindler and Wolf's semiflex-
ible gastroscope” never found popular acceptance. Rigid tube
oesophagoscopy requires considerable technical skill and proficiency
and is currently performed chiefly by thoracic surgeons and oto-
laryngologists whose training dates back a few decades. The procedure
is uncomfortable for the patient — therefore, frequently calling for
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general anaesthesia — and patient acceptance is often poor, so that it
lends itself poorly to repeat or serial examinations. This picture has been
radically and rapidly altered by the appearance of flexible fibre-optic
endoscopes. Introduced by Hirschowitz and co-workers in 1958%, these
instruments brought about what is described by Colcher as an ‘ex-
plosion” in the field of endoscopy” and marked the emergence of a new
specialty in medicine — gastrointestinal endoscopy.

Oesophagoscopy, as currently practised, is a simple, safe and mini-
mally distressing procedure carried out under light topical anaesthesia
and usually as part of a more complete study known as oesophagogastro-
duodenoscopy (EGD)’. Examination is abetted by short-acting intra-
venously administered light sedation and is readily accomplished on an
ambulatory basis, often as not as an office procedure. As a rule it takes
under 30min to carry out a complete study of the structures men-
tioned®**. In Japan, where the incidence of malignant disease of the
stomach and oesophagus is high, a request for endoscopic examination
may be initiated by the patient when he first experiences indigestion;
examination may be carried out in mobile endoscopic units transported
in specially equipped vans, similar to those used in the USA for chest
roentgenography. Patients readily seek evaluation at one of these at the
first signs of digestive indisposition.

Oesophagoscopy is best performed with a ‘forward-looking’ endo-
scope. The patient lies comfortably on his left side and is asked to
swallow as the instrument is introduced. By gentle insufflation with air
the visualization of the oesophageal lumen through the dilated gullet is
far superior to that afforded via the rigid scope advanced through the
collapsed organ. Peristaltic action can be observed and motility disord-
ers are often recognizable. In the absence of an incompetent cardiac
sphincter mechanism or obstruction, only swallowed saliva occupies
the lumen and this is easily aspirated. Gastro-oesophageal reflux is
readily observed and an incompetent cardiac sphincter appears patu-
lous for long periods. Elevation of the ‘Z-line’, representing the zone of
mucosal change from stratified squamous to gastric epithelium, denotes
the presence of a hiatal hernia and associated oesophagitis can be recog-
nized grossly and confirmed by biopsy.

Washings may be taken for cytological study and brushings and
biopsy under direct observation are easily and safely performed. En-
doscopy can detect small, presumably early, cancers which may be
missed in the contrast oesophagram' and it should, therefore, be
recommended early whenever there is persistent or recurrent dyspha-
gia®. Maimon et al. report a group of cases in which positive cytological
specimens were obtained without a detectable neoplasm by either endo-
scopic or radiological study®. Overt cancers were not found in some of
these patients until several months later.
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For suspicious lesions both direct biopsy and brushings are recom-
mended. The value of the latter depends largely on the availability of a
skilled cytologist to interpret the material obtained. The value of the
former may be limited by the superficial nature of the small specimens
obtainable. A negative biopsy, therefore, should not lull the responsible
physician into a false sense of security, and it is the endoscopist’s duty
to advise the clinician of the limitations of the technique. It is not
uncommon to encounter areas of oesophageal narrowing that are
treated for long periods as benign strictures before cancer is diagnosed.
Cancers, particularly those originating near the cardia, may extend
proximally in a submucosal plane and produce only narrowing and
dysphagia®* and will be missed if the biopsy is not taken deep
enough®. If this fact is kept in mind and the patient re-examined with
the old, rigid-type scope — which permits larger and deeper biopsy —
such errors are less apt to occur®.

Oesophagoscopy is of value to the surgeon in following the effective-
ness of radiation therapy to an oesophageal carcinoma, where it may
assist in determining whether or not resolution is complete. Occasion-
ally, this may be a factor in terms of whether or not resectional surgery
is warranted. Post-oesophagectomy patients not infrequently develop
problems at the anastomosis; oesophagoscopy may be critical in deter-
mining whether a narrowing is inflammatory in nature or the result of a
recurrent cancer. Under any circumstance, it permits oesophageal dila-
tation either under direct intraluminal observation or under fluorosco-
pic control. Oesophagoscopic biopsy plus cytological specimens
obtained by the brush technique can provide histologically confirmed
diagnoses in over 90% of instances® .

Dilatation of oesophageal strictures, particularly very narrow ones,
should be attempted only by experienced endoscopists. The concurrent
use of fluoroscopy can be quite helpful. Oesophagoscopy is useful in
evaluating upper gastrointestinal bleeding (see below); in achalasia®™*;
for diagnosing reflex oesophagitis*; for improving recognition of
benign oesophageal strictures®” and webs or rings®, and the treatment
thereof*.

GASTROSCOPY AND DUODENOSCOPY

As previously noted, Schindler introduced the semiflexible gastroscope
in 1932 and over the next three decades he and his disciples promoted
its use®”. Wide acceptance of gastric endoscopy did not occur,
however, until the modern era was heralded by the development of a
truly flexible fibre-optic instrument in 1958 by Hirschowitz and co-
workers®*®*, The Japanese deserve the credit for the rapidity with
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which the art advanced and they are responsible for the introduction of
numerous innovations, both in technique and in instrumentation. Un-
doubtedly they were stimulated by pressing clinical needs based on the
very high incidence of gastric and oesophageal cancer in their land”**
A number of excellent monographs and texts on the subject of gas-
troscopy are available™*.

While the indications for oesophagoscopy in the era of rigid instrumen-
tation were, as previously pointed out, primarily a strong suspicion of
organic disease, the reasons for undertaking gastroscopy became, as
described by Palmer and Boyce”, ‘simply the known or suspected pres-
ence of organic stomach disease and the presence of some systemic dis-
eases which may be accompanied by important gastric complications’.
Today the excellence, ease, safety and fruitfulness of the method in
experienced hands is such that it constitutes a diagnostic measure of
prime order, on equal footing with the standard radiological upper
gastrointestinal series. By-products of the technique are: (1) ready and
safe examination of the oesophagus on the way down; and (2) extension
of the examination by passing the instrument through the pyloric
sphincter into the duodenum.

Gastroscopy is usually performed as an ambulatory procedure, under
topical pharyngeal anaesthesia and light intravenous analgesia and
sedation.

Instruments have progressed from the simple device first used by
Hirschowitz and the gastro-camera (a small camera enclosed within the
tip of the endoscope which took colour photographs of the gastric
interior)® to a wide variety of forward-looking and side-viewing highly
flexible endoscopes, some under 1cm in diameter. There are no longer
any ‘blind” areas and retrograde viewing of the cardia from within the
stomach lumen is accomplished easily. A biopsy channel permits brush
and forceps biopsies and insertion of a wire snare for cautery excision of
polypoid lesions. Grasping devices are obtainable for the removal of
foreign bodies, even in small children®, and for guiding the tip of a long
intestinal tube such as the Miller—Abbott, Cantor or Dennis types, into
the duodenum. Electrocautery probes or laser beam waveguides can be
introduced for electro- or photo-coagulation of appropriate lesions such
as bleeding sites or vascular anomalies (see below)™*.

Complications with modern instruments in experienced hands are
most uncommon.

Despite remarkable technical advances, the diagnostic accuracy of
upper gastrointestinal endoscopy is still largely dependent upon the
skill, knowledge and experience of the specialist doing the examination.
This is also true, of course, in radiology. As in radiology, permanent
records may be made of endoscopic findings by the use of one of the
various cameras on the market which fit to the eyepiece of the scope and
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permit continuous viewing and instantaneous picture-snapping during
the examination. Ciné studies are also readily obtained and small, light
television cameras are available to make videotape recordings or to
project the endoscopic scene, while performed, to large audiences via
video-monitors.

Basic admonitions

When the recommendation for upper gastrointestinal endoscopy of a
particular patient originates from a physician other than the endo-
scopist, under no circumstances should the latter regard himself, or be
regarded, as a mere technician performing a requested procedure.
There must always be a consultative aspect to the referral in which the
clinical problem is reviewed, the indications analysed, the aims record-
ed and the risks considered. The results of the patient’s complete physi-
cal examination, and his previous laboratory reports, must be
transmitted. The presence and seriousness of systemic disease states,
particularly cardiopulmonary disease or diabetes, must be known and
the endoscopist should be advised of any history of allergies or drug
sensitivities. As examples, we know of diabetics who became acidotic or
who had insulin reactions associated with fasting in preparation for a
procedure scheduled late in the day; and of narcotic users who devel-
oped alarming systemic reactions when naloxone hydrochloride
(Narcan) was injected intravenously and thoughtlessly as a routine
measure on completion of a study.

The possibility of transmission of disease through the instruments or
by exposure of the examiner should always be contemplated, particu-
larly infectious hepatitis or resistant pulmonary tuberculosis.

The presence of early pregnancy should be known or considered.
Endoscopy is often preferable to X-ray study in the diagnosis of urgent
or recurrent gastrointestinal illness in pregnant females, to avoid un-
necessary radiation exposure to the fetus.

Indications

In addition to the general statement of Palmer and Boyce referred to pre-
viously, specific indications for upper gastrointestinal endoscopy other
than those already suggested will be briefly considered. A number of
oesophageal problems have already been alluded to. Diverticula, pulsion
or traction, demonstrated by radiological means do not, per se, require
endoscopy but their presence may be a matter of interest and even
concern should gastroscopy be contemplated for another condition.
Patients with hiatal hernias may be endoscoped prior to corrective
surgery to establish the presence and extent of oesophageal reflux whose
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existence can usually be noted radiologically when sought after, but
whose effects on the oesophageal mucosa are not as readily apparent as
by endoscopy. Known episodes of bleeding, persistent unexplained
anaemia and the radiological demonstration of ulceration warrant endo-
scopic study. Persistent heartburn or upper abdominal pain not responding
to medical measures and with negative X-ray studies may call for en-
doscopy.

Duodenal ulcers, diagnosed radiologically, usually do not require en-
doscopy, but one of the contributions of the method has been to demon-
strate the presence of duodenitis when no ulcer crater could be seen
radiologically”. Duodenal deformity without radiological demonstration
of an ulcer crater is a valid indication, as would be duodenal disease
which does not respond appropriately to medical treatment. For the
surgeon, it is helpful to have endoscopy done prior to contemplated surgi-
cal intervention, both to document the fact that an active duodenal ulcer
is responsible for the patient’s symptoms and to disclose the existence
of other lesions which may modify or change the surgical approach.

Gastric ulcers, of course, present a different problem. Although gastric
carcinoma is on the decline, it must still be considered, and one need not
enter into the controversy over whether chronic benign gastric ulcers
become malignant or are that way from the start™>®. It is generally
accepted that gastric ulcers should be followed both radiologically and
endoscopically®. Indeed, it has been claimed that when gastric ulcer is
diagnosed radiologically, there is a ‘clarion call’ for the endoscopist.

Any tumour or mass seen radiologically in or abutting on the stomach
or duodenum calls for endoscopy. This will help to establish its nature
and can prove useful to the surgeon in other ways. For extra-gastric
masses it will help to define the degree of gastric wall involvement, if
any, and its extent when present. For a highly situated benign tumour,
such as a leiomyoma, it can provide information as to whether or not the
cardia is clear and, hence, the best surgical approach. Pseudo-masses may
turn out to be large folds when flattened out by air insufflation during
endoscopy.

Endoscopy is useful in evaluating problems relating to the post-
surgical stomach. Marginal ulcers® and suture granulomas® may be revealed
only by direct examination; alkaline gastritis (or oesophagitis) may be
suggested; and cancer developing in a gastric stump may be ident-
ified™7".

Endoscopy is extremely useful when applied to bleeding problems,
whether they are acute and massive or recurrent, covert or suggested
only by chronic anaemia. Certain lesions, such as erosive gastritis or
Mallory—Weiss tears” will not be seen on conventional X-ray examina-
tions. This subject will be discussed later, in greater detail.

Therapeutic indications include the presence of foreign bodies requiring
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removal, gastric polyps which may be excised by the snare electrocautery
technique, bleeding lesions, and the need to advance a long intestinal
tube.

Gastric neoplasms

Adenocarcinoma, polyp, leiomyoma and leiomyosarcoma are among
the more important neoplasms of the stomach indentifiable by en-
doscopy.

Formerly diagnosed usually at an advanced stage™, most clinicians
claim that gastric cancer can now be diagnosed much earlier, thanks to
gastroscopy”™. The limitations of radiology in detecting early gastric
cancer are generally accepted””. Endoscopic disclosure of ‘early’
lesions has, however, introduced new elements of conflict. The gross
appearance of an ‘early’ lesion is by no means characteristic”® and multi-
ple brushings, washings and biopsies may be required for diagnosis'”.
(Even advanced cancers may present problems”.) Apparently, there is
no clear understanding of just what is meant by ‘early gastric cancer’
and Hirschowitz suggests that a serious difference in interpretation of
histology may exist between American and Japanese pathologists™. In
essence then, and contrary to popular belief, the documented evidence
that gastroscopy really provides earlier diagnosis of gastric cancer still
leaves much to be desired. For an erudite discussion of this interesting
subject and an analysis of its controversial aspects, the recent mono-
graph by Johansen is recommended”.

Gastroscopy has contributed to identification of inflammatory con-
ditions such as Crohn’s disease®, but here again the biopsy process is
quite superficial and is usually not decisive in establishing the nature of
the changes seen.

Gastric polyps may produce bleeding and require removal on that
basis®®, but once detected, concern usually centres about whether or
not a given polypoid lesion is malignant or premalignant. Here again,
biopsy, because of its superficial and random nature, seldom provides a
satisfactory answer®"®. Success with snare-cautery resection of colonic
polyps via the colonoscope (see below), however, has led to electro-
surgical removal of polypoid lesions from the stomach, as reported by
Classen and Demling in 1971%, and this has now been established as a
safe and effective procedure when properly applied®™®, and preferable
to biopsy. Further surgical efforts will depend upon the pathological
findings.

Duodenal neoplasms

As noted, gastro-duodenoscopy can usually shed light on the presence
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and nature of duodenal inflammatory conditions, with the caveats
already noted in the case of gastric lesions. While duodenal neoplasms
are rare, and 35 tumour types have been identified”, fibre-optic en-
doscopy has contributed considerably to their detection, to indication of
their probable pathological nature and to the appropriate surgical
approach™.

Discussion of ampullary and periampullary lesions will be covered
under ERCP.

Other applications

Ingestions of corrosive chemicals are well recognized as diagnostic and
therapeutic challenges to the surgeon. Fibre-optic endoscopy has
proven to be of considerable value in estimating the location and extent
of the chemical burn injury, in following its progress and in arriving at a
decision in terms of treatment.

Ingestion of alkalis results primarily in oropharyngeal and oesopha-
geal mucosal destruction, while concentrated acids tend to spare the
oesophagus (or affect it only superficially) and produce a coagulative
necrosis of the stomach epithelium. Pyloric stenosis, requiring surgical
intervention, may be a late result. With lye injuries, the extent and
depth of the corrosive injury to the oesophagus depends on the nature,
amount and concentration of the ingested agent.

Most agree that oesophagoscopy should be performed early after the
corrosive injury and, today, use of the slim, pediatric type of endoscope
is preferable. Early endoscopy probably has its greatest usefulness in
identification of patients who have sustained little or no injury, thereby
obviating the need for further treatment. Usually the burn has occurred
to its maximal degree by the time the patient reaches the hospital and no
additional areas will become involved.

With rigid instrumentation, endoscopy should stop at the upper level
of burn, to avoid any chances of perforation. With the flexible, slim
instrument, there is more leeway, especially when the oesophageal
component is minimal. Excessive air insufflation should be avoided.
Acid ingestion may cause rapid gastric wall necrosis” so that, unless
endoscopy is done very early, it is probably best deferred until the
patient is out of immediate danger, and then to help plan appropriate
therapy™.

Haller and associates, based on experimental studies and experience
with 285 corrosive burn injuries, perform endoscopy within 12h and
again following ciné fluoroscopy 3 weeks later, if indicated™. Further
endoscopic examinations are carried out at 2-4-week intervals as war-
ranted. Since most centres see only occasional cases, it will take some
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time before the proper role of fibre-optic endoscopy in corrosive injuries
can be determined.

ENDOSCOPY IN GASTROINTESTINAL BLEEDING

Optimal management of gastrointestinal bleeding has long been a
problem for all clinicians and a matter of special interest to surgeons.
When the cause of the bleeding episode has been established, the
surgeon may be called in either to bring about control of continuing loss
of circulating volume or for definitive management of the underlying
disease process. The surgical measures indicated in a given situation are
determined by:

(1) the rapidity of blood loss,

(2) the effectiveness of replacement therapy,

(3) the nature of the pathological process contemplated, and
(4) the age and general condition of the patient.

When the cause of bleeding is undetermined or obscure, the challenge
to the surgeon becomes far more difficult and is greatest when the hae-
morrhagic episode is acute and massive. In most if not all of these bleed-
ing episodes, endoscopy has proved to be a measure of very
considerable value, both diagnostically and therapeutically.

Superior care of the haemorrhaging patient requires the services of an
interdisciplinary team of experts whose efforts must be integrated and
brought to bear with appropriate timing and logical sequence. Surgeons
are able to play their most effective role when they are brought in early
in the consultative phase and thus able to see and follow the patient
from the time he enters the hospital. They are, by training and experi-
ence, prepared to manage rapid losses of blood volume and to make de-
cisions promptly. As part of the investigative and decision-making
process, they should either themselves perform endoscopy or make
every effort to be present if this procedure is performed by another.
Under either circumstance, they need to be conversant with the tech-
nique and its potential contributions when employed early and aggress-
ively in addressing the haemorrhagic incident.

Upper gastrointestinal bleeding

The occurrence of haematemesis or the presence of bloody material in a
nasogastric tube aspirate almost invariably signifies a bleeding source
located proximal to the ligament of Treitz. Once a rapid history has been
obtained from the patient or his associates and measures to control
shock have been instituted, upper gastrointestinal endoscopy appears
to offer the greatest chance for successful and accurate early diagnosis.
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An approach first suggested by Carter and Zamcheck®™ and long
espoused by Palmer’™” and others, early aggressive endoscopic analy-
sis of a bleeding episode has for some years been justified on the basis of
its established safety and proven high percentage of correct diagnoses.
The validity of this tactic became even more impressive with the advent
of flexible fibre-optic instruments®®.

The advantage of early identification of the bleeding site and source
reasonably closely, anatomically speaking, has long been stressed by
surgeons, going back to the reports by Allen” and Welch'. Excessive
delays before corrective surgical intervention are thought to be associ-
ated with increased morbidity and mortality. Moreover, the frustration
to the surgeon of operating upon a bleeding patient and finding that the
bleeding has ceased with the source still indeterminate' is almost en-
tirely eliminated.

Endoscopic examination can be carried out at the bedside or in the
emergency department. What unfavourable reports do exist in the
literature, reflect clinical experience prior to the past decade; recent
reviews are almost uniformly favourable”'*'®. A fact to be empha-
sized is that to be of value the endoscopic examination must be done
during the acute bleeding phase. Delays of even 1 or 2 days may lead to
an incorrect diagnosis®™'® Unremitting, vigorous bleeding as an ob-
stacle to successful examination should be a problem for an experienced
endoscopist in under 1% of cases. If the precise bleeding point cannot
be identified, the study should at least indicate whether the bleeding is
coming from the lower oesophagus, from the proximal or the distal
stomach, from a level beyond the pylorus, or from multiple sites and
sources. Armed with reasonably accurate knowledge of the cause and
location of the vascular leak, the surgeon can decide on the immediacy
of action and the type of the surgical procedure best suited for the case
in question.

Largely as a result of the early and judicious use of endoscopy, certain
facts have become better appreciated:

(1) bleeding episodes often result from pathologicial changes which are
quite superficial and not demonstrable by customary radiological
means, such as with erosive or haemorrhagic gastritis, arterio-
venous malformations, and other vascular anomalies;

(2) bleeding sites are often multiple rather than single'®;

(3) there may be a combination of factors involved, such as reflux
oesophagitis in a patient with oesophageal varices; and

(4) a patient does not always bleed from a known possible aetiology in
that individual, such as a previously proven duodenal ulcer®*'®.

Not only is upper gastrointestinal endoscopy for haemorrhage diag-
nostically valuable, but it also has important therapeutic implications.
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The use of electrocautery recommended by Papp®* and Colpicelli et
al.* or laser Coa§ulati0n, as suggested by Waitman and associates® and
Silverstein et al.”*, offer the clinician an opportunity to control the bleed-
ing when the source is superficial and the rate of bleeding is not excess-
ive. At present, Waitman and associates, at our institution, apply laser
photocoagulation to a variety of bleeding sources. While it is too early to
evaluate adequately its effectiveness, there have to date been no compli-
cations®. In the non-acute bleeder, it appears to be an excellent method
for dealing with either single or multiple vascular malformations.

Endoscopy can and should be judiciously combined with angiographic
techniques. Having an endoscopic diagnosis prior to angiography aids
the angiographer by permitting immediate selective catheterization and,
possibly, control of bleeding by vasopressin infusion of the artery
supplying the bleeding site.

Endoscopy plays an equally important role in the management of
patients whose bleeding has stopped, or of those who have sustained
recurrent intermittent haemorrhages or occult bleeding of undeter-
mined origin. This statement applies to any part of the gastrointestinal
tract. Even the small bowel can be examined using a special instrument
designed by Shinya which resembles a long intestinal tube®. This is
passed like a Cantor or Miller-Abbott tube and allowed to advance and
traverse the entire small bowel until it enters the caecum, which usually
requires about 48 h. Then it is slowly withdrawn with the examiner care-
fully studying the interior of the small intestine gently distended by
careful air insufflation.

It is important to note, however, that while an early aggressive endo-
scopic programme for the management of massive upper gastrointestinal
haemorrhage yields the highest rate of accurate diagnosis of any
method, reduces the number of blood transfusions required, and results
in earlier and more precise surgical intervention, there is, as yet, no
proof that it affects ultimate patient mortality.’” With the widespread
availability of trained endoscopists that now exists, the compelling need
for a prospective randomized study to clarify this issue is quite
apparent.

Lower intestinal bleeding

In bleeding of lower alimentary tract origin endoscopy is not as useful a
tool during the acute bleeding phase as it is in upper gastrointestinal
bleeding. Unless the colon can be adequately cleansed, visibility may be
impaired and proper advancement of the scope may be difficult. During
active haemorrhage, routine radiographic or angiographic methods
would appear to be safest and most likely to prove diagnostic. Trans-
catheter infusion of vasopressin can usually provide temporary cessation
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of bleeding'®. Recent experience moreover suggests that transcatheter
embolization may provide more permanent control of haemorrhage'®.

Once bleeding has been stopped by either method, gentle saline or
tap-water irrigations can often clear the colon adequately for endoscopic
investigation. Todd and Forde found colonoscopy of value in 9 out of 21
patients with active lower gastrointestinal bleeding and in a number of
those with chronic bleeding and negative radiological studies. We
have reported on cases of recurrent bleeding resulting from angiodys-
plastic lesions detectable only by the endoscopic route"' and many
reports of unusual vascular lesions are currently appearing'*'".

Since angiographic vasopressin infusion or transcatheter emboliz-
ation has the potential hazard of producing bowel ischaemia'®, colono-
scopy offers an attractive means of examining the bowel wall if it is done
carefully and without excessive air insufflation. Intraoperative per anal
colonoscopy is sometimes of value in identifying or localizing vascular
lesions at the time of laparotomy for surgical removal, in our own ex-
perience and as reported by others'**'".

ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY (ERCP)

Shortly after the introduction of fibre-optic gastroscopy, Hirschowitz
and associates reported a 50% success rate in entering the duodenum
and before long this became a routine component of upper gastro-
intestinal endoscopy. A flow of reports from Japan"*'"" discussed
efforts to visualize and cannulate the ampulla of Vater, an effort which
had begun with the report of Watson in 1965". Apparently, the first
endoscopic effort to cannulate and visualize, by injection of contrast sub-
stances, the biliary and pancreatic ducts was that of McCune and co-
workers in 1968'”. For this purpose the side-viewing endoscope is
required. Although an arduous and time-consuming procedure when
introduced, this procedure soon gained clinical acceptance as a result of
the persistent work of Japanese endoscopic groups led by Oi'V,
Takagi'”, and others. Its very considerable practical value, as demon-
strated by Cotton and co-workers in England™ '?, Blumgart in Scot-
land'®, Vennes and Silvis in the USA'*, and Classen and associates in
West Germany'”, led to widespread adoption by gastroenterologists,
surgeons and radiologists. Today, endoscopic retrograde cholangiopan-
creatography (ERCP) can be performed by most experienced endosco-
pists' and has been associated with striking new developments to be
discussed below.

ERCP can be offered to patients on an ambulatory basis, but brief
hospitalization is preferred because of occasional untoward sequelae.
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General anaesthesia is not required, but a small intravenous dose (2-
5mg) of diazepam is administered at the onset, meperidine (25-50 mg)
intravenously as required for discomfort during the procedure and glu-
cagon (0.5-1.0mg) to provide duodenal relaxation. Image intensifier
fluoroscopy and facilities for high-quality radiography are requisite.

When pathological changes in the periampullary area are seen on
direct observation, biopsy or washings for cytologic study may be all
that is called for and cannulation under such circumstances may be un-
necessary. Indeed, local tumours may preclude such accomplishment.
However, tissue confirmation is regarded as mandatory since local
inflammatory change can simulate cancer'”, when no tumour as such is
visible. A method of needle biopsy of the pancreatic head via the endo-
scope has been reported with a high rate of success'. However, it is
likely that this approach will fail to realize its promise because of the
advent of percutaneous needle biopsy guided by computerized axial
tomographic (CAT) scanning'™ '™, a simpler and equally safe method.

ERCP is an important modality in the differential diagnosis of obstruc-
tive jaundice as stressed by Blumgart™ and is a method which can be
utilized to opacify even a non-dilated biliary ductal system where percu-
taneous transhepatic cholangiography (PTC) may fail. Even when the
latter is feasible, combining the information obtainable through both
types of study offers a means of delineating both the proximal and distal
extent of biliary ductal obstruction as we have pointed out'. For the
surgeon planning an attack on ductal lesions, this can be most
helpful®.

The very considerable delays which may be involved in determining
whether jaundice is ‘medical’ or ‘surgical” such as may occur with intra-
hepatic cholestasis, hepatocellular disease caused by drugs, alcohol,
virus, metastatic disease, and primary biliary neoplasm or inflammatory
disease™ are sources of great frustration to surgeons. These can often
be eliminated by judicious early use of ERCP.

Extrahepatic biliary obstruction is best assessed first by sonographic and
scanning techniques. The demonstration of masses or calculi and the
presence of a proximal dilated ductal system can then be followed by
endoscopy and cannulation to pinpoint the level of obstruction and its
likely cause.

ERCP has other diagnostic contributions of value to the surgeon, as
indicated by Braasch and Gregg'®. In the presence of the post-
cholecystectomy syndrome, ERCP may support or challenge the diagnosis
by delineating the residual anatomy. This can range from a normal
ductal system to the presence of gallbladder remnants, cystic duct
stumps, retained or recurrent stones or stenotic areas.
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Pancreatography

Diseases of the pancreas have long constituted a challenge to the clini-
cian because of the relative inaccessibility of the organ. Use of non-
invasive techniques such as sonography and computerized
tomography, and of invasive methods such as angiography and guided
needle biopsy has proved of enormous value in recent years. However,
ability to cannulate, irrigate and opacify the pancreatic ductal system via
the endoscope has also been a major advance.

Cytological analysis of ductal secretions can establish the presence of
pancreatic cancer’®. Ductograms can assist in differentiating between
neoplastic and inflammatory change. The surgeon may be helped
greatly for, as stated by Rodney Smith: ‘The indication for surgery
should be clear and the correct operation ... selected for each indi-
vidual patient™.” A ‘road map’ is provided and, according to Warren,
‘with this information now available before operation in most instances,
the pancreatic surgeon is better equipped to anticipate and to plan the
approach in treatment of both neoplastic and inflammatory disorders'.

Interpretation of pancreatograms is improving'”, and has shed light
on the progressive nature of both pancreatitis and neoplastic disease.
These facts have led to better classification and more precise clinical
management* ™. The difficulty the surgeon has in differentiating
between pancreatic cancer and chronic pancreatitis at laparotomy, the
hazards of biopsy and the anguish of deciding whether radical resection
is or is not warranted are notorious and make prior knowledge most
welcome.

Therapeutic applications

The remarkable diagnostic usefulness of duodenal fibre-endoscopic
examination has been eclipsed by the dramatic therapeutic applications
which have emerged during the past 5 years. By a variety of techniques
skilful endoscopists can not only demonstrate the presence, number
and location of retained or recurrent stones in the major biliary ducts,
but can also bring about their removal, thus avoiding the need for major
abdominal, reoperative surgery'.

By a technique introduced in Japan', efforts were first directed at
inserting a Dormier-type basket via the biopsy channel of the endoscope
through the sphincter to crush or remove calculi. As difficulties were
encountered, either from a stenosed or tight sphincter or in reducing
the stones to manageable size, a technique of endoscopic sphinctero-
tomy using a wire and electrocautery current was perfected.

This produces a cut of approximately 15mm through the papilla into
the ampulla, permitting the withdrawal of stones using the Dormier
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basket or allowing their spontaneous passage over the next few days'®.
Large numbers of cases have now been reported from a number of
clinics using this technique, as applied early on by Classen and
Demling'. A recent report by Reiter et al.'® from West Germany covers
1403 patients who underwent endoscopic papillotomy with a complica-
tion rate of 7.3% and a mortality of 1.5%. Stones were retrieved in 32%
of cases and expelled spontaneously in 54%. Safrany describes an ex-
perience with the method in 562 patients with successful results in all
but 29. Complications occurred in 6.9% and the mortality rate was
1.0%".

These remarkable developments in biliary endoscopic surgery, now
being conducted at a number of centres, are not only favoured as meas-
ures for post-cholecystectomy patients with retained or recurrent calculi,
but have recently been extended to include the poor-risk patient with
gallbladder in situ and obstructive cholestasis or cholangitis. Relief of
the obstruction by endoscopic sphincterotomy can significantly alleviate
the acute emergency situation and may, on occasion, prove definitive.
The incidence of biliary stricture following endoscopic sphincterotomy
should be under 0.5%'Y. Refinements in technique now suggest that
endoscopic ‘papillotomy’ may preserve sphincter function as compared
with endoscopic ‘sphincterotomy’ and may have, therefore, certain
advantages'®, but many authors use the terms interchangeably.

CHOLEDOCHOSCOPY

Gallstones are a common and important medical problem. According to
Orloff, over 1 million operations are performed in the world each year
for gallstones; more than 100,000 of these have calculi in the ductal
system, and at least 15,000 patients each year have retained or recurrent
bile duct stones after surgery'’. The 10-13% of patients who are found
to have retained stones early after choledocholithotomy can have their
numbers reduced by proper surgical technique and intraoperative chol-
angiography™. Operative biliary endoscopy, introduced as far back as
1923 by Bakes™, can further reduce the incidence of retained stones and
is being practised with increasing frequency’®"”.

Two types of endoscopes are available - a flexible one and a rigid,
angled choledochoscope. The latter appears preferable, providing better
illumination and visualization and a variety of accessory instruments for
stone manipulation and removal under endoscopic control. The tech-
nique, well described by Berci and co-workers, is readily mastered and
appears to merit wider usage™, as suggested by the discussions of
Schein™ and Warshaw'.
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COLONOSCOPY

Endoscopic examination of the large bowel is traceable to ancient
history'"'® and Hippocrates is reported as having used a rectal specu-
lum'?. Riding astride horses or donkeys was probably a common cause
of ano-rectal problems.

Desormeaux is regarded as the initiator of the modern era, describing
an instrument for rectocolic examination in 1853' which was subse-
quently improved upon by Dr Howard Kelly of Baltimore®. The latter
device was the forerunner of the conventional rigid sigmoidoscope.

For information relating to the status of the large bowel beyond the
25cm range of the rigid sigmoidoscope — a level of insertion incon-
sistently achieved - the clinician was dependent upon the contrast
enema until 10 years ago. When flexible fibre-optic instruments came
upon the scene, efforts were made to study the large bowel but initial
attempts were uniformly discouraging'®'®. However, in 1969 Over-
holt'® showed that it was possible to reach the sigmoid colon with such
a scope and, starting in June of 1969, Wolff and Shinya® demonstrated
that fibre-optic endoscopic examination of the entire colon was both
feasible and safe. By the end of that year we had successfully carried out
over 100 deep colonoscopies and introduced the practice of endoscopic
polypectomy’. Accumulated experience and the availability of longer
colonoscopes proved the enormous value of complete examination of
the entire colon from caecum to rectum by the endoscopic route. 241
successful examinations were performed in the first 18 months without
morbidity or mortality. By 1976, 7000 procedures had been performed
with no deaths and but one perforation requiring operative interven-
tion'”.

Instruments

At the present time excellent fibre-optic colonoscopes are obtainable
through four major manufacturers, the Olympus Company of America,
The American Cystoscope Manufacturers Inc. (ACMI), the Machida Co.
and Fujinon. The instruments come in a variety of lengths and with a
wide assortment of accessory devices about which the manufacturers’
brochures should be sought for detailed information. In general, two
scopes are favoured, a long scope of about 186 cm in length capable of
reaching the caecum, and a medium scope of 105-110cm in length
which can be introduced to the transverse colon and a little beyond. Re-
cently, the manufacturers and others have promoted a fibre-optic sig-
moidoscope 60-70cm in length as a suggested replacement for the
traditional rigid sigmoidoscope'’~""*,
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These various instruments plus the fibre-optic light source, suction
apparatus and accessories constitute a sizable financial investment.
Expert care in their maintenance and cleansing is called for if expensive
repairs and costly loss of availability (while out for repair) are to be
avoided. With the rising costs of medical care individual physicians
have a responsibility, in an institutional setting, to see that breakage is
kept to a minimum and that newer instrument models with minor re-
finements are not frivolously requisitioned. Knowledgeable assistants,
particularly specially trained nurses, are an essential ingredient to run a
proper endoscopic unit or practice'”.

Technique

Diagnostic colonoscopy is readily accomplished on an out-patient basis
as an ambulatory procedure. A thoroughly cleansed bowel is imperative
and to persist in efforts at examining an ill-prepared colon is to court dis-
aster. Either additional enemas should be administered to the patient or
the preparation regimen should be continued for another 24 h, regard-
less of the inconvenience involved. A clean colon is not difficult to
achieve on the regimen described in previous publications'.

General anaesthesia is not required and, in our opinion, is contraindi-
cated. Mild, intravenously administered analgesia and sedation, usually
meperidine (Demerol) and diazepam (Valium) in doses adjusted to the
patient’'s need, suffice. Intravenous injections of glucagon are fre-
quently used to relax spastic areas and thereby facilitate passage of the
instrument.

In expert hands, and with a bowel properly prepared, complete study
should not exceed 1h. At the conclusion of the examination most
patients are given one ampoule (0.4mg) of naloxone hydrochloride
(Narcan) intravenously and are able to leave the unit for their home
after adequate surveillance for another hour.

Fluoroscopy

In our early efforts, undertaken when introduction of the scope beyond
the level of the sigmoid colon had not been successfully accomplished
by any others, we utilized image-intensifier fluoroscopy as an aid in
advancing the colonoscope and to determine its location**"7*'”.

With increasing experience it was shown to be required less and less
frequently. Today many successful colonoscopists utilize it rarely, if at
all”># However, we believe that image-intensifier fluoroscopy can
be of considerable assistance to someone learning the art of colonoscopy
and that it can expedite examination in difficult cases for even an
experienced endoscopist'™. Fluoroscopy is required if one employs the
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stiffening or splinting device*'”®, which greatly shortens the time
required to examine the right colon and caecum. In addition it allows
the examiner to verify the level of insertion and the exact location of the
tip of the instrument. When one is studying a patient whose contrast
enema indicates the presence of a dubious or puzzling finding, such
verification enables the examiner to concentrate on the proper zone and
satisfy the clinical issues involved.

Diagnostic indications

At present colonoscopy stands on even footing with the contrast enema
as a diagnostic modality. We regard the two methods, as we always
have, as complementary and not competitive procedures. Since there
are more radiologists than experienced colonoscopists available, radio-
logical study usually comes first, chronologically, but there is no reason
why this must be so and colonoscopy is a valid primary study. If the
barium study is reported as negative or inconclusive the clinician must
base a decision for or against a subsequent endoscopic procedure on the
merits of the individual case, recognizing that several groups have sup-
ported our early study' showing that important incremental data are
often provided through colonoscopy™'®. The following settings
would favour subsequent colonoscopy:

(1) the X-ray study is equivocal;

(2) the X-ray is negative in the presence of continued symptoms;

(3) the X-ray study is negative when there is a history of bleeding,
occult blood in the stool or persistent unexplained anaemia;

(4) the X-ray study is positive, to confirm the findings (false positives);

(5) the X-ray study is positive for cancer, to identify undemonstrated
synchronous cancer or polyps, prior to surgery;

(6) the X-ray study is positive, to obtain specimens for tissue diagnosis
(inoperable cases, suspected metastatic involvement, etc.);

(7) the X-ray study is positive for polyp, to identify malignant changes
or disclose the presence of additional polyps or cancer; and

(8) the X-ray study is positive for inflammatory disease, to confirm the
diagnosis, to clarify the extent of the disease process and to obtain
biopsies.

Examples of each of these are to be found in our previous publi-
Caﬁons&9,17,l97b.
Other diagnostic indications include:

(1) routirie screening examinations in patients at high risk for colorectal
cancer;
(2) routine follow-up in patients with previous surgery for cancer or
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polypectomy, in patients with rising carcinoembryonic antigen
(CEA) levels, in patients with multiple or recurrent polyps and in
patients with inflammatory bowel disease;

(3) as part of a complete evaluation of certain disease states, such as
Osler-Weber-Rendu syndrome.

Biopsy

Biopsy at any level of insertion is possible with special flexible biopsy
forceps supplied by the instrument manufacturers. These forceps are
rather small, measuring 2-3mm in diameter when closed and 6-8 mm
when fully opened. (Placing a closed biopsy forceps tip alongside a
given lesion permits the endoscopist to estimate its size.) The biopsy
taken is rather superficial, which sometimes limits its effectiveness but
at the same time protects against perforation. In inflammatory bowel
disease the site of biopsy must be selected carefully and, because it is
superficial, it is often not pathognomonic. For polyps a biopsy is only of
benefit when evaluated against the background of other findings, since
the sample taken represents only a tiny fraction of the whole. Even if
positive for cancer one cannot tell from the biopsy alone if the cancer is
in situ or invasive, a critical distinction (see below).

The biopsy procedure is eminently safe: we have performed several
thousand without incident.

Colonoscopy and colorectal cancer

Colonoscopy has two important roles with respect to colorectal cancer:

(1) earlier detection of established cancers — thereby permitting curative
surgery to be undertaken at a more favourable stage of the disease;
and

(2) the detection and removal of precancerous lesions, notably the
common neoplastic or adenomatous polyp.

In terms of established cancer the potential contributions of colon-
oscopy become apparent when certain facts are considered. First, cancer
of the colon and rectum constitutes one of the two commonest visceral
cancers in both sexes. Second, it is constantly on the increase, particu-
larly with respect to the colon. This means that relatively fewer tumours
can be picked up by digital or routine sigmoidoscopic examination.
Third, the stage of disease at the time of detection has not changed
appreciably in almost three decades, an important consideration in a
condition which can be cured only by surgery, and one in which loca-
lized disease (Dukes A category) is associated with prolonged survival
in over 80% of instances’®®, Fourth, cancers of the colon missed on
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contrast enema can be detected endoscopically*'". Fifth, the nature
of suspicious changes discovered by contrast enema can be definitively
diagnosed immediately, rather than by a policy of waiting and repeating
the radiological studies after an interval. Sixth, cancers not infrequently
exist in association with other disease processes, such as diverticulitis,
polyps, etc. which may dominate radiological interpretation.

Endoscopic polypectomy

We introduced the procedure of endoscopic removal of colonic polyps
using a snare-cautery device inserted via the biopsy channel of the col-
onoscope, doing the first procedure in September 1969*°. Since then
our reported series has grown progressively®” "', Our latest report,
entitled, ‘Morphology, anatomic distribution and cancer potential of
colonic polyps: an analysis of 7000 polyps endoscopically removed’*,
discusses significant clinical aspects of the problem.

The importance of endoscopic polypectomy rests upon the relation-
ship between polyps and colorectal cancer. Once a highly controversial
subject, with many experienced pathologists questioning the relation-
ship™'®, the weight of evidence as presented by Morson'™", Enter-
line and associates, Lane and associates’®, and others now
strongly suggests that most, if not all, colorectal cancers originate in
polyps.

Two matters require clarification in any discussion of the subject. Just
what kind of ‘polyps’ are we talking about?; and what constitutes
‘malignancy’ in a polyp?

Table 1 Current and old terminology of colorectal polyps

Current terminology Old terminology
Non-neoplastic
Juvenile polyp retention polyp
Hyperplastic polyp metaplastic polyp
Neoplastic
Tubular adenoma adenomatous polyp
Villous adenoma papillary polyp
Villotubular adenoma villoglandular polyp
Polypoid carcinoma malignant polyp

Much of the past confusion had its origin in lack of uniformity in ter-
minology and nomenclature. Only true neoplastic polyps — those for-
merly referred to as adenomatous polyps or adenomas - have any
malignant potential. If, as Fenoglio and Lane state’, 90% of polyps are
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of the hyperplastic variety and these do not become malignant, then the
issues become more straightforward. And if one discards the widely
held belief that adenomatous polyps and villous tumours are entirely
distinctive, and accepts the careful studies by Morson and co-workers
indicating that these are merely variants of a common category of epi-
thelial neoplasms, with many intermediate forms, then understanding
of the subject takes another forward step. We have found that classify-
ing polyps into the major categories listed in Table 1 provides a common
ground for discussion. Our histological analysis of polyps endoscopi-
cally removed, which included only polyps 0.5 cm in diameter or larger,
proved 5786 of 7000 to be neoplastic polyps or adenomas. The major
grouping is shown in Table 2. The histological categories are seen in
Table 3. Since most polyps, when examined carefully and in multiple
sections, have both tubular and villous components this categorization
becomes somewhat arbitrary. A polyp that is 75% or more tubular,
histologically, is listed as tubular adenoma; one which is 75% or more
villous is called a villous adenoma; those remaining are identified as vil-
lotubular adenomas. (Other pathologists may use different percen-
tages.)

Table 2 Histological analysis of 7000 polyps endoscopically

removed

Non-neoplastic polyps 1173

Neoplastic polyps 5827
Adenomas 5786
Polypoid carcinomas 41
TOTAL 7000

Table 3 Histological types of 5786 neoplastic polyps (adenomas)
removed endoscopically

No. %
Tubular adenomas 3725 64.3
Villotubular adenomas 1542 26.7
Villous adenomas 519 9.0
TOTAL 5786 100

Our findings have consistently borne out the fact that villous ad-
enomas have the highest incidence of malignant change, and rightly
require the most vigorous therapeutic attack. Villotubular polyps are
next in frequency of carcinomatous change and tubular adenomas the
lowest (Table 4). So much for the individual polyp. In terms of the total
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cancer problem, tubular and villotubular adenomas are equally import-
ant because of their relatively greater frequency of occurrence.

Table 4 The frequency of malignant change in 5786 adenomas removed endoscopically

No Percentage with  Percentage with

: cancer in situ invasive cancer
Tubular adenomas 3725 12 3
Villotubular adenomas 1542 11 8
Villous adenomas 519 15 10
TOTAL 5786 12 5

Malignant polyps

Colonoscopy and electrocautery removal of polyps is now practised ex-
tensively®™ 7% 177 Gince biopsy alone is patently indecisive, only
total excision of the polyp provides unequivocal information relative to
the clinical situation. A compelling need for uniform guidelines in terms
of what is meant by the term ‘malignancy’ has become apparent.
Answers have been available for some time, however, through the
excellent reports of Morson and co-workers at St Mark’s Hospital in
London, Lane and associates at Columbia-Presbyterian in New York,
and Enterline and associates at the University of Pennsylvania. Any
cancer which has not penetrated the muscularis mucosae of the polyp is
regarded as cancer in situ. Such cancers have never been known to
metastasize, and complete polyp removal is all the treatment that is
required. Only when the malignant cells have penetrated the muscu-
laris mucosae can the tumour be regarded as ‘invasive’ and only under
this circumstance should the polyp be called ‘malignant’. This distinc-
tion is essential.

Conflicting reports in the literature are largely the result of differences
in what authors decide to employ as criteria for use of the term ‘malig-
nant’ or ‘cancer’ in a polyp and whether their background data cover all
polyps or only the neoplastic variety. One cannot emphasize too
strongly the importance of direct consultation between the surgeon and
the pathologist before arriving at a decision with respect to patient man-
agement when a polyp is termed malignant or when a given lesion has
been incompletely excised.

There is no question that the frequency of both cancer in situ and
invasive cancer is directly related to polyp size and to the quantitative
presence of a villous configuration. Morson™' reports for all ade-
nomas taken together, an incidence of invasive cancer of 1.3% for

lesions under 1-2 ¢m in diameter, of 9.5% for lesions 1-2 cm in diameter,
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and of 46% for those over 2cm. Our own figures for 7000 polyps (which
apply only to polyps endoscopically removed) are 0.5%, 4.7% and
10.8%. There are understandable differences to be expected in material
obtained in recent years from endoscopic units and that collected over a
longer period, with the majority of specimens obtained by colotomy,
colectomy or post-mortem examination.

With respect to histological patierns, villous lesions, particularly large
ones, carry the highest risk of invasive cancer with villotubular ad-
enomas lower, and tubular adenomas lowest cancer risk. Our own
studies show these incidences to be 12.4%, 8.5% and 3.2% respectively,
but, again, apply only to tumours lending themselves to endoscopic re-
section.

The problem of “malignant’ polyps

Our views on this subject have been described in previous publi-
cations''. In situ cancers require no other treatment than complete
polyp removal. They have never been known to metastasize. If invasive
cancer is reported, consultation with the pathologist should be sought.
He can analyse the situation most informatively when the polyp has
been carefully fixed and cut in appropriate coronal sections. For pedun-
culated polyps with well-differentiated cancer confined to the head and
adequate clearance between the point of maximal invasion and the level
of snare cautery resection, we feel that no additional surgical measures
are required. When the cancer is poorly differentiated, comes close to
the line of resection, or shows vascular or lymphatic permeation,
further measures must be considered and depend on individual patient
factors. Broad-based or sessile polyps, particularly those subjected to
piecemeal removal, and polypoid carcinomas require a more aggressive
attitude, but may be followed and treated endoscopically in the very-
poor-risk patient. As elsewhere in surgery, proper management
requires judgment, weighing all factors in any given case.

Special applications of colonoscopy

Availability of instruments and the acquisition of requisite skills by indi-
viduals at most medical centres has resulted in a number of interesting
applications of the method. Ghazi, Shinya and Wolff used the method
to correct a recurring sigmoid volvulus™ and this has since been
reported by others'. Shinya was able to remove a gold dental crown
from the terminal ileum' and other foreign bodies have been similarly
removed®®. Colonoscopy has proved useful in decompressing massive
caecal dilatation associated with non-organic obstruction in our hands
and as reported by Kukora and Dent™ , and Bachulis and Smith*”.
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Hunt and associates examined localized strictures of the colon in 154
patients and, by providing an accurate diagnosis, estimated that un-
necessary laparotomy was avoided in over half**. Wilson et al. have
used intraoperative colonoscopy to remove a polyp via the endoscope at
laparotomy, after freeing-up blocking adhesions®. We have not yet
found this necessary. Others have utilized intraoperative colonoscopy
at laparotomy to solve special problems. Folkman first reported the effi-
cacy of this manoeuvre to delineate, by transillumination, several vascu-
lar malformations in the bowel wall, having threaded the colonoscope

all the way up to the duodenojejunal junction™.

Colonoscopy as a screening technique for colorectal cancer

There are, as yet, no really satisfactory studies attempting to judge the
potential value of colonoscopy as a screening method for earlier detec-
tion of colorectal cancer. There is reason to believe that most colorectal
cancers are rather slow-growing: it has been estimated that there is
probably about a 4-year interval from the beginning of a cancer to the
appearance of clinical symptoms.

Theoretically then, if cancers can be detected during this asympto-
matic period, more should be discoverable and treatable at a surgically
favourable stage of the disease. The evidence to support this concept is
indirect. Bolt*”, reviewing 18335 traditional-type sigmoidoscopies in
asymptomatic individuals, reports detection of cancer in 1 out of 435.
Moreover, he claims that a 5-year salvage rate of nearly 88% was
achieved in this group of patients, as opposed to only 50% for those
with symptoms. Gilbertsen and co-workers have long maintained that
routine proctosigmoidoscopy is an effective preventive measure for
cancers of the distal large bowel®?*. Additionally, they have shown
that an assiduously followed programme of early detection and removal
of adenomas and other polyps could sharply reduce the anticipated inci-
dence of distal colorectal cancers by about 85%. Those tumours which
were encountered are reported as having been small and sharply local-
ized.

Most agree that proctosigmoidoscopy can be carried out satisfactorily
and safely by practising physicians without a need for extensive special
training. This, of course, is not true of colonoscopy. The number of
adequately trained colonoscopists is limited and the risks involved are
apparently considerably higher. We do not yet know what the yield
might be if routine screening examinations were performed in patients
at high risk, much less in a completely asymptomatic group. Lastly, we
do not know if the costs required would justify the expense involved.
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INFLAMMATORY BOWEL DISEASE

A large variety of inflammatory or pseudo-inflammatory conditions
involve the alimentary tract. Some are specific for particular organs,
such as the ‘Barrett’ oesophagus®?®, Ménétrier's disease of the
stomach, or moniliasis affecting both; some are specific and involve all
sections, albeit with differing frequency such as Crohn’s disease; and
some are gut manifestations of a systemic condition, such as Whipple’s
disease or scleroderma.

All of these conditions have benefited from the use of fibre-optic en-
doscopy. In inflammatory bowel disease the extent of colonic involve-
ment is determined more accurately than by X-ray study"'® and the
course of the condition under treatment followed more closely. Biopsy
for confirmation of diagnosis is possible and sometimes critical, such as
in chronic ulcerative colitis where it can affect the need for and timing of
surgery®”. Since biopsy is superficial and small, it may not allow one to
differentiate between the superficial changes of chronic ulcerative colitis
and the transmural involvement of Crohn’s disease, but the gross
appearance of the latter may be characteristic in some cases™?°. The
value of endoscopic biopsy in Crohn’s disease in various parts of the ali-

mentary tract is discussed by Geboes and co-workers™'.

FIBRE-OPTIC SIGMOIDOSCOPY

Instrument manufacturers and a number of clinicians have recently
been promoting a fibre-optic ‘sigmoidoscope’, an instrument similar to
the colonoscope but only 40-60cm in length”"7****>  There exists
currently a state of confusion on this subject so that the pros and cons
should briefly be reviewed.

It is not clear whether proponents of flexible sigmoidoscopy intend it
to supplement or replace traditional rigid proctosigmoidoscopy. The
disadvantages of the latter procedure are that it is uncomfortable, and
that full insertion to a depth of 25cm is not commonly achieved.
(Madigan and Halls claim that the average sigmoidoscopist inspects
principally the distal 15-18cm of large bowel**.) Also, as a result of
changes in the distribution of colorectal cancer to higher levels®”**
fewer cancers can be detected by the traditional approach.

On the positive side are the following facts: the instruments are
widely available and relatively inexpensive; most physicians have been
trained to use them; the cost of examinations on a large scale can be kept
reasonably inexpensive (Gilbertsen, at the time of his report estimated
the cost of a proctosigmoidoscopic examination to be only $11.73)**; the
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procedure has proved to be practical and of benefit used as a screening
method in large-scale protocols®**%.

Among the objections to routine proctosigmoidoscopy as a screening
procedure are:

(1) itis not feasible for large segments of the population in terms of time
and manpower; and

(2) patients are highly resistant for reasons of discomfort as well as aes-
thetic considerations™’.

Studies in multiphysician trials by Bohlman et al."”" and Marks et al.*”
indicate that flexible instrument examination is more complete, more
comfortable and more productive. On these bases alone it would appear
to be advantageous. However, the instruments and accessories are far
more highly priced, running into several thousands of dollars; breakage
is more frequent; and when the instruments need repair, the price is
again high and they are lost from service for weeks to months. The
added expenses will inevitably be passed on to the public, adding
further to the high cost of medical care. If used in an institutional
setting, where individual accountability for the instruments will
assuredly be of lower order and where responsibility for their care and
maintenance can easily be the lot of untrained personnel part of the
time, the added expenses may more than outweigh the theoretical
benefit.

Another question, as posed by Christie?”, is who should do flexible
sigmoidoscopy? If made available to all surgeons, internists and
primary-care physicians, will not all the above caveats be greatly magni-
fied? The complication rate can also be expected, of course, to rise con-
siderably. On the other hand if, as suggested, flexible sigmoidoscopy is
restricted to those experienced in colonoscopy and fibre-optic endo-
scopy in general, be they gastroenterologists, surgeons or others, would
not the patient’s interests be better served if he had more complete
colonoscopy?

Until the above issues are resolved it would appear prudent not to
switch over to flexible sigmoidoscopes as rapidly as the purveyors of
these instruments would have us do.

LAPAROSCOPY (PERITONEOSCOPY)

Laparoscopy, first described in 1902, is a relatively simple, safe and
highly informative endoscopic modality that has largely been over-
looked by general surgeons. Since the method is now widely utilized by
gynaecologists, the required equipment is available in most hospitals.
Fibre-optic lighting equipment provides excellent illumination. Our ex-
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perience using the method has been reported”* and we have found
that performance of the examination under local anaesthesia is associ-
ated with no significant complications and is well-accepted by patients.

Laparoscopy can be quite helpful in determining whether or not a
formal laparotomy is required, and often, its employment can obviate
the need for bigger and riskier operations”***. Diagnostically, we have
employed it:

(1) for evaluation of hepatic disease;

(2) for determination of the presence or absence of primary or meta-
static intraperitoneal neoplasm,

(3) for ascertainment of the cause of ascites,

(4) for establishment of the nature of abdominal masses,

(5) for staging lymphomatous diseases,

(6) seeking a cause for abdominal pain, and

(7) in looking for a diagnosis in fever of unknown origin.

In short, laparoscopy may prove valuable in many cases in which ex-
ploratory laparotomy is the next step. In 35% of 140 patients analysed
by us, laparoscopy resulted in a notable alteration in the thrust of strict-
ly medical management and, in an additional 18%, contemplated major
resectional surgery was revealed as unwarranted.

Laparoscopy allows one to obtain adequate biopsy specimens in
many instances. Contraindications are few and include extreme obesity,
intestinal obstruction, acute peritonitis and large hiatal hernias.

It is fair to point out, however, that with wider availability of compu-
terized axial tomography (CAT), the indications for laparoscopy will
probably diminish. The information provided by this remarkable radiol-
ogical diagnostic technique will obviate the need for peritoneoscopy and
other invasive forms of study in many instances. Moreover, guided by
the computerized image, needle-aspiration biopsy in almost any part of
the abdomen now appears feasible'” ',

OVERVIEW

The last two decades have produced a veritable explosion in the field of
endoscopy with the introduction and development of fibre-optic instru-
ments. The literature is already voluminous and increasing almost geo-
metrically, with a host of new specialty journals appearing on the scene
in response to the pressures of reports from multiple centres.

At present, most procedures are carried out by gastroenterologists,
with surgeons constituting only a small percentage of endoscopists. A
previous lack of availability of suitable training programmes on a
national basis is slowly being alleviated. It is advisable that more sur-
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geons become familiar with the art if they are to take advantage of its
potential contributions to a fuller degree. Certainly, they have a re-
sponsibility to familiarize themselves with the indications for its use, its
reliability and its limitations. Exposure to fibre-optic endoscopy should
be an integral part of every surgical training programme, with oppor-
tunities to perform the less hazardous and intricate procedures. Sur-
geons should develop expertise in performing those endoscopic
procedures most pertinent to their particular area of interest. Chairmen
of services should consider an endoscopic unit as part of their depart-
mental organization.

Hospitals have a stake in providing adequate facilities for the per-
formance of endoscopic procedures and trained, reliable personnel to
assist and to care for patients and the expensive equipment required.
Use of the procedures should be encouraged but not overutilized for
financial gain. Patient areas have to be made available which allow as
many examinations as possible to be done on an out-patient basis, with
adequate safeguards for preoperative and postoperative supervision
and care, to avoid medical and medicolegal complications.

The profession has an obligation to press for serious scientific studies
and reports based on carefully designed protocols embracing adequate
controls. Surveys by questionnaire, without documentation, have little
merit. As stated previously by us, ‘It is hoped that this very promising
new modality will not have its reputation tarnished by misapplications
and abuse . .. what is needed are honest facts and figures®.’
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Diagnosis of intra-abdominal
disease by computerized axial
tomography

J. R.HAAGA,R.]J. ALFIDI and J. M. SHUCK

During the past several years there has been remarkable progress in the
development and refinement of radiological equipment and techniques.
Computerized tomography (CT), one of the most significant develop-
ments of this period, has proven to be a valuable clinical tool®. In this
chapter we will discuss the diagnostic role of CT in the different organ
systems and the use of CT for interventional techniques.

PRINCIPLES

The computerized tomograph is an imaging system which uses a finely
collimated X-ray beam and a detector system in conjunction with a com-
puter system to reconstruct a cross-sectional image of the body. While
the X-ray beam is moved around the patient, the detector systems
record the variation in the X-ray beam produced by each portion of the
anatomy. The variation in the beam is dependent upon the density of
the material the beam traverses; a high-density material, such as bone,
produces a different measurement on the detectors than a low-density
material such as air. Thousands of such measurements are made and
collected by the computer which then calculates the ‘density” or attenua-
tion of the small tissue volumes in the cross-sectional area being ex-
amined. The ‘density’ or attenuation values are then displaced as
individual picture points or matrix points in different shades of grey on
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the video monitor. Each shade of grey corresponds to a different
‘density’ or attenuation number. The composite picture of these dif-
ferent “picture points’ or matrix points produces the CT image. This dis-
cussion is an obvious oversimplification of the principles of CT; those
interested in technical specifics are referred to the large variety of
references dealing with the various types of scanning configurations,
reconstruction techniques, modulation functions and other more techni-
cal data.

C

Figure 1 (A) CT scan through the liver at the level of the gallbladder. The gallblad-
der (arrow) appears as the low density, circular structure, medial to the liver. (B) Scan
through the same patient demonstrates the falciform ligament (arrow) separating the ana-
tomic left lobe (L) from the remainder of the liver. The quadrate lobe (Q) is immediately
lateral to the falciform ligament. The head of the pancreas (p) is immediately medial to the
duodenum (d). (C) Another section taken through the same patient at the level of the
pancreas demonstrates the body and tail of the pancreas (vertical arrows); the superior
mesenteric artery (horizontal arrow) is located immediately behind the body of the pan-
creas. The splenic vein runs directly posterior to the body and tail of the pancreas (arrow
heads). The porta hepatis appears as the fat density structure centrally within the liver.
This scan demonstrates an arbitrary line drawn right and left between arterial blood

supply
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LIVER

The normal, unenhanced liver has a uniform attenuation ranging
between 40 and 70 attenuation units, except for low-density defects
which represent the venous system. In those cases in which intrave-
nous urographic contrast enhancement is utilized, the liver appears
totally uniform and the venous structures are no longer visible. The in-
dividual lobes can be demonstrated consistently. The separation of the
left lobe into the medial and lateral portions is demarcated by the fat
density falciform ligament (Figure 1A, B, C). The separation of the right
lobe from the right medial portion of the left lobe is not clearly defined,
but this can be approximated by an imaginary vertical line drawn from
the gallbladder to the vena cava. The caudate lobe is located between
the vena cava and the porta hepatis. Within the porta hepatis is located
the portal vein, hepatic artery and biliary system; the portal vein is
usually clearly visualized because it is the largest structure within the
porta hepatis. The unenhanced hepatic artery and undilated biliary
system are only occasionally visualized without contrast material. With
bolus intravenous injection of urographic contrast material and rapid
sequence scanning, it is possible to visualize the intrahepatic portions of
the artery and portal vein (Figure 2A,B).

A B

Figure 2 (A) This scan taken during the bolus injection of contrast material demonstrates
the arterial phase of an injection. The aorta (a), superior mesenteric artery (horizontal
arrow) and hepatic artery (vertical arrow) are opacified due to the contrast material. Small
dense areas in the liver represent opacification of the intrahepatic arteries. The cortex of
the kidney is much denser than the medullary region of the kidney. (B) This scan taken
205 after the initial scan demonstrates clearing of contrast from the arterial structures and
opacification of the portal vein (arrow) and portal venous system within the liver (arrow
heads). The differentiation of cortex and medulla is still apparent within the kidneys

The techniques for examining the liver may vary from one institution
to another but most use intravenous urographic contrast to provide
enhancement. There are several methods of contrast enhancement
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which may be used; these include bolus injection and continuous drip
infusion. Definite advantages of any one of these types of contrast
enhancement have not yet been proven, so there is still no method of
choice.

Focal lesions

Benign and malignant focal lesions of the liver may produce alterations
in its normal attenuation and contour. Most commonly, the attenuation
values for all lesions are less dense than the normal parenchyma, but oc-
casionally the density may be higher than normal. The margins of
benign lesions are typically better-demarcated than those of malignant
lesions; however, there may commonly be specific exceptions to this
rule.

A variety of benign lesions can be visualized, and the appearance
varies significantly depending upon the specific diagnosis. The most
common benign abnormality demonstrated in the asymptomatic patient
is the simple cyst. Such lesions are well-circumscribed and low in atte-
nuation, being close to the density of water. Cysts may occur in asymp-
tomatic patients or in patients with polycystic disease (Figure 3). The
appearance of such cysts is so characteristic that no further evaluation or
treatment is necessary unless there is antecedent history which might
suggest that a cystic neoplasm or abscess should be considered.

Figure 3 This scan demonstrates typical cystic disease of the liver. The cysts are low in
density with a well-demarcated margin. Such cysts may be found in the asymptomatic
patient as an incidental finding. This patient has polycystic disease of the liver

The second most common mass lesions of the liver are hae-
mangiomas”'"’. These vascular abnormalities appear as areas of low atte-
nuation which have a characteristic appearance following a bolus
injection of intravenous urographic contrast material. With such an
injection, these vascular abnormalities go through a sequential change
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in their appearance. Initially, they are low in density. Immediately after
the injection of contrast, the rim may be high in density. Approximately
10-15min after an injection of contrast material, these lesions may be
isodense in a normal liver (Figure 4A,B).

Figure4 (A) This and Figure 4B demonstrate one of the typical appearances of a liver hae-
mangioma. On the initial scan, without injection of contrast material, the haemangioma
appears as an area of lesser density in the posterior right lobe (arrows). (B) After the
injection of contrast material, the haemangioma now becomes isodense with the liver

Figure 5 This scan demonstrates a hepatic adenoma which is isodense with the normal
liver. There is a contour change anteriorly within the right lobe (arrows) which indicates
the presence of a neoplasm

The final benign lesion we will discuss is the benign adenoma. Ade-
nomas may be lower in density than the normal parenchyma; however,
they quite commonly may be isodense with hepatic parenchyma. Thus,
the only indication of an abnormality is a contour change (Figure 5). It is
not surprising that these lesions are very similar in density to the
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normal parenchyma because they are hamartomas of hepatic parenchy-
mal elements.

Figure 6 Hepatocellular carcinomas typically appear as areas of low density within the
liver (arrows)

Figure 7 Scan taken through a patient with metastatic disease demonstrates multiple
areas of lesser density scattered throughout the liver, characteristic of metastatic disease

Neoplastic focal disease in the liver may be either primary or metasta-
tic. Hepatocellular carcinoma typically appears as an area of low atte-
nuation (Figure 6), although occasionally such a lesion may be isodense
with normal hepatic parenchyma. In two series reported to date, CT
was successful in diagnosing 37 of 47 cases and 15 of 16 cases, respec-
tively. In each of these series the detection accuracy was essentially
equivalent to that of a radionuclide scan in diagnostic accuracy. Such
metastatic disease is typically lower in density than the normal
parenchyma by approximately 20-30 numbers (Figure 7). Most types of
metastases are not specific in their appearance and cannot be dis-
tinguished from one another. However, there are certain tumours
which have characteristic areas of either very low density or very high
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density; in such cases one can limit the differential possibilities.
Metastatic tumours having very low attentuation, i.e. close to that of
water, include mucinous tumours of the ovary, colon or stomach. Some
very necrotic tumours, such as squamous cell carcinoma or transitional
tumours, may also have a low attenuation characteristic (Figure 8). The
mucinous tumours just mentioned may also occasionally have high-
density areas which represent calcification; this phenomenon is rela-
tively common in colonic metastases (Figure 9). The detection accuracy
of CT for neoplastic disease, as reported in the literature, varies between
75 and 85%.

Figure 8 This scan is taken through a patient with very low density metastasis with squa-
mous cell carcinoma. Such very low density lesions can be produced by mucinous or
necrotic tumours

Figure 9 This scan demonstrates metastatic disease with calcification. Such calcification
commonly occurs in metastases from mucinous neoplasms of the colon, stomach and
ovary

Earlier reports did not demonstrate increased accuracy of CT over
other modalities®”; however, a recent report by Snow et al.” states that
CT was more accurate than either radioisotope scanning or ultrasound.
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In addition to the high diagnostic accuracy of CT, there are certain
imaging advantages which result from technical aspects of the examin-
ation. In those patients in whom surgical resection of solitary metastasis
is contemplated, CT can determine the extent of the neoplasm as it
relates to the various lobes. For follow-up of chemotherapy or radiation
therapy, CT is well-suited because it is reproducible from one examin-
ation to the next. Finally, in those instances in which other examina-
tions are equivocal or confusing, CT can provide additional data which
may consolidate a working diagnosis. For example, in patients in whom
the left lobe is either absent or small, a radioisotope scan may be equivo-
cal while the CT scan will demonstrate the presence of the normal right
lobe and absence of the left lobe.

Diffuse hepatic disease

The CT appearance of diffuse parenchymal disease is quite variable. It
depends on the aeticlogy of the disease and the severity of involve-
ment. Cirrhosis in an early stage of development may not produce any
change in the density, contour or shape of the liver. Later during the
course of the disease when fatty infiltration occurs, the presence of fat is
readily appreciated from the scan. In such cases, the venous system
appears more dense relative to the fat density parenchyma (Figure 10).
Although fat deposition is generally uniform, it may have a patchy or ir-
regular distribution resembling that of a neoplasm®. In the late stages of
cirrhosis the surface and contour of the lobes may be irregular and dis-
torted by fibrotic bands and regenerating nodules (Figure 11). Finally, in
cases of long-standing cirrhosis, there may be hypertrophy of the left
and caudate lobes of the liver.

Figure 10 Typical appearance of fatty infiltration of the liver. The normal venous system
(arrows) is higher in density than the liver. The liver is of fat density
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Figure 11 This patient with cirrhosis of the liver has irregularity of the margins produced
by fibrosis and regenerating nodules

Fatty change in the liver is the most common diffuse disease; it is,
however, non-specific and can result from a variety of disorders other
than cirrhosis. We have observed such fatty changes from diabetes,
obesity, endocrine disorders, infectious disease, toxic chemicals,
medications or even trauma. Some storage diseases not involving lipid
products produce an increase in the density of the liver.” Haema-
chromatosis, either primary or secondary, produces an increase in the
density of the liver because of the presence of iron. Several authors have
shown that the attenuation numbers increase linearly with iron content.
Goldberg et al.** have shown that glycogen storage disease also pro-
duces an increase in the attenuation numbers of the liver (Figure 12).

Figure 12 This scan taken through a patient with Von Giercke’s disease shows areas of
increased density produced by glycogen deposition

The role of CT in the detection of diffuse liver disease is dependent
upon the nature of the clinical inquiry. If cirrhosis is being considered,
there is unanimity in the literature: radioisotope scan is the investigative
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modality of choice. If the clinical question concerns the deposition of fat,
iron or glycogen, CT is the modality of choice.

Hepatic trauma

We have found CT to be useful for the detection of haematomas in and
around the liver; however, there are only limited numbers of cases
reported in the literature. In such cases the haematoma may be accu-
rately localized to the perihepatic or intrahepatic areas. Several hours
after the formation of a haematoma the density of the blood is very close
to that of the blood in the aorta (Figure 13). Later, the haematoma may
become more dense than the blood contained in the vena cava or aorta;
the cause of this has not been adequately explained’. As time progresses
there is a breakdown of blood products and influx of body fluid so that
the density of these areas decreases, approaching that of water (Figure
13).

Figure 13 CT scan following a percutaneous liver biopsy demonstrating a haematoma
around the liver. The liver (L) is contained within a large haematoma. The upper portion
of the haematoma is fluid density (small arrow) while the lower portion is high density
(larger arrow). This is produced by sedimentation of the blood products into the inferior
portions of the cavity

BILIARY SYSTEM

The normal gallbladder and biliary system can be imaged by CT. The
gallbladder appears as an oval, low-density structure on the undersur-
face of the right lobe of the liver (Figure 1A). The normal, unobstructed
common bile duct and intrahepatic biliary radicals can be occasionally
visualized with some high-resolution CT equipment, but they are not
consistently visualized.
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Biliary abnormalities can be consistently imaged with CT systems.
Calculous disease of the gallbladder and biliary radicals without com-
plete biliary obstruction is also detectable in many cases. In cases where
a stone is high in density because of calcium or low in density because of
cholesterol, the calculi are visible (Figure 14). Dilatation of the biliary
system is apparent on a CT scan because the density of bile is signifi-
cantly less than that of blood. Obstruction of the main biliary system
appears as a branching, low-density structure in the porta hepatis
region (Figure 15A,B). Segmental dilatation of the biliary system result-
ing from abnormalities such as sclerosing cholangitis, cholangiocarcin-
oma or neoplastic disease can also be seen and recognized because of
this difference in the density of blood.

Figure 14 This scan taken through the gallbladder demonstrates a high-density calculus
(arrow)

For evaluation of routine biliary problems, CT is not the modality of
choice but it is indicated in selected cases. In the uncomplicated patient
ultrasound study is efficacious and the modality of choice for the initial
evaluation of either biliary dilatation or calculous disease. In those cases
where ultrasound study is not technically satisfactory, CT is certainly in-
dicated. Moreover, if biliary obstruction is present and the clinician
suspects neoplasm, CT might be used as the initial examination because
of its superior ability to define the presence and extent of neoplastic
disease in the liver, porta hepatis and the pancreas. In these cases of
suspected segmental biliary disease, CT is the modality of choice
because it can demonstrate the segmenta] dilatations we have noted
above. Ultrasound may not visualize such segmental dilatations
because it cannot differentiate segmentally dilated areas of the biliary
system from the normal venous system within the liver. Ultrasound
cannot consistently differentiate between bile-containing spaces and
blood in the venous system.
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Figure 15 (A) This scan, taken through the level of the head of the pancreas and porta
hepatis of the liver, demonstrates low-density structures which represent the dilated
biliary tree (arrows). The circular, low-density structures centrally represent the dilated
common bile duct (larger arrow). (B) Scan taken lower in the abdomen demonstrating
the large ‘Courvoisier gallbladder’ (arrows)

PANCREAS

As a deep-seated organ in the anterior portion of the retroperitoneum,
the pancreas has been difficult to image consistently with conventional
modalities. With the advent of CT, which is unimpaired by visceral gas,
the pancreas can now be routinely visualized”™.

Normal gland

The normal pancreas is located in the anterior pararenal space, immedi-
ately anterior and superior to the superior mesenteric artery. The body
and tail of the pancreas are situated anterior to the splenic vein and are
immediately caudad to the splenic artery (Figure 16A,B). The head of
the pancreas is anterior to the superior mesenteric artery and the vena
cava and immediately medial to the 2nd portion of the duodenum. The
uncinate process of the pancreas is posterior to the superior mesenteric
artery and vein. The texture of the normal gland is typically uniform but
the margins may be somewhat irregularly interspersed with fat. The
normal anteroposterior diameter of the pancreas ranges between 2.0
and 3.5cm. We have formulated a relative measurement using the
transverse diameter of the vertebral body as a ‘yardstick’. The normal
anteroposterior diameter of the pancreatic head should not exceed the
full transverse diameter of the vertebral body; the anteroposterior diam-
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Figure 16 (A) This and Figure 16B demonstrate a normal pancreas. The normal pancreas
(arrow heads) is located anterior to the splenic vein (arrow). The portal vein (p) is close to
the upper margin of the head of the pancreas. The aorta and the superior mesenteric artery
are posterior to the splenic vein and pancreas. (B) This scan, taken immediately above
the head of the pancreas, demonstrates the tortuous splenic artery which borders on the
superior margin of the pancreas. The portal vein (p) is in the porta hepatis of the liver prior
to entry into the substance of the liver

eter of the body and tail should not exceed two-thirds of the transverse
diameter of the vertebral body. These relative measurements correlate
well with cadaver measurements (and have been noted as valid by
several groups)®”. In order to clearly define the head of the pancreas and
to separate it from the antrum of the stomach and the duodenal bulb,
oral contrast material should be administered. Moreover, in our experi-
ence, we have found that taking a scan of the patient in the lateral pos-
ition with the right side down is also helpful in visualizing the
pancreatic region>”.

Neoplasm

Adenocarcinoma of the pancreas produces enlargement of the gland
and a contour change (Figure 17). The density of adenocarcinoma is the
same as that of a normal gland. When neoplasm involves the head of
the pancreas, there may be two changes noted distal to the mass. Early
in the course of the disease there may be an obstructed pancreatic duct
which appears as a radiolucent line in the central portion of the gland
(Figure 18). In some cases the portion of the pancreas distal to the mass
will be decreased in calibre, presumably secondary to parenchymal
atrophy from obstruction of the duct. Lymph nodes in the immediate
area of the gland may be enlarged where metastases have occurred.
Extension of tumour beyond the confines of the pancreas into the retro-
peritoneum and perivascular areas can be clearly seen®” . Because of
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the clear definition of such extension, one can logically hypothesize that
CT should be useful for staging pancreatic carcinoma to determine in-
operability’. For example, if involvement of the superior mesenteric
vessels or portal veins can be demonstrated on CT, there is little hope
for surgical cure. In such cases, intestinal or biliary diversion may be the
most beneficial procedure to contemplate. This viewpoint is supported
by several groups, although no prospective study has yet been conduc-
ted. Although most neoplasms can be easily diagnosed, it has not been
possible to detect neoplasms confined to the gland itself. Those cases of
ampullary carcinoma which are operable will demonstrate obstruction
in the biliary system and in the pancreatic duct, indicating that the
obstructing lesion is in the head; the margins of the lesion itself cannot
be defined.

Figure 17 This scan demonstrates carcinoma of the pancreas. There is a large soft tissue
mass in the head of the pancreas (arrows) which is extending into the retroperitoneum

Certain types of neoplasms in the pancreatic region have specific atte-
nuation traits; others do not. Mucinous tumours may demonstrate areas
of decreased density which are close to the density of water (Figure 19).
Islet cell tumours and cystadenocarcinomas may contain calcium within
the tumour masses’. Adenocarcinoma, apudomas, lymphomas and
metastatic tumours in the pancreas appear as soft tissue density masses
without any distinctive features.

The role of CT in evaluation for neoplasm has been defined different-
ly by various groups®*, but there is a consensus that CT is the most
accurate method for diagnosing normalcy, malignancy or inflammation.
Some groups advocate CT as the initial examination in a patient sus-
pected of neoplasm because it is consistently successful. Others have
proposed a triage approach using ultrasound as the initial screening
procedure followed by re-examination of the patient as needed. In those
cases in which examination by ultrasound is not possible because of gas
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Figure 18 This scan is taken in a patient with carcinoma of the ampulla. The biliary
system is dilated and appears as an area of low density scattered throughout the liver. The
low-density area in the head of the pancreas represents the dilated common bile duct. The
pancreatic duct is dilated and appears as a low-density line through the length of the pan-
creas (arrow heads)

Figure 19 This scan demonstrates a mucinous carcinoma of the pancreas. The arrow
heads point to the area of lower density which represent mucinous material within the
tumour

or other technical factors, a CT scan will virtually always visualize the
gland. In those cases where ultrasound is used as the initial examination
and is positive, a CT examination can provide additional information
with a high confidence level concerning the extent of the disease. For
example, a CT scan can determine with greater accuracy the spread or
extent of disease in thé retroperitoneum and can give some estimate as
to its resectability.

Pancreatitis

The diagnosis of pancreatitis is usually established by laboratory and
clinical data, while imaging tests are utilized when complications are
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suspected. A simple, inflamed pancreas may have several appearances.
In most instances of uncomplicated acute inflammation, the gland will
be generally increased in size with a homogeneous density. In some
instances there may be focal enlargement of the head, the appearance of
which is indistinguishable from that of a neoplastic mass on the basis of
image appearance alone. In either of these cases it is quite common to
see enlargement or thickening of the anterior Gerota’s fascia on the left
side (Figure 20A,B). Most authors have explained this thickening in the
fascia on the basis of spread of inflammatory exudate but the exact
aetiology has not been determined’. This ‘thickening’ of Gerota’s fascia
is a very reliable differential sign to distinguish pancreatitis from neo-
plasm of the pancreas; however, the sign is applicable only to those
cases which have not had surgery or radiation therapy.

A B

Figure 20 (Aj This scan demonstrates enlargement of the pancreas (P). There is also
thickening of Gerota’s fascia (arrow). (B) Scan at a lower level than Figure 20(A) demon-
strating thickening of Gerota's fascia inferiorly (arrow)

Haemorrhagic pancreatitis causes diffuse enlargement of the gland,
although there may be fluid in the peripancreatic region in the anterior
pararenal space. This inflammatory fluid may have a poorly defined
margin, obscuring the margin of pancreas and spreading inferiorly
within the anterior pararenal space. In many cases inflammatory
exudate may be the precursor of a pseudocyst: as the inflammatory
process matures, fibrous tissue may form a margin surrounding the
inflammatory exudate, producing a pseudocyst.

The development of a pseudocyst is a most common complication of
pancreatitis. Pseudocysts appear as fluid density masses with walls of
variable thickness, located within or adjacent to the pancreas*”. In
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those instances in which pseudocysts dissect into various anatomical
spaces or cross fascial planes, the extent and spread of the inflammation
can be accurately imaged. Such pseudocysts can dissect into the peri-
nephric region, subdiaphragmatic space, mediastinum or lower
abdomen (Figure 21).

A B

Figure 21 (A) This scan and Figure 21B demonstrate the evolution of a pseudocyst. This
scan demonstrates a small cystic area (arrows) localized at the head of the pancreas. (B)
Several weeks later a second scan was taken at the same level, demonstrating a large cystic
mass in the head of the pancreas. The pseudocyst has increased in size from the previous
examination

Inflammatory phlegmons and pseudocysts can become superinfected
by bacterial organisms; if such organisms are gas-producing ones,
emphysematous pancreatitis may result. In such cases, CT demon-
strates minute gas bubbles confined to the pancreas®”; these may not
be discernible on either ultrasound study or plain film radiographs
(Figure 22).

When chronic pancreatitis occurs there may be deposition of calcium
which is easily detectable on CT scan. The usual case of calcific pancrea-
titis has multiple calcifications of different sizes scattered throughout
the parenchyma of the gland (Figure 23). In other cases, the calculi may
occur within the duct system. When such calculi obstruct the pancreatic
duct, dilatation of the duct may occur distal to the obstruction®. More-
over, when there is dilatation of the pancreatic duct, small calcifications
may occur peripherally within the small, secondary radicals of the duct
system (Figure 24). Accurate diagnosis of the presence of a single cal-
culus in the pancreatic duct is important because if the obstruction is not
relieved complete autolysis of the gland may occur. Resultant pancreatic
insufficiency or even sepsis may develop from an unrelieved obstruction.
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Figure 22 This patient with emphysematous pancreatitis demonstrates small gas bubbles
(arrows) in the body and tail of the pancreas

Figure 23 This scan taken through the area of the pancreas demonstrates multiple calcifi-
cations (arrows) scattered throughout the body and tail of the pancreas

An unusual change in the pancreas, reported previously in the
pathology literature but not confirmed until recently in the radiological
literature, is fatty replacement of the pancreas. In some instances fatty
replacement may occur as a result of a total autolysis of the pancreas. In
other instances this may be a benign occurrence resulting from diabetes,
obesity or even senile atrophy and it may be of no clinical concern.

The role of different imaging systems for evaluation of the complica-
tions of pancreatitis is still disputed in the literature. Advocates of CT
believe that CT is the modality of choice because of its reproducible
image and ability accurately to identify both air and calcium. This ability
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Figure 24 This scan taken through the level of the pancreas demonstrates a dilated
common duct which appears as an area of lesser density (arrows). Within some of the
dilated radicals there are small calcifications (arrow heads)

accurately to image ‘gas’ without artifacts means that CT can reliably
detect the ‘gas’ in emphysematous pancreatitis, and CT study is unim-
paired when an adynamic intestinal ileus occurs adjacent to the
inflamed pancreas. Moreover, the full extent of any pseudocyst,
whether confined to pancreas or extrapancreatic, can be well defined.
With CT it is possible to characterize calcific densities in various
locations as noted above. Advocates of ultrasound study correctly
propose that most common and important complications of pancreatitis
are pseudocysts confined to the pancreas, and that ultrasound is accu-
rate in detecting such abnormalities. Most ultrasonographers will
concede, however, that ultrasound is not satisfactory for accurately loca-
lizing calcium or for detecting gas in emphysematous pancreatitis and
there may be problems with imaging the pancreas in patients with
inflammation and adynamic ileus.

KIDNEYS

The normal kidneys characteristically appear as ‘U-shaped’ structures
with homogeneous parenchyma. Centrally, the pelvocalyceal system
has the density of soft tissue surrounded by low-density parapelvic fat
(Figure 2A,B). With intravenous injection of urographic contrast
material, the parenchyma enhances significantly and the excreted con-
trast material highlights the pelvocalyceal system. Distinction among
the cortex, medullary region and papilla can be made after rapid injec-
tion of contrast material. Because of the ease of visualization of the
kidneys, identification of ectopic locations or congenital fusion is quite
simple (Figure 25). The normal fascial boundaries in the perinephric
region and retroperitoneum can be seen. Anterior Gerota’s fascia forms
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the anterior border of the perinephric space and the posterior boundary
of the anterior pararenal space. The posterior Gerota’s fascia forms the
anterior boundary of the posterior pararenal space (Figure 26).

Figure 25 Scan taken through the level of the renal pelvis demonstrating a mass anterior
to the vessels. Contrast material is located anteriorly. This is the typical appearance for an
ectopic horseshoe kidney

Figure 26 In this scan of a patient with pancreatitis, Gerota’s fascia has been thickened,
so it is quite obvious on the image. The anterior Gerota’s fascia (horizontal arrow) forms
the anterior boundary of the perinephric space. Posterior Gerota’s fascia (vertical arrow)
forms the posterior boundary of the perinephric space. The space anterior to anterior
Gerota’s fascia is the anterior pararenal space and that space posterior to posterior Gerota’s
fascia is the posterior pararenal space

The detection and differentiation of renal masses has been thoroughly
investigated and discussed in the literature* ™. The typical renal cyst
appears as a round, thin-walled, sharply marginated mass which is sig-
nificantly lower in density than normal renal parenchyma (Figure 27).
On the other hand, a typical renal neoplasm appears as a mass which is
higher in density than a cyst but less dense than renal parenchyma
(Figure 28). Occasionally, a small renal cell carcinoma may be isodense,
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both with and without injection of contrast material. Most institutions
employ intravenous urographic contrast material to enhance the normal
parenchyma, making abnormalities more clearly visible. When the
typical appearance of either a simple cyst or a neoplasm is noted, one
can be sufficiently confident of the diagnosis that no further investi-
gation is required.

Figure 27 This scan demonstrates a typical simple renal cyst. A renal cyst is low in
density and has a well-defined margin

Figure 28 This scan demonstrates a carcinoma in the lateral portion of the left kidney.

The mass is higher in density than the typical cyst and the margin is somewhat thick
(arrows)

When a neoplasm is present CT has been quite accurate in determin-
ing its full extent”. Any invasion of the tumour into the retroperiton-
eum, fascial planes or renal veins can be noted (Figure 29). Metastatic
disease in the liver is also clearly discernible. After resection of a renal
tumour, CT has also proved effective for detecting recurrence in the sur-
gical site or in the retroperitoneum and most investigators now consider
that CT is the modality of choice for follow-up of post-nephrectomy
patients.
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Figure 29 CT scan of a patient with a renal cell carcinoma (arrows). The tumour has
invaded into the renal vein which crosses anterior to the aorta (arrow heads)

There are some instances, however, when a renal cyst will appear in-
termediate in density between that of a cyst and a carcinoma. In such
cases other investigations, such as ultrasonography or diagnostic aspir-
ation, should be employed. If either of those suggests the diagnosis of
carcinoma, an angiogram should be performed to assess the vascular
supply to the tumour and the vascular status of the opposite kidney.

The CT appearance of an angiomyolipoma is pathognomonic®.
Angiomyolipomas characteristically contain fat, which is quite low in
density, and present a very characteristic image. If such fat is noted,
there is no question as to the diagnosis of angiomyolipoma (Figure 30).

Some mass lesions of the kidney may contain significant amounts of
calcium: we have observed calcium in renal cell carcinomas, haema-
tomas and haemorrhagic cysts. Using CT and ultrasound it has been dif-
ficult to distinguish among the three since neither may provide
adequate information and angiography may be required. Technically
speaking, the presence of calcium creates diagnostic problems for both
CT and ultrasound examination. With CT, technical error is produced
because of hardening of the X-ray beam which makes assessment of the
density inaccurate. With ultrasound there may be ‘acoustic shadowing’
which again precludes adequate examination of the structures adjacent
to the calcium.

Unusual lesions of the kidney, such as xanthrogranulomatous pyelo-
nephritis, tuberculomas, abscesses, haemorrhagic cysts, inflammatory
cysts and lymphomas may appear as indeterminate masses which may
require aspiration or other evaluation.

RETROPERITONEUM

Abnormalities of the retroperitoneum produce alterations of the normal
anatomy including the fascial planes, psoas muscles, blood vessels and
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Figure 30 This scan demonstrates the typical appearance of an angiomyolipoma. In such
cases, fat appears as very low density material within the kidney (arrows). This
appearance is pathognomonic and no other evaluation is required

kidneys*®. One of the most common findings with retroperitoneal

tumours is the presence of a soft tissue mass which may obscure or dis-
place normal structures. Tumours located around the major vessels may
obscure the ‘fat angle’ around the aorta and the vena cava (Figures 31
and 32). Tumours located further from the major vessels may produce
displacement or obstruction of the renal collecting system or displace-
ment of the kidneys themselves. Another anatomical finding which
may be noted is thickening of Gerota’s fascia. This is, however, a non-
specific sign which may be produced by both tumour and inflammation.

Both primary and metastatic tumours of the retroperitoneum produce
soft tissue density mass lesions (Figure 33). Retroperitoneal tumours are
relatively non-specific in their appearance except for some particular cell

Figure 31 CT scan of a patient with retroperitoneal lymph node disease. The lymph
nodes in the retroperitoneum are enlarged (small arrows). The fat angle behind the major
vessel (arrow head) is still intact (arrow)
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Figure 32 CT scan of a patient with enlarged retroperitoneal lymph nodes due to lymph-
oma. The ‘fat angle’ is obscured

types. Mucinous metastatic lesions either from stomach, colon, pan-
creas or ovary may be very low in density, i.e. close to that of water.
Liposarcoma may also be quite low in density; characteristically it does
not have the well-defined margins or septation as seen with mucinous
tumours. Calcifications may occur in some tumours, including the
mucinous tumours mentioned, chondrosarcomas, islet cell tumours and
leiomyosarcomas.

Figure 33 This scan demonstrates a fibrosarcoma of the retroperitoneum displacing the
calcified aorta anteriorly. The aorta is noted by the arrow head and the arrows define the
margins of the tumour

Assessment of para-aortic lymph node enlargement may be simple or
difficult depending upon the degree of lymph node involvement. In
cases where lymph nodes are not visible on CT scan, one may be confi-
dent that they are normal in size. In cases where the nodes are large
enough to obscure the ‘vascular angles’, one may be sure of the diag-
nosis of neoplasm, either primary or metastatic. However, in cases
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where the lymph nodes measure between 5 and 15mm in diameter, one
cannot be certain if such enlargement is secondary to lymphadenitis or
very early infiltration by lymphoma or carcinoma. Careful correlation
with the clinical history is necessary.

Some comparisons of CT, ultrasound and lymphangiography have
been made but conclusive results have not yet been pub-
lished®®%%%_ Certain comments may be made about the role of CT
from the data available. Most authors agree that for non-Hodgkin’s
lymphomas, CT is the investigative modality of choice because of its
accurate detection of soft tissue tumour involvement since non-
Hodgkin’s lymphomas may involve extranodal areas such as solid
parenchymal organs and mesentery or psoas muscles. For Hodgkin's
lymphoma and metastatic disease, it is possible for CT to miss very early
intranodal involvement; in these instances lymphography is probably
the most valuable early investigation.

ADRENAL GLANDS

CT has produced a revolutionary change in the diagnostic approach to
adrenal abnormalities®™*. Prior to the use of CT, the adrenal gland was
a very difficult organ to evaluate accurately. The most effective methods
of evaluation — adrenal arteriography and venography — were techni-
cally difficult, time-consuming and fraught with interpretive problems.
Because of its ability to image the normal and abnormal adrenal gland,
CT has emerged as the imaging system of choice for the adrenal gland.

The normal adrenal glands are located superior and anterior to the
right and left kidney (Figure 34A,B). The right gland is usually linear in
shape and located behind the vena cava at a level just below the point
where the vena cava becomes intrahepatic in its course. The left adrenal
gland is usually V-shaped and is located behind the splenic pedicle.

CT is effective for diagnosing all types of adrenal tumours, including
pheochromocytomas, aldosterone-producing tumours and adrenocorti-
cal carcinomas. The pheochromocytomas we have observed have varied
in size from 2 cm to greater than 15 cm in diameter (Figure 35). Although
most of these are homogeneous in density, some are necrotic or have
cystic areas scattered throughout. The effectiveness of CT in finding
such tumours has been reported by several groups; all have confirmed
that CT is as accurate as arteriography or venography for the evaluation
of mass lesions.

Although aldosterone-producing tumours are generally smaller in
size than pheochromocytomas, significant success has also been repor-
ted’ in locating this type of tumour with CT. The density of such
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Figure 34 These two scans demonstrate the normal right and left adrenal glands. (A)
The normal left adrenal gland is usually V-shaped (arrow) and located immediately behind
the splenic vein and pancreas. (B) The right adrenal gland located behind the vena cava
(arrows). The shape of the right adrenal gland is usually linear

Figure 35 CT scan demonstrating a mass lesion in the area of the right adrenal gland
which was diagnosed and proved to be a pheochromocytoma

tumours is variable and a significant number may appear ‘fatty’ in
density. Adrenocortical carcinomas, on the other hand, appear as
homogeneous dense masses located in the area of the adrenal glands.
This tumour appears somewhat larger in size than either the pheochro-
mocytomas or the aldosterone-producing tumours; it may also possess a
‘fat density” in some instances.

Several benign tumours commonly involve the adrenal gland.
Adrenal cysts are quite common. They appear as well-circumscribed,
low-density masses similar to renal cysts; they are so characteristic in
appearance that they do not require further investigation for diagnosis
in the asymptomatic patient. Sometimes the cyst wall contains calcium.
(Figure 36). Either adenomas or hyperplasia can produce a soft tissue
mass in the area of the adrenal gland which is visible on CT scan. In
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Figure 36 This scan demonstrates a calcified adrenal cyst of the areas anterior to the right
kidney

certain cases of these abnormalities, the glands may be so large that they
are indistinguishable from the above-mentioned adrenal tumours
(Figure 37A,B). Hyperplasia typically can be identified because the
shape of the gland is preserved and it may simply be increased in size.
Finally, an uncommon tumour which may also involve the adrenal
gland is a myolipoma; this tumour is of fat density (Figure 38).

A B

Figure 37 (A) CT scan demonstrating the typical adrenal hyperplasia in which the glands
have retained their normal configuration, but are increased in size (arrows). (B) This scan
demonstrates a patient with hyperplasia so significant that there is an apparent mass in
the left adrenal gland (arrow)

INTRA-ABDOMINAL ABSCESSES

Intra-abdominal abscesses can be accurately detected and localized in
parenchymal organs such as liver, kidney, pancreas or in the peritoneal
spaces. Abscesses within solid parenchymal organs appear as well-
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Figure 38 There is a fat density mass in the area of the left adrenal gland which proved to
be a myolipoma (arrows)

Figure 39 This scan of a patient lying at an angle demonstrates an abscess in the right
lobe of the liver (arrows). The abscess appears as several round areas of lower density than
the normal liver.

circumscribed fluid densities (Figure 39). Localization of abscesses in the
various anatomical areas of the solid organs such as liver is quite simple
since the lobar anatomy of the liver is clearly defined. A liver abscess is
well-delineated as an area of low density which can be easily localized in
the appropriate lobe. If a fistulous tract exists with an abscess, or if gas-
forming organisms are present, such collections may contain gas visible
on CT scan. A distinct advantage of CT is that, unimpaired by intestinal
gas or bone, one can determine the exact extent of an abscess and its in-
volvement in different portions of an organ or the various peritoneal
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spaces. For example, if an inflammatory process begins within the
pelvis, one can trace on CT scan the spread of the abscess along the
right paracolic gutter into the right subdiaphragmatic space (Figure
40A-D). In addition to tracing the exact pathways of inflammatory pro-
cesses, one can locate small abscesses which are well-defined in various
peritoneal regions. In this manner, exact localization of abscesses in the
paracolic spaces, right and left subhepatic spaces, right and left sub-
diaphragmatic space and the omental bursa is possible (Figure 41). This
simplifies the planning of surgical drainage procedures because one can
identify which abscess collections require surgical exploration and
others amenable to percutaneous drainage. In the left upper quadrant,
for example, one can clearly distinguish between an abscess of the in-
ferior or superior recess of the lesser sac and one in the left subhepatic
space. When an abscess is localized to the left subhepatic space, at times
a limited drainage procedure may be effective, rather than the larger
surgical procedure which might be required for a lesser sac abscess.
When abscesses occur in the retroperitoneum, CT examination permits
precise localization in various anatomical spaces such as the peri-
nephric, anterior pararenal and posterior pararenal space. Moreover,
such examination can determine when an abscess is confined to the
kidney or tracks along fascial planes (Figure 42).

The high accuracy of CT for detecting intra-abdominal abscesses has
been repeatedly documented. In the first report from our group”, the
accuracy of detection was 91%; in subsequent papers, similar detection
accuracies have been noted”™. The only shortcoming of CT in this
regard is that it is unable to differentiate various types of fluid collec-
tions including abscess, lymphocele and haematoma and it may be
necessary to aspirate a specimen for culture or biochemical evaluation.
CT-guided aspiration is a valuable diagnostic adjunct and will be dis-
cussed in the next section.

BIOPSIES AND ASPIRATIONS

In addition to diagnosis, CT has proved useful for guiding a variety of
percutaneous interventional procedures. Because of its unique imaging
properties, CT procedures permit applications which are not possible
with other interventional techniques®™. Interventional procedures
include the recovery of material for cytology, histology or bacteriology
and therapeutic drainage. A wide variety of instruments and equipment
may be necessary and useful.

CT offers numerous technical advantages over other imaging moda-
lities. It provides direct visualization of the biopsy instrument in the
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C D

Figure 40 (A) This scan demonstrates contrast material injected into a right subdiaphrag-
matic abscess (arrow). (B) This scan shows a fluid collection (black arrow) immediately
adjacent to the colon (C). It represents a paracolic abscess. (C) Radiograph demonstrat-
ing a sinogram of a subdiaphragmatic abscess. (D) Radiograph showing injection of the
paracolic abscess which was noted in Figure 40B
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Figure 41 CT scan demonstrating an abscess in the right subdiaphragmatic space
(arrows). There is also an abscess which has spread to the anterior left subdiaphragmatic
space (arrow heads)

Figure 42 There is an abscess (arrows) in the retroperitoneum posterior to the pancreas

cross-sectional dimension, it is unimpaired by gas or bone, and CT
images provide complete detail of both normal and abnormal anatomy.
Because the system has an air interface around the patient, no coupling
material is required, and alterations of the skin surface, such as wounds
or sinuses, do not interfere with CT-guided procedures.

In those instances in which a cytological result will aid clinical
inquiry, a 22-gauge needle may be used to obtain specimen tissue.
Because of the small needle calibre there is a high safety factor. The
needle may penetrate bowel or solid parenchymal organs with only a
minimal chance of bacterial contamination or bleeding. Furthermore,
we have found that the ‘skinny’ needle is well-suited for aspiration of
vascular lesions or lesions close to major vessels. The ‘skinny’ needle is
quite commonly used to biopsy pancreas, para-aortic tumours and
vascular lesions of the liver and the kidney. (Figures 43A,B and 44).
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Although the possibility of complication is small, bleeding, pneumo-
peritoneum and infection have been reported”. The only disadvantage
of ‘skinny’-needle aspiration biopsy is that a cytological specimen alone
is provided and the information available is not always as complete as
that provided by a larger histological specimen.

A B

Figure 43 (A) This scan demonstrates an intravenous bolus injection of contrast material
which opacifies the aorta (arrow). The round mass next to the aorta represents a lymph

node. (B) This scan demonstrates a needle (arrow) aspiration of a para-aortic node
(arrow)

Figure 44 ‘Skinny’ needle aspiration of a pancreatic carcinoma. Arrow points to the tip of
the needle in the pancreas

When the clinical situation warrants a larger histological specimen
and anatomical factors are appropriate, a cutting type of needle such as
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a Menghini or a ‘true-cut’ needle can be used (Figure 45). This type of
needle is useful when the tissue for biopsy is accessible from the skin
without requiring penetration of a viscus or another organ. The lesion
should be avascular; the ‘vascularity’ of a lesion may be assessed by
rapid-sequence CT scanning and bolus injection of contrast material
(Figure 46). This bolus technique is especially useful when biopsy of an
‘unknown lesion’ is planned, since vascular abnormality may be dis-
tinguished from an avascular mass. In vascular lesions, use of the
cutting needle is deferred and a ‘skinny’ needle aspiration will be
obtained”. For example, a haemangioma of the liver may appear as a
mass lesion on routine scan but this has a characteristic appearance on
CT scan. In such vascular lesions, ‘skinny’ needle aspiration is safe; if
the lesion is avascular, a cutting needle may be safely used. Since insti-
tuting the bolus technique for assessing vascularity of lesions, we have
had no complications from bleeding and have had good recovery of
tissue specimens (Table 1 and Table 2).

Figure 45 Needle biopsy of a presacral mass between the rectum and the sacrum. Biopsy
was positive for adenocarcinoma

The merit of CT-guided biopsy procedures has been confirmed in
numerous published articles®. In our preliminary article we were suc-
cessful in 75% of our procedures. Subsequent experience and improve-
ment of the technique have increased the recovery of diagnostic tissue
to 86%. Other authors have reported similarly good recovery rates. As
further testimony to its usefulness, a small report from our group dis-
cussed three cases of biopsies of recurring rectal cancer which were
negative by surgical biopsy, but positive by CT biopsies.

The role of interventional CT procedures relative to other interven-
tional procedures has been defined differently by different groups.
Some groups have used CT-guided procedures as secondary, indicated
on those occasions when other interventional procedures such as
fluoroscopic- or ultrasonic-guided procedures do not provide a satisfac-
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A B

Figure 46 (A) This scan demonstrates bolus injection of contrast material in a patient
lying on the right side. Note the high density of the normal spleen (S), kidneys (K) and
liver (L). The mass (M) is avascular and does not demonstrate much enhancement with the
injection of contrast. (B) This scan demonstrates biopsy of a retroperitoneal tumour.
Arrow points to the Menghini needle. The biopsy was positive for adrenal cortical carcinoma

tory result. Other groups have triaged the abnormalities to either ultra-
sound or CT-guided procedures depending on the size of the lesion.
Ferrucci et al. preferred to biopsy lesions less than 5 cm in diameter with
CT guidance. In our practice we have tailored our interventional pro-
cedures to the individual patient, taking into consideration the infor-
mation required, the location and size of the abnormality and patient
clinical status. For example, in the patient with a known malignancy in
whom a metastasis is suspected, a cytological specimen will often
suffice to confirm the presence of a malignancy. In those instances in
which a suspicious area has been found and there is no established diag-
nosis, we prefer to use a large, cutting-type needle which can provide a
histological rather than a cytological specimen. We have found that in
undiagnosed malignancy, one obviously cannot anticipate cell type. If
the malignancy is a lymphoma, liposarcoma or other, less common type
of neoplasm, or even a benign abnormality, the larger core specimen
can provide a definitive diagnosis rather than a simple cytological con-
firmation of malignancy (Figure 47). If a large core biopsy is indicated,
we have erred on the side of using CT guidance because of the ad-
ditional safety factor that it provides. Firstly, one can be confident that a
normal structure, such as intestine, gallbladder, etc. is not inappropri-
ately biopsied by the large needle. Secondly, using the bolus injection
technique, one can identify those neoplastic abnormalities and some
benign abnormalities which are highly vascular. For vascular lesions we
defer large-needle biopsy, but instead perform an aspiration type of pro-
cedure. Our group and others have found that the bolus injection tech-
nique can not only assess vascularity, but may at times confirm the
diagnosis of a vascular, benign abnormality such as a cavernous hae-
mangioma of the liver. Moreover, there are certain instances in which a
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Table 1 Menghini needle biopsy results*

Region: final diagnosis Success rate
Retroperitoneum
metastatic disease /5
lymphoma 2/4
subtotal 7/9
Liver
metastatic disease 717
hepatitis 1/1
haemangioma 1/3t
subtotal 9/11
Kidney
papillary adenoma 1/1
infarct 1/1
subtotal 2/2
Adrenal
metastatic disease 2/2
primary adenocarcinoma 1/1
subtotal 3/3
Other (pelvis, bone)
metastatic disease 3/3
ovarian U1
subtotal 44
TOTAL 25/29

* Reproduced with permission, from Ref. 87.
t One haemangioma was diagnosed by biopsy; one by surgery; and one by laparoscopy

vessel may be totally surrounded by tumour. The margins of the vessel
cannot be seen except by bolus injection; in such cases, one can success-
fully obtain a large core biopsy specimen without inadvertently perfo-
rating the vessel. Finally, in those instances in which the patient has a
propensity for bleeding or some immunological deficiency, we believe
that it is important to provide accurate placement of the biopsy instru-
ment in order to avoid inadvertent penetration of parenchymal organs
and also inadvertent contamination of sterile spaces by penetration of
bowel. No matter what criteria various groups have used for the appli-
cation of CT-guided procedures, all agree that it is the most precise and
accurate method for recovery of a diagnostic specimen.

For aspirations and drainage of fluid collections suspected of being
abscesses, CT has also proved quite useful. After fluid collections are ac-
curately localized, as discussed previously, CT guidance can position a
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Table 2 Aspiration biopsy results*

Region: final diagnosis Success rate
Retroperitoneum
metastatic disease 4/4
lymphoma 0/3
normal 11
abscess 1/1
subtotal 5/11
Kidney
renal carcinoma 1/2
cyst 11
subtotal 2/3
Liver
cyst 1/1
abscess 1/1
subtotal 2/2
Spleen: lymphoma 11
Pelvis: normal 0/1
TOTALt 10/14

* Reproduced, with permission, from Ref. 87.
T Total was 18 cases, but four normal cases with negative biopsies were not tabulated

Figure 47 This scan demonstrates a Menghini biopsy of a focal area (arrows) of the
kidneys suspected of being a mass lesion. This proved to be a haemorrhagic infarct.
Reprinted by permission of the authors, Haaga, J. R. and Morrison, S. C., ‘CT Appearance
of renal infarct’, Journal of Computerized Axial Tomography, 4(2), 246247 (April 1980)

needle in a suspect area. Because all structures and anatomical spaces
can be seen and avoided if necessary, inadvertent contamination of a
sterile space by intestinal or colonic material is unlikely. It is important
to avoid inadvertent contamination because a sterile fluid collection
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which contains protein-rich material, such as ascitic fluid, haematoma
or pseudocyst, is fertile ground for bacterial growth. Moreover, cultures
of material recovered after a needle has penetrated bowel may prove
spurious. Obviously, valid cultures obtained by careful aseptic tech-
niques are invaluable as conclusive proof of an abscess and are very
useful in selecting proper antibiotic therapy.

We believe that the key for effective percutaneous drainage of intra-
abdominal abscesses is the clear anatomical detail provided by CT. CT is
capable of visualizing the complete extent of an abscess in various ana-
tomical spaces. Although the number of articles appearing in the litera-
ture proposing percutaneous drainage are few, there is a consensus of
opinion that CT is the modality of choice for determining and selecting
the mode of percutaneous drainage™* *.

Our method and rationale for performing percutaneous drainage pro-
cedures are as follows. We believe that, depending upon the clinical
status of the patient, the character and anatomical location of the
abscess and the nature of its purulent material, percutaneous drainage
may be attempted (Figure 48A-C). In those patients who are not good
operative candidates or who are so critically ill that anaesthesia repre-
sents a significant risk, we believe that percutaneous drainage should be
attempted in virtually all. On the other hand, patients who are good
surgical candidates should be selected for percutaneous drainage pro-
cedures depending upon the anatomical location and nature of the
abscess. We believe that it is prudent to attempt to drain those abscesses
which are confined to no more than two anatomical spaces and are uni-
locular. Further, these should be lesions which can be approached per-
cutaneously without penetrating an uninvolved organ. At the time of
placement of the drainage catheter the radiologist must be sure that the
material to be drained is not too viscous. When the abscess material is
extremely viscous, surgical drainage is probably the procedure of choice
because of its high success rate and low mortality and morbidity. The
rationale we have outlined is somewhat conservative and is not adhered
to by other individuals who drain abscesses percutaneously; others
believe that a percutaneous trial is warranted in every case.

In performing drainage procedures, two methods are used: a modi-
fied Seldinger technique and a Trochar technique™®*. In those
abscesses which are small, centrally located and require accurate place-
ment of a catheter, a modified Seldinger technique utilizing an 8-French
angiographic catheter is employed. In such cases puncture of the
abscess is performed with a needle. Following successful puncture of an
abscess, an angiographic guide wire is placed into the cavity, the needle
removed and the angiographic catheter is placed in the abscess cavity
over the wire guide. In those abscesses which are large, superficial and
accessible, a 12- to 16-French trochar catheter may be used. A variety of
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Figure 48 (A) This scan demonstrates a left subdiaphragmatic abscess (A). (B) The same
abscess after insertion of catheter (arrow). (C) Sinogram injection of contrast material
into the subdiaphragmatic cavity. Drainage of the abscess was accomplished by percuta-
neous catheter placement

trochars are now available; all are somewhat similar in that a central
sharp cannula is covered by a plastic catheter.

We have been quite successful in obtaining specimens using CT guid-
ance. In our last report we were successful in obtaining specimens from
63 of 70 fluid collections suspected of being abscesses. Furthermore, in a
second group of 33 suspected abscesses in which we attempted drain-
age, we were successful in accomplishing drainage in 28 patients™.
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CONCLUSION

Computerized tomography is an effective imaging modality which has
been used in virtually every organ system within the abdomen. As has
been discussed throughout the chapter, there are certain areas within
the abdomen for which CT investigation has now become the modality
of choice over other available imaging modalities. From the present data
it would appear that CT is already the modality of choice in assessment
of the adrenal gland and pancreas, the evaluation of abscesses and the
retroperitoneum. In certain other areas such as the liver, kidneys and
biliary system, CT is generally used as an adjunctive modality, to clarify
or more completely evaluate abnormalities after other tests have been
performed. As an interventional tool, CT has proven to be a very accu-
rate and useful modality; in our experience CT biopsies have not super-
seded other interventional procedures but have added a new dimension
to interventional radiology.
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Angiography in diagnosis
and control of bleeding

T. E. GALLANT, A. J. GREENFIELD AND
C. A. ATHANASOULIS

INTRODUCTION

Angiography for localization of bleeding sites in the gastrointestinal
tract was initially introduced by Baum ef al." in 1965. Subsequent reports
of vasopressin infusions in the superior mesenteric artery to control hae-
morrhage opened a new era in radiology, that of therapeutic angio-
graphy. In addition to vasopressin infusions and following the lead of
the neurosurgeons, angiographers over the past 10 years have come to
routinely employ embolization with particulate matter to control hae-
morrhage.

Patients referred for angiographic control of haemorrhage may be
haemodynamically unstable: the angiography suite must thus be
equipped and staffed as an intensive care unit. Appropriate devices for
constant electrocardiographic and pressure monitoring are mandatory.
Resuscitative materials, including equipment for DC cardioversion,
must be at hand as well as a variety of fluids for resuscitation including
crystalloids and albumin. Close proximity to a well-stocked and fully
staffed blood bank is mandatory. In addition to the vascular radiologist
and his assistant, our emergency on-call team includes a specially
trained radiological technologist and a nurse trained in intensive care,
both available within 45min notice. Radiographic and fluoroscopic
equipment must be optimal. We have found the 105mm camera
coupled to our image-intensifier to be indispensable in emergency art-
eriographic procedures. Because scout films are unnecessary for cine
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fluorophotography, the camera considerably shortens the procedure
and provides adequate documentation of pertinent findings.

METHODS AND MATERIALS
Vasopressin

Nusbaum?®® first reported the use of selective arterial infusion of vaso-
pressin (Surgical Pituitrin, Parke Davis) to decrease portal hypertension
and control bleeding gastro-oesophageal varices. Since then, intra-
arterial and intravenous vasopressin infusions have been widely used to
control gastrointestinal haemorrhage. Pitressin decreases mesenteric
blood flow by 60% when introduced directly into the superior mesen-
teric artery and 40% when given intravenously®. The decrease in mesen-
teric blood flow results from arterial constriction and bowel wall
contraction’. Intra-arterial vasopressin infusions are effective in the
control of gastric mucosal and colonic diverticular bleeding’. Intra-
venous vasopressin is as effective as intra-arterial infusion in the acute
control of haemorrhage from gastro-oesophageal varices®’.

Vasopressin is administered intra-arterially through an angiographi-
cally positioned catheter by a constant infusion pump. Following de-
monstration of contrast extravasation, a trial infusion of 0.2 U/min is
undertaken for 20 min after which repeat arteriography is performed. If
extravasation is not demonstrated on repeat study, the catheter is
secured in position and the patient is transferred to an intensive care
unit with the pump running. If extravasation continues, the infusion
rate is increased to 0.3 U/min and arteriography is repeated 20 min later.
The infusion rate may be increased to 0.4 U/min if necessary to control
haemorrhage. Should contrast extravasation be demonstrated at the
0.4 U/min infusion rate, the bleeding artery is embolized. Patients who
have received selective pitressin infusion must be monitored in an
intensive care unit for signs of further haemorrhage and require obser-
vation for the water retention and hyponatraemia associated with
pitressin infusion. Our usual schedule consists of 24 h of infusion at the
dose rate which initially controlled the haemorrhage, followed by
gradual weaning by 0.1 U/min until the patient has been free of haemor-
rhage without pitressin infusion for 24 h. During the last 12h period,
catheter patency is maintained with 5% dextrose and water running at
30 cc/h. The catheter may then be removed if bleeding does not recur.

Intravenous pitressin may be infused through a large-bore peripheral
line at the same dose rate as is used for intra-arterial infusion’.
However, infusion through a centrally placed line is preferable because
extravasation may result in skin necrosis. After haemorrhage is con-
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trolled, intravenous pitressin should also be gradually weaned. Should
upper gastrointestinal haemorrhage in a patient with portal hyperten-
sion fail to resolve on maximal intravenous pitressin infusion while clot-
ting factors are within the normal range, selective celiac and superior
mesenteric arteriography may be performed to rule out non-variceal
bleeding sources. If arterial contrast extravasation is not seen, selective
superior mesenteric arterial pitressin infusion may be tried, to obviate
emergency portacaval shunting. Occasionally, variceal bleeders are con-
trolled only with intra-arterial pitressin infusion.

Embolic materials
Autologous clot

Transcatheter embolization of a spinal arteriovenous malformation was
reported by Doppman in 1969°. Subsequently, others®'’ utilized autolo-
gous clot to control haemorrhage from various sites. A sample of the
patient’s blood is drawn and allowed to clot. The thrombus is then cut
into cubes and injected through the catheter. Treatment with heat,
epsilon-aminocaproic acid (Amicar) and thrombin improve clot stability
but intravascular thrombus is lysed within 24h of embolization®,
Despite ready availability, thrombus is now seldom used because of its
rapid dissolution.

Surgical gelatin

Surgical gelatin (Gelfoam, Upjohn, Kalamazoo, MI) is the most com-
monly employed particulate embolic material today. Intravascular
Gelfoam particles are engulfed by giant cells and phagocytized within
40 days", so that embolized vessels may recanalize’. Surgical gelatin is
available as a sterile sponge or in a prepared powder, but we use only
the sponge for embolization.

At the time of embolization, sterile gelatin sponges are cut into 4 mm
strips which are subsequently broken into cubes. The cubes are sus-
pended in a bowl of dextrose and water with or without added antibio-
tics. Using a needle and/or forceps the wetted Gelfoam pledgets are
loaded singly or in pairs into the open barrels of 1cc syringes. The
syringe plungers are then replaced with the emboli resuspended in
flush solution. While fluoroscopically monitoring catheter tip stability,
the particles are briskly injected into the catheter. Once the Gelfoam is
lodged within the catheter, it is flushed into the desired vessel using 1 cc
syringes of flush solution. Frequent test injections of contrast are made
under fluoroscopy during embolization to assess flow. Embolization is
complete when flow in the target vessel is nearly ablated. Follow-up art-
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eriography is generally performed from a site proximal to the site of
embolization so that embolic particles are not dislodged. Balloon occlus-
ion catheters are used whenever possible to prevent distal emboliza-
tion”. We do not generally render Gelfoam radiopaque. Small surgical
clips may be attached to the pledgets prior to embolization, but we have
not found this clinically helpful.

Polyvinyl alcohol

Polyvinyl alcohol (Ivalon, Unipoint Industries, Highpoint, NC) has
been used for intravascular occlusion for about 5 years®”. It is a perma-
nently occlusive agent which expands longitudinally from the com-
pressed state after embolization, forming a firm vascular plug. The
Ivalon sponge as obtained from the manufacturer is moistened, packed
firmly in a 50 cc syringe barrel and dried under vacuum. The com-
pressed sponge is then removed from the syringe and cold gas steril-
ized. Particles for embolization are obtained by punching out suitably
sized pieces with a hole punch. These particles are handled in much the
same fashion as Gelfoam except that they are not soaked for a pro-
longed period in flush solution.

Steel coils

Gianturco-Anderson coils (Cook Inc., Bloomington, IN) are helical seg-
ments of coiled guidewire with attached Dacron fibres”. They have
been used extensively for over 5 years to occlude medium-sized and
large vessels""’. New mini-coils are also available for embolization of
small to medium-sized vessels. The coils are pushed through non-
tapered angiographic catheters with a special guidewire system. Under
fluoroscopic guidance the coils are expelled from the catheter into the
desired vessel. Coil occlusion is permanent.

Detachable balloons

White™ has reported considerable experience with the use of detachable
silicone balloons (Becton-Dickinson, Rutherford, NJ) for transcatheter
embolization; 4 mm balloons are currently available and 8 mm balloons
will soon be marketed. They afford permanent occlusion but prior to
release may be inflated and deflated to achieve optimal placement. The
balloons are injected coaxially through 5- or 7-French polyethylene
catheters. Because the silicon membrane is semipermeable, balloons
must be inflated with an isotonic solution. We use Metrizamide (Sterl-
ing Winthrop Research Institute, Rensselar, NY) to fill and opacify the
balloons. The delivery system is somewhat cumbersome and the cost of
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each balloon is considerable, limiting their use.
Isobutyl-2-cyanoacrylate

Bucrylate (Ethicon Inc., Somerille, NJ) is a tissue adhesive which affords
instant, permanent vascular occlusion”. It may be rendered radiopaque
with tantalum powder (2 g/ml) (Fansteel Metals, North Chicago, IL) or
iophendylate (1 cc:1cc) (Pantopaque, Lafayette Pharmacal Inc., Lafay-
ette, Indiana)”. Because Bucrylate polymerizes instantly on contact
with ionic media, it is best injected through a coaxial catheter system
(Cook Inc., Bloomington, Indiana). The 3-French Teflon inner catheter
is positioned through a standard selective angiographic catheter. The
coaxial catheter is flushed immediately before and after embolization
with 5% dextrose and water. Immediately upon completion of injection
the inner catheter is withdrawn to prevent it from being glued in place.
Polymerization is somewhat delayed by the addition of iophendylate. In
a 1:1 mix, polymerization occurs in 3.5 s compared to 1s for the undilu-
ted monomer.

Complications

The most frequently reported complication of transcatheter therapy is
embolization of non-target organs’?'. Visceral infarction following
embolization has also been reported”™?. The stiff steel coils may dissect
the target artery upon emerging from the catheter, creating a pseudo-
aneurysm at the embolization site’. Intrapancreatic pseudoaneurysms
are particularly delicate. Lina et al.” reported rupture of three such
aneurysms in patients during attempted embolization. In addition to
these complications, there are those of general angiography including
arterial injury in the groin, renal failure from high contrast doses and
injury to the vessels under study.

GASTROINTESTINAL TRACT HAEMORRHAGE

Arteriography to delineate the source of gastrointestinal haemorrhage is
reserved for those patients who do not respond to standard conserva-
tive therapeutic measures. The presence or absence of blood in the naso-
gastric tube aspirate, and the results of emergency endoscopy, are most
helpful in directing the angiographer toward a region of haemorrhage.
Radionuclide bleed scans may also be helpful®.

If a prosthetic vascular graft is present, or if there has been penetrat-
ing trauma, biplane aortography should be performed to rule out an art-
erioenteric fistula or a pseudoaneurysm”. Contrast extravasation into
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the gastrointestinal tract may be seen radiographically' if the rate of hae-
morrhage equals or exceeds 0.5 cc/min.

Upper gastrointestinal haemorrhage

Celiac arteriography is performed to rule out pancreatic or duodenal
ulcer haemorrhage. A left gastric artery injection is necessary to assess
gastric mucosal haemorrhage. If no extravasation is seen from these
sites, the superior mesenteric artery is injected. Replaced right hepatic
artery branches and duodenal collateral vessels arising from the su-
perior mesenteric artery are occasional sources of haemorrhage. Small
bowel sources of bleeding, including arteriovenous malformations®,
tumours, and embryological malformations may also be visualized.

Not infrequently, these injections will demonstrate no site of bleed-
ing. If gastro-oesophageal varices have been demonstrated endoscopi-
cally or angiographically, they may be considered to be the source of
haemorrhage in the absence of arterial extravasation. One is unlikely to
see frank contrast extravasation from bleeding varices”. It must be
remembered, however, that cirrhotic patients frequently bleed from
extravariceal sources, such as ulcers and gastritis. Rarely arterioportal
shunts may result in portal hypertension; these may be opacified from
celiac or superior mesenteric artery injections™.

Haemorrhage from Mallory—Weiss tears or erosive oesophagitis is
controlled with selective vasopressin injection into the left gastric
artery”. Of patients with haemorrhagic gastritis, 84% are controlled
with selective pitressin infusion®, but 16% experience rebleeding
(Figure 1). Only about 50-60% of patients with haemorrhagic gastric
ulcers are controlled with pitressin infusion. Patients who continue to
bleed on pitressin may undergo Gelfoam embolization™ (Figure 2).

Bleeding from duodenal ulcers is controlled with pitressin infusion in
only about one-third of cases®. Massively bleeding duodenal ulcers
may be successfully treated with embolization of the gastroduodenal
artery with Gelfoam or cyanoacrylate” (Figure 3). There is less experi-
ence with the angiographic control of small bowel bleeding although
Baum et 4l.”" have found that anastomotic ulcers frequently respond to
pitressin infusions. Tod et al.”® have found that such ulcers may be suc-
cessfully embolized. Angiography and methylene blue injections via
selectively placed catheters are helpful for the pre- and intra-operative
localization of small bowel arteriovenous malformations® (Figure 4).

Variceal haemorrhage is as successfully treated with intravenous
vasopressin as it is with intra-arterial infusion®”. Complication rates are
comparable with either infusion method”. About 50% of acute variceal
bleeders may be expected to stop bleeding on pitressin therapy®’.
Widrich has transhepatically embolized gastro-oesophageal varices with
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Figure 1 Stress bleeding from the stomach controlled with intra-arterial vasopressin.
(A) Left gastric arteriogram shows extravasation in the area of the gastric fundus
(arrows). (B) Left gastric arteriogram after 20min of vasopressin infusion into the left
gastric artery at 0.2 U/min. There is no extravasation and the bleeding was clinically con-
trolled
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Figure 2 Gastric bleeding controlled with embolization. (A) Left gastric arteriogram
shows extravasation in the stomach (arrow). (B) During the later phase of the arterio-
gram, the site of bleeding is clearly delineated (arrow). (C) The bleeding branch of the

left gastric artery has been occluded (arrow) with two plugs of surgical gelatin. There is no
further extravasation
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Figure 3 Bleeding from a duodenal ulcer controlled with transcatheter embolization.
(A) The arrow points to contrast extravasation from a branch of the gastroduodenal
artery. (B) A small catheter has been selectively advanced into the gastroduodenal artery
and the bleeding branch was embolized with plugs of surgical gelatin. Arrows point to
contrast extravasation retained from previous injections. Following embolization, there
was no extravasation and the bleeding was clinically controlled
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Figure 4 Angiographic localization of an arteriovenous malformation of the small bowel.
(A) Magnification arteriogram shows arteriovenous malformation of the small bowel
(arrow). (B) At laparotomy methylene blue has been injected via a catheter selectively pos-
itioned prior to operation in the mesenteric arterial branch supplying the malformation.
This facilitated intra-operative localization and excision of the lesion (arrow)
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Figure 5 Transhepatic obliteration of gastro-oesophageal varices. (A) Arrows point to
coronary vein and massive gastro-oesophageal varices. (B) The coronary vein has been
occluded with Gelfoam soaked in Sotradecol and Bucrylate. Varices no longer opacify
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Gelfoam pledgets soaked in sodium tetradecyl sulphate (Sotradecol), to
control haemorrhage in 81% of actively bleeding cirrhotics® (Figure 5).
Lunderquist et al.*' found that many embolized coronary veins will reca-
nalize, but they did not use Sotradecol as a sclerosing agent. Such vari-
ceal occlusion increases portal venous pressures and probably opens
other collateral pathways to systemic veins®. One must occlude all tri-
butaries to the oesophageal varices in order to prevent recanalization
and rebleeding®. Bucrylate has not been used in a sufficient number of
cases for assessment®. Bleeding from the hepatic puncture site is the
most severe complication of transhepatic coronary vein obliteration.
Widrich et al.* reported three such episodes in 38 patients. These
workers routinely embolize the transhepatic needle tract with Gelfoam
upon withdrawal of the needle. In our hands, transhepatic coronary
vein obliteration has not proved useful in controlling variceal bleeding.
Portal venous hypertension secondary to arteriovenous fistula may be
treated by embolic occlusion of the artery supplying the fistula.

Lower gastrointestinal haemorrhage

We use the Tc99m labelled red cell bleeding scan® to assess the activity
of bleeding and to direct us towards a probable site of haemorrhage.
Should bleeding recur within 24 h of isotope administration, the patient
may be rescanned without reinjection of technetium. Delay in obtaining
a follow-up scan may suggest an erroneously distal bleeding point. In
patients with acute massive rectal bleeding, angiography should be per-
formed on an urgent basis.

Other modalities, including routine and air contrast barium studies as
well as endoscopy, should precede arteriography in chronic bleeders to
rule out bleeding carcinomas. Diverticula demonstrated on barium
enema may not be assumed to be the source of lower gastrointestinal
haemorrhage because diverticula and angiodysplastic lesions may
coexist in elderly patients®.

The diagnostic angiographic study commences with superior mesen-
teric arteriography. Contrast extravasation will be seen from actively
bleeding diverticula (Figure 6). Bleeding diverticula are most commonly
encountered in the right colon, as is angiodysplasia®. The angiographic
findings of angiodysplasia are subtle and may require magnification
views for confirmation. The vascular malformation itself may be seen as
a small tuft of abnormal vessels on the antimesenteric bowel border.
The vein draining an angiodysplastic lesion opacifies early in the arterio-
graphic sequence and it remains densely opaque throughout the venous
phase (Figure 7)®. Occasionally, areas of neovascularity denote the
presence of unsuspected caecal carcinomas®. In patients with episodic
lower gastrointestinal bleeding, one must carefully look for the vitelline
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Figure 6 Colonic diverticular bleeding controlled with intra-arterial vasopressin. (A)
Mesenteric arteriogram shows extravasation of contrast in a bleeding diverticulum of the
right colon (arrows). (B) Arteriogram repeated after the intra-arterial infusion of vaso-
pressin at 0.2 U/min shows no further extravasation
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artery suppling a Meckel’s diverticulum. The vitelline artery, when
present, arises as the terminal branch of the superior mesenteric artery.
It is generally untapered and without side branches. Most Meckel’s
diverticula are supplied by short and undistinguishable ileal arterial
branches, however*.

If the superior mesenteric arteriogram is negative, selective inferior

mesenteric arteriography is performed. Films should include views of
the entire rectum. Should both superior and inferior mesenteric arterio-
graphy fail to demonstrate a bleeding source, selective celiac arterio-
graphy should be undertaken to rule out an upper gastrointestinal
source of haemorrhage, since celiac arterial branches may also supply
the transverse colon.
Apsproximately 11% of patients with haematochezia studied by Boley
et al.* were discharged without a definitive diagnosis. Of the patients in
his study, 39% were found to have bleeding diverticula while 10% had
angiodysplasia. The true incidence of angiodysplasia is probably higher
than he reported, however®.

Having demonstrated diverticular haemorrhage angiographically,
one can usually control it with pitressin infusion into the corresponding
mesenteric artery: bleeding was controlled with pitressin in 22 of 24
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Figure 7 Colonic angiodysplasia. (A) Mesenteric arteriogram shows a vascular tuft
(arrow) and early opacification of a draining vein (arrowheads) of the caecum. (B) During
the late phase of the arteriogram there is intense opacification of the draining vein
(arrowheads). (C) Magnification arteriography shows simultaneous opacification of art-
eries and a vein in the caecum at the site of angiodysplasia (arrows). (D) Angiodysplasia
(arrows) as seen under the dissecting microscope. The vessels have been injected with sili-
cone rubber
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patients with angiographically demonstrated diverticular haemor-
rhage®. Nine of 12 patients who were not operated upon did not
rebleed after initial haemostasis. None of the 10 patients who subse-
quently underwent segmental or subtotal colonic resection rebled.
Bookstein ef al. reported transcatheter embolization of five active bleed-
ers, three with diverticula, one with a colonic ulcer and one with ischae-
mic colitis. None of his patients rebled” but on subsequent studies,
embolization was complicated by bowel infarction in one patient.

The importance of angiodysplasia as a cause of chronic blood loss in
the elderly is generally underestimated”. Meticulous angiography is
necessary to demonstrate the lesion, including high-dose magnification
superior mesenteric arteriography. Most angiodysplastic lesions are
found in the right or proximal transverse colon. Of 38 patients reported
by Welch, 31 underwent right colectomy. Six of these patients contin-
ued to bleed postoperatively, although two were subsequently found to
have an extracolonic bleeding source. Right hemicolectomy is the sug-
gested mode of therapy®”. Bookstein et al.¥ embolized two caecal
angiodysplastic lesions with Gelfoam. Both patients subsequently
rebled and underwent partial colectomy.

HEPATIC HAEMORRHAGE

Hepatic haemorrhage is usually so massive that hepatic arteriography
demonstrates extravasation of contrast into the peritoneum or biliary
tract. Because of the high incidence of anomalous vessels supplying the
liver, meticulous arteriography must be performed to adequately
opacify all hepatic branches, including those arising from the superior
mesenteric or from the left gastric artery*. Only after all hepatic arteries
have been opacified can one be assured that active haemorrhage is not
arising from the liver. One should carefully assess the films for portal
venous or bile ductal filling from the arterial injections. Both arterio-
portal and arteriobiliary fistulas are amenable to transcatheter emboliza-
tion.

The dual blood supply to the liver enables one to treat massive hae-
morrhage by dearterialization®”. Surgical ligation of the hepatic artery
has been advocated by a number of authors for treatment of massive
bleeding from hepatic lacerations, tumours or aneurysms**. Selective
preoperative hepatic arteriography is essential to delineate hepatic art-
erial anatomy prior to ligation and to establish the precise source of hae-
morrhage* ™, In their series of 108 cases, Aldrete et al.” found that
19% of patients admitted with hepatic trauma suffered severe hepatic
lacerations with major blood loss requiring partial hepatectomy. Such
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patients are potential candidates for hepatic artery ligation and/or
embolization (Figure 8).

Embolization of a discrete bleeding source in the liver has been util-
ized by a number of angiographers over the past 5 years*™. Gelfoam
has been the most frequently employed embolic material. It may be
soaked in an antibiotic solution prior to use, especially when embolizing
a potentially contaminated field”. Superior mesenteric arteriography
with venous folow-through should be performed before hepatic arterial
embolization to assess portal venous patency and the direction of blood
flow. Patients with severe portal hypertension and reversal of flow may
fare poorly following arterial embolization. As suggested with surgical
hepatic artery ligation, the gastrointestinal tract should be rested for ap-
proximately a week following embolization with parenteral nutrition
used as necessary. Because hepatocytes derive oxygenation from portal
venous blood following arterial obliteration, administration of oxygen
over the first week is recommended to raise the oxygen concentration of
portal venous blood*. We administer intravenous broad-spectrum anti-
biotics to patients who have undergone extensive hepatic dearterializa-
tion to prevent abscess formation. Ischaemic injuries may follow
transcatheter hepatic embolization and gangrenous cholecystitis has
been reported®. Hepatic failure may occur with dearterialization of a
liver which is more than 70% compromised by injury or trauma”.

PANCREATIC HAEMORRHAGE

Pseudoaneurysms of intrapancreatic or peripancreatic arteries may
develop as a complication of pancreatitis®™®. These pseudoaneurysms
may rupture into the pancreatic duct and cause massive haemorrhage®.
Such bleeding may be extremely difficult to control surgically as ana-
tomical planes are disrupted by pancreatitis and the aneurysms are
difficult to localize. Preoperative celiac and superior mesenteric arterio-
grams are necessary to precisely define pancreatic vascular anatomy
and to delineate the source of haemorrhage. Actively bleeding pseudo-
aneurysms opacify the pancreatic and common ducts on selective arteri-
ography.

Selective transcatheter embolization of pancreatic pseudoaneurysms
has been performed but rupture into the pancreatic duct has been repor-
ted as a complication”; fortunately arterioductal fistulas are themselves
amenable to transcatheter obliteration. Exacerbation of pancreatitis has
not been reported following such embolization. Transcatheter emboliza-
tion with cyanoacrylate has been life-saving in patients with massive
bleeding related to pancreatic surgery, pancreatic abscess, etc. (Figure
9).
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Figure 8 Transcatheter occlusion of a bleeding aneurysm of the heptic artery. (A)
Hepatic arteriogram shows a false aneurysm of the hepatic artery (arrows). - (B) The
hepatic artery and the aneurysm were occluded with cyanoacrylate (arrow). There has
been no rebleeding and no ill effects within 2 years of follow-up
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GENITOURINARY TRACT HAEMORRHAGE

With widespread deployment of new and non-invasive diagnostic
studies, angiography is less important in the aetiological diagnosis of
genitourinary tract haemorrhage than it was 5 years ago. Ultrasound
and computed tomography with or without percutaneous needle
biopsy can accurately diagnose most renal masses. The declining im-
portance of angiography in the diagnosis of genitourinary tract haemor-
rhage has been more than balanced by the increasing importance of
angiographic therapy. We are frequently called upon to control haemor-
rhage following trauma or to palliate patients with unresectable neo-
plasms. Since pharmacological agents are not effective in the control of
genitourinary tract bleeding, particulate embolization is our primary
mode of therapy”.

Diagnostic arteriography is necessary in patients with active haemor-
rhage or absent renal function following trauma. Patients with both
blunt and penetrating trauma should be worked up with a midstream
aortogram prior to selective injections. Penetrating midline trauma
requires an initial biplane aortogram to rule out an aortic pseudo-
aneurysm or fistula. Arterial interruptions in the renal pedicle, includ-
ing intimal injuries and transections, are best studied without selective
arteriography. When assessing the source of haemorrhage following
needle biopsy or from a known tumour, one may proceed directly with
magnification views of all renal arteries to rule out small arteriovenous
malformations, arterial pseudoaneurysms, and small hypovascular
masses. Occasionally renal and gonadal venography are necessary in
such patients to rule out venous angiomas. Bilateral hypogastric arterio-
graphy is necessary to diagnose and treat haemorrhage from the lower
genitourinary tract.

Renal haemorrhage

Surgical therapy of post-traumatic haematuria results in a nephrectomy
rate of nearly 50%°'. Because transcatheter embolization controls bleed-
ing with a smaller loss of renal tissue, angiographic control of haemor-
rhage has been widely employed since the first case report of Rizk et al.
in 1973%. Segmental renal infarctions resulting from therapeutic emboli
have not resulted in hypertension, although collaterals supplying rela-
tively ischaemic areas of kidney may stimulate the juxtaglomerular
apparatus®. Follow-up studies on embolized patients have revealed
good renal function.

Percutaneous needle renal biopsy may cause a transient arteriove-
nous fistula in up to 20% of patients® but most of these fistulas resolve
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Figure 9 Bleeding following pancreatic surgery controlled with embolization. (A) Con-
trast extravasation (arrows) is noted from branches of the left inferior phrenic artery in the
retroperitoneum. Retroperitoneal bleeding in this patient occurred a few hours following
pancreatic resection for benign disease. (B) The bleeding branch from the inferior
phrenic artery has been occluded with Gelfoam and cyanoacrylate (arrow). The arrow-
heads point to opacification of the left adrenal gland which is a normal finding
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spontaneously. Surgical treatment results in a relatively high nephrec-
tomy rate® and numerous authors have reported successfui transcathe-
ter embolization without aggravation or creation of hypertension®.
Similar success has been reported following transcatheter embolization
of either surgical or accidental penetrating renal injuries®”"”

Persistent renal haemorrhage may be treated with therapeutic emboli-
zation in patients who have suffered blunt trauma if aortic and renal
pedicular injuries are absent. Angiographically one may see pseudo-
aneurysms or contrast extravasation from fractured kidneys. A number
of patients have been successfully treated™”, although nephrectomy
may be necessary at a later date if extensive renal injury has resulted in a
significant urine leak®.

Autologous blood clot treated with Amicar has a number of theoreti-
cal advantages over other embolic materials for the treatment of trauma-
tic renal haemorrhage. Blood clot is more rapidly lysed from normal
vessels than from injured ones and results in good preservation of renal
parenchyma®. Since bleeding may occur relatively frequently®, we
employ Gelfoam routinely and have a low incidence of complications
(Figure 10). If large vessels are disrupted, steel coils or detachable bal-
loons may be used to control bleeding. Tissue cements are less fre-
quently used.

Chronic haemorrhage from renal neoplasms, either benign or malig-
nant, may be easily controlled with embolization. One need not see
active contrast extravasation prior to therapy in such circumstances.
Chronic debilitating haemorrhage from renal angiomyolipomas has
been controlled by embolization™” and troublesome haemorrhage
from unresectable renal carcinoma is also readily amenable to embolo-
therapy. Permanent occlusive agents such as Ivalon and Bucrylate
should be employed to avoid rebleeding: Goldstein et al.” reported that
Gelfoam-embolized arteries in four of six renal cell carcinomas were
recanalized at follow-up. After renal embolization, one should expect
considerable flank pain which may require narcotic analgesia over the
ensuing 48 h**, Haematuria caused by metastases to the kidneys has
also been successfully treated by arterial occlusion®'.

Vesicular and ureteric haemorrhage

Lower urinary tract haemorrhage is readily amenable to embolic
control. Haemorrhage from an ileal loop must be assessed with selective
superior mesenteric arteriography. If such haemorrhage is the result of
portal hypertension with bleeding varices within the loop, transhepatic
portography must be performed and the varices selectively embolized.
Vesicular haemorrhage must be assessed with selective bilateral in-
ternal iliac arteriography. Contrast extravasation may be seen, but if a



106 FRONTIERS IN GENERAL SURGERY



ANGIOGRAPHY 107

Figure 10 Intrarenal haemorrhage controlled with transcatheter embolization. (A)
Right renal arteriogram shows aneurysms of the renal arterial branches in a patient with
arteritis (arrows).  (B) One of the aneurysms has ruptured and there is massive bleeding
into the subcapsular space (arrow). (C) Selective embolization and occlusion of a bleed-
ing branch with one plug of Gelfoam has controlled the bleeding

bladder source of haemorrhage has been accurately diagnosed by other
modalities one may proceed with embolization, even if a discrete bleed-
ing site was not demonstrated angiographically. Chronic haemorrhage
from bladder tumours has been treated with a number of embolic

agents®*; permanently occlusive agents are obviously desirable.

Haemorrhage from the male reproductive system
Prostatic haemorrhage must be assessed with bilateral internal iliac art-

eriography because bleeding prostatic vessels frequently have a bilateral
blood supply. Gross extravasation of contrast is frequently visualized.
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Uncontrolled haemorrhage following prostatic surgery is uncommon.
Haemostasis has been readily achieved, however, with hypogastric art-
erial Gelfoam embolization® (Figure 11). After embolization, bilateral
selective hypogastric arteriography is necessary to assess completeness
of haemostasis.

Gynaecological haemorrhage

Bilateral hypogastric arteriography will demonstrate contrast extravasa-
tion from the female genital tract in cases of active haemorrhage®¥. In
chronic bleeders one need not demonstrate extravasation prior to
embolization®.

Uterine haemorrhage from a number of sources has been amenable to
embolotherapy. Olcott et al.” used Gelfoam and lead pellets to de-
arterialize a large uterine arteriovenous malformation. Today, Bucrylate
or steel coils are the agents of choice. Unrelenting postpartum haemor-
rhage may be successfully controlled with emboli. A number of chroni-
cally bleeding uterine tumours have been controlled with the use of
permanent occlusive agents®”**. Traumatic or neoplastic vaginal hae-
morrhage may be controlled in similar fashion™ (Figure 12).

MUSCULOSKELETAL HAEMORRHAGE

Because patients with severe musculoskeletal haemorrhage frequently
have other severe injuries, appropriate priorities for diagnosis and
therapy must be established early”. Life-threatening injuries, including
haemorrhage from major abdominal vessels must be assessed and
treated first. Massive pelvic haemorrhage may be treated with transfus-
ion and with a G-suit during initial evaluation. The overall mortality as-
sociated with such trauma is between 18 and 26%®. In their autopsy
study, Patterson and Morton” found that 37 of 88 patients who died fol-
lowing pelvic fractures exsanguinated from their injuries. Arterio-
graphy may be required for the diagnosis of other injuries, including
aortic lacerations and intra-abdominal visceral injuries. Iliac arterio-
graphy may be performed in conjunction with these studies to assess
and treat pelvic haemorrhage as indicated.

The Massachusetts General Hospital experience has been reported™*
and summarized by Matalon et al.”. Twenty-eight patients underwent
angiography for massive pelvic bleeding associated with fractures. Con-
trast extravasation from branches of the hypogastric artery was seen in
20 patients, of whom 18 underwent transcatheter embolization. Bleed-
ing was controlled angiographically in 17 (Figures 13, 14). No patient
with a negative arteriogram continued to bleed clinically. Half of the
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Figure 11 Bleeding in the prostatic bed controlled with embolization. (A) Hypogastric
arteriogram shows contrast extravasation in the prostatic bed following biopsy and trans-
urethral partial resection (arrows). (B) Following embolization of branches of the hypo-
gastric artery there is no further extravasation
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Figure 12 Vaginal bleeding in a patient with carcinoma of the cervix treated with radi-
ation therapy. (A) Pelvic arteriogram shows extravasation in the pelvis at a site of a recto-
vaginal fistula (arrow). (B) Extravasation is noted to originate from branches of the
inferior mesenteric artery (arrows). (C) Extravasation and bleeding have been controlled
with embolization of the superior haemorrhoidal artery with plugs of surgical gelatin
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Figure 13 Bleeding from obturator artery controlled with surgical gelatin embolization. A
15-year-old boy sustained numerous injuries in an automobile accident. (A) Left common
iliac arteriogram. Catheter from right femoral artery. Active bleeding from obturator artery
(arrow). Arterial compression from massive pelvic haematoma evident (open arrows).
(B) After embolization with surgical gelatin: occlusion of obturator artery and segmental
occlusion of inferior gluteal artery without extravasation. Transfusion requirement subsid-
ed and the patient survived. (From Ref. 97, with permission)

patients who underwent pelvic arteriography and embolization subse-
quently died, compared with 38% of those who did not undergo arterio-
graphy. There was one complication in the embolized group of 18
patients; that of a peroneal artery embolus.

Surgical exploration of retroperitoneal and pelvic haematomas is not
routinely carried out because the local tamponade effect of an intact
peritoneum is thus lost®. Blind hypogastric artery ligation is not helpful
in controlling haemorrhage” but embolization is effective since the
emboli are deposited near the site of arterial injury and rebleeding from
collaterals is unlikely®. An abdominal aortogram is not adequate to
assess pelvic vascular injury: selective hypogastric arteriography will
demonstrate contrast extravasation not seen at aortography®. Venous
studies are not worthwhile, because low-pressure venous bleeding will
tamponade with correction of clotting factors and replacement of intra-
vascular volume®. Haemorrhage from the extremities is usually best
handled by local surgical intervention, prior to which selective arterio-
graphy is frequently useful in the diagnosis of specific vascular injuries
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Figure 14 Bleeding from iliolumbar artery controlled with Gelfoam embolization in a 19-
year-old girl with numerous injuries from an automobile accident. (A) Disruption of
symphysis pubis, right sacroiliac joint and massive haematoma displacing the bladder.
(B) Right common iliac arteriogram. Catheter from left. Massive extravasation from ilio-
lumbar artery (open arrows). Catheter in right femoral vein (closed arrows). Injection
through catheter showed iliac veins to be intact. (C) After occlusion of iliolumbar artery
with Gelfoam. Note occlusion of proximal hypogastric artery (arrow). Contrast is retained
in soft tissues from previous extravasation. Transfusion requirements: 33 units before
embolization; 6 units after. Patient survived. (From Ref. 97, with permission)
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Figure 15 False aneurysm of the deep femoral artery occluded with Gelfoam. (A) Arrows
point to a false aneurysm of the femoral artery, the result of a fracture of the femoral
shaft. (B) The aneurysm has been occluded with embolization with surgical gelatin.

(Figure 15). Gelfoam is the embolic agent of choice for pelvic and retro-
peritoneal haemorrhage but other materials including tissue cements
have been employed. Spontaneous retroperitoneal and pelvic haemor-
rhage from tumour or over-anticoagulation may be treated with emboli-
zation”, but such patients infrequently require interventional therapy.

SPLENIC HAEMORRHAGE

Significant splenic injury frequently occurs as a part of multiple
trauma'”. The diagnosis of splenic rupture generally rests on clinical
and scintigraphic findings. Patients in whom routine studies are equi-
vocal may undergo arteriography or arteriography may be performed as
part of a comprehensive examination in the trauma patient. Splenic
contusion causes a mottled parenchymal pattern at arteriography. A
local filling defect may reflect an early draining vein. Frank disruption of
the spleen results in a peripheral avascular mass effect or other gross
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parenchymal defects with or without frank extravasation of contrast'.
Multiple spleens or a single spleen with focal infarcts may cause con-
fusion in the patient with-significant abdominal trauma.

Because of the increased incidence of overwhelming sepsis following
splenectomy there is considerable interest in non-surgical treatment of
splenic injuries and in surgical splenic repair'”. Some advocates of con-
servative management recommend angiographic follow-up in such
patients before allowing them to resume normal activity. They find
angiographic evidence of healing reassuring'®, but Sherman'® has
found that late splenic rupture is rare. Fisher and associates'® have
found follow-up scans to be adequate in this regard; in the absence of an
expanding haematoma, patients were returned to normal activity.

The level of enthusiasm for splenic embolization has been consider-
ably dampened by reports of post-embolic abscess formation”'®.
Splenic embolization for traumatic haemorrhage is probably only an
emergency procedure'®. Under any circumstance, systemic broad-
spectrum antibiotics should be administered for 10 days following
splenic embolization. In this regard, prophylactic embolization of
splenic artery aneurysms has been recommended by Probst et al., who
reported limited success in two patients in whom steel coils were used

for embolization'”.

HAEMOPTYSIS

Acute massive haemoptysis may complicate a number of respiratory dis-
eases. An 80% mortality was reported by Thomas et al.'®. Such haemor-
rhage usually arises from abnormal systemic arteries which have
enlarged in response to chronic pulmonary disease'™'"’. Systemic, non-
bronchial arteries may penetrate the lung through pleural adhesions
and participate in the development of haemoptysis'. Selective bron-
chial artery catheterization and embolization with Gelfoam has con-
trolled bleeding"*'"* (Figure 16). For patients with intermittent massive
haemoptysis one need not demonstrate contrast extravasation from
abnormal systemic arteries prior to embolization'?. The arterial supply
to the anterior spinal artery may arise from intercostal arteries, the
intercostal-bronchial trunk or the cervico-intercostal trunk. Selective
contrast injections into arteries supplying interspinal branches may
cause transverse myelitis. Such contribution to spinal cord vascularity is
an absolute contraindication to embolization' "%,

Selective catheter embolization of systemicopulmonary arteries is an
attractive alternative to surgery in patients who have severely compro-
mised pulmonary function. Acute haemoptysis may be controlled in
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Figure 16 Bronchial artery embolization to control massive haemoptysis in a patient with
cystic fibrosis. (A) The catheter has been selectively placed in the bronchial artery. (B)
The distal branches of the bronchial artery have been occluded with pledgets of surgical
gelatin

about 85% of patients by Gelfoam embolization*'". Recurrent haemor-
rhage may develop in a third of patients so treated, although the recur-
rent haemorrhage is usually less voluminous than the original
episode'""?. Embolic treatment of haemoptysis is especially advanta-
geous in patients with cystic fibrosis because it allows vigorous and
uninterrupted pulmonary toilet"?, but such treatment may also be
required as a useful palliative procedure in patients with neoplasia'™.

HEAD AND NECK HAEMORRHAGE

A biplane aortic arch study is necessary prior tQ selective brachiocepha-
lic arteriography in patients with penetrating trauma of the lower neck
and upper chest. In the absence of trauma, selective carotid or subcla-
vian arteriography may be undertaken directly. Active bleeding results
in free contrast extravasation at arteriography. Subtle intimal irregu-
larities and pseudoaneurysms may be seen following either blunt or
penetrating trauma.

Severe recurrent epistaxis unresponsive to conservative therapy has



116 FRONTIERS IN GENERAL SURGERY

been successfully treated by Gelfoam embolization of external carotid
artery branches'”'®. Recurrent haemorrhage develops in 10-20% of
patients but, unlike surgical ligation, embolization may be repeated'”.
No significant neurological complications have been reported following
this procedure but meticulous technique is necessary to avoid inadvert-
ent embolization of the internal carotid circulation. Mild local pain in the
embolized area develops in most patients but resolves within 72 h.

Massive haemorrhage from neoplastic erosion of major arteries has
been successfully treated with temporary balloon catheter tampon-
ade'® ', It may be necessary to place balloons both upstream and
downstream from the site of erosion in order to prevent back bleed-
ing'’. The catheter may be removed in about a week. The balloon
should be deflated but the catheter should be left in place for several
hours prior to removal'. Permanent occlusion of arteries traversing
such tumours using balloon catheters has not been reported but the
recent development of 8 mm detachable balloons makes such an
approach feasible.

SUMMARY

Over the past 10 years angiography has come to be routinely employed
in the diagnosis and treatment of haemorrhage from nearly every organ
system. Sources of both acute and chronic bleeding can be identified
although arteriography is most useful acutely. In the patient with
chronic haemorrhage, one must rely upon the identification of anatomi-
cal abnormalities such as arteriovenous malformations which are likely
to be responsible for chronic blood loss. In such situations we are unlike-
ly to demonstrate extravasation of contrast from the vascular tree. Vaso-
constriction with vasopressin is useful in the gastrointestinal tract but
elsewhere angiographic control of haemorrhage must rely upon physi-
cal occlusive agents, both particles and tissue cements, to afford either
temporary or permanent vaso-occlusion, depending on clinical circum-
stance.
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4
Oncofetal antigens in
gastrointestinal cancer

E. D. HOLYOKE

Gold identified a glycoprotein antigen associated with fetal gut and
colon cancer tissue in 1965'. He designated this antigen carcinoembry-
onic antigen, or CEA for short. Shortly after this Peter Alexander noted
that there are a group of substances found in various malignant
tumours and in appropriate fetal tissues with either no identifiable, or,
as the sensitivity of our techniques has improved, markedly reduced
material in the corresponding adult tissue. He called these oncofetal
antigens’. Since these materials are only quantitatively different in
tumour as compared to their tissues of origin and appear in a variety of
malignancies, they have also been called ‘tumor-associated antigens’.
The first clinical studies evaluating CEA as a tumour marker in serum in
patients with cancer of the colon and rectum were reported in 1968°.
Widespread clinical study began shortly thereafter. Under the impetus
of the work with CEA, the search for other oncofetal antigens, as well as
for more specific antigenic materials, has burgeoned. Because pancrea-
tic, hepatobiliary, gastric, as well as colorectal cancer at different times
in their course may be very difficult to diagnose or stage, and because
CEA as well as alpha-fetoprotein (AFP) were originally reported in
colon and hepatic tumours respectively, it is not surprising that the
majority of studies performed in the last decade have sought for and
tested tumour markers which might be of potential use in treating
patients with gastrointestinal cancer*’. Over the past decade a great
deal of information has been accumulated, a number of oncofetal anti-
gens identified, and we are able to make some statements about their
use in patients with gastrointestinal malignancy.
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PANCREATIC CANCER

Pancreatic cancer is a disease entity which is usually identified at a stage
when it is not resectable, or if resectable not curable, with an overall sur-
vival rate of 1% at 5 years, so that it is attractive to attempt to improve
our treatment success in this disease by developing a means of screen-
ing or detection before symptoms occur. A tumour marker with enough
sensitivity or specificity to serve as a diagnostic adjunct would also be of
assistance in treating such patients. Firstly, a tumour marker for pan-
creatic cancer might permit earlier diagnosis, at least within the sympto-
matic population. Secondly, such a marker might be accurate enough to
serve as a staging mechanism so that it could reduce the numbers of un-
necessary laparatomies for inoperable disease and permit more precise
decisions concerning adjuvant and/or combined modality treatment.

Several pancreatic antigens have been identified. Banwo first repor-
ted the identification of a pancreatic oncofetal antigen with potential for
use as a tumour marker®. Although some time has passed, this report
has unfortunately not seen further elucidation or follow-up. In Banwo’s
study antisera were raised in rabbits against homogenates of human
fetal pancreas. Using immune electrophoresis techniques, 36 of 37
patients with cancer of the pancreas were found to have demonstrable
circulating antigen. This was not identified in a control group of
patients, including several with other gastrointestinal tumours with an
associated elevation of serum CEA.

A second pancreas-associated oncofetal antigen (POA), a glycopro-
tein, was reported by Gelder from Chicago’. This material has been
demonstrated to be distinct from CEA. Wood and Moosa concluded
after study that the test had a low accuracy as far as true positivity was
concerned, but that a negative test could be considered useful, with a
true negativity rate approaching 94%°. As seen in Figure 1, except for
rare patients with severe pancreatitis, Gelder found an elevated POA to
be quite significant for tumour’. Unfortunately, patients with other
biliary diseases also show a positive POA".

It should be apparent to the clinician that initial reports of potentially
useful markers for pancreatic cancer must be evaluated with particular
care. This was most clearly illustrated for us when we found that by
measuring simple light transmittance in serum we could identify 90% of
patients with pancreatic cancer compared to a healthy population;
however, moderate to severe benign disease caused a similar reduction
in light transmittance. It is necessary when evaluating any marker to
review adequate information concerning possible elevation of the test
substance in the presence of benign disease. In reviewing markers for
the detection of pancreatic cancer in particular, it is necessary to
examine the stage of the disease reported, as most individuals con-
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sidered will have moderate to far-advanced disease.

Gther glycoprotein antigens have been studied in patients with pan-
creatic cancer. The Mayo Clinic group studied AFP in patients with pan-
creatic cancer and found that it offered no real promise, either
diagnostically or assisting in treatment'. Mihas also immunized rabbits
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After Gelder et al (9)

Figure 1 Gelder has demonstrated that an elevated pancreatic oncofetal antigen, as seen
in this figure, is quite significant in the absence of benign disease

with human fetal pancreas extract and identified an antigen which he
called pancreatic oncofetal protein or POP”. The material is related to,
but distinct from, AFP and is primarily a protein as indicated by enzy-
matic degradation with trypsin. Clinical data regarding POP are not
available. Mesa-Tejada et al. prepared an aqueous extract of pancreatic
cancer and identified a tumour-associated antigen which was widely
cross-reactive, related to lung and colon cancer as well as pancreatic
cancer. Indeed, this is more of a gut-associated antigen although it was
first identified in the pancreas™. Additional markers which have not yet
been linked to pancreatic cancer include NCA or non-cross reacting
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antigen; EDCI1, an interesting glycoprotein found in urine; Tennagen;
and alpha-2-glycoprotein.

Carcinoembryonic antigen has been tested as a screening marker for
pancreatic cancer with banked serum samples from the Framingham
Study”. CEA, human chorionic gonadotrophin (HCG), and AFP assays
were carried out simultaneously using serum samples from nine
patients who developed proven pancreatic cancer. CEA appeared elev-
ated up to 10 months before detection of the disease by any other
means. HCG levels were only elevated in one patient, and AFP levels
demonstrated no significant elevation. However a control test group
composed of smokers with diminished vital capacity, but of similar age
to our patients with pancreatic cancer, showed a false-positive rate of
20%. This is too high a frequency of spuriously positive values for the
assay to be useful in screening an asymptomatic population.

At Roswell Park we reached a similar conclusion after screening an
older executive population for possible cancer using the CEA assay for
several years'. After more than 2000 determinations, only one
unknown malignancy which was potentially treatable for cure was
identified. This meant a cost of at least $200Q0 US spent in order to
detect one tumour without considering the problem of false-positive
results, which would add a great deal more expense.

The false-positivity problem also severely limits the use of CEA as a
diagnostic adjunct for pancreatic cancer. Lurie ef al. reported that 52% of
their patients with benign disease who were jaundiced demonstrated an
elevation in serum CEA”. Similarly, Khoo and MacKay reported that
CEA is often elevated in biliary cirrhosis' and Moore et al. reported that
almost 50% of individuals with severe alcoholic cirrhosis showed a rise
in CEA”. This work agrees with the data of Hansen et al.”: 91% of 55
patients with histologically proven pancreatic carcinoma demonstrated
a plasma level of CEA greater than 2.5 ng/ml and 60% greater than 5 ng/
ml. Ona et al.” also reported that 17 of 23 patients with pancreatic
cancer demonstrated values greater than 2.5ng/ml. They found that
values greater than 10 ng/ml indicated metastatic disease. Kalser studied
102 patients with proven pancreatic cancer” who were divided into
three groups. Group I included patients with resectable lesions; group
I, patients with locally invasive non-resectable cancer; and group III,
patients with distant metastatic disease. Table 1 lists the results of CEA
assay in these patients. In group I, as well as in patients with pancrea-
titis, CEA was highest in patients with jaundice. There was little
increase in plasma CEA in the jaundiced patients of group IIl compared
with those who were non-jaundiced. In groups II and IIl approximately
10% of patients demonstrated a normal CEA.

Using CEA as a parameter, there was some survival discrimination in
this series. Patients in group III with elevated CEA values died an
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Table 1 Circulating carcinoembryonic antigen in patients with pancreatitis and cancer of
the pancreas

Group Description Number of patients CEA in plasma
<25 255 >50
I Resectable tumour 11 1 2 8
II Locally invasive non- 34 5 2 27
resectable tumour
111 Metastatic tumour 57 3 8 46
Control Pancreatitis 26 8 8 10

Details from Ref. 22

average of 2 months earlier than those whose CEA values were not in-
itially elevated. For group Il patients this difference was somewhat
more significant, 5 months. In this context, possibly only patients with a
negative or minimally elevated CEA should be put through regional
treatment programmes with one of the various combined modality
approaches available; this type of selection might at least insure com-
pletion of a reasonable portion of planned treatment. MclIntire’s
Gastrointestinal Tumor Study Group review in 1978 indicated a 25-week
longer survival for patients with locally unresectable disease and a
normal plasma CEA compared to a similar group of patients with an el-
evated serum CEA”. The Mayo Clinic studies have, on the other hand,
indicated that Eastern Cooperative Oncology Group (ECOG) perform-
ance staging is as accurate as CEA determination in this regard and that
stratification beyond this is probably not helpful, at least in patients
with metastatic disease*. Nevertheless, we believe that this oncofetal
antigen or any other oncofetal antigen of similar or greater sensitivity
should be stratified in prospective randomized treatment protocols.

Sharma et al. studied CEA levels in pancreatic juice” and simul-
taneously measured CEA serum levels. They reported that 75% of a
series of 21 patients who had both levels elevated had known cancer.
Other workers have suggested that CEA in pancreatic juice might be
diagnostic for pancreatic cancer’®?. The Mayo Clinic group carried out
a prospective analysis of CEA, trypsin, lipase and bicarbonate in pan-
creatic juice”. They reported that both enzyme output and bicarbonate
following cholecystokinin stimulation were more sensitive as indicators
of pancreatic cancer than CEA determinations and they do not feel that
the measurement of CEA in pancreatic juice is useful.

Barkin et al. studied the course of patients with cancer of the pancreas
following treatment”; CEA levels fell to normal in three of eight patients
following pancreatic resection, and, in general, these workers recorded
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a decrease in plasma CEA levels even when surgical resection was not
curative. Unfortunately, among the eight patients with complete resec-
tion, the three with values which fell to normal levels did not survive
longer than the others. Radiation alone, or in combination with chemo-
therapy, did not alter CEA levels in patients with locally unresectable
pancreatic cancer. In patients with metastatic disease CEA levels usually
progressed as the disease led to death.

At present, aside from possible use in staging, particularly for proto-
cel study, we do not see an established clinical use for any of the oncofe-
tal antigens associated with pancreatic cancer tested to date. We may
yet have success in identifying other specific pancreatic cancer antigens
which may be demonstrated by in vitro tests of active materials, such as
the LAI assay (leukocyte adherence inhibition). In a recent report we
have described our efforts to identify unique pancreatic tumour anti-
gens”, and we have marked a promising glycoprotein in the ascitic fluid
of pancreatic tumour patients”. We have also found a distinct
perchloric-acid-soluble glycoprotein preparation in pancreatic tumour
tissue”. It is hoped that further use of immunological methods of
testing, including the LAI assay and the use of hybridomas in the search
for pancreatic tissue-specific antigens, will prove fruitful.

GASTRIC CANCER

In spite of extensive endoscopy programmes carried out in Japan and
because of a lower incidence of gastric carcinoma in the west, less invas-
ive and more economical screening techniques are needed®*. Because
of endoscopic progress and availability, diagnostic serological tests have
appeared less necessary for gastric cancer. Because treatment is rela-
tively successful and the natural course of the disease following detec-
tion is longer, however, there is more opportunity for using a
serological monitor in gastric cancer patients than in those with pancrea-
tic malignancy.

Hakkinen et al. described a fetal sulphoglycoprotein antigen (FSA) in
gastric juice in 1976*. This marker can be identified by histopathological
study in malignant gastric cells but this is, once more, a quantitative
finding and FSA can be identified in the mucosa of non-cancerous indi-
viduals and in fetal gut. FSA is an active secretion product and is always
found in higher concentration in gastric secretions than in gastric
mucosa.

Unfortunately, in addition to low sensitivity in patients with gastric
cancer, FSA screening of a control population aged 40-70 years revealed
a 6-9% false-positive rate”. Because of this and other vagaries associ-
ated with an assay depending on the collection of gastric secretions with
a nasogastric tube, FSA determination has proved to be of limited use-
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fulness in screening, diagnosis or monitoring of gastric cancer and is not
used.

In 1978 Ishii reported a tumour antigen, serum basic ferroprotein or
BFP®. This marker is associated with gastric cancer as well as a variety
of other malignancies. On the favourable side, over 30% of individuals
with gastric cancer are positive on BFP radioimmunoassay but the posi-
tive patients are those with more advanced disease. Moreover, up to
40% false-positives are found and are associated with such benign
disease as cirrhosis.

Another tumour marker is serum C3DNA-binding protein (C3DP).
This fragment of complement has been found elevated in several
patients with known gastric cancer”, but there are apparent problems
with stability and consistency with the C3DP assay. Reports involving
large and organized series have not appeared. AFP has been studied as
a possible marker for gastric cancer®. It is clear, however, that from the
point of view of clinical utility for gastric cancer, when sera of only 4 of
17 patients with non-hepatic metastases and 8 of 20 patients with
hepatic metastases are positive, AFP is neither sensitive nor specific
enough.

Bjorklund et al. have identified a polypeptide in several malignancies
which has antigenic properties and which they have designated tissue
polypeptide antigen or TPA**. This polypeptide is identified by hae-
magglutination assay. Menendez-Botet and Schwartz have surveyed
the frequency of TPA elevation for a number of tumour sites* and 23 of
31 patients with gastric cancer demonstrated positive assays. In indi-
viduals with benign disease, 40 of 112, or 36%, had TPA levels that were
elevated and 2 of 67 young and healthy individuals had significantly el-
evated levels of serum TPA. Holyoke and Chu® carried out simul-
taneous measurements of TPA and CEA in a small group of gastric,
pancreatic and colonic cancer patients listed in Table 2. TPA is clearly

Table 2 TPA and CEA determinations in patients with gastrointestinal malignancy

Tumour TPA CEA Either

type No. elevated/total no. No. elevated/total no. No. elevated/total no.
Pancreas 6/10 4/10 8/10
Gastric 2/6 2/6 3/6

Colon 21/47 31/47 31/47

not more sensitive in the detection of gastric malignancy than CEA, and
there is no evidence for any additive gain. The data with regard to pan-
creatic cancer may be a little more interesting.

CEA was originally reported as specific for colonic cancer’. However,
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it is now known to be elevated in the plasma of some individuals with a
variety of cancers*¥. Early reports of positive radioimmunoassay rates
of greater than 70% in patients with metastatic gastric cancer were en-
couraging® but, as seen in our TPA-CEA comparative study at Roswell
Park, our figures were considerably lower®”. Ravry reported that only
one of eight patients with regional disease was CEA-positive and in his
series of patients with metastatic disease, only 9 of 37 patients demon-
strated a plasma CEA greater than 2.5 ng/ml, and for patients with non-
hepatic metastases the figure was only 2 of 17*. CEA is not useful in the
screening, diagnosis, or monitoring of gastric cancer; even in staging it
appears of very limited value. For gastric cancer there are no established
markers which are presently useful to the clinician in any practical
sense.

COLORECTAL CANCER

The use of CEA in patients with colorectal cancer has been extensively
studied since 1968. The possible use of CEA screening has been settled
in the negative®: sensitivity and specificity are simply not good enough.
In general, CEA is also of limited use as a diagnostic adjunct in sympto-
matic patients™. It is unfortunate that in those patients in whom it is
most difficult to identify malignancy using standard means, either
because the disease is early or because of some accompanying benign
inflammatory disease, a high percentage of false-negative and false-
positive results prevent this assay from being of real assistance.
Although comparative diagnostic studies are always difficult to eva-
luate, most studies would indicate that CEA and barium enema are
comparably helpful, so that, in selected instances, CEA determinations
could conceivably be of assistance®®. Good comparison studies with
contrast enemas require the use of air contrast studies, however, and
colonoscopy appears to be a superior technique in any event*. From
our studies and a review of the literature we conclude that CEA deter-
minations are of diagnostic help in only a small group of symptomatic
individuals.

We reported earlier that an elevated presurgical CEA correlated with
a higher incidence of later tumour recurrence™. Mach and Zamcheck
have recorded similar findings”*. These observations raise the
question as to how CEA levels in plasma relate to stage of disease. Does
the CEA level in plasma relate more accurately to outcome than careful
clinicopathological staging? We have found in repeated studies that
CEA is predictive and that it does correlate with clinicopathological
staging”®. In our hands CEA is a better staging technique than a
simple recording of Dukes A, B or C disease. A modified Dukes staging,
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after Astler Coller, with Stages A, B, B,, C,, C,, seems to be about as
predictive as CEA assay, but even when compared to this more precise
pathological system, the CEA plasma level will identify groups at more
or less risk within the C; or C, categories®.

Table 3 Roswell Park TNM classification for colorectal cancer

T, -~ No tumour

—  Tumour in mucosa

— Tumour penetrates muscularis

- Tumour penetrates through serosa
— Tumour invades adjacent structures

ORI

No lymph nodes involved

— One or two positive nodes close to the primary
tumour

~ One to three positive nodes approaching the apex
of the resected mesentery

~ Four or more positive nodes, or positive nodes at
the apex of the resected specimen

N

Z 2z Z2Z A4
|

)

— No metastases present
1 — Metastases present

<z

We have developed an in-house TNM staging programme (Table 3)*%.
In our population the majority of post surgical recurrences have devel-
oped in patients originally noted as having T, lesions, i.e. those with
frank invasion of adjacent structures, or N,-N, patients, those with four
or more lymph nodes involved with tumour or with tumour-bearing
nodes located near the apex of the surgical specimen. In our study the
key group was unfortunately quite small after all the patients were care-
fully subdivided by stage. There were nine T,~T, patients with disease
penetrating or perforating the wall of the colon, and with N, nodes, less
than four nodes clustered reasonably close to the tumour. None of the
patients in this group with a normal presurgical CEA had tumour recur-
rence but three of four patients with a CEA which was elevated prior to
definitive surgery later developed recurrence. Our conclusion has con-
tinued to be that overall CEA values are predictive of recurrence and
that the level of discrimination approaches that seen with careful and
detailed histopathological staging.

The question remains whether or not CEA determinations are addi-
tive to careful staging if both techniques are used to attempt to improve
stratification. Although CEA does approximate stage, there are some
patients who have a very small amount of tumour with rather high
plasma CEA, and some patients with a considerable quantity of
advanced tumour who show no antigen elevation. CEA evidently meas-
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ures a parameter other than tumour size or bulk which reflects net
amount of material released from the tumour. It is difficult to show that
CEA measurement adds to careful staging because of the numbers of
patients needed in follow-up to recurrence to reach a definitive answer.
Our overall data indicate that there is some addition and that CEA will
help define patients at risk within the T,-T; and N-N, groups®, but the
evidence is less secure than we would like. Perhaps the Gastrointestinal
Tumor Study Group data of presurgical CEA levels versus pathological
stage and outcome may help, but these data have not yet been fully
analysed®.

At present we recommend that a CEA determination should be done
on all patients with colorectal cancer to help the operating surgeon and
oncologists in estimating the possible advantage, particularly for rectal
cancer, of adjuvant therapy. We believe that CEA staging for stratifica-
tion in patients undergoing prospective randomized studies is import-
ant and should be developed.

We have studied CEA as a monitor of recurrence of colonic cancer, as
have many others®®. In a series of 60 patients, we reviewed over 900
post-surgical CEA measurements. About 15% ,of the patients in our
population and assayed in our laboratory demonstrated a spurious ele-
vation of two consecutive values. To assure an 65-70% certainty of
finding residual cancer in one of our asymptomatic patients followed
after ‘curative’ resection for colorectal cancer, we required two consecu-
tive CEA values greater than 5ng/ml. All patients with a single plasma
CEA greater than 25 ng/ml demonstrated a recurrence on investigation.
Also, on review to date, all patients who have had successively elevated
CEA values, with the second value increased by more than 5ng/ml over
the first, have proved to have recurrent cancer™”. In our clinical popu-
lation, where patients are seen monthly for a physical examination and
symptom review with frequent scan and X-ray follow-up, we have
found that 30-40% of our patients have a significant elevation of plasma
CEA before the disease is detected by other means. As we have pointed
out, the usefulness of this finding is limited by the fact that spurious ele-
vations can occur in perhaps 25% of patients as a single event, and two
consecutive elevations may still falsely indicate the presence of tumour
in 30-35% of our patients. In some of our patients we have found that
this type of rise may occur following a course of chemotherapy such as
with MeCCNU. Other tumour enzymes may be increased simul-
taneously and we believe the elevation represents parenchymal damage
which is drug induced (Figure 2). If the CEA value is still elevated
between 30 and 45 days after surgery, early clinical recurrence is prob-
able.

One outstanding question at present, in the clinical use of tumour
markers, is whether or not the CEA assay can assist us in monitoring
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patients with colorectal cancer. The basis for any success must be the
timely detection of early clinical recurrence of colorectal cancer using the
CEA assay and the success of second surgery and chemotherapy.
Martin and Minton present the most optimistic findings related to
patient follow-up’’?. From their data they believe that CEA levels
should be assayed every month or two for at least the first 2 years fol-
lowing definitive surgery and they do not question that CEA determina-
tions are the most reliable indicators of recurrent colorectal cancer. A
reason for advocating frequent assays for the first 2 years is that in
Morton and Minton’s experience two-thirds of recurrences appear in
the first 18 months after removal of the primary tumour. They have
reported two main studies”™’. The first was a retrospective series
begun in 1972 which included patients entered through 1975. The
second or prospective study began in 1976. In this work Martin’s major
contribution has been the development of a nomogram defining at the
level of two standard deviations the intra- and inter-assay variations
inherent in CEA determinations. This allows us to note small deviations
from normal which occur at low CEA levels. In addition a nadir speci-

CEA as a Monitor of Colon Cancer:

Effect of MECCNU on Plasma Level
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Figure 2 In this patient, sporadic rises in CEA appeared three times over 18 months of
chemotherapy, each time following MeCCNU and 5FU so that a rise was seen following
three of eight courses of both drugs. No rise was seen after nine courses of 5FU alone
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men, taken between 1 and 2 months post-reaction, is kept on these
patients and if there is evidence of a later elevation, another serum
sample is tested against an aliquot of this specimen to further control
spurious variation.

In the retrospective study 22 patients underwent a CEA-detected
second operation. Recurrent tumour was found in 19 individuals and in
six this was resectable so that in slightly more than one in four patients
with an elevated CEA, recurrent disease was resectable. The figures
reported in 1978 for this prospective study appeared somewhat better.
Seventeen of 18 patients demonstrated tumour and it was technically
resectable in 13 of these, or 60%. One problem with these reports is that
it is not possible to determine whether any of these patients could have
been diagnosed as having recurrent tumour by more conventional tests
or whether an elevation of CEA was the sole evidence of tumour.
However, our experience is not greatly different from these reports
overall. If we list those patients operated on for an an elevated CEA, we
also found that more than 80% had recurrent tumour but this figure
includes patients also found to have other evidence of tumour on endo-
scopy, X-ray, scan, other enzyme assay or physical examination. We
have explored nine patients with two consecutive elevations of CEA
who came to laparotomy with no other evidence of tumour aside from
an elevated CEA following extensive evalution. Six of these did have
tumour and in two the disease was resectable; in one disease was par-
tially resectable and residual tumour was clipped for subsequent radi-
ation therapy and prolonged freedom from disease. It is of interest that
in Minton’s original series of six patients in whom resection was
apparently possible, four were free of disease for more than 3 years.

There are studies which caution against the use of CEA as a monitor
for recurrent colorectal cancer. Mach et al. have indicated some of the
problems associated with false positivity””’. Moertel report a group of
patients with otherwise diagnosable disease recurrence or with clinical
evidence of disease progression and a continuing negative CEA assay.
The study of Cohen and Wood properly points out that CEA is at its best
in reporting liver metastases, a group of patients who may not be much
helped by therapy™. It is surprising that an organized study of second-
look surgery has not been established since only in this way can the
CEA assay be convincingly established as a useful means of monitoring
colorectal cancer in the'initial 2 years following surgery. We recommend
that, in addition to the preoperative CEA determination, a CEA level be
done following definitive surgery in Dukes B,, and C,; and C, lesions
beginning about 45 days after surgery and continuing for 2 years at 2-
month intervals and until 5 years at 3-month intervals thereafter.

The use of CEA to assess and quantitate the effectiveness of chemo-
therapy or radiotherapy, particularly for advanced disease, has been
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studied by several clinical groups™®'. The results from the Mayo Clinic
indicate that there is not a strong correlation between the effects of che-
motherapy for metastatic disease and changes in serum CEA* . We did
find an overall correlation, but it was not as reliable as we would like®.
One of the problems we found was that near the end of a patient’s
illness CEA production or release sometimes falls without apparent
reduction in tumour bulk.

We also found that chemotherapy did reduce levels of circulating
tumour antigen in a percentage of patients who appeared clinically
stable. This suggests, in some patients at least, a 5-fluorouracil (5FU)
effect which was not apparent by measurement of tumour mass. Even
more interesting was the finding that serum CEA following nitrosamine
therapy showed a greater and more consistent fall than that seen follow-
ing 5FU even though clinical response, as measured by other para-
meters, was not different®. While these findings are interesting, we
would have to concur with Meyers that with current chemotherapy and
variations in CEA assay results this is probably not useful. On the other
hand, we believe that monitoring CEA for radiation therapy and for
primary disease preoperatively with follow-up for recurrent disease can
be useful®. Sugarbaker et al. concluded that if CEA titres do not
decrease with preoperative radiation, disease should be expected
outside the radiation field. These workers also found that tumour
escape began after about 8 weeks, so that disease progression began
early, at least as measured by the beginning of a rise in CEA titre;
optimal surgery should probably be performed within this interval.

Chee et al. reported the presence of a carcinoma-associated antigen in
culture media obtained from flasks growing the human colon cancer
line HT-29%. Using a micro complement fixation (MCF) assay in sera of
cancer-bearing and normal individuals, they obtained evidence for
carcinoma-associated antigen(s) in media in which HT-29 had grown.
They stressed the usefulness of chemically defined media in this study.
These antigens were distinct from CEA which was also found in media
in which the cell line was grown.

Gold and Miller studied colonic mucoprotein antigen (CMA), a high
molecular weight tissue-specific antigen and a normal colonic secretory
product”. There are distinct chemical composition differences between
mucins from normal individuals and those with cancer. It is clear that
other colonic cancer-associated antigens which may be oncofetal or may
be more specific will probably be identified but there are no data at
present. The group at the Sidney Farber Clinic in Boston have pursued
simultaneous CEA measurements and immune complex assays with
some possible improvement in reliably monitoring colonic cancer®.
Edginton reported a CEA from colon tissue which he determined was
more specific than CEA and which he designated CEA-S¥. Chu, along
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with others, performed preliminary analyses with this material, moni-
toring patients with colon cancer (unpublished data); he felt there were
fewer spurious single elevations in CEA as he followed these patients,
but the work is incomplete. Furthermore, it has apparently not been
possible to reproducibly obtain this material, and this final comparative
judgment must be withheld.

SUMMARY

At present as we look over our survey of the current status of oncofetal
antigens in gastrointestinal cancer, results are discouraging. There are
definite areas of potential usefulness in patients with pancreatic, gastric
or colorectal cancer; that is not the main problem. For oncofetal proteins
a major problem includes both specificity and sensitivity. The specificity
problem is related to the fact that tumour markers are only quantitative
departures from normal; thus they are found elevated in the serum in a
number of inflammatory and other benign conditions which result in
increased cellular turnover. For this reason none of the oncofetal
antigen determinations appears useful for screening. In addition, in
order for adequate sensitivity in the clinical setting, tumours must
release adequate amounts of antigen into the circulation. This usually
requires tumours of a certain bulk or stage so that the earliest tumours
are not ordinarily detectable by such markers.

For pancreatic cancer CEA or POA may be of some use in diagnosis,
used together with other modalities, but such determinations will not
help find tumours much earlier than can be done with other techniques;
moreover, uncertainty factors are great enough that we cannot rely on
assay results alone so that more invasive techniques are not obviated. In
a study setting of intense, combined modality therapy POA or CEA are
probably useful in looking for shades of sensitivity. In a strict clinical
care situation this is probably of no value.

For gastric cancer there is even less evidence for a useful status of any
oncofetal antigen marker. The staging problem is not as acute as for pan-
creatic cancer, and diagnosis is easier.

It is in the area of colorectal cancer that we feel CEA has a useful
place. A CEA value should be used preoperatively to help in staging. In
our experience. a value much above 10ng/ml, assuming a normal of
2.5ng/ml, would justify chemotherapy and/or radiation as appropriate
adjunct therapy in B,, C, or C, patients. Ideally, in follow-up we suggest
a CEA value at 45 days, 3 months and then monthly until 2 years after
definiiive surgery for B,, C; or C, patients. CEA levels should then be
obtained at perhaps 2-month intervals for the third year, and quarterly
during the fourth. If CEA elevation occurs other causes such as liver
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disease, inflammatory disease or chemotherapy with liver toxicity must
be considered. A repeat value should be taken in 2-3 weeks and if it is
elevated a second-look procedure should be considered, although it
may be reasonable to wait another 3 weeks. At that time, if the CEA
level is again elevated with no drop from the two preceding values, or
only a minimal drop in level, we suggest laparotomy with, we believe, a
better than 60% chance of finding tumour which can be resected with
hope of cure in one of three patients. This is the best statement we can
make about monitoring and second-‘ook considerations until a proper
comparative prospective study has been completed.

On measuring the effects of chemotherapy on residual disease,
outside of a study setting, no colon marker would presently be of use.
CEA determinations may be helpful, on the other hand, to monitor
presurgical radiation or radiation to regional tumour recurrences.
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5
Adjuvant therapy of
gastrointestinal carcinoma

E. J. ANSFIELD AND G. RAMIREZ

Due to the fairly dismal prognosis often associated with cancer of the
gastrointestinal tract, chemotherapy as an adjuvant to surgery was a
logical development for high-risk patients likely to develop recurrence.
It was thought merely necessary to await the availability of compounds
that showed reasonable effectiveness against such cancers. Regrettably
the wait has been a long one and, to a large extent, still prevails.

Adjuvant therapy for the upper gastrointestinal tract or its appen-
dages is chiefly concerned with cancers of the stomach and pancreas.
The latter has a median survival of 10.5 months from the onset of symp-
toms and 3.5 months from proof of incurability, while in gastric cancer
the median survival data are 11.5 and 4 months respectively’. The
National End Results Committee reported that 80% of patients with
gastric cancer and 90% of patients with pancreatic cancer are dead
within 1 year, emphasizing the grim outlook for victims of such dis-
eases.

Most of the other upper gastrointestinal cancers similarly carry a very
dire prognosis and include malignant hepatoma, cancers of the gallblad-
der, duodenum, bile ducts and ampulla of Vater. The Mayo Clinic
Group found the median survival times from proof of incurability to be
9 months for cancer of the small bowel, 30 months for carcinoid (small
bowel), and 57 months for islet cell carcinoma, a less rapidly fatal group.

Moertel et al.? conducted randomized studies in localized unresect-
able gastric and pancreatic cancers, treating them with 5-fluorouracil
(5FU), 15mgkg™ d™ x 2d then 10mg/kg on the third day, plus 4000r
radiotherapy vs. a placebo plus irradiation. Patients with both tumour
types showed a significantly increased survival if they were treated with
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5FU plus radiotherapy.

Since the 5FU, injected intravenously on three successive days, fol-
lowed by up to 4000r within an area of 20 X 20cm in patients with
locally unresected gastric and pancreatic cancers appeared to be useful,
it was felt that this combination might be helpful as adjuvant therapy
following resection of gastric and pancreatic tumours when the surgeon
feels there is a high likelihood of local, remnant cancer.

At the University Hospitals at Madison, WI (University of Wisconsin)
we conducted a randomized study’ of patients with gastric cancer that
was incompletely resected or was associated with positive regional
lymph nodes. Cards were drawn blindly for treatment with 5FU plus
irradiation vs. 5FU alone. The 5FU was started on day 1 when radio-
therapy was also started, usually 3 weeks following resection providing
a fairly good oral protein intake was established. For the combination,
the 5FU was given at a schedule of 10mgkg™d™ x 3d, 5mg/kg on day
4, then 5mg/kg every Monday, Wednesday and Friday throughout the
course of irradiation. Thereafter the patients received 15mg/kg intra-
venous 5FU weekly. Patients who were randomized for 5FU alone
received a S5FU loading course depending on their intake of protein,
then 15 mg/kg intravenous 5FU weekly. No significant difference was
found in the small series of patients studied.

In an experimental approach to locally unresectable pancreatic cancer,
a catheter was placed percutaneously via a transbrachial approach into
the artery supplying the tumour area and patients received intra-arterial
5FU combined with radiotherapy. This pilot study yielded two long sur-
vivors of the 18 patients so treated. Patients with a high likelihood of
incomplete resection of cancer of the gallbladder and bile ducts were
similarly given intra-arterial 5FU (10 mgkg™"d™") plus concomitant irra-
diation. With this regimen and with the catheter tip positioned in the
common hepatic artery, two patients had complete clearing of their
jaundice. After completion of radiotherapy, consisting of 4000 r tumour
dose, the arterial catheters were removed and patients were given
weekly intravenous doses of 5FU (15 mg/kg).

Possibly due to the increasing prevalence of gastric cancer in Japan, a
number of reports from that country have dealt with chemotherapy as
an adjuvant to inadequate resection of this tumour. The combination as
reported by Hattori et al.?, in gastrectomized patients with a high sus-
picion of remaining tumour, was given as adjuvant chemotherapy to
180 patients and consisted of Mitomycin-C 20 mg intravenously on the
day of gastrectomy and another 10 mg the next day. With suitable ran-
domization of 165 patients the most promising and statistically signifi-
cant results appeared in the group that received Mitomycin-C, then oral
PSK, a protein-bound polysaccharide, and FT-207, a furamyl analogue
of 5FU. At 3 year risk 62% or 33 patients survived.
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Fujimoto ef al.” reported a randomized study of 249 patients with re-
sectable stomach cancer. Oral 5FU 3.5mgkg™'d™ and FT-207, a
furamyl analogue of 5FU, 8 mgkg ' d ' were given daily to 107 patients
as adjuvant therapy following gastrectomy. The 120 patients rando-
mized as controls had gastric resection and no adjuvant therapy. A sig-
nificantly higher survival was observed in the curatively resected
patients who received 5FU and FT-207 as compared to the controls. The
two compounds were taken orally on a continuing basis. The results of
this study and the previous one of Hattori ef al. may be considered
mutually supportive.

Gilbert et al.® reported encouraging results with the use of Razoxane
(ICRF 159), related to the chelating agent EDTA, as an adjuvant to resec-
tion of gastric cancer. Five of the first 10 patients survived more than 2
years following purely palliative gastric resections. A large randomized
adjuvant study of Razoxane vs. controls (no treatment or 5FU) is cur-
rently in progress in patients with cancers of the stomach, pancreas,
colon and rectum.

Other than skin cancer the most common malignant tumour afflicting
men in the Western hemisphere is colorectal cancer. Despite such tech-
nical improvements as early bowel stump ligation to prevent anastomo-
tic tumour cell implantation” and the no-touch isolation technique®, the
over-all 5-year survival has remained relatively constant over the past
two decades’.

Surgery alone fails to cure about 80% of patients with Dukes C
(spread to serosa or positive regional lymph nodes) and 58% with
Dukes B lesions (spread to the muscularis mucosae)'’. Since Dukes B
and C lesions comprise 90% of resectable colorectal cancer the compel-
ling need for effective adjuvant therapy is apparent. Early attempts at
adjuvant chemotherapy were aimed at the circulating malignant cells
that it was felt were liberated into the blood stream during tumour
manipulation at the time of resection™ . Nitrogen mustard was ineffec-
tive, as was thio-tepa, except in a subset of women older than 55 years
of age who received the larger total course of 0.8 mg/kg. Because of
increased morbidity this dose was reduced to 0.6 mg/kg total course. It
became apparent that these alkylating agents given on the day of
surgery alone, or also for an additional one or two doses over the first
two postoperative days were ineffective as adjuvant therapy in colorec-
tal cancer. It was subsequently realized that the major source of spread
was not primarily associated with the surgeon’s handling of the tumour
but that micrometastases had already disseminated in Dukes B and C
lesions. Further attempts at cancer chemotherapy against this tumour
were desultory for a period, primarily because no effective drug was
available.

With the development of 5FU by Heidebergen et al."” and Duschinsky
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et al.”® in 1956, and the demonstration of its clinical utility by Ansfield
and Curreri® in 1958, there became available for the first time a com-
pound that, given optimally, exhibited significant antitumour activity
against colorectal cancer with reasonable consistency. In another 2 years
when 5-fluoro-2-deoxyuridine (SFUDR)" was developed, we* demon-
strated that it it had greater antitumour activity against colorectal cancer
than 5FU. Our clinical results comparing 5FU to SFUDR are shown in
Table 1.

Table 1 Clinical comparison of 5FU vs. 5SFUDR in cancer of colon or rectum

SFU S5FUDR 14
No. patients improved/No. patients 24/141 25/57 <0.001
treated
Percentage improved 17.0 43.8
Average duration of remission 8.4 months 19.2 months
Number of complete regressions 3 9 <0.001

The first patient who received a fluoropyrimidine as an adjuvant to
resection of a large bowel cancer was a plastic surgeon of Hollywood,
CA in 1960. Tumour cells were found in the perineural sheaths and as
thrombi in the venules at a resected end of the surgical specimen. Three
weeks following surgery he was placed on 5FUDR 30mgkg 'd™' x 5d,
then a day of rest, then 15 mg/kg every other day for 11 such half doses,
all given by intravenous push. The only reactions were occasional
nausea and slight anorexia. Two more such courses were given in Holly-
wood with 30 days between each course. A second-look procedure done
9 months after surgery revealed no recurrence and the patient has
remained tumour-free for the past 20 years.

A similar early salutary effect occurred in a 65-year-old female who
had a resection for gastric carcinoma with involved lymph nodes. Three
weeks following surgery she received the first of three courses of
5FUDR each consisting of 30mgkg™"d ™' x5d, a day of rest, then 11
half-doses on alternate days. Subsequent courses were given after a 30-
day rest period between courses. She remained free of recurrence for 7
years when she died of a coronary thrombosis. No cases other than the
above two received SFUDR as an adjuvant to resection of gastro-
intestinal cancer. This compound was to be used in Phase I and later in
Phase II studies, but in view of the significantly superior results we
observed in advanced cancer with 5SFUDR compared to 5FU, it was felt
justifiable to administer it to these two high risk patients very likely to
develop recurrence.

Higgins® reported a series of 1118 patients with colorectal cancer that
were entered into two prospective randomized trials to study the utility
of 5FU as an adjuvant to surgical resection. The first group consisted of
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433 patients of which 308 patients had curative resections and were ran-
domized to receive intravenous 5FU, 12mgkg'd ' x5d, starting 2
weeks postoperatively while the controls received surgery alone. The
S5FU-treated group received a second course of five daily infusions of
5FU, 7 weeks later without further adjuvant therapy. Two other sub-
groups who had palliative resections were also randomized for 5FU or
no chemotherapy. Grouping these three subsets showed that the survi-
val was significantly (p = 0.002) better for patients who received 5FU
compared to those who had surgery alone.

There were also two trials with prolonged intermittent 5FU therapy
(12mgkg'd™' x5d) every 6 weeks for 18 months. Combining all five
groups who received 5FU courses vs. the controls demonstrates a stati-
stically significant difference in survival favouring 5FU treated patients.
Unfortunately the earlier individual studies showed no value for 5FU
given as adjuvant therapy and the early negative results still influence
physicians to withhold adjuvant chemotherapy today, even for Dukes B
and C lesions.

When Moertel and Reitemeirer” learned of the superior results we
observed with SFUDR in colorectal cancer they obtained this compound
from the National Cancer Institute and conducted a prospective double
blind study of 5FU vs. 5FUDR given by intravenous push in patients
with colorectal cancer. They used 5FUDR at a schedule of
40 mgkg™d™' x 5d with plans to then use half-doses every other day to
the point of slight toxicity. Unfortunately, with such high doses, toxicity
developed very early in most cases, so most patients were not candi-
dates for subsequent half-doses. This randomized study of 5SFUDR vs.
5FU in colorectal cancer resulted in a 23% response rate for 5SFUDR and
a 12% response rate for 5FU; the difference approached but did not
reach statistical significance.

The Eastern Solid Tumor Group in randomizing 5FU vs. SFUDR wvs.
methotrexate observed early in the study a prohibitive incidence of
severe and fatal toxicity. The code in this triple blind study was not
broken but instead the five whole doses of each drug were reduced to
3% doses followed by half-doses on alternate days. When the study was
completed and the code broken it was found that SFU had produced the
severe toxicity. By reducing all three drugs the resultant SFUDR
regimen was inadequate: 30 mgkg "' d ' X 3d, half-dose on day 4, and 4
half-doses on alternate days. Since neither of the above studies utilized
what we found was an optimal dosage regimen, the incidence of objec-
tive regressions did not approach the Wisconsin results and SFUDR was
not approved for subsequent intravenous chemotherapy. We thus lost
the most effective compound available and active against disseminated
colorectal cancer and the compound most likely to prove beneficial as
adjuvant therapy in high-risk patients following surgical removal of
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gastrointestinal cancers. Unfortunate as this may be, we still have 5FU
as a worthy alternative.

It is very disturbing that the majority of physicians believe that adju-
vant therapy in colorectal cancer has no merit, and that oncologists too
are confused. A brief mention of more of the earlier studies, uncon-
trolled or randomized, will probably explain the reasons for the diverse
opinions that currently exist.

Grage et al.” reported the Central Oncology Group’s randomized
adjuvant study of 5FU vs. untreated controls in 274 patients who had
either a curative or palliative resection of colorectal malignancy. Unfor-
tunately the 5FU loading course of 12mgkg™d™" x 4d followed by up
to five half-doses on alternate days and weekly doses thereafter at
12 mg/kg is considered inadequate by the authors of this chapter and
our recommended schedule will be described. Grage et al’s study found
no significant benefit from adjuvant chemotherapy except in those
treated to toxicity. This could have been predicted in view of the less
than optimal dosage schedule. The study summary stated: “We con-
clude that a preliminary analysis of the COG data in this trial does not
make a convincing case for the use of 5-FU as an adjuvant to the surgical
treatment of colorectal carcinoma.’ It is readily apparent how the nega-
tive results of this and the Veterans Administration studies might adver-
sely influence the decision of physicians and younger oncologists to
consider adjuvant 5FU therapy. Unfortunately, it may take several years
for the recent reports that show the significant advantage of 5FU adju-
vant therapy to reach these personnel.

Rousselot et al.** reported on intraluminal instillation of 30 mg/kg of
S5FU plus two doses of 10mg/kg of 5FU intravenously to 77 study
patients following resection of colorectal cancers. Seventeen had posi-
tive mesenteric nodes and their 8-year survival was 56% which they
compared to a 5-year survival rate of 32% for nationwide controls. There
appeared to be a favourable trend in long-term survival associated with
S5FU use.

Lawrence et al.” utilized the same dosage and technique of adminis-
tration as Rousselot except in a prospective randomized study of 126
patients, and 80 received five monthly courses of oral 5FU after the im-
mediate postoperative adjuvant treatment. They concluded this adju-
vant therapy yielded no improvement over the controls.

Only in the last 2 years have reports from the Central Oncology
Group and Veterans Administration Adjuvant Studies started to show
that 5FU adjuvant therapy, given even suboptimally over an adequate
period of time, produces a statistically significant increase in tumour-
free survival compared to untreated controls. Unfortunately, for more
than half a decade reports claimed no benefit from the 5FU adjuvant
therapy. As a result it is our estimate that less than 20% of high-risk
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patients (Dukes B and C) are currently being given adjuvant chemo-
therapy. This stems primarily from the circumstance that earlier rando-
mized studies, which appeared in major medical journals, stated
prematurely that fluoropyrimidine (5FU, 5FUDR) adjuvant therapy had
no significant advantage over no treatment® *>%,

The authors of this chapter have collectively treated well in excess of
6000 patients with 5FU for periods of from 1 to 2 months up to 10 years
with monthly courses of 5FU, each to the point of at least slight reaction,
month after month and year after year if no progression appeared or
with a loading course to slight reaction followed by weekly doses. In a
randomized study that we conducted®, both regimens were found to be
equally effective so the latter has had preference at the University Hos-
pital at Madison, especially because of greater patient acceptability. In-
itially in 1957 our monthly courses of 5FU consisted of 15
mgkg'd” X 5d. When it appeared the response rate could perhaps
be improved by more aggressive dosage, following the five doses and
then a day of rest, half doses or 7%2mg/kg were added every other day
to the point of slight toxicity or arbitrarily until 11 such half-doses were
given. Each subsequent course was then given after 30-day rest periods
between courses.

Despite added experience and careful daily observation in the hospi-
tal by one of us before each dose, the incidence of drug-related deaths
continued at 2.9%, which was considered prohibitive even in patients
with advanced or terminal disease. Therefore, after a phase I study with
200 patients®, a less toxic 5FU dosage schedule for good-risk patients
was adopted of 12mgkg™'d™' x5d, a day of rest, then hzalf-doses or
6mg/kg every other day to the point of slight reaction or until 11 half-
doses were given. These courses were repeated with 30-day intervals
between the last day of the previous and the first day of the next course.
In retrospect one of us (FJA) has the distinct impression that the earlier
15mgkg™'d'x5d plus half-doses produced more remarkable
responses than did the 12 mg/kg schedule but since the lesser schedule
has an incidence of only one toxic death per thousand in the last 3000
patients treated with 5FU and a response rate not significantly different
from that produced by the larger dosage schedule, the 12 mg/kg dose
schedule is the one strongly recommended in good-risk patients.

There are certain definite circumstances when a loading course of 5FU
should not be administered because the incidence of serious fatal toxi-
city is prohibitive:

(1) Patients on intravenous fluids. Such patients are usually in negative
nitrogen balance and Wolberg has demonstrated very clearly the
high toxic mortality 5FU can produce when given to subjects in
negative nitrogen balance™. The VA study regimen, wherein 5FU
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adjuvant therapy was begun 2 weeks following resection of a colon

cancer, can be hazardous. There is more possibility that such

patients will not have recovered nitrogen balance so early following
resection of a part of the gastrointestinal tract; hence 3 weeks is
recommended post-resection before initiation of therapy.

(2) Patients jaundiced from hepatocellular failure. These patients
cannot tolerate an intravenous loading course of 5FU without devel-
oping early toxicity which may be severe; on the other hand 5FU
given intra-arterially to such patients can be very useful.

(3) Patients with compromised bone marrow caused by either:

(a) prior prolonged chemotherapy (with alkylating agents, any
nitrosourea, mitomycin C, dibramodulcitol, or any compound
with alkylating activity);

(b) extensive pelvic irradiation (regardless of when it was given,
even 5 or 10 years ago).

Patients who are likely to develop early and undue toxicity from 5FU
are classified as poor-risk patients and cannot safely tolerate the good
risk 5FU regimen of 12mgkg'd ' x5d, a day of rest, then 6 mg/kg
every other day until slight reaction or until 11 such half-doses are
given. They can, however, tolerate 12mgkg™d ' x3d followed by
half-doses as above, but because of the reduced regimen the likelihood
of a response may also be decreased®. Patients are classified as poor-
risk if they have any of the following:

(1) Osseous metastases to bones of the pelvis or lower spine.

(2) Prior pelvic irradiation of 1200-24001r.

(3) A reduced oral intake, especially of protein, to not less than 50% of
the usual food ingestion. This may be caused by anorexia, nausea,
vomiting, partial bowel obstruction, moderate to severe stomatitis,
pharyngitis, or oesophagitis. If oral intake drops to less than 50% of
usual, 5FU should be halted.

It is not unusual for a ‘good-risk patient’ who is scheduled to receive a
‘good-risk regimen’ to have his risk status downgraded with the devel-
opment of any of the above situations and subsequent 5FU doses appro-
priately curtailed.

Equally important to determining the risk classification of each
patient is the decision as to when to halt the course of 5FU. This should
be done if any of the following develop:

(1) Diarrhoea, consisting of three or more fluid or semi-fluid stools, any
time within the 24 h when a whole or half-dose is due. In a person
who normally has two or three soft to semi-fluid stools per 24 h, as
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occurs commonly in patients with a portion of the large bowel resec-
ted, one could allow up to four or five semi-fluid stools before ter-
minating a course. If the patient has a colostomy, the count of stools
is not as useful as is the character of the stools. Ask the patient if
they are ‘runny’ and look at his colostomy bag; if the stools are
liquid stop the course.

(2) Stomatitis, in the form of a visible ulceration covered with a whitish
pseudomembrane, usually appearing on the inner aspect of the
lower lip near the vermilion border. In a small percentage of patients
this may develop on the inner aspect of the upper lip.

(3) Leukopenia with a drop in the white blood cell (WBC) count to 3800
if the starting count was 6000 or above. If the starting count was 5000
the cut-off for the course should be 3200 and if the starting count
was 4000 the cut-off should be 3000.

(4) A significant decrease in oral intake of protein or failure to retain
oral intake.

(5) A moderate pharyngitis or, infrequently, an inflammatory facial der-
matitis.

It is essential that the staff-man experienced in administering 5FU to
the point of slight reaction give the first course and see the patient every
day that a dose is due. A resident who rotates services every month or
two should not make the decision for 5FU administration, and of
course, neither should an intern. This is equally true in treating patients
with disseminated cancer and it is mandatory in patients receiving
monthly courses of chemotherapy as an adjuvant to surgical resection.
To produce serious or fatal toxicity from 5FU in a patient receiving adju-
vant 5FU following resection of a Dukes B colon cancer, in which
surgery alone cures 45-55% of patients, would be totally unforgivable.
When the staff-man evaluates the patient he inquires carefully regard-
ing the stools for the past 24 h and the oral intake that is being retained;
he looks for stomatitis by examining the lower lip and he obtains the
result of the WBC count taken earlier that morning before deciding
whether the patient is to receive a dose of 5FU.

A WBC count is taken at the start of each course and before the last
whole dose (12 mg/kg) and before each half dose (6 mg/kg) of the first
course. This is essential because it is often an inadequate WBC count
that makes it necessary to terminate a course of therapy. After com-
pletion of a course of 5FU, a WBC count every 3 or 4 days for a total of
three counts is essential to observe the nadir of the WBC curve, to assist
the chemotherapist with subsequent courses. These can be subsequent-
ly administered by the patient’s physician, guided by a carefully written
letter of instructions from the oncologist who sees and evaluates the
patient and gives the first dose of each course. Included in the instruc-
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tions are the dates WBC counts will be required (usually before each of
the last three half-doses).

The oncologist who gives the first course of 5FU to the point of slight
reaction as described, usually prefers to do it on an in-patient basis so
the patient can be carefully observed. If nausea develops the nurse can
administer such an anti-emetic as oral compazine without delay, or if
vomiting has begun it can be given intramuscularly, probably enabling
the patient to maintain an adequate oral intake and thus continue the
course of 5FU therapy without premature toxicity. The half-doses of the
first course can be given on an out-patient or in-patient basis, but must
always be given by an experienced staff-man. If, for example, the
patient tolerates five whole doses and eight half-doses on alternate days
before he develops some reaction as leukopenia and the course is ter-
minated, in all likelihood, he will be able to tolerate a very similar
regimen on subsequent courses. It is such information that the oncolo-
gist takes into account when he outlines instructions to the collaborating
physician for the next course.

The question is asked not infrequently why we believe 5FU must be
administered to the point of slight reaction or slight toxicity. In 1957, we
observed a few responses when we used five doses of 5FU then stopped
for 30 days. The results improved significantly” when we added half-
doses on alternate days to the point of some toxicity. Wolberg™ demor:-
strated very clearly with tumour slices in vitro exposed to different
concentrations of 5FU, that the inhibition of thymidilate synthetase ac-
tivity, which is correlated with antitumour activity, was dependent
upon the concentration of FAUMP*. It is recognized that the more 5FU
that is present the more FAUMP is formed.

Table 2 Four dosage schedules of 5FU

Regimen no. Objective response Drug schedule (5FLI)
rate

1 33% 12mgkg™d™x5, 1 day of rest, then 6mg/kg every
other day to slight reaction or until 11 half-doses are
given; then 15mgkg™ week™

2 13% 15mg/kg once weekly; if no toxicity increase to 20
mg kg™ week™; if toxicity occurs, reduce by 5mg/kg
14% 500 mg/d x4 then 500 mg once weekly
4 13% 15mgkg’d*x6d orally, then 15mg/kg orally
weekly

The Central Oncology Group performed a randomized study® of four
dosage schedules of 5FU in colorectal cancer, as shown in Table 2,

* 5-fluoro-2'-deoxyuridine-5'-monophosphate
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where 200 colorectal cancer patients with accurately measurable disease
were randomized tc one of the four regimens shown in column 1. It is
obvious that schedule No. 1, the regimen we have used since 1965, is
much more effective than schedules 2, 3 and 4. When one looks at the
graphs of the duration of response as well as survival in colorectal
cancer with liver metastases, the curve of schedule 1 does not meet the
Breslow test for significance, but the median survival and median dur-
ation of response (at the 50% point) appear definitely superior to the
other three regimens.

The studies of Skipper and Schabel™* have permitted the obser-
vation of a clear dose-response relationship, i.e. higher dose chemo-
therapy results in higher cure rates. This was seen clinically in our
Phase I study of 5FU completed in 1957. In this context, it must be
pointed out again that a number of patients, especially with Dukes B
lesions, are cured by surgery alone, and severe toxicity or a death from
5FU toxicity is a catastrophe. For these reasons the decision to admini-
ster each dose during the first course of 5FU must be made by an oncolo-
gist well experienced in giving 5FU to slight toxicity. There are a few
occasions when calculated risks with 5FU are justifiable, but not as adju-
vant therapy. For example, in a young person who has had a resection
of a colorectal cancer and has developed recurrence in the form of
lymphogenous spread to the lungs with dyspnoea at rest, I would
explain to the patient and family that heroic measures are indicated and
would push the first loading course not to slight but to moderately
severe toxicity.

This is not to say that an average-risk patient who has had a resection
of a Dukes C lesion should be treated lightly and have therapy termina-
ted before any reaction, merely in the interest of preventing toxicity. It is
preferable to refer patients to oncologists well experienced in admini-
stering optimal courses of 5FU. An oncologist can administer the critical
first course and the referring physician can then carry out subsequent
courses which are almost always clinically identical to the first course of
therapy.

In 1965 we embarked on a programme of 5FU as an adjuvant to resec-
tion of Dukes B and C colon cancers” . Five years had elapsed since
the two very high risk patients had been given three courses of 5SFUDR
as an adjuvant tc their surgery and both were alive with no evidence of
disease. We hoped that the micrometastases which are presumably
present but not discernible could be completely eradicated with 5-8
months of aggressive chemotherapy with 5FU. We felt compelled to
begin this study as well because colorectal cancer was the most common
malignancy seen in our chemotherapy clinics and the cure rate was not
improving. We felt in addition that if adjuvant chemotherapy was to be
considered, it would compel the surgeon to inform the patient with
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Dukes B or C cancer that although all visible tumour was surgically
removed, microscopic examination of the removed tumour showed
spread of cancer cells to serosa or regional lymph nodes and a definite
probability of recurrence existed. This information is immediately fol-
lowed with the statement that available treatment (adjuvant to surgery)
may eradicate remaining cancer cells.

This frankness is respected by almost all patients and their families,
who are happy to learn that adjuvant therapy with demonstrable effec-
tiveness is available. How much more preferable is this honest approach
when one realizes that 80% of these high-risk patients are otherwise
doomed to develop recurrence'? There are very few patients that are
more bitter than those who develop recurrence and who were pre-
viously told by their surgeon that ‘I got it all out’. The patient who
develops such a recurrence is convinced that the doctor lied. It is rarely
possible to persuade such a patient to return to his doctor for subse-
quent referral to an oncologist for chemotherapy and follow-up.

To critically dissect the various reasons likely responsible for negative
results in other reported adjuvant studies would not prove useful but a
few general comments are necessary. To find a short 2- or 3-day course
of thio-tepa ineffective as an adjuvant in colorectal cancer is not surpris-
ing as this compound was never regarded as useful against this tumour.
Similarly, only one or two courses of 5FU would be predictably inad-
equate, even before the elegant work by Skipper et al.*® and Schabel et
al* demonstrated in animal tumours that total kill of cancer cells was
possible with chemotherapeutic compounds when the tumour was
small and sufficient quantities of drug were given over repeated
courses.

Our plan was to conduct a pilot study and, if it looked promising, to
propose this for group study to Central Oncology Group. In this
context, each patient with Dukes B cancer received four courses of SFU
starting 3 weeks following resection and all patients with Dukes C
cancers received six courses. We also treated for 1-2 years patients with
tumour spread to contiguous structures but in whom all gross tumour
had been removed and, as well, patients with presumable remaining
disease not proven by biopsy. There were over 200 patients in these four
groups; there were no operative deaths and no toxicity was sufficiently
severe as to require hospitalization. Only those with Dukes B and C
lesions will be discussed in this chapter; they had second-look oper-
ations 9 months following resection. All patients received each course of
5FU to the point of slight reaction or until they received five whole and
11 half-doses, as described previously, and had 30-day intervals
between courses.

A total of 104 patients in these studies received 655 courses of 5FU.
Dukes C colonic cancer tumours were present in 53 patients and Dukes
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Table 3 Results in 32 patients with Dukes B lesions given 5FU
adjuvant treatment

Results No. of patients at 6-11 year risk
No tumour or recurrence 29 (91%)
No tumour, later recurrence 3

B in 32. The remaining 19 patients had either tumour attachment to con-
tiguous organs or presumable remaining disease at surgery but not
proven by biopsy.

The Dukes B and C lesion patients received careful scrutiny at second-
look operations 9 months after initial resection and after all adjuvant
chemotherapy was given. Of the 32 Dukes B cancer patients, 29 (91%)
had no tumour and no recurrence while three had no tumour at the
second-look operation but later developed recurrence. The results are
shown in Table 3. There was no serious or fatal toxicity, nor were there
any operative deaths. Of the 53 patients with Dukes C lesions 35 (66%)
are without evident disease at least 6 years later and an additional three
patients had a resectable recurrence at second-look operation and are
now free of disease at least 6 years later, yielding a total of 38 patients
(71%) alive and without evident disease. The second-look procedure
has been discontinued since the CEA determination has become avail-
able. CEA levels are quite meaningful if they are elevated prior to
surgery, return to a normal level following surgery and then rise again.
If a rise is observed a repeat CEA is taken in 7-10 days and if this rises
further, it is presumptive evidence of recurrence. Even if studies do not
elicit a recurrence, a second look is indicated.

Table 4 Results in 53 patients with Dukes C colon lesions given
5FU adjuvant treatment

Results No. of patients at 6-11 year risk
No tumour recurrence 35 (66%)
Resectable (and remained 3

tumour free)

No tumour, later recurrence 5
Unresectable 6
Resectable, later recurrence 4

Our original plan was to start a Phase I study and, after 12 patients
were given 5FU adjuvant therapy, to randomize patients for adjuvant
SFU therapy or no treatment following their original surgery. However,
when we observed promising results with adjuvant treatment we
simply could not justify denying obviously useful treatment to high-risk
patients, so we continued treating all consecutive patients with Dukes B
or C cancer. When we presented our results to the Central Oncology
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Group they ultimately adopted a prospective randomized trial® of adju-
vant 5FU for 1 year vs. no adjuvant therapy. Unfortunately, despite our
protests, they reduced the loading course of 5FU to 12mgkg™"d™' x 4, a
day of rest, then 6 mg kg™ d every other day to toxicity or until five
such half-doses were given. Thereafter the patients received 12 mg/kg
once weekly and not the usual 15 mg/kg.

Although the headquarters of the Central Oncology Group was at our
institution we did not feel we could participate in a study where half the
patients were to receive no adjuvant therapy, especially after we
observed superior results in our patients given postoperative 5FU treat-
ment with significantly longer disease-free survivals than in any and all
untreated series. Moreover, it would have been difficult to accept the
suboptimal dosage regimen of the Central Oncology Group study.
Interestingly, of all the Central Oncology Group patients given 5FU
adjuvant treatment, there were significantly longer (p = 0.004) disease-
free intervals for those who became leukopenic compared to those who
did not, suggesting that patients treated more aggressively were more
likely to respond to therapy.

At this point it is appropriate to discuss the 5FU adjuvant study in
colorectal cancer reported by Li and Ross®. Significant tumour-free 5-
year survival was observed in patients with Dukes B colorectal cancer
treated with two courses of 5FU following resection as compared to
those treated with surgery alone. All patients with Dukes B and C
lesions were given 5FU beginning 4-6 weeks after surgery. Patients
under 65 years of age weighing more than 60 kg and in good nutritional
status received 1000 mg, 5FU intravenously on day 1 then 500 mg daily
on the next 4 days. This course was repeated only once more, after 4
weeks. For patients older than 65, weighing less than 60 kg, and under-
nourished the regimen consisted of 500 mg 5FU daily for 5 days then re-
peated after 4 weeks. Leukopenia (<3000/mm’), thrombocytopenia
(<120 000/mm’), the appearance of several oral ulcerations, or bouts of
diarrhoea prompted suspension of the next dose of 5FU.

This study was not randomized but all 89 consecutive patients with
Dukes B and C cancers were resected by the same surgeon in a com-
munity hospital from 1965 to 1970 and were then given 5FU. For control
purposes they were compared with the results of all patients with
Dukes B and C lesions resected by the same surgeon between 1960 and
1965 but untreated with adjuvant 5FU. Patients with Dukes B lesions
not treated with 5FU had 58.5% no evidence of disease (NED) status at 5
years compared to 81.6% NED at 5 years for the Dukes B patients who
received the two courses of 5FU (p<0.02). Patients with Dukes C
lesions not treated with adjuvant 5FU had a 5-year survival of 24.3%
compared to 57.5% for those given two courses of 5FU (p < 0.01). These
results are considerably better than the Veterans Administration Group
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Study II as well as the Central Oncology Group Study, with the former
group injecting 12mgkg 'd ' X5d every 6 weeks for 18 months and
the latter 12mgkg"d ' x 4d then 12 mg/week for 1 year, both deliver-
ing considerably more chemotherapy than the Li and Ross study.

1t is difficult to reconcile these differences, with only two suboptimal
courses of 5FU producing such superior results in patients who received
adjuvant 5FU. This minimal, almost homeopathic, dosage violates
tenets of pharmacology and the conclusions drawn by Skipper® and
Schabel®, indicating that a clear dose-response relationship exists (that
is, higher dose chemotherapy results in higher cure rate).

There is no question that the Li 5FU adjuvant regimen will attract
many proponents, particularly because of its simplicity and negligible
toxicity. We are fearful, however, that these results will not be repro-
ducible and unfortunately will set back the progress implicit in ‘multi-
modal primary treatment’, a term coined by Weiss and De Vitta. Since
the time Jacobs® reported good results with 5FU therapy given only as
weekly doses without a loading course, about 90% of physicians (includ-
ing oncologists) have been happy to adopt this simple, homeopathic
dosage regimen and have dropped the loading course like a hot potato.
Table 2 clearly demonstrated, in the randomized study of 200 patients
with accurately measurable lesions, the significant superiority of the
loading vs. the other three regimens, one of which constituted weekly
therapy without a loading course of 5FU. It would now consume 10
years to compare our 5FU adjuvant treatment vs. Li's. We would not
propose such study because we cannot withhold what we feel is optimal
therapy. To obviate the need for that study we propose to resurrect
5FULR and test it in a randomized trial vs. 5FU in advanced colorectal
and stomach cancer with both drugs given intravenously at optimal
dosage schedules in monthly courses by a co-operative group. Concomi-
tantly, a randomized study of both compounds would be conducted in
Dukes B and C colon cancer and high risk gastric cancer patients with
positive lymph nodes.

Combination chemotherapy certainly has the potential of producing
greater anti-tumour effect than single drug treatment. However, each of
the component drugs of the combination should have proven activity
alone against colorectal cancer and it is difficult to find a drug other than
5FU that has this property apart from 5FUDR, which is not available for
intravenous administration.

The Southwest Oncology Group performed a randomized exper-
iment" on 342 patients with advanced colorectal cancer. In those who
received 5FU plus Mitomycin the response rate was 18% and the combi-
nation of 5FU plus methylCCNU yielded a 16% response rate: neither
regimen showed any advantage over 5FU therapy alone. Still, a number
of current randomized studies use MeCCNU + 5FU as one arm of a trial,
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or combine these two compounds with vincristine administration. Ran-
domizing these three compounds in combination vs. 5FU alone showed
this combination was more effective in advanced colorectal cancer®?*.
A search of the literature has failed to reveal any completed randomized
studies in man of combinations of drugs used as an adjuvant following
resection of colorectal cancer, but some are currently in progress, as are
combinations of compounds plus immunotherapy.

Several promising studies of irradiation as an adjuvant in patients
with rectal cancer and low sigmoid lesions are currently in progress and
some have been completed. Higgins* reported on 700 patients rando-
mized to receive either preoperative radiotherapy (2000r and an ad-
ditional 500r for those who were to have an abdominoperineal
resection) vs. immediate surgery. At 5-year risk the survival of patients
who received preoperative radiotherapy was slightly better, particularly
for those that had an abdominoperineal resection and received an ad-
ditional 500r. In the resected specimens the incidence of metastases to
regional lymph nodes was substantially smaller in patients that received
preoperative radiotherapy, particularly in those who had abdomino-
perineal resection; 26% vs. 44% in those treated with surgery alone. This
observation has been consistent with controlled studies reported in the
literature®.

Subsequently the Veterans Administration Surgical Group conducted
a trial using 3150r followed by abdominoperineal resection. Such
patierits had a smaller percentage of involved lymph nodes than those
who did not receive preoperative radiotherapy but survival data are not
yet available.

Postoperative radiotherapy has more appeal to the surgeon as he
finds it difficult to postpone resection of a resectable cancer while await-
ing preoperative radiotherapy. Generally larger doses, 4500-5000 r over
an elapsed time of 5-6 weeks, are well tolerated® postoperatively in
patients with rectal cancer where the surgeon feels the likelihood of
recurrence is high. Additionally, the pelvis and abdomen can be
thoroughly explored at the time of resection, the surgeon can more accu-
rately determine if irradiation is indicated and can outline with radio-
paque clips the precise area requiring irradiation and radiation boosts.

With regard to combined 5FU therapy plus irradiation, it is difficult to
administer one without interfering with the other due to the develop-
ment of leukopenia, diarrhoea or both. After having used this combi-
nation in about 25 patients for recurrent or advanced low rectosigmoid
or rectal cancer we have abandoned it in favour of using both modalities
separately. There has been increasing interest in the use of chemoimmu-
notherapy as an adjuvant following resection of colorectal cancer and
the Mayo Clinic has performed a pilot study with MER BCG, the metha-
nol extraction residue of BCG, in advanced colorectal cancer®®. A pre-
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liminary report of adjuvant therapy following resection of colorectal
cancer with 5FU MeCCNU plus oral BCG looks promising. An adjuvant
study” at the M. D. Anderson Hospital found that the results of BCG vs.
BCG plus oral 5FU were similar in patients who had Dukes C colonic
resected cancer. Combining both groups and comparing them with sur-
gical controls shows a significant advantage (p = 0.002) in disease-free
interval for the patients who received adjuvant therapy vs. the control
group who had surgery alone.

Robinson et al.” randomized 53 consecutive patients who had Dukes
B, and C colorectal cancer. Following surgery the patients were strati-
fied according to stage and location of the tumour and one group
received radiotherapy and/or chemotherapy and the second group
received the same with the addition of MER, the methanol extraction
residue of BCG. The disease-free incidence at 24 months was 84% for
the group who received MER and 61% (p < 0.05) for the group who did
not. The authors recognize that additional patients and longer follow-
ups are needed to learn whether such treatment delays recurrence and
increases survival.

SUMMARY

In summary it is apparent a great deal of clinical research has been done
over the past two decades in an effort to improve our management of
gastrointestinal cancer. Many important and promising studies are cur-
rently in progress. Some are quite innovative while others search to
confirm or even disprove chemotherapeutic results that may appear too
glowing. Both approaches are essential.

A word of caution is in order. To make statements such as ‘5FU is a no
treatment’ and to term it as the ‘breakthrough that never was’ confers
upon the individual who makes such utterance a mistaken air of omni-
scient authority. Before one can be critical of claimed or unusual results,
it is essential that the exact details of the initial experiment are observed
in repeating the study. We do not have 5FUDR available for intravenous
use because the Mayo Group would not duplicate the University of
Wisconsin dosage schedule, as they would similarly not use our 5FU
schedule, selecting instead 13.5mgkg™'d™ x5d with no additional
half-doses. In the author’s opinion the 5FU dosage implicit in their
regimen is too high for a patient in our poor-risk classification and it is
inadequate for good-risk patients, over half of the patients that are can-
didates for 5FU therapy.

A review of the literature shows that 5FU is used either alone or in
combination in almost all adjuvant treatment protocols following resec-
tion of colorectal cancer. We have gone into considerable detail repeat-
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ing the dosage regimen we employ and the precautions that we
consider mandatory and routine. We are pleased that the Veterans Ad-
ministration and the Central Oncology studies, both randomized vs. no
treatment, have eventually shown that 5FU is associated with signifi-
cant benefit. We hope that the Li and Ross results will be duplicated
although we do not hold high hopes, for reasons mentioned. Duplica-
tion of the Li and Ross results would be a most important inroad against
large bowel cancer since it would be without the hazards associated
with our regimen when it is attempted by those with inadequate experi-
ence in employing an optimal loading course of 5FU and repeating it at
monthly intervals. This therapy has, however, yielded the highest 5-
year salvage rate in Dukes B and C colonic cancer and, in our experience
it has been eminently safe.
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6
Combined modality (adjuvant)
therapy in breast cancer

K. COWAN AND M. LIPPMAN

Breast cancer remains the leading cause of death due to cancer in
women. A woman living in the USA currently has a lifetime risk of
developing breast cancer of one chance in eleven. In 1980 alone there
will be over 100000 new cases in the USA. Despite the fact that the
majority of patients present with ‘operable’ lesions, nearly half will
relapse. Although therapy of advanced disease is successful in prolong-
ing survival, virtually all of these women will eventually die of their
disease. Over the past several years basic research has provided new
insights into the biology of breast cancer which have resulted in new
therapeutic approaches to this disease. In addition, the development of
effective and relatively safe combination chemotherapy for metastatic
disease has encouraged the earlier use of cytotoxic drugs in breast
cancer treatment.

New hope for patients with breast cancer has been recently provided
by the demonstration that early systemic chemotherapy (adjuvant che-
motherapy) is effective in at least delaying the appearance of recurrent
disease in certain patients. The rationale for the use of adjuvant therapy
is quite simple. If a tumour is detected before metastases occur, local
therapy, either surgery or radiation therapy, will be curative. If,
however, tumour metastases have already developed, obviously local
procedures will no longer be sufficient. Under these conditions effective
systemic therapy must be employed to treat the metastatic lesions.

The fact that undetectable micrometaststic lesions already exist in
most patients with breast cancer at the time of initial diagnosis is all too
apparent from an examination both of recurrence rates and sites of
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recurrence in patients following ‘curative’ resection of the primary
tumour. Thus, despite extensive local therapy (radical mastectomy =+
radiation therapy), almost 50% of all breast cancer patients with
apparently localized disease will subsequently die from distant
metastases’. While many factors influence the rate of tumour recurrence
including tumour size, menopausal status, oestrogen receptor concen-
tration, and histological type and grade, one of the most significant
factors is the histological status of the axillary nodes at the time of diag-
nosis. Seventy-five per cent of all patients with positive axillary nodes
and 90% of all patients with more than four positive axillary nodes will
relapse within 10 years following initial ‘curative’ surgery. Even more
disappointing is the fact that at least one-quarter of patients with
negative axillary nodes will also subsequently relapse. Since the
ability to cure patients who develop tumour recurrence is limited, the
figures for relapse-free survival are virtually equivalent to overall sur-
vival data.

These data for disease-free survival in the breast cancer patient have
remained relatively constant over the past several decades despite
increasingly aggressive approaches to local control. It is beyond the
scope of this chapter to review the various primary therapies employed
over the years in the treatment of breast cancer and the reader is instead
referred to several recent reviews™*. Suffice it to say that the various
local surgical and radiotherapeutic approaches employed, in spite of
their ever-expansive nature, while reducing the incidence of local recur-
rences, have failed to significantly alter overall patient survival. This
failure on the part of aggressive local primary therapy implies that
breast cancer is truly a systemic disease, even at the time of initial diag-
nosis. In light of the dismal results with primary local therapy in breast
cancer, several adjuvant chemotherapy trials were initiated in the hope
that early intervention with effective systemic therapy would prevent
tumour recurrence. Before discussing the results of recent clinical trials,
several basic principles regarding early multimodality (adjuvant)
therapy will be reviewed.

TUMOUR CELL KINETICS AND ANIMAL STUDIES

It has been estimated from animal studies that the minimal detectable
tumour contains approximately 10° cells. Thus a cancer arising from a
single neoplastic cell would take at least 30 cell doublings before it
became clinically apparent by routine physical or radiographic examin-
ation. The growth rate of human breast cancers is quite variable and the
mean doubling time has been estimated to average between 90 and 166
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days’. Thus, even when a breast cancer is barely palpable it has prob-
ably already existed for several years. These findings are consistent with
the long period (>10 years) of risk of recurrence following mastectomy
for primary breast cancer. The variability in tumour doubling time is a
reflection of the fact that the growth rate of breast cancers is no doubt a
complex function of various factors, dependent not only on tumour
growth fraction and cell doubling time, but also on various host factors
including hormonal influences (in endocrine-dependent tumours) and
immune defence mechanisms.

It has been shown that the growth of most malignant tumours is not
logarithmic but rather can be described by a Gompertzian equation.
That is, as the size of the tumour increases the growth fraction of the
tumour decreases and the tumour doubling time increases®’. Since
most cytotoxic drugs are more effective against actively dividing cells,
chemotherapy should be more effective on tumours with higher growth
fractions. If it is assumed that the kinetics of minimal microscopic
disease parallel the equations derived from studies of macroscopic
disease, it follows that cytotoxic chemotherapy should be even more
successful at this stage of disease, when a greater fraction of cells should
be actively dividing. This concept has been tested in several transplant-
able animal tumour sytems. For example, B16 melanoma subcuta-
neously inoculated into mice responds to therapy with methyl-CCNU.
Griswold has shown that the number of mice cured after a single dose of
methyl-CCNU is directly proportional to the size of the initial tumour
cell inoculum®. If the tumour initially contains 10° cells, only 13% of the
tumours respond to a single dose of this drug and all the mice die from
disease. However with smaller tumour inocula there is a progressive
increase in the percentage of long-term survivors. Thus when there are
only 10° tumour cells there are 70% cures following a single dose of che-
motherapy. When the tumour cell number is intermediate, between 10°
and 10° cells, the chemotherapy cure rate is directly proportional to the
tumour burden.

Additional animal studies have explored the effectiveness of ‘adju-
vant’ chemotherapy given after surgical resection of transplanted
tumours. As noted previously, the risk of recurrence in human breast
cancer following mastectomy is directly proportional to the size of the
primary lesion at the time of surgery. A similar relationship is observed
in several animal tumour models, i.e. the rate of recurrence following
surgical resection of the transplanted tumour is directly related to the
primary tumour cell burden. At the Southern Research Institute
primary multimodality (adjuvant) therapy was investigated using four
different animal tumour models: C3H mammary carcinoma, B16 mela-
noma, Lewis lung carcinoma, and line 26 colon carcinoma’. Effective
single-agent chemotherapy was given in each case after surgical reduc-
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tion of the primary tumour. Several important observations were made
in these studies. First, combined modality therapy (surgery plus chemo-
therapy) was more effective in increasing survival than either therapy
alone. Second, delaying surgery following tumour implantation
(increasing primary tumour cell burden) reduces the effectiveness of
multimodality therapy. Third, delaying chemotherapy following
surgery (presumably allowing growth of micrometastatic tumour
burden) also decreased the therapeutic advantage of adjuvant chemo-
therapy. Finally, the effect of adjuvant therapy was dose-related: more
aggressive chemotherapy resulted in higher disease-free survival rates.
Similar results demonstrating the effectiveness of post-surgical adjuvant
chemotherapy have been obtained in several other animal tumour
systems using both single agent'*" and combination chemotherapy'™.
These experimental data on cell kinetics and adjuvant therapy have
been useful in generating the following principles with which adjuvant
trials in human breast cancer have been designed:

(1) Effective chemotherapy should be employed at maximum doses
with acceptable toxicity.

(2) Chemotherapy should be given intermittently in order to reduce
toxicity.

(3) Adjuvant therapy should be initiated as soon as possible after local
therapy, when micrometastatic tumour burden is least.

(4) Treatment should be given over a prolonged period of time (to
encompass several tumour cell doubling periods).

CLINICAL TRIALS

The first large study of adjuvant chemotherapy in the treatment of
breast cancer patients was begun in 1957 by the National Surgical Adju-
vant Breast Project (NSABP)'. The concept of micrometastatic tumour
burden was not considered at that time. Instead it was believed that the
failure of local therapy resulted from dislodging tumour cells during the
initial surgery. In order to test this hypothesis, patients with localized
disease were first treated by radical mastectomy and then were rando-
mized to receive a single course of thio-tepa given over a 72 h period fol-
lowing surgery. The overall results from 826 patients were analysed
according to both axillary lymph node status and menopausal status,
and indicated that there was no therapeutic advantage in the patients
who received postoperative chemotherapy. However subsequent
analyses of the individual patient subgroups revealed that one group
did benefit from chemotherapy. Premenopausal patients with four or
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more positive axillary nodes who received a single course of postopera-
tive chemotherapy had a 40% lower rate of recurrence between 18 and
36 months following surgery than the control group. This difference
decreased with time, but there were still 21% fewer recurrences in this
treatment subgroup at 10 years and a 21% increase in survival.

Another trial using one course of adjuvant chemotherapy was initia-
ted in Scandinavia in 1967". In this multicentre trial 1136 patients with
operable breast cancer were randomized following surgery (plus radi-
ation therapy) to receive cyclophosphamide 30mg/kg intravenously
over a 6-day period. With a median follow-up of 12 years there was a
statistically significant decrease in recurrences. Overall, there was an
increase of 11% in patient survival in the chemotherapy group
(p < 0.02). Given current concepts regarding adjuvant chemotherapy, it
is indeed quite remarkable that any beneficial effects were found in both
of these studies in which such limited adjuvant chemotherapy was
given. Other clinical studies of adjuvant chemotherapy were initiated at
this time using both short-course” and more prolonged chemo-
therapy'”**. These series were either uncontrolled or too small and the
results are at best ambiguous.

Since those initial studies much has been learned regarding the most
effective way to administer chemotherapy in the treatment of metastatic
breast cancer. Several cytotoxic agents are now known to be active in
this disease and various combination chemotherapy regimens have
been shown to be safe and effective in the treatment of patients with
advanced breast cancer. Following the suggestion derived from the pre-
ceding studies that limited adjuvant chemotherapy was beneficial in
some patients with breast cancer, several trials were initiated to examine
the efficacy of more prolonged and more aggressive administration of
cytotoxic agents in the post-surgical adjuvant setting™*'. The two
largest studies with the longest follow-up data are those by the NSABP*
and the National Cancer Institute in Milan, Italy”. The trials were essen-
tially identical with respect to patient selection and basically consisted of
women with operable breast cancer and histologically positive axillary
nodes. The two groups differed primarily in their choice of adjuvant
chemotherapy. The NSABP selected single-agent therapy with I-
phenylalanine mustard (L-PAM), 0.15 mgkg "' d ' day given orally for 5
consecutive days every 6 weeks for 2 years. The Milan group used a
combination chemotherapy regimen (CMF) previously shown to be ef-
fective in advanced disease. It consisted of cyclophosphamide 100 mg/m’
by mouth on days 1-14, methotrexate 40 mg/m’ intravenously on days 1
and 8; 5-fluorouracil (5FU) 600 mg/m* intravenously on days 1 and 8.
This regimen was given every 28 days for a total of 12 cycles. Both
groups adjusted their chemotherapy for myelotoxicity.

The results of both studies have been reported with a median follow-



168 FRONTIERS IN GENERAL SURGERY

up of 5 years™. In both studies there was a statistically significant
increase in disease-free interval for premenopausal patients who
received adjuvant chemotherapy. In the NSABP trial, 55% of patients
less than 50 years old treated with L-PAM were free of disease 4 years
following surgery, as compared to 45% of placebo-treated women
(p =0.005). The greatest benefit of adjuvant therapy in this study was
observed in premenopausal patients with one to three positive axillary
nodes. In this group 87% of the L-PAM-treated patients remain free of
disease as opposed to 57% of the control group of patients (p = 0.005).
While there was a trend towards apparent benefit in postmenopausal
patients and the other subgroup of premenopausal patients (four or
more positive axillary nodes) the results were not statistically signifi-
cant.

Table 1 Milan trial — 4-year disease-free survival and overall survival”

Control CMF p-value*
Premenopausal patients 434 70.0 0.00002
One node 52.2 80.9 0.01
Two or three nodes 49.3 84.2 0.0005
More than three nodes 26.7 45.4 0.005
Overall survival 70.6 89.6 0.02
Postmenopausal patients 51.7 56.5 0.22
One node 63.2 72.0 0.24
Two or three nodes 45.4 53.0 0.10
More than three nodes 43.6 46.2 0.23
Overall survival 75.4 76.5 0.60

*On time distribution
Data from Ref. 25, with permission

In contrast, the Milan data demonstrate that there was a statistically
significant benefit in disease-free survival in all groups of premenopaus-
al patients treated with adjuvant CMF, regardless of the number of axil-
lary nodes involved (see Table 1). Thus, 4 years following initiation of
therapy, 70% of premenopausal patients treated with adjuvant CMF
have not yet developed recurrence of tumour, as compared to only 43%
of the premenopausal control group (p=0.00002). This therapeutic
advantage observed in the premenopausal patients has already resulted
in a statistically significant improvement of overall survival in the
treated group (90% vs. 71%; p = 0.02). Although early analysis of the
Milan data had indicated a significant decrease in relapse rate for post-
menopausal patients treated with chemotherapy, subsequent follow-up
reveals that the difference between treatment and control groups of
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postmenopausal patients is now statistically insignificant. Thus 4 years
following initiation of therapy 52% of all untreated postmenopausal
patients remain free of disease as opposed to 57% of patients treated
with CMF (p = 0.22).

These two important trials have clearly demonstrated that in certain
subgroups of patients with breast cancer early systemic therapy is effec-
tive in at least delaying tumour recurrence and prolonging survival. The
major question emerging from these two studies is why the benefits
from adjuvant chemotherapy were seen only in premenopausal
patients. Since alkylating agents such as cyclophosphamide and phenyl-
alanine mustard are known to affect ovarian function, it has been sug-
gested that the beneficial effect of adjuvant chemotherapy in
premenopausal women actually reflects the indirect result of medical
castration. There are several arguments against this hypothesis. First,
several prospective studies have failed to demonstrate any increase in
overall survival for patients treated with prophylactic oophorectomy at
the time of mastectomy when compared to a control group”™*. Second,
in the Milan Study there was no correlation between the incidence of
drug-induced amenorrhoea and the rate of relapse®.

Furthermore, a recent report of endocrine studies done by the NSABP
on patients receiving L-PAM provides additional evidence against the
hypothesis that chemically induced ovarian failure resulted in improved
disease-free survival®. In this study premenopausal patients were
further subdivided into two separate age groups, i.e. <39 years and 40
to =49 years. Examination of relapse rates reveals that while the benefit
from L-PAM adjuvant therapy was most pronounced in the younger
age group (=39 years), it was the older premenopausal patients (4049
years) who reported a higher incidence of drug-induced alteration in
menses following treatment with L-PAM. In addition, serial FSH, LH,
and oestradiol levels were obtained from 37 premenopausal patients
treated with chemotherapy (L-PAM or L-PAM plus 5FU). Consistent
with previous observations on the effect of cytotoxic drugs on ovarian
function, serum values of both FSH and LH rose during therapy while
oestradiol values remained essentially unchanged. In particular, the
greatest changes in these endocrine studies were seen in the older
group of patients (3949 years), in whom the benefit of adjuvant chemo-
therapy was less. These studies thus confirm previous observations that
chemotherapy, particularly alkylating agents, may alter menses and
even result in irreversible amenorrhoea. Most significantly, even
though chemotherapy-induced endocrine changes occurred more fre-
quently in older premenopausal patients, the major clinical benefit from
adjuvant L-PAM therapy was observed primarily in younger patients.
As will be discussed below, a final argument against the hypothesis that
the benefit of adjuvant chemotherapy in breast cancer patients occurs
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primarily via indirect hormonal mechanisms is provided by several
more recent trials, in which a significant decrease in relapse rate was
observed in both postmenopausal as well as premenopausal patients
given adjuvant chemotherapy.

Alternatively, it has been suggested that the difference in patient
benefit resulting from adjuvant chemotherapy observed in both the
NSABP and Milan trials, may actually reflect a true difference in the
biology of the tumours in premenopausal and postmenopausal
patients. Several diverse observations have suggested an association
between the absence of oestrogen receptor and response to cytotoxic
chemotherapy in metastatic breast cancer. These include the following
facts:

(1) less well differentiated tumours recur earlier;

(2) patients with oestrogen receptor-negative tumours have a shorter
disease-free survival”™;

(3) thymidine labelling indices are higher in oestrogen receptor-
negative tumours®; and

(4) cytotoxic chemotherapy is in general more effective against actively
dividing cells.

In a recent retrospective analysis in which receptor-positive and
receptor-negative patients appeared well balanced with respect to im-
portant prognostic and treatment variables, receptor-negative patients
had highly significant increased response rates to cytotoxic chemo-
therapy’. Since publication of these results several independent investi-
gations of this issue have yielded markedly divergent results™*. At the
present time it is not possible to explain the different results in these
studies. However these findings may in part explain why the major
benefit of adjuvant chemotherapy was seen in premenopausal patients
since their tumours more often lack oestrogen receptors.

Since both trials adjusted the chemotherapy doses for myelotoxicity it
has also been suggested that the difference seen between premenopaus-
al and postmenopausal breast cancer patients given adjuvant chemo-
therapy in both the NSABP and the Milan trials may simply reflect
differences in the total amount of chemotherapy given to older and
younger patients. Indeed in the Milan trial of adjuvant CMF, patients
over the age of 60 were automatically begun at reduced doses of metho-
trexate (75%) and 5FU (70%) in anticipation of possible increased toxi-
city in older patients. Furthermore, retrospective analysis of the Milan
trial revealed that the postmenopausal patients actually required more
frequent dose modifications and overall received less total chemo-
therapy than the premenopausal patients®.

The influence of the amount of chemotherapy given on the 5-year
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relapse-free survival and overall patient survival in the Milan trial have
recently been reported”. Patients who received less than 65% of the ex-
pected total dose of CMF had no difference compared to the control
untreated group in either 5-year relapse-free survival (46% treated vs.
48% control) or overall patient survival (67% vs. 66%). In contrast,
patients who received greater than 85% of the total expected dose of
adjuvant chemotherapy had both a greater incidence of relapse-free sur-
vival (76% vs. 48%) and overall survival (82% vs. 66%) at 5 years. This
correlation between total amount of adjuvant chemotherapy and subse-
quent patient benefit was seen regardless of axillary lymph node status
(one to three nodes or more than three nodes) or menopausal status. In
the patients who received <85% of the predicted total dose of CMF
there was an increase in 5-year relapse-free survival compared to the
control group in both premenopausal (76% treated vs. 44% control) and
postmenopausal patients (74% treated vs. 52% control). Thus, it appears
that the difference in benefit between premenopausal and postmeno-
pausal patients given adjuvant chemotherapy in the Milan trial, and
perhaps also the NSABP trial, may reflect overall differences in total
amounts of drugs given to each group. This clinical observation is con-
sistent with animal studies of adjuvant chemotherapy in which
increases in the dose of effective chemotherapy have resulted in
increased long-term survival’.

Several recent trials lend additional support for the hypothesis that
adjuvant chemotherapy may be of value in postmenopausal as well as
premenopausal patients. In one historically controlled trial, breast
cancer patients with positive axillary nodes were treated after post-
operative radiation therapy with adjuvant chemotherapy consisting of
cyclophosphamide, adriamycin, and 5FU (FAC) and adjuvant immuno-
therapy with BCG, repeated at monthly intervals for 2 years®. Analysis
at a median follow-up of 30 months revealed a statistically significant
decrease in the rate of recurrence and an increase in overall patient sur-
vival in both premenopausal and postmenopausal patients. In another
historically controlled trial, 100 breast cancer patients with four or more
positive axillary nodes were given adjuvant chemotherapy consisting of
cyclophosphamide, methotrexate, 5FU, vincristine, and prednisone
(CMFVP) for 9 months”. Approximately half of the patients treated
were postmenopausal. The results from this trial were recently
published at a median follow-up of 5% years and again both premeno-
pausal and postmenopausal patients treated with adjuvant chemo-
therapy had significantly increased overall survival compared to
historical controls. Although neither of these trials have contempora-
neous control groups, a large review of end-results obtained from
several sources, examined both prospectively and retrospectively, has
demonstrated no change in the relapse rate or survival in breast cancer
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patients with positive axillary nodes over the past two decades. The im-
portance of these two trials is the suggestion that postmenopausal as
well as premenopausal patients with breast cancer may benefit from
adjuvant chemotherapy.

Results from several ongoing adjuvant trials have also been encourag-
ing. The Southwest Oncology Group is currently comparing the effec-
tiveness of single-agent chemotherapy (L-PAM) vs. combination
(CMFVP) in a prospective randomized trial of adjuvant therapy in
women with stage II disease®. A preliminary report was recently
published of the results in 334 patients followed for a median duration
of 26 months. Overall, the patients treated with the five-drug regimen
had a markedly decreased rate of recurrence (15.4%) as compared to the
single-agent treatment group (33.1%). This increased benefit from com-
bination chemotherapy was statistically significant in both premeno-
pausal (12.5% wvs. 32%) and postmenopausal (17.3% vs. 34%) patients
and was observed throughout all subgroups of axillary node involve-
ment.

The NSABP is also investigating the efficacy of combination chemo-
therapy in the adjuvant setting. Treatment with single-agent chemo-
therapy (L-PAM) is being compared to two-drug therapy (L-PAM plus
5FU), while another trial is comparing this two-drug regimen to a three-
drug combination (L-PAM, 5FU, and methotrexate)®. While the time of
follow-up is quite limited, in each of these trials preliminary results indi-
cate that the combination chemotherapy regimens appear to be more
effective than single-agent therapy. Furthermore, the benefit of
multiple-drug therapy is being observed in both premenopausal and
postmenopausal patients. It must be reiterated that the results from
these controlled trials, while encouraging, are quite preliminary and
must be interpreted with caution. However, there is increasing evi-
dence that adjuvant chemotherapy may prove to be beneficial for post-
menopausal as well as premenopausal patients with breast cancer.

RISKS OF ADJUVANT CHEMOTHERAPY

While the use of early multimodalitity therapy appears to be effective, at
least in delaying recurrence of tumour in certain patients with breast
cancer, enthusiasm must be tempered by the realization that longer
follow-up of patients in present clinical trials is necessary not only to
ascertain if early survival benefits persist, but also to generate infor-
mation regarding long-term toxicity of adjuvant therapy. Since many of
the cytotoxic drugs employed are in themselves carcinogenic, the long-
term risk of future development of second malignancies following treat-
ment with adjuvant chemotherapy is an important consideration.
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Indeed, there have been increasing reports of second malignancies
arising in cancer patients treated with chemotherapy. Alkylating agents
in particular have been implicated as a strong risk factor in patients
treated for multiple myeloma, ovarian cancer, and lymphomas®.
Furthermore, it appears that the combination of radiation therapy and
chemotherapy increases the risk of developing a second malignancy. At
present a small amount of data appears in the literature regarding the
risk of development of second malignancies in breast cancer patients
treated with adjuvant chemotherapy. In one retrospective analysis of
breast cancer patients treated with thio-tepa as adjuvant chemotherapy,
no statistical increase in development of second malignancies (either
breast or non-breast) was found compared to historical control®.
However it was noted that the overall incidence of second malignancy
did increase with more prolonged administration of chemotherapy. In a
small series reported by Lerner, there were three cases of acute leuke-
mia among 13 patients with breast cancer treated for more than 1 year
with chlorambucil*. At present neither the NSABP nor Milan trials have
noted any increase in development of second malignancy, but the dur-
ation of follow-up is limited and there may be a relatively long latency
period before detection of such a trend.

Other toxicities of chemotherapy must be considered before recom-
mending their universal use in an adjuvant setting. Infertility, for
example, is a common occurrence in patients treated with alkylating
agents. As discussed previously, alteration in menses is a frequent
finding in breast cancer patients treated with chemotherapy and the
possibility of infertility may be a special concern in individual cases.
Finally, individual drug toxicities must also be carefully analysed pro-
spectively. For example, the long-term risk of cardiotoxicity observed
following therapy with doxorubicin may limit the usefulness of this
drug in the adjuvant setting. In a recent adjuvant breast cancer trial
there were three cases of congestive heart failure possibly related to the
use of this drug®. Studies at the National Cancer Institute (Surgery
Branch) indicate that the risk of cardiac toxicity from adjuvant therapy
with doxorubicin may be substantial (Barr, L. and Rosenberg, S., per-
sonal communication). In their trial, patients with localized soft tissue
sarcoma were treated following surgical resection * radiation therapy
with adjuvant chemotherapy consisting of cyclophosphamide, doxo-
rubicin (total dose<510mg/m* and methotrexate. Following com-
pletion of adjuvant chemotherapy, cardiac ejection fractions were
subsequently measured both at rest and during exercise. Preliminary
results indicate that 17 of the 40 patients studied following doxorubicin
therapy have detectable abnormalities in cardiac function compared to
normal controls. Although only five of these patients are presently
symptomatic, longer follow-up will be necessary to determine the
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precise risk of this complication and to determine whether the cardiac
abnormalities which occur will improve or worsen with time following
cytotoxic therapy. Since it is expected that a significant proportion of the
original patient population will live for a prolonged period, the long-
term risk of cardiac toxicity must be given serious attention before
routine use of doxorubicin is recommended in this setting.

RECOMMENDATIONS AND FUTURE GOALS

The use of early systemic therapy in the treatment of primary breast
cancer has proved beneficial in at least some patients. Our recommen-
dations for the management of early stage breast cancer according to
histological status of the axillary lymph nodes and the receptor status of
the primary lesion are shown in Table 2. At present it has certainly been

Table 2 Management of early stage breast cancer

Histological status of axillary Qestrogen Recommended adjuvant
lymph nodes receptor status therapy

Premenopausal Patients
Axilla positive Positive Combination chemotherapy — com-
bined endocrine therapy plus chemo-
therapy encouraging but requires
further evaluation

Axilla positive Negative Combination chemotherapy
Axilla negative Positive No therapy indicated
Axilla negative Negative ?Combination chemotherapy
Postmenopausal patients
Axilla positive or negative Positive or nega-Preliminary results with combination
tive chemotherapy now encouraging
All patients

1. Adequate therapy for local control of disease
2. Ewvaluation of axillary lymph nodes status
3. Oestrogen receptor and progestetone receptor analyses of primary tumour

demonstrated that the use of adjuvant chemotherapy is successful in de-
laying recurrence and prolonging survival in premenopausal patients
with positive axillary nodes. The recent encouraging results observed in
postmenopausal patients are still quite preliminary and must be viewed
with caution. However the outlook for this group of patients also
appears promising and only longer follow-up data from present trials
will determine whether the current benefit from adjuvant therapy in
postmenopausal patients will remain obvious.

Only 25% of patients with negative axillary nodes will relapse follow-
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ing mastectomy and at present no additional therapy is indicated. A
preliminary report from a Swiss co-operative group suggests, however,
that breast cancer patients with negative axillary nodes may also benefit
from adjuvant chemotherapy®. In this study all patients, regardless of
nodal involvement, were randomized following surgery to receive adju-
vant chemotherapy with chlorambucil, methotrexate, 5FU, and prednis-
one (LMF-P) for 6 months. With a median follow-up duration of 34
months only 7% of the treated patients with negative axillary nodes
have relapsed, as compared to 37% in the control group (p = 0.007).
Although the relapse rate in the control group is higher in this study
than in other reported series, these results indicate that further study of
adjuvant chemotherapy in this subgroup of breast cancer patients is
warranted. Since 75% of patients with negative axillary nodes will be
cured by surgery alone the risk of adjuvant chemotherapy must be care-
fully considered. However, it has been shown that patients whose
primary tumours are oestrogen receptor-negative have been observed
to have substantially increased rate of recurrences”” and decreased
overall survival®. This association is independent of other variables
known to affect tumour recurrence including menopausal status,
tumour size, histological grade, and axillary lymph node status. There-
fore patients with stage I breast cancer whose tumours lack receptor
should be considered for an appropriate clinical trial of adjuvant chemo-
therapy.

Another area of particular interest is the role of adjuvant hormonal
therapy in the treatment of primary breast cancer. Two studies involv-
ing prophylactic ovarian irradiation indicated a prolongation of disease-
free interval in patients with stage I and II breast cancer”?*. In contrast,
a controlled study by the NSABP failed to find any benefit in rates of
recurrence in patients treated by adjuvant surgical oophorectomy®, and
all three trials failed to demonstrate any benefit in overall patient survi-
val in the endocrine treatment group. However, these studies were
completed before the availability of oestrogen receptor analysis and the
appreciation of its role in the prediction of endocrine dependence. A
small, uncontrolled but provocative study reported by Dao et al. indi-
cates that perhaps there is a role for endocrine manipulation in adjuvant
therapy*. They treated 17 postmenopausal patients with four or more
axillary nodes with radical mastectomy and bilateral adrenalectomy. In
this series there was a decrease in recurrences and prolongation of sur-
vival in the treated patients compared to historical controls. Further-
more, there has been one prospective randomized trial in which
adjuvant hormonal therapy was successful in prolonging overall patient
survival®; in this study patients were randomized following mastec-
tomy to receive either no further therapy or ovarian irradiation. For
patients 45 years old or over, there was randomization to a third treat-
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ment group which consisted of ovarian irradiation plus oral prednisone
7.5mg daily for up to 5 years. This latter therapy presumably combined
ovarian ablation with at least partial suppression of adrenal androgen
production, particularly androstenedione, which could be peripherally
converted to oestrogens. After 10 years of follow-up, premenopausal
patients more than 45 years old treated with both ovarian irradiation
and prednisone had a significant improvement in both disease-free sur-
vival and overall patient survival compared to the control group. Thus
the role of adjuvant hormonal therapy needs further careful evaluation,
particularly in conjunction with oestrogen receptor analysis.

The use of combination chemotherapy and hormonal therapy in the
adjuvant setting must also be investigated. Preliminary results of a trial
using adjuvant chemotherapy and tamoxifen appear quite encourag-
ing®*. In this prospective randomized trial, 296 patients with stage II
breast cancer were treated following mastectomy with orie of three treat-
ment regimens: (1) CMF; (2) CMF plus tamoxifen (CMFT); or (3) CMFT
plus BCG vaccination. Patients were stratified according to oestrogen
receptor status and axillary node status (one to three, and four or more).
After a median follow-up of 33 months it was noted that oestrogen
receptor-negative patients had more recurrences and a higher mortality
than the receptor-positive group. As expected, there was no benefit
from the addition of anti-oestrogen to adjuvant chemotherapy in the
oestrogen receptor-negative patients. However, patients with oestrogen
receptor-positive tumours treated with combination chemotherapy and
anti-oestrogen therapy (CMFT) had a significantly decreased rate of
recurrence compared to the CMF treatment group (p=0.0176). The
benefit from addition of tamoxifen therapy to CMF is apparently seen in
both premenopausal and postmenopausal patients with receptor-
positive tumours. However the number of patients in each subgroup is
quite small and the differences at present remain statistically insignifi-
cant. These data are still preliminary and it is too early to detect any
overall survival benefit from the combined therapy.

Another area for further clinical evaluation involves the use of dif-
ferent drug schedules in adjuvant therapy. It has been suggested, in
particular, that the intensity of chemotherapy should be adapted to the
expected sensitivity of the tumour. It has always been assumed that
small tumours, because of their large proportion of actively dividing
cells, must be more sensitive to chemotherapy. A recent mathematical
model proposed by Norton and Simon has raised serious questions
regarding this hypothesis”. In the previous section on tumour cell kine-
tics it was noted that the growth of most malignant tumours follows a
Gompertzian equation. Norton and Simon emphasize that the growth
rate of a tumour described by this equation is slowest for both very large
and very small tumours and is maximal at the tumour inflection point,
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i.e. a size approximately 37% of its maximum size. These workers
propose a mathematical model, relating tumour size and sensitivity to
therapy, which appears consistent with clinical and experimental data.
In their model both the growth rate and the sensitivity to chemotherapy
decrease with decreasing size of small tumours. This model does not
mean to imply that a smaller tumour is less ‘curable’, but rather that a
given dose schedule of chemotherapy, sufficient to cause significant
regression in a tumour of intermediate size, may be insufficient to cause
regression in small tumours. Norton and Simon suggest that the most
efficient therapy for advanced tumours would be to apply therapy of
moderate intensity initially and then to use increasingly more intense
therapy as the tumour regresses. Clinical trials designed to test this hy-
pothesis are currently under way**.

On the other hand the Milan group, in an effort to try to reduce the
toxicity of therapy, has initiated a trial in premenopausal patients com-
paring 6 months of therapy with CMF to 12 months of the same
regimen®. The results are still preliminary and thus far ro difference
exists between the two therapy schedules. However, it should be noted
that although there is no statistical difference, the results in the 12
month schedule were slightly better for each subgroup of axillary node
stratification. At present there is thus no evidence to support the
routine use of only 6 months of adjuvant CMF chemotherapy.

In conclusion, the value of postsurgical adjuvant chemotherapy has
been proven to be successful in prolonging survival in at least some
patients with breast cancer. The aim of future clinical trials should be
directed toward answering some of the following questions:

(1) what types and numbers of drugs should be used (including combi-
nation with endocrine therapy);

(2) what are optimal drug schedules;

(3) what should be the duration of such therapy; and

(4) what should be the role, if any, of radiation therapy and of immuno-
therapy in combination with adjuvant chemotherapy?

In addition, attention should be directed towards identification of other
prognostic factors which may help select certain high-risk subgroups
who might benefit from adjuvant therapy.
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Principles of intravenous
hyperalimentation

M. DEITEL AND I. SANDERSON

INTRODUCTION AND HISTORICAL ASPECTS

While the concept of providing sufficient nutrition parenterally to
patients who are either unable or unwilling to eat adequately has been
developing for some time, it has been relatively recent changes that
have established the techniques for safe intravenous administration of
total nutrients.

This concept was impossible before 1616, when William Harvey in
London described the circulation of blood'. Shortly thereafter investiga-
tors began to look into the possibilities and consequences of intravenous
infusion of a variety of substances. The first intravenous infusion was at-
tributed to Sir Christopher Wren in Oxford, who in 1656 used a goose
quill attached to a pig’s bladder to infuse ale, wine and opium into the
veins of dogs™’. His attempts to infuse venum emeticum into the vein of
a man failed when his subject apparently swooned. Wren’s studies
were soon expanded, including experiments into the possibilities of
blood transfusion. An excellent review of these early experiments was
published in 1904 by Fortescue-Brickdale’.

After these experiments some technical improvements were made,
but the only therapeutically satisfying results were obtained in the 1830s
with infusion of salt solutions into the veins of cholera victims®.
However, it was not until the discovery of microbial infection by
Pasteur® in Paris (1877) and the pioneering of aseptic technique by
Lister® in Edinburgh and Glasgow (1870) that serious complications of
intravenous injections could be overcome. By the end of the nineteenth
century infusion of sugar and saline solutions into humans was routine.
With the intravenous route still considered unsafe, physicians generally
used subcutaneous injections of sugar, salt, and protein solutions
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plus olive oil in an attempt to provide nutritional support, and some
successes were reported’.

In the early 1900s, protein hydrolysate solutions were further devel-
oped and refined, and fat emulsions for intravenous use began to be de-
Veloped4. Febrile reactions to the infusions were still common, and this
final barrier to safe parenteral fluid administration was removed in 1923
when Florence Siebert® in Philadelphia discovered pyrogens as the
cause. However, it was not until 10 years later that sterile pyrogen-free
water was generally available.

In the 1930s Rose’ in Urbana, USA defined mammalian protein and
essential amino acid requirements. In 1939 Robert Elman in St Louis suc-
cessfully infused protein hydrolysates into humans, and investigators
began experimenting with a wide variety of nutrient solutions in an
attempt to provide long-term infusion by vein. However, the hyperos-
molarity of these solutions resulted in thrombosis and phlebitis in per-
ipheral veins. Investigators tried to overcome this by infusing large
volumes of less hypertonic nutrient fluids together with diuretics, and
by attempting to use fat as a major source of energy, or by infusing
hypertonic solutions into a central vein via peripherally inserted cathe-
ters. Problems arose in each case; in particular, the early fat emulsions
were associated with coagulopathy, jaundice and chills, due to a non-
extractable toxin in the emulsifying agent, and were finally withdrawn
from the United States market in 1964*.

Meanwhile, investigators such as Francis Moore' in Boston and
David Cuthbertson in Glasgow were doing much to unravel the
complex metabolic effects of trauma and sepsis, and the need for safe
parenteral nutrition became increasingly evident. In 1961, Arvid Wret-
lind® in Stockholm introduced a safe parenteral fat emulsion, and while
European investigators went the lipid route, it was Stanley Dudrick
who with Jonathon Rhoads in Philadelphia decided to investigate the
possibilities of providing total nutrition via central vein, using hyper-
tonic glucose as the energy source. This was the inception of what was
termed intravenous hyperalimentation (IVH). In 1967, Dudrick and his col-
leagues reported an effective method of long-term intravenous nutrition
using glucose, protein hydrolysate, vitamins, and minerals into the su-
perior vena cava as the sole diet in beagle puppies*. Normal growth
and development occurred in these animals for more than 8 months,
when compared to their litter-mates who had been fed kennel diets of
similar nutritional value. IVH was then successfully adapted for use in
humans®. Infusion of the markedly hypertonic solutions into the large-
bore, valveless central veins allows immediate dilution, which avoids
the intimal damage seen with peripheral infusion:

During the last decade intravenous hyperosmolar alimentation (or
hyperalimentation) has been the lifeline for numerous critically ill and/or
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malnourished patients. It has permitted positive nitrogen balance with
anabolism where prior forms of nutritional treatment could not. Further
refinements proved the method to be both practical and safe. As the
period during which patients were maintained on IVH became more
prolonged, the need for the addition to the regime of sufficient lipid to
provide essential fatty acid requirements and trace elements such as
zinc, copper, iodine, manganese and chromium became realized. As a
result of these advances it appears that humans can be sustained solely
on an intravenous diet for indefinite periods of time*. The growing
number of patients currently receiving IVH at home attests to this fact™.

NUTRITIONAL METABOLISM
Body fuels

Man has three energy sources, namely carbohydrate, protein, and fat.
Carbohydrate supplies 16.7kJ (4kcal)/g, and is stored as glycogen, in
limited amounts (200 g in liver — available for systemic use, and 300 g in
muscle — not available to provide glucose to the rest of the body). The
hepatic glycogen stores are generally conserved for emergencies, such
as anoxia or severe exercise. There is no storage form of protein as such;
each molecule of protein has some useful function, such as structure,
contractile potential, enzymes, antibodies, etc. Although 1g of protein
can supply 16.7 k] (4 kcal) of energy, it is normally spared for its import-
ant non-fuel functions. Any excess dietary intake of protein is metabol-
ized, and the nitrogen is excreted as urea, with the consequent energy
either utilized or stored as fat. Fat is the body’s major and most efficient
energy source. It is present in large (about 15kg), often excessive,
amounts, and supplies 38.0k] (9 kcal)/g. Any excess or deficit of energy
is met by increasing or decreasing the fat reserves.

In adult man the daily food intake should supply his energy needs
and sufficient protein to replace that lost to the body due to normal
protein turnover (mucosa, skin, nails, etc.). During periods of starva-
tion the body must call upon its own energy reserves to meet the deficit
produced by inadequate intake. Blood glucose levels are maintained by
breaking down skeletal muscle to amino acids (mainly alanine), which
are converted in the liver to glucose (gluconeogenesis).

Brief starvation
During brief starvation (less than 72h) 10-15g of nitrogen per day are

lost in the urine, reflecting protein catabolism for gluconeogenesis, and
this figure includes the basal, obligatory nitrogen losses of 1.5 g/day. If
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100 g of carbohydrate per day is provided, this spares protein catabol-
ism, and urinary nitrogen loss is reduced to 2-5 g/day, and ketosis from
products of fat metabolism is prevented. Body fat is broken down to gly-
cerol and fatty acids, and the latter are metabolized by tissues which are
not obliged to use glucose for energy (heart, muscle, kidney, etc.). Fatty
acids may be metabolized directly from the circulation or after they have
been oxidized to keto acids by the liver. Protein catabolism, however, is
a significant source of energy needs during brief starvation.

Prolonged starvation

If the period of starvation is prolonged (more than 72 h), the body adapts
to the use of more energy from fat breakdown, thus conserving protein.
Total body protein is approximately 13kg, and it has been estimated
that if more than 25% of body protein is lost, survival is threatened. At a
rate of protein breakdown losing 10-15 g of nitrogen per day (multiply
by 6.25 to convert to corresponding protein mass), this will not take
very long. The majority of tissues switch from glucose to fatty acids as
their energy source, and the brain adapts to keto acids (beta-
hydroxybutyrate, acetoacetate) for energy. Thus the body’s need for
glucose is decreased, and protein breakdown is reduced”. Nitrogen
losses in the urine drop to 34 g/day, which is still above basal, obliga-
tory losses, since some glucose continues to be required by the healing
wound (fibroblasts), adrenal cortex, and haemopoietic tissue (red and
white cells); also, some of the amino acids derived from protein break-
down are used for visceral protein anabolism, namely as building blocks
for formation of plasma proteins, antibodies, and cells necessary for sur-
vival (red and white blood cells). The shift therefore in prolonged star-
vation is to provide energy needs from fat stores.

Trauma and/or sepsis

The body’s response to stress such as trauma (injury, operation) and
sepsis is almost the opposite to that observed during prolonged starva-
tion. There is both a hypermetabolic and catabolic response in propor-
tion to the severity of injury. The basal energy expenditure (BEE)* can
be calculated reasonably from the Harris-Benedict equation:

* BEE is the metabolic rate after a total night (12h) fast and after lying at complete rest for
at least 30 min. The Harris-Benedict equation is a formula originally derived from multiple
regression analysis based on the BEE using indirect calorimetry (computed from gaseous
exchange and respiratory CO,/O, quotient) on more than 200 normal men and women,
correlating the contribution of each of weight, height, age and sex to the BEE. The formula
is different for males and females.
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Male: BEE (kcal) = 66 + {13.7 x wt (kg)} + {5 X ht (cm)} —
{6.8 X age (years) }

Female: BEE (kcal) = 655 + {9.6 X wt (kg)} + {1.7 X ht (cm)} —
{4.7 X age (years)}

The BEE is increased by about 13% for every degree centigrade rise in
body temperature, 20-35% after surgery, 40~60% with sepsis and even
greater than 100% with major burns™ .

The catabolism observed is not due to lack of energy stores, since
even with infusion of carbohydrate tissue breakdown continues.
Visceral protein metabolism is affected, and there is increased synthesis
of plasma proteins, antibodies and cellular components, such as red and
white blood cells and reparative tissues. During trauma and sepsis there
is a decreased ability to handle a glucose load, as insulin response is in-
sufficient and peripheral tissues are insulin-resistant. It is theorized that
the alterations in central nervous system hypothalamic function and
increased adrenergic activity are related to the hypermetabolic, catabolic
and hyperglycaemic responses observed in these conditions®.

For some time it was thought that the nitrogen losses associated with
trauma or sepsis were obligatory. However, if sufficient energy and
protein are administered, in excess of that required to meet the
increased BEE and nitrogen excretion, these losses can be drastically
reduced. IVH can accomplish this”. IVH will not avoid or reverse the
catabolic response to trauma, but it does lessen the effect during the
critical period by promoting a favourable nitrogen balance”. Continued
use of IVH in the post-traumatic phase will achieve positive nitrogen
balance with anabolism.

NUTRITIONAL ASSESSMENT

The body’s responses are well designed to accommodate short periods
of trauma, infection and nutritional deprivation. However, there comes
a time during prolonged periods of stress and/or starvation when signs
of malnutrition begin to appear, and specialized nutritional support
may be considered. Assessment of nutritional status plays an important
role in any IVH programme. It detects nutritional deficiencies, and,
with serial follow-up, allows measurement of the effects of nutritional
therapy (Table 1).

A nutritional assessment begins with a history and physical examin-
ation. The patient’s present weight, usual weight and ideal weight
based on height and habitus are recorded, and the percentage loss of
body weight determined. A greater than 10% loss in the previous 3
months is an indication for nutritional support. Such clinical features as
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Table 1 Nutritional assessment (initial; may be repeated serially to assess needs and
response)

Clinical
Weight for height: actual usual ideal (sex) % loss
Disease
Dietary history
Oedema, skin scaling, decubiti, etc.

Visceral protein status
Albumin (half-life 20 days)
Transferrin (half-life 8 days)
Thyroxine-binding prealbumin (half-life 2 days)
Retinol-binding protein (half-life 12 h)
Total lymphocyte count in peripheral blood

Cell-mediated immunity
Delayed hypersensitivity skin-testing to recall antigens: candidin, mumps, SK/SD,
PPD (repeated at 7-10 day intervals)
Primary sensitization to topical application of dinitrochlorobenzene (DNCB) with chal-
lenge after 14 days may be used in long-term situations.

Fat reserves
Triceps skinfold (TSF) in mm

Somatic (skeletal) protein status
Mid-arm muscle circumference in cm =
mid-arm circumference cm — 0.314 X TSF mm
(or —3.14 x TSF cm)
where 3.14 = 7 (pi)
Creatinine/height index

Nitrogen (N) balance may be indirectly determined from:

N Intake (protein/6.25) — N Output (urinary urea N + 3.5).

(The factor 3.5 allows for N losses in urine (uric acid, NH,, etc.) plus skin and faecal
losses.)

decubitus ulcers, dependent oedema, scaling skin, breaking nails,
recent hair loss on the comb and anaemia are recorded.

Visceral protein status is evaluated from measurement of serum
albumin, serum transferrin and total lymphocyte count. The more sensi-
tive indicator is the serum transferrin level due to its shorter half-life,
but due to their even shorter half-lives, prealbumin and retinol-binding
protein are very sensitive indicators of dietary protein restriction and
repletion (Table 1)*.

In the kwashiorkor type of malnutrition (protein deficiency with some
energy intake), the visceral protein compartment is deficient.

Response of the cell-mediated immune system to delayed hypersensi-
tivity skin-testing with a battery of common recall antigens (purified
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protein derivative of tuberculin, mumps, candida, streptokinase-
streptodornase) reflects visceral protein status. If there is less than 5 mm
of induration after 48h to all the recall antigens, the patient is
said to be anergic. Primary sensitization to topical applica-
tion of dinitrochlorobenzene (DNCB) with challenge 14 days later
may also be used to measure immunocompetence. Anergy almost
always develops in the critically ill patient and is closely corre-
lated with susceptibility to infection and mortality; it can be reversed
with IVH*.

To assess the patient’s skeletal muscle (somatic) protein status, a
variety of tests may be performed. Creatinine, the anhydride of crea-
tine, is formed in muscle as a preliminary step for excretion of creatine.
Creatinine is liberated from muscle at a constant rate and excreted in the
urine. The 24 h urinary creatinine expressed in terms of body weight is
fairly constant among different individuals of the same sex and age.
Creatinine/height index (actual urinary creatinine over ideal urinary
creatinine X 100) is a sensitive indicator of muscle protein depletion.
Another indicator of skeletal muscle metabolism is measurement of
urinary 3-methylhistidine, which is released upon breakdown of actin
and myosin®.

Anthropometric measurements such as triceps skinfold (TSF) thick-
ness and mid-arm circumference (MAC) are measured at the midpoint
between acromion and olecranon in the non-dominant arm. The TSF
thickness is an indicator of fat reserves®. The mid-arm muscle circum-
ference (MAMC) is calculated as follows: MAMC = MAC — 3.14 x TSF
(in cm). A comparison of the MAMC with standard tables gives a
measure of somatic protein status. Marasmus is a protein-energy malnu-
trition characterized by depressed anthropometric measurements, i.e.
loss of fat and skeletal muscle. Malnourished patients may present with
kwashiorkor, marasmus, or a combination of both.

As a measure of protein intake minus protein output, nitrogen
balance has classically been measured biochemically using the Kjeldahl
method. However, clinically it can be determined by noting the nitro-
gen intake of the IVH solution and subtracting the nitrogen output as
calculated by adding 3.5 to the 24 h urinary urea nitrogen excretion. The
constant of 3.5 is added to account for skin and faecal loss of nitrogen
and non-urea urinary nitrogen (ammonia, uric acid and creatinine)®. It
is invalid in the presence of diarrhoea and high-output fistula losses.

A routine nutritional assessment will indicate the degree of malnutri-
tion, establish guidelines for nutritional support, and dictate when a
patient should start or stop nutritional therapy.
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INDICATIONS FOR NUTRITIONAL THERAPY

Generally speaking, any patient who has not been receiving adequate
nutrition for a period of 7 days or more, and who will possibly be unable
to begin adequate nutritional intake in the near future, is a candidate for
nutritional support.

Delivery of nutrients through a functioning gastrointestinal tract is
best; if the gut is working, it should be used. Assuming that normal
food cannot be tolerated, enteral hyperalimentation using specialized
liquid diets should be used. Compared to IVH, enteral feeding is less ex-
pensive, has less potential complications and maintains efficient gut
function.

The elemental or chemically defined diets are non-residue, prediges-
ted, balanced liquid diets of basic constituents — L-amino acids or
hydrolysates, oligosaccharides, minerals, vitamins and essential fat.
They usually supply 4.184 k] (1 kcal)/ml in full-strength solution. When
taken orally, flavouring is required to mask the organic amino acid taste.
This taste cannot be masked, however, in the preparations which
contain increased amino acid content to meet the proper energy : nitro-
gen ratio of 630 k] (150 kcal)/g of nitrogen, and these have to be given by
tube-feeding. A very fine tube is passed into the stomach and its loca-
tion is confirmed by X-ray (Figure 1). These hyperosmolar diets are de-
livered by continuous infusion, with the head of the bed elevated to
avoid regurgitation and aspiration. Fine tubes have also been inserted
directly into the stomach?” or jejunum?® safely at the time of surgery for
postoperative feeding.

Because these diets are hyperosmolar, they are started slowly as half-
strength solutions to avoid diarrhoea. First the rate and then the concen-
tration is gradually increased. Enough water must be added to avoid
hypertonic dehydration. These elemental diets are absorbed in the prox-
imal intestine after minimal or no digestion; they stimulate no signifi-
cant digestive enzyme secretion”. Hence, they may be used for low
small-bowel or colonic fistulas or pancreatitis, where secretory and
mechanical rest for the gut is advantageous. As the nutrients are pre-
sented in a form ready for absorption, they may also be used in the
short bowel syndrome, where exposure of the remaining small bowel
mucosa to nutrients is important for adaptive hyperplasia®.

Semi-elemental diets contain albumin as the protein source as well as
simple sugars. Since some proteolytic enzyme secretion is stimulated by
the undigested albumin, they are generally not used in fistulas or pan-
creatitis. They are, however, useful when an ultra-low-residue diet is
desirable, such as in active inflammatory bowel disease. These diets are
more palatable than the elemental diets, and while tube-feeding may be
necessary, they are often tolerated when given orally. They are also less
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Figure1 Enteral hyperalimentation via fine nasogastric tube

hyperosmolar and less expensive than elemental diets.

A variety of other ultra-low-residue liquid complete diets have been
developed for oral feeding (including between-meal supplements) and
for feeding down very fine tubes, whose formulas vary in osmolality,
lactose content, and digestive requirements®.

INDICATIONS FOR IVH

Apart from obvious situations in which the gastrointestinal tract is
mechanically obstructed, severely malnourished patients often have
compromised absorption secondary to mucosal oedema and atrophy, so
that rapid nutritional repletion by enteral feeding cannot be achieved.
Thus all patients with an abnormal nutritional assessment who cannot
be rehabilitated enterally are considered for IVH. The indications for
IVH are summarized in Table 2. Basically these are patients who either
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Table 2 Indications for IVH

1. Oral intake impossible
(a) Unable to swallow
(b) Oesophageal obstruction
(c) Pyloric obstruction
(d) Bowel obstruction

2. Oral intake inadvisable
(a) Enteric fistula
(b) Crohn’s disease
(c) Ulcerative colitis
(d) Short bowel syndrome
(e) Acute pancreatitis
(fy Complicated gastrointestinal operations

3. Oral intake inadequate
(a) Chronic sepsis/malaise
(b) Chronic obstructive lung disease
(c) Short gut syndrome/malabsorption syndrome
(d) Burns
(e) Malignant disease (adjunctive therapy)
(f) Anorexia nervosa

4. Special situations
(a) Renal failure
(b) Hepatic failure

cannot eat (e.g. oesophageal obstruction), should not eat (e.g. entero-
cutaneous fistula, fulminant pancreatitis) or will not eat (e.g. anorexia
nervosa, cancer chemotherapy). IVH is also used preoperatively in mal-
nourished patients for nutritional repletion, so that they can better tol-
erate surgery with less risk of postoperative complications. IVH is also
used where elimination of oral intake, providing mechanical and secre-
tory rest for the gut, plus anabolism are required. A postoperative high-
output enterocutaneous fistula, where losses of fluid, electrolytes and
nutrients occur, is an ideal case for IVH. Even the hospital full-fluid diet
stimulates digestive enzyme secretion, which would attack surrounding
tissues as the corrosive enzymes spill out through the fistula, and with
elemental diets, there would be significant volume and nutritional loss.
However, IVH, by providing total gut rest, allows fistulas to close spon-
taneously, while adequate nutrition is maintained. Fistulas with distal
obstruction or major anastomotic disruption require surgical interven-
tion, and fistulas due to inflammatory bowel disease, prior irradiation or
foreign bodies in the fistulous tract are difficult to heal. However, the
mortality associated with alimentary fistulas has fallen from 40% prior
to 1968 to less than 10% with the use of IVH®,

Other postoperative complications, such as prolonged ileus or bowel
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obstruction, wound disruption or evisceration and sepsis are indica-
tions for IVH. IVH affords pancreatic rest, which is useful when con-
fronted with necrotizing pancreatitis, and it provides the nutrients
needed to combat the catabolism associated with this disease.

Active inflammatory bowel disease (Crohn’s disease and ulcerative
colitis) may result in severely malnourished patients. IVH can both
replenish these patients and provide bowel rest, and may result in
remissions in Crohn’s disease, although IVH does not generally lead to
a permanent cure with ulcerative colitis®. If surgery is required, these
patients are in a better nutritional state to withstand it. Patients who
have had massive intestinal resections develop malabsorption due to
rapid transit through the short gut. Though gradual adaptive improve-
ment in absorptive function can be expected, it is often 2 years before
the patient can be adequately nourished by oral intake alone. During
this period, IVH is essential to maintain adequate nutrition while adapt-
ations are proceeding. If the adaptive period is to be a long one, pro-
grammes have been established to allow the patient to carry on IVH at
home'. Patients have been on ambulatory home IVH, leading an active
life for more than 8 years now. Some patients with very short bowel
may require IVH permanently.

IVH as an adjunct to cancer therapy has minimized catabolism and
improved the immune response®. Immunocompetent patients with
good nutritional status respond significantly better to chemotherapy®;
they also tolerate increased doses of chemotherapy or radiation.
However, in patients who are both depleted and inoperable, IVH is best
reserved only for those patients in whom significant palliation with im-
provement in quality of life is anticipated, and who are expected to live
for longer than 3 months after IVH™.

The use of IVH in infants has been invaluable”. Premature infants
who cannot be adequately nourished orally or by tube, infants with
severe gastrointestinal anomalies such as atresia of the small bowel or
omphalocele with postoperative ileus, and infants with prolonged diar-
rhoea are candidates for IVH.

INFUSION CONSTITUENTS
General additives

Before the patient can begin IVH, the clinician and the pharmacist have
to develop a nutrient formula. One plans to provide approximately the
following:
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water, 40 ml (kg body weight)™' day ' (2500-3500 ml)
energy, 167 kJ [40 kcal] (kg body weight)™ day™
protein, 1g (kg body weight)™' day™'

sodium, 100-120 mmol/day

potassium, 80-100 mmol/day

calcium, 20 mmol/day

magnesium, 30 mmol/day

phosphorus, 45 mmol/day

chloride, 110mmol/day.

The recommended daily oral requirements of vitamins for patients
over 6 years of age and excluding pregnant or nursing women are as
follows:

vitamin A, 2500-5000 IU/day (5001000 ug of retinol equivalents/
day)

vitamin D, 2004001U/day (5-10 ug/day)

vitamin E, 6-10 mg/day

vitamin K, 70-140 ug/day

thiamine (vitamin B;), 0.9-1.5 mg/day

riboflavin (vitamin B,), 1.0-1.7 mg/day

niacin, 11-19 mg/day

pantothenate, 4-7 mg/day

pyridoxine (vitamin B), 1.3-2.2 mg/day

ascorbic acid (vitamin C), 45-60 mg/day

folic acid, 200400 pg/day

vitamin B,,, 2.5-3 ug/day

Trace element requirements are approximately as follows:

zinc, 3 mg/day
copper, 1.6 mg/day
manganese, 2 mg/day
selenium, 30 ug/day
chromium, 15 pg/day
fluoride, 1-2 mg/day
iodire, 120 ug/day
iron, 1-1.5mg/day.

Essential fatty acid requirements are supplied as linoleic acid equiv-
alent to about 0.2 g (kg body weight)™"' day™
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Water

Water comprises 60% of body weight in adults and 75% of body weight
in the newborn. It serves as a major transport medium throughout the
body. In the adult, daily water intake is about 2500 mI* (1200 ml is
imbibed as fluids, 1000 ml is derived from water in foods, and 300 ml
results from oxidation of body fuels). This input is balanced by the
output from the kidneys, lung, skin and in stool. Water requirements
are greater in the neonate (125ml(kg body weight)'day™). Water
needs are increased by fever, burns, diarrhoea, vomiting and fistula
losses. Some diseases (renal failure, congestive heart failure) result in
water retention, and requirements will be decreased in these. Reason-
able estimates of fluid needs can be made by recording daily fluid
balance and body weight.

Energy

Energy requirements depend on age, size, nutritional status, physical
activity and degree of hypermetabolism caused by injury or sepsis.
The normal adult requirement is about 150K] [36kcal] (kg body weight)™
day'. In injury and sepsis, an increase to 200-250k] [40-60kcal] (kg
body weight)™' day™' may be required depending on severity”, and in
major burns an extra 170k] [40kcal]/percentage of body burned is
required per day”. Infants have higher energy demands, mainly due to
increased growth rate, and infusion of 400k] [96kcal] (kgbody
weight)™' day™' is often required. Premature and low-birth-weight
infants may even require more. The glucose concentration of IVH sol-
ution for infants, however, should not exceed 25%, as osmotic diuresis
could ensue.

Carbohydrate

Energy is usually provided as carbohydrate in IVH (glucose or occasion-
ally fructose). Advantages for the use of fructose which does not require
endogenous insulin have been put forward, but are more theoretical
than real in the ill patient: a major portion of infused fructose will be
converted to glucose before utilization®, and fructose in the critically ill
can lead to lactic acidosis*'.

Lipid
Fat is added to the IVH regime either to provide essential fatty acids or,

in larger amounts, to provide a portion of the energy requirements. The
effects of fat administration on nitrogen balance in the catabolic patient
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at first appear confusing. When lipid is given for the first 3 days follow-
ing trauma, it does not exert the protein-sparing effect seen when carbo-
hydrate alone is given”. When a combination of fat and carbohydrate is
given for a few days after trauma, they are less effective in promoting
nitrogen utilization than is carbohydrate alone®. After several days,
however, isocaloric regimens of carbohydrate alone, and carbohydrate
and lipid in approximately equal amounts, show no significant dif-
ference, in their effect on protein-sparing and anabolism**. Improve-
ment in protein-sparing with time parallels the body’s adaptation to
starvation, since in prolonged starvation the body adapts to using fatty
acids and ketones for energy. It is not surprising, therefore, that nitro-
gen balance improves with either fat or carbohydrate administration.
The ideal combination during periods of extreme stress has yet to be
ascertained.

MacFadyen et al.® showed that when large amounts of lipid were
infused, anabolism improved as the relative carbohydrate portion of the
infusion was increased. On the other hand, Askanazi and co-workers*
found that in septic, injured, hypermetabolic patients, excess glucose
appears to be converted to glycogen while endogenous fat is used pre-
ferentially as an energy source. They suggest that fat emulsions could
replace glucose as a source of energy in these patients.*

The lipid preparations available are obtained from vegetable oils (soya-
bean or safflower) emulsified with 1.2% egg-yolk phospholipids in 2.5%
glycerol to attain isotonicity with plasma. The 10% emulsions contain
lipid particles with average size 0.13 um, which is within the range of
natural chylomicrons, which have a particle diameter of 0.10-0.21 pm.
The delicate emulsion will destabilize if anything such as electrolytes is
mixed with it, and must be infused into a separate intravenous line,
which may be unerminally by a Y-connector to the amino acid-
dextrose line. Heparin, however, is compatible with the lipid emulsion,
and 1 unit/ml of lipid may be added to the bottle. Since heparin activates
plasma lipoprotein lipase, it helps clear the lipid from the plasma.

The fat emulsions contain the essential fatty acid (EFA) linoleic. To
meet basal EFA requirement, linoleic acid should supply about 4% of
energy requirements per day”. In the adult this is achieved by giving
500 ml of 10% fat emulsion two or three times a week. Biochemical EFA
deficiency may occur with fat-free IVH within 1 week in the infant® and
within 4 weeks in the adult”. The diene linoleic acid (18:2w6) and
tetraene arachidonic acid (20:4w6) are the EFA; arachidonic is formed
from linoleic acid. In deficiency states, the mono-ene oleic (18:1w9)

* Infusion of lipid for protein-sparing or, with nitrogen, as an energy source in the
starved or injured/septic patient (as well as the optimal proportions of carbohydrate and
fat) is presently a controversial area in clinical nutrition, which hopefully will be resolved
in the next decade.
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forms the triene A ®*"-eicosatrienoic acid (20:3w9) which is normally
absent from body lipids*. Blood fatty acid levels are measured by gas—
liquid chromatography. A triene:tetraene ratio of greater than 0.4
(i.e.A>*"-eicosatrienoic acid divided by arachidonic acid) indicates bio-
chemical EFA deficiency. The time it takes for this biochemical abnorma-
lity to become clinically manifest varies widely among individuals, and
appears to be partially dependent upon the state of fat stores present™.
Clinical EFA deficiency manifests as scaling skin, sparse hair growth,
retarded wound healing, increased susceptibility to infection and
thrombocytopenia secondary to decreased prostaglandin synthesis
from EFA precursors®. The intravenous fat emulsions presently avail-
able are 10% soybean oil containing 55% linoleic acid, and 10% safflower
oil containing 77% linoleic acid. Fat administered as an energy source in
large amounts (>3-4 g (kg body weight)™' day™") results in hyperlipid-

aemia.
Protein

Protein is required to replenish losses and promote healing. In healthy
adults the daily protein intake is 0.73-0.80 g/kg body weight. For infants
and children (1-3 years) the recommended daily intake is 1.67 g/kg, and
for children 10-12 years® it is 1.3 g/kg. These figures include a consider-
able margin for safety and assume that the individual is in good health
and is consuming adequate amounts of other nutrients. In depleted
adults amounts are similar to those required by an actively growing
child®.

In order for protein synthesis to take place, the body requires an
amino acid source and a supply of energy. The amount of energy
required for optimal nitrogen utilization is about 630kJ [150 kcal]/g of
nitrogen infused. If less energy is infused, the amino acids will be de-
aminated and metabolized for energy instead of being used as building
blocks for protein, and the nitrogen will be excreted in the urine.
However, since Elman’s work in 1947%, it has been known that if only
amino acids are given, in sufficient quantity, they will exert a protein-
sparing effect. This has recently been confirmed and used postoper-
atively in short-term clinical situations™.

It is important that any intravenous amino acid mix contain all of the

* In fatty acids, the first number indicates the number of carbon atoms and the second
the number of double bonds; w indicates the position of the first double bond, counting
from the methyl (left) end of the molecule. The A nomenclature indicates the position of all
double bonds, counting from the carboxyl (right) end of the molecule. Mammals do not
have the ability to place a double bond by desaturation at the w6 position, and if w6 is not
supplied in the diet, the same elongating enzyme which ordinarily changes linoleic to ara-
chidonic will now elongate oleic (18: 1w9) which is desaturated to eicosatrienoic (20 : 3w9).
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eight essential amino acids in adequate quantities. Essential amino acids
are those which cannot be synthesized in the human and are as follows:
leucine, isoleucine, valine, phenylalanine, lysine, methionine, threon-
ine and tryptophan. In addition, histidine is required by infants. The
percentage of essential amino acids to the total amino acids given (the
E/T ratio) is approximately 19% in the adult, 36% in the adolescent and
40% in the infant®**.

IVH solutions contain amino acids either as protein hydrolysates or
crystalline amino acids. Complete (acid) hydrolysates of fibrin or partial
(enzymatic) hydrolysates of casein were originally used, but now crys-
talline amino acid solutions are used almost exclusively. With the
hydrolysates more than twice as much is needed to maintain positive
nitrogen balance compared to the properly proportioned crystalline
amino acid solutions®. With acid hydrolysis of fibrin there is destruc-
tion of tryptophan, and this expensive amino acid has to be supplemen-
ted. The enzymatic hydrolysis of casein cannot be carried to completion,
which results in about 45% of the solution being di- and tri-peptides,
with 36-53% of these peptides being excreted in the urine”. The relative
proportions of the essential amino acids in protein hydrolysates do not
correspond to the requirements in man as determined by Rose®, nor do
they conform to the pattern of the World Health Organization ideal
protein (egg albumin for adults, human breast milk for infants)”. The
proportionately most deficient essential amino acid limits the rate at
which protein synthesis may proceed. Some protein hydrolysates were
deficient in valine and phenylalanine, so that these were added by the
manufacturers to meet the minimal daily requirements and improve
utilization for protein synthesis®. Furthermore, hyperammonaemia
occurred in some infants receiving the protein hydrolysates, because of
the high ammonia content of the hydrolysates and the inefficient con-
version of ammonia to urea in the infant liver®.

There are now a variety of crystalline amino acid preparations avail-
able on the market for use in IVH solutions. Products containing all the
essential amino acids plus 10 to 12 non-essential amino acids, with the
pattern of egg albumin, promote the best nitrogen utilization®.
Although non-essential amino acids can be synthesized by the body,
utilization of infused amino acids is greater if some non-essential ones
such as alanine, proline and glutamic acid are provided. Moreover, the
body has limited capacity to synthesize arginine, and this too should be
provided®.

In early crystalline amino acid preparations, there was a cation gap
which resulted in a hyperchloraemic metabolic acidosis®. These sol-
utions contained an excess of cationic amino acids (histidine, arginine,
lysine) as hydrochloride salts, which, when metabolized, generated suf-
ficient hydrogen ion to cause the acidosis. This was corrected by replac-
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ing hydrochloride with acetate. Another problem was an excess of
glycine and a deficit in arginine, which resulted in hyperammonaemia
in infants, and this has been corrected by addition of arginine®. The
crystalline amino acids support virtually no microbial or fungal growth,
whereas hydrolysates support microbial growth, with fungi predomin-
ating over bacteria®. The amino acid solutions have different electrolyte
contents, and electrolyte additions to the IVH solution will have to be
adjusted according to the total daily requirements.

Electrolytes

Generally, 100-120 mmol/day of sodium, usually added as sodium chlo-
ride, is required. In those patients with large sodium losses, such as
from fistulas, more may be required, while in patients with cardiac
failure or certain forms of high- or low-output renal failure, little or no
sodium may be required. Potassium requirements can be quite labile,
depending on the patient’s nutritional status prior to infusion. Initially
large daily amounts may be required to correct reduced total potassium
stores. Administration of insulin to control the hyperglycaemia, often
seen in the critically ill and septic patient, tends to drive potassium into
the cells, and additional potassium may be needed at first. However,
once equilibrium has been obtained, about 80 mmol/day of potassium is
usually adequate. In renal failure, very little potassium may be required.
Chloride usually accompanies the sodium and potassium additives.
However, it should not be present in amounts greatly exceeding the
daily sodium requirements, as acidosis may result.

Requirements for calcium (20 mmol/day), magnesium (30 mmol/day)
and phosphate (45 mmol/day) are less variable. However, frequent checks
on serum levels of these macro-minerals are advisable. Magnesium
deficiency is characterized by neurological disturbances, with tetany,
irritability and convulsions. Hypophosphataemia is associated with
greater affinity of haemoglobin for oxygen due to decreased levels of
2,3-diphosphoglycerate and ATP®. The resulting cellular hypoxia may
lead to hyperventilation and respiratory alkalosis. Craddock et al. at-
tributed impaired chemotactic, phagocytic and bactericidal activity to
depressed leukocyte ATP levels secondary to hypophosphatemia®.
Phosphate supplementation of the solution must be coupled with ad-
dition of calcium to prevent hypocalcaemia.

Vitamins
Vitamins are needed in the amounts previously indicated®. It is reason-

able to assume, just as requirements for energy and nitrogen are elev-
ated in sepsis and trauma, so too are vitamin requirements (especially
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water-soluble vitamins which are not stored)”. Vitamin C requirements
are particularly increased, and are necessary for wound collagen for-
mation. Vitamins A and D are probably required in amounts somewhat
less than the daily oral recommended allowance. Daily parenteral
amounts of 2500 IU of vitamin A and 250U of vitamin D are sufficient to
maintain normal plasma vitamin levels”. Vitamin E is present in paren-
teral fat emulsions as well as parenteral vitamin preparations, but its im-
portance is not clear. However, low serum levels of tocopherol have
been associated with red blood cell haemolysis in infants and possibly
with creatinuria, ceroid pigment deposition and muscular lesions in
children®. Vitamin K in the normal adult is present in the diet (300~
500 ug) and is synthesized by bacteria in the colon. Lack of oral intake,
and particularly the ingestion of wide-spectrum antibiotics, greatly
reduce the numbers of colonic organisms. Hence, vitamin K must be
provided parenterally. The amount needed parenterally is unknown,
with reports varying from 10mg two times per week to 10mg once
every 3 weeks. The new RDA advises 70-140 ug/day in total®. The
water-soluble vitamins (B complex — except B;,, C and folic acid) are not
stored in the body, and become deficient before the fat-soluble vitamins
(A, D, E, and K) which are stored. Vitamin B, is stored in liver (2 mg)
and elsewhere in the body (2mg) and is not depleted until after 3-6
years. While deficiency states are more commonly seen, overdoses of
fat-soluble vitamins® and on rare occasions trace elements have
occurred.

Trace elements

The trace elements, iron, copper, zinc, manganese, iodine and chro-
mium are essential solution components for sustained IVH. Deficient
iron stores or blood losses increase the patient’s requirements for iron.
Deficiency leads to anaemia and fatigue in the adult and retarded
growth in the child. It may be given daily into the solutions, e.g. 0.5 mg/
1000 ml.

Copper is required for formation of several enzymes, and is important
in iron metabolism. Copper deficiency in experimental animals is associ-
ated with anaemia, neutropenia, defective collagen and elastin syn-
thesis and degeneration of the nervous, skeletal and cardiac system”".
When IVH is given without added trace elements, a fall in copper and
zinc levels may be noted. Zinc is also a component of enzymes such as
carbonic anhydrase, alkaline phosphatase, and alcohol dehydrogenase.
Zinc deficiency with a fall in serum zinc levels to below 20 ug/ml will
result in a severe dermatitis about orifices resembling acrodermatitis
enteropathica, hair loss, poor wound healing, growth retardation and
CNS disturbances™. Zinc deficiency in mice has been associated with an
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inadequate immune response”. Zinc, copper and chromium defi-
ciencies have been reported on long-term IVH™". Zinc deficiency
can be encountered early in zinc-free IVH therapy. Since
zinc is excreted in large amounts in pancreatic juice, and is then ab-
sorbed as it passes down the gastrointestinal tract, zinc losses will be
greater in patients with pancreatic or duodenal fistulas or short gut
syndrome; in these patients, 15-20 mg/day of zinc may be needed to
replace these losses”. In fistulas more distally in the bowel or in Crohn’s
disease of the terminal ileum, 5-10mg/day may be required to
maintain zinc balance. Chromium deficiency produces glucose
intolerance and peripheral neuropathy, and is required for long-term
IVH patients™.

Iodine is an essential component of thyroid hormones. It is stored in
the thyroid gland and deficiencies are unlikely to develop for many
months or even years in the previously normal patient. It is, however,
important to provide iodine for long-term IVH patients.

Manganese is a component or activator of several enzymes (alkaline
phosphatase, arginase, pyruvate dehydrogenase) and is considered an
essential trace element. Deficiencies in animals result in impaired
growth, skeletal deformities, defects in carbohydrate and lipid metab-
olism and ataxia”.

A host of other trace elements such as selenium, molybdenum,
arsenic, cadmium and silicone are necessary for normal growth and pre-
vention of disease in some animals. Their requirements for man, if any,
have yet to be established. In the usual patient requiring short-term IVH
where no trace elements are provided, only zinc and perhaps copper
deficiencies are likely to occur.

PREPARATION OF SOLUTIONS

Amino acid solutions are mixed with the appropriate hypertonic
glucose solution under strict aseptic conditions™. Solutions are pre-
pared in the hospital pharmacy by an essentially closed transfer system
with additions under a laminar airflow hood. Electrolytes, vitamins and
trace elements are added in the required amounts. Sometimes heparin
(0.5-1.0IU/ml) and insulin are also added. The pharmacist should
provide the clinician with a sterile, accurately labelled solution.

These solutions cannot be heat-sterilized, since the Maillard reaction
(browning) which occurs between reducing sugars (glucose or fructose)
and amino acids is enhanced by heat. The laminar airflow hood controls
the risk of contamination from airborne particles. The hood takes in
room air and directs it through a high efficiency particle arresting
(HEPA) filter, which removes 99.9% of particles 0.3 um or larger™”.
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Use of the hood complements proper aseptic technique, by providing a
clean working environment. A direct, open path between the air filter
and the working area is a necessary precaution against contamination. If
a break in technique occurs, the solution is discarded. The prepared sol-
utions are stored at 4 °C until used, to prevent microbial growth.

The next time the solutions are exposed to possible contaminations is
during their attachment to the patient’s intravenous line. Making up
solutions in 2000 ml quantities means less frequent changing of bottles
or bags, with less chance of contamination.

CATHETER INSERTION
Central venous catheterization

The high osmolality and acid pH of the solutions make central venous
catheterization imperative. The tip of the catheter should be located in
the superior vena cava, where high blood-flow assures immediate dilu-
tion of the nutrient solutions with avoidance of phlebitis and throm-
bosis®.

While peripheral venous introduction of a long catheter can be used,
various problems can arise. There is often a lack of available peripheral
veins, forearm movement is restricted, catheter malpositioning is
common, and there is a greater incidence of thrombosis and sepsis. The
use of a Silastic catheter can reduce the latter. The direct method, percu-
taneous catheterization of the subclavian vein or internal jugular vein, is
advantageous in terms of patient comfort and mobility, easier catheter
care and low incidence of complications.

The infraclavicular, subclavian puncture used by Dudrick et al. is the
technique of choice®. It is performed at the bedside using strict aseptic
technique. With the patient in Trendelenburg position to distend the
subclavian vein, the skin is prepared with povidone-iodine (fungicidal
and bactericidal) solution. The skin and tissue through which the needle
will be passed are infiltrated with local anaesthetic, and a percutaneous
subclavian puncture is performed using a 5 cm needle and a 3 ml plastic
syringe (Figure 2a). A 20 cm polyvinyl catheter is threaded into the vein
through the needle and the needle withdrawn over the catheter. The
intravenous line is then attached (Figure 2b) and the bottle transiently
lowered to confirm free flow of blood back up the catheter. The catheter
is sutured to the skin with 3-O silk and a needle-guard is applied to
prevent catheter shearing. A sterile occlusive dressing is then applied
(Figure 2c). A chest X-ray is taken to confirm the catheter-tip location®'.
If the catheter has been misdirected, e.g. up into the jugular vein, it has
to be either manipulated fluoroscopically down into the superior vena
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cava, or withdrawn and the puncture repeated. Once the tip is con-
firmed in the superior vena cava, IVH administration may begin.

Infanis

In infants under 5 kg the subclavian vein is too narrow to allow safe can-
nulation, so the catheter has to be introduced surgically into the external
or internal jugular vein, and threaded into the superior vena cava. The
catheter is then tunnelled under the skin to exit out of the parietal scalp
(Figure 3a and 3b)*. This location eliminates the risk of dislodgement
with movement and of contamination of the exit site by the infant’s oral
and nasal secretions.

Home IVH

In patients on long-term or permanent IVH, silastic rubber catheters are
used, as they are inert, soft and flexible®. They are inserted in the
operating room, and threaded into the right atrium (beyond the su-
perior vena cava) where the tip lies free, preventing damage that could
occur to the caval intima with long-term infusion®. Polyvinyl and
Teflon catheters are relatively stiff and could erode the wall of the
atrium with prolonged use, and fibrin sheaths tend to form along these
catheters, predisposing them to clotting and infection®.

To permit full ambulation without risk of dislodging the home IVH
catheter, the extravascular portion is tunnelled subcutaneously down
the anterior chest wall; its entrance site is below the nipple level,
beyond the focal length of the eye, so that the patient can maintain cath-
eter care (Figure 4a). The tunnelled portion of the catheter has a Dacron
cuff which becomes fixed by ingrowth of fibrous tissue, and serves as an
anchor and also as a barrier against outside organisms (Figure 4b).
These patients are trained in aseptic techniques of catheter care, setting
up the system, solution addition, etc. Solutions are obtained monthly or
weekly from the hospital pharmacy and kept refrigerated. Multiple vita-
mins are added prior to infusion, and the solutions are usually infused
overnight wih an infusion pump which includes an electronic eye alarm
system to wake the patient and shut off the pump if the container is
empty. Some lipid will be required (e.g. two to three 500 ml units per
week) and this is infused through the same catheter. At the end of the
infusion, the catheter is filled aseptically with 1-1.5ml of heparin
(1000 units/ml) to prevent clotting in the catheter between infusions,
and capped. Dudrick et al. have reported the use of a lightweight vest
with pockets which hold all the components of the IVH system, which
allows free movement and ambulation at work while the infusion con-
tinues*.
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(©

Figure 2 (a) Percutaneous subclavian puncture below midpoint of clavicle, with needle
directed towards finger in sternal notch. Aspiration of blood indicates needle in subclavian
vein, and catheter will now be inserted through the 14-gauge needle (a 16-needle is used in
smaller patients) (b) The system for IVH. SVC = superior vena cava; SV = subclavian
vein; I* = left innominate vein; IJV = internal jugular vein; EJV = external jugular vein. (c)
Catheter sutured, needle-guard in place, and sterile occlusive dressing applied. The 2 litre
bottle, pump and tubing system are shown. Lipid is being piggy-backed centrally, under
sterile precautions

MANAGEMENT OF THE INFUSION

Once the catheter-tip has been confirmed radiologically to be in the
correct position, the infusions may proceed either by gravity drip or by
using an infusion pump. It is advisable to begin the infusion slowly,
either infusing supplemental isotonic intravenous fluids peripherally
together with the full concentration of IVH solution or infusing lower
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(b)

Figure 3 (a) System for IVH in the infant. P=pump; F=filter. (b) 900g immature
infant who had attacks of cyanosis on tube-feeding and was deteriorating on intravenous
fluids. In the operating room, through a transverse supraclavicular incision, the superior
vena cava was cannulated via the jugular vein and the proximal part of the silastic catheter
was tunnelled out the retroauricular scalp for aseptic care. The patient is now 6 years old
and a normal child
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(@) (b)

Figure 4 (a) Arrangement of silastic catheter for home IVH. C = cuff. Patient is fully
trained, and usually administers infusions overnight. During the day, 1 ml of heparin is
instilled, and line capped (shown). (b) Patient with antithrombin HI deficiency, who had
massive bowel resection for gangrene leaving 29cm of small bowel, equally divided
between jejunum and ileum. During postoperative intestinal adaptation, he was sup-
ported with IVH, which was stopped as medications appeared to control his diarrhoea and
malabsorption. However, he returned in a depleted state (shown on left) and home IVH
was instituted, while he carried on an active life during the day. Note appearance on right,
after being on home IVH for 2 months. (We would now use the Op-Site dressing.) Ad-
equate intestinal adaptation occurred over 10 months so that he could thrive on oral intake
and medication, and home IVH was stopped

glucose concentrations in the IVH solution with a gradual increase to
full concentrations, depending on the patient’s tolerance. Sudden
marked increase or decrease in the rate causes hyper- or hypo-
glycaemia. Though expensive, pumps will maintain control of the infu-
sion rate. The current models have an electronic eye which detects air in
the tubing and automatically shuts off the pump and sounds an alarm.
In infants, the use of a pump is mandatory to ensure constancy of the
very slow infusion rate.

Millipore (0.45 or 0.22um) filters are sometimes inserted into the
intravenous line between the infusion bottle and the patient’s catheter
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to serve as a barrier against organisms, particulate matter and air. The
larger filter prevents the passage of all bacteria except pleomorphic
pseudomonas®. The 0.22um filter blocks passage of all bacteria and
fungi, but will not permit a gravity drip and requires the use of a
pump®. With the slow, almost stagnant infusion rates used in infants,
bacterial contamination could result in a significant proliferation within
the solution, and here a 0.22 um filter is mandatory.

Millipore filters must be changed daily, which adds interruptions and
thus potential contaminations of the infusion lines®. If organisms are
present in the bottles, they will be concentrated on the ‘bottle side” of
the filter, and with filter breakdown these would be discharged as a
bolus into the blood stream. Most workers therefore stress proper
aseptic precautions in all areas of preparation and infusion, rather than
using filters in adults, and have excellent results®.

IVH PROTOCOLS

Once IVH has begun, careful monitoring plays a key role in prevention
of complications and assessment of patient progress. Before the infu-
sion commences, one obtains baseline laboratory values for haemoglo-
bin, white cell count, total lymphocyte count, electrolytes, BUN, blood
sugar, liver function tests, proteins and A/G ratio, serum transferrin,
calcium, phosphate and magnesium. After starting IVH, electrolytes,
BUN and blood sugar are obtained regularly, often daily at first, then
three times a week. These values provide a basis for the alteration of for-
mulation and nutrient concentration of the solution. The other blood
indices are.checked periodically (e.g. weekly). The patient’s urine is
checked by a nurse for glucose every 6h. The nurse also checks the
infusion rate, the patient’s general well-being, and the catheter and
intravenous tubings regularly.

Meticulous care is required in the management of the indwelling
catheters to avoid infection. The occlusive dressing is changed three
times a week (more often if soiled) under sterile precautions. The intra-
venous tubing is usually changed at the same time and is used solely for
IVH solutions.” In recent years, Op-Site dressing has been used widely,
and is changed every 7 days; this transparent, hypoallergenic, adhesive
membrane is permeable to air and water vapour but is impervious to
bacteria and liquids.

The central line should not be used for blood transfusions, adminis-
tration of medications, measurement of central venous pressure, or
drawing blood samples. These manipulations increase the opportunity

* A short intravenous extension set can be used between the intravenous line and the

subclavian catheter, and can be clamped when changing the intravenous tubing; this
extension set is changed once weekly.
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for entry of organisms and infection. The catheter may be changed to
the opposite side every 30 days, depending on the clinician’s routine.
The site is changed if catheter sepsis is suspected. A fever which per-
sists with no obvious cause after the bottle and tubings have been
changed is indicative of possible catheter sepsis. Blood cultures are
withdrawn through the catheter; the catheter is then removed and the
tip sent for culture. IVH infusion is resumed through a new catheter on
the opposite side, usually 24h later. If IVH protocols are carefully
drawn up and maintained by an organized team, complications can be
kept to a minimum.

COMPLICATIONS OF IVH
Technical complications

Due to the proximity of several important anatomical structures, prob-
lems may arise during subclavian vein catheterization. These are sum-
marized in Table 3. Pneumothorax may arise from puncture of the apex
of the lung. The experienced clinician avoids this by keeping the needle-
tip as close to the clavicle as possible. The chest radiograph taken to
confirm catheter-tip position will also check for pneumothorax. Haemo-
thorax can occur if the patient’s clotting mechanism is impaired, and
deficient clotting is a contraindication to this technique. Hydrothorax
and hydromediastinum occur if the solutions are infused outside the
vein. Injury to the brachial plexus, phrenic nerve and thoracic duct is
more potential than real. Puncture of the subclavian artery is unlikely in
skilled hands, but if this happens, removal of the needle from the artery
is generally all that is necessary to stop the bleeding. Air embolism can
occur if the patient is hypovolaemic or not in the Trendelenburg pos-
ition when the catheter is inserted. Some clinicians ask the patient to
perform a Valsalva manoeuvre during catheter insertion. Air embolism
is more likely to occur if the intravenous tubing becomes disconnected
from the catheter, especially when the patient is upright.

The large diameter and large flow of the central veins minimize the
occurrence of venous thrombosis. However, if the catheter is malposi-
tioned, e.g. coiled up and distending the vein, administration of the
hypertonic solution may cause thrombosis. The brittle polyvinyl cath-
eter may work its way through the atrial wall into the pericardial sac, so
that positioning it in the superior vena cava or innominate vein is
necessary to avoid this possibility. A skilled approach and in-hospital
education will avoid such complications.
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Table 3 Complications of subclavian venepuncture

(A) Complications of catheter insertion

Pneumothorax Air embolism

Haematoma Hydrothorax

Hydromediastinum Brachial plexus injury

Arterial puncture (injury) Subclavian haematoma

Subclavian vein thrombosis Superior vena caval thrombosis
Catheter embolism Thromboembolism

Catheter misplacement Innominate or subclavian vein laceration
Thoracic duct laceration Phrenic nerve paralysis

Horner’s syndrome

(B) Complications of catheter maintenance
1. Septic (bacterial or fungal)
contaminated insertion site
catheter contamination, e.g. used to draw blood
intravenous tubing contamination
solution contamination
ward
pharmacy
May result in septicaemia, septic shock, septic emboli and endocarditis.

2. Mechanical
catheter pulled out
catheter cracked and leaking
intravenous line disconnection, with air embolism
catheter thrombosis
catheter kinking
blood in intravenous line (poor venting of vacuum bottle)
intravenous tubing breaks
catheter-tip perforation through caval or right atrial wall
venous thrombosis

Septic complications

The incidence of septicaemia varies among institutions and is usually
the result of inadequate surveillance and techniques. Infection rates
from 1 to 27% have been reported, with some deaths, especially from
infections with Candida organisms®*. The source of contamination
may occur anywhere in the IVH system - in the solutions, the tubings,
and around the catheter tract itself. Ingrowth of skin organisms along
the catheter, and contamination of the infusion apparatus due to inter-
ruptions in the closed system, have been frequent sources of infection™.
With meticulous technique, catheter sepsis in less than 2% of patients is
attainable; this possibly represents haematogenous spread of bacteria
from abscesses elsewhere in the body with seeding on the catheter or
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fibrin sleeve. Patients who receive IVH are often severely ill and/or mal-
nourished, have impaired immune response, and are often being
treated with broad-spectrum antibiotics, steroids, radiation or chemo-
therapy. These factors, plus the occasional presence of diabetes mel-
litus, further interfere with defence mechanisms and predispose the
patient to antibiotic-resistant or fungal infections®.

The most common septicaemia reported with the use of protein
hydrolysates was fungal (usually Candida strains)”. Candida multiply
in hydrolysates at 20-37°C but not at 4°C, and protein hydrolysates
select for growth of Candida over bacteria®. However, the incidence of
solution-related infection has decreased since the change from hydroly-
sates to crystalline amino acid solutions, and indeed there is no growth
of bacteria or fungi in crystalline amino acid solutions at 37 °C for 24 h®.
However, lipid emulsions can support both bacterial and fungal growth
at 20 and 37°C, and care must be exerted in their administration to
prevent contamination®.

Metabolic complications

Many of the earlier metabolic complications were caused by omission or
excessive administration of various substances. Omission or inadequate
administration of a key patient requirement will eventually lead to a de-
ficiency state. Reported deficiency and excess states are listed in Table 4.
More commonly, however, metabolic upsets are related to infusion rate.
It is important to begin the infusion of the hypertonic solution slowly
and gradually increase to the desired rate based on the patient’s toler-
ance. Too rapid administration causes hyperglycaemia, and if the renal
threshold for absorption is exceeded glycosuria occurs. Glycosuria in
excess of 2mg/dl can cause osmotic diuresis, which will progress to
cellular dehydration, lethargy and ultimately coma™®*. This hyperos-
molar, hyperglycaemic, non-ketotic coma can be prevented by careful
monitoring of urine and blood glucose levels, and this should be done
routinely. Blood glucose levels above 180 mg/dl are treated with the ad-
dition of insulin to the regime. Occasionally the glucose concentration
in the solutions may have to be reduced and supplemental isotonic
fluids may be necessary. Patients who originally required exogenous
insulin when IVH was started may gradually tolerate the high glucose
load without added insulin. Diabetic patients may require insulin in the
IVH bottles, and must be closely monitored.

Abruptly stopping IVH has resulted in severe hypoglycaemia in low-
birth-weight infants”. In adults, however, this has only occurred after
inadvertent acceleration of the infusion was followed by abrupt ces-
sation; this could happen if the nurse, finding that the patient has
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Table 4 Possible metabolic complications

Hyperglycaemia

Hyperosmolar non-ketotic dehydration and coma
Ketoacidosis in diabetes mellitus

Hypoglycaemia

Hyperchloraemic metabolic acidosis
Serum amino acid imbalance
Hyperammonaemia

Prerenal azotaemia

Essential fatty acid deficiency
Hypercholesterolaemia
Hypertriglyceridaemia

Hypokalaemia
Hyperkalaemia
Hyponatraemia
Hypernatraemia

Hypophosphataemia
Hyperphosphataemia
Hypocalcaemia
Hypercalcaemia
Hypervitaminosis D
Hypovitaminosis D
Hypomagnesaemia
Hypermagnesaemia

Anaemia

Hypervitaminosis A
Biotin deficiency
Trace element deficiency
Zinc
Chromium
Iodine, etc.

Hypertransaminaemia
SGOT
SGPT
Alkaline phosphatase

received too much solution over a short period, suddenly stops the
infusion”. In such circumstances the nurse should be instructed to
resume the infusion at the prescribed hourly rate.

Electrolyte imbalances may occur with IVH. The commonest is
perhaps hypokalaemia. During IVH with an anabolic patient, require-
ments for intracellular electrolytes (potassium, magnesium and phos-
phate) are increased, as these are incorporated in cell synthesis. The
insulin response to a glucose load causes potassium to move into cells
with glucose, and adequate potassium must be provided. However, as
the body’s potassium stores are repleted, it is important to decrease the
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the body’s potassium stores are repleted, it is important to decrease the
daily potassium addition so that hyperkalaemia will not result. Hypoka-
laemia is associated with cardiac arrhythmias, muscular weakness and
mental confusion, and hyperkalaemia may result in cardiac arrest.

Sodium requirements may also vary, with hyponatraemia resulting
from excessive fistula losses or renal losses and inadequate intake.
Hypernatraemia may occur in hyperosmolar coma, or if renal excretion
of sodium is impaired. An excessive sodium load may result in cardiac
failure. With properly formulated solutions, metabolic complications
are usually minimal and easily correctable.

NEW HORIZONS IN INTRAVENOUS FEEDING

As knowledge of biochemical processes and nutrient requirements accu-
mulates, special IVH solutions for the treatment of specific diseases are
being investigated.

Amino acid mixtures have been formulated which decrease or avoid
encephalopathy in hepatic failure. The cerebral effects seen with severe
liver damage were previously thought to be caused by toxic accumu-
lation of ammonia from amino acid breakdown, due to inability of the
liver to convert this to urea. However, it has now been shown that there
is an abnormal pattern of amino acids in these patients’ biood, which
can alter neurotransmitter synthesis in the brain and contribute to the
aetiology of hepatic coma®. Patients in hepatic failure have increased
blood levels of aromatic amino acids (phenylalanine, tyrosine, trypto-
phan) plus methionine and a decrease in the branched-chain amino
acids (leucine, isoleucine, valine). An IVH solution containing
decreased aromatic amino acids and increased branched-chain amino
acids, when given to animals with liver damage along with large
amounts of glucose, has produced dramatic improvement in cerebral
function and normalization of plasma aromatic : branched-chain amino
acid ratios”.

In renal failure, amino acid catabolites normally excreted by the
kidney (urea, creatinine, ammonia) accumulate in the blood. A special-
ized amino acid solution containing only the minimum daily require-
ments of the eight essential amino acids has been formulated to be
infused with a high concentration of glucose for energy. The theory is to
use the nitrogen from endogenous urea for synthesis of non-essential
amino acids, which together with the infused essential amino acids and
energy will result in anabolism'®. Benefit from this therapy remains to
be proven.

Innovative amino acid mixtures have potential use in curtailing the
body’s catabolic response to trauma. When muscle protein is metabol-
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ized for gluconeogenesis, the branched-chain amino acids are metabol-
ized directly by the muscles for energy. If branched-chain amino acids
are infused, they go directly to muscle or kidney to be metabolized and
are not changed into glucose by the liver. In the traumatized or septic
patient, where there is glucose intolerance due to insulin resistance in
the peripheral tissues, muscle is still able to utilize branched-chain
amino acids to meet energy requirements”. However, their value as
therapy during trauma has yet to be confirmed.

At present, IVH is used in cancer patients to replenish them or
sustain them nutritionally in order to tolerate therapies. In the future it
may be possible to create specialized amino acid mixtures for IVH which
will actually deprive the cancer cells of specific needs but still maintain
the patient.

SUMMARY

The 1970s will go down in medical history as the decade in which safe,
total nutrition by vein became a reality. Since the inception of IVH in the
1960s, remarkable advances have been made. Catheter insertion tech-
niques, materials for delivery, care of the system, and infusion consti-
tuents have improved to the point where the benefits of this treatment
strongly outweigh the risks. With improved balanced amino acid sol-
utions, safe lipid emulsions to supply essential fatty acids, and better
understanding of vitamin, mineral and trace element requirements, the
clinician can confidently proceed in the knowledge that he is providing
a total diet intravenously. The multitude of clinical conditions for which
IVH is indicated continues to grow as the importance of attaining
normal nutritional indices in disease is realized. As specifically formula-
ted solutions are developed, the potential for IVH as a curative therapy
will probably increase. Intellectual contemporaries of Harvey and Wren
in the seventeenth century would probably have rejected a prediction
that in the 1980s it would be possible to nourish a human completely by
vein from cradle to grave.

Acknowledgments

We acknowledge the assistance of Dr Kevin H. Wong, Research Associ-
ate, the 5t Joseph’s Hospital (Toronto) Research Foundation; the Nelson
Arthur Hyland Foundation; and the Department of Photography of St
Joseph’s Health Centre.



INTRAVENOUS HYPERALIMENTATION 213

References

1 Annan, G. L. (1939). An exhibition of books on the growth of our knowledge of
blood transfusion. Bull. N.Y. Acad. Med., 15, 622

2 James, R. (1745). Transfusion. In a medical dictionary, 3 (London)

3 Fortescue-Brickdale, J]. M. (1904). A contribution to the history of the intravenous
injection of drugs. Guys Hosp. Rep., 58, 15

4 Sanderson, 1. (1980). History of nutrition in surgery, in M. Deitel (ed.). Nutrition in
Clinical Surgery, Chapter 1. (Baltimore: Williams & Wilkins)

5 Pasteur, L. and Joubert J. V. (1877). Charbon et seticémie. Compt. V, Hebd Séave.
Acad. Sci. Paris, 85, 101

6 Lister, J. (1870). On the effects of the antiseptic system of treatment upon the salu-
brity of a surgical hospital. Lancet, 1, 4, 40

7 Friedrich, P. L. (1904). Die kunstliche subcutane Ernahrung in der praktischen Chi-
rurgie. Arch. Klin. Chir., 73, 507

8 Siebert, F. D. (1923). Fever producing substance found in some distilled waters. Am.
J. Physiol., 67, 90

9 Rose, W. C. (1938). Nutritional significance of amino acids. Physiol. Rev., 18, 109

10 Elman, R. and Weiner D. O. (1939). Intravenous alimentation with specific reference
to protein (amino-acid) metabolism. J. Am. Med. Assoc., 112, 796

11 Moore, F. (1959). Metabolic Care of the Surgical Patient. (Philadelphia: W. B. Saunders)

12 Cuthbertson, D. P. (1932). Observations on the disturbance of metabolism produced
by injury of the limbs. Q. ]. Med., 25, 233

13 Schuberth, O. and Wretlind, A. (1961). Intravenous infusion of fat emulsions, phos-
phatides and emulsifying agents. Acta. Chir. Scand., 278, (Suppl.), 1

14 Dudrick, S. J., Rhoads, J. E. and Vars, H. M. (1967). Growth of puppies receiving all
nutritional requirements by vein. Fortschr. Parenteralen Ernahrung, Pallas verlay,
Lochan dei Munchen, 2, 16

15 Dudrick, S. J., Wilmore, D. W., Vars, H. M. et al. (1969). Can intravenous feeding as
the sole means of nutrition support growth in the child and restore weight loss in an
adult? An affirmative answer. Ann. Surg., 169, 974

16 Jeejeebhoy, K. N. and Langer, B. (1980). Home parenteral nutrition. Can. Med. Assoc.
J., 122, 143

17 Cahill, G. F. (1970). Starvation in man. N. Engl. ]. Med., 282, 668

18 Harris, J. A. and Benedict, F. G. (1919). A Biometric Study of Basal Metabolism in Man.
(Washington, DC: Carnegie Institution of Washington, Publication no. 279)

19 Long, C. L., Schaffel, N., Geiger, J. W., Schiller, W. R. and Blackmore, W. S. Meta-
bolic response to injury and illness: estimated energy and protein needs from in-
direct calorimetry and nitrogen balance. J. Parent. Ent. Nutr., 3, 452

20 Dahn, M., Bouwman, D. and Kirkpatrick, J. (1979). The sepsis-glucose intolerance
riddle: a hormonal explanation. Surgery, 86, 423

21 Kinney, J. M. and Dudrick, S. J. (1970). Trauma workshop report: metabolic
response to trauma and nutrition. J. Trauma, 10, 1065

22 Rush, B. F., Richardson, J. D. and Griffen, W. O. (1970). Positive Nitrogen balance
immediately after abdominal operations. Am. J. Surg., 119, 70

23 Shetty, P. S., Jung, R. T., Watrasievicz, K. E. and James, W. P. T. (1979). Rapid turn
over transport proteins: an index of sub-clinical protein-energy malnutrition. Lancet,
2,23

24 Maclean, L. D., Meakins, ]J. L., Taguchi, K., Duigan, J. P., Dhillon, K. $. and
Gordon J. (1975). Host resistance in sepsis and trauma. Ann. Surg., 182,.207

25 Long, C. L., Haverberg, L. N., Young, V. R., Kinney, J. M., Munro, H. N. and
Geiger, J. W. (1975). Metabolism of 3-methylhistidine in man. Metabolism, 24, 929

26 Blackburn, G. L., Bistrian, B. R., Maini, B. S., Schlamm, H. T. and Smith, M. F.



214

27

28

29
30
31
32
33
34
35
36
37
38
39
40
41

42

43

45

46

47

48

FRONTIERS IN GENERAL SURGERY

(1977). Nutritional and metabolic assessment of the hospitalized patient. J. Parent.
Ent. Nutr. 1, 11

Sandler, J. (1980). Specific techniques in delivery of liquid diets. In Deitel, M. (ed.).
Nutrition in Clinical Surgery. Chapter 5 (Baltimore: Williams & Wilkins)

Hoover, H. C., Ryan, ]J. A., Anderson, E. J. and Fischer, ]J. E. (1980). Nutritional
benefits of immediate post operative jejunal feeding of an elemental diet. Am. ].
Surg., 139, 153

Deitel, M. and Syed, A. K. (1974). Elemental diets in management of clinical nutri-
tional problems. Mod. Med. Can., 29, 271

Levine, G. M., Deren, J. ]. and Yezdimir, E. (1976). Small bowel resection: oral intake
is the stimulus for hyperplasia. Am. ]. Dig. Dis., 21, 542

Kay, R. M., Bernd], L. A. and Hladyschersky, 1. (1980). In Deitel, M. (ed.). Nutrition
in Clinical Surgery. Chapter 4. (Baltimore: Williams & Wilkins)

Deitel, M. (1976). Nutritional management of external gastrointestinal fistulas. Can.
J. Surg., 19, 505

Deitel, M. and Gonzales, M. ]J. (1979). Intravenous hyperalimentation (IVH) in
inflammatory bowel disease (IBD). J. Parent. Ent. Nutr., 3, 518 (abstr.)

Copeland, E. M., Daly, J. M. and Dudrick, S. J. (1977). Nutrition as an adjunct to
cancer treatment in the adult. Cancer Res., 37, 2451

Copeland, E. M., MacFadyen, B. V., Lanzotti, V. and Dudrick, S. J. (1975). Intrave-
nous hyperalimentation as an adjunct to cancer chemotherapy. Am. J. Surg., 129, 167
Deitel, M., Alexander, M. and Hew, L. R. (1980). Hyperalimentation and cancer.
Can. J. Surg., 23, 11

Filler, R. M. and Eraklis, A. ]J. (1970). Care of the critically ill child: intravenous ali-
mentation. Pediatrics, 46, 456

Health and Welfare Canada (1976). Dietary Standards for Canada. Supply and Services
Canada, Ottawa

Curreri, P. W., Richmond, D., Marvin, ]. et al. (1974). Dietary requirements of
patients with major burns. ]. Am. Diet. Assoc., 65, 415

Shenkin, A. and Wretlind, A. (1978). Parenteral nutrition. World Rev. Nutr. Diet.,
28, 1

Woods, H. F. and Alberti, K. G. M. M. (1972). Dangers of intravenous fructose
Lancet, 2, 1354

Long, ]J. M., Wilmore, D. W., Mason, A. D. and Pruitt, B. A. (1977). Effect of carbo-
hydrate and fat intake on nitrogen excretion during total intravenous feeding. Ann.
Surg., 185, 147

Jeejeebhoy, K. N., Anderson, G. H., Nakhooda, A. F., Greenberg, G. R., Sanderson,
I. and Marlis, E. B. (1976). Metabolic studies in total parenteral nutrition with lipid in
man. Comparison with glucose. J. Clin. Invest., 57, 125

Gazzaniga, A. B., Bartlett, R. H. and Shobe, }. B. (1975). Nitrogen balance in patients
receiving either fat or carbohydrate for total intravenous nutrition. Ann. Surg., 182,
163

MacFadyen, B. V., Dudrick, S. J., Tagudar, E. P., Maynard, A. T., Law, D. K. and
Rhoads, J. E. (1973). Triglyceride and free fatty acid clearances in patients receiving
complete parenteral nutrition using a ten per cent soybean oil emulsion. Surg.
Gynecol. Obstet., 137, 813

Askanazi, J., Carpentier, Y. A., Elwyn, D. H., Nordenstrom, J., Jeevanandam, M.,
Rosenbanon, S. H., Gump, F. E. and Kinney, J. M. (1980). Influence of total paren-
teral nutrition on fuel utilization in injury and sepsis. Ann. Surg., 191, 40

Wiese, H. F., Hansen, A. E. and Adam, D. ]J. D. (1958). Essential fatty acids in infant
nutrition. 1. Linoleic acid requirement in terms of serum di-, tri-, and tetraenoic acid
levels. |. Nutr., 66, 345

Paulsrud, J. R., Pensler, L., Whitten, C. F., Stewart, S. and Holman, R. T. (1972). Es-



49

50
51

52

53

54

55

56

57

58

59

60

61
62

63

64

65

66

67

68

69

INTRAVENOUS HYPERALIMENTATION 215

sential fatty acid deficiency in infants induced by fat-free intravenous feeding. Am. J.
Clin. Nutr., 25, 897

Goodgame, J. T., Lowry, S. F. and Brennan, M. F. (1978). Essential fatty acid de-
ficiency in total parenteral nutrition: Time course of development and suggestions
for therapy. Surgery, 84, 271

O'Neill, J. A., Caldwell, M. D. and Meng, H. C. (1977). Essential fatty acid deficiency
in surgical patients. Ann. Surg., 185, 535

Faulkner, W. J. and Flint, L. M. Jr (1977). Essential fatty acid deficiency associated
with total parenteral nutrition. Surg. Gynecol. Obstet., 144, 665

Zlotkin, S. H. and Anderson, G. H. (1980). Amino acid requirements and sources
during total parenteral nutrition. In Deitel, M. (ed.). Nutrition in Clinical Surgery,
Chapter 8 (Baltimore: Williams & Wilkins)

Elman, R. (1947). Parenteral Alimentation in Surgery. (New York: Paul B. Hoeber)
Blackburn, G. L., Flatt, J. B., Cowes, G. H. A. and O’Donnell, T. E. (1973). Periph-
eral intravenous feeding with isotonic amino acid solutions. Am. J. Surg., 125, 447
Deitel, M., Sauvé, Sr. F., Alexander, M. A., Degani, C. F. and Anand, P. K. (1977). A
crystaline amino acid solution for total parenteral nutrition. Can. J. Hosp. Pharm., 30,
175

Anderson, G. H., Patel, D. G. and Jeejeebhoy, K. N. (1974). Design and evaluation
by nitrogen balance and blood aminograms of an amino acid mixture for total paren-
teral nutrition of adults with gastrointestinal diseases. J. Clin. Invest., 53, 904
Christensen, H. N., Lynch, E. L. and Power, ]J. H. (1946). The conjugated non-
protein amino acids in plasma. III. Peptidemia and hyperpeptidemia as a result of
intravenous administration of partially hydrolysed casein (Amigin). J. Biol. Chem.,
166, 649

Rose, W. C., Wixom, R. L., Lockhart, H. B. and Lambert, G. F. (1955). The amino
acid requirements of man. XV. The valine requirement: summary and final observa-
tions. J. Biol. Chem., 217, 987

FAO/WHO (1973). Joint Expert Committee on Energy and Protein Requirements.
World Health Organization Technical Report, series no. 522, Geneva

Long, C. L., Zikria, B. A., Kinney, J. M. and Geiger, ]. W. (1974). Comparison of
fibrin hydrolysate and crystaline amino acid solutions in parenteral nutrition. Am. J.
Clin. Nutr., 27, 163

Johnson, J. O., Albritton, W. L. and Sunshine, P. (1972). Hyperammonaemia accom-
panying parenteral nutrition in newborn infants. J. Pediatr., 81, 154

Bergstrom, K., Blomstrand, R. and Jacobson, S. (1972). Longterm complete intra-
venous nutrition in man. Nutr. Metabol., 14, (Suppl.), 118

Heird, W. C., Dell, R. B., Driscoll, J. M., Grehin, B. and Winters, R. W. (1972). Meta-
bolic acidosis resulting from intravenous alimentation mixtures containing synthetic
amino acids. N. Engl. |. Med., 287, 943

Heird, W. C., Nicholson, ]J. F., Driscoll, J. M., Schullinger, J. N. and Winters, R. W.
(1972). Hyperammonaemia resulting from intravenous alimentation using a mixture
of synthetic L-amino acids: a preliminary report. |. Pediatr., 81, 162

Gelbart, 5. M., Reinhardt, G. F. and Greenlee, H. B. (1973). Multiplication of nosoco-
mial pathogens in intravenous feeding solutions. Appl. Microbiol., 26, 874

Sheldon, G. F. and Grzyb, S. (1975). Phosphate depletion and repletion: relation to
parenteral nutrition and oxygen transport. Ann. Surg., 182, 683

Craddock, P. R., Yawata, Y., Van Santen, L., Gilberstadt, S., Silvis, S. and Jacob,
H. S. (1974). Acquired phagocytic dysfunction. A complication of the hypophospha-
taemia of parenteral hyperalimentation. N. Engl. |. Med., 290, 1403

Munro, H. N. (1980). The Ninth Edition of Recommended Dietary Allowances, in
Nutrition and the M.D., VI, no. 2

Vasquez, R. M. (1980). Vitamin requirements in parenteral nutrition. In Deitel, M.,



216

70
71
72
73

74

75

76

77

78
79
80
81
82

83

85
86
87
88
89
90

91

92

FRONTIERS IN GENERAL SURGERY

(ed.). Nutrition in Clinical Surgery. Chapter 10 (Baltimore: Williams & Wilkins)
Jeejeebhoy, K. N. (1976). Total parenteral nutrition. In Ann. Coll. Phys. Surg. Can.,
(Oct.) 287

Underwood, E. J. (1977). Trace Elements in Human and Animal Nutrition (4th edn).
(New York: Academic Press)

Sandstead, H. H., Burk, R. F., Bootii, G. H. and Darby, W. ]. (1970). Current con-
cepts on trace minerals. Clinical considerations. Med. Clin. N. Am., 54, 1509

Fraker, P. J., Haas, S. M. and Luecke, R. W. (1977). Effect of zinc deficiency on the
immune response of the young adult A/l mouse. . Nutr., 107, 1889

Fleming, C. R., Hodges, R. E. and Hurley, L. S. (1976). A prospective study of serum
copper and zinc levels in patients receiving total parenteral nutrition. Am. J. Clin.
Nutr., 29, 70

Okada, A., Takagi, Y., Itakura, T., Satani, M., Manabe, H., Lida, Y., Tanigaki, T.,
Iwasaki, M. and Kasahara, M. (1976). Skin lesions during intravenous hyperalimen-
tation: zinc deficiency. Surgery, 80, 629

Jeejeebhoy, K. N., Chu, R., Marliss, E. B., Greenberg, G. R. and Bruce-Robertson,
A. (1975). Chromium deficiency, diabetes and neuropathy, reversed by chromium
infusion in a patient on total parenteral nutrition (TPN) for 3V% years. Clin. Res., 23,
636A

Wolman, S. L., Anderson, G. H., Matrliss, E. B. and Jeejeebhoy, K. N. (1979). Zinc in
total parenteral nutrition: requirements and metabolic effects. Gastroenterology, 76,
458

Sauvé, Sr. F. (1972). Preparation of solutions for hyperalimentation. Can. J. Hosp.
Pharm., 25, 60

Beck, W. C. (1974). The use of clean work stations in preparing sterile solutions. Am.
J. LV. Therapy, 1, 46

Deitel, M. and Kaminsky, V. (1974). Osmolality of hyperalimentation solution
infused into the superior vena cava. Can. J. Surg., 17, 310

Deitel, M. and Mclntyre, J. A. (1971). Radiologic confirmation of site of central
venous pressure catheters. Can. |. Surg., 14, 42

Dudrick, S. J., Groff, D. B. and Wilmore, D. W. (1969). Long-term venous catheteri-
zation in infants. Surg. Gynecol. Obstet., 129, 805

Broviac, J. W., Ccle, J. J. and Scribner, B. H. (1973). A silicone rubber atrial catheter
for prolonged parenteral alimentation. Surg. Gynecol. Obstet., 136, 602

Dudrick, S. J., Englert, D. M., VanBuren, C. T., Rowlands, B. J. and MacFadyen, B.
V. (1979). New concepts of ambulatory home hyperalimentation. ]. Parent. Ent.
Nutr., 3,72

Prian, G. W. and VanWay, C. W. (1978). The long arm silastic catheter: a critical look
at complications. J. Parent. Ent. Nutr., 2, 124

Freeman, J. B. and MacLean, L. D. (1971). Intravenous hyperalimentation: a review.
Can. ]. Surg., 14, 180

Holland, R. R., Lamoureux, J. L. and Todd, D. W. (1973). Filter system for intra-
venous alimentation (letter to the editor). N. Engl. |. Med., 289, 487

Deitel, M., Sanderson, . and Petsoulas, T. (1973). A system of intravenous hyperali-
mentation. Intern. Surg., 58, 670

Sanderson, I. and Deitel, M. (1973). Intravenous hyperalimentation without sepsis.
Surg. Gynecol. Obstet., 136, 577

Curry, C. R. and Quie, P. G. (1971). Fungal septicemia in patients receiving paren-
teral hyperalimentation. N. Engl. ]. Med., 285, 1221

Ryan, J. A., Abel, R. M., Abbott, W. M., Hopkins, C. C., Chesney, T. M., Colley, R.,
Phillips, K. and Fischer, J. E. (1974). Catheter complications in total parenteral nutri-
tion: a prospective study of 200 consecutive patients. N. Engl. |. Med., 290, 757
Goldmann, D. A. and Maki, D. C. (1973). Infection control in total parenteral nutri-



93

94

95

96

97

98

99

100

101

INTRAVENOUS HYPERALIMENTATION 217

tion. J. Am. Med. Assoc., 223, 1360

Brennan, M. F., O’Connell, R. C,, Rosol, J. A. and Kundsin, R. (1971). The growth of
candida albicans in nutritive solutions given parenterally. Arch. Surg., 103, 705
Deitel, M., Kaminsky, V. M. and Fuksa, M. (1975). Growth of common bacteria and
candida albicans in 10% soybean oil emulsion. Can. J. Surg., 18, 531

Sandersen, 1. and Deitel, M. (1974). Insulin response in patients receiving concen-
trated infusions of glucose and casein hydrolysate for complete parenteral nutrition.
Ann. Surg., 179, 387

Kaminski, M. V. Jr (1978). A review of hyperosmolar hyperglycemic nonketotic
dehydration (HHND): etiology, pathophysiology and prevention during intra-
venous hyperalimentation. . Parent. Ent. Nutr., 2, 690

Hays, D. M., Kaplan, M. 5., Mahour, G. H., Strauss, J. and Huxtable, R. F. (1972).
High-calorie infusion therapy following surgery in low birth weight infants: metabol-
ic problems encountered. Surgery, 71, 834

Smith, A. R., Rossi-Fanelli, F., Freund, H. and Fischer, J. E. (1979). Sulfur-containing
amino acids in experimental hepatic coma in the dog and the monkey. Surgery, 85,
677

Fischer, J. E., Funovics, J. M., Aguirre, A., James, |. H., Kean, ]. M., Wesdorp,
R. I. C., Yoshimura, N. and Westman, T. (1975). The role of plasma amino acids 1n
hepatic encephalopathy. Surgery, 78, 276

Abel, R. M. (1976). Parenteral nutrition in the treatment of renal failure. In Fischer, J.
(ed.). Total Parenteral Nutrition, pp. 143-70. (Boston: Little, Brown & Co.)

Freund, H., Yoshimura, N., Lunetta, L. and Fischer, J. E. (1978). Role of branched
chain amino acids in decreasing muscle catabolism in vivo. J. Parent. Ent. Nutr., 2,
48A



8
Drug treatment of
peptic ulcer disease

D. C. CARTER and D. H. OSBORNE

INTRODUCTION

Peptic ulceration results from an imbalance between gastric acid/pepsin
secretion and the ability of the mucosa of the upper gastrointestinal tract
to withstand peptic digestion. Excessive secretion can be incriminated
in many patients with duodenal ulceration and in the rare Zollinger-
Ellison syndrome, whereas many patients with gastric ulcer have
normal or reduced levels of secretion, suggesting that defective mucosal
defences are of prime importance in gastric ulceration. Nevertheless,
the dictum ‘no acid — no ulcer’ remains valid in that peptic ulcer is truly
exceptional in the absence of acid and pepsin secretion.

Failure to define the basic pathophysiological disturbances respon-
sible for peptic ulceration has restricted therapy to attempts to reduce
gastric acidity and pepsin secretion, and/or strengthen mucosal
defences against autodigestion. Recent developments in our under-
standing of the mechanisms regulating gastric secretion have allowed
anti-secretory therapy to be placed on a more rational basis, while
improved understanding of the nature of mucosal defences has opened
the road to exciting advances in this area of therapeutic endeavour.
Some of these important conceptual advances will be reviewed briefly
before considering ulcer therapy.
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IMPORTANT CONCEPTS IN THE TREATMENT OF PEPTIC
ULCERATION

The role of acid and pepsin as ulcerogens

Separation of the roles of acid and pepsin in ulcerogenesis is well-nigh
impossible. Pepsin is only active in an acid milieu and, in general, secre-
tion of acid and pepsin is linked so that their outputs rise and fall in
parallel. High concentrations of acid can cause experimental damage in
the absence of pepsin, probably by protein denaturation of the gastro-
intestinal lining. For example, Goldberg and colleagues' found that acid
solutions at pH1.0 could cause severe oesophagitis, the severity of
which was not increased by pepsin. Less concentrated solutions (pH 1.6
or 2.0) produced oesophagitis only in the presence of pepsin, and at
these pH levels peptic digestion was probably responsible. In man,
gastric and duodenal pH may at times be low enough to allow damage
by acid alone, but as pepsin is also present under these conditions,
there is no doubt that proteolysis by pepsin plays the major role in
mucosal ulceration.

Pepsins are stored and secreted as inactive pepsinogens, and there
are two immunologically distinct groups of pepsinogens in human
gastric mucosa®’. On exposure to acid solution (pH <5), fragments
cleave from the pepsinogen molecule to leave pepsins of molecular
weight of about 35000. The pH for optimal peptic activity varies accord-
ing to substrate and environmental conditions, but in general there are
two optima, one around pH2 and the other near pH4. All pepsins are
inactivated irreversibly at neutral or slightly alkaline pH.

Regulation of gastric acid secretion

Three endogenous chemicals have strong claims as physiological stimu-
lants of acid secretion. A physiological role for gastrin and acetylcholine
is established, but that of histamine has been controversial. Histamine is
readily detectable in human gastric mucosa and is located almost exclus-
ively in mast cells®, the highest concentrations of which are found in the
lamina propria adjacent to parietal cells. It is tempting to speculate that
histamine serves as a ‘paracrine’ regulator of acid secretion, the term
‘paracrine’” implying a chemical messenger secreted by cells in the im-
mediate vicinity of the target cell (Figure 1). Such messengers might
serve to modulate the effects of conventional hormones (blood-borne or
endocrine messengers) and neurocrine messengers such as acetylchol-
ine.

The well-known final common pathway hypothesis®” envisaged
histamine as the final common mediator used by all parietal cell stimu-
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Figure 1 Methods of delivery of chemical messengers regulating acid secretion by the
parietal cell

lants. For example, gastrin and acetylcholine were thought incapable of
activating the parietal cell directly; each was obliged to stimulate the cell
indirectly through the agency of histamine. The