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DURING the past two and a half years the
clinical and laboratory evaluation of a new
operative procedure for the definitive sur-
gical treatment of duodenal ulcer has been
in progress. So far 100 patients have been
operated upon. The purpose of this report
is to describe the procedure and its physio-
logic basis and to present the results of acid
secretory studies which allow preliminary
evaluation of the effect of this operation on
gastric acid secretory mechanisms.
The stimulus for this departure from ac-

cepted surgical treatment of duodenal ulcer
resulted from dissatisfaction with the mor-
tality and morbidity incident to dissection
of the duodenum in performing gastrec-
tomy and with the disagreeable and some-
times disabling side effects that follow
the radical resections necessary to insure
against recurrent ulceration. If subtotal gas-
trectomy, or any other procedure that in-
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volves dissection of the duodenum for its
effectiveness is applied routinely there will
be morbidity and mortality that cannot be
neglected from such complications as
pancreatitis, disruption of duodenal closure
and injury to the common bile duct or other
structures in the gastrohepatic ligament. In
our experience these have been the chief
sources of major or fatal complications di-
rectly attributable to the operative proce-
dure. Staged gastrectomy as advocated by
McKittrick, Moore and Warren 14 offers an
alternative method of dealing with the dif-
ficult duodenum, but the necessity of two
operations and the development of anasto-
motic ulceration after the first stage are
hazards that prevent wide acceptance of
this procedure.
The late complications of subtotal gas-

trectomy are related to the physiologic dis-
turbances of digestion that result from re-
moval of a large portion of the stomach.
Several factors are involved in the "post-
gastrectomy syndrome," the most conspicu-
ous of which are inability to eat normally
and absorption defects which contribute to
loss of weight and lack of strength to work.
The so-called dumping syndrome is some-



4 WADDELL AND BARTLETT

times incapacitating and often annoying.
These side effects of gastrectomy are in
large part secondary to the elimination of
the reservoir function of the stomach. Less
radical resections minimize these difficul-
ties,8' 26 but under these circumstances the
incidence of recurrent ulceration increases.
Vagotomy with posterior gastroenteros-

tomy which avoids many of the above-men-
tioned complications has had a rather ex-
tensive clinical trial. The control of acid
secretion after this operation is less than
ideal and the incidence of recurrent duo-
denal or marginal ulcer is between two and
five per cent.2' 11, 17 The most attractive as-
pects of this procedure are the low opera-
tive mortality and the low incidence of
serious nutritional disturbances.
The rationale for the use of antral exclu-

sion and vagotomy for the treatment of pa-
tients with duodenal ulcer is based upon
the premise that the *cephalic phase of
secretion must be minimized or abolished
and that this is the sine qua non of success-
ful duodenal ulcer surgery. The accom-
plishment of this is quite apparent in pro-
cedures involving vagotomy, such as the
operation described here, but it is not gen-
erally appreciated that subtotal gastrectomy
causes a similar effect.9 13, 15, 22 This is due
in part to section of parasympathetic in-
nervation of the parietal cell area in tran-
secting the stomach and also to the effect
of removing the antrum. It should be re-
membered that the ganglion cells of the
intrinsic nerves of the stomach are con-
centrated in the antrum and along the
lesser curvature.' Removal of this tissue
probably leaves the proximal stomach partly
denervated as far as parasympathetic in-
nervation is concerned. Also it has been ob-
served that removal of the excluded antrum
after first stage gastrectomy lessens the re-
sponse to central stimulation by insulin hy-
poglycemia and to local stimulation by his-
tamine or food. This has been interpreted
as indicating an influence of the antrum
upon central reflex centers, the effects of
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which are mediated over the vagi.22 The
authors believe that the prevalent concept
that subtotal gastrectomy is effective simply
because of excision of the antrum and a
portion of the parietal cell area should be
modified and the additional factor of para-
sympathetic denervation of the residual
gastric pouch recognized.
The second point of consideration con-

cerns the mechanism by which the gastric
antrum exerts its effect upon the gastric
secretory processes. The function of the
gastric antrum is not fully understood, but
it seems reasonably clear that the stimulus
for the major portion of the gastric or chem-
ical phase of secretion is the contact of food
or its breakdown products with the antral
mucosa. Supposedly this causes the libera-
tion of gastrin which is carried via the
blood to exert its effect on the parietal cell
area. The antrum also influences the re-
sponse of the stomach to central stimulation
and to direct stimulation by histamine. As
mentioned above, these effects are believed
to be due to the influence of the antrum
on central reflex tone and the consequent
release of acetylcholine at the secretory
unit.22 Disregarding these less well under-
stood aspects of antral function it was rea-
soned that transection of the stomach and
exclusion of the antrum would eliminate
the contact of food with the antrum and
thus eliminate the gastric phase of acid
secretion. The extent to which this is true
will be shown below.

TECIC

The technic of this operation is as fol-
lows. The abdominal cavity is entered
through a midline incision extending from
the umbilicus up to the xiphoid. If neces-
sary the xiphoid is excised. After explora-
tion of the abdomen three large gauze
packs are introduced over the spleen,
splenic flexure of the colon and fundus of
the stomach. This aids exposure and will
prevent injury to the spleen that sometimes
results from traction on adhesions or ad-
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FiG. 1. Diagram of completed operation.

jacent viscera. The left triangular ligament
of the liver is incised close to the liver to
avoid the inferior phrenic vein, thus freeing
the left lobe of the liver so that it can be
folded back or retracted. The reflection of
peritoneum over the cardia and lower
esophagus is incised transversely and the
areolar tissue surrounding the esophagus
pushed away. The fundus and cardia are

drawn down gently and by sharp and blunt
dissection the crura of the diaphragm are

dissected clean to the point where they
meet anterior to the aorta. This portion of
the operation is devoted only to exposure.

Following this maneuver and with the
esophagus in its normal position the left
and right vagi are visualized. Visual iden-
tification of these nerves is absolutely essen-

tial; it seems quite illogical to depend upon
tactile identification as is sometimes done.
It is our opinion that many of the incom-
plete vagotomies of the past can be attrib-
buted to inaccurate identification of the
major trunks or large branches. Traction on

the stomach and esophagus allows easy
visualization of the left vagus since it is less
yielding and causes a trough-like vertical
indentation of the anterior wall of the
esophagus. Once identified the nerve is

elevated with nerve hooks and a 2 to 3 cm.

segment excised following the application
of dural clips for hemostasis. After section
of the left vagus the esophagus is easily
drawn down further. Retraction of the
esophagus to the left allows visual identifi-
cation and resection of the right vagus

nerve. At this stage of the procedure the
esophagus can be freed and drawn forward
by tape or rubber wick. Division of both
nerves allows 4 to 6 cm. of esophagus to be
drawn into the abdomen. The adventitia,
small nerve fibers and blood vessels are

carefully divided and stripped away from
a circular band about 1 cm. wide, leaving
the muscle of the esophagus clean and
clearly exposed. If a hiatus hernia is pres-

ent, two or three heavy silk sutures are used
to approximate the crura behind the esoph-
agus. No attempt is made to reperitonealize
the area.

The midpoint of the stomach, i.e. half-
way between the fundus and pylorus, is
located and the greater and lesser curva-

tures cleared. The stomach is transected at
this level, leaving a proximal pouch of 50
per cent of the stomach. The distal portion
is excised down to a point approximately 6
cm. from the pylorus. In this manner about
half of the antrum is excised.*
The first loop of jejunum below the liga-

ment of Treitz is brought anterior to the
colon and anastomosed to the gastric rem-

nant with an afferent loop 15 cm. in length
brought to the lesser curvature. Either the
Polya or Hofmeister method is used for this
anastomosis. The wound is closed in layers

* In the first 50 patients the distal portion of
the transected stomach was closed without removal
of any tissue. This technic was modified after three
patients developed a syndrome characterized by
pain on eating. This is thought to have been due
to intussusception of the antrum and was com-

pletely relieved by antrectomy. The resected an-

trums showed the mucosa in the region of the
suture line to be hypertrophied, probably the lead-
ing point of the intussusceptum. None of the last
50 patients who had small sleeve resections have
had any difficulty of this sort.
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TABLE I. Volume, Hydrogen Ion Concentration, Titrated Acidity and Total Chloride
75 Preoperative Patients with Duodenal Ulcer

Average pH Average Free Acid Average Total Chloride
Average
Volume Mini- Maxi-
ml./Hour Mean mum mum mEq/Liter mEq/Hour mEq/Liter mEq/Hour

Basal 96 1.8 1.3 2.8 41 4.3 108 10.6
Broth 144 1.4 1.1 1.9 68 10.8 126 18.8
Histamine 175 1.2 1.0 1.5 84 15.9 132 24.8
Insulin 129 1.3 1.0 2.2 73 10.7 134 18.1

with stay sutures passing beneath the fas-
cial layer. Figure 1 is a diagram of the
completed operation.

ACID SECRETORY STUDIES

For the evaluation of the secretory func-
tion of these patients the testing routine
described by Smithwick and Kneisel 20 was
adopted. This method was selected for sev-
eral reasons. With their procedure the pa-
tients do not need hospitalization. Informa-
tion is obtained concerning the secretory
function during resting or basal conditions
and after stimulation with broth (gastric
phase), histamine, and insulin hypoglycemia
(cephalic phase). This provides a thorough
testing of the interdigestive phase of gastric
secretory activity as well as the effect of
central stimulation, the response to food
and the more potent direct stimulation of
histamine. Basal secretion measured over
the period of one hour correlates with and
gives the same type of information as the
overnight secretory test used by Dragstedt
and others.21 The substantial body of data
collected by Smithwick and his associates
allows comparisons with other operative
procedures that could not be made other-
wise.

Briefly, the technic is as follows. After an
overnight fast, a Levin tube is passed into
the stomach and adjusted to aspirate freely.
A small quantity of water is allowed during
passage of the tube. After a 20 to 30 minute
period of aspiration to allow subsidence of
the stimulation of intubation, the collection

of six ten minute samples is carried out
using 11/2 lbs. of suction. Following this, 80
ml. of peptone broth (reconstituted Difco
bacteria media) is introduced through the
tube which is then clamped for 20 minutes.
The stomach is then emptied and six more
ten minute collections made. After this 0.5
mg. of histamine diphosphate is adminis-
tered subcutaneously and six additional ten
minute samples collected. This concludes
the first half of the tests. On another day
the same procedure is repeated except that
after the hour under basal conditions a
three hour Hollander test is carried out.'2
Either 12 or 15 units of insulin are given in-
travenously depending upon the preceding
dietary intake. Venous blood samples for
sugar determination are obtained before
the insulin is given and at 30 and 60
minutes thereafter.

In the testing reported here the blood
sugar was reduced to 50 mg. or less in each
instance. The patients expectorate all saliva
throughout the collection periods. The vol-
ume of each sample of gastric juice was
measured to the nearest milliliter. On each
sample the pH was measured, and the free
acidity titrated with 1/10 N NaOH. A
Beckman calomel-glass electrode pH meter
was used for the measurement of pH and
for titration of free acid-end point 3.5.
Total chloride concentration was also deter-
mined on each sample.16 By multiplication
of clinical units of free acid (milliequivalents
per liter) by the volume of secretion in
liters in each period the total milliequiva-
lents of free acid were calculated. The same
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TABLE II. Volume, Hydrogen Ion Concentration, Titrated Acidity and Total Chloride

50 Patients, 6 to 12 Months After Antral Exdcusion and Vagotomy

Average pH Average Free Acid Average Total Chloride
Average
Volume Mini- Maxi-
ml./Hour Mean mum mum mEq/Liter mEq/Hour mEq/Liter mEq/Hour

Basal 81 4.9 4.1 6.0 6 0.7 70 5.8
Broth 89 5.3 4.7 6.0 5 0.5 88j 8.0
Histamine 79 4.1 3.2 5.4 10 0.9 92 7.5
Insulin 38 4.5 3.8 5.4 9 0.7 93 3.8

calculation was used to arrive at the total
milliequivalents of chloride.

RESULTS AND DISCUSSION

In Tables I and II the summarized data
on 75 preoperative patients and 50 patients
who had antral exclusion and vagotomy are
presented. All the patients studied preop-
eratively had active duodenal ulcers at the
time the tests were carried out, usually dur-
ing the period of hospitalization immedi-
ately prior to operation. The postoperative
studies were carried out between six and 12
months after operation.
The results of the preoperative secretory

tests on patients with active duodenal ul-
cers conform in general to those reported
by Farmer et al.7 and Edwards et al.6 Cer-
tain differences, however, are apparent. Our
patients secreted less volume of slightly
higher acidity under basal conditions and
appear to have been more responsive to
stimulation of broth, histamine and insulin,
again the main difference being in the hy-
drogen ion concentration. Whether this in-
dicates a difference in the group of patients
or simply normal variation cannot be stated
at present, but it does illustrate differences
that might influence subsequent tests and
the outcome of operation.

After antral exclusion and vagotomy the
secretion of acid was greatly depressed.
This was apparent during the basal period
and after stimulation with broth, histamine
and insulin. The average volume per hour
in the basal period was reduced to 81 ml.
per hour as opposed to a preoperative level

of 96 ml. per hour. In contrast to the pre-
operative responsiveness to stimulation there
was essentially no increase over basal levels
of volume after stimulation with either
histamine or broth. After stimulation by
insulin hypoglycemia the volume was ap-
proximately half of the basal period. Such
reduction in volume is characteristic of all
operative procedures that have proven sat-
isfactory for the control of acid secretion
and the clinical treatment of duodenal ul-
cer. A full discussion of this phenomenon
is the subject of another report.23 It is
thought to reflect the imbalance between
sympathetic and parasympathetic innerva-
tion of the gastric remnant after operation.
The hydrogen ion concentration is the

most accurate measurement that can be
made in studies such as these. In Tables I
and II it can be seen that after operation
the average hydrogen ion concentration was
approximately one thousandth of the pre-
operative level. These average postopera-
tive figures are well within the "safe" range
as far as activation of peptic enzymatic
digestion is concerned. However, it is obvi-
ous from these average figures that all pa-
tients were not achlorhydric. Of the 50
postoperative patients 60 per cent were
completely achlorhydric during the two
basal periods, 74 per cent after broth, 40
per cent after histamine and 52 per cent
after insulin hypoglycemia. Forty per cent
had no free acid in any of the 30 samples
collected during the basal periods and after
stimulation with broth, histamine or insulin
hypoglycemia. Five patients had positive
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Hollander tests, the maximal rise being be-
tween 20 and 50 units in each instance. Al-
though control of acid-peptic digestion is
crucial in the surgical treatment of duo-
denal ulcer there is as yet no conclusive
evidence that complete achlorhydria is
necessary or even a desirable objective.
Such is not attained by any operation now

accepted for duodenal ulcer. Indeed, there
is considerable evidence that reduction of
acid levels to the normal range gives rea-
sonable protection in the majority of pa-
tient.5 10'17,18 On the basis of our own data
and that from other sources,6 7' 21 we would
like to clarify this concept of our objectives
as far as acid secretion is concerned by
pointing out that those operations that have
proven satisfactory clinically are character-
ized not only by a reduction of acid con-

centrations but by a state of relative or

absolute unresponsiveness on stimulation
and particularly to nervous stimuli medi-
ated over the vagi. In effect, if the mech-
anisms for strong activation of gastric secre-

tion in response to parasympathetic stimula-
tion are intact, one can predict a generally
unsatisfactory result.
The secretion of pepsin is another factor

which is obviously of great importance. In
the few patients in whom we have meas-

ured this it was low. Inasmuch as the secre-

tion of pepsin results from parasympathetic
stimulation one would expect reduction of
this enzyme in proportion to the reduction
of acid secretion resulting from parasym-
pathetic denervation.
The observations concerning the concen-

trations and total amounts of chloride re-

covered under various conditions are shown
in Tables I and II. These results reflect the
same reduction in gastric hydrochloric acid
secretion as the direct measurement of acid-
ity. It should be kept in mind that bile has
a total chloride concentration of about 100
mEq. per liter and pancreatic juice contains
70 to 80 mEq. per liter. In the postopera-
tive patients the modest rise in chloride
concentration after stimulation by broth,

histamine and insulin is probably due in
part to stimulation of the outflow of bile
and pancreatic juice and the regurgitation
of a portion of it into the stomach. These
chloride measurements were made in an

effort to obtain some quantitative informa-
tion concerning the relative importance of
regurgitation of bile and pancreatic juice
on the acidity of the mixed gastric contents
recovered by tube. Comparison of the pre-
operative and postoperative results leaves
little doubt that gastric acid secretion was
greatly reduced as a result of operation.
Otherwise' one would not expect the reduc-
tion in total chloride as well as volume of
secretion that was observed in the post-
operative patients. If our interpretation of
these data is correct, neither neutralization
nor dilution by bile and pancreatic juice
could account for more than a small frac-
tion of the lessened acid concentrations that
were observed.
The question then arises as to what sig-

nificance can be attached to these data. If
one accepts the concept of acidity and acid-
peptic digestion as the most important fac-
tors in the etiology of duodenal and jejunal
ulcer, data such as these should allow a

reasonably accurate prediction of the ex-

pected incidence of recurrent ulceration.
Further, by comparison of a set of figures
such as these with similar data obtained
after other operative procedures it should
be possible to assess the relative worth of
different operations in controlling the tend-
ency to ulcer formation. It is only in regard
to the control of recurrent ulceration that
measurements such as presented above
have any clinical significance.
There are several reasons for believing

that antral exclusion and vagotomy will in-
sure against recurrent ulceration. The prin-
cipal theoretical objection to this operation
centers about the degree to which the gas-

tric or chemical phase of digestion is con-

trolled by exclusion of the antrum. After
stimulation by peptone broth the pH rose

above the basal level, the total milliequiva-
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lents of acid decreased and there was only
a slight increase in volume (Table II).
Comparison of these results with those ob-
tained by Fanner et al.7 on 10 cases of
posterior gastroenterostomy with vagotomy
indicates a more effective control of acid
secretion following antral exclusion and
vagotomy. The same is true of secretion fol-
lowing histamine. In the basal period the
acidity was not greatly different but the
total amounts of acid were less due to les-
sened volume in the antral exclusion, vagot-
omy group. This comparison leads us to
believe that the control of ulcer-forming
tendency will be more effective than after
vagotomy with posterior gastroenterostomy.

It is also possible to compare the effect
of this operative procedure on acid secre-

tion with that produced by subtotal gas-
trectomy and by hemigastrectomy with
vagotomy.' 7 It seems evident that acid
secretion is further depressed by both these
procedures than by antral exclusion and
vagotomy except in the case of histamine
stimulation. Whether these small increments
will eventually justify the liabilities im-
posed by removing the antrum will prob-
ably require long periods of careful follow
up of sizeable groups of patients. To date
there have been no anastomotic ulcers in
the antral exclusion vagotomy group or re-

ported in the hemigastrectomy vagotomy pa-
tients being followed in other clinics.3' 6 7,11

Finally, the problem of incomplete vagot-
omy and regeneration of the vagus nerves

deserves brief mention. The entire problem
of "incomplete vagotomy" needs clarifica-
tion, particularly the significance of a posi-
tive secretory response to the stimulation
of insulin hypoglycemia. For example, dur-
ing the performance of standard three hour
Hollander tests on patients who had under-
gone extensive esophagectomy with mobi-
lization and transplantation of the stomach
into the chest, acid secretory curves indica-
tive of significant parasympathetic innerva-
tion have been obtained.24 These patients
unquestionably had complete vagisection

and the positive response to insulin hypo-
glycemia obviously does not indicate in-
complete vagotomy. It is presumed that
residual sympathetic nerves entering the
stomach may carry sufficient parasympa-
thetic fibers to activate secretion in these
instances. As a matter of fact Dr. Hollander
never concluded that a positive insulin
secretory test proved incomplete vagotomy
but only some parasympathetic connection
with the central nervous system.12 Recent
observations on the effect of separation of
the antrum from the fundus and body of
the stomach indicate that the functional
status of the intrinsic nerve plexus of the
stomach has an important influence upon
the response to stimulation by hypogly-
cemia.25 Because of our incomplete under-
standing of the physiologic significance of
positive or negative response to the stimu-
lation of insulin hypoglycemia it seems un-

justifiable to be more than cautious in
interpreting the results obtained by this
method. We are skeptical in accepting a

slightly positive Hollander test as evidence
of incomplete vagotomy.

If, during the performance of vagotomy,
because of inadequate anatomical defini-
tion of the nerves, poor anesthesia, trouble
with hemostasis or any other cause, there
is uncertainty about the thoroughness of
the division of both nerves, this maneuver
should not be relied upon to control acid
secretion. Under these circumstances some

other procedure that does not depend for
its success on vagotomy should be applied.
It is our belief that if this plan is adopted
there will be little, if any, clinically sig-
nificant postoperative vagal function and
consequently no failures on the basis of in-
complete vagotomy.

In regard to the question of regeneration
of vagus nerves the above considerations
are pertinent. Actually, the observations of
Brooks and Moore constitute the principal
evidence that return of vagal function does
occur.2 There are other studies that have
led to the opposite conclusion.4' 19 Further-

9
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more, it should be noted that in the report
of Brooks and Moore the patients who had
evidence of return of vagal function had
had only vagotomy which leaves the in-
trinsic innervation intact and perhaps ca-
pable of responding to minimal stimulation
from other sources, e.g. parasympathetic
fibers carried along with the splanchnic
nerves or antral stimulation secondary to
retention.
The clinical status of this group of

patients who had antral exclusion and va-
gotomy has been closely followed. Im-
mediately after operation side effects of
operation such as dumping, weight loss,
diarrhea, anorexia, and attacks of vomiting
have been troublesome in a number of pa-
tients. The majority of these patients im-
proved rapidly and in the remainder slow
improvement continued for months. Of the
81 patients that have been followed for six
months or longer, three stated that, al-
though improved, they were not entirely
satisfied with the operation. Four patients
have diarrhea-two of them drink excessive
quantities of alcohol, one has chronic sal-
monella infection and pinworm infestation,
the fourth has ulcerative colitis, possibly
on the basis of amoebic infection. None of
these patients is incapacitated by the diar-
rhea, three of them are working and the
fourth is the patient currently being treated
for ulcerative colitis. Six patients have mild
dumping syndrome controlled by reduction
of liquid volume and carbohydrate content
of meals. Weight loss has been a problem
in three patients and in all three there are
other disease processes that probably ac-
count for failure to maintain weight. There
have been no anastomotic ulcers. One pa-
tient had a perforation of his duodenum
three months after operation. The exact
mechanism leading to this accident was not
established but presumably a deep pene-
trating ulcer failed to heal and finally rup-
tured at the superior junction of the duo-
denum and pancreas.
On the basis of our experience to date it

appears that with respect to nutritional
problems and unpleasant side effects of the
operation, the behavior of this group of pa-
tients is similar to that of patients that have
had vagotomy with posterior gastorenteros-
tomy or limited gastric resections with va-
gotomy. It therefore seems that the success
of antral exclusion and vagotomy as a pro-
cedure for the definitive treatment of duo-
denal ulcer will depend on whether or not
the ulcer-forming tendency is controlled
permanently. The preliminary evidence
presented indicates that the control of acid
secretion is satisfactory during the six to 12
month period after operation. The passage
of time, further clinical observation and re-
peated secretory studies will eventually de-
termine the place of this operation in the
surgical therapy of duodenal ulcer.

SUMMARY

Acid secretory studies have been carried
out on 75 preoperative ulcer patients and
50 patients who had antral exclusion with
vagotomy for the definitive surgical treat-
ment of duodenal ulcer. The preoperative
studies revealed high acid concentration
and large amounts of total acid. Stimulation
by broth, histamine and insulin hypogly-
cemia caused further elevations in the con-
centration and rate of acid production. Fol-
lowing antral exclusion and vagotomy the
secretion of acid was depressed and the
gastric remnant became unresponsive to
stimulation. The technic of the operation
and the physiologic basis for it are briefly
discussed.
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