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IN RECENT years the secretory and ulcero-
genic potential of an incomplete vagotomy
has been described in terms of its ade-
quacy. In patients without recurrent ulcer
the incomplete vagotomy is considered
adequate; in patients with recurrent ulcer
the incomplete vagotomy is inadequate.
The purpose of this report is to correlate
the adequacy with the anatomic type of
incomplete vagotomy.
The various anatomic types of incom-

plete vagotomy, and their various areas of
residually innervated gastric mucosa, have
been described (Pritchard, Griffith and
Harkins, 1968).4 In the present study the
secretory and ulcerogenic potentials of two
types of incomplete vagotomy were com-
pared-an intact trunk (residual innerva-
tion of an entire ipsilateral wall of the
stomach) and an intact proximal branch
of the anterior gastric nerve of Latariet
(residual innervation of a small segment
of the proximal anterior gastric fundus).

Material and Methods

Adult male Long Evans rats weighing
from 250 to 300 Gm. were used. Prelimi-
nary anatomic studies demonstrated that
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the gastric vagi in rats are distributed to
the stomach in the same gross and seg-
mental pattern as that previously reported
in dogs; the anterior and posterior trunks
via their gastric truncal divisions innervate
the anterior and posterior walls of the
stomach, respectively, and the terminal
branches from the gastric truncal divisions
each innervate small segments of stomach
(Fig. 1).
The rats were housed in individual cages

in the same room and fed the same diet.
The cages were equipped with raised bot-
toms of wide wire mesh to prevent co-
prophagy.

Forty-eight hours before operation, the
food was withdrawn from the cages, but
the rats were allowed to drink water ad
libitum. They were anesthetized intraperi-
toneally with pentobarbital (Diabutal) in
doses of 0.1 ml. (60 mg.) per 100 Gm. of
body weight. The abdomen was shaved,
cleaned with septisol and alcohol, and en-
tered through an upper midline incision.
A small self-retaining retractor was placed
on the abdominal wall. The following pro-
cedures were then performed under a dis-
secting microscope.

Operative Procedures
Group 1: Pyloric Ligation Only (Con-

trol): The pylorus was ligated with 000
silk as described by Shay et al.8 Whenever
bleeding occurred from the right gastric

1030



Volume 168 VARIABLE ADEQUACY OF INCOMPLETE VAGOTOMY 1031
Number 6

Tolt/posterior vogo/omy ---

Celioc division- - ----

Left gostric artey--

FIc. 1. Anatomic types
of incomplete vagotomy
and their residual areas
of innervation. The dia-
grams on the left show
the anatomic types of in- Posterior gostric
complete vagotomy and division
the diagrams on the right
show the corresponding
areas of residually in
nervated gastric mucosa Anterior vogal trunk -------- -
(shaded). These diagrams Anterior fundic
are based upon findings Hepatic bronch- - ,.branch
in rats after intravenous Anterior gastric division- _-/\
neutral red, which is se- Select/ive onterior vogotomy--
creted by the entire cor-
pus but not by the ru-
men or antrum. Following
complete gastric vagot-
omy the dye is no longer
secreted.

Top: Following pos-
terior vagotomy with
preservation of the an-
terior trunk (not shown),
the residually innervated Anterior fundic
anterior surface of the eo,pos/eror vogolomy -branch intact
corpus secretes.

Middle: Following an-
terior vagotomy with
preservation of the pos- IMcomp/e/e OftCi .t
terior trunk (not shown),
the residually innervated
posterior surface of the
corpus secretes.

Bottom: Following
posterior vagotomy plus
incomplete anterior va-
gotomy with preserva-
tion of the anterior fundic branch, the small area of the residually innervated proximal anterior cor-
pus secretes. (Modified from Legros and Griffith, 1968.3)

or gastroepiploic vessels, the rat was dis-
carded from study.
Group II: Pyloric Ligation and Ante-

rior Selective Vagotomy: The silk around
the pylorus was kept as a traction suture
to pull the stomach down. To expose the
esophagogastric junction adequately, an

0000000 silk was also placed for traction
on the greater curve over the serosa of the
ridge between the rumen and corpus. At
the cardia, the anterior gastric division
and its proximal fundic branch were iden-
tified and cut. The posterior trunk was

preserved.

A
Group III: Pyloric Ligation and Poste-

rior Total Vagotomy: The posterior vagal
trunk was cut just above its bifurcation
into the celiac and posterior gastric divi-
sions. The left gastric artery was not dis-
turbed in order to confine the study to the
ulcerogenic effect of pyloric ligation and
to eliminate the necrotic effect of ligation
of the left gastric artery with consequent
ulcer of the corpus in rats.' The anterior
trunk was preserved.
Group IV: Pyloric Ligation and Com-

plete Gastric Vagotomy (Control): An-
terior selective vagotomy, as in Group II,
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T \lLF 1. Ijfects of V'arioius Types of T'agotomny on Gastric Secretion aficr Pyloric
Ligaition (7 irs.) 17 Rats in LEach Group

Gastric Secretion StudY (mean 4 SD)

Ty1pe of Vagotomn pH
Volume

(cc.)

Titratable Acid

mEq./l. mEq.

Gr. I.

Both trunks intact

GR. II.

Selective anterior
vagotomy

GR. III.

Total posterior
vagotomy

Gr. IV.

Bilateral vagotomv

Gr. V.

Fundic branch intact

and posterior total vagotomy, as in Group
III, were performed.
Group V: Pyloric Ligation and Vagot-

omy with the Anterior Fundic Branch
Intact: As in Group III, posterior total
vagotomy was performed. The anterior
gastric division was then transected at the
gastric cardia just below the origin of its
proximal fundic branch, taking care to pre-

serve this branch to the fundus.
After these operative procedures the ab-

domen was closed in two layers of inter-
rupted silk sutures. The rats were kept
warm until complete recovery and re-

turned to their cages. They were fasted
until sacrifice with lethal dose of intraperi-
toneal pentobarbital.

Gastric Secretion

Rats used for studies of gastric secretion
were sacrificed 7 hours after operation.
This time interval was chosen after prelimi-
nary experiments demonstrated that at 7
hours enough gastric juice was secreted
for analysis and no ulcers developed. The
gastric juice was therefore clear and not

2.65 0.22 6.4 2.7 90.9 17.4 0.58 ±(0.05

2.93 0.31 4.1 + 1.2 59.0 20.4 0.24 0.02

2.99 + 0.32 4.4 4 1.9 61.0 15.1 0.27 4 0.02

4.84 1.07 2.9 0.8 17.7 9.9 0.05 0.01

4.38 + 0.93 3.3 + 1.8 20.0 7.7 0.07 0.01

contaminated with neutralizing exudate or

blood from ulceration.
The esophagus was ligated at the gas-

tric cardia, and the stomach removed by
cutting the esophagus above this ligature
and the duodenum below the pyloric liga-
ture. The gastric juice was then drained
from the stomach through a small gas-

trotomy in the lesser curve just proximal
to the pylorus, and collected in a centri-
fuge tube.
The pH, volume, and total titratable acid

were measured in each specimen of gastric
juice. The pH was determined by the
Fisher titrimeter (Model #36). The speci-
men was then centrifuged, and the clear
supernatant layer was withdrawn for deter-
mination of titratable acidity. Titration was

done with O.O1N NaOH, using an end point
of pH 7 as indicated by phenol red. The
results were expressed as both milliequiva-
lents per liter and total milliequivalents.

Gastric Ulceration

Rats used for studies of gastric ulcera-
tion were sacrificed 23 hours after opera-
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TABLE 2. Effects of Various Types of Vagotomy on Gastric Ukeration after Pyloric
Ligation (23 hrs.) 17 Rats in Each Group

Incidence of Ulcers (%) % of Death
by

Type of Vagotomy Rumen Corpus Antrum Perforation

Gr. I

Both trunks intact 100% 23.5% 11.5% 29.4% (5/17)

Gr. II

Selective anterior vagotomy 70.5% 0 0 23.5% (4/17)

Gr. III

Total posterior vagotomy 76.4% 0 0 29.4% (5/17)

Gr. IV
Bilateral vagotomy 0 0 0 0

Gr. V
Anterior fundic branch intact 0 0 0 0

tion. The stomach was opened along the
greater curve from the pylorus to the
esophagus, taking care to avoid manipula-
tion of the stomach itself. The location and
the number of ulcers were noted. The per
cent of death by perforation prior to sac-

rifice was calculated for each type of
vagotomy.

Results
Gastric Secretion (7 Hours After Opera-

tion)
The findings of feces or food in the

stomach, a loose pyloric ligature, or bleed-
ing from either an ulcer or the pyloric liga-
tion excluded the rat from study. Left for
consideration were 17 rats in each of the
5 groups (Table 1).

Gastric Ulceration (23 Hours After Op-
eration)
The ulceration was as described by Shay

et al.8 namely, multiple small ulcers scat-
tered throughout the stomach but pre-

dominantly in the rumen. The findings of
feces or blood in the stomach or a loose
pyloric ligature excluded the rat from
study. Left for consideration were 17 rats
in each of the 5 groups (Table 2).

Group I: Pyloric Ligation Only. Ulcers
developed in all 17 rats: The number of
ulcers in each rat ranged from 3 to 56
(mean: 18).
Group II: Pyloric Ligation and Ante-

rior Selective Vagotomy: Ulcers devel-
oped in 12 of 17 rats. The number of ulcers
in each rat ranged from 1 to 10 (mean:
4).
Group III: Pyloric Ligation and Total

Posterior Vagotomy: Ulcers developed in
13 of 17 rats. The number of ulcers in each
rat ranged from 1 to 16 (mean: 5).
Group IV: Pyloric Ligation and Com-

plete Gastric Vagotomy: None of the 17
rats developed ulcer.
Group V: Pyloric Ligation With an

Anterior Fundic Branch Intact: None of
the 17 rats developed ulcer.

Discussion

The results of the two controls (Groups
I and IV) confirm the constant develop-
ment of gastric ulceration in rats by pyloric
ligation and the constant prevention of
this ulceration by complete vagotomy.2
This latter constant is explained by the
significant reduction in acid secretion after
complete vagotomy. The results with an
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intact trunk (Groups II and III) confirm
the previous findings of Shay et al.7 and
Rivilis et al.5 With residual innervation of
one entire wall of the stomach by an in-
tact trunk, the acid secretion is reduced
but the reduction is inadequate for the
prevention of ulcers in approximately 70
per cent of rats. In contrast, with residual
innervation of only a small area of the
fundus by an intact fundic branch (Group
V), the greater reduction in acid secretion
affords adequate protection against the de-
velopment of ulcer in all rats.
These results provide evidence that the

adequacy of an incomplete vagotomy may
be correlated with its anatomic type. The
inadequate incomplete vagotomy in pa-
tients with recurrent ulcer may be of an
anatomic type that leaves a large area of
innervated gastric mucosa. The adequate
incomplete vagotomy in patients without
recurrent ulcer may be of an anatomic type
that leaves a small area of innervated mu-
cosa. As will be discussed in Part II of
this study, the anatomic variations of the
vagal system in man predispose to the
anatomic types of incomplete vagotomy
studied herein. Determination of the ana-
tomic type of incomplete vagotomy and its
adequacy by means of the insulin test is
the subject of Part II.

Summary and Conclusions
In pyloric ligated rats the secretory and

ulcerogenic potential, or adequacy, of two
anatomic types of incomplete vagotomy
were compared-an incomplete vagotomy
of an intact trunk (residual innervation of
the entire ipsilateral wall of the stomach)
and an incomplete vagotomy of the proxi-
mal anterior fundic branch (residual in-
nervation of a small area in the proximal
anterior fundus). In control groups, py-

loric ligation without vagotomy resulted in
ulcers in all rats, whereas complete va-
gotomy markedly reduced acid secretion
and no ulcers developed. With incomplete
vagotomy of an intact trunk, acid secretion
was reduced but this reduction was inade-
quate protection for the prevention of ul-
cers in all rats. In contrast, with incom-
plete vagotomy of an intact fundic branch,
the reduction of acid secretion was signifi-
cantly greater and approximated that after
complete vagotomy; this reduction of se-
cretion was adequate and no ulcers de-
veloped.

It was concluded that the adequacy of
an incomplete vagotomy may be correlated
with the area of residually innervated gas-
tric mucosa which, in turn, may be corre-
lated with the specific anatomic type of
intact vagal fiber.
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