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Vagotoomia duodenaalhaavandi korral.
Maohappesuse, seerumpepsinogeen I,
maolimaskesta histoloogilise seisundi ja
Helicobacter pylori uurimine.

Uurimise eesmark

1. Selgitada vagotoomia mdju mao soolhappe sekretsioonile ja
seerumpepsinogeen | tasemele esimese aasta jooksul péarast
operatsiooni, sealhulgas vagotoomia vahetut mdju pepsi-
nogeen | sisaldusele seerumis operatsiooni ajal.

2. Vorrelda endoskoopilise kongo punase testi, multikriteriaalse
insuliintesti ja dise 12-tunnise mao soolhappe sekretsiooni
reduktsioonitesti tédhtsust vagotoomia téielikkuse hindamisel.
Endoskoopilise kongo punase testiga ja kaugtulemuste
uurimise kaudu pérast proksimaalset ja trunkaalset vagotoo-
miat kindlaks teha: vagotoomia inkompleetsus, inkompleetse
vagotoomia alade lokalisatsioon ja suurus maokorpuse
limaskestal ja selle seos retsidiivhaavandiga.

3. Uurida maohappe sekretsiooni ja seerumpepsonogeen | taset
5-12 aastat péarast operatsiooni sdltuvalt vagotoomia komp-
leetsusest endoskoopilise kongo punase testi alusel.

4. Teha kaugtulemuste uurimise kaudu kindlaks vagotoomia
mo&ju maolimaskesta morfoloogilisele seisundile ja Helico-
bacter pylori esinemissagedusele ning intensiivsusele séltu-
valt kasutatud vagotoomia tuibist ja kompleetsusest.

5. Selgitada endoskoopilise kongo punase testi, maohappe
sekretsiooni, seerum pepsinogeen | ja Helicobacter pylori
kolonisatsiooni  seost retsidiivhaavandi tekkimisega ja
prognoosimisega.

Materjal ja metoodika

Uuriti 549 kroonilist duodenaalhaavandihaiget, neist 362
opereeritud ja 187 opereerimata.

Suurima rdhma moodustasid 1976-1984 Tartu Kliinilise
Haigla Il Kkirurgiaosakonnas vagotomeeritud 341 duodenaal-
haavandihaiget: 249-le tehti proksimaalne vagotoomia, neist 127
juhul koos puiloroplastikaga ja 20 juhul gastroduodenos-



toomiaga Jaboulay jargi; 9, juhul tehti trunkaalne vagotoomia
koos piiloroplastikaga (82) v6i gastroduodenostocmiaga Jabou-
lay jargi (10). Nendel patsientidel uuriti erinevaid mao funktsio-
naalseid ja morfoloogilisi néaitajaid enne operatsiooni ning 3
kuud, 1 aasta ja 5-12 aastat (keskmine 8 aastat) paérast
operatsiooni. 21 duodenaalhaavandihaiget opereeriti 1989.-1990,
aastal. Nendel uuriti vagotoomia md&ju seerumpepsinogeen I-le
operatsiooni ajal. 187 opereerimata duodenaalhaavandi haiget
moodustasid kontrollrihma, mille najal uuriti maolimaskesta
morfoloogilist seisundit ja Helicobacter pylori kolonisatsiooni
5-12 aastat pérast vagotoomiat.

Morfoloogiliste uuringute aluseics oli sbéégitoru, mao ja
duodeenumi endoskoopiline uurimine koos proovitikkide
vdtmisega mao antrumi ja korpuse limaskestast. Peale mao-
limaskesta morfoloogilise seisundi maé&arati ka Helicobacter
pylori kolonisatsioon ja selle intensiivsus nii mao antrumis kui
ka korpuses. Kaugtulemuste uurimisel oli tdhtsal kohal vago-
toomia tdielikkuse hindamine 270 haigel endoskoopilise kongo
punase testiga. Peale selle wuuriii maohappe sekretsiooni
kvantitatiivselt: basaaine, maksimaalselt stimuleeritud ja 0ine
12-tunm maohappe sekretsioon ning seerumpepsinogeen | enne
operatsiooni ning 3 kuud, 1 aasta ja 5-12 aastat (keskmine 8
aastat) parast operatsiooni. Oluline oli selgitada nende
uuringute alusel erinevate vagotoomiatuupide (proksimaaine
vOi trunkaalne) ja vagotoomia kompleetsuse mdju nii mao
morfoloogilisele seisundile kui ka funktsionaalsetele néitajatele
ning nende kasutamise vdimalusi operatsioonijargse retsidiiv
haavandi prognoosimiseks.

Tulemused

1. Vagotoomia kompleetsuse maaramisel on endoskoopiline
kongo punase test multikriteriaalsest insuliintestist ja disest
12-iimnisest maohappe sekretsiooni reduktsiooni testist
kliiniliseks kasutamiseks sobivam ja tapsem.

2. 5-12 aastat pérast operatsiooni esineb endoskoopilise kongo
punase testi tulemuste pdhjal péarast proksimaalset
vagotoomiat  inkompleetsust  sagedamini (56%)  kui
trunkaalse vagotoomia jarel (34%).

3. Vagotoomia ei pB8hjusta uldiselt seerumpepsinogeen | taseme



alanemist ei lokaalselt, maokorpusest valjuvas ega perifeerse
veeni veres operatsiooni ajal. Parast operatsiooni, sdltumata
vagotoomia tuubist, vdheneb pidevalt seerumpepsinogeen |
keskmine tase. Kuigi enamusel patsientidest seerum-
pepsinogeen | tase alaneb, siiski osal juhtudest seda ei esine.
Seerumpepsinogeen | tase 5-12 aastat pérast operatsiooni ei
sbltu vagotoomia tdielikkusest, mistdttu selle taseme maara-
mine ei saa olla vagotoomia kompleetsuse nditaja.
Vagotoomia efekt maolimaskestale ja Helicobacter pylori
kolonisatsioonile sdltub vagotoomia téielikkusest mitte aga
kasutatud vagotoomia tuubist (proksimaalne vdi trunkaalne).
Vagotoomia pohjustab: maokorpuse limaskesta atroofiat,
sagedamini taieliku vagotoomia korral; Helicobacter pylori
esinemissageduse védhenemist antrumis taieliku vagotoomia
korral ja tBusu maokorpuses; Helicobacter pylori kolonisat-
siooni intensiivsuse suurenemist nii antrumis kui ka kor-
puses, eriti mittetdieliku vagotoomia korral.

Endoskoopilise kongo punase testi p&hjal on retsidiiv-
haavand 5-12 aastat pérast operatsiooni seotud inkompleetse
vagotoomiaga. Sagedamini tekib haavand siis kui mao-
korpuse limaskestal on sdilunud vaguse innervatsioon 20%
vG6i suuremal alal.

Retsidiivhaavandi esinemise puhul on basaalne ja dine
12-tunnine maohappe sekretsioon ning seerumpepsinogeen |
tase korgem. Enamasti on ko&rge ka Helicobacter pylori
kolonisatsiooni aste nii antrumis kui ka korpuses.
Retsidiivhaavandi riski selgitamiseks péarast vagotoomiat
tuleks esimesena kasutada endoskoopilist kongo punase
testi. Negatiivse testi korral on retsidiivhaavandi teke vahe
tdendoline. Positiivse testi korral on vaja riski prognoosimi-
seks madrata seerum-pepsinogeen | tase vdi basaalne mao-
happe sekretsioon kombineerituna 6ise maohappe sekret-
siooniga.



Introduction

During the last 20 years in the surgical treatment: of DU pati-
ents gastric preserving methods like vagotomy without or with
drainage are widely used. The most important effects of vagot-
omy are the reduction of acid and pepsin outputs that bring
about a long-term therapeutic effect in most DU patients. After
vagotomy, a later problem is the development of recurrent
ulcers whose percentage continuously increases with the time
passing from the operation (Jensen et al., 1983; Adami et a!,
1984; Muller and Martinoli 1985; Macintyre et al., 1990).

According to literature, there are recurrent ulcers in avera-
gely 10% of the cases 5 years and already in 20% of the cases 10
years after PV (Hildebrandt et al., 1988). At that, a prospective
randomized controlled trial study 11-15 years after the opera-
tion in DU patients showed no significant difference of recur-
rent ulcer rate between 3 types of vagotomy: truncal, selective
or proximal (Hoffman et al., 1989). Otir study results 5-12 years
after vagotomy also confirm that the essential disadvantage of it
is the development of recurrent ulcers (Peetsalu et al., 1990;
Vardja et al., 1990).

Postvagotomy gastric secretion studies have shown that
patients with recurrent ulcer tend to have higher levels of acid
output (Blackett and Johnston 1981; Macintyre et al., 1990) and
S-PG | (Samloff et al.,, 1976), and therefore it is generally be-
lieved that incomplete vagotomy is the major factor responsible
for ulcer recurrences after vagotomy (Lunde et al., 1983; Holle
et al,, 1988) or faulty indication for the operation (Reisig et al.,
1985).

Gastric acid secretion in connection with vagotomy in DU
patients has been studied during many years both pre- and
postoperatively, using different tests BAO, MAO, NAO, etc. The
results have been contradictory concerning the prognosis of
recurrent ulcers (Baron, 1978). In relation to ulcer recurrences
no typical or prognostically important features have been found
in the acid secretion tests, including l:he widely used Hollander
test for estimating the completeness of vagotomy (Kjaergaard
et al.,1980; Paimela et al., 1983).

The Hollander test (Hollander, 1946) has later been comple-
mented. In addition to the stimulation of the gastric secretion
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with insulin, several criteria of gastric acidity changes are takers
into account as well resulting in the so-called multiple criteria!
insulin test. But even the complemented test is not much more
reliable than the Hollander criterion alone (Hood et ai. 1976).
Postoperatively more sensitive and relevant to the clinical
behaviour for estimating the completeness of vagotomy has
been found ECRT (Saik, 1976). Information according to ECRT
is semiquantitative or even quantitative. It allows one to deter-
mine the localization and size of the areas with residual vagus
innervation. Also, ECRT and postoperative Hollander testing
have been shown to correlate well (Saik, 1983). On the other
hand, however, the agreement between ECRT, the Hollander
test, and the post-vagotomy multiple criterial insulin test is not
absolute in cases of incomplete vagotomy (Gallinger et al.
1979). At that, there are no data available about the use o*
ECRT 5 years and longer after the operation that would give an
estimation of the reliability of the test in recurrent ulcer cases,
and in patients without recurrences. That is why ECRT was
used in the present study. We also compared it to other, more
widely used quantitative indicators of gastric acidity. In this
study ECRT was the basis for estimating other functional and
morphologic changes in the gastric mucosa after vagotomy.
Besides acid, the secretion of pepsin is also essential in the
pathogenesis of ulcer. Earlier studies report that gastric pepsin
levels can be estimated on the basis of S-PG 1, the two are in
correlation with each other (Waldum et al., 1978; Plebani et al.,
1983). At the same time, S-PG | in connection with vagotomy in
DU patients has a much shorter history of research than gastric
acidity. It is known that the levels of S-PG | in non-operated
DU patients are averagely higher than in healthy persons
(Samloff and Taggart, 1987). Some studies report that S-PG 1
high levels correlate with ulcer recurrence (Samloff et al., 1976;
Stabile et al., 1978). The literature data show that gastric acidity
falls immediately after vagotomy, already at the time of the
operation. Tests for checking the completeness of vagotomy
during the operation are based on that phenomenon (Grassi
and Orecchia, 1974). There are no data about S-PG | changes
during the operation immediately after vagotomy, and for that
reason it was examined in the present study. Still, the levels of
S-PG | decrease after the operation that demonstrates the
dependance of S-PG I on the vagal innervation (Haukland
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et al., 1982; Paimela et al., 1984; Feldman et al., 1988).

However, studies have shown that postoperative S-PG |
evaluation can't serve as a test for the completeness of vagoto-
my after PV and so replace acid secretion tests (Paimela et al.,
1984; Aarimaa et al., 1987). The reason for that is evidently the
absence of correlation between S-PG | and gastric acidity
indicators in DU patients, both before and averagely 4 years
after PV (Feldman et al., 1988). At that, there are no data about
the influence of TV as compared to that of PV on S-PG 1 levels
at the time of the operation and after it. Neither are there any
data about the role of S-PG | or its connection with the devel-
opment of recurrent ulcer and in prognosticating a recurrent
ulcer more than 5 years after vagotomy, depending on the
completeness of vagotomy in DU patients.

Gastric acid and S-PG | levels correlate well with the mor-
phological state of the corpus mucosa: there is a continuous and
significant decrease of the mean values with the development of
an increasing degree of corpus atrophy (Vuoristo et al., 1991).
At it, in DU patients the corpus mucosa is mostly normal or
shows superficial gastritis and it remains stable until old age
(Kekki et al., 1984). The effect of vagol:omy on the morphologi-
cal state of the gastric corpus has been studied only during a
relatively short period after vagotomy and with contradictory
results. Some authors have observed the development and
progression of postvagotomy corpus gastritis (Aarimaa et al.,
1984; Aase et al.,, 1985), while others found no essential differ-
ences between the operated and nonoperated patients (Dewar
et al., 1983, Lygidakis 1986). There are no long-term studies
about the effects of vagotomy on the gastric corpus mucosa
depending on the completeness of vagotomy and also on the
type of vagotomy used. But nearly all non-operated DU pa-
tients have antral gastritis (Cheli and Gjaeosa, 1986; Sipponen

et al., 1989).
Since 1983, after the description and characterization of

Helicobacter pylori (HP) (Warren and Marshall, 1983), a high
association between the presence of HP, chronic antral gastritis
and peptic ulcer is recognized (Goodwin et al., 1986; Blaser,
1987). The eradication of HP by medical treatment reduced the
duodenal ulcer recurrency rate (Hamilton et al.,, 1986; Coghlan
et al., 1987; Marshall et al., 1988) that demonstrates the role of
HP in the pathogenesis of DU.
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In a limited material and short follow-up period until now,
it has been shown that PV does not influence the incidence
rates of HP in the gastric mucosa (O'Connor et al., 1986;
Petkaneshkow et al., 1990). There are no data about the effect of
TV on HP colonization after the operation. The studies about
the relationship between DU and HP colonization after vagoto-
my have been limited to the antral mucosa and fix only the
positive or negative occurrence. No data are available on HP
colonization in the gastric corpus mucosa after vagotomy.

Earlier research in non-operated DU (Stolte et al., 1989) and
GU (Maaroos et al., 1991) patients has shown that in addition to
the mere presence of HP in the stomach, the degree of its
colonization intensity is essential as well. A heavy HP coloniza-
tion is associated with an increased ulcer risk and aggravates
the course of peptic ulcer, if present. There is no information
about quantitative changes of HP after vagotomy in DU pa-
tients and its prevalence depending on the completeness and
type of vagotomy, nor on its connection with ulcer recurrence.

It is clear from what has been said that a humber of prob-
lems related to the effect and success of vagotomy still need
further clarification. That is why the aim of the present study
was to find out the effect of vagotomy on gastric acid secretion,
S-PG 1, gastric mucosa, and HP colonization and its intensity in
different parts of the stomach during a longer period after the
operation. This is the first research based on ECRT when study-
ing long-term results of gastric functional and morphological
changes depending on the completeness of vagotomy. Also the
study is an attempt to characterize recurrent ulcers and to
predict their development, making use of the above indicators
that would lead to finding of new ways for their prevention.

The purposes of the present study are:

1. to determine the effect of vagotomy on gastric acid secretion
and S-PG | during 1-st year after the operation, including its
immediate effect on S-PG | level during the operation;

2. to compare ECRT, the multicriterial insulin test and the
NAO reduction test as methods for estimating the complete-
ness of vagotomy; to estimate in DU patients in a long-term
period after proximal and truncal vagotomy the incomplete-
ness of vagotomy and its location and size in the corpus
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mucosa in relation to recurrent ulcer according to ECRT;

to determine gastric acid secretion and S-PG | levels 5-12
years after vagotomy, depending on the completeness of the
latter;

to study the long-term effect of vagotomy on the gastric
mucosal histology and HP colonization in DU patients,
depending on the type and completeness of vagotomy;

to clarify the meaning of ECRT, gastric acid secretion,
S-PG | and HP colonization for the characterization and
prognosis of recurrent ulcer after vagotomy in DU patients.
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Material

Altogether 549 subjects, 362 operated and 187 nonoperated
DU patients were studied (Table 1). All 362 patients were
operated on in the Department of Surgery of Tartu University
Hospital.

The largest group was 341 consecutive vagotomized DU,
including prepyloric, pyloric, bulbar and postbulbar region,
patients operated on in 1976-1984 (Table 2): 249 patients had
undergone PV and in addition to PV, drainage procedures had
been performed in 147 of the cases (127 pyloroplasty, 20 gastro-
duodenostomy Jaboulay); 92 patients had undergone truncal
vagotomy with drainage (82 pyloroplasty, 10 gastroduodenosto-
my Jaboulay). The methods of the vagotomies were strictly
standardized and the operations were performed by experi-
enced surgeons.

The patients belonging to these groups were studied in
respect to different functional and morphological indicators of
the gastric mucosa before the operation, and 3 months, 1 year
and in a long term period of 5-12 years (mean 8 years) after the
operation (publ. I, 11, 1, IV, VI). 21. patients were operated on
in 1989-1990 (publ. V): in 15 cases the operation was PV (12 of
them with drainage) and 6 cases were TV (one case with drain-
age and 5 with antrectomy). The influence of vagotomy on
serum PG | during the operation was studied in the patients of
this group. The group of non-operated patients consisted of 187
consecutive symptomatic, medically treated DU patients collect-
ed by H.-1. Maaroos. They were endoscopically examined at the
Gastroenterological Department of Tartu University Hospital.
Ulcer history ranged from 1-20 years, mean 3.5 years (Table 1).
This group was the control group, for comparing the results of
the histological findings and HP colonization in the gastric
mucosa with those of the operated patients (publ. I11).
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Table 1

Distribution of sex and age in the studied subjects

Operated group
Nun;_bect[ of Male/female Mean age (limits)
period of operation Subjects
11976-1984 U1 238/43 4
19-72
111989 -1990 2 201 4
21-58
IIl' Non-operated group 187 127/60 13
(controls) 18-78
Total number of stud- 549
ied subjects
Table 2

Distribution of the types of the 362 operations

Time period of the operations

Operation

1976-1984 1989-1990
PV 92* K
PV +P 127 12
PV + JAB 20 -
TV+P 82 1
TV + JAB 10
TV + AE - 5
Total A 2

* in 38 cases PV with duodenoplasty was used
** in 2 cases PV with duodenoplasty was used
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Methods

1. Diagnostic methods for duodenal ulcer and during follow-
up period after vagotomy.

In the nonoperated subjects (controls) with DU the ulcer
was diagnosed endoscopically. In the operated DU patients,
the ulcer was diagnosed mainly endoscopically, in a few
cases (18) roentgenologically, and confirmed at the opera-
tion. After vagotomy in the follow-up period (3 months, 1
year and 5-12 years after the operation) the examination of
the patients, including an endoscopic examination, was per-
formed in outpatient conditions. The presence or absence of
recurrent ulcer was determined endoscopically, the morpho-
logical state of the gastric antral and corpus mucosa was
evaluated by two biopsy specimens taken from both parts of
the stomach; and from 1988 onwards, the completeness of
vagotomy was estimated by ECRT. Olympus GIF-Q oeso-
phago-gastroduodenoscopy was used, biopsy specimens
were obtained using biopsy forceps FB-24 K.

2. Gastric acid secretion tests.
All gastric acid secretion studies by gastric probing were
performed in in-patient conditions.

2.1. Basal acid output, maximal acid output and nocturnal acid
output.

The gastric juice was collected from a previously emptied
stomach during 60 min for BAO. MAO was determined by
collecting gastric juice during two 30 min fractions after
pentagastrin stimulation 6 fig/kg intramuscularly. NAO was
determined by collecting gastric juice from a previously
emptied stomach during 12 hours from 8 p.m. to 8 am. The
position of the tube in the stomach was checked roentgeno-

logically and continuous aspiration of the gastric juice was
used in all cases.

2.2. Hollander test.
In the DU patients operated during 1981-83, the com-
pleteness of vagotomy 1 year after the operation was deter-
mined by the Hollander test (publ. 1). The gastric juice for
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the Hollander test (Hollander, 1948) was collected from a
previously emptied stomach during 60 min (4x!5-minute
samples) for BAO. After that insulitn was given 0.21U/kg
intravenously. Its effect was confirmed by a blood glucose
estimation. A concentration less than 2.5 mmol/1 was the
criterion of an adequate insulin effect. The gastric Juice was
collected during 2 hours after the insulin stimulation. The
test was considered positive if there was an increase of
20 mmol/1 in titrable acidity in any two consecutive 15-
minute samples in the 2 hours after the intravenous injection
of insulin over the mean acidity of two 15-minute basal sam-
ples. When the basal samples contained no free acid then the
test was considered positive if the post-insulin acidity was
more than 10 mmol/l. A positive response (= incomplete
vagotomy) during the first hour after the stimulation was
regarded as early positive and during the second hour as
late positive (Johnston et al., 1967).

2.3. Endoscopic Congo Red test.

During the study of the long-term results from 1988 on-
wards, the completeness of vagotomy by ECRT was estimat-
ed according to Donahue etal., 1977 in basal conditions
without drug stimulation of the gastric acid secretion
(publ. 11, IV and VI). After aspirating all the fluid in the
stomach, solution of 0.5% Congo Red in 5% bicarbonate is
sprayd through the endoscope to cover the gastric corpus
mucosa. Any area of the corpus mucosa which turns black
(pH<3.0) within the first 2-3 min is considered as positive
(= intact vagal innervation, or incomplete vagotomy). When
no changes in the red colour are seen within 2-3 min,
(pH>3.0), the test is considered as negative (= denervated
corpus, or complete vagotomy).

2.4. Multicriterial insulin test.

The criteria are: acid output in the first hour 5 mmol
more than in the basal hour after insulin stimulation, accord-
ing to Clark and Murray, 1963; acid output more than
2 mmol in the 2 hours after insulin stimulation according to
Stempien et al., 1958; and acid output in any hour 2 mmol
more than in the basal hour before insulin stimulation ac-
cording to Bank et al., 1967. The test was considered as
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positive (= incomplete vagotomy) when one from three
criteria was positive al the individual level.

2,5. Nocturnal acid output reduction test.

The result was considered as positive (- incomplete
vagotomy) when the reduction of NAO was iess than 60 per
cent compared with the preoperative NAO level (Dragsteldt
et al., 1947)

3. Determination of serum pepsinogen I.

Fasting £ PC | was examined in the Department of
Clinical Chemistry, Helsinki University by the radioimmuno-
assay methods by M. Harkdénen. The normal values for
S-PG | are 50-150 g\ according to Tamm et al., 1984.

4. Estimation of serum pepsinogen | in gastric corpus venous
blood and effect of vagotomy on serum pepsinogen ! during
the operation.

During the operation blood samples were taken trom the
two gastric veins and from the peripheral vein immediately
after laparotomy. The second blood samples were obtained
from the gastric corpus vein and from the peripheral blood
immediately after vagotomy. In all patients the surgery was
carried out in as standard as possible conditions of anesthe-
sia, avoiding the use of atropine or other substances with a
similar effect. The technique used for obtaining venous
blood was the one described by Cox etal, 1967 and
Peetsalu, 1972.

The aim was to obtain blood flowing out of 2 different
regions of the stomach: from the lesser curvature and the
greater curvature of the gastric corpus. In order to do that,
selective puncture was performed on the gastric vein
branches passing through the gastric wall (rr. gastrici). The
course of these vein branches is perpendicular to the gastric
wall and longitudinal to the gastric veins: v. gastrica sin in
the lesser curvature and v. gastroepiploica sin in the greater
curvature. The blood in them (rr. gastrici) is not mixed with
the venous blood from the adjacent regions.

5. Histological state and Helicobacter pylori colonization in
gastric mucosa.
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The biopsy specimens were fixed overnight in neutral
buffered formalin and were stained for morphological and
HP examination by hematoxylin-eosin and Giemsa methods.
A blind examination was made of all specimens, two from
the antrum and two from the corpus. The histology was
studied by P. Sipponen from Jorvi Hospital, Espoo, Finland
and HP pylori colonization by H. Maaroos from the Depart-
ment of Internal Medicine, University of Tartu.

The histology and HP colonization in the gastric antral
and corpus mucosa were classified traditionally as described
previously (Kekki et al., 1987; Sipponen et al., 1990; Maaroos
et al., 1990).

Histology: Normal = no loss of glands and no round cell
infiltration; superficial gastritis = accumulation of round cell
(infiltration) in the lamina propria without loss of mucosal
glands; atrophic gastritis = loss of glands.

HP colonization: The amount of HP was estimated
semiquantitatively (Stolte et al., 1989) by microscopic count-
ing of the number of bacteria and scoring them as follows:
abscence of microbes (grade 0); small amounts (grade 1) =
less than 20 microbes per field; moderate amounts
(grade 2) = 20-60 microbes per field; and large amounts
(grade 3): more than 60 microbes per field. The microscope
with an objective with 40x and an ocular with a IOx magni-
fication was used. Both in the antrum and corpus biopsy
specimens of at least two fields were examined. It HP colo-
nization was patchy, the grade was classified according to
the most pronounced colonization.

Table 3 shows the distribution of the number of methods
used and the examination times in the subject.

Statistical methods.

The significances were calculated by using Student's t test
(publ. 1, 11, IV). Different nonparametric statistical methods
were used for testing the significance of differences: Chi-
square test (publ. 14, Ill), Mann-Whitney U test for paired
and Wilcoxon test for unpaired groups (publ. I, V, VI). The
correlations between the different parameters were tested by
Spearman rank or Kendall test (publ. I, 1, I, V, VI).
p values below 0.05 were considered as significant.

20



Distribution of the numbers of each method used and the examination times in subjects

Time of the examination
Method Total During the operation 12 vears
numer 05'5:%& |3‘eforeng > 3 months after 1 year after er (%ar
vagotomy  After vagotony 8 years)
362
Histology A7 56 3?2 317
HP 317 : : . . : 317
S-PG | 143 9 pil 14 66 61 39
BAO 108 103 - - 70 67 30
MAQ 108 104 - . 70 65 30
NAO 35 2 - - . . 27
Hollander test 67 - . . . 67
Multi criterial
insuin test 30 . . , ) ) 0
NAQ reduction
test n . . . . . 1
ECRT 271 . . . . - 271
187

Histology 187
HP 187

549



Results and Discussion

Parti

Effect of vagotomy on gastric acid secretion and serum pepsi-
nogen | during 1-st postoperative year in duodenal ulcer
patients.

1. Vagotomy and gastric acid secretion

It can be seen from literature that vagotomy reduces BAO
80-90% in most cases (Creenall et al., 1977; Kuzin and Postolov,
1980). After all types of vagotomy, the acid response to stimu-
lants of gastric secretion MAO is also markedly reduced but to
a lesser extent than BAO: to an average of 60-70% (Mason
et al., 1968; Cowley et al., 1973). The given data show that BAO
is mainly and more controlled by vagal tone than MAO
(Dragstedt et al., 1947; Varis et al., 1988).

The results of the present research agree with what has been
said above (publ. Il). Compared to the preoperative levels, both
BAO and MAO decreased significantly (p<0.01) while the fall of
BAO was somewhat bigger than that of MAO by the 3rd post-
operative month, with the mean respective values of 91% and
77%. Since immediately after the operation during the first
.postoperative year no atrophic changes in the gastric corpus
were observed (publ. 1), the effect of vagotomy directly ac
counts for the fall of gastric acidity. Al the same time, changes
in the gastric acidity during the first 3 postoperative months
did not depend on the type of vagotomy used, i.e. there was no
significant difference between the results of PV and TV
(publ. 1). Further, from the 4th month to 1 year there is a small
increase in the levels of BAO and MAO. In the case of BAO the
increase is statistically significant (p<0.01) although it still
remains significantly below the preoperative levels (p<0.01).

By the end of the first year 34% (23/67) of the subjects
proved to have incomplete vagotomy on the basis of the Hol-
lander test. A similar rise in gastric acid secretion and number
of incomplete vagotomies according to the Hollander test at the
end of the first postoperative year and even later has been
described also elsewhere (Jordan and Thoznby, 1986; Stael
von Holstein et al., 1987). In this study, we did not investigate
the causes of the gastric acidity rise after vagotomy, although
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different mechanisms for such a rise have been suggested
(Jordan, 1976). The data in literature show, hodvever, that high
gastric acid values after vagotomy like high BAO and incom-
plete vagotomy play an important role in the development of
recurrent ufcer (Blackett and Johnston, 1981; Nyiamo, 1987}.

Therefore, clinical gastric acid secretion tests are a means for
studying the predictive value of postoperative testing for ulcer
recurrencies for controlling the efficacy of the surgeon's tech-
nique, and finally, for discovering the presence of residua!
vagal innervation in the gastric corpus mucosa (Graffner et al,,
1986), if any. It is essential, however, to choose the right test for
determining the completeness of vagotomy.

2. Vagotomy and serum pepsinogen | during the operation.

Gastric acidity falls immediately after vagotomy, already at
the time of the operation. Tests for checking the completeness
of vagotomy during the operation are based on that phenome-
non (Grassi and Orecchia, 1974). There are no direct data about
how much PG | is secreted into the gastric veins by different
gastric corpus regions and how it is reflected in the peripheral
circulation. In the present part an analysis is presented on: first,
S-PG 1 levels locally in the venous blood flowing out from the
lesser and the greater curvature of the gastric corpus; second,
how those levels correlate with simultaneous peripheral ve-
nous blood data, and third, if vagotomy has a direct effect on
the amount of S-PG | secreted during the operation in DU
patients.

This study shows that S-PG | mean values both in the lesser
and the greater curvature of the gastric corpus venous blood
are 2.5-3.1 times higher than in the peripheral venous blood:
362+42 jxg/l, 460+61 ng/l and  146+11 ng/l, respectively
(p<0.05). It seems that the concentration of S-PG | flowing out
of the gastric corpus into the general circulation (peripheral
blood) is determined by the dilution effect and the renal clear-
ance (Waldum et al., 1982; Kate etal, 1986). The values of
S-PG 1 in the gastric corpus venous blood both in the lesser and
the greater curvatures as well as their total sum show a signifi-
cant correlation with S-PG | in the peripheral blood; r=0.5961
p<0.01, r=0.3284 p<0.05 and r=0.6036 p<0.05, respectively. It
confirms that the S-PG | values determined in the peripheral
blood reflect adequately the S-PG I level in the blood flowing
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out of the gastric corpus, but after the dilution effect and the
renal clearance as described above. Aft that very good correla-
tions (r=9171 pcO.O0Il) between the S-PG | from the lesser
curvature and the greater curvature were observed. During the
operation (Fig. 1), immediately after PV the local mean S-PG I
rises significantly in the blood of the vein leaving the greater
curvature of the gastric corpus (a rise in 7 cases from 8) and in
the peripheral blood (a rise in all 8 cases) (p<0,05). After TV
there was no significant rise in the mean S-PG | either in the
blood flowing out from the gastric corpus (a rise in 4 cases of 6)
or in the peripheral blood (a rise in 5 cases from 6) (p>0.05).
Since no analogical effect was observed after truncal vagotomy,
the S-PG 1 rise after PV cannot be accounted for by the sever-
ance of the vagal innervation.

There must be some other reason for the S-PG | rise during
the operation. Most likely it appears due to the 70 min (on the
average) mechanical manipulations: the trauma to the gastric
corpus during PV, damage to the mucosa including the chief
cells and the mucous neck cells, and the release of S-PG 1| into
the venous blood from them. The local rise of S-PG I is imme-
diately reflected in the peripheral blood, although after the
dilution effect. In case of truncal vagotomy the mechanical
trauma to the gastric corpus is much smaller and shorter lasting
(15 min, on the average), and the direct damage to the gastric
mucosa is much more limited.

On the other hand, the immediate effect of vagotomy on the
gastric blood supply may play a role here: due to the opening
of shunts the mucosal blood supply will decrease essentially
(Bell and Battersby, 1968). Therefore, the use of truncal vagoto-
my is effective in order to arrest bleeding from gastric mucosal
lesions (Sullivan and Wadell, 1968; Drapanas et al., 1971).

The results show that in general immediately after vagotomy
during the operation S-PG | does noft decrease either locally, in
the gastric veins, or in the peripheral venous blood. Obviously
the inhibitory effect of vagotomy on the synthesis of pepsino-
gen in the gastric corpus manifests itself slowly, not as quickly
as on gastric acidity.

3. Vagotomy and serum pepsinogen ] after the operation.

The data of this study show that vagotomy has a significant
diminishing effect on the mean S-PG | during one year after the
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Fig. 1 s-PG | levels in gastric corpus (GC) and peripheral venous
blood (P) before and immediately after proximal and truncal
vagotomy during the operation: individual changes and meanz+SE,
xp<0.05 levels after versus before vagotomy.
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operation (publ. I1). The decrease of the mean S-PG | was 56%
compared with the preoperative levels (pcO.QOIl). The average
postoperative change in S-PG | does not depend on the com-
pleteness of vagotomy according to the Hollander test. ECRT as
more sensitive for estimating the completeness of vagotomy
was not used in the patients studied in 1981-1983. But our
results indicate that the vagal tone has a significant effect on the
synthesis and/or release of PG | from the peptic cells and
further on the mean S-PG | level. >-PG | tends to increase
during the development of superficial gastritis (Varis et al.,
1989) and decrease during the process of corpus mucosal
atrophy. None of the DU patients had atrophic gastritis during
the one-year period of observation, hence, the decrease in
S-PG | after the operation cannot be explained by corpus
mucosal atrophy.

The present study is the first that has made it possible to
compare the effects of two different vagotomy types, PV and
TV, on S-PG | over a 12-month follow-up period (publ. II).
Proximal vagotomy excludes parasympathetic innervation from
the gastric body mucosa and truncal vagotomy from all parts of
the stomach and duodenum. Both operations reduce the mean
S-PG | significantly while the reduction observed at the end of
the first postoperative year does not depend on the type of
vagotomy. The present study confirms the earlier observation
that PV reduces S-PG | (Haukland et al., 1982; Paimela et al.,
1984; Aarimaa et al., 1987; Feldman et al., 1988) and shows for
the first time that truncal vagotomy has a similar effect.

4. Correlation between gastric acid secretion and serum
pepsinogen | before and one year after vagotomy.

A poor correlation was observed between S-PG | and acid
output (BAO and MAO) before and 1 year after the operation
in DU patients in this material (publ. II). Similar findings have
been published earlier (Goedhard et al., 1985; Feldman et al,,
1988). The data show that in this consecutive series of DU
patients preoperative normal DU vcdues of S-PG | were more
frequent than high ones, occurring in 54% and 46% of the cases,
respectively (publ. 1), as has also been reported earlier (Feldman
et al., 1988). Our study confirms the view that a low S-PG | can
exclude a diagnosis of duodenal ulcer (Samloff and Taggart,
1987). Unlike S-PG I, preoperative gastric acid in the same
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consecutive DU patients was most frequently high, less often
normal or low (in 57%, 33% and 10%, respectively). Such a
variability in the levels of gastric acid and serum pepsinogen
has been reported earlier by Feldman et al.,, 1988, who show
also differences in different ethnic groups.

The mean levels of both S-PG | and gastric acid output are
significantly higher in non-operated DU patients than in con-
trols. But it is clear that in any one person a high S-PG 1| is not
a reliable indicator of gastric add hypersecretion, and a normal
level is not a reliable indicator of normal acid secretion (Plebani
et al., 1983; Feldman et al., 1988).

The present study demonstrates for the first time that the
behaviour of S-PG | after vagotomy (already during the opera
tion and later during one year) differs from that of gastric acid
(Fig. 2). While the mean S-PG | keeps decreasing during 1 year,
the mean levels of BAO and MAO increase from the 4th to 12th
month after an initial marked fall, i.e. from the operation until
the 3rd month. The data of the study show that the production
of gastric acid is more inhibited by vagotomy than that of
S-PG 1 is, and this discordance is the reason for the poor corre-
lation between S-PG | and acidity. It is further confirmed by
the fact that while 3 months after vagotomy BAO had fallen in
all the subjects, the individual course of S-PG | after the opera-
tion was divergent: it did decrease in most patients but either
remained the same or even increased in others (publ. I). Obvi-
ously the heterogenity of peptic cell populations, the produc-
tion, storing and release of S-PG | from the chief cells and
mucous neck cells, and the metabolism of pepsinogens is more
complicated than the secretion of hydrochloric acid from just
one separate cell population, the parietal cells. This may explain
why the secretions of S-PG | and acid correlate poorly and why
al! attempts to replace acid secretion studies by more conve-
nient S-PG | measurements have failed so far.

Accordingly, not only the acid secretion but also the level of
S-PG | reflects the morphologic and functional state of the
gastric mucosa, although indirectly. It means that both the
secretion of acid and S-PG | have to be considered together in
order to assess the morphologic and functional state of the
gastric corpus mucosa and to predict or characterize ulcer
recurrence after vagotomy.

Moreover, as shown by this study, the secretion of gastric
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Fig. 2. Mean postoperative changes (in percentage) in S-PG | and BAO
and MAO in DU patients after proximal vagotomy. Preoperative
values are taken as 100%. “p-cO.Ol compared with the preoperative
value; #<0.05 between 3- and 12-month values after the operation;

and +p<0.01.



acid is more vagally controlled than that of S-PG I. At the same
time, however, after a marked initial decrease of BAO, in this
material an increase in gastric acid secretion starts from the 3rd
month onwards. As reported in literature, the increase contin-
ues for a longer period both after PV (Holst-Christensen et al.,
1977) as well as after TV Oordan and Condon, 1970; Smith
et al,, 1972). Therefore, it is important to know in connection
with vagotomy how much such an acid secretion rise after the
operation is dependant on vagal residual innervation, a rise that
later may cause the development of recurrent ulcer,

Todate, the most widely used vagotomy completeness test
has been either the Hollander test, or some of its variants. They
are based on the measurements of gastric secretion after an
insulin stimulation. That was also the test used in this study in
1981-83 for estimating the completeness of vagotomy after tbs
operation. However, insulin hypoglycemia does not selectively
stimulate the vagus in man and thus one cannot distinguish the
vagai effect from the non-vagal one (Hodge et al., 1972; Saik,
1983). That is why in the following parts of this study the ECRT
test as more sensitive and specific for estimating the complete-
ness of vagotomy was used in studying the long-term results of
the operation depending on the completeness of vagotomy.

Part 11
Completeness of vagotomy according to endoscopic Congo
Red test 5-12 years after vagotomy

1. Comparison: NAO reduction test, multicriterial insulin test
and ECRT for estimating the completeness of vagotomy.

As can be expected, the results of estimating the complete-
ness of vagotomy depend on the susceptibility and preciseness
of the test used on the one hand, and on the patients studied,
on the other. In comparing the tests for estimating the com-
pleteness of vagotomy the data from recurrent ulcer patient
pool appear to be the most objective.

In our material nearly all recurrent ulcer patients (18/19)
had incomplete vagotomies according to ECRT, whereas this
percentage was smaller on the basis of multicriterial insulin test,
and still smaller by the NAO reduction test (publ. IV). ECRT
results, however, have to be considered more reliable since
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quantitative vagotomy-completeness tests show not only vagus-
stimulated but also non-vagally induced gastric acid secretion
(Hodge etal., 1972) due to increased gastrin levels, as for
example, after vagotomy (Thompson et al.,, 1978). Besides, in
using quantitative methods, misleading results may be due to
the loss of gastric juice during the examination, especially when
vagotomy is performed together with pyloroplasty, or due to
the duodenogastric reflux (Faber et al, 1975; Bateston and
Bouchier, 1981). ECRT, however, determines the vagally stimu-
lated gastric acid secretion. That has been confirmed by the
examinations during the operations (Donahue et al, 1986).
Moveover, the increased level of gastrin after vagotomy cannot
lead to false positive results in ECRT as this would cause
diffuse staining rather than the specific "patchy" distribution of
positive-noted areas (Saik, 1983) as is demonstrated by our
results as well. Besides, ECRT results are not affected by the
loss of gastric juice and duodenogastric reflux.

The above-given reasons can evidently explain the difference
in estimating the completeness of vagotomy between the
multicriterial insulin test and the NAO reduction test, when
compared to ECRT. Consequently, ECRT has to be regarded as
a reliable basis for estimating the completeness of vagotomy,
characterizing recurrent ulcers and predicting their develop-
ment.

2. Completeness of vagotomy after proximal vagotomy and
truncal vagotomy, and ulcer recurrency.

After vagotomy different routine control tests are widely
used, primarily for checking up the technique of vagotomy, and
for identifying the patients who might develop recurrent ulcer
even if there are no complaints at first. When complaints arise
after the operation, it is essential to try and find out if they are
due to recurrent ulcer and which is their connection with the
residual vagal innervation. Answers to these questions are most
important in prognosticating the further course of the disease
and in tactics for its treatment.

The sensitivity of quantitative gastric secretion tests is low
for predicting the results of surgery both after TV (Kronborg,
1972) and after PV (Paimela et al., 1983). Today only endoscopic
examinations can be relied on in order to discover recurrent
ulcers and other mucosal changes, since the former may be
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asymptomatic in part of the cases (Muller and Martinoli, 1985).

Thus, the advantage of ECRT appears to lie in getting a
visual survey of the esophageal, gastric and upper duodenal
mucosa with simultaneously locating the remaining vagally
innervated areas that produce gastric acid pH<3.0.

The Congo Red test is based on the spontaneous secretion of
gastric acid in basal conditions, thus demonstrating vagal
activity (Kusakasri et al., 1972). ECRT results in patients with
incomplete vagotomy are reproduceable in repeat examinations
and hence demonstrate the stability of the test (Saik et al., 1982).
Immediately after the operation, ECRT has shown incomplete-
ness of vagotomy in 11% of the cases (Saik et al., 1982). In this
study averagely 8 years after the operation the frequency of
incomplete vagotomy had markedly increased — to 50%
(135/271) of the cases (publ IV).

A nearly analogical increase in the frequency of incomplete
vagotomy has been described also on the basis of the positive
Hollander test both after proximal vagotomy (Lyndon et al.,
1975) and after truncal vagotomy (Jordan and Condon, 1970).

The cause for such a rise in ECRT and in positive Hollander
tests after vagotomy is uncertain. Mechanisms that have been
proposed to explain the rise for Hollander test are: increase of
gastrin (Jordan, 1976), loss of a fundic inhibitory reflex (Debas,
1983), and reinnervation of the fundus gland after the vagotomy
(Joffe et al., 1982; Valentin et al., 1987).

According to expectations incomplete vagotomy was consid-
erably more frequent after proximal than after truncal vagoto-
my, in 56% and 34% of the cases, respectively. That difference
has not been described earlier on the basis of ECRT (P. Saik,
1982). One possible cause for the difference may be the more
complicated technical side in performing PV when compared to
TV. At that it has been shown that the most important single
factor in determining the rate of incomplete vagotomy is the
individual surgeon himself (Johnson and Goligher, 1971). It has
been shown earlier that pyloroplasty may affect the complete-
ness of vagotomy as well (Yoshida et al., 1988). In our material
the use of pyloroplasty in addition to proximal vagotomy does
not affect the completeness of vagotomy: incomplete vagotomy
by ECRT was found in 54% (26/48) after PV and also in 54%
(54/100) of cases after PV together with pyloroplasty.

From the point of predicting recurrent ulcers it is important
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that ECRT makes it possible to ascertain the location and the
size of the incomplete vagotomy area(s) in each individual
patient. The areas of incomplete vagotomy were predominantly
(after PV in 82% of cases and after TV even more) seen in the
upper part (mainly on the back wall) of the gastric corpus, and
in one-third of the cases in the lower part of it (Table 4). This
result could be expected. Since performing vagotomy in the
distal part of the esophagus and in the cardiac and fundus
regions is technically the most difficult stage of the operation
(Johnston, 1986), it explains why incomplete vagotomy areas are
most frequently observed in the upper back wall of the gastric
corpus. The difficulty is due to the great variability of the vagus
fibres passing from the distal esophagus into the gastric corpus
(Johnson, 1980; Muller and Martinoli, 1985; Sibul, 1985). On the
other hand, however, vagus fibers may occur also intramurally
between the esophageal muscle fibres (Loup etal.,, 1977;
Loeweneck, 1980). Therefore the importance of performing
skeletonization of the distal 5-7.5 cm of the esophagus is
stressed, in order to obtain a complete vagotomy (Goligher,
1974; Hallenbeck et al.,, 1976). The other suggested variant —
circular myotomy in the distal esophagus to ensure the com-
pleteness of vagotomy in this region (Schreiber and
Schumpelick, 1986) — is not widely practiced due to possible
complications. What has been said above, however, does not
exclude that during 5-12 years after the initial complete vagoto-
my vagal reinnervation of the fundus gland has taken place, as
described in the literature (Joffe et al, 1982; Valentin et al,
1987). The problem needs futher clarification. Since performing
vagotomy in other gastric corpus regions is technically simpler,
incomplete vagotomy areas are observed there considerably less
frequently.

Nearly all (18/19) recurrent ulcers are connected with the
remaining vagal innervation in the gastric corpus. In the one
recurrent ulcer case in a stomach where the vagotomy proved
to be complete, the recurrence was caused by chronic use of
ulcerogenic medicaments on the background of low gastric acid
values. The toxic effect of ulcerogenic medicaments on the
gastric mucosa has been described earlier, too (Feifel and
Koller, 1982), even in the case of achlorhydria in the stomach
(John and McDermott, 1970).

However, out of all cases of incomplete vagotomy by ECRT
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Table 4

Location and size of ECRT-positive (incomplete vagotomy)
areas in the gastric corpus mucosa

ECRT-positive areas in Proximal vagotomy Truncal vagotomy
gastric corpus mucosa
Location Size n (%) Recurrent n (%) Recurrent
ulcers ulcers
Upper part large* 22 (20%) 8 7 (28%) 3
smair 52 (47%) 3 10 (40%) 1
Lower part large - - -
small 20 (18%) 2 2 (8%) -
Upper and large 2 (2% - 3 (12%) 1
lower part small % (13%) : 3 (12%) :
Total 110 (100%) 13 25 (100%) 5

More than 20% of the corpus area (by subjective estimation)
One or several areas 0 1- 30 mm



recurrent ulcer patients only account for 13% (18/135). Nearly
similar results have been reported before on the basis of the
Hollander test (Cowley et al.,, 1973). It means that in the large
majority of incomplete vagotomy cases the vagotomy has been
sufficient to prevent the recurrence of ulcer during a long-term
period after the operation. The development of recurrent ulcer
in the presence of areas with residual vagal innervation de-
pends not so much on the type of the vagotomy as on the size
of such areas in the gastric corpus mucosa. Recurrent ulcers are
more frequent in large areas of incomplete vagotomy involving
20% or more of mainly the upper part of the gastric corpus
mucosa in 33% of the patients after proximal vagotomy and in
40% after truncal vagotomy, as it has been described also
elsewhere (Saik, 1983). In case of small incomplete vagotomy
areas the rate of recurrent ulcers in significantly lower, in 6-7%
of the cases.

It is of some interest that in our material recurrent ulcers
developed after proximal vagotomy in two patients with a
relatively small area of vagal innervation in the lower part of
the gastric corpus on the side of the greater curvature. Such
cases have been explained by the vagal secretory innervation
passing along the right gastric-epiploica vessels into the gastric
corpus (Rosati et al., 1976). That is why it has been advised that
those vagal fibers should be severed as well, besides the ordi-
nary vagotomy, that is, a so-called extended proximal vagotomy
should be performed (Rosati et al., 1976, Donahue et al., 1987).
Still, the necessity for such operations has not been confirmed
by prospective gastric secretion studies that find no difference
between an ordinary PV and an extended PV (Braghetto et al.,
1988). At that it is necessary to stress that an extended PV is an
easy and fast procedure that can usually be performed without
any complications (Braghetto et al., 1988) and that can reduce
the number of incomplete vagotomy cases.

However, data suggest that small areas of incomplete vagotomy
can hardly be the only cause for recurrent ulcers. It is possible
that a certain role is played here by the protective mechanisms
of the mucosa and by other reasons that have not been dealt
with in the current paper. A further follow-up and additional
studies will probably cast light on the part of small incomplete
vagotomy areas in the results of surgery in these patients.
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Part 11

Completeness of vagotomy and its effect on gastric acid secre-
tion, serum pepsinogen I, gastric mucosal histology and
Helicobacter pylori colonization 5-12 years after operation

1. Long-term effect of vagotomy on gastric acid secretion.

Our results show (Table 5) that in the incomplete vagotomy
cases (with or without recurrent ulcer) and in the complete
vagotomy cases the means of all three parameters of gastric
acid secretion BAO, MAO and NAO are significantly lower in a
long-term period after vagotomy than the preoperative levels
were. In this material recurrent ulcers were connected with
incompleteness of vagotomy and the smallest postoperative
reduction of mean gastric acid secretion BAO, MAO and NAO
when compared to the incomplete and complete vagotomy
cases without recurrence, 52-56%, 69-87% and 70-90%, respec-
tively (Table 5). It turned out that the patients with recurrent
ulcer showed higher postoperative mean acid secretion levels in
case of all three parameters (BAO, MAO and NAO) as com-
pared to the patients without recurrence. As could be expected
in our material ECRT reflects also the quantitative changes of
the mainly vagally controlled BAO and NAO 5-12 years after
vagotomy at the mean level. Significant differences are found in
NAO values, where in recurrent ulcer patients the mean of the
postoperative NAO were significantly higher than those in the
complete vagotomy cases, 22.8+4.5 mmol/12 h and
3.742.0 mmol/12 h, respectively (p<0.05). These differences in
BAO values were smaller. There were no significant differences
in MAO values between incomplete vagotomy (with or without
ulcer recurrence) and complete vagotomy patients. A certain
reason for the considerable difference between complete and
incomplete vagotomy values may lie also in the different mor-
phological state of the gastric corpus mucosa. In our material
5--12 years after complete vagotomy, atrophy (up to severe
degrees) of the gastric corpus mucosa is significantly more
frequent than after incomplete vagotomy, in 29% and 12% of
the cases, respectively (publ. IlI).

Since in complete vagotomy cases the vagally stimulated
production of acid is excluded, there must obviously exist other
reasons that account for the gastric acid secretion levels in those
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Test

BAO (mmol/h)
MAO (mmol/h)
NAO (mmol/12h)
S-PGI (ugl)

Table 5

Pre- and postoperative BAO, MAO, NAO and S-PG | (meanzSE) in incomplete
vagotomy patients with recurrent ulcer (Group A) or without recurrent ulcer (Group BI),
and in complete vagotomy patients without recurrent ulcer (Group B2

A
5.4+1,0
22.0+2.8
50.6+7.6

Preoperative data

Groups
B, B2
6.8+1.4 5.5+0.9
225129 19.5+3.2
44.3+13.2 36.6+8.0

Postoperative data

Groups
A B, Br
2.410.61 0.90.42 1.210.42
10.611.8 7011 T 5.813.32
22.8+4.51 1381271 3.7+2.0W'4
146.5+16.2 91.017.75 118.4112.3

1fx0.05 preoperalive vs postoperative level
2p<0.01

3pc0.05 postoperative A vs B2

4p<0.05 postoperative B, vs B2

5pcO.01 postoperative A versus B,



subjects. One of the possible causes might be the rise in gastrin
both after PV as well as TV (Lyndon et al.,, 1974, Thompson
et al,, 1978). Such an increase in the acid secretion in complete
vagotomy cases is, however, too low for causing the develop-
ment of recurrent ulcer. In cases of incomplete vagotomy,
though, both vagally and non-vagally stimulated gastric acid
secretions combine. Reaching a definite level it can cause or
contribute to the development of recurrent ulcer in a certain
part of the patients, may be combined with other factors. Our
results show that recurrent ulcer develops in incomplete vagot-
omy cases after PV in 10% of the cases and after TV in 20% of
the cases. It means that besides ECRT in incomplete cases, in
such patients it is necessary to determine also the gastric acid
secretion and to decide which values are predictive for the
development of recurrent ulcer.

Several studies present the prerequisite gastric acid reduc-
tion for different parameters both for estimating the complete-
ness of vagotomy as well as for prognosticating recurrent ulcers
(Feifel and Koller, 1982; Raab and Stutzer, 1986; Vinz et al.,
1988). In the absence of preoperative hydrochloric acid data as
for example in case of emergency operations, such calculations
of gastric acid reductions can't be made. Therefore it is essential
to have, in each individual case, a gastric acid test or a combi-
nation of tests that would make it possible to judge on the
causes for or prognosticate the development of recurrent ulcer.
The present study shows that gastric acidity BAO>1.5 mmol/h
together with NAO>30 mmol/12h has the best discriminatory
ability for the prognosis of ulcer recurrences, with a sensitivity
of 80% and specificity of 81%. Both the sensitivity and specifici-
ty of the other tests are lower (publ VI).

2. Long-term effect of vagotomy on serum pepsinogen 1.
According to literature (Feldman et al., 1988), in vagoto-
mized patients after the initial decrease the mean S-PG I rises
somewhat while still remaining considerably lower 4 years after
the operation than before it. The causes for such a rise in
S-PG | are uncertain. The above given study did not take into
account the completeness of vagotomy. In the present study
(publ. VI), 5-12 years after vagotomy high S-PG | values were
somewhat more frequent in incomplete (7/26) than in complete
vagotomy cases (2/13) by ECRT. This difference, between the
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means of S-PG | of the two groups, however, was not statisti-
cally significant, 118+10 jxg/1, 118+12 [ig/l, respectively
(p>0.05). That proves what has been said earlier, namely, that
the levels of S-PG | after the operation cannot be used as an
indicator of the completeness of vagotomy (A&drimaa et al.,
1987). On the other hand, complete vagotomy does not guaran-
tee the appearance of lower S-PG | values in DU patients
during a longer period after vagotomy. Evidently there are also
some other mechanisms involved in the regulation of S-PG |
that are not governed by vagal innervation.

At that, in this study, 5-12 years after vagotomy the mean
S-PG | in patients with recurrent ulcer was significantly higher
than in patients without recurrent ulcer. 146116 (j.g/1 and
104110 ng/1 (p<0.05). It follows from here that generally in the
development of recurrent ulcer, higher S-PG I levels are more
definitive than lower ones. Although 5-12 years after vagotomy
in recurrent ulcer cases S-PG | values above normal (54%, 7/13)
were more frequent than in cases without recurrence
(8%, 2/26), still the levels of S-PG | alone are not decisive in
the development of recurrences. This is confirmed by the fact
that two patients with high S-PG | levels did not have recurrent
ulcers 5-12 years after vagotomy (publ. VI).

3. Long-term effect of vagotomy on gastric mucosal histology.

In this part the long-term effect of vagotomy on the mor-
phology of the antral and corpus mucosa is analyzed with a
special emphasis on the completeness of vagotomy and the type
of vagotomy used in DU patients.

Chronic gastritis was a usual finding in both the non-operat-
ed and operated DU patients. Marked differences in the gastric
body mucosa are seen after vagotomy compared to the non-
operated DU patients (publ. Ill). The prevalences of atrophic
corpus gastritis in these two groups were 21% and 1%
(pcO.0Ql), of superficial gastritis 76% and 76%, and of normal
corpus mucosa 3% and 23%, respectively (pcO.OOl). In the antral
mucosa, gastritis was present in both operated and non-operat-
ed patients in almost all cases, the prevalences being 99% and
100%, respectively. There were no differences in the degrees of
antral gastritis.

At the same time, from 63 after-vagotomy atrophic corpus
gastritis cases 16 were moderate and 2 severe while there were
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no advanced degrees of atrophy in the non-operated patients.
Our results show that the gastric body mucosal state in the
operated cases does not depend upon the type of vagotomy but
rather on its completeness (publ. I11). The prevalence of atrophic
corpus gastritis is significantly (p<0.01) higher in the complete
than in the incomplete vagotomy cases, 29% and 12%, respec-
tively. On the other hand, superficial corpus gastritis is signifi-
cantly lower in the complete than in the incomplete vagotomy
group: 69% and 85%, respectively (p<0.01). It seems that after
vagotomy the progression of corpus gastritis in DU patients
with a relatively stable antral gastritis will grow similar to the
gastritis of non-operated gastric ulcer patients with a long
history (Maaroos et al., 1985). This idea, however, needs further
study.

The development and progression of postvagotomy corpus
gastritis has been reported in literature (Liavag and Vaage,
1972; Roland et al., 1975; Holle, 1978; Watt et al., 1983; Adrimaa
et al.,, 1984; Aase et al., 1985). The reason for the development
of atrophic changes after a successful vagotomy are not clear. It
is possible that after vagotomy the markedly degenerated vagal
branches observed in the corpus (Valentin et al., 1987) lead to
cell atrophy via a decreased trophic effect of the vagal nerves
(Argov et al., 1986). Some authors have found a decrease in the
size and number of parietal cells shortly after PV (Liavag and
Vaage, 1972; Roland et al., 1975). Aarimaa et al. (1984) have
reported also an increase of round cell infiltration in association
with the decreasing amount of parietal cells. Results similar to
those of the present study have been described earlier when the
development of atrophic changes in the corpus mucosa 2-3
years after PV was discussed (Jonsson et al., 1988).

One of the contributing factors for the development of post-
vagotomy corpus gastritis may be the behaviour of the HP
infection in this process.

4. Long-term effect of vagotomy on frequency and density of
Helicobacter pylori colonisation.

In similarity to the morphological findings, the HP
colonisation of the antral and corpus mucosa appears rather
independent of the type of vagotomy performed. However,
there is a difference in the frequency and density of HP infesta-
tion depending on the success of vagotomy. Our data show for
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the first time that during a long-term period vagotomy causes a
significant decrease of HP frequency in the antrum and increase
in the body (publ. IlI). In the antral mucosa HP frequency was
significantly (p<0.001) lower in the complete (75%) than in the
incomplete vagotomy cases (94%) and in tht non-operated
group (93%) (pcO.0Ql). In the body mucosa there were no
significant differences in HP frequencies between the complete
and incomplete vagotomy groups, 85% and 91%, respectively.
However, both of these values are significantly higher than in
the non-operated DU patients (71%) (p<0.01). Our results show
that HP infestation is mainly associated with signs of superficial
inflammation. After vagotomy superficial gastritis in the antrum
was observed in 92% and in the corpus in 76% of cases. HP was
present in 86% and in 90% of cases, correspondingly. The
respective percentage of HP colonization for non-operate DU
patients were 93% and 78%.

HP occurs less frequently in atrophic gastritis, in the antrum
in 75% and in the corpus in 76% of the cases. The respective
percentages for non-operated DU patients were 100% and 50%.

The bacterial infestation was absent in all cases of morpho-
logically normal antrum mucosa. In normal corpus mucosa of
the operated patients HP was present in 76%, and of non-
operated patients in 66% of the cases.

The present study confirms that both HP and antral gastritis
are connected with peptic ulcer (Price et al., 1985; Graham,
1989) as is the case in general population (Maaroos et al., 1990).
At that Wyatt et al.,, 1987, suggest that the presence of gastric
metaplasia in the duodenum induced by gastric acid in DU
patients allows these bacteria to colonize the duodenum. It
means that both the acid and HP infection are necessary for the
development of DU and the elimination of either of them
would be expected to result in healing. During a longer after-
vagotomy period the development of recurrent ulcers may be
avoided by the combination of a reduction of gastric acidity
leading to a considerable decrease of gastric metaplasia in the
duodenum (Wyatt et al, 1987) on the one hand, and by a
marked decline of HP in the antrum and evidently by that way
in the duodenum as well, on the other. According to this study,
these are the results guaranteed by a complete vagotomy. In
our series 5-12 years after a successful operation (complete
vagotomy without ulcer recurrence) the HP colonisation was
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significantly decreased in the antrum while it had increased in
the corpus, when compared to nonoperated DU patients. How-
ever, it is important to note that in most cases HP colonization
persists both in the antrum and the corpus, in 75% and 85%,
respectively. It follows from here that during a long period the
effectiveness of complete vagotomy in the treatment of DU
diseases both after PV and TV is connected mainly with the
reduced gastric acidity but not with the HP colonization
changes in the stomach. Obviously reduced gastric acidity leads
to the disappearence of gastric metaplasia in the duodenal bulb,
as has been shown earlier after PV (Wyatt et al., 1987), hence,
the aggressive effect of HP colonization m ‘he duodenal bulb is
ruled out

Complete vagotomy lowers the effect of the acid-peptic
factors (Barth, 1980), may interfere with the prostaglandin
synthesis (Barth, 1980), changes the composition of mucus
(Bruckner et al,, 1980), and leads to motor disturbances and
other alterations that might create unfavourable conditions for
the survival of the bacteria, as shown in this study.

In our material after vagotomy HP colonization increased in
the corpus mucosa, but in addition, the prevalence of HP
infestation was significantly lower in the cases with corpus
atrophy than in those with superficial corpus gastritis
(publ. ). It is possible that HP may act as a trigger in the
initiation process and may further enhance the progression of
gastritis in the corpus mucosa after vagotomy in DU patients
(Sipponen et al., 1988). Accordingly, as observed in this study,
the development of atrophic changes can be related to HP
infestation. This view is further supported by follow-up studies
with suggest that HP infestation is mainly related to the early
phases of gastritis processes and that its significance decreases
in the atrophic phase of chronic gastritis (Siurala et al., 1988;
Maaroos et al., 1990).

On the background of the decrease of HP frequency in the
antrum and increase in the body, in both parts of the stomach a
significant rise of HP intensity occurs, compared to the non-
operated DU patients (publ. IlI). HP high grade cases were for
19% more frequent in the antrum and 31% more frequent in the
gastric corpus than in the non-operated DU cases. A peculiar
finding was the increase of HP intensity which was higher after
incomplete than complete vagotomy. The difference was signifi-
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cant in the antrum but not in the body. On the other hand, the
number of subjects with a high grade HP colonization in the
corpus mucosa was significantly (p<0.001) higher in the com-
plete vagotomy than in the non-operated group, 40% and 13%,
respectively, while no difference was found in this respect with
regard to the antral mucosa.

It has been reported that in peptic ulcer patients the antral
mucosa has a much better potential for immunological defence
than the body mucosa (Valnes et al., 1984). It is probable that
the after-vagotomy changes of HP intensity observed in this
study reflect the local changes of the immunological state of the
gastric mucosa (Wyatt et al., 1986). How vagotomy influences
the immunological state of gastric mucosa and which are its
associations with the mucosal and HP colonisation changes
described in this study, needs further clarification.

Part IV

Evaluation of postvagotomy ulcer recurrence risk: endoscopic
Congo Red test, gastric acid secretion tests, serum pepsi-
nogen | and Helicobacter pylori

Numerous reasons for recurrent ulcer development after vagot-
omy have been pointed out (Becker and Caspary, 1980;
Amdrup, 1981; Feifel and Koller, 1982; Muller and Martinoli,
1985; Siewert and Hélscher, 1986): incompleteness of vagotomy,
either due to the surgical technique and/or the constitutional
peculiarities of the patient; reinnervation after vagotomy; distur-
bances of gastric emptying; improper method of the operation;
smoking and consumption of alcohol; rise in gastrin after
vagotomy; hypergastrinemy due to gastrin cell hyperplasia in
the antrum, or the Zollinger-EUison syndrome; other hormonal
disturbances like hyperparathyroidism, Out of these, the most
frequent cause still is the incompleteness of vagotomy (Adami
et al., 1984; Siewert and Holscher, 1986).

There is no generally accepted policy in the estimation of
recurrent ulcer risk after vagotomy.

To estimate the risk for postvagotomy recurrent ulcer,
mainly three methods can be used. The earliest of these three
employs different gastric acid secretion parameters and so
necessitates gastric probing, and is therefore timeconsuming
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and distressing for the patient. The later methods for estimating
the risk include ECRT and S-PG I. ECRT is performed during
gastroscopy and provides a picture of mucosal changes in the
esophagus, stomach and upper duodenum, particularly of
recurrent ulcer.

Post-vagotomy endoscopy is essential since a certain propor-
tion of ulcer relapses are asymptomatic. This has been shown
both in our series and in literature (Mulier and Martinoli, 1985;
Raab et alv 1989). The present study shows that besides ECRT
BAO>1.5 mmol/h + NAD>30 mmol/12h have a good discrimi-
natory ability for ulcer recurrence prognosis, with a sensitivity
of 80% and specifity of 81% (Table 6).

Table 6

Sensitivity and specifity of secretory tests in discrimination
of patients with recurrent ulcer after vagotomy

Laboratory test Sensitivity Specifity
S-PG 1>100 [ 69% 46%
S-PG >150 jig/l 54% 92%
BACbI.5 mmol/h 73% 74%
MACBI0 mmolih 55% 84%
NAO>10 mmolh 73% 59%
BACbI.5 mmolh

NAO>30 mmol/12h 80% 8L %
Insulin test 83% 78%

It follows from here that at values below these combinations the
development of recurrent ulcer is unlikely. According to data in
the literature, ulcer recurrence rates do not depend significantly
on whether the acid secretion remains high immediately after
vagotomy or whether there is an early low secretory output that
increases over time (Butterfield et al.,, 1982). It means that to
estimate the recurrence ulcer risk, repeated BAO and NAO may
prove necessary for determining the gastric acid secretion level
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and its rise during the follow-up period. In practice, however,
the use of these tests is limited because they are distressing for
the patient.

In our series, the insulin test also showed a relatively high
sensitivity and specifity for recurrent ulcer risk, 83% and 78%,
respectively (Table 6). In other series 5 years after proximal
vagotomy (Lunde et al., 1983), the sensitivity of the insulin test
was 87%, whereas its specifity was only 52%, so reducing
considerably the value of the test for recurrent ulcer prognosis.
In addition, the insulin test is most difficult for the patient to
endure and may lead to complications (Feifel et al., 1974). That
is why it has been advised to avoid using this test.

The sensitivity and specifity of other gastric acid secretion
parameters in the discrimination of postvagotcmy recurrent
ulcer is lower (Table 6). This view is supported by data in the
literature (Graffner et al., 1986) although recurrent ulcer patients
have higher mean BAO and MAO values than those without
ulcer relapses (Graffner etal., 1986; Macintyre et al, 1990) as
confirmed also by our data (publ. VI).

The essential finding in our study was the reliability of
ECRT results in prognosing recurrent ulcer risk 5-12 years after
vagotomy. ECRT is primarily characteristic of vagally controlled
gastric secretion (Saik, 1983; Donahue et al, 1986). In our series
nearly all (18/19) recurrent ulcer patients were ECRT positive,
showing that postvagotomy recurrent ulcer risk is connected
with the residual vagal innervation in the gastric corpus. It
means that incompleteness of vagotomy and its role in the de-
velopment of recurrent ulcer after the operation still remain the
central problems, as has been shown earlier (Siewert and
Hdlscher, 1986).

From our material a conclusion of high practical importance
can be drawn: In negative ECRT there is a 95% probability for
excluding the risk of ulcer recurrence after vagotomy. This
conclusion is based on our series where 18 (95%) recurrent ulcer
cases out of 19 were ECRT positive and only 1 case (5%) was
negative. It means that in case of a complete vagotomy (nega-
tive ECRT) no further ulcer risk studies are necessary. In ECRT
positive cases, however, the specifity of the test for prognosing
recurrent ulcer is low (53%), so in ECRT positive cases we need
further studies for estimating the ulcer relapse risk.

A simple and relatively non-invasive method for the patient
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is S-PG | that correlates with basal and stimulated output of
pepsinogen secreted into the gastric lumen (Waldum et al,
1978). It has been reported earlier that in non-operated DU
patients, for clinical purposes, S-PG | is not useful for evaluat-
ing the "severity" of duodenal ulcer (Samloff and Taggart, 1987).
Still, high S-PG | values have been helpful in selecting patients
to receive maintenance therapy for recurrence prophylaxis
(Sumii et al., 1989).

In our series 5-12 years after vagotomy the mean S-PG 1 in
patients with recurrent ulcer was significantly higher than in
patients without recurrence (publ. VI) as has also been reported
earlier (Stabile etal, 1978). Table6 shows that a
S-PG | > 150 ng/l was the most specific (92%) means for detect-
ing ulcer relapses, but the sensitivity of this finding is low
(54%). Our series demonstrate that in the development of ulcer
recurrences the sensitivity of high S-PG | > 150 ng/l increases
up to 100% when ECRT is positive. In ECRT negative cases
high S-PG 1 values were not decisive in this respect (Fig. 3).

Earlier it has been shown that there is no correlation be-
tween BAO and S-PG | (publ. Il), and PAO and S-PG I
(Feldmann et al., 1988), neither before nor after vagotomy.

We found a significant positive correlation between S-PG |
and NAO values in patients with recurrent ulcer (r=0.806,
p=0.015) while such correlation was absent in other patients. It
means that after vagotomy there is some correlation between
higher acid values and higher S-PG | values whereas there is
no such correlation in case of lower values. Therefore, both
gastric acid secretion and S-PG | have to be considered together
in order to prognose postvagotomy ulcer recurrence.

Up to now, there is no data concerning the changes of HP
colonization after vagotomy during a longer term. It is known,
however, that the eradication of HP infestation results in a
long-lasting prevention of ulcer recurrence in non-operated DU
patients (Marshall et al., 1988; Rauws and Tytgat, 1990). Our
study shows in a fairly large material that in long-term period
after complete vagotomy, without recurrent ulcer, HP coloniza-
tion in the antrum decreases and in the corpus mucosa increas-
es. Still, in 75% of the patients HP colonization persisted in the
antrum and in 85% in the corpus after complete vagotomy
according to ECRT. In cases of incomplete vagotomy, including
those with ulcer recurrences, however, HP colonization persist-
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VAGOTOMY

incomplete complete

with recurrent without recurrent without recurrent
ulcer ulcer ulcer

Fig. 3. Distribution and meantSE of S-PG | in incomplete vagotomy
(with and without recurrent ulcer) and complete vagotomy (with-
out recurrent ulcer) groups 5-12 years after operation in DU pa-
tients. In incomplete vagotomy group: Xp<0.05 recurrent ulcer
versus without recurrence.
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ed in the antrum in 94% and in the corpus in 91% of cases. At
that the intensity of HP colonization in the incomplete vagoto-
my cases both in the antrum and in the corpus mucosa was
higher than in the complete vagotomy cases and even more
higher compared to the non-operated DU patients (publ. I1I).
The above-said suggests that the persistance of HP infestation
and a rise in its intensity in the antrum and in the corpus
mucosa of incomplete vs. complete vagotomy can be a contrib-
uting factor for the development of recurrent ulcer only on the
background of a relatively high gastric acidity.

It has been shown earlier that in addition to the presence of
HP infestation, the intensity of it also plays a role as a risk
factor in the pathogenesis of peptic ulcer disease (Stolte et al.,
1989; Maaroos et al.,, 1991). There are no data about such a rise
in HP colonisation intensity after vagotomy according to our
results. It remains to be shown by future research which is the
role of a high intensity HP colonisation in the antrum and
corpus in the development of recurrent ulcer in these patients
who had not yet developed a recurrence during 5-12 years on
the background of incomplete vagotomy according to ECRT in
this material, and whether HP eradication will lead to the
prevention of recurrent ulcer.

Analysing the results of the different methods, one can see
that no one single method exists that is both of high sensitivity
and of high specifity for estimating the recurrent ulcer risk and
at the same time is easy for the patient: Hence, these methods
have to be combined. The present study shows that it is expedi-
ent to start with ECRT. It is a relatively quick and high-sensi-
tive method. If ECRT is negative, the development of recurrent
ulcer is unlikely in 95% of cases and no further studies along
those lines are needed. If ECRT is positive, the next step is to
determine S-PG | which is easier for the patient than quantita-
tive acid measurements. In high S-PG 1 cases there exists a high
risk for ulcer relapse. Repeated S-PG | during the follow-up
period for detecting patients with recurrent ulcer risk will make
it possible to avoid relapses by a timely preventive therapy. At
the same time, the determination of quantitative acid data like
BAO in combination with NAO is necessary in certain cases in
order to evaluate the risk of ulcer relapse and for finding out
the real causes of recurrent ulcer and planning its further
treatment.
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Conclusions

. Our study shows that endoscopic Congo Red test is more
sensitive and relevant for clinical purposes in order to pre-
dict the completeness of vagotomy than multiple criterial
insulin test and nocturnal acid output reduction test are.
According to endoscopic Congo Red test, in a long-term
period after the operation incomplete vagotomy is consider-
ably more frequent after proximal (56%) than after truncal
vagotomy (34%). The areas of incomplete vagotomy were
predominantly located in the upper part of the corpus
mucosa: 82% of the cases after proximal vagotomy and even
more after truncal vagotomy.

In general, vagotomy does not decrease the serum
pepsinogen | level during the operation either locally in the
gastric corpus veins or in the peripheral venous blood. Still,
during the first postoperative year vagotomy causes a
significant and continuous decrease of mean serum
pepsinogen | but not in all individual cases, and much less
than gastric acidity does. These changes do not depend on
the type of vagotomy.

In a long-term period after the operation, the levels of
serum pepsinogen | do not depend on the completeness of
vagotomy and therefore the levels of serum pepsinogen |
cannot serve as an indicator for the completeness of vagoto-
my.

. The effect of vagotomy on the gastric mucosa and Helico-
bacter pylori colonization 5-12 years after the operation de-
pends on the completeness but not on the type of vagoto-
my.

Vagotomy causes: considerable atrophic changes in the
gastric corpus mucosa which are more pronounced after
complete than incomplete vagotomy; a decrease in the
frequency of Helicobacter pylori colonization in the antral
mucosa that is more significant in complete vagotomy cases,
and an increase in Helicobacter pylori colonization frequen-
cy in the gastric corpus mucosa; an increase in the intensity
of Helicobacter pylori colonization both in the antrum and
in the corpus mucosa which is more considerable after
incomplete vagotomy.

Recurrent ulcer in a long-term period after vagotomy is
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characterized by incompleteness of vagotomy according to
endoscopic Congo Red test. Ulcers develop more often in
cases of large incomplete vagotomy areas involving 20% or
more of the gastric corpus mucosa; higher mean values of
basal acid output, nocturnal acid output, serum pepsino-
gen | and in most cases a high intensity Helicobacter pylori
colonization in the antrum and corpus mucosa.

For prognosing the postvagotomy recurrent ulcer risk endo-
scopic Congo Red test should be made first. In negative
endoscopic Congo Red test cases the development of recur-
rent ulcer is unlikely. In case of a positive endoscopic Con-
go Red test the determination of levels of serum pepsino-
gen | or basal acid output in combination with nocturnal
acid output is necessary for the ulcer risk prognosis.
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CHANGES OF SERUM PEPSINOGEN I LEVEL 1IN
PATIENTS WITH PEPTIC ULCER AFTER
DIFFERENT GASTRIC OPERATIONS -

A. Peetsalu, A. Tamm, M, Harkonen,
K. Varia, S.-L. Karonen, T. Vali,
K. Villako

Tartu State University, Helsinki University

During the last decade several authors have dealt
with the changes of serum pepsinogen 1 (Pg 1) in
operated and unoperated peptic ulcer patients /7107 .
The changes of the Pg 1 level are used to char-
acterize the response of chief cells to various
stimulators of gastric secretion as well as to
different methods of operation. However, the authors
do not agree about how closely serum Pg | and HC1
secretion are connected with each other /4, 5/. The
influence of the different types of vagotomy on
PG I values.has been examined in comparatively small
groups of patients, and only during 1 -3 months
after the operation. The aim of the present report
is to use more extensive material observing changes
in serum Pg 1 before the operation and during one

year after several variants of vagotomy and partial
gastrectomy.

Material & Methods

82 patients with duodenal ulcer (DU)
studied, all of them operated on in the Depart-
ment of Surgical Gastroenterology of the Tartu
University Clinic in the yars 1981-1983. The
male-female ratio was 74:8, the age of the
patients - 10-72 years. In all of them the
endoscopic diagnosis was confirmed at the oper-
ation. The choice of the surgical method de-
pended on the value of the gastric
and the pathological findings 1in the
pylorus and duodenum.

The operations were as TfTollows: 1iIn 36 cases
proximal vagotomy together with the excision of
the wulcer and pyloroplasty (PV+P) was per-
formed; 26 - proximal vagotomy (PV); in 14 -
truncal vagotomy together the excision of the
ulcer and pyloroplasty (TV+P); 6 - truncal

were

secretion
stomach,
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before 3 months 1 year after
opera- after operation
tion operation

Figure 1. Average postoperative changes of
BAO and Pg | values in duodenal
ulcer (DU) and gastric ulcer (GU)
patients
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vagotomy with antrumectomy (TV+AE). The com-
pleteness et the vagotomy was checked by the
Hollander test in 67 of DU patients.

For comparison Che data of 11 patients with
gastric ulcer (GU), operated on in the same
department during the same period were used. They
underwent Billroth 1 partial gastrectomy.

The blood sera from 82 DU and 11 GU patients
were obtained on the morning prior to the collection
of the gastric juice. The sera were stored at -20 *C
until the determination of Pg I. The concentration
of Pg I in the serum was determined in the Meilahti
Hospital, in Helsinki, according to the radio-
immunoassay method described earlier /6/. 44 sub-
jects from adult population with no ulcer and with
the normal fundal mucosa or superficial gastritis
served as controls. The normal range for Pg 1 values
was considered to be 50 - 150 Hg/1 /6/. In 64 patients
Pg 1 values were determined 3 times (preoperatively,
3 months and 1 year postoperatively), and 1in 25
cases, accordingly, two times.

The gastric juice for determing the Dbasal
secretion (BAO) was collected during 60 minutes by
continuous aspiration from the preliminarily emp-
tied stomach. The position of the tube in the stomach
was checked by X-rays. Normal BAO was 1-5 mmol/h.
According to the BAO results the patients were
divided into three groups: high (A), normal (B) and
low (C).

In 39 DU patients gastroscopic biopsies were
taken from the gastric body mucosa before the
operation, and in 32 - after 1lyear. The histological
findings were classified by 5 stages, from normal
mucosa (0), superficial gastritis (1) to severe
atrophic gastritis ) /7/.

In the statistical analysis the Student test for
paired and unpaired data groups was used.

Results

Before the operation the gastric body mucosa
was found be normal in 18 cases, in 21 superfi-
cial gastritis occurred. The serum Pg |1 concen-

tration varied over a wide range from 50 - 404
MgZ71* In the majority of the DU paitents (54 %)
the PG 1 values were within the normal range. In

38 cases out of 82 (46 %) Pg 1 values were above

150 @g/1, in all (13 %) above 210 pg/1If which
should be considered as particularly high.
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Figure 2. Postoperative Pg | changes according to the
preoperative BAO level groups
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High BAO was observed in 45 cases, normal in 29
cases and low in 6 DU patients. 1In 6 out of 10 GU
patients BAO was normal, and 1in the remaining 4
cases lower than normal. The average preoperative
value of BAO was significantly higher in DU patients
(p < 0.001).

In all but one of the GU patients Pg | concen-
tration was within normal limits, on average being
significantly lower than in DU patients, respect-
ively 97 * 31 (mean *= SD) |ig/l and 152 * 67 jig/1
(p < 0.001).

3 months and 1 year after the operation the
average values of both BAO and Pg 1 decreased
significantly, if compared to their preoperative
levels (Fig. 1). 3 months later BAO had decreased
by 85 7, in DU patients and by 97 % in GU patients.
There was no further decrease in DU cases, but it
fell to a zero level in GU patients after the first
postoperative year.

In the DU group Pg | decreased by 40 % in 3
months, and additional 16 7. over 1 year after the
operation. In DU patients the level of Pg 1 decreased
altogether by 56 7, during the first year
(p < 0.001). The decrease in GU patients was
respectively 32 7 and 16 %, in total 48 7 compared
to the starting value (p < 0.05). Thus 3 months
after the operation the decrease of the Pg 1 level
was much less expressed than that of AO. After one
year the same picture persisted.

The Hollander test proved positive 1in 23 and
negative 1iIn 44 cases out 67. Hence, the average
postoperative change in serum Pg | does not depend
on the result of the Hollander test.

The most peculiar finding was the convergence
of the Pg 1 values of DU and GU patients after the
operation. The difference between Pg | levels of
the DU and GU groups was not significant either 3
months or 1 year after gastric surgery.

Postoperative changes of Pg I depending on the
preoperative BAO levels in the DU group. The dif-
ferences between Pg 1 in the high, normal and Ilow
BAO groups were not significant before the operation
(Fig. 2). 3. months after the operation the decrease
of Pg I in group A was 29 7., in group B 45 7, and
in group C 55 %. A statistically significant dif-
ference in absolute values of Pg | concentrations
was found only between groups with high (A) and low
(C) preoperative BAO (p < 0.05).
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From 3 months to 1 year after the operation, a
statistically reliable decrease of Pg 1| continued
in groups A and B (p < 0.001), while in group G the
Pg I values remained practically at the same level,
One year after the operation the Pg I values differed
in groups whose preoperative BAO levels had been
high (A) and normal (B) (p < 0,05) (Fig. 2).

Changee in Pg 1 depending on the method of the
operation. Serum Pg I concentration decreases after
the surgery not depending on the method of the
operation (Fig. 3). The decrease after TY + P and
TV + AE was not significant within 3 months
(p > 0.05). During the following 9 months the Pg 1
values in the TV * P and TV * AE groups reached
those of the other methods of the operation.

Individual postoperative course of Pg 1 in the
UB group. The individual courses of Pg 1 after the
operation were divergent. The main variants were
as follows: decrease (45 cases out of 77) or no
changes (21 cases) during the first 3 months, then
continuing decrease (36 cases out of 45) or staying
on the initial Ilevel during the next 9 months was
observed. In 9 cases the 3 months” values were even
higher than the preoperative ones, 1in two patients
the increase did not stop during the next nine
months.

3 months after the operation there were only
patients having high Pg I values (Table 1), 11
patients out of 69 had Pg 1 values below 50 Mg/1
(16 ¥»), 7 of them below 40 Mg/1l, 1 year after the
operation 20 patients out of 65 examined had the
Pg 1 1level below 50 ng/1 (31 7«), 10 out of them
below 40 pg/1 (15 %). At the same time the gastric
body mucosa had not changed significantly.
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Table 1

Level of serum pepsinogen 1 before and after
operation

DU GU

Lev«!, Before 3 1 year Before 3 1 year
Pg/1 oper- months after oper- months after
ation after oper- ation after oper-

oper- ation oper- ation
ation ation
High 38 10 2 1 1 -
> 150
Normal 44 48 43 10 6 5
50-150
Low < 50 - 1 20 - 3 5
Discussion
According to the data of several authors the
serum Pg I level reflects the chief cell mass and
the actual synthesis of Pg | in the gastric glands
/3, 5, 8/. We have seen Pg 1| in one and the same
individual remain stable in the course of several
years /6/. The serum Pg | concentration correlates
to both basal and pentagastrin-stimulated amounts
of pepsin, secreted into the gastric lumen /5/. It

seems, however, that the connection between Pg |1
and BAO is not firm /1, 3, 4, 5/. We observed a
little higher Pg 1 values (1 year after the oper-
ation) 1in these DU patients whose preoperative BAO
was high. 1In all other cases we were not able to
demonstrate different responses of Pg | and BAO.
The results are in accordance with the fact that
Pg 1 and HC1l are produced by different cells, chief
and mucous neck cells and parietal cells respect-
ively.

Our finding in the DU and GU groups agree with
those of ocher authors /1, 9/: Pg I in duodenal
ulcer is, on average, higher than in controls or
GU patients. However, the main part of the Pg 1
values in DU cases remain within the limits of Che
norm. Remarkably high Pg I (> 210 M-g/l)occurred only
in 13 % of cases. 1In CoCal 46 % of cases were above
the limit of the norm. Hence, a non-increased Pg |1
level seems Co be common of DU patients.
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Figure 3. Average decrease of Pg 1 in DU and
GU patients operated by different
methods
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Selective vagotomy with or without pyloroplasty
causes a reduction both in the secretion of pepsin
/10, 11/ and serum Pg 1 /1, 2, 3/ during
1 -3 postoperative months. Our studies confirm
that the decrease of the average Pg 1 level continues
at least up to 1 year, altough the rate of the
reduction slows down.

At last two prerequisites seem to be essential

for the production of Pg 1| in normal amounts:
sufficient number of chief cells and maintenance
of vagal innervation. Partial gastrectomy and

different types of vagotomy resulted in a similar
reduction of Pg 1| serum values. At the same time
the concentration of Pg I did not decrease as much
as for example BAO (Fig. 1). In most cases the
synthesis of Pg | remained normal during one year
after the operation, still it was at a lower level
than before the operation.

At the end of the postoperative year abnormally
low Pg I was observed in 31 % of DU patients. At
that time no changes detectable by light-microscopy
were found in the body mucosa. It is not excluded
that some changes in chief cells might be present
at the subcellular level, as was recently demon-
strated 1in connection with parietal cells after
vagotomy /12/. Scanning the divergent individual
courses of Pg | after the operations, it seems
probable that the chief cells might respond to the
cessation of vagal innervation at least in two ways:
reduction of Pg 1 production (majority of cases)
or keeping it on the previous level (minority) . A
longer follow-up period should clarify whether such
behaviour after vagotomy continues more than one
year.
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The Effect of Vagotomy and Antrectomy on Serum
Pepsinogens | and 11
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S.-L. KARONEN. T. VALI & K. VILLAKO

Second Dept, of General Surgery, Institute of General and Molecular Pathology,
and Dept, of Radiology and Oncology, Tartu State University, Tartu, Estonia,
USSR, and Dept, of Clinical Chemistry and Second Dept, of Internal Medicine,
University of Helsinki, and United Laboratories Ltd, Helsinki, Finland

Peetsalu A, Tamm A, Héarkénen M, Varis K, Sipponen P, Karonen S-L, Véli T,
Villako K. The effect of vagotomy and antrectomy on serum pepsinogens | and II.
Scand J Gastroenterol 1990, 25, 455-461

Ninety-seven consecutive patients with gastric surgery for peptic ulcer were studied,;
86 had duodenal ulcer (DU), and 11 gastric ulcer (GU). DU patients were surgically
treated by proximal vagotomy, proximal vagotomy and pyloroplasty, truncal vago-
tomy and pyloroplasty, or truncal vagotomy and antrectomy. All GU patients were
operated on by the Billroth | method. Serum pepsinogen | (S-PG 1), serum pepsinogen
1l (S-PG II), basal acid output (BAO), and maximal acid output (MAO) were
determined before and 3 months and 1 year after the operation. The mean pre-
operative S-PG | concentration in DU patients (154 + 7 |ig/l; mean + SE) was sig-
nificantly higher than that (97 + 9 Mg/l) in GU patients (p < 0.001). A significant
decrease in the mean S-PG | concentration in DU patients was seen 3 months
(92 £ 6 ng/l) and 1 year (66 * 4 ng/l) after the operation (p < 0.001). This change
did not depend on the type of vagotomy. However, this decrease was not seen in all
individual patients as it was in BAO values. Moreover, the mean BAO decrease was
much greater at 3 months (7% of the preoperative value) and 1 year (23%) after the
operation than the respective decrease in S-PG | concentration. There was also no
correlation between S-PG | and acid output (BAO and MAO) before and after the
operation. In GU patients the decrease in mean S-PG | value after the Billroth |
operation was smaller than in DU patients after vagotomy. Preoperatively, the mean
S-PG Il did not differ significantly between DU and GU patients. It tended to
decrease after the operation in both groups, but the decrease was not statistically
significant. Antrectomy had no significant effect on S-PG Il level, which indicates
that the contribution of the antrum to the total pool of PG Il is small. Patients with
superficial gastritis in the gastric body mucosa tended to have higher serum pepsinogen
levels than patients with normal gastric body mucosa. The mean preoperative serum
PG I/PG Il ratio was 10.4i: 0.5 in DU patients and 6.8 + 1 in GU patients
(p < 0.001). A significant decrease in the serum PG I/PG Il ratio was found in all
patient groups 1 year after the operation. The mean preoperative S-PG 1-S-PG I
difference was 136 + 7ng/1 in DU patients and 77.8 + 7ng/l in GU patients
(p < 0.01). The S-PG 1-S-PG 1l difference showed the most marked postoperative
decrease of all pepsinogen variables measured in this study. This study indicates that
the correlation between serum pepsinogen levels and acid secretion variables is poor,
and that acid secretion studies are superior in the evaluation of the gastric secretion
status before and after different types of gastric surgery in patients with peptic ulcer.

Key words: Duodenal ulcer; gastric mucosa; gastric ulcer; pepsinogens; stomach;
vagotomy

K. Varis, M.D., Second Dept, of Medicine, Helsinki University Central Hospital,
Meilahti Hospital, SF-00290 Helsinki. Finland
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The levels of serum pepsinogen | (S-PG 1) and
serum pepsinogen Il (S-PG 11) have been sug-
gested to reflect the functional and morphologic
status of the gastric mucosa (1). The concen-
tration of S-PG | is stable at an individual level
(2), and it has been shown to correlate with basal
and stimulated output of pepsinogens secreted
into the gastric lumen (3). Therefore, the serum
pepsinogen levels may give information about
altered gastric secretion in patients with peptic
ulcer disease and about changes
secretion after gastric operations.
An elevated S-PG | is a major risk factor for
duodenal ulcer in some patient groups, whereas
an elevated S-PG Il and a low S-PG 1/S-PG 1l
ratio are risk factors for gastric ulcer (4). The
purpose of gastric operations in the treatment of
peptic ulcer disease is to reduce acid and pep-
sinogen secretion. The level of S-PG | decreases
significantly after a proximal vagotomy for duo-
denal ulcer (5-8), whereas the level of S-PG I
does not change significantly after this type of
gastric surgery (7). Nor does a partial gastrectomy
have any significant effect on S-PG Il level (9),
and S-PG 11 falls significantly after a total gas-
trectomy (10).

in gastric

The aim of the present study was to examine
the effect of different types of gastric surgery for
peptic ulcer disease on the S-PG | and S-PG I
levels during a 12-month follow-up period. This
information, a kind of ‘serum biopsy of the gastric
mucosa’, has been correlated with the changes in
hydrochloric acid secretion and the histology of
the gastric mucosa. To obtain all information
from the results, we have analyzed not only the
data on S-PG | and S-PG Il but also the data on
the S-PG 1/11 ratio and S-PG I-S-P G Il differ-
ence.

SUBJECTS AND METHODS

Subjects

Ninety-seven consecutive patients were stud-
ied. All of them had undergone surgery at the
Surgical Gastroenterology Dept, of the Tartu
University Hospital in 1981-1983 (Table I). The
endoscopic diagnosis was confirmed at operation
in all cases. In 86 duodenal ulcer (DU) patients
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Table 1. The age and sex distribution in patient groups
undergoing different operations

Sex, n
No. of Age. years

Operation'  patients (mean + SD) M F

PV 27 41+ 1 24 3
PV + P 36 41+ 1 32 4
TV + P 16 47+ 11 16 —
TV +AE 7 44 + 10 6 1
Bl 1 477 8 3

* PV = proximal vagotomy; PV + P = proximal va-
gotomy + pyloroplasty; TV + P = truncal vagotomy +
pyloroplasty; TV + AE = truncal vagotomy + antrec-
tomy; B | = partial gastrectomy Billroth I.

4 methods of surgery were used: proximal vagot-
omy (PV) (27 cases), proximal vagotomy and
pyloroplasty (PV + P) (36 cases), truncal vagot-
omy and pyloroplasty (TV + P) (16 cases), and
truncal vagotomy with antrectomy (TV + AE) (7
cases). The choice of surgical method in the DU
patients depended on the level of the gastric
secretion and on the pathologic changes in the
stomach, pylorus, and duodenum. Table | shows
the age and sex distribution in patient groups
undergoing different operations.

A comparative study was carried out in 11 gas-
tric ulcer (GU) patients, who underwent classical
partial gastrectomy in accordance with the Bill-
roth (BI) method. Thus, the latter was the only
group in which vagotomy was not performed.

Serum pepsinogens

PG | and PG 11 were determined in ihe blood
serum under basal conditions. The sera were
stored at -20°C until the determination of PG |
(2) and PG Il (11) by a radioimmunologic
method. The normal range for S-PG | values was
considered to be 50-150 ng/l (2), and for S-PG 11
values it was considered to be 8-35wug/l (A.
Tamm, M. Héarkonen, K. Villako et al., unpub-
lished data).

Of 86 DU patients S-PG | was determined 3
times (prcoperatively and 3 months and 1 year
after the operation) in 57 cases and twice in 25
cases. S-PG Il was determined 3 times in 45
and twice in 34 patients. The preoperative serum



Table Il. Histologic findings of the gastric body mucosa

DU patients
N* SG AG
Preoperative, n 20 21 0
1 year postop., n 9 26 0

* N = normal; SG = superficial gastritis; AG = atrophic gastritis.

| and PG
mined in all but one case.

concentrations of PG Il were deter-

Gastric acid

Gastric acid was collected from a previously
emptied stomach during 60 min by continuous
aspiration for the determination of basal acid
output (BAO). The maximal acid output (MAO)
was determined by collecting gastric juice with
continuous suction of two 30-min fractions. The
position of the tube in the stomach was checked
roentgenologically.

Histology

The histologic findings of the gastric body
mucosa were classified in five stages (12). Table
Il shows the preoperative and postoperative
status of the gastric body mucosa in DU and GU
patients. None had atrophic gastritis preop-
eratively or 1 year after the operation.

Statistics

In statistical analysis of the data the Mann-
Whitney U-test for unpaired and the Wilcoxon
test for paired groups and the chi-square criterion
were used.

RESULTS

Serum pepsinogen 1

The preoperative .serum S-PG | values in DU
patients varied between 5(1 and 405 ng/1. the mean
being 154 = 7 (jg/l (+SE). In most of the patients
(53%) the values were within the normal range.
In 40 cases (47%) the values were above 150 ng/
1. In 13 of the latter group (15% of the total) S-PG
lexceeded 210 mg/l= which should be considered
particularly high. The S-PG | values were normal
before the operation in all GU patients except for
one patient with a vjilue of 176ug/l. The mean
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GU patients
Total N SG AG Total
41 0 6 0 6
35 1 4 0 5
preoperative S-PG | concentration in the GU

patients (97 + 9 ng/l) was significantly lower than
the respective value in DU patients (p < 0.001).

The mean of the S-PG | level of the DU patients
was significantly lower 3 months and 1 year after
the operation than before the operation (p <
0.001), the absolute values being 92 *+ 6 ng/1
and 66 = 4 |ig/l. The respective values for GU
patients were 66 + 1ng/1 and 51 + 8 ng/1. In the
latter group the decrease of the mean S-PG was
statistically significant (p < 0.05) only 1year after
the operation.

Fig. 1shows the changes of mean S-PG | after
different types of gastric operations. During 1
year after the operation the decrease in the mean
S-PG | was statistically significant and of the same
order in all treatment groups in DU patients. In
GU patients the decrease in mean S-PG | after
the Bl operation was proportionally smaller, but
still significant.

S-PG Icould be correlated with the gastric body
mucosal histology preoperatively in 41 patients
and 1 year later in 35 DU patients. The mean S-
PG before the operation was 138.0 + 12]ig/l in
20 patients with a normal gastric body mucosa and
161.5 + 13.6 ng/l in 21 patients with superficial
gastritis. One year postoperatively the respective
mean figures of S-PG | were 62.2 + 7.9 ng/l and
69.6 + 7.9 ng/l. The differences were, however,
not statistically significant.

Serum pepsinogen |1

The preoperative S-PG Il concentrations in DU
patients varied between 4 and 67 (j.g/1, the mean
value being 17.3 + 1.2 (xg/l. In 89% of them the
S-PG Il was in the normal range, in 6% high, and
in 5% low. In GU patients the mean level of S-
PG Il was 19.1 * 5.1 ng/l, which is very similar
to that of DU patients.
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PV+P  TV+P TV+AE B

TIME AFTER OPERATION (months)

Fig. 1. Serum pepsinogen levels before (0) and after (3
months and 12 months) different operations (PV =
proximal vagotomy; PV + P = proximal vagotomy and
pyloroplasty; TV + P = truncal vagotomy and pyloro-
plasty; TV + AE = truncal vagotomy and antrectomy;
B I = Billroth 1 operation). The Wilcoxon test was
used for statistical analysis. The bars represent SEs.
*p<0.05 compared with the preoperative value;
*p < 0.01; *** p<0.001; t p <0.05 between the 3-
and 12-month values after the operation; and
ttp <0.01.

The changes of mean S-PG Il values were not
marked in DU patients and in GU patients 3
months and 1 year after different types of opera-
tions and were in most cases statistically insig-
nificant (Fig. 1). S-PG Il could be correlated with
the gastric body mucosal histology preoperatively
in 41 patients and 1 year after the operation in 30
DU patients. Patients with superficial gastritis had
higher PG 1l values than others with normal body
mucosa, 21.7 £3.1 and 15 + 1.5 ng/l, respect-
ively. After 1year the corresponding values were
144 + 15 and 13.5 + 0.9 ng/l. The differences
were not statistically significant.

In DU patients the concentrations of PG | and
PG Il correlated with each other preoperatively
(r=10.536, p<0.01) and 3 months after the
operation (r = 0.571, p <0.01). One year after

the operation the correlation was not observed
(r=0.124, p> 0.05).

The ratio and the difference of serum pepsinogen
| and pepsinogen Il

The mean preoperative serum PG I/PG Il ratio
was 10.4 + 0.5 in DU patients and 6.8 i 1.0 in
GU patients, the difference being statistically
significant (p < 0.001). Fig. 2 shows the changes
of serum PG | to serum PG Il ratio 3 months and
1year after the operation in different patient and
treatment groups. The decreases in mean values
were similar, although not as marked as the
decreases in mean serum PG I. A significant
I/PG 1l ratio was
found in all groups of patients 1 year after the
operation.

The mean preoperative S-PG 1-S-PG

decrease in mean serum PG

1 dif-

PV+P  TV+P TV+AE B

TIME AFTER OPERATION (months)

Fig. 2. Serum pepsinogen 1/pepsinogen 11 (PG I/PG II)
ratio and difference (PGl - PG Il) before and after (3
months and 12 months) different operations (PV =
proximal vagotomy; PV + P = proximal vagotomy and
pyloroplasty; TV + P = truncal vagotomy and pyloro-
plasty; TV + AE “ truncal vagotomy and antrectomy;
B I = Billroth | operation). The Wilcoxon test was
used for statistical analysis. The bars represent SEs
*p<0.05 compared with the preoperative value,
** p<0.01; p < 0.001; and t p < 0.05 between the
3- and 12-month values after the operation.
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ference was 136 + 6.8 ng/l in DU patients and
77.8 £ 6.7 (ig/1 in GU patients, the difference
being statistically significant (p < 0.01). The post-
operative differences were statistically significant
3 months and 1year later in all treatment groups.
It seems that the PG |- PG I
the most marked of all postoperative pepsinogen
variables measured in this study (Figs. 1 and 2).

difference was

Hydrochloric acid output and pepsinogens

The mean preoperative BAO and MAO in DU
patients were 6.2 + 0.7 mmol/h and 24.9 + 15
mmol/h, respectively. The respective preoperat-
ive values for GU patients were 1.5 + 0.4 mmol/
h and 8.9 + 2.2 mmol/h. The BAO was high in
57% of the DU patients preoperatively, within
the normal range in 33% and low in 10%.

Three months after the operation the mean
BAO value was only 7% of the preoperative one
in the PV group, in whom the pyloric function is

TIME AFTER OPERATION (months)

Fig. 3. Mean percentual postoperative changes in serum
pepsinogens and gastric acid values in duodenal ulcer
(DU) patients after the proximal vagotomy operation.
Preoperative values arc taken as 100%. The Wilcoxon
test was used for statistical analysis. The bars represent
SEs. ** p < 0.01 compared with the preoperative value;
t p <0.05 between the 3- and 12-month values after
the operation; and tt p < 0.01.
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not affected by the operation, which demonstrates
the completeness of the vagotomy. During 4-12
follow-up months BAO increased up to 23%.
Corresponding values for MAO were 21% and
29%, respectively (Fig. 3). In the other groups
with pyloroplasty, antrectomy, or partial gas-
trectomy acid output behaved similarly. These
results are expected to be less correct because of
open passage through the pylorus; therefore no
figures are shown.

No correlation whatsoever was observed be-
tween S-PG | and acid output (BAO and MAO)
before and after the operation in DU patients
(r values varied between -0.188 and 0.199 and
were statistically not significant).

DISCUSSION

The present study was devoted to the examination
of the effects of different types of vagotomy and
antrectomy on the serum pepsinogen levels. Both
proximal and truncal vagotomy had a significant
diminishing effect on the serum PG | level but
did not affect the serum PG
Earlier studies have shown a similar decrease
in serum PG

Il concentration.

I in DU patients after proximal
vagotomy (5-8), but knowledge about the effect
of vagotomy on the serum PG 1l level is limited
(7). These results indicate that vagal tone has a
significant effect on the synthesis and/or release
of PG | from peptic cells and further on serum
PG In contrast, the serum PG Il
seems not to be dependent on vagal function but

I level. level
tends to remain unchanged after different types
of vagotomy. The serum PG Il level may reflect
the part of the gastric mucosal secretion which is
independent of vagal control.

The present study demonstrates a poor cor-
relation between the serum pepsinogen levels and
the hydrochloric acid secretion. Similar findings
have been published earlier concerning S-PG |
(13). The finding is in accordance with the fact
that secretion components are produced by dif-
ferent cell populations and many other inde-
pendent factors, such as duodenogastric reflux,
gastric mucosal oedema, and the metabolic rate
of pepsinogens in the blood.
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Serum PG | tends to increase during the devel-
opment of superficial gastritis (14) and decreases
during the progress of glandular atrophy. None
of our patients had atrophic gastritis during the
period of observation. Therefore, the decrease in
S-PG | after the operation cannot be explained
by this factor. In superficial gastritis the mean S-
PG 1 tends to be higher than in subjects with a
normal gastric mucosa, and this was also our
finding in the present study. This phenomenon
may be caused by mucosal oedema, which may
inhibit the flow of pepsinogens into the gastric
lumen and, as a consequence, may increase the
proportion of pepsinogens delivered into the
blood serum. Theoretically, it is possible that a
‘stasis’ of pepsinogens in the gastric mucosa in
the context of inflammatory oedema may have a
disadvantageous effect on mucosal resistance in
ulcer patients.

Serum PG Il did not show similar changes. It
has been shown that the S-PG 1/S-PG Il ratio
decreases linearly with the progress of chronic
gastritis through different stages of superficial
gastritis and atrophic gastritis and gives better
information on the morphologic status of the gas-
tric body mucosa than S-PG | alone (1). The
present study indicates that the S-PG 1/S-PG 11
ratio is not better than S-PG | alone in the eval-
uation of functional changes of the gastric body
mucosa after surgery.

When a fraction of serum PG I, which is of the
same size as serum PG I, is subtracted from total
serum PG |, there remains a fraction of serum
PG | which could reflect changes in vagal tone
more sensitively than total serum PG 1. In the
present study this leftover fraction (S-PG I - S-
PG Il) tends to demonstrate more markedly than
serum PG | alone the postoperative changes of
pepsinogen secretion.

The present study is to our knowledge the first
that has enabled the comparison of the effect of
different types of vagotomy on S-PG | and PG Il
levels over a 12-month follow-up period. Proximal
vagotomy excludes parasympathetic innervation
from the gastric body mucosa, and truncal vago-
tomy from all parts of the stomach and
duodenum. Both operations reduced S-PG 1 sig-
nificantly but did not change the S-PG Il levels
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extensively. One can conclude that the reduction
of S-PG | observed at the end of the 1st post-
operative year did not depend on the type of
vagotomy.

The decrease in the S-PG | concentration seems
to coincide with the reduction in pepsin secretion
(15, 16). The decrease continued at least up to 1
year, although at a decreasing rate. Thus, the
severance of the vagal innervation has a long-
lasting effect on the cells producing PG | but not
on those responsible for PG Il secretion.

Reduction of S-PG | values was observed with-
out vagotomy in GU patients after classical par-
tial gastrectomy, which removes the pylorus,
antrum, and part of the gastric body. In this group
the decrease in S-PG | could have been caused
by removal of that part of the gastric body mucosa
where the main mass of PG 1-producing cells
resides.

The decrease in S-PG | after truncal vagotomy
with antrectomy is most likely caused by sev-
erance of the vagal innervation or by switching
off an antral regulatory mechanism. The latter
seems not to play an essential role, as the decrease
in PG | does not differ in patients who underwent
antrectomy or truncal vagotomy with pyloro-
plasty. Because none of our patients had atrophic
changes during the 1-year postoperative follow-
up study, glandular atrophy cannot explain the
postoperative decrease in S-PG 1

One of the unexpected results of our exam-
ination was that antrectomy did not greatly affect
the S-PG 11 level, although pyloric glands belong
to the producers of PG II; this is demonstrated
by the similarity of the results after TV + P and
TV + AE. Our results show that the contribution
of the antrum to the total pool of PG Il is small
or that the residual mass of PG Il-producing cells
compensates for the fallout pyloric glands. As
total gastrectomy causes more than a tenfold de-
crease in S-PG 11, the extragastric (that is, duo-
denal) sources of serum PG Il may be regarded
as unessential (10). Hence, the main portion of
serum PG Il should still originate from cells situ-
ated in the proximal regions of the gastric mu-
cosa, like chief cells and mucous neck cells in the
fundal or/and cardiac area.

This study confirmed the earlier observation



that proximal gastric vagotomy reduces acid
secretion and S-PG 1 level, but not S-PG I level
(7), and showed for the first time that truncal
vagotomy had similar effects. Accordingly, the
size of S-PG 1l may reflect the magnitude of pep-
sinogen secretion not under vagal control. This
may explain why the S-PG | - S-PG Il difference
showed postvagotomy changes most markedly
of all pepsinogen variables studied. Antrectomy
had no significant effect on S-PG Il level, which
indicates that a major proportion of this serum
pepsinogen group originates from the gastric
body mucosa. Accordingly, not only acid se-
cretion but also the level of all serum pepsinogen
fraction reflects the morphologic and functional
status of this mucosal area. The heterogeneity of
peptic cel! populations, the production, storing,
and release of pepsinogens from the peptic cells,
and the metabolism of pepsinogens is obviously
more complicated than the secretion of hydro-
chloric acid from just one separate cell popu-
lation, parietal cells. This may explain why
serum pepsinogen levels and acid secretion vari-
ables correlate poorly, why acid secretion studies
give more sensitive and specific information
about gastric secretion status than serum pepsin-
ogen determinations, and why all attempts to
replace acid secretion studies with more con-
venient serum pepsinogen measurements have
failed so far.
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The purpose of the study was to evaluate the long-term effects of vagotomy on the
morphological status and Helicobacter pylori infestation of the gastric mucosa Endoscopy
with biopsies (2 from antrum and 2 from corpus) was performed in 317 patients on whom
vagotomy had been performed on an average 8 years earlier. The success of the vagotomy
was estimated by the endoscopic Congo Red technique in 270 cases Non-operated 187
duodenal ulcer patients were examined endoscopically and bioptically in a similar way and
used as a reference series. Helicobacter pylori (HP) was determined by Giemsa staining of
biopsy specimens in both series. In non operated duodenal ulcer patients, gastritis and HP
behaved as expected from the data in literature: antral gastritis was present in nearly all
cases (96%), while the corpus mucosa was normal or the proccss was retarded at the stage
of superficial gastritis (76%) and atrophic changes were virtually lacking (1%). On the basis
of the Congo Red test the vagotomized patients were separated into two groups: successful-
ly operated, i.e., complete vagotomy, and incomplete vagotomy groups. The results of the
examinations were independent of the kind of vagotomy performed, but related significantly
to its completeness. The incomplete and complete groups differed significantly. The
prevalence of atrophic changes (29%) in the corpus was significantly higher and that of
superficial gastritis (69%) lower in the complete than in the incomplete vagotomy group,
in which the prevalences were 12% and 85%, respectively. Likewise the prevalence and
density of HP was lower in the complete vagotomy group but the difference was not
statistically significant. The antral mucosa did not significantly differ morphologically in
the two groups, but the overall prevalences of HP and of high density colonization of the
bacterium was significantly lower in the complete group. Summarizing, the effects of
vagotomy were dependent upon the success rather than the type of vagotomy, and the most
significant long-term effects of successful vagotomy were the appearance and progression
of atrophic changes in the corpus and the overall decrease of HP positivity as compared
with patients with incomplete vagotomy.

Key words: Vagotomy; follow-up; gastritis; Helicobacter pylori

A Peetsalu. MD Second Dept of Surgery, Tartu University. 202400 Tartu, Estonia

Chronic antral gastritis and Helicobacter pylori
infestation are present in most cases of active
duodenal ulcer. It also has been shown that
eradication of the bacteria may reduce the
recurrence rate of the disease. On the other
hand, very little is known of the long-term
effects of the most commonly used operative
procedure, the vagotomy, on the morphological
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state and Helicobacter pylori infestation of the
gastric mucosa. For this reason we have studied
by morphological and bacterioscopical exami-
nations a large series of duodenal ulcer patients
on an average 8 years after vagotomy. The
main effect of vagotomy is a decrease in gas-
tric acid output, which therefore can be used
for estimation of the effectivity of the operative
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procedure. In the present study we estimated
the completeness of vagotomy by the Congo
Red technique and were for this reason able to
compare the completeness of vagotomy with
the antral and corpus mucosal morphology and
the Helicobacter pylori findings. In addition, a
large series of non-operated duodenal ulcer
patients have been examined in a similar way
by morphological methods and Giemsa staining
for use as reference material.

MATERIAL AND METHODS

Consecutive 317 vagotomized duodenal ulcer
(DU) patients were studied. All of them had
undergone vagotomy at the Second Department
of Surgery, Tartu University Hospital, Tartu,
Estonia, in 1976-1984 (Table I): 230 patients
had undergone proximal vagotomy (PV) and, in
addition to PV, drainage procedures had been
performed in 147 of these 230 cases (127 py-
loroplasty and 20 gastroduodenostomy Jabou-
lay); 87 patients had undergone truncal vagoto-
my with drainage (77 pyloroplasty and 10
gastroduodenostomy Jaboulay). Table | shows
the age and sex of the patients and the follow-
up time after different types of vagotomy. The
patients were contacted and interviewed as
outpatients, a symptom questionnaire was filled
out and each patient was offered endoscopy.

Two biopsy specimens were taken from the
antral mucosa and two from the body mucosa
after checking up the oesophagus, stomach and
duodenum. From 281 of the 317 operated pa-
tients specimens were obtained from both an-
trum and corpus mucosa and from the remain-
ing 36 from either antrum or corpus. The com-
pleteness of vagotomy was estimated by the
Congo Red test according to Donahue et al. (1)
in 270 of the 317 cases. Recurrent ulcer was
found in 19 (6%) of the cases; vagotomy was
incomplete in 18 and complete in one case
(NSAID user).

The group of non-operated patients consisted
of consecutive 187 symptomatic medically
treated DU patients who were endoscopically
examined at the Gastroenterological Depart-
ment, Tartu University Hospital, Tartu, Estonia.
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Ulcer history varied from 1 to 20 years, mean
3.5+4.0 (SD) years; mean age was 43+13 (SD)
years (127 men, 60 women). None of the pa-
tients had received antibiotics before the endos-
copy. Two bioppy specimens were taken from
both the antral and the corpus mucosa.

Biopsy specimens were fixed overnight in
neutral buffered formalin and were embedded
in paraffin. Tissue sections were stained for
morphological and Helicobacter pylori exami-
nation by the haematoxylin-eosin and modified
Giemsa methods.

The histology of and HP colonisation in the
antral and gastric corpus mucosa were classi-
fied analogically as described earlier (2): his-
tology: normal, superficial gastritis (slight,
moderate, severe) and atrophic gastritis (slight,
moderate, severe); HP colonisation: absence of
microbes (grade 0); small amounts (grade 1) =
less than 20 microbes per field; moderate
amounts (grade 2) = 20-60 microbes per field;
and large amounts (grade 3) = more than 60
microbes per field.

Statistical methods

Category data were analysed by the x2 (chi-
square) test, numerical data were analysed by
Student’s r-test; p-vaiues below 0.05 were
considered significant.

RESULTS

1. Morphology of the gastric mucosa

Marked differences in the behaviour of the
corpus mucosa were found between the oper
ated and non-operated patients with duodena!
ulcer (Table Il). The prevalences of atrophic
corpus gastritis in the two groups were 21%
and 1%, of superficial gastritis 76% and 76%,
and of normal corpus mucosa 3% and 23%,
respectively. The differences were statistically
significant with regard to any status of the
corpus mucosa.

In the antral mucosa (Table 1), gastritis was
present in both operated and non-operated
patients in almost all cases, the prevalences
being 99% and 100%, respectively. There were
no differences in the degree of antral gastritis



in the two groups.
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Table I. Distribution of age, sex, and mean follow-up time since vagotomy in the follow-up groups

No. of Age, years
Group patients (MearcfcSD)
Proximal vagotomy 230 49£11
Truncal vagotomy 87 504:13
Total study group 317 49+12

Table M. Histological state of the gastric mucosa: A = operated

vagotomy groups

State of antral mucosa

N* SG AG
Group No. (%) No. (%) No. (%)
A
Non-operated 180 (96) 7(4)
Operated 3(1) 275 (92)  20(7)
B
Proximal vagotomy 3(1) 198 (92) 14 (7)
Trnncal vagotomy - 77 (93) 6(7)

No. of No. of fe- Follow-up times since vagotomy
males males (Mean%SD)

198 32 8.2£2.1

79 8 7.8+2.3

277 40 8.1:42.1

and non-operated groups, B * proximal and tnrncal

State of corpus mucosa

Total N SG AO Total
No. No. (%) No. (%) No. (%) No.
187 42 (23) 143 (76) 2(1) 187
298 9 (3) 228 (76) 63 (21)' 300
213 6 (3) 169 (77) 43 (20) 218
83 3(4) 59 (72) 20(24) 82

*N = normal; SG = superficial gastritis; AG = atrophic gastritis; '/x0.00I differences between operated and non-operated

groups

Table Tl Histological state of the gastric mucosa in the complete and incomplete vagotomy groups

State of antral mucosa

N* SG AG
Group No. (%) No. (%) No. (%)
Complele vagotomy 3(2) 111 (91) 8 (7)
Incomplete vagotomy 121 (92) 10(8)

N =
incomplete vagotomy groups

Atrophic gastritis detected after vagotomy was
of a moderate degree in 16 cases and of severe
degree in 2 cases, while advanced degrees of
atrophy were lacking in non-operated patients.

The status of the corpus mucosa in the oper-
ated cases did not depend upon the type of
vagotomy but rather on its completeness
(Tables 11 and Ill). Thus the prevalence of
atrophic corpus gastritis was significantly
(/xO.0l) higher in the complete vagotomy
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State of corpus mucosa

Total N SG AG Total
No. No. (%) No. (%) No. (%) No.
122 3(2) 89 (69) 37 (29 129
131 4(3)  110(85) 16(12) 130

normal; SG = superficial gastritis, AG = atrophic gastritis; '/x0.01 differences between complete vagotomy and

group (Table I1l) than in the incomplete, and
highly significantly (/><0.001) higher than in
the non-operated groups. On the other hand,
superficial corpus gastritis was significantly
lower in the complete than in the incomplete
vagotomy group. However, the total prevalence
of gastritis in both antrum and corpus was
similar in both groups. In the antral mucosa
there were virtually no differences between the
groups in any respects.



Table 1V, HP colonisation in gastric biopsies: A = operated and non-operated groups, B = proximal and truncai vagotomy groups, C-= complete and incomplete vagotomy groups

Group

A

Operated
Non-operated

B

Proximal vagotomy

Truncal vagotomy

Complete vagotomy

Incomplete vagotomy

0*
No. (%)

48 (16)'
13 (7)

33 (15)
15 (18)

32 (25)'
8(6)

Antrum

HP intensity grade

1
No. (%)

44 (15)*
47 (25)

30 (14)
14(17)

19(15)
20(15)

2
(No. (%)

35 (11)'
54 (29)

26 (12)
9(10)

20 (15)
10 (8)

3 Total
No. (%) No.
176 (58)' 303
73 (39) 187
130 (59) 219
46(55) 84
59 (45)' 130
93(71) 131

0
No. (%)

40 (13)'
54 (29)

30 (14)
10(12)

20(15)
12(9)

1
No. (%)

86 (29)'
89 (47)

57 (26)
29(36)

42 (32)
33 (26)

Corpus

HP intensity grade

2
No. (%)

41 (14)
20(11)

31 (14)
10 (12)

16(13)
16 (13)

<HP intensity grade: 0 - absence of HP; 1 = low HP; 2 = moderate HP; 3 = large HP (for limits between subgroups of HP see Material and Methods)
'/x0.0l and '/x0.00I differences between operated and non-operated groups
'p<0.001 differences between complete and incomplete vagotomy groups

Table V. Distribution of HP colonisation according to the histological state of the gastric mucosa in operated and non-operated groups

State of the mucosa

Normal
Superficial gastritis
Atrophic gastritis

Total

0*
3

36
7

46

Antrum

HP intensity grade

1

0

36

4

40

2

0

29

2

31

Operated
3 Total No. 0
0 3 3
163 264 22
7 20 14
170 287 39

«HP intensity grade: 0 = absence of HP; ! = small HP; 2 = moderate HP

Corpus
HP intensity grade

1 2 3 Total No.
4 1 1 9

70 18 103 213

1n 10 23 58

85 29 127 280

13

0

13

1

0

44

3

47

Antrum
HP intensity grade

2

0

50

4

54

3 Total No.
0 0

73 180

C 7

73 187

Non-operated

0

22

31

1

54

1

14

74

1

89

3

No. (%)

133 (44)'

24 (13)

100(46)

33(40)

52(40)

67 (52)

Corpus
HP intensity grade

2

4

16

0

20

;3 = large HP (for limits between subgroups of HP intensity see Material and Methods)

3

2

22

24

Total
No.

300
187

218
82

130
128

Total No.
42
143
2

187



? Occurrence and density of Helicobacter

pylori infestation

In similarity to the morphological results, the
bacteriology of antral and corpus mucosa ap-
peared rather independent of the type of opera-
tion performed (Table 1V). However, there
were differences in the prevalence and density
of HP infestation according to the success of
the vagotomy. Thus, in the complete vagotomy
group the prevalences of HP infestation in both
antral and corpus mucosa were significantly
lower (Table 1V) than in the incomplete vagot-
omy group. The same observation was made in
regard to high density of bacteria.

When comparisons were made between the
complete vagotomy group and the non-operated
group it appeared that the prevalence of the HP
infestation was in antrum and corpus signifi-
cantly (jxO.01) lower in the complete vagoto-
my group than in the non-operated cases. On
the other hand, the prevalence of subjects with
high grade of HP colonisation was in the cor-
pus mucosa significantly (p<0.001) higher in
the complete vagotomy than in the non-operat-
ed group; while no difference was found in this
respect with regard to antral mucosa.

J. Helicobacter pylori and morphology of the
gastric mucosa

As seen from Table V, the HP infestation was
mainly associated with signs of superficial
inflammation. In superficial gastritis of the
antrum, bacteria were present in operated and
non-operated cases in 86% and 93%, respec-
tively. fn corpus mucosa these percentages
were. 90% and 78%, respectively.

HP was absent in all cases of morphologically
normal antral mucosa. In the normal corpus
mucosa of operated patients they were absent
in 33% and of non-operated patients in 52% of
cases.

DISCUSSION

In the present study we have tried to

Vagotomy, Gastritis and HP Sl
the long-term effects of vagotomy on the mor-
phology and HP infestation of the antral and
corpus mucosa, with special emphasis on the
success of vagotomy in duodenal ulcer patients,
Thus the completeness of the vagotomy was
examined and a comparison of cases of com -
plete vagotomy with those of incomplete va-
gotomy is an essential part of the present study.

Comparisons of the complete vagotomy group
with the non-operated were handicapped by a
number of possible sources of error. The nort-
operated group represents a group of patients
selected by principles different from those of
the operated: the age and sex distribution and
follow-up times are different. This makes it
necessary to consider results of comparisons
with the nonoperated cases with some reserva-
tion. On the other hand, the series was collect-
ed from the same institute, represents the same
geographical area and was examined by the
authors in the way similar to that used for the
operated cases. In addition, the behaviour of
gastritfs in the non-operated cases was similar
to that found in the other studies showing an
expected progression of antral and a retardation
of corpus gastritis (3,4,5). It should be also
noted that the prevalence of atrophic changes in
the non-operated group was close to zero,
suggesting that the difference from the operated
cases would have remained significant even
after age- and sex-matching. It was, in fact,
found that the prevalences of atrophic changes
in the corpus were 21% in the operated but 1%
in the non-operated, and the prevalence of
normal corpus mucosa was in the two groups
3% and 23%, respectively. Likewise, the pre-
valence of HP infestation in the corpus was
significantly lower in the operated group.

The comparisons performed with different
groups showed that the results of the morpho-
logical and bacteriological studies were depen-
dent upon the success of the vagotony rather
than upon the type of operation used. Thus the
complete vagotomy group revealed asignificant
progression of gastritis in the corpus and a
significantly higher prevalence of atrophic
changes than in the incomplete vagotomy
group. On the other hand, the morphology of

85
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the antral mucosa was on the whole similar in
the different groups. The reasons for the dis-
similar responses of antral and corpus mucosae
are not obvious, but might be due to difference
in the immunoresponse of antral and corpus
mucosae to bacterial antigens (6,7).

The development and progression of post-
vagotomy corpus gastritis has also been noted
by some authors (8-13) during shorter follow-
up times, however, the changes found were
usually less pronounced than those observed in
the present study. Some authors (14-18) found
no essential difference between operated and
non-operated patient”.

The reasons for the development of atrophic
changes after successful vagotomy are not
clear. Elimination of the trophic effect of the
vagal drive has been suggested, and some au-
thors (10,11) have found a decrease in size and
number of parietal cells shortly after parietal
cell vagotomy. Aarimaa et al. (13) noted also
an increase of round cell infiltration in associ-
ation with decrease in the number of parietal
cells. Similar results have been reported by
Jonsson et al. (19) who observed the develop-
ment of atrophic changes in the corpus mucosa
2-3 years after parietal cell vagotomy. An
additional explanation might be offered by
behaviour of the HP infection. This was present
in the antrum of almost all and the corpus of
the majority of the non-operated duodenal ulcer
patients; atrophic changes were virtually absent,
however. In addition, the appearance of atro-
phic corpus changes after operation were in the
present study not accompanied by any consis-
tent changes in the behaviour of HP infestation.
Accordingly, the development of atrophic
changes can hardly be related to HP infestation.
This view is further emphasized by follow-up
studies, which suggest that HP infestation is
mainly related to the early phases of the gas-
tritic process and that its significance decreases
in the atrophic phase of chronic gastritis (2,20).
In addition, in the present operated group the
prevalence of HP positivity was significantly
lower in cases of corpus atrophy than in those
without corpus atrophy.

The reduced HP positivity after operation is

86

probably related to the profound changes in the
function of corpus mucosa induced by vagoto-
my. An association with the operation is sug-
gested by the difference in the HP positivity
between the complete,and incomplete vagoto-
my groups.

Complete vagotomy lowers the effects of the
acid-peptic factor (21), may interfere with pros-
taglandin synthesis (21), change the compo-
sition of mucus, and lead to motor disturbances
and other alterations that might create an unfa-
vourable conditions for the survival of the
bacteria. It is tnie that cases of high HP density
were significantly more common in the operat-
ed than in the non-operated patients, however,
the limitations of the non-operated group as a
direct control material for the operated group
was pointed out above. Moreover, the preva-
lence of high density HP colonisation was, in
fact, somewhat iower in the corpus of complete
vagotomy cases than in cases of incomplete
operation. It is obvious that solution of mor-
phological and bacteriological problems neces-
sitate a long-term follow-up of cases that origi-
nally were adequately studied for this purpose.
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Operatsioonijargne endo-
skoopiline kongo punase test
vagotoomia tadielikkuse
hindamisel

Ante Peetsalu Margot Peetsalu
T6nm Vardja « Tartu

duodettM Ihaavand, vagotoomia, vagotoomia tiie-
Ukkui. retsidiivhaavand

Duodenaalhaavandi ravimisel péarast
vagotoomiat on peamine probleem ret-
sidiivhaavandi tekkimine, mille esine-
missagedus aja moddudes parast operat-
siooni suureneb (13). Retsidiivhaavandi
tekke Uheks peamiseks p6hjuseks pee-
takse mittetdielikku vagotoomiat (11).
Tanini ei ole leitud niisugust maohap-
pe sekretsiooni maaramise testi, kaasa
arvatud laialt kasutatav Hollanderi test,
mis lubaks kindlalt prognoosida operat-
sioonijargset haavandi retsidiveerumist
(10, 14). Meie oleme vagotoomia téie-
likkuse maaramiseks kasutanud suhteli-
selt vahe levinud endoskoopilist kongo
punase testi (EKPT).

Kéaesoleva t66 eesmargid olid: 1)
EKPT alusel hinnata ja vdrrelda va-
gotoomia taielikkust parast proksimaal-
set vagotoomiat ja trunkaalset vago-
toomiat; 2) maéarata mittetaieliku va-
gotoomia alade lokalisatsioon ja suurus
maokorpuse limaskestal ja uurida nen-
de tdhtsust retsidiivhaavandi tekkes;
3) vodrrelda retsidiivhaavandiga haige-
tel EKPT tulemusi muude vagotoomia
taielikkust hindavate kvantitatiivsete
testide, nagu insuliintesti ja 0ise 12-
tunnise maohappesuse reduktsiooni testi
tulemustega.

Uurimismaterjal ja -metoodika. Kdigile uuri-
tuile tehti EKPT Donahue ja kaasautorite (6) jargi
basaaltingimustes, s.t. maosekretsiooni stimuleeri-
mata. Parast sodgitoru, mao ja kaksteistsdrmi-
ku endoskoopilist kontrolli tihjendati magu aspi-
ratsiooni teel. Labi endoskoobikanali viidi mak-
ku peen polivintulsond, mille kaudu kaeti silma
kontrolli all kogu makorpuse limaskest 0,5%-
lise kongo punase lahusega (valmistatud 5,0%-
Uses naatriumbikarbonaadis).” Seejarel aspireeriti
lilgne varvilahus maost ja 2...3 minuti jooksul
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jalgiti punase varvuse muutumist mao limoskes
tal. Alasid, kus maokorpuse limaskesta pinnal
oli pH<3,0 ja punane véarvus muutus sinakas-
mustaks, peeti EKPT-positiivseks (viitab mit-
tetaielikule vagotoomiale). Alasid, kus punan«<
vérvus ei muutunud (pH>3,0), peeti EKPI-
negatiivseks (viitab taielikule vagotoomiale)
Vaatluse teel hinnati maokorpuse limaskestal
EKPT-poeitiivsete alade lokalisatsiooni ja sum ust
Suureks (hinnang on subjektiivne) arvati EKPT-
positiivsed alad, mis moodustasid 20% v&i roh-
kem maokorpuse pindalast.

13 juhul vdérdlesime retsidiivhaavandiga hai-
gete EKPT tulemusi insuliintesti tulemustega
kolme kriteeriumi alusel (1, 3, 16) ja Il juhu!
Oise 12-tunnise maohappesuse reduktsiooni testi
tulemustega (7).

5. . .12 aastat parast operatsiooni uuriti 271 pat-
sienti, kellele duodenaalhaavandi tdttu oli aasta-
tel 1977. ..1984 tehtud vagotoomia ilma selle ope-
ratsiooniaegse taielikkuse kontrollita. Mehi oli 246
ja naisi 35, haigete vanus oli uurimise ajal 27
kuni 81 aastat (keskmine vanus 50 aastal).
197 patsienti uuriti keskmiselt 8 aastat pérast
proksimaalset vagotoomiat (PV ehk tapsemalt
proksimaalne selektiivne vagotoomia). Lisaks PV -
le oli selles rithmas 149 patsiendile tehtud kas
puloroplastika, duodenoplastika voi gastroduode-
nostoomia Jaboulay jargi, vastavalt 107, 23 ja 1S
juhul

74 patsienti uuriti keskmiselt 8 aastat parasl
mdlemapoolset subdiafragmaalset trunkaalset va-
gotoomiat (TV) koos puloroplastikaga (68 juhul)
voi gastroduodenostoomiaga Jaboulay jargi (6 ju-
hul). Uurimismaterjali to6deldi statistiliselt Stu-
denti t-testi jargi.

Uurimistulemused ja arutelu. Kesk-
miselt 8 aastat péarast operatsiooni sel-
gitati EKPT alasel vilja mittetéielik
vagotoomia pooltel juhtudel, kusjuures
oluliselt sagedamini parast PV-d vdrrel-
des TV-ga, vastavalt 56% (110/19?) is.
34% (25/74) (PCO.0O0I) (vt. tabel 1).
Seejuures piloroplastika kasutamine li-
saks PV-le ei mdjutanud vagotoomia
tdielikkust: EKPT-positiivseid leidsime
péarast PV-d 54%-1 (26/48) ja péarast
PV-d koos piuloroplastikaga samuti
54%-1 (54/100) juhtudest (P>0,G5).
Mittetdieliku vagotoomia alad iokaiisee
rusid peamiselt maokorpuse (laosas,
péarast PV-d 82% -1 ja parast TV-d 92% -1
juhtudest (vahe statistiliselt ebaoluline,
P>0,05), vdrreldes korpuse allosaga
vastavalt 33%-1 ja 32%-1 juhtudest
(P<0,001). Oluliselt vahem oli korpuse
allosas mittetdieliku vagotoomia alasid
isoleeritult (ilma korpuse ulaosa kaasa
haaramata): parast PV-d 18%-1 (20/



110) ja péarast TV-d 8% 1 (2/25) juhtu-
dest.

Tabelist 1 selgub, et suuri, maokor-
puse pindalast 20% ja ulatuslikumaid
mittetdieliku vagotoomia alasid leidsi-
me péarast PV-d 22%-1 (24/110) ja pa-
rast TV-d 40%-1 (10/25) juhtudest (eri-
nevus oli statistiliselt ebaoluline, P>
>0,05). Kdik suured alad lokaliseeru-
sid maokorpuse Ulaosas, ulatudes osal
juhtudel ka korpuse allossa. Isoleeri-
tult maokorpuse allosas leidsime ainult
vaikesi, labimddduga mdnest millimeet-
rist kuni 3 cm-ni mittetaieliku vago-
toomia alasid.

Retsidiivhaavandeid tekkis 271 uuri-
tust 19-1 (7%): 18 juhul oli EKPT
jargi vagotoomia mittetaielik ja uhel
juhul téaielik. Viimane uuritu oli kroo-
niline ultserogeensete medikamentide
tarvitaja, kellel maohappe vaartused
olid madalad.

EKPT-positiivsete alade olemasolu
korral ei s6ltunud retsidiivhaavandi te-
ke oluliselt vagotoomia tlUlbist: parast
PV-d ja TV-d vastavalt 12%-1 (13/
110) ja 20%-1 (5/25) juhtudest (P>0,05).
Kull aga tekkis retsidiive tunduvalt sa-
gedamini suurte mittetaieliku vago-
toomia alade korral, parast PV-d 339b-1
(8/24) ja parast TV-d 40%-1 (4/10) juh-
tudest, vorreldes véikeste aladega vas-
tavalt 6%-1 (5/86) péarast PV-d (P<0,01)

ja 7%-1 (1/15) parast TV-d (P<0,05).
Kahel retsidiivhaavandiga patsiendil
leidsime péarast PV-d ainult véikesi

mittetaieliku vagotoomiaga alasid suure
maokdveriku pool korpuse allosas, mida
parast TV-d ei taheldanud. Retsidiiv-
haavandiga haigete uurimine néaitas (vt.
tabel 2), et vagotoomia tédielikkuse hin-
damisel andis insuliintest 15%-1 (2/13)
ja oOise 12-tunnise maohappesuse re-
duktsiooni test 45%-1 (5/11) juhtudest
EKPT-st erinevaid tulemusi.

Kongo punase test pdhineb maohap-
pe spontaanse sekretsiooni-intensiivsu-
se maaramisel basaaltingimustes, mis
sdltub wuitnarvi talituslikust aktiivsu-
sest (9). EKPT tulemused mittetéie-
liku vagotoomia juhtudel on kordus-
uuringutel reprodutseeritavad, mis nai-
tab testi stabiilsust (15). Vahetult, na-
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Tabel X. Endoskoopilise kongo punane testi posi-
tiivsete alade lokalisatsioon ja suurus maokorpuse
limaskestal

EKPT-positiivsed Proksimaal- Trunkaalne
alad maokorpuse ne vagotoo- vagotoomia
limaskestal mia

lokalisat- suurus

n (%) retsi- n (%) retsi-

sioon diiv- diiv-
haa- baa-
van- van-
did did

Ulaosa  suur’ 22 8 7

(20%) (28%)
vaike** 52 3 10

(47%) (40%)
Allosa suur - - —
vaike 20 2 2

(18%) (8%)

Ulaosa  suur 2 — 3

ja all- 2%) (12%)

osa véike 14 — 3

(13%) (12%)

Kokku 110 13 25 5

(100%, (100%)

* Ule 20% maokorpuse pindalast (subjektiivne

hinnang)

«* Uks vB8i mitu ala labim6dduga mdnest mm-st
kuni 3 cm-ni

Tabel 2. Retsidiivhaavandiga haigete jaotumus
sdltuvalt vagotoomia taielikkusest

Vagotoomia tédielikkuse hin- Vagotoomia téielik m

damise test kus
taielik mittetdie-
lik
EKPT - 18
Insuliintest kolme kritee-
riumi alusel 2 11
oine 12-tunnine maohappe-
suse reduktsiooni test 5 6

rast operatsiooni on EKPT-ga leitud
11%-1 juhtudest mittetdielikku vago-
toomiat (15). Meie leidsime sama mee-
todit kasutades, et keskmiselt 8 aastat
parast operatsiooni on mittetaieliku va-
gotoomia sagedus pooltel juhtudel suu-
renenud. Analoogset operatsiooni-
jargset mittetaieliku vagotoomia sa-
geduse suurenemist on kirjeldatud Hol-
landeri positiivse testi alusel nii péarast
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proksimaalset vagotoomiat (12) kui ka
parast trunkaalset vagotoomiat (8). Meie
andmed naitavad, et péarast proksi-
maalset vagotoomiat esineb mittetdie-
likku vagotoomiat oluliselt sagedamini
kui parast trunkaalset vagotoomiat, vas-
tavalt 56%-1 ja 34%-1 juhtudest, mi-
da varem EKPT alusel ei ole leitud
(15). Seejuures pilloroplastika kasuta-
mine lisaks proksimaalsele vagotocmia-

le ei mdju vagotoomia taielikkusele.
On oluline, et EKPT vdimaldab maéaa-
rata igal haigel mittetdieliku vagotoo-

mia ala(de) lokalisatsiooni ja suuruse,
see on téhtis retsidiivhaavandi tekke
prognoosimisel. Andmed néaitavad, et
sdltumata vagotoomia tutbist, on mitte-
taieliku vagotoomia alad lokaliseerunud
valdavalt (82%-1 ja enamalgi juhtu-
dest) maokorpuse (Ulaosas ja 1/3-1
juhtudest allosas. Suured mittetdieliku
vagotoomia alad maokorpuse limaskes-
tal lokaliseeruvad samuti valdavalt
maokorpuse ulaosas. Meie tulemused
naitavad, et peaaegu ko&ik (18/19) ret-
sidiivhaavandid on seotud maokorpuse
sailinud vaagusinnervatsiooniga, see-
juures aga kdigist mittetaieliku vago-
toomia juhtudest moodustavad retsi-
diivhaavanditega haiged vaid 13%
(18/135) EKPT alusel. Sarnaseid tule-
si on kirjeldatud ka varem Hollanderi
testi alusel (4). Retsidiivhaavandi teke
sdilinud vaagusinnervatsiooni alade ole-
masolul ei séltu niivérd vagotoomia
tutbist, kuivérd nende alade suurusest
maokorpuse limaskestal. Retsidiivhaa-
vandeid leidsime sagedamini suurte ja
pohiliselt maokorpuse (laosa limaskes-
ta hdlmavate mittetdieliku vagotoomia
alade korral: parast proksimaalset va-
gotoomiat 33%-l ja péarast trunkaal-
set vagotoomiat 40% -l juhtudest. Ana-
loogilised andmed retsidiivhaavandite
tekke kohta suurte mittetaieliku vago-
toomiaga alade olemasolul esitab R. P.
Saik (15). Vaikeste mittetdaieliku vago-
toomia alade korral tekib retsidiivhaa-
vandeid harvem, 6. ..7 %-I juhtudest.

Kahel meie poolt uuritul esines pa-
rast proksimaalset vagotoomiat retsi-
diivhaavand, mis oli seotud ainult

maokorpuse allosas suure kdveriku pool
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suhteliselt vaikese s&ilinud vaagusin-
nervatsiooni alaga.
P. E. Donahue ja kaasautorid seosta-
vad seda EKPT alusel sellise vaagusin-
nervatsiooniga, mis kulgeb moédda pa-
rem- ja vasakpoolset a. gastroepiploic.a’t
maokorpusele (5). Seetdttu soovitavad
nad ka need uitnédrvikiud labi ldigata
lisaks tavalisele vagotoomiale ehk feha
nii-delda laiendatud proksimaalne va-
gotoomia. Seevastu J. Braghetto ja kaas-
autorite prospektiivsed maosekretsiooni
uuringud ei téestanud erinevust tavali-
se ja laiendatud proksimaalse vago
toomia vahel (2).

Esitatust nahtub, et insuliintesti ja 0i-
se 12-tunnise maohappesuse reduktsioo-

ni testiga vorreldes on EKPT va-
gotoomia téielikkuse hindamisel palju
tundlikum ja tédpsem EKPT annab

luhikese ajaga Ulevaate sodgitoru, mao
ja duodeenumi limaskesta seisundist
ning sailinud vaagusinnervatsiooniga
alade lokalisatsioonist ja suurusest See-
parast tuleb vagotoomia tadielikkuse hin-
damisel ja retsidiivhaavandi diagnoo-
simisel ning prognoosimisel eelistada
kvantitatiivsetele maohappesuse méaéra-
mise testidele EKPT-d.
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Summary

Postoperative Endoscopic Congo Red Test for
gstimaiing the completeness of vagotomy. Accor
ding to Endoscopic Congo Red Test (ECRT) in
211 duodenal ulcer patients the vagotomy was
found to be incomplete'lIn 50% of the cases ave-
ragely 8 years alter the bperation The vagotomy
is Incomplete more often after proximal vagotomy
(PV) than after truncal vagotomy (TV), 56%
and 34% respectively (p<0.001). The Incomplete
vagotomy areas were localized In 82% of the
cases alter PV and even more often after TV
in the upper part and in 33% of the cases in the
lower part of the gastric corpus mucosa. 18
recurrent ulcers from 19 were connected with ehe
incompleteness of vagotomy, They were more
frequent in large incomplete vagotomy areas in-
volving 20% or more of the gastric corpus mucosa,
ECRT is more exact and informative for estima-
ting the completeness of vagotomy than the insulin

test and the nocturnal 12-hour gastric secretion
reduction test.
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RISK EVALUATION OP POSTVAGOTOMY ULCER RECURRENCE BY USING
ENDOSCOPIC CONGO RED TEST AND GASTRIC SECRETION TESTS

A.PEETSALU, M.HARKONEN, M.PEETSALU, T."VARDJA, K.VILLAKO &
K.VARIS ,

Seoond Dept, of Surgery. Dept, of Oncology and Radiology,Uni-
versity of Tartu, Tartu, Estonia, Dept, of Clinioal Chemistry,
Helsinki University Central Hospital, Helsinki, and Malmintori
Medical Center, Helsinki, Finland.

Peetsalu A, Harkénen M. Peetsalu M, Vardja T, Villako K
S Varis K. Risk Evaluation of Postvagotomy Ulcer Re-
currence by Using Endoscopic Congo Red Test and Gastric
Secretion Test. Scand J Gastroenterol 1992,

The possibilities to discriminate cases with poetvagotomy
recurrent ulcer by using endoscopic Congo Red test (ECRT),
gastric acid secretion tests and serum pepsinogen | (S-PGI)
were compared in 39 duodenal ulcer (DU) patients 5-12 years
after vagotomy. The patients were selected from 270 operated DU
patients. ECRT was positive in 135 cases (50%), and 18 of them
(13%)had a recurrent wulcer. Only one <case of 135 with a
negative ECRT had a recurrent wulcer. The 39 patients were
classified in two main groups. Group A consisted of 13 patients
with a postoperative recurrent ulcer, and with positive ECRT.
Group B consisted 26 cases without recurrent ulcer, and was
classified in two subgroups aocording to the ECRT. Group Bl
consisted of 13 patients with a positive ECRT, and group B2 of
13 patients with a negative ECRT. Basal acid output (BAO),
maximal acid output (MAO), and nocturnal acid output (NAO) were

determined pre-and postoperatively. ECRT, insulin test and
S-PGI were determined only postoperatively. Positive ECRT had
95@ sensitivity and 53% specifity for postvagotomy

DU-recurrence. S-PGI>150 Mg/l had the highest specifity (92%),
but only 54% sensitivity. The sensitivity of a combination of a
positive ECRT and S-PGI > 150 flg/1 was 100%. The mean
postoperative decrease of BAO was 56% in group A. and 84% in
group B (p<0.05). The respective figures for MAO were 52% and
69%, and for NAO 55% and 78% (p<0.05). The insulin test showed
83% sensitivity and 78% specificity for ulcer recurrence. The
respective figures for the combination of BA0>1.5 mmol/h with
NAO>30 mmol/12 h were 80% and 81%. We conclude that ECRT should
be the primary step for estimating postvagotomy ulcer risk, and
further gastric secretion studies, such as S-PGl and BAO+NAO or
insulin test are needed only in ECRT-positive cases.

Key words: Duodenal ulcer, vagotomy, recurrent ulcer,
Insulintest, endoscopic Congo Red test, serum pepsinogen |1,
basal, acid output, maximal acid output, nocturnal acid output.

K.Varis M.D., Malmintori Medical Center, Malmin Kauppatie 18,
SF-0070U0 Helsinki. Finland
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Highly selective vagotomy (proximal vagotomy) has been pro-
ved to be gin effective method in controlling the oourse of duo-
denal ulcer disease, and in preventing of recurrent uloers.
However, a part of operated patients will get an ulcer relapBe
in spite of test results indicating a successful vagotomy.
Repots from different oentree indioate that about 10-25% of
duodenal uloer patients will get a reourrent ulcer during 5-15
years follow-up after a highly selective vagotomy ( ), whereby
the risk evaluation of reourrent postoperative ulcer would be
important.

The sensitivity, specifity, prediotive value and discrimi-
natory ability of gastrio secretion tests based on pentagastrin
stimulation or insulin hypoglyoemia are poor both after truncal
and selective vagotomy (for references see: 2 ). Baeal aoid out-
put (3) and nocturnal aoid output (4) seem to be more useful in
the evaluation of uloer risk after vagotomy. However, gaetrio
tests whioh are based on the collection of gastrio juioe by a
nasogastrio tube are inoonvenient. Serum pepsinogen 1 (S-PGI)
refleote the seoretion of the gastrio oorpus muoosa, and it
tends to be higher in patients with poBtvagotomy reourrent
uloer (5). Endosoopio Congo Red test (ECRT) shows the .looation
and size of the residual innervation area in the gastric oorpus
mucosa after vagotomy, and may be a more reliable indicator of
risk of reourrent uloer than many acid seoretory tests ().
Small areas of vresidual innervation may not be clinically
important, whereas if areas greater than 20% are involved, re-
current ulcer oan be expected to ooour in 40% of cases within
two years (6)- Insulin test has been during decades the classic
method to examine the completeness of vagotomy. However, it is
a time wasting and inoonvenient procedure, whereas ECRT is an
easy and quiok visual method to evaluate the residual aoid seo-
ret,ion capaoity at gastrosocpy.

There ie no generally aooepted polioy in the estimation of
recurrent ulcer risk after vagotomy. The aim of this study was
to evaluate the usefulness of ECRT. and to compare the sensiti-
vity and specificity of diffenent tests in the discrimination
of cases with high risk for postvagotomy uloer.
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SERIES AND METHODS
Patients

The patient Beries ooneieted "of 39 patients with duodenal
uloer, who had undergone vagotomy in 1976-1994 at the Second
Department of Surgery, University of Tartu, Estonia. A proximal
vagotomy performed in 30 oasee (15 with pyloroplasty, and 6
with duodenoplasty), and a trunoal vagotomy with pyloroplasty
in 9 oases.

The patients were selected from 270 duodenal ulcer pati-
ents, who were examined by gastroeoopy, ECRT (7) and extensive
gastric seoretion teste 5-12 years after vagotomy. ECRT was
positive in 135 caBeB (B50%), and 18 of them (13%) had a re-
current ulcer. Only one oase from 135 patients with a negative
ECRT result had a recurrent ulcer.

Group A consisted of 13 patientl with reourrent uloer and
positive ECRT.

Group B oonsisted of 26 patients without recurrent uloer at
oontrol endosoopy. They were selected for each case in group A
to have two oontrol patiente of same age and of the same type
of gastrio operation. In all oontrol pairs one patient had
positive and the other negative ECRT. Thirteen control patients
with poeitive ECRT formed group Bl, while group B2 oonsisted of
13 oontrol patients with negative ECRT.

The details of both groups ie presented in Table 1.

Table I. The oharaoterietios of patient group A with postvago-
tomy uloer, and patient group B without postvagotomy uloer.

Group A Group B
Number of oaBseB 13 26
Male/Female 10/3 25/1
Age (years)(mean t SE) 47.8 + 3.1 49.0 = 1.8
Follow-up time (years)
(mean + SE) 8.1 £0.6 8.0 £ 0.4



Methods

Examinations performed in all patients in group A and B are
listed in Table II.

Table II. Examinations performed in 39 patients during the
study.

Preoperative After 5-12 years

follow-up

(No. of examined) (No. of examined)
Gastrosoopy 39 39
ECRT 39
S-PGI 39
BAO 33 30
Uao 34 30
NAO 32 27
Insulin test 30
Gastroscopy

Gastroscopy was performed in the usual manner by using the
Olympus GLF-Q Boope for all patientB in groups A and B 5-12
years after vagotomy irrespective of the abdominal symptoms.
Two patients in the group A, and 10 patients in the group B had
no abdominal symptoms at the time of endoeoopy.

Endoscopio Congo Red Test (ECRT)

Endosoopio Congo Red Test (ECRT) was performed aooording to
Donahue et al. (7) under baeal conditions. After aspirating all
gastrio oontente, solution of 0.5% Congo Red and 5% bicarbonate
was sprayed through the endosoope to cover the gastric corpus
muoosa. Any area of the mucosa whioh turned black-blue (pH<3.0)
within the first 2-3 minutes was considered positive. This re-
action is oalled "rapid aoid Beoretion”. A totally red coloured
mucosa after 3 minutes (pH>3.0) was considered a negative test
result.
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Serum Pepsinogen I (S-PGI)

S-PGI was determined using a radioimmunologic method in the
Department of Clinioal Chemistry of Helsinki University Central
Hospital (). The serum samples were stored at -ro"c before the
use. The S-PGI 50-150 "ig/l was considered as the normal range.

Gastrio aoid

Samples for the determination of gaBtrio aoid seoretion
parameters were oolleoted with a nasogastrio tube using conti-
nuous aspiration. The poeition of the tube was oheoked by x-
ray.

Basal aoid output (BAO) was determined from a gastric juice
sample oolleoted during 60 minutes under basal conditions after
an overnight fast. The normal range of BAO values iR 1-5
mmol/h.

Maximal aoid output (MAO)was determined from a gastrio
juice sample oolleoted during 60 minutes suotion after 6 Mg/kg
Pentagastrin b.o. stimulation of the gastrio aoid seoretion.
The normal referenoe values for 1£A0 are 16-24 mmol/h.

Nocturnal aoid output (NAO) was determined from a sample of
gastrio juice oolleoted during 12 hours between 8 p.m. to 8
a.m. The normal range of NAO is 10-20 mmol/12 h.

Insulin teet was oarried out by oausing insulin hypogly-
oemia with intravenous insulin 0,2 IU/kg. The teet reeults were
interpreted by using a multioriteria analysis. If one of the
three oriteria (©-11) used was positive, the test result was
considered positive.

Statistics

Statistical oomparison of test parameters between preopera-
tive and postoperative patient groups was oarried out using the
Wilooxon matohed-pair signed-rank test. The parameters between
postoperative groups were compared using the Mann-Whitney U
test. The correlations and the signifioanoe of the correlations
between gastrio aoidity and S-PGlI were calculated using the
Spearman rank correlation.
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RESULTS

Prevagotomy secretion patterns

The preoperative gastrio acid secretion parameters are pre-
sented in Table I1l1l. There was no significant difference of the
mean values of BAO, MAO and NAO in groups A and B.

Postvagotomy ohange of aoid seoretion

The means of BAO, MAO and NAO decreased significantly in
all groups (Table I11). The mean BAO poetoperatively decreased
56% from the preoperative value in group A, and 84% in group B
(p<0.05). The respective figures for MAO were 52% and 69%, and
for NAO 55% and 78% (p<0.05).

Postvagotomy seoretion patteme

The oompariBon of postoperative gastrio seoretion para-
meters between group A and B indioates the possibility of using
these parameters to prediot postoperative ulcer risk.

Table 111 showB the mean postoperative BAO, MAO and NAO in
groups A and B. There was no significant difference between the
mean of MAO in theee groups, whereas the mean BAO and NAO were
signifioantly (p<0.05) lower in group B than in
group A. The mean postoperative NAO was significantly higher in
group Bl than in group B2 (p<0.05). The mean postoperative S-
PGl was signifioantly higher in group A than in group Bl
(p<0.05), whereas there was no significant difference between
group A and B2.

The postoperative ineulin test was positive in 10 out of 12
(83%) patients in group A, and in 4 out of 18 patients (22%) in
group B. The difference between the two groups was significant
(p<0.001), and a positive insulin test had a 78% specifity for
ulcer recurrence.

The Bensitivity and speoifity of postoperative gastrio
seoretion teste and of some of their combinations in the detec-
tion of cases with recurrent uloer are presented in table IV.
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Table Il Pre- and postoperative basal acid output (BAO), maximal acid output (MAO), nocturnal acid output (NAO), and serum
pepsinogon | (S-PGI) (mean + SE, range) in 13 patients with recurrent ulcer after operation (Group A), in 13 palients without
postoperative ulcer and with a positive endoscopic Congo Red test (Group B1), and in 13 paiienSs without postoperative ulcer

and with a negative endoscopic Congo Red test (Group B2), and in whole control series of 26 patients without recurrent ulcer

(Group B).
Test Preoperative patient groups Postoperative patient groups

A B B A B B
BAO (mmol/l) 5.4 +1.0 6.1 £0.8 68+ 14 55+0.9 24 +0.61 1.0+£0.323 0.910.42 1.2+0.42
MAO (mmol/h) 22.0+28 20.8+22 225+ 29 19.5%#3.2 106+ 182 6.5+102 7.0+£1.72 5.8+3.32
NAO (mmol/12 h) 50.6 +7.6 401 +7.3 443 +13.2 36.6 + 8.0 22.8 4.5’ 9.0+2.123 13.8%2.7’ 3.7 £ 2.0245

S-PG 1 (pg/l) 146.5+16.2 1047+ 7.63 91.0+7.76 118.4+12.3

1p < 0.05 preoperative vs postoperative
2p<0.01 Wilcoxon

3p < 0.05 postoperative A vs B

4p < 0.05 postoperative Avs B2 Mann-Whitney
sp<0.05 postoperativeB,vsB2

6p < 0.05 postoperative A vs B.



Table IV. Sensitivity and specifity of secretory tests in the
discrimination of patients with recurrent ulcer after vagotomy.

Laboratory test Sensitivity Specifity
S-PGI > 100 |ig/I 69 % 46 %
S-PGI > 150 ng/1 54 % 922 %
BAO > 1,5 mmol/h 73 % 74 %
MAO >10 mmol/h 55 % 84 %
NAO > 10 mmol/12 h 73 % 59 %
BAO > 1,5 mmol/h+NA0>30 mmol/12 h 80 % 8L %
Insulin test 83 % 78 %

A high S-PGI>150 (ig/1 wae the most speoifio test for de-
tecting oaBeB with reourrent uloer, but the sensitivity of this
test is low. The combination of a BA0O>1.5 mmol/h and a NAO0>30
mmol/12 h showed the greatest aocuraoy in the detection of re-
current ulcer when both sensitivity and specifity are con-
sidered, 80% and 81% respectively. Figures 1 and 2 show the
individual valuee for the combination of postoperative BAO and
NAO in groups A and B. Eight oases out of 10 with a recurrent
uloer had a combination of an NA0O>30 mmol/12 h and a BAO>1.5
mmol/h (Fig. 1). Only three out of 16 patients without re-
current ulcer had a similar teet combination (Fig. 2).

There was a significant positive correlation between indi-
vidual S-PGlI and NAO values in group A (r=0.8061, p=0.0156),
whereas this correlation was not Been in group B.

ECRT wae poeitive in 18 out of 19 patients with recurrent
uloer, which givee a sensitivity of 95% for postvagotomy ulcer
relapse. Altogether 134 out of 251 patients without uloer re-
lapse had a poeitive ECRT, whioh indicates a low specifity
(53%) of ECRT for postvagotomy uloer recurrence.
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Pig.2 Postoperative BAO (basal aoid output) and NAO (nootumal
acid output) in 16 patients without recurrent uloer. Speoifi-
city of this test combination is 8156.
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Fig.3 Concentration of serum pepsinogen 1 (S-PGl) in 13 pati-
ents with reourrent uloer after vagotomy (Group A), in 13 pati-
ents without postoperative uloer and with a positive endoscopic
Congo Red test (Group B1l), and in 13 patients without post-

operative ulcer and with a negative endosoopio Congo Red test
Group B2).
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Figure 3 shows the individual values of S-PGI in diffe-
rent patient groups, A high S-PGI>150 H-g/1 was observed in 7/13
patients (64%) in group A, whereas only two patients out of 26
(8%; in group B had a high S-PGT. This difference is statisti-
cally significant (p<C.05) whereas there was no significant
difference between groups Bl and B2 in this respect. According-
ly, a high S-PGl is specific for detecting ulcer recurrence but
its sensitivity is low. In ECRT positive oases, however, tne
sensitivity of a high S-PGI rises to 100%.

DISCUSSION

To estimate the riek of postvagotomy recurrent uloer, three
technically different methods oan be used. Gastrio acid secre-
tion parameters need gastrio suotion, whioh is time oonsuming
and inoonvenient for patient. Especially insulin test may be
unpleaeant and even risky for elderly patiente or for patients
with oardiovasoular disorders, diabetes eto. A considerable
shorter time period will be spent for the ECRT and this is less
distressing for the patient. Only a faeting serum sample is
required for the determination of S-PGI.

Postvagotomy endosoopy is essential sinoe a certain pro-
portion of uloer relapses are asymptomatic. This has been shown
in our series and in the literature (12). Congo Red staining is
an easy and reliable method to evaluate the remaining gastric
seoretion capacity during a routine endosoopy (). Accordingly
ECRT is only an eaBy addition to a routine endoscopy and does
not need a separate examination.

The essential finding in our study was the reliability of
ECRT results in deteoting reourrent uloer 5-12 years after
vagotomy. ECRT is primarily oharaoteristio of vagally cont-
rolled gaetrio seoretion (13). In our series, nearly all re-
current ulcer patiente were ECRT positive. It can be ooncluded
that a high riek of reourrent uloer postvagotomy is associated
with residual vagal innervation in the gastrio oorpus. As would
be expeoted, in our eeries ECRT refleoted the changes in the
NAO, whioh is primarily vagally controlled. In ECRT positive

reourrent uloer patients the mean NAO was significantly higher
than in ECRT negative oases.
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From our data a oonolusion of high praotioal importance
oan be drawn. A negative ECRT exoludee the risk of uloer re-
ourrenoe after vagotomy with a very high probability. This oon-
olusion is based on our series where 18 (©5%) reourrent uloer
oases out of 19 were ECRT positive and only 1 oase (ss6) was
negative. This means that the oase of a negative ECRT no
further risk studies are neoessary. ECRT had a low positive
prediotive value of 13% for uloer reourrenoe. So than further
studies for estimating the uloer relapse risk are required.

The present study shows that the combination of BA0>1,5
mmol/h + NAO>30 mmol/12 h discriminate with about 80% sensiti-
vity and specifioity the oases with recurrent ulcer from oases
without uloer reourrenoe. According to the data in the litera-
ture, uloer recurrence rates do not depend signifioantly on
whether the acid seoretion remains high immediately after vago-
tomy or whether there is an early low seoretion output which
inoreases over time (14). To estimate the reourrent ulcer r~sk,
repeated BAO and NAO may prove neoessary for determining the
gaetrio aoid seoretion level and its rise during the follow-up
period. In praotioe, however, the use of these tests is limited
because they are distressing for the patient.

In our series, the insulin test also showed a relatively
high sensitivity and specificity for reourrent ulcer risk, 83%
and 78%, respectively. Such a high specifioity can here be
attributed to the seleoted eubjeots in whom the proportion of
reourrent ulcers was high (12/30, 40%). In study group with a
lower proportion of recurrences, e.g. 23% (15/65) 5 years after
proximal vagotomy (5), the sensitivity of the insulin test was
87% whereas its specificity was only 52%, so reducing conside-
rably the value of the test for reourrent uloer diagnosis. In
addition , the insulin te3t is more difficult for the patient
to endure and may inour oomplioations (16).

The sensitivity and specificity of other gastric acid sec-
retion parameters in the discrimination of postvagotomy re-
ourrent ulcer is lower. This wiew is supported by data in the
literature (2) although reourrent ulcer patients have a higher
mean BAO and MAO valuee than those without uloer relapses
(1,17) as also oonfirmed by our data.



A simple and relatively non-invasive method for the patient
is S-PGI whioh oorrelates with the basal and stimulated output
of pepsinogen seoreted into the gastrio lumen (18). It has been
reported earlier that, for olinioal purposes, S-PGl is not use-
ful for evaluating the "severityT of duodenal uloer in those
patients who have not had surgioal treatment for DU (19).
Nevertheless, high S-PGl valuee have been helpful in selecting
patients who should receive maintenance therapy for recurrence
prophylaxis 0).

In our series 5-12 years after vagotomy the mean S-PGl in
patients with recurrent uloer was significantly higher than in
those without recurrence as has also been reported earlier
(21). This study shows that an S-PGI>150 Hg/1 was the most spe-
cifio test for detecting uloer relapse, but its sensitivity is
low. Our patient series demonstrate that in the presenoe of
uloer recurrence the sensitivity of high S-PGI>150 L-g/l increa-
ses to 100% when the ECRT ie positive. In ECRT negative cases
high S-PGl values were not discriminatory in this respect. Ear-
lier it has been shown that there is no correlation between BAO
and S-PGl (22), or between peak aoid output and S-PGI (23),
either before or after vagotomy. We found a significant posi-
tive correlation between the S-PGI and NAO values in patients
with recurrent uloer while suoh correlation was abeent in other
patients. It means that after vagotomy there is some correla-
tion between higher aoid output and higher S-PGI values whereas
there is no suoh correlation in cases of low values of acid
output. Therefore,, both gastric acid secretion and S-PGI must
be oonsidered together in order to suspect postvagotomy ulcer
recurrence.

Analysing the results of the three different methods, one
oan see that no single method exists which is both of high
sensitive and specific for estimating the reourrent ulcer risk
and at the same time is endured easily for the patient. Hence,
these methods must be combined. The present study shows that it
is expedient to start with ECRT. It is a relatively quick and
highly sensitive method. If ECRT is negative, the development
of reourrent uloer is unlikely and no further studies along
these lines are neoessary. If ECRT is positive, BAO, n~Ao and
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S-PGI must be determined. In oases where BAO>1 .5 mmol/h +
NAO>30 mmol/12 h, or S-PGI>150 Ug/1 there is a high risk of
ulcer relapse. Sinoe S-PGl is easier for the patient, it should
be preferred to BAO and NAO. Repeated S-PGl during the follow-
up period for deteoting patients with recurrent ulcer risk may
make it possible to avoid relapsee by timely preventive the-
rapy-
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