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Abstract
Background-Stress lesions of the upper
gastrointestinal tract are well recognised
in adult patients in intensive care. There
are no controlled studies of the incidence
of these lesions and the effects or side
effects of prophylactic treatment in high
risk paediatric patients.
Methods-79 paediatric patients in intensive care were studied prospectively after
operation for congenital heart disease.
All patients had at least one endoscopic
examination. The first 36 patients were
not given prophylactic medication: later
43 children were treated randomly either
with pirenzepine (n = 21) or with famotidine (n = 22). Gastric and tracheal secretions were taken daily for culture in those
patients given prophylactic medication.
Results-Severe inflammation or ulceration of the upper gastrointestinal tract
was less common in those patients who
were given prophylactic medication (18%
v 44%). Prophylactic treatment did not,
however, reduce the total incidence of
postoperative stress lesions: it shifted the
severity of these changes towards mild
lesions and reduced the incidence of
ulcerations from 25% to 2%. None of the
patients developed a pneumonia caused
by an organism previously isolated from
the stomach.
Conclusions-The incidence of stress
lesions in children after cardiac surgery
resembles that in high risk adult patients.
Children in intensive care after cardiac
surgery should be treated prophylactically with famotidine or pirenzepine until
they can be fed by mouth.
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Stress-induced lesions of the upper gastrointestinal (GI) tract often develop in adults in
intensive care units. Lesions include diffuse or
petechial bleeding, erosions, severe inflammation, ulcerations, and perforations.'2 Predisposing risk factors are septic or hypovolaemic
shock, cerebrocranial trauma, and extensive
surgery.-5 Up to 75% of adult patients in
intensive care develop a lesion of the upper GI
tract.6 7 Prophylaxis with antacids, H2 antagonists, or pirenzepine reduced the incidence of
these lesions to 16-20%.8Antacids and H2 antagonists increase the
gastric pH to >4. Pirenzepine is an anticholinergic agent that is highly specific for MI

receptors of the stomach and reduces the production of hydrogen ions in the gastric
mucosa. In addition it improves perfusion of
the gastric mucosa, which leads to an
increased production of mucus and bicarbonate," but does not change the gastric pH.
There is evidence, however, that prophylactic treatment with antacids or H2 antagonists promoted bacterial overgrowth in the
stomach and thus increased the risk of nosocomial pneumonia in adults.'2 1'
Stress-induced ulcers of the upper gastrointestinal tract were detected in infants by
pathological examinations in 1926.14 Nevertheless, so far there have been no controlled
studies of the incidence of stress lesions and
the effects of prophylactic treatment in infants
and children in intensive care.'5 The purpose
of our study was to obtain reliable data about
the incidence of these lesions and about
effects and side effects of prophylactic treatment in infants and children who underwent
surgery for congenital heart disease.

Patients and methods
From October 1988 until November 1991 we
prospectively examined 79 consecutive children who underwent corrective or palliative
surgery for congenital heart disease. We did
not include patients who had operations that
usually have a short and uncomplicated postoperative recovery such as repair of an atrial
septal defect, valvotomy for aortic stenosis, or
repair of coarctation of the isthmus. The first
36 patients (group 1) were not given treatment to prevent lesions of the upper GI tract.
Later, 43 patients (group 2) were randomised
and treated either with pirenzepine, an anticholinergic, (21 patients) or famotidine, a H2
antagonist, (22 patients). Both drugs were
given intravenously at a dosage of 1
mg/kg/day. In older patients the drugs were
given as two doses; children who weighed
<10 kg were given three doses. The daily
dosage was reduced to 0*5 mg/kg if the serum
creatinine concentration exceeded 3 mg/dl.
Prophylactic treatment was continued in all
patients until they were fed fully by mouth.
Table 1 shows the diagnoses and the type
of cardiac surgery. Except for six patients in
group 1, cardiac surgery was performed with
cardiopulmonary bypass. All patients had at
least one endoscopic examination performed
by the same examiner (RB) using endoscope
(Pentax) with an outer diameter of 5-5 mm or
8-0 mm. If a patient had more than one examination, we based our assessment on the
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Table 1 Type of congenital heart disease and surgical
procedures
Surgical
procedure

Group Group
1
2

AVSD
AVSD
VSD
VSD
D-TGA
ToF
ToF
DORV
TA
TA
TAC
TAPVD
SV
PA
PA
Miscellaneous

Patch closure
Pulmonary banding
Patch closure
Pulmonary banding
Senning procedure
Corrective surgery
Aortopulmonary shunt
Intracardiac repair
Fontan procedure
Aortopulmonary shunt
Rastelli procedure
Corrective surgery
Fontan procedure
Outflow tract patch
Aortopulmonary shunt

6
1
10
1
4
2
1
1
2
1
2

Total:

Table 2 Endoscopic score
describing the sevenity of
upper GI tract lesions
Category

Score

Normal findings
0
Mild to moderate
inflammation, few
petechiae or
1
erosions
Pronounced
inflammation, multiple
petechiae or
erosions
2
3
Ulcer(s)

Table 3 Clinical score
describing the postoperative
state

Score A
(1) Stable haemodynamic
condition (intravenous
catecholamines)
+

(2) No respiratory
problems under
mechanical ventilation
+

(3) Normal renal function
Score B
(1) Unstable
haemodynamic
condition requiring

high dose intravenous
catecholamines
or

(2) State after cardiac
arrest, resuscitation,
repeat thoracotomy

or

or

(3) Renal failure requiring
haemodialysis or
haemofiltration

-

15
-

5
-

5
3
-

3
2
-

1
2
2
1

1

-

4

4

36

43

AVSD, atrioventricular septal defect; VSD, ventricular septal
defect; D-TGA, d-transposition of the great arteries; ToF,
tetralogy of Fallot; DORV, double-outlet right ventricle; TA,
tricuspid atresia; TAC, truncus arteriosus communis;
TAPVD, total anomalous pulmonary venous drainage; SV,
single ventricle; PA, pulmonary atresia.

examination that showed the most severe
changes. The examination was performed
while the patients still required mechanical
ventilation. Patients did not need additional
sedation for the endoscopic examination at
this time because continuous intravenous
fentanyl (0 02 ,ug/kg/min) and intravenous
midazolam (0I1 mg/kg/h) were given routinely.
All patients were treated with antibiotics after
operation (cefuroxime or cefotiam at a dose of
100 mg/kg/day). At the time of endoscopy
they were given full parenteral nutrition,
because enteral nutrition was impossible in
the immediate postoperative period. Total
parenteral nutrition and routine intensive care
were identical in both groups.
To assess the severity of lesions of the
upper GI tract we developed a score based on
the endoscopic findings (table 2). To correlate
the endoscopic findings with the clinical
course, patients were classified according to a
clinical score describing the state of the
patient at the time of examination (table 3).
In addition patients in group 2 had continuous 24 hour measurement of pH (Synectics
Medical, Stockholm, Sweden). The probe
was placed endoscopically in the body of the
stomach. While patients were being treated
with pirenzepine or famotidine daily samples
of tracheal and gastric secretions were cul-

Table 4 Data on 79 patients
Data
No of patients
Mean age (y)
Male
Female
Mean weight (kg)

Mean cardiopulmonary bypass time (min)
Mean aortic cross clamp time (min)
Mean interval between surgery and gastroscopy

(days)
Patients in stable haemodynamic condition
(clinical score A)
Patients with a complicated postoperative course

(clinical score B)

Group )
36
3-12

(10 days-19 9 yr)
15
21
11*02

(2 53-635)

142
67

Group 2
43
2-62
(35 days-9 85 yr)
24
19
11*47

(37-42)

146
70

6

4

22

25

14

18

tured for pathogenic bacteria by the Institute
of Clinical Microbiology, University of
Erlangen-Nurmberg. All patients had daily
routine chest x-rays on the first three postoperative days. Afterwards chest x-rays were
taken if indicated by the clinical findings.
The X2 and the Wilcoxon tests were used
for statistical analysis. Exclusion criteria were
participation in another clinical trial during
the past 30 days, a history of upper GI tract
lesions, leucopenia of < 3500/ul or thrombocytopenia (platelets < 65 000/,ul). Informed
consent was obtained from all parents before
the study. Only two patients were excluded
because their parents refused their consent.
The study was approved by the ethics committee on human research of the University of
Erlangen-Nurnberg.
Results
Age, weight, cardiopulmonary bypass time,
aortic cross clamp period (table 4) and mean
interval between endoscopy and cardiac
surgery were not significantly different in the
two groups (Wilcoxon test). The clinical
course of patients in both groups was similar.
According to our clinical score (table 3) 61%
of patients in group 1 and 58% of patients in
group 2 were in a stable haemodynamic condition (score A). Furthermore statistical
analysis of group 2 did not show a significant
difference of these variables between those
patients who were treated with famotidine
and those treated with pirenzepine.
Table 5 shows results of endoscopy.
Normal findings or only mild inflammatory
reactions (endoscopic score grade 0 or 1) were
present in a higher percentage of patients in
group 2 than in group 1 (81% v 56%).
Although there was no difference between
both groups in those patients who showed
pronounced inflammation (19% in group 1 v
16% in group 2), ulceration was much more
common in group 1 patients (25% v 2% in
group 2). Normal findings or mild lesions
were more common in group 2 and pronounced inflammation or ulceration were
more common in group 1 (X,2 p < 0-05).
In both groups the postoperative course
correlated with the severity of upper GI tract
lesions. Most patients with an uncomplicated
postoperative course in both groups (47
patients classified as clinical score A) either
had normal findings or mild inflammatory
changes (group 1 73%, group 2 92%). In
those children with a more complicated postoperative course (32 patients classified as
clinical score B), pronounced inflammation or
ulceration was found in 71% of patients from
group 1 and in 33% of patients from group 2.
Those differences were statistically significant
(x2, P < 0-005). In the group 2 patients there
were no differences between tose treated
with pirenzepine and those treated with famotidine.
Patients in group 2 who were treated with
pirenzepine had a significantly lower mean
gastric pH during 24 hour monitoring than
patients who were treated with famotidine
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Table 6 Gastric and tracheal colonisation in patients
given prophylactic treatment

Table 5 Endoscopic
findings
Group
2

0
1
2
3

1
34
7

2
18
7
9*

it

*Site of ulceration in
patients in group 1: oesophagus (n=2), stomach
(n=6), duodenum (n=1
including one perforation).
tSite of ulceration in group
2: stomach (n=1).

Pirenzepine group
(stomach/trachea)

Famotidine group
(stomachltrachea)

Candida spp
Enterobacter spp
Streptococcus spp
Pseudomonas aeruginosa
Enteroccoci
Acinetobacter spp
Staphyloccocus spp
Kiebsiella spp
Escherichia coli
Serratia marcescens
Haemophilus influenzae
Bacteroides spp
Veillonela spp
Aerobic spore forming
bacilli
Campylobacterfreundii

12/3
6/8
1/7
3/3
2/3
1/2
1/2
0/2
0/1
1/0
0/1
-

10/8

Total

27/32

-

-

9/3
5/8
2/3
4/3/2/1

2/2/0/1
1/1/1/1/-

43/23

(2-18 v 6.20, X2, p < 0.001). Three patients
from each group, however, had unexpected
high or low mean pH values (mean pH > 4 in
children treated with pirenzepine or mean
pH < 4 in children treated with famotidine).
In children from group 2 cultures of gastric
secretion were positive in 95% of patients
with a mean gastric pH > 4 and in -80% of
patients with a mean gastric pH < 4 (i2, NS).
Table 6 shows the type and number of organisms cultured from gastric and tracheal secretion. An organism cultured from the stomach
was grown from tracheal secretion one to four
days later in six patients (29%) treated with
pirenzepine and in five children treated with
famotidine (23%). Nine patients treated with
pirenzepine and four patients treated with
famotidine had high temperatures in the early
postoperative period. In one patient coagulase
negative staphylococci were grown from
blood cultures; in the rest of the patients all
cultures were negative. Only one patient from
the pirenzepine group developed pneumonia,
which was diagnosed on the third postoperative day. None of the nine patients treated
with pirenzepine had an organism cultured
from tracheal secretion that was previously
isolated from the stomach.
Discussion
Stress lesions of the upper GI tract develop in
up to 75% of adult high risk patients.67
Considerable variation in the reported incidence can be explained by the fact that not all
of the studies were based on the results of
endoscopic examinations and that some
patients were being fed by mouth, which proagainst those lesions.'6 17
In paediatric patients upper GI tract lesions
have been described in case reports'8 and in
retrospective studies.19-21
This is the first prospective study reporting
the incidence of these stress lesions based on
endoscopic findings in a homogenous group
of paediatric patients in intensive care after
surgery for congenital heart disease. Thirty
four (94%) of those patients who did not
receive prophylactic treatment had stress
tects to some extent
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lesions of the upper GI tract. There were
severe lesions in 44% of these children who
had either pronounced inflammation (19%)
or even ulceration (25%). One patient
required surgical treatment of a perforated
duodenal ulcer. The incidence of stress
lesions in children after cardiac surgery
resembles that in adults at high risk.
We believe that the effects of prophylactic
treatment can be gauged only by endoscopic
findings. There are several studies of prophylactic treatment in babies and children but
none includes the results of routine
endoscopy.22-24 Our study confirms previous
observations in adult patients that there is a
positive correlation between the incidence of
upper GI tract lesions and the severity of the
underlying disease.' Severe changes were
noted in only 17% of children with an uncomplicated postoperative course; whereas 50% of
children in whom recovery took longer had
pronounced inflammation or ulceration. In
these high risk patients the incidence of severe
stress lesions was significantly reduced in children who received prophylactic treatment
compared with those who did not (33% v
71%). Though in our experience prophylactic
treatment does not reduce the total incidence
of postoperative stress lesions, it promotes a
shift in the severity of those changes towards
mild lesions with a considerable reduction in
the incidence of ulcerations (25% of
untreated patients and 2% of patients given
prophylaxis had ulcers). There have been
several reports of a higher incidence of nosocomial pneumonias in adult patients treated
with H2 antagonists or antacids.'325 This was
attributed to an increase in bacterial colonisation of the stomach caused by an increase in
gastric pH.'6 We believe that the results of
some of those studies are questionable
because they included a high percentage of
patients who were already at an increased risk
of nosocomial pneumonias (for example,
patients who had a tracheostomy27 or patients
who were mechanically ventilated for a long
time28). Usually changes in gastric pH were
recorded as single measurements despite the
fact that a protective bactericidal effect was
reported in patients who had a gastric pH of
<3 for at least 15 minutes.29 Different studies
can be compared only if patients are examined under standardised conditions including
endoscopic examination, continuous 24 hour
pH measurement, repeat cultures from tracheal and gastric secretion, and standardised
oral or parenteral nutrition. These criteria
were fulfilled in our patients who received
prophylactic treatment with either pirenzepine
or famotidine. During 24 hour pH measurement 20% of our patients who were treated
with famotidine had periods of gastric pH of
<3 lasting more than 15 minutes. Without
continuous measurement such periods of
bactericidal gastric pH would not have been
detected. None of our patients developed
pneumonia caused by an organism previously
isolated from the stomach.
Our study confirms the results from Cook
et al 30 who found that prophylactic treatment
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of upper GI tract lesions does not increase the
risk of nosocomial pneumonia. Because medical treatment reduced the risk of severe stress
lesions we recommend prophylactic medication with either famotidine or pirenzepine in
all high risk patients after corrective surgery of
congenital heart disease. In our experience
those at high risk are children in unstable
haemodynamic condition who require high
doses of intravenous catecholamines, children
after cardiac arrest, resuscitation, or repeat
thoracotomy, and children in whom renal
failure requiring haemodialysis or haemofiltration develops.
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