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Chapter 1 

INTRODUCTION AND OUTLINE OF THE THESIS 





Chapter 1 

General introduction 

Insight in the pathogenesis of gastric and duodenal ulcer disease has chan
ged considerably over the last 20 years. With the dictum 'no acid, no ulcer' 
Karl Schwarz in 1910 introduced the hypothesis that gastric acid was the 
most important factor for the development of 'peptic' ulcer disease [1]. 
Antacids were used for treatment of peptic ulcer disease since 1915 [2]. In 
1966, the role of the histamine receptor in acid production was reported [3]. 
According to these insights treatment changed after histamine2-receptor 
antagonists (H2RA) became available [4]. More effective acid reduction was 
possible since the first proton pump inhibitor became commercially availa
ble in 1990 [5]. In the 1980's an acid independent cause of ulcer disease 
was described. A spiral shaped micro-organism, Helicobacter pylori, was 
found to be the cause of most duodenal and gastric ulcers [6]. Therefore, 
eradication of H. pylori is the goal of therapy in ulcer disease nowadays [7], 
The presence of spiral bacteria in the canine stomach was first reported in 
1893 [8]. Later reports describing the presence of these micro-organisms in 
the human stomach were published in 1906 [9], 1938 [10], 1975 [11] and 
1979 [12]. The definite role of H. pylori in the pathogenesis of gastric ulcer 
disease was determined in 1983 by Warren and Marshall [13]. 
Stress ulceration in the critically ill has a less turbulent history. Mucosal 
ischaemia is thought to be the final common pathway of many conditions 
leading to stress ulcerations [14,15]. Nevertheless, reduction of acid pro
duction by H2RA or antacids, to reduce back diffusion of acid, is often used 
to prevent and treat stress ulcerations [16]. The role of H. pylori in the patho
genesis of stress ulceration is unknown. The prevalence, pathogenesis and 
the possible role of H. pylori in stress ulcerations in the critically ill patient 
are subject of this thesis. 

Definition of stress ulceration 

The description of stress ulcerations has a long history. The first reports of 
ulcerations in the upper gastrointestinal tract in patients with excessive 
burns were by Swan in 1823 [17] and by Curling in 1842 [18]. In 1853, 
Virchow related mucosal ulceration to hypoxaemia and hypoperfusion [19]. 
The presence of ulcers in a postoperative patient was reported by Billroth in 
1867 [20]. Furthermore, in 1932 Cushing described mucosal ulcerations in 
head trauma patients [21]. Since that time the term 'stress ulcer' was used. 
The introduction of antibiotics and improvement in surgical techniques redu
ced the mortality of severely ill patients. The prolonged survival of severely 
ill patients resulted in complications that were infrequently faced before. 



Helicobacter pylori in the critically ill patient 

Stress ulceration was reported frequently since the 1950's [22]. Despite the 
widely used term 'stress ulceration', there is no universally accepted defini
tion. Usually stress ulcerations are defined as multiple superficial mucosal 
erosions of the stomach in critically ill patients [23,24]. Deeper ulcers may 
develop from these superficial erosions [25,26] and may lead to stress ulcer 
related bleeding (SURB). The true prevalence of stress ulcerations remains 
unknown because in most studies endoscopy is not routinely performed 
[27]. The incidence of upper gastrointestinal bleeding as a surrogate for 
SURB has been studied more extensively [27]. Upper gastrointestinal blee
ding is usually defined as clinically important when overt bleeding is accom
panied by (a) a decrease in blood pressure of 20 mm Hg within 24 hours of 
onset of bleeding or (b) a decrease in blood pressure of 10 mm Hg and an 
increase in heart rate of 20 beats per minute on orthostatic change or (c) a 
decrease in haemoglobin level of 1.2 mmol/L and transfusion of 2 units of 
blood within 24 hours or when gastric surgery is required [16]. However, 
other definitions are used as well [28,29] and this variability in definition 
should be considered when studies are compared. 

Prevalence of stress ulceration, upper gastrointestinal bleeding and 
stress ulcer related bleeding 

Routine endoscopy in selected patient groups reveals mucosal lesions in the 
majority of critically ill patients. Brown described mucosal lesions in 91% of 
the patients after head trauma [30]. In surgical patients a prevalence of 82% 
was found [31]. A spectrum of lesions can be found from haemorrhagic gas
tritis to erosions and ulcerations. Lucas and co-workers showed progression 
from petechiae to erosions and bleeding [25]. These findings were confir
med by Eddleston [26] who found mucosal lesions and haemorrhagic gas
tritis which developed into erosions and ulcerations in 88.9% of placebo and 
37.5% of treated patients. Only a minority of the lesions will cause overt or 
significant bleeding. The incidence of upper gastrointestinal bleeding in cri
tically ill patients varies from 0.6 to 8.9% [27,32-35] and has shown a signi
ficant decline in prevalence from 12 to 5% over the last years caused by an 
improvement in general intensive care treatment and possibly by stress 
ulcer prophylaxis [35-37]. Upper gastrointestinal bleeding may be due to 
other causes than stress ulceration. Bleeding from esophagitis, tumours and 
varices may be confused with SURB when upper gastrointestinal endosco
py is not performed. Therefore, the exact frequency of SURB remains unk
nown in most studies, but is probably lower than the incidence of UGIB. 
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Chapter 1 

Pathogenesis 

The pathogenesis of stress ulceration in critically ill patients is complex and 
multifactorial [38,39]. Ischaemia leads to intramucosal acidosis which, at 
present, can only be measured by tonometry [40,41]. Fiddian-Green demon
strated that 30% of post-cardiac surgery patients have mucosal acidosis 
using gastric tonometry [40]. Intramucosal acidosis determined by gastric 
tonometry is related to impaired gastric mucosal blood flow [42]. It was also 
shown that gastric intramucosal acidosis was a risk factor for upper gast
rointestinal bleeding [40]. Mucosal cell ischaemia and hypoxia lead to cell 
dysfunction and ultimately mucosal lesions [43,44]. During hypovolaemic 
shock vasoconstriction of the splanchnic circulation leads to submucosal 
shunting [45,46] and ischaemia of the intestinal mucosa [47-49]. These 
effects will continue for hours, even after sufficient volume replacement [50]. 
Active vasodilation restores blood flow to the splanchnic area which may be 
beneficial for the ischaemic mucosa [51-53]. However, reperfusion induces 
free oxygen radical production which may further increase mucosal damage 
[54]. Degranulation of mast cells plays an important role in reperfusion inju
ry and precedes tissue damage [55,56]. 
Since the 1960's the presence of sepsis at the time of onset of bleeding was 
reported [57,58]. The reduction in gastric mucosal blood flow in septic shock 
is more prominent than in hypovolaemic shock. Richardson and Sales 
described a decrease in mucosal blood flow of 62% during septic shock 
where the cardiac output decreased by 12% [14]. They and others found 
that endotoxins and vasoactive molecules produced during septic shock like 
histamine, serotonine and (nor)adrenaline, impaired splanchnic blood flow 
more extensively than the vasoconstriction without endotoxins in other 
forms of shock [14,46,59]. In addition, endotoxins exert a direct toxic effect 
on the mitochondria of mucosal cells [60]. As a result, oxygen extraction and 
utilisation impairs leading to mucosal injury [61]. Moreover, activated leuko
cytes in sepsis will adhere to the vascular endothelium by the selectine fami
ly of adhesion molecules which further impairs microcirculation by plugging 
and luminal obstruction [62]. It was shown that prevention of capillary lumi
nal obstruction by anti-platelet aggregators inhibits the development of 
stress ulcers in rats [63]. To sepsis related coagulopathy may increase the 
risk of bleeding from the mucosal lesions that have developed by ischaemia. 
Gastric acid facilitates stress ulcer formation in the presence of ischaemia. 
The ischaemic mucosa will allow back diffusion of acid which creates further 
mucosal injury [64]. Therefore acid reduction by H2RA and antacids is used 
for prevention and treatment of stress ulceration [16]. However 20-50% of 
critically ill patients treated with H2RA reaches a gastric acid pH above 4 
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[65,66]. Moreover, this treatment may not be necessary in all patients as in 
approximately 45% of critically ill patients hyposecretion of gastric acid is 
present [67]. These results indicate that gastric acid can not be the only fac
tor leading to stress ulceration and related bleeding. 

Possible role of Helicobacter pylori in the pathogenesis of stress 
ulceration 

A strong causal relation exists between H. pylori and gastric and duodenal 
ulcer disease in patients who are not critically ill [68-70]. It may be questio
ned whether such a relationship also exists for H. pylori and stress ulcera
tion in the critically ill patient. H. pylori infection leads to inflammation and 
gastric mucosal injury [71]. Moreover, gastric permeability as determined by 
the sucrose loading test, is increased by H. pylori infection [72]. Paré and 
colleagues hypothesised that gastric mucosa with H. pylori associated inf
lammation may be vulnerable for a second event, for instance ischaemia 
[73]. Studies concerning H. pylori in critically ill patients are scarce. The pre
valence of H. pylori in critically ill patients has been studied using serologi
cal assessment of antibodies [33,74] showing that 55 to 67% of critically ill 
patients were infected, a frequency that is slightly higher than found in the 
general population [33,74]. However, since serology does not reliably test 
active H. pylori infection [75] the exact prevalence of H. pylori in critically ill 
patients remains unknown. Until now, only one study on the role of H. pylo
ri in upper gastrointestinal bleeding in critically ill patients has been descri
bed, by Ellison and co-workers [33]. These authors found a higher level of 
IgA antibodies against H. pylori in patients with upper gastrointestinal blee
ding compared to patients without such bleeding. That study does not prove 
a causal relationship between H. pylori and stress ulceration although a 
weak correlation was found between the presence of H. pylori IgA-antibo-
dies and upper gastrointestinal bleeding. Neither antibody detection in 
serum nor other diagnostic tests for the detection of H. pylori infection have 
been validated in critically ill patients. Part of this thesis is dedicated to the 
validation of diagnostic tests for the detection of H. pylori in critically ill 
patients. Furthermore, it remains unknown whether some H. pylori strains 
more often induce stress ulceration than others as is the case in duodenal 
ulcer disease. Cag-A positive strains are more cytotoxic and duodenal ulcer 
disease is in approximately 96% associated with infection of a CAG-A posi
tive H. pylori [76]. Studies describing the detection of CagA positive H. pylori 
strains have not been performed in critically ill patients. 
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Chapter 1 

Stress ulcer prevention 

Pharmacological prevention of stress ulcer has been performed by pirenze-
pine, antacids, H2RA, sucralfate and proton pump inhibitors (PPI). The aim 
of acid suppressive drugs is to reduce back diffusion of acid in ischaemic 
mucosa and thus prevention of further damage [77]. Both antacids and H2RA 
have shown to be effective in stress ulcer prophylaxis [16]. Omeprazole has 
not been studied conclusively concerning the prevention of stress ulceration 
[78-80]. However, in rats omeprazole prevented stress ulcerations in a dose 
related manner [81]. Sucralfate is associated with a lower incidence of pneu
monia compared to antacids. Moreover, it is associated with a reduced mor
tality rate relative to antacids and to H2RA [16]. Studies comparing sucralfa
te with placebo are scarce [82]. In a recent study a higher incidence of upper 
gastrointestinal bleeding occurred during prophylaxis with sucralfate com
pared to prophylaxis with H2RA [27]. Therefore, H2RA currently are the drugs 
of choice in cases where acid suppression is used to reduce stress ulcera
tion and related bleeding in defined groups of patients at risk. Side effects, 
however, should be considered when these drugs are prescribed. H2RA 
interact with the cells of the immune system in the gut [83]. Moreover, mRNA 
for histamine was detected in the immune cells of the gastric lamina propria 
and not in the parietal cells as was shown using in sity hybridisation [84]. 
Clinically, H2RA are associated with an increased infection rate [85,86], but 
also with a favourable immunomodulatory action [87]. 
Obviously, the best way to prevent mucosal damage is to prevent ischaemia 
and vasoconstriction of the splanchnic circulation. Inotropes do not neces
sarily improve splanchnic perfusion [88,89]. In contrast, it is hypothesised 
that critically ill patients may benefit from the routine use of vasodilators [34]. 
In animal studies vasodilators improve splanchnic perfusion by reducing 
vasoconstriction, thereby preventing stress ulcers [51,52,53]. 
Infection, endotoxaemia and sepsis all lead to vasoconstriction and mucosal 
damage. Infection prevention should therefore receive the highest possible 
attention in the intensive care unit. Selective decontamination of the digesti
ve tract (SDD) is an effective way to prevent primary and secondary endo
genous infection [90,91]. In addition to SDD a high standard of hygiene 
should prevent exogenous infections. It was shown in animal studies that gut 
decontamination decreased the incidence of stress ulceration [92,73]. In this 
thesis the hypothesis is made that H. pylori plays a role in stress ulcer for
mation and suppression of this micro-organism by SDD may therefore con
tribute to the prevention of stress ulceration. 
To reduce the systemic inflammatory response in critically ill patients, corti-
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costeroids may be used. The use of corticosteroids is not a risk factor for 
stress ulceration [32] and may even reduce stress ulcer formation [15]. 
Dexamethason reduces inducible nitric oxide synthetase (iNOS) production, 
which exerts toxic effects on mucosal cells [93,94,95]. 
Enteral feeding improves mucosal blood flow effectively [96]. In addition, 
gastric pH increases during continuous enteral feeding which may reduce 
ulcer formation [97]. Sander and co-workers showed that orally fed rats were 
less susceptible to stress ulcer formation than parenterally fed rats [98]. 
Moreover, a well functioning stomach protects against backdiffusion of H+ 

ions, pepsin and bile acids into the gastric mucosa [99]. 

Aim of the thesis 

Currently it is unknown whether H. pylori plays a role in the pathogenesis of 
stress ulceration in critically ill patients. Until now research on stress ulcer 
formation has focussed on splanchnic ischaemia. The important role of H. 
pylori in gastric and duodenal ulcer disease in patients outside the intensive 
care have raised the question whether H. pylori is a factor in the formation 
of stress ulceration in critically ill patients. 

Outline of the thesis 

The incidence of gastrointestinal disease and stress ulceration in critically ill 
patients is described in chapter 2. The frequency of gastroenterological 
interventions and the incidence of endoscopically detected stress ulcera
tions in a mixed population of intensive care patients are studied. Literature 
concerning the incidence of stress ulceration in the specific group of patients 
after cardiac surgery is reviewed in chapter 3. Moreover, the efficacy of phar
macological stress ulcer prophylaxis in this group of patients is determined 
from this literature review. Chapter 4 describes the validation of both the 
Laser Assisted Ratio Analyser 13C-urea breath test and serological antibody 
detection for the diagnosis of H. pylori infection for use in mechanically ven
tilated patients. In chapter 5 the usefulness of the faecal H. pylori antigen 
test in critically ill patients is determined. Chapter 6 describes the gastric 
mucosal barrier function in critically ill patients studied by the sucrose loa
ding test. Sucrose excretion in the urine is determined in patients with and 
without H. pylori infection. In addition, the severity of intensive care disease 
is related to sucrose excretion. In chapter 7 the incidence of H. pylori infec
tion in critically ill patients and the suppression of this infection by intensive 
care treatment and selective decontamination of the digestive tract (SDD) 
are described. In chapter 8 the role of SDD antibiotics in the suppression of 
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H. pylori infection during intensive care treatment is determined. In vitro stu
dies determined the susceptibility for the SDD antibiotics. Chapter 9 descri
bes the relation between H. pylori infection and gastric and duodenal muco
sal injury. The endoscopically detected mucosal injury score (EMIS) in criti
cally ill patients is related to H. pylori infection determined by the LARA-13C 
urea breath test. In chapter 10 the prevalence of H. pylori infection in inten
sive care nurses is studied. It is hypothesised that H. pylori infection is an 
occupational hazard. The incidence of H. pylori infection is studied in inten
sive care nurses from a unit where H. pylori is effectively suppressed com
pared to a unit where antibiotics which suppress H. pylori are not routinely 
used. 
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Introduction 

Critical care or intensive care medicine is a relatively new specialism in the 
medical field. Intensive care medicine has developed from post-operative 
mechanical ventilation, especially after cardiac surgery to an essential part 
of modern medicine what it is today. Patients underwent mechanical venti
lation for the first time during the poliomyelitis epidemic in the 1950's. 
Nowadays it is common that patients with organ failure are treated in inten
sive care units with or without mechanical ventilation. 
Since 1823 it is known that severe illness and multiple organ failure may 
result in mucosal lesions of the gastro-intestinal tract and motility disorders 
[1]. On the other hand, severe gastrointestinal disease may result in organ 
failure and the need of intensive care treatment. In both patient groups gas
tro-intestinal interventions are needed. Usually gastroenterologists partici
pate in the management of gastrointestinal diseases in critically ill patients. 
The frequency of and the indications for gastrointestinal interventions during 
intensive care treatment have not been studied extensively. We prospecti
vely analysed a cohort of critically ill patients who were admitted to the inten
sive care unit during a one year period. We determined the type, the indica
tions and the results of the gastrointestinal interventions respectively. 

Methods 

Study design and setting 
This paper describes a prospective observational cohort study in a 20 bed 
intensive care unit of a teaching hospital in Amsterdam that is affiliated with 
both university hospitals in the city. Patients after thoracic surgery, general 
surgery as well as medical patients are admitted to the same intensive care 
unit. The medical staff consists of 10 full time intensive care physicians. 
Continues presence of one member of the medical staff on the intensive 
care ward is accomplished. During the study period of one year all gast
roenterological interventions were reported by both the department of gast
roenterology and the department of intensive care in order to achieve a 
complete registration of all gastroenterological interventions. 

Patients 
All patients who were admitted to the intensive care unit during the one year 
study period were included. Patients were classified as surgical patients 
when a surgical intervention was performed within 7 days prior to admission 
to the intensive care. Patients with cardiac surgery within 7 days prior to 
inclusion in the study were classified as 'cardiac surgery'. All other patients 
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were classified as medical patients. Excluded were patients after uncompli
cated cardiac surgery which was defined as an intensive care stay of less 
than 2 days following cardiac surgery. 

Standard treatment 
All patients received a nasogastric tube. Stress ulcer prophylaxis was not 
routinely prescribed but histamine2-receptor antagonists or proton pump 
inhibitors were continued in patients who used this medication for previous
ly proven ulcer disease or gastro-esophageal reflux disease (GERD). 
Antibiotic prophylaxis for selective decontamination of the digestive tract 
was administered to all patients who were expected to be mechanically ven
tilated for more than 48 hours. The antibiotics used were Cefotaxime 1000 
mg qid intravenously for four days and a mixture of Polymyxin 100 mg, 
Tobramycin 80 mg and Amphotericin B 500 mg (PTA) qid instilled by nas
ogastric tube during intensive care stay. In addition a 2% PTA containing 
solution in orabase paste was administered to the oropharynx qid during 
intensive care stay. In case of a bacterial infection unsusceptible to these 
antibiotics, other antibiotics were given as indicated. All patients were tre
ated with dopamine (at least 2 ng/kg/min) and with at least one of the vaso
dilators ketanserin, nitro-glycerine or enoximone. On admission to the inten
sive care unit all patients received a single dose of 100 mg dexamethason 
intravenously. Prednisolon therapy was given for 7 days with tapering of the 
dosage in case of pneumonia or persistent inflammatory response. In 
patients using NSAID's this medication was discontinued. An exception was 
made for low dose aspirin (maximum 100 mg once daily) in case of vascu
lar disease. 

Results 

In the study period 1966 patients were admitted. After cardiac surgery 1236 
patients were admitted, 355 patients were surgical patients and 375 were 
medical patients. The 1111 patients admitted after uncomplicated cardiac 
surgery were not included. Therefore the number of included patients was 
855. Fifty-three gastrointestinal interventions were performed in 48 patients 
(mean 1.0 interventions per week). Therefore, 48 out of 855 included 
patients (5.6%) needed gastrointestinal endoscopy. Indications for upper 
and lower gastrointestinal endoscopy are shown in table 1. Ten out of 855 
patients were admitted for gastrointestinal tract bleeding (1.2% of intensive 
care admissions). In these patients 11 upper gastrointestinal endoscopies 
were performed. Esophageal varices were found in 5 of these patients 
(50%). Nine-teen upper gastrointestinal endoscopies were performed in 16 
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Table 1 

Intervention Indication Result 

Upper gastrointestinal 

endoscopy 

Bleeding (reason for ICU 
admission) 

Source of bleeding: 
Esophageal varices (n=5) 
Gastroenterostomy (n=1)H 
Gastric ulcer (n=1) 
Duodenal ulcer (n=2) 
Carcinoma (n=1) 

Upper gastrointestinal 

endoscopy 

Bleeding (>24 hours after 
ICU admission) 

Source of bleeding: 
Unspecified bleeding from 
fundus or cardia (n=3) 
Normal endoscopy (n=3) 
Esophagitis (n =2) 
Esophageal varices (n=1) 
Aortic-duodenal fistula (n=1) 
Multiple gastric ulcerations (n=1) 
Multiple esophageal and gastric 
and duodenal ulcers (n=1) 
Esophagitis and duodenitis (n=1) f 
Gastric ulcer (n=1) H 
Single duodenal ulcer (n=1) 
Multiple duodenal ulcer (n=1) 

Upper gastrointestinal 

endoscopy 

Jejunal tube placement Esophageal ulcer (n=1) 
Esophagitis (n=1) 
Multiple gastric erosions (n=1) 

Upper gastrointestinal 

endoscopy 

Percutaneous gastrostomy n=1 

Upper gastrointestinal 

endoscopy 

Gastroparesis Esophagitis (n=1) 

Upper gastrointestinal 

endoscopy 

Esophageal perforation Esophageal perforation (n=1) 

Lower intestinal 

endoscopy 

Bleeding n=1 Lower intestinal 

endoscopy 
Bowel distension Intestinal pseudo-obstruction 

(n=1)1 
Intestinal obstruction (n=1) 
Normal endoscopy (n=1) 

Lower intestinal 

endoscopy 

Ischaemia Ischaemia (n=4) 
Normal endoscopy (n=2) 
Failed endoscopy (n=2) 

ERCP Sepsis Normal ERCP (n=2) ERCP 

Cholangitis Bile duct stones (n=2) 

ICU: intensive care unit 
ERCP: endoscopic retrograde cholangio-pancreaticography 
H two endoscopies performed in these patients 
t three endoscopies performed in these patients 
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patients with overt upper gastrointestinal bleeding occurring more than 24 
hours after ICU admission. In 3 of these patients the typical stress-lesions 
were found (multiple superficial erosions). Solitary duodenal ulcer (n=1), bul-
bitis (n=1 ), gastric ulcer (n=1 ) and bleeding from the fundus or cardia without 
exact localisation of the bleeding (n=3) were also categorised as 'stress 
lesions'. The incidence of overt upper gastrointestinal bleeding was 1.9% 
(16/855). However, bleeding due to stress lesions occurred in 1.0% (9/855) 
of the patients. In 7 out of 16 patients with upper gastrointestinal bleeding 
(44%) the bleeding was not associated with stress-lesions (aortic-duodenal 
fistula in 1 patient, esophageal varices in 1 patient, esophagitis in 2 patients 
and no bleeding site detected in 3 patients). 
Lower intestinal endoscopy was performed 15 times. Suspicion of ischaemia 
was the most frequent indication. Endoscopic retrograde cholangio-pancre-
aticography (ERCP) was performed 4 times for sepsis. In two cases bile 
duct obstruction and cholangitis were present and treated by papillotomy 
and release of gall stones. 

Discussion 

In this cohort of mixed surgical and medical intensive care patients 5.6% of 
the included patients needed a gastrointestinal endoscopy during intensive 
care stay. In our study, overt upper gastrointestinal bleeding was the most 
frequent indication for endoscopy. These results are consistent with other 
studies [2-4]. Patients may suffer from upper gastrointestinal bleeding on the 
day of admission to the intensive care. However, upper gastrointestinal blee
ding may also occur more than 24 hours after admission to the intensive 
care. The etiology of the bleeding is different in these two conditions and 
separate analysis of these two patient groups is obligatory. In the present 
study esophageal varices is the most frequent finding in patients with upper 
gastrointestinal bleeding on admission which is consistent with previous 
reports [3]. Bleedings occurring at least 24 hours after admission and during 
intensive care treatment are usually called stress ulcer related bleeding 
(SURB). The typical stress lesions that can be found in critically ill patients 
are multiple gastric and duodenal erosions [5,6]. Solitary gastric and duo
denal ulcers may be found as well. Routine endoscopy may reveal mucosal 
stress lesions in 80 to 90% of critically ill patients [7,8]. However, overt upper 
gastrointestinal bleeding may occur in approximately 4% of intensive care 
patients [9]. Studies describing upper gastrointestinal bleeding in critically ill 
patients do not consequently report endoscopy results in the patients with 
bleeding. However, the bleeding episodes are supposed to be the result of 
stress lesions. In the present study we demonstrate that in 44% of the 
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patients with upper gastrointestinal bleeding stress lesions were not present. 
In a previous study Niederau and co-workers reported approximately the 
same percentage of non-stress related lesions [4]. Moreover, those patients 
were subdivided into a group of patients suffering from esophagitis (30%) 
and a group of patients with esophageal varices (15%). 
In the present study we found an incidence of upper gastrointestinal blee
ding of 1.9%. However, approximately only 50% of these patients with upper 
gastrointestinal bleeding had stress lesions. Other studies report an inci
dence of upper gastrointestinal bleeding of approximately 4% [9,10]. 
Extrapolating our result, half of the patients in these studies may have had 
other lesions, therefore the true incidence of stress ulceration related blee
ding may have been around 2%. 
In conclusion, we found that 5.6% of our patients needed an endoscopical 
intervention during intensive care treatment. The most frequent indication 
was upper gastrointestinal bleeding. Stress lesions were found in approxi
mately half of them. 
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Abstract 

Objectives: To review the literature concerning pathogenesis and incidence 
of stress ulceration (SU) in patients undergoing cardiac surgery. To determi
ne which methods are useful in the prevention of SU and to analyse whether 
SU prophylaxis by acid reduction is effective in patients undergoing cardiac 
surgery. 
Design: Literature review from Medline and reference list of identified arti
cles until 1998. 
Measurements and main results: SU in patients after cardiac surgery are 
reported since 1957. All papers are retrospective reports. Controlled clinical 
trials concerning SU prophylaxis have not been performed. Definition of 
lesions and bleeding are variable. The overall incidence of upper gastro-intes
tinal bleeding (UGIB) was 0.45% (505 bleedings out of 113323 patients). In 
patients with known use of SU prophylaxis with histamine receptor antago
nists or antacids the incidence of UGIB was 0.35% and in patients without 
this medication the incidence of UGIB was 0.51% (p=0.16). Ischaemia, 
reperfusion and endotoxaemia are the main pathogenetic mechanisms in 
SU formation. Valve replacement, aortic cross clamping and bypass time, 
non-pulsatile flow during bypass, re-operation and inflammatory state are 
risk factors for UGIB. 
Conclusions: Risk factors for UGIB are analysed. Reviewing the literature, 
the incidence of UGIB in patients after cardiac surgery was not significantly 
lower in patients using pharmacological stress ulcer prophylaxis compared 
to patients without this medication. This finding and the lack of controlled cli
nical trials concerning the prophylaxis of SU in patients after cardiac surge
ry should withhold physicians to use SU prophylaxis by antacids or histami
ne receptor antagonists routinely. 

Introduction 

In 1957 Berkowitz was the first to report "acute peptic ulceration following 
cardiac surgery" [1]. These stress ulcerations are the most frequent abdo
minal complication seen after cardiopulmonary bypass procedures amongst 
others as pancreatitis, cholecystitis and ischaemic intestines. In general 
intensive care patients stress ulceration prevalence reaches 82% when 
patients are endoscoped routinely [2]. Stress ulcer related bleeding is less 
common, occurring in 0.6 to 9% of general intensive care patients [3-7]. The 
incidence of upper gastrointestinal bleeding (UGIB) in patients undergoing 
cardiac surgery is not prospectively investigated. However, according to 
stress ulcer prophylaxis in general intensive care patients cytoprotective 
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agents or acid suppressing agents are being used in some clinics to prevent 
UGIB after cardiac surgery [3]. The routine use of cytoprotective or acid sup
pressive agents may have considerable impact on health care resources 
because of the great number of cardio pulmonary bypass (CPB) procedures 
nowadays. In this literature study we review the available literature concer
ning the incidence, pathogenesis and prevention of stress ulceration and 
UGIB after CPB procedures for cardiac surgery. We compare the inciden
ce of UGIB in patients undergoing cardiac surgery with and without specific 
pharmacologic prophylaxis with acid suppressive agents. 

Methods 

Full papers and abstracts are included for analyses when the incidence of 
UGIB in patients is reported. Studies are collected by searching Medline for 
the key words: stress ulcer, cardiac surgery, bypass surgery, upper gast
rointestinal bleeding, gastrointestinal complication. In addition, reference 
lists from identified articles are searched for other studies which may be 
included. Studies that reported perforated ulcers which needed surgical 
intervention but which did not identify UGIB were excluded. 

Statistical analysis 
A comparison of groups was performed by the Pearson's Chi Square test. 
The statistical analysis was made with the SPSS statistical analyser relea
se 8.0.0 (SPSS inc., USA, 1997). A p value < 0.05 was considered to be sta
tistically significant. 

Results 

25 studies were included for review and are summarised in table 1. All stu
dies are retrospective reports of identified upper gastro-intestinal bleedings. 

Definitions 
Stress ulceration can only be detected by upper gastrointestinal endoscopy. 
However, most studies do not report consequent endoscopies in case of 
UGIB. UGIB may also be due to other causes than stress ulceration, for 
instance oesophagitis, variceal bleeding or tumours. Therefore the true inci
dence of stress ulceration as the cause of bleeding remains unknown. Even 
endoscopic studies are difficult to compare because stress ulcers are not 
uniformly defined in clinical studies. Mucosal damage in critically ill and sur
gical patients can be found in several stages. In a study of gastric mucosal 
lesions after severe head injury Brown [8] used a scale of mucosal damage 
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Table 1 

Incidence of upper gastrointestinal bleeding in 25 studies since 1969. 

Nr. of Nr. of UGIB Mor- Prophy Definition Diagnosis 
Author of the study patients bleedings lncidence% tality % laxis of bleeding of SU 

Williams 1965 [49] 150 3 2.0 ND No Melena ND 
Mead 1969 [11] 184 40 22 ND No ND ND 
Mead 1969 [11] 256 5 1.9 ND Antacids ND ND 
Loop 1967-1970 [50] 741 9 1.2 23.7 ND ND ND 
Loop 1972 [50] 1000 26 2.6 ND ND ND 
Loop 1975 [50] 1000 3 0.3 ND ND ND 
Loop 1978 [50] 1000 0 0.0 ND ND ND 
Katz1972+[12] 100 11 11 ND ND H ND 
Welsh 1973 [16] 7333 16 0.22 81 No t ND 
Taylor 1973 [14] >5000 38 <0.76 23.6 ND ND ND 
Panzner1979[51] 612 8 1.3 13 ND ND ND 
Chigot 1981 [52] 7847 9 0.11 ND ND ND ND 
Hanks 1982 [21] 5080 19 0.37 63 Antacids * Endoscopy 
Pinson 1983 [20] 5682 6 0.11 67 No ND ND 
Jones 1983 [39] 7221 19 0.26 ND ND ND ND 
Moneta 1985 [53] 1663 9 0.5 ND ND t ND 
Leitman 1987 [15] 6452 20 0.31 45 Ant/H2RA t ND 
Heikkinnen 1987 [19] 1686 17 1.0 53 ND ND ND 
Krasna 1988 [40] 1279 6 0.47 33 Ant/H2RA t Endoscopy 
Widera1990[54] 2161 13 0.6 24 ND t Endoscopy 
Lebovics1991 [18] 4892 18 0.37 11 56% t Endoscopy 
Huddy 1991 [38] 4473 20 0.45 45 No t ND 
Ohri 1991 [17] 4629 20 0.43 20 No ND Endoscopy 
Christenson 1994 [22] 3129 11 0.35 0 Ant/H2RA t ND 
Tsiotos 1994 [37] 19246 44 0.23 20 H2RA ND ND 
Mercado 1994 [55] 4923 26 0.51 16 ND ND ND 
Yilmaz1996[56] 3158 25 0.7 90 No t ND 
Pollard 1996 [13] 9476 38 0.40 31 89% ND ND 
Halm 1996 [42] 2950 26 0.88 ND H2RA/Sucr ND ND 
Total 113323 505 0.45 

H; positive faecal blood test and decrease in haemoglobin. 
t ; hematemesis and/or melena and decrease in haemoglobin or hypoten
sion. 
*; Confirmed Gl bleeding site and need for transfusion, 
t ; only aortic valve replacements. 
ND; not defined. 
H2RA; histamine2-receptor antagonists 
Ant; antacids 
Sucr; sucralfate 
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which resembles the Lanza score which is used to define NSAID related 
mucosal damage [9]. In the Brown classification petechiae are intra-muco-
sal haemorrhages without mucosal breaks. The Lanza classification does 
not define petechiae but erosions are counted. Erosions are defined as 
white based breaks in the mucosa with no observable depth and an ulcera
tion is a large mucosal break (> 0.5 cm) with observable depth. In 17 out of 
the 25 studies that are summarised in table 1 the definition of bleeding is not 
clearly defined. Other definitions have been used as indicated in the table. 

Epidemiology 
In 1987 Munakata [10] performed a prospective endoscopic study in twenty 
patients who underwent open heart surgery. The patients were endoscoped 
before, just after and 3 days after the operation. In 88% of the patients some 
form of acute gastric mucosal damage was found within 3 days after the pro
cedure but upper gastrointestinal bleeding was not observed. He also found 
a decreased gastric acid production during and after surgery and concluded 
that gastric acid is probably not involved in the pathogenesis of these 
lesions. This is the only study that prospectively endoscoped patients under
going cardiac surgery for mucosal injury. Table 1 summarises the studies 
that address the incidence of gastro-intestinal bleeding in patients under
going cardiac surgery, ranging from 0 to 22%. Taken together 113323 pro
cedures led to 505 bleedings of the upper gastro-intestinal tract (0.45%). 
The report of Mead in 1969 [11] is a short communication lacking detailed 
information about the patients and the diagnostic methods. The extremely 
high UGIB incidence of 22% fell to 1.9% after the start of the routine use of 
antacids. The study was not a prospective placebo controlled clinical trial 
and should not be the guideline for stress ulcer prophylaxis in patients 
undergoing cardiac surgery. No other studies have been performed that 
compare patients with or without routine use of stress ulcer prophylaxis. The 
second highest incidence of UGIB was found in the study from Katz in 1972 
[12]. In a retrospective analysis of a group of patients operated around 1965 
the incidence of UGIB appeared to be 11%. The technical advances that 
have been made since make these patients difficult to compare with patients 
operated today. All studies since the 1980's show a UGIB incidence around 
0.5%. These studies are retrospective analysis and it may be possible that 
some cases of UGIB were not detected and therefore underestimate the 
true incidence. 
Endoscopy in patients with gastro-intestinal bleeding show a variable loca
tion of the ulcers. The prospective endoscopic study from Munakata found 
a predominant corporeal location of the gastric lesions but these lesions did 
not bleed [10]. In the study of Pollard [13] the source of bleeding was gastri-
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tis in 70% and solitary ulcers in 17.5%. Taylor [14] found 10 multiple ulcers 
(8 gastric), 8 single ulcers (7 duodenal), 7 gastroduodenitis, 1 jejunitis. 
Leitman [15] found in 18 out of 20 patients a gastroduodenal origin of blee
ding and in 2 a bleeding site distal from the Treitz ligament. Welsh [16] found 
in 9 patients that the origin of bleeding was an oesophageal varix in 1 
patient, multiple gastric lesions in 1, multiple gastric and duodenal ulcers in 
3, pre-pyloric ulcer in 1, ulceration of the esophagogastric junction in 1 and 
haemorrhagic enteropathy in 2. Ohri [17] found the site of bleeding in 5 
patients to be the stomach and the duodenum in 6; Lebovic [18] found 16 
duodenal ulcers, 4 erosive gastritis and 2 gastric ulcer. No predominant site 
(stomach or duodenum) can be extracted from these data but frequently the 
bleedings appeared not to be caused by stress ulceration. 
Heikkinen [19] found that the onset of bleeding was 11.1 +/- 6.7 days after 
the operation. In most patients this accompanied a multiple organ failure. 
Hinson [20] separated early and late general surgical complications after 
cardiopulmonary bypass surgery. Of the gastroduodenal complications 6 
early (within 6 weeks after the operation) and 7 late (more than 6 weeks 
after the operation) complications were found in 5682 cardio-surgical 
patients. Hanks [21] found the incidence of bleeding 20.2 +/-13.3 days after 
the operation. Taylor [14] found that 16 patients bled within the first 5 days 
after the operation, 17 after 6 to 10 days and 5 patients between the 11th 
and the 27th day. Welsh [16] found in 16 patients that the onset of bleeding 
was within 2 weeks in 12 and after 2 weeks in 4 patients. In the study of 
Christenson [22] all UGIB occurred within 8 days after the operation. Thus, 
the bleedings appear to be equally spread over time. With regard to the 
onset of bleeding the pathogenesis may be different. Early bleedings may 
be related to acute haemodynamic disturbances due to hypovolaemia or low 
cardiac output. Late onset (more than 7 days after surgery) bleedings are in 
many cases related to focal infections which induce a hyperinflammatory 
status with microcirculatory disturbances and defective mucosal oxygena
tion ultimately leading to stress ulceration [23]. 

Pathophysiology 
The pathogenesis of stress-ulceration is complex and multifactorial [24]. The 
most important mechanisms which are involved in patients undergoing car
diac surgery are summarised. 
Ischaemia 
Reduced splanchnic and gastric bloodflow lead to decreased oxygen deli
very and energy deficit. In this ischaemic situation the barrier function of the 
mucosa decreases and back diffusion of acid may occur, leading to muco
sal damage and erosions or ulcers. A reduced splanchnic blood flow in 
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patients undergoing cardiac surgery may be caused by hypovolaemia, low 
cardiac output or vasoconstrictive medications. Many patients appear to be 
hypovolaemic at the time of elective surgery. In the study of Christenson [22] 
hypovolaemia was a risk factor for gastro-intestinal complications with a 
relative risk of 1.76 in a multivariate analysis. In piglets who were bled to a 
decrease in blood volume of 40% gastric ulcerations were found in the most 
ischaemic parts of the stomach [25]. Optimalisation of intravascular volume 
prior to and during surgery for femoral fractures improves mortality and shor
tens hospital stay [26]. On the other hand, when splanchnic vasoconstriction 
is present due to hypovolaemia it takes hours after adequate volume 
replacement before vasoconstriction resolves [27]. Anaesthesia may lead to 
spasm of the muscularis mucosae in guinea pigs [28]. The spasms conti
nued for hours and led to full thickness necrosis of the mucosa. During car
diopulmonary bypass gastric mucosal oxygen delivery decreases which will 
lead to gastric mucosal acidosis and increased intestinal permeability 
Increasing systemic D02 by increasing pump flow rate did not correct this 
[29]. Thus anaesthesia, cardio-pulmonary bypass, vasoconstrictive medica
tion and hypovolaemia all lead to ischaemia and contribute to the formation 
of stress ulceration. 
Reperfusion 
During ischaemia the levels of gastric mucosal adenosine triphosphate 
(ATP) are reduced. ATP breakdown in ischaemic tissue leads to hypoxan-
thine. In ischaemic tissue xanthine dehydrogenase is converted to xanthine 
oxidase. When reperfusion occurs oxygen combines with hypoxanthine, in 
a reaction that is catalysed by xanthine oxidase, to form superoxide radicals. 
These superoxide radicals are scavenged by superoxide dismutase. 
Allopurinol inhibits xanthine oxidase and thereby decreases the formation of 
superoxide radicals. In baboons gastric ischaemia and reperfusion produ
ced gastric stress lesions that could be completely prevented by allopurinol 
and superoxide dismutase [30]. 
Endotoxins and Inflammatory response 
Increased intestinal permeability after cardiac surgery correlates with the 
degree of endotoxaemia [31]. The degree of endotoxaemia is related to the 
use of ephedrine especially during hypovolaemia. Endotoxaemia may lead 
to vasoconstriction. Also cellular function is impaired by endotoxins charac
terised by mitochondrial swelling and disruption of inner structure leading to 
mucosal damage [32]. Patients with higher levels of endotoxin have higher 
levels of TNF and IL-6 and more often a post-perfusion syndrome. TNF and 
IL-6 increase the expression of adhesion molecules on endothelium and on 
the leukocyte [33]. Leukocyte adhesion and impairment of micro-circulation 
will occur and lead to mucosal damage. TNF, IL-6 and endotoxin levels were 
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significantly lower in patients who were effectively decontaminated by selec
tive decontamination of the digestive tract prior to cardiopulmonary bypass 
surgery [34]. The presence of pneumonia, and thus an enhanced inflamma
tory state, correlates with the occurence of gastro-intestinal bleeding after 
cardiac surgery [13]. 
Gastric acid 
Although Munaka [10] did not find a relation between gastric acid secretion 
and stress ulceration in patients after cardiac surgery it is known that muco
sal injury leads to back diffusion of acid and further damage. Martin [35] 
showed that failure to control intragastric pH was associated with gastro
intestinal bleeding in septic patients. In a meta-analysis it was shown that 
histamine2-receptor antagonists were effective in preventing clinically impor
tant gastro-intestinal bleeding in general intensive care patients [36]. More 
doubt consists about sucralfate [3,36]. Neither prospective nor retrospective 
controlled studies have been performed in patients undergoing cardiac sur
gery to investigate a preventive role of acid suppression on stress ulcera
tion. 

Risk factors 
A few studies summarised in table 1 have made an analysis of risk factors. 
The most important risk factors will be discussed here. 
Pre-operative condition 
Ageing is a risk factor for the development of gastro-intestinal complications 
[22,37], but not all studies found a significant correlation [38]. In a multiva
riate analysis hypertension, heart failure defined by New York Heart 
Association class III and IV and a left ventricular ejection fraction of less than 
40% were the strongest risk factors [22]. Renal failure (urea greater than 20 
mmol/l) was a significant risk factor for gastro-intestinal complications after 
cardiac surgery but respiratory failure was not [38]. 
History of ulcer disease 
Patients with a history of peptic ulcer disease were more at risk for UGIB 
after cardiac surgery than patients without previous peptic ulcer disease 
[12,16,18]. However, Hanks found only 1 patient with previous ulcer out of 
19 patients with UGIB after cardiac surgery [21]. Heikkinen did not find a 
correlation between a previous ulcer history and postoperative bleeding 
[19]. 
Aortic cross-clamping and cardio-pulmonary bypass time 
Several studies found that cardiopulmonary bypass time and not aortic cross 
clamping time was significantly longer in patients who suffered from UGIB 
after cardiac surgery compared to patients who did not have UGIB [15-
17,19,39] but other studies did not find this relationship [12, 22,40]. 
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Valve replacement and anticoagulant therapy 
All studies that included patients with aortic and mitral valve replacement 
found an increase in UGIB compared to patients undergoing coronary arte
ry bypass surgery. Patients with aortic stenosis are known to have arterio
venous malformations with associated intestinal bleeding which is unrelated 
to surgery but may bleed more often after surgery due to anticoagulant the
rapy. Heikkinen found that 24% of the bleedings occurred after excessive 
administration of anticoagulants [19]. There was no difference in bleeding 
incidence between patients using warfarin or aspirin with dipyridamol. 
Normothermia or hypothermia 
Two studies address this issue. Christenson did not find a difference in abdo
minal complications (most often gastro-intestinal bleeding) [22]. In 1787 
patients who were operated under hypothermia 41 had abdominal compli
cations and in 1269 patients with normothermic cardiopulmonary bypass 32 
had abdominal complications (not specified). Huddy did not find significant 
differences between patients below 20°C, 21-30°C, 31-36°C or 37°C [38]. 
These findings are in concordance with the fact that gastric mucosal pH 
during pulmonary bypass did not differ in patients at 30°C or 35°C [41]. 
Re-operation, emergence operation and re-exploration 
Re-exploration for postoperative complications is a risk factor for the deve
lopment of gastro-intestinal bleeding in several studies [12,15,16]. Post-ope
rative complications as tamponade or bleeding will lead to shock, vasocon
striction of the splanchnic vessels and therefore ischaemia. Emergency ope
ration in patients in cardiogenic shock and therefore mucosal ischaemia 
more often lead to gastro-intestinal bleeding [15]. Christenson found a rela
tive risk of 1.03 for emergence operation in a multivariate analysis [22]. The 
relative risk for re-operation was 1.38. 
Pulsatile verus non-pulsatile flow 
In the study of Huddy half of the patients received pulsatile flow cardiopul
monary bypass but only 8 out of the 35 gastro-intestinal complications 
occurred in this group (p<0.001) [38]. No other clinical studies addresses 
this issue but endotoxin, TNF and IL-6 levels were lower and a better gastric 
pHi was present in patients who were operated with pulsatile flow compared 
to non-pulsatile flow [34]. 
Intra-aortic balloon pump (IABP) 
The use of IABP was highly significantly correlated with the occurrence of 
gastro-intestinal complications in one study (p<0.003) [37]. Whether the 
IABP itself or the cardiogenic shock for which it is usually instituted leads to 
gastro-intestinal bleeding is not clear from this study. 
Pneumonia 
We stated before that an inflammatory state is a risk factor for gastro-intes-
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tinal bleeding. In the study of Pollard 26% of the patients with gastro-intes
tinal bled had a pneumonia at that time [13]. 
Helicobacter pylori 
It was hypothesised for the first time by Ellison in 1996 that gastric mucosa 
with inflammation caused by infection with H. pylori is more prone to ischae-
mic damage than gastric mucosal without infection [6], The only study that 
addresses this question in patients after cardiac surgery is from Halm [42]. 
H. pylori antibodies were found in 77% of the 26 patients who had upper 
gastro-intestinal bleeding after cardiac surgery compared to 63% in a con
trol group of hospitalised patients (p=0.16). However, serology frequently 
results in a false negative test in patients after cardiac surgery due to blood 
loss and haemodilution [43]. Therefore the prevalence of H. pylori m patients 
after cardiac surgery is probably higher. More studies on this topic need to 
be done. 

Pharmacological prophylaxis 
Placebo controlled studies concerning stress ulcer prophylaxis in post-ope
rative bypass surgery patients have not been performed. A survey in the 
Netherlands showed that 2 out of the 12 centres for cardiac surgery used 
stress ulcer prophylaxis routinely despite the lack of any evidence concer
ning effectiveness and efficiency. In one centre ranitidine was used, in the 
other antacids. We compared studies from table 1 using stress ulcer pro
phylaxis with the studies not using stress ulcer prophylaxis. It is shown in 
table 2 that in 47868 patients with stress ulcer prophylaxis 169 UGIB occur
red (0.35%). In 25609 patients without prophylaxis 130 UGIB occurred 
(0.51%). This difference does not reach significance (p=0.16). 

Table 2 

Upper gastrointestinal bleeding in patients with and without stress ulcer (SU) 
prophylaxis by histamine2-receptor antagonists or antacids. 

Nr. of procedures Nr. of bleedings % of bleedings 
With SU prophylaxis 47868 169 0.35 
Without SU prophylaxis 25609 130 0.51 

Discussion 

The incidence of UGIB in patients undergoing cardiac surgery was found to 
be 0.45%. The incidence is low compared to general intensive care patients 
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were 0.6 to 9% is found [3-7]. A few prospective endoscopic studies show 
that the incidence of ulcerations is greater but most of them will not bleed. 
Many of the aforementioned risk factors for the occurrence of UGIB are indu
ced by a low cardiac output or induce a low cardiac output. Therefore, a low 
cardiac output or any intervention leading to a low cardiac output state will 
impair splanchnic blood flow and therefore increase the risk for gastro-intes
tinal complications. Christenson found a relative risk of 2.46 for the deve
lopment of gastro-intestinal complications in patients with post-operative low 
cardiac output [22]. The use of inotropic support is related to ä low cardiac 
output and is therefore significantly correlated with gastro-intestinal compli
cations [38]. In addition, inotropes may reduce splanchnic output by their 
vasoconstrictive properties. 
Specific pharmacological stress ulcer prophylaxis with histamine2-receptor 
antagonists or cytoprotective agents reduces back diffusion of acid in ischae-
mic intestinal mucosa, thus preventing further damage and ulcer formation. 
A recent study in general intensive care patients did not find sucralfate to be 
better than placebo and therefore ranitidine is the only drug found to be 
effective in preventing stress ulceration in critically ill patients [3]. Placebo 
controlled studies concerning pharmacological prophylaxis of stress ulcera
tion in patients after CPB surgery have not been performed. We compared 
the incidence of UGIB in studies with and without pharmacological prophy
laxis of stress ulcer in patients after cardiac surgery but did not find a signi
ficant difference. This result does not support the use of routine stress ulcer 
prophylaxis in patients undergoing cardiac surgery. The low incidence of 
UGIB makes it questionable whether stress ulcer prophylaxis can be cost-
effective at all, even if significant reduction in stress ulcer formation would 
be reached. Furthermore, the use of histamine2-receptor antagonists may 
increase infection rate. In vitro leukocyte function appear to be enhanced by 
histamine receptor antagonists but these findings are in contrast with clini
cal findings [44]. The use of histamine receptor antagonists in critically ill 
trauma patients led to higher infection rates compared to patients without 
this medication [45]. Even single administration of histamine receptor anta
gonists pre-operatively resulted in a higher pneumonia incidence in patients 
after cardiac surgery [46]. Cimetidine has been shown to reduce splanchnic 
blood flow [47] and may lead to adrenal insufficiency [48]. The fact that con
trolled clinical trials concerning acid suppression for the prevention of stress 
ulceration in patients undergoing cardiac surgery have not been performed 
and the side effects that may occur using acid suppressive drugs should be 
reason not to use stress ulcer prophylaxis routinely. 
An approach to prevention of stress ulceration and related bleeding in 
patients undergoing cardiac surgery and cardiopulmonary bypass can be 
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extracted from the considerations discussed above but no preventive strate
gy has been studied prospectively. Maximum effort should be exerted to pre
serve tissue oxygenation during surgery and in the intensive care unit. 
Hypovolaemia should be avoided and vasoconstrictive medication reduced. 
Vasodilators may be necessary to accelerate the relaxation of constrictive 
arterioles. Pulsatile flow during cardio-pulmonary bypass is preferred. 
Infection and hyperinflammatory state should be avoided. In a recent meta
analysis selective decontamination of the digestive tract (SDD) was found to 
reduce the incidence of ventilator associated pneumonia by 67% and mor
tality reduction was reduced by 20% in unselected critically ill patients [57]. 
When prolonged post-operative mechanical ventilation is expected in high 
risk patients pre-operative (SDD) may be used and should be instituted at 
least two days before the operation to reach adequate decontamination. 
Prevention of ventilator associated pneumonia and urinary tract infection 
prevents a hyperinflammatory state [23] which may lead to mucosal da
mage and stress ulcer formation. Other hygienic measurements should 
receive the highest attention for the same reason. Stress ulcer prophylaxis 
with histamine receptor antagonists should be restricted to high risk patients 
who are defined as prolonged mechanical ventilation or coagulopathy. 
Patients with a history of gastric or duodenal ulcers should also receive 
pharmacological prophylaxis but a possible exception may be made for 
patients who have had H. pylori eradication. 

Conclusion 

Stress ulceration and associated bleeding has a complex and multifactorial 
pathophysiology. Haemodynamic, inflammatory and perhaps infectious fac
tors play a role. The incidence in patients after cardiac surgery is low but in 
these patients mortality is relatively high. Prevention implies optimalisation 
of haemodynamics. Prevention of infection and enhanced inflammatory 
state should receive appropriate attention. The routine use of stress ulcer 
prophylaxis by sucralfate of histamine receptor antagonists is not supported 
by appropriate studies. 
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Chapter • 

Abstract 

Objective: Of critically ill patients in intensive care 0.6 to 9% will develop 
ulcerations in the stomach with overt bleeding. Recently the presence of 
antibodies against Helicobacter pylori was found to be associated with an 
increased rate of upper gastro-intestinal bleeding in critically ill patients. The 
exact role of H. pylori in the pathophysiology of stress ulceration is not 
known but is currently investigated without prior validation of diagnostic tests 
in this specific patient population. Therefore we studied the accuracy of the 
commonly used diagnostic tests for H. pylori in mechanically ventilated 
patients. 
Design: Prospective study comparing the ambulant to the mechanically ven
tilated LARA-13C-urea breath test in the same patients. Also antibodies 
against H. pylori are detected in both ambulant and mechanically ventilated 
state. 
Setting: A 20 bed mixed medical, surgical and cardio-surgical ICU in a major 
teaching hospital in the centre of Amsterdam. 
Subjects: One hundred consecutive patients admitted for elective cardiac 
surgery were included. 
Interventions: A pre-operative ambulant Laser Assisted Ratio Analyser 13C-
urea breath test (LARA-13C-UBT) was performed to detect H. pylori and was 
used as the "gold standard". Post-operatively a second LARA-13C-UBT was 
performed in the same patient at the intensive care unit during mechanical 
ventilation. Serum antibodies against H. pylori were also determined in 
ambulant and mechanically ventilated state. 
Endpoints:Jhe LARA-13C-UBTand serology in mechanically ventilated state 
were compared to the LARA-13C-UBT and serology in ambulant state. 
Measurements and main results: The LARA-13C-urea breath test during 
mechanical ventilation reached a sensitivity of 94% and a specificity of 92% 
compared to the ambulant test. Positive predictive value was 88% and 
negative predictive value was 96%. The mean serum H. pylori antibody titre 
of all patients decreased from 4.09 U/l to 3.34 U/l (16%) postoperatively 
(p<0.0001) in all probability due to blood loss and haemodilution which 
resulted in three false negative tests post-operatively. Six false positive pre
operative serological tests could be related to antibiotic use in the previous 
year. Sensitivity of post-operative serology was 72% and specificity 70%. 
Conclusions: The LARA-13C-urea breath test is an accurate and non-inva
sive method to detect H. pylori in mechanically ventilated patients and is 
easy to carry out. Serum antibody testing is less accurate due to blood loss, 
haemodilution and previous antibiotic use and should therefore be interpre
ted with caution. 
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Introduction 

In the western world 20 to 60% of the population, depending on age and 
geographical area, are infected with Helicobacter pylori. The role of H. pylo
ri in duodenal and gastric ulcer disease and their bleeding complication is 
wellknown1'3. Endoscopic studies show that stress ulceration occurs in 20% 
of patients in intensive care4. Bleeding related to stress ulceration occurs in 
0.6% to 9% of patients in intensive care57 though usually not confirmed by 
endoscopy. Major independent risk factors for these upper gastro intestinal 
bleeding are mechanical ventilation and clotting disorders6. The role of H. 
pylori in the pathophysiology of stress ulceration and related bleeding in 
intensive care patients is not well known. Antibodies against H. pylori are 
more often found in patients with upper gastro-intestinal tract bleeding stress 
ulcers7, suggesting that H. pylori plays a causal role. 
Serological assessment is the easiest way to detect H. pylori in critically ill 
patients. But it is known that antibody measurement has a rather low accu
racy and elevated titres persist even after successful eradication therefore 
not always indicating present H. pylori infection. In ambulant patients a 13C-
urea breath test is an accurate method to detect current H. pylori infection. 
The Laser Assisted Ratio Analyser (LARA)-13C-urea breath test uses small 
volume breath samples that can be collected at the bedside and can be 
stored for at least 2-3 months before analysis. 
In the present study the accuracy of the LARA-13C-urea breath test and sero
logy for the detection of H. pylori was evaluated in patients before and after 
admittance to the intensive care unit for elective cardiac surgery, in order to 
have a reliable and convenient tool to perform further studies to the relation 
between stress-ulceration and H. pylori infection. 

Methods 

Patients 
One hundred consecutive patients admitted for elective cardiac surgery 
were included in the study after written informed consent was obtained. The 
study was approved by the local ethical and scientific committees. Inclusion 
criteria were admission to hospital for elective cardiac surgery and mental 
and physical ability to perform the LARA-13C-urea breath test. Exclusion cri
teria were previous gastrectomy, current use of antibiotics, and pregnancy. 

Study design 
One to three days before cardiac surgery, and after an overnight fast, 
patients performed the LARA-13C-urea breath test. Serology was added as 
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an additional diagnostic test in the second half of the study. Blood samples 
were taken for serological detection of antibodies against H. pylori on the 
same day as the LARA-13C-urea breath test. Patients were intubated short
ly before cardiac surgery. Immediately after cardiac surgery patients were 
admitted to the intensive care unit. Within one hour after admission to the 
intensive care unit a LARA-13C-urea breath test was performed during 
mechanical ventilation. A second blood sample was drawn concurrently for 
serological assessment of antibodies against H. pylori. In each patient the 
LARA-13C-urea breath test and serology results in the ambulant condition 
were compared to the test results in mechanically ventilated condition. 

The Laser Assisted Ratio Analyser-13C-urea breath test 
The test (Alimenterics, New Jersey, USA) is based on the urease production 
of H. pylori. Non-radioactive 13C labelled urea will be degraded to 13C02. The 
laser assisted ratio analyser determines the ratio of 13C02. to

 12C02. in the 
exhaled air. A ratio of more than 6.1 delta units is considered as a positive 
test result. In ambulant patients the LARA-'3C-urea breath test indicates the 
presence of H. pylori with a sensitivity of 93% and a specificity of 93%8. First 
a base-line exhaled breath is captured in a breath collector. A test meal (237 
ml Ensure) is then ingested, followed immediately by 100 mg of 13C-label-
led urea in 50 ml sterile water. Thirty and 60 min after ingestion of the urea 
a second and third breath sample is collected. When the exhaled air in one 
of the breath collectors is not collected properly, a "low C02" error results. 
During mechanical ventilation the breath collector was placed between the 
endotracheal tube and a selfinflating ventilation bag using a swivel and a 
connecting piece (figure 1). After inflating the lungs with the ventilation bag 
a passive exhalation takes place. At the end of this exhalation the breath col
lector is closed and alveolar air is captured in the collector. The urea breath 
test was performed without test meal during mechanical ventilation assu
ming reduced gastric emptying in critically ill patients9 and the water contai
ning urea was given through a naso-gastric tube. Storage of the breath col
lectors is possible for at least two months and can be mailed to the analy
sing laboratory. 

Serology 
Serum IgG antibodies against H. pylori were quantitative detected in blood 
samples before and after cardiac surgery by enzyme linked immunosorbent 
assay (HM-CAP™ ELISA Enteric Products, Inc. Stony Brook, NY). A cut off 
level of 1.8 U/l was used. Sensitivity of this test compared to urea breath test 
was 98.7%, specificity and positive predicting value were both 100% and 
negative predicting value was 98.6%10. 
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Statistical analysis 
Sensitivity, specificity, negative and positive predicting values and likelihood 
ratio of the mechanically ventilated LARA-13C-urea breath test to detect H. 
pylori were calculated with H. pylori status determined by the LARA-13C-urea 
breath test in the ambulant state. T-test was used to compare means of anti
body titre for paired serological samples. A two tailed p value <0.05 was con
sidered to be statistically significant. 

Results 

LARA-13C-urea breath test 
In two of the 100 patients the breath samples could not be evaluated be
cause of technical failure of the breath sample analyser. One patient was 
excluded because of low C02 in the ambulant breath test, 14 were excluded 
because of low C02 in the mechanical ventilated urea breath test and one 
because of low C02 in both urea breath tests. H. pylori was detected in 36 
of 96 patients with adequately performed ambulant breath tests (38%) and 
in 35 of 83 patients with well performed breath test during mechanical ven
tilation (42%). In 82 patients both tests were evaluated (table 1). Thirty of 
these 82 patients had a H. pylori positive LARA-13C-urea breath test result in 
both tests and in 46 patients a negative test result in both tests was found. 
The mechanically ventilated test revealed a false positive test in 4 and a 
false negative test in 2 patients. Therefore the sensitivity of the mechanical
ly ventilated test is 94% and the specificity 92% (table 2). 

Table 1 

2x2 table of ambulant and mechanically ventilated LARA-13C-urea breath 
test for the detection of Helicobacter pylori. 

N=82 

MV-UBT positive 
MV-UBT negative 

Amb-UBT Amb-UBT 
positive negative 

30 2 
4 46 

Amb-UBT, ambulant urea breath test; MV-UBT, mechnically ventilated urea 
breath test 
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Serology 
In 49 patients blood samples were drawn both pre- and post-operatively. 
Serology was positive in 32/49 (65%) patients before cardiac surgery and in 
29/49 (59%) patients afterwards (p=0.11). The mean titres of antibodies 
were 4.09 U/l (range 0.17-8.16 U/l, SD 2.65) pre-operative and 3.34 U/l 
(range 0.13 - 7.85 U/l, SD 2.43) post-operative. This decline of 0.94 U/l 
(16%) was significant (p < 0.0001) and resulted in conversion from a positi
ve test result into a false negative test result in 3 patients. These 3 patients 
had a pre-operative test result with a mean titre of 2.56 U/l and a post-ope
rative test result with a mean titre of 1.39 U/l. 

LARA-13C-urea breath test and serology 
In 41 patients both breath samples as well as both blood samples were éva
luable. In 16 patients pre-operative serology and breath sample both detec
ted H. pylori. In 15 patients both tests were negative for the detection of H. 
pylori. Sensitivity and specificity rates are shown in table 2 using the ambu
lant urea breath test as the "gold standard". A positive pre-operative serolo
gical test with negative breath test was found in 10 patients. Six of these 10 
patients were treated with antibiotics for various infections in the previous 
year. One patient ingested Omeprazol. Excluding these 7 patients the pre
operative serologic specificity improved from 60 to 83% and the post-opera
tive serologic specificity improved from 72 to 85%. 

Discussion 

Stress ulceration in critically ill patients is thought to occur due to mucosal 
ischaemia and gastric mucosal breakdown. It is hypothesised that chronic 
gastritis with H. pylori can pre-dispose for this mucosal damage7. A potential 
role for H. pylori in the pathophysiology of stress ulceration in mechanically 
ventilated critically ill patients has been suggested in preliminary reports but 
needs to be determined in clinical studies1113. Therefore detection of H. pylo
riin these patients needs to be validated. In ambulant patients biopsy based 
detection by culture and histopathology is thought to be the most appropria
te way to detect H. pylori and is usually considered the gold standard. 
However, upper gastro-intestinal endoscopy is an invasive technique that is 
expensive and unsuitable for screening. Moreover, even with this detection 
technique sampling error may occur especially in case of atrophy and pro
ton pomp inhibitor use, owing to the patchy distribution of the micro-orga
nism. Serological detection is more easy to perform but accuracy is still 
insufficient and false positive tests easily occur especially after previous anti
biotic treatment. In contrast, the LARA-13C-urea breath test is easy to use in 
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Table 2 
Helicobacter pylori detection rates of MV-UBT and pre- and postoperative 
serology compared to the ambulant LARA-13C-urea breath test. 

method of 
detection 

No. No. Sens. Spec. PPV NPV LR(+) LR(-) 
Hp+ Hp- (%) (%) (%) (%) 

50 94 92 88 96 11.7 0.068 
15 100 60 62 100 2.5 0 
18 100 72 70 100 3.57 0 

MV-UBT (N=82) 32 
pre-op ELISA (N=41) 26 
post-op ELISA (N=41) 23 

Hp, Helicobacter pylori; UBT, urea breath test; MV, mechanically ventilated; 
LARA, Laser Assisted Ratio Analyser; pre-op, pre-operative; post-op, post
operative; PPV, positive predicting value; 
NPV, negative predicting value; LR, likelihood ratio; ELISA, Enzyme linked 
immunosorbent assay. 

Figure 1 
Position of the LARA breath sample collector. From left to right: tube, con
necting piece, breath sample collector, connecting piece, selfinflating venti
lation bag. 
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ambulant patients and reveals high sensitivity and specificity. In the present 
study it is proven for the first time that even in the mechanically ventilated 
state the LARA-13C urea breath test is highly accurate. The advantage of the 
LARA-13C urea breath test is that breath collection occurs during one single 
exhalation in a breath collector that is easily placed in between a selfinfla-
ting ventilation bag and the endotracheal tube through which mechanical 
ventilation takes place. In ambulant patients breath is collected during acti
ve exhalation. Sedated and mechanically ventilated patients exhale passi
vely and may therefore produce more often breath samples containing low 
C02. Therefore we were not able to evaluate 15/98 tests in mechanically 
ventilated patients after cardiac surgery (15%) while only 2/98 of the tests in 
ambulant patients could not be evaluated (2%). An other study including 
unselected patients with prolonged mechanical ventilation showed roughly 
the same amount of breath tests that were unable to evaluate. An addition
al reason may be the inexperience of the intensive care nurses with this new 
technique as later in the study, due to a learning curve, the breath collectors 
low C02 less often. Breath tests are compared within each patient and there
fore the non-eligible tests are not encountered in the analysis. We used a 
selfinflating ventilation bag without additional oxygen because a high oxygen 
content of the inhaled air appeared to disturb the LARA analyser. 
The sensitivity and specificity of the LARA-13C-urea breath test in ambulant 
patients were 93% and 93% respectively using culture or histology as the 
"gold standard"8. In the present study similar sensitivity and specificity of 
94% and 92% respectively, were obtained in mechanically ventilated 
patients using the ambulant LARA-13C-urea breath test as the "gold stan
dard". We could use the ambulant LARA-13C-urea breath test as the "gold 
standard" because the test result is independent of the mechanically venti
lated LARA-13C-urea breath test and each mechanically ventilated LARA-
13C-urea breath test was compared to the ambulant test in the same patient. 
Serology was assessed before and after cardiac surgery in the last 49 inclu
ded patients. The 16% reduction in antibody titre occurred probably becau
se of blood loss and infusion of crystalloid and albumin during surgery. The 
exact amount of haemodilution in these patients could not be assessed 
accurately by the volume of the infusion fluid because fluid shifts to and from 
the interstitial space result in unpredictable changes in intravascular volume. 
Detection of H. pylori antibodies in serum after blood loss or haemodilution 
led to 7% (3/41) false negative results and therefore underestimation of H. 
pylori prevalence. Many intensive care patients have an extensive medical 
history with antibiotic use. This previous use of antibiotics led to 15% (6/41) 
false positive serological test results in this study. Peterson et al. also found 
that antibiotic monotherapy can lead to eradication of H. pylori and therefo-
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re false positive serological test results14. 
The prevalence of stress ulceration in critically ill patients detected by upper 
gastrointestinal endoscopy is 20%4. The prevalence of stress ulcer related 
bleeding differs from 0.6% to 9%57. The aetiology of stress ulceration and 
related bleeding is complex. It is generally accepted that mucosal ischaemia 
is the most important factor that leads to stress ulceration15. Clotting disor
ders and mechanical ventilation are known to be independent risk factors6. 
Recently a higher titre of IgA antibodies against H. pylori was detected in cri
tically ill patients with upper gastro-intestinal bleeding compared to patients 
without bleeding (odds ratio 1.76, 95% CI 1.08 - 2.87)7. The validity of these 
results can be questioned as the present study shows that previous antibio
tic use led to 15% false positive serologic test results and haemodilution, 
which often happens due to infusion of resuscitation fluids, led to 7% false 
negative serologic test results. In contrast, the LARA-13C-urea breath test is 
not influenced by these possible flaws and is proven to be an accurate test, 
which is suitable for examining the role of H. pylori in stress ulcer formation 
in mechanically ventilated patients. 
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Abstract 

Introduction: Helicobacter pylori plays a major role in the pathogenesis of 
gastric and duodenal ulcer disease. It is unknown whether H. pylori plays a 
role in the formation of stress ulceration in critically ill patients. A simple and 
reliable test is necessary to study H. pylori infection in critically ill patients at 
risk for stress ulceration. Previously we have shown that the LARAJ3C-urea 
breath test reliably detects H. pylori infection in these patients. In contrast, 
the presence of antibodies against H. pylori in serum per se does not indi
cate H. pylori infection. In this study we compare the detection of H. pylori 
antigens in a faecal sample with both H. pylori detection using the LARA-13C-
urea breath test and with the serological assessment of antibodies against 
H. pylori. 
Study design: Prospective observational cohort analysis. 
Methods: Patients admitted to a mixed surgical and medical intensive care 
unit were studied. Patients were included when mechanical ventilation was 
instituted. Patients were excluded once they were admitted after elective 
surgery and once they did not produce stools within 3 days after admission. 
Informed consent was obtained from the nearest relatives. Immediately after 
admission a Laser Assisted Ratio Analyser (LARA)-13C-urea breath test was 
performed and blood was drawn for antibody detection. 
Results: In the 3 month study period 129 mechanically ventilated patients 
were admitted. Ninety-six of them (74%) were excluded because a faecal 
sample could not be obtained within 3 days. Compared with the LARA-13C-
urea breath test, the sensitivity of the faecal antigen test was 75%, the spe
cificity and the positive predictive value were 100% and the negative pre
dictive value was 87.5%. Compared with antibody detection in serum the 
sensitivity and the negative predictive value of the faecal antigen test were 
33.3% and the specificity and the positive predictive value were 88.8%. 
Conclusion: The presence of faecal H. pylori antigens is highly suggestive 
for H. pylori infection. However, the inability to obtain a faecal sample in 
most patients within 3 days and the low sensitivity because of the recent use 
of antibiotics, makes this test less suitable to screen critically ill patients for 
the presence of H. pylori infection. 
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Introduction 

Helicobacter pylori plays a major role in the pathogenesis of gastric and duo
denal ulcer disease [1]. Whether H. pylori plays a role in the formation of 
stress ulceration in critically ill patients is still unknown. To study the role of 
H. pylori in stress ulcer formation, a diagnostic test is necessary that is easy 
to use for the screening of critically ill patients. Culture and histopathology 
are used as the golden standard for the detection of H. pylori. However, 
these tests are not suitable for screening a large study population because 
they need an invasive procedure and are time consuming. Previously we 
found that the Laser Assisted Ratio Analyser (LARA)-13C-urea breath test is 
an accurate test for the detection of H. pylori in critically ill and mechanical
ly ventilated patients [2]. Serology does not indicate active H. pylori infection 
and false negative results may be caused by haemodilution or blood loss [2]. 
In a small stool sample H. pylori antigens can be detected in case of infec
tion with this micro-organism [3]. The presence of these antigens indicate 
current H. pylori infection. This analysis of faeces is not influenced by possi
ble flaws such as haemodilution and blood loss. Therefore, the faecal test for 
antigen detection may be useful for screening critically ill patients for the pre
sence of current H. pylori infection. In this study we compare a test for the 
detection of faecal H. pylori antigens with serological antibody detection and 
with the LARA-13C-urea breath test. 

Methods 

Study design 
Prospective observational cohort analysis. 

Patients 
During a 3 months period all patients admitted to the intensive care unit for 
emergency reasons with an expected stay of at least 24 hours and requiring 
mechanical ventilation were included in the study. Informed consent was 
obtained from the nearest relatives. Excluded were patients admitted after 
uncomplicated elective surgery because of the limited severity of their dis
ease and short length of stay. In addition, patients with gastric perforation and 
gastric surgery within 24 hours before admission were excluded because of 
inability to perform a LARA-13C-urea breath test in this situation. Patients with 
pulmonary oedema requiring positive end expiratory pressure (PEEP) ven
tilation with pressures of 15 cm H20 or more were excluded for the same 
reason. In addition, the patients had to produce stools within 72 hours after 
admission. The local ethical and scientific committees approved the study. 

64 



Chapter 5 

Patients were classified as surgical patients when any surgical intervention 
was performed within 7 days prior to admission to the intensive care. All 
other patients were classified as medical patients. 

Detection of Helicobacter pylori 
H. pylori antigens were detected in a 2 ml stool sample by an enzyme immu
noassay (EIA) (HpSA™, Meridian Diagnostics, Inc., Cincinnati, OH, USA) 
which was produced within 72 hours after admission to the intensive care 
unit. The stool samples were transported to the laboratory immediately after 
collection and stored at -20°C. All faecal samples were analysed simultane
ously at the end of the study period according to the manufactures protocol. 
The Laser Assisted Ratio Analyser (LARA)-13C-urea breath test 
(Alimenterics™ Inc., New Jersey, USA) was used to detect current H. pylori 
infection as previously described [2]. The patients were tested within one 
hour after the onset of mechanical ventilation. The test was performed by 
collecting exhaled air at base line, 30 and 60 minutes after administering 
100 mg of 13C-urea through the nasogastric tube. The LARA determines the 
ratio of 13C02 to

 12C02 in the exhaled air. A ratio of more than 6.1 delta units 
in either the 30 minutes or the 60 minutes breath sample was considered a 
positive test result indicating the presence of H. pylori [4]. We validated this 
test previously in mechanically ventilated patients [2]. 
Blood samples for serological antibody detection were taken immediately 
after admission to the intensive care unit. Serum IgG antibodies against H. 
pylori were quantitatively determined by enzyme linked immunosorbent 
assay (HM-CAP™ ELISA Enteric Products, Inc. Stony Brook, NY). A cut off 
level of 1.8 U/l was used [5]. 

Statistical analysis 
Sensitivity, specificity, negative and positive predicting values and likelihood 
ratio of the detection of H. pylori by the faecal antigen test were calculated 
as compared with H. pylori infection detected by either the LARAJ3C-urea 
breath test or serological antibody titre. 

Results 

During the 3 month study period 129 patients fitted the inclusion criteria on 
admission to the intensive care. However, 96 patients (74%) did not produ
ce stools within three days after admission. Therefore, only 33 patients were 
included (26%). The mean age of the included patients was 65.8 years (SD 
14.6, range 23 - 85 years). Nine patients were female, 24 were male. 
Fourteen patients were classified as surgical and 19 as medical patients. 
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The mean Acute Physiology and Chronic Health Evaluation score (APACHE 
II) was 25.2 (SD 8.3 and range 12-51) with a median predicted mortality of 
0.39 (SD 0.27 and range 0.072 - 0.987). The mean Simplified Acute 
Physiology Score (SAPS II) was 52.8 (SD 18.4 and a range 22 - 93) with a 
median predicted mortality of 0.44 (SD 0.29 and a range 0.05 - 0.97). 
Observed intensive care mortality was 39.4% and observed hospital morta
lity was 51.5%. 

Table 1 
2x2 table of faecal H. pylori antigen test (HpSA) and LARA-13C-urea breath 
test 

N=33 LARA-UBT positive LARA-UBT negative 

Faecal antigen 
test positive 

9 0 

Faecal antigen 
test negative 

3 21 

Table 2 
2x2 table of faecal H. pylori antigen tests (HpSA) and serology 

N=33 Serology positive Serology negative 

Faecal antigen 
test positive 

8 1 

Faecal antigen 
test negative 

16 8 
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Table 3 
Helicobacter pylori detection rates of faecal H. pylori antigen test (HpSA) 
compared to the LARA-13C-urea breath test and serology. Hp+: H. pylori 
infection present; Hp-: H. pylori infection absent; Sens.: Sensitivity; Spec: 
Specificity; PPV: Positive predicting value; NPV: Negative predicting value; 
LR(+): Likelihood ratio of a positive test; LR(-): Likelihood ratio of a negative 
test; UD: Undefined. 
method of No. No. Sens. Spec. PPV NPV LR(+) LR(-) 
detection: Hp+ Hp- (%) (%) (%) (%) 

HpSA vs. LARA 
HpSA vs. serology 

12 21 75 100 100 87.5 UD 4 
24 9 33.3 88.8 88.8 33.3 3 1.3 

H. pylori infection as determined by a positive LARA-13C-urea breath test 
was found in 12 of the 33 patients (36%). Antibodies against H. pylori were 
present in 24 out of 33 patients (73%). The median antibody titre was 3.04 
U/l with a SD of 2.22 U/l (range 0.26 - 8.4 U/l). The result of the faecal H. 
pylori antigen tests (HpSA) of 33 patients is compared to the LARAJ3C-urea 
breath test and serological antibody detection which is shown in table 1 and 
table 2. The agreement of HpSA with the LARA-13C-urea breath test was 
91%, the agreement with the serological antibody detection was 48%. 
Sensitivity, specificity, positive predictive value and negative predictive value 
of the faecal antigen test compared to the LARA-13C-urea breath test and 
serological antibody detection are summarised in table 3. 

Discussion 

Theoretically, the faecal test for the detection of H. pylori antigens is a non
invasive and easy method to detect H. pylori infection in critically ill patients. 
In addition the stool samples may be stored before analysis and the results 
are not biased by possible flaws that disturb other tests for the detection of 
H. pylori. However, the results of this study show that the faecal test for the 
detection of H. pylori antigens has major disadvantages in critically ill 
patients. Seventy/four percent of the 129 admitted patients in the study 
period could not be included because they did not produce stools within 
three days after admission. Stools that are produced later may be less sui
table for testing because of (antibiotic) medication given to the patients. 
However, the present study was not designed to test that hypothesis. A pre
liminary study showed that the optical density (OD) of the HpSA decreased 
rapidly during treatment for H. pylori [6]. After 5 days the mean OD reached 
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the cut-off value but occasionally that threshold was reached sooner. 
Therefore, the sensitivity of the HpSA decreases rapidly after the institution 
of H, pylori suppressive antibiotics. In the present study the patients were all 
treated with at least two antibiotics which suppresses H. pylori (cefotaxime 
and tobramycin) as part of selective decontamination of the digestive tract. 
The present study shows that when a stool sample is collected and tested 
positive for the H. pylori antigens, the patient is very likely to have a current 
H. pylori infection. This is indicated by a positive predicted value of 100%. 
Also, a patient without H. pylori infection will have negative test results by the 
HpSA as indicated by the specificity of 100%. However, 25% of the patients 
with H. pylori infection as determined by a positive LARA-13C-urea breath 
test, were tested negative with the HpSA. Therefore we conclude that a posi
tive HpSA result strongly suggests active H. pylori infection but a negative 
test result does not rule out H. pylori infection. The results of the LARA-13C-
urea breath test and the faecal antigen test were in agreement in 91% of the 
patients. In a European multicenter study the sensitivity of the HpSA was 
found to be 90% compared to histopathology and 94% compared to LARA-
13C-urea breath test [3]. The 75% sensitivity compared to the LARA-13C-urea 
breath test that we found in the present study may be explained by the 
recent use of antibiotics in some of our patients. 
The results of the HpSA and antibody detection in serum were in agreement 
in only 48% of the patients. The sensitivity and specificity of the HpSA com
pared to serological antibody detection were 89%. The relatively low sensi
tivity and specificity of the faecal test compared to the antibody detection in 
serum may in part be due to the fact that antibodies can be detected for a 
prolonged period of time after eradication of the infection. Therefore the 
detection of antibodies does not necessarily mean current H. pylori infection. 
H. pylori antigens in a stool sample, however, can only be detected in case 
of current H. pylori infection. 
Previously we have shown that the presence of antibodies against H. pylori 
in serum was not well correlated with a positive result of the LARA-13C-urea 
breath test [2]. The present study confirms these results of serological anti
body detection in critically ill patients. Paré was the first to hypothesise about 
the role of H. pylori in the pathogenesis of stress ulceration in critically ill 
patients [7]. Only a limited number of studies have explored this hypothesis 
[8-11]. Most of these studies are preliminary reports and used the presence 
of antibodies in serum for the detection of H. pylori infection. Previously we 
have shown that the presence of antibodies against H. pylori in serum was 
not related to gastric or duodenal mucosal injury [12]. In contrast, H. pylori 
infection determined by the LARA-13C-urea breath test was significantly rela
ted to the presence of major mucosal injury in critically ill and mechanically 
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ventilated patients [12]. Reliable detection of H. pylori is necessary to study 
the role of this micro-organism in the pathogenesis of stress ulceration in 
mechanically ventilated critically ill patients. The present study shows that 
the detection of faecal H. pylori antigens is highly suggestive for H. pylori 
infection. However, in a majority of critically ill patients a stool sample could 
not be obtained within 3 days which is the main limitation of the faecal H. 
pylori antigen test in these patients. It may be possible to improve the avai
lability of stool samples by active collection of faeces from the rectum. 
However, in this study we did not do that. In addition a relatively low sensi
tivity of the faecal antigen test is found compared to the LARA-13C-urea bre
ath test which may be due to the recent use of antibiotics. These two results 
made the faecal antigen test less suitable to screen our population of criti
cally ill patients for the presence of H. pylori infection. 
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Abstract 

Introduction: Intestinal permeability is increased in patients with severe dis
ease such as burns, sepsis and trauma. Dual sugar tests are used to meas
ure intestinal permeability. Gastric permeability can be studied with the 
sucrose loading test. However, this test has not been performed previously 
in critically ill patients. An increase in gastric permeability may theoretically 
predispose for stress ulcer formation. Helicobacter pylori is associated with 
gastric and duodenal ulcer disease and may be a risk factor for stress ulcer 
formation. Healthy volunteers infected with H. pylori show an increase in 
sucrose permeability of the stomach. In the present study the relation 
between gastric permeability measured by the sucrose loading test and both 
H. pylori infection and severity of disease scores (APACHE II, SAPS II, MPM 
0 and MPM 24) are studied in critically ill patients. 
Methods: Consecutive mechanically ventilated patients admitted to the 
intensive care with an expected stay of at least 24 hours were included in 
the study. H. pylori was detected by the Laser Assisted Ratio Analyser-13C-
urea breath test. The severity of disease was determined by APACHE II, 
SAPS, MPM 0 and MPM 24 scores. Gastric permeability testing was perfor
med by instillation of 100 gr. of sucrose in 250 ml of water via the nasogas
tric tube. Sucrose excretion was determined in the urine that was collected 
during the next 5 hours. 
Results: 153 patients were included. Median sucrose excretion was 442 mg 
(mean 985 mg, SD 2420 mg, range 1.0 - 27851 mg). In 63 patients with H. 
pylori infection the median sucrose excretion was 641 mg (mean 996 mg, 
SD 1168 mg, range 10 - 1169 mg) compared to 329 mg (mean 976 mg, SD 
3009 mg, range 1.0 - 27851 mg) in 90 patients without H. pylori infection 
(p=0.007). A correlation between any of the severity of disease scores and 
sucrose excretion in the urine was not found. The same results were found 
after correction for renal function. 
Conclusion: Gastric permeability measured by the sucrose loading test was 
increased by H. pylori infection but not by severity of disease measured by 
APACHE II, SAPS, MPM 0 or MPM 24. H. pylori infection leads to a signifi
cantly impaired integrity of the gastric mucosa, thereby possibly facilitating 
stress ulcer formation. 

Introduction 

Intestinal permeability testing has been used for the detection of gut muco
sal injury in critically ill patients [1]. Intestinal permeability can be studied by 
dual sugar tests. Usually excretion of lactulose/mannitol or cellobiose/rham-
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nose ratio's in the urine after oral ingestion of these sugars are determined. 
Increased permeability has been shown in many patient groups with severe 
disease [2-5]. Also, the severity of disease measured by APACHE II scores 
in some studies correlates with intestinal mucosal permeability [6]. 
Permeability tests are supposed to measure the degree of mucosal injury of 
the small bowel. However, the most frequent mucosal lesion in critically ill 
patients is stress ulceration in the stomach and duodenal bulb. None of the 
aforementioned dual sugar tests is specific for gastric mucosal permeability. 
In contrast, the sucrose loading test has been developed to measure gastric 
permeability after mucosal injury [7]. Sucrase degrades sucrose to fructose 
and glucose in the duodenum and jejunum. Therefore increased intestinal 
permeability distal from the stomach does not affect the sucrose excretion in 
the urine. The sucrose loading test can detect gastric ulceration with a sen
sitivity of 84% and a specificity of 96% [8]. Gastric permeability for sucrose 
is also increased by Helicobacter pylori infection and the eradication of H. 
pylori decreases sucrose recovery from the urine [9]. 
In contrast to dual sugar tests for the detection of intestinal permeability 
which have been used extensively in critically ill patients, sucrose loading 
tests have not been used in this population before. The high prevalence of 
endoscopically detected gastric lesions (66 - 82% [10,11]) indicate that gas
tric mucosal injury and increased gastric permeability is widely present in 
unselected critically ill patients. In the present study we tested the hypothe
sis that gastric mucosal permeability in critically ill patients, determined by 
the sucrose loading test, is related to the severity of disease, measured by 
APACHE II and other scores, and to H. pylori infection. 

Methods 

Patients 
Consecutive patients admitted to the intensive care unit for emergency rea
sons with an expected stay of at least 24 hours and requiring mechanical 
ventilation were included in the study. Informed consent was obtained from 
the nearest relatives. Exclusion criteria were admission after uncomplicated 
elective surgery, gastric perforation and gastric surgery within 24 hours 
before admission because of inability to perform an urea breath test in this 
situation. Patients with pulmonary oedema requiring positive end expiratory 
pressure (PEEP) ventilation with a pressure of 15 cm H20 or more were 
excluded for the same reason. Scoring systems for determination of the 
severity of disease (APACHE II, SAPS, MPM 0 and MPM 24) were calcula
ted in the first 24 hours after admission. A patient was categorised as a sur
gical patient when an operation was performed within 7 days prior to admis-
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sion to the intensive care. A patient was categorised as 'cardiac surgery' 
when the cardiac surgery was performed within 7 days prior to admission. 
All other patients were categorised as medical patients. The local ethical and 
scientific committees approved the study. 

Detection of H. pylori 
The Laser Assisted Ratio Analyser (LARA)-13C-urea breath test 
(Alimenterics Inc. New Jersey, USA) was used to detect current H. pylori 
infection as previously described [12]. The test is performed by collecting 
exhaled air at base line, 30 and 60 minutes after administering 100 mg of 
13C-urea through the nasogastric tube. The LARA determines the ratio of 
13C02 to

 12C02 in the exhaled air. A ratio of more than 6.1 delta units in eit
her the 30 minutes or the 60 minutes breath sample was considered a posi
tive test result indicating the presence of H. pylori infection. We validated this 
test previously in mechanically ventilated patients [13]. The test was perfor
med immediately after admission. 

Sucrose loading test 
The sucrose loading test was performed after the LARAJ3C-urea breath test 
was completed. The stomach was emptied by suctioning the naso-gastric 
tube. A sterile solution of 100 g of sucrose in 250 ml of water was instilled 
via a naso-gastric tube in 15 minutes. All urine was collected during the next 
5 hours. The volume of the urine was measured and a representative urine 
sample was taken and stored at -20°C until use. 
The amount of sucrose excreted in the urine was measured enzymatically 
using the sucrose/D-glucose/D-fructose testkit (Boehringer Mannheim, no. 
716260) from Roche Diagnostics, Almere, The Netherlands. The analyses 
were performed on a Cobas Bio analyser (Roche, Almere, The 
Netherlands). According to this method sucrose was hydrolysed using b-
fructosidase at pH 4.6, giving glucose and fructose in equal amounts. After 
completion of the hydrolysis, glucose and fructose were measured conse
cutively at pH 7.6, using hexokinase and glucose-6-phosphate. The forma
tion of NADPH was monitored at 340 nm. After consumption of the glucose, 
fructose was measured by addition of phosphoglucoisomerase for conver
sion of fructose-6-phosphate to glucose-6-phosphate. The results obtained 
were corrected for free glucose and fructose present in the urine samples. 
Sometimes high glucose concentrations were present in the samples, which 
could influence the result obtained. Samples were then remeasured after 
dilution. The fructose measurement in the samples were not influenced by 
high fructose concentrations. Different concentrations of sucrose in water 
were always referred to as standard in the procedure. 
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Severity of disease 
The severity of the disease for which the patient was admitted to the inten
sive care unit was determined by the Acute Physiology And Chronic Health 
Evaluation II (APACHE II) score [14] and the Simplified Acute Physiology 
System (SAPS II) score [15] 24 hours after admission and the Mortality 
Prediction Model (MPM) score on admission (MPM 0) and after a period of 
24 hours (MPM 24) [16]. 

Statistical Analysis 
Comparison of means was performed using the T-test in case of normal dis
tribution. In case of skewed distribution a logarithmic transformation was 
performed to reach a normal distribution. A comparison of categorical data 
between groups was performed by the Chi Square test. Correlation was 
determined by Spearman's rank correlation. The statistical analysis was 
made with the SPSS statistical analyser release 8.0.0 (SPSS inc., USA, 
1997). A p value < 0.05 was considered to be statistically significant. 

Results 

Demographic data of 153 included patients are summarised in table 1. The 
median sucrose excretion was 442 mg (SD 2420 mg, mean 985 mg, range 
1.0 - 27851 mg). The median sucrose excretion was 641 mg (mean 996 mg, 
SD 1168 mg, range 10 - 1169 mg) in 63 patients with H. pylori infection com
pared to 329 mg (mean 976 mg, SD 3009 mg, range 1.0 - 27851 mg) in 90 
patients without H. pylori infection. The skewed distribution of the sucrose 
recovery data was changed into a normal distribution by logarithmic trans
formation. The T-test of these logarithmic data showed a significant higher 
sucrose recovery in the patients infected with H. pylori compared to the 
patients without H. pylori infection (figure 1, p=0.007). 
The sucrose excretion was not significantly correlated with either the 
APACHE II score (figure 2) or SAPS, MPM 0 and MPM 24 score. 
Adjustment for renal function was performed by multiplying the amount of 
excreted sucrose by 100 and dividing this by the creatinine clearance (CC) 
in ml/min: Sucradj = Sucr x 100/CC. Sucr^ was related to H. pylori infection 
(p=0.024) but was not related to APACHE II (p=0.54) or the other disease 
scores. 
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Table 1. 
Demography and severity of disease scores for the included patients. 

All patients: N=153 
(SD) 

Hp positive: N=63 
(SD) 

Hp negative: N=90 
(SD) 

Age (years) 66.7(14.5) 69.1 (12.3) 65(15.8) 

Male / Female (N) 92/61 40/23 52/38 

Cardiac surgery (%) 38 15 23 

General surgery (%) 19 5 14 

Medical (%) 96 43 53 

Mean APACHE II 
(SD) 

23.1 (8.2) 24.0 (7.8) 22.5 (8.5) 

Mean APACHE II 
predicted mortality 
(SD) 

0.42 (0.27) 0.45 (0.27) 0.39 (0.28) 

Mean SAPS II (SD) 49.7(16.8) 51.7 (16.7) 48.3(16.8) 

Mean SAPS II 
predicted mortality 
(SD) 

0.45 (0.28) 0.48 (0.28) 0.43 (0.28) 

Mean MPM 0 (SD) 0.40 (0.27) 0.47 (0.27)* 0.36 (0.26)* 

Mean MPM 24 (SD) 0.46 (0.22) 0.49 (0.23) 0.44 (0.22) 

Hp: Helicobacter pylori; SD: standard deviation; APACHE: Acute 
Physiology and Chronic Health Evaluation; SAPS: Simplified Acute 
Physiology Score; MPM: Mortality Prediction Model. * p=0.01. All other 
variables were not significantly different. 
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Figure 1. 
Sucrose excretion in the urine (mean with 95% CI) in patients with and wit
hout H. pylori infection. 
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Figure 2. 
Distribution of sucrose excretion in the urine related to APACHE II score. 
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Discussion 

We studied the relation between sucrose permeability of the stomach and 
both H. pylori infection and severity of disease. We found a significant rela
tion between H. pylori infection and gastric mucosal permeability in critically 
ill patients with or without adjustment for renal function. This finding is con
sistent with a previous study in which H. pylori infection was associated with 
increased sucrose permeability in healthy volunteers [9]. Moreover, incre
ased gastric permeability for sucrose is related to gastric mucosal injury [7]. 
It is shown now that also in critically ill patients H. pylori infection leads to a 
decreased barrier function of the gastric mucosa. The structure of the mucus 
in the stomach is affected by H. pylori [17]. The mucosal injury and decre
ased barrier function caused by H. pylori infection may therefore lead to 
back diffusion of acid which is supposed to be an important step in the 
pathogenesis of stress ulceration [18]. Previously, we have shown that H. 
pylori infection was associated with endoscopically detected mucosal 
lesions in critically ill patients [10]. The finding of increased gastric permea
bility to sucrose in case of H. pylori infection underlines the role of H. pylori 
in the pathogenesis of stress ulceration. However, ischaemia remains an 
important determinant of mucosal injury. In the present study we did not 
measure gastric mucosal ischaemia. Moreover, gastric mucosal ischaemia 
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can not be monitored routinely in critically ill patients. Tonometry measures 
gastric mucosal acidosis which is related to hypoxia [19]. Tonometry and 
APACHE II scores are related in some studies [20] and APACHE II score 
may also be related to intestinal permeability [6]. In our study APACHE II and 
other severity of disease scores were not related to gastric mucosal permea
bility. Neither did we find a significant difference in APACHE II or other sco
res between the patients with and those without H. pylori infection. In a pre
vious study we did not find a correlation between severity of disease scores 
and endoscopically detected mucosal injury [10]. Therefore, severity of 
disease measured by APACHE II or other scores did not correlate with 
either endoscopically detected gastric mucosal injury or gastric sucrose per
meability. Theoretically, sucrose excretion may be determined by renal func
tion. We made an adjustment for renal function because some patients were 
oliguric and had an impaired renal function. However, the relation between 
the adjusted sucrose excretion and H. pylori infection remained significant. 
In previous studies gastric permeability for sucrose was increased by NSAID 
induced mucosal injury [7,8]. In the present study NSAID use was limited to 
the use of low dose aspirin (38 to 100 mg per day) and was equally distri
buted between patients with and those without H. pylori infection. 
In conclusion, severity of intensive care disease as determined by APACHE 
II and other scores was not related to increased gastric mucosal permeabi
lity. The presence of H. pylori infection was the exclusive determinator for a 
significantly impaired gastric mucosal integrity. 
These results indicate that apparent H. pylori infection may be one of the 
key factors in the development of stress ulcer formation. 
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Abstract 

Introduction: Helicobacter pylori is known for its causative role in duodenal 
and gastric ulcer disease. The importance of H. pylori in the formation of 
stress ulceration in critically ill patients is unknown. We hypothesise that the 
presence of viable H. pylori may be obligatory for the development of stress 
ulceration. The aim of the study is to determine prospectively in a cohort of 
consecutive critically ill patients whether H. pylori infection is suppressed by 
antibiotic use during intensive care stay and whether this may be advan
tageous in critically ill patients in preventing stress ulcer related bleeding. 
Study design: Prospective observational patient cohort study 
Methods: Three-hundred consecutive mechanically ventilated patients are 
included. H. pylori infection is detected by Laser Assisted Ratio Analyser 
(LARA)-13C-urea breath test (UBT) and serology. All patients are treated with 
selective decontamination of the digestive tract containing cefotaxime 1 g. 
iv. four times daily for 4 days and a mixture of Polymyxin 100 mg, 
Tobramycin 80 mg and Amphotericin B 500 mg (PTA) four times daily by 
naso-gastric tube during the complete intensive care stay. A paste contai
ning 2% of the PTA regimen is applicated in the mouth four times daily. Other 
antibiotics are prescribed as needed. Stress ulcer prophylaxis is not pre
scribed. Endoscopy is performed in case of upper gastro-intestinal bleeding 
with persisting need of transfusion or with persistent bloody gastric aspira
tes after correction of coagulation disorders. The predicted mortality is deter
mined by APACHE II, SAPS II, MPM 0 and MPM 24. In addition, the obser
ved mortality is determined. 
Results: The prevalence of H. pylori infection on admission is 37.6% as 
detected by LARA-13C-urea breath test. This prevalence declines to 7.7% on 
the third day after admission. All patients with a positive UBT on admission 
converted to a negative UBT on the 7th day, as a result of the antibiotic treat
ment. In contrast, conversion from a negative test into a positive test is 
observed only once. H. pylori prevalence is not related to observed or pre
dicted mortality. However, in patients without detectable antibodies against 
H. pylori mortality is significantly higher as a result of more severe disease 
on admission to the intensive care. Stress ulcer related bleeding occurs in 
1.0% (3/300) of the patients. These three patients with stress ulcer related 
bleeding were not infected with H. pylori ou admission or at the time of blee
ding. 
Conclusions: Short term systemic antibiotic treatment with prolonged topical 
antibiotic treatment for gut decontamination results in rapid suppression of 
H. pylori infection monitored by LARA-13C-urea breath test. The virtual 
absence of stress ulcer related bleeding may be related to the prevention of 
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H. pylori associated stress lesions by effective suppression of this micro
organism but further studies are warranted to test this hypothesis. 

Introduction 

Stress ulcer related bleeding in critically ill patients shows a decreasing inci
dence but still occurs in 1 - 9% of patients in the intensive care unit [1-3]. 
Mucosal ischaemia and endotoxaemia predispose to mucosal damage with 
subsequent erosions and ulcer formation. 
Ulceration of the upper gastro-intestinal tract that is not stress related is 
strongly associated with the presence of Helicobacter pylori once NSAID's 
and aspirin use are excluded [4]. It has previously been hypothesised that H. 
pylori plays also a role in the pathogenesis of stress ulcerations in the criti
cally ill patient [5,6] but so far this has not been supported by conclusive stu
dies. In a recent study [3] higher IgA antibody levels against H. pylori were 
found in critically ill patients with upper gastrointestinal bleeding as compa
red to patients without gastrointestinal bleeding. Serological detection of H. 
pylorihowever, does not necessarily indicate the presence of actual H. pylo
ri infection. In contrast, the Laser Assisted Ratio Analyser (LARA)-13C-urea 
breath test is an easy and reliable method to detect ongoing H. pylori infec
tion [7]. This test was recently validated to detect active H. pylori infection in 
mechanically ventilated patients during their treatment on the intensive care 
unit [8]. If H. pylori plays a pathogenetic role in the formation of stress ulce
ration, viable H. pylori should be present in the stomach of affected patients 
when stress ulceration develops. Previously we found a low incidence of 
stress ulcer related bleeding in a cohort of critically ill patients who were trea
ted with selective gut decontamination [9]. Antibiotics used for gut decon
tamination may affect H. pylori infection. If H. pylori plays a role in the for
mation of stress ulceration, the low incidence of stress ulcers and related 
bleeding found in our previous study [9], may to some extend be related to 
the suppression of H. pylori by gut decontamination. Therefore this prospec
tive observational patient cohort study determines both the presence of acti
ve H. pylori infection and the incidence of stress ulcer related bleeding 
during intensive care stay whilst being treated with gut decontamination. 

Methods 

Patients 
Consecutive patients were included from December 1997 until September 
1998. Patients admitted to the intensive care unit for emergency reasons 
with an expected stay of at least 24 hours and requiring mechanical ventila-
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tion were included in the study. Informed consent was obtained from the 
nearest relatives. Exclusion criteria were admission after uncomplicated 
elective surgery, gastric perforation and gastric surgery within 24 hours 
before admission. Patients with pulmonary oedema requiring positive end 
expiratory pressure (PEEP) ventilation with pressures of 15 cm H20 or more 
were excluded because of inability to perform an urea breath test in this 
situation. The local ethical and scientific committees approved the study. 
Scoring systems for determination of severity of disease (APACHE II, SAPS, 
MPM 0 and MPM 24) were calculated in the first 24 hours after admission. 
A patient was categorised as a surgical patient when an operation was per
formed within 7 days prior to admission to the intensive care. A patient was 
categorised as 'cardiac surgery' when the cardiac surgery was performed 
within 7 days prior to admission. All other patients were categorised as medi
cal patients. 

Standard treatment 
All patients were mechanically ventilated and received a nasogastric tube. 
After testing for H. pylori, antibiotic prophylaxis for selective decontamina
tion of the digestive tract was administered to all patients using cefotaxime 
1000 mg qid intravenously for four days and a mixture of Polymyxin 100 mg, 
Tobramycin 80 mg and Amphotericin B 500 mg qid (PTA) instilled by nas
ogastric tube during intensive care stay. In addition a 2% PTA containing 
solution in orabase paste was administered to the oropharynx qid during 
intensive care stay. In case of a bacterial infection unsusceptible these anti
biotics, other antibiotics were given as indicated. Stress ulcer prophylaxis 
was not routinely prescribed but histamine2-receptor antagonists or proton 
pump inhibitors were continued only in patients who used this medication for 
previously proven ulcer disease or gastro-oesophageal reflux disease 
(GERD). All patients were treated with dopamine at least 2 mg/kg/min and 
with at least one of the vasodilators ketanserin, nitro-glycerine or enoximo-
ne. On admission to the intensive care unit all patients received a single 
dose of 100 mg dexamethason intravenously. In case of pneumonia or per
sistent inflammatory response Prednisolon therapy was maintained for 7 
days with tapering of the dosage. 

Detection of H. pylori 
The Laser Assisted Ratio Analyser (LARA)-13C-urea breath test 
(Alimenterics Inc., New Jersey, USA) was used to detect current H. pylori 
infection as previously described [8]. The test is performed by collecting 
exhaled air at base line, 30 and 60 minutes after administering 100 mg of 
13C-urea through the nasogastric tube. The LARA determines the ratio of 
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13C02 to
 12C02 in the exhaled air. A ratio of more than 6.1 delta units in eit

her the 30 minutes or the 60 minutes breath sample was considered a posi
tive test result indicating the presence of H. pylori. We validated this test pre
viously in mechanically ventilated patients [8]. 
Serum IgG antibodies against H. pylori were quantitatively determined by 
enzyme linked immunosorbent assay (HM-CAP™ ELISA Enteric Products, 
Inc. Stony Brook, NY). A cut off level of 1.8 U/l was used [10]. 

Follow up 
Both LARA-13C-urea breath test and serology were performed within one 
hour after the institution of mechanical ventilation and were repeated after 3 
days and every 7th day after admission until discharge from the intensive 
care unit. 

Upper gastrointestinal endoscopy 
Gastric aspirates were inspected at least four times daily for the presence of 
blood but more frequently in case of hypotension or drop in haemoglobin 
level. Upper gastrointestinal bleeding was diagnosed when bloody material 
was aspirated from the stomach. Coagulopathy was immediately corrected 
after the detection of upper gastrointestinal bleeding by infusion of prota
mine, fresh frozen plasma or thrombocytes according to protocol and to the 
decision of the attending physician. The patients were endoscoped when a 
persisting need of blood transfusion occurred or when bloody gastric aspi
rates persisted after correction of coagulopathy. 

Statistical analysis 
A comparison of means was performed using the T-test in case of normal 
distribution. In case of skewed distribution a log transformation was per
formed to reach a normal distribution. A comparison of categorical data 
between groups was performed by the Chi Square test. The statistical ana
lysis was made with the SPSS statistical analyser release 8.0.0 (SPSS inc., 
USA, 1997). A p value < 0.05 was considered to be statistically significant. 

Results 

Three hundred consecutive patients were included in the study. Of the inclu
ded patients 60% were male, 40% were female. The mean age was 65.3 
years (range 16-92, SD 15.3). 64% were medical patients, 20% were admit
ted after cardiac surgery because of complications necessitating prolonged 
intensive care treatment and 16% were surgical patients. Table 1 summari
ses the APACHE II, SAPS II, MPM 0 and MPM 24 scores and associated 
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mortality prediction. Patients with positive H. pylori serology on admission 
had a lower predicted mortality in all scoring systems compared to patients 
with negative serology. These differences were significant for APACHE II 
score and APACHE II predicted mortality and for SAPS II. 
The LARA-13C-urea breath test was performed in all patients. Fifty-eight of 
the included patients were not eligible because the LARA-12C-urea breath 
test was unable to be processed: in 39 patients the LARA-13C-urea breath 
test produced a low C02 result because of incorrect breath sample collec
tion and in 19 patients the breath sample could not be analysed by the LARA 
machine because of interference with a high fraction of oxygen used for 
mechanical ventilation which was necessary because of severe respiratory 
failure. In the remaining 242 patients the prevalence of active H. pylori infec
tion determined by a positive UBT result was 37.6%. Repeated tests were 
performed on the 3rd and every 7* day after admission when patients were 
still being treated in the intensive care unit. Results are shown in table 2. 
One hundred and four out of 242 patients were discharged from the intensi
ve care within 3 days. For the other 138 patients a repeated breath test was 
done. Thirty-four of these repeated tests could not be processed. Of the 
remaining 104, 8 were positive for the presence of H. pylori after 3 days 
(7.7%). Thus H. pylori infection rate fell from 37.6% to 7.7% in 3 days. Of 
the 104 patients with a repeated test on the third day, 39 had a positive 
UBT on admission. Thirty-two (82%) of them converted into a negative test 
due to 3 days of intensive care treatment, indicating suppression of H. pylo
ri infection. H. pylori infection could not be detected in any patient after 7 
days of intensive care treatment. One patient with a negative UBT on 
admission converted to a positive test result after 3 days. After the third day 
this patient was discharged to another hospital. Otherwise all other negati
ve tests remained negative when assessed during intensive care treat
ment. 
The presence of an\\-Helicobacter antibodies was assessed in the sera from 
290 out of the 300 included patients. From the other 10 patients blood sam
ples for serology were not drawn because of various reasons. H. pylori sero
logy was positive in 57.7% of the 290 patients. The higher initial sero-pre-
valence of H. pylori compared to LARA-13C-urea breath test was thought to 
be due to antibiotic use prior to intensive care admission as fifty percent of 
all patients appeared to have used antibiotics within one week prior to inten
sive care admission. In those patients with prior anti-microbial therapy, urea 
breath test was positive in only 19.4% of patients. In patients not treated with 
antibiotics the LARA-13C-urea breath test was positive in 47% of patients. 
Repeated serological tests were drawn on the 3rd and every 7th day. The 
mean H. pylori antibody titre declined from 3.19 to 1.84 U/l during intensive 
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care treatment (table 3), indicating H. pylori suppression during intensive 
care treatment. 
Upper gastrointestinal endoscopy was performed in 4 out of 300 patients 
(1.3%) because of the presence of bloody gastric aspirates at day 3,9,14 
and 18 respectively. In these 4 patients endoscopy revealed duodenal ulcer 
in one, multiple superficial ulcers in stomach and duodenum in two, and 
esophageal varices in one patient. Therefore in 3 out of 300 patients (1.0%) 
overt gastro-intestinal bleeding occurred due to (stress)ulceration. These 3 
patients all had a negative H. pylori LARA-13C-urea breath test on admission, 
one patient had a positive serological test on admission. At the time of blee
ding all patients had a negative urea breath test. 

Table 1 

Scoring systems for severity of disease with predicted and observed morta
lity rates. SD; standard deviation. APACHE; Acute Physiology And Chronic 
Health Evaluation. SAPS II; Simplified Acute Physiology Score. MPM; 
Mortality Probability Model. UBT; urea breath test, Hp; Helicobacter pylori. 

all patients 
N=300 (SD) 

Hp UBT Hp UBT 
positive (SD) negative (SD) 

Hp Serology 
positive (SD) 

Hp Serology 
negative (SD) 

Mean age (yrs) 65 70 65 67 63 

M/F (%) 58/42 60/40 60/40 62/38 55.5/44.5 

APACHE II 24.1 (8.2) 23.6 (6.2) 23.9 (8.8) 23.1 (7.3) 25.6(9.1) 

APACHE II 
predicted mortality 

0.45 (0.28) 0.44 (0.25) 0.45 (0.28) 0.41 (0.27) 0.50 (0.29) 

SAPS II 52.2(18.1) 52.5(16.0) 51.6(17.5) 50.0(16.0) 55.1 (20.3) 

SAPS II 
predicted mortality 

0.49 (0.29) 0.50 (0.26) 0.48 (0.28) 0.47 (0.28) 0.52 (0.30) 

MPM 0.43 (0.28) 0.47 (0.26) 0.42 (0.28) 0.42 (0.27) 0.46 (0.29) 

MPM 24 0.48 (0.24) 0.50 (0.23) 0.47 (0.23) 0.47 (0.23) 0.51 (0.24) 

Observed mortality 0.33 0.320 0.326 0.420 0.276 
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Table 2 

LARA-13C-urea breath test results on admission and during follow up from 
300 included patients. UAP; unable to process. Pos: H. pylori infection pre
sent. Neg: H. pylori infection not present. 
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Table 3 

Immunoglobulin G antibody titres during intensive care treatment (U/l). SD; 
standard deviation 

Titre N Minimum Maximum Mean SD 

Admission 290 0.05 11.8 3.19 2.49 
Day 3 137 0.04 12.4 3.05 2.49 
Day 7 52 0.41 10.8 2.54 2.09 
Day 14 21 0.37 8.10 2.42 2.02 
Day 21 9 0.63 3.96 1.84 1.04 

Discussion 

In this study the LARA-13C-urea breath test on admission to the intensive 
care unit detected active H. pylori infection in 37.6% of patients. After 3 days 
H. pylori infection was suppressed in the majority of patients and within 7 
days active H. pylori infection could no longer be detected in any of the 
patients. Furthermore, once H. pylori infection was suppressed, indicated 
by a negative LARAJ3C-urea breath test, reactivation was prevented as long 
as topical antibiotics were continued. Therefore, selective decontamination 
of the digestive tract (SDD) appears to be highly effective in suppressing H. 
pylori infection. SDD effectively decontaminates critically ill patients from 
potentially pathogenic micro-organisms [11]. A recent meta-analysis showed 
that ventilator associated pneumonia and urinary tract infections were pre
vented and that mortality was reduced [12]. The antibiotics used for gut 
decontamination in this study are a mixture of polymyxin, tobramycin and 
amphotericin B topically applied in the oropharynx and by nasogastric tube 
and cefotaxime intravenously for four days to prevent primary endogenous 
infection [11]. The anti- H. pylori properties of these antibiotics have not 
been extensively studied. H. pylori appears to be susceptible to tobramycin 
and cefotaxime (unpublished data). On the other hand H. pylori is resistant 
to polymyxin and amphotericin B in vitro. As cefotaxime was given for 4 days 
intravenously and topically applied tobramycin was continued during the 
entire intensive care stay, patients received a form of dual therapy during 4 
days and thereafter a monotherapy. All patients that converted from a posi
tive into a negative LARA-13C-urea breath test continued to have negative 
tests at repeated measurements, indicating effective suppression by tobra
mycin during a prolonged oral administration. Whether true eradication 
occurred was not subject of this study. 
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In stress ulcer formation ischaemia is considered to be an important factor 
[5]. Mechanical ventilation and coagulation disorders have been identified as 
risk factors for upper gastro-intestinal bleeding [1,13]. However, bleeding 
may also be induced from pre-existing ulcers. Eddleston showed that on 
admission 20% of intensive care patients have stress ulcerations which will 
not be recognised unless they bleed [14]. Brown found that 90% of the 
patients with severe head injury which necessitates mechanical ventilation 
suffer from gastritis within 24 hours [15]. Sixty-seven percent of surgical 
intensive care patients had stress ulcerations in the study of Bank and co
workers [16]. H. pylori infection was not determined in these studies. It is 
unknown whether H. pylori plays a role in the formation of stress ulceration. 
H. pylori is known to be the most important pathogenic factor for gastric and 
duodenal ulcer disease. Colonisation with these bacteria results in inflam
matory responses, which will finally lead to ulcer formation [4]. In addition, 
H. pylori infection causes increased gastrin secretion and acid production 
contributing to ulcer formation. In the present study we have shown that SDD 
suppresses H. pylori infection. If we hypothesise that H. pylori plays a role 
in stress ulcer formation than the subsequent elimination of H. pylori may 
explain that in the bleeding patients H. pylori could not be detected at the 
time of bleeding nor on admission. According to that hypothesis the remai
ning stress ulcers and related bleedings are not H. pylori dependant. We 
identified only 3 out of 300 patients (1.0%) with an upper gastro-intestinal 
bleeding caused by (stress)ulceration although stress ulcer prophylaxis with 
histamine receptor antagonists or sucralfate was not used. This 1.0% inci
dence is very low as compared to the 1,5 to 9% incidence among general 
intensive care patients, usually under stress ulcer prophylaxis in other stu
dies [1-3]. However, the definition of upper gastrointestinal bleeding in the 
present study does not fully agree with the definition in other studies. 
Nevertheless, gut decontamination and suppression of H. pylori may have 
contributed in part to the low incidence of stress ulcer related bleeding in the 
present study by prevention of H. pylori associated stress ulceration. The 
remaining stress lesions and associated bleeding must be independent of H. 
pylori infection and might be related to other risk factors. A similar low inci
dence of 0.6% in a previous study is consistent with the present study [9]. 
However, other components of the treatment than SDD may also have con
tributed to the low incidence of stress ulceration and related bleeding. The 
routine use of vasodilators and fluid therapy may have prevented intestinal 
ischaemia by improving micro-circulation. Corticosteroids diminishes an inf
lammatory response with associated cytokine release and related mucosal 
damage. Also iNOS production which leads to mucosal damage is effective
ly reduced by dexamethason [17]. 
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In the present study antibodies against H. pylori were detected in 57.7% of 
patients on admission to the intensive care. Previous serological studies in 
critically ill patients found a prevalence of H. pylori infection of 57% to 67% 
[3,18,19]. The lower H. pylori prevalence with the LARA-13C-urea breath test 
in our study (37.6%) may well be due to previous antibiotic treatment. 
Antibodies remain detectable for months to years after H. pylori eradication 
and therefore do not allow detection of actual H. pylori carrier state [20]. 
Monotherapy with clarithromycin, which is often used for upper respiratory 
infections, has been shown to eradicate H. pylori in 15 to 54% [21]. Critically 
ill patients usually have an extensive medical history including previous anti
biotic treatment that might have eradicated H. pylori and this may explain the 
difference in prevalence between urea breath test and serology. In our study 
50% of admitted patients were treated with systemic antibiotics prior to 
admission to the intensive care unit. The LARA-13C-urea breath test was 
positive in 19% of these patients whereas 47% of the patients not pre-trea-
ted with antibiotics had a positive LARAJ3C-urea breath test, indicating a 
suppressive effect of antibiotic use on H. pylori infection. 
APACHE II predicted mortality for all patients was 45% and the observed 
hospital mortality was 33% (table 1). The standardised mortality rate was 
therefore 0.73 (33/45). Observed mortality in the patients with a positive 
LARA-13C-urea breath test on admission was 32.0% compared to 32.6% in 
patients with a negative urea breath test (p=NS). In patients with negative H. 
pylori serology on admission observed mortality was 42.0% compared to 
27.6% of patients with positive H. pylori serology (p=0.06). In a previous 
study we showed that haemodilution and blood loss may reveal false nega
tive serological test results for H. pylori antibodies [8], We wonder whether 
severely ill patients who need aggressive fluid resuscitation therapy and there
fore experience more haemodilution may lead to falsely negative H. pylori 
serological tests. Therefore, the higher mortality in patients with a negative 
serology may be linked to more severe illness and not directly to the nega
tive H. pylori serology. This is confirmed by the higher APACHE II and pre
dicted mortality in the patients with negative serology on admission (table 1). 
The urea breath test is independent of haemodilution and blood loss. 
Therefore no differences in mortality and mortality prediction are seen in 
patients with a positive urea breath test compared to patients with a negati
ve urea breath test. 
In conclusion it has been shown that gut decontamination by prolonged topi
cal antibiotics in addition to four days systemic antibiotic treatment results in 
rapid and effective suppression of H. pylori infection monitored by LARA-13C-
urea breath test. Serology is a less appropriate monitoring tool to indicate 
the actual H. pylori infection compared to the LARA-13C-urea breath test and 
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therefore may be related to erroneous interpreted associated disease phe
nomena. The observed low incidence of stress ulcer related bleeding may 
be related to prevention of H. pylori associated stress lesions by effective 
suppression of this micro-organism but further studies are necessary to 
proof that hypothesis. 
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Abstract 

Background: Resistance to systemically applied antibiotics is emerging in 
Helicobacter pylori infection. Topically applied antibiotics have not been stu
died extensively in the treatment of H. pylori infection. In a previous study 
we have shown that H. pylori was effectively suppressed by selective decon
tamination of the digestive tract (SDD) during intensive care stay. In the pre
sent study we determined the susceptibility of H. pylori to the topically 
applied antibiotics used in SDD in vitro and in vivo. 
Methods: H. pylori infection was assessed by Laser-assisted-ratio-analyser 
(LARA)-13C-urea breath test and detection of H. pylori antibodies in patients' 
serum. The in vivo susceptibility of H. pylori to the SDD antibiotics was 
assessed in two ways: 1) Ten critically ill H. pylori positive patients were trea
ted with SDD, comprising intravenous cefotaxime and 3 topical antibiotics 
(polymyxin, tobramycin and amphotericin B) administered via a nasogastric 
tube. 2) Six H. pylori positive volunteers were treated with the topical antibi
otics without intravenous cefotaxime to determine the effect of the topical 
antibiotics alone on H. pylori. The in vitro susceptibility to the SDD antibio
tics and other antibiotics that are frequently used in the intensive care unit 
was studied for 11 H. pylori strains, obtained from critically ill patients. 
Results: Conversion from a positive into a negative LARA-13C-urea breath 
test within 7 days of SDD treatment occurred in nine of ten critically ill 
patients. In all 6 volunteers who were treated with the topical antibiotics 
alone, the LARA-13C-urea breath test converted from positive to negative 
test after 7 days. Eight weeks after cessation of the topical antibiotics, 5 of 
the 6 volunteers re-converted from a negative to a positive LARA-13C-urea 
breath test. The critically ill patients did not convert into a positive test as 
long as the SDD treatment was continued. The in vitro studies revealed that 
all strains were susceptible for cefotaxime and tobramycin, indicating that 
both antibiotics caused the suppression of H. pylori in the critically ill patients 
but tobramycin alone in volunteers. The strains were not susceptible for poly
myxin or amphotericin B. 
Conclusion: H. pylori was effectively suppressed by the SDD regimen, con
taining both intravenous cefotaxime and topical tobramycin. Topical tobra
mycin alone could suppress H. pylori in all cases but a recrudescence occur
red frequently after cessation of treatment. 
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Introduction 

Helicobacter pylori p\ays a pivotal role in the development of virtually all duo
denal ulcers and many gastric ulcers [1]. Eradication of H. pylori prevents 
recurrence of duodenal and gastric ulcers and is therefore indicated in 
patients with ulcer disease [2]. H. pylori is also associated with gastric car
cinoma and gastric lymphoma [3]. It has been hypothesised that H. pylori is 
a risk factor for stress ulceration in the critically ill patient [4]. We have also 
shown that patients treated with selective decontamination of the digestive 
tract (SDD) appear to have a lower incidence of stress ulcer related bleeding 
[5], which may at least in part be related to suppression of H. pylori infection. 
SDD is used to prevent infections in critically ill patients and was recently 
shown to reduce mortality by 20% [6]. In a previous study we found that H. 
pylori was effectively suppressed in critically ill patients who were treated 
with SDD but these patients were also treated with various other antibiotics 
[7]. Critically ill patients in the intensive care unit are frequently treated with 
multiple systemic and topical antibiotics. The full SDD protocol contains both 
topical antibiotics (polymyxin, tobramycin and amphotericin B) and systemic 
cefotaxime [8]. However, topical antibiotics have not been tested extensive
ly in the treatment of H. pylori. Currently, triple therapy with a protonpump 
inhibitor and two systemically acting antibiotics is the treatment of choice for 
the eradication of H. pylori with eradication rates around 90% [9]. Most triple 
therapies include two of the antimicrobial agents amoxicillin, metronidazole 
or clarithromycin but resistance to these antibiotics is emerging [10,11]. 
Therefore new antibiotic treatment strategies may be needed in the future. 
The antibiotics used nowadays to eradicate H. pylori act mainly systemical
ly after absorption from the digestive tract and subsequent active or passi
ve excretion in the gastric mucosa [12]. It is unknown whether the topical, 
non-absorbable antibiotics which are used in SDD are able to suppress or 
eradicate H. pylori. In the present study we determine whether H. pylori is 
suppressed after administration of the full SDD regimen, containing both the 
topical and the systemic SDD antibiotics, while no other antibiotics are 
given. In addition, to determine the role of topical SDD antibiotics H. pylori 
positive volunteers are treated with the topical SDD components alone. In 
vitro studies are performed to determine the susceptibility of H. pylori for 
these SDD antibiotics and other antibiotics frequently used in the intensive 
care. 
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Methods 

Patients 
Patients were included when admitted to the intensive care unit for emer
gency reasons and when mechanically ventilated. Informed consent was 
obtained from the nearest relatives. On admission both urea breath test and 
serology were performed to detect H. pylori infection. All patients were trea
ted with SDD which consisted of 3 parts: 1) a mixture of the non absorbable 
PTA antibiotics (Polymyxin E 100 mg, Tobramycin 80 mg and Amphotericin 
B 500 mg) which was given by nasogastric tube four times daily during the 
entire intensive care stay, 2) a 2% solution of PTA in orabase paste which 
was administered topically to the oropharynx four times daily during the enti
re intensive care stay and 3) cefotaxime 1000 mg four times daily intrave
nously during the first four days of admission. Patients were excluded when 
other antibiotics were used during the study period. The study was appro
ved by the local ethical and scientific committees. 

Volunteers 
Healthy volunteers positive for H. pylori as detected by LARA-13C-urea 
breath test and serology were included. They were treated with the topical anti
biotics that were used in SDD (polymyxin E 100 mg, tobramycin 80 mg and 
amphotericin B 500 mg). These antibiotics were taken orally four times daily 
during food intake for 7 days. The volunteers did not use other medication. 

Detection of H. pylori 
Urea breath test 
The Laser Assisted Ratio Analyser (LARA)-13C-urea breath test 
(Alimenterics, Morris Plains, New Jersey, USA) has been validated for 
mechanically ventilated intensive care patients [13]. In the current study a 
LARA-13C-urea breath test was performed immediately after admission to 
the intensive care unit and institution of mechanical ventilation. Repeated 
urea breath tests were done in the patients on the third and seventh day and 
every seventh day thereafter until discharge from the intensive care unit. No 
follow up was applied after discharge of the intensive care unit. The volun
teers performed a LARA-13C-urea breath before treatment and repeated a 
such a breath test one day and 8 weeks after cessation of treatment. 
Previously, we have shown the LARA-13C-urea breath test to be an easy and 
reliable method to detect H. pylori and eradication after treatment. Sensitivity 
and specificity were 95% and 94% respectively in ambulant patients with a 
positive predictive value of 95% and a negative predictive value of 94% [14]. 
In mechanically ventilated intensive care patients sensitivity was 94%, spe-
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cificity 92%, positive predictive value 88% and a negative predictive value 
96% [13]. 

Serology 
IgG antibodies against H. pylori were detected by enzyme linked immuno
sorbent assay (HM-CAP™ ELISA Enteric Products, Inc. Stony Brook, NY). A 
cut off level of 1.8 U/l was used. When compared to urea breath test in 
ambulant patients sensitivity of this test was 98.7%, specificity and positive 
predicting value were both 100% and negative predicting value was 98.6% 
[15]. Sera were drawn immediately after intensive care admission and on 
the third and the seventh day and every 7th day thereafter. 

Definition of H. pylori infection: 
H. pylori infection was diagnosed when both the Laser Assisted Ratio 
Analyser (LARA)-13C-urea breath test and serology were positive on admis
sion. 

Culture and Minimal Inhibitory Concentrations 
Upper gastrointestinal endoscopy was performed in the patients with normal 
haemostatic parameters and within 6 hours after intensive care admission 
before any antibiotic treatment was given. Two biopsies were taken from the 
antrum and two from the corpus. Biopsies were stored in phosphate buffered 
saline and kept in a refrigerator until bacteriological culturing within 12 
hours. Cultures were prepared by rubbing biopsy specimens on the surface 
of horse blood agar plates (5% defibrinated horse blood Columbia agar 
base, Oxoid CM 331, Unipath, Basingstoke, England) and horse blood agar 
plates containing Dent supplement (Unipath). The culture plates media were 
incubated at 35°C for 10 days in a microaerophylic atmosphere (5% 02,10% 
C02 and 85% N2). H. pylori were identified on the basis of typical colony 
morphology, characteristic appearance on Gram staining, and positive ure
ase, oxidase, and catalase. The susceptibility to tobramycin, cefotaxime, 
amoxicillin, ciprofloxacin, vancomycin, metronidazole and amphotericin B 
was assessed by E-test (AB Biodisk, Solna, Sweden) on horseblood agar 
plates in a microaerophylic atmosphere according to the instructions of the 
manufacturer. Susceptibility to polymyxin E was assessed by agar diffusion 
on horseblood agar using tablets containing 150 microgram polymyxin (Neo-
Sensitabs, Rosco, Denmark). 
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Results 

Ten intensive care patients were included in the study and treated with SDD, 
containing both topical antibiotics and intravenous cefotaxime. Nine patients 
converted from a positive into a negative LARA-13C-urea breath test within 7 
days of treatment (7 within 3 days; 2 within 7 days). The other patient did not 
convert into a negative test after 7 days of treatment and was discharged 
from the intensive care on the 8th day. In the patients with a conversion into 
a negative test, repeated urea breath tests were negative as long as the 
topical antibiotics were given (range 3.5 to 33 days, mean 10.8 days). One 
patient was readmitted 4 months later and had a repeated urea breath test 
which was negative, indicating eradication of the organism. Three patients 
died in hospital. The other 6 patients did not have repeated tests after the 
antibiotics were discontinued and after discharge from the intensive care 
unit. 
The 6 volunteers receiving topical SDD antibiotics without cefotaxime con
verted to a negative urea breath test within 7 days of treatment. However, 5 
of them had a positive LARA-13C-urea breath test 8 weeks after cessation of 
the antibiotic treatment. Therefore, topical antibiotics effectively suppress H. 
pylori infection. However, overt eradication occurred in only one of 6 volun
teers. 
Eleven strains of H. pylori obtained from 7 critically ill patients were cultured 
and susceptibility to the antibiotics used in SDD treatment as well as for 
other commonly used antibiotics on our intensive care unit was determined 
(table 1). Metronidazole resistance was found in only one H. pylori isolate. 
Resistance to polymyxin E was present in 4 strains that were tested for poly
myxin E resistance. All 11 H. pylori isolates were susceptible to cefotaxime 
and tobramycin, mean MIC of 0.002 and 0.85 mg/l respectively. This result 
indicates that the latter two antibiotics contributed to the suppression of H. 
pylori, whereas the other SDD components did not. 
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Table 1 
Minimal inhibitory concentrations (mg/l) as determined by E-test of 11 
Helicobacter pylori strains from critically ill patients for antibiotics that are 
frequently used in the intensive care unit and in SDD. R; resistant. ND; not 
determined. 

Strain: 1 2 3 4 5 6 7 8 9 10 11 

Antibiotic: 

1 2 3 4 5 6 7 8 9 10 

Tobramycin 1.0 0.5 0.5 0.5 0.38 1.5 0.75 0.75 1.0 1.0 1.5 

Cefotaxime 0.016 <0.016 0.016 0.19 0.094 0.19 0.064 0.032 0.032 0.047 0.032 

Amoxicillin <0.016 <0.016 <0.016 0.016 0.016 0.032 <0.016 <0.016 <0.016 0.032 0.032 

Ciprofloxacin 0.032 0.032 0.032 0.25 0.38 0.125 0.38 0.064 0.125 0.047 0.032 

Vancomycin >256 >256 >256 >256 >256 >256 >256 >256 >256 >256 >256 

Metronidazole 0.25 0.38 0.125 0.25 0.38 0.75 >256 1.0 0.75 ND ND 

Amphotericin B >32.0 >32 >32 >32 >32 32 >32 >32 >32 ND ND 

Polymyxin R R R ND ND ND ND ND ND ND ND 

Discussion 

In a previous study we have shown that H. pylori was effectively suppressed 
in critically ill patients who were treated with various antibiotics in addition to 
the SDD antibiotics [7]. However, it was not clear whether H. pylori suppres
sion would be effective when only the SDD antibiotics were used and if so, 
whether the suppression was due to either the topical or the systemic anti
biotics used in SDD. Therefore, in this study we treated patients with the en
tire SDD regimen (topical and systemic) whereas H. pylori positive volunteers 
were treated with the topical SDD antibiotics alone. The present study 
showed that H. pylori was effectively suppressed in all but one of the patients 
who were treated with the full SDD regimen, consisting of both the topically 
administered antibiotics (Polymyxin, Tobramycin and Amphotericin B (PTA)) 
and the intravenously administered cefotaxime. Treatment with the topical 
PTA antibiotics alone also resulted in suppression of H. pylori infection. 
However, cessation of the topical treatment with the PTA antibiotics after 7 
days resulted in reappearance of H. pylori in all but one person. 
Determination of eradication rate in the patients treated with both the PTA 
antibiotics and intravenous cefotaxime was not possible because follow up 
after intensive care discharge was impossible to obtain. In critically ill 
patients the H. pylori eradication rate might have been higher than in voi-
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unteers because the critically ill patients received additional cefotaxime and 
the topical PTA antibiotics were given longer compared to the volunteers. 
Longterm follow up was obtained in only one intensive care patient and 
revealed successful H. pylori eradication. This patient was treated with intra
venous cefotaxime during 4 days and the topical PTA antibiotics during the 
5 weeks that the patient was admitted at the intensive care unit. 
To determine which of the SDD antibiotics contributed to H. pylori suppres
sion in vitro susceptibility tests were performed. The in vitro susceptibility 
tests (table 1) showed that cefotaxime and tobramycin were the two agents 
from the SDD regimen that exerted anti-H. pylori properties. Since the topi
cal PTA antibiotics does not comprise cefotaxime and H. pylori was un
susceptible for polymyxin and amphotericin B, tobramycin exclusively ser
ved as a monotherapy against H. pylori. Some antibiotics might be effica
cious against H. pylori when administered as a monotherapy as was pre
viously described using clarithromycin in a small percentage of patients (14 
to 40%) who were treated for respiratory tract infections [16]. In the present 
study monotherapy with oral tobramycin resulted in a modest eradication 
rate (1 out of 6 persons). Monotherapy with oral tobramycin resulted in sup
pression of H. pylori in patients during their entire intensive care stay. 
In general, topical treatment of H. pylori may have advantages above sys
temic treatment. Non-absorbable antibiotics lack systemic effects and may 
therefore lead to lesser side effects and greater patient compliance. 
Polymyxin E, tobramycin and amphotericin B are non-absorbable antibiotics 
effective in decontaminating the digestive tract from potentially pathogenic 
micro-organisms [8]. Gram positive flora is not affected by these antibiotics 
and therefore colonisation resistance remains intact. The wide use of these 
antibiotics in critically ill patients is not associated with emergence of anti
microbial resistance until now [17-19]. In a recent meta-analysis concerning 
SDD in critically ill patients in 33 studies with 5727 patients no resistance 
could be observed [6]. In some previous studies SDD was not associated 
with a significant mortality reduction [20-24]. However, the latest meta-ana
lysis showed that properly used SDD resulted in a reduction of the inci
dence of ventilator associated pneumonia of 65% and a mortality reduction of 
20% [6]. In a recent prospective study these results were confirmed [25]. In 
the present study a similar SDD regimen was used. It was shown previous
ly that stress ulceration was virtually absent in a patient cohort which was 
treated with SDD, although other components of intensive care treatment 
may have contributed to the low incidence of stress ulcer related bleeding 
too [5]. In the present study we showed that H. pylori is effectively suppres
sed by the SDD antibiotics. The in vitro susceptibility tests indicate that poly
myxin E and amphotericin B do not contribute to H. pylori suppression. In 
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contrast, the oral administration of non-absorbable tobramycin appears to 
be an active antimicrobial agent against H. pylori. Previously, we found that 
the presence of H. pylori infection in critically ill patients was a risk factor for 
the severity of gastric mucosal lesions [4]. The demonstrated suppression of 
H. pylori in critically ill patients treated with SDD might contribute to the pre
vention of stress ulcer formation in these patients. 
In conclusion we have shown that selective decontamination of the diges
tive tract with the combination of intravenous cefotaxime and topical PTA 
antibiotics suppresses H. pylori effectively in critically ill patients. Also, the 
topical PTA antibiotics alone do suppress H. pylori but do not eradicate the 
infection frequently. In vitro studies indicate that cefotaxime and tobramycin 
are the two active components of SDD against H. pylori. Whether SDD 
results in reduction of stress ulcer formation by suppression of H. pylori is 
subject for future studies. 
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Abstract 

Introduction: Helicobacter pylori is known for its causative role in gastric and 
duodenal ulcer disease. However, it is unknown whether H. pylori plays a 
role in the formation of stress ulceration in critically ill patients. Therefore we 
studied the presence of H. pylori infection in critically ill patients admitted to 
the intensive care unit and determined gastric and duodenal mucosal injury 
in these patients. 
Methods: Patients admitted to the intensive care unit for emergency reasons 
and requiring mechanical ventilation were included. H. pylori was detected 
by the Laser Assisted Ratio Analyser-13C-urea breath test (UBT). Upper gas
trointestinal endoscopy was performed in all patients by the same endosco
pist who was blinded for the results of the UBT. Breath test and endoscopy 
were performed within 6 hours after admission. Gastric and duodenal 
mucosal injury were assessed according to the so called Brown endosco-
pical mucosal injury score (EMIS): grade 0: normal mucosa; grade 1: 1 to 
5 erosions or submucosal haemorrhages; grade 2: 6 to 20 erosions or hae
morrhages; grade 3; more than 20 erosions or haemorrhages. Minor muco
sal injury was defined as EMIS 0 or 1 and major mucosal injury as EMIS 2 
or 3. 
Results: Fifty consecutive patients were included. Six patients were not eli
gible because the UBT could not be processed. Of the 44 eligible patients 
22 were H. pylori positive by UBT and 22 were H. pylori negative. Twenty-
nine of the 44 eligible patients showed gastric mucosal injury by endoscopy 
(EMIS 1 to 3). Ten out of the 29 patients (34.5%) with minor mucosal injury 
(EMIS 0 or 1) were infected with H. pylori indicated by a positive LARA-13C-
UBT A significantly higher prevalence of H. pylori infection was found in 
patients with major mucosal injury (EMIS 2 or 3) compared to patients with 
minor mucosal injury (12/15 or 80%; p=0.004). Two risk factors for the pre
sence of major mucosal injury were identified; the presence of H. pylori 
infection (RR 4.0, 95% CI 1.3-12.2) and NSAID use prior to ICU admission 
(RR 2.07, 95% CI 0.98-4.4). However, after multiple regression analysis H. 
pylori appeared to be the only significant factor associated with major muco
sal injury (p=0.019). 
Conclusion: The severity of gastric and duodenal mucosal injury in critical
ly ill patients during mechanical ventilation is highly dependant to the pre
sence of H. pylori infection. 
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Introduction 

Stress ulceration has initially been recognised in burn patients in 1842 [1] 
and septicaemia in 1867 [2]. Endoscopic studies have shown that the majo
rity of critically ill patients develop stress ulcerations. After head trauma, gas
tric mucosal lesions are present in 91% of the patients [3]. The incidence of 
stress ulceration approximates 82% in general surgical patients admitted to 
the intensive care [4]. However, clinically relevant stress ulcer bleeding 
occurs much less frequently. Most studies address the incidence of upper 
gastrointestinal bleeding (UGIB) without performing endoscopy to identify 
the source of bleeding [5-8]. The reported incidence of UGIB is 0.6 to 9%. 
The two independent risk factors for UGIB in critically ill patients are coagu
lopathy and mechanical ventilation [5]. Although the number of intensive 
care patients with severe disease and associated coagulopathy or mecha
nical ventilation is increasing over the years, the incidence of UGIB de
creases due to improved treatment and care of critically ill patients [9]. 
Ischaemia, which is thought to be an important determinant for the occur
rence of stress ulceration, is prevented by adequate fluid administration and 
inotropic support. However, other possible reasons should be taken into 
account as well. Helicobacter pylori is the single most important factor in the 
pathogenesis of gastric and duodenal ulcer disease when NSAID use is 
excluded [10]. Whether H. pylori plays a role in the formation of stress ulce
ration and whether the decreasing incidence of H. pylori may also contri
bute to the decreasing incidence of stress ulceration is not known. Only one 
study has identified the presence of H. pylori antibodies as a risk factor for 
UGIB [7]. In a previous study we have shown that the use of selective decon
tamination of the digestive tract (SDD) was associated with suppression of 
H. pylori [11]. The suppression of H. pylori is associated with a low inci
dence of UGIB [11]. However, endoscopy is not routinely performed in most 
studies concerning stress ulceration in critically ill patients. Therefore it is not 
known to what extend stress ulceration contribute to these bleedings com
pared to other causes like esophagitis and variceal bleeding. Endoscopy is 
the ideal means of identification of gastro-duodenal mucosal injury and faci
litates exclusion of other possible causes of UGIB. We conducted the pre
sent study in critically ill patients admitted to the intensive care to determine 
whether there is any relation between the prevalence of gastric mucosal 
injury as determined by endoscopy and the presence of H. pylori infection. 
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Methods 

Patients 
Consecutive patients admitted to a general intensive care unit and requiring 
mechanical ventilation within 6 hours were included after given informed 
consent from the nearest relatives. Patients were excluded when admitted 
after elective surgery or when informed consent could not be obtained. H. 
pylori infection was detected by Laser Assisted Ratio Analyser (LARA)-13C-
urea breath test and serology. Endoscopy was performed to detect gastric 
and duodenal mucosal injury. When coagulopathy was not present biopsies 
were taken for histopathology. Local ethical and scientific committees appro
ved the study protocol. 

Endoscopical mucosal injury score (EMIS) 
In all patients an upper gastrointestinal endoscopy was performed within 6 
hours after admission to the intensive care. All endoscopies were performed 
by the same endoscopist. The endoscopist was blinded for the results of the 
H. pylori tests at the time of the endoscopy. Gastric and duodenal mucosal 
injuries were scored according to Browns criteria [3]. Minor gastric mucosal 
injury was defined as EMIS 0 or 1 and major gastric mucosal injury was defi
ned as EMIS 2 or 3 (table 1). 

LARA-13C-Urea breath test (UBT) 
The Laser Assisted Ratio Analyser (LARA)-13C-urea breath test 
(Alimenterics Inc., New Jersey, USA) is an easy and reliable method to 
detect current H. pylori infection [12]. The LARA-13C-UBT has been validated 
for mechanically ventilated patients [13]. The test is performed by collecting 
exhaled air in a 10 ml. breath collector which is connected to the transla-
ryngeal tube, before and after the ingestion of 13C-labelled urea. 13C-labelled 
urea will be converted to 13C02 in case of active H. pylori infection. The test 
is positive when 13C/12C ratio is above a cut-off level as determined by ROC 
analysis in a large international multicenter registration study [12]. The inclu
ded patients were tested by LARA-13C-UBT instantaneously after admission 
to the intensive care unit, before antibiotics were administered. 

Serology 
Blood was drawn for antibody detection immediately after intensive care 
admission. IgG antibodies against H. pylori were detected by enzyme linked 
immunosorbent assay (HM-CAP™ ELISA Enteric Products, Inc. Stony 
Brook, NY). A cut off level of 1.8 U/l was used [14]. Sensitivity of this test 
compared to urea breath test in ambulant patients was 98.7%, specificity 
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and positive predicting value were both 100% and negative predicting value 
was 98.6% [14]. 

Histopathology 
Biopsies were taken when coagulopathy was not present. For histopatho
logy two biopsies from the antral region and two from the corpus were taken. 
Biopsies were fixed in formaline. Hematoxylin-eosin stains were used for H. 
pylori detection. When H. pylori was not detected in this stain a modified 
Giemsa stain was used in addition. 

Statistical analysis 
Sample size was determined by Lehr's formula [15] for 80% power and two 
sided 5% significance. The prevalence of H. pylori infection was estimated 
for this determination. H. pylori infection prevalence was estimated to be 
30% in the patients with minor mucosal injury [11]. H. pylori infection was 
estimated to be present in 65% of the patients with major mucosal injury 
[11]. With these assumptions the minimal sample size was determined to be 
35. A comparison of means was performed using the T-test. A comparison 
of categorical data was performed by the Chi Square test. Variables signifi
cantly associated with major mucosal injury were analysed following a mul
tiple regression. All statistical analyses were made using the SPSS statisti
cal analyser release 8.0.0 (SPSS inc., USA, 1997). A p value < 0.05 was 
considered to be statistically significant. 

Table 1 
Mucosal injury score according to Brown as determined by endoscopy 
(EMIS). 

Grade 0 normal mucosa 

Grade 1 1 to 5 erosions or submucosal haemorrhages Minor mucosal injury 
Grade 2 6 to 20 erosions or haemorrhages 
Grade 3 more than 20 erosions or haemorrhages Major mucosal injury 
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Results 

Fifty consecutive patients were included. Patients were not eligible because 
of improperly collected breath samples (n=4) or interference of a high oxy
gen fraction of the expired air with the LARA (n=1). In one patient the bre
ath sample was not processed because this patient appeared to have open 
tuberculosis. Therefore the LARA-13C-UBT results of 44 patients were used 
for analysis. In half of the patients (22/44) the LARA-13C-UBT was positive 
(50%), indicating active H. pylori infection, and in the other 22 the LARA-13C-
UBT was negative. Demography of the 44 eligible patients are presented in 
table 2. The results of the endoscopy are summarised in table 3. Twenty nine 
out of 44 patients (66%) had an endoscopic mucosal injury score (EMIS) 
greater than 0, indicating mucosal injury. Of the patients with minor mucosal 
injury (EMIS 0 or 1), 34.4% (10/29) had a positive LARA-'3C-urea breath test 
indicating H. pylori infection. In patients with major mucosal injury (EMIS 2 
or 3) a significant higher prevalence of H. pylori infection (12/15 or 80%, 
p=0.004) was found. In 14% of patients with a negative LARA-13C-urea bre
ath test the EMIS was greater than 2, whereas 55% of the patients with H. 
pylori infection had an EMIS of greater than 2 (p=0.004). The relative risk for 
H. pylori infection and other factors that may cause mucosal injury, such as 
non-steroidal anti-inflammatory drugs (NSAID), are summarised in table 3. 
In all patients IgG antibodies against H. pylori were determined. Twenty nine 
patients had a positive H. pylori serology and 15 patients had a negative 
serology. Major mucosal injury as determined by EMIS of 2 or 3 was found 
in 34.4% of the patients with a positive serology and in 33.3% of the patients 
with a negative serology (table 4). In 18 patients biopsy specimens were 
taken, the other patients had coagulopathy. The histopathology specimens 
of 4 out of these 18 patients detected H. pylori. However, all 4 patients had 
minor mucosal injury. All patients with a positive histopathology also had a 
positive LARA-13C-urea breath test and a positive H. pylori serology. 
Forty percent of the patients with EMIS 2 or 3 used NSAID's compared to 
15.4% in the patients with EMIS 0 or 1 (all 100 mg acetylsalicylic acid once 
daily). This difference was not statistically significant (p=0.08). In H. pylori 
positive patients 31.8% used NSAID's compared to 15% of H. pylori negati
ve patients (all 100 mg acetosal once daily; p=0.17). 
All variables that are summarised in table 2 and 3 were analysed by multip
le regression. H. pylori infection indicated by a positive LARA-13C-urea bre
ath test was the only factor significantly related to mucosal injury (p=0.019). 
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Table 2 

Demography of eligible patients. UBT: LARA-13C-urea breath test; EMIS: 
endoscopically detected mucosal injury score; APACHE: acute physiology 
and chronic health evaluation; SAPS: simplified acute physiology score; 
MPM: mortality prediction model; ICU: intensive care unit. 

N=44 UBT positive UBT negative 

EMIS 

Oor 1 

EMIS 

2 or 3 

Age (range, yr.) 72 (36-85) 61 (31-84) 65.3(31-85) 69.1 (36-85) 
M/F (%) 64/36 64/36 58.6/41.4 73.3/26.7 

APACHE II 25.1 25.9 25.4 25.7 

APACHE II predicted mortality 0.53 0.52 0.51 0.56 

SAPS II 55.0 54.8 54.0 56.6 

SAPS II predicted mortality 0.54 0.54 0.53 0.56 

MPMO 0.53 0.46 0.48 0.55 

MPM 24 0.54 0.47 0.50 0.53 

Observed ICU mortality (%) 27.3 31.8 34.5 20.0 

Total (n) 22 22 29 15 
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Risk factors for gastric and duodenal mucosal injury. 

Chapter 9 

EMIS EMIS Relative Risk: 

Oor 1 2 or 3 (95% CI) 

Risk factor: 

Lowest ABP in first hour (mmHg) 93.2 99.8 P=NS 

Lowest ABP in first 24 hours (mmHg) 79.5 83.8 P=NS 

Dopamine dose (ng/kg/min) 7.3 4.8 P=NS 

Diagnosis (n): 

Sepsis 3 1 0.714 

Cardiogenic shock 15 11 1.89(0.72-5.0) 

Respiratory failure 6 3 0.972 

Other 5 0 

NSAID's before admission (%)* 15.4% 40% 2.07(0.98-4.4) 

Ulcer history (n) 1/29 1/15 1.50 (0.35 - 6.4) 

H. pylori pos. by Urea breath test (%) 34.4 80 4.00(1.3- 12.2) 

ABP: arterial blood pressure; NSAID: Non-steroidal anti-inflammatory drugs; 
EMIS: endoscopically detected mucosal injury score 
* all patients used aspirin 100 mg once daily 

Table 4 
Distribution of mucosal injury among mechanically ventilated intensive care 
patients in relation to the LARA-13C-urea breath test (UBT) and serological 
assessment (serol.) of anti-H. pylori antibodies. EMIS: endoscopically detec
ted mucosal injury score. 

UBT positive UBT neaative Serol. positive Serol Neaative 

EMIS0 7 8 10 5 

EMIS 1 3 11 9 5 

EMIS 2 6 1 6 1 

EMIS 3 6 2 4 4 
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Discussion 

Gastric mucosal injury in critically ill patients represents an endoscopical 
spectrum ranging from intramucosal haemorrhages to erosions and ulcera
tions. The prevalence of gastric or duodenal mucosal injury in this study 
appeared to be 65.9% which was lower compared to previous studies [3,4]. 
The incidence of upper gastrointestinal bleedings in critically ill patients was 
0.6 to 9% in previous studies [5-8]. Apparently, the high incidence of gastric 
mucosal injury leads to a clinical relevant bleeding (UGIB) in only a minori
ty of patients. The intramucosal haemorrhages may progress to erosions 
and ulcerations with or without bleeding [16,17]. Mechanical ventilation and 
coagulopathy are two known independent risk factors for the development 
of UGIB in critically ill patients [3]. Ischaemia is an important factor for the 
development of gastric mucosal damage in critically ill patients. However, the 
pathogenesis is complex and several other causative factors such as sepsis 
and endotoxaemia may play a role in the development of gastric mucosal 
injury [18]. The present study identifies H. pylori as an independent risk fac
tor for upper gastrointestinal mucosal injury. The 66% prevalence of muco
sal injury in critically ill patients is higher than can be found in healthy vol
unteers. It is also shown that gastric mucosal injury is more extensive in 
mechanically ventilated critically ill patients with active H. pylori infection 
compared to those without the infection. Obviously, gastric mucosal injury 
induced by H. pylori is enhanced by severe disease. About the precise 
mechanism for this change in interaction between host and microbe one can 
only speculate. The observed lesions that are related to H. pylori infection are 
in all probability the same as the so called stress ulcerations. The potential 
role of H. pylori in stress ulceration was first hypothesised by Paré in 1993 
[19]. However, assessment of H. pylori in critically ill patients was reported 
since 1996 in preliminary studies [20-22]. The presence of H. pylori antibo
dies in critically ill patients has been associated with a slightly increased inci
dence of upper gastrointestinal bleeding compared to patients without H. 
pylori antibodies [7,20,21]. However, serological detection of H. pylori has 
never been validated in critically ill patients. Serological detection of H. pylo
ri may reveal false negative tests in critically ill patients due to blood loss and 
haemodilution [23]. Furthermore, serology does not necessarily indicate 
active H. pylori infection and reveals a relative high number of false positive 
test results since the widespread H. pylori eradication attempts. In the pre
sent study a H. pylori positive serological test result did not correlate with the 
presence of gastric or duodenal mucosal injury. This may be due to afore
mentioned factors. The fact that LARA-13C-urea breath test correlates with 
the EMIS and serology does not, is additional evidence that only active H. 
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pylori infection is obligatory for the development of gastric mucosal injury. 
This hypothesis is also supported by the sub-group of 7 H. pylori negative 
patients (by LARA-13C-urea breath test) with a positive serology, indicating a 
suppressed or recently eradicated H. pylori infection. Six of them had minor 
gastric mucosal injury whereas only one of them had major mucosal injury. 
It is known that mucosal ischaemia is an important factor for the develop
ment of mucosal injury [24,25]. Whether mucosal ischaemia is equally dis
tributed among our H. pylori positive and our H. pylori negative group is not 
known. Mucosal ischaemia can not be determined routinely. Gastric tono
metry is currently the best tool to determine gastric mucosal ischaemia but 
was not performed in the present study. Indirect information about the cir
culation was collected by the lowest blood pressure in the first hour and in 
the first 24 hours as well as the need for inotropic support. However, these 
measurements did not give specific information about the splanchnic circu
lation and were not significantly related to EMIS (table 2). In all patients 
aggressive fluid resuscitation and vasodilators were routinely used in an 
attempt to counteract vasoconstriction in the splanchnic circulation. 
Furthermore the APACHE II, SAPS II and MPM scores where determined 
and did not differ between the two groups. Another determinant of mucosal 
injury, NSAID use, was not equally distributed between the groups with 
minor and major mucosal injury. In all patients NSAID use appeared to be 
aspirin 100 mg once daily, a relatively low dose. The relative risk of this 
medication for EMIS was 2.07 but in a multiple regression analysis NSAID 
use was not significantly related to EMIS. 
Sepsis is frequently associated with mucosal injury as endotoxaemia and an 
enhanced inflammatory state lead to activation and adherence of leukocy
tes [26]. Leukostasis leads to impairment of the micro-circulation and there
fore mucosal damage [27]. In our study, the diagnosis of sepsis was not 
associated with mucosal injury (table 3). 
The association of active H. pylori infection with the presence of gastrointes
tinal mucosal injury in critically ill patients raises the question whether sup
pression of H. pylori will diminish the mucosal injury. Prospective studies 
concerning the effect of H. pylori suppression in critically ill patients and the 
impact on stress ulcer formation have not been performed. In the present 
study we have shown that in 6 out of 7 patients with suppressed or eradi
cated H. pylori infection only minor mucosal injury was present. In an other 
study we have shown that in patients treated with selective decontamination 
of the digestive tract H. pylori was effectively suppressed and this was asso
ciated with a low incidence of stress ulcer related bleeding [11]. It may be 
possible however, that other factors than H. pylori suppression have attribu
ted to the low incidence of stress ulcer related bleeding. Further prospective 
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studies to determine the role of H. pylori suppression in the prevention of 
stress ulcer related bleeding are needed. 
In conclusion, we demonstrated that upper gastrointestinal mucosal injury 
develops in 66% of unselected patients admitted to a mixed surgical and 
medical intensive care unit. The strongest risk factor for the presence of 
major mucosal injury was H. pylori infection and to a lesser extent aspirin 
use. Whether H. pylori suppression may lead to a reduced incidence of 
stress ulceration and related bleeding should be the focus of future studies. 
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Abstract 

Introduction: Ihe prevalence of H. pylori Is increased in health care workers 
and in intensive care nurses. Exposure to H. pylori by gastric secretions and 
faeces are probably the main sources of transmission of H. pylori infection 
to health care workers. Routine use of selective decontamination of the diges
tive tract (SDD) at an intensive care unit suppresses H. pylori in critically ill 
patients. It was questioned whether this suppression and the subsequent 
decreased exposure to H. pylori of intensive care nurses would lead to a 
lower prevalence of H. pylori infection among these nurses. 
Methods: The H. pylori infection prevalence in intensive care nurses from a 
unit routine using SDD (group I) was compared to that of intensive care nur
ses from a unit not using SDD (group II). Health care workers from other 
departments of the hospital where no SDD was used (group III) served as a 
control group. Both intensive care nurses and controls were included on a 
voluntary basis. Persons using proton pump inhibitors were excluded. H. 
pylori was detected by Laser Assisted Ratio Analyser-13C-urea breath test 
(UBT) and serology. 
Results: Of all UBT's (n=169), in group I (n=64) three UBT's could not be pro
cessed, in group II (n=55) five and in group III (n=50) five. The prevalence of 
H. pylori infection was 11% (7/61) in group I and 25.5% (14/50) in group II 
(p=0.027, Chi-Square). In group III the prevalence of H. pylori infection was 
16% (8/45) which was not significantly different from both group I and II. 
Seroprevalence in group I was 18.6%, in group II 27% (NS) and in group III 
24%. Mean age in the three groups was 35.9, 37.8 and 36.6 yrs respective
ly (NS). 
Conclusion: The prevalence of H. pylori infection among intensive care nur
ses is lower in nurses from units using SDD compared to non SDD-using 
units. Acquisition of H. pylori by transmission from critically ill patients ap
pears to be diminished through SDD use. 

Introduction 

Helicobacter pylori is known for its causative role in gastric and duodenal 
ulcer disease [1]. H. pylori is also associated with gastric carcinoma [2,3]. 
Thusfar the exact mode of H. pylori transmission is unknown. Both oro-oral 
and faeco-oral transmission have been suggested [4]. Acquisition of H. pylo
ri occurs in childhood and is relatively rare in adults [5]. However, health 
care workers in general are at increased risk for the acquisition of H. pylori 
[6]. Endoscopists may also have an increased risk of infection but data are 
conflicting [7,8]. In these studies serology has been used to detect H. pylori 
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infection which is not an accurate method to detect active H. pylori infection. 
In contrast, a recent study used the 13C-urea breath test for the detection of 
H. pylori infection and did not find a higher prevalence in endoscopists com
pared with a control group [9]. However, nurses are more often infected with 
H. pylori than healthy volunteers [10]. Intensive care nurses may be more 
often exposed to gastric secretions than most other nurses as they fre
quently manipulate naso-gastric tubes. Consequently, they may be at increa
sed risk for the acquisition of H. pylori. Robertson and co-workers found a 
higher incidence of H. pylori in intensive care nurses compared to healthy 
volunteers [11]. The risk of acquisition of H. pylori by intensive care nurses 
may be reduced when this micro-organism is suppressed in critically ill 
patients. Selective decontamination of the digestive tract (SDD) was deve
loped to effectively prevent ventilator associated pneumonia and a recent 
meta-analysis showed a mortality reduction of 20% in unselected critically ill 
patients [12,13]. Previously we have shown that SDD effectively suppresses 
H. pylori infection [14]. We hypothesised that the suppression of H. pylori 
infection in critically ill patients by SDD may also lead to a reduced trans
mission rate of H. pylori from patients to intensive care nurses. To test this 
hypothesis, the H. pylori prevalence was compared between 1) intensive 
care nurses from a unit where SDD was routinely used, 2) nurses from an 
intensive care unit where SDD was not used and 3) other health care wor
kers. 

Methods 

The study design was a cross-sectional observational study. Intensive care 
nurses from a unit where SDD was used (group I) and intensive care nurses 
from a unit where SDD was not used (group II) were included on voluntary 
basis. Nurses in training were excluded. Nurses using proton pump inhibi
tors were also excluded. The control group (group III) consisted of nurses, 
physiotherapists and doctors from other wards from the hospital where SDD 
was not used. Information about abdominal complaints, use of medication 
and duration of intensive care nursing were obtained by a written question
naire. The local ethical and scientific committees approved the study. 

H. pylori detection 
H. pylori was detected by Laser Assisted Ratio Analyser (LARA)-13C-urea 
breath test and serology. The LARA-13C-urea breath test is an easy and relia
ble method to detect current H. pylori infection. In ambulant patients the sen
sitivity and specificity were 95 and 94% respectively with a positive predicti
ve value of 95% and a negative predictive value of 94% [15]. IgG antibodies 
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against H. pylori were detected by enzyme linked immunosorbent assay 
(HM-CAP™ ELISA Enteric Products, Inc. Stony Brook, NY). Acut off level of 
1.8 U/l was used. Sensitivity of this test compared to urea breath test in 
ambulant patients was 98.7%, specificity and positive predicting value were 
both 100% and negative predicting value was 98.6% [16,17]. 

Statistical analysis 
A comparison of continuous data with a normal distribution was performed 
by T-test. A comparison of categorical data of the groups was performed by 
the Chi Square test. The statistical analysis was made with the SPSS sta
tistical analyser release 8.0.0 (SPSS inc.1997). A p value < 0.05 was consi
dered to be statistically significant. 

Results 

The main results are summarised in table 1. Sixty four nurses were included 
in group I (ICU nurses with SDD), 55 nurses were included in group II (ICU 
nurses without SDD) and in group III 49 controls were included. Three 
LARA-13C-urea breath tests were unable to be processed in group I, 5 in 
group II and 5 in group III because of an incorrect breath sample collection. 
The LARA-13C-urea breath test was positive for H. pylori in 7 out of the 61 
eligible persons of group I (11%), 14 out of the 50 (25.5%) in group II, and 
8 of 44 (16%) in group III. The H. pylori prevalence was significantly higher 
in group I compared to group II (p=0.027, RR 2.44, 95% CI: 1.06 - 5.59). In 
group III, H. pylori prevalence was not significantly different from both group 
I and II. 
Serology was performed in 61 out of 64 persons from group I, 52 out of 55 
persons from group II and 35 out of 49 persons from group III. In group I ele
ven out of 61 had a positive H. pylori serology (18.0%) compared to 15/52 
(28.8%) in group II (p=0.173, RR 1.6, 95% CI: 0.81 - 3.17) In group III 8/35 
(23%) had a positive H. pylori serology which was not significantly different 
from either group I or II. The mean antibody titre in group I was 1.44 U/l 
(range 0.315 - 7.23 U/l and SD 1.49). In group II the mean antibody titre was 
1.93 U/l (range 0.23 - 7.86, SD 2.09); p=0.11. In group III the mean antibo
dy titre was 1.88 (range 0.30 - 7.66, SD 2.08) which was not significantly dif
ferent from either group 1 and group 2 (p=0.2 and 0.8 respectively). 
The duration of intensive care nursing was determined for group I and II. In 
group I the mean duration of ICU nursing was 7.97 yrs (range 1-22, median 
7.0, SD 5.51), in group II 10.5 yrs (range 1 - 24, median 9.0, SD 
6.46;p=0.03). The distribution of H. pylori infection over nursing time is 
shown in figure 1 and 2. 
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The prevalence of gastro-intestinal complaints was 34% in group I, 49% in 
group II and 34% in group III. In group I 43% of the nurses with a positive 
LARA-13C-urea breath test had upper gastrointestinal complaints (3/7), com
pared to 30% of the nurses with a negative LARA-13C-urea breath test 
(p=NS). In group II 71% of H. pylori infected nurses II had upper gastrointe
stinal complaints compared to 40% of nurses not infected with H. pylori in 
that group (p=0.07). 
In group I, 5 of the 61 nurses (8%) who returned their questionnaires used 
medication for upper gastrointestinal complaints. Histamine2-receptor anta
gonists were used by two nurses, antacids by another two and sucralfate by 
one nurse. None of the H. pylori positive persons did use antacids on a regu
lar basis. In group II, 11 of the 53 persons (20%) used medication for upper 
gastrointestinal complaints. Seven of them used histamine2-receptor antago
nists and 4 used antacids. Thirty-five percent of the H. pylori positive nurses 
in group II used medication compared to 16.7% of the H. pylori negative nur
ses in group II (p=NS). In group III 4 out of the 32 persons who returned their 
questionnaires used medication for upper gastrointestinal complaints, all of 
them histamine2-receptor antagonists. 

Discussion 

The lowest prevalence of H. pylori infection was found in intensive care nur
ses from the unit where SDD was used. In contrast, intensive care nurses 
from a unit where SDD was not used had the highest H. pylori prevalence. 
A higher H. pylori sero-prevalence in intensive care nurses compared to age 
matched controls was reported by Robertson and co-workers [11]. The au
thors also found an increase in H. pylori prevalence with increased duration 
of nursing time [11]. It was hypothesised that H. pylori was acquired from 
infected patients. The transmission and acquisition from patients to inten
sive care nurses may occur by gastric secretions or stools. The longer the nur
sing time, the higher the H. pylori acquisition rate. Consequently, transmis
sion may be reduced when H. pyloric suppressed in critically ill patients. In 
a previous study we found that H. pylori is effectively suppressed in inten
sive care patients during selective decontamination of the digestive tract 
(SDD) [12]. In 94% of the infected patients, H. pylori was effectively sup
pressed within 7 days after admission to the intensive care [12]. This suc
cessful suppression of H. pylori probably results in a low exposure of inten
sive care nurses in units where SDD is used which may reduce the risk of 
acquisition. This hypothesis is supported by the present study as we found 
a low prevalence H. pylori infection in intensive care nurses from the unit 
where SDD is used. A weakness of the present study may be the cross sec-
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Table 1 

Group I Group II Group III 

ICU nurses 

unit 

SDD Other ICU nurses Health care workers 

Number 61 50 45 

Age mean (SD) 35.9 (5.8) 

P=NS 

37.8 (6.6) 36.6 (8.6) 

Years of ICU nursing 

(median) 

7.0 

P=NS 

9.0 

Mean H. pylori antibody 

titre 

1.44 

P=NS 

1.93 1.88 

Prevalence H. pylori 

infection (%) by LARA-13C-

urea breath test 

11 

P=0.027 

RR 2.44, 

95% CI 1.06 -

25.5 

5.59 

10-

Figure 1 

Nr. of nurses s-

2-

o-

Group I 

D 

LARA-UBT 

• neg 
• pos 

Missing 2 4 6 8 11 13 16 19 22 
1 3 5 7 10 12 14 17 20 

Years of nursing for individual nurses 

Figure 1. 
Years of nursing for individual nurses in group I and result of LARA-13C-urea 
breath test (LARA-UBT). 
Missing: of 3 nurses with a negative urea breath test no data were available 
about years of nursing. 
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tional design of this study as it does not account for a potential bias due to 
community acquired H. pylori infection before the exposure to infected criti
cally ill patients. This community acquired H. pylori infection rate is largely 
determined by age and socio-economic status. The mean age of group II is 
2 years older compared to group I, which was not significant. In a Dutch 
cohort the seroconversion rate appeared to be 0.49% per person year [18]. 
Extrapolating this seroconversion rate we would expect one person to con
vert from a negative into a positive H. pylori test in two years. Therefore the 
two year difference in mean age can not explain the 15% higher prevalence 
of H. pylori among the ICU nurses from the unit where SDD was not used. 
Socio-economic status is an other determinant of H. pylori prevalence. The 
absence of fixed hot-water supply in childhood and domestic crowding were 
found to be independent risk factors for the acquisition of H. pylori infection 
[5]. Although this was not studied in detail, it is unlikely that major differen
ces in socio-economic status determine the difference in H. pylori prevalen
ce in these homogenous groups of Dutch intensive care nurses with the 
same standard of education. 

Figure 2 

Nr. of nurses 4-
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Group II 

r-^i—i—r 
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1 3 
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9 12 14 

l i 
15 

16 

i i 
18 22 

20 

LARA-UBT 

• n e9 
• F J pos 

24 
Years of nursing for individual nurses 

Figure 2. Years of nursing for individual nurses in group II and result of 
LARA-13C-urea breath test (LARA-UBT). 
Missing: of 1 nurse with a negative urea breath test no data were available 
about years of nursing. 
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Duration of nursing time was related to H. pylori infection in a previous study 
[11]. In the present study as shown in figure 1, 3 out of 7 infected nurses 
from the SDD using unit worked on the intensive care for 2 years or less 
suggesting community acquired H. pylori infection. On the other hand, all the 
infected nurses from group II (figure 2) have a nursing time of at least 4 
years, which may suggest acquisition of H. pylori on the intensive care. 
The greater exposure to H. pylori in the units where SDD is not used can 
lead to infection when hygienic measurements fail to prevent transmission 
from patients to nurses. Improving hygienic standards should therefore 
receive the highest attention to protect intensive care nurses from getting 
infected with H. pylori by their patients. The morbidity associated with H. 
pylori infection necessitates appropriate attention from intensive care units 
to prevent acquisition of this infection by their nurses. 
In conclusion, we have shown that in intensive care nurses from a unit where 
SDD is used H. pylori prevalence is lower than in intensive care nurses from 
a unit where SDD is not used. SDD is known to suppress H. pylori effective
ly and therefore leads to reduction of exposure and transmission of H. pylo-
r/'from patients to intensive care nurses. 
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In chapter 1 the literature is reviewed concerning stress ulcer pathogenesis 
and the potential role of Helicobacter pylori in stress ulcer formation in criti
cally ill patients. Stress ulceration is a complex and multifactorial disease. 
Mucosal blood flow, endotoxins and cellular dysfunction all play an important 
role. H. pylori may theoretically contribute to the formation of stress ulcera
tion. 

In chapter 2 the incidence of gastrointestinal interventions is described in a 
mixed population of critically ill patients. Patients after uncomplicated cardiac 
surgery are excluded. Five to six percent of the included patients need gas
trointestinal endoscopy. The most frequent indication for endoscopy is upper 
gastrointestinal bleeding. Upper gastrointestinal bleeding is the indication for 
admittance to the intensive care in 1.2% of all included patients. Esophageal 
varices are found in half of them. Bleedings that occur more than 24 hours 
after admission to the intensive care unit are usually defined as stress ulce
rations. In this study, overt bleeding occurs more than 24 hours after admis
sion in 1.9% of the patients. However, stress lesions in the upper gastroin
testinal tract are identified in approximately half of these patients. Therefore, 
the incidence of bleeding as a result of stress ulceration appeared to be 
1.0%. It is concluded that gastrointestinal endoscopy is indicated in 5.6% of 
critically ill patients. The incidence of overt upper gastrointestinal bleeding 
more than 24 hours after admission is 1.9% but stress ulceration is identi
fied in only half of these patients. 

The specific group of patients undergoing cardiac surgery is studied in chap
ter 3. Reviewing the literature, risk factors for upper gastrointestinal bleeding 
in this patient group are defined. Patients after cardiac surgery appear to 
have a very low incidence of upper gastrointestinal tract bleeding. In the 
reviewed literature 505 episodes of bleeding are found in 113323 patients. 
The incidence of these bleeding episodes under stress ulcer prophylaxis 
appears to be 0.35% (169 bleedings in 47868 patients) and in patients wit
hout pharmacological prophylaxis 0.51% (130 bleedings in 25609 patients). 
This difference is not statistically significant. Randomised controlled trials 
concerning stress ulcer prophylaxis in patients after cardiac surgery have 
not been performed. The conclusion from this literature review is that phar
macological stress ulcer prophylaxis in cardiac surgery patients is not indi
cated on a routine base. 

Tests to detect H. pylori in critically ill patients should be validated to study 
the role of this micro-organism in gastric disease in these patients. Chapter 
4 describes the Laser Assisted Ratio Analyser (LARA)-13C-urea breath test 
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and serological assessment of antibodies in mechanically ventilated 
patients. The LARA-13C-urea breath test is a non-invasive and relatively easy 
way to detect active H. pylori infection in ambulant patients. It can also easi
ly be used in mechanically ventilated patients. In addition, the test can be 
stored several weeks before analysis. Patients undergoing cardiac surgery 
are tested in both the pre-operative ambulant condition and post-operative-
ly during mechanical ventilation. This study shows that with minor adapta
tions for breath collection this test is accurate in detecting H. pylori in mecha
nically ventilated patients. However, serological antibody detection appears 
to be less reliable. Antibodies remain detectable in serum for months or 
years after eradication of H. pylori. False positive results may therefore 
occur. On the other hand, haemodilution and blood loss will result in false 
negative tests. The LARA-13C-urea breath test is independent of these fac
tors. 

In chapter 5 it is described that detection of H. pylori antigens in stools 
(HpSA) from critically ill patients has major disadvantages compared to the 
LARA-13C-urea breath test. Most patients do not produce stools in the first 
three days of admission. Of the patients with H. pylori antigens detected in 
a stool sample all have active H. pylori infection as determined by LARA-13C-
urea breath test. Both the positive predictive value and the specificity of the 
HpSA are 100% compared to the LARA-13C-urea breath test. However, false 
negative faecal tests result in a sensitivity of only 75% and a negative pre
dictive value of 87.5%. The unavailability of stool samples in recently admit
ted critically ill patients and the false negative test results make the antigen 
detection in faeces not suitable for screening critically ill patients for the pre
sence of active H. pylori infection. 

Chapter 6 describes the measurement of gastric permeability in critically ill 
patients. The relation between gastric permeability and both H. pylori infec
tion and severity of disease is described. Gastric permeability is determined 
by measuring the sucrose excretion in the urine after the ingestion of 100 g 
sucrose in 250 ml of water. Previously it was shown that an abnormal sucro
se loading test is related to gastric mucosal ulceration and NSAID induced 
mucosal injury. In this study the sucrose excretion is not related to the sever
ity of disease measured by APACHE II score or other scores. In contrast, 
patients with H. pylori infection have a significantly higher sucrose excretion 
compared to non-infected patients. Thus, H. pylori infection leads to an in
crease in gastric permeability which underlines the possible role of H. pylo
ri \n the pathogenesis of stress ulceration. 
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The prevalence of H. pylori in critically ill patients is described in chapter 7. 
Active H. pylori infection as determined by the LARA-13C-urea breath test is 
present in 37% of the 300 included patients. Three days after intensive care 
admission the infection rate falls to 7.7% and in none of the patients H. pylo
ri can be detected after 7 days. Antibiotic treatment for selective decontami
nation of the digestive tract is the proposed mechanism for this decline. It is 
also shown that H. pylori prevalence as detected by serology is 57%. The 
three patients with stress ulcer related bleeding (1.0%) are not infected with 
H. pylori. The suppression of H. pylori infection may have eliminated H. pylo
ri associated stress ulcer formation which may be the reason for the obser
ved low incidence of stress ulcer related bleeding. 

The observed suppression of H. pylori infection during intensive care treat
ment using SDD is further studied in chapter 8. In vitro and in vivo studies 
show that H. pylori is susceptible for two of the four antibiotics used for 
selective decontamination of the digestive tract. Both cefotaxime intrave
nously and tobramycin topically applied are antimicrobial agents with anti-
H. pylori properties. Prolonged topical treatment with tobramycin effectively 
suppresses H. pylori infection. 

Chapter 9 describes the role of H. pylori in the pathogenesis of stress ulce
ration. Gastric mucosal injury is detected in mechanically ventilated patients 
by upper gastrointestinal endoscopy within 6 hours after admission to the 
intensive care. The endoscopical mucosal injury score (EMIS) is determi
ned. Major mucosal injury is significantly related to the presence of H. pylo
ri infection as detected by the LARA-13C-urea breath test and to the use of 
NSAID's. However, in a multiple regression analysis H. pylori infection ap
pears to be the only risk factor (p=0.019). 

Whether the presence of H. pylori in critically ill patients is an occupational 
hazard for intensive care nurses is described in chapter 10. A group of nur
ses from a unit were H. pylori is suppressed in the patients by gut deconta
mination (group I) is compared with a group of nurses from a unit where gut 
decontamination is not used (group II). It is shown that H. pylori prevalence 
is 11% and 25% in these groups of nurses respectively (p=0.027). The dura
tion of nursing time is significantly higher in group II but the distribution of H. 
pylori infection in time supports acquisition on the intensive care unit in 
these nurses. 

In this thesis it is shown that upper gastrointestinal bleeding occurs infre
quently in a population of patients with selective gut decontamination. 
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Moreover, in only half of these patients stress related lesions are found. H. 
pylori infection is effectively suppressed in these patients. Suppression of H. 
pylori infection in critically ill patients reduces the occupational hazard of H. 
pylori acquisition by intensive care nurses. H. pylori infection is a risk factor 
for gastric mucosal injury in mechanically ventilated critically ill patients and 
the suppression of this micro-organism may well be the reason for the low 
incidence of stress ulcer related bleeding in an intensive care unit where 
SDD is used. 
However, the definite prospective study comparing the incidence of stress 
ulcer related bleeding in an ICU where SDD is used and an ICU where SDD 
is not used, was not performed for this thesis. A major drawback for such a 
study is that the two ICU's that would be compared should have identical treat
ment protocols. The only difference should be the lack of SDD in one ICU. 
At this moment I do not have access to ICU's with these qualifications. 
However, this thesis provide enough circumstantial evidence to consider this 
hypothesis seriously. 
In this thesis it is shown that H. pylori is strongly related to gastic mucosal 
injury in critically ill patients. Apparently, during critical illness severe gastric 
mucosal injury occurs when H. pylori is present. Therefore I conclude that 
the formation of these lesions known as stress ulcerations is enhanced by 
H. pylori infection. 
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In hoofdstuk 1 wordt de literatuur samengevat betreffende de Pathogenese 
van stress ulceraties bij intensive care patiënten en de mogelijke rol van 
Helicobacter pylori in de ontwikkeling hiervan. Het ontstaan van stress ulce
raties is een complexe aangelegenheid waarbij vele factoren een rol spelen. 
Doorbloeding van de darmmucosa, endotoxinaemie en celdysfunctie spelen 
allen een belangrijke rol. H. pylori kan theoretisch ook bijdragen aan de ont
wikkeling van stress ulceraties. 

In hoofdstuk 2 wordt de incidentie van gastrointestinale interventies 
beschreven in een gemengde populatie van patiënten opgenomen op een 
intensive care. Hierbij werden echter geen patiënten na een ongecompli
ceerde cardiochirurgische ingreep betrokken. Van de geïncludeerde patiën
ten behoefden 5,6% een gastrointestinale endoscopie. De meest voorko
mende indicatie voor endoscopie is bloeding van het proximale deel van de 
tractus digestivus. Bloeding in dit proximale deel van de tractus digestivus is 
de reden van opname op de intensive care bij 1,2% van alle geïncludeerde 
patiënten. Bij de helft van deze patiënten wordt oesofagus varices gevon
den. Wanneer een bloeding meer dan 24 uur na opname op de intensive 
care optreedt, gaat men er meestal vanuit dat er "stress ulcéra" bestaan. In 
deze studie treedt een dergelijke bloeding, meer dan 24 uur na opname op 
de intensive care, bij 1,9% van de geïncludeerde patiënten op. Echter, 
"stress ulceraties" kunnen maar bij de helft van hen aangetoond worden. 
Daarmee wordt de incidentie van bloedingen veroorzaakt door "stress ulcé
ra" gesteld op ongeveer 1%. Tevens wordt geconcludeerd dat gastrointesti
nale endoscopie bij 5,6% van de op de intensive care opgenomen patiënten 
nodig is en dat de incidentie van bloedingen uit de proximale tractus dige
stivus optredend meer dan 24 uur na opname bij 1,9% van de patiënten 
voorkomt. 

De specifieke groep van patiënten die hartchirurgie ondergaat wordt in 
hoofdstuk 3 beschreven. Een literatuur overzicht betreffende deze patiënten
populatie beschrijft de risicofactoren voor het ontstaan van bloedingen in de 
proximale tractus digestivus. In de literatuur worden 505 bloedingsepisodes 
beschreven bij 113323 patiënten. Van deze patiënten worden 47868 far
macologisch behandeld ter preventie van "stress ulcéra". Desondanks 
komen in deze groep 169 bloedingen voor (0,35%). Bij 25609 patiënten die 
geen farmacologische profylaxe voor "stress ulcéra" ontvangen treden 130 
bloedingen op (0,51%). Dit verschil tussen de twee groepen is niet statis
tisch significant. Gerandomiseerde en gecontroleerde studies betreffende 
"stress ulcus" profylaxe bij patiënten na hartchirurgie zijn niet verricht. De 
conclusie die wordt gemaakt op basis van het literatuuroverzicht is dat far-
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macologische profylaxe voor "stress ulcéra" niet routinematig geïndiceerd is 
bij cardio chirurgische patiënten. 

Testen om H. pylori aan te tonen bij intensive care patiënten dienen te wor
den gevalideerd in deze patiëntengroep om de rol van dit micro-organisme 
bij de vorming van maagziekten te kunnen bestuderen. Hoofdstuk 4 
beschrijft de "Laser Assisted Ratio Analyser" (LARA)-13C-ureum ademtest 
alsmede de serologische bepaling van antistoffen bij beademde patiënten. 
De LARA-13C-ureum ademtest is een niet invasieve en relatief eenvoudige 
manier om aktieve H. pylori infectie bij ambulante patiënten aan te tonen. 
Deze test kan ook eenvoudig worden toegepast bij beademde patiënten. 
Bovendien kan de test na uitvoering enkele weken worden bewaard voordat 
analyse plaats vindt. Patiënten die een hartchirurgische ingreep ondergaan 
zijn getest in zowel de pre-operatieve ambulante situatie als in de post-ope-
ratieve situatie tijdens mechanische beademing. Daarmee zijn de patiënten 
hun eigen controle. Deze studie toont aan dat met minimale aanpassingen 
voor de uitvoering van de test, deze geschikt is om H. pylori aan te tonen bij 
beademde patiënten. Daarentegen blijkt serologische bepaling van anti
lichamen tegen H. pylori in deze patiëntenpopulatie minder betrouwbaar te 
zijn. Aangezien anti-lichamen in het serum maanden tot jaren na eradicatie 
van H. pylori aantoonbaar kunnen blijven, kunnen vals positieve testen 
optreden. Anderzijds kunnen haemodilutie en bloedverlies leiden tot vals 
negatieve testen. De LARA-13C-ureum ademtest wordt door deze factoren 
niet beïnvloed. 

In hoofdstuk 5 wordt beschreven dat het bepalen van H. pylori antigenen in 
de ontlasting (HpSA) van intensive care patiënten belangrijke nadelen heeft 
vergeleken met de LARA-13C-ureum ademtest. De meeste patiënten op de 
intensive care lozen geen faeces in de eerste drie dagen van opname. De 
patiënten met H. pylori antigenen aangetoond in faeces hadden allen actie
ve H. pylori infectie zoals bepaald met de LARA-13C-ureum ademtest. Zowel 
de positief voorspellende waarde als de specificiteit van de HpSA zijn 100% 
vergeleken met de LARA-13C-ureum ademtest. Echter, fout negatieve fae
ces testen resulteerden in een sensitiviteit van 75% en een negatief voor
spellende waarde van 87,5%. Het niet beschikbaar komen van faeces mon
sters van nieuw opgenomen intensive care patiënten en de fout negatieve 
testresultaten maken de antigeendetectie in faeces ongeschikt om intensive 
care patiënten te screenen op het bestaan van actieve H. pylori infectie. 

Hoofdstuk 6 beschrijft de bepaling van maagpermeabiliteit bij intensive care 
patiënten. De relatie tussen maagpermeabiliteit enerzijds en H. pylori infec-
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tie of ernst van ziekte anderzijds wordt beschreven. De maagpermeabiliteit 
wordt bepaald door meting van de sucrose uitscheiding in de urine na inna
me van 100 g sucrose in 250 ml water. Eerdere studies hebben aangetoond 
dat een abnormale sucrose test gerelateerd is aan mucosale ulceraties in 
de maag en NSAID gerelateerde mucosa schade. In de onderhavige studie 
blijkt de sucrose excretie als maat voor mucosa schade niet gerelateerd aan 
ernst van de ziekte gemeten middels APACHE II of andere scores. 
Daarentegen hadden patiënten met H. pylori infectie significant meer sucro
se uitscheiding dan niet geïnfecteerde patiënten. H. pylori infectie leidt dus 
tot een verhoogde maagpermeabiliteit wat de mogelijke rol van H. pylori in 
de Pathogenese van stress ulceratie ondersteunt. 

De prevalentie van H. pylori bij intensive care patiënten wordt beschreven in 
hoofdstuk 7. Actieve H. pylori infectie, zoals vastgesteld met de LARA-13C-
ureum ademtest, wordt gevonden in 37% van de 300 geïncludeerde patiën
ten. Drie dagen na intensive care opname daalt de infectie prevalentie naar 
7,7% en in geen van de patiënten kan nog H. pylori worden aangetoond na 
7 dagen. Antibiotische behandeling in het kader van selectieve darmdecon-
taminatie van de tractus digestivus is het gepostuleerde mechanisme voor 
deze afname van infectie prevalentie. Tevens wordt aangetoond dat de pre
valentie van H. pylori door middel van serologische detectie 57% is. De drie 
patiënten met een stress ulcus gerelateerde bloeding (1,0%) zijn niet geïn
fecteerd met H. pylori. De suppressie van H. pylori infectie kan de met H. 
pylori geassocieerde stress ulcéra hebben voorkomen hetgeen ook de 
reden kan zijn van de gevonden lage incidentie van stress ulcus gerelateer
de bloedingen. 

De geobserveerde onderdrukking van H. pylori infectie tijdens intensive 
care behandeling met selectieve darmdecontaminatie wordt verder beschre
ven in hoofdstuk 8. In vitro en in vivo studies tonen aan dat H. pylori gevoe
lig is voor twee van de vier antibiotica die gebruikt worden voor selectieve 
darm decontaminatie van de tractus digestivus. De intraveneus toegedien
de cefotaxim en topicaal gebruikte tobramycine zijn de twee antibiotica met 
anti-H. pylori eigenschappen. Langdurig topicale therapie met tobramycine 
onderdrukt H. pylori infectie effectief. 

Hoofdstuk 9 beschrijft de rol van H. pylori in de Pathogenese van stress ulcé
ra. Afwijkingen van de maag mucosa zijn bij mechanisch beademde patiën
ten gedetecteerd door middel van endoscopie binnen 6 uur na opname op 
de intensive care. De endoscopische vastgestelde mucosale schade (EMIS) 
is gescoord volgens Brown. Ernstige mucosale schade blijkt significant gere-
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lateerd aan de aanwezigheid van H. pylori, vastgesteld met de LARA-13C-
ureum ademtest, en het gebruik van aspirine. Echter, in een multiple regres
sie analyse blijkt H. pylori de enige risicofactor voor het bestaan van ernsti
ge mucosale schade (p=0.019). 

Of de aanwezigheid van H. pylori bij intensive care patiënten een beroeps
risico is voor intensive care verpleegkundigen wordt beschreven in hoofd
stuk 10. Een groep verpleegkundigen van een afdeling waar H. pylori onder
drukt wordt door het gebruik van selectieve darmdecontaminatie (groep I) 
wordt vergeleken met een groep verpleegkundigen waar deze decontami
nate niet plaats vindt (groep II). De H. pylori prevalentie in deze groepen is 
respectievelijk 11% en 25% (p=0.027). Het aantal jaar dat de verpleegkun
digen werkzaam zijn is significant langer in groep II vergeleken met groep I 
maar de verdeling van H. pylori infectie onder de verpleegkundigen onder
steunt een acquisitie tijdens de werkzaamheden. 

In dit proefschrift wordt beschreven dat bovenste tractus digestius bloeding
en en stress ulcus gerelateerde bloedingen niet vaak voorkomen in een 
populatie van patiënten die behandeld worden met selectieve darm decon-
taminatie. H. pylori infectie wordt effectief onderdrukt bij deze patiënten. 
Onderdrukking van H. pylori infectie bij intensive care patiënten reduceert 
waarschijnlijk het risico van acquisitie van deze bacterie door intensive care 
verpleegkundigen tijdens het werk. H. pylori is een risicofactor voor het ont
staan van schade aan de maagmucosa bij mechanisch beademde intensi
ve care patiënten en de suppressie van dit micro-organisme kan de reden 
zijn voor de lage incidentie van stress ulcus gerelateerde bloedingen op een 
intensive care waar selectieve darmdecontaminatie wordt toegepast. Echter 
de definitieve prospectieve studie die twee ICU's vergelijkt (met en zonder 
SDD) kon om praktische redenen voor dit proefschrift niet worden uitge
voerd. Dit proefschrift biedt echter vele aanwijzingen die de hypothese 
ondersteunen. 
Daarom wordt geconcludeerd dat H. pylori een van de sleutelfactoren is in 
het ontstaan van stress ulceraties bij intensive care patiënten aangezien de 
infectie significant gecorreleerd is aan de aanwezigheid van beschadigde 
maagmucosa en stress ulceraties. Bovendien onderdrukt selectieve darm 
decontaminatie effectief H. pylori infectie en kan de lage incidentie van 
stress ulcéra in deze populatie hierdoor veroorzaakt worden. 

150 







Dankwoord 

Het schrijven van dit proefschrift beschouw ik als mijn 8e marathon. Wat betreft tijds
duur en inspanning komt het ongeveer overeen met de 7 die eraan vooraf gingen 
bijelkaar. Een marathon lopen is echter een veel solistischer bezigheid ofschoon het 
aanreiken van vocht door vrijwilligers onontbeerlijk is. Voor dit proefschrift was veel 
meer hulp noodzakelijk waarvoor ik veel dank ben verschuldigd. 
Allereerst natuurlijk mijn promotor. Guido, toen ik voor het eerst met mijn ideeën bij 
jou kwam was het niet mijn bedoeling om te promoveren. Had ik jou beter gekend 
dan had ik geweten dat het één het ander zou impliceren. Toch bedankt voor je 
steeds weer inspirerende woorden en de onmiddellijke actie op verzoeken van mij 
betreffende correcties of anderszins. 
Nog meer dank ben ik aan mijn beide co-promotores verschuldigd. Zonder de 
onverwijlde inzet van René zou ik nooit aan de noodzakelijke ademtesten zijn geko
men. Verder leidde jij me door de wereld van de Helicobacter opdat ik niet op dwaal
sporen belandde. Het meest wil ik je bedanken voor de scherpe analyse en correc
ties van de stukken, zonder welke er nu geen leesbaar proefschrift geweest zou zijn. 
Durk, jij hebt me geleerd wat intensive care geneeskunde inhoudt. Door jou onge
ëvenaarde literatuur kennis heb jij me niet alleen door de IC-literatuur geloodst maar 
aan mij vooral de stress ulcus literatuur inzichtelijk gemaakt. Dit deed je op een dus
danige manier dat de brei van artikelen zich stroomlijnde tot een fraai gevormde 
visie op wat intensive care geneeskunde moet zijn. Stress ulcus profylaxe is daar
mee niet te reduceren tot het voorschrijven van medicament Z of S. Dat ik nu zon
der jou kennis dichtbij de IC geneeskunde moet uitoefenen is de grootste proeve 
van bekwaamheid. Durk, nogmaals bedankt. 
Naast de ondersteuning door promotor en co-promotores is de praktische onder
steuning van velen onontbeerlijk geweest. Alle verpleegkundigen van de IC van het 
OLVG en in het bijzonder Joanne bedankt voor jullie inzet en voor de prettige 
samenwerking gedurende de vele (nachtelijke) uren. Tevens bedank ik Heleen, Rob 
en Hans voor hun hulp gedurende de onderzoeksperiode. Ook jullie zijn ieder op 
jullie eigen wijze een belangrijke steun geweest. Daarnaast wil ik ondersteunende 
disciplines bedanken voor hun belangeloze inzet: alle apothekers, Marco Treskes, 
Arie van der Ende, Frans Hoek en Peter Rietra. Vele anderen die bij het proefschrift 
betrokken zijn geweest kunnen helaas niet met naam genoemd worden maar wor
den evenzeer bedankt. 
De meeste dank gaat echter uit naar mijn ouders, die mij het doorzettingsvermogen 
en de gelegenheid hebben gegeven te studeren en dit moment te bereiken. 
Lieve Jolanda, het was voor jou misschien nog wel zwaarder dan voor mij, vooral 
de laatste maanden met alle andere veranderingen erbij. Desondanks was er je 
onvoorwaardelijke steun die ik nooit zal vergeten. Dank je wel. Net als bij voor
gaande marathons ben ik ook nu weer blij je bij de finish te zien maar ben ik pas 
echt voldaan straks thuis bij jou en Sterre. 
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