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Stress ulcer prophylaxis protects against clinically important gastrointestinal bleeding and has
gained widespread use. This study compares the ef® cacy of omeprazole to ranitidine for this
indication . This was a prospective, randomized clinical trial. Sixty-seven high-risk patients
were randomized to receive either ranitidine 150 mg (N 5 35) intravenously daily or
omeprazole 40 mg (N 5 32) daily orally or by nasogastric route. Patients were monitored for
clinically important bleeding. There was no statistically signi® cant difference between treat-
ment groups in the number of patients enrolled, gender, race, or age. The study groups were
comparable in regard to the severity of illness based on their similar APACHE II score,
duration of ICU stay, duration of ventilator dependence, and mortality rate. A signi® cant
difference was found only in regard to the number of risk factors per patient. The ranitidine-
treated group had 2.7 risk factors per patient while the omeprazole-treated group had 1.9
(P , 0.05). Eleven patients (31%) given ranitidine and two patients (6%) given omeprazole
developed clinically important bleeding (P , 0.05). Nosocomial pneumonia developed in ® ve
patients (14%) receiving ranitidine and one patient (3%) receiving omeprazole (P . 0.05).
We conclude that oral omeprazole is safe, effective, and clinically feasible for stress ulcer
prophylaxis .
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Stress ulcers occur in critically ill patients as a conse-

quence of their major physiologic disturbances and

appear as a spectrum of gastroduodenal erosions and

ulcerations (1± 5). The mucosal lesions are considered

clinically important when they result in severe hem-

orrhage (2, 6 ± 9), which is associated with high mor-

bidity (4, 5, 10 ± 12) and death in 50 ± 80% of patients

(2, 3, 13± 15).

Numerous factors contribute to the development of

gastroduodenal mucosal lesions, including the action

of pepsin, bile acids, and hydrogen ion (9, 12, 13, 16,

17). Increased hydrogen ion concentration, in partic-

ular, can impair platelet function and may increase

activity of pepsin, in turn, augmenting clot lysis.

ª Nonstressedº patients have a mucous and bicarbon-

ate barrier protecting the gastroduod enal mucosa.

Critically ill patients, however, may have disturbances

of the mucosal microcirculation, allowing breakdown of

this barrier with resulting stress ulceration and risk

of hemorrhage. Although the pathophysiology is incom-

pletely understood and several therapies for prophylaxis

have been shown to have ef® cacy, neutralizing acid

protects against these mucosal events, and stress ulcers

are uncommon when gastric pH is maintained at greater
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than 4. Thus, antisecretory agents, particularly hista-

mine2 (H2) receptor antagonists, have gained wide-

spread clinical acceptance (16, 18).

Omeprazole is a substituted benzimidazole that

inhibits the proton pump of parietal cells responsible

for the exchange of hydrogen for potassium ions (9,

16, 19, 20). Omeprazole is a potent antisecretory

agent with demonstrated clinical ef® cacy in acid pep-

tic disorders, re¯ ux esophagitis , and hypersecretory

condition s (9, 21± 24). Although the maximum acid

inhibition of omeprazole is not obtained for several

days, by 24 hr its ef® cacy is similar to that of H2

blockers, and beyond 24 hr it has superior acid sup-

pression (21± 27). Because of its mechanism of action,

ease of administration, safety pro® le, relatively low

cost compared to parenteral preparations, and dem-

onstrated ef® cacy in other acid-related disorders, this

study was designed to compare omeprazole and an H2

blocker, ranitidine, for prophylaxis against clinically

important gastrointestinal hemorrhage.

MATERIALS AND METHODS

Study Subjects. Over a 10-month period, patients admit-
ted to the intensive care unit (ICU) at New Hanover
Regional Medical Center, a 550-bed community teaching
hospital, were considered for enrollment if they were af-
fected by at least one of nine risk factors regarded as strong
indications for stress ulcer prophylaxis (1, 4, 9, 13, 28):
burns, coagulopathy, acute hepatic failure, major neuro-
logic insult, acute renal failure, respiratory failure, sepsis,
shock, and trauma. Acute Physiologic and Chronic Health
Evaluation (APACHE II) scores (29) were calculated at
baseline. Patients were excluded if they were younger than
18 years of age, pregnant, admitted for a gastrointestinal
hemorrhage, had a contraindication to the use of enteral
medications, or had been admitted to the ICU more than 24
hrs prior to identi® cation for enrollment. This study was
approved by the Institutional Review Board and informed
consent was obtained from each patient or their legally
authorized representative.

Interventions. The pharmacy, using a computer-
generated table of numbers, randomly assigned study sub-
jects to receive: (1) ranitidine-primed infusion 50 mg bolus
followed by 150 mg daily by continuous intravenous infu-
sion or bolus administration 50 mg intravenously every 8 hr,
or (2) omeprazole, 40 mg once daily orally or by nasogastric
tube, if clinically necessary. If given by nasogastric tube, the
omeprazole capsule was opened but the enteric coated
granules were not crushed so as to preserve delayed release
activity. The 40-mg dose of omeprazole was selected based
on its pharmacokinetics and because it is a dose comparable
to that used in related disorders (21± 24, 26). In patients
with renal insuf® ciency, the ranitidine dose was adjusted
based on the manufacturer’s recommendation. When naso-
gastric tubes were required for clinical indications or ome-
prazole administration, the volume and pH of the gastric

contents were recorded initially and every 2 hr thereafter (2,
10, 30 ± 32).

Monitoring. Study subjects were monitored for evidence
of clinically important bleeding de® ned as hemodynamic
instability resulting from gross bleeding as manifest by
hematemesis, aspiration of coffee ground material from the
nasogastric tube, or melena. Clinically important bleeding
was also de® ned by a decrease in hemoglobin of more than
2 g/dl complicated by either the need for transfusion or
hemodynamic instability (2, 6, 7, 9). The hemoglobin value
obtained 24 hr after admission was used as the baseline to
allow for initial ¯ uid equilibration. Esophagogastroduode-
noscopy was done only if deemed clinically indicated by the
attending physician. Clinical diagnosis of nosocomial pneu-
monia was noted. Fingerstick complete blood counts were
obtained daily. Patients were maintained on protocol until
discharged from the critical care unit or their condition
improved such that stress ulcer prophylaxis was no longer
indicated.

Statistical Analyses. Fisher’s exact test was used to ana-
lyze the incidence of clinically important bleeding and
group differences in variables such as age were compared
using Student’ s t test.

RESULTS

Seventy patients formed the study group. Thirty-

® ve were randomized to the ranitidine treatment

group; 35 received omeprazole. Three omeprazole

subjects were excluded from data analysis because of

errors in randomizat ion or enrollment criteria proto-

col violations, resulting in 32 omeprazole-treated pa-

tients included in the ® nal analysis. There were no

statistically signi® cant differences between the raniti-

dine-treated and the omeprazole-treated groups for

age, gender, race, or APACHE II scores (Table 1).

Ranitidin e subjects had signi® cantly more risk factors

at baseline. There were no signi® cant differences in

the number of patients who required mechanical ven-

tilation: ranitidine , 26/35 (72%); and omeprazole,

TABLE 1. PATIENT CHARACTERISTICS /SEVERITY OF DISEASE*

Ranitidine Omeprazole P

Patients (N) 35 32 NS

Males 20 (57%) 17 (53%) NS
Whites 28 (80%) 24 (75%) NS

Age (yr) 56.9 6 17.5 57.3 6 23.5 NS
APACHE II score 20.2 6 9.4 17.5 6 7.7 NS

Risk factors/patient 2.7 6 1.8 1.9 6 1.0 , 0.05
ICU stay (days) 7.8 6 12.0 8.7 6 6.9 NS

Ventilator (days) 6.8 6 7.8 8.8 6 5.7 NS
Death 12 (34%) 11 (34%) NS

* Data are expressed as mean 6 SD. The study groups were similar

in regard to the number of patients enrolled, gender, race, and
age. Both groups also had similar severity of disease based on

their APACHE II scores, duration of ICU stay, duration of
ventilator dependence, and mortality rate. A statistically signi ® -

cant difference only existed with respect to the number of risk
factors per patient.
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16/32 (50%); or number of ventilation days: raniti-

dine, 6.81 days 6 7.8 SD; and omeprazole, 8.8 days 6
5.7 SD. pH data were available in 15 randomized

patients and did not differ between treatment groups:

ranitidine subjects (N 5 8), mean pH 5.2 6 1.0 SD:

omeprazole (N 5 7) 5.8 6 1.2 (P 5 NS). The number

of samples with pH # 4 was 44/157 (28.0%) and 10/86

(11.6%) in ranitidine and omeprazole patients, re-

spectively (P , 0.05).

Clinically signi® cant bleeding was seen in 31% of

ranitidine and 6% of omeprazole-treated patients

(P 5 0.013). In the 27 patients who underwent en-

doscopy (ranitidine 15, omeprazole 12) stress ulcers

were detected in all but two cases, one from each

study group. In these two cases only a few gastric

erosions were identi® ed. Both patients underwent

colonoscopy without a source of bleeding noted. In

both cases, the presumed source of bleeding was from

stress ulcers.

The distribution of risk factors was similar for both

groups, but more subjects in the ranitidine group had

major neurologic insults or trauma (Table 2). Thir-

teen ranitidine and six omeprazole-treated patients

underwent major surgery. Regardless of randomized

treatment, the risk of clinically signi® cant hemor-

rhage was related to the number of baseline risk

factors for stress ulceration (Table 3). Nosocomial

pneumonia was observed in 5 (14%) ranitidine-

treated patients and 1 (3%) omeprazole patient (P .
0.05) (Table 3). Twelve ranitidine (34%) and 11 ome-

prazole-treated (34%) patients died (P . 0.05). Mor-

tality was related to increased APACHE II score. The

mean score was 22.8 in patients who died and 16.9 in

survivors (P 5 0.007).

DISCUSSION

This study showed oral omeprazole administrat ion

to be clinically feasible in critically ill patients and that

it had superior ef® cacy compared to intravenous ra-

nitidine for prophylaxis of stress ulcer. The study

subjects had severe disease as assessed at baseline by

APACHE II scores and the number of risk factors.

Seventy-n ine percent had respiratory failure or co-

agulopathy , widely accepted as the most important

risk factors (4, 9, 13, 28), and 24.5% with either of

these risk factors bled compared to only 7.1% of

those without these two (P . 0.05). The study showed

that the average number of risk factors correlated

with a greater likelihood of clinically signi® cant

bleeding and that higher APACHE II scores were

related to mortality risk (P , 0.05).

Ranitidine- treated patients had signi® cantly more

bleeding (31%) versus omeprazole-treated patients

(6%) (P , 0.05). While it is possible that bleeding

resulted from a disorder other than stress ulcers, this

was not felt to be likely for several reasons. Of the 67

patients enrolled, a gastroenterologist was involved in

the care of 64 patients. In each case, bleeding was

attributed to stress ulcers. An upper gastrointestinal

source was felt likely, given the character of the

bleeding. Furthermore, enrollment necessitated the

absence of gastrointestinal bleeding as the reason for

admission. The decision to perform endoscopy was

made by the consulting gastroenterologist. As noted

earlier, in the 27 patients who underwent endoscopy

(ranitidine 15, omeprazole 12), the gastroenterolo-

gists noted ® ndings indicative of stress ulcers in all but

two cases, one from each study group. In these two

cases only a few gastric erosions were identi® ed. Both

patients underwent colonoscopy without a source of

bleeding noted. In both cases, the presumed source of

bleeding was from stress ulcers, and this was listed as the

post procedure diagnosis. In other cases, endoscopy was

not performed because it was felt that the ® ndings at

endoscopy would not in¯ uence therapy. In some cases

the patients were felt to be too critically ill to undergo

TABLE 3. CLINICAL OUTCOMES*

Ranitidine Omeprazole P

Stress ulcer bleed 11 (31%) 2 (6%) , 0.05
Nosocomial pneumonia 5 (14%) 1 (3%) NS

* Clinically signi ® cant bleeding, secondary to stress ulcers, oc-
curred at a statistically signi® cant more frequent rate in those

patients receiving ranitidine as compared to omeprazole. Noso-
comial pneumonia also occurred more frequently in patients

given ranitidine; however, the difference was not statistically sig-
ni ® cant.

TABLE 2. RISK FACTORS FOR CLINICALLY IMPORTANT

BLEEDING*, ²

Ranitidine Omeprazole

Burns 0 0
Coagulopathy 7 5

Acute hepatic failure 1 0
Major neurologic insult 9 3

Acute renal failure 6 4
Respiratory failure 27 22

Sepsis 8 5
Shock 10 10

Trauma 11 5

* The risk factor distribution was similar in the two study groups.
Respiratory failure was the most common risk factor in both

study groups. A few more patients with major neurologic insult,
major surgery, or trauma were randomly assigned to receive

ranitidine.
² P 5 0.013.
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endoscopy. Given the patients’ clinical status, likely up-

per gastrointestinal source, absence of recent gastroin-

testinal bleed, and endoscopic ® ndings, it is highly likely

that the vast majority, if not all cases of signi® cant

bleeding were the result of stress ulcers.

The number of risk factors per patient was greater

in the ranitidine- treated group. However, this is an

unlikely explanation for the higher rate of stress ulcer

formation seen with ranitidine. The most signi® cant

risk factors, respiratory failure and coagulopathy,

were similarly distributed between groups. The differ-

ence was mostly made up by patients with risk factors

much less often associated with stress ulcers, in par-

ticular major surgery, neurologic insult, or trauma.

The number of risk factors per patient and APACHE

II scores suggest greater disease severity in the rani-

tidine-treated group. However, the duration of ICU

stay and duration of ventilator dependence suggest a

greater disease severity in those treated with omepra-

zole. The equal mortality rate further suggests an

equality between groups. The degree of disease se-

verity, for both groups, is evident by the very high

mortality rate and APACHE II score. Review of the

indicators of disease severity (Table 1) seems to indi-

cate that both groups were severely and approxi-

mately equally critically ill. The mean gastric pH for

patients who received ranitidine was similar to that of

patients receiving omeprazole, but the percentage of

samples with pH # 4, a level associated with more

bleeding (2, 7, 13, 16, 33), was greater with ranitidine

(27.9%) than omeprazole (11.5%) (P , 0.05). The

apparent superiority of omeprazole may be due to its

greater potency and longer half-life, resulting in less

pH ¯ uctuation. However, there is uncertainty

whether the mean pH or the frequency with which the

pH is maintained above 4.0 is more important in

preventing stress ulcer formation.

There is concern that omeprazole, due to its potent

acid inhibitio n, would allow more bacterial over-

growth and predispose to a higher rate of nosocomial

pneumonia than ranitidine. This was not found, and

the incidence of nosocomial pneumonia was surpris-

ingly and unexplainably greater in patients receiving

ranitidine.

Omeprazole therapy offers a potential cost bene® t.

At the investigation institution, ranitidine costs the

patient $84.81 a day vs $39.52 for omeprazole. The

medication savings does not consider other hidden

charges such as the cost of intravenous bags and

tubing, nursing administration time, pharmacy prep-

aration time, shortened ICU stay as a result of pre-

venting stress ulcers, and possibly less frequent nos-

ocomial pneumonia. It is also recognized that greater

cost savings could result from the proper selection of

patients, since few intensive care patients meet cur-

rently accepted criteria for stress ulcer prophylaxis .

The need for routine stress ulcer prophylaxis has

been questioned recently (16, 34, 35). When endos-

copy is used to identify mucosal abnormalit ies as a

measure of prophylact ic treatment ef® cacy, 70 ± 100%

of patients at risk have been found to have lesions (2,

13, 16, 18, 36). The incidence of clinically important

ulcers has been reported to be only 5± 20% (8, 18,

37± 39), and recent studies claim that the current

incidence may be 5% or less (2, 8 ± 10). This study

reemphasizes that the risk for clinically important

bleeding remains a signi® cant threat to selected, high-

risk patients. When bleeding occurred, patients had a

longer ICU stay and a higher mortality rate.

This study demonstrates the ef® cacy and safety of

omeprazole in patients at risk for stress ulcer. Be-

cause of its ease of administrat ion and relatively low

cost, omeprazole should be the preferred agent for

stress ulcer prophylaxis .
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