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Objective
The authors compared the results of sucralfate versus H2 blocker ± antacid as prophylaxis for
stress ulceration in an intensive care unit patient population.

Summary Background Data
Stress ulceration carries high morbidity and mortality for the patient who is critically ill. Gastric acid
neutralization is an effective prophylaxis. The impact of increased gastric colonization with
bacterial pathogens on nosocomial pneumonia after acid neutralization is unclear. The efficacy of
sucralfate prophylaxis for stress ulceration and its the effect on the nosocomial pneumonia rate is
controversial. The financial implications of sucralfate prophylaxis versus H2 blocker-based acid
neutralization therapy has not been studied.

Methods
Ninety-eight injured patients who were critically ill and who required intubation and intensive care
unit (ICU) support for at least 72 hours without gastric feeding were randomized and received
either maximal H2 blocker infusion therapy (continuous infusion of ranitidine at 0.25 mg/kg/hr after
a loading dose of 0.5 mg/kg) plus antacids (for persistent pH < 4) or sucralfate (1 g every 6 hours
via nasogastric tube) for stress ulcer prophylaxis. Efficacy in preventing stress ulcer complications
was determined. The impact of each therapeutic approach on development of nosocomial
pneumonia was evaluated. The charges/cost for each approach was analyzed.

Results
Heme-positive gastric aspirates occurred in 99% of the patients, whereas 12 (7 in the H2 blocker
group and 5 in the sucralfate group) were grossly positive for blood. However, only one from each
group required transfusion, and one in the H2 blocker group required operation. Gastric
colonization preceded tracheobronchial colonization in five patients in the H2 blocker group and
one patient in the sucralfate group; simultaneous gastric/oropharyngeal colonization preceded
positive tracheobronchial growth in six patients who received H2 blocker and one patient who
received sucralfate. The overall pneumonia rate was 27.5% in the H2 blocker group and 20.8% in
the sucralfate group (p = 0.48). Days on ventilator were 13.5 versus 9.1, (p = 0.06), ICU lengths
of stay were 14.7 versus 10.2 (p = 0.06), and hospital lengths of stay were 27.8 versus 20.0 (p =
0.029) for the H2 blocker group and sucralfate group, respectively. Based on current charges and
protocols for optimal H2 blocker and sucralfate prophylaxis, use of sucralfate rather than H2
blockers would decrease the annual cost by more than $30,000 per bed.

Conclusions
Sucralfate is as efficacious as maximal H2 blocker therapy for stress ulceration prophylaxis, and
may have a beneficial effect on the incidence of nosocomial pneumonia. Sucralfate has a major
reduction on nursing requirements for stress ulcer prophylaxis and would save approximately
$30,000 per ICU bed per year in patient charges.
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Aggressive stress gastritis prophylaxis has become the
standard of care in the intensive care unit (ICU) setting
to prevent the high morbidity and mortality associated
with acute gastric hemorrhage, or rarely, perforation in
the patient who is critically ill.' Routine endoscopy for
the patient who is critically ill has documented the nearly
ubiquitous occurrence of gastric ulceration that occurs

rapidly after admission to the ICU. 1-2 In addition,
multiple studies have documented the efficacy of acid
neutralization or inhibition ofacid release in the preven-

tion of stress ulceration and its associated high morbid-
ity.39 The use of antacids per nasogastric (NG) tube and
titrated to maintain a pH greater than 4 has a well-
proven track record for prophylaxis.4-9 However, be-
cause ofthe excessive production of acid in patients who
are critically ill, the volume and frequency of antacid
dosing commonly is very high. Concerns over aspiration
of the large volumes of antacids and the intense nursing
requirements to monitor the pH and titrate antacid doses
have stimulated interest in alternative methods. Cur-
rently, the most popular therapeutic approach is the use

of H2 blockers to decrease the production of gastric
acid.'0-14 However, because of the excessive acid pro-
duced in severe stress states based on clinical trials, H2
blockers at high doses and as a constant infusion are rec-

ommended to maintain adequate plasma levels.' 1-13,15-18
In fact, many of these patients still require frequent test-
ing of gastric aspirate pH and supplemental antacids to
maintain the pH above 4, as recommended for optimal
benefit.5'8'9" 1.12

Another major morbidity in the patient who is criti-
cally ill is the development ofnosocomial infections, par-
ticularly pneumonia.'9 The observation that the patho-
gens involved in nosocomial pneumonia frequently can

be found in gastric aspirates and temporally appear to
colonize the stomach before the development of clinical
pneumonia have led to several studies supporting the
role ofgastric colonization in nosocomial infections.20-22
Studies also have demonstrated an increased rate of gas-
tric colonization when the natural microbicidal activity
of gastric acid is prevented by antacids and H2 block-
ers.23-24 Although the true impact of bacterial over-

growth in the stomach on nosocomial pneumonia re-

mains controversial, the increased gastric colonization
seen when stomach contents are neutralized and the po-

tential for aspiration and tracheobronchial colonization
remain significant concerns.

Sucralfate is a recent addition to the ICU armamen-
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tarium for care of the patient who is critically ill.25'26 Su-
cralfate is a sulfated sucrose moiety that has been proven
efficacious in the treatment of multiple gastric acid-in-
duced conditions, including prophylaxis for stress ulcer-

27-31ation. - In addition to directly coating areas of gastric
mucosal loss to prevent further injury and permit heal-
ing, sucralfate appears to directly promote healing by
stimulating the release of cytoprotective agents, in par-
ticular prostaglandin E2 (PGE2). Sucralfate also appears
to directly inhibit growth ofbacterial pathogens that col-
onize the stomach in the ICU setting. However, although
several studies have supported sucralfate as being effi-
cacious, there remains concern that patients who are ex-
tremely ill, such as those critically injured, have not been
tested extensively, and the need for a nasogastric (NG)
tube may increase aspiration complications.' In addi-
tion, evaluation of the potential beneficial effects of su-
cralfate in maintaining an acid environment and inhib-
iting the overgrowth of the stomach with pathogens has
led to contradictory results in clinical trials that focus on
nosocomial pneumonia rates. Finally, the overall cost
impact of prophylaxis with sucralfate in comparison to
H2 blockers ± antacids has not been investigated closely.

METHODS
This study was conducted in a prospective, random-

ized, open trial at Harborview Medical Center, Seattle,
Washington. All intubated patients admitted to the
trauma ICU from April 1, 1991 to October 9, 1993 were
considered for inclusion in the study. Inclusion criteria
were as follows: 1) endotracheal intubation on admission
with anticipation of at least 72 hours ofICU care before
extubation, 2) presence ofan NG tube at the time of ad-
mission, and 3) age minimum of 18 years. Patients were
enrolled on admission and assigned randomly to receive
either sucralfate (1 g as a slurry every 6 hours via NG
tube) or hydrochloride (Ranitidine, Glaxo Pharmaceuti-
cals, Research Triangle Park, NC) (continuous infusion
at 0.25 mg/kg/hr, after a loading dose of0.5 mg/kg) com-
bined with antacids (30-60 mL PRN via NG tube for
persistent pH < 4). All patients had gastric pH, and Gas-
troccult (Smith, Kline Diagnostics, Inc., San Jose, CA)
checked and recorded at least every 4 to 8 hours while
enrolled in the study. Several patients had continuous
pH monitoring via NG probe (Sandhill Scientifics, Lit-
tleton CO) to compare fluctuations in pH between the
two treatment groups.

Cultures of the sputum, gastric fluid (15 mL of NG
aspirate) and oropharynx (by oropharyngeal swab) were
obtained at the time of study enrollment and again at 72
hours. Subsequent cultures were obtained on Monday,
Wednesday, and Friday for 2 weeks or until the patient
was extubated or fed via the stomach. Aerobic cultures
of the throat swabs and gastric aspirates were performed
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by Smith, Kline, Beecham Clinical Laboratories of Seat-
tle, Washington. Swabs ofthe throat were plated on Mac-
Conkey agar and Blood agar. The plates were read daily,
and all organisms were identified. Growth was quanti-
tated as scant, light, moderate, or heavy. Gastric aspi-
rates were set up on blood agar and a bi-plate of CNA-
MacConkey at a 1:100 dilution. The plates were read
daily. All organisms were identified and quantitative re-

sults reported as number of colonies per milliliter.
The following clinical variables were recorded daily

for each patient during the study period: maximum tem-
perature, white blood cell count, platelet count, results of
chest radiographs, and sputum gram stains or cultures.
The requirement for and volume of blood transfusions
and number and type of operations performed were

tracked. The patients were observed for follow-up
throughout the study specifically for the development of
pneumonia and for gastric bleeding requiring blood
transfusion or surgical intervention. The diagnosis of
pneumonia was made using criteria previously estab-
lished by the Centers for Disease Control and included
the following: 1) positive sputum gram stain and culture
for specific pathogen(s), 2) chest radiograph demonstrat-
ing a new focal infiltrate, 3) temperature > 38.5 C or

<36.5 C, and 4) a white blood cell count > 15,000. Gas-
tric bleeding was determined on NG aspirates and classi-
fied as 1) occult-detected by guaiac only; 2) overt-for
gross blood described as "coffee grounds," red/brown
fluid, or bright red blood (BRB); and 3) clinically signifi-
cant-requiring either transfusion of blood or operative
intervention.
Informed consent was obtained from each patient or

patient representative within 24 hours of study enroll-
ment. The study was approved by the University of
Washington Human Subjects Review Board. The data
were analyzed using chi square and the unpaired Stu-
dents t test, where appropriate. Continuous data were

analyzed by analysis of variance. A p value of <0.05 was

considered statistically significant.

RESULTS

During the study period, 365 intubated patients were

admitted to the trauma ICU and screened for entry. Of
these, 267 were excluded; the most common causes for
exclusion were early extubation in 139, protocol viola-
tion in 83, most common ofwhich was incomplete entry
data collection, including pretreatment cultures. Other
reasons patients were withdrawn from the study were as

follows: initiation of gastric feeding, thrombocytopenia
in the ranitidine group, death, and inability to obtain
consent. Patients were considered evaluable after they
had two sets of cultures done within a 72-hour period.

Ninety-eight patients met all criteria for inclusion and
were evaluated. Of these, 51 were randomized to ranitid-

Table 1. PATIENT PROFILE

Total Ranitidine Sucralfate p
(n = 98) (n = 51) (n = 47) Value*

Gender
Male 76/98(77.5%) 37/51 (73%) 39/47 (83%) 0.21
Female 22/98(22.5%) 14/51 (27%) 8/47(17%)

Age 34.2 ± 14.8 34.2 ± 13.3 34.2 ± 16.4 0.91
APACHE II

Admit 25.2 ± 7.1 25.5 ± 7.3 24.8 ± 7.0 0.55
ISS 28.5 ± 9.5 28.1 ± 9.1 29.0 ± 9.8 0.69
RTS(n=69) 4.8± 2.1 4.8± 2.1 4.8± 2.1 0.78
Smoking Hx

(n = 63) 29/63 (46%) 16/33 (48%) 13/30 (43%) 0.68

p value for ranitidine vs. sucralfate.

ine and 47 to sucralfate prophylaxis. The patient profiles
demonstrated the two groups to be closely matched for
gender distribution, age, admission APACHE II scores,
Injury Severity Score, Revised Trauma Score, and his-
tory ofsmoking, (Table 1). Overall, the patterns ofinjury
were similar in both groups. The study patients were en-

rolled an average of4.3 days and an average of2.3 (range
2-6) samples for culture were obtained during the study.
Seventy-two ofthe 98 patients (73.5%) had two samples,
20 (20.4%) had three samples, 4 (4. 1 %) had four samples,
and 23 (2%) had six samples for culture.

Gastric Bleeding and pH
Both regimens of stress ulcer prophylaxis were equally

effective in preventing overt bleeding. Of the 98 patients
enrolled in the study, 97 (99%) had at least one heme
positive (occult blood) gastric aspirate during the study
period, whereas only 12 (12.2%) had some degree of
grossly positive nasogastric tube drainage. Of patients
randomized to the ranitidine group, seven (13.7%) had
grossly positive drainage, whereas five (10.6%) of the su-

cralfate group had evidence of gross bleeding, (Table 2).

Table 2. STRESS GASTRITIS/ULCERATION
BLEEDING (n = 98)

Total Ranitidine Sucralfate
(%) (%) (n = 51) (%) (n = 47)

Occult 97 (99) 51(100) 46(98)
Gross Blood 12(12.2) 7 (13.7) 5 (10.6)

"Coffee Grounds" 4(4.1) 1(2.0) 3(6.4)
Red/Brown 3 (3.1) 2 (3.9) 1 (2.1)
BRB 5(5.1) 4(7.8) 1 (2.1)

Transfusion 2(2.0) 1 (2.0) 1 (2.1)
Operation 1 (1.0) 1 (2.0) 0

p value = NS for all.
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Only two patients (2.0%), one from each group, had clin-
ically significant bleeding that required blood transfu-
sion. The patient in the sucralfate group required mas-

sive blood transfusion for 3 days for a severe coagulopa-
thy secondary to severe trauma with bleeding from every

orifice and needle site. The patient in the ranitidine
group was noted to have diffuse gastritis on endoscopy
and required a 9-unit blood transfusion and ultimately,
operative intervention for vagotomy and pyloroplasty
with gastrotomy to oversew a focal bleeding site in the
fundus.

Gastric pH was measured every 4 to 8 hours in all pa-
tients while a nasogastric tube was in place. The pH was

<4 for 20.4% (range 2.6-77.8%) ofthe determinations in
patients randomized to the ranitidine group ofthe study
whereas the pH was <4 in 41.1% (range 2.8-91.7%) in
the sucralfate group. The pH was <4 in 39.4% ofthe de-
terminations in patients with "coffee-grounds" in their
gastric drainage, 5 3.5% in patients with red/brown drain-
age, and only 25.5% in patients with grossly bloody
drainage. Patients with continuous pH monitoring via
NG probe confirmed the marked, unpredictable fluctu-
ations in pH in both treatment groups, (Fig. 1). Patients
treated with ranitidine infusion frequently had pro-
longed periods with intragastric pH < 4. Patients treated
with sucralfate frequently had long episodes of intragas-
tric pH > 5.

Bacterial Colonization/Pneumonia
In the 98 patients, a total of232 samples were obtained

for microbiologic analyses. Ofthese 232 samples, coloni-
zation ofthe tracheobronchial tree by pathogenic bacte-
ria from either the oropharynx or stomach occurred in
29 instances in 26 patients, (Table 3). Of these 29 epi-
sodes, temporally defined transmission ofpathogens oc-

curred most frequently from the oropharynx to the lung
in 16, with 7 (43.7%) occurring in the ranitidine group

and 9 occurring (56.3%) in the sucralfate group. Of the
remaining 13 episodes, 7 demonstrated sequential con-

tamination of simultaneously positive gastric and oro-

pharynx cultures to sputum and 6 had a gastric-to-spu-
tum mode of spread. Of the seven gastric/oropharynx-
to-sputum cases, six occurred in the ranitidine group and
one occurred in the sucralfate group. The six episodes of
gastric-to-sputum dissemination consisted of five in the
ranitidine group and one in the sucralfate group. Thus,
the overall incidence of pathogen spread to colonize the
tracheobronchial tree was similar between the two
groups, with 11 in the sucralfate and 18 in the ranitidine
group. However, the sucralfate group had only 2 epi-
sodes of apparent spread from a gastric or gastric/oro-
pharyngeal source to the lung compared with 11 in the
ranitidine group (Table 3).
A diagnosis of clinical pneumonia was made in 24 of

Ranitidine

Q

Time of Day

A

Sucralfate

Q

B

I..

14 16 18 20 22 24 2 4 6 8 10 12 14
Time of Day

Figure 1. Continuous tracing of intragastric pH from two patients dem-
onstrating typical marked fluctuations in pH, ranitidine infusion therapy (A),
and sucralfate therapy (B).

the 98 patients (24.5%). Ten of the patients who devel-
oped pneumonia were in the sucralfate group (41.7% of
patients with pneumonia or 20.8% of patients at risk),
and 14 were in the ranitidine group (58.3% of patients
with pneumonia and 27.5% of patients at risk; p = 0.48).
Of the 24 patients who developed pneumonia, only 9
(37.5%) had transmission of bacteria from oropharynx
or gastric sites to the tracheobronchial tree and thus, of

Table 3. TRACHEOBRONCHIAL
COLONIZATION

Source Total Ranitidine Sucralfate

Oropharynx 16 (55.2%) 7 (43.8%) 9 (56.3%)
Gastric 6(16.7%) 5 (83.3%) 1(16.7%)
Gastric/Oropharynx 7 (19.4%) 6(85.7%) 1(14.3%)

Total 29 18 (62.1%) 11 (37.9%)

Ann. Surg. * September 1994



Optimal Therapy for Stress Gastritis 357

Table 4. TRACHEOBRONCHIAL
COLONIZATION AND NOSOCOMIAL

PNEUMONIA

Source Total Ranitidine Sucralfate

Oropharynx
Gastric +/- Oropharyngeal
Total

16/6 (38%)
13/3 (23%)
29/9 (31%)

7/2 (29%)
11/3 (27%)
18/5 (28%)

9/4 (44%)
2/0
11/4 (36%)

Colonization/pneumonia percent given for each condition and from the various rec-

ognized sources.

the 29 episodes of documented transmission of patho-
gens from oropharynx or stomach to the lung, only
3 1.0% led to a clinically definable pneumonia. Of the 24
patients with nosocomial pneumonia, only 3 arose from
an apparent gastric or simultaneous gastric/oropharyn-
geal source, and all occurred in the ranitidine group (Ta-
ble 4).Seventy of the 98 patients were taking antibiotics
when entered into the study. The distribution between
treatment groups was equal, with 38 in the ranitidine and
32 in the sucralfate groups, respectively. During the pe-

riod of data collection (ICU length of stay or 2 weeks,
whichever occurred first), 82 of the patients (83.7%) re-

ceived antibiotics-they either began antibiotics for the
first time or changed from their original antibiotics to
others.

Overall and group outcome data are shown for days
on ventilator, ICU length of stay, total hospital length
of stay, and mortality (Table 5). Although the sucralfate
group had a trend toward improvement in outcome for
days on ventilator (0.06) and ICU length of stay (0.06) in
comparison with the ranitidine group, only overall hos-
pital length of stay (0.03) reached statistical significance
for the sucralfate group.

Charges

Stress ulcer prophylaxis was implemented in all pa-

tients admitted to the ICU. The charges for stress ulcer-

Table 5. OUTCOME

Ranitidine Sucralfate Total p
(n = 51) (n = 47) (n = 98) Value*

Days on
ventilator 13.5± 12.7 9.1 ± 9.9 11.4± 11.6 0.06

ICU LOS 14.7 ± 12.5 10.2 ± 9.6 12.6 ± 11.4 0.059
Hospital LOS 27.8 ± 20.0 20.0 ± 13.7 24.1 ± 17.6 0.029
Mortality 11/51 (22%) 6/47 (13%) 17/98(17.3%) 0.22

* p value for ranitidine vs. sucralfate.

ation prophylaxis in the ICU using ranitidine includes
the cost of the drug, pharmacy charges for mixing the
infusion bags, cost for disposables, rental fees for con-
stant infusion pumps, and cost-shared nursing time to
initiate and maintain the infusion. The average daily
dose of ranitidine was 517 mg per patient. The cost ofthe
drug per day ($23.02) plus pharmacy charges ($25.00,
which includes infusion bag cost, pharmacy preparation
time, and estimated nursing time) adds up to $48.02 per
day. The daily infusion pump charge ($31.25) and the
cost of the infusion set and tubing ($18.00) are added to
this charge. Thus, the total charges per day are $97.27
per patient, or $35,503.55 per bed per year. The charges
for sucralfate include 4 doses at $0.48 per g plus $1.25
per dose for pharmacy charges. The total daily charge
is $6.92 per patient or $2,525.80 per bed per year. The
difference in charges between the two modes of therapy
is $90.35 per patient per day or $32,977.75 per bed per
year.
The ability to generate accurate cost data is difficult

because of cost center shifting and lack of line itemiza-
tion, particularly for manpower efforts. However, if one
excludes work effort and prorates, a possible estimate can
be generated. At our institution, costs for ranitidine ther-
apy include drug (517 mg/d = $23.02), infusion pump
daily cost ($2.98) and infusion set ($6.00) for a total of
$42.00/day/patient. The cost for sucralfate at lg 96h is
$1.92/day/patient. The annual savings per bed for cost
of drug and supplies/equipment alone would be
$14,629.20.

DISCUSSION
In the current study, several potential benefits of using

sucralfate as stress ulcer prophylaxis were compared with
attempts at aggressive neutralization ofgastric acidity us-
ing H2 blockers ± antacids. The patient population cho-
sen was a group of patients who were severely injured
who required intubation and intensive ICU support.
This population was chosen in an attempt to compare
stress ulcer prophylaxis regimens in a fairly uniform and
extremely high-risk patient group." '9 The patient pro-
files demonstrate that this was achieved. Overall associ-
ated risks and patterns of injury, such as chest trauma
and pulmonary contusion, also were matched equally.
To fairly compare the two therapeutic approaches, op-

timal treatment guidelines were employed. Ranitidine
was chosen as the H2 blocker of choice based on several
clinical trials documenting its comparability, ifnot supe-
riority, to cimetidine.32'33 Ranitidine has been shown to
be superior to placebo similar to antacids and cimetidine
for stress ulcer prophylaxis.33,34 Similar to cimetidine,
fixed bolus injections generally have been inconsistent in
their ability to maintain intragastric pH above 4.0.34,35
However, when given as a constant infusion, ranitidine
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has been shown to maintain pH levels above 4.0. In com-
parison with cimetidine, ranitidine is more potent, has a
longer half life, has less troughing after boluses, and has
demonstrated similar but less significant side effects and
drug interactions. Studies have documented the frequent
breakthrough in acid production that occurs when H2
blockers are given as an intermittent bolus. Therefore,
ranitidine was given as a constant infusion after an initial
bolus to reach and maintain a maximal recommended
dose. However, our data confirm that even at this very
high dose ofranitidine, there was frequent breakthrough,
with a pH of less than 4 in more than 20% of the mea-
surements (Fig. 1).

These frequent episodes of acid breakthrough have
two major implications. One is that H2 blocker infusion
therapy does not truly eliminate the normal acid envi-
ronment. Unless constant pH monitoring is employed
with supplemental antacids, the pH will not be kept
above 4.0 for optimal therapy (Fig. 1). Also, the ability of
the stomach acid to control or limit overgrowth ofpatho-
genic bacteria will not be inhibited. Studies based on the
assumption of infusion H2 blocker therapy causing a
neutral intragastric condition without on-line monitor-
ing will lead to potentially invalid conclusions regarding
pathogen overgrowth and impact on nosocomial pneu-
monia. Second, the need for constant nursing interven-
tion for both gastric aspirate pH testing and supplemen-
tation with antacids is not avoided by using the recom-
mended optimal high-dose constant infusion of H2
blockers. Thus, any purported savings of infusion ther-
apy in manpower requirements are not achieved if opti-
mal neutralization of intragastric pH to above 4 is the
therapeutic goal.
The efficacy in prevention of stress ulceration compli-

cations was equal for the two regimens. Similar to other
studies, the finding of at least one heme-positive NG as-
pirate during the study period confirms the high inci-
dence of mucosal damage in the patient who is critically
ill and the need for stress ulceration prophylaxis.'-9 Al-
though some argue that, because of enhanced overall
care and resuscitation of the ICU patient with preserva-
tion of gastric mucosal blood flow, a specific gastric pro-
phylaxis is not necessary,36 it is unlikely that waiting for
patients to develop grossly positive aspirates for directed
therapy will optimize outcome in these patients who are
critically ill.37 In previous studies confirming the efficacy
of H2 blockers, placebo control groups frequently dem-
onstrated a 15% to 20% clinically significant gastric hem-
orrhage,45"13 which is consistent with our incidence of
grossly positive aspirate in 12.2% of the overall popula-
tion. However, our significant bleed rate of one (2%) in
each group is consistent with several other studies dem-
onstrating a similar efficacy for H2 blockers and tradi-
tional antacid trials.' '4 Thus, even in this critically ill
population of severely injured patients, sucralfate is

demonstrated to provide stress ulceration prophylaxis
comparable with optimal therapy with H2 blockers +
antacids or with older antacid therapy results.
The impact of each form of therapy on nosocomial

pneumonia is difficult to assess. This is because ofseveral
complicating, interactive processes that help to explain
the conflicting data reported from previous trials. It is
well accepted that gastric acidity functions as a natural
antibacterial host defense that normally keeps levels of
pathogenic organisms in the stomach at extremely low
concentrations. Conversely, neutralization of gastric
contents frequently leads to overgrowth with pathogenic
bacteria that is directly proportional to the intragastric
pH.23'24 However, the contribution ofthis bacterial over-
growth during iatrogenic gastric neutralization in the
ICU to the incidence of nosocomial pneumonia is
strongly debated. Several studies have noted a possible
association between elevated intragastric pH and subse-
quent development of nosocomial pneumonia.2124 Be-
cause sucralfate maintains the low intragastric pH, it has
been advocated to decrease the incidence of nosocomial
pneumonia. However, others have been unable to con-
firm a lower nosocomial pneumonia rate in randomized
trials using sucralfate, H2 blockers, or antacids.27'28'3' In
addition, further analysis of the studies showing a de-
crease in nosocomial pneumonia with sucralfate appears
to implicate use of antacids (and presumed increased as-
piration) rather than H2 blockers and increased intragas-
tric pH as the etiology. In our series, only 7 of the 51
patients (13.7%) received antacids, and 2 (28.6%) devel-
oped pneumonia. This rate is very similar to the overall
pneumonia rate of27.5% in the ranitidine group and the
27.3% in the ranitidine group who did not receive ant-
acids. Thus, although the numbers are small, the addi-
tion of antacids did not appear to influence the occur-
rence of nosocomial pneumonia.
Our data provide several other insights into the debate

ofetiology of nosocomial pneumonia. In several studies,
it has been assumed that optimal H2 blocker therapy will
neutralize the stomach and thus, permit bacterial over-
growth. However, unless pH is monitored closely and
supplemented with antacids, neutralization may not be
achieved. Although ourNG aspirates were more likely to
have a pH < 4 in the sucralfate group (40% of all tests),
there was a significant percentage (20% overall) of aspi-
rates with a low pH in the H2 blocker group. Thus, deter-
mining whether gastric neutralization contributes to
nosocomial infection is not being tested in several of
these studies. Similarly, other studies have monitored
gastric cultures and presumed that colonization of the
stomach preceded and contributed to the nosocomial
pneumonia ifsimilar pathogens are isolated. As we dem-
onstrate with close, serial monitoring of gastric, sputum
and oropharyngeal cultures, the per cent of episodes in
which gastric colonization precedes tracheobronchial

Ann. Surg. * September 1994



Vol. 220 . No. 3

colonization is very small. More frequently, it appears
that the stomach and lung are both colonized from an
oropharyngeal source.38 Any impact of gastric acid ma-
nipulation on nosocomial pneumonia could only be ex-
pected to influence the small number caused by the gas-
tric-to-lung route. In our series, this represented only
12.5% of the cases of nosocomial pneumonia. Thus, use
of the overall pneumonia rate as the only outcome mea-
sure of various therapies is unlikely to demonstrate a
difference. Ideally, one would monitor the effect of gas-
tric neutralization versus non-neutralization on the inci-
dence ofpneumonia directly linked to a gastric etiology.
Our data, using serial source-specific cultures, support

the theory that use of H2 blockers and antacids do, in
fact, increase the number of nosocomial infections in
this patient population. However, the number of pa-
tients that would be required to prove a statistical benefit
makes the definitive study impossible. In addition in our
data, through this decrease in pneumonia, sucralfate-
treated patients have a beneficial trend for days on the
ventilator (p = 0.06), in the ICU (p = 0.06), and of total
hospital stay (p = 0.03, Table 5). Finally, because our
data demonstrate that the source ofthe majority ofcolo-
nization linked nosocomial pneumonias arise from the
oropharynx, specific control of bacterial overgrowth in
the oropharynx may be beneficial as proposed by oth-
ers.3940 As documented by Johanson,38 the rapid coloni-
zation of the oropharynx and tracheobronchial tree is of
major importance to the outcome in the critically ill.
Hopefully, future studies focusing on selected potential
sources for seeding of the lung will impact on the major
morbidity of nosocomial pneumonia in the ICU.
The charges for stress ulcer prophylaxis include the

cost of the drug used; pharmacy charges, which include
pharmacy preparation time; cost of disposables, such as
intravenous bags; and an estimate of nursing time as
cost-center sharing. In addition, any equipment required
to deliver the agent and additional disposals also are in-
cluded in daily charges. In the current study, the differ-
ence in charges for the two approaches to therapy is
$90.35 per day or $32,977.75 per bed per year; constant
infusion ranitidine therapy is more than 13 times more
expensive when compared with sucralfate. As the num-
ber of and need for ICU beds increases in our institu-
tions, this differential becomes increasingly significant.
In our institution, the trauma ICU alone has an average
length of stay of4 days, with an average census (in this 8-
bed unit) of 6.5 patients. Thus, with a shift to sucralfate
as the routine for stress ulcer prophylaxis, this one unit
will reduce charges by approximately $200,000 per year.
Similarly, although determination of costs is extremely
inaccurate at the present time, estimation of costs to the
institution for these two forms of therapy indicate that
the cost of ranitidine therapy is approximately $42.00
per day, whereas for sucralfate, the cost is $1.92. These
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estimates do not include the costs for manpower in
pharmacy or nursing to provide this care. Thus, although
a significant underestimate, savings to the institution un-
der a capitation form of reimbursement would exceed
$40.00 per patient per day or $14,600.00 per bed per
year. Again, in this one small unit, using our average oc-
cupancy, the institution will save in excess of $100,000/
yr on this one drug alone. As we enter a new era of med-
ical care delivery, the need to cost-analyze therapeutic
options of equal efficacy will become increasingly perti-
nent to protect the highest quality of care for our pa-
tients.
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Discussion

DR. ANTHONY A. MEYER (Chapel Hill, North Carolina): I'd
like to congratulate the authors and Dr. Maier in particular for
his presentation.

Stress gastritis is a problem that we have often thought as
being solved and it's been relegated to the back burner. It does
remain a potentially formidable problem and its treatment can
be improved upon with respect to efficacy, complications, and
cost, and this study raises these issues very well. I have two gen-
eral questions.

First of all, with respect to your pH data, what percentage of
patients on ranitidine tended to stay below or above the four
level and what percentage of time did your sucralfate patients
stay below the four level?

Secondly, the differences in days on the ventilator, hospital
length of stay and ICU stay are not generally appreciated as to
be affected by intragastric treatment to reduce acid production.
Do you think that these are related to underlying problems
such as sepsis which are associated with increased gastric acid
production or are they related to some other factor?
And, if indeed these things are benefits to be achieved by us-

ing this type of treatment, the cost savings per bed per day
would be much greater since you seem to have gotten about a
25 to 30% reduction in ICU stay with the attendant costs.

DR. CHARLES L. RICE (Chicago, Illinois): Dr. Maier and his
co-authors are to be congratulated for bringing this important
topic to our attention.
The prophylaxis for stress gastritis is undoubtedly the most

frequently employed prophylactic treatment in critical care
units in this country. The reason is because of theprimordial
dread ofmost surgeons who cared for critically ill patients, par-
ticularly in the 1 960s and '70s, who encountered the phenom-
enon of erosive gastritis.

I think the authors have shown convincingly that both treat-
ments that they tested are equally effective. They make an ar-
gument that given equal efficacy, sucralfate is superior because
it's cheaper, requires less monitoring, and is less likely to leave
the patient with unprotected intervals. An additional advan-
tage that Dr. Maier did not dwell on is that sucralfate is not


