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Introduction

Because sepsis is associated with multisystem organ fail-
ure, there are many other supportive therapies used to
treat these patients that do not directly relate to the sep-
sis process. Although most of these have been studied in
randomized controlled clinical trials in hospitalized pa-
tients, few have been tested specifically in sepsis. Thus
research and the literature support some, while others
are extrapolations from other ill populations.

Deep vein thrombosis (DVT) prophylaxis, nutrition-
al support, and stress ulcer prophylaxis (SUP) are im-
portant adjunctive considerations in the management
of sepsis. Consumption coagulopathy makes the septic
patient at risk for development of venous clots. Nutri-
tional support, especially enteral, is recognized as im-
portant in supporting the critically ill septic patient
who is unable to eat. In addition, sepsis and the associat-
ed organ dysfunction put the patient at increased risk
for development of stress ulcers.

Methods

We performed a comprehensive Medline literature search from
January 1966 to February 2000. The following terms were indepen-
dently searched: DVT, deep vein thrombosis, thrombophlebitis,
venous thrombosis, thromboembolic disease, pulmonary embo-
lism, anticoagulation, warfarin, heparin, low-molecular weigh hep-
arin, DVT prophylaxis, mechanical compression devices, external
pneumatic compression, nutritional support, parenteral nutrition,
total parenteral nutrition, enteral nutrition, immunoenhancing

Other supportive therapies in sepsis

diets, immunomodulating diets, stress ulcers, gastrointestinal
bleeding, SUP, gastrointestinal bleeding prophylaxis, gastrointesti-
nal bleeding prevention, antacids, histamine antagonists, sucral-
fate, antiulcer agents, omeprazole, and proton-pump inhibitors.

Each one of those terms was searched and crossed with the fol-
lowing: critical care, intensive care, infection, systemic inflamma-
tory response syndrome, sepsis, severe sepsis, sepsis syndrome,
septic shock, and multiple organ dysfunction syndrome.

Deep vein thrombosis prophylaxis in sepsis

The use of DVT prophylaxis in higher risk postopera-
tive patients has been universally accepted since the ear-
ly 1970s when it was found to reduce the risk of throm-
boembolic phenomena in this group [1]. Many subse-
quent trials have continued to emphasize the value of
DVT prophylaxis in most postoperative patients [2, 3,
4, 5]. In addition to postoperative patients, subcutane-
ous heparin has also proven efficacious in reducing the
risk of thromboembolism among myocardial infarction
[6, 7, 8, 9] and ischemic stroke patients [10, 11, 12].
Only a few studies of venous thromboembolism prophy-
laxis have been carried out on general medical wards,
and medical intensive care units. In those studies, pa-
tients treated with subcutaneous heparin [13, 14, 15, 16,
17] or with low molecular weight heparin (LMWH)
[18, 19] reduced the risk of thromboembolic events.

Does DVT prophylaxis improve clinical outcome in
patients with sepsis?

Answer: yes, grade A.

Recommendations

Considering the frequent occurrence of independent
risk factors for DVT in septic patients and the high per-
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Table 1 DVT prophylaxis studies performed in general populations of the acutely ill: percentage of sepsis/infected patients

Infection,
sepsis
Reference Design, methods Setting n n % Results
Pingleton et al. [13] Prospective/historical Respiratory 188 53 28 Reduction in incidence of
controls, V/Q angio, autopsy care unit pulmonary embolism
Cade [14] Prospective, double-blind ICU/medical 119/131 ND - Reduction in incidence of
placebo-control, I-fibrinogen ward DVT (29% vs. 13%)
scan
Halkin et al. [15] Randomized prospective Medical ward 1358 138 10 Reduction in mortality
control, no data (10.9% vs. 7.8%)
Belch et al. [16] Prospective randomized, ICU 100 52 52 Reduction in incidence of
control, I-fibrinogen scan DVT (26% vs. 4%)
Gardlund et al. [17] Prospective randomized, Medical ward 11693 1610 14 Minor thromboembolic
no data events reduced
Samana et al. [18] Placebo-control, double- Medical ward/ 1102 584 53 Reduction in incidence of
blind, randomized, veno- ICU DVT (14.9% vs. 5.5%)
graphy, ultrasound,
V/Q angio, CAT, autopsy
Dabhan et al. [19] Placebo-control randomized, Medical ward 270 11 4 Reduction in incidence of

I-fibrinogen

DVT (9% to3%)

centage of sepsis/infected patients included in studies
that have demonstrated efficacy of DVT prophylaxis in
general, septic patients should be treated with DVT
prophylaxis. Even though there is not a randomized
study that establishes the impact of DVT prophylaxis
on morbidity and mortality specifically in septic pa-
tients, the significant number of septic patients included
in the populations of patients enrolled in other prospec-
tive randomized trials supports that the use of DVT pro-
phylaxis reduces morbidity and mortality in septic pa-
tients. Moreover, septic patients, especially those with
severe sepsis and multiple organ failure, have less car-
diopulmonary reserve, and the impact of a minor throm-
boembolic event in this group of patients could be very
compromising.

Rationale

Patients in the intensive care unit are at high risk of de-
velopment of thromboembolic phenomena [14, 20, 21].
Septic patients as described above are expected to be
in the intensive care unit (ICU) and to be part of the
population at risk. No definitive study restricted to the
incidence of DVT in septic patients has been carried
out. The significance of DVT prophylaxis on morbidity
and mortality in septic patients needs to be implied
based on the analysis of proportion of the septic patients
included in the studies of the acutely ill patient in gener-
al (Table 1). Pingleton et al. [13], observed a reduction
in the incidence of pulmonary embolism in patients ad-
mitted to the respiratory intensive care unit. Cade [14]

found a reduction in the risk of thromboembolic events
from 29% to 13% among patients admitted to ICU
and treated with subcutaneous heparin. In the latter
study, using a control group consisting of patients admit-
ted to the medical ward and coronary care unit, a signif-
icantly higher incidence of thromboembolic events was
found among patients admitted to the ICU. Halkin and
coworkers [15], in a randomized prospective study of
patients admitted to medical wards, compared treat-
ment with low-dose unfractionated heparin to patients
who did not receive any treatment. They found a signif-
icant reduction in mortality in heparin-treated patients
(7.8% vs. 10.9%). Belch et al. [16], in a study carried
out in medical patients admitted to the intensive care
unit, found a significantly reduced incidence of throm-
boembolic events (4% vs. 26 %) in the group treated
with unfractionated heparin.

Mortality was not addressed in the study. Gardlund
et al. [17], found a significant reduction in minor embol-
ic events in patients admitted to the hospital with infec-
tious disease diagnoses who were treated with subcuta-
neous heparin versus those not treated, although there
was no difference in mortality or major thromboembolic
events. In a recently published trial [18] 1102 patients
received either LMWH (in two different doses) or pla-
cebo. Although the patients included in this trial were
not admitted to the ICU, many of them suffered from
complicated conditions. Patients receiving 40 mg eno-
xaparin had a significant reduction in the incidence of
thromboembolic phenomena (5.5 % vs. 14.9%). No sig-
nificant difference was found in mortality among any of
the groups, but a trend toward decreased mortality in
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patients receiving 40 mg enoxaparin was reported. Da-
han et al. [19] compared medical patients using treat-
ment with LMWH versus placebo in a double-blind,
placebo-controlled randomized trial. LMWH reduced
the incidence of thromboembolic phenomena (9.1 %
vs. 3% ). Hirsch and colleagues [20] studied 100 patients
admitted to ICU and found the incidence of DVT to be
33 %. There was an association with increased mortality
in patients suffering DVT (although it is not possible to
determine whether death was caused by DVT or was a
consequence of the deteriorated state of those patients).
Although it is difficult to demonstrate mortality benefit
from DVT prophylaxis unless either a very large study
or patients at very high risk are studied, many argue
that demonstrating a decrease in DVT without increase
in bleeding complications implies that mortality benefit
could be demonstrated if higher powered studies were
performed.

Septic patients, especially those admitted to the ICU,
frequently have one or more risk factors for thrombo-
embolic phenomena. These have been widely described
in postoperative, medical and critically ill patients [14,
22,23, 24.]. These factors are: age (> 40 years), history
of venous thromboembolism, malignancy, bed rest
(> 5 days), major surgery, congestive heart failure, frac-
ture (pelvic, hip or leg), estrogen replacement, stroke,
myocardial infarction, multiple trauma, and hypercoag-
ulable states. The concurrence of two or more factors in-
creases the risk of thromboembolic events [23, 24]. Oth-
er risk factors frequently present in septic patients in-
clude use of central venous catheters [20, 25, 26, 27],
use of neuromuscular blockade, use of deep sedation
[28], and presence of coagulopathy [29].

Is there any pharmacological method for DVT
prophylaxis preferred in septic patients?

Answer: no, grade A.

Recommendations

Septic patients who do not have a contraindication to
heparin use should receive prophylaxis with either low-
dose unfractionated heparin (5,000 U either two or
three times daily) or LMWH (at recommended doses;
grade A). For those septic patients who have an abso-
lute contraindication for heparin use (i.e., thrombocy-
topenia, severe coagulopathy, active bleeding, recent in-
tracerebral hemorrhage), the use of a mechanical pro-
phylactic device is advised since this method has proven
to be effective in postsurgical patients and therefore
would likely work in septic patients (grade E).

Rationale

Unfractionated subcutaneous heparin (UH) is widely
used for the prevention of DVT among postoperative
patients and in medical high-risk patients. UH is inex-
pensive and has been demonstrated in critically ill med-
ical and surgical patients to be safe and to be associated
with minor bleeding complications (bruising, hematoma
at the site of injections) and rarely with heparin-induced
thrombocytopenia [13, 14, 24, 30, 31].

Although smaller studies have suggested that
LMWH may be either as effective as UH with less bleed-
ing complications or more effective with the same bleed-
ing complications [31, 32, 33] in the treatment of throm-
boembolic disease, larger studies have not demonstrated
statistically significant differences between the drugs.
However, LMWH has been demonstrated to be more ef-
fective than UH in several high-risk populations for pro-
phylaxis of DVT [34]. Enoxaparin has been demonstrat-
ed to be safe and efficacious in treatment of thromboem-
bolic disease in medical patients with minimal adverse
events [18]. Two other randomized studies [35, 36, 37]
in acutely ill medical patients compared LMWH and
UH and showed equal effectiveness in the prevention
of DVT. Each hospital should assess which form of hep-
arin is most cost effective at that institution. Both are ef-
fective in presenting DVT in at-risk patients.

Special considerations: patients with sepsis-induced
coagulopathy

Sepsis is frequently associated with hemostatic defects
[29, 40]. The sepsis milieu may include consumptive co-
agulopathy and liver dysfunction leading to predisposi-
tion for both clotting and bleeding. Thrombocytopenia
is frequently present in septic patients. In the setting of
active hemorrhage or in septic patients with significant
abnormality in clotting function we recommend the use
of mechanical leg compression devices as a preferred al-
ternative to heparin. Intermittent pneumatic compres-
sion devices applied to legs have been demonstrated to
be efficacious in postoperative patients [38, 39], and the
use of these devices is recommended in septic patients
with contraindication to the use of heparin (grade E).

Nutrition in sepsis

Septic patients are characterized by having increased
energy expenditure and enhanced catabolism [41, 42].
The need to provide adequate nutritional support to
septic patients is thus generally accepted as part of stan-
dard care in the ICU. However, many issues regarding
nutrition to septic patients remain controversial. This
controversy is enhanced by the fact that most nutritional
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data available come from studies performed in trauma
or postsurgical patients, as opposed to a population of
septic patients alone.

Does institution of nutritional support improve clinical
outcome of patients with sepsis?

Answer: yes, grade E

Recommendations

Based on the assumption that sepsis produces a hyper-
catabolic state and leads to protein-energy malnutrition,
and given that protein loss is associated with poor out-
come, nutritional support in septic patients is recom-
mended. The correlation of nutritional support with
outcome in septic patients comes from data extrapolat-
ed from studies performed in perioperative patients
and from expert opinion that allow us to establish this
recommendation. Many important questions remain re-
garding what kind of nutrition and when in the course of
sepsis should nutrition begin.

Rationale

Nutritional status has been closely related with outcome
of critically ill patients. Malnutrition has been associat-
ed with increased morbidity and longer hospital stays
[43]. Mullen et al. [44] in 1980 demonstrated a reduction
in perioperative complications in surgical patients with
the use of adequate nutritional support. Scientific evi-
dence supports the important role of nutritional status
in the outcome of septic and other critically ill patients
[45, 46, 47]. Decreased gastrointestinal mucosal perme-
ability [48], improved healing function [49], and lower
infection rates [47] have been attributed to the use of
enteral feeding in critically ill patients.

The activation of the inflammatory cascade in sepsis
alters the body’s metabolism. Patients with sepsis have
elevated energy requirements, net catabolism, and rapid
loss of lean mass [50, 51]. For this reason the use of nu-
tritional support has been axiomatically accepted. The
ability of nutrition to alter the clinical outcome of criti-
cally ill patients, however, is controversial [52, 53]. Stud-
ies have identified enteral nutrition as a major factor in
maintaining normal gut mucosal function [48, 54], both
in humans and in animals. Thus the use of enteral for-
mulas would be expected to maintain mucosal integrity
in the critically ill septic patient. Most of the studies in-
vestigating metabolic changes and effects of nutrition
have been carried out in postoperative patients and
have provided conflicting conclusions. For example,
one study demonstrated a direct relationship between

body mass index and mortality in critically ill patients
[55] whereas another placebo-controlled study demon-
strated no difference in clinical outcome between pa-
tients receiving enteral nutrition and those receiving in-
travenous crystalloid [56].

Are there any nutritional routes or formulations
preferred for patients with sepsis?

Answer: yes, grades C, E, B (based on different popula-
tions)

Recommendations

Enteral nutrition is the preferred method of nutritional
support in the catabolic critically ill patient in general,
inclusive of the septic patient (grade C). For those pa-
tients who cannot tolerate enteral nutrition for a pro-
longed time or when contraindications do not allow its
use (mesenteric ischemia, mechanical bowel obstruc-
tion), parenteral nutritional support should be used
(grade E). Immune-enhancing formulas may be better
than other enteral formulations in critically ill patients,
but effects on ultimate outcome (i.e., survival) remain
to be demonstrated in large randomized trials (grade B).

Rationale

Although controversy exists, most authorities advocate
the use of enteral nutrition in critically ill patients [57,
58]. Several studies have compared enteral and paren-
teral nutrition in critically ill patients, most of them peri-
operative. Cerra and coworkers [53] compared standard
nutrition with total parenteral nutrition in septic pa-
tients. No difference was found in clinical outcome.

However, enteral nutrition has proven superior to
parenteral nutrition in reduction in stress ulcers [59],
gut protection [48], and costs [52, 60]. In addition, cathe-
ter placement and indwelling catheters have been asso-
ciated with increased complications [61, 62]. A recent
meta-analysis [47] found an increased rate of complica-
tions and mortality in ICU medical patients receiving
parenteral nutrition when compared with those receiv-
ing enteral feeding. The advantage of enteral nutrition
versus total parenteral nutrition in some high-risk
groups has been demonstrated [63, 64].

Recent studies have also examined the potential ad-
vantage of enriched mixtures of enteral feeding formu-
las compared with standard formulas [50, 65, 66, 67,
68]. Bower et al. [50], published a prospective random-
ized clinical trial in septic patients comparing standard
enteral feeding versus an immunomodulatory formula
that contained arginine, nucleotide, and fish oil.
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Although mortality was not modified, a significant
reduction in length of stay and infections was noted in
the immunomodulatory formula group. Galban and co-
workers [67] concluded a benefit of immune-modulato-
ry diets in septic patients from their study which reveal-
ed a decrease in mortality from 32 % to 19 %, and in in-
fection from 20 % to 7 %. Atkinson and colleagues [68]
published a controlled double-blind clinical trial involv-
ing medical and surgical ICU patients. They compared
different formulations of enteral nutrition. The use of
immunomodulatory formula reduced mechanical venti-
lation time, ICU stay, hospital length of stay and dura-
tion of systemic inflammatory response syndrome. A re-
cent study by Gadek et al. [69] in patients with acute re-
spiratory distress syndrome, including a proportion of
septic patients, resulted in significant differences in out-
come in those patients who received an immunomodu-
latory diet.

Are there any preferred range of calories and/or
proportion of elements in nutritional support in sepsis?

Answer: yes, grade E

Recommendations

The following are specific recommendations for septic
patients, according to the guidelines established by the
American College of Chest Physicians [58] and Ameri-
can Society of Parenteral and Enteral Nutrition [70]
consensus conferences:

¢ Daily caloric intake: 25-30 kcal/kg usual body weight

e Protein: 1.3-2.0 g/kg per day
Glucose: 30-70% of total nonprotein calories, to
maintain serum glucose level below 225 mg/dl

e Lipids: 15-30% of total nonprotein calories. w6-
Polyunsaturated fatty acid should be reduced in sep-
tic patients, maintaining that level which avoids defi-
ciency of essential fatty acids (7% of total calories —
generally 1 g/kg per day).

No specific recommendations are offered for use of me-
dium-chain triglycerides, branched-chain amino acids,
or specific microelements added to the nutritional for-
mulas. The use of any of these strategies, although sup-
ported in concept, does not have enough investigational
evidence to determine any clinical benefit in outcome of
septic patients.

Rationale

No randomized clinical trial has addressed optimal total
caloric requirements or the amount of fat and protein
needed in the diet of septic patients. Much of our knowl-
edge regarding these issues derives from studies carried
out in patients with trauma, burns, and surgery, who, as
in the case of septic patients, are frequently hypercata-
bolic. Despite a lack of clinical outcome evidence from
randomized trials, expert panels have offered recom-
mendations for general critically ill patients and for sep-
tic patients as well.

In 1993 the American Society of Parenteral and En-
teral Nutrition used an evidence-based approach to
publish practice guidelines for nutritional support in
the ICU [70]. Although the guidelines do not address
specific recommendations for septic patients, they pro-
vide a grade B recommendation for total caloric re-
quirements in critically ill patients. In presenting the re-
sults of a more recent conference the authors empha-
size the use of branched-chain amino acids in the com-
position of enteral formulas although the existing data
did not allow establishing specific recommendations
[71]

The American College of Chest Physicians (ACCP)
in 1997 published a consensus statement of nutrition
guidelines in ICU patients [58]. Specific recommenda-
tions on caloric requirements in septic patients as well
as proportion of nutrients in formulations were offered.
Since then these recommendations have found agree-
ment by most experts, but large gaps remain in our sci-
entific basis for recommending enteral feeding in the
short-term critically ill patient [72, 73, 74].

Stress ulcer prophylaxis in sepsis

The use of SUP to prevent upper gastrointestinal bleed-
ing in critically ill patients has become a routine in the
ICU. However, there are controversial points in this
practice: (a) SUP has not demonstrated a benefit in
mortality [23]; (b) there are many definitions of upper
gastrointestinal bleeding in critically ill patients that
could be responsible for the heterogeneity in results in
several controlled studies [75, 76]; (c) the use of SUP
has been implicated in the development of ventilator-as-
sociated pneumonia although the impact of this compli-
cation on mortality and morbidity has not been estab-
lished [77, 78]; (d) only specific subgroups of patients in
the ICU are likely to benefit from SUP [79].
Comparing the various studies is made difficult by
the varied criteria used for diagnosing stress ulcer
bleeding. The use of microscopic bleeding (either or-
thotoluidine or guaiac in nasogastric aspirate or feces)
as a marker of stress ulcer bleeding entails several prob-
lems that have already been identified: (a) guaiac is
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Table 2 Proportion of septic patients in different studies of SUP (R randomized trial, P placebo, C control, SU stress ulcer, MV mechan-

ical ventilation)

Sepsis definition

Summary of results

Study Trial n Septic
patients (%)

Cook et al. [79] Cohort 2252 1.6
Schuster et al. [82] Cohort 179 7.8
Zandstra and Cohort 167 40
Stoutenbeek [83]

Pinilla et al. [84] R-C 259 3.8
Peura and Johnson [85] R/P-C 39 15
Groll et al. [86] R/P-C 221 30-152
Basso et al. [87] R/C 168 22
Ben-Menachem et al. [88] R/C 300 21
Borrero et al. [89] R 155 30
Bressalier et al. [90] R 74 23
Cook et al. [91] R 1200 6.5
Poleski and Spanier [92] R 37 45
Stothert et al. [93] R 123 28

Fever-hypothermia, leuko-
cytosis/leukopenia, + blood
culture

Not listed

Severe bacterial infection

2 criteria of: fever;
WBC > 15,000, shift to
the left, + culture

Not listed

Not listed

Foci of infection or septi-
cemia and fever, leukocy-
tosis, elevated sed rate and
culture +

Not listed
Not listed

Systemic infection with +
cultures or hypotension

Not listed

Blood culture with evidence
of infection (fever, leukocy-
tosis)

Culture and clinical evi-
dence; sepsis confirmed at
autopsy or surgery

Risk factors for SU bleeding:
prolonged MV and coagulopa-
thy

Risk factors for SU bleeding:
coagulopathy, hypotension and
MV

Minimal SU bleeding episodes;
prolonged MV identified as a
risk factor

No difference between patient
treated with antacids and con-
trol

Cimetidine superior to placebo
in preventing SU; fewer transfu-
sions required in treated group

No significant differences be-
tween placebo and cimetidine

Cimetidine and antacid de-
creased the risk of SU bleeding
compared to placebo

No differences between cimeti-
dine and sucralfate vs. control

No differences between sucral-
fate and antacids

Sucralfate advantages vs. antac-
ids (both in safety and effective-
ness)

Ranitidine offers better protec-
tion than sucralfate; no differ-
ences in ventilator-associated
pneumonia

Cimetidine and antacids equally
effective

Antacids and cimetidine equally
effective

#Referred to 30 % of septic patients in the placebo group and 5% in the cimetidine group

nonspecific [80]; (b) cimetidine may produce false-posi-
tive results in gastric aspirates [81]; (c) the clinical rele-
vance of microscopic bleeding is usually minimal, and
a minority of cases progress toward overt or clinically
significant bleeding. The use of overt bleeding (hemate-
mesis, gross blood, or coffee ground material in naso-
gastric aspirates, hematochezia, or melena) or clinically
important bleeding (associated with a decrease in sys-
tolic blood pressure > 20 mmHg, orthostatic changes,
decrease in hemoglobin > 2 g/dl, transfusion of at least
2 U blood in 24 h caused by the bleeding episode, or
the need of surgical intervention) seems more reason-

able when evaluating the impact of stress ulcers in mor-
bidity and mortality and the efficacy of the prophylactic
measures.

Although there are no specific studies of SUP in sep-
tic patients, many randomized trials have been carried
out in critically ill patients that include some number of
septic patients. Unfortunately, only few studies do allow
identification of the precise number of septic patients
enrolled (Table 2 lists the proportion of septic patients
in prospective studies). Furthermore, it is possible to
compare the frequency of occurrence of stress ulcer
bleeding in septic patients with that of patients at higher
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risks, because many of the risk factors for development
of stress ulcer bleeding are common in septic patients.

Does SUP improve clinical outcome in patients with
sepsis?

Answer: yes, grade C

Recommendations

No randomized trial has evaluated the effect of SUP on
clinical outcome in septic patients. Examination of suc-
cessful clinical trials of SUP does not allow precise iden-
tification of patients with diagnosis of sepsis. Therefore
no definitive data exist in septic patients on the effec-
tiveness of SUP in diminishing episodes of overt or clin-
ically significant bleeding. The clinical utility of SUP as
it affects clinical outcome in septic patients is therefore
not clear. Septic patients have been assumed to have an
increased risk for SUP since they have multiple risk fac-
tors known to increase the risk of stress ulcer bleeding.
Since data do support SUP as being efficacious in pre-
venting upper gastrointestinal bleeding in populations
of critically ill patients, which would be expected to con-
tain large proportions of septic patients, the use of SUP
is recommended in this group (see below).

Rationale

The use of SUP has become accepted practice in the
great majority of ICUs. Early studies associated sepsis
with stress ulcer bleeding and with an increased risk of
mortality in critically ill patients [94]. The initial study
by Skillman et al. [94] retrospectively reported a mortal-
ity of 87 % in patients admitted to the ICU (medical and
surgical) who developed stress ulcer related gastrointes-
tinal bleeding. The use of SUP has become accepted
practice in the great majority of ICUs. However, recent
studies report significantly less mortality related to
stress ulcer bleeding [79, 83, 91]. Schuster et al. [82] re-
ported a 14 % incidence of bleeding in patients admitted
to a respiratory intensive care unit. Although the mor-
tality was significantly higher among patients who bled
(64% vs. 9%), death was related to bleeding only in 3
of the 25 patients who bled. Other studies [85, 95] com-
paring histamine receptor antagonists or antacids versus
placebo report similar results. Moreover, several au-
thors believe that the modernization of anesthesia and
ventilation techniques and, in general, the improvement
in the management of critically ill patients have de-
creased the incidence of stress ulcers and therefore pro-
phylaxis is not warranted [79, 80, 81, 82, 83]. Lacroix and
colleagues [96] in a meta-analysis observed a range of

overt bleeding from 1.6 % to 52.8 % of in control groups
and from 0 to 23.1 % in antacids groups. The conclusion
of the study was that cimetidine and antacids are effec-
tive in preventing stress ulcer bleeding (33 % and 43 %
better than control, respectively).

Collectively these studies support the assertion that
patients who develop bleeding from stress ulcers require
more transfusions. However, no difference in clinical
outcome has been noted. Patients with stress ulcer
bleeding who do not receive SUP often show two fac-
tors: coagulopathy and liver failure. A recent meta-anal-
ysis [97] reporting risk reduction for bleeding in critical-
ly ill patients with antacids, sucralfate, or histamine-2
receptor antagonists could not establish any impact on
clinical outcome compared with control groups. Ben-
Menachem et al. [88], in a randomized single-blind, con-
trol trial, reported that the incidence of bleeding did not
differ among three groups of 100 patients (control, su-
cralfate, and cimetidine). The mortality and hospital
length of stay did not vary with prophylaxis.

Is there any specific subgroup of septic patients who
should receive SUP?

Answer: yes, grades A, C

Recommendations

Although no large randomized trial has addressed septic
patients alone, abundant data exist regarding subgroups
of septic patients with prolonged mechanical ventila-
tion, hypotension, and coagulopathy. For these patients
the use of SUP is recommended (grade A). For other
septic patients in whom these factors are not present
SUP is recommended based on several small random-
ized trials in which SUP has proven efficacious in pre-
venting bleeding and therefore reducing morbidity in
critically ill patients (grade C).

Rationale

Cook etal. [79] in a prospective study found an in-
creased risk of stress ulcer bleeding in patients with pro-
longed mechanical ventilation (> 48 h) and those with
coagulopathy. The low number of septic patients in this
study does not allow the determination of the true im-
pact of sepsis as an independent risk factor for the de-
velopment of stress ulcer bleeding. Schuster et al. [82]
found increased risk of bleeding associated with coagul-
opathy, prolonged mechanical ventilation, and sepsis.
The authors of this study did not perform a multivariate
analysis that would help to determine the true impact of
sepsis as a single variable risk factor for stress ulcer
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bleeding. Coagulopathy, frequently found in severe sep-
sis, has been classically associated with increased inci-
dence of bleeding [98]. Risk factors for stress ulcer
bleeding have been demonstrated to be additive [95,
96, 97, 98, 99]. A score has been offered to predict the
risk of SU bleeding [100].

Are some methods to be preferred over others in the
prevention of stress ulcers in patients with sepsis?

Answer: uncertain, grade B.

Recommendations

Several trials have confirmed the efficacy of antacids,
sucralfate, or histamine-2 receptor antagonists in pre-
venting stress ulcer bleeding. Since the data are conflict-
ing, no single one can be determined as preferable. Gen-
eral recommendations should be based on the individu-
al experience in the use of one or another, the availabil-
ity, or cost-analysis in individual centers. In septic pa-
tients with risk factors the use of enteral nutrition fol-
lowing the preventive strategies currently available
may be beneficial for preventing stress ulcer bleeding.

Rationale

There are many studies comparing the efficacy of hista-
mine-2 receptor antagonists, antacids, and sucralfate in
the prevention of stress ulcer bleeding [85, 86, 87, 88,
90, 100, 101, 102]. Cook et al. [103] in a meta-analysis
of SUP studies found histamine-2 receptor antagonists
more effective than antacids in controlling overt bleed-
ing. No data about nosocomial pneumonia were pre-
sented. There was no difference in mortality between
the three methods, and no difference was found when
compared with no prophylaxis. Similar results have
been reported by two other meta-analysis [96, 97]. A
controversy related to SUP stems from the ability of
both antacids and histamine-2 receptor antagonists to
raise the gastric pH, which may be associated with in-
crease in gastric bacterial colonization. Increased bacte-
rial presence in the gastrointestinal tract can lead to an
increase in pneumonia if it is a route that leads to pha-
ryngeal colonization. This area is controversial, and al-
though some studies have demonstrated an increase in
ventilator-associated pneumonia with the use of hista-
mine-2 blockers and antacids, these data have not been
validated in all clinical trials [77, 91, 103]. Furthermore,
prospective studies suggest that gastric colonization is
not a frequent route to pharyngeal colonization [104].
In a recently published Canadian trial [91] the risk of
bleeding (in 1200 patients studied) was significantly

less in patients treated with ranitidine, without in-
creased associated pneumonia. These findings have
been corroborated in other studies [105, 106]. A meta-
analysis published in 1996 found sucralfate to be associ-
ated with a trend toward a lower incidence of pneumo-
nia compared with both antacid and histamine-2 recep-
tor antagonists. In this meta-analysis sucralfate was as-
sociated with less mortality. A recently published cost
effectiveness analysis [107] pointed out the high costs in-
volved in SUP. In 1999 a national survey in the United
States [108] found a wide variation in the forms of SUP
among intensivists. The costs of prophylaxis in low-risk
patients were considered by these authors as prohibi-
tive. In this survey the authors called for the creation of
hospital-based algorithms, based on individualization
of cost and care issues at the institution as it applies to
patients with higher risks of bleeding.

There are also data supporting the use of enteral nu-
trition as SUP [59]. The beneficial effect of enteral feed-
ing has been demonstrated with distal enteral nutrition
rather than gastric. Patient’s position, type of tube
(orogastric versus nasogastric, small-bore versus large-
bore), and continuous versus intermittent delivery, are
factors implicated by the findings of various studies
that could modify stress ulcer bleeding in patients re-
ceiving enteral nutrition [109].

Summary

Patients who survive the circulatory and organ deficits
in sepsis may still fall victim to complications such as
pulmonary embolism and stress ulcer bleeding. Al-
though there is no clearcut evidence to quantitate the
impact of such complications on mortality, the anticipat-
ed impact is grave when considering the compromised
physiological reserve of these patients. For this reason
it is important to institute effective prophylaxis to mini-
mize the impact. In addition, catabolism associated
with sepsis likely influences the recovery of patients
with sepsis and moreover can compromise the response
of the immune system against an infectious insult. Early
and adequate nutritional support therefore appears im-
portant. There is much controversy and lack of prospec-
tive research regarding effect of supportive therapies on
outcome in patients with severe sepsis. This research is
needed.
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