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Incidence and risk factors of gastrointestinal bleeding
in mechanically ventilated patients
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BACKGROUND: The widespread use of gastrointestinal bleeding prophylaxis in critically
ill patients was one of the most controversial issues. Since few studies reported the incidence of
gastrointestinal bleeding in mechanically ventilated patients, this study aimed to identify the incidence
and risk factors related to gastrointestinal bleeding in patients undergoing mechanical ventilation for
more than 48 hours.

METHODS: A total of 283 ICU patients who had received mechanical ventilation for longer than
48 hours at a provincial hospital affiliated to Shandong University from January 1, 2007 to December
31, 2009 were analyzed retrospectively. Those were excluded from the study if they had a history
of gastrointestinal bleeding or ulceration, recent gastrointestinal surgery, brain death and active
bleeding from the nose or throat. Demographic data of the patients included patient age, diagnosis
on admission, duration of ICU stay, duration of ventilation, patterns and parameters of ventilation, ICU
mortality, APACHE Il score, multiple organ dysfunction, and indexes of biochemistry, kidney function,
liver function and coagulation function. Risk factors of gastrointestinal bleeding were analyzed by
univariate analysis and multiple logistic regression analysis.

RESULTS: In the 242 patients who were given mechanical ventilation longer than 48 hours, the
incidence of gastrointestinal bleeding was 46.7%. The bleeding in 3.3% of the patients was clinically
significant. Significant risk factors were peak inspiratory pressure 230cmH,O, renal failure, liver failure,
PLT count<50x10%L and prolonged APTT. Enteral nutrition had a beneficial effect on gastrointestinal
bleeding. However, the multiple logistic regression analysis revealed that the independent risk factors
of gastrointestinal bleeding were as follows: high pressure ventilator setting = 30cmH,O(RR=3.478,
95%CI=2.208-10.733), renal failure(RR=1.687, 95%CI=1.098-3.482), PLT count<50x10°/L
(RR=3.762, 95%CI=2.346-14.685), and prolonged APTT(RR=5.368, 95%CI|=2.487-11.266). Enteral
nutrition(RR=0.436, 95%Cl= 0.346-0.764) was the independent protective factor.

CONCLUSIONS: The incidence of gastrointestinal bleeding was high in the patients who received
mechanical ventilation, and bleeding usually occurred within the first 48 hours. High pressure ventilator
setting, renal failure, decreased PLT count and prolonged APTT were the significant risk factors of
gastrointestinal bleeding. However, enteral nutrition was the independent protective factor.
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INTRODUCTION from 15% to 50% in the first 24 hours of ICU stay'"

Stress ulceration of the gastrointestinal tract causes  and that of clinically significant upper gastrointestinal
overt and clinically important bleeding in critically ill  bleeding from 2% to 6% It is suggested that
patients. The incidence of gastrointestinal bleeding varies =~ mechanical ventilation is one of the most significant
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risk factors of gastrointestinal bleeding in the intensive
care unit.”’ Clinical studies demonstrated the benefit of
prophylaxis of pharmacologic gastrointestinal bleeding in
mechanical ventilated patients. However, the prophylaxis
may not be cost-effective, but is likely to increase the
incidence of ventilator-associated pneumonia.”! The
international guidelines for management of severe
sepsis and septic shock released in 2008 indicated
that the limitations must be considered before using
stress ulcer prophylaxis to prevent gastrointestinal
bleeding."”’ Accordingly, the benefit of the widespread
use of stress ulcer prophylaxis in critically ill patients
has been questioned, and the prophylaxis targeting at
those patients who are most likely to bleed has been
suggested. Since few studies reported the incidence of
gastrointestinal bleeding in mechanically ventilated
patients, this study was designed to assess the incidence
and risk factors associated with gastrointestinal bleeding
in critically ill patients who had received mechanical
ventilation and to identify the patients at risk who may
be benefitted from the prophylaxis of gastrointestinal
bleeding.

METHODS
Patients

All patients aged 18-70 years who had received
mechanical ventilation for more than 48 hours in the
ICU of the Provincial Hospital affiliated to Shandong
University from January 1, 2007 to December 31, 2009
were included in this retrospective study. Excluded from
the study were those with a history of gastrointestinal
bleeding or ulceration, recent gastrointestinal surgery,
brain death, and active bleeding from the nose or throat.

In this study gastrointestinal bleeding was
categorized into overt and clinically significant bleeding.
Overt bleeding was diagnosed if there was evidence of
hematemesis, "coffee ground" material or positive occult
blood in nasogastric aspirates, melena or hematochezia.
Clinically significant bleeding was defined as overt
bleeding plus one of the following features in the absence
of other causes: a) a spontaneous decrease in systolic or
diastolic blood pressure of more than or equal to 20 mm
Hg within 24 hours of upper gastrointestinal bleeding; b)
an increase in pulse rate of 20 beats/min and a decrease
in systolic blood pressure of 10 mmHg on orthostatic
change; c) a decreased hemoglobin level of more than
or equal to 2 g/dl (20 g/L) in 24 hours and transfusion
of 2 units of packed red blood cells within 24 hours of
bleeding; or d) failure of the hemoglobin level to increase

by at least the number of units transfused minus 2 g/dl
(20 g/L).

Renal failure was defined in patients with a serum
creatinine level of more than 177umol/L or analysis
indication existed.”

Liver failure was defined in patients with a total
bilirubin level of more than 60 pmol/L, and the levels of
AST and ALT were at least two times the upper limit of
normality.”!

Coagulation disorder was defined in patients with the
prothrombin time (PT) more than 3 seconds above the
control value, the activated partial thromboplastin time
(APTT) >10 seconds above the control value."”

Gastrointestinal bleeding prophylaxis was conducted
by administration of two or more doses of the following
agents: histamine H2-receptor antagonists, sucralfate,
and proton pump inhibitors."”

Demographic data included patient characteristics,
admission diagnosis, duration of ICU stay, duration
of ventilation, patterns and parameters of ventilation,
ICU mortality, APACHE II score,™ multiple organ
dysfunction score,”’ and laboratory data such as
hemoglobin level, platelet count, PT, APTT, blood urea
nitrogen, creatinine, and liver function within 24 hours
after admission to ICU.

Statistical analysis

All data were analyzed by the SPSS16.0 for
Windows and were expressed as mean + SD. The
parameters were compared between the patients with
and without gastrointestinal bleeding by Student's ¢ test.
Measurement data were expressed as percentage of total
patients, and the parameters were compared between the
patients with and without gastrointestinal bleeding by
the chi-square test. The relative risk and 95% confidence
interval of the significant factors were calculated.
Multiple logistic regression analysis was made to
identify the independent risk factors. A P value<0.05 was
considered statistically significant.

RESULTS
A total of 283 ICU patients who had had mechanical

ventilation for more than 48 hours at the Provincial
Hospital affiliated to Shandong University from
January 1, 2007 to December 31, 2009 were reviewed
retrospectively. Forty-one patients were excluded from
the study for a history of gastrointestinal bleeding or
ulceration (13 patients), recent gastrointestinal surgery
(21), active bleeding from the nose or throat (5), and
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brain death (2). At last 242 patients were included
in the study. Among these patients, 113 (46.7%)
experienced gastrointestinal bleeding, 86 had coffee
ground material or positive occult blood in nasogastric
aspirates, 12 had positive occult blood in stools, 5 had

Table 1. Results of univariate analysis in count data of gastrointestinal
bleeding and no gastrointestinal bleeding in mechanically ventilated
patients

Viariables Gastrointestinal No gastrointestinal F' P
bleeding bleeding
(n=113) (n=129)
Age (year) 56.3+13.2 55.8+14.1 16.142 0.164
Duration of ICU stay ~ 32.1+17.5 14.8+6.7 1.864 0.003
(days, x+s)
Duration of ventilation 29.3+£21.6 12.6+£9.3 1.331 0.003
(days, x+s)
APACHE 1I score (¥£s) 25.6+£7.2 24.9+4.8 18.658 0.396
MODS score(x+s) 6.3+4.2 4.8+£3.8 8.266 0.032

Table 2. Results of univariate analysis in measurement data
of gastrointestinal bleeding and no gastrointestinal bleeding in
mechanically ventilated patients

Viariables Gastrointestinal ~ No gastrointestinal  x* P
bleeding (n=113) bleeding (n=129)
(n %) (n %)
Gender
Male 65(57.5) 70(54.3) 0.325 0.426
Female 48(42.5) 59(45.7) 0.432 0.381
ICU mortality 24(21.2) 20(15.5) 29.476 0.025
Ventilator setting
Fi0,>60% 41(36.3) 46(35.7) 0.246  0.667
Peak inspiratory 36(31.9) 21(16.3) 41.048 0.001
pressure>30 cmH,O
PEEP>10 cmH, O  18(15.9) 22(17.1) 0.477 0.396
Renal failure 18(15.9) 5@.9) 25.642 0.036
Liver failure 12(10.6) 3(23) 23.226 0.040
Coma 23(20.4) 24(18.6) 0.323 0.464
Platelets count 32(28.3) 9(7.0) 38.745 0.016
<50x10°/L
Prolonged PT 34(30.1) 38(29.5) 0.286 0.522
Prolonged APTT 38(33.6) 14(10.9) 27.765 0.036
prophylaxis 45(39.8) 48(37.2) 0.176  0.782
Surgery 23(20.4) 24(18.6) 0492 0327
Enteral nutrition in first 52(46.0) 78(60.5) 24.360 0.042
24 hours
Sedation 30(26.5) 34(26.4) 0.034 1.786

hematemesis, 2 had hematochezia, and 2 had both
hematemesis and hematochezia. Eight patients with
gastrointestinal bleeding (3.3%) were diagnosed with
clinically significant bleeding (Four patients developed
hypotension, and two needed surgery). Most patients
(67.3%) developed gastrointestinal bleeding during
the first 48 hours of mechanical ventilation and 80%
during the first 2 weeks of mechanical ventilation.
Characteristics of the patients with and without
gastrointestinal bleeding are shown in Table 1, the
factors associated with gastrointestinal bleeding in Table
2, and the characteristics of the patients with independent
factors of bleeding in Table 3.

DISCUSSION
Altogether 242 patients were retrospectively

studied. We found that the high incidence of
gastrointestinal bleeding in mechanically ventilated
patients was consistent with that reported by Cook et
al."” The average duration in ICU on admission and
duration of mechanical ventilation in the patients with
gastrointestinal bleeding were longer than in those
without gastrointestinal bleeding. The mortality of
patients with gastrointestinal bleeding was significantly
higher than that of those without gastrointestinal
bleeding.

All patients in this study had respiratory failure and
required mechanical ventilatory support. The significant
risk factors of gastrointestinal bleeding in ICU patients in
this study was consistent with that reported elsewhere'""’.
The independent risk factor identified by the multivariate
analysis was peak inspiratory pressure>30cmH,O. The
mechanism underlying gastrointestinal bleeding was
likely to be associated with pressure-related mucosal
damage."” The effect of high airway pressure on venous
return resulted in reduced cardiac output and defective
tissue perfusion, which subsequently caused injury to the
gastrointestinal mucosa.

It has been demonstrated that prolonged APTT and low
platelet count are independent risk factors for the occurrence

Table 3. Results of multivariate logistic regression analysis in gastrointestinal bleeding of mechanically ventilated patients

Viariables B SE Wald P RR 95%Cl

Peak inspiratory pressure > 30cmH,O 0.192 0.332 6.438 0.001 3478 2.208-10.733
Renal failure 0.675 0.546 9.473 0.026 1.687 1.098-3.482
Platelets count<50x10°/L 2.328 0.765 13.446 0.016 3.762 2.346-14.685
Prolonged APTT 0.732 0.873 8.866 0.032 5.386 2.487-11.266
Enteral nutrition in first 24 hours -3.067 0.476 11.238 0.003 0.436 0.346-0.764
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of gastrointestinal bleeding in critically ill patients. This
finding is similar to that of other studies."” In the present
study renal failure was found to be another independent
risk factor identified by multivariate analysis. The
mechanisms by which renal failure predisposed to
bleeding were likely multifactorial and included gastric
erosions and impaired perfusion of the gastric mucosa.!""

Enteral nutrition was proved to be the only
independent protective factor associated with the
occurrence of gastrointestinal bleeding in the present
study. Patients receiving enteral nutrition in the first 24
hours had a lower rate of bleeding than those patients
receiving no enteral nutrition. It is suggested that a
beneficial mucosa effect is related to the alkaline pH of
feeding.!"” In a recent study of 526 burned patients, the
rate of serious bleeding in cimetidine-treated patients was
2.0%, whereas the rate in patients tolerating early enteral
nutrition was only 0.7%.""" However, similar to other
studies, the patients were not randomized to receive or
not to receive enteral feeding. Thus, an equally plausible
explanation for our finding was that patients with a lower
intrinsic risk of bleeding were those who better tolerated
to enteral feeding.

The widespread use of gastrointestinal bleeding
prophylaxis in critically ill patients was one of the most
controversial issues. Several studies reported the usefulness
of gastrointestinal bleeding prophylaxis in patients who were
subjected to mechanical ventilation. """ However, many
studies also reported side-effects (nosocomial pneumonia)
and high financial costs.""**” In our study, there was no
significant association between gastrointestinal bleeding
prophylaxis and overt gastrointestinal bleeding. There
were significant risk factors for gastrointestinal bleeding
in 8 patients with clinically significant bleeding in the
study, including peak inspiratory pressure>30cmH,0O,
prolonged APTT, low platelet count, and/or renal
failure. The percentage of patients with clinically
significant bleeding was not high enough to that of
the recommended prophylactic therapy in all patients
receiving mechanical ventilation. The suggestion of
gastrointestinal bleeding prophylaxis targeted at those
patients who are most likely to bleed was also supported
by Gauvin et al.”" Thus, gastrointestinal bleeding
prophylaxis should be selective, and it is indicated
for high-risk patients. Identification of risk factors for
gastrointestinal bleeding in mechanically ventilated
patients may lead to a better approach for gastrointestinal
bleeding prophylaxis, which may reduce side-effect of
prophylactic therapy and costs.

In conclusion, our study demonstrated the high
incidence of overt gastrointestinal bleeding in the
critically ill patients receiving mechanical ventilation.
Gastrointestinal bleeding usually occurs within the first
48 hours. High pressure ventilator setting, renal failure,
PLT count <50x10°/L, and prolonged APTT are the
independent risk factors of gastrointestinal bleeding
in mechanically ventilated patients. Moreover, enteral
nutrition is the independent protective factor.
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