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ABSTRACT

Objectives To identify incidence and risk factors
for new-onset gastrointestinal bleeding (GIB) in a
medical intensive care unit (ICU), a topic for
which there is a paucity of recent studies.
Design Retrospective cohort study.

Setting Medical ICUs at our tertiary-care
hospital, from 2007 to 2013.

Patients Patients who developed clinically
significant GIB after entering the ICU.
Interventions Univariable and multivariable
analyses.

Main outcome measures Incidence and risk
factors for development of GIB.

Results 4439 patients entered the medical ICU
without a pre-existing GIB and 58 (1.3%)
developed GIB while in the ICU. Risk factors
included length of ICU stay (OR per additional
day 1. 06; 95% CI 1.04 to 1.09) and elevated
creatinine on ICU admission (OR 2.35; 95% Cl
1.18 to 4.68, p=0.02). Elevated bilirubin on
ICU admission (OR 2.08; 95% Cl 0.97 to 4.47,
p=0.06), and elevated aspartate transaminase
(AST) on ICU admission (OR 2.20; 95% CI 0.96
to 5.03, p=0.06) trended towards increased
risk of GIB that did not meet statistical
significance. Age, gender, admission
coagulation studies and mechanical ventilation
were not predictive of GIB. Among those
patients with new-onset GIB in the ICU, 47%
died during that hospitalisation, as compared
with those 30% of those without a GIB,
p<0.01.

Conclusions Onset of GIB is now an
infrequent occurrence in the ICU setting;
however those with elevated bilirubin, AST and
creatinine upon admission, and with longer
length of ICU stay appear at increased risk and
may benefit from closer monitoring.

|1,2

INTRODUCTION
Gastrointestinal bleeding (GIB) in patients
with critical illness is a major source of
morbidity and mortality. GIB can occur
from stress-related mucosal damage,
leading to an acute erosive gastropathy in
patients after surgery and during organ
failure, sepsis and respiratory failure.! 2
These episodes can result in haemo-
dynamic instability, decreased haemoglobin
and the need for transfusion.” > When
severe, GIB can be associated with hypo-
tension, organ failure and death.””
Mortality increases with the severity of the
stress-related insult, and severe GIB can
result in mortality as high as 80%.°

The pathophysiology of bleeding in
patients with critical illness is related to
the severe systemic disease process and
the critical care therapies themselves.
Stress ulcer-related bleeding occurs as a
consequence of gut ischemia in the
context of multiorgan failure.® 7 In
patients with critical illness who have
bouts of hypotension—and therefore
hypoperfusion—with resultant ischaemia
to multiple organ systems, GIBs are con-
sidered a manifestation of the entire
disease process.® Even when systemic cir-
culation is maintained, there could still be
intestinal hypoperfusion.® Common
medications used in intensive care units
(ICUs) have been implicated as contribut-
ing to GIB: opiates and sedatives for intu-
bated patients are associated with
decreases in gut motility and venous
return, as are vasopressors.'’ !

The incidence of clinically significant
GIBs in patients with critical illness has
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been widely studied, and there appeared to be a
decline in GIB incidence over the last few decades,
with reported incidences of 16% in the mid-1980s,
12.4% in 1990 and 2% in the mid-1990s.'*"'*
Recently, however, there have been few large observa-
tional studies regarding the incidence of GIB in ICU
patients. The two most recent publications we identi-
fied were (1) a study evaluating the incidence of GIB
during the period 2004-2007, with reported inci-
dence of 7.4% and (2) a study published in 2015
reporting a 2.6% incidence for bleeds over a period
of 7 days."> '® Moreover, these publications have
noted the paucity of newer data on the incidence of
GIB; as it is, much of the currently available data
(which are used to guide decisions on prophylaxis,
among other critical care tools) are dated, prompting
the present study.' '’

Previous studies have also identified risk factors for
GIB in patients with critical illness (including recent
surgery, burns, trauma, liver or renal dysfunction,
sepsis, hypotension, coagulopathy and respiratory
failure/mechanical ventilation for over 48 hours).
However, these studies tend to be older, clustered in
the 1990s and early 2000s.°> ¢ 2! Given the
improvements in critical care and the selective admin-
istration of prophylactic therapy in such patients, we
aimed to identify the incidence of and risk factors for
developing clinically significant GIB in patients enter-
ing a medical ICU over a more recent time period,
and to evaluate any significant changes in trends of
incidence or risk factors for this outcome.

MATERIALS AND METHODS

We performed a retrospective cohort study of all
adults entering the two medical ICUs (totalling 28
beds) at our tertiary-care hospital between 1 January
2007 and 31 December 2013, to determine risk
factors for GIB. The two medical ICUs are physically
located on different floors on the same hospital, with
identical inclusion criteria.

We queried the electronic medical records of all
patients admitted to the medical ICU during the
above dates. In addition to age, gender, ethnicity, race
and length of stay (both in the ICU and if not directly
admitted to the ICU, hospital stay prior to ICU admis-
sion), we recorded whether mechanical ventilation
(endotracheal intubation) of any duration was used at
any point or acid suppression medications (proton
pump inhibitors (PPIs) or histamine 2 (H2) receptor
blockers) were administered during the first 24 hours
of ICU admission. We also recorded the following
first laboratory values available within 24 hours of
ICU admission: haematocrit, albumin, total and direct
bilirubin, aspartate transaminase (AST), alanine trans-
aminase (ALT) alkaline phosphatase, creatinine, partial
thromboplastin time and international normalised
ratio (INR).

We identified all patients who were admitted to the
medical ICU in our specified date range, then
excluded all patients whose GIB clinically predated
their admission to the ICU. Of the remaining patients,
we identified those with clinically suspected GIB,
using billing diagnoses and indications in our endos-
copy database. Suspected GIB was confirmed by chart
review. Thus, for the purposes of this study, our end
point was defined as suspected GIB in a patient not
admitted with an apparent GIB.

We performed univariable analysis to determine pre-
dictors of incident GIB in this population, using the
x” test for categorical variables and the unpaired t-test
for continuous variables. We then performed multi-
variable logistic regression to identify independent
predictors of GIB among patients admitted to the
ICU, reporting ORs and corresponding 95% CI.

We used SAS V9.4 (Cary, North Carolina, USA) for
analyses. All recorded p values are two-sided.

RESULTS
We identified 4439 patients admitted to the medical
ICUs within the time frame specified above free of a
pre-existing GIB. Table 1 shows these patient character-
istics. The majority (53%) was male, with median age
60.7 years. Of 4439 patients, 58 (1.3%) developed a
new-onset GIB while in the ICU. Of those who devel-
oped bleeding, 57, (98%) underwent endoscopy or
colonoscopy (table 2). An upper gastrointestinal source
was suspected or confirmed in 40 (69%), a lower
gastrointestinal source was noted in 6 (10%) and 11
(19%) had no identifiable source. Of the 19 total
patients who did not have a source confirmed on initial
endoscopy, one underwent a bleeding scan without an
identified source, and two required angiography iden-
tifying and treating the GIB. In total, 15 of the 58
(26%) patients had recurrent bleeding in the ICU.
Univariable analysis is shown in table 3. There is a
trend towards increased GIB among older patients,
especially those in the 50-59 years and 60-69 years
age groups, with bleeding rates of 1.8% and 2%,
respectively, compared with those aged 40-49 years
(1.3%) or those above aged 70 years, who bled at a
rate of 0.9% (p=0.04). White race was associated
with increased risk of GIB as well, with a bleeding
rate of 1.8%, compared with 1% of black patients and
0.9% with other/unknown listed (p=0.03). Length of
ICU stay also had a noted association with increased
risk of GIB: patients with 114+ ICU days had a 5%
risk of GIB, versus those with 1-5 days’ stays (0.4%)
and those with 6-10 days’ length of stays (1.5%)
(p<0.01). ICU admission laboratory values predictive
of GIB included elevated total bilirubin (those with
bilirubin >2.5 mg/dL had a 3.1% risk GIB, vs 1% risk
for lower levels, p<0.01), elevated direct bilirubin
(where direct bilirubin >1.5 mg/dL bled at a rate of
3.2%, vs 1.1% for lower levels, p<0.01) and elevated
creatinine (more than twice the upper limit of normal
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Table 1 Characteristics of patients admitted to the medical
intensive care unit (ICU) free of pre-existing GIB (n=4439)

Number of patients (%)

Age (years)

Mean/median 59.1/60.7
18-39 791 (18)
40-49 528 (12)
50-59 823 (19)
60-69 940 (21)
70+ 1357 (31)
Sex
Male 2361 (53)
Female 2078 (47)
Race
White 1790 (40)
Black 625 (14)
Other/unknown 2024 (46)
Ethnicity
Hispanic 1028 (23)
Non-Hispanic 2023 (46)
Unknown 1388 (31)
Length of hospital stay (no. days) prior to ICU admission
Mean/median 5/1
0 1835 (41)
1-5 1662 (37)
6-10 329 (7)
1M+ 613 (14)
Length of ICU stay (no. days)
Mean/median 6/3
0-5 2941 (66)
6-10 802 (18)
1M+ 696 (16)
Haematocrit*
Normal to 2% below 1440 (33)
1.99-5% below LLN 653 (15)
5.01-8% below LLN 660 (15)
<8.01% below LLN 1551 (36)
Albumin (g/dL)
>3.5 1192 (29)
2.5-34 1948 (47)
<25 1037 (25)
Total bilirubin (mg/dL)
<13 3044 (73)
1.4-2.5 499 (12)
>2.5 638 (15)
Direct bilirubin (mg/dL)
<0.4 2898 (69)
0.5-1.5 746 (18)
>1.5 538 (13)
AST (U/L)
<39 2315 (55)
39-99 1133 (27)
100-499 539 (13)
>500 199 (5)

Continued

ENDOSCOPY
Table 1 Continued
Number of patients (%)

ALT (UIL)

<42 2946 (70)

42-99 720 (17)

100-499 365 (9)

>500 150 (4)
Alkaline phosphatase (U/L)

<130 3079 (74)

131-499 989 (24)

>500 118 (3)
Creatinine

Normalt 1819 (42)

1-2x ULN 1271 (30)

>2xULN 1204 (28)
INR

<15 2928 (70)

1.5-2.5 896 (21)

>2.5 368 (9)
aPTT (seconds)

<35.7 2296 (57)

358-71.4 1548 (38)

>71.5 216 (5)
Mechanical ventilation

Yes 1894 (43)

No 2545 (57)
Gastrointestinal protective medications

None 934 (21)

PPI PO 1.468 (33)

PPI IV 1314 (30)

H2RA PO 411 (9)

H2RA IV 312 (7)

Developed GIB in ICU 58 (1.31)

*Normal values for haematocrit: 36.8% for men, 35.4% for women.
tNormal values for creatinine: 1.2 mg/dL for men, 0.9 mg/dL for women.
aPTT, partial thromboplastin time; ALT, alanine transaminase; AST,
aspartate transaminase; GIB, gastrointestinal bleeding; H2RA, histamine 2
receptor antagonist; INR, international normalised ratio; 1V, intravenous;
LLN, lower limit of normal; PO, orally administered; PPI, proton pump
inhibitor; ULN, upper limit of normal.

bled at rate of 2.4%, vs normal or creatinine less than
twice the upper limit of normal, who bled at 0.9%,
p<0.01). Those with an AST of 100-499 U/L bled at
a rate of 2.6%, those with AST >500 U/L bled at a
rate of 2%, those with AST 39-90 U/L bled at a rate
of 1.6%, and for patients with normal AST (<39 U/L)
the bleeding rate was 0.9% (p<0.01). Included sub-
jects with an INR of >2.5 had a bleeding rate of
2.4%, as compared with a normal INR (1.1%) and a
slightly elevated INR (1.5-2.5), which bled 1.8%,
p=0.04. Mechanical ventilation was associated with
GIB, with intubated patients bleeding at a rate of
2.1% vs 0.7% for non-intubated patients (p<0.01).

Regarding prophylaxis, GIB occurred in 2.6% of
those receiving intravenous PPI, 1.2% receiving oral
PPI and 0.2% who did not receive PPIs (p<0.01).
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Table 2 Gastrointestinal (Gl) bleeding that occurred in the
medical intensive care unit (ICU) (n=58)

Number of patients

(%)
Upper Gl bleeding 40 (69)
Gastric or duodenal ulcer 7(12)
Gastropathy 6 (10)
Erosions 6 (10)
Oesophagitis 3 (5)
Variceal haemorrhage 4(7)
Mallory Weiss or other oesophageal tear 2(3)
Vascular (angioectasia, Dieulafoy’s) 3 (5)
Tumour 1(2)
No source identified, but suspected upper Gl 8 (14)
Lower Gl bleeding 6 (10)
Colitis 1(2)
Colonic ulcers 2(3)
Diverticular bleeding 1(2)
Rectal artery 1(2)
Friable mucosa 1(2)
Gl bleeding, source not identified but underwent 11 (19)
endoscopy
Gl bleeding noted clinically, no EGD or workup 1(2)
Total 58

Of these, 57 patients underwent endoscopy for gastrointestinal bleeding
(GIB) workup.
EGD, esophagoduodenoscopy.

The results of the multivariable logistic regression
model are shown in table 4. We omitted the labora-
tory values of direct bilirubin, ALT and alkaline phos-
phatase from the multivariable model because of
collinearity with total bilirubin and AST. We were also
unable to perform multivariable analysis of gastro-
intestinal prophylaxis given the small numbers of
patients on H2 blockers, which made the model
unstable. Black race had borderline statistical signifi-
cance associated with lower risk of GIB (OR 0.39,
95% CI 0.15 to 1.02, p=0.05). Length of stay in the
ICU was strongly associated with the risk of GIB, (OR
for 6-10 days vs 1-5 days: 3.94; 95% CI 1.60 to
9.72; OR for 11+ days vs 1-5 days: 14.78; 95% CI
6.37 to 34.30). When measuring the length of ICU
stay as a continuous variable, the OR was 1.06 (95%
CI 1.04 to 1.09, p<0.01), indicating a 6% increase in
risk of GIB per each additional ICU day. Elevated
creatinine significantly increased risk of GIB (for cre-
atinine >twice the upper limit of normal: OR 2.35
(95% CI 1.18 to 4.68, p=0.02). Elevated bilirubin on
ICU admission (OR 2.08; 95% CI 0.97 to 4.47,
p=0.06) and elevated AST on ICU admission (OR
2.20; 95% CI 0.96 to 5.03, p=0.06) both trended
towards increased risk of GIB that did not meet statis-
tical significance. Age, length of hospital stay prior to
ICU admission, haematocrit, albumin, coagulation
factors and mechanical ventilation did not have signifi-
cant effects on GIB risk in our multivariable model.

Among those patients with new-onset GIB in the
ICU, 47% died during that hospitalisation, as com-
pared with those without a GIB, whose inhospital
mortality was 30%, p<0.01.

DISCUSSION

In our study, the overall incidence for new-onset GIB
in the medical ICU was low, 1.3%. This value is lower
than the rate reported in the only other study we
encountered over the last 5 years (2.6%)."° In addition,
we found that length of ICU stay and increased creatin-
ine were significantly associated with increased risk of
GIB, and elevated bilirubin and AST were borderline
statistically significant for increased risk of GIB.

Elevated bilirubin was found to be associated with
GIB with borderline significance. While on univari-
able analysis both total and direct were associated
with increased bleed risk, we studied only total biliru-
bin in our multivariable analysis given collinearity. It
is likely that the bilirubin serves as a marker for liver
disease and can lead to GIB through known sequelae
such as portal hypertension (varices, portal hyperten-
sive gastropathy) or synthetic dysfunction (coagulopa-
thy). Among 25 patients with GIB who had an
elevated total bilirubin on ICU admission, 13 (52%)
had an elevated total bilirubin at baseline, suggesting
some pre-existing hepatic dysfunction, whereas 48%
had a normal or lower value. Elevated AST reflects
liver injury, and is similarly associated with GIB (also
of borderline significance). Creatinine reflecting both
acute and chronic kidney injury, was significantly asso-
ciated with GIB. Among 40 patients with GIB who
had an elevated creatinine on ICU admission, 23
(58%) had an elevated creatinine at baseline, suggest-
ing pre-existing renal dysfunction, whereas 42% had a
normal or lower value. Patients on renal replacement
therapy or with marked kidney injury have qualitative
platelet defects, predisposing them to bleeding.

We found that length of stay in the ICU was asso-
ciated with an increased risk of GIB on both univari-
able and multivariable analysis. Longer ICU stays can
serve as a proxy for severity of illness, and thus
increase the risk of GIB. This association may be due
to increased time in which patients were at risk for
the outcome of GIB; we were unable to perform
time-to-event analysis due to the relatively rare
outcome of GIB in this population.

Mechanical ventilation is a known risk factor for
GIB, and in univariable analysis was associated with
GIB. On multivariable analysis, this association was
no longer significant. Existing literature identifies
mechanical ventilation as a risk factor for GIB, but the
risk emanates from undergoing mechanical ventilation
for >48 hours.? 2> Due to limitations in data retrieval,
we could not uniquely identify patients only on venti-
lators for >48 hours, and therefore, we included
patients who were on any given duration of mechan-
ical ventilation in this category.
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Table 3 Univariable analysis of predictors of GIB in patients Table 3 Continued
admitted to the intensive care unit (ICU)

Number (%) with

Number (%) with new-onset GIB in ICU
new-onset GIB in ICU (n=58) p Value
(n=58) pValue  Amwum 0.08
Age (years) <42 31(1.1)
18-39 5 (0.6) 0.04 42-99 15 (2.1)
40-49 7(13) 100-499 8(2.2)
50-59 15 (1.8) >500 2(1.3)
60-69 19(2) Alkaline phosphatase (U/L) 0.41
70+ 12 (0.9) <130 38(1.2)
Sex 0.57 131-499 15 (1.5)
Male 33(1.4) >500 3(2.5)
Female 25(1.2) Creatinine <0.01
Race 0.03 Normalt 16 (0.9)
White 33(1.8) 1-2x ULN 11(0.9)
Black 6 (1) >2x ULN 29 (2.4)
Other/unknown 19 (0.9) INR 0.04

Ethnicity 0.21 <15 31 (1.1)

Hispanic 10(1) 1.5-2.5 16 (1.8)
Non-Hispanic 33(1.6) 25 9 (2.4)
Unknown 15 (1.1) aPTT (seconds) 0.51

Length of hospital stay (no. days) prior to ICU admission <357 27(1.2)

Mean/median 41 0.24 35.8-71.4 25 (1.6)
0 18(1) >71.5 3(1.4)
1-5 26 (1.6) Mechanical ventilation <0.01
6-10 7(2.1) Yes 39 (2.1)
11+ 7(1.1) No 19(0.7)

Length of ICU stay (no. days) <0.01 Gastrointestinal protective <0.01
Mean/ median 15/12 medications
0-5 11(0.4) None 2(0.2)
6-10 12 (1.5) PPl PO 17 (1.2)
1+ 35 (5) PPI IV 34 (2.6)

Haematocrit* 0.62 H2RA PO 3(0.7)
Normal to 2% below 16 (1.1) H2RA IV 2(0.6)
1.99-5% below LLN 8(1.2) *Normal values for haematocrit: 36.8% for men, 35.4% for women.
5.01-8% below LLN 12 (1.8) TNormal values fgr creatinine: 1.2 mg/dL fo_r men, 0.9 mg/dL for women.

For some patients’ lab values, there were missing values. In these

<8.01% below LLN 21(14) instances, the categories may not sum to the total n.

Albumin (g/dL) 0.41 aPTT, partial thromboplastin time; ALT, alanine transaminase; AST,

>35 14(1.2) aspartate transaminase; GIB, gast_rointestinal t_)leeding; hista_mine 2 RA, H2
receptor antagonist; INR, international normalised ratio; 1V, intravenous;

25-34 31(1.6) LLN, lower limit of normal; PPI, proton pump inhibitor; PO, orally

<25 11 (1.1) administered; ULN, upper limit of normal.

TOtilghrme (mg/dt) 31 () <001 Pgradoxically, patignts on a PPI (orally administered
- or intravenous) had increased risk of GIB in our uni-
1.4-2.5 5(1) . .

variable model. We were unable to perform a multi-
>2.5 20 (3.1) . . .
) o variable analysis due to the small numbers creating an

Direct bilirubin (mg/dL) <001 unstable model, but our univariable results are likely
<04 3101 due to reverse causality and confounding by indica-
0.5>-15 8(1.1) tion, wherein patients with a high underlying risk of
>1.5 173.2) GIB were given the most aggressive prophylactic

AST (UIL) <0.01 therapy. That is, those patients that received early PPIs
<39 20 (0.9) may have had previous GIB or other comorbidities we
39-90 18 (1.6) were unable to capture that were likely to predispose
100-499 14.(2.6) them to bleeding.
>500 4(2) We had hypothesised that elevated INR (from antic-

Contnued ~ oagulation or pre-existing hepatic dysfunction) would
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Table 4 Multivariable logistic regression identifying independent

variables associated with GIB

Table 4  Continued

OR (95% ClI) p Value

aPTT (seconds)

<35.7 1.0

35.8-71.4 0.70 (0.35 to 1.40) 0.31

>715 0.75 (0.20 to 2.80) 0.67
Mechanical ventilation

Yes 1.14 (0.58 to 2.27) 0.71

No 1.0

*Normal values for haematocrit: 36.8% for men, 35.4% for women.
tNormal values for creatinine: 1.2 mg/dL for men, 0.9 mg/dL for women.
aPTT, partial thromboplastin time; AST, aspartate transaminase; GIB,
gastrointestinal bleeding; ICU, intensive care unit; INR, international
normalised ratio; LLN, lower limit of normal; ULN, upper limit of normal.

lead to increased risk of GIB. The lack of statistical
significance was likely related to low power, since
only nine patients with an INR of >2.5 had a GIB.
Additionally, the INR studied was obtained on ICU
admission and not necessarily reflective of the
ongoing state of coagulation during an ICU course,
which could change considerably with reversal agents
and blood products.

The inhospital mortality among those with new-
onset GIB in the ICU was 47%, greater than those
who did not have a GIB (30%), p<0.01. This is con-
gruent with prior studies showing that GIB increases
inhospital mortality."’

Our study has a number of limitations. This was a
single-centre study of a tertiary-care setting, raising
the question of generalisability. We lacked clinical
information that could further inform underlying risk
of GIB, like use of aspirin and antiplatelet agents, war-
farin, heparin and other anticoagulant agents.
Similarly, information regarding pre-existing hepatic
and renal dysfunction or conditions predisposing to
coagulopathy or bleeding was limited in this cohort.

Our end point was a suspected GIB, but was not
always visually identified (see table 2). While other
studies have used endoscopic confirmation or other
modalities (such as nasogastric contents) to confirm
bleeding, in this study we relied on the critical care
team’s assessment to determine this end point. A limi-
tation is that this method excludes those who devel-
oped GIB but were missed by the ICU team.
Alternatively, given that some patients were endos-
coped without any source found, the number could
be an overestimation.

CONCLUSION

In summary, in this analysis of patients entering the
medical ICUs of this tertiary-care referral centre, we
found that 1.3% had a new-onset GIB and that ICU
length of stay and elevated creatinine on ICU admis-
sion were associated with an increased risk of GIB.
Elevated bilirubin and AST on ICU admission also
reached near significant values for predicting a GIB in
the ICU. Those patients who developed a GIB in the

OR (95% Cl) p Value

Age (years)

18-39 1.0

40-49 1.63 (0.49 to 5.45) 0.42

50-59 1.98 (0.67 to 5.83) 0.21

60-69 2.14 (0.74 t0 6.20) 0.16

70+ 1.45 (0.48 t0 4.37) 0.51
Sex

Male 1.0

Female 0.84 (0.48 to 1.50) 0.56
Race

White 1.0

Black 0.39(0.15 to 1.02) 0.05

Other/unknown 0.57 (0.24 to 1.38) 0.21
Ethnicity

Non-Hispanic 1.0

Hispanic 0.66 (0.30 to 1.47) 0.30

Unknown 0.83 (0.31 to 2.20) 0.71
Length of hospital stay (no. days) prior to ICU admission

0 1.0

1-5 1.64 (0.86 to 3.14) 0.14

6-10 1.32 (0.48 t0 3.62) 0.58

11+ 0.94 (0.35 to 2.53) 0.90
Length of ICU stay (no. days)

1-5 1.0

6-10 3.94 (1.60 t0 9.72) <0.01

1M+ 14.78 (6.37 to 34.30) <0.01
Haematocrit*

Normal to 2% below 1.0

1.99-5% below LLN 0.74 (0.28 to 1.91) 0.53

5.01-8% below LLN 1.00 (0.43 to 2.30) 0.99

<8.01% below LLN 0.76 (0.35 to 1.64) 0.48
Albumin (g/dL)

>35 1.0

2.5-34 1.09 (0.55 to 2.18) 0.81

<2.5 0.62 (0.26 to 2.02) 0.29
Total bilirubin (mg/dL)

<13 1.0

1.4-2.5 0.74 (0.27 t0 2.02) 0.55

>2.5 2.08 (0.97 to 4.47) 0.06
AST (U/L)

<39 1.0

39-99 1.67 (0.83 t0 3.39) 0.15

100-499 2.20 (0.96 to 5.03) 0.06

>500 2.62 (0.74 10 9.23) 0.13
Creatinine

Normalt 1.0

1-2x ULN 0.91 (0.40 to 2.08) 0.83

>2xULN 2.35(1.18 to 4.68) 0.02
INR

<15 1.0

1.5-2.5 1.16 (0.53 to 2.53) 0.71

>2.5 1.51 (0.57 to 4.01) 0.41
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ICU had markedly increased mortality. Patients with
the above risk factors may benefit from increased vigi-
lance for the development of this outcome, which,
while decreasing in incidence, still affects a sizeable
portion of the ICU population and carries additional
morbidity and mortality.

Significant of this study

What is already known on this topic?

Gastrointestinal bleeding (GIB) in patients with critical
illness has been declining in incidence since the 1980s,
when it was as high as 16% to 2-7% from the 1990s to
2000s. Risk factors include recent surgery, burns, trauma,
liver or renal dysfunction, sepsis, hypotension, coagulo-
pathy and prolonged mechanical ventilation.

What this study adds?

The incidence is lower than previously reported, and
while liver dysfunction and renal dysfunction remain risk
factors, other historical risk factors, such as mechanical
ventilation, were no longer associated with GIB, suggest-
ing improved prophylaxis adherence.

How might it impact on clinical practice in the
foreseeable future?

Patients’ elevated bilirubin, aspartate transaminase and
creatinine upon admission, and patients with longer
intensive care unit stay should be monitored for develop-
ment of GIB.

Contributors All authors contributed to this project, meeting
ICMJE recommendations for authorship. We can also assure
there are no other contributors who have been excluded as
authors.

Competing interests None declared.

Ethics approval Institutional Review Board of Columbia
University Medical Center.

Provenance and peer review Not commissioned; externally
peer reviewed.

Data sharing statement Statistical analyses were performed by
the authors, and all data are presented in the manuscript. For
data analysis and models, please contact the authors.

REFERENCES

1 Quenot JB Thiery N, Barbar S. When should stress ulcer
prophylaxis be used in the ICU? Curr Opin Crit Care
2009;15:139-43.

2 Robertson MS, Cade JF, Clancy RL. Helicobacter pylori
infection in intensive care: increased prevalence and a new
nosocomial infection. Crit Care Med 1999;27:1276-80.

3 Cook DJ, Fuller HD, Guyatt GH, et al. Risk factors for
gastrointestinal bleeding in critically ill patients. Canadian
Critical Care Trials Group. N Engl ] Med 1994;330:377-81.

10

11

12

13

14

15

16

17

18

19

20

21

22

ENDOSCOPY

Chaibou M, Tucci M, Dugas MA, et al. Clinically significant
upper gastrointestinal bleeding acquired in a pediatric
intensive care unit: a prospective study. Pediatrics

1998;102(Pt 1):933-8.

El-Tawil AM. Trends on gastrointestinal bleeding and mortality:
where are we standing? World ] Gastroenterol
2012;18:1154-8.

Stollman N, Metz DC. Pathophysiology and prophylaxis of
stress ulcer in intensive care unit patients. | Crit Care
2005;20:35-45.

Bumaschny E, Doglio G, Pusajé ], et al. Postoperative acute
gastrointestinal tract hemorrhage and multiple-organ failure.
Arch Surg 1988;123:722-6.

Maynard N, Bihari D, Beale R, et al. Assessment of splanchnic
oxygenation by gastric tonometry in patients with acute
circulatory failure. JAMA 1993;270:1203-10.

Maynard ND, Bihari DJ, Dalton RN, et al. Increasing
splanchnic blood flow in the critically III. Chest
1995;108:1648-54.

Mutlu GM, Mutlu EA, Factor P GI complications in patients
receiving mechanical ventilation. Chest 2001;119:1222-41.
Ritz MA, Fraser R, Tam W] et al. Impacts and patterns of
disturbed gastrointestinal function in critically ill patients.
Am | Gastroenterol 2000595:3044-52.

Cook DJ, Witt LG, Cook RJ, et al. Stress ulcer prophylaxis in
the critically ill: a meta-analysis. Am | Med 1991;91:519-27.
Gurman G, Samri M, Sarov B, et al. The rate of
gastrointestinal bleeding in a general ICU population:

a retrospective study. Intensive Care Med 1990;16:44-9.
Schuster DB, Rowley H, Feinstein S, et al. Prospective
evaluation of the risk of upper gastrointestinal bleeding after
admission to a medical intensive care unit. Am | Med
1984;76:623-30.

Krag M, Perner A, Wetterslev J, et al. Prevalence and outcome
of gastrointestinal bleeding and use of acid suppressants in
acutely ill adult intensive care patients. Intensive Care Med
2015;41:833-45.

Reintam A, Parm B Kitus R, ef al. Gastrointestinal symptoms in
intensive care patients. Acta Anaesthesiol Scand 2009;53:
318-24.

Krag M, Perner A, Wetterslev J, et al. Stress ulcer prophylaxis
in the intensive care unit: is it indicated? A topical systematic
review. Acta Anaesthesiol Scand 2013;57:835-47.

Brown RB, Klar J, Teres D, et al. Prospective study of clinical
bleeding in intensive care unit patients. Crit Care Med
1988;16:1171-6.

Cook DJ, Griffith LE, Walter SD, et al. The attributable
mortality and length of intensive care unit stay of clinically
important gastrointestinal bleeding in critically ill patients.
Crit Care 2001;5:368-75.

Martin LE, Booth FV, Reines HD, et al. Stress ulcers and organ
failure in intubated patients in surgical intensive care units.
Ann Surg 1992;215:332-7.

Pimentel M, Roberts DE, Bernstein CN, et al. Clinically
significant gastrointestinal bleeding in critically ill patients in an
era of prophylaxis. Am | Gastroenterol 2000;95:2801-6.

Chu YF, Jiang Y, Meng M, et al. Incidence and risk factors of
gastrointestinal bleeding in mechanically ventilated patients.
World ] Emerg Med 2010;1:32-6.

Kumar S, et al. Frontline Gastroenterology 2017;8:167—173. doi:10.1136/flgastro-2016-100722

173


http://dx.doi.org/10.1097/MCC.0b013e32832978e0
http://dx.doi.org/10.1097/00003246-199907000-00010
http://dx.doi.org/10.1056/NEJM199402103300601
http://dx.doi.org/10.1542/peds.102.4.933
http://dx.doi.org/10.3748/wjg.v18.i11.1154
http://dx.doi.org/10.1016/j.jcrc.2004.10.003
http://dx.doi.org/10.1001/archsurg.1988.01400300068011
http://dx.doi.org/10.1001/jama.1993.03510100053032
http://dx.doi.org/10.1378/chest.108.6.1648
http://dx.doi.org/10.1378/chest.119.4.1222
http://dx.doi.org/10.1111/j.1572-0241.2000.03176.x
http://dx.doi.org/10.1016/0002-9343(91)90189-5
http://dx.doi.org/10.1007/BF01706324
http://dx.doi.org/10.1016/0002-9343(84)90286-9
http://dx.doi.org/10.1007/s00134-015-3725-1
http://dx.doi.org/10.1111/j.1399-6576.2008.01860.x
http://dx.doi.org/10.1111/aas.12099
http://dx.doi.org/10.1097/00003246-198812000-00001
http://dx.doi.org/10.1186/cc1071
http://dx.doi.org/10.1097/00000658-199204000-00005
http://dx.doi.org/10.1111/j.1572-0241.2000.03189.x
http://fg.bmj.com/
http://group.bmj.com

Downloaded from http://fg.bmj.com/ on October 10, 2017 - Published by group.bmj.com

Incidence and risk factors for gastrointestinal
bleeding among patients admitted to medical
intensive care units

Shria Kumar, Christopher Ramos, Reuben J Garcia-Carrasquillo, Peter H
Green and Benjamin Lebwohl

Frontline Gastroenterol 2017 8: 167-173 originally published online
August 8, 2016

doi: 10.1136/flgastro-2016-100722

Updated information and services can be found at:
http://fg.bmj.com/content/8/3/167

These include:

References This article cites 22 articles, 1 of which you can access for free at:
http://fg.bmj.com/content/8/3/167#BIBL

Email alerting Receive free emalil alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://fg.bmj.com/content/8/3/167
http://fg.bmj.com/content/8/3/167#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://fg.bmj.com/
http://group.bmj.com

	Incidence and risk factors for gastrointestinal bleeding among patients admitted to medical intensive care units
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References




