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Abstract
Purpose—Transfusion of blood components is common in patients admitted to the intensive care
unit (ICU) for gastrointestinal (GI) bleeding, yet the incidence and risk factors for development of
transfusion-related acute lung injury (TRALI) in these patients are unknown.

Methods—Patients admitted to a medical ICU for GI bleeding (n = 225) were analyzed for
patient-and transfusion-specific risk factors for development of TRALI.
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Results—In transfused patients (n = 150), the incidence of TRALI was 15% [95% confidence
interval (CI), 10–21%] and accounted for 76% (22/29) of all acute lung injury (ALI) cases.
Transfused patients with end-stage liver disease (ESLD) (n = 72) developed TRALI more
frequently than those without ESLD (29% versus 1%, p < 0.01). Fresh frozen plasma (FFP) was
temporally associated with TRALI in 86% of cases. Transfusion-specific risk factors for
development of TRALI included number of transfused units of FFP and nonleukoreduced red
blood cells. Patient-specific risk factors included Model for End-Stage Liver Disease (MELD)
score, admission serum albumin level, and presence of ALI risk factors.

Conclusions—TRALI is common in critically ill ESLD patients with gastrointestinal bleeding.
Nonleukoreduced red blood cells and FFP are significant transfusion-specific risk factors and their
use should be re-evaluated in bleeding patients with ESLD.
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Transfusion-related acute lung injury; Transfusion complications; Acute respiratory distress
syndrome; Variceal bleeding; Chronic liver disease; Plasma transfusion

Introduction
Blood transfusion remains a common practice in the intensive care unit (ICU), with 37–44%
of admitted patients receiving at least one transfusion of a blood component [1, 2]. The most
common admission diagnosis for those medical ICU patients who require transfusion is
gastrointestinal bleeding [3]. Approximately 70% of ICU admissions due to gastrointestinal
bleeding receive transfusion, with the incidence rising to 85% in patients with end-stage
liver disease (ESLD) bleeding from varices [4, 5].

The classically reported risks of blood transfusion include allergic reaction, infectious
transmission, and mismatched blood (hemolysis). In critically ill patients, more attention has
been recently focused on the development of acute lung injury (ALI) as a risk of blood
transfusion. In trauma, medical, and surgical ICU patients, cohort studies have demonstrated
a dose-dependent increase in development of ALI associated with transfusion of blood
components [3, 6–9].

Even though strong evidence supports an independent temporal association between
transfusion and ALI in critically ill patients, the incidence of transfusion-related acute lung
injury (TRALI) in patients admitted to the ICU with gastrointestinal bleeding has not been
defined [3, 7, 9, 10]. Additionally, the effect of comorbidities on the development of TRALI
such as the presence of ESLD and the type of blood component transfused has not been
examined in these patients. In this study we sought to determine the incidence of ALI and
more specifically TRALI in patients admitted to the ICU with a gastrointestinal bleed, and to
identify specific risk factors associated with TRALI in these patients. We hypothesized that
comorbidities such as ESLD and transfusion of plasma-containing blood components such
as fresh frozen plasma (FFP) and platelets would be independently associated with
development of TRALI.

Materials and methods
Design

Using the University of Colorado Hospital (UCH) medical records system, we examined
patients with primary diagnosis of gastrointestinal bleeding who were admitted to the
medical ICU from January 2002 through July 2008. Inclusion criteria were ICU admission
and primary diagnosis of gastrointestinal bleeding. Exclusion criteria were age <18 years,
death within 12 h of arrival to the ICU, and transfer from a non-ICU service or outside
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hospital >12 h after emergency department presentation. The protocol was approved by the
Colorado Multiple Institutional Review Board.

Data collection
Data were abstracted from various components of the medical record including: admission
and progress notes, ICU flow sheets, laboratory and radiologic data, internal diagnostic
coding, and a gastroenterology procedural database.

Transfusion data
The medical ICU does not have a protocol for transfusion of blood components in bleeding
patients. The vast majority of the FFP and platelets were pheresed, and transfused plasma
was frozen within 6 h of collection. Our main blood supplier adopted universal
leukoreduction for packed red blood cells (PRBCs) in 2005 and began TRALI mitigation for
FFP using both male-only and never-pregnant females in December 2007. Details regarding
collection of transfusion and donor data can be found in the Electronic Supplementary
Material (ESM).

ALI risk factors
Standard diagnostic criteria were used to identify risk factors including severe acute
pancreatitis, pneumonia, severe sepsis, and septic shock [11]. Aspiration was diagnosed if it
was witnessed by nurses, respiratory therapists or treating physicians, or if it was suspected
based on a new chest X-ray abnormality and recorded in the medical record as such.

Outcome variables
Our primary outcome measures were ALI and TRALI. We used the American–European
Consensus Conference (AECC) definition to define ALI adjusted for altitude [12]. TRALI
was defined by the 2004 Consensus Conference definition, requiring the development of
ALI within 6 h of initiation of blood transfusion [13]. Detailed information regarding the
strict definition of ALI and the timing of both transfusion and onset of ALI can be found in
the ESM.

Assessment of intravascular volume status
Diagnosis of ALI was excluded when the physician progress note documented pulmonary
edema or volume overload. When available, data from pulmonary artery catheters, central
lines, and echocardiograms were examined for evidence of left atrial hypertension. Possible
intravascular volume overload was identified by previously accepted techniques: (1)
pulmonary artery occlusion pressure ≥18 mmHg at time of ALI onset, (2) central venous
pressure ≥15 mmHg at time of ALI onset or (3) an echocardiogram documenting ejection
fraction <55% and/or inferior vena caval dilatation without respiratory collapse within 24 h
of ALI onset [12, 14, 15].

Statistical analysis
Data that were not normally distributed are reported as median [25–75% interquartile range].
Chi-square test of independence was used to examine categorical variables at baseline, and
independent-sample t tests were used to compare continuous characteristics of the two
groups. Univariate analysis was performed between transfused patients with ESLD who did
and did not develop TRALI to identify significant transfusion and patient-specific risk
factors for development of TRALI. Logistic regression models were used to determine the
effect of TRALI on mortality. SAS 9.1 was used for all analyses, and p < 0.05 was
considered statistically significant. Confidence intervals (95%) for adjusted odds ratios and
25–75% interquartile range for median values are recorded in square brackets.
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Results
Study enrollment is detailed in Fig. 1. The number of patients included in our final analysis
was 225. Their demographics and transfusion characteristics are included in Table 1. ALI
developed in 13% (30/225) [95% CI, 10–18%] of all patients with gastrointestinal bleeding
who required admission to the ICU. The majority of ALI cases, i.e., 97% (29/30), occurred
in patients who received transfusion. The incidence of ALI in patients receiving transfusion
was significantly greater than in patients not receiving transfusion (19%, 29/150 versus 1%,
1/75; p < 0.01). Of the cases of ALI in transfused patients, 76% (22/29) met the diagnostic
criteria for TRALI and the remaining 24% (7/29) were classified as non-transfusion-related
ALI.

Characteristics of transfused patients stratified by ESLD
Patients with ESLD were more likely to receive transfusion of any blood component (81%
versus 57%, p <0.01) and were more likely to receive transfusion of PRBCs (74% versus
53%, p < 0.01). The most notable difference was the disparity in receipt of plasma-
containing blood components among patients with ESLD versus those without ESLD: FFP
(61% versus 18%, p < 0.01) and platelets (35% versus 4%, p < 0.01). Patients with ESLD
also more commonly received cryoprecipitate (12% versus 2%, p < 0.01). Of patients who
received transfusion of PRBCs or FFP, those patients with ESLD received statistically more
units of each component than patients without ESLD: PRBCs (6 [2–14] units versus 3 [3–4]
units, p < 0.01) and FFP (8 [4–14] units versus 4 [2–6] units, p <0.01). Though patients with
ESLD received twice as much blood, they were 29 times more likely to develop TRALI
(Table 2).

Patient and blood-component-specific risk factors for development of TRALI in patients
with ESLD

In an attempt to determine which transfusion and non-transfusion-specific risk factors
accounted for the high incidence (29%) of TRALI in patients with ESLD we stratified these
patients into TRALI and non-TRALI subgroups and performed univariate analysis of these
variables (Table 3). Statistically significant transfusion-specific risk factors included number
of units of FFP, platelets, and nonleukoreduced PRBCs received. Significant non-
transfusion-related risk factors included presence of ALI risk factors, MELD score, serum
albumin, and hematocrit nadir within the first 72 h (Table 3).

Transfusion characteristics of patients who developed TRALI
In the 21 patients with ESLD who developed TRALI, plasma-containing components (FFP
and platelets) were the only blood components temporally associated with its development
in 43% (9/21) of cases. Plasma-containing blood components in combination with PRBCs
were temporally associated with development of TRALI in an additional 43% (9/21) of
cases. In these ESLD patients, each unit of FFP increased the risk of developing TRALI by
11%. In contrast, only 14% (3/21) of TRALI cases were due to PRBCs alone, and all of
these units were nonleukoreduced PRBCs. The number of patients receiving
nonleukoreduced PRBCs decreased from the first half to the second half of the study (87%,
27/31 versus 63%, 26/41; p = 0.02), while the incidence of TRALI did not decrease
significantly (35%, 11/33 versus 24%, 10/41; p = 0.31). We were able to obtain gender of
donor for 97% (75/77) of the plasma-containing blood products (FFP and platelets) and age
of blood for 100% (50/50) of the PRBC units that were temporally associated with our 21
TRALI cases in patients with ESLD. Of the plasma-containing blood components associated
with TRALI, donor gender was female in only 51% (38/75) of the implicated units. There
were three cases of TRALI due to FFP only where the donor gender of all implicated units
was male. With regard to age of blood, 72% (36/50) of implicated units of PRBCs were >14
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days old. The median age of PRBC units temporally associated with TRALI was 19 days
[11–26 days].

Physiologic characteristics of patients who developed TRALI
In patients who developed TRALI, the median creatinine immediately preceding the
development of TRALI was 1.4 mg/dL [1.2–1.8 mg/dL]. The median urine output was 2.4 l
[0.8–3.6 l] over the 24-h period preceding onset of TRALI. Of patients diagnosed with
TRALI, one had a pulmonary artery catheter, eight had central venous pressure
measurements at time of ALI onset, and seven had echocardiograms within 24 h of onset of
ALI. Of these patients, 27% (6/22) had two of the above measurements of intravascular
volume status. In the patients (11/22) with objective measurements of volume status, 73%
(8/11) had no evidence of intravascular volume overload while 27% (3/11) had evidence of
circulatory overload.

Development of TRALI and hospital mortality
Hospital mortality for patients who were admitted to the ICU with gastrointestinal bleeding
was 22% (49/225). Patients with ESLD had higher mortality (46%, 41/89) when compared
with those patients without ESLD (6%, 8/136; p < 0.01). Development of TRALI was also
associated with higher mortality (91%, 20/22) when compared with those patients who
received transfusion but did not develop TRALI (20%, 26/128; p < 0.01). The effect of
development of TRALI on mortality persisted when we examined those patients (n = 72)
with ESLD who received transfusion. The mortality was 90% (19/21) in the ESLD patients
who developed TRALI compared with 37% (19/51) in the ESLD patients who did not
develop TRALI (p <0.01). The effects of development of TRALI on mortality in transfused
patients with ESLD remained significant on multivariate analysis when adjusting for the
presence of alternative ALI risk factors, severity of illness (APACHE II) and MELD score
(adjusted odds ratio 12.3, CI [2.5–98], p < 0.01).

Discussion
Critically ill patients admitted to the ICU for gastrointestinal bleeding are at significant risk
of developing TRALI, especially those with prior history of ESLD. Development of TRALI
in patients with ESLD was most commonly associated with administration of FFP and
nonleukoreduced units of PRBCs. In this study, we showed a clear temporal relationship
(within 6 h) between transfusion and development of ALI. In addition, our data demonstrate
that the presence of pre-existing ALI risk factors potentiate the risk of developing TRALI.
Because medical ICU patients admitted for gastrointestinal bleeding receive a
disproportionate amount of transfused blood components, understanding the risks of TRALI
is critical when determining the necessity of transfusion in this critically ill patient
population.

The association between TRALI and liver disease has been previously suggested in a
subgroup analysis of 901 consecutive medical ICU patients who received transfusion.
Among the 8% of patients who developed TRALI, 27% had liver disease, compared with
only 15% in matched controls [3]. In a recent prospective study looking at the effects of
male-only versus mixed-donor FFP transfusion on the development of pulmonary distress in
surgical patients, baseline liver dysfunction was the only significant patient-specific risk
factor for development of pulmonary distress on multivariate analysis [16]. In our study,
97% of the patients who developed TRALI had ESLD, though they made up only 48% of
the study population.
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FFP administration has been identified as an independent risk factor for ALI and TRALI in
trauma, medical, and surgical ICU populations [3, 6, 7, 9, 17, 18]. In our study, 61% of
patients with ESLD received FFP and 37% of these patients developed TRALI. The
majority of TRALI cases (86%) in our cohort were temporally associated with transfusion of
FFP. Despite the evidence that correction of prothrombin time using either FFP or factor
VIIa has never been reported to improve hemostasis, decrease red cell transfusion needs, or
improve outcome, FFP administration remains the standard of care in bleeding patients with
ESLD and elevated prothrombin time [19, 20]. Given the risks of TRALI with
administration of FFP, it seems prudent to examine the use of a more restrictive plasma
transfusion approach in patients with ESLD.

Fresh frozen plasma from multiparous donors has been linked to TRALI in multiple
epidemiologic studies [21, 22]. As a result, many countries have transitioned to male-only
plasma transfusion. Our data do not show that plasma-containing blood components
implicated in TRALI have a donor gender predilection. In fact, three patients received male-
only plasma components and developed the clinical syndrome of TRALI. Unfortunately we
were unable to compare the gender differences between plasma donors across our whole
cohort to compare differences with those units implicated in TRALI.

Only nonleukoreduced PRBCs were associated with TRALI in our cohort. Clinical trials
have not demonstrated that leukoreduction is protective against TRALI [23, 24]. In addition,
this observation is of unclear clinical importance, as many blood centers in industrialized
nations have switched to a policy of universal leukoreduction.

One limitation of this study is a relative inability to accurately differentiate ALI from
hydrostatic edema. We conservatively used clinician documentation of ALI as a surrogate of
“no clinical evidence of left atrial hypertension,” which is the current standard definition
[12]. However, differentiation between TRALI and transfusion-associated circulatory
overload (TACO) can be clinically challenging. Unfortunately, we were only able to analyze
objective data regarding intravascular volume status on 50% (11/22) of our TRALI patients.
In this subgroup, the majority (73%) had no objective evidence of intravascular volume
overload. In those with volume overload we cannot rule out TRALI, because we know that
hydrostatic edema commonly coexists with ALI [25]. In addition, critically ill patients who
develop TACO alone without evidence of TRALI have lower 1-year mortality (7.8%) as
compared with those who develop TRALI (43.2%) [26]. We believe that the high mortality
in our patients (92%) is more consistent with TRALI as the mechanism of pulmonary edema
rather than isolated hydrostatic edema (TACO). We acknowledge that the lower serum
albumin in the group that developed TRALI could have also been a coexisting risk factor for
development of pulmonary edema independent of transfusion [27]. Another limitation of
this study is the inherent difficulty of identifying ALI risk factors in bleeding patients with
ESLD [28]. It is possible that some TRALI patients who were classified as without ALI risk
factors had occult aspiration or sepsis unidentified by the treating physician. Some experts
argue that, in this scenario, ALI risk factors may be the sole cause of ALI, while the blood
components transfused just prior to the development of ALI are a mere coincidence [29].
While this scenario is possible, epidemiologic studies in the critically ill suggest that ALI
risk factors potentiate the risk of ALI from transfusion, and the pathophysiologic rationale
for this observation is supported by the two-event model of TRALI [3, 6–8, 18, 19, 30].

Conclusions
TRALI is common in ESLD patients admitted to the ICU for gastrointestinal bleeding.
Higher MELD score, presence of other ALI risk factors, FFP transfusion, and higher number
of nonleukoreduced RBCs were associated with development of TRALI.

Benson et al. Page 6

Intensive Care Med. Author manuscript; available in PMC 2013 July 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Flow chart detailing recruitment of subjects subgroup analyses
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Table 1

Baseline characteristics of critically ill patients admitted with gastrointestinal bleeding (n = 225)

Age, years 58 [50–70]

Hospital length of stay, days 2 [2–4]

End-stage liver disease (ESLD)a 40% (89/225)

Coronary artery disease (CAD) 16% (35/225)

Heart failure (CHF) 10% (22/225)

Chronic kidney disease (stage V) 2% (4/225)

Pulmonary hypertension 3% (6/225)

ALI risk factors 15% (32/225)

 Sepsis syndromes 5% (12/225)

 Pneumonia 4% (10/225)

 Aspiration 5% (16/225)

 Severe acute pancreatitis 1% (2/225)

Alcohol use (current) 35%

APACHE II score (median) 12 [8–16]

Hematocrit nadir 26% [21.5–30%]

Coagulopathy 40% (89/225)

Thrombocytopenia 40% (91/225)

Hematemesis presentation 68% (152/225)

Variceal bleed etiology 31% (70/225)

Transfusion incidence 67% (150/225)

 PRBCs 61% (131/225)

 FFP 39% (79/225)

 Platelets 16% (36/225)

Transfusion amount, median no. units

 PRBCs [25–75% interquartile range], units (n = 131) 4 [2–7.3]

 FFP, median no. units (n = 79) 6 [3–11]

 Platelets, median no. units (n = 36) 2 [1–3.8]

a
Only ESLD patients receiving transfusion (n = 72) rather than all patients with ESLD (n = 89) were included for TRALI analysis non-transfused

patients (n = 17) are not at risk for TRALI
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Table 2

Incidence of TRALI stratified by ESLD

(All transfused patients = 150) ESLD (n = 72) Non-ESLD (n = 78) P value

TRALI (within 6 h: n = 150) 21/72 (29%) 1/78 (1%) <0.01

 TRALI (no ALI risk factors: n = 124) 12/54 (22%) 0/70 (0%) <0.01

 TRALI (presence of ALI risk factors: n = 26) 9/18 (50%) 1/8 (13%) 0.06

Incidence non-transfusion-related ALI (n = 150) 7/72 (10%) 0/78 (0%) <0.01
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Table 3

Characteristics of transfused GI bleeders with ESLD stratified by TRALI

Characteristics (n = 72) TRALI (n = 21) No TRALI (n = 51) P value

Age, years 56 [49–61] 54 [50–60] 0.84

Chronic kidney disease 0% 0%

Congestive heart failure 1/21 (5%) 3/51 (6%) 0.85

Pulmonary hypertension 0/21 (0%) 3/51 (6%) 0.15

Coronary artery disease 1/21 (5%) 3/51 (6%) 0.85

Current alcohol use 8/21 (38%) 26/51 (51%) 0.32

Acute lung injury risk factors 9/21 (43%) 9/51 (18%) 0.03*

 Pneumonia 1/21 (5%) 2/51 (4%) 0.87

 Aspiration 3/21 (14%) 5/51 (10%) 0.59

 Sepsis syndromes 5/21 (24%) 5/51 (10%) 0.13

Hematocrit nadir (first 72 h) 22 [17–25] 24 [22–28] 0.02*

Coagulopathy (INR > 1.5) 18/21 (86%) 37/51 (73%) 0.22

Thrombocytopenia (plts < 100 k/μl) 16/21 (76%) 42/51 (82%) 0.55

Serum albumin, g/dl 2.0 [1.6–2.5] 2.6 [2.1–3.1] <0.01*

APACHE II score (median) 17 [14–26] 15 [12–20] 0.13

MELD score (median) 25 [19–31] 18 [15–24] <0.01*

Etiology due to variceal bleed 14/21 (67%) 38/51 (75%) 0.50

Outcomes

 Length of hospital stay, days 7 [6–10] 3 [2–7] <0.01

 In-hospital mortality 19/21 (90%) 19/51 (37%) <0.01

Transfusion amount

 Median PRBC, units 10 [4–17] 4 [2–7] 0.02

 Leukoreduced PRBCs, units 0 [0–4] 0 [0–4] 0.55

 Nonleukoreduced PRBCs, units 7 [3–14] 2 [0–4] <0.01*

 Median FFP, units 14 [8–22] 2 [0–7] <0.01*

 Median platelets, units 2 [0–3] 0 [0–1] 0.04*

Incidence of blood component use

 PRBCs 20/21 (95%) 46/51 (90%) 0.46

 Leukoreduced PRBCs 8/21 (38%) 25/51 (49%) 0.40

 Nonleukoreduced PRBCs 18/22 (86%) 35/51 (69%) 0.12

 FFP 20/21 (95%) 34/51 (18.4%) <0.01

 Platelets 12/21 (57%) 19/32 (37%) 0.12

 Cryoprecipitate 4/21 (19%) 7/51 (14%) 0.58

Only ESLD patients receiving transfusion (n = 72) are included in the analysis, as nontransfused patients (n = 17) are not at risk for TRALI

*
p < 0.05, INR international normalized ratio, plts platelet count, APACHE II severity of illness score, MELD severity of liver disease score
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