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Differentiating pulmonary transfusion reactions using recipient
and transfusion factors
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Ognjen Gajic®, Rolf Hubmayr3, Michael Gropper?, Monique Koenigsberg?, Gregory A.
Wilson3, Michael A. Matthay?, Pearl Toy2, Edward L. Murphy12, and the TRALI Study Group
1Blood Systems Research Institute, San Francisco, California

2University of California at San Francisco, San Francisco, California

3Mayo Clinic, Rochester, Minnesota

Abstract

BACKGROUND—It is increasingly recognized that recipient risk factors play a prominent role

in possible transfusion-related acute lung injury (pTRALI) and transfusion-associated circulatory
overload (TACO). We hypothesized that both transfusion and recipient factors including natriuretic
peptides could be used to distinguish TRALI from TACO and pTRALI.

STUDY DESIGN AND METHODS—We performed a post hoc analysis of a case-control study
of pulmonary transfusion reactions conducted at the University of California at San Francisco and
Mayo Clinic, Rochester. We evaluated clinical data and brain natriuretic peptides (BNP) levels
drawn after transfusion in patients with TRALI (n = 21), pTRALI (n = 26), TACO (n = 22), and
controls (n = 24). Logistic regression and receiver operating characteristics curve analyses were
used to determine the accuracy of clinical and biomarker predictors in differentiating TRALI from
TACO and pTRALLI.

RESULTS—We found that pTRALI and TACO were associated with older age, higher fluid
balance, and elevated BNP levels relative to those of controls and TRALI. The following variables
were useful in distinguishing cases of pTRALI and TACO from TRALI: age more than 70 years,
BNP levels more than 1000 pg/mL, 24-hour fluid balance of more than 3 L, and a lower number of
transfused blood components. Using the above variables, our logistic model had a 91% negative
predictive value in the differential diagnosis of TRALI.

CONCLUSIONS—Models incorporating readily available clinical and biomarker data can be
used to differentiate transfusion-related respiratory complications. Additional studies examining
recipient risk factors and the likelihood of TRALI may be useful in decision making regarding
donor white blood cell antibody testing.

Causes of pulmonary edema as a complication of transfusion include transfusion-related
acute lung injury (TRALI), transfusion-associated circulatory overload (TACO), and
possible TRALI (pTRALI). Pulmonary edema in these reactions has often been divided into
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hydrostatic (TACO) and permeability etiologies (TRALI and pTRALI).1 The distinction
between permeability etiologies is the temporal relationship of pTRALI to risk factors for
acute respiratory distress syndrome (ARDS). There is growing evidence that recipient rather
than transfusion factors predominate in the pathogenesis of pTRALI.2 Supporting findings
include the decline in TRALI but not pTRALI with implementation of plasma transfusion
from male donors and the lack of correlation of pTRALI to human leukocyte antigen (HLA)
antibody status.3-%

Despite advances in our understanding of the epidemiology and pathogenesis of TACO,
TRALLI, and pTRALLI, differentiating them clinically remains a diagnostic challenge.
Distinguishing these clinical syndromes requires the interpretation of clinical, radiographic,
and hemodynamic data that are not always available and are labor-intensive to extract.”
Furthermore, the diagnoses of pulmonary transfusion reactions are based on clinical criteria
that lack specificity.8

Several studies have shown that cytokines and biomarkers may have utility in differentiating
pulmonary transfusion reactions.23:9 Aberrations in inflammatory cytokines have been
recognized in patients who develop TRALI and pTRALI but not TACO.10 In addition, brain
natriuretic peptides (BNP) levels have been found to be useful in characterizing TACO
relative to controls.11:12 One study found limited diagnostic value in the use of BNP to
distinguish TRALI and pTRALI from TACO.13 However, this same study found elevated
cardiac filling pressures and BNP levels in pTRALI and TACO patients compared to those
of TRALLI. Given these and the above differences in the epidemiology of TRALI and
pTRALLI, clinical and biomarker predictors may be useful in their discrimination. We
hypothesized that recipient factors, including BNP levels, could be used to differentiate
TRALI from TACO and pTRALI.

MATERIALS AND METHODS

Study design

We performed a post hoc analysis of a prospective observational study of pulmonary
transfusion reactions that was conducted between 2006 and 2009 at the University of
California at San Francisco Medical Center and the Mayo Clinic in Rochester, Minnesota.
Cases of posttransfusion hypoxemia were identified by active surveillance using a real-time
alert system that screened arterial blood gas results in all hospitalized patients older than 6
months who received blood transfusion, as previously described.3-14 The protocol was
approved, including a waiver of consent, by the University of California at San Francisco
Medical Center and Mayo Clinic institutional review boards.

Trained study coordinators with critical care experience screened all alerts for potential
cases of possible transfusion reactions based on findings of new or worsening bilateral
opacities on the chest radiograph, triggering the collection of standardized clinical data via
chart review. Cases were then adjudicated by two critical care physicians on a four-member
expert panel. Each expert independently classified a case as TRALI, TACO, pTRALLI, or
TACO and TRALI when there was evidence for both diagnoses or as “other” when an
alternative diagnosis was identified. If the two experts did not agree, a third reviewer
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reviewed the case and provided input. On periodic conference calls, members of the expert
panel reviewed cases without two experts in agreement to discuss it in more depth and
assign a consensus determination.

TRALI was defined as new acute lung injury that developed within 6 hours of transfusion
where there was no temporal relationship to risk factors for ARDS.1> pTRALI was defined
as new acute lung injury where there was a clear temporal relationship to an alternative risk
factor for ARDS (see Appendix, available as supporting information in the online version of
this paper, for list of risk factors). A diagnosis of TACO was based on criteria used in the
National Healthcare Safety Network definition, with pulmonary edema developing within 6
hours of transfusion and being characterized by clinical, echocardiographic, or laboratory
evidence of left atrial hypertension.16

Transfusion strata were developed a priori based on the number of blood components
transfused in a 6-hour period before the development of a pulmonary transfusion reaction (1
to 2,310 9, and 10 or more). Controls, matched to cases by 6-hour transfusion strata, were
randomly selected from among all transfused patients at the same hospitals concurrent with
enrollment of cases. Controls did not have evidence of hypoxemia or evidence of bilateral
infiltrates on chest radiography within 12 hours of transfusion of the last unit.

Patient sample collection and biomarker assays

Residual pre- and posttransfusion recipient blood samples were collected from the clinical
laboratory in a subset of cases and controls from the parent case-control study (Appendix
Figure 1, available as supporting information in the online version of this paper). Samples
were stored at 4°C until cases were adjudicated, and median times that blood was drawn
before and after transfusion were 20 and 16 hours, respectively. Plasma fractions were
separated from whole blood EDTA tubes and stored at —80°C before measurement of
biomarkers. Samples tested were those collected closest to transfusion. Biomarker testing
was performed after case adjudication.

Biomarkers were measured after expert panel review and classification using microarray kits
from R&D Systems on the Luminex platform (Luminex Corp.). BNP levels were measured
in available samples for cases of TACO, TRALI, pTRALLI, and controls. In a further subset
of cases of TACO (n = 14), pTRALI (n = 22), and controls (n = 15) we also measured
cystatin C, ST-2, growth differentiation factor-15 (GDF-15), angiopoietin-2, and tissue
inhibitor of metallopeptidase inhibitor 3 (TIMP-3).

Statistical analysis

Distributions and proportions of demographic and clinical data were tabulated for groups.
Data are expressed as mean values + standard deviation (SD), median (inter-quartile range
[IQRY]), or as proportions as appropriate. Statistical tests comparing groups were performed
using chi-square tests for categorical data and analysis of variance or Kruskal-Wallis test
when appropriate for continuous variables. Biomarker data were imported into a statistical
analysis package (Stata Version 12.1, StataCorp). Because the distribution of biomarker
results was skewed, the Wilcoxon test was used to compare biomarker levels in samples
between groups of TRALI, TACO, pTRALLI, and control patients. Logistic regression was
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performed to determine individual associations between risk factors and outcomes of
interest. A multivariable model of risk factors was developed by including variables
significant in the initial analyses (p < 0.2). Given parallel elevations in age, cardiac filling
pressures, and BNP levels in prior studies of patients with TACO and pTRALI, we grouped
these subjects to evaluate whether recipient risk factors would differentiate them from
patients with TRALI. Receiver operator characteristic curves were constructed and area
under the curve (AUC) was calculated to determine the discriminative capacity and best
threshold levels of clinical predictors and biomarkers in differentiating TRALI from TACO
and pTRALI (n = 69). Sensitivity, specificity, and positive and negative predictive values
were calculated. Model calibration was assessed using the Hosmer-Lemeshow goodness-of-
fit (HLGOF) test. A two-tailed p value of less than 0.05 was considered significant.

Tables 1 and 2 provide a description of the demographics, comorbid risk factors, and clinical
characteristics of cases of TACO, TRALI, pTRALLI, and controls in which clinical blood
samples were available. As previously reported, patients with TACO were older, had a
greater prevalence of cardiac and renal comorbidities, and had recent surgery while pTRALI
patients had a greater prevalence of mechanical ventilation and need for vasopressors at the
time of pulmonary edema.21” APACHE |1 scores were similar among the three groups.

Comparison of pre- and posttransfusion BNP values in TRALI, TACO, and pTRALI and in
control patients is summarized in Table 3 and Appendix Table 1 (available as supporting
information in the online version of this paper). Before and after transfusion, BNP levels
were higher in patients with TACO and pTRALI relative to those in TRALI and control
patients (p < 0.01 for all). However, BNP levels after transfusion were not significantly
different between TACO and pTRALI patients (p 0.80) or between TRALI and control
patients (p 0.21). The total number of blood components transfused during or within 6 hours
did not differentiate TRALI from pTRALI or TACO; however, patients with TRALI were
more likely to have received more than 20 blood components within 6 hours. Comparisons
of additional posttransfusion biomarker values in TACO, pTRALI, and control patients are
summarized in Appendix Table 2 (available as supporting information in the online version
of this paper). Notably, cystatin C levels were higher in TACO relative to pTRALI patients
and ST-2 and TIMP-3 levels were higher in pTRALI relative to TACO (all p < 0.05).

Diagnostic accuracy of BNP to differentiate TACO from TRALI was excellent with an AUC
of 0.88 (HLGOF, 0.11). Using a diagnostic cut point of 750 pg/mL, BNP had a sensitivity of
88%, specificity of 81%, and positive and negative predictive values of 85% in the
differential diagnosis of TACO versus TRALI. Adjustment for a history of chronic renal
failure and creatinine levels did not impact the diagnostic accuracy of BNP. However, BNP
alone had only moderate diagnostic accuracy in differentiating TRALI from pTRALI (AUC,
0.73) and was not useful in differentiating TACO from pTRALI (AUC, 0.52).

Table 4 shows associations of clinical and biomarker factors in our multivariable risk model
of pTRALI and TACO relative to TRALI. Recipient factors associated with TACO and
pTRALI relative to TRALI included age greater than 70, a positive fluid balance greater
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than 3 L in the 24 hours before transfusion, and BNP levels greater than 1000 pg/mL. The
combination of the above recipient factors and number of units transfused had excellent
performance in differentiating TRALI from pTRALI or TACO (AUC, 0.88; HLGOF, 0.65).
Using the above predictors, our logistic model had 96% sensitivity and 92% positive
predictive value in ruling out TRALI and correctly classified 91% of cases. A BNP level of
greater than 1000 pg/mL alone had lower sensitivity (86%) but similar predictive value
(91%) in excluding TRALI compared to cases of TACO and pTRALLI.

Sensitivity analyses were performed to compare the subjects in the parent case control study
with the subset studied in which clinical samples were available (Appendix Table 3,
available as supporting information in the online version of this paper). Compared to the
parent study, the subset had similar age (p = 0.88), sex (p = 0.95), receipt of red blood cells
(RBCs; 0.71), plasma (p = 0.26), or platelets (PLTs; p = 0.66), as well as the mean number
of units transfused (p = 0.32). While comorbidities were also similar, compared to the full
cohort, the subset studied was less likely to have had recent surgery (36% vs. 50%; p = 0.01)
or require vasopressors (27% vs. 38%; p = 0.04).

DISCUSSION

In this case-control study of pulmonary transfusion reactions, we examined the role of blood
component characteristics and clinical predictors, including BNP levels, in differentiating
TRALI from pTRALI and TACO. We found that age, fluid balance, and BNP levels were
significantly higher in subjects who developed TACO and pTRALI relative to those with
TRALI and transfused controls. In fact, we found only very small elevations in BNP levels
after the development of pulmonary edema in cases of TRALLI, and this mild elevation was
not different compared to that of transfused controls without pulmonary edema. Finally, our
regression model suggests that BNP alone or in a combination with other clinical predictors
may have utility in excluding a diagnosis of TRALI from other pulmonary transfusion
reactions.

Both TRALI and pTRALI are considered to have inflammatory etiologies of pulmonary
edema and are associated with elevated plasma levels of interleukin (IL)-6 and 1L-8.2:3:9.10
In this study, we found that pTRALI and not TRALI was associated with elevations in BNP
levels. Given the association of ARDS risk factors and positive fluid balance, many cases of
PTRALI may have a hydrostatic component in addition to an inflammatory etiology of
pulmonary edema. Similar findings have been reported in clinical trials of ARDS where
29% of clinically defined ARDS cases had pulmonary capillary wedge pressure readings
that were consistent with concomitant elements of hydrostatic edema.18 In fact, BNP levels
in this ARDS cohort were similarly elevated to our pTRALI subjects, and it was
hypothesized that in addition to stretch-induced release by cardiomyocytes, BNP elevations
in ARDS may be related to catecholamine release or altered pulmonary secretion or
clearance of BNP.19 Recognition of similarities in pathophysiology and clinical outcomes of
these causes of pulmonary edema has led to the proposed renaming of pTRALI to transfused
ARDS.20 More recently, a combination of inflammatory markers and clinical characteristics
were useful in characterizing distinct endotypes of ARDS with different mortality outcomes
related to specific ventilator and fluid management strategies.19-21.22 Inflammatory
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cytokines or cardiopulmonary biomarkers may provide similar insights into the appropriate
management and outcomes of patients with pulmonary transfusion reactions.

Antibody-mediated TRALI is related to the presence of antibodies directed toward HLA or
human neutrophil antigens.1:3 HLA antibody status has been found to be a risk factor for
TRALI but not pTRALI in several studies.*~8 Our finding that recipient factors are common
in pTRALI does not exclude a role for transfusion in causing or exacerbating inflammatory
lung edema. Continued work to understand the epidemiology and mechanism of non—
antibody-mediated TRALI may have relevance to the potential inflammatory role of
transfusion in pTRALLI or even TACO.23 However, elevated BNP levels or the predominance
of recipient factors may have utility in excluding TRALI and the need to evaluate for HLA
antibodies in blood donors.

While elevations of BNP levels and cytokine levels may have utility in characterizing
specific pulmonary transfusion reactions, some limitations need to be highlighted. Criticism
regarding the utility of BNP relate to its nonspecificity in patients with renal insufficiency or
obesity.2425 Indeed, significant elevations in BNP may be seen in patients with chronic renal
insufficiency and heart failure without pulmonary edema or prior to transfusion and may not
be useful in excluding TRALI. Similarly, inflammatory cytokines may not improve
discrimination of transfusion reactions in postoperative cases where elevations related to
surgery may be expected.28 Recent studies suggest that additional biomarkers have increased
specificity for forms of hydrostatic and permeability pulmonary edema, and these markers
could have utility in differentiating pulmonary transfusion reactions.2’-2% For example,
cystatin C, a renal biomarker associated with cardiovascular complications, was
differentially elevated in TACO relative to pTRALI and controls in our cohort. Conversely,
markers of endothelial injury, such as angiopoietin-2 and TIMP-3, have been associated with
cases of ARDS, and in our series, the latter was elevated in cases of pTRALI relative to that
of TACO and controls. These markers of endothelial injury merit further study and may
provide additional insight regarding the role of recipient factors, such as sepsis or
pneumonia, relative to transfusion in the pathogenesis of pTRALL.

Given the advent of electronic medical record surveillance and focus on noninfectious
adverse outcomes related to transfusion, we can expect increased identification of complex
cases of transfusion-related respiratory complications.3%:31 While providing some guidance
in their identification, definitions of pulmonary transfusion reactions require more specific
criteria to help differentiate complex clinical cases. The International Society of Blood
Transfusion (ISBT) working party on hemovigilance has endeavored to revise their
definition of TACO to improve its sensitivity and specificity.32:33 Identifying and validating
key clinical and biomarker predictors and developing algorithms that better incorporate the
pathophysiology of these specific clinical entities will hopefully assist clinicians in the
diagnosis and management of patients with pulmonary complications of transfusion.

This study has both strengths and limitations. Major strengths include the use of active
surveillance in a study population composed of both medical and surgical patients, the
detailed collection of granular clinical data, and expert panel review to ensure accuracy of
the outcome adjudication. However, several limitations should also be noted. Plasma
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samples were only available on a subset of the parent case-control cohort and may have
limited our ability to detect between-group differences and precluded development of a
validation cohort. While there were no differences in age, sex, or transfusion characteristics
in our cohort, there were modestly lower rates of surgery and need for vasopressors than in
the parent study. Therefore, our conclusions may be limited in perioperative populations or
those in shock where fluid balances and BNP levels may differ. However, the relative
infrequency of TRALI after plasma mitigation makes studies of particular patient
populations that include biomarker analyses challenging. The advantage of BNP is that it is
a routinely available laboratory test in clinical care though other biomarkers may prove to be
more useful in the characterization of pulmonary transfusion reactions. Additional studies
are needed to assess whether a combination of inflammatory and cardiopulmonary
biomarkers aid in the classification of cases without diagnostic certainty (TACO and TRALI
overlap cases) or where sufficient clinical data are not available.

In conclusion, the elevation of BNP levels in addition to fluid balance in pTRALI and TACO
supports the hypothesis that recipient characteristics play a significant role in their
pathogenesis. A prediction model utilizing both clinical predictors and BNP levels provided
excellent discrimination allowing a high rate of appropriate classification of pulmonary
transfusion reactions. If cut points for clinical predictors and biomarkers are validated in
future studies, these findings may prove useful in determining the etiology of transfusion-
related pulmonary complications and decision making regarding donor white blood cell
antibody testing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This project was supported by NHLBI SCCOR Grant P50-HL-081027 (PT) and intramural funding from Blood
Systems Research Institute (NHR). The content is solely the responsibility of the authors and does not necessarily
represent the official views of the NHLBI or the NIH.

The Transfusion-Related Acute Lung Injury Study Group consists of the following:
Steering committee

Pearl Toy, MD (Principal Investigator), Ognjen Gajic, MD, Mark Looney, MD, Rolf Hubmayr, MD,
Michael A. Gropper, MD, PhD, Michael A. Matthay, MD, Richard B. Weiskopf, MD, Edward L. Murphy,
MD, MPH, and Clifford Lowell, MD, PhD

Clinical site coordinatorsand research assistants

University of California San Francisco: Monique Koenigsberg, RN, Kelly Lang, RN, Christopher Chin,
Deanna Lee, PhD, Lynda Bartek, RN

Mayo Clinic: Gregory Wilson, CCRC, Tami Krpata, Deborah Rasmussen, Cindy Medcalfe
Blood banks and investigators

Blood Centers of the Pacific: Nora Hirschler, MD

Blood Systems Research Institute: Rosa Sanchez Rosen, MD, Philip Norris, MD, Dan Hindes
University of California at San Francisco: Pearl Toy, MD

Mayo Clinic: S. Breandan Moore, MD, Jeffrey L. Winters, MD, Manish Gandhi, MD

Transfusion. Author manuscript; available in PMC 2018 January 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roubinian et al.

Page 8

ABBREVIATIONS
ARDS acute respiratory distress syndrome
AUC area under the curve
BNP brain natriuretic peptides
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TABLE 1
Characteristics of cases and controls ™
Patient characteristics TACO(n=22) TRALI(n=21) pTRALI (n=26) Controls(n=24)
Age (years) 61+18 56 + 17 59 + 25 53+ 23
Sex
Female 13 (59) 9 (43) 11 (42) 12 (50)
Race
White 18 (82) 18 (86) 16 (62) 15 (62)
Nonwhite 0(0) 1(5) 4 (15) 4(17)
Missing or not reported 4 (18) 2(9) 6 (23) 5(21)
Transfusions (number of units)
1-2 12 (54) 11 (52) 13 (50) 12 (50)
3-9 6 (27) 7(33) 8 (31) 5(21)
10+ 4(18) 3(14) 5 (19) 7(29)
Component types
RBCs 80 71 58 71
Plasma 40 43 65 42
PLTs a4 42 41 34

*
Data are reported as mean values + SD, number (%), or percent.
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TABLE 2
Comorbid risk factors™
TACO (n=22) TRALI(n=21) pTRALI(n=26) Control (n=24)
Risk factor
History of congestive heart failure 10 (45) 5 (24) 2 (8) 3(13)
Coronary artery disease 8 (36) 3(14) 3(12) 3(13)
Acute renal failure 7(31) 7(33) 6 (23) 3(13)
Chronic renal failure 5(23) 3(14) 3(12) 2(8)
Hemodialysis 3(14) 3(14) 1(4) 3(13)
Recent surgery 12 (55) 8 (38) 7(27) 7 (29)
Clinical characteristics
Ventilation at edema 8 (36) 4(19) 12 (46) 5(20)
Vasopressors at edema 7(31) 7(33) 11 (42) 1(4)
Pa0,/FiO, ratio at edema 139+ 64 143 £ 72 133+ 76 374 £ 46
APACHE Il scores 15+7 14+6 167 135
Fluid balance pre-edema (L) 2.0(0.7-3.3) 1.5(0.8-2.2) 3.6 (1.1-6) 1.0 (0-2)

*
Data are reported as number (%), mean values + SD, or median values (IQR).
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TABLE 3

Recipient and transfusion risk factors for TRALI, pTRALI, and TACO

Page 13

TRALI (n=21) pTRALI (n=26) TACO(N=22) pvalue
% Age = 70 years 19 38 32 0.02
BNP level (pg/mL)
Posttransfusion (IQR) *7# 271(137-638) 686 (379-1431) 1934 (1552-3000)  <0.01
% > 1000 pg/ml 14 50 84
Fluid balance pre-transfusion
Number > 3 L/24 hr (%) 3(15) 14 (56) 6 (24) 0.04
Number of transfused units
Mean + SD 74+132 52+6.0 46+50 0.15
Median (IQR) 2 (2-3) 2.5 (2-6) 2 (1-6) 0.04
Number transfused > 20 units/6 hré 3(14) 14 0(0)
Receipt of plasma or whole blood from female donor (%) 8 (38) 4(11) 0 (0) <0.01

*
p values for comparisons of TRALI relative to TACO and pTRALI.

fBNP levels between pTRALI
7

and TRALI significantly different.

BNP levels between TRALI and TACO significantly different.

§Number of units of RBCs, plasma, or PLTSs transfused in the 6 hours before development of pulmonary edema.
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TABLE 4
Multivariate model of recipient and transfusion risk factors for TACO or pTRALI versus TRALI by logistic
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analysis (n = 69)

Oddsratio (95% CI) pvalue
Recipient factors
Age > 70 years 14.1 (1.6-122) 0.02
Posttransfusion BNP level > 1000 (pg/mL) 40.3 (6.1-266) 0.001
Fluid balance >3 L 64 (4.5-932) 0.002
Transfusion factors
Number of units transfused during or within 6 hr 0.91 (0.81-1.02) 0.11
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