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ABSTRACT

F

OR the past decade, transfusion-related acute lung injury
(TRALI) has consistently been the leading cause of transfusion-related fatalities reported to the U.S. Food and Drug
Administration.1 Indeed, recent estimates note that TRALI was
implicated in 38% of all fatalities.1 Perhaps more concerning
is the fact that passive reporting has repeatedly been shown to
significantly underestimate the true burden of this syndrome.2,3
For example, Kopko et al.2 noted that only 13.3% of cases with
symptoms suggestive of TRALI were reported to the blood
bank by the clinical service as a possible transfusion reaction.
These findings were replicated in a recent study carried out by
this investigative group, in which just 14.1% of cases had been
reported by the responsible clinical team.3 In addition to the
potential impact on the delivery of appropriate care, this lack
of recognition and reporting of TRALI may result in the failure to prevent subsequent reactions to blood products of implicated donors who were not identified after the initial TRALI
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• A retrospective cohort analysis from one institution documented that perioperative transfusion-related acute lung injury occurs approximately 1.4 to 3% in surgical patients, with
higher rates in patients who received larger volumes of blood
component therapies

episode. Moreover, the poorly defined epidemiology of TRALI
has undoubtedly contributed to the lack of studies testing
potential preventive or treatment strategies, as well as to uncertainty regarding the attributable burden of this syndrome on
patient-important outcomes and healthcare resource utilization.
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Background: Transfusion-related acute lung injury (TRALI) is the leading cause of transfusion-related death in the United
States; however, it remains poorly characterized in surgical populations. To better inform perioperative transfusion practice,
and to help mitigate perioperative TRALI, the authors aimed to better define its epidemiology before and after TRALI mitigation strategies were introduced.
Methods: This retrospective cohort study examined outcomes of adult patients undergoing noncardiac surgery with general
anesthesia who received intraoperative transfusions during 2004 (n = 1,817) and 2011 (n = 1,562). The demographics and
clinical characteristics of transfusion recipients, blood transfusion descriptors, and combined TRALI/possible TRALI incidence rates were evaluated. Univariate analyses were used to compare associations between patient characteristics, transfusion
details, and TRALI mitigation strategies with TRALI/possible TRALI incidence rates in a before-and-after study design.
Results: The incidence of TRALI/possible TRALI was 1.3% (23 of 1,613) in 2004 versus 1.4% (22 of 1,562) in 2011
(P = 0.72), with comparable overall rates in males versus females (1.4% [23 of 1,613] vs. 1.2% [22 of 1,766]) (P = 0.65).
Overall, thoracic (3.0% [4 of 133]), vascular (2.7% [10 of 375]), and transplant surgeries (2.2% [4 of 178]) carried the highest
rates of TRALI/possible TRALI. Obstetric and gynecologic surgical patients had no TRALI episodes. TRALI/possible TRALI
incidence increased with larger volumes of blood product transfused (P < 0.001).
Conclusions: Perioperative TRALI/possible TRALI is more common than previously reported and its risk increases with
greater volumes of blood component therapies. No significant reduction in the combined incidence of TRALI/possible TRALI
occurred between 2004 and 2011, despite the introduction of TRALI mitigation strategies. Future efforts to identify specific
risk factors for TRALI/possible TRALI in surgical populations may reduce the burden of this life-threatening complication.
(Anesthesiology 2015; 122:12-20)
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Materials and Methods
After obtaining Mayo Clinic Institutional Review Board
approval, we conducted a retrospective cohort study evaluating the incidence of TRALI/possible TRALI in all transfused patients undergoing noncardiac surgery with general
anesthesia during the calendar years 2004 and 2011. All
patients had given previous consent for the use of their medical records in research. The STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines were followed in the conduct of this study and in the
reporting of its results.12
Study Population
All noncardiac surgical patients receiving general anesthesia
were identified from an institutional database (the perioperative data mart).13 This database captures high-resolution,
near real-time data from all monitored care environments
within our institution. Specifically, details relating to vital
signs, laboratory tests, electrocardiogram monitoring, ventilator settings, fluid therapies, radiology results, medications,
transfusion therapies, and procedures are stored within an
open-access connectivity database accessed via JMP statistical software (SAS Institute Inc., Cary, NC). All noncardiac
surgical patients receiving general anesthesia and allogeneic
blood products in the operating room during the calendar
years 2004 and 2011 were eligible for inclusion. Criteria for
exclusion were (1) absence of research authorization, (2) age
younger than 18 yr, (3) inclusion in study already, (4) preoperative respiratory failure, (5) preoperative diffuse bilateral infiltrates on chest radiograph, (6) intraoperative death,
(7) postoperative requirement for extracorporeal membrane
oxygenation, and (8) receipt of only autologous blood products (fig. 1). Patients who received only autologous blood
products were not considered at risk for TRALI and were
therefore not included in this investigation.

Fig. 1. Patient flowchart. ECMO = extracorporeal membrane oxygenation; TACO = transfusion-associated circulatory overload;
TRALI = transfusion-related acute lung injury.
Anesthesiology 2015; 122:12-20
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Previous estimates of the incidence of TRALI have ranged
from 0.04 to 8.0% per transfused patient.4–8 However, many
of these studies used passive reporting strategies, and thus are
believed to dramatically underestimate the true incidence of
TRALI. Additionally, most studies investigating the epidemiology of TRALI have focused on patients in the critical care
setting. Although these investigations have provided valuable
information about TRALI in critically ill patients, substantial
differences frequently exist in patient characteristics and baseline risk factors for lung injury when the noncardiac surgical population is compared with the critically ill population.
Therefore, the available data on the critically ill population
may not be generalizable to surgical cohorts. Furthermore,
the paucity of studies focusing on surgical patients has precluded the identification of potentially modifiable perioperative risk factors specific to this unique population.
Importantly, approximately 50% of all blood product
transfusions take place in the perioperative environment.9
Consequently, anesthesiologists are well positioned to make
meaningful contributions to improving transfusion-related
outcomes for surgical patients. To this end, a critical first
step is to establish a clear understanding of the epidemiology
of transfusion-related complications. Therefore, the overall
goal of this investigation was to clearly define the epidemiology of TRALI after intraoperative blood product administration in a large cohort of patients undergoing noncardiac
surgery with general anesthesia. Of note, previous reports
have shown a decline in the incidence of TRALI after the
introduction of universal leukoreduction10 and the maleonly donor policy for plasma11 (occurring in 2005 and 2008,
respectively, at our institution). Therefore, in order to evaluate the impact of these interventions in surgical patients, we
conducted a before-and-after study, evaluating the outcomes
of all patients transfused intraoperatively during the calendar
years 2004 and 2011.

Transfusion-related Acute Lung Injury

Outcome Adjudication
In the current study, cases adjudicated as TRALI or as possible TRALI according to the 2004 Canadian consensus
criteria14 (table 1) were considered as a single composite outcome. The rationale for combining these two outcomes is
that many “high-risk” surgeries (e.g., aortic vascular, lung/
esophageal resection) are known to be associated with a high
rate of postoperative lung injury, thereby necessitating the
adjudication of possible TRALI.15,16 Excluding this group
from our analyses would therefore have resulted in the exclusion of a large number of potential cases with important deleterious outcomes. Thus, for purposes of this study, we refer
to this composite outcome as TRALI.
To identify cases of TRALI in this population, we used
a three-step approach. First, to enhance the feasibility of
this large study, and to facilitate the accurate detection of
TRALI cases, we utilized our recently developed natural
language processing (NLP)–based electronic screening algorithm (fig. 2).17 This algorithm was developed in an alternate
cohort of patients that included subjects known to have had
a TRALI episode, as well as in complication-free transfused
controls. The algorithm variables and their cutoff thresholds
were developed using classification and regression tree analysis, as previously described.17 In brief, this algorithm evaluates chest radiograph reports for the presence of terms and
phrases believed to be consistent with a diagnosis of TRALI
(table 2). In total, there were 4 explicit terms, 8 descriptive
terms, 16 location terms, and 128 term combinations that
were considered for NLP chest radiograph case identification using the open-source clinical text analysis and knowledge extraction system.18 In addition, vital status data stored
within the electronic health record (including partial pressure
of arterial oxygen [Pao2], Pao2 to fraction of inspired oxygen
[Fio2] ratio [Pao2:Fio2], and oxygen saturation [Spo2]) were
evaluated to identify potential TRALI cases. We have previously documented the diagnostic accuracy of this TRALI
case detection algorithm with a sensitivity and specificity of
92.5% (95% CI, 84.6 to 96.7%) and 93.6% (95% CI, 85.0
to 97.6%), respectively.17
Second, two independent physicians (L.C. and Q.J.)
manually reviewed the electronic health records of all patients
who screened positive for TRALI and allocated a diagnosis
based upon the 2004 Consensus Criteria (table 1).14 Due to
our interest in the epidemiology of TRALI after intraoperative blood product administration, we limited our outcome
assessment to 6 h after the last intraoperative blood product
transfusion. Third, in situations in which these two physicians disagreed, a panel of three senior critical care physicians reviewed each case to adjudicate a final outcome.

Table 1. TRALI and Possible TRALI Definitions from the 2004
Canadian Consensus Statement

Adapted, with permission, from Kleinman et al. Transfusion 2004; 44:
1774–89.14 Adaptations are themselves works protected by copyright. So in
order to publish this adaptation, authorization must be obtained both from the
owner of the copyright in the original work and from the owner of copyright in
the translation or adaptation.
* Data evaluated to inform decisions regarding the presence or absence of
left atrial hypertension/fluid overload (when available) included: fluid balance, patient weight, echocardiographic data, pulmonary artery catheter
hemodynamic data, central venous pressures, and the clinical context
(comorbidities and acute physiology).
ALI = acute lung injury; Fio2 = fraction of inspired oxygen; Pao2 = partial
pressure of arterial oxygen; Spo2 = oxygen saturation; TRALI = transfusion-related acute lung injury.

Fig. 2. Screening algorithm. Natural language processing
(NLP)–based transfusion-related acute lung injury (TRALI)
screening algorithm. Asterisk indicates that, in the absence
of a Pao2:Fio2 ratio, surrogate markers of hypoxemia used in
order of availability were Pao2 ≤117 mmHg followed by Spo2
≤97%. CXR = chest radiograph; plus sign (+) = positive.

Physicians were able to adjudicate a diagnosis of TRALI
using the 2004 Consensus Criteria, as described in table 1;
of transfusion-associated circulatory overload (TACO)
based on the 2014 National Healthcare Safety Network criteria* (table 3); of both TRALI and TACO (if there was evidence for both TRALI and TACO but neither was thought
to fully explain the clinical picture); or of neither TRALI
nor TACO (where neither the TRALI nor the TACO case
definitions were met). Since the primary aim of the current investigation was to better describe the incidence of
TRALI in a surgical population, data from patients with a
diagnosis of only TACO were not analyzed as part of this
investigation (fig. 1).

* CDC. The National Healthcare Safety Network (NHSN) Manual:
Biovigilance Component Protocol [Internet]. Atlanta, GA: Division
of Healthcare Quality Promotion, National Center for Emerging
and Zoonotic Infectious Diseases, Centers for Disease Control and
Prevention; January 2014 [cited April 15, 2014]. Available at: http://
www.cdc.gov/nhsn/PDFs/Biovigilance/BV-HV-protocol-current.pdf.
Accessed November 13, 2014.
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1. TRALI
 a) ALI
  i. Acute onset
  ii. Hypoxemia (Pao2:Fio2 ≤300 mmHg or Spo2 <90% on room
air [or other clinical evidence of hypoxemia])
  iii. B
 ilateral infiltrates on frontal chest radiograph
  iv. No evidence of left atrial hypertension (i.e., circulatory
overload) as the sole explanation for the critical findings*
 b) No preexisting ALI before transfusion
 c) Onset during or within 6 h of transfusion
 d) No temporal relationship to an alternative risk factor for ALI
2. Possible TRALI
 a) ALI
 b) No preexisting ALI before transfusion
 c) During or within 6 h of transfusion
 d) A clear temporal relationship with an alternative risk factor
for ALI

PERIOPERATIVE MEDICINE

Table 2. Variation in Descriptive Terms Corresponding to a
Diagnosis of TRALI Included in Natural Language Processing
Location Terms

Explicit Terms

Opacification
Opacity
Opacities
Infiltrate
Infiltrates
Hazy
Fluffy
Patchy

Edema
ALI
ARDS
CHF

ALI = acute lung injury; ARDS = acute respiratory distress syndrome;
CHF = congestive heart failure; TRALI = transfusion-related acute lung injury.

Table 3. TACO from the CDC National Healthcare Safety
Network Biovigilance Component 2013
New onset or exacerbation of three or more of the following
within 6 h of cessation of transfusion:
 Acute respiratory distress (dyspnea, orthopnea, cough)
 Increased BNP
 Increased CVP
 Evidence of left heart failure
 Evidence of positive fluid balance
 Radiographic evidence of pulmonary edema
Adapted from the U.S. Centers for Disease Control, The National Healthcare Safety Network (NHSN) Manual: Biovigilance Component Protocol
[Internet]. Atlanta (GA): Division of Healthcare Quality Promotion, National
Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease
Control and Prevention; January 2014 [cited 2014 Apr 15]. http://www.cdc.
gov/nhsn/PDFs/Biovigilance/BV-HV-protocol-current.pdf.
BNP = brain type natriuretic peptide; CDC = Centers for Disease Control;
CVP = central venous pressure; TACO = transfusion-associated circulatory
overload.

Statistics
In the current study, we included all eligible patients who
underwent operations during the index years 2004 and 2011.
Baseline characteristics are summarized by frequency (percentage) or median (interquartile range [IQR]) for categorical and
continuous variables, respectively. Comparison of characteristics between calendar years was carried out using the t test and
the chi-square test test, respectively. We evaluated the frequency
of TRALI after intraoperative blood product transfusion by calculating event rates both overall and separately for the calendar
years 2004 and 2011. Thereafter, age and transfusion volume
were categorized by quintiles, and age-specific and transfusion
volume–specific rates were calculated and tested statistically
using the Cochran-Armitage trend test. Sex-specific rates were
calculated and tested using the chi-square test, and surgical specialty–specific rates were calculated and tested using the MonteCarlo estimate of the exact test. Agreement between physicians
adjudicating outcome was assessed using ĸ coefficients. Finally,
an unadjusted comparison of outcomes was carried out within
this cohort between patients determined to have TRALI versus
complication-free transfused patients (no evidence of TRALI or

Data Sources and Collection
Data required to apply our electronic algorithm fit into two main
categories: 1) structured data (e.g., vital signs) and 2) unstructured data (e.g., radiology reports processed using NLP). The
required structured data points included Pao2; Pao2:Fio2 ratio;
and Spo2 (fig. 2). To ensure completeness, we collected these
data from three existing databases: the perioperative data mart
(as described above in the Study Population subsection of the
Materials and Methods section); the intensive care unit (ICU)
data mart, a near real-time database similar to the perioperative
data mart that captures multiple data points directly from the
electronic health record for patients in the ICU13; and the Mayo
Clinic Life Sciences System,19 a sophisticated data warehouse
that contains a normalized replica of the electronic health record
derived from multiple original clinical data sources, including
vital signs for all patients. For the current study, the Mayo
Clinic Life Sciences System was used to obtain structured data
Anesthesiology 2015; 122:12-20
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Alveolar
Perihilar
Bilateral
Bilaterally
Basilar
Bibasilar
Bibasilar
Diffuse
Extensive
Airspace
Air space
Air-space
Parenchymal
Pulmonary
Lung
Lungs

Description Terms

for patients located in nonmonitored care environments such as
the general surgical floor. Baseline demographic data were also
extracted from these three databases.
Extensive efforts have been undertaken to ensure the validity and reliability of these databases, and these efforts have been
described in detail previously,13,19 To maximize the sensitivity
of our algorithm, we identified the worst or the most extreme
values for each patient within the time period of interest after
blood product transfusion. For example, we used the lowest
Pao2:Fio2 ratio. Errors were minimized by manually verifying the most extreme values in the electronic health record.
Unstructured data used in this algorithm (e.g., chest radiograph reports) were obtained from the enterprise data trust,
an existing database of clinical, research, and administrative
data.19 NLP was applied to the reports to identify terms consistent with a diagnosis of TRALI as described previously.17
Detailed transfusion data were collected using the perioperative information tool. This user interface application was developed using Microsoft.NET (Microsoft Corp., Redmond, WA)
technology and contains detailed information pertaining to all
transfusions, including exact transfusion times, blood products,
and volumes, and it allows users to retrieve multiple perioperative patient data points in an efficient manner. Data sources for
this application include direct transmission from the perioperative data mart, as well as from the Amalga Unified Intelligence System (Microsoft Corp.).20 This latter resource captures
a broader range of near real-time patient data. The automated
nature of these complex databases ensures accuracy of data to
the same extent that the original medical record is accurate.
Considerable effort has been exerted to ensure the validity of
these databases. Indeed, previously developed screening algorithms for other critical care syndromes (using this same technology) at our institution have proven highly successful.21–24

Transfusion-related Acute Lung Injury

TACO). Specifically, ICU length of stay and hospital length of
stay (median, IQR in days) were compared using the t test. Inhospital mortality (frequency [percentage]) was compared using
the chi-square test, and an odds ratio (95% CI) of in-hospital
death was generated. All statistical analyses were carried out
using SAS version 9.1 (SAS Institute Inc.), with P values < 0.05
considered significant.

Results
A total of 83,204 unique patients underwent surgical procedures at our institution during the index calendar years
(41,490 in 2004 and 41,714 in 2011). Of these, 3,379
adult patients undergoing noncardiac surgery with general
anesthesia were eligible for inclusion in this study (1,817
in 2004 and 1,562 in 2011) (fig. 1). Baseline characteristics are summarized in table 4. In brief, the median age for
this transfused cohort was 66 yr (range, 54 to 76 yr), with
patients being marginally older in 2004. About half of the
patients (1,614 [47.8%]) were male. The median intraoperative transfusion volume was 660 ml. Both age and median
transfusion volume were comparable between calendar years.
Overall, most patients underwent abdominal surgeries (944
of 3,379 [27.9%]), followed by orthopedic surgeries (673 of
3,379 [19.9%]), with the fewest patients undergoing neurologic surgery (99 of 3,379 [2.9%]). There was a statistically
significant difference in the distribution of patients among
surgical specialties between 2004 and 2011 (P < 0.001).
Overall, 512 (15.2%) patients electronically screened
positive for TRALI, 324 in 2004 and 188 in 2011. Manual
review showed that 45 of these 512 screen-positive patients
(8.8%) had experienced TRALI/possible TRALI (agreement by ĸ statistic, 0.22). The overall rate of TRALI occurring within 6 h of the last intraoperative blood product

Table 4. Baseline Characteristics of Transfusion Recipients by Age, Sex, Transfusion Volume, and Surgical Specialty in 2004 and
2011
Characteristics
Age, median (IQR), yr*
Male sex*
Intraoperative transfusion volume,
median (IQR), ml
Surgical specialty
 Abdominal
 OB/GYN
 Neurologic
 Orthopedic
 Spine
 Thoracic
 Transplant
 Urology
 Vascular
 Other

Overall
(N = 3,379)
66 (54 to 76)
1,614 (47.8)
660 (350 to 1,200)

2004
(n = 1,817)

2011
(n = 1,562)

67 (54 to 76)
858 (47.2)
639 (350 to 1,050)

65 (54 to 75)
756 (48.4)
660 (330 to 1,028)

481 (26.5)
157 (8.6)
45 (2.5)
401 (22.1)
114 (6.3)
59 (3.2)
81 (4.5)
154 (8.5)
248 (13.6)
77 (4.2)

463 (29.6)
136 (8.7)
54 (3.5)
272 (17.4)
135 (8.6)
74 (4.7)
97 (6.2)
125 (8.0)
127 (8.1)
79 (5.1)

P Value*
.004
.049
.070
<0.001

994 (27.9)
293 (8.7)
99 (2.9)
673 (19.9)
249 (7.4)
133 (3.9)
178 (5.3)
279 (8.3)
375 (11.1)
156 (4.6)

Values are numbers (percentage) unless indicated otherwise.
*P values compare medians and frequencies between 2004 and 2011 using the t test and the chi-square test, respectively.
IQR = interquartile range; OB/GYN = obstetrics and gynecology.
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transfusion was therefore 1.3% (95% CI, 1.0 to 1.8%) (45
of 3,379) (table 5). Specifically, 13 cases (0.4% [95% CI,
0.2 to 0.7%]) were deemed to be TRALI, whereas 32 cases
(0.9% [95% CI, 0.7 to 1.3%]) were deemed to be possible
TRALI due to the presence of alternate acute lung injury risk
factors (table 5).14 Of the 13 true TRALI cases, 5 occurred in
2004 (0.3% [95% CI, 0.1 to 0.6%]) and 8 occurred in 2011
(0.5% [95% CI, 0.3%-1.0%]). Of the 32 possible TRALI
cases, 18 occurred in 2004 (1.0% [95% CI, 0.6 to 1.6%])
and 14 occurred in 2011 (0.9% [95% CI, 0.5 to 1.5%]).
Product-specific rates of TRALI and possible TRALI are
also shown in table 6. The composite rate of TRALI did not
change significantly between 2004 (23 of 1,817) and 2011
(22 of 1,562): 1.3% (95% CI, 0.8 to 1.9%) versus 1.4%
(95% CI, 0.9 to 2.1%) (P = 0.72) (table 5).
The incidence of TRALI was comparable among male
and female patients in both calendar years (1.4 vs. 1.2%)
(P = 0.65) (table 5). Overall, thoracic (2 of 45 [3.0%]), vascular (10 of 45 [2.7%]), and transplant surgeries (4 of 45
[2.2%]) carried the highest rates of TRALI/possible TRALI.
In fact, the rate of TRALI in thoracic surgical patients
was approximately three times that of patients undergoing
abdominal or orthopedic surgeries, and more than three
times the risk observed in patients undergoing spinal or urologic surgeries. Obstetric and gynecologic surgical patients
had no TRALI episodes during either study year. This variability in the rate of TRALI across surgical specialties failed
to reach statistical significance (P = 0.07). There was some
increased incidence of TRALI/possible TRALI with increasing age that was not significant (P = 0.06). Specifically, the
rate of TRALI in patients aged ≥80 yr was almost twice the
rate observed in all groups aged ≤ 69 yr, and almost 1.5
times the rate observed in patients aged 70 to 79 yr. The rate
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Table 5. Incidence Rates of Perioperative Transfusion-related Acute Lung Injury Overall and by Age, Sex, Transfusion Volume, and
Surgical Specialty in 2004 and 2011
Variable

2011 No./Total (%)

Overall No./Total (%)

23/1,817 (1.3)

22/1,562 (1.4)

45/3,379 (1.3)

3/318 (0.9)
2/296 (0.7)
4/414 (1.0)
8/486 (1.6)
6/303 (2.0)

3/277 (1.1)
3/288 (1.0)
6/421 (1.4)
5/370 (1.4)
5/206 (2.4)

6/595 (1.0)
5/584 (0.8)
10/835 (1.2)
13/856 (1.5)
11/509 (2.2)

12/857 (1.4)
11/960 (1.1)

11/756 (1.5)
11/806 (1.4)

23/1,613 (1.4)
22/1,766 (1.2)

5/481 (1.0)
0/157 (0.0)
1/45 (2.2)
4/401 (1.0)
1/114 (0.9)
2/59 (3.4)
0/81 (0.0)
1/154 (0.6)
7/248 (2.8)
2/77 (2.6)

6/463 (1.3)
0/136 (0.0)
1/54 (1.9)
3/272 (1.1)
1/135 (0.7)
2/74 (2.7)
4/97 (4.1)
1/125 (0.8)
3/127 (2.4)
1/79 (1.3)

11/944 (1.2)
0/293 (0.0)
2/99 (2.0)
7/673 (1.0)
2/249 (0.8)
4/133 (3.0)
4/178 (2.2)
2/279 (0.7)
10/375 (2.7)
3/156 (1.9)

2/606 (0.3)
2/635 (0.3)
3/200 (1.5)
3/130 (2.3)
13/246 (5.3)

4/512 (0.8)
5/485 (1.0)
2/187 (1.1)
2/101 (2.0)
9/277 (3.2)

6/1,118 (0.5)
7/1,120 (0.6)
5/387 (1.3)
5/231 (2.2)
22/523 (4.2)

P
Value
0.72
0.06

0.65

0.07

<0.001

OB/GYN = obstetrics and gynecology.

were admitted to the ICU postoperatively (61.3% of the
study cohort), the median length of ICU stay for patients
with TRALI was 11.2 days (IQR, 5.7 to 27.9 days), compared
with 5.9 days (IQR, 2.7 to 15.2 days) for transfused controls
(P < 0.001). Patients with TRALI also had a significantly longer median hospital length of stay at 12.3 days (IQR, 6.1 to
23.0 days), compared with 6.6 days (IQR, 4.5 to 10.0 days)
for complication-free transfused patients (P < 0.001). Finally,
the rate of in-hospital mortality for the 45 TRALI cases was
28.9% (n = 13), compared with 2.5% (n = 81) for the 3,193
complication-free transfused patients. This resulted in an odds
ratio of 15.6 (95% CI, 7.9 to 30.8) for death in TRALI cases,
compared with transfused controls (P < 0.001).

Table 6. Rates of TRALI and Possible TRALI by Type of
Transfusion Product for 2004 and 2011
TRALI, No.
Product
Erythrocyte only
FFP only
Platelets only
Mixed

Possible
TRALI, No.*

2004
(n = 5)

2011
(n = 8)

2004
(n = 18)

2011
(n = 14)

1
0
0
4

3
0
0
5

6
0
0
12

5
2
1
6

*Thirty-two cases were deemed as possible TRALI due to the presence of
sepsis (n = 7), trauma (n = 6), shock (n = 6), aspiration (n = 3), pneumonia
(n = 1), or surgical procedures with high risk for ALI/ARDS (n = 9). Some
patients fit into multiple categories.
FFP = fresh frozen plasma; TRALI = transfusion-related acute lung injury.

Discussion
This large-scale cohort study of noncardiac surgical patients
undergoing general anesthesia offers insights into the incidence of TRALI after intraoperative blood product transfusion. Using a novel NLP-based algorithm, followed by a
rigorous two-phase manual review strategy, we conducted a
detailed epidemiologic analysis of postoperative TRALI. Our
findings confirmed that TRALI is dramatically underrecognized and underreported in clinical practice; specifically, its

of TRALI also increased with greater volumes of transfused
product (P < 0.001; table 5).
Importantly, of the 45 cases of TRALI identified during
these two calendar years, none were reported to the transfusion medicine service. However, our comparison of outcomes
for patients identified as having TRALI with outcomes for
complication-free transfused patients revealed a number of
important differences. Namely, for the 2,073 patients who
Anesthesiology 2015; 122:12-20
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Overall
Age, yr
 
≤49
 50 to 59
 60 to 69
 70 to 79
 
≥80
Sex
 Male
 Female
Surgical specialty
 Abdominal
 OB/GYN
 Neurologic
 Orthopedic
 Spine
 Thoracic
 Transplant
 Urology
 Vascular
 Other
Transfusion volume, ml
 
≤350
 351 to 700
 701 to 1,050
 1,051 to 1,400
 
≥1,401

2004 No./Total (%)

Transfusion-related Acute Lung Injury

Anesthesiology 2015; 122:12-20

also excluded patients undergoing thoracic surgery, whereas
we included them and found them to be at highest risk for
postoperative TRALI (3.0%). Finally, Tsai et al.33 included
patients receiving exclusively regional anesthesia (none experienced TRALI), whereas we evaluated postoperative TRALI
in patients undergoing general anesthesia only.
Undoubtedly, uncertainty remains about the true incidence of TRALI; however, numerous explanations may
account for the variable previous estimates. Before the 2004
consensus criteria for TRALI,14 its definition in the medical literature was inconsistent. Since then, explicit criteria
applied under study conditions have varied.34,35 Furthermore, while some authors reported TRALI rates,33,36 others
grouped TRALI and possible TRALI37 (as we did).
Of equal importance are the different methods by which
cases are identified. Some investigators have used manual retrospective chart review35; others have conducted prospective
active surveillance36; but few have used electronic algorithms
in case identification.38 As demonstrated previously, passive
identification strategies are prone to underrecognition, particularly of less severe cases. Additionally, the populations in
each study range from all transfused patients36 to the critically
ill4 and, rarely, to surgical subsets,31,32 with differing underlying risks for TRALI, thus limiting comparability. Finally, compounding these study design differences is the impact of the
passage of time. Not only has TRALI recognition improved,
but there have also been changes in blood management and
donor procurement strategies that may have reduced the rate
of TRALI.10,11,37 Although our study did not demonstrate
this hypothesized decline in incidence after TRALI mitigation strategies were introduced (as discussed in the next paragraph of this Discussion), a substantial and growing body of
medical literature supports this effect.11,37 Consequently, we
believe that early data before the mid-2000s are unlikely to be
representative of the current syndrome burden.
Interestingly, we did not observe the expected decline in
TRALI rates from 2004 to 2011, with the introduction of
TRALI mitigation strategies, perhaps because we grouped
TRALI and possible TRALI as a combined outcome.
Although previous reports indicate that TRALI mitigation
strategies have resulted in a significant decline in the rate of
true TRALI events, their impact on the occurrence of possible TRALI remains unclear.11 We believe this previously
observed decline in TRALI incidence with TRALI mitigation
strategies to be a true effect, but our detailed breakdown of
results by year, implicated product, and TRALI versus possible TRALI (table 6) does not support this hypothesis. However, given the low overall event rate (45 cases in 2 yr), our
study was not sufficiently powered to detect such a difference.
Another noteworthy observation is the association
between TRALI incidence and transfusion volume. Indeed,
a positive association between “dose” of transfusion and
TRALI incidence has been reported.36 Although TRALI is
believed to be largely immune mediated, the risk of receiving
an alloimmunized donor unit undoubtedly increases with
18
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1.3% incidence is greater than many previous estimates.
Notably, increasing transfusion volume was a potent predictor of postoperative TRALI, whereas increasing incidence
with age fell just short of statistical significance. Importantly,
the median duration of hospitalization was markedly prolonged for patients with TRALI versus controls (ICU, 11.2
vs. 5.9 days; hospital overall, 12.3 vs. 6.6 days). Furthermore,
in-hospital mortality was augmented (odds ratio, 15.6) in
TRALI patients versus complication-free transfused controls.
Despite targeted mitigation strategies, TRALI incidence was
unchanged between 2004 and 2011 (1.3% vs. 1.4%) (P =
0.72).
Despite its underrecognition,2,3,25,26 TRALI remains the
leading cause of transfusion-related fatalities in developed
countries.1 Beyond the prognostic impact on transfusion
recipients, accurate reporting of TRALI is critical for identification—and possible exclusion—of implicated, potentially alloimmunized donors. As highlighted by Kopko et
al.,2 unrecognized TRALI may lead to the administration of
blood products from “risky” donors, precipitating additional
TRALI episodes in vulnerable recipients.
In this study, we determined rates of TRALI specific to
surgical patients transfused intraoperatively. A large proportion of blood product transfusions (about 50%) takes place
in operating rooms,9 and a substantial proportion (41%)
of TRALI is experienced after intraoperative transfusion.3
Nonetheless, most studies investigating TRALI rates have
focused on critically ill patients, with an incidence historically estimated at 0.02 to 0.05% per unit transfused5,26 and
at 2.2 to 8.2% per patient transfused in the ICU.4,27,28
Although the importance of TRALI in surgical populations
has been recognized since the 1990s,29 data are sparse concerning its occurrence. Early investigations of perioperative
TRALI were limited by passive reporting, markedly underestimating its true incidence.30 Several recent isolated studies have
focused on high-risk surgical populations, which, coupled
with differences in methodology and outcome adjudication,
limits generalizability to the wider surgical population.31,32
In 2012, Tsai et al.33 conducted a large retrospective
study of postoperative TRALI in which they identified only
15 cases in 14,441 patients (0.1%). Notably, they retrospectively identified previously adjudicated TRALI diagnoses
from an existing database that defined TRALI as hypoxemia
(Pao2:Fio2 ratio <300 mmHg), with evidence of pulmonary
edema. However, the absence of an available Pao2:Fio2 ratio
in these patients precluded the diagnosis of TRALI. The
authors acknowledged that inadequate retrospective documentation may have discounted less severe forms of TRALI.
We overcame this limitation by including other parameters
of hypoxemia (Spo2 and Pao2 [fig. 2]).
Tsai et al’s33 exclusion of patients with other risk factors
for acute lung injury would also have excluded all cases of
possible TRALI. In contrast, we grouped TRALI and possible TRALI as a single outcome, likely accounting for
much of the difference in our incidence rates. Tsai et al.33
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more transfusions. Indeed, patients experiencing TRALI
have often received a proportionally greater number of units
than their complication-free transfused counterparts. In
addition, in the current study, physician reviewers adjudicated cases as TRALI, TACO, both, or neither. Patients who
had both TRALI and TACO (n = 23) were those in whom
the evidence of volume overload did not fully explain the
extent of respiratory distress. These patients were included in
the current analyses, which may partly explain the increased
average volume transfused in TRALI patients.
Notably, several study limitations merit discussion. First,
in light of the excellent sensitivity of our electronic screening algorithm, we limited manual review to screen-positive
transfusion recipients. Hence, we may have overlooked some
cases that screened false-negative. Without manual review
of all screen-negative patients, we are unable to corroborate
this possibility. However, we again stress that the algorithm
achieved a sensitivity of 92.5% (95% CI, 84.6 to 96.7%) in
our derivation cohort.17 Although deficiencies may still exist,
our NLP-based algorithm has been shown to significantly
improve upon manual detection alone,3 as well as upon nonNLP–based electronic algorithms.17 For a sensitivity analysis, we tested the assumption that our algorithm may have
performed at the lower boundary of the CI of its previously
demonstrated sensitivity (84.6%). In this circumstance, we
determined that there could have been up to 53 cases of
TRALI in this population of 3,379 patients as opposed to
the 45 identified in our primary analyses. The rate of TRALI
would therefore marginally increase to 1.6% as opposed to
the 1.3% reported in the primary analyses. We also emphasize that there were no cases of TRALI reported to the blood
bank during our study period among the screen-negative
population. This further supports the accuracy of the TRALI
screening algorithm. Second, the nature of the study population at our single-center, tertiary-care referral center limits the
generalizability of our results. We surmise that patients may
have had a greater prevalence of comorbid conditions and
may have been more acutely unwell than surgical populations
elsewhere. Thus, the incidence of TRALI in our practice may
be above average. Finally, our investigation was also limited
by well-recognized difficulties pertaining to making a TRALI
diagnosis. Indeed, diagnosing TRALI, TACO, or acute lung
injury can be challenging in the best clinical settings. This
diagnostic dilemma was further pronounced in our attempt
to retrospectively identify cases of TRALI in a postoperative cohort that frequently experiences atelectasis. However,
to overcome this dilemma, we implemented robust methodology whereby patients were first electronically screened.
Thereafter, two independent physicians with previous training manually reviewed cases. When discrepancies arose, their
review was followed by a panel review by three senior critical
care physicians. We believe that these procedures represent
a marked improvement over those used in past studies aiming to characterize TRALI epidemiology using only passive
reporting or single-reviewer outcome adjudication.
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