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Abstract

Background: Transfusion-related acute lung injury (TRALI) is the leading cause of 

transfusion-related morbidity and mortality. Both antibodies and bio-active lipids 

accumulating during storage of blood have been implicated. Cardiac surgery 

patients may be at risk for developing TRALI as cardiopulmonary bypass may cause 

pulmonary neutrophil priming and this patient population is frequently exposed to 

blood transfusion. However, incidence is unknown. We determined incidence, risk 

factors and outcome of TRALI in a cohort of cardiac surgery patients. 

Methods: In a single center nested case control study, patients were prospectively 

observed for onset of TRALI according to the consensus definition. Blood products 

were screened for bio-active lipid accumulation and storage time. Samples from 

donors were analyzed for the presence of HLA/HNA antibodies. Transfused and 

non-transfused controls were randomly assigned to TRALI-cases in a 2:1 ratio. To 

evaluate independent potential predictors of TRALI, univariate analysis followed by 

multivariate logistic regression analysis was performed.

Results: Of 1.000 screened patients, 668 patients were included. Of these, 16 

patients developed TRALI (2.4%). Patient-related risk factors for onset of TRALI 

compared to transfused and non-transfused patients were age [OR 1.1 (1.00-1.21)] 

and time on the cardiopulmonary bypass [OR 1.0 (1.00-1.03)] Transfusion related 

risk factors were total amount of blood products transfused [OR 1.2 (1.03-1.44)], 

number of red blood cells stored > 14 days [OR 1.6 (1.04-2.37)], total amount of 

plasma transfused [OR 1.2 (1.03-1.44)], presence of HLA/HNA antibodies in the 

donor plasma [OR 8.8 (1.8-44)] and total amount of bio-active lipids transfused 

[OR 1.0 (1.00-1.07)] compared to transfused controls. When adjusted for patient 

risk factors, only the presence of HLA or HNA antibodies in the associated blood 

products remained as a risk factor for TRALI [OR 14.2 (1.5-132)]. In-hospital mortality 

of TRALI was 13% compared to 0% and 3% in transfused and non-transfused 

patients (p<0.05).

Conclusions: The incidence of TRALI is high in cardiac surgery patients and 

associated with adverse outcome. Our results suggest that cardiac surgery patients 

may benefit from exclusion of blood products containing HLA or HNA antibodies. 
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Introduction

Transfusion-related acute lung injury (TRALI) is the leading cause of transfusion-

related morbidity and mortality.1-4 TRALI is defined as the acute onset of hypoxia 

and bilateral pulmonary infiltrates, in temporal relation to a blood transfusion.1,5 

Although the absence of specific disease markers and diagnostic tests have resulted 

in a large variation in estimations of incidence,1,6-13 TRALI is generally considered to 

be a rare event. However, TRALI is under-diagnosed and under-reported.14,15 Cases 

remain unnoticed, or are misdiagnosed as fluid overload or ALI of other etiology.14, 

16,17 As yet, controlled trials using standardized definitions of TRALI are limited.6 

TRALI is thought to be a two hit entity. The “first hit” is the presence of an 

inflammatory condition in the host, causing endothelial activation leading to 

neutrophil sequestration and priming in the lung.18 The “second hit” is transfusion 

of a blood product containing either antibodies or factors that accumulate during 

storage, providing additional signals for neutrophil activation resulting in the clinical 

syndrome of pulmonary edema. 

Cardiac surgery patients may be at risk for TRALI. During the intra-thoracic 

surgical procedure, the lungs are deflated and non-ventilated for several hours, 

which may cause injury to the lung vasculature (the “first hit”). Also, the use of 

cardiopulmonary bypass can cause neutrophil priming.19,20 In retrospective studies, 

cardiac surgery was a risk factor for onset of TRALI.9,10 Besides possible priming 

factors, these patients often receive transfusion of blood products. Data show that 

the transfusion frequency in this patient population is high, red blood cells (RBCs), 

platelets (PLTs) and of fresh frozen plasma (FFP) transfusion frequency is 27-95%, 

0-36% and 0-36% respectively.21 

Most of the evidence regarding mechanisms of TRALI comes from experimental 

studies, case reports and limited case series.14,22-25 Two distinct mechanisms 

have been suggested: the traditional theory proposes an antibody-mediated 

reaction between recipient neutrophils and anti-neutrophil antibodies from donors 

who were sensitized during pregnancy (multi-parous women) or by previous 

transfusion.7,14,26 An alternative mechanism involves accumulation of bio-active 

lipids (lysophosphatidylcholines, lysoPCs) during storage of cell containing blood 

products.24,25,27Several transfusion policies may have potential in decreasing TRALI 

incidence. Routine exclusion of women donors in production of fresh frozen plasma 

(FFP) decreases TRALI incidence in observational studies.28,29 Transfusion of fresh 

red blood cells only was associated with less pulmonary complications in cardiac 

surgery patients,30 but results have not been confirmed by others.31-33 Without 

doubt, both the deferral of female donors as well as the use of fresh blood only 

have serious consequences for blood availability. Insight in incidence and risk factors 

for TRALI are mandatory to improve product management strategies as well as 
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donor-exclusion policies aimed at decreasing the risk of acquiring TRALI without 

impeding a continuous reliable blood supply. 

We performed a prospective case control study in a cohort of cardiac surgery 

patient to determine incidence, risk factors and outcome of TRALI. 

Methods

The medical ethics committee approved the study protocol, and written informed 

consent was obtained from the patient before entry in the study. Consecutive 

patients of 18 years and older were asked informed consent prior to undergoing 

cardiac surgery. Exclusion criteria were pulmonary thrombo-endarterectomy or 

emergency surgery. Investigators consecutively screened 1000 cardiac surgery 

patients from November 2006 until February 2009. Included patients were observed 

for the onset of TRALI during surgery and afterwards up to 30 hours on the ICU.

Setting and Cardiothoracic Surgery/Anesthesia Procedures

The study was performed in a university hospital in The Netherlands. Patients 

were anesthetized according to local institutional protocol, with lorazepam as 

premedication followed by etomidate, sufentanil, and rocuronium for induction of 

anesthesia and facilitation of intubation. During the surgical procedure, sufentanil was 

used as analgesic and sevoflurane plus propofol were used to maintain anesthesia. 

Muscle relaxants were not given during the surgical procedure. Small doses of 

morphine and midazolam could be given at the end of the procedure. Steroids were 

given at the discretion of the cardio-anesthesiologist. As part of standard care, a 

pulmonary artery catheter was inserted for peri-operative monitoring. 

In all patients, cardiopulmonary bypass was performed under mild to moderate 

hypothermia (28°C–34°C), using a membrane oxygenator and a non-pulsatile blood 

flow. During procedure lungs were deflated. After the procedure, all patients were 

transferred to the ICU with mechanical ventilation.

ICU Management

The postoperative ICU protocol involved fluid infusion with normal saline and starch 

solutions, blood transfusion to maintain hemoglobin concentration (≥5.0 mmol/L), 

dopamine and norepinephrine in continuous infusion to achieve mean arterial blood 

pressure ≥ 65 mm Hg, and dobutamine and/or milrinone to achieve a cardiac index 

≥2.5 L/min/m2 or a mixed venous oxygenation >60%. Propofol was continuously 

infused until core temperature  reached 36.0°C, after which propofol infusion was 

stopped. Analgesics include acetaminophen and morfine.
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Design

TRALI-cases were 1:2 randomly matched with control patients. Cases were not 

matched on potential risk factors, such as age, type of surgery or gender as in this 

way potential risk factors for the onset of TRALI could be eliminated by accident.  

Controls were transfused patients not developing ALI and patients not transfused 

not developing ALI. Since 1 June 2007, exclusion of female donors for FFP became 

effective in the Netherlands. For this reason, matching was done separate for 

patients included before or after the 1st of June 2007.29

Possible TRALI was defined using the consensus definition of TRALI (new onset 

hypoxemia or deterioration demonstrated by a PaO2/FiO2 < 300 mmHg, within 

6 hours after transfusion, with bilateral pulmonary changes, in the absence of 

elevated left atrial pressure defined as a pulmonary arterial occlusion pressure ≤ 

18 mmHg).1,3,5 Chest radiographs were routinely taken before surgery and on 

arrival at the ICU and scored for the presence of new onset bilateral interstitial 

abnormalities by two independent physicians blinded to the predictor variables. 

When interpretation differed, chest radiograph and the description by the radiologist 

were reviewed to receive consensus. 

Patient data collection

Potential risk factors for onset of acute lung injury were scored, including alcohol 

abuse, smoking, myocardial infarction, hypertension, diabetes, vascular diseases, 

hematologic and solid malignancy, cerebrovascular accidents, auto-immuundisease, 

COPD and diminished left ventricular function. Data on pre-operative blood values 

and peri-operative data were extracted from the electronic patient data system as 

well as ventilation time, hospital stay and mortality.

Transfusion data collection

Transfused red blood cells (RBCs) were leukoreduced (buffy coat removed and the 

erythrocyte suspension was filtered to remove the leukocytes to less then 1x106). 

The start and stop time of the transfusion was recorded by the bedside nurse and 

entered in the electronic patient data system. The volume of plasma transfused was 

calculated as the sum of 325 ml per unit of FFP and 250 ml per PLTs. Data on donor 

gender and storage time of the blood products were obtained from the National 

Blood Bank. All products transfused during cardiac surgery and post-operatively 

up to 24 hours after ICU-admission were sampled and stored until the patient was 

assigned to a study group. Samples of the blood bags were centrifuged (1,500 x g 

for 10 min. at 4°C for RBCs and at 22 °C for PLTs) and the supernatant was stored 

at -80 °C until further analysis. 

The incidence, risk factors and outcome of TRALI in cardiac surgery patients
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Lipid extraction and lysoPC and PC measurement

Lipid extraction of supernatant from stored RBC and PLTs supernatant was 

performed using Bligh and Dyer method. In short, 3 ml of CHCl3:MeOH (1:2) was 

added to 100 µl of sample and 100 µl of internal standard solution  (LysoPC 14:0, 

2.5 nmol and PC 28:0, 10 nmol). 700 µl HAc 0.5%, 1 ml CHCl3 and 800 µl of HAc 

0.5% were added. After each step samples were vortexed for 30 seconds. The final 

mixture was centrifuged for 10 minutes at 1,892 g at room temperature. After 

centrifugation, the lower layer of CHCl3 was separated. This step was repeated 

two times by adding 1 ml CHCl3. The separated CHCl3 layers were combined and 

dried (N2, 30 °C). Samples were dissolved in 150 µl CHCl3/MeOH/H2O/NH3 25% 

(50/45/5/0.01 v/v/v/v) for further analysis. 

HPLC tandem mass spectrometry

The relative concentrations of lysoPCs species in supernatant of RBCs and PLTs were 

determined using HPLC tandem mass spectrometry (HPLC-MS/MS). 10 µl of the lipid 

extraction was injected on the HPLC-MS/MS system. Chromatographic separation 

was achieved on a modular HPLC system (Surveyor; Thermo Finnigan; San Jose, 

California, USA) consisting of a cooled autosampler (T=12°C), a low-flow quaternary 

MS pump and analytical HPLC column: LichroSpher Si60, 2 ×250 mm column, 5 

µm particle diameter (Merck; Darmstadt, Germany). Samples were eluted with a 

flow rate of 300 µl/minute and a programmed linear gradient between solution 

B (chloroform-methanol, 97:3, v/v) and solution A (methanol-water, 85:15, v/v); A 

and B contained 1 ml and 0.1 ml of 25% (v/v) aqueous ammonia per liter of eluent, 

respectively. The gradient was: T = 0 -10 minutes: 20% A to 100% A; T = 10-12 

minutes, 100% A; T= 12-12.1 minutes: 100% A to 0% A; and T= 12.1–17 minutes, 

equilibration with 0% A.  Total run-time, including the equilibration, was 17 minutes. 

A splitter between the HPLC and MS was used for the introduction of the eluent in 

the MS by 75 µl/minutes.

MS/MS analyses were performed on a TSQ Quantum AM (Thermo Finnigan; 

Waltham, Massachusetts, USA) operated in the positive ion electrospray ionization 

(ESI) mode. The Skimmer Offset was set at 10 V; spray voltage was 3600 V and 

the capillary temperature was 300°C. In the optimized MS/MS experiments, argon 

was used as collision gas at a pressure of 0.07 Pa and a collision energy of 40 V. 

The parent ion scan of m/z 184.1 (m/z 400 - m/z 1000, 1 s) was used for the 

quantization of the following precursor ions: m/z 468.3 (LysoPC 14:0, I.S.), m/z 

496.3 (LysoPC 16:0), m/z 524.3 (LysoPC 18:0/ PAF 16:0), m/z 522.4 (LysoPC 18:1), 

m/z 482.4 (LysoPAF 16:0), m/z 510.4 (LysoPAF 18:0), m/z 508.4 (LysoPAF 18:1). 

LysoPC levels are presented as total amount of lysoPC infused (volume for lysoPCs 
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is calculated as RBCs 120 ml and PLTs 250 ml) and as median concentration per 

product transfused.  

Donor antibody analysis

Leukocyte reactive antibodies were examined in freshly drawn donor samples of 

PLTs and FFP products transfused. Samples were screened for HLA-antibodies using 

a standard complement-dependent cytotoxicity (CDC) assay with an HLA-typed 

donor panel (to detect complement-fixing antibodies to HLA class I and II)34 and 

a Luminex screening assay for HLA class I and II (Tepnel Lifecode Luminex Screen 

Deluxe, Stamford, CT, USA).  HLA class I and II antibodies were identified using a 

luminex single antigen bead technology (Tepnel Lifecode Luminex SA, Stamford, 

CT, USA). Lymphocyte-reactive antibodies were examined by the Lymphocyte 

Immuno- Fluorescence Test (LIFT).35 Leukocyte agglutinating antibodies (HNA-3a) 

were examined by the Leukocyte Agglutination Technique (GAT).36 Granulocyte-

reactive antibodies (HNA-1a, -1b, -1c, -2a) were examined by the Granulocyte 

ImmunoFluorescence Test (GIFT).37 HNA-1a, 1b, 2a and 3a were typed in the 

GIFT. Finally, the detected antibodies were confirmed in the Monoclonal Antibody 

Immobilization of Granulocyte Antigens (MAIGA) assay, as previously described.38 

Statistics

Data were checked for distribution. Normal distributed data were analysed using 

ANOVA analysis and Dunnett post test. Non-parametric data were analysed with 

Kruskal Wallis or Mann Withney U test. Categorical data were analysed with the 

Chi Square test. To evaluate independent potential predictors of TRALI, a univariate 

analysis followed by a multivariate logistic regression analysis was performed. We 

used both statistical and relevant clinical criteria in the selection process. Statistical 

analysis was performed with SPSS 15.0. 

Results

Incidence

A total of 1000 cardiac surgery patients were screened consecutively for inclusion. 

Of these, 99 patients did not fulfill the inclusion criteria (figure 1). Another 233 

patients did not give informed consent, leaving 668 patients for inclusion in the 

study. Of these, 16 patients (2.4%) developed possible TRALI. In total 2,631 blood 

products were transfused, concerning 747 FFP units, 1,610 RBC units and 274 

PLTs. The incidence of possible TRALI per product transfused was 0.61%. Only one 
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patient was reported to the transfusion laboratory by the attending physician as 

possible TRALI. 

Patient related risk factors

Patients developing TRALI were older compared to transfused controls and 

non-transfused controls, (p<0.05 and p<0.01 respectively, table 1). Also, 

patients developing TRALI had a higher Euroscore and ASA score compared to 

non-transfused controls (p<0.05 and p<0.01 respectively). Groups did not differ in 

other risk factors for acute lung injury, pre-operative lung function, cardiac function 

and type of surgery (table 1 and 2). Patients developing TRALI had a longer clamp-, 

pump and surgery time compared to transfused controls and non-transfused 

controls (p<0.01, p<0.001, p<0.001 respectively, table 2). Transfused patients not 

meeting the TRALI definition also had a longer clamp-, pump and surgery time 

compared to non-transfused controls, (p<0.01, p<0.05 and p<0.05 respectively, 

table 2). No differences were observed between groups concerning the amount of 

corticosteroids and opiates used peri-operatively. 

Multivariate logistic regression analysis showed that age and time on cardiopulmonary 

bypass are risk factors for developing TRALI compared to transfused controls 

(p=0.03 and 0.02 respectively, table 4).

Figure 1. Inclusion flow diagram. ALI=acute lung injury, TRALI=transfusion-related acute lung injury, 
PTE=pulmonary thrombo endarterectomy

1000
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Matched exclusion criteria
  PTE n=27 
  Emergency surgery n =72

No informed consent 
  n=233
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Transfusion related risk factors

Patients developing TRALI received more RBCs, FFP and PLTs products compared to 

transfused controls (p<0.05 for all, table 3). Median storage time of RBCs did not 

differ between groups. Although not reaching statistical significance, the number 

of transfused RBC units stored>14 days tended to be higher in patients developing 

Table 1. Demographic and clinical characteristics of cardiac surgery patients developing TRALI and 
control patients.

Transfused groups Non-transfused group

TRALI
(n = 16)

No ALI
(n = 32)

No ALI
(n=32)

Age (SD) 74 (7.4)* 67 (9.3)† 63 (13)**

Male gender, n (%) 12 (75) 20 (63) 28 (88)

Euroscore, mean (SD) 6.4 (2.8) 5.8 (3.3) 3.9 (2.4)**

ASA, mean (SD) 3.3 (0.5) 3.1 (0.5) 2.7 (0.6)***

Medical History

Alcohol abuse, n (%) 1 (6) 2 (6) 0 (0)

Smoking, n (%) 2 (13) 9 (28) 9 (28)

Myocardial Infarction, n (%) 2 (13) 11 (34) 10 (31)

Hypertension, n (%) 8 (50) 24 (75) 17 (53)

Diabetes, n (%) 4 (25) 12 (38) 3 (9)

Vascular diseaseses, n (%) 3 (19) 10 (31) 3 (9)

Malignancy, n (%) 1 (6) 3 (9) 0 (0)

CVA, n (%) 3 (19) 1 (3) 2 (6)

Auto immune, n (%) 1 (6) 2 (6) 9 (28)*

% predictive Vital Capacity, mean (SD) 90 (31) 98 (15) 103 (18)

% predictive FEV1, mean (SD) 79 (31) 88 (17) 98 (21)

Left ventricular function, n (%)

Poor 1 (6) 5 (16) 1 (3)

Moderate 7 (44) 5 (16) 7 (22)

Good 8 (50) 22 (69) 22 (69)

Pre-operative

Hemoglobin g/dL, mean (SD) 8.8 (1.0) 8.5 (0.8) 9.2 (0.8)

Platelet count (x 109), median (IQR) 213 (176-249) 249 (209-290) 231 (197 -260)

Leuco count (x 106,) median (IQR) 7.8 (5.6-9.9) 7.8 (6.6-9.6) 7.0 (6.2-8.7)

Ureum mmol/L, mean (SD) 7.4 (2.5) 6.8 (2.6) 6.4 (1.5)

Creatinine mmol/L, mean (SD) 93 (25) 85 (23) 83 (15)

INR, mean (SD) 1.1 (0.2) 1.1 (0.3) 1.2 (0.8)

IQR=Inter Quartile Range, SD=Standard Deviation, ICU=Intensive Care Unit. ***p<0.001, **p<0.01, 
*p<0.05 TRALI vs. transfused  or non-transfused controls. ‡ p<0.01, †p<0.05 Transfused controls vs. 
non-transfused controls.
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TRALI compared to transfused controls. Storage time of PLTs products did not differ 

between patients groups. 

LysoPC concentration was determined in 77% of all associated cell containing blood 

products. The amount of lysoPCs in all transfusion products taken together was 

higher in the patients developing TRALI compared to transfused controls (p<0.01 for 

all). However, the amount of lysoPC per product transfused did not differ between 

TRALI and transfused controls.

Patients developing TRALI received higher amounts of high volume plasma products 

compared to transfused controls (p=0.01). In 67% of all associated blood products, 

donor samples were retrieved for analysis of HLA and HNA antibodies. Patients 

developing TRALI received more blood products containing HLA I, HLA II and HNA 

antibodies compared to transfused controls (p=0.005).  Further differentiation 

showed significant more HLA I and HLA II antibodies in the TRALI group (p=0.01 

and 0.02 respectively). In both the TRALI and control cases, 80% of the HLA/HNA 

antibodies positive products originated from female donors. Of interest, excluding 

female donors for production of FFP as part of the National Blood Bank policy, did 

not result in a decrease of TRALI incidence (2.4% before vs. 2.3% after exclusion, 

n.s.). However, only 16% of the HLA/HNA antibodies positive units were FFP 

products. The remaining 84% were PLTs (40%) and RBC products (44%). These 

data suggest that in cardiac surgery patients, FFP products only play a minor role in 

the onset of immune mediated TRALI.

Table 2. Surgical and peri-operative data of cardiac surgery patients developing TRALI and control patients.

Transfused groups Non-transfused 
group

TRALI
(n = 16)

No ALI
(n = 32)

No ALI
(n=32)

Type of surgery

CABG, n (%) 6 (38) 15 (47) 19 (60)

Valve replacement, n (%) 9 (56) 16 (50)   9 (28)

Bentall, n (%) 1 (6) 0 (0) 2 (6)

Other, n (%) 0 (0) 1 (3) 2 (6)

Per-operative

Clamp time min., median (IQR) 101 (86-146)** 75 (62-100)‡ 74 (46-94)**

Pump time min., median (IQR) 170 (126-198)* 117 (90-147)† 110 (78-131)***

Total surgery time min., median (IQR) 359 (273-416)* 249 (300-450)† 235 (200-266)***

Dexametason, n (%) 6 (38) 3 (9) 9 (28)

Opioid-use, n (%) 16 (100) 32 (100) 32 (100)

IQR=Inter Quartile Range, SD=Standard Deviation. ***p<0.001, **p<0.01, *p<0.05 TRALI vs. transfused 
or non-transfused controls. ‡p<0.01, †p<0.05 Transfused controls vs. non-transfused controls.
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Table 3. Transfusion characteristics of patients developing TRALI compared to transfused controls

TRALI
(n = 16)

No ALI
(n = 32)

P value

Amount of transfusions 6 (3-10) 2 (1-4) 0.04

 RBC (units), median (IQR) 3 (2-5) 2 (1-2) 0.02

 FFP (units), median (IQR) 2 (0-4) 0 (0-2) 0.02

 Platelets (units), median (IQR) 1 (0-2) 0 (0-1) 0.03

RBC

 Storage time > 14 days (units) 2 (0-5) 1 (0-2) 0.09

 Storage time (days),  median (IQR) 19 (10-21) 15 (10-18) 0.3

PLTs

 Storage time > 5 days (units) 0 (0-1) 0 (0-1) 0.9

 Storage time (days),  median (IQR) 5 (3-6) 5 (2-6) 0.5

Plasma

 Total plasma transfused (mL) 1,025 (0-1,737) 689 (0-900) 0.01

Amount of lysoPC transfused  

 LysoPC 16:0 µmol, median (IQR) 30 (2.1-50.8) 1.6 (1.1-25) 0.002

 LysoPC 18:0 µmol 12 (1-23.4) 0.8 (0.5-10.6) 0.002

 LysoPC 18:1 µmol 6.1 (0.7-12) 0.5 (0.3-5.7) 0.005

 LysoPAF 16:0  µmol 0.6 (0.1-1.1) 0.1 (0.05-0.4) 0.003

 LysoPAF 18:0  µmol 0.7 (0.1-1.4) 0.1 (0.05-0.7) 0.003

 LysoPC 18:1/ PAF 16:0  µmol 0.3 (0.04-0.5) 0.03 (0.02-0.2) 0.004

Concentration of lysoPC per product  

 LysoPC 16:0 µMol, median (IQR) 17 (6.3-32.6) 8.5 (6.5-24.8) 0.5

 LysoPC 18:0 µMol 8.1 (3.0-14.0) 3.9 (3.3-11.8) 0.6

 LysoPC 18:1 µMol 4.3 (2.0-7.6) 2.5 (2.0-5.6) 0.6

 LysoPAF 16:0  µMol 0.4 (0.3-0.8) 0.4 (0.3-0.5) 0.5

 LysoPAF 18:0  µMol 0.6 (0.3-1.1)  0.4 (0.4-0.8) 0.6

 LysoPC 18:1/ PAF 16:0  µMol 0.2 (0.1-0.4) 0.2 (0.2-0.3) 0.7

Antibodies

 Any antibody positive unit, n (%) 10 (63) 4 (13) 0.005

 Any HLA I positive  unit 6 (38) 1 (3) 0.01

 Any HLA II positive unit 7 (44) 2 (6) 0.02

 Any GIFT positive unit 3 (19) 1 (3) 0.2

Data are presented as mean (SD) or as median [IQR] or as n (%). RBC=Red Blood Cells, PLTs = platelet 
concentrates, Plasma= high volume plasma products (fresh frozen plasma and PLTs). LysoPC = 
lysophosphatidylcholine

Univariate regression analysis showed that the total amount of plasma and the 

amount of RBC units, of FFP units and of PLTs units, are all independent risk factors 

for developing TRALI compared to transfused controls (table 4). Concerning 
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Table 4. Multivariate analysis of risk factors for the onset of TRALI in cardiac surgery patients

Unadjusted OR
 (CI 95%)

P value Adjusted OR*
(CI 95%)

P value

ASA 2.4 (0.51-11.1) 0.27 N/A

Age of the patient 1.1 (1.02-1.28) 0.03 N/A

Pump time minutes 1.0 (1.00-1.03) 0.02 N/A

Amount of transfusions 1.2 (1.03-1.44) 0.019 1.1 (0.90-1.37) 0.3

 RBC (units) 1.5 (1.01-2.08) 0.045 1.2 (0.73-1.98) 0.5

 FFP (units) 1.4 (1.04-1.86) 0.025 1.2 (0.83-1.60) 0.4

 Platelets (units) 3.0 (1.16-7.58) 0.023 1.7 (0.52-5.59) 0.4

RBC

 Storage time > 14 days 
(units)

1.6 (1.04-2.37) 0.03 1.4 (0.88-2.21) 0.16

 Storage time (days) 1.0 (0.96-1.21) 0.20 1.1 (0.93-1.21) 0.41

PLTs

 Storage time > 5 days (units) 2.4 (0.56-10.5) 0.24 2.2 (0.36-12.9) 0.40

 Storage time (days) 1.2 (0.59-2.28) 0.67 2.4 (0.68-8.12) 0.18

Plasma

 Total plasma transfused (mL) 1.2 (1.03-1.44) 0.02 1.0 (0.99-1.00) 0.9

Antibodies

 Any antibody positive units 8.8 (1.8-44) 0.008 14.2 (1.53-132) 0.02

 Any HLA I positive units 12 (1.23-117) 0.03 7.9 (0.72-87) 0.09

 Any HLA II positive units 7.5 (1.23-46) 0.03 5.5 (0.71-41) 0.11

 Any GIFT positive units 4.4 (0.4-47) 0.3 5.8 (0.37-90) 0.21

Total amount of LysoPC transfused 

 LysoPC 16:0 µmol 1.0 (1.01-1.07) 0.02 1.0 (0.98-1.07) 0.3

 LysoPC 18:0 µmol 1.1 (1.01-1.17) 0.02 1.1 (0.96-1.16) 0.3

 LysoPC 18:1 µmol 1.2 (1.04-1.42) 0.02 1.1 (0.91-1.40) 0.3

 LysoPAF 16:0  µmol 8.4 (1.49-47.2) 0.02 3.9 (0.37-43) 0.3

 LysoPAF 18:0  µmol 4.3 (1.26-14.4) 0.02 2.5 (0.50-14) 0.3

 LysoPC 18:1/ PAF 16:0  µmol 23.8 (0.09-5979) 0.26 16.4 (0.12-2275) 0.3

Concentration of lysoPC per product  

 LysoPC 16:0 µMol 1.0 (0.99-1.10) 0.1 1.0 (0.96-1.07) 0.8

 LysoPC 18:0 µMol 1.1 (0.98-1.21) 0.1 1.0 (0.90-1.15) 0.8

 LysoPC 18:1 µMol 1.2 (0.96-1.56) 0.1 1.1 (0.80-1.40) 0.7

 LysoPAF 16:0  µMol 6.1 (0.36-104) 0.2 0.7 (0.02-22) 0.8

 LysoPAF 18:0  µMol 3.3 (0.52-22.3) 0.2 1.0 (0.10-9.4) 1.0

 LysoPC 18:1/ PAF 16:0 µMol 25.0 (0.1-6496) 0.3 1.7 (0.00-1073) 0.9

Data are presented as mean (SD) or as median [IQR]. RBC=Red Blood Cells, PLTs = platelet concentrates, 
FFP=Fresh Frozen Plasma. *Adjusted for age of the patient and pump time during cardiopulmonary 
bypass.
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causative factors, the number of RBC units stored >14 days, the total amount of 

lysoPCs and the presence of HLA I, HLA II or the composite of any antibody (HLA/

HNA) in the transfused products are all independent risk factors for onset of TRALI 

compared to transfused controls. When adjusted for volume of products transfused, 

the association between lysoPCs and TRALI disappeared.

When adjusted for patient factors, only the presence of antibodies (HLA/HNA) in 

the blood product remained as a risk factor for the onset of TRALI compared to 

transfused controls. 

Outcome

Patients developing TRALI were longer ventilated and longer admitted to the ICU 

and the hospital compared to transfused controls and non-transfused controls 

(p<0.05 for all respectively, table 4). Hospital mortality was higher in patients 

developing TRALI compared to transfused controls (p<0.05). 

Discussion

In this prospective study, the incidence of TRALI is high in a population of elective 

cardiac surgery patients compared to the general hospital population. In this cohort, 

the presence of antibodies, but not the amount of lysoPCs, was a risk factor for the 

onset of TRALI. 

 

Our study reports for the first time the incidence of TRALI in a cohort of 

cardiac surgery patients. The incidence is high compared to the general hospital 

population11,12,39 and comparable with other studies identifying TRALI in the 

critically ill,6,8,10 confirming that TRALI is a significant problem in this patient 

Table 5. Outcome of cardiac surgery patients developing TRALI and control groups

Transfused groups Non transfused group

TRALI (n = 16) No ALI (n = 32) No ALI (n=32)

ICU LOS (hrs), 180 (70-172)† 45 (28-66)* 38 (23-48)

median (IQR)

Hospital LOS (hrs), 381 (216-594)† 216 (168-384)* 168 (120-192)

median (IQR)

Ventilation time, median (IQR) 25 (21-83) † 22 (14-40)* 14 (10-18)

Hospital mortality, n (%) 2 (13)‡ 0 (0) 1 (3)

*p<0.05 No ALI non transfused vs. No ALI transfused. ‡p<0.05, †p<0.001,  TRALI vs. No ALI transfused 
and No ALI non transfused. LOS=length of stay, ICU=intensive care unit, ALI=acute lung injury, 
TRALI=transfusion-related acute lung injury.

The incidence, risk factors and outcome of TRALI in cardiac surgery patients
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population. Our findings that only a minority of the cases was reported to the blood 

bank support the general notion that TRALI is under-diagnosed and under-reported. 

Patients developing TRALI were older, with a concomitant higher Euro score and 

ASA score. Also, time on the cardiopulmonary bypass machine was longer compared 

to control patients. Extracorporeal circulation has been shown to result in neutrophil 

priming.19,20 We hypothesize that priming of the neutrophils may increase with 

the time on the bypass, thereby increasing the severity of the ”first hit” and the 

susceptibility to a TRALI reaction. A threshold model has been proposed,18 in which 

the presence of a strong “first hit”, may require only a weak second hit before 

TRALI occurs.40-42 In accordance, in a mouse model of TRALI, the presence of an 

inflammatory reaction resulted in onset of TRALI after a lower dose of antibodies 

when compared to healthy controls.43,44 Our data suggest that patients with an 

expected prolonged time on the cardiopulmonary bypass may benefit from HLA/

HNA antibodies free blood products. Logistic and financial analysis should show 

whether this is feasible. In terms of preventing transfusion-associated adverse 

events, off-pump procedure may be a favourable alternative. 

We were able to confirm the association between leukocyte antibodies in blood 

products and the onset of TRALI. When adjusted for patient risk factors, the 

presence of antibodies in the transfused products remained an important risk factor 

for the onset of TRALI, irrespective of the volume of blood transfused. In line with 

previous results, we show that the majority of HLA/HNA antibodies positive donors 

are female. The higher incidence of HLA/HNA antibodies in female donors may 

be explained by allo-immunization during pregnancies.45 Given the association of 

female donors with TRALI, the U.K. national Blood Service deferred women from 

plasma donation since 2003. Since then, reports show a decrease in TRALI-cases 

reported. Two clinical studies have appeared, indicating that excluding female donor 

plasma may prove effective in reducing pulmonary complications following blood 

transfusion.29,46 Although the policy of excluding female donors for FFP products 

by the Dutch National Blood Bank did not result in a decrease in TRALI incidence 

in the present study, it should be noted that during the study period plasma of 

female donors was used for preparation of PLTs and RBCs products. In accordance, 

the association with onset of TRALI was strongest for PLTs, which contain a high 

amount of plasma in the product. Of note, the Dutch National Blood Bank started 

after the study was finished, with the use of male only plasma for the preparation 

of PLTs products. Furthermore, plasma volumes in RBCs units as small as 10-20 mL 

containing donor-derived antibodies are sufficient to cause TRALI.47 Our results 

suggest that either exclusion of all female donor blood for preparation of all blood 

products or exclusion of those tested positive for the presence of antibodies, may 
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reduce TRALI incidence. A policy of screening and excluding donors based on a 

certain cut-off titer of HLA/HNA antibodies48 may not reduce TRALI incidence in 

patients with a priming condition, as experimental data suggest that the presence of 

a “first hit” requires a lower titer of HLA/HNA antibodies for the onset of TRALI.43 

We show an association between the number of transfused RBC products stored 

for more than 14 days and the onset of TRALI. Previous retrospective studies have 

shown conflicting results on the role of storage of red blood cells on outcome in 

cardiac surgery 30,31 The mechanism by which stored blood causes lung injury may 

be through passive infusion of lysoPCs which accumulate during storage of RBCs and 

PLTs.24,40 In this study, the total amount of lysoPCs infused was associated with the 

onset of TRALI. However, this association disappeared when adjusted for volume of 

products transfused. Therefore, the amount of lysoPCs seem merely to reflect RBC 

volume. Also, we recently showed that aged blood products cause TRALI in rats both 

in the presence and absence of accumulation of bio-active lipids41,42, suggesting 

that the link between lysoPCs and lung injury is not strong. The association between 

stored RBCs and TRALI found in this study disappeared when adjusted for patient 

risk factors. Taken together, present results do not indicate that a transfusion policy 

of fresh blood only is beneficial in reducing TRALI.

Outcome

Our study shows that onset of TRALI is associated with longer ventilation and 

admission time. Generally, TRALI is stated to have a good prognosis,49 however 

recent studies underline that TRALI is associated with increased mortality.6,10 In 

our institution, overall mortality of cardiac surgery patients is 4%, which compares 

unfavourably with the 13% mortality of patients acquiring TRALI.

Conclusion

We show that the incidence of TRALI is high in cardiac surgery patients, contributing 

to adverse outcome. Risk factors include duration of cardiopulmonary bypass and 

transfusion of antibody containing blood products. Our results suggest that cardiac 

surgery patients may benefit from exclusion of HLA or HNA antibodies positive 

blood products. 

The incidence, risk factors and outcome of TRALI in cardiac surgery patients
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