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     A hydrostatic edema (transfusion-associated circula-
tory overload [TACO]) and a permeability edema 

(transfusion-related acute lung injury [TRALI]) are 
common pulmonary complications of blood transfu-
sion. With advances in transfusion safety, in particular 

regarding the transmission of infectious agents, 
TRALI and TACO emerged as the most important 
transfusion complications. According to a US Food 
and Drug Administration report, TRALI was the 
most frequent cause of transfusion-related fatalities 
(65%) reported to the Food and Drug Administration 
during the years 2005 to 2007, with TACO (10%) and 
microbial contamination (12%) being the second most 
important reported causes of death.  1   Our previous 
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possible TRALI after transfusion with transfused control patients 
matched by age  6  10 years, sex, and admission diagnostic group.  2   
Prognostic and QOL variables were grouped as follows: 

 1.  Patient factors before transfusion: Severity of illness was 
determined by calculating Acute Physiology and Chronic 
Health Evaluation (APACHE) III scores  16   before transfusion. 
Sepsis, pneumonia, and chronic liver disease were defi ned 
according to standard clinical criteria.  17,18   

 2.  Transfusion factors: Units given 0 to 6 h before the develop-
ment of ALI/ARDS (in cases)  9,14,15   or 0 to 6 h after the begin-
ning of the fi rst transfusion (control subjects) were consid-
ered associated units. The exposure time for each control 
subject was matched to the exposure time of the correspond-
ing case subject.  2   

 3. Long-term QOL. 

 The QOL was assessed with the 36-item short form health survey 
(SF-36)  19,20   at 1 year after hospital discharge. The eight  domains of 
the SF-36 (physical functioning, role-physical, bodily pain, gen-
eral health, vitality, social functioning, role-emotional, and mental 
health) are clustered to form two higher order domains—the 
physical and mental health scores. Each domain is scored from 
0 to 100, with 100 representing the best possible health state. 

 Statistical Analysis 

 Baseline characteristics and outcomes were compared among 
patients who developed TACO, TRALI/possible TRALI, and cor-
responding matched control groups. Data were expressed as mean 
values  6  SD, median, or proportions. Paired parametric and non-
parametric testing was used in univariate analyses as appropriate. 
The Kaplan-Meier survival curves were compared with the log-
rank test. If a signifi cant difference existed in Kaplan-Meier sur-
vival analyses between the matched groups, the impact of 
transfusion complications on long-term  survival was analyzed by 
Cox regression analysis. Cox proportional hazard model selection 
was done with a backward stepwise method starting from all of the 
variables with  P   ,  .05 in univariate analyses, taking into account 
colinearity and clinical plausibility. SAS, version 9, statistical soft-
ware was used for all analyses (SAS Institute, Inc.; Cary, NC). 

 Results 

 The study subjects were followed for median 
825 days (interquartile range, 214-1,265 days). The 
1- and 2-year follow-up rates were 98.4% and 97.6%. 
Baseline characteristics, short-term outcomes, and long-
 term outcomes of patients who developed TRALI/
possible TRALI or TACO, and corresponding matched 
controls are presented in  Table 1  . Baseline severity of 
illness was similar between cases and controls. Patients 
who developed TRALI/possible TRALI had longer 
ICU and hospital lengths of stay (LOS) and higher 
hospital, 1-year, and 2-year mortality. Patients who 
developed TACO also had longer ICU and hospital 
LOS, but mortality was not signifi cantly different. 

 Survival curves of TRALI/possible TRALI and 
TACO vs controls are presented in  Figure 1  . Long-
term survival was reduced in TRALI/possible TRALI 
cases compared with matched controls ( P  5 .008). 
When the analysis was restricted to TRALI cases 
 (excluding possible TRALI), the median survival 

study  2   confi rmed the high frequency of TRALI (75 
out of 903) and TACO (52 out of 903) in critically ill 
medical patients, which is previously largely under-
diagnosed and underreported.  3-6   

 TRALI is generally thought to be transient,  reverses 
spontaneously, and carries a better prognosis com-
pared with many other forms of acute lung injury 
(ALI), including ARDS.  7,8   The mortality of TRALI 
reported to the transfusion services is estimated at 
5%.  3,9   There are no clear prognostic factors that infl u-
ence mortality.  10   Survivors had been reported to 
recover to their baseline oxygen saturation and pul-
monary function without apparent sequelae.  9   TACO 
may be the most underrecognized and serious trans-
fusion complication.  11   A study of orthopedic surgery  12   
patients reported that incidence of TACO was between 
1% to 8%. Patients  ,  3 years of age or older than 
60 years of age were at greatest risk. 

 Prior studies of TRALI and TACO have focused pre-
dominantly on short-term morbidity and mortality, but 
the long-term survival and quality of life (QOL) of 
these patients have not been systematically studied. 
This study was performed to identify the long-term 
survival and QOL of medical critically ill patients 
identified with TRALI and TACO in the prior 
prospective study.  2   

 Materials and Methods 

 Consecutive patients transfused in a medical ICU of a tertiary 
care medical center were closely observed for 24 h after transfu-
sion.  2   Expert intensivists, blinded to specifi c transfusion factors, 
subsequently reviewed all clinical data and assigned the diagnosis of 
TRALI (suspected or possible TRALI) and TACO within 6 h of 
transfusion. TRALI was defi ned according to a recent Canadian 
Consensus Conference defi nition as a syndrome of infl ammation 
and increased pulmonary capillary permeability that is associated 
with a constellation of clinical, radiologic, and physiologic abnor-
malities of acute pulmonary edema that cannot be explained by 
left atrial hypertension, that is, ALI developing within 6 h of 
transfusion.  9,13   The term “possible TRALI” was used in the pres-
ence of other known risk factorsof ALI, including sepsis, pneumonia, 
trauma, and aspiration,  although the transfusion itself may have had 
a contributory or even primary role in the development of the 
ALI.  9,14,15   TACO was defi ned by a combination of clinical signs (gal-
lop, jugular venous distension, systolic hypertension), radiographic 
(cardiothoracic ratio  .  0.53 and vascular pedicle width  .  65 mm), 
electrocardiographic (new ST segment and T wave changes), labo-
ratory (elevated troponin T  .  0.1 ng/mL), hemodynamic (pulmo-
nary artery occlusion pressure  .  18 mm Hg, central venous pressure 
 .  12), echocardiographic fi ndings (the ratio of mitral peak velocity 
of early fi lling to early diastolic mitral annular velocity [E/E 9  ratio] 
 .  15 and/or ejection fraction of  ,  45%], presence of severe left-
sided valvular heart disease (aortic or mitral stenosis or regurgita-
tion), and the prompt response to appropriate therapy: preload/
afterload reduction, treatment of ischemia, or inotropic agents.  5,11   
The institutional review board approved the study protocol and 
 patients who  refused research authorization were excluded. 

 In the nested case-control study, long-term survival and QOL 
were compared between patients who developed TACO or TRALI/
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(HR, 1.02; 95% CI, 1-1.03;  P   5  .009) and chronic liver 
disease (HR, 2.12;  P   5  .005). 

 Half (50%) of 1-year survivors returned QOL surveys. 
Composite and individual components of QOL survey 
were similar between surviving cases of TACO and 
TRALI and corresponding matched controls ( Fig 3  ). 

 Discussion 

 In this single-center prospective observational 
 cohort of critically ill medical patients, the develop-
ment of TRALI was associated with decreased long-
term survival. Additional poor prognostic features 
included older age, history of liver disease, and higher 
severity of illness. Compared with matched controls, 
TACO cases also had a reduced survival, but this dif-
ference did not reach statistical signifi cance. Both 

 remained signifi cantly lower than in matched controls 
(35 vs 410 days,  P   5  .024) ( Fig 2  ). Compared with 
matched controls, TACO cases also had a reduced sur-
vival, but this difference did not reach statistical sig-
nifi cance ( P   5  .144). There was no signifi cant difference 
in survival between TRALI and possible TRALI 
(1-year survival: 40% vs 31%,  P  5   .752; 2-year survival: 
29% vs 23%,  P   5  .930). In a  post hoc  analysis, patients 
treated for non-transfusion-related ALI had similar 
hospital mortality to patients with  transfusion-related 
ALI (40% vs 43.2%,  P   5  .743,  x  2  test). 

 When adjusted for baseline characteristics in a mul-
tivariate Cox proportional hazards model, the develop-
ment of TRALI/possible TRALI remained signifi cantly 
associated with decreased survival (hazard ratio [HR], 
1.86; 95% CI, 1.19-2.93;  P   5  .006]. Other important 
prognostic factors included pre-transfusion APACHE 
III scores (HR, 1.19; 95% CI, 1.09-1.29;  P   ,  .001), age 

Table 1—Baseline Characteristics and Outcome of Transfusion-Associated Circulatory Overload, Transfusion-Related 
Acute Lung Injury, and Matched Controls

Medical Variables
TRALI/Possible TRALI

(n 5 74)
TRALI Controls

(n 5 74)
TACO

(n 5 51)
TACO Controls

(n 5 51)

Age (SD), y 61.2 (17.8) 62.5 (17.6) 69.8 (14.9) 71.5 (14.2)
Female gender, No. (%) 37 (50) 37 (50) 24 (47.1) 24 (47.1)
APACHE III scores 61 (44-75) 57 (45-81) 24 (17-41) 24 (16-42)
Chronic liver disease, No. (%) 20 (27.4)a 11 (15.1) 10 (19.6) 6 (11.8)
Sepsis, No. (%) 27 (36.5)a 16 (21.6) 10 (19.6) 9 (17.7)
Number of associated transfusions, median (IQR) 3 (1-5) 2 (1-3) 3 (2-6)a 2 (2-3)
ICU LOS, days 4.7 (2.4-7.8)a 2.1 (1.1-5.3) 3.0 (1.9-4.2)a 1.7 (1.0-3.1)
Hospital LOS, days 11.5 (7.0-19.3)a 7.8 (3.6-14.0) 9.4 (5.7-13.8)a 6.1 (3.9-10.0)
Hospital mortality, No. (%) 32 (43.2)a 18 (24.3) 4 (7.8) 6 (11.8)
1-y mortality, No. (%)b 46 (63.8)a 33 (46.4)a 19 (38.0) 14 (28.0)
2-y mortality, No. (%)c 52 (74.3)a 38 (54.3)a 22 (44.9) 19 (38.8)

APACHE 5 Acute Physiology and Chronic Health Evaluation; IQR 5 interquartile range; LOS 5 length of stay; TACO 5 transfusion-associated 
circulatory overload; TRALI 5 transfusion-associated acute lung injury.
aSignifi cant difference between cases and controls (P , .05).
b71 pairs of TRALI and controls, 50 pairs of TACO and controls.
c70 pairs of TACO and controls; 49 pairs of TACO and controls.

  Figure  1. Survival curve of TRALI/possible TRALI vs matched control group ( A ). Survival curve of TACO vs matched control group ( B ). 
TACO 5 transfusion-associated circulatory overload; TRALI 5 transfusion-associated acute lung injury.   
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trol of the transfusion products, the risk of transmis-
sion of infectious agents decreased.  21-23   Serious 
noninfectious hazards have emerged as the most 
common adverse reactions related to transfusion. 
In addition to TRALI and TACO, less common 
complications include posttransfusion purpura, 
 transfusion-associated graft vs host disease, micro-
chimerism, transfusion-related immunomodula-
tion,  alloimmunization, metabolic derangements, 
coagulopathic complications of massive  transfusion, 

TRALI and TACO were associated with prolonged 
ICU and hospital LOS. QOL scores were lower 
than the age-adjusted population predictions, but 
were not signifi cantly different between responding 
survivors who did and did not develop transfusion-
associated pulmonary complications. 

 To our knowledge, this is the first long-term 
follow-up study of critically ill medical patients 
who  experienced transfusion-associated pulmonary 
 complications—TRALI and TACO. With better con-

Figure 2. Survival curve of no TRALI, TRALI, and possible TRALI. See Figure 1 legend for expansion 
of abbreviation.

Figure 3. Mean SF-36 scores 1 year later. TRALI vs matched controls (A). TACO vs matched controls (B). SF-36 5 36-item short form 
health survey. See Figure 1 legend for expansion of other abbreviations.
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some domains, QOL in ARDS survivors remains 
 persistently lower than in the healthy population.  46   
Other studies have shown similar long-term QOL 
outcome between ALI/ARDS and matched controls. 
Cooper et al  47   found that impairments in QOL among 
ARDS survivors may not be distinguishable from 
those among other ICU survivors. No signifi cant dif-
ference was found by Granja et al  48   in QOL between 
ARDS and other ICU survivors matched by age, pre-
vious health state, and severity of disease. Our study 
was consistent with fi ndings by Granja and Cooper 
and showed no signifi cant difference in SF-36 scores 
of TRALI and TACO cases vs matched controls 
1 year after discharge from the hospital. 

 Our study has signifi cant limitations. The prognosis 
of critically ill medical patients treated in a tertiary 
care institution can hardly be extrapolated to other 
settings. Defi nitions of TRALI and TACO are prone 
to subjective interpretation and it is possible that some 
patients have been misclassifi ed. We restricted our 
study to pulmonary complications occurring within 
6 h of transfusion (according to consensus confer-
ence criteria) and did not take into account the 
 potential for delayed reactions, including ALI  49   and 
pulmonary infections and other reactions resulting 
from transfusion-related immunomodulation.  50-52   
Only 50% of 1-year survivors completed SF-36 ques-
tionnaires. Our follow-up did not include impor-
tant events that occurred after initial hospitalization 
(including possible recurrent episodes of TRALI or 
TACO). 

 In conclusion, in the long-term follow-up study of 
transfused critically ill medical patients in a tertiary care 
center, the development of TRALI was associated with 
decreased survival, with most deaths occurring during 
initial hospitalization. Poor prognostic features included 
the occurrence of TRALI, older age, history of liver dis-
ease, and higher severity of illness (APACHE III scores). 
Both TACO and TRALI were associated with longer 
ICU and hospital LOS. 
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 complications from red cell storage lesions, complica-
tions from overtransfusion or undertransfusion, and 
iron overload.  24   TRALI and TACO are frequently con-
fused with one another and account for most of the 
morbidity and mortality from acute transfusion reac-
tions in the United States.  8,25,26   

 Although TACO had been recognized as a compli-
cation of transfusion for decades, it received relatively 
little attention in the scientifi c literature.  27   The pro-
longed hospital LOS observed in our study is similar 
to the results of a previous study in orthopedic surgical 
patients who developed TACO postoperatively.  12   
TACO is similar to other causes of acute hydrostatic 
pulmonary edema and the outcome varies with the 
overall clinical status of the patient. Clinical conse-
quences include prolonged hospitalization, greater 
intensity of care, and death.  11   

 TRALI is generally thought to have a better prog-
nosis compared with other causes of ALI and 
ARDS.  3,28,29   Most patients recover rapidly, and there 
are no long-term sequelae.  3   Relatively high mortality 
of our suspected or possible TRALI cases is similar to 
some  30-32   but higher than in other epidemiologic 
studies.  5,28,33   The following reasons are likely to  explain 
a signifi cantly higher observed mortality in our study: 
The population of our study was from a medical ICU 
in a tertiary care medical center, a group with an 
inherently high mortality rate, even in the  absence of 
transfusion complications. More importantly, our 
defi nition included cases of possible TRALI  9,14,15   in 
whom transfusion was not the only factor contribut-
ing to ALI. Compared with TRALI control group, 
the result is similar even excluding possible TRALI 
cases, which could be explained by a “two-hit” model 
of TRALI: underlying patient characteristics (fi rst 
hit) and specifi c transfusion factors (second hit) 
were associated with the development of ALI after 
blood transfusion.  34,35   

 It is important to emphasize that the transfusion 
is one of multiple hits in the development of ALI, 
analogous to the interplay between high BP, smok-
ing, and high cholesterol in the pathogenesis of cor-
onary disease. It is postulated that neutrophil 
priming factors (antibodies and biologic response 
modifi ers) in the transfused component can mediate 
TRALI in a patient with preexisting (fi rst hit) pul-
monary endothelial activation.  26   Such a two-hit (or 
multiple-hit) hypothesis has been used to explain 
the occurrence of both TRALI   27,28,36,37   and ALI in 
general.  38-40   The advances in understanding the 
mechanisms of TRALI have led to new emphasis on 
its prevention.  23,41-45   

 A small number of responders limit the interpreta-
tion of the 1-year QOL surveys in our study. Recent 
systematic review of QOL after ARDS evaluated by 
SF-36 suggests that despite early improvement in 
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