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Abstract

Objective—Transfusion-associated circulatory overload (TACO) is characterized by hydrostatic 

pulmonary edema following blood transfusion. Restrictive transfusion practice may affect the 

incidence and severity of TACO in critically ill patients. We sought to examine contemporary risk 

factors and outcomes for TACO.

Design—Case-control study

Setting—Four tertiary care hospitals

Patients—We prospectively enrolled 200 patients with TACO identified by active surveillance 

and 405 transfused controls matched by transfusion intensity.
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Interventions—None

Measurements and Main Results—Among 20,845 transfused patients who received 128,263 

blood components from May 2015 until July 2016, TACO incidence was 1 case per 100 transfused 

patients. In addition to cardiovascular comorbidities, multivariable analysis identified the 

following independent predictors of TACO: acute kidney injury, emergency surgery, pre-

transfusion diuretic use, and plasma transfusion – the latter especially in females. Compared to 

matched controls, TACO cases were more likely to require mechanical ventilation (71% vs. 49%; 

p < 0.001), experienced longer intensive care and hospital lengths of stay following transfusion, 

and had higher mortality (21% vs. 11%; p=0.02) even after adjustment for other potentially 

confounding variables.

Conclusions—Despite restrictive transfusion practice, TACO remains a frequent complication 

of transfusion and is an independent risk factor for in-hospital morbidity and mortality. In addition 

to cardiovascular and renal risk factors, plasma transfusion was associated with TACO after 

controlling for other covariates. Additional research is needed to examine the benefit of reduced 

erythrocyte or plasma exposure in patients at high risk for TACO.

Keywords
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INTRODUCTION

Increased awareness of potential infectious, cardiopulmonary, and immunomodulatory 

complications of blood transfusion has stimulated the development of patient blood 

management programs.(1–4) These strategies focus on optimization of hemoglobin levels 

before surgery, minimization of blood loss, and more restrictive transfusion practice. As a 

result of these programs, there has been widespread reduction in blood utilization in the 

United States and elsewhere.(5–11)

With the growing emphasis on blood safety, pulmonary transfusion reactions are receiving 

greater attention as potentially preventable medical complications.(12, 13) Systematic data 

gathering has played an important role in understanding the incidence and outcomes of 

transfusion reactions such as transfusion-related acute lung injury (TRALI) and transfusion-

associated circulatory overload (TACO) in critically ill patients.(14–18) The impact of 

hemovigilance efforts is best illustrated by the identification of risk factors for TRALI and 

implementation of mitigation strategies leading to dramatic declines in its incidence.(15, 19–

22)

While the incidence of TACO has been difficult to assess; it is known to occur frequently in 

critically ill patients and is a leading cause of transfusion-related morbidity and mortality.

(23–25) With the rapid expansion of electronic health records, algorithms to identify severe 

transfusion reactions allow us to study changes in transfusion practice and patient outcomes 

in the era of patient blood management programs.(15, 17, 26) In this multicenter case-

control study, we utilized an automated screening algorithm to estimate TACO incidence and 

describe risk factors and outcomes associated with contemporary transfusion practice.(27).
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METHODS

Study design and subjects

As part of the NHLBI Recipient Epidemiology and Donor Evaluation Study-III (REDS-III), 

a case control study of risk factors and outcomes of TACO was conducted between May 

2015 and July 2016 at four university and community tertiary care hospitals.(28) Cases of 

TACO and other pulmonary transfusion reactions were identified by active surveillance of 

all adult hospitalized patients who received a blood transfusion. The protocol was approved 

by institutional review boards at the participating sites (Aurora St. Luke’s Medical Center, 

University of California San Francisco, University of Pittsburgh Medical Center, and Yale 

New Haven Hospital). The Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines were followed in the conduct of the study and 

reporting of its results.(29)

As previously described (27), TACO cases were identified using four hierarchical layers of 

screening and diagnosis: i) an electronic algorithm identified cases where a chest radiograph 

was ordered within 12 hours of blood product release ; ii) research nurses reviewed cases of 

new or worsening hypoxia due to pulmonary edema within 12 hours of transfusion; iii) a 

pulmonary physician (NHR) triaged cases and ruled out exclusionary diagnoses; and iv) 

standardized data forms with narrative reports (Appendix 1) were then reviewed by a three-

member expert panel of critical care clinicians with expertise in transfusion medicine (DJK, 

MRL, MAM). Each case was classified as TACO, TRALI, Possible TRALI, TACO/TRALI, 

or “Other” when an alternative diagnosis was identified (Appendix 2). Screening, record 

review, data entry, and case adjudication occurred via a centralized study management 

system.

Clinical diagnosis and imputability of TACO were derived from criteria used in the National 

Healthcare Safety Network (NHSN) surveillance definition, namely pulmonary edema 

developing within 6 hours of transfusion characterized by clinical, echocardiographic, or 

laboratory evidence of left atrial hypertension (Appendices 1 & 2). Controls without 

hypoxemia, selected from among all transfused patients, were matched to cases by 

transfusion intensity using a stratified random sampling scheme (1–2, 3–6, and 7 or more 

blood components transfused within 6 hours) concurrent with case enrollment.

Statistical analysis

For incidence calculations, the total number of transfused components and unique transfused 

patients during the study period were captured from the hospital transfusion service. For the 

case-control analysis, the sample size was based upon a priori power calculation (assuming 

alpha=0.05, power of 0.8, and two sided z-test with pooled variance) from pilot data with 1:2 

matching of cases to controls. Data were expressed as medians or proportions and were 

compared using chi square tests or Wilcoxon rank sum test, as appropriate. Conditional 

logistic regression model was used to estimate odds ratios (OR) and 95% confidence 

intervals (CI) for the matched case-control data. Nonsignificant factors (p > 0.05) were 

eliminated using backward elimination until all remaining factors had a significant 

association with TACO. A separate logistic regression analysis examined the association of 
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TACO and mortality accounting for comorbidities and other potentially confounding 

variables. To account for competing risks, length of stay for those discharged alive were 

modeled using cumulative incidence functions in proportional hazards regression.(30) 

Gray’s test for equality was performed to compare cumulative incidence of inpatient 

mortality and length of stay between TACO and control groups. Statistical analysis was 

performed with SAS/STAT software, Version 9.4, Cary, NC. All reported p-values are two-

sided and p-values less than 0.05 were considered to be statistically significant.

RESULTS

A total of 20,845 hospitalized patients were transfused 128,263 blood components at the 

four hospitals during the study period. The number of inpatient and outpatient blood 

components transfused annually decreased from 188,017 components in 2011 (prior to the 

study period) to 140,621 components in 2015 (concurrent with the study period), a 25% 

decline. The expert panel reviewed 319 cases of new or worsening bilateral pulmonary 

infiltrates and adjudicated 200 cases of TACO (Appendix 2). The majority (146/200 - 73%) 

of TACO cases required only two of the three reviewers to make a diagnosis. Using the 

denominator of unique patients transfused during the study period, we estimated an 

incidence of 1 TACO case per 100 patients transfused (200/20,845). Using NHSN 

imputability criteria for TACO, the expert panel classified 55/200 (28%) of TACO cases as 

Definite, 120/200 (60%) as Probable, and 25/200 (12%) as Possible.

The 200 cases of TACO were matched to 405 transfused controls without evidence of 

pulmonary edema or hypoxia (Table 1). Cases and controls had a similar distribution of 

number of blood units transfused due to matching for transfusion intensity. While not 

specifically matched, cases and controls also had similar proportions of gender, race, and 

individual and mixed blood components. However, as transfusion intensity increased, 

plasma transfusion (> 2 components; n=288) and female gender (>4 components; n=141) 

were more common in TACO compared to controls (83% vs.63%; p<0.001 and 56% vs. 

33%; p<0.01, respectively). Table 2 provides a description of comorbid conditions with 

cases of TACO having a higher prevalence of cardiovascular, renal, and hepatic 

comorbidities as well as recent surgery compared to controls. Cases of TACO with acute 

kidney injury were transfused more blood components (3 vs. 2) and were more likely to 

receive plasma or platelets compared to those with a history of chronic kidney disease 

(CKD) or CHF (74% vs. 51%; p=0.02).

Table 3 shows clinical characteristics and outcomes including transfusion practice and 

associated pre- and post- transfusion laboratory data. Given stratum-matching for 

transfusion intensity, there were no differences in the number or total volume of transfused 

blood components; although, subjects with TACO received a higher number of plasma units. 

Among those transfused erythrocytes, pre-transfusion hemoglobin thresholds were similar in 

cases and controls; however, post-transfusion hemoglobin levels were higher in TACO. 

Despite similar number of RBC units transfused, the change in hemoglobin per RBC unit 

transfused was higher in TACO compared to controls (0.7 vs. 0.5 g/dL/unit; p= 0.002), and 

this difference was greater in females with TACO compared to males (0.9 vs. 0.6 g/dL/unit). 

Pre-transfusion diuretic administration was more common in TACO compared to controls 
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(p<0.001); however, this was not the case in females transfused more than one blood 

component (20% vs. 16%; p=0.55).

After multivariable modeling, several cardiovascular and renal conditions were associated 

with TACO after adjusting for other covariates, including a history of congestive heart 

failure (CHF), elevated blood pressure (systolic or diastolic blood pressure > 140 or 90 

mmHg, respectively), cardiomegaly on baseline chest radiography, increasing fluid balance, 

pre-transfusion diuretic use, and acute kidney injury (Table 4). Additional risk factors for 

TACO included liver failure, emergency surgery, and number of plasma units transfused. 

Given a significant interaction between plasma transfusion and gender, separate OR were 

calculated for males and females. This analysis showed a stronger effect size for the number 

of plasma units transfused and TACO in females (OR 1.6; 95% CI 1.2.–2.0) and a borderline 

result in males (OR=1.2; 95% CI 1.0–1.3). In an adjusted analysis of patients transfused 

more than three blood components, acute kidney injury, female gender, and the number of 

RBC units remained independently associated with TACO (Appendix 5).

There were no significant differences in the proportion of cases and controls receiving 

mechanical ventilation prior to transfusion (Table 3). However, patients who developed 

TACO were more likely to require mechanical ventilation compared with controls (71% 

versus 49%; p<0.001). Fully 82% of TACO cases (164/200) required ICU admission and 

71% of cases transfused outside of the ICU (90/126) subsequently required ICU level of 

care. There were 41/200 (21%) in-hospital deaths in cases of TACO and 44/405 (11%) 

deaths within the control group. Cumulative incidence of in-hospital mortality was 

significantly higher for TACO patients compared to controls (p=0.02; Figure 1a), and TACO 

remained associated with mortality after adjusting for other potentially confounding 

variables (OR 2.4; 95% CI 1.4–4.0; p=0.001) (Appendix 6). Amongst subjects discharged 

alive, cumulative incidence of time to discharge following transfusion from the intensive 

care unit (ICU) and hospital was increased in TACO compared with controls (p<0.001 & 

p<0.04, respectively; Figures 1b & 1c).

DISCUSSION

Our results provide contemporary data in both academic and community hospital settings on 

the incidence and risk factors for TACO following a decline in blood utilization. In the 

largest multicenter study to date, we found a lower incidence of TACO in both medical and 

surgical patients than previously reported.(14, 17, 31, 32) In addition to chronic 

comorbidities such as CHF and CKD, multivariable analysis identified plasma transfusion, 

emergency surgery, acute kidney injury, pre-transfusion diuretic use, elevated blood 

pressure, and cardiomegaly on chest radiograph as risk factors for TACO. Despite restrictive 

transfusion practice, TACO remained associated with increased need for mechanical 

ventilation, hospital and ICU length of stay, and mortality - even after adjustment for 

relevant covariates.(14, 17, 26, 33)

It is well known that pulmonary transfusion reactions are under-appreciated given the 

resources required to identify and characterize them.(34) Active surveillance methodologies 

using electronic health records provide more uniform reporting of characteristics and 
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outcomes of TACO and TRALI.(26, 35) However, the impact of decreased blood utilization 

on pulmonary transfusion reactions has not been studied. The incidence of TACO in both 

community and academic hospital settings is lower than that reported prior to the advent of 

patient blood management.

We found that the number of transfused blood components per case of TACO (2 units) was 

lower than previously published studies (3–6 units) conducted prior to widespread adoption 

of restrictive transfusion strategies. (14, 17, 33) In addition, pre-transfusion hemoglobin 

levels for TACO in the medical ICU were lower (7.1 g/dL (IQR 6.6–7.6)) than those 

previously reported (8.6 g/dL (IQR 7.3–9.6)).(14, 36) In contrast, the prevalence of 

cardiovascular and renal comorbidities in cases of TACO, including CHF and chronic kidney 

disease, was similar to those in earlier studies. Reduced blood utilization was also 

accompanied by other relevant changes in clinical practice including lower fluid balances 

and a higher use of diuretics prior to and following transfusion.(14, 26, 37)

Despite advances in clinical and transfusion practice, measures of severity of illness and 

outcomes related to TACO were unchanged compared to prior publications. The proportion 

of patients requiring mechanical ventilation and PaO2/FiO2 ratios were similar to what has 

been previously reported.(26, 35) In addition, hospital and ICU length of stay after the 

development of pulmonary edema and mortality were increased compared to controls even 

after adjustment for potentially confounding factors. The lack of improvement of these 

measures despite more restrictive transfusion practice suggests that recipient characteristics 

or transfusion factors beyond transfusion intensity are more relevant to outcomes related to 

TACO. We and others have demonstrated that plasma transfusion is an independent risk 

factor for TACO, especially in females, after controlling for volumes of transfused blood 

components and intravenous fluids and estimated circulating blood volumes.(16) Whether 

the pathogenesis of TACO is explained simply by elevated pulmonary venous pressures 

leading to transudation of fluid into the alveoli remains unclear. Additional translational 

research examining clinical and biomarker predictors of TACO will hopefully improve our 

understanding of its pathophysiology.

Our findings also suggest that additional quality improvement efforts in clinical and 

transfusion practice are achievable. We found higher post-transfusion hemoglobin levels in 

cases of TACO compared to controls despite similar pre-transfusion levels and number of 

RBC units transfused. Post-transfusion hemoglobin levels and the change in hemoglobin 

level per RBC unit transfused were significantly higher in TACO, even after accounting for 

estimated circulating blood volumes. These differences are likely multifactorial and related 

to hemodilution from non-erythrocyte blood products and intravenous fluids as well as more 

liberal RBC transfusion in female and surgical patients. These findings raise the question of 

whether more restrictive transfusion or other modifications to transfusion practice could 

further reduce TACO incidence and morbidity. Future studies could examine the impact of 

single unit RBC orders, specific blood infusion rates, timing and dosing of pre-transfusion 

diuretics, and use of coagulation factor concentrates in place of plasma to reverse 

coagulopathy in high risk patients.
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While risk factors for TACO have been more clearly defined in medical and surgical 

populations, relevant comorbidities are not always identified or documented prior to 

transfusion. Acute kidney injury was independently associated with TACO, and we found a 

greater number of blood components transfused to patients with acute kidney injury 

compared to those with CKD or CHF. Acute changes in kidney function and the associated 

risk for TACO may not be recognized when transfusion decisions are made. We also found 

that relevant echocardiographic abnormalities occurred more frequently than clinical 

documentation of CHF, and inclusion of echocardiographic data in our multivariable 

regression analysis abrogated the significance of other cardiovascular risk factors.

Another byproduct of our multivariable analysis was the confirmation of risk factors of 

TACO that are clinically recognized. For example, cardiovascular factors such as 

cardiomegaly on chest radiograph, elevated blood creatinine level, pre-transfusion use of 

diuretics, and elevated blood pressure at the time of transfusion were all associated with 

TACO; to our knowledge, this is the first time this has been demonstrated in a case-control 

study. Indeed, some of these characteristics have been under consideration by the 

International Society of Blood Transfusion (ISBT) Working Party on Haemovigilance in 

their revised criteria for TACO.(38)

Further systematic assessment of these risk factors may be relevant to the prevention of 

TACO. While pre-transfusion diuretic administration was more common in TACO than 

controls, their use could be further increased, especially in patients with risk factors and 

females transfused multiple units. Furthermore, the timing and dosing of diuretics prior to 

transfusion may not have been adequate to prevent TACO or may have mitigated its severity. 

Future implementation science research focused on the development of real-time predictive 

algorithms embedded into the electronic health record could alert treating clinicians to 

patients at increased risk of TACO.(39) For example, clinical decision support systems 

incorporating blood pressure parameters or creatinine clearance could identify patients at 

risk for systolic or diastolic dysfunction and trigger recommendations for pre-transfusion 

echocardiography or concomitant diuretic administration. Better ways of identifying at risk 

individuals and further minimizing transfusion and overall fluid balance may decrease 

associated morbidity.

Our study has both strengths and limitations. Strengths include the use of active surveillance 

in a multicenter study population composed of medical and surgical patients, the use of an 

electronic screening algorithm, collection of granular clinical data, and expert panel review 

for outcome adjudication. Although efforts were made to audit our screening methodology, 

cases of TACO in which chest radiography was not ordered within 12 hours of transfusion 

may have been missed. Although efforts were made to risk-adjust mortality using 

comorbidities and severity of illness, potential for unmeasured confounding effects clearly 

remains. Additional studies will address questions regarding the role of BNP in classifying 

cases independent of known or unrecognized pre-transfusion risk factors such as diastolic 

dysfunction.

In conclusion, our study of TACO found a lower incidence and fewer transfused blood 

components per case than that reported in studies prior to patient blood management. 
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Elevated blood pressure, increased creatinine, or cardiomegaly on chest radiograph may be 

useful in identifying patients at risk for TACO, especially when echocardiography is not 

available. Despite more restrictive transfusion practice, TACO continues to be associated 

with increased need for mechanical ventilation, length of stay, and hospital mortality. 

Additional research is needed to examine the benefit of single unit RBC transfusions, 

diuretic dosing and timing, and alternatives to plasma transfusion in the prevention of 

TACO.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cumulative incidence of in-hospital mortality (Figure 1a), being discharged alive from the 

intensive care unit (Figure 1b), and being discharged alive from the hospital (Figure 1c) for 

TACO cases (dotted line) and transfused controls without pulmonary edema (solid line). 

Analyses counted from the time of transfusion until death or discharge at 50 days.
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Table 1

Case-Control Characteristics

Patient Characteristics TACO (N=200) Controls (N=405) P-value

Age† 63 ± 14 60 ± 16 0.02

Female 90 (45%) 186 (46%) 0.83

Race

 White 145 (73%) 274 (68%) 0.21

 Black/African 16 (8%) 52 (13%)

 Asian 9 (5%) 11 (3%)

 Other 6 (3%) 8 (2%)

 Missing/Not reported 24 (12%) 55 (14%)

Body mass index 31 ± 8.7 29 ± 7.8 <0.01

Est. blood volume* 5.0 ± 0.9 4.8 ± 0.9 0.03

Number of Components

 1–2 units 114 (57%) 203 (50%) 0.27

 3–6 units 54 (27%) 130 (32%)

 7+ units 32 (16%) 72 (18%)

Component Type

 RBC only 81 (41%) 175 (43%) 0.60

 Plasma only 18 (9%) 27 (7%) 0.30

 Platelets only 19 (10%) 47 (12%) 0.44

 Mixed components 82 (41%) 156 (39%) 0.56

Transfusion location

 Intensive care unit 74 (37%) 102 (25%) <0.001

 Operating room 69 (35%) 99 (24%)

 Ward 48 (24%) 183 (45%)

 Emergency dept. 7 (3%) 13 (3%)

 Missing 2 (1%) 8 (2%)

*
Nadler formula

Crit Care Med. Author manuscript; available in PMC 2019 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roubinian et al. Page 14

Table 2

Patient-Specific Risk Factors

Risk Factor
TACO
N=200

Controls
N=405 P-value

Cardiovascular Risk Factors

History of congestive heart failure 59 (30%) 50 (12%) <0.001

Coronary artery disease 73 (37%) 88 (22%) <0.001

Recent myocardial infarction 20 (10%) 21 (5%) 0.03

Hypertension 118 (59%) 193 (48%) <0.01

Atrial fibrillation 50 (25%) 53 (13%) <0.001

Renal Risk Factors

Acute kidney injury 64 (32%) 71 (18%) <0.001

Chronic renal failure 63 (32%) 84 (21%) <0.01

Hemodialysis 32 (16%) 26 (6%) <0.001

Gastrointestinal Risk Factors

Severe liver disease 54 (27%) 71 (17%) <0.01

Upper gastrointestinal bleeding 24 (12%) 40 (10%) 0.42

Lower gastrointestinal bleeding 19 (10%) 34 (8%) 0.65

Hematology/Oncology Risk Factors

Malignancy/chemotherapy 38 (19%) 113 (28%) 0.02

Immunosuppression 34 (17%) 56 (14%) 0.30

Solid organ transplant 27 (14%) 27 (7%) <0.01

Leukemia/lymphoma 16 (8%) 50 (12%) 0.11

Bone marrow transplant 3 (2%) 14 (3%) 0.17

Infectious Risk Factors

Pneumonia 12 (6%) 19 (5%) 0.49

Sepsis 20 (10%) 39 (10%) 0.89

COPD* 29 (15%) 40 (10%) 0.09

Perioperative Risk Factors

Recent surgery 118 (59%) 167 (41%) <0.001

Emergency surgery 70 (35%) 65 (16%) <0.001

Surgery type

 Cardiothoracic 41 (35%) 39 (23%) 0.04

 Vascular 18 (15%) 16 (10%) 0.13

 Liver 14 (12%) 11 (7%) 0.12

 Orthopedic 9 (8%) 27 (16%) 0.03

 Spine 9 (8%) 29 (17%) 0.01

 Abdominal 9 (8%) 27 (16%) 0.03

 Neurosurgery 5 (4%) 10 (6%) 0.52

 Genitourinary 4 (3%) 3 (2%) 0.39
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Risk Factor
TACO
N=200

Controls
N=405 P-value

 Other 9 (6%) 5 (3%) 0.07

*
COPD=Chronic obstructive pulmonary disease
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Table 3

Clinical Characteristics & Treatments

Characteristic TACO
N=200

Controls
N=405

P value

Indication for Transfusion

Hemorrhage 65 (33%) 124 (31%) 0.64

Transfusion Factors

# of Units TX in 6 hours 2 (1–4) 2 (1–4) 0.99

TX volume in 6 hours (liters) 0.6 (0.4–1.2) 0.7 (0.3–1.2) 0.73

# of RBC units - 6 hours 1 (1–2) 1 (1–2) 0.84

# of Plt units - 6 hours 0 (0–1) 0 (0–1) 0.78

# of Plasma units - 6 hours 0 (0–2) 0 (0–2) 0.04

Laboratory Variables^

Pre-TX Hemoglobin level 7.6 (6.9–8.6) 7.5 (6.9–8.6) 0.87

Post-TX Hemoglobin level 9.1 (8.3–9.9) 8.6 (7.8–9.8) 0.001

Pre-TX Platelet count 52 (24–95) 50 (20–150) 0.59

Post-TX Platelet count 75 (43–124) 94 (57–153) 0.07

Pre-TX INR 1.8 (1.5–2.6) 1.7 (1.3–2.3) 0.27

Post-TX INR 1.6 (1.3–1.9) 1.4 (1.3–1.8) 0.13

Respiratory

Mechanical ventilation pre-TX 40 (20%) 88 (22%) 0.62

PaO2/FiO2 ratio pre-TX 334 (246–413) 359 (269–454) 0.23

PaO2/FiO2 ratio post-TX 155 (120–208) 344 (265–429) <0.001

Cardiovascular

Electrocardiogram performed* 181 (91%) 302 (75%) <0.001

Abnormal EKG 166 (83%) 236 (58%) <0.001

Echocardiogram performed* 156 (78%) 184 (45%) <0.001

Abnormal echo features 142 (71%) 133 (33%) <0.001

Cardiomegaly# 68 (34%) 46 (11%) <0.001

Vasopressor use pre-TX 58 (29%) 86 (21%) 0.04

Antihypertensive Med Pre-TX 96 (48%) 156 (39%) 0.03

Antihypertensive Med Post-TX 115 (58%) 169 (42%) <0.001

Elevated blood pressure at TX 75 (38%) 114 (28%) 0.02

Renal

Fluid balance prior 6 hours (liters) 1 (0.4–2.2) 0.6 (0.1–1.5) <.0.001

Fluid balance hospital LOS (liters) 2 (0.3–6.0) 1.7 (0.1–4.9) 0.10

Receipt of Albumin 60 (30%) 99 (24%) 0.14

Creatinine level (mg/dL) 1.4 (0.9–2.4) 1.0 (0.7–1.6) <0.001

Diuretics pre-TX† 63 (32%) 61 (15%) <0.001
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Characteristic TACO
N=200

Controls
N=405

P value

Diuretics post-transfusion 130 (65%) 75 (19%) <0.001

Negative fluid balance at 24 hrs 72 (36%) 78 (19%) <0.001

APACHE II score pre-TX‡ 17.3 ± 6.0 17.9 ± 6.0 0.23

TX=Transfusion/transfused; RBC=Red blood cells; Plt=platelet; LOS=length of stay; INR=international normalized ratio; PaO2/FiO2=partial 
pressure of oxygen in arterial blood/fraction of inspired oxygen; EKG=electrocardiogram; echo=echocardiogram; Med=medication; BP=blood 
pressure

^
Hemoglobin levels in g/dL, platelet counts in K/ul, and PT/INR in cases and controls who were transfused red blood cells (n=463), platelets 

(n=242), and plasma (n=220), respectively.

Median pre-TX hemoglobin levels and number of RBC units transfused were 7.2 g/dl (IQR-6.8–8) and 1 unit for medical cases and 7.8 g/dL (IQR 
7.2–9) and 2 units for surgical cases, respectively.

*
Pre- or Post- Transfusion

#
Cardiomegaly as reported on chest radiograph studies

†
Pre-TX diuretic dose; 40 mg (IQR 20–80) in cases and 40 mg (IQR 20–60) in controls; p=0.29

‡
APACHE=Acute physiology and chronic health evaluation
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Table 4

Multivariable analysis evaluating risk factors for TACO versus control status

Characteristic Odds Ratio 95% CI P-value

History of congestive heart failure 2.0 1.2–3.5 0.01

History of coronary artery disease 1.7 1.1–2.8 0.02

Acute kidney injury 1.9 1.1–3.1 0.02

Hemodialysis 2.2 1.1–4.3 0.03

Liver failure 2.1 1.3–3.6 <0.01

Emergency surgery 2.2 1.4–3.7 0.001

Fluid balance in the 6 hours prior to TX (per liter) 1.5 1.3–1.7 <0.001

# of plasma units in 6 hours – in females (per unit)† 1.6 1.2–2.0 <0.001

# of plasma units in 6 hours – in males (per unit)† 1.2 1.0–1.3 0.04

Abnormal electrocardiogram prior to TX 2.2 1.4–3.6 <0.001

Use of diuretics pre-TX 2.4 1.4–4.2 0.001

Elevated blood pressure at the time of TX* 1.9 1.2–2.9 <0.01

Cardiomegaly on chest radiograph prior to TX 1.9 1.1–3.5 0.03

TX=Transfusion

†
Separate odds ratios were calculated given a significant interaction between gender and the number of plasma units transfused in 6 hours

*
Systolic blood pressure greater than 140 mmHg or diastolic blood pressure > 90 mmHg
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