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Abstract

BACKGROUND—Transfusion-associated circulatory overload (TACO) is a frequent
complication of blood transfusion. Investigations identifying risk factors for TACO in critically ill
patients are lacking.

STUDY DESIGN AND METHODS—We performed a 2-year prospective cohort study of
consecutive patients receiving blood product transfusion in the medical intensive care unit (ICU)
of the tertiary care institution. Patients were followed for development of transfusion-related
complications. TACO was defined as acute hydrostatic pulmonary edema occurring within 6 hours
of transfusion. In a nested case-control design, transfusion characteristics were compared between
cases (TACO) and controls after matching by age, sex, and ICU admission diagnostic category. In
a secondary analysis, patient characteristics before transfusion were compared between cases
(TACO) and random selected controls.

RESUL TS—Fifty-one of 901 (6%) transfused patients developed TACO. Compared with
matched controls, TACO cases had a more positive fluid balance (1.4 vs 0.8 L, P=0.003), larger
amount of plasma transfused (0.4 vs 0.07 L, P=0.007) and faster rate of blood component
transfusion (225 vs 168 ml/hr P=0.031). In a secondary analysis comparing TACO cases and
random controls, left ventricular dysfunction before transfusion (OR 8.23, 95%CI 3.36-21.97) and
plasma ordered for the reversal of anticoagulant (OR 4.31, 95%CI 1.45-14.30) were significantly
related to the development of TACO.

CONCLUSION—Volume of transfused plasma and the rate of transfusion were identified as
transfusion-specific risk factors for TACO. Left ventricular dysfunction and fresh frozen plasma
ordered for the reversal of anticoagulant were strong predictors of TACO before the onset of
transfusion.
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INTRODUCTION

Transfusion-associated circulatory overload (TACO) is a recognized complication of blood
transfusion. Despite this recognition, it has received surprisingly little attention in the
scientific literaturel. For the fiscal year of 2009, transfusion-associated circulatory overload
(TACO) and transfusion-related acute lung injury (TRALI) were the two most frequent
complications associated with transfusion-related fatalities reported to the US Food and
Drug Association (FDA). Although advances in donor-procurement procedures have
markedly reduced the incidence of TRALI2, the impact of TACO on transfusion-related
outcomes is increasing. The diagnosis of TACO requires exclusion of non-hydrostatic,
permeability edema as is seen with transfusion-related acute lung injury (TRALI). Though
our previous investigation confirmed a high frequency of TACO in critically ill medical
patients3, the syndrome remains under-diagnosed and under-reported 4:5.

At present, investigations detailing both the pertinent risk factors for TACO and relevant
predictors of outcome in patients who experience this transfusion-related complication are
insufficient. A single report by Popovsky and colleagues noted advanced age and transfusion
volumes to be associated with postoperative TACO in orthopedic surgical patients6. While a
large proportion of TACO occurs in critically ill patients 7, the risk factors have not been
assessed in this patient population. This study was performed to identify risk factors for
TACO in critically ill patients.

Following institutional review board approval, we performed a secondary analysis of a
prospective cohort study which enrolled consecutive patients who were transfused in the
medical intensive care unit (ICU) at a tertiary care medical center. Patients who refused to
give consent for research authorization in the initial prospective cohort study were excluded.
In a nested case-control design, pertinent risk factors were compared between TACO cases
and controls matched one to one by age, gender and the diagnostic category at the time of
ICU admission. In an effort to further evaluate the importance of risk factors before
transfusion and minimize potential overmatching for significant risk factors, we performed
an additional analysis comparing TACO cases to randomly selected controls.

All patients were closely observed for the occurrence of a respiratory complication in the
24-hour period following transfusion?7. Expert intensivists, blinded to specific transfusion
factors, reviewed the clinical data of all patients who experienced a respiratory complication
and gave the diagnosis of TACO. The diagnosis of TACO was defined by a combination of
clinical signs (gallop, jugular venous distension, systolic hypertension), radiographic
(cardiothoracic ratio >0.53 and vascular pedicle width >65 mm),8 electrocardiographic (new
ST segment and T wave changes), laboratory (elevated troponin T > 0.1 ng/mL),
hemodynamic (PAOP >18 mmHg, CVP > 12), echocardiographic findings: the ratio of
mitral peak velocity of early filling to early diastolic mitral annular velocity (E/e' ratio)
greater than 15 and/or ejection fraction (EF) of less than 45 percent, new presence of severe
left-sided valvular heart disease (aortic or mitral stenosis or regurgitation), and the prompt
response to appropriate therapy: diuretic or vasodilator use, treatment of ischemia, and/or
inotropic agents.9:10

Predictor variables were grouped as follows:

1. Baseline characteristics before transfusion: Severity of illness before transfusion
was determined by the Acute Physiology and Chronic Health Evaluation
(APACHE) 111 scores11. Predicted blood volume (PBV) was calculated according
to Nadler predicted formulal2. Cardiovascular risk factors were defined as
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previous myocardial infarction (MI), arrhythmia, valvular heart disease and/or
coronary artery disease (CAD)13. Left ventricular dysfunction was assessed by
echocardiographic measurement of left ventricular ejection fraction (EF) and the E/
e’ ratio (the ratio of mitral peak velocity of early filling to early diastolic mitral
annular velocity)14~16. Left ventricular dysfunction was considered present when
the EF was noted to be < 45 % or the E/e' was > 15. Fresh frozen plasma (FFP) was
prescribed to correct the elevated international normalized ratio (INR) during
anticoagulant therapy. The presence of sepsis17, pneumonial8 and chronic kidney
disease19 were also determined. Standard clinical definitions were used for these
diagnoses. Administration of diuretic therapy within + 6 hours of onset of
transfusion and before the development of TACO among cases was recorded as
well.

2. Transfusion factors: Transfused blood components given 0-6 hours before the
development of TACO were considered associated units. Similarly, blood
components given 0-6 hours after the initiation of the first blood transfusion were
considered associated units in controls. Transfusion rate and fluid balance were
defined as the average rate of transfusion and the difference between the volume of
fluid intake and output +12 hours of transfusion time. Transfusion rates were
calculated in a similar manner for both cellular and non-cellular blood components.

Statistical analysis: Categorical data are presented as counts with percentages. Continuous
data are presented as mean values + standard deviation when normally distributed or median
with 25%-75% interquartile ranges (IQR) when non-normally distributed. Baseline
characteristics and transfusion factors were compared between cases and matched controls.
Matched —pairs analyses using univariate conditional logistic regression were performed and
the odds ratio (OR) was used to estimate the relative risk. In the secondary analysis, cases
were compared to randomly selected controls using univariate logistic regression. Only
variables with a univariate p < 0.20 were considered as candidates in a multivariate logistic
regression models. Non-significant factors (p > 0.05) were eliminated (one-at-a-time) until
all remaining factors had a significant association with TACO development. For each
variable, we calculated an OR, a 95% confidence interval (CI), and a p value (2-tailed test,
a=0.05). SAS statistical software was used for all analyses (SAS version 9; SAS Institute,
Inc., Cary, NC).

From a prospectively collected database of 901 transfused critically ill patients7, we
identified fifty-one (6%) patients who developed TACO during the study period. The
median age of those whose developed TACO was 73 years (25% — 75% IQR = 57 — 81), 24
were women and 27 were men. In the nested case control study, underlying risk factors were
well matched between cases and matched controls (Table 1 and Table 2). Relevant
transfusion factors associated with the development of TACO are shown in Table 3.
Compared with matched controls, TACO cases received a greater number of transfused
units, had a more positive fluid balance, a larger volume of plasma transfused and faster rate
of transfusion.

In the second analyses, TACO cases were compared with randomly selected controls. Table
4 presents the results of univariate and multivariate analyses of all the predictors of TACO
before transfusion. In the multivariate analysis, left ventricular dysfunction documented by
echocardiogram before transfusion and FFP ordered for the reversal of anticoagulation
treatment predicted the development of TACO.
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DISCUSSION

This secondary analysis of a prospective cohort of critically ill patients who were transfused
in the medical ICU confirmed the common occurrence of TACO. Positive fluid balance,
larger volume of transfusion, greater plasma transfusion volume, and a faster transfusion
rate predicted development of TACO. A comparison of TACO cases and randomly selected
controls identified left ventricular dysfunction and FFP ordered for the reversal of
anticoagulation therapy predicted the development of TACO before the onset of transfusion.

Our findings confirmed TACO is a common transfusion-related complication in critically ill
patients. The incidence of TACO in this report (6%) is consistent with existing literature
which notes an incidence ranging from 1 to 8 percent3:6:20. Our previous study noted a
higher rate of TACO (1 in 356) than TRALI (1 in 534 per unit) per unit of blood component
transfused3. This is much higher than the incidence rate in a recent hemovigilance report
from Ireland (1/10,000 of all components)21. In addition to a different study population
(critically ill patients vs all transfused patients), the major difference is likely a result of
different identification methods (prospective observation vs passive reporting). Recent
reports noted TACO to be the fifth most common cause of death resulting from transfusion
in the United States with an estimated mortality ranging from 5-15%22. Although the
observed mortality is mostly due to underlying illness, rather than TACO per se5, this
complication does result in significant morbidity and increase the length of hospital stay5.

Despite its importance, TACO has received surprisingly little attention when compared with
other transfusion-related complications such as infection and TRALI 9. A single report
associated age with the occurrence of TACO in an orthopedic surgery population. The mean
age of patients who developed TACO in this investigation was 84 years. In contrast, the
median age of our TACO patients was 73 years, similar to recent reports from Robillard23
and Andera2l. This difference is explained by the differing study populations as patients
undergoing total hip or knee replacements are more likely to be of advanced age than an
unselected ICU population.

Left ventricular dysfunction is believed to be a risk factor for TACO with previous estimates
reporting it’s presence in 73% (131) of TACO cases21. TACO often occurs in elderly
patients6 and those with compromised cardiac function24. FFP remains as the first-line
therapy for the urgent/emergent reversal of anticoagulant therapy in the US and American
Society of Anesthesiologist’s recommended dose of FFP is 10-15 ml per kg25, which is
similar to dosing recommendations provided by the British Committee on Standards in
Haematology26. This large volume of FFP (frequently 1 — 2 liters) is clearly undesirable in
patients at risk of TACO. Our unmatched univariate and multivariate analysis confirmed
cardiovascular dysfunction and FFP use for reversal of anticoagulant therapy before
transfusion as important predictors of TACO. Lower volume alternatives to FFP need to be
evaluated in future TACO prevention trials. Further, our results identified blood component
transfusion rate, cumulative fluid balance, cumulative transfusion volume, and volume of
plasma transfused as significant predictors of TACO, independent of pre-existing
cardiovasucular disease or left ventricular dysfunction. The average transfusion rate in
patients who developed TACO was 225 (IQR 135-350) ml/hour compared to 164 (IQR 99—
206) ml/hour in matched controls. Although the AABB Technical Manual27 recommends
an infusion rate of 150 to 300 mL per hour for red blood cell transfusion and faster rates for
plasma and platelets components, our data suggest slower transfusion rates should be
observed when possible. In addition to the faster infusion rates, patients who developed
TACO also received a significantly larger volume of blood product. Previous reports have
described TACO following 1-4 units of administered blood product3:20. A smaller volume
of blood component therapy (1-2 units) was associated with TACO in the study of
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Popovsky and colleagues as well6. Indeed, even a single transfused unit may be sufficient to
precipitate the reaction in a susceptible recipient.1:28

Pre-transfusion diuretic therapy was not found to be protective. This is similar to the
findings of Andrea21 where 40% of patients received diuretics but still progressed to
TACO. However, infrequent use of diuretics before transfusion make it difficult to
determine the benefit of this prevention strategy.

There are a number of potential limitations with this investigation that deserve mention. To
begin, the study was conducted in the ICU of a single tertiary center and the results are
unlikely to be generalizable to non-1CU patients. In addition, the sample size was limited by
the TACO cases observed in the initial prospective cohort study. As a result, the present
study was not adequately powered to detect more subtle associations. Although the matched
study design minimized confounding from underlying cardiovascular disease and left
ventricular dysfunction, the observational nature of this investigation also has the potential
for multiple additional measured and unmeasured confounding effects.

In conclusion, TACO occurs frequently after transfusion in critically ill patients. Transfusion
volume and the rate of blood component administration appear to be important risk factors
for development of TACO in patients with similar baseline characters. Baseline
cardiovascular function and FFP ordered for the reversal of anticoagulant therapy are strong
predictors of TACO before the onset of transfusion.
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Baseline (pre-transfusion) characteristics of TACO patients and matched controls.

Table 1

Cases Controls Odds Ratio

Variables (n=51) (n=51) (95% CI) P-Value
Age™§ 73(57-81) 75 (64-82)
Gender, Female™:T 24 (47) 24 (47)
ICU admission diagnosis*

Gastrointestinal™>T 23 (45) 23 (45)

Cardiovascular™ 14(27) 14 (27)

Respiratory™ T 5(10) 5(10)

Hematology ™ 4(8) 4(8)

Genitourinary™ T 3(6) 3(6)

Metabolic™>T 1(2) 1(2)

Neurology™ 12 1(2)
Race (White)T 48(94.1) 47(92.2) 1.3(0.3,6.0) 0.706
pPBVS 5(4.3-5.6) 4.8(3.9-5.4) 1.26(0.90,1.83) 0.189
APACHE Il score:8 24(17-41)  24(16-42) 1.0(0.98, 1.02) 0.936
SmokeT 28(54.9%)  25(49%) 1.21(0.60,2.46) 0.591
Alcohol Abuse’ 9(17.6%) 5(9.8%) 3(0.61,14.86) 0.178
AspirationT 2(3.9%) 5(9.8%) 0.4 (0.08,2.06) 0.273
SepsisT 10(19.6%)  9(17.6%) 1.2(0.37,3.93) 0.763
Chronic anemia’ 9(17.6%)  6(11.8%)  15(0.534.21)  0.442
Diabetest 16(31.4%)  17(33.3%) 0.9 (0.37,2.21) 0.819
Hypertension 19(37.3%) 24(47.1%)  0.67(030148) 0.321
Chronic kidney diseaseT 10(19.6%)  13(25.5%) 0.7 (0.27,1.84) 0.469

Page 7

IQR: 25% — 75% interquartile range; PBV: Predicted Body Volume; ICU: intensive care unit; ACEI: Angiotensin Converting Enzyme Inhibitors.

*
Matched pairs and no comparisons;

TNumber (%);

t

§

APACHE Il1 score: Acute Physiology and Chronic Health Evaluation score 1 hour after admission;

Median (25% — 75% interquartile range)
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Cardiovascular risk factors in TACO patients and matched controls

Table 2

Cases Controls
Variables (N=51) (N=51) Odds Ratio (95% CI)  P-Value
Arrhythmia* 15 (29.4%) 12 (23.5%) 1.33(0.56,3.16) 0.514
CAD* 23(45.1%) 15 (29.4%) 2.14 (0.87,5.26) 0.096
Myocardial
infarction™ 13 (25.5%) 6 (11.8%) 2.17 (0.82,5.70) 0.117
Valvular heart
disease”™ 5 (9.8%) 2 (3.9%) 2.5(0.49,12.89) 0.273
Left ventricular
dysfunction*vJr 37 (72.5%) 39 (76.5%) 0.82(0.34,1.97) 0.655
Diuretic
therapy* 9 (17.6%) 12 (23.5%) 0.67 (0.24,1.87) 0.442
Aspirin* 19(37.3%) 16(31.4%) 1.3 (0.57,2.96) 0.533
ACEI* 16(31.4%) 20(39.2%) 0.67 (0.27,1.63) 0.374
Digoxin* 8(15.7%) 6(11.8%) 1.5(0.42,5.32) 0.530
B—blocker* 13(25.5%)  18(35.3%)  0.64 (0.28,1.49) 0.301

CHF: Congestive Heart Failure; CAD: Coronary Artery Disease; ACEI: angiotensin-converting enzyme inhibitors.

*
Number (%);

TEjection Fraction < 45 or E/e '> 15.
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Table 4

Baseline predictors of the development of TACO before the onset of transfusion (comparison of TACO cases
and randomly selected controls)

Cases Controls Odds Ratio
Variables (N=51) (N=51) (95% CI) P-Value
Univariate analyses
Age, year” 73(57-81)  73(59-81)  0.99(0.96-1.02) 0.580
Gender (female), N (%) 24 (47) 24 (47) 1(0.46-2.18) 1.000
History of cardiovascular 38 (75) 27 (53) 2.60(1.14-6.12)  0.025

disease, N (%)
LeftvemricmardysfunctionT 37(72.5) 14 (27.5) 7.00 (3.00-17.21)  <0.001

PBV* 5.0(4.3-5.7) 5.0(4.1-5.5) 1.19(0.84-1.73)  0.339
APACHE 111 71(55-83)  71(56-85) 1.00(0.99-1.01) 0.944
FFP ordered for reversal of 17(33) 7(13.7) 3.14 (1.21-8.93) 0.023
anticoagulant therapy, N (%)

Chronic Kidney Disease, 10(19.6) 4(7.8) 2.87 (0.89-11.08) 0.080
N (%)

Hemoglobin*v§ 8.6(7.3-9.6) 8.5(7.9-9.6) 0.94(0.72-1.20)  0.603
Sepsis, N (%) 10(19.6) 9(17.6) 1.11(0.41-3.07)  0.836
Aspiration, N (%) 2(3.9) 5(9.8) 0.38(0.05-1.84) 0.233
Alcohol Abuse, N (%) 9(17.6) 12 (23.5) 0.70 (0.26-1.82)  0.464

Multivariate analyses
Leftventriculardysfunction* 37(725) 14 (27.5) 8.23(3.36-21.97)  <0.001

FFP ordered for reversal of 17(33) 7(13.7) 4.31(1.45-14.30)  0.008
anticoagulant therapy, N (%)

IQR: 25% — 75% interquartile range; FFP: Fresh Frozen Plasma;
*
Median (25% — 75% interquartile range);
TEjection Fraction < 45 % or E/e' > 15;
t

APACHE I11 score: Acute Physiology and Chronic Health Evaluation score 1 hour after admission;

§Lowest hemoglobin within 6 hours before transfusion.
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