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Abstract: Transfusion-associated circulatory overload (TACO) is acute pulmonary edema
associated with left atrial hypertension or volume overload occurring within 6 hours following
a blood transfusion. Recognized by physicians as a common complication of blood transfusion,
its incidence has been difficult to measure because active surveillance is required to counteract
underreporting; active surveillance indicates overall incidence rates as high as 1% per trans-
fused patient. Recent clinical and translational research has focused on the development of
electronic alert systems to measure TACO incidence and provide alerts to physicians regarding
patients at high risk. Translational research regarding the utility of biomarkers such as brain
natriuretic protein (BNP) or N-terminal pro-BNP (NT-proBNP) as diagnostic tools for TACO
has been only moderately successful, but the search for other biomarkers continues. Prevention
strategies can be developed based upon evidence derived from both observational studies and
might include: using documented risk factors to highlight patients at risk, preferably using
real-time analysis of electronic medical records; implementation of modified transfusion strate-
gies to minimize the volume and infusion rate of blood products; consideration of prophylactic
diuretic therapy; and heightened diagnostic awareness combined with rapid implementation
of treatment. Randomized clinical trials will be required to test such strategies before they are
widely implemented. Finally, the occurrence of TACO ought to be considered as a potentially
avoidable medical complication that could be used to benchmark transfusion and critical care
practice across hospitals.

Keywords: blood transfusion, pulmonary edema, risk factors, prevention and control,
therapeutics

Introduction

Pulmonary complications of transfusion include transfusion related acute lung injury
(TRALI), transfusion-associated circulatory overload (TACO), and other types of acute
lung injury (ALI). TACO, likely the most common of these, is defined as symptoms
and signs of acute pulmonary edema associated with left atrial hypertension or volume
overload occurring within 6 hours of blood transfusion. These signs include acute
respiratory distress, hypertension, hypoxemia, findings of congestive heart failure
including elevated and an S3 heart sound as well as vascular resdistribution, Kerley B
line, and bilateral opacities on chest X-ray.! The term TACO was coined by Popovsky
following an early article on posttransfusion pulmonary edema and reviewed 5 years
ago by Popovsky in his Emily Cooley lecture in 2009.2* The differential diagnosis
between TACO and TRALI can be difficult, the distinction being primarily whether
hydrostatic versus capillary leak syndrome is responsible for the pulmonary edema.'**

submit your manuscript
Dove

http:

International Journal of Clinical Transfusion Medicine 2015:3 17-28 17
© 2015 Roubinian and Murphy. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/IJCTM.S77343
mailto:ed.murphy@ucsf.edu

Roubinian and Murphy

Dove

The Centers for Disease Control and Prevention (CDC) has
proposed criteria for the diagnosis of TACO as part of the its
hemovigilance network, including a minimum of three signs
of pulmonary edema within 6 hours of blood transfusion in
the absence of other causes of ALL®

Beyond the dogma that TACO is caused by the infusion
of too much blood too quickly, risk factors for TACO are not
well understood. Infusion rate may be more important than
the total volume of blood transfused, however the optimal
infusion rate of blood components and adjustment for patient
characteristics are poorly defined.”® As described below, host
factors are probably more important than infusion practice.
Patients older than 60 years and women predominate in several
case series.” 3 A positive fluid balance and chronic renal fail-
ure have also been implicated. The role of underlying cardiac
disease, although implicitly recognized, has not been well
described. Understanding these and other host factors could
be used to construct a predictive algorithm useful to clinicians,
as has been done recently for the prediction of sudden cardiac
death in patients with coronary artery disease.'

TACO continues to represent a significant cause of post-
transfusion morbidity and mortality, but several authors have
commented on the relative scarcity of published research on
this important and common clinical problem. In particular,
good quantitative studies of patient risk factors and clini-
cal practices that are associated with TACO are lacking. If
patient risk factors could be better defined, algorithms could
be devised to indicate which patients are at highest risk, and
transfusion rates could be reduced or prophylactic diuretics
administered in these patients. A better understanding of the
evidence supporting the prevention and treatment of TACO
also fits well with current emphases on hemovigilance as well
as efforts to identify and minimize iatrogenic complications
and errors in medical practice that contribute significantly
to the costs of healthcare.

In this review, we shall therefore first touch upon the
current literature regarding the pathophysiology and risk
factors for TACO, including patient-specific, practice-spec-
tific, and biomarkers. We shall then review what is known
about the diagnosis and treatment of TACO, focusing on
oxygenation, fluid balance, underlying cardiac function,
and differential diagnosis from other pulmonary transfu-
sion reactions. Potential preventative measures will be
considered along with evidence supporting their efficacy,
and information on adverse outcomes associated with
TACO will be reviewed. We shall finish with an assess-
ment of gaps in the evidence base and suggestions for
future research. We have limited this review to the adult
as opposed to pediatric literature.

Pathophysiology of TACO

The pathophysiology of TACO resembles that of other
types of acute hydrostatic pulmonary edema.'>!¢ In a
patient without pulmonary edema, pulmonary capillary
pressure is counterbalanced by colloid osmotic pressure
within the capillaries; small amounts of transudate are
removed from the alveoli by the pulmonary lymphatic
system (Figure 1). With normal cardiovascular function,
there is a range of left atrial and pulmonary capillary
pressures during which homeostasis is maintained by
lymphatic drainage; beyond a critical “tipping point”,
however, there is a linear relationship between increas-
ing left atrial pressures and the rate of pulmonary edema
formation.'® Pulmonary edema occurs in patients with
heart failure without elevations of total blood volume. In
TACO, a moderate increase in blood volume and pulmo-
nary capillary pressure mediated by the blood transfusion
pushes patients with compensated cardiac dysfunction or
chronic renal failure beyond the tipping point into pulmo-
nary edema. In patients with normal hearts and kidneys,
massive transfusion is typically required to tip them into
hydrostatic pulmonary edema.

Incidence of TACO and associated

risk factors and biologic markers
Although TACO represents the second most common cause
of transfusion related deaths reported to the Food and Drug
Administration in fiscal year 2012, the incidence of TACO
is poorly defined.'®!" In retrospective or prospective cohorts
with some degree of active surveillance, it ranges from 1%
to 8% of patients transfused (Table 1).”**?! Hemovigilance
data tend to give much lower incidence rates, probably due
to underreporting of a complication which may be viewed
as a problem in transfusion administration rather than a
defect in the blood product.?>** There is also underestima-
tion of the severity of morbidity and mortality associated
with TACO.”

Risk factors for and markers of TACO can be divided into
those that are related to the patient, including demograph-
ics and coexisting disease; those that are related to clinical
practice, including the volume and infusion rate of blood
products other fluids and overall fluid balance management;
and markers of underlying pathophysiology, including brain
natriuretic protein (BNP) or N-terminal pro-BNP (NT-pro-
BNP) and other biomarkers (Table 2).

Patient-specific risk factors clearly include age over 60 or
70 years.” " Age is likely a surrogate for other predisposing
risk factors such as preexisting cardiac failure or chronic
kidney disease. In the pediatric literature (not covered
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Figure | Physiology of Microvascular Fluid Exchange in the Lung.

Notes: In the normal lung (A), fluid moves continuously outward from the vascular to the interstitial space according to the net difference between hydrostatic and protein
osmotic pressures, as well as to the permeability of the capillary membrane. When hydrostatic pressure increases in the microcirculation such as in TACO, the rate of transvascular
fluid filtration rises (B). Since the permeability of the capillary endothelium remains normal, the filtered edema fluid leaving the circulation has a low protein content. Noncardiogenic
pulmonary edema (C) occurs when the permeability of the microvascular membrane increases because of direct or indirect lung injury (including transfusion related acute lung
injury), resulting in a marked increase in the amount of fluid and protein leaving the vascular space. From The New England Journal of Medicine, Ware LB, Matthay MA, Clinical
practice. Acute pulmonary edema. 353(26):2788-2796. Copyright © (2005) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.'®

Abbreviation: TACO, transfusion-associated circulatory overload.

here), some authors also mention very young age (less than
3 years) as a risk factor. Female sex is another clear risk
factor which may be confounded with smaller body size for
which an equivalent transfusion volume represents a greater

hemodynamic load.”'* However it is intriguing to speculate
whether sex specific differences could be related to differ-
ences in the prevalence of underlying diastolic heart failure
cytokines or sex-specific differences in underlying physiology
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Table | Incidence of TACO by type of surveillance used to find

cases
Authors and year Patient population Incidence
Passive surveillance
Kleinman et al 200322 Quebec hemovigilance (RBC) 0.042%
AFSSAPS Annual French hemovigilance 0.056%*
report 20093
Bolton-Maggs 2014% British SHOT hemovigilance =0.01%°
Active surveillance
Popovsky et al 1996 382 Orthopedic patients 1.05%
Bierbaum et al 1999%' 1499 Orthopedic patients 8.01%
Rana et al 2006° 2297 ICU patients 1.09%
Narick et al 20127 84 plasma recipients 4.8%

Notes: *In patients aged 55 years and older; "SSHOT does not provide a denominator
of transfused patients. During 2013, they reported 96 cases in a system that
transfused 2.04 million RBC. Assuming an average of two RBC units per transfusion
episode, TACO incidence was <0.01%.

Abbreviations: TACO, transfusion-associated circulatory overload; RBC, red
blood cell; SHOT, serious hazards of transfusion; ICU, intensive care unit.

as indicated by biomarkers. Other clear risk factors include
preexisting cardiac dysfunction, which makes sense since
diminished cardiac reserve would be less likely to handle
an additional volume load,!"'>?>%¢ and chronic renal failure
which would make fluid homeostasis more difficult.'!!>2
Patient-specific risk factors mentioned by a minority of stud-
ies include white race/ethnicity,'> hemodynamic shock prior
to the onset of TACO,> a history of various types of anemia, '

Table 2 Risk factors for TACO

Patient-specific

Age over 60 years*?!!12

Female sex®'3

White race'??

Higher APACHE-I| score'?

Renal failure'"'22

Preexisting cardiac dysfunction'!122526

Shock?=

Anemia'??

Chronic pulmonary disease'?*
Practice-specific

Number of blood products administered®'>22728

Faster rate of transfusion'*2

Plasma transfusion > RBC’s"%

Positive fluid balance??

Lack of diuretics'?

Lower fluid balance''®
Biomarkers

BNPIS,I6,34,35

NT-proBNP'*'¢
Notes: Patient-specific — characteristics of the patient and the preexisting diagnosis.
Practice-specific — resulting from actions of the physician proximate to the blood
transfusion. Biomarkers — markers of underlying physiology that may be predictive
of risk. ®indicates possible risk factors (mentioned in only one article).
Abbreviations: TACO, transfusion-associated circulatory overload; APACHE,
acute physiologic and chronic health evaluation; RBC, red blood cell; BNP, brain
natriuretic protein; NT-proBNP, N-terminal pro-BNP.

and a history of chronic pulmonary disease.'? These must be
considered potential risk factors as biologic plausibility is
lacking (race/ethnicity), or the risk factor is associated with
a need for increased transfusion (shock, anemia). Practice-
specific risk factors include the total volume of blood prod-
ucts administered, with consistent findings regardless of red
blood cell, platelet, or plasma transfusion.*'>?52728 There is
some indication that plasma transfusion may be associated
with an increased risk of TACO compared to other blood
products, but this may be confounded by the total volume
of transfusion administered. A faster blood product infu-
sion rate was implicated by two studies and is a plausible
risk factor; however this granular data is often not available
which may explain why its role is not better understood.!?%
A positive fluid balance preceding transfusion also makes
pathophysiologic sense as the additional volume challenge
posed by transfusion is less likely to be tolerated by patients
who have received significant intravenous fluids at the start of
transfusion.?>?® Interestingly, several studies found a similar
or lower fluid balance in TACO as compared to TRALI sug-
gesting that this variable may not be as useful to differentiate
these syndromes.'"-1329:35

Rapid evaluation of biomarkers has had a major impact
in clinical diagnosis and decision making. The use of BNP
in classification of cardiogenic pulmonary edema spawned
interest in its ability to identify patients at risk for TACO. A
TACO case—control evaluation showed elevated BNP levels
in patients with TACO in comparison to levels in patients who
did not develop pulmonary edema following transfusion, and
other retrospective analyses have found similar elevations in
patients with TACO. 003!

The role of BNP in the differential diagnosis of
transfusion-related lung edema is less clear. Studies have
found overall higher BNP and NT-proBNP levels in TACO
patients in comparison to those in patients with TRALI and
Possible TRALI, defined as a TRALI syndrome when other
risk factors for pulmonary edema such as sepsis or pneumonia
are present.!!3!32 However, BNP levels alone were found to
have limited ability in differentiating these groups of patients
from one another. Another caveat to the above studies is that
they did not fully control for the change in specificity of
BNP in patients with acute and chronic renal insufficiency.
This factor, in addition to the need for a larger sample size,
may explain the lack of diagnostic cut points for working
definitions such as the CDC Biovigilance criteria, though
others have postulated thresholds for TACO and TRALIL.*
A practical challenge to better establishing cut points for
BNP is recognition that it is not routinely used clinically in
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identifying transfusion-related complications. One review
of TACO found that BNP values were only available in
3% (3/98) and 11% (11/98) of cases prior to and following
the development of pulmonary edema, respectively.'?

More recently, pretransfusion elevations in inflammatory
cytokines have been recognized in patients who develop
TRALI, and not TACO.?>33¢ A recent study by the authors
of this review found utility of these cytokines in differentiat-
ing cardiogenic and noncardiogenic pulmonary edema prior
to and following transfusion.** In recent years, a number
of novel biomarkers (eg, Cystatin C, GDF-15, ST-2) have
identified patients at higher risk of adverse cardiac and renal
outcomes.””* Future studies are needed to examine the utility
of these markers alone and in combination to risk stratify and
differentiate patients with pulmonary transfusion reactions.

Diagnosis of TACO: current evidence
Signs and symptoms of TACO typically begin within
6 hours of completion of blood transfusion and are typified
by tachycardia, tachypnea, and often, hypertension.2%4%4!
However, these findings may initially be subtle, especially
in postoperative patients who are often already receiving
supplemental oxygen. An elevated pulse pressure is some-
times recognized in patients with cardiogenic pulmonary
edema, and recent evidence suggests that this finding may
be accentuated in TACO patients relative to blood pressure
changes seen in nontransfused patients.*> The symptoms
of TACO are typically accompanied by the development
of hypoxemia, and chest radiography is most often used to
identify pulmonary edema as the cause amongst the many
possible etiologies in hospitalized patients.'> Chest radiog-
raphy, in addition to identifying pulmonary edema, may
provide further evidence to support a cardiogenic etiology
with findings of cardiomegaly and pleural effusions. While
clearly a useful tool in the evaluation of TACO, a review
of 100 TACO patients found that posttransfusion chest
X-ray was not universally ordered, occurring in 80% of
patients.!> Whether a diagnosis of cardiogenic pulmonary
edema was made on clinical signs and symptoms alone or
if pulmonary edema was identified on pretransfusion chest
X-rays is not clear.

Hypoxia related to pulmonary edema is most often
recognized through the use of pulse oximetry but may be
missed in operative cases where supplemental oxygen is
routinely given during and following surgery. In these cases,
hypoxemia may be identified via measurements of arterial
blood gases.* Arterial blood gas testing is a standard tool
used to assess patients in acute respiratory distress of unclear

etiology. Measurement of the ratio of the partial pressure of
oxygen to fractional inspired oxygen (PaO,/FiO,) is a routine
measure of pulmonary impairment used in the definition of
TRALI and acute respiratory distress syndrome (ARDS).
This measure allows one to quantify the degree of hypoxemia
(eg, PaO,/FiO, ratio <300 for diagnosis of TRALI) relative
to administered oxygen, though caveats are often present
in patients not receiving positive pressure ventilation.*
Similar thresholds for hypoxemia have not yet been defined
for TACO and may be more difficult to delineate given its
sometimes mild presentation and infrequent utilization of
blood gases in one review.?” Nevertheless, arterial blood gas
measurement provides similar insights into the severity of
pulmonary compromise of TACO and TRALL.

Invasive hemodynamic monitoring may provide important
information regarding a patient’s volume status, especially
in complex critically ill patients where the pathophysiology
of a patient’s pulmonary edema is often difficult to assess.*
Pulmonary capillary and central venous pressure monitoring
requires placement of an invasive catheter in the appropriate
vascular space for their assessment and experience in inter-
preting waveforms correctly. At least one large randomized
controlled trial in patients with ARDS has not shown evidence
for a benefit of pulmonary artery catheters in improving
clinical outcomes.*® As a result, their use has decreased and
subsequent retrospective reviews of TACO have found infre-
quent utilization of this form of cardiac monitoring.?

Echocardiography, prior to or following transfusion,
provides useful noninvasive information regarding the patho-
genesis of posttransfusion pulmonary edema.?># Quite often
elderly hospitalized patients do not have a known history of
congestive heart failure, and this may only be identified at the
time of surgery or in the evaluation of posttransfusion pul-
monary edema.'>¥4 Echocardiographic findings of systolic
heart failure, such as left ventricular dilatation and reduced
ejection fraction, are well defined, though findings of diastolic
dysfunction or valvular abnormalities may not be readily
identified due to arrhythmia or technical quality of imaging.*’
Findings of left atrial enlargement often denote chronically
elevated left sided filling pressures suggestive of pressure
or volume overload.*®° Likewise, the lack of respiratory
variation of the inferior vena cava in spontaneously breathing
patients is a measure of a patient’s volume status analogous
to invasive central venous pressure monitoring.>! Findings of
systolic or diastolic dysfunction as well as elevated right or
left sided filling pressures should add weight to a cardiogenic
etiology when differentiating the etiologies of posttransfusion
pulmonary edema.?6-3343
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Clinical, echocardiographic, and laboratory mark-
ers are most helpful in differentiating cardiogenic from
noncardiogenic pulmonary edema.’>>* These findings are
most critical in differentiating cases of TACO from TRALI,
while cases of Possible TRALI may have a mixture of per-
meability and hydrostatic pulmonary edema. For example,
several studies have demonstrated elevated central venous
pressures as well as laboratory markers of ventricular strain
in cases of Possible TRALI, so these may not be useful in
distinguishing this pulmonary syndrome from TACO."**

Management of TACO

Management of patients who develop TACO builds upon
the well-described management of cardiogenic pulmonary
edema.** Some tenets of initial management are inherent
such as providing supplemental oxygen, elevation of the
head of the bed, and prescription of diuretics and nitrates as
hemodynamics allow.'>3 Monitoring includes sequential
evaluation of vital signs including continuous pulse oxim-
etry and cardiac telemetry as well as strict measurement of
urine output following administration of diuretics. Further
administration of blood components and other intravenous
fluids should be discontinued or limited as possible.>

For more severe cases at risk for respiratory failure, there
should be consideration for transfer to a hospital setting
where invasive or noninvasive positive pressure ventilation
can be administered. Noninvasive ventilation has been shown
to decrease the need for intubation, improve respiratory
parameters, and possibly decrease mortality in patients with
cardiogenic pulmonary edema.”* The use of nitrates and
other vasodilators to reduce preload should be considered,
especially in patients with significant hypertension, and renal
replacement therapy may be necessary in patients with severe
renal impairment.>*¢°

In these severe cases, distinguishing the etiology of post-
transfusion pulmonary edema can be critical with distinct
differences in respiratory and diuretic management. For
example, in cases of TACO, aggressive diuretic therapy and
noninvasive ventilation would be prescribed as the patient’s
cardiopulmonary status allows. However, utilization of a low
tidal volume strategy via invasive mechanical ventilation
and maintenance of normovolemia would be appropriate in
patients with TRALI or Possible TRALI.

Measures to prevent TACO

and evidence for efficacy of same
Measures to prevent TACO begin with accurate identification
of patients at risk utilizing some form of active surveillance.

With the rapid expansion of electronic medical records,
algorithms to screen and identify cases of posttransfusion
pulmonary edema are becoming more common (Figure 2).1
The development of automated screening for high risk
patients with comorbid medical conditions prior to transfu-
sion is feasible using electronic medical record systems.®!
One study utilized a simple TACO risk score that included
age, findings suggestive of congestive heart failure, and renal
dysfunction found that patients with higher scores received
a smaller volume of transfused product before developing
TACO compared with patients with a lower score. However,
in this observational study, the use of diuretics did not cor-
relate with increasing TACO risk scores.'? Clinical decision
support systems similar to those under development for other
medical complications and incorporating relevant vital signs
such as pulse pressure or a patient’s creatinine clearance
could further alert clinicians to patients at high risk of devel-
oping TACO.%? Additional pretransfusion cardiopulmonary
biomarkers may be also relevant in identifying patients with
comorbid risk factors more likely to develop TACO.!"
Preventing TACO requires identification and understand-
ing of the modifiable practice-based risk factors (Table 3).
Several studies have found the overall number of units trans-
fused as well as the rate of transfusion to be risk factors for
the development of TACO.*2%* Evidence-based transfusion
practice, reduction of transfusion infusion rates, and pro-
phylactic volume reduction with diuretics may all limit the
incidence of TACO. Findings from randomized clinical trials
suggest that more liberal transfusion practice is associated

TRALI SCCOR algorithm Mayo TACO CART algorithm

Transfusion Transfusion
l Pulse ox l
Hypoxemia e==  J (SPO,/FIO,) Hypoxemia

l ABG (PaO,/FiO,)
ALERT

7
a
ABG (PaO,Fi0,)  "§"
4 \

CXR ordered

ALERT

Figure 2 Comparison of automated screening algorithms for the detection of
TACO and other pulmonary transfusion reactions.

Notes: The pioneering algorithm on the left relied upon linking blood product
issuance with arterial blood gas results.®> When feasible, the more elaborated
algorithm on the right offers potentially better sensitivity (due to the inclusion of
pulse oximetry data to detect milder cases) and specificity (due to inclusion of a
clinician’s order for a chest radiograph).'?

Abbreviations: TACO, transfusion-associated circulatory overload; SCCOR, Specialized
Centers of Clinically Oriented Research; CART, classification and regression tree.
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Table 3 Prevention and therapy of TACO

Primary prevention
Evidence-based transfusion practice
Single unit transfusion
Blood component alternatives
Secondary Prevention
Algorithms to identify high risk patients
Slower infusion rates in high risk patients
Prophylactic diuretics
Treatment of TACO
Oxygen supplementation
Cessation of transfusion
Diuretic therapy
Vasodilators
Positive pressure ventilation as needed

Abbreviation: TACO, transfusion-associated circulatory overload.

with more frequent posttransfusion pulmonary edema in
comparison to restrictive.?’?* Patient blood management
strategies derived from these findings suggest transfusion
of a single red blood cell unit at a time, and using a more
restrictive hemoglobin threshold may reduce the likelihood
of TACO. However, TACO has been associated with transfu-
sion of a single red blood cell unit® and Lieberman et al'?
found that the mean pretransfusion hemoglobin level was
7.2 g/dL in cases of TACO, in line with more restrictive
practice. A nested case—control study with matching for risk
factors showed that plasma administration for the reversal of
anticoagulation was a risk factor for TACO.?® These patients
receiving often large volumes of plasma and red blood cells
are commonly elderly individuals with impaired cardiac
and renal function. The use of factor concentrates rather
than plasma for this indication has been associated with a
lower incidence of pulmonary edema in a small randomized
controlled trial.®

There is currently no prospective data on the impact of
lower blood transfusion infusion rates on the incidence of
TACO. The rapid infusion of multiple blood components and
medications plays a significant factor in the development of
TACO, even when the overall fluid balance is not signifi-
cantly different from that of TRALI or Possible TRALI. 26333
In critically ill patients, blood component administration
does not typically occur in isolation; other therapeutic agents
such as vasopressors or antibiotics are often being infused as
well. This is an all too common scenario in surgical patients
when aggressive therapeutics necessary to maintain hemo-
dynamics and control hemorrhage are balanced with the
increased risk of TACO in patients with impaired cardiorenal
function. While appropriate in patients with hemorrhagic
shock, rapid administration of platelets and plasma has
historically been utilized, especially in the case of the latter

blood component where large volumes are often required to
reverse coagulopathy. The efficacy of limiting infusion rates
of blood components as well as other crystalloid fluids on
the incidence of TACO remains unknown but is a reasonable
practice even without evidence.

Diuretics may be appropriate in hemodynamically stable
patients prior to or during blood transfusion and are often given
as treatment after the development of pulmonary edema. The
administration of prophylactic diuretics at the time of transfu-
sion should be considered in hemodynamically stable patients
with impaired cardiac function as well as in individuals with
impaired but stable renal function. Supporting this practice,
a study showed that the administration of diuretics resulted in
unchanged cardiac filling pressures following transfusion,®’
however prospective studies are needed to evaluate the ben-
efit in preventing TACO. In practice, the use of diuretics as
a treatment for TACO was found to be relatively infrequent
(29% and 27%) in two studies.'>*! Whether this low level of
utilization was due to the mild nature of the TACO event or
concurrent hemodynamic instability is not clear. In a matched
case—control study of risk factors of TACO,? pretransfusion
diuretic was not found to be protective but also did not occur
with high frequency. Therefore, further clinical research on the
benefit of prophylactic diuretic therapy in preventing TACO
appears to be needed.

Another area of translational research that may have a
future impact upon TACO prevention concerns the prepa-
ration and storage of blood components. The hypothesis
that inflammatory mediators play a role in the pathogenesis
of TACO is supported by declines in reported incidence
of TACO in addition to TRALI following universal
leukoreduction.**® A randomized controlled trial examining
the impact of age of red blood cells did not find differences in
measures of pulmonary function, immunologic, or coagula-
tion changes in fresh versus standard issue blood.® Current
research focuses on the impact of washing techniques and
irradiation of red blood cells on markers of hemolysis and
inflammation as well as the incidence of TACO.77

Outcomes following TACO

Despite the prevailing image of transient volume overload
which can be treated easily and carries little morbidity, TACO
is, in fact, associated with increased morbidity and probably
increased mortality. Several studies have found that length
of stay in the intensive care unit (ICU) and in the hospital is
increased following an episode of TACO. Murphy et al* (Fig-
ure 3) found that TACO was associated with increased length of
stay in the ICU (Hazard Ratio [HR] for discharge, 0.37; 95% CI
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Figure 3 Length of stay in the (A) ICU and (B) hospital, in days, for TACO cases (dotted line) and transfused controls without pulmonary edema (solid line).

Notes: These analyses counted length of stay from the time of the development of pulmonary edema (TACO) or 6 hours after transfusion (controls) until discharge from the
ICU and hospital, respectively. Reprinted from The American Journal of Medicine, 126(4), Murphy EL, Kwaan N, Looney MR, et al, Risk factors and outcomes in transfusion-
associated circulatory overload, e29-e38., Copyright (2013), with permission from Elsevier.”

Abbreviations: ICU, intensive care unit; TACO, transfusion-associated circulatory overload.

0.26-0.53) and in the hospital (HR for discharge, 0.64; 95% CI
0.48-0.86). Li et al” also found increased length of stay in both
the ICU (3.0 versus 1.7 days) and hospital (9.4 versus 6.1 days;
both P<<0.05). Menis et al™ also found in increased length of
hospital stay (OR =1.30 for a stay of 7-10 days). Magee and
Zbrozek,” in a multivariate analysis of discharge data from
more than 600 United States hospitals, found an increase in
ICU length of stay from 5.2 to 6.0 days (P<<0.001), hospital
length of stay from 10.0 to 12.9 days (P<<0.001) and total
hospital cost from $32,582 to $46,644 (P<<0.001) for cases of
fluid overload in association with plasma transfusion.

TACO may also increase mortality, although evidence
for this is less consistent. Murphy et al* found increased in-
hospital mortality following an episode of TACO, as well as
prolonged ICU and hospital length of stay after pulmonary
edema for patients who developed TACO compared with
controls. Li et al” found increased 5-year mortality follow-
ing both TRALI and TACO, although the increased death
rate in TACO cases was not statistically different from that
of non-TACO cases (P=0.144). Another study with a very
small number of cases also suggested that patients with
TACO had increased mortality and morbidity.* Hebert et al?’
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found similar survival but higher risk of pulmonary edema
in patients transfused with a liberal versus restrictive trans-
fusion strategy.

Thus, it is reasonable to consider TACO as a potential
killer and a cause of significant morbidity and increased
hospital length of stay, both due to the episode of pulmonary
edema and potentially due to hypoxemia-related worsening of
underlying conditions. This morbidity burden and increased
length of stay is associated with increases in hospital costs —a
real concern in the current medical economic landscape in
the United States. It is reasonable to propose that TACO inci-
dence be considered and monitored as a potentially avoidable
medical complication that could be included among other
measures of quality of care. This would lend real incentives
to reducing the incidence of TACO.

Current limitations in evidence
and potential improvements in
the prevention, diagnosis, and
management of TACO

This review of literature has revealed several areas where evi-
dence is incomplete or inadequate. In terms of epidemiology,
there is inadequate data derived from active surveillance on
the incidence of TACO. Further elaboration of a syndromic
definition of TACO, perhaps by the National Institute of
Health consensus development program (http://consensus.
nih.gov/), will help to standardize surveillance and allow
comparison between different systems. The use of electronic
algorithms to detect TACO, using the electronic medical
record, is a new area of research but needs additional work.
In the area of prevention, can the detection of patients at high
risk for TACO translate to effective preventive measures? And
finally, what specific preventive measures can be evaluated by
means of interventional trials to compare their efficacy?
As seen in our section on TACO incidence, above, there
is a wide discrepancy between data derived from passive
surveillance versus that derived from active surveillance.
This is not surprising given the general limitations of pas-
sive surveillance which is well recognized in the public
health literature.'>®! We suspect that the true incidence
is closer to values derived from studies incorporating
active surveillance, and therefore may be as common as
0.5%—1.0% per transfused patient.”***! Two other poorly
defined areas affect the accurate determination of inci-
dence. First, a better surveillance definition than that given
by the CDC Biovigilance Network is needed.® The current
definition, based on the presence of one or more signs or

symptoms of pulmonary edema, does not require the actual
diagnosis of pulmonary edema to fulfill criteria — an impor-
tant shortcoming since the definition of TACO includes the
occurrence of pulmonary edema. Second, experts in critical
care medicine may lend their expertise to the elaboration
of more precise diagnostic categories for TACO, transfused
ALI, and TACO in the setting of preexisting cardiac risk
factors.!>*® Finally, the incidence of TACO is likely to be a
moving target in the setting of substantially declining red
blood cell transfusion rates — 15%—-20% decrease over the
last 5 years — in the United States.”® As noted in our section
on primary prevention, the most effective way of prevent-
ing TACO is to not give the transfusion, and patient blood
management strategies currently underway are likely to
diminish the overall incidence of TACO, if not necessarily
the incidence per transfused patient. A recent meta-analysis
suggested that restrictive transfusion strategies decrease
the incidence of pulmonary edema (relative risk =0.48;
C10.33-0.72).”

This review has revealed reasonable consistency in the
definition of TACO risk factors, but further data on their
frequency and strength of association with TACO will be
important in constructing predictive risk algorithms. This
is currently underway as part of the National Heart Lung
and Blood Institute (NHLBI) Recipient Epidemiology and
Donor Evaluation Study — I1I (REDS-IIT) Serious Transfusion
Reactions Including Pulmonary Edema (STRIPE) study.”
The next step, for which only rudimentary evidence exists
at present, is to construct real-time predictive algorithms
whereby physicians may be alerted in the electronic medical
record to patients whose data shows that they are at increased
risk of TACO should they receive a transfusion.'>*¢7*% Elabo-
ration of these algorithms and field testing them will be an
important research priority.

As reviewed above, there is little data beyond that in the
general pulmonary edema literature on the efficacy of specific
prevention and treatment interventions for TACO. Potential
interventions include: single unit red blood cell orders; slower
infusion rates; prophylactic diuretic administration (when,
which diuretics, what dosing?); and the use of alternative
plasma transfusion such as coagulation factor concentrates
instead of fresh frozen plasma to reverse anticoagulation. The
search of the clinicaltrials.gov website revealed fewer than
five active or completed clinical trials using the keywords
pulmonary edema and transfusion. Interventions included the
use of shorter versus longer storage duration red blood cell
and the use of different target International Normalized Ratio
(INR) values to guide correction of coagulation disorders,
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both studied with regard to the outcome of pulmonary edema.
Data from observational studies as well as advice from expert
advisory committees can help to define the most promising
new interventions.

Finally, additional basic and translational research is
needed on the development of diagnostic biomarkers for
TACO and its differentiation from TRALI and other causes of
ALI. Work to date on BNP and NT-proBNP has not yielded a
highly predictive marker, but the addition of other markers of
cardiac muscle function and/or inflammation is a promising
new area of research.

Conclusion

In concluding this review, it seems appropriate to conceptual-
ize the current research situation and future research needs
regarding TACO using the translational research paradigm:
a logical progression from basic science to translational to
clinical research.

Additional basic research is needed into the pathophysiol-
ogy of TACO and the development of potential biomarkers
for diagnosis. Is the basic pathophysiology entirely hemody-
namic, whereby elevated pulmonary venous pressures lead
to transudation of fluid into the alveoli or is there component
of damage to the alveolar membrane that predisposes or
facilitates the condition? The frequent occurrence of TACO
in ICU patients with multiple pathologies makes the dif-
ferentiation of TACO and Possible TRALI difficult but also
raises the possibility that ALI pathology may often overlap
with TACO. Recent findings regarding biomarkers in TACO
also suggest that inflammation may play a role. While not
as clear-cut as in TRALI, such research may yield clues to
possible preventive strategies.

Additional translational research is needed to develop
better approaches to active surveillance for TACO as well as
early warning systems to alert clinicians when patients are
at increased risk of the condition. Recent research regard-
ing computer algorithms and electronic medical record
systems suggests that sensitive algorithms to detect TACO
are currently feasible. Unfortunately, these algorithms are
still relatively nonspecific and require some level of expert
clinicial review to weed out false alarms. Future versions
incorporating natural language processing to automatically
review free text chest X-ray and clinical reports will con-
tribute to improved specificity. These electronic approaches
applied in a systematic fashion to high risk hospitalized
populations can form the basis of ongoing active surveil-
lance for TACO incidence. Such an approach is currently
being utilized by the REDS-III STRIPE study examining
the incidence of and risk factors for TACO.™

Additional clinical research is required into the prevention
of TACO including studies of alternative transfusion products,
patient-specific blood product infusion rates, and utilization
of prophylactic diuretics. Results from basic pathophysiol-
ogy studies may yield insights into inflammation and ALI
that may aid in the prevention of TACO — consider that the
demonstration of platelet aggregates in TRALI lungs led to
a trial of antiplatelet agents in the prevention of TRALL®!
Realistically, it is unlikely that entirely new approaches to
the treatment of TACO will be developed beyond those dis-
covered for pulmonary edema stemming from other causes.
Nevertheless, there may be a role for testing specific novel
strategies in the posttransfusion versus generic pulmonary
edema setting.

In conclusion, it may be noted that this review of literature
found that most publications on TACO were to be found in
journals concerned with transfusion medicine as opposed to
general clinical medicine. This indicated to us that TACO has
received increased recent awareness among the transfusion
medicine community which view it as a potentially prevent-
able transfusion reaction. The next challenge will be to raise
awareness among clinicians in internal medicine, surgery,
and critical care as they are on the front lines in recogniz-
ing patients at risk for TACO and potentially implicating
preventive strategies.
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