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INDICATIONS FOR RED-CELL TRANSFUSION

OVERALL INDICATIONS

clinical have shown that esults from observational
studies the associated with blood . Most trials have

randomly assigned patients to a higher hemoglobin concentration as the threshold
for transfusion (referred to as liberal transfusion) or to a lower hemoglobin con-
centration as the threshold (referred to as restrictive transfusion). If implemented
and designed correctly, such a trial design should provide guidance about transfu-
sion efficacy and safety associated with clinically meaningful differences in the
mean hemoglobin concentration and the number of units of blood transfused.
A total of Bi'grial§ were included in a recent systematic review and

evaluating the efficacy of red-cell transfusion.! The trials enrolled a total of more
than 12,000/ patients, and the most common indications for transfusion were ortho-
pedic surgery (in 10 trials), critical care (6), cardiac surgery (5), gastrointestinal
bleeding (5), and acute coronary syndromes (2).>” Patients in the
fusion group were #3% less likely to a red-cell
the liberal-transfusion group, and the mean concentration was 138
per deciliter [oWer. Overall, 30-day in the two transfusion
groups (risk ratio with restrictive transfusion, 0.97; 95% confidence interval [CI],

0.81 to 1.16) (Fig. 1). Other outcomes also did Hot'differ significantly between

transfusion groups, including pneumonia (risk ratio with restrictive transfusion,

than those in
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Study Restrictive Liberal Weight Risk Ratio (95% ClI)
no. of events/total no. %
Lotke et al., 1999 0/62 0/65 —
Blair et al., 1986 0/26 2/24 0.4 — 0.19 (0.01-3.67)
Foss et al., 2009 5/60 0/60 0.4 —+— 11.00 (0.62-194.63)
Carson et al., 1998 1/42 1/42 0.6 1.00 (0.06-15.47)
DeZern et al., 2016 1/59 2/30 06 — 0.25 (0.02-2.69)
Webert et al., 2008 1/29 2/31 0.6 — 0.53 (0.05-5.58)
Cooper et al., 2011 2/23 1/21 0.6 e p— 1.83 (0.18-18.70)
Carson et al., 2013 7/55 1/55 0.7 7.00 (0.89-55.01)
Parker, 2013 5/100 3/100 1.5 — 1.67 (0.41-6.79)
Bracey et al., 1999 3/215 6/222 1.6 R 0.52 (0.13-2.04)
Bush et al., 1997 4/50 4/49 1.7 —_— 0.98 (0.26-3.70)
Hébert et al., 1995 8/33 9/36 3.8 — 0.97 (0.42-2.22)
de Almeida et al., 2015 23/101 8/97 4.5 = 2.76 (1.30-5.87)
Lacroix et al., 2007 14/320 14/317 47 — 0.99 (0.48-2.04)
Hajjar et al., 2010 15/249 13/253 48 — 1.17 (0.57-2.41)
Gregersen et al., 2015 21/144 12/140 5.4 T 1.70 (0.87-3.32)
Walsh et al., 2013 12/51 16/49 5.8 —t 0.72 (0.38-1.36)
Jairath et al., 2015 14/257 25/382 5.8 —r 0.83 (0.44-1.57)
Murphy et al., 2015 26/1000 19/1003 6.5 T 1.37 (0.76-2.46)
Villanueva et al., 2013 19/416 34417 7.2 — 0.56 (0.32-0.97)
Carson et al., 2011 43/1009 52/1007 10.5 —=r 0.83 (0.56-1.22)
Hébert et al., 1999 78/418 98/420 14.7 = 0.80 (0.61-1.04)
Holst et al., 2014 168/502 175/496 18.0 - 0.95 (0.80-1.13)
Total 470/5221  497/5316 100.0 4 0.97 (0.81-1.16)
Heterogeneity: tau2=0.04; chi2=29.75, df=21 (P=0.10); 1=29% 002 o1 10 10 500
Test for overall effect: z=0.29 (P=0.77)
Restrictive Better Liberal Better
Figure 1. Clinical Trials Comparing the Effect of Restrictive versus Liberal Transfusion on 30-Day Mortality.
Data are from a meta-analysis of 31 studies, of which 23 reported 30-day mortality.! Risk ratios were calculated with
the use of the Mantel-Haenszel test. The blue boxes indicate risk ratios, and the size of each box is proportional to
the sample size of the corresponding study. Cl denotes confidence interval, and df degrees of freedom; 12 is the per-
centage of total variation that is due to heterogeneity rather than chance.

0.94; 95% CI, 0.80 to 1.11), myocardial infarc-
tion (risk ratio, 1.08; 95% CI, 0.74 to 1.60), and
congestive heart failure (risk ratio, 0.78; 95% CI,
0.45 to 1.35). In addition, long-term mortality,
with a mean of 3.1 years of follow-up, was similar
in the two groups (hazard ratio for liberal trans-
fusion as compared with restrictive transfusion,
1.09; 95% CI, 0.95 to 1.25) in one trial.?

Many trials have used a restrictive transfusion
threshold of 7 g per deciliter or 8 g per deciliter.’
Among the trials assessing 30-day mortality, the
results with a threshold of 7 g per deciliter were
similar to those with a threshold of 8 g per deci-
liter (test for differences, P=0.56; 1>=0%). How-
ever, most of the trials using Zig|per deciliter as
the threshold for transfusion involved
patients in intensive care units (-), whereas
the trials using 8/g per deciliter as the threshold

involved patients with various diagnoses. There-
fore, it may O be Appropriate to generalize the
results of trials that used the lower threshold to
clinical settings in the trials using the higher
threshold. It is possible that mortality is not in-
fluenced by a lower transfusion threshold, but

the [faté of Mmyocardial infarction (in patients

with preexisting cardiovascular disease or in
those undergoing cardiac surgery) or fecovery
of (in patients undergoing
orthopedic surgery)
by a transfusion threshold of
Father than 88 per deciliter.

per deciliter

INDICATIONS FOR SUBGROUPS OF PATIENTS

Adults with Cardiovasculat Disease
The is Strongly associated with the

level of and is increased among patients
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RED-CELL TRANSFUSION

with cardiovascular disease.'®'! Thus, it follows
that patients with cardiovascular disease might
benefit from a higher transfusion threshold.
Overall, is associ-
ated with an increased infarc-

; however, there is supporting
a of transfusion in patients with

underlying . In a trial in-
volving 2007 patients undergoing
was in the
transfusion group than in the liberal-transfusion
group (4.2% vs. 2.6%; hazard ratio, 1.64; 95%
Cl, 1.00 to 2.67; P=0.045), although
outcomes , myocardial infarc-
tion, and others) were in the two groups.’
In a pilot trial involving 110 patients with acute
ischemic heart disease, Z/deaths occurred in the
-transfusion group, as compared with
in the liberal-transfusion group (absolute
risk difference, 11.2 percentage points; 95% CI,
1.5 to 20.8; P=0.08 with adjustment for age).}? In
a cluster-randomized trial involving 936 patients
with gastrointestinal bleeding, there was a
toward among patients
underlying heart disease; mortality was
3% with liberal transfusion but 12% with re-
strictive transfusion (absolute difference, 10.7 per-
centage points; 95% CI, —9.8 to 31.2; P=0.11 for
interaction).”® In contrast, in a trial involving
2016 patients with cardiovascular disease or risk
factors for it who were undergoing hip-fracture
repair, mortality was similar with liberal transfu-
sion and restrictive transfusion (5.2% and 4.3%,
respectively; odds ratio, 1.23; 95% CI, 0.71 to 2.12).
Several trials are under way to address this ques-
tion of restrictive versus liberal transfusion in
patients with cardiovascular disease: Transfu-
sion Requirements in Cardiac Surgery III (TRICS
11J; ClinicalTrials.gov number, NCT02042898), with
a projected sample of 5000 patients; Cost-Effec-
tiveness and Cost-Utility of Liberal vs. Restrictive
Red Blood Cell Transfusion Strategies in Patients
with Acute Myocardial Infarction and Anaemia
(REALITY; NCT02648113), with a projected sam-
ple of 630 patients; and Myocardial Ischemia and
Transfusion (MINT; NCT02981407), with a pro-
jected sample of 3500 patients.

A [eta-analysis of selected trials that pro-
vided data on patients with dis-
ease in between
the liberal and restrictive transfusion thresholds,

or cardiac
was associated with transfusion (4.5%
vs. 2.5%; risk ratio, 1.78; 95% CI, 1.18 to 2.70).*
These results should be [fitetpreted with Saution
because not all trials that enrolled patients with
cardiovascular disease were included in this analy-
sis. Furthermore, it may not be appropriate to
combine data from patients who had preexisting
coronary artery disease with data from those
with acute coronary syndromes, since the risks
associated with anemia and efficacy of transfu-
sion may be different; patients with active ische-
mia often undergo cardiac interventions and in-
tensive pharmacologic treatment, whereas those
with preexisting cardiovascular disease are hetero-
geneous with respect to disease severity and may
have undefined cardiovascular disease. This analy-
sis also did not include patients undergoing
cardiac surgery.

Adults with Gastrointestinal Bleeding

Three trials involving a total of 1522 patients

with gastrointestinal bleeding showed that-
_ with a [estrictive transfusion
threshold than with a liberal transfusion thresh-
old (risk ratio, 0.65; 95% CI, 0.43 to 0.97; dif-
ference in rate of transfusion, 24.5 percentage
points).>>13'5 Rebleeding also was [ower with a
restrictive transfusion threshold (risk ratio, 0.54;
95% CI, 0.51 to 0.93). The rate in the

liberal-transfusion group may have been
from

because of
a of (blood), leading to rup-

ture of thrombus at the site of the bleeding vessel.

Other Subgroups of Adults
Five trials involving a total of 2840 patients in

ICUs, including 998 patients with 0
showed i@ significant in

between the two transfusion thresholds (risk
ratio with restrictive transfusion, 0.97; 95% CI,
0.75 to 1.25; absolute difference in rate of trans-
fusion, 36.3 percentage points).* Similarly, the
mortality rates in five trials involving a total of
2831 patients undergoing were
similar with the two transfusion thresholds, al-
though they were slightly Righer with Festrictive
transfusion (risk ratio, 1.27; 95% CI, 0.72 to
2.25; absolute difference in rate of transfusion,
54.7 percentage points).!
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Only one trial has evaluated a hemoglobin con-
centration of less than 9.5 g per deciliter as a
threshold for transfusion in children. That trial,
involving 637 children in ICUs, compared a re-
strictive transfusion threshold of 7 g per deciliter
with a liberal threshold of 9.5 g per deciliter.?
There was fl0/difference in either the primary
outcome of new or progressive multiple-organ
dysfunction syndrome (12% in both groups;
absolute risk reduction with the restrictive strat-
egy, 0.4 percentage points; 95% CI, —4.6 to 5.4) or
mortality. Another trial involving children (Trans-
fusion of Prematures Trial [TOP; NCT01702805])
is under way.

GUIDELINES AND
RECOMMENDATIONS

Multiple guidelines for red-cell transfusion have
been published in the past 5 years (Table 1), and
their quality has been assessed.?

patients.
Several of the guidelines recommend that trans-
fusion be pased on the fiemoglobifi concen-
tration but also on consideration of-
the patient’s preference, and al-
ternative therapies.”’”*>** The

for patients with
recommending a transfusion threshold

of 7 g of hemoglobin per deciliter,”® 8 g per
deciliter,'®2%:2 9 o per deciliter,” or 10 g per
deciliter.”® We do fiot have Righ-quality
to guide decisions about transfusion in patients
with acute coronary syndromes,’ since only two
small pilot trials, involving a total of 154 pa-
tients,'>?” have been published.

, the clinical-trial data clearly show
the of a Festrictive threshold of 70'8'g of
hemoglobin per deciliter in most patients. We
advise following AABB (formerly the American
Association of Blood Banks) guidelines (one of us
is a coauthor of these guidelines), which recom-
mend using the restrictive transfusion threshold
that was tested in clinical trials: of hemoglo-
bin per deciliter in patients with .-

and those undergoing cardiac
or and 78 per deciliter in
most

patients, including those in It
is important to recognize that

from clinical trials is for transfusion
strategies in of patients, includ-
ing patients with syndromes, those
with long-term dependence on transfusion, and
patients with disorders, aficet, throm-

bocytopenia, or disorders.” We

also advise that in making decisions about trans-
fusion, other clinical factors, including hemo-
dynamic status, rate of bleeding, symptoms, and
overall status of the patient, be considered in

addition to the hemoglobin concentration.
for
decisions about transfusion have been

Except in cases of acute bleeding, the
physician of red
cells and should the -
Bifl concentration and perform a clinical assess-

ment bBeforé administering Additional blood

transfusions.

TRENDS IN THE USE OF RED-CELL
TRANSFUSIONS

Red cells are the most commonly transfused
blood component in developed countries. De-
spite predictions that red-cell use could increase
as the U.S. population ages, with greater use of
transfusions in patients who have cancer or car-
diac disease, the number of red-cell transfusions
has falleR from a high of almost 15 million
units in 2008 to approximately 12 million units
in 2015 (Fig. 2). over time
have - from 50 units per 1000 population in
2008 to approximately 40 units per 1000 popu-
lation in 2013.%3 The increasing adoption of
patient-focused blood-management programs in
hospitals worldwide accounts for most of these
decreases.*

Patient-focused blood-management programs
have taken advantage of the evidence, cited
above, that restrictive red-cell transfusion prac-
tices are safe. In an effort to reduce red-cell
transfusions, these programs have promoted the
adoption of that Fedlice blood
loss and the of hemostatic agents
such as , with better hemostatic
through the use of
2 Rates of red-cell transfusion in the
United States are still among the highest in
developed countries, suggesting that patient-
focused blood-management programs have ad-
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RED-CELL TRANSFUSION

ditional capacity to reduce unnecessary blood
transfusions (Fig. 3). However, U.S. medical prac-
tice, with major programs for trauma resuscita-
tion and aggressive programs of solid-organ and
stem-cell transplantation, may explain the persis-
tently high rates of red-cell transfusion in the
United States.

IMPROVING SAFETY

In developed countries, the risk of a disease
transmitted by transfused red-cell concentrates

has become very small (Fig. 4), with a - of-
ifor the pathogens of greatest
concern, including the human immunodeficiency
virus (-) and hepatitis C virus (-).3'8 Al-
though it is always possible that a new infec-
tious agent will be introduced into the blood
supply, current -- programs use a
combination of a medical from volunteer
donors, limited physical examinations, geograph-
ic and travel for areas where disease
is known to be and testing is not prac-

tical or of proven efficacy, and a

to reduce the risk of
infectious complications. dona-
tions in the United Sates are tested for

(despite the absence of recent documented cases),”
hepatitis B virus ( ), %0 -,41 human T-cell
lymphotropic virus,* 1 West - virus,® and
* disease,** with the recent addition of
testing for Zika virus.* Although the tests are
performed to eliminate infectious units from the
blood supply, some of the tests are more likely

to identify previous infections (in particular,

syphilis or hepatitis B, with the latter indicated
by the presence of hepatitis B €ore antibody).
Initial testing for these agents is performed with
the use of that have been
enhanced over time with of as-
says that have and specific-

also be tested fq

for patients at
€ells are considered equally

. For addltlonal recipient safety,
is performed for
virus, and virus.
or

a major in platelets that are stored at

room , are [0t a Majox concern in

red cells stored in . U.S. donors are
not tested for , but infectious

are on the basis of’ 8
infection is becoming recognized as a
problem (associated with 15/£0/20%
) in some areas of the United States,
such as New England, and testing programs are
currently being evaluated for possible implemen-

tation.*! Other agents also under include
F virus,” GhikURgUAYa virus,” and

virus.*

PATHOGEN REDUCTION
Pathogenreduction technology represents a pro-

active approach to improving blood safety by
broadly potential infectious agents
in the blood component. This technology is now

available in the United States for platelets and

.>> Several systems are under study for the
treatment of , using chemical process-
ing with an agent (S-303) and

(Intercept, Cerus) or a of
and light (Mirasol, Terumo
BCT). Neither system is licensed in the United
States. The advantages of pathogen-reduction
technology would include reduction of residual
infections with viruses, bacteria, or parasites that
are not detected by current testing systems and
prevention of some infections that have not yet

been recognized as transmitting disease through
transfusion.

in blood that are

the need to cells in order to

and potentially reducing the risk of febrile non-
hemolytic transfusion reactions.™ It is also antici-
pated that pathogen-reduction technology could
eliminate some of the current donor travel exclu-
sions and testing for some agents for which the
risk of breakthrough infections is very low. In
vitro studies have shown that

, and a clinical study showed
that whole blood treated with Eiboflavii and
light feduced transmission.>’
These safety advantages of treating red cells with
pathogen-reduction technology will need to be
weighed against
and the likelihood of increased
treatment.

of such
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NONINFECTIOUS HAZARDS OF TRANSFUSION

~#- Available supply -®- Transfused units  -=#— Rate per 100,000 population Because the infectious risks of red-cell transfu-
20,000,000 sion in Western countries are at an all-time low,
18,000,000 the noninfectious hazards have become the pri-
16,000,000~ mary transfusion complications observed in clin-
14,000,000 12,023,000 units ical practice. The most important of these risks
£ 12,000,000- are shown in Figure 4. Historically, mild fever,
“g 10,000,000 11,114,000 units | chills, and. allergic reactlgns were tbe most com-
Z  000,000- mon reactions, reported in approximately 0.5 to
6,000,000 3450 units 1% of transfusion episodes. With improvements
4,000,000] * N R per 100,000 in recognition and reporting of complications,
5000000 e transfusion-associated circulatory overload is now
o 2008 2009 2010 2011 2012 2013 2014 2015 | among the most common hazards of transfusion,
reported in 1 to 5% of transfusion episodes.”®>

Figure 2. fifédslin US. Blood Supplies and US€, 2008-2015. Transfusion-associated circulatory overload is
Shown are data on the total available supply of whole blood or red cells characterized by a cardiogenic pulmonary edema
(total units collected minus units lost because of reactive test results and resulting in acute respiratory distress. This re-

other production factors), the total number of units transfused, and the rate action occurs most commonly in patients who
of transfusion per 100,000 U.S. population. Data for 2013 are from the Blood . y p
Collection, Utilization, and Patient Blood Management Survey, conducted already have fluid overload as a result of conges-

by the AABB%; 2015 data are from the Centers for Disease Control and Pre- | tive or coronary artery heart disease or acute
vention National Blood Collection and Utilization Survey (NBCUS).? renal failure.’® Diagnostic criteria for transfusion-

associated circulatory overload include the develop-

43.9
41.7 415 410

353 353 345 334 33.2
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Figure 3. TransfusioniRateslin the URited STates in 2013 and 2015, as Compared with Rates in Other Developed

Countries.

The number above each bar is the number of transfused red-cell units per 1000 population. Transfusion rates in the
United States in 2013 and 2015 are compared with the most recent data on transfusion rates in Europe (2013).* The
U.S. rate of transfusion in 2013, 41.0 units per 1000 population, is the midpoint of the rates estimated separately on
the basis of the 2013 AABB Blood Collection, Utilization, and Patient Blood Management Survey® (40.3 units per 1000)
and the 2013 Centers for Disease Control and Prevention (CDC) NBCUS (41.7 units per 1000).?* The U.S. rate of trans-
fusion in 2015, 34.5 units per 1000, is based on the 2015 NBCUS.** The data shown are for distributed (D) or transfused
(T) units of blood, which are typically nearly equivalent.
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RED-CELL TRANSFUSION

ment or exacerbation of respiratory distress with-
in 6 to 12 hours after transfusion, with evidence

of fluid overload, pulmonary edema, an enlarged HHIV
cardiac silhouette, elevated brain natriuretic pep- ..HCV_-

 irplae death

tide levels, a positive fluid balance, and a response u HB;/ AHTR
to diuretics.5**! and treatment of- B DHTR
include 1% Motor yehicle death
. W TRALI
transfusing the number of compo- = |
: B FNHTR
the rate of transfusion (- m BIEFEEE <action
), and administering W TACO ‘
1 62 T l T
or between transfusions. 10,000,000 1,000,000 100,000 10,000 1000 100 10 1

A less common cause of respiratory distress

is transfusion-related acute lung injury, a -

ulmonary edema

and characterized by

and pulmonary

on chest films.®® The diagnosis is made in the

absenice of other Fisk factors for the acute respi-

ratory distress syndrome and can be quite dif-

ficult to establish, particularly in critically ill

patients. On the basis of the most current data,

the
across all blood components is estimated at

4 Transfusion-related acute lung

injury is

Hours after of the transfusion and is
successfully managed with SUPpOEtive care. The
is prlmarlly mediated by leukoag-
, although
are postulated

mitigation strategies, the risk of transfusion-
related acute lung injury associated with trans-
fusion of plasma-rich components (plasma and
platelets) has decreased dramatically over the
past 10 years.®® The risk with red cells and lesser
amounts of plasma is much lower, and the num-
bers of deaths reported to the Food and Drug
Administration (FDA) that were attributed to
acute lung injury associated with transfusion of
red cells have not changed during this period.®”’
may be aclite
(i.e., immediate) or i reac-
tions are mainly due to administration of’ -
is a result of human error

in blood sampling or patient identification. -

intravascular
fal failure and
depending on

, with frequent

incompatible blood is
transfsed. These transfusion reactions account

N ENGLJ MED 377,13

NEJM.ORG

acute lung injury.

Adverse effects of transfusions (black boxes) are shown per transfused unit
of red cells, except for transfusion-associated circulatory overload (TACO),
which is per transfusion episode. For unrelated risks (blue boxes), the risk

of an BifplaReIdeath is per flight,® the risk of death from [ightRIAg is per
year,Bithe risk of death from a fiotorveniclelaccidentlis per 10,000 persons,®
and the risk of death from [fiedicallertor is per hospital admission.® AHTR
denotes acute hemolytic transfusion reaction, DHTR delayed hemolytic
transfusion reaction, FNHTR febrile nonhemolytic transfusion reaction,
HBV hepatitis B virus, HCV hepatitis C virus, and TRALI transfusion-related

for approximately six to nine deaths reported
annually to the FDA. Delayed hemolytic trans-
fusion reactions are mediated by

when the patient is trans-
fused with

can ensue
with a spike in the anti-
body titer and extravascular destruction of the
transfused red cells. As a result of the slower
rate of Extravascular red-cell removal in the
spleen, delayed hemolytic transfusion reactions
generally are than immediate reac-
tions and are with permanent
failure or

A but often
sion-associated
is due to engraftment of
the blood component in a
The T cells mediate a graft-versus-host reaction
like that seen in allogeneic
with the added feature of
and a resistance to therapy result-
). This severe compli-
of blood
in the

complication is transfu-
, which
from

ing in high
cation can be
components, which
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blood components. of transfusion
include l overload, , and [mmuno-
Transfusion-associated iron overload occurs in
patients with congenital or acquired anemia re-
quiring long-term red-cell support. of
packed red cells contains about
Accumulated iron can result in damage to the
heart, liver, and endocrine organs. Transfusion-

associated iron overload can be by
or noninvasively by means

testing. is the main treatment
approach.”
encompasses a wide vari-

ety of immunologic sequelae of allogeneic blood

transfusion. Many of the ffects are Attenuated
by using [etikoreduced blood components, which

account for more than 90% of red-cell and plate-
let transfusions in the United States. The extent
to which the immunomodulatory effects of trans-
fusion alter clinical outcomes remains a matter
of controversy.”*

Finally, fiassive transfusion can be associated

with a number of complications, includin

fused patients require close laboratory and clin-
ical monitoring to identify these complications.

FUTURE RESEARCH

New technologies are being developed to aid in
making decisions about transfusion of red cells.
The hemoglobin concentration reflects the oxygen-
carrying capacity of blood but does not indicate
the level of tissue oxygenation.

376 and may be combined with
plasma measurements, such as lactate” or base
deficit,”® to better identify the need for red-cell
transfusion. Effective and safe alfernatives to red
cells in the form of hemoglobin-based oxygen car-
riers remain EliSive. Decades of laboratory and
clinical research have yet to yield an FDA-approved
product’’; however, clinical trials are proceeding
with first-generation and next-generation hemo-
globin-based oxygen carriers (NCT02684474 and
NCTO01881503).” Finally, advances in cellular en-

ineering have made the

Small volumes have been pro-
duced in bioreactors, but the feasibility of scal-
ing up to a clinical dose of 200 ml per unit has
yet to be demonstrated.”#
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