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Anemia, Allogenic Blood Transfusion,
and Immunomodulation in the
Critically IlI*
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Anemia and allogenic RBC transfusions are exceedingly common among critically ill patients.
Multiple pathologic mechanisms contribute to the genesis of anemia in these patients. Emerging
risks associated with allogenic RBC transfusions including the transmission of newer infectious
agents and immune modulation predisposing the patient to infections requires reevaluation of
current transfusion strategies. Recent data have suggested that a restrictive transfusion practice
is associated with reduced morbidity and mortality during critical illness, with the possible
exception of acute coronary syndromes. In this article, we review the immune-modulatory role of
allogenic RBC transfusions in critically ill patients. (CHEST 2005; 127:295-307)
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In recent years, blood transfusion requirements

have been increasing due to the increasing burden
of chronic disease in an aging population, improve-
ment in life-support technology, increasing severity
of illness in patients treated in the ICU, and other
blood-intensive surgical procedures.’? On the other
hand, there is a trend toward decreasing blood
donation and increasing cost due to the requirement
for rigorous screening for transmittable infectious
agents. In the United States alone, nearly 15 million
U of blood are donated and 14 million U are
transfused annually.2 On average, 16% of patients in
medical ICUs and 27% of those in surgical ICUs
receive transfusions every day in the United States.?
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In one series,* 85% of patients with an ICU length of
stay of > 1 week received at least 1 U of blood, with
these patients receiving, on average, 9.5 U during
their ICU stay. For decades, blood donation and
transfusion were considered to be a life-saving strat-
egy, and an arbitrary threshold of 10 g/dL. was used
as a transfusion trigger in critically ill patients.>
However, it has become evident that blood transfu-
sion has immunomodulating effects that may in-
crease the risk of nosocomial infections and cancer
recurrence, and the possible development of auto-
immune diseases later in life.6-1© Furthermore, the
risk of “newer” transfusion-transmitted diseases has
become recognized. Consequently, the safety of
blood transfusions has been questioned and has led
to a reevaluation of our blood transfusion practice.

ANEMIA AND CRITICAL ILLNESS

“Anemia of critical illness” is a common problem
in the ICU. More than 90% of critically ill patients
have subnormal hemoglobin levels by the third day
of ICU admission.!! In one series,!2 the mean he-
moglobin level of patients admitted to the ICU was
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11.3 g/dL, with 29% having a hemoglobin level of
< 10 g/dL. Although anemia often results in exten-
sive allogenic RBC transfusions among critically ill
patients, there are insufficient data in the literature
to support this widespread practice.

The etiology of anemia of critical illness is multi-
factorial and complex. Repeated phlebotomy proce-
dures, GI blood loss, and other surgical procedures
contribute significantly to the development of ane-
mia.!314 Critically ill patients lose approximately 25
to 40 mL blood daily through phlebotomy, and
patients with indwelling arterial catheters lose ap-
proximately 900 mL blood during their ICU
stay.%1516 Other important contributing factors that
exacerbate anemia in critically ill patients include
coagulopathies, pathogen-associated hemolysis, hy-
poadrenalism, and nutritional deficiencies.!™°

RBC production in critically ill patients is often
abnormal, and is involved in the development and
maintenance of anemia. The pathophysiology of this
anemia is complex, and includes the decreased pro-
duction of erythropoietin (EPO), impaired bone
marrow response to EPO, and reduced RBC surviv-
al.16 Critically ill patients have inappropriately low
EPO concentrations, irrespective of the presence of
acute renal failure.20-24 The suppression of EPO
production by EPO gene inhibition®> and EPO
resistance are mediated by a variety of inflammatory
mediators.26 Interleukin (IL)-1, and tumor necrosis
factor (TNF)-a have been shown to inhibit EPO
production.?” Furthermore, IL-1, IL-6, and TNF-a
suppress erythropoiesis by direct inhibitory effects
on bone marrow RBC production, while these ef-
fects can be reversed by exogenous EPO administra-
tion.28

Decreased RBC synthesis and consequent anemia
are also common during sepsis syndromes. Many
ICU patients have low serum iron levels, total iron
binding capacity, and elevated serum ferritin con-
centrations, suggesting the presence of “anemia of
inflammation.” Bacteria require iron for their
growth, and several studies?>3° have shown a link
between iron and infection. It is therefore conceiv-
able that the human host down-regulates iron me-
tabolism and EPO synthesis as a component of
nonspecific immunity during critical illness and sep-
sis. In addition, during sepsis low serum iron levels
may also protect the host against iron-catalyzed
oxidant cell damage.?! As RBCs also require iron for
growth and maturation, anemia during sepsis may
represent an adaptive mechanism by the host to
starve the pathogen of iron. Thus, anemia of critical
illness may also be viewed as “anemia of immune
activation” and may have evolved as a protective
mechanism against foreign antigens.

The most important physiologic consequence of
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anemia is a reduction in the oxygen-carrying capacity
of blood. These changes are accompanied by in-
creased cardiac output, a shift of the oxyhemoglobin
dissociation curve, and increased oxygen extraction.
RBC transfusions in the past have been routinely
employed to augment tissue oxygen delivery. Al-
though RBC transfusions increase systemic oxygen
delivery, the immediate effectiveness of stored RBC
transfusions to augment tissue oxygen uptake has
been questioned in several studies.”3233 Further-
more, RBC transfusion has been associated with a
higher incidence of postoperative infections and
nosocomial ICU infections, and poorer outcome in
critically ill patients.34-37

TRENDS IN TRANSFUSION PRACTICE AMONG THE
CRITICALLY ILL

In a recent, large, multicentered observational
study in the United States, Corwin et al®® studied
transfusion practices in 4,892 patients across 284
ICUs. Approximately 70% of patients who were
admitted to the ICU had a baseline hemoglobin
concentration of <12 g/dL, and 44% of these
patients received RBC transfusions. The mean
(= SD) pretransfusion hemoglobin level was
8.6 = 1.7 g/dL. The mortality rate was 10% for
patients without transfusion, increasing to 25% for
patients with =6 U transfused. Low hemoglobin
levels were a common trigger for transfusion in
approximately 90% of the patients, and the mean age
of the RBCs transfused was 3 weeks; however,
> 25% of transfused RBCs were > 1 month old.?s

In an earlier, large, multicentered, Canadian pro-
spective trial published in 1999, Hebert et al®
demonstrated that maintaining a hemoglobin level in
the range of 7 to 9 g/dL was superior to a hemoglo-
bin level of 10 g/dL, thereby raising questions re-
garding the validity of the historical assumption that
RBC transfusions are beneficial for critically ill pa-
tients. The investigators enrolled 838 patients from
25 centers over a period of 3 years. Only normovol-
emic, anemic (plasma hemoglobin concentration,
<9 g/dL) patients who were expected to stay in the
ICU for > 24 h were included in the study. Impor-
tant exclusion criteria were evidence of active bleed-
ing (ie, > 3 U transfused over 24 h), chronic anemia
(plasma hemoglobin concentration <9 g/dL in the
preceding month), and cardiac surgery. The enlisted
patients were randomized to receive either a restric-
tive transfusion strategy (hemoglobin concentration
transfusion trigger, 7 g/dL; maintenance hemoglobin
concentration range, 7 to 9 g/dL) or a liberal trans-
fusion strategy (hemoglobin concentration transfu-
sion trigger, 10 g/dL; maintenance hemoglobin con-
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centration transfusion range, 10 to 12 g/dL). On
average, a total of 2.6 U blood was administered to
patients who were randomized to receive the restric-
tive strategy compared with 5.6 U for patients ran-
domized to receive the liberal strategy. There was a
nonsignificant trend toward decreased 30-day and
60-day all-cause mortality rates, and a lower adjusted
multiple organ dysfunction score in favor of patients
who were in the restrictive strategy group. There were
significantly fewer cardiac complications, including
acute myocardial infarction and pulmonary edema,
observed in patients in the restrictive strategy group.

The investigators recommended a restrictive strat-
egy as the best practice for most patients, including
those with cardiovascular disease, but with the pos-
sible exception of critically ill patients with ongoing
coronary ischemia. The appropriateness of a nonre-
strictive transfusion approach for patients with on-
going coronary ischemia was supported by the pub-
lication of a later subgroup analysis* that suggested
that patients with severe cardiac disease who had
been randomized to the restrictive strategy group
had a nonsignificant increase in the 30-day all-cause
mortality rate. Unfortunately, the investigators ex-
cluded patients with chronic anemia and those un-
dergoing cardiac surgery, and so it remains difficult
to recommend a transfusion strategy for either of
these groups on the basis of this study. Despite the
study by Hebert et al,?® Corwin et al®® found that the
transfusion practice in response to anemia has
changed little in the United States in recent years.
Since the study by Corwin et al®® was initiated in
early 2001 (within 2 years of the study by Hebert et
al®), it is conceivable that by this time the universal
implementation of a restricted transfusion strategy
may not have occurred in all US ICUs.

Several studies®93%41 have suggested that routine
blood transfusions increase morbidity, mortality, and
length of hospital stay in critically ill patients. In the
study by Corwin et al,3® patients receiving transfu-
sions had more complications, including fever, fluid
overload and hypotension, sepsis, thromboembolism,
and ARDS. The number of units of blood transfused
was independently associated with longer ICU and
hospital length of stay and increased mortality.?s
However, this study included a heterogeneous group
of critically ill patients and did not take into consid-
eration the specific clinical scenarios during which
patients received transfusions. Furthermore, this
study does not answer the question of what is the
appropriate pretransfusion hemoglobin level. Similar
results were confirmed by Vincent et al® in an earlier
large, epidemiologic, observational study conducted
among 146 European ICUs involving 3,534 patients.
A total of 42% of patients received transfusions with
an average pretransfusion hemoglobin level of 8.4
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g/dL. Patients receiving transfusions had an average
length of ICU stay of 7.2 days compared with 2.6
days for patients not receiving transfusions. Both the
ICU and overall mortality rates (ICU mortality rate,
18.5% vs 10.1%, respectively; overall mortality rate,
29% vs 14.9%, respectively) were significantly higher
for patients receiving transfusions than for patients
not receiving transfusions. Patients receiving trans-
fusions had higher rates of organ dysfunction and
mortality for every hemoglobin level when compared
to patients not receiving transfusions. Using propen-
sity scores, the authors concluded that the associated
risk of death was 33% for patients receiving transfu-
sions compared with patients not receiving transfu-
sions. However, the study had an observational
design with no control for interventions, and in-
cluded a wide variety of medical, surgical, and
trauma patients, thereby confounding the interpre-
tation of the results.”

RBC STORAGE AND PHYSIOLOGIC ALTERATIONS

RBCs undergo various morphologic and functional
changes with storage, thereby mediating some of the
adverse effects associated with allogenic transfusions
in critically ill patients. RBCs stored for > 15 days
have a decreased ability to deform and unload
oxygen in the microcirculation.” Complete depletion
of 2,3-diphosphoglycerate concentrations occur after
2 weeks of storage, thereby reducing the ability of
transfused RBCs to offload oxygen by > 50%.742
RBC adenosine triphosphate levels have been shown
to decrease following storage, resulting in a change in
RBC shape from discoid to spherocytic, a loss of
membrane lipid, and a decrease in cellular deformabil-
ity.#344 This causes capillary sludging and obstruction,
thereby predisposing the patient to tissue ischemia and
decreased oxygen delivery.*> The increased adhesion of
nonleukodepleted stored RBCs to endothelial cells also
has been demonstrated. RBC adhesion increases with
the duration of storage, and prestorage leukoreduction
eliminates such storage-related adhesion.6 Therefore,
the transfusion of adhesive RBCs may further compro-
mise tissue blood flow, leading to impaired perfusion
and organ dysfunction in critically ill patients.#” The
loss of endogenous RBC antioxidants occurs during the
storage of blood. This increases oxidative injury of the
cytoskeleton proteins and membrane phospholipids,
and results in the conversion of hemoglobin to methe-
moglobin, which is incapable of binding oxygen.*549
The resultant tissue ischemia predisposes critically ill
patients to an increased risk of infections and organ
dysfunction.

WBCs are present in all cellular blood compo-
nents that are prepared by standard techniques, and
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many studies have indicated that leukocyte contam-
ination of erythrocyte or platelet preparations can
cause a wide range of physiologic and immunologic
dysfunction in recipients.'%50-55 The accumulation
of various soluble bioactive substances occurs during
storage, and includes histamine, lipids, cytokines,
fragments of cellular membranes, soluble human
leukocyte antigen (HLA) class I antigens, many of
which are WBC-derived and play an important role
in transfusion-induced immunomodulation (TRIM).
Stored RBCs harbor potent proinflammatory cyto-
kines such as IL-1, IL-6, IL-8, bactericidal perme-
ability-increasing protein, and TNF.5657 The trans-
fusion of stored RBCs has been shown to trigger
neutrophil activation, and the release of IL-8 and
secretory phospholipase A,, thereby predisposing
the patient to systemic inflammatory response syn-
drome.55° The WBC contamination of stored RBC
concentrates also has been shown to have a direct
deleterious effect on RBC integrity. Increased he-
molysis, microvesiculation, and potassium leakage
occurs in RBCs in stored blood with an increasing
amount of WBC contamination.®® WBC apoptosis
with a resultant release of toxic oxygen radicals and
WBC-associated enzymes during RBC storage and
transfusion have been implicated in some of these
adverse effects.6! Arginase release from stored RBCs
has been implicated in transfusion-associated immu-
nosuppression. Arginine is degraded by arginase, an
enzyme that is abundantly present in RBCs. While
arginine stimulates lymphocyte function, arginase im-
pairs it. Therefore, arginase leakage from stored RBCs
may be an important mediator of immunosuppression
that is associated with allogenic blood transfusions.5
In the United States, approximately 20% of all
RBCs transfused are = 28 days old, and the RBC
storage duration has been identified as a potential
cause for the increased morbidity and mortality that
has been observed with blood transfusions in several
studies.?6:37.63.64 Clinical outcomes associated with
increased storage duration include increased length
of stay in the hospital/ICU, multiple organ system
failure, increased infections, and impaired tissue
oxygen utilization. Martin et al,®® in one of the
earliest retrospective analyses of 698 patients, de-
scribed a relationship between the transfusion of
non-leukocyte-reduced RBCs that had been stored
for > 14 days and the associated increased length of
stay in the ICU (p < 0.0001). Length of stay was
significantly associated with the aging of RBCs
(p = 0.003), the total number of units transfused
(p =0.004), and the median storage duration
(p = 0.02). Furthermore, when transfused patients
were analyzed separately from nontransfused pa-
tients, only RBC storage for > 14 days was indepen-
dently predictive of length of stay (p < 0.0001).63
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Similarly, Purdy et al3¢ described a positive correla-
tion between mortality in patients with severe sepsis
and the age of the non-leukocyte-reduced RBC units
that were transfused. The median age of RBCs
transfused to survivors was 17 days (range, 5 to 35
days) compared with 25 days (range, 9 to 36 days) for
nonsurvivors (p < 0.0001).36

Moore et al,%5 in a more recent prospective cohort
study of 513 trauma patients, found that transfusion
was an independent risk factor for postinjury multi-
ple-organ failure, and described a clear dose-
response relationship between the number of units
transfused and the development of multiple-organ
failure. Similarly Zallen and colleagues®” demon-
strated that in polytrauma patients the mean age of
the blood, the number of units that were > 14 days old,
and the number of units that were > 21 days old were
all independent risk factors for multiple-organ failure.

However, two retrospective cohort studiest6-67
subsequently were unable to show an association
between the age of stored transfused RBCs and
postoperative length of stay in the hospital or ICU or
with the duration of postoperative mechanical ven-
tilation. The authors attributed this lack of effect to
differences in the patient population, as both studies
evaluated routine postoperative coronary artery by-
pass graft (CABG) surgery patients, whereas Martin
et al® studied a heterogeneous group of critically ill
patients, which excluded cardiac surgical patients.

More recently, Vamvakas and Carven® reexam-
ined the CABG population, studying the effects of
RBC supernatant, platelet supernatant, and plasma
components on the duration of postoperative me-
chanical ventilation. Their results suggested an
association between RBC supernatant volume and
prolonged mechanical ventilation. Proinflammatory
substances that accumulate during the storage of
RBC concentrates were implicated in impairing pul-
monary function in these patients.57.65

In a study®” of postoperative cardiac surgery pa-
tients, the transfusion of RBCs stored for > 28 days
was an independent predictor of nosocomial pneu-
monia. Similarly, a prospective cohort study® of
trauma patients demonstrated that the age of trans-
fused blood was an independent risk factor for the
development of major infections. The risk of major
infection increased 13% for each unit that was > 14
days old, with the most common nosocomial infec-
tion being pneumonia.®”

IMMUNOLOGY OF BLOOD TRANSFUSION

Allogenic blood transfusions introduce a multitude
of foreign antigens including HLA class II-bearing
donor dendritic antigen-presenting cells (APCs) in
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recipients.®> The normal immune response to any
foreign antigen is initiated by the recognition of
foreign antigens associated with the major histocom-
patibility complex (MHC) by host T lymphocytes
(Fig 1). After encountering the antigen, naive T cells
receive the first signal through the T-cell receptor-
MHC plus antigenic peptide complex and received

the second signal through positive costimulatory
molecules leading to full activation. Negative T-cell
costimulatory pathways, on the other hand, tend to
down-regulate immune responses.” Studies have
indicated that costimulatory signals derived through
non-MHC molecules that are present on APCs are
required to elicit an immune response. Molecules
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FI1GURE 1. TRIM resulting from the interaction between donor APCs and recipient T cells. Recognition
of donor HLA molecules as autologous antigens by recipient T cells results in immune tolerance and
immunosuppression. Nonrecognition results in immune activation. Microchimerism results in immune
suppression, allograft tolerance, GVHD, and autoimmune disease.
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such as B7-1 and B7-2 have been shown to provide
critical early costimulatory signals through CD28 and
CTLA-4 T-cell receptors, which regulate IL-2 secre-
tion and clonal T-cell proliferation.”7 Various T-
cell-antigen interactions induce the production of
cytokines such as IL-2 and IL-4, which in turn
activate T helper (Th) type 1 (IL-2) and Th-2 (IL-4)
subsets, respectively. Th-2 in turn activates B-cell
proliferation and antibody production. Thus, the
immunogenicity of soluble, particulate, or cellular
MHC antigens that are present on transfused allo-
genic blood products depend on the viability of
APCs, the presence of costimulatory molecules to
present them to recipient T cells, and HLA compat-
ibility between donor and recipient. The impairment
of any of these pathways, including the costimulatory
molecules, has been shown to result in T-cell unre-
sponsiveness.”-72.73

Transfusion-Related Immunomodulation

Blood transfusions primarily induce immuno-
modulation in two opposite ways. They may cause
either alloimmunization or tolerance induction (Fig
1). Clinical syndromes associated with immune acti-
vation in the recipient include a variety of transfusion
reactions, transfusion-associated graft-vs-host dis-
ease (TAGVHD), transfusion-related lung injury
(TRALI), alloimmunization, and the possible devel-
opment of various autoimmune diseases. Syndromes
associated with tolerance induction and immunosup-
pression include increased predisposition to nosoco-
mial and postoperative infections, cancer recurrence,
microchimerism, and enhanced survival of various
allografts in recipients. Immunization is reflected by
the induction of HLA alloantibodies and T-cell
activation, while the induction of tolerance is sug-
gested by enhanced renal, hepatic, cardiac, pancre-
atic, and skin allograft survival in transfused vs
nontransfused recipients.”-52 The presence or ab-
sence of autologous HLA-DR antigens on the leu-
kocytes of the transfusion donor plays a decisive role
in whether immunization or immune suppression
will ensue following allogenic blood transfusion.53
Transfusions sharing at least one HLA-DR antigen
with the recipient will induce tolerance, while fully
HLA-DR-mismatched transfusions lead to immuni-
zation.%* The importance of the degree of HLA-DR
sharing suggests a central role for CD4+ regulatory
T cells. However, when a multitude of antigens is
introduced into the host by blood transfusions, the
host response to some of these antigens is often
decreased, and immune tolerance ensues.>*

Although the exact mechanisms underlying TRIM
still remains to be elucidated, allogenic blood trans-
fusions have been shown to cause a decrease in the
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helper/suppressor T-lymphocyte ratio, a decrease in
natural killer cell function, defective antigen presen-
tation, the suppression of lymphocyte blastogenesis,
and a reduction in delayed-type hypersensitivity and
allograft tolerance.>-57 Various bioactive soluble
mediators are released from stored WBCs into hu-
man plasma during storage in a time-dependent man-
ner as the WBCs deteriorate.5® The concentrations of
histamine, eosinophil cationic protein, eosinophilic pro-
tein X, myeloperoxidase, and plasminogen activator
inhibitor-1 have all been reported to increase by three-
fold to 25-fold in the supernatant fluid of RBC com-
ponents between day 0 and day 35 of storage.5%%
Histamine, eosinophil cationic protein, and eosinophil
protein X have been shown to inhibit neutrophil func-
tion, thereby contributing to the development of im-
mune suppression and tissue damage.9192

MICROCHIMERISM

Microchimerism has been proposed as a possible
mechanism of TRIM in allogenic transfusions.5>93-96
HLA compatibility between donor and recipient
blood may result in the persistence of donor leuko-
cytes and dendritic APCs within the recipient (mi-
crochimerism). It has been postulated that such
chimerism may cause the down-regulation of the
recipient’s immune response, including tolerance to
donor alloantigens and allograft survival (Fig 1).
Many years after pregnancy, liver transplantation,
and neonatal exchange transfusions, microchimerism
has been demonstrated, indicating a tolerance be-
tween donor and recipient cells. Microchimersim
results in the release of IL-4, IL-10, and transform-
ing growth factor- from Th-2 lymphocytes.” These
cytokines have been shown to inhibit the production
of Th-1 cells and proinflammatory cytokines, and to
deactivate cytotoxic cells, thereby suppressing allo-
graft rejection. Dendritic APCs also have been
shown to cause recipient T-cell hyporeactivity, an-
ergy, and depletion, thus mediating immunosuppres-
sion.% In such immunosuppressed recipients, micro-
chimerism may result in the development of
TAGVHD, polymorphous eruption of pregnancy,
and other autoimmune connective tissue diseases
such as scleroderma.!%-99.100 The Joss of immunoge-
nicity by transfused leukocytes in blood stored for
> 2 weeks results in recipient T-cell anergy, thus
potentiating immunodepression.!°!

DELETERIOUS EFFECTS OF RBC TRANSFUSION
IN CRITICALLY ILL PATIENTS

Transfusion Transmitted Infections

Transfusion-transmitted infections due to a variety
of agents, although rare, remain a cause of concern
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Table 1—Potential Transfusion-Transmitted Infections
and Adverse Effects of Leukocytes During Allogenic
Blood Component Transfusion

Type of Infection Infection
Transfusion-transmitted CMV
infections Epstein-Barr virus

West Nile virus
Human herpes virus-6,7,8
Parvovirus B19
Human T-cell leukemia/lymphoma
virus-I and II
HIV 1 and 2
Hepatitis B and C
Toxoplasma gondii
Trypanosoma cruzi
Babesiosis
Newer agents TTV
SEN-V
Febrile nonhemolytic transfusion
reactions
Refractoriness to platelet
transfusions
TRALI
TAGVHD
Immune suppression and allograft
tolerance
Development of possible
autoimmune diseases

Adverse effects of leukocyte
contamination

in modern allogenic transfusion practice!02103
(Tables 1, 2). Leukocyte contamination of blood
products remains the primary etiologic mode of
transmission of various infectious agents. Transfusion-
transmitted  cytomegalovirus (CMV) occurs in
approximately 4% of transfusions and is due to
the reactivation of latent CMV in leukocytes from
healthy donors.'04195 Besides CMV, other herpes vi-
ruses such as Epstein-Barr virus, human herpes
virus-6, human herpes virus-7, and human herpes

virus-8 are associated with leukocyte contamination
during transfusion.”> Human T-cell leukemia/lym-
phoma virus (types I and II) targets T lymphocytes
and is solely transmitted by cellular blood compo-
nents.'% Primary toxoplasmosis has been reported!%7
to be transmitted by whole-blood, granulocyte trans-
fusions and from transplantation of organs from
seropositive donors to immunocompromised recipi-
ents. Although theoretical concerns exist regarding
the possible transmission of Creutzfeldt-Jakob dis-
ease (CJD) and new-variant CJD by blood and
leukocyte transfusion, newer epidemiologic stud-
ies!'08 have failed to show a link between the trans-
fusion and transmission of CJD. Transfusion-trans-
mitted West Nile virus infection occurred in the
United States in 2002 among 23 patients from 14
donors, and since then > 600 infected units of blood
were identified from a 2.5-million donor pool.102.109
TT virus (TTV) is a novel, newly discovered DNA
virus that is transmitted by transfusion to approxi-
mately 30% of patients who undergo cardiac sur-
gery.!10 Certain genotypes of transfusion-transmitted
TTV also have been implicated in the development
of hepatitis and possibly in hepatocellular carcino-
ma.''! SEN virus (SEN-V) is a transfusion-transmit-
ted DNA virus that is closely related to the TTV
family. A limited number of studies!''> have indicated
that approximately 2% of current and pre-1990
blood donors test positive for SEN-V. Although
SEN-V has the potential to replicate in the liver,
currently no causal relationship exists between
transfusion-transmitted SEN-V infection and the
development of non-A-E hepatitis.!13.114

Nosocomial Infections

Several studies®6465.115-120 have clearly identified
the increased risk of nosocomial infections among

Table 2—Estimated Risks of Transfusion-Associated Diseases Among Immunocompetent Patients in United States™

Estimated Frequency

T
Risk of Allogenic Transfusions Per Million U

Per Actual U Deaths Per Million U, No.

Infection
Hepatitis A 1
Hepatitis B 7-32
Hepatitis C 4-36
HIV 0.4-5
HTLV types 1 and 11 0.5-4
Parvovirus B 19 100
Bacterial contamination
RBCs 2
Platelets 83
Acute hemolytic reactions 14
Delayed hemolytic reactions 1,000
TRALI 200

1/1,000,000 0
1/30,000-1/250,000 0-0.14
1/30,000-1/150,000 0.5-17

1/200,000-1/2,000,000 0.5-5
1/250,000-1/2,000,000 0
1 /10,000 0
1/500,000 0.1-0.25
1/12,000 21
1/250,000-1/1,000,000 0.67
1/1,000 0.4
1/5,000 0.2

*From Goodnough et al.'® HTLV = human T-cell lymphotropic virus.

www.chestjournal.org

CHEST /127 /1/ JANUARY, 2005 301



critically ill transfused patients. Currently, there are
substantial data suggesting that exposure to allogenic
leukocytes in transfusions may trigger an immune
system response in the recipients, leading to an
increased risk of infection, an earlier recurrence of
malignancy, and an increased likelihood of mortali-
ty.! Four possible mechanisms have been attributed
to the development of bacterial infections following
allogenic transfusions. These include the following:
(1) a TRIM effect mediated by immunologically
active allogenic WBCs that down-regulate the im-
mune function of recipients®10L121; (2) a TRIM
effect mediated by soluble biological response mod-
ifiers that are released in a time-dependent manner
from WBC granules or membranes into the super-
natant fluid of RBCs during storage®®-121; (3) a TRIM
effect mediated by soluble HLA peptides or other
soluble mediators that circulate in allogenic plas-
ma'??; and (4) a possible non-TRIM effect causing
postoperative organ dysfunction that predisposes
patients to infections.57-122-124

Nichols and colleagues!!> published one of the
first reports that linked transfusion with an increased
incidence of infection in postoperative trauma pa-
tients with intestinal perforation and documented
that the number of blood transfusions positively
correlated with the postoperative infection rate. Sim-
ilarly, Edna and Bjerkeset!'® found an association
between RBC transfusions and infectious complica-
tions in 484 patients with acute injuries. Infectious
complications developed in 46 patients (9.5%). Lo-
gistic regression analysis revealed a relationship be-
tween blood transfusions and infectious morbidity
that was independent of the other significant factors,
including the injury severity score, age, and surgical
procedure. The corrected odds ratios for infection
were 1.6 (95% confidence interval [CI], 0.7 to 3.7)
when 1 to 4 U blood were given and 6.4 (95% CI, 2.3
to 18.3) when > 4 U were used.!16

Vamvakas and Carven®* reported that colorectal
surgery patients receiving perioperative allogenic
blood transfusions have strikingly longer hospital
stays than similar patients who do not receive trans-
fusions. Length of stay increased by 1.3% (95% CI,
0.5 to 2.1%) per unit of RBCs and/or platelets
transfused (p < 0.001), and hospital charges in-
creased by 2.0% (95% CI, 1.4 to 2.6%) per unit
(p <0.001). In this study, allogenic transfusions
were independently associated with longer hospital
stays and higher hospital charges.5* In two separate
studies,2>126 postoperative infection rates were sim-
ilarly increased in transfused patients undergoing
colorectal surgery secondary to trauma and cancer.

Braga and colleagues!'” found that the transfusion
of 1,000 mL of blood was an independent risk factor
in the development of postoperative infection in
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patients undergoing operations for GI cancer. Ottino
et al'’™ documented that RBC transfusion was an
independent risk factor for sternal wound infection
in 2,579 consecutive open-heart procedures. Simi-
larly, several studies®>127-125 have identified a higher
risk for postoperative wound infections and pneumo-
nia in patients undergoing CABG surgery following
RBC transfusions in a dose-dependent manner. Pa-
tients with arm fractures or open leg fractures and
burn patients have an increased risk of infection with
transfusion when compared to nontransfused pa-
tients.!19-120 Carson et al,'?” in a retrospective anal-
ysis, identified a 35% increased risk of nosocomial
infections and a 52% increased risk of pneumonia in
9,598 hip fracture patients undergoing hip surgery
who received allogenic RBC transfusions. Similarly,
a linear trend between the number of units of RBCs
transfused and the incidence of multiple-organ fail-
ure and infections also has been reported in trauma
patients.37.65.130

In critically ill patients, Taylor et al® have demon-
strated an association between RBC transfusion and
nosocomial infection and mortality in a retrospective
analysis of 1,717 patients. They investigated the rate
of nosocomial infections in patients who had been
admitted to a single medical-surgical-trauma unit
over a period of approximately 2 years. A total of 416
patients (24%) received =1 U packed RBCs. The
rate of nosocomial infection was strikingly higher and
statistically significant in the group of patients who
received transfusions compared with those who did
not (15.4% vs 2.9%, respectively; p < 0.005). More-
over, a positive association was found between the
number of transfusions and the incidence of nosoco-
mial infections such that each unit of packed RBCs
increased the risk of nosocomial infection by a factor
of 1.5. Transfusion also was associated with both
increased length of stay in the ICU and hospital and
higher mortality rates. The relationship between
transfusion and nosocomial infections persisted after
the authors controlled for the probability of survival,
age, and gender.

Shorr et al,'3! in a secondary analysis of a large
cohort of patients who received allogenic blood
transfusions and mechanical ventilation, noted that
transfusion independently increased the risk for ven-
tilator-associated pneumonia. Of 4,892 subjects in
the original cohort, 1,518 received mechanical ven-
tilation for =48 h and did not have preexisting
pneumonia. VAP was diagnosed in 20.5% of patients.
The effect of transfusion on late-onset VAP was
more pronounced (odds ratio, 2.16; 95% CI, 1.27 to
3.66) and demonstrated a positive dose-response
relationship.13!

Although the observational nature of these studies
and the inability to control for all possible factors
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make it difficult to establish a cause-and-effect rela-
tionship and to separate the effects of transfusion
from those of the underlying condition, the results of
several prospective and randomized studies!32-134
have supported these findings. In these studies, the
underlying hypothesis links the immunodepressant
effect of transfusion to the presence of leukocytes (or
leukocyte products).

These data have in turn led to the hypothesis that
giving patients transfusions with leukocyte-reduced
blood should result in reduced morbidity and mor-
tality compared with patients receiving transfusions
with non-leukocyte-reduced blood. However, most
of the studies bearing on these questions have been
flawed by retrospective design and inadequate con-
sideration of the effects of comorbidities, whereas
the few prospective studies in specific patient pop-
ulations have reached contradictory conclusions.
Metaanalyses of these substantial studies'34-137 have
failed to identify a statistically significant effect of
leukocyte reduction. However, a recent study!3s
evaluating clinical outcomes after the institution of a
universal leukocyte reduction program in Canada
noted a reduction in hospital mortality after the
introduction of this program.

TRALI

TRALI is a life-threatening complication of allo-
genic transfusions and is the third most common
cause of transfusion-associated death in the United
States.!?® The estimated prevalence of TRALI is 1 in
1,120 cellular component transfusions with a mortal-
ity rate ranging from 1 to 10%.'4° Passively trans-
ferred donor blood containing antileukocyte antibod-
ies (ie, IgG) directed against recipient leukocytes
causes pulmonary sequestration, complement activa-
tion, and lung injury.'#! In many cases, donor anti-
HLA class II and antimonocyte antibodies are
present.!#2143 Stored blood containing neutrophil-
activating biological response modifiers such as bio-
active lipids (lysophosphatidylcholines) and cyto-
kines such as IL-6 and IL-8 predispose the patient to
microcirculatory capillary lung injury.123.140

TAGVHD

TAGVHD is a rare but lethal complication with a
mortality rate > 90%, in which immunocompetent
donor cells proliferate and attack host hemopoietic
cells, skin, liver, and bile duct epithelial cells. Al-
though more common in immunocompromised pa-
tients, the risk factors for the development of graft-
vs-host disease (GVHD) include patients receiving
transfusions from HLA-homozygous donors who are
haploidentical with the patient, the use of relatives as
donors, male recipients, and fresh blood containing
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viable lymphocytes.>* Homozygosity for HLA occurs
in 2% of the population, and the estimated chance of
transfusion of an HLA homozygous product that is
haploidentical with the patient is lin 800 patients.!#4
Thus, only a small fraction of such transfusions cause
GVHD. However, it is now apparent that even
histoincompatible WBCs circulate for up to a week
in heavily transfused patients and thus have a poten-
tial to cause subclinical GVHD.!#5 Irradiated and
leukodepleted cellular products avert the develop-
ment of GVHD. 6

Leukodepletion and Transfusion

Transfused leukocytes have been implicated in a
variety of biological effects including febrile nonhe-
molytic transfusion reactions, transfusion-related al-
loimmunization to platelets, TRALI, and GVHD
(Table 1). The potential beneficial effects of univer-
sal leukocyte depletion include a reduction in the
incidence of nonhemolytic transfusion reactions, im-
munosuppression, and mortality.!35147-150 Both au-
tologous and allogenic nonleukodepleted blood
components release soluble bioactive mediators
during storage, thereby mediating some of the TRIM
effects, while the prestorage leukodepletion of
allogenic cellular products has been shown to pre-
vent some its deleterious effects.50-51.85.90.134.150 Ag
prestorage leukodepletion is essential to prevent the
accumulation of biological response modifiers, some
studies comparing the incidence of postoperative
infections.!>! and cancer recurrence'>? between the
allogenic and autologous transfusions have reported
similar outcomes, independent of the RBC compo-
nent that was transfused.? It is also noteworthy that
the negative effects of a liberal transfusion strategy
observed in the Transfusion Requirements in Criti-
cal Care study?® predated the implementation of
universal leukoreduction in Canada. It is therefore
conceivable that the detrimental effects of blood
transfusion may be mediated primarily by the donor
WBCs and their complex interactions with stored
RBCs, rather than by the RBCs alone.

CONCLUSION

Concerns regarding the excess morbidity and mor-
tality associated with nonrestrictive transfusion strat-
egies, coupled with the emerging increased risk of
the transmission of newer infectious agents, and
immunomodulation, should prompt the reevaluation
of current transfusion protocols in critically ill pa-
tients. A restrictive transfusion strategy appears to
improve outcomes in critically ill patients. Lowering
the trigger for transfusion to a hemoglobin concen-
tration of approximately 7 g/dL in patients without
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coronary disease and implementing other blood con-
servation techniques, such as minimizing phlebot-
omy, the reuse of discarded blood by using closed
circuits of blood sampling, and the use of recombi-
nant EPO, should help to lower transfusion require-
ments. In addition, the implementation of prestorage
leukodepleted blood, along with pathogen inactiva-
tion techniques may reduce the adverse effects
associated with allogenic transfusions. The benefit of
fresh leukodepleted blood (ie, < 15 days) compared
to leukodepleted old blood (ie, > 15 days) has yet to
be determined. However, the major clinical dilemma
is not between the use of fresh vs old blood and/or
leukocyte-depleted vs non-leukocyte-depleted blood
but between stored blood vs no blood.
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