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Anemia is a pervasive and difficult-to-treat consequence of a severe burn injury. The most
effective method of correcting anemia is the transfusion of packed red blood cells, but this
therapy is not without complications. Surgical techniques including tourniquets and
epinephrine tumescence have reduced blood loss and stricter thresholds have limited
transfusions, but for severe burns, transfusion requirements are still massive. In this review
of the current literature of anemia of thermal injury, we will provide a new framework for
addressing this anemia and will show how this approach may help to develop better
interventions and further reduce transfusion rates.

CLASSIFYING ANEMIA

The terms burn anemia, anemia of thermal injury,2-2 anemia of thermal burns,10 and
anemia in burns! have all been used to describe anemia in burn patients. These terms
encompass anemia occurring throughout the entire duration of burn care. They describe not
only acute onset decreases in hemoglobin concentration immediately following the burn
injury and before and after operative intervention but also, later, during wound healing and
resolution of the critical injury. The causes of anemia at each stage of treatment differ; not
distinguishing between them may limit patient care and research into the specific causes of
anemia. Clearly defining the type of anemia will better coordinate research efforts to
identify the mechanisms responsible for anemia and develop methods to reduce transfusion
rates. As a result, we recommend the terms, acute blood loss anemia and anemia of critical
illness, to describe the two types of anemia present in burn patients.

Acute blood loss is well established as a major contributor to anemia in burn patients. Little
argument is needed to prove that acute blood loss anemia occurs in burn patients and that
this inevitable blood loss requires correction with transfusion. Acute blood loss anemia
occurs during the first 1 to 2 weeks after a burn injury. Blood is lost directly from the
thermal injury and from the surgical management of the wounds. Other sources of blood loss
may be from concurrent traumatic injury, red blood cell (RBC) sequestration,12 and direct
erythrocyte damage.13

Copyright © 2010 by the American Burn Association.

Address correspondence to Joseph A. Posluszny, Jr, MD, Loyola University Medical Center, 2160 South First Avenue, Building 110,
Room 4247, Maywood, Illinois 60153.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Posluszny and Gamelli Page 2

On the other hand, anemia of critical illness is an evolving concept with increasing support
in the critical care literature. Anemia of critical illness is responsible for decreased
hemoglobin concentrations between operative events, during wound healing, and throughout
resolution of the acute phase of injury. Studies on critical care patients have found that 77%
of intensive care unit (ICU) patients are anemic at the time of hospital discharge.1
Following up patients further from their ICU stay, 13 weeks after discharge, 63% of former
ICU patients remain anemic.1> At 26 weeks, anemia persisted in 53%. In pediatric burn
patients, Birdsell and Birch!! found that transfusion requirements commonly continued up
to 10 weeks but as far as 20 weeks postburn. In a recent, large, multicenter retrospective
review of transfusion characteristics in 666 burn patients, on average, the last transfusion
was administered 28.8 days after admission, clearly after all excision and grafting. In
addition, 13.7 £ 1.1 units of blood were transfused per patient during their hospital stay. Of
these, 4.3 + 0.3 units were transfused in the operating room (OR). This leaves almost 70% of
blood not given in the OR and not related to surgical, acute blood loss. Anemia of critical
illness is responsible for these additional (70%) transfusions.

Although the presence of anemia of critical illness has been confirmed in multiple
epidemiologic studies, little is known about the mechanisms for this anemia. Most likely,
this phenomenon is multifactorial and results from an imbalance between production
(blunted erythropoiesis) and destruction (increased sequestration) of RBCs.

The distinction between acute blood loss anemia and anemia of critical illness is not just
verbiage but rather an essential framework to continue the momentum toward lower
incidence of anemia and reduced transfusions in burn patients. Anemia is not strictly the
result of acute blood loss or the critical illness as there is some overlap (Figure 1). However,
transfusion-reducing techniques such as erythropoietin (EPO) administration or lower
transfusion thresholds may have an even greater impact if studied within the context of
either acute blood loss anemia or anemia of critical illness rather than being lumped together
as anemia of thermal injury. Examining the causes of both acute blood loss anemia and
anemia of critical illness should bring to light the importance of this distinction. Throughout
this review, advantages of using this distinction to improve patient care and research are
highlighted.

CAUSES OF ANEMIA

Acute Blood Loss Anemia

Acute blood loss occurs mainly from the surgical management of the burn wound. Because
of the extensive blood loss, much effort has been made to develop methods to reliably
quantify and predict operative blood loss. Additional mechanisms for acute blood loss
anemia include direct erythrocyte destruction and increased RBC sequestration, but
conclusions from these studies are unclear and do not provide evidence for significant RBC
loss.

A significant amount of blood is lost during surgical management of a burn wound.
Although the burn eschar is devoid of viable blood vessels, proper tangential excision of a
burn wound requires debridement to viable tissue evidenced by bleeding. Harvesting of
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donor sites for grafting leaves an oozing wound bed, which adds to an extensive blood loss.
Multiple studies have estimated blood loss (EBL) during wound excision and skin grafting
to compare techniques at blood loss reduction and to help in estimating operative transfusion
rates. These studies vary significantly in their methodology for determining blood loss.
Therefore, these studies should be viewed in light of the surgical techniques used and
transfusion thresholds in relation to current standard practice and matched to individual
practice as best possible. Methods used to estimate surgical blood loss include combining
differences in preoperative and postoperative hemoglobin concentrations with volume of
transfusion,16:17 simple estimates of blood loss by surgical and anesthesia teams,18
measuring areas of grafting and debridement and dividing or multiplying by predetermined
constants,1%-21 complex formulas based on patient age, weight, and area of excision, 22
weighing of laparotomy pads pre- and postoperatively,23 and measurements from gowns and
drapes using a swab washing machine.2! Interestingly, Budny et al'8 compared blood loss
using a calculation based on hemoglobin concentrations and transfusion volume with
surgical and anesthesia team estimates and found that the surgical and anesthesia estimates
were very close to calculated blood loss and may be just as reliable. Risk factors for
increased blood loss include surface area of wound excised, percentage third degree burn,
and longer time to first wound excision. The longer time to first excision may lead to both
Gram-negative and Gram-positive colonization of the wound, which may increase blood
loss and impair hemostasis.24

Estimating blood loss preoperatively is important as unnecessary crossmatching is wasteful,
costly, and time consuming to the entire health care team. In a 5-year retrospective review of
blood bank utilization by a burn unit, 3393 red cell units were prepared after type and
crossmatch, but only 1691 were actually transfused, yielding a cross-match/transfused ratio
of 2.01. The cross-match/transfused ratio was highest, 2.69, for patients with 0 to 10%
TBSA burn as 988 units were cross-matched but only 367 were transfused questioning the
need to obtain a type and crossmatch for patients with burns of small size.2> When
estimating preoperative transfusion requirements, 1.78 units of blood per 1000 cm? of burn
wound excised is a reliable measure of transfusion needs.2

RBCs in burn patients may be destroyed or sequestered at a higher rate than normal. Kimber
and Lander found that the morphology of RBCs change with longer duration of thermal
insult and that RBC half-life decreased with increasing duration of thermal injury. However,
to determine this, whole blood was removed from healthy volunteers, radiolabeled, heated
ex vivo to 50°C, histologically examined, and then transfused back into the same patient.
Patient radioactivity was then used to assess RBC destruction and sequestration. Although
an interesting method, the ex vivo direct heating of RBCs to 50°C does not provide a
realistic model for the heat applied to RBCs during a burn injury.13 Loebl et al transfused
both healthy and burn patients with either burn or healthy radiolabeled sera. The half-life of
burn RBCs transfused into the healthy patient was similar to that of healthy RBCs transfused
into a healthy patient. However, when either burn or healthy RBCs were transfused into
burn patients, the half-life of the RBCs was significantly reduced. These findings indicate
that there may be a mechanism in the burn patient that favors early or more active
sequestration of RBCs rather than just direct destruction of RBCs from the thermal injury.12

J Burn Care Res. Author manuscript; available in PMC 2014 July 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Posluszny and Gamelli Page 4

If at all present, direct erythrocyte injury and sequestration do not have a profound effect on
overall hemoglobin concentrations as packed RBCs (pRBCs) are rarely transfused within the
first few postburn days. On average, burn patients are transfused 5.3 + 0.3 days after
admission.2 If the thermal injury alone had such a profound impact on RBC survival,
transfusion of pRBCs would likely have been necessary before postburn day 5. In contrast,
studies on transfusion in the critically ill show a trend toward earlier transfusion. In the
CRIT study, the average time to first transfusion was only 2.3 +3.7 days.?8 In the Anemia
and Blood Transfusion in Critically Il Patients (ABC) study, 70% of all transfused patients
received their first transfusion within the first 2 ICU days.2? von Ahsen et al3? found that, in
their patient population, ~50% of all transfusions were administered in the first 5 days of
ICU stay. This earlier first transfusion day may reflect the acute, surgical blood loss
occurring before or at times of ICU admission in trauma and surgical patients. For burn
patients, the first operative day often occurs several days following the injury or ICU
admission, as evidenced by their later days of first transfusion.

Extensive blood loss from excision and grafting is a major factor leading to acute blood loss
anemia. Efforts to prevent and reduce surgical blood loss have resulted in decreased
operative transfusion rates (see Operative Strategies to Reduce Transfusions). Other
suggested mechanisms for acute blood loss in burn patients do not contribute significantly to
this anemia. In addition, techniques to prevent their occurrence are unlikely to be effective
as they are the direct result of the thermal injury.

Anemia of Critical lllness

Anemia of critical illness describes the persistent anemia that plagues critically ill patients
after the resolution of their initial acute event. Although acute blood loss anemia is due to
removal of RBCs, anemia of critical illness is the inability to produce enough RBCs to meet
demand. It has been described as an acute form of anemia of chronic disease.3! It is a
multifactorial entity related to a variety of factors including wound care, phlebotomy,
impaired nutrition and metabolism, blunted EPO production and/or response, and
reprioritization of bone marrow cell production.32

latrogenic factors such as blood loss from dressing changes and laboratory draws may play a
small role in the anemia of critical illness. Blood loss can be as high as 41 ml/d in ICU
patients2® and may contribute 17% of total blood loss during the ICU stay.3° The amount of
blood drawn per laboratory test and the need for each test should be carefully scrutinized to
avoid unnecessary blood loss.33 In fact, methods of reducing blood draws have been
implemented and successful in reducing total blood loss including the use of pediatric blood
collection tubes3435 and blood-conserving arterial line systems.36:37 These iatrogenic causes
of anemia, although necessary for patient care, may be a modifiable factor in the reduction
of anemia of critical illness.

Nutritional deficiencies may play a role in the anemia of critical illness. By studying iron,
B12, and folate levels in long-term ICU patients, Rodriguez et al38 found that 13% of
patients had correctable abnormalities of these nutrients. Some studies have suggested that
decreased nutrition levels in burn patients leads to an abnormal erythrocyte morphology,
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which leads to a decreased half-life/earlier sequestration of these cells and a decrease in
RBCs.?

Bone marrow dysfunction may contribute to anemia of critical illness. Wallner and Warren
examined the bone marrow at autopsy of patients who died from burns, acute myocardial
infarction, or sepsis and compared the overall bone marrow cellularity and bone marrow
cellular components. The overall cellularity of the bone marrow was increased in sepsis and
burn patients. The percentage of granulocytes was increased and the percentage of
erythroblasts was decreased in the burn patients.3? Similar to this autopsy study, Wallner et
al found that, in burned mice, erythroid colony formation was severely blunted in the bone
marrow. This decreased erythroid colony formation was not a transient event, but rather,
persisted for up to 40 days after burn injury. Decreased erythroid colony formation led to the
persistent decrease in peripheral RBCs and the prolonged anemia of critical illness.? When
sera of burn and healthy patients were added to mouse bone marrow cells, the erythroid
colony forming production of bone marrow exposed to burn sera was reduced even with
increasing doses of EPO.2 As a result, Wallner et al® postulated that there was an erythroid
inhibitory substance present in the sera of burn patients that stalled erythroid production.
Further identification of this substance and investigations into the blunted erythropoietic
response in the bone marrow following burn injury has not yet been undertaken.

The anemia of critical illness has been likened to an acute form of anemia of chronic
disease.3! The anemia of chronic disease is an anemia of inflammation, because the chronic
disease processes that lead to anemia (chronic kidney disease, rheumatoid arthritis, lupus,
malignancy, chronic transplant rejection, acute and chronic infections, etc) cause an increase
in the baseline inflammatory state.*! Burn patients, as a result of the overwhelming response
to severe thermal injury, have increased levels of proinflammatory cytokines.#243
Proinflammatory cytokines, including tumor necrosis factor,*4:45 finterferon,*® interferon-
72647 and interleukin-6,%8 have all been found to inhibit erythroid cell formation in the bone
marrow. Although these studies suggest a role for proinflammatory cytokines in anemia of
critical illness, no clear connection between these studies in the bone marrow compartment
and the end peripheral RBC exists.

The anemia of critical illness in burn patients is most likely multifactorial, making it difficult
to foresee one intervention that reduce transfusion rates. Rather, a collective effort
integrating multiple techniques or therapies may lead to small reductions in anemia, which
can add up to a major impact on transfusion rates. However, incorporating multiple
techniques is difficult in clinical practice. In addition, the mechanism behind blunted
erythropoiesis, a major factor in anemia of critical illness, is unclear and leaves a hole in the
effort of both understanding and treating anemia of critical illness in burn patients.

TRANSFUSION RATES

Given the acute blood loss from excision and grafting of large wounds and the prolonged
critical illness, transfusion of pRBCs is common and can be quite substantial in burn
patients. Several studies have defined the transfusion trends in burn patients, and most have
focused on the relationship between %TBSA burn and transfusion needs. Graves et al*°
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found that patients with >10% TBSA burn received an average of 19.7 units of blood with a
range of 0 to 201 units. For Vasko et al, their patients with >10% TBSA burn required an
average of 8.94 units per patient, with one patient with >90% TBSA burn receiving 117
units. For patients with >30% TBSA, the mean transfusion requirement was 17 units.”
Palmieri et al found that, on average, 13.7 £ 1.1 units of pRBCs were transfused per patient
with 220% TBSA. For burns of >50% TBSA, >30 units of blood were transfused per
patient.2” In a single-centered retrospective review from 1999 to 2004, patients with <10%
TBSA had 4 + 0.6 units of pRBCs transfused; for 11 to 19% TBSA, 8 + 1 units; for 20 to
40% TBSA, 12 + 3 units; and for >40% TBSA, 20 * 4 units. As expected, as burn size
increased, so did the chance of requiring a transfusion. Approximately 5.7% of patients with
<10% TBSA burn required a transfusion, 21% with 11 to 20% TBSA burn, 39% with 21 to
30% TBSA burn, and 62% of patients with >30% TBSA burn?® (Table 1). In 109 pediatric
patients, Birdsell and Birch found that 100% of children with >30% TBSA burn required a
blood transfusion, but no transfusions were required for TBSA of <5%. They did not report
the number of transfusions needed per patient.11

These data show that massive transfusions occur following a severe burn injury. With
increased burn size, there are increased blood transfusion requirements. This may be
attributed to increased surgical blood loss from more extensive excision and grafting (acute
blood loss anemia) and also from worsened illness severity leading to impaired
erythropoiesis (anemia of critical illness). Little is known about other patient characteristics
predisposing to transfusion. In a survey of transfusion trends among burn surgeons, Palmieri
and Greenhalgh®° found that aside from %TBSA burn, other factors increasing transfusion
rates are cardiac disease, acute respiratory distress syndrome (ARDS), and age. Identifying
additional clinical and demographic characteristics of patients who require transfusions is
key to promoting techniques that reduce transfusion rates. Dividing anemia of burns into
acute blood loss anemia and anemia of critical illness may help to identify additional risk
factors for transfusion.

CONSEQUENCES OF TRANSFUSION

Transfusion of blood products are an immediate and effective treatment for anemia as
hemoglobin concentration is restored with donor RBCs. Increased RBCs improve oxygen
carrying capacity, augment cardiac function, and prevent cellular damage from hypoxia. As
in much of medicine though, such a simple treatment is not without risk. It is well known
that the transfusion of pRBCs can lead to the direct transmission of infectious diseases.
Although better screening methods have reduced transmission, HIV, hepatitis B, and
hepatitis C can still be acquired from a pRBC transfusion.> A recent review cites
transmission rates of HIV as 1 in 2 million transfusions, hepatitis B transmission in 1 in
every 250,000 transfusions, and hepatitis C in 1 in every 1.5 to 2 million transfusions.>2
However, the immunomodulatory effect of pRBC transfusion may actually be more
detrimental to patient morbidity and mortality, especially in the critically ill patients. The
correlation between transfusion and infection has been established for many years in the
burn,27:49.52.53 trauma/surgical,>#-58 and critical care populations.28:29:59-61 |n a mouse
model of burn injury, Gianotti et al®3 found that burn injury combined with blood
transfusion increased microbial translocation from the gut and bacterial survival on

J Burn Care Res. Author manuscript; available in PMC 2014 July 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Posluszny and Gamelli Page 7

dissemination. Graves et al found that % TBSA burn, age, inhalation injury, and number of
transfusions were associated with increased infection risk. Logistic regression analysis
showed that there was a relationship between the number of units transfused and infectious
morbidity regardless of patient age, inhalation injury, or burn size.*® Palmieri et al?” showed
similar findings in that there was a 13% increase in developing an infection per unit of blood
transfused to burn patients.

A more recently characterized consequence is transfusion-related acute lung injury
(TRALLI). In fact, TRALI is the most frequent cause of transfusion-related mortality (51%)5%2
and may occur in a staggering 1 in every 5000 blood transfusions.>2 TRALI is diagnosed
clinically and radiographically and is defined as “a new episode of acute lung injury (ALI)
that occurs during or within 6 hours of a completed transfusion, which is not temporally
related to a competing ALI.”83 Symptoms include respiratory distress, hypoxemia, and
possibly hypotension and fever.64 TRALI appears as bilateral patchy infiltrates on chest x-
ray.53:64 The pathophysiology of TRALLI is unclear, but it is speculated that TRALI is
caused by neutrophil-mediated endothelial cell toxicity leading to capillary leak and severe
local inflammation in the lungs.52:64.65 TRALI has not been well documented in burn
patients although there is no reason to suggest it does not to occur. Higgins et al%® attempted
to estimate the prevalence of TRALLI in burn patients but making an actual diagnosis of
TRALI was limited by preexisting ALI and ARDS, pathologies that exclude the diagnosis of
TRALI. Because ALI from massive resuscitation or inhalation injury are already present in
many burn patients, diagnosing TRALI in this population may require unique clarifiers
similar to other disease processes in burns.8”

The most morbid consequence of transfusion is ABO incompatibility from clerical error.
When ABO incompatible blood is transfused, a severe, possibly fatal, hemolytic transfusion
reaction occurs. In 2008, nine deaths transpired in the United States from errors in recipient
identification, blood bank clerical error, and sample being collected from the incorrect
patient.52 The transfusion error rate may be as high as 1 in 14,000 units, and fatal ABO
incompatibility occurs with every 1 in 1,800,000 units, a rate higher than HIV
transmission. 68

Although a necessity to augment arterial oxygen content and organ perfusion, pRBC
transfusion is associated with the direct transmission of infectious disease,
immunomodulation leading to increased rates of nosocomial infections, and even death from
ABO incompatibility. Methods to limit transfusion have already been shown to improve
patient outcome. The following section addresses these methods specifically in burn patients
and, when appropriate, in the critical care population.

REDUCING TRANSFUSION: EPO, SURGICAL TECHNIQUES, AND
TRANSFUSION THRESHOLDS

Anemia does not impair wound healingl” and only affects hemodynamics and oxygen
delivery when quite low.5% Therefore, techniques that limit transfusion should decrease
infectious complications and improve morbidity and mortality in burn patients without
detriment to wound healing or organ perfusion. The techniques described here (EPO,
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tourniquets, epinephrine tumescence, and transfusion restriction) are the most well-described
and researched methods of reducing transfusions. The effectiveness of each technique
varies, and addressing each technique in light of either acute blood loss anemia or anemia of
critical illness will bring to light the true efficacy of the intervention.

Erythropoietin

EPO is secreted by the peritubular cells of the kidney in response to low oxygen content in
the hemoglobin of RBCs.”? EPO binds to the EPO receptor on erythroid progenitor cells
stimulating cell division, differentiation via the initiation of erythroid specific genes, and
prevention of cellular apoptosis.’! Therefore, burn patients who are anemic should have
elevated EPO level, which should then stimulate RBC production in the bone marrow. The
administration of exogenous, recombinant human EPO (rhEPQO) should augment the effects
of endogenous EPO and increase RBC production as well. In patients with chronic kidney
disease, in which EPO production is deficient, the administration of rhEPO can correct
anemia and decrease transfusion.”273 However, these assumptions do not hold true for burn
patients. Studies on endogenous EPO production in burn patients are inconclusive, and in
cases in which EPO is increased, it has not augmented RBC production. In burn patients,
exogenous EPO does not stimulate RBC production to the point of reducing transfusions.
The following section will explore these studies and similar work in ICU patients.

Endogenous EPO—Despite multiple studies assessing endogenous EPO levels after a
burn injury and correlating these EPO levels to measures of erythropoiesis and, thus,
effectiveness in RBC production, there is no clear picture on endogenous EPO levels after
burn injury. Much of the confusion stems from the use of different assays. An analysis of
these studies is supplied in Table 2.

Urine bioassay of EPO was used by both Robinson et al and Andes et al. Robinson et al*
studied 19 patients at different time points during their hospitalization and, as a whole,
found a deficiency in EPO production when compared with healthy patients. Andes et al
studied only five patients but also measured hemoglobin, reticulocyte counts, bone marrow
morphology, and transfusion requirements. Even though EPO production was increased in
comparison with normal, healthy volunteers, there was no corresponding increase in
reticulocyte numbers and the bone marrow had decreased erythroid components,
highlighting the dampened erythropoietic response to elevated EPO levels.2

Direct comparison of urine bioassay and serum radioimmunoassay was made by Sanders et
al and Sheldon et al. Sanders et al found that both the urine bioassay and serum
radioimmunoassay levels increased initially following burn. Seven days postburn, the urine
bioassay was unable to detect EPO, whereas the radioimmunoassay detected a gradual
decline in EPO levels.? Sheldon et al found no correlation in EPO levels with bioassay and
radioimmunoassay. With both methods, EPO concentrations were elevated with anemia.
EPO concentration peaked within the first few postburn days using the bioassay but not until
approximately postburn day 10 for the radioimmunoassay. The sensitivity or reliability of
either test was not discernible.® In both of these articles, the presumption that the
radioimmunoassay is the more sensitive or superior test is suggested, because the
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radioimmunoassay results match the hypothesis that EPO levels should be increased
following the burn injury. However, as mentioned in the discussion by Sheldon et al, the two
assays may actually measure different proteins or moieties of EPO. Regardless, since these
studies in the 1970s, serum radioimmunoassay has become the standard measure of EPO.74

Correlations between EPO radioimmunoassay levels and hemoglobin have been performed
twice. For Vasko et al, in 27 burn patients, EPO levels were appropriately increased as
hemoglobin concentration decreased. However, a reticulocytopenic anemia persisted despite
this increase in EPO.” Deitch and Sittig measured EPO, serum iron, total iron binding
capacity, ferritin, transferrin saturation, hemoglobin, and reticulocyte counts in 24 burn
patients and stratified them based on burn size. There was an inverse correlation between
hemoglobin and EPO, indicating an appropriate response to anemia. Patients with
supranormal levels of EPO developed a reticulocytosis. However, the reticulocytosis is less
than what would be predicted in a normal patient, and thus these patients remained anemic.!

In the critical care literature, much of the data support inappropriately low EPO levels and
reticulocyte counts for the degree of anemia.3 When ICU patients with severe sepsis were
compared with those with iron-deficiency anemia, Rogiers et al’® found no correlation
between EPO and hematocrit levels in the septic patients, but an inverse correlation for the
controls. In pediatric critically ill patients, Krafte-Jacobs et al”® found that EPO levels in
anemic critically ill patients did not differ from those of critically ill patients without
anemia. In anemic, severe trauma patients, EPO levels are not increased as would be
expected for the given hemoglobin concentration.’”

As a whole, these studies do not provide a clear picture of the EPO response to anemia in
both burn and critically ill patients. Regardless of whether EPO is increased or decreased,
there does not seem to be an appropriate response to endogenous EPO in these patients.

Exogenous EPO—The administration of exogenous, rhEPO is indicated for patients with
end-stage kidney disease,’273 HIV patients taking zidovudine,’8 anemia from the
chemotherapy for nonmyeloid malignancies, and before elective, noncardiac, nonvascular
surgery to reduce the need for transfusion.”® The use of exogenous EPO has not been found
to be beneficial to burn or critically ill patients. Two small trials evaluated exogenous EPO
administration on RBC indices and transfusion rates in burn patients. Fleming et al
compared EPO administration on unburned, healthy volunteers with burned patients.
Exogenous EPO enhanced reticulocyte counts in both groups. However, there was no
increase in hematocrit for either group.89 Still et al performed a prospective randomized trial
on the effects of exogenous EPO on RBC indices (hemoglobin, hematocrit, and reticulocyte
count) and transfusion requirements in 40 burn patients with 25 to 65% TBSA burns.
Despite high doses of EPO (300 U/kg within 72 hours of admission and daily for 7 days and
then 150 U/kg every other day for 23 days), there was no statistical difference in RBC
indices between groups except for an increase in reticulocytes for a subpopulation of
patients (25-35% TBSA burns). There was no difference in transfusion rates.81

The effectiveness of exogenous EPO in reducing transfusion rates in burn patients has not
been established in any large, prospective trials. However, a recent large prospective,
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randomized controlled trial®2 and an extensive meta-analysis®3 found no benefit in
exogenous EPO administration in the critically ill. Corwin et al administered exogenous
EPO or placebo weekly, for 3 weeks, to medical, surgical, and trauma patients. At 29 days,
the mean hemoglobin was increased in the EPO group (16 vs 13 g/dl). Unfortunately, there
was neither a decrease in the number of patients who received a transfusion nor a decrease
in the mean number of transfusions in the EPO group. EPO may have effects on processes
other than erythropoiesis, because the EPO group had a statistically significant increase in
thrombotic events but decreased mortality for a subset of trauma patients.82 Zarychanski et
al®3 performed a meta-analysis of nine studies investigating exogenous EPO use and found
only a 0.41-unit per patient decrease in transfusions with EPO use. A small randomized trial
in burn patients,®! larger, randomized trials in the critically ill, 82 and a meta-analysis of
studies in critically ill patients,83 all point toward exogenous EPO administration having no
effect on transfusion rates.

Regardless of whether endogenous levels of EPO are increased or decreased following a
burn injury, both endogenous EPO and administration of exogenous EPO do not augment
erythropoiesis to the point of decreasing transfusion rates. In fact, Deitch and Sittig noted
one patient in their series with >40% TBSA burn who required multiple transfusions.
Despite the highest endogenous EPO levels of any patient in their study, this patient could
not manifest a reticulocytosis.? This “EPO resistance” parallels findings of bone marrow
dysfunction associated with anemia of critical illness.® Whether an increase in endogenous
EPO or supplemental exogenous EPO, the bone marrow does not seem to respond to EPO
following a burn injury in the manner that it would under normal conditions or in cases of
chronic disease. This is an important point, as EPO resistance may reflect a dysfunctional
bone marrow. Looking at later time points postinjury, gradual decreases in hemoglobin or in
the context of anemia of critical illness may help to better determine the actual mechanism
behind the EPO resistance and bone marrow dysfunction and provide an additional avenue
for transfusion intervention and/or reduction.

Although not indicated, the use of EPO in burn patients should not be completely ignored, as
the small increase in erythropoiesis with EPO administration may have a greater impact on
transfusion rates now with the practice of transfusion restriction. Therefore, EPO use in light
of changes in transfusion threshold may warrant further investigation. Also, EPO may
benefit burn patients unrelated to erythrogenesis as EPO has been found to have cellular
protective effects428 and outcome benefit in trauma patients.82

Operative Strategies to Reduce Transfusion

Burn wound excision and skin grafting lead, inevitably, to acute blood loss anemia.
Tangential excision, although leading to better cosmetic and functional grafts, is associated
with increased blood loss. This acute blood loss anemia leads to pRBC transfusion, which
may then lead to infectious complications. A significant amount of research has been
performed to establish surgical techniques to reduce surgical blood loss and, in turn,
decrease transfusion. These techniques include placement of tourniquets, topical epinephrine
soaked pads, and tumescence with vasoconstricting agents. Many studies have detailed the
benefits of these techniques. Details of the studies describing the effectiveness of these
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techniques are supplied in Table 3. Highlights of the most recent, reliable, or effective
studies are described below.

Tourniquets—When operating on a burned extremity, tourniquet placement with and
without prior limb exsanguination has been found to decrease blood loss. Studies on
tourniquet use differ in technique, effect on blood loss, and also graft success. Therefore,
each study must be evaluated in light of their relative differences. Any technique that
reduces blood loss at the expense of graft failure must be scrutinized for the overall benefit
to patient care.

In a description of their two-staged technique, Warden et al8® found a significant decrease in
blood loss (1.26 to 0.72 ml/cm? excised) with tourniquet use during excision, followed by
placement of thrombin-epinephrine soaked pads in comparison with a group in which no
tourniquet was used. Rosenberg and Zawacki describe a technique in which a tourniquet was
placed before excision and remained in place until after grafting. They identified a >80%
reduction in blood loss by comparing their blood loss with a recently published study.23
Smoot studied 52 upper extremities using a modified tourniquet technique originally
described by Marano.% For patients with the upper extremity burn compromising <12%
TBSA, no transfusions were necessary. Disappointingly, graft viability was low.9 A more
thorough and controlled examination of the effect of tourniquet placement on blood loss was
performed by O’Mara et al. They randomized the bilateral upper extremities of burn patients
into two groups: no tourniquet and tourniquet placement without exsanguination. For the
tourniquet technique, a tourniquet was placed for both excision and grafting, but the limb
was not exsanguinated. After excision, thrombin and epinephrine soaked pads were used to
achieve hemostasis in both groups. Blood loss (259 vs 100 ml) and blood loss per area
excised and grafted (0.32 vs 0.10 ml/%TBSA) were significantly decreased in the tourniquet
group. Graft take was 98% in the tourniquet group and 96% in the control group,
demonstrating decreased blood loss while maintaining graft success.%2

Taken together, these studies point favorably toward the use of tourniquets during excision
and/or grafting of an extremity to reduce blood loss. When deciding on which technique to
use, optimal graft take should be taken into account.

Epinephrine Tumescence—Intradermal clysis or tumescence with a vasoconstricting
agent (epinephrine and phenylephrine) has been validated in multiple studies as a safe and
effective method of decreasing both surgical blood loss and operative transfusion rates.
Because epinephrine is the most commonly used vasoconstricting agent and the term
tumescence commonly is used to describe this technique, for ease of association throughout
the rest of this review, the phrase “epinephrine tumescence” will be used to describe this
technique. Similar to tourniquet use, these studies must be evaluated with respect to both
blood loss measures and graft success. A summary of these studies is provided in Table 3.

Robertson et al compared a control group (10 patients) that received thrombin spray and
warm saline soaked laparotomy pads on the excised and grafted wounds with a tumescent
group that received epinephrine tumescence at the excision and donor sites in addition to
thrombin spray and warm saline soaked laparotomy pads (10 patients). The tumescent
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technique decreased blood loss from 1.15 ml/cm? excised to 0.37 ml/cm?. Perioperative
blood transfusions were decreased from 1.91 to 1.08 units per case.93 Kahalley et al used
tumescence with epinephrine or phenylephrine (nine patients with known arrhythmias).
Intraoperative transfusion rates decreased from 2.73 units in a historical control group with
similar %TBSA debrided and grafted to 0.47 to 0.88 units of blood per patient.%4 Sheridan
and Szyfelbein reported the safety, efficacy, and transfusion benefit of epinephrine
tumescence in pediatric burns. Intraoperative blood loss decreased to 0.98% of the total
blood volume per percentage of the body excised and grafted in comparison with the
reported literature estimate of 3.5 to 5% at the time. Only 28% of patients required a
perioperative blood transfusion. Graft take was 98%.9%> The hemodynamic safety of
epinephrine tumescence has been well established in several studies.96-98

Only one study showed no improvement with epinephrine tumescence. This study, however,
was limited by evaluating this technique at one anatomic location. Barrett et al®® found that
topical epinephrine and thrombin and epinephrine tumescence at the scalp compared with
thrombin spray alone did not decrease operative blood loss. Given the dense capillary
network, epinephrine tumescence may be of less value on the scalp. The results of this one
study should not detract from data present on the benefits of epinephrine tumescence.

These studies, along with near universal use, support the notion that epinephrine tumescence
can significantly reduce both intraoperative blood loss and transfusions and that the
technique is hemo-dynamically safe. Epinephrine tumescence may have a greater reduction
in blood loss in comparison with tourniquets because this technique can be used in most
areas of excision and can be used at the donor site.

Combined Surgical Techniques—Tourniquets and epinephrine tumescence can be
used simultaneously and with other techniques (Table 3). Sheridan and Szyfelbein reviewed
pRBC use in children during two 3-year periods separated by a decade. During that decade,
several operative measures were undertaken to reduce surgical blood loss including
tourniquets, fascial excision with electrocautery, excision as early as possible after the
injury, and epinephrine tumescence. When comparing groups based on burn size, there was
a 63 to 89% reduction in pRBC transfusion with the use of these surgical techniques.100
Cartotto et al retrospectively compared a conservation strategy of surgical debridement
against a historical control group. The conservation strategy used donor site and burn wound
epinephrine tumescence, donor site and excised wound topical epinephrine, and limb
tourniquets, whereas the historical control group used only topical epinephrine and thrombin
at the donor and excision sites. They compared EBL, intraoperative transfusion
requirements, and wound outcome for the two groups. The conservation group had an EBL
of only 123 ml/%BSA excised and grafted as opposed to 211 ml for the historical control
group. The intraoperative transfusion requirement was reduced from 3.3 to 0.1 units per
case. Twenty-eight percent of all conservation strategy cases required an intraoperative
transfusion or a transfusion within the first 24 hours postoperatively, while 83% of the
historical controls required a transfusion.1” Gomez et al retrospectively reviewed the
effectiveness of a modified tumescent surgical technique in reducing blood transfusion
requirements in burn patients. Their modified tumescent surgical technique included
epinephrine tumescence at excision and donor sites, pneumatic tourniquets in the

J Burn Care Res. Author manuscript; available in PMC 2014 July 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Posluszny and Gamelli Page 13

extremities, and epinephrine soaked pads for a dressing. The traditional surgical technique to
which it was compared employed the use of epinephrine soaked pads only. The modified
tumescent surgical technique decreased the total units of blood transfused from 15.7 to 7.9
units per patient and intraoperative units of blood transfused from 8.9 to 4.7 units per
patient. 101

These studies provide evidence that newer surgical techniques can decrease blood loss and
transfusion rates. Specifically, these techniques have decreased acute blood loss anemia,
because anemia of critical illness is not likely to be modified by surgical techniques.

Transfusion Restriction

Transfusion restriction to hemoglobin concentrations of 7 to 8 g/dl in patients without
evidence of cardiac ischemia or active bleeding is now common practice. The Transfusion
Requirements in Ctirical Care (TRICC) trial, in 1999, established the safety and benefit of
transfusion restriction in a large prospective, randomized trial. By restricting transfusions to
patients with hemoglobin concentrations of <7 g/dl, in comparison with the liberal strategy
of maintaining hemoglobin levels >10 g/dl, the restrictive protocol was found to be safe and
to decrease hospital mortality.102 However, challenging the anecdotal transfusion thresholds
of hemoglobin of 10 g/dl and hematocrit of 30% occurred in burn care several years earlier.
In 1994, Sittig and Deitch prospectively divided patients into a selective transfusion
threshold group who were transfused at hemoglobin concentrations of 6 to 6.5 g/dl and a
traditional group whose hemoglobin was maintained at 10 g/dl. Patients in the selective
transfusion group received less blood (2.1 vs 7.4 units) and had no adverse hemodynamic
outcomes as a result of the lower hemoglobin levels. Also, they found a significant decrease
in the number of units transfused outside the OR in the selective group, indicating that many
of these “maintenance transfusions” were excessive and not needed to maintain adequate
hemodynamics or organ perfusion. Although this study was small (only 52 patients) and did
not establish other outcome measures for the selective transfusion group, it was a daring
study that safely allowed for additional work on lower transfusion thresholds in burn
patients.193 Mann et al challenged the hematocrit of 30% rule. They noted that hematocrits
of 15 to 20% in healthy patients with small burns, hematocrits as low as 25% in patients
with more extensive burns, and hematocrits of 30% in patients who were critically ill or had
preexisting cardiovascular disease were well tolerated. These guidelines decreased overall
blood transfusion from 133 to 20 ml/%burn. Although the patients tolerated lower
hematocrits and decreased transfusion rates, the authors did not address surgical techniques
that may have developed during the 10-year time span that may have influenced transfusion
rates. However, they demonstrated the efficacy of lower transfusion thresholds and
stratifying patients based on oxygen carrying capacity needs.104

Prompted by the results of the TRICC trial, Kwan et al implemented a restrictive transfusion
protocol of maintaining a hemoglobin concentration of 7 g/dl. They retrospectively
compared this restrictive transfusion protocol with their earlier, liberal transfusion protocol.
In the liberal group, the average hemoglobin at transfusion was 9.2 g/dl, whereas in the
restrictive group, the average hemoglobin at transfusion was 7.1 g/dl. This lower transfusion
threshold was felt to be physiologically safe as there were no differences in acute
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myocardial infarction rates between the two groups. There was a significant decrease in both
30-day mortality (38 for liberal vs 19% for restrictive) and overall hospital mortality (46
liberal vs 22% restrictive) with the restrictive transfusion strategy.10> Even though the
TBICC trial and Kwan et al demonstrate the hemodynamic safety of a lower transfusion
threshold, burn patients are transfused at a mean hemoglobin of 8.12 g/dl and hematocrit of
26%. This survey study by Palmieri and Greenhalgh found that the hemoglobin threshold
was increased in patients with increased TBSA burn, cardiac disease, ARDS, and age.>°
Testing a restrictive transfusion practice prospectively in burn patients, in a similar fashion
to the TRICC trial, would help solidify the most appropriate and safest transfusion trigger
for burn patients and may convince clinicians of the safety and benefit of transfusion
restriction.

Similar benefits of transfusion restriction are seen in the pediatric population. In 2007,
Palmieri et al retrospectively reviewed pediatric burn patients subjected to a traditional
transfusion policy in which patients were transfused to maintain hemoglobin concentrations
>10 g/dl and a restrictive policy to maintain hemoglobin concentrations =7 g/dl. In the
traditional group, patients received an average of 12.3 +1.8 units of blood, whereas in the
restrictive group, patients received only 7.2 + 1.2 units. There were fewer overall
complications in the restrictive group and twice as many pulmonary complications in the
traditional group. There were no differences in length of stay, ventilator days, number of
operations, or mortality between groups.106

These studies clearly demonstrate both the safety and benefit of transfusion restriction with a
goal of keeping the hemoglobin concentration greater than 7 g/dl in burn patients. Looking
at transfusion from an opposing angle, transfusing above this threshold may actually be
harmful to patient care. In the case of transfusion, “more may be less.”197 A large,
multicentered, randomized control trial comparing a restrictive and liberal transfusion policy
on outcome parameters is currently taking place. We expect their results will confirm both
the safety and clinical benefit of a restrictive transfusion policy.

CONCLUSION

Great strides have been made to decrease transfusion in burn patients. Still, severely burned
patients require massive transfusions to combat the acute blood loss from surgery and the
blunted erythropoiesis of the anemia of critical illness. To make further headway into
decreasing transfusion rates, viewing anemia of thermal injury not just as one entity but the
combination of acute blood loss anemia and anemia of critical illness is key. This review has
structured the mechanisms, trends, and treatments of anemia of thermal injury so that further
research efforts can incorporate this thought process and terminology into practice.
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Acute Blood Loss Anemia | ‘ Anemia of Critical lliness

Most evident during periods of
surgical intervention
and response to the acute injury

Most evident later in the hospital
course during the recovery phase

Between surgeries
Possible throughout
the entire hospital

course

Causes: Blunted erythropoiesis
Decreased EPO production
Phlebotomy and dressings
Abnormal RBC morphology

Nutritional deficiencies

Causes: Excision and grafting
Direct erythrocyte damage’
or sequestration

Figurel.
The relationship between acute blood loss anemia and anemia of critical illness in the

spectrum of burn care.
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Table 1
Transfusion rates in the burn population

Author Yr of Publication pRBC Transfusions per Patient Based on % TBSA
Graves et al4® 1989 >10% TBSA = 19.7 units
Vasko et al” 1991 >10% TBSA = 8.94 units

>30% TBSA = 17.0 units
Palmieri et al?’ 2006 >20% TBSA = 13.7 £ 1.1 units

250% TBSA = >30 units
Yogore et al?® 2006 <10% TBSA =4 + 0.6 units

11-19% TBSA = 8 = 1 units
20-40% TBSA = 12 + 3 units
>40% TBSA = 20 + 4 units

pRBC, packed red blood cell.
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Method of EPO

Study Sample Size Measurement

M easure of Erythropoiesis

Main Findings

Robinson et al*

Andes et al?

Sanders et al®

Sheldon et al®

Vasko et al’

Deitch and Sittig!

19 Urine bioassay

Urine bioassay

Serum bioassay and
radioimmunoassay

Serum bioassay and
radioimmunoassay

27 Serum radioimmunoassay

24 Serum radioimmunoassay

None

Hemoglobin, reticulocyte counts,
bone marrow morphology, and
transfusion requirement

Hemoglobin

Hemoglobin, reticulocyte count

Hemoglobin, reticulocyte count

Hemoglobin, iron, total iron
binding capacity, ferritin,
transferrin saturation, and
reticulocyte count

Normal to subnormal EPO in
patients with burn index >30
Normal to elevated EPO in patients
with burn index <30

Increased EPO production in 4/5
patients but no increase in
hemoglobin, reticulocyte counts,
and bone marrow erythroid cells.
No decrease in transfusion
requirement

EPO via bioassay increased
immediately and then undetectable
by postburn day 7. EPO via
radioimmunoassay increased
immediately postburn and then
gradually decreased during
recovery

Bioassay and radioimmunoassay
results did not correlate

Increased EPO production with
decreased hemoglobin
concentrations. No increase in
reticulocytes

Increased EPO and reticulocyte
counts with decreased hemoglobin
levels

EPO, erythropoietin.
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Table 3

Summary of surgical techniques to decrease transfusion

Study Technique Outcome Limitations

Tourniquets
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Warden et al®®

Rosenberg and Zawacki?3

Smoot®!

O’Mara et al%?

Epinephrine tumescence

Kahalley et al®*

Janezic et al®?

Sheridan and Szyfelbein®®
(pediatric)

Robertson et al®3

Combined Techniques

Cartotto et al’

Sheridan and Szyfelbeinl®

Gomez et allo!

Two-staged technique with tourniquet
placed in the first stage during wound
excision, followed by thrombin-
epinephrine soaked pads

Tourniquet placement from excision
until grafting and compression
dressing placement

Partial exsanguination, intermittent
release and rapid reinflation,
epinephrine soaked pad; graft
placement without tourniquet

Tourniquet placement from excision
until grafting; thrombin and
epinephrine soaked pads for
hemostasis after excision; no
exsanguination before tourniquet
placement

Subdermal injection of 0.5 mg/L
epinephrine or 50 mg/L phenylephrine
at the excision and donor sites

Subdermal injection of 1 mg/501 mL
epinephrine at the excision site

Subdermal injection of 0.5 pg/ml
epinephrine at both excision and donor
sites

Subdermal injection of 1 mg/L
epinephrine at both excision and donor
sites, followed by thrombin and warm
saline soaked pads; Control group only
received thrombin and saline soaked
pads

Historical control: epinephrine and
thrombin soaked pads
Conservative strategy: epinephrine
tumescence, tourniquets and
epinephrine soaked pads

Two 3-year periods separated by a
decade were compared; new
techniques used in the later period
include tourniquets with
exsanguination, fascial excision with
electrocautery, excision as early as
possible following burn, and
epinephrine tumescence

Traditional surgical technique:
epinephrine and thrombin soaked pads
Modified tumescent technique:
epinephrine tumescence, tourniquets,

Decreased blood loss from 1.26 to
0.72 ml/cm? excised

Decreased blood loss from 172 to
29 ml/%TBSA
91% graft success

No transfusions in patients with
<12% TBSA of the extremities

Decreased blood loss from 0.58
ml/cm? in controls to 0.19 ml/cm?
for tourniquet

98% graft success vs 96% in
controls

Decreased intraoperative blood
transfusion from 2.73 to 0.47-0.88
units per case

Decreased blood loss to 0.97% of
blood volume/% TBSA excised and
grafted

Decreased blood loss from 3.5-5%
to 0.98% of total blood volume/%
of body excised and grafted

Graft take of 98%

No cardiovascular compromise

Decreased blood loss from 1.15 to
0.37 ml/cm? and units transfused
from 1.91 to 1.08; all statistically
significant

Decreased EBL from 211 to 123
ml/% TBSA excised and grafted
Decreased intraoperative
transfusion from 3.3 to 0.1 units per
case

96% graft take with conservative
strategy

63-89% reduction in pRBC
transfusion based on burn size

Decreased total units of blood
transfused from 15.7 to 7.9 units per
patient
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No mention of graft
success

Compared blood loss with
other study outcomes
rather than a control

High graft loss (14% of
patients with average of
120 cm?)

Could not compare
transfusion rates as each
patient was their own
control

Use of a historical control
for comparison

No mention of graft
success or hemodynamic
effects.

No matched control group
or mention of graft
success or hemodynamic
effects

No matched control group

No discussion of graft
success or impact on
transfusion rate

Use of historical control

No report of graft success

Use of historical control
No report of graft success
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Study

Technique

Outcome

Limitations

Djurickovic et alt08

and epinephrine and thrombin soaked
pads

Epinephrine tumescence along the
trunk or proximal limb vs tourniquet
use along the distal limb

Decreased intraoperative units of
blood transfused from 8.9 to 4.7
units per patient

Blood loss for tourniquet use was
2.07% of circulating blood volume/
%BSA excised vs 3.42 for
epinephrine tumescence

Impossible to compare
groups when performed in
different anatomic
locations; tourniquet
technique can not possibly
be performed on the trunk

pRBC, packed red blood cell.
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