Outcomes in Patients Undergoing Cardiac Surgery
Who Decline Transfusion and Received Erythropoietin
Compared to Patients Who Did Not: A Matched
Cohort Study

Lorent Duce, MD,* Mary L. Cooter, MS,+ Sharon L. McCartney, MD,t
Frederick W. Lombard, MD, T+ and Nicole R. Guinn, MD+

BACKGROUND: Erythropoiesis-stimulating agents, such as erythropoietin (EPO), can be used to
treat preoperative anemia. Some studies suggest an increased risk of mortality and thrombotic
events, and use in cardiovascular surgery remains off-label. This study compares outcomes in
cardiac surgery patients declining blood transfusion who received EPO with a matched cohort
who did not.

METHODS: After institutional review board approval, we conducted a retrospective review of
all patients who decline blood transfusion who underwent cardiac surgery and received EPO
between January 1, 2004, and June 15, 2015, at a single institution. Control patients who did
not receive EPO and were not transfused allogeneic red blood cells perioperatively were identi-
fied during the same period. Two controls were matched to each EPO patient using an optimal
matching algorithm based on age, date of surgery, gender, operative procedure, and surgeon.
The European System for Cardiac Operative Risk Evaluation (EuroSCORE) and baseline charac-
teristics remaining unbalanced in the matched cohorts were controlled for in assessing patient
outcomes. The primary outcome was a composite of mortality and thrombotic events, and sec-
ondary outcomes included change in hemoglobin (Hb) from baseline to discharge, acute kidney
injury (AKI), sternal wound infection, atrial fibrillation, time to extubation, intensive care unit, and
hospital length of stay (LOS).

RESULTS: Fifty-three patients who decline transfusion and received EPO were compared to 106
optimally matched control patients who did not receive EPO or red blood cell transfusion in the
perioperative period. The median additive EuroSCORE was similar between the EPO and control
group [6 (4, 9) vs 5 (3, 7), respectively; P =.39]. There was no difference in the primary outcome
(P = .12) and mortality was zero in both groups. The EPO group had a higher mean preopera-
tive Hb (13.91 g/dL vs 13.31; P = .02) and a smaller change in Hb from baseline (-2.65 vs
—3.60; P =.001). The incidence of AKI (47.17% vs 41.51%; P = .49) was similar and there was
no significant difference in all other outcomes, including time to extubation, hospital LOS, or
intensive care unit LOS.

CONCLUSIONS: In this retrospective matched cohort study of patients declining transfusion
and receiving EPO matched to control patients, there were no clinically meaningful differences
in the outcomes. (Anesth Analg 2017;XXX:00-00)

cardiovascular surgery present a unique challenge to

the health care team: Historically, this patient popu-
lation has declined blood transfusion, even in life-threat-
ening situations. The Watchtower Bible and Tract Society,
the governing body of the JW faith, has banned acceptance
of blood transfusions based on several Biblical passages.'
Specifically, JWs will not accept whole blood or its primary

Patients of the Jehovah’s Witness (JW) faith undergoing
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components, such as packed red blood cells, plasma, or
platelets. The acceptance of minor fractions, such as cryo-
precipitate, recombinant clotting factors, and albumin, as
well as the use of procedures involving the patient’s own
blood, such as cell salvage and hemodilution, is left to the
individual believer.! However, JW patients will not accept
autologous blood if it is separated from the patient’s circu-
lation, and therefore predeposited autologous blood is not
an option.!

Highly complex cardiovascular procedures often involve
significant blood loss in the perioperative period, leading
to the need for blood transfusion in up to 67% of patients.?
Transfusions become more imminent in those patients with
baseline anemia, a common comorbidity in the cardiac sur-
gical population. Interestingly, both mild preoperative ane-
mia and transfusion of allogeneic blood products have been
associated with increased risks of postoperative complica-
tions.>® Given the frequent need for blood product transfu-
sion, only 109 specialized centers in the United States offer
cardiac surgery to the JW population,” which could poten-
tially service almost 2.5 million believers.!
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EPO in JW Patients for Cardiac Surgery

Since renowned cardiac surgeon Dr Denton Cooley
started performing surgery on JWs in the 1960s,"! new
approaches, including minimally invasive techniques, and
preoperative optimization, such as intravenous iron infu-
sions and erythropoietin (EPO) to treat preoperative anemia,
have led to improved outcomes. EPO is a naturally occur-
ring hormone and the primary regulator of erythropoiesis,'?
produced in response to tissue hypoxia or severe hemor-
rhagic stress. EPO leads to increased erythropoiesis from
the bone marrow in order to maintain oxygen delivery to
vital organs.'>!® EPO for clinical use is produced by recom-
binant DNA technology and was first approved by the Food
and Drug Administration (FDA) in 1989 for use in patients
with chronic renal failure.! The FDA has extended approval
of EPO for the treatment of anemia resulting from a number
of causes, including preoperative anemia, in patients under-
going elective, noncardiac, nonvascular surgery.’> However,
use in cardiac surgery remains off-label due to concerns of
increased risk of thrombosis and mortality. Nonetheless,
EPO is commonly used in JW patients undergoing cardiac
surgery, as the benefit of treating preoperative anemia may
outweigh the risk of thrombosis in this patient population.
To date, there are no published studies comparing outcomes
between JW patients who received EPO for cardiac surgery
with a matched control cohort who did not. This study
aims to establish whether JW patients undergoing cardiac
surgery who were treated with EPO for anemia had greater
mortality or morbidity than patients who did not receive
EPO during their perioperative experience.

METHODS
This manuscript adheres to the applicable EQUATOR
Network guidelines. After institutional review board (IRB)
review and with waiver of informed consent, we retro-
spectively identified all patients declining transfusion and
undergoing cardiovascular surgery from January 1, 2004 to
June 15, 2015, at Duke University Medical Center using the
Center for Blood Conversation (CBC) database. From this
cohort, patients who received perioperative EPO to treat
anemia were selected for inclusion in the study. Potential
control patients who did not receive EPO or allogeneic red
blood cell transfusion in the perioperative period—from
day of surgery to 30 days postoperatively—were selected
from a separate database of more than 3000 patients
undergoing cardiac surgery at the same single institution
during the study period. Using a SAS macro for optimal
matching, JW patients who received EPO were matched
1:2 to controls based on patient age and date of surgery,
with exact matches on gender, operative procedure, and
surgeon.!®

The CBC is consulted for all patients who decline blood
products and are being considered for surgery or have been
admitted to the hospital. The function of the CBC is to first
confirm the patient’s wishes, then elicit which, if any, prod-
ucts or procedures they will accept. The patients will then
sign a consent detailing the refusal or acceptance of blood
products and fractions. Finally, the CBC will make recom-
mendations to the medical and surgical teams regarding
preparation for invasive procedures and assisting in select-
ing appropriately trained perioperative team members.
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EPO is part of the perioperative optimization protocol
recommended by the CBC. Details of this protocol, includ-
ing dosing of EPO and iron and use of cell salvage and acute
normovolemic hemodilution (ANH), have been published
previously,”” but generally, EPO is given as 40,000 units
(approximately 600 units/kg) subcutaneously weekly for
3—4 weeks as needed to achieve goal hemoglobin (Hb) >14
g/dL. If patients have adequate iron stores (ferritin >100
ng/mL and iron saturation >20%), they are prescribed oral
iron. Patients with inadequate iron stores to support eryth-
ropoiesis or with intolerance to oral iron are administered
intravenous iron.

Outcomes were assessed by retrospective chart review.
The primary outcome was a composite of 30-day mortality
or thrombotic event (myocardial infarction, stroke, or pul-
monary embolism). Secondary outcomes assessed include
change in Hb and creatinine, acute kidney injury (AKI),
sternal wound infection, atrial fibrillation, myocardial
infarction, pulmonary embolism, pneumonia, and time to
extubation, in addition to intensive care unit and hospital
length of stay between the 2 groups. AKI was defined by the
Kidney Disease Improving Global Outcomes classification,
modified due to lack of urine output data. The presence of
atrial fibrillation was defined as description of new-onset
atrial fibrillation occurring perioperatively as described in
the discharge summary.

Statistical Analysis

Baseline characteristics, such as the European System for
Cardiac Operative Risk Evaluation (EuroSCORE) and pre-
operative lab values, were compared between study cohorts
to assess remaining imbalance of potential confounders fol-
lowing cohort matching. We used t tests or Wilcoxon rank
sum tests to compare numeric factors between groups,
and y? or Fisher exact tests to compare categorical factors.
Univariate and multivariable generalized estimating equa-
tions models were used to study the association between
the treated and control groups and patient outcomes,
accounting for the matching. When the event rate allowed,
multivariable models included terms for EuroSCORE and
any covariates found to be unbalanced between the study
cohorts and associated with outcome (and thus potentially
confounding). Analysis was performed using SAS v.9.4 (SAS
Inc, Cary, NC), and statistical significance was assessed at
the .05 level.

RESULTS

During the study interval, 58 JW patients who decline transfu-
sion and received EPO perioperatively for cardiovascular sur-
gery were identified. Five patients were then excluded, due
to inability to find suitable control matches, leaving a study
cohort of 53 JW patients, who were matched to 106 control
patients. Of these 53 patients, 43 (81.1%) received EPO preop-
eratively, 3 (5.7%) received EPO in the postoperative period,
and 7 (13.2%) received EPO both preoperatively and post-
operatively. The surgeries included coronary artery bypass
grafting, valve procedures, combined grafting and valve sur-
geries, heart transplantations, and thoracic aortic surgery. All
patients were operated on by 1 of 6 surgeons, and matched
treated and control patients underwent the same procedure
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by the same surgeon. Preoperative and intraoperative patient
characteristics were similar between groups, except preopera-
tive Hb (13.91 vs 13.31 g/dL in EPO versus non-EPO groups,
respectively, P = .02) and race (P < .01, Table 1).

Hb at time of initial referral to the Center for Blood
Conservation ranged from 10.1 to 16.1 g/dL in the EPO
group, with a mean (standard deviation) of 12.8 (1.3). Most
patients were treated with oral iron, but 15 patients (28.3%)
were treated with intravenous iron. Hb increased a mean
(standard deviation) of 1.2 g/dL (1.4) in patients treated
with EPO preoperatively. After adjustment for preoperative
Hb, nadir Hb during admission was significantly higher in
the EPO group than the control group (Table 3; P < .0001).

Cell salvage is set up routinely for cardiac surgery and
thus use should not be different between the 2 groups; how-
ever, ANH is only performed for patients who do not accept
transfusion, and was performed in 43 patients (83%) in the
EPO cohort, with a median [Q1, Q3] harvest volume of 1350
mL [1000, 1500]. Additionally, 10 patients (18.9%) received
albumin, considered a minor fraction, in the EPO group.

In-hospital mortality was zero in both groups, and there
was no difference in the primary outcome, composite of
death, or thrombotic event (P = .12, Table 2). The low event
rate of the primary outcome (4 total events) prevented the
investigation of group differences in a multivariable model;
however, the residual confounding left after matching was
minimal, and the univariate results indicated no evidence of

a significant difference. The 2 groups differed in postopera-
tive Hb change, with the EPO group having a lower Hb loss
from baseline to discharge than the non-EPO group (-2.65
vs —-3.60; P = .001). Despite having similar preoperative
creatinine, the EPO group had a greater creatinine increase
from baseline to discharge (0.06 vs —0.04; P = .02), but the
incidence of AKI was similar (47.17% vs 41.51%; P = .49).
None of the categorical outcomes (incidence of myocardial
infarction, stroke, wound infection, pneumonia, pulmonary
embolism, or atrial fibrillation) was significantly different
between the groups. There were no differences in time to
extubation, hospital length of stay, or intensive care unit
stay (Table 2). Multivariable generalized estimating equa-
tions modeling, adjusting for EuroSCORE (and race when
indicated), found similar associations between treatment
and change in Hb, nadir Hb, and creatinine, but no associa-
tion with any other outcome studied (Table 3).

DISCUSSION

In this study, we found that patients who decline transfu-
sion and are treated with EPO undergoing cardiovascular
surgery have similar postoperative outcomes compared to
control patients not treated with EPO who did not receive
allogeneic blood transfusion. This finding is important, as
it shows that EPO may be a safe and feasible preoperative
treatment for anemia in patients undergoing cardiovascular
surgery when blood transfusion is not an option.

Table 1. Summary of Patient Characteristic by ESA Use Category

Characteristic
Year of surgery?

EPO No (N = 106)
2011 [2008, 2012]

Age, y? 65 [56, 70]
Sex (male)? 58 (54.72)
Procedure category?
CABG + valve 32 (30.19)
CABG only 54 (50.94)
Heart Transplant 2(1.89)
Thoracic aorta procedure 8 (7.55)
Valve only 10 (9.43)
Race
African American 18 (16.98)
Caucasian 87 (82.08)
Other 1 (0.94)
Height, cm 89.8 (22.3)
Weight, kg 87 [76, 102]
BMI 29 [26, 33]
Aortic X-clamp time, min® 88 [69, 112]
CBP time, min® 146 [123, 176]
OR time, min 384 (79.7)
Emergency status 13 (12.3)
Time to extubation >24 h 32 (30.19)
Preoperative Hb 13.26 (1.66)
Preoperative creatinine 1.0[0.8,1.1]
Additive EuroSCORE 5[3,7]

EPO Yes (N = 53) Total (N = 159) P Value
2010 [2008, 2012] 2011 [2008, 2012] 6728
68 [58, 74] 65 [56, 72] .1937"
29 (54.72) 87 (54.72) 1.0000°
1.0000°
16 (30.19) 48 (30.19)
27 (50.94) 81 (50.94)
1 (1.89) 3(1.89)
4 (7.55) 12 (7.55)
5 (9.43) 15 (9.43)
.0013°
20 (37.74) 38 (23.90)
30 (56.60) 117 (73.58)
3 (5.66) 4 (2.52)
88.7 (22.7) 89.4 (22.3) .2190¢
84 [74, 99] 86 [75, 101] 5048
30 [25, 34] 29 [26, 34] 8366
78 [67, 98] 87 [68, 109] .1694P
139 [109, 171] 142 [121, 176] 2606
409 (79.6) 393 (80.3) .0650¢
12 (22.6) 25 (15.7) .0902f
8 (15.09) 40 (25.16) .0518°
13.91 (1.35) 13.48 (1.59) .01429
1.0[0.8, 1.2] 1.0[0.8,1.2] 2357°
64, 9] 53, 8] .3939°

Numeric variables summarized by mean (SD) or by median [Q1, Q3] as appropriate. Categorical variables summarized by count (%). Tests used for EPO use group

comparisons are indicated in superscripts.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CBR cardiopulmonary bypass; EPO, erythropoietin; EuroSCORE, European System
for Cardiac Operative Risk Evaluation; ESA, erythropoiesis-stimulating agents; Hb, hemoglobin; OR, operating room.
aVariable was used to create 2:1 EPO use group matching. Gender and procedure were exact matching variables and age and year of surgery were nearest

matching variables.

"Test of association used: Wilcoxon rank sum test.
Test of association used: Fisher exact test.

dTest of association used: equal variance T test.

eX-clamp time and CBP time were summarized among patients who underwent procedures using bypass and cross-clamp only (among those >0 min).

fTest of association used: 2.
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Table 2. Univariate Differences and Association of Treatment Group With Outcomes of Interest
Participant Outcomes and Comparison Between EPO Groups

Univariate Model

EPO No (N = 106) EPO Yes (N = 53) B (95% ClI) P Value
Hb change: —-3.60 (1.69) -2.65 (1.81) 0.94 (0.37-1.51) .001
preoperative to last in hospital
Minimum Hb during hospitalization 9.34 (1.20) 10.80 (1.77) 1.46 (0.99-1.93) <.001
Creatinine change: preoperative to -0.04 (0.32) 0.06 (0.23) 0.10 (0.02-0.18) .017
last in hospital
Postoperative hospital LOS, d 51[4,7] 5[4, 7] 0.09 (-0.02 to 0.21)? .115

Participant Outcomes and Comparison Between EPO Groups

Univariate Model

EPO No (N = 106) EPO Yes (N = 53) OR (95% Cl) P Value
Mortality or thrombosis (in-hospital 1 (0.94%) 3 (5.66%) 6.30 (0.62-36.71) 119
death, M, stroke, or PE)
Postoperative infection (pneumonia 10 (9.43%) 5 (9.43%) 1.00 (0.35-2.89) 1.000
or Wound Infection)
Postoperative A-fib 29 (27.36%) 17 (32.08%) 1.25 (0.58-2.71) .564
ICU LOS >24 h 21 (20.19%) 16 (31.37%) 1.81 (0.88-3.75) .108
AKI (Acute kidney injury) 44 (41.51%) 25 (47.17%) 1.26 (0.66-2.41) .488

Frequency of subevents

In-hospital mortality 0 (0.00%) 0 (0.00%)
Reexploration 0 (0.00%) 1 (1.89%)
MI 0 (0.00%) 0 (0.00%)
Stroke 1 (0.94%) 1 (1.89%)
PE 0 (0.00%) 2 (3.77%)
CRRT 0 (0.00%) 0 (0.00%)
Pneumonia 1 (0.94%) 1 (1.89%)
Wound infection 9 (8.49%) 5 (9.43%)

Data summarized with mean (SD), median (Q1, Q3), or N (%).

Abbreviations: Cl, confidence interval; CRRT, continuous renal replacement therapy; EPO, erythropoietin; Hb, hemoglobin; ICU, intensive care unit; LOS, length of
stay; MI, myocardial infarct; OR, odds ratio; PE, pulmonary embolism.

aModeling performed on log transformed data.

Table 3. Multivariable Models of Treatment Effect on Outcomes of Interest

Model Variables B (95% Cl) or OR (95% Cl) P Value

Numeric outcomes
Hb change: preoperative to last in hospital EPO (yes versus no) 0.90 (0.33-1.46) .002
EuroSCORE (per 1 pt) 0.11 (0.04-0.19) .004
Minimum Hb during hospitalization EPO (yes versus no) 1.26 (0.80-1.72) <.001
EuroSCORE (per 1 pt) 0.03 (-0.04 to 0.09) .385
Preoperative Hb (per 1 unit) 0.30 (0.18-0.42) <.001
Creatinine change: preoperative to last in hospital EPO (yes versus no) 0.10 (0.02-0.19) .016
EuroSCORE (per 1 pt) —-0.01 (-0.02 to 0.01) 483
Postoperative hospital LOS, d@ EPO (yes versus no) 0.05 (-0.07 to 0.17) 422
EuroSCORE (per 1 pt) 0.01 (-0.01 to 0.04) 244
Race (Caucasian versus other) —0.16 (-0.28 to —0.03) .015

Binary outcomes

ICU LOS >24 h EPO (yes versus no) 1.72 (0.80-3.68) .162
EuroSCORE (per 1 pt) 1.18 (1.05-1.32) .005
Postoperative infection EPO (yes versus no) 1.03 (0.35-3.05) 951
(pneumonia or wound infection) EuroSCORE (per 1 pt) 0.89 (0.75-1.04) 144
Postoperative A-fib EPO (yes versus no) 1.60 (0.68-3.75) .278
EuroSCORE (per 1 pt) 1.11 (1.00-1.22) .045
Race (Caucasian versus other) 3.27 (1.14-9.39) .028
AKI EPO (yes versus no) 1.21 (0.62-2.37) .569
EuroSCORE (per 1 pt) 1.10 (1.00-1.22) .053

Abbreviations: AKI, acute kidney injury; Cl, confidence interval; EPO, erythropoietin; EuroSCORE, European System for Cardiac Operative Risk Evaluation; Hb,
hemoglobin; ICU, intensive care unit; LOS, length of stay; OR, odds ratio.

aModeling performed on log transformed data.

Although cardiac surgery in JW patients has been per-
formed for decades, advances in pharmacotherapies have
made it safer than ever. The introduction of EPO to the mar-
ket in 1989 brought about new hope in combatting anemia,
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however, from the very start several safety concerns were
raised.'® These concerns, which were reported mainly in the
chronic renal failure population, included increased risk of
myocardial infarction, stroke, death, and thromboembolic
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events.!1? In 2007, the FDA responded by placing a black
box warning on EPO, which states that the EPO-stimulating
agents increase the risk of death, myocardial infarction,
stroke, venous thromboembolism, thrombosis of vascu-
lar access, and tumor progression or recurrence,” and use
remains off-label in cardiac and vascular surgery patients
due to concerns over risk of thromboembolism.

In both animal studies? and healthy volunteers,? even
short-term EPO administration increased the overall plate-
let count and platelet activation. EPO causes an increase
in circulating bone marrow progenitor cells, including
megakaryocytic progenitor cells,”® and improves platelet
function, as indicated by shortened bleeding times and
improved platelet aggregation, in patients with uremia.*
Although a study in healthy human volunteers showed no
increase in reactivity of platelets 1 hour after EPO infusion,
suggesting no effect on the thrombogenicity of circulating
platelets, platelet reactivity subsequently increased and
reached a peak at day 9 postinfusion, pointing to a thrombo-
genic effect on the newly synthesized platelets.” In addition
to increased platelet number, there was enhanced reactivity
and activation of endothelial cells as evidenced by increased
plasma P-selectin and E-selectin.?? This increase in platelet
number and reactivity could account for increased throm-
boembolic effects of EPO. In our study population receiving
EPO, 29 of 53 patients were on aspirin therapy preopera-
tively, and 3 patients were on clopidogrel, although this was
held before surgery. Of the patients having a thrombotic
complication, 1 patient who had a pulmonary embolus had
been on aspirin 81 mg preoperatively, and 1 patient who
had a thrombotic stroke had been on aspirin/extended-
release dipyradimole (25/200 mg), although it is unclear
when it had been stopped. Further studies are needed in the
cardiac surgery population to test whether the use of anti-
platelet agents could decrease the risk of thrombotic events.

EPO is used commonly in dialysis-dependent patients;
however, it remains unclear whether results from studies
of patients in chronic renal failure can be extrapolated to
the general population, and more specifically those under-
going cardiovascular surgery. There are several key dif-
ferences between these 2 populations. First, and the most
obvious, the baseline health and functional status differ
between elective or semielective cardiac surgery patients
and those who are dialysis dependent. Second, the dosing
regimens vary between short-term use during the periop-
erative experience and chronic use. Finally, the higher Hb
levels achieved with EPO therapy are not sustained over a
longer time period due to the acute blood loss that accom-
panies surgery.’® Despite these concerns, the health care
team is faced with a dilemma when offering cardiovascular
surgical services to patients of JW faith. Several centers have
published their experience with EPO in the JW population
with the goal of improving anemia. They concluded that
bloodless cardiac surgery could be safely performed with
acceptable surgical outcomes®* and without increasing
cost.3! Our study results support that view.

This study is the first to compare JW patients who
received EPO to a cohort that received neither EPO nor
blood products, eliminating concerns of complications
arising from receipt of blood product transfusion. Despite
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this, there are several limitations to this study. This is a ret-
rospective study, and selection bias may exist with regards
to which patients were offered surgery; the population
may not reflect all JW patients with cardiovascular disease
who needed cardiac surgery. Although we were limited to
the number of patients included in our database who had
undergone cardiac surgery and received perioperative EPO,
and thus not powered to detect small differences in out-
comes, we used a 2:1 match to increase our control cohort
to help overcome this limitation. Additionally, most of the
JW patients included in this study accepted ANH, cell sal-
vage, and minor blood fractions such as albumin and cryo-
precipitate, as these are commonly accepted in the local JW
community. Conversely, while cell salvage and minor blood
fractions (albumin) are routinely used in all cardiac surgery
patients, intraoperative ANH was not provided to the con-
trol cohort. Furthermore, by matching JWs to a cohort that
was not transfused, it is likely that the control group was
healthier and at lower risk despite similar EuroSCOREs.
In particular, those patients receiving EPO postoperatively
due to significant postoperative anemia would likely have
been transfused had they accepted blood products. As any
controls that were transfused were excluded from our study,
only those patients without substantial blood loss to require
a transfusion were left to match to our EPO group. Thus,
there could be significant clinical differences in intraopera-
tive and postoperative treatment of the 2 groups, leading to
the decision to use EPO in 1 group, versus the decision to
not transfuse in the other. This is a limitation of the design
of the study, but as there is no ethical way to deny transfu-
sion to those that would accept it, this was the best way to
compare outcomes in those receiving EPO and not trans-
fused to controls. So although the observed rate of the pri-
mary outcome was higher in the EPO group, and the lack of
statistical significance may have been due to type II error, it
may also be the case that the elevated event rate was due to
the fact that the sample selection of our control population
produced a comparison group that was at a lower risk of the
primary outcome to begin with, and that if we were able to
study a more risk-comparable group, the event rate differ-
ence would be further diminished.

CONCLUSIONS

The results of this retrospective matched cohort study sup-
port the hypothesis that patients that decline transfusion
undergoing cardiovascular surgery and receiving EPO to
treat anemia do not have clinically significant differences
in outcomes compared to a matched cohort not receiving
EPO or blood products. More specifically, as the first study
of its kind comparing JW patients who received EPO with a
matched cohort who did not receive EPO or blood products,
we found no evidence that there is a difference in mortality,
myocardial infarction, stroke, or venous thromboembolism.
Future prospective multicenter studies with a larger num-
ber of patients are needed to confirm these findings. &%
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