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Abstract

Aims: The aim of this study was to evaluate, in anaemic patients, the efficacy of erythropoietin (EPO) in
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Methods and results: This was a randomised double-blind trial. Patients with severe symptomatic aor-
tic stenosis and concomitant anaemia with an indication for TAVI were randomised (1:1) to receive two
weight-based doses of EPO (darbepoetin alfa)+iron or placebo at days 10 (+4 days) and 1 (+1 day) pre
TAVI. The primary outcome was the rate of RC transfusions at 30 days. A total of 100 patients (mean
age 8147 years, male 49%) were included: 48 patients received EPO (+iron) and 52 patients received pla-
cebo. Baseline characteristics and procedural findings were well balanced between groups except for base-
line haemoglobin levels, which were lower in those patients receiving EPO (10.7+£1.2 vs. 11.3+1.1 g/dl,
p=0.01). The rate of 30-day RC transfusion was similar in both groups (27.1 vs. 25.0% in the EPO and
placebo groups, respectively; adjusted odds ratio 1.05, 95% CI: 0.42-2.64, p=0.92), and no differences
were observed in the number of RC units per transfused patient (1 [1-3] vs. 2 [1-2] in the EPO and placebo
groups, respectively, adjusted p=0.99). Rates of 30-day mortality, stroke, new-onset atrial fibrillation, acute
kidney injury, and troponin peak were also similar between groups (p>0.20 for all).

Conclusions: EPO (+iron) administration failed to reduce RC transfusion rates or the per-patient num-
ber of transfusion units in anaemic patients undergoing TAVI. ClinicalTrials.gov Identifier: NCT02390102
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Abbreviations

AF atrial fibrillation

EPO erythropoietin

RC red cell

TA transapical

TAO transaortic

TAVI transcatheter aortic valve implantation
TF transfemoral

Introduction

Transfusing allogenic red blood cells is associated with increased
morbidity and mortality following cardiac interventions'*.
A heightened risk of infectious complications, ischaemic events,
acute renal injury and early and late mortality has been observed
in patients receiving red cell (RC) transfusions after cardiac sur-
gery!'>*, and it has been suggested that avoiding RC transfusions
may decrease costs by 40%'. Interventions to reduce transfusions
have therefore become a priority in cardiac surgery, particularly
in patients at high risk for RC transfusions such as those with
advanced age and/or preoperative anaemia®. The use of preopera-
tive erythropoietin (EPO) to stimulate red blood cell production
is a strategy currently recommended in this setting®. Randomised
studies and meta-analyses have shown that administering EPO,
in combination with iron, prior to cardiac surgery in non-anae-
mic patients is associated with an increase in preoperative haemo-
globin levels and a reduction in perioperative RC transfusions’!”.
A few studies have also suggested a protective effect in anaemic
patients, with a reduction >50% in the need for RC transfusions in
those patients receiving EPO*!318,

A high proportion of patients undergoing transcatheter aor-
tic valve implantation (TAVI) require RC transfusions*"®, mostly
due to procedural blood loss in combination with preoperative
anaemia*?’, which occurs in approximately 60% of patients*!°2!,
Similarly to cardiac surgery, the use of RC transfusions in patients
undergoing TAVI has been associated with an increased risk of
early and late mortality*?>. However, no evidence currently exists
on the effects of EPO in the context of TAVI. In the EPICURE
trial, we evaluated the efficacy of EPO for reducing the rate of RC
transfusions in anaemic patients with severe symptomatic aortic

stenosis undergoing TAVI.

Methods

STUDY DESIGN AND OVERSIGHT

EPICURE was an investigator-initiated, randomised, double-
blind, placebo-controlled trial. Patients were assigned to receive
EPO (+iron) or placebo using a computer-generated randomisa-
tion schema in a 1:1 ratio, stratified by planned route (transfem-
oral [TF] vs. transapical [TA]/transaortic [TAO]). Randomisation
was performed by a technician who was not otherwise involved
in the study. No patient withdrawals occurred between the time
of randomisation and treatment administration. Treatment assign-
ments were concealed from the investigators gathering data and
assessing outcome and safety events until the study was complete.

Anaemia, erythropoietin and TAVI

All data were prospectively collected. Data regarding RC trans-
fusions were further confirmed using the data from the local
blood bank (Héma-Québec, Canada), which was blinded regard-
ing treatment groups. Patients were followed for 30 days and no
patients were lost at follow-up. The study investigators designed
the protocol, enrolled the patients, analysed the data and wrote the
manuscript. All authors vouch for the accuracy and completeness
of the data and analyses. The study met the requirements of the
Declaration of Helsinki and was approved by the local ethics com-
mittee. Written informed consent was obtained from all patients.
Patients eligible for enrolment were >60 years old with severe
aortic stenosis and anaemia and had an indication for TAVI.
Anaemia was defined according to the World Health Organization
definition as a haemoglobin value <13.0 g/dl in men or <12.0 g/dl
in women in at least one blood sample obtained within the three
months prior to TAVI. The main exclusion criteria included any
treatment with EPO within a 30-day period prior to TAVI, antici-
pated non-response to EPO therapy (such as the presence of anaemia
due to bone marrow aplasia, haemoglobinopathies or active bleed-
ing), uncontrolled hypertension defined as a systemic arterial pres-
sure >175/95 mmHg, and a high risk for thromboembolic events.

EPO AND TAVI PROCEDURES

Patients received darbepoetin alfa 0.75 ug per kg (Aranesp®;
Amgen Inc., Thousand Oaks, CA, USA) + 200 mg intravenous
iron sucrose (Venofer®; American Regent, Inc., Shirley, NY, USA)
or placebo (0.9% saline) at days 10 (+4) and 1 (£1) prior to TAVI.
The EPO (or placebo) was first administered subcutaneously, fol-
lowed by an intravenous iron infusion (or placebo). The intra-
venous tubing used for administering the iron (or placebo) was
covered with a drape to guarantee that the patient could not see
the infusion solution. Both the EPO (+iron sucrose) and placebo
were administered by a nurse not involved in the screening, ran-
domisation or assessing of patient outcomes. The investigator was
not present during the infusion to ensure the blindness of treat-
ment allocation.

TAVI procedures were performed according to the standards
of care®. Eligibility for TAVI, type of transcatheter heart valve
and access route were determined by a local Heart Team com-
posed of interventional cardiologists and cardiac surgeons. The TF
route was prioritised as the standard practice. Heparin was admin-
istered after access was obtained to achieve an activated coagula-
tion time >250 sec. For TA and TAO procedures, a cell saver was
used, and collected and processed blood was reinfused to patients.
Protamine sulphate was administered at the end of the procedures.
The indication of antithrombotic therapy during the hospitalisation
and at hospital discharge was left to the discretion of the respon-
sible physician. In patients receiving clopidogrel, it was initiated
the day before TAVI if a TF route was used or 24 hours after the
procedure in TA/TAO TAVIL

In accordance with the Society of Thoracic Surgeons and the
Society of Cardiovascular Anaesthesiologists Blood Conservation
Clinical Practice Guidelines, RC transfusions were triggered
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by a haemoglobin level of 7.0 g/dl or a haematocrit less than
22% during the perioperative period. As per current prac-
tice, RC transfusions were also indicated if symptoms of anae-
mia occurred in patients with a haemoglobin level between 7.0
and 8.0 g/dl, or regardless of the haemoglobin value if a life-
threatening bleeding occurred®.

STUDY OUTCOMES

The primary outcome was the rate of RC transfusions within
30 days after TAVI. Secondary outcomes included the number
of RC units administered, the haemoglobin concentration within
the 24 hours before TAVI and at hospital discharge, the peak of
troponin and creatine kinase-MB, the rates of 30-day mortal-
ity, myocardial infarction, stroke, and the combined endpoint of
RC transfusion, myocardial infarction or stroke, the incidence of
acute kidney injury, need for haemodialysis and new-onset atrial
fibrillation (AF). Outcomes were defined according to the Valve
Academic Research Consortium-2 criteria®.

SAMPLE SIZE CALCULATION

Based on prior data, EPO administration was expected to result in
a 50% reduction in RC transfusion rates®®, and a 60% transfusion
rate was anticipated in the placebo group'. A total of 45 patients
per group would provide an 80% power to detect differences

between groups, with a two-sided significance level of 0.05%.

STATISTICAL ANALYSIS
Categorical variables are expressed as numbers (percentage) and
quantitative variables are reported as mean+standard deviation or
median (interquartile range). The two-sided chi-square or Fisher’s
exact test was used for comparisons of categorical variables,
including primary and secondary outcomes. A logistic regression
model was used to determine the impact of study treatment on
dichotomous outcomes after adjusting by differences in haemoglo-
bin concentration at baseline. Continuous variables were analysed
using t-tests or Mann-Whitney U tests, depending on distribution
of variables. At multivariate level, quantitative outcomes were ana-
lysed using generalised linear models. Generalised linear models
were also used to determine risk ratios and p-values for interactions
in subgroup analyses. A multivariate zero-inflated Poisson regres-
sion model was used to determine the association between study
treatment and the number of RC units transfused. Results were
adjusted by the haemoglobin concentration before randomisation.
Kaplan-Meier estimates and a log-rank test were used to compare
time to RC transfusion according to study groups. Changes in hae-
moglobin concentration from baseline were analysed using a gen-
eral linear model for repeated measures. Subgroups were defined
according to age, sex, the presence or absence of diabetes, chronic
kidney disease and severe anaemia defined as a haemoglobin level
<100 g/L, and the route used for TAVI.

A p-value <0.05 was considered statistically significant and all
tests were two-sided. Statistical analyses were performed using the
SAS software, Version 9.3 (SAS Institute Inc., Cary, NC, USA)

and the Statistical Package for Social Sciences, Version 20 (IBM
Corp., Armonk, NY, USA).

Results

PATIENTS AND STUDY PROCEDURES

From a total of 307 TAVI candidates, 188 (63.1%) had anaemia
before the procedure. Among them, 104 patients were finally
enrolled and received the study treatment: 51 patients were
assigned to darbepoetin alfa (+iron) and 53 patients were assigned
to placebo. Two patients receiving EPO and one patient receiv-
ing placebo infusions did not finally undergo TAVI and were
excluded from the analyses. One additional patient was excluded
due to active bleeding before TAVI. Therefore, the final study pop-
ulation consisted of 100 patients, 48 patients in the EPO (+iron)
group and 52 patients in the placebo group. All patients received
the complete dose of the assigned therapy except for one patient
included in the EPO group who refused the second dose of treat-
ment (Figure 1).

The mean age of the study population was 81+7 years, 49
(49.0%) patients were male and the mean haemoglobin value at
inclusion was 11.2+1.1 g/dl in men and 10.5+9.0 g/dl in women.
Baseline clinical and echocardiographic findings are shown in
Table 1. The two groups were well balanced except for the hae-
moglobin concentration at randomisation which was lower in the
EPO group (10.7+1.2 vs. 11.3+1.1 g/dl, p=0.011).

The procedural findings are shown in Table 2. No differ-
ences were observed between groups in procedural complications
(p>0.20 for all).

307 patients were assessed for eligibility

203 were excluded:
126 did not meet inclusion criteria

5 had active cancer

1 had a high risk of thromboembolic events

2 had an MI requiring PCI within the 30 days
before randomisation

3 refused to participate

66 because of logistic reasons

Y

104 underwent randomisation (1:1)

Y Y

53 were allocated to placebo

51 were allocated to darbepogtin (++iron)

(received therapy)* (received therapy)
2 did not undergo TAVI
1 had active bleeding 1 did not undergo TAVI
before TAVI

48 were included in study analyses 52 were included in study analyses

*] patient received 1 of the 2 doses

Figure 1. Flow chart of the EPICURE study population. Out of

a total of 307 patients screened, 104 patients underwent
randomisation and 100 patients were finally included in study
analyses. MI: myocardial infarction; PCI: percutaneous coronary
intervention, TAVI: transcatheter aortic valve implantation



Table 1. Clinical characteristics and echocardiographic findings
of patients at baseline according to study groups.

EPO (+iron) Placeho

Anaemia, erythropoietin and TAVI

Table 2. Procedural findings and outcomes according to study
groups.

EPO (+iron) | Placebo

(n=48) (n=5p) |Fvalue (=48) | (n=52)

Characteristics Procedural findings
Age (years) 81+7 81+7 0.82 Approach | Transapical/transaortic 16 (33.3) 17 (32.7) 0
Male 22 (45.8) 27 (51.9) 0.54 Transfemoral 32(66.7) 35(67.3)
Body mass index (kg/m?) 275 275 0.99 Prosthesis | Balloon-expandable 38(80.9) 45 (86.5)
NYHA Class >l 33(68.8) 40(76.9) | 0.36 type Self-expanding valve 9(19.0) | 7(135) o4
Heart failure 29 (60.4) 36 (69.2) 0.43 Contrast, ml 6639 61+38 0.48
Hypertension 65 | 8923 | 027
Diabetes mellitus 17 (35.4) 22 (42.3) 0.48 Procedural success 43 (89.6) 47 (90.4) 0.89
COPD 9(18.8) 13(25.0) 0.45 Death 2(4.2) 0 0.23
Chronic kidney disease 27 (56.2) 29 (55.8) 0.96 Conversion to open heart surgery 1(2.1) 2(3.8) 0.99
Stroke or TIA 5(10.4) 9(17.3) 0.39 Annulus rupture 0 1(1.9) 0.99
Coronary artery disease 33 (68.8) 3(63.5) 0.58 Valve embolisation 0 2(3.8) 0.50
Myocardial infarction 15(31.2) 15(28.8) 0.79 Need for a second valve 1(2.1) 3(5.8) 0.62
Open heart surgery 21 (43.8) 18 (34.6) 0.35 Coronary artery occlusion 0 0 -
Peripheral vascular disease 14 (29.2) 18 (34.6) 0.56 Tamponade 1(2.1) 1(1.9) 0.99
Pre-existing paroxysmal/chronic AF 19 (39.6) 21 (40.4) 0.94 ﬁevere hypotension requiring 3(6.2) 4017) 0.99
Logistic EuroSCORE (%) 19.7 (8.8-28.8) | 20.6 (13.5-25.9) | 0.50 CEIDLENG SUH
STS-PROM score (%) 53(41-82) | 72(50-106) | 011 HEE A BRI o el e
Laboratory| Haemoglobin value, g/dl |  10.7+12 11311 | 0011 Major or life-threatening bleeding 7146 | 6015 065
values eGFR, mU/min 60.723.6 584424 1 0.64 > moderate aortic regurgitation 5(10.9) 8 (15.7) 0.49
Blood Systolic, mmHg 120+22 122+20 0.77
PressUf® | piastolic, mmHg 61+13 65+12 0.16 were observed between study groups in the absolute haemoglobin
Antithrom-| Warfarin therapy 14(29.2) 10(36.5) 043 value before the procedure (10.9+1.2 g/dl in the EPO group vs.
?t?;irgpy Aspirin 39(81.2) 42(80.8) 0.95 11.1£1.3 g/dl in the placebo group, p=0.39), drop of haemoglobin

Clopidogrel 15(31.2) 16 (30.8) 0.96 after TAVI (2.1£1.1 g/dl in the EPO group vs. 2.2+1.1 g/dl in the
B-blockers 31 (64.6) 28 (53.8) 0.28
ACEI or ARB therapy 22 (45.8) 22 (42.3) 0.72
LVEF (%) . . 58 (45-60) 55 (40-60) 0.37 . =018 p=0.186
Mean transaortic gradient (mmHg) 39+15 40+16 0.72 eE
Aortic valve area (cm?) 0.67 (0.51-0.80) | 0.64 (0.50-0.73) | 0.42 e p=0623
Systolic pulmonary artery pressure 46+14 42+15 0.28 11

ACEI: angiotensin-converting enzyme inhibitor; AF: atrial fibrillation; ARB: angiotensin
receptor blocker; eGFR: estimated glomerular filtration rate; EPO: erythropoietin;
EuroSCORE: European System for Cardiac Operative Risk Evaluation; LVEF: left ventricular
ejection fraction; NYHA: New York Heart Association; STS-PROM: Society of Thoracic
Surgeons predicted risk of mortality

CHANGES IN HAEMOGLOBIN CONCENTRATION AND RC
TRANSFUSION

Changes in haemoglobin concentration during the hospitalisation
period are shown in Figure 2. Overall, no significant differences
were observed between study groups (p=0.19). Patients receiv-
ing EPO had a non-significant increase in haemoglobin level
of 0.2+0.9 g/dl (from 10.7+1.2 to 10.9+1.2 g/dl, p=0.14) before
the TAVI procedure, and patients receiving placebo had a non-
significant decrease of 0.2+0.7 g/dl (11.3+1.6 to 11.1+1.2 g/dl,
p=0.054), p=0.018 for differences between groups. No differences

10.7 : g.g #x*
10 4

Haemoglobin concentration, g/dl

Baseline ' Before TAVI Discharge

* p=0.011 for differences at inclusion & p=0.142 for differences between baseline
** p=0.389 for differences the day of and the day of TAVI in the EPO group

the procedure A p=0.054 for differences between baseline
***p=().117 for differences at discharge ~and the day of TAVI in the placebo group

Figure 2. Changes in haemoglobin levels. Changes in haemoglobin
concentration from baseline to the day before the procedure and at
hospital discharge, according to study groups. Error bars represent
meanztstandard error of the mean.
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placebo group, p=0.822) or in the haemoglobin value at hospital
discharge (9.4+1.6 g/dl vs. 9.9+1.6 g/dl in the EPO and placebo
groups, respectively, p=0.12).

PRIMARY AND SECONDARY OUTCOMES

Thirty-day primary and secondary outcomes are shown in Table 3.
A total of 26 (26.0%) patients received RC transfusions within
the first 30 days after TAVI, 13 (27.1%) patients in the EPO and
13 (25.0%) patients in the placebo group (p=0.81). These results
remained similar after adjusting for haemoglobin concentration at
randomisation (OR: 1.05, 95% CI: 0.42-2.64, p=0.92). No differ-
ences were observed in the median time to RC transfusion among
transfused patients between study groups: 2 (0.5-4.5) days in the
EPO (+iron) vs. 2 (0.5-4.0) days in the placebo group (p=0.92).
The RC transfusion rates over time were not different between
groups (Figure 3). Overall, 57 RC units were transfused, 26
(45.6%) in the EPO group and 31 (54.4%) in the placebo group.
This lack of association between EPO and transfusion persisted
when a landmark analysis with a cut-off at 1 day and 7 days
(before and after 1 and 7 days) was performed. Among the trans-
fused patients, the median number of RC units was 1 (1-3) in
the EPO (+iron) group and 2 (1-2) in the placebo group. A zero-
inflated Poisson model confirmed the failure of EPO therapy to
reduce the number of RC units (incidence rate ratio: 0.77, 95%
CI: 0.27-2.19; p=0.63, adjusted p=0.99). Results were consistent
across subgroups of patients with respect to the primary outcome.
No significant interactions were observed between treatment and
any of the subgroups (Figure 4).

The rates of acute kidney injury, need for dialysis, new-onset
AF, myocardial infarction, stroke, and death were not different
between groups (adjusted p>0.2 for all). The combined endpoint
of RC transfusions, stroke and myocardial infarction occurred
similarly in both groups (adjusted p=0.79). The median stay in
hospital was 6 (5-12) days in the EPO group and 6 (5-9) in the
placebo group (adjusted p=0.73).

Table 3. 30-day primary and secondary outcomes.

EPO (+iron)
(n=48)

100
—— Darbepoetin+iron
90
—— Placebo
30 Log-rank: 0.821
9
< 70
c
o
‘% 60
2
2 50
o
= a0
Q o
§ 301 211%
o 20 25.0%
10
G T T T 1
0 10 Davs 20 30
Patients at risk: y
EPO+iron 48 36 35 34
Placebo 52 39 39 39

Figure 3. Rates of red cell transfusion. Kaplan-Meier curve for the
primary outcome according to study groups.

All adverse events observed during the study period are dis-
played in Table 4. Hypertension, convulsion or hypersensitivity
reactions did not occur during the study period. No significant
differences were observed in the rates of ischaemic events, heart
failure, infectious complications or convulsions between groups
(p>0.50).

Discussion

These results differ from those of most prior studies in the cardiac
surgical field, which demonstrated significant reductions in RC
transfusions and number of RC units in patients receiving EPO
before the surgical intervention”!”. Also unlike the present study,
prior studies showed both an increase in the haemoglobin levels
(about >1.5 g/dl) pre-intervention and a higher haemoglobin con-
centration nadir associated with EPO”*!'. However, while most
prior studies included essentially non-anaemic patients”!!-1416.17,

only anaemic patients were included in this study, with up to 22%

Placebo Adjusted* OR/B Adjusted

p-value

coefficient (95% CI)

Transfusion 13 (27.1) 13 (25.0) 0.81 1.05 (0.42 to 2.64) 0.92
Number of red cell units* 1(1-3) 2 (1-2) 0.63 | -0.01 (-1.09 to 1.07) 0.99
Acute kidney injury** 4 (8.3) 3(5.8) 0.71 0.77 (0.14 t0 4.21) 0.76
Need for dialysis 0 0 - - -

New-onset AF 2(4.2) 6(11.5) 0.27 0.44 (0.08 to 2.41) 0.34

Myocardial injury Peak of troponin, pg/L 0.22 (0.15-0.55)

0.18 (0.11-0.38) 0.11 |0.12(-0.33t00.279) | 0.12

Peak of CK-MB, pg /L

11.25 (6.52-15.93)

8.80 (5.60-15.15) 0.20 | 1.87 (-1.44105.14) 0.27

Myocardial infarction 2(4.2) 1(1.9) 0.51 | 3.48(0.27 to 44.58) 0.34
Stroke 3(6.2) 1(1.9) 0.35 | 4.76 (0.44 to 51.63) 0.20
Transfusion, myocardial infarction or stroke 15 (31.2) 15 (28.8) 0.79 1.12 (0.46 to 2.71) 0.80
Death 2(4.2) 0 0.23 - -

* Only transfused patients. ** Adjusted by haemoglobin at randomisation. AF: atrial fibrillation; CK: creatine kinase




Red cell transfusion

s
Subgroup nE;gaf n:t;:/z no;zlw?: Tnt:.o{% )
Overall 19/48 (39.6) 13/52 (25.0)
Age

<81 years 4/21 (19.0) 5/25 (20.0)

>81 years 9/27 (33.3) 8/27 (29.6)
Sex

Male 8/23 (34.8) 5/27 (18.5)

Female 5/25 (20.0) 8/25 (32.0)
Diabetes

No 8/31 (25.8) 7/30 (23.3)

Yes 5/17 (29.4) 6/22 (27.3)
Chronic kidney disease

No 4121 (19.0) 6/23 (26.1)

Yes 9/27 (33.3) 7129 (24.1)
S§TS

<6.1% 5/26 (19.2) 4/22 (18.2)

>6.1% 8/22 (36.4) 7127 (25.9)
Haemoglobin <10.0 g/dl

No 10/33 (30.3) 10/45 (22.2)

Yes 3/15 (20.0) 3/7 (42.9)
Approach

Transapical/transaortic 10/16 (62.5) 717 (41.2)

Transfemoral 3/32 (9.4) 6/35 (17.1)
Cause of anaemia

Ferritin <30 pg/l 4/10 (40.0) 5/6 (83.3)

Anaemia of chronic disease 9/38 (23.7) 8/46 (17.4)

Anaemia, erythropoietin and TAVI

i Risk ratio p-value for
i (95% CI) interaction
—- 111 (0.46-2.72)
! 0.807
— 0.94 (0.22-4.07)
— 1.19 (0.38-3.75)
! 0.111
S 2.35 (0.64-8.58)
—— 0.53 (0.15-1.93)
i
— 1.14 (0.36-367) 0.976
—_— 1.11 (0.27-4.52)
i 0.363
—_— 0.67 (0.16-2.79)
— 1.57 (0.49-5.05)
i 0.664
— 1.07 (0.25-4.60)
—a 1,63 (0.48-5.51)
! 0.178
—- 1.52 (0.55-4.23)
—a 0.33 (0.05-2.34)
i 0.133
- 2.38 (0.59-9.64)
—_— 0.50 (0.11-2.19)
i 0.067
—-—.—' 0.13 (0.01-1.61)
— 1.47 (0.51-4.29)
—_—
0.01 0.1 1 10

EPO+iron better

Placebo better

Figure 4. Subgroup analyses of the primary endpoint. The forest plot represents the relative risk and 95% confidence intervals of the primary

endpoint according to subgroups.

being severely anaemic. A few randomised studies have evaluated
the effect of EPO in anaemic patients undergoing cardiac surgery,
suggesting a reduction in the need for RC transfusions and num-
ber of RC units in patients receiving this therapy®*'>. Nonetheless,
most prior studies in anaemic patients included limited sam-
ple sizes, haemoglobin concentrations pre-intervention which
were often >11.5 g/dl (compared with <10.8 g/dl in EPICURE),
younger patients (<75 years vs. >80 years in EPICURE)), less heart
failure (<5% vs. 65% in EPICURE), exclusion of patients with

Table 4. Adverse events reported in patients treated with EPO
(+iron) and placebo.

EPO (+iron)| Placehbo

(1=48) | (n=52) |Pvale
=" | 0 | 109 | 0m
Sepsis 2(4.2) 0 0.23
Heart failure 1(2.1) 2(3.8) 0.61
Severe hypertension 0 0 -
Hypersensitivity reactions 0 0 -
Convulsions 0 0 -
Other* 1(2.1) 0 0.48
*One patient referred abdominal pain one hour after administration of
treatment with no evidence of pathology

renal impairment and, overall, patients in prior studies harboured
a lower risk profile with a lower prevalence of comorbidities.

Exogenous EPO binds to the endogenous EPO receptor, stim-
ulating proliferation and maturation of erythroid progenitor cells
into reticulocytes and mature erythrocytes, avoiding apoptosis.
An increase in the reticulocyte count may be observed at day
three, and it has been reported that the equivalent to one unit of
blood is produced by day seven after the administration of EPO?.
However, the effect of EPO is reduced by the presence of inflam-
mation which inhibits the growth of erythroid precursor cells, dis-
rupts iron metabolism, induces changes in the EPO receptor and
interferes with post-receptor signalling routes®. Indeed, height-
ened inflammatory status, as occurs in the elderly, chronic kidney
diseases and heart failure, reduces the production and response to
EPO, serving as the main cause of EPO resistance and one of the
main causes of anaemia in such patients?™. In addition, the use of
B-blockers and inhibitors of the renin-angiotensin system, which
were frequently used in patients included in this study, have been
associated with a reduced effect of EPO?7%.

In addition to inflammation, iron and B-12 vitamin deficiency
are predictors of poor response to EPO therapy***!. Importantly,
iron deficiency anaemia occurs in up to 50% of anaemic patients
undergoing TAVI?'. Although a small dose of intravenous iron was
administered in this study, this was not intended to replete iron
stores, but to compensate for the decrease in iron indexes associated
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with accelerated EPO-induced erythropoiesis and to maximise
the effect and increase the cost-effectiveness of EPO therapy’'.

Other factors may also have contributed to the discrepancies
between this study and prior observations. First, the rate of blood
transfusions associated with TAVI, in particular when using the
TF route, which was the most frequently used TAVI route in this
study, is lower than that required in cardiac surgery***. In fact,
a progressive increase in the use of TF TAVI occurred during the
study period. Furthermore, an evolution of the technique with the
incorporation of several improvements (i.e., the use of the radial
approach for the contralateral as secondary access) was observed
over the study period, and this resulted in a reduction in the rate of
bleeding complications.

The restriction in blood transfusion policies to follow current
recommendations might further explain the lower rate of blood
transfusion observed in our study (including the control group)
compared with other TAVI studies*!*?!. Second, the strongest bene-
ficial effect of EPO in reducing RC transfusions has been observed
in patients included in programmes of autologous blood transfu-
sions, which was not available in this study'®. However, the low
concentration of haemoglobin in these patients, with a poor toler-
ance to anaemia due to the presence of aortic stenosis and frequent
coronary artery disease, might have precluded their inclusion in
such programmes®. Third, although both variables varied widely
across studies, the dose and interval between doses of EPO might
have played a role in the results of this study. Greater total doses
administered during longer periods of time pre-TAVI might have
optimised the true effect of EPO. However, this greater effect may
be accompanied by an increased rate of thrombotic events. This is
particularly important in patients with EPO resistance, in whom
the risk of thrombotic events might be higher?”*. However, only
one dose administered the day before surgery was associated with
a decreased rate of blood transfusion in two studies including anae-
mic patients®'*. In addition, patients currently referred for TAVI have
severe aortic stenosis and severe symptoms, and therefore a delay
of the intervention might be associated with increased risks. Fourth,
and lastly, prior studies frequently used the intravenous route for
administering EPO®. However, although subcutaneous administra-
tion is associated with a lower peak level than that reached by an
intravenous route, slower absorption is associated with higher pre-
injection EPO serum concentrations when a subcutaneous route
is used'’, resulting in fewer doses required without differences in
erythropoiesis stimulation, achieving higher cost-effectiveness®.

No increased risk of thrombotic events was observed in this study.
Although a higher rate of thrombotic events has been reported with
the use of EPO, especially with its chronic use and in patients with
higher haemoglobin concentrations®, no increased adverse effects
have been reported in the setting of periprocedural surgical use'®!”.

Study limitations

The rate of the primary endpoint (RC transfusion rates) was lower
than expected. Assumptions for the calculation of the sample
size calculation were based on results from previous studies on

cardiac surgery and might not be accurate in TAVI populations.
However, no clinically significant increase in the haemoglobin
level was observed in those patients receiving the EPO, and there-
fore it is unlikely that any differences between groups would have
been obtained by increasing the sample size. Although patients
with active bleeding, known anaemia due to aplasia or haemo-
globinopathy were excluded, the causes of anaemia and the post-
TAVI reticulocyte count were not systematically evaluated. The
study might have been underpowered to detect differences in the
subgroup analysis. Patients underwent TAVI using older-genera-
tion devices; these results might be different when using newer-
generation transcatheter heart valves. Despite the randomisation
process, there were differences in haemoglobin concentrations at
baseline between groups. To overcome this limitation, analyses
were adjusted by these differences. The response to EPO might be
different in younger and lower-risk patients, hence further studies
may be warranted in such patients.

Conclusions

In conclusion, administering EPO (+iron) in anaemic TAVI can-
didates resulted in modest increments of haemoglobin levels from
baseline, yet failed to reduce the rate of RC transfusions or the num-
ber of RC units post TAVI. EPO administration in such patients was
not associated with increases in thrombotic events or reductions in
the rate of acute kidney disease, new-onset myocardial injury, AF or
death. Alternative strategies for reducing RC blood transfusion rates

in anaemic patients undergoing TAVI warrant investigation.

Impact on daily practice

Red cell transfusions have been associated with an increased
risk of early and late mortality following transcatheter aor-
tic valve implantation (TAVI). Preoperative EPO is currently
used in these patients to stimulate red blood cell production and
reduce the rate of red cell transfusions before cardiac surgery.
In the EPICURE trial, administering EPO (+iron) in anaemic
TAVI candidates failed to reduce the rate of red cell transfusions
or the number of red cell units post TAVI. Alternative strategies

warrant investigation.
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