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Abstract

Purpose: Severe immune dysregulation is common in patients admitted to the intensive care unit (ICU) and is asso-
ciated with adverse outcomes. Erythropoietin-stimulating agents (ESAs) have immune-modulating and anti-apoptotic
effects. However, their safety and efficacy in critically ill patients remain uncertain. We evaluated whether ESAs, admin-
istered to critically unwell adult patients admitted to the ICU, reduced mortality at hospital discharge.

Methods: The search strategy was conducted according to a predetermined protocol and included OVID MEDLINE,
OVID EMBASE and The Cochrane Central Register of Controlled Trials from inception until 20 May 2019. Publications
were eligible for inclusion if they were randomized controlled trials (RCTs) including adult patients admitted to an
ICU, that identified and reported a group receiving ESA therapy compared to a group not receiving ESA therapy and

reported mortality. There were no language restrictions.

suggests that ESA therapy may decrease mortality.

Results: The systematic review included 21 studies with 5452 participants. In-hospital mortality, reported in 16
studies of which only one was at low risk of bias, was lower in the ESA group (276 of 2187 patients, 12.6%) than the
comparator group (339 out of 2204 patients, 15.4%), [relative risk (RR) 0.82, 95% CI 0.71-0.94, P=0.006, > =0.0%]. The
RR of SAEs and thromboembolic events for the ESA and comparator groups were similar, RR 1.11 (95% Cl 0.94-1.31,
P=0.228, > 66%) and 1.22 (95% Cl 0.95-1.58, P=0.086, I> 47%), respectively.

Conclusions: In heterogenous populations of critically ill adults, evidence from RCTs of mainly low or unclear quality,

Keywords: Erythropoiesis-stimulating agents, Critical care, Immunomodulation

Introduction

Severe immune dysregulation is common in patients
admitted to the intensive care unit (ICU) and is
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associated with adverse outcomes [1]. Erythropoietin is
a key regulator of erythropoiesis and has immune-mod-
ulating and anti-apoptotic effects. Receptors present on
a variety of cell types including parenchymal, neuronal
and immune cells mediates these anti-inflammatory and
anti-apoptotic effects through nuclear factor (NF)-kB-
dependent pathways [2]. However, concentrations of
erythropoietin are decreased in critical illness [3, 4]. Pre-
clinical evidence suggests that erythropoiesis-stimulat-
ing agents (ESAs) may improve outcomes in a variety of
severe illnesses including, sepsis, traumatic brain injury,
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hemorrhagic shock and burn injury [5-8]. As a result,
ESAs have been proposed as a treatment for critical ill-
ness-associated immune dysregulation in patients admit-
ted to the ICU [9].

However, high-quality evidence has not demonstrated a
significant decrease in red blood cell requirement in ane-
mic patients receiving ESAs in the ICU, and ESA therapy
may be associated with increased adverse events in select
patient groups, including an increased risk of throm-
botic events possibly mediated by mechanisms including
increased plasma viscosity, platelet number and aggrega-
tion [10-13].

We hypothesized that the efficacy of ESA therapy in
modulating severe immune dysregulation in patients
admitted to the ICU may be apparent through the aggre-
gation of randomized clinical trial (RCT) data from the
heterogeneous populations of critically unwell patients
in which the therapy has been assessed. The primary
aim of this study was to conduct a systematic review
and meta-analysis to determine whether ESAs, adminis-
tered to critically unwell adult patients admitted to the
ICU, reduces mortality at hospital discharge. The effect
on longer-term mortality and safety outcomes including
thromboembolic events was also assessed.

Methods

The study was conducted according to a predetermined
protocol (PROSPERO registration number: PROSPERO
2017 CRD42017071265) and is reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (eFigure 1) [14].

Search strategy

The search strategy included OVID MEDLINE, OVID
EMBASE and The Cochrane Central Register of Con-
trolled Trials from inception until 13 April 2018, then
updated to 20 May 2019. We searched for RCTs compar-
ing the use of ESAs to either placebo or standard care in
critically unwell patients. The search strategies included
the terms “Critical care’, “erythropoietin” and “rand-
omized controlled trial” A full list of the search terms is
provided in the supplementary material. There were no
date or language limitations. Conference proceedings
were not searched. Two authors (JI and PL) indepen-
dently searched, screened and determined study eligibil-
ity, with any disagreement adjudicated by a third author
(EL). Study quality was assessed using the Cochrane Col-
laboration’s tool for assessing risk of bias [15].

Eligibility criteria

Eligible publications were RCTs, that included patients
admitted to an ICU, identified and reported a group
receiving ESA therapy compared to a group not receiving

Take-home message

Erythropoiesis-stimulating agent therapy may decrease mortality in
ICU patients, but existing evidence is of low or unclear quality.

ESA therapy and reported mortality. Publications were
excluded if they used a crossover design without report-
ing any outcomes of interest prior to crossover, included
neonates, or if ESA therapy was administered prior to the
onset of critical illness (e.g., outside of a critical care area
such as pre-admission clinic prior to major planned sur-
gery). Where studies included two or more pre-planned
treatment arms with either co-interventions (e.g., iron
therapy) or differing ESA doses, the study data were lim-
ited to the treatment arm with ESA alone and the higher
ESA dose.

Data collection

A case report form was piloted and refined by the study
authors. Study data were then extracted from eligible
studies onto a final pre-specified case report form inde-
pendently, in duplicate, by four authors (JL, PA, JI, and
PL). Disagreement was adjudicated by a further author
(EL). Where relevant, requests were made to the corre-
sponding authors for data not reported in the primary
manuscripts.

Statistical analysis

Eligible studies were pooled for meta-analysis using a ran-
dom-effects model. Trials without events in one of the trial
groups were included in the meta-analysis as this has been
shown to be a more reliable estimate of treatment effect.
The primary outcome was hospital mortality. Key sec-
ondary outcomes included mortality beyond hospital dis-
charge at end of follow-up, serious adverse events (SAEs),
red blood cell (RBC) transfusion, hemoglobin (Hb), ICU
length of stay (LOS), thromboembolic events, acute myo-
cardial infarction (AMI) and cerebral vascular accidents
(CVAs), defined according to the original reports. A full list
of outcomes is provided in the protocol (PROSPERO reg-
istration number: PROSPERO 2017 CRD42017071265) to
determine the risk of an outcome for categorical data, the
number of participants with an event was compared with
the total number of participants with and without an event.
For continuous data, the participant number, mean, and
standard deviation were used. Weighted mean difference
(WMD) and risk ratio (RR) with a 95% confidence inter-
val (CI) were calculated for continuous data and categori-
cal data, respectively. A P<0.05 was considered significant.
Heterogeneity was measured using the /* statistic with a
PP>40% considered significant heterogeneity. The effects
of age on the association between ESA regimens and the
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primary outcome were assessed using meta-regression.
Publication bias was measured with a funnel plot with the
odds ratio (OR) for mortality plotted against the standard
error of the log OR. Two pre-specified sub-group analyses
were conducted describing the trauma vs. non-trauma and
brain injury vs. non-brain injury populations due to poten-
tial neurocytoprotective effects [16]. Studies that included
mixed population with some trauma or brain injured
patients were classified as non-trauma and non-brain
injury, respectively. The statistical analysis was conducted
using Stata (Intercooled Version 11.2, StataCorp, College
Station, TX, USA) and Comprehensive Meta-analysis (ver-
sion 2.2.034, Biostat, USA, 2006).

Trial sequential analysis was undertaken using the
Copenhagen Trial Unit software and assuming a two-sided
conventional test boundary with a type I error of 5% and
alpha-spending function based a priori on O’Brien-Flem-
ing with 80% power to detect a 20% relative risk reduction.
The control event rate was derived from the observed event
rate from the meta-analysis of the primary outcome.

Results

The search identified 1994 potentially relevant trials. Of
these, 21 trials with 5452 participants were included in the
systematic review [10, 17-36]. The process of identifying
eligible trials is provided in Fig. 1.

Characteristics of the included trials

The included trials were published between 1998 and 2018.
They were conducted in Europe, North America, Aus-
tralasia, and the Middle-East. Additional data for the pri-
mary outcome were received from three authors [30, 32,
33]. There was substantial variation in the type, dose and
duration of ESA used (Table 1). Overall, the quality of the
included studies was moderate, with 12 out of the 21 stud-
ies including one or more criteria judged to be at high risk
of bias and all but one study had at least one domain of
uncertain risk of bias (Table 2). A description of the ration-
ale for each bias assessment is provided in eTable 1.

Mortality

The meta-analysis of in-hospital mortality included 16
studies with 4391 participants (Fig. 2). In-hospital mor-
tality was lower in the ESA group (276 of 2187 patients,
12.6%) than the comparator group (339 out of 2204
patients, 15.4%), [relative risk (RR) 0.82, 95% CI 0.71-0.94,
P=0.006]. There was no evidence of heterogeneity (P
0.0%), or publication bias on funnel plot (eFigure 2). The
results were also similar to point estimate of the single
study deemed at low risk of bias in all domains (RR 0.65
95% CI 0.42-1.02, P=0.06) [30]. Trial sequential analy-
sis demonstrated that the required information size was

reached and the cumulative z curve crossed the boundary
for benefit, suggesting a true positive finding (eFigure 3).

The effect of ESA on in-hospital mortality was also simi-
lar for the seven studies exclusively enrolling patients with
trauma, RR 0.64 (95% CI 0.47-0.89, P=0.008, I 0%), vs.
the nine mixed or non-trauma-related studies, RR 0.87
(95% CI 0.74-1.02, P=0.086, I> 0%) (test of interaction
P=0.254) (eFigure 4). The results were also similar for
the seven studies exclusively enrolling patients with brain
injury RR 0.66 (95% CI 0.47-0.94, P=0.188, I* 0%), vs.
the nine mixed on non-brain-injury-related studies, RR
0.85 (95% CI 0.73-1.00, P=0.05, I> 0%) (test of interaction
P=0.373) (eFigure 5).

Meta-regression suggested no significant effect of age
on the association between ESA therapy and in-hospital
mortality (coefficient 0.01, 95% CI 0.03-0.04, P=0.719)
(eFigure 6). Post-hoc meta-regression suggested a non-sig-
nificant trend of increasing benefit of ESA therapy on mor-
tality with increasing Acute Physiology and Chronic Health
Evaluation (APACHE) score [coefficient —0.05 (95% CI
—0.13-0.03, P=0.206)] (eFigure 7).

The meta-analysis of mortality after hospital discharge
included 10 studies with 3469 participants (RR 0.94 95% CI
0.84—1.06, P=0.33, I 0%) (eFigure 8).

Secondary outcomes

There were seven studies including 3926 participants
contributing to the meta-analysis of SAEs (eFigure 9).
One trial with zero events in both treatment arms was
excluded [23]. The RR of an SAE with ESA therapy was
1.11 (95% CI 0.94-1.31, P=0.228). Heterogeneity was
high (7> 66%). There were 12 studies including 3759 par-
ticipants contributing to the meta-analysis of thrombo-
embolic events (eFigure 10). Two additional studies with
zero events in both treatment arms were excluded. The
RR of a thromboembolic event with ESA therapy was
1.22 (95% CI 0.95-1.58, P=0.086, I* 47%). The RR or
SMD for secondary outcomes including RBC transfusion,
Hb, ICU LOS, AMI and CVA are provided in Table 3.
Other secondary outcomes identified prospectively were
not reported in sufficient numbers for meta-analysis.

Discussion

Summary

In this systematic review and meta-analysis of 21 RCTs
involving 5452 critically ill patients, ESA therapy
decreased in-hospital mortality (RR 0.82, 95% CI 0.71—
0.94, P=0.006). Although there was no heterogeneity
and trial sequential analysis also suggested a true posi-
tive finding, only one trial was assessed as low risk of bias
in all domains. Serious adverse events and thrombo-
embolic events were increased in the ESA group. How-
ever, the results were not statistically significant, though
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses study screening, inclusion and meta-analysis




1194

SSOUDAIIDDYS 150D

‘SIUSAS DIOqUIOIYL ‘T AQ
‘A}1[P1IOW YIUOWI-XIS

"JUsWISSasse 100 YIUON-9

gH ‘Sinsesw

9duspuadapul [euo
-duny ‘anbiey ‘elwseuy

31 sisdas ‘eluow
-naud ‘gH ‘ainssaid poojg

Aljeriow ‘skep a3y
-NDI 'SIUSAS D1I0GWIOIY |

51093 aslanpe 'Ajel
-I0W dAIRINWIND ‘SOT N

s||92 Joyusboid
|esayduad ‘saoipul d1j0q
-B19W UoJI 's921pul ||
paJ ‘S|9A3| 2UB0IAD ‘DUl
-1B|N2JID ‘SUONPIIUSOUOD
wnJias upalodoiyifig

Ajjeniow
‘Adesayi 3uswade|dal
[eURJ ‘UONDUNY [RUDY
S|
QUIOIAD ‘uonduNy eusy
Alljerow
‘gH ‘uoisnjsuesl Dgy

aH
‘Ajjenow ‘uolsnysuesl Hgy

paiels |IN

SIUSAD

3sIaApe ‘Aljeriow
[endsoy pue D] 'Ddd

S1ULA® ISHIAQY
'sKep 0/ Aulje1IoN
Aljeriow YIUoN-9

uon
-eqnixa ‘uoliesi|endsoH

€8l

891

06

6C

8¢

06

8¢

orl

8¢

474

09

(074
€8l

8¢

3-SO5

29¢€-4S
SOD ‘u0.d
134 001-S ‘| 3SN wniss

SuoISNJSURIL DgY

1DH pue gH

[9AS
poo|g 21420[nd1ay

aujupesn

TvON Aleunn

uolIsnysues Dgy
DU
-puadapul uoIsnjsuel|

uoIsnjsuesl Dgy

Jdd

SO5
3-S0D 'SOD

SOS pue SOH

909 adniniy IDEN %60
61 VSN (P3]eanal 10U) 0gade|d
651 eulys [DBN %60
8/ elssny paieis |IN
/6 EREETS) pa3els [IN
lc eLsny |DBN %60
€9| puelesz maN |DBN %60
09  puelsziMS |DBN %6°0
09r 1L VSN 0g9oe|d
[0l VSN (Pe[esnai10u) 0gede|d
091 VSN (P2[eanai10u) 0gade|d
744 9ouely paiels |IN
0cl euly>s |DBN 9%6°0
w ERCEI) pa1e3s |IN
vS uel| |DBN %60

S350P 93141 40} AH3M

SPeM 7| 10) qH
UO Paseq 3sop AP

SAep 7| J9A0 SISOP Al

950p U

SH9IM € UIW
104 Apjoam sasop 991y |

skep |z
10} Aj@2M S950P 931y |

Y ¢ Ul S9SOp OM |

950p 9|buls

skep G|
J3MO S350P 1Y |

S3S0p
9243 15e3] 38 10§ APHOIM

Syoam 7 ulw oy Aep

"J|e uayl ‘shep ¢ 1oy Ajleq

Y 8 J9AO SISOP 9AI4

SKep G| J9AO 950D dAl
skep / 10} Ajleg

SHoOM ¢ Ul S9SOP XIS

000'0%

000'0%
£4/001
0000%

000'0%

£4/009

6/005
0000
00001
0000

£3/00¢

000'0%

0009
00001

000¢

0 od3 191
o 0d3 PIXIN
Od3anHl 191
D od3 ewnes|
Od3nH! PoXIN
OdanH paxiy
god3 PaXIN
D od3 |ea1bing
o od3 PIXIN
OdanH! PaXIN
Od3nH! PaXIN

0 od3 1Sa4e dejpIRD)

0Od3nH! gL
OdanH! gL
0 0d3 gL

Gloc

cloc

S00¢

8661

£00C

200¢

6661

910¢

810¢
Gl0c

Loc

[OUYIIN

a1aydNT
1
AOWISRIZD)

sojnodobioan

EINeED)

aipug
Xnaublias op
UuIMmIoD
UIMIOD

uImIoD

noled

Ieg
s0z|0|y

Jesjwieysuqy

salpnjls papnpul jo uondudsaqg | sjqeL



1195

3411 40 A)jenb 70D ‘9]eIS %0435 Y3|eaH JO 3INMIISU| [RUOIIRN SS/N ‘B]eds Buiies Aujigesip ¥y g ‘A1obayed aduew.opad
[_1G219D Dd) ‘a|eds buriel ANjIgesIp SYJ ‘PIPUIIXS 2|8 dW02IN0 Mobse|b 3-50D ‘9]eds awo03no mobse|fb SOD ‘3]eds ewiod Mobse|b $ID ‘D11_uuOolISIND JUSWSSISSE Y3|eay W0y 1J0Ys 9€-4S ‘DWOoIpUAs ssasip K1ojelidsal
23nde SgyY ‘Ainful ulelq d13eWNRI} Jg ] “WSI|OQUISOGUIOIY} SNOUA J1A ‘HI20}eWdY JoH ‘Uiqojbowsay gH ‘@sejous dydads-uoinau FSN Juabe buenwis-unaiodoiyifia ys3 ‘Aeis j0 yibua| SO7 ‘Hun 243 SAISUSIUL D]

ws|jogeaw S350P 9AY
Aujerow ‘so1 NDI |z uoipuesissiodoiyifil  pz  SpueusyisN po1e1s [IN 104 Aep IS0 AI9AS 950 6%/00¢ ©pody PaXIN - 000T uasad| uea
SSIN 'SOD Kep
‘91025 UpjuURY PIYIPOIN €81 wisedsoseA [eigaia) 08 Nl [DBN %60 1210 AIaAS S950p 221y 000'0¢  god3 HYS 600C Buss|
Kiajes
BnIp ‘A1IDWIXO SNOUSA
Jeinbn(‘wsijogelaw
[PIQ219D ‘UONDIRJUI
eJg2132 ‘Wsedsosen €8l NOD RS YA Mewusd |DBN %6°0 Y 8f Ul SOSOP 231y By/005  pod] HVS £00¢ Biogbunds
aqH Sas0p
"Aujeiow ‘uoisnjsue Dgy 8 pasnjsuenl sHUN 54 98 VSN (P3[eanaiiou) 0gadeld ¢ L Xew 10} 3S0p AR 0000 Od3INH PaXIN- 900C 1oAIS
uondAU| skep 9|
'SQyy ‘918 Aljerow 'Yy q €81l ¢S4d'3-S0D 79l VSN IDBN %60 J9A0 S9S0P 991y B¥/005  ©od3 gL ¥10¢ uospgoy
Aljeuow
[eudsoy-ui ‘abieydsip uon
NI S35 SO1 NI G -BIIUSDUOD SN ‘900L-S €T vsn [2BN %60 950p aUQ 000'0% Odd 9L 0l0¢ NN

(panunuod) | ajqel



1196

Table 2 Risk of bias assessment

Random sequence generation (selection bias)
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Springborg 2007

~N
A

Tseng 2009

N9 9 ee

+
?

Van Iperen 2000

it is plausible that these findings may differ if trials that
reported SAEs without reporting mortality were eligible
for inclusion in our primary search.

Comparison to the published literature
A trial by French et al. found that ESA therapy decreased
hospital mortality in trauma patients [37]. Our results

expand on these findings and are consistent with the
observation that immune dysregulation is a feature of crit-
ical illness generally rather than a specific population such
as trauma. Indeed, our results were similar when evaluat-
ing the trauma vs. heterogeneous comparator subgroups
and support the hypothesis that the beneficial effects of
ESA therapy in critical illness may be mediated through
anti-inflammatory and anti-apoptotic effects that target
a common pathway of severe systemic inflammation that
occurs in a broad range of critically ill patients. The eryth-
ropoietin receptor is expressed on immune cells as well as
the parenchymal cells of several organ systems including
myocardium, lung liver, kidneys and central and periph-
eral nerves. Animal models of ESA therapy consistently
demonstrate anti-apoptotic and tissue protective effects at
these sites [2]. However, mechanistic data in human, criti-
cally ill subjects are lacking. For example, our study found
a positive, though not statistically significant, correlation
between APACHE II score and benefit associated with
ESA therapy. It is plausible that the APACHE II score, as
a surrogate measure of the severity of immune dysregu-
lation demonstrates an increasing immunomodulatory
benefits of ESA therapy in patients with greater base-
line immune dysfunction. Future studies are required to
describe the relationship between erythropoietin concen-
tration, receptor expression and inflammatory cytokine
levels.

In addition to anti-apoptotic and anti-inflammatory
effects, it is plausible that increased erythropoiesis lead-
ing to higher hemoglobin and lower requirement for
RBC transfusion also contributed to improved outcomes.
Although a large RCT by Corwin et al. was not able to
demonstrate a significant decrease in RBC transfusion
requirement, our study found that ESA therapy was asso-
ciated with a significant increase in hemoglobin at hospital
discharge and decrease in RBC transfusion requirement.

Mesgarpour et al. conducted a systematic review focus-
ing primarily on the harms of off-label ESA therapy
in critically ill patients. However, the review included
observational studies and less severely ill patients such as
patients admitted to the coronary care unit and patients
with isolated intratrochanteric fractures, limiting assess-
ment of causality in critically ill patients [38]. Neverthe-
less, the risk of death was similar to our study and there
was a similar non-significant increased risk of adverse
events. Given these findings, harm attributable to ESA
therapy in critically ill patients remains uncertain. Recent
larger RCTs have not demonstrated an increased risk of
thrombosis and it appears as if the overall effect, based
on mortality reduction, is beneficial [30].
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Events, Events, %

name year RR (95% Cl) Treatment Control Weight
1
1

Abrishamakar 2012 T 1.00 (0.15, 6.59) 2/27 2/27 0.59
1

Aloizos 2015 +- - 0.38 (0.08, 1.83) 2/24 418 0.84

Corwin 2002 —— 0.93 (0.73, 1.17) 111/650 120/652 38.40

Corwin 2007 —_—— 0.74 (0.54, 1.01) 621733 831727 2154

de Seigneux 2012 : + 2.00 (0.30, 13.17) 2/20 2/40 0.59
1

Endre 2010 —_— 0.87 (0.48, 1.61) 16/84 17/78 5.67
!

Gabriel 1998 —_—— 1.11 (0.47, 2.60) 5/9 510 2.90
1
|

Georgopolous 2005 _I_._ 1.40 (0.58, 3.37) 10/49 7148 272
1

Gersasimov 2012 —_—— 0.61(0.31, 1.21) 10/42 14136 457
1
1

Li 2016 <+ 0.63 (0.19, 2.14) 4175 6/71 1.41
1
]

Nichol 2015 —‘—|—' 0.65 (0.42, 1.02) 28/305 42/298 10.36
1

Nirula 2010 : > 2.50 (0.14, 44.26) 2Mm 0/5 0.25
1

Robertson 2014 ———— 0.64 (0.24, 1.72) 5/64 12/98 213
1
1

Silver 2006 —_— 0.64 (0.30, 1.40) 8/42 13/44 353
1

Tseng 2009 : 0.80 (0.23, 2.76) 4140 5/40 1.37
1

Van Iperen 2000 — 0.71 (0.31, 1.63) 512 7H2 3.11
1

Overall (I-squared = 0.0%, p = 0.904) O 0.82(0.71, 0.94) 276/2187 339/2204 100.00
1
1

NOTE: Weights are from random effects analysis 1
I

I I
.0226 1 443
Favours ESA Therapy Favours Control
Fig. 2 Forrest plot for the association between erythropoietin-stimulating agent therapy and mortality

Table 3 Secondary outcomes

Serious adverse events 7 3926
Thromboembolic events 12 3759
Transfused one or more RBC units 10 4075
Hb at hospital discharge (g/dL) 6 1891
ICU LOS (days) 4 182

Acute myocardial infarction 6 3135
Cerebrovascular accident 3 388

1118 0.94-131 0.228 66
1172 0.87-1.58 0302 47
0.88° 0.78-0.98 0.024 54
061° 0.24-097 0.001 68
—488° —11.66-191 0.159 76
197° 0.84-461 0.120 15
0.77° 041-145 0414 0

RR relative risk, WMD weighted mean difference, Hb hemoglobin, ICU intensive care unit, LOS length of stay

Implications of the findings

Our findings support the need for further, high-quality
studies investigating both the underlying mechanisms
and the clinical outcomes associated with ESA therapy in
heterogenous populations of critically ill patients. There
is also an unmet need to investigate whether novel eryth-
ropoietin derivatives that preserve the beneficial effects

of ESA therapy with theoretically lower risk of thrombo-
embolism and other adverse effects provide additional
benefit in critically ill patients [9].

Limitations
Of the 16 trials included in the analysis of the pri-
mary outcome, eight were at high risk of bias in one or



1198

more domain and only one was at low risk of bias in all
domains. Variations in the specific ESA, timing and dos-
ing strategy prevented comparative analysis of regimes
and the optimal dose and timing of ESA therapy remain
uncertain. In the minority of trials with more than one
intervention arm, a decision was made a priori to limit
the analysis to the treatment arm with ESA alone and
the higher ESA dose. The effect of this choice on the pri-
mary outcome remains uncertain. Trial sequential analy-
sis suggests a true positive result, but it is likely that the
study was underpowered for important secondary out-
comes and analysis of covariates. The primary outcome
of in-hospital mortality will not capture the effects of the
intervention after hospital discharge. Some pre-defined
secondary outcomes were not reported in sufficient
numbers to allow meta-analysis. An alternative search
based on broader eligibility criteria, and not based on
outcome as ours did, may report on other aspects and
result in different findings. Although TSA suggests a true
positive finding, this only applies to a relative risk reduc-
tion of 20% and not smaller. Finally, meta-analysis does
not assist in providing mechanistic data to help elucidate
the underlying pathophysiological processes involved.

Conclusion

The available evidence from randomized controlled trials
of mainly low or unclear quality suggests that in heter-
ogenous populations of critically ill patients admitted to
the ICU, ESA therapy may be associated with decreased
in-hospital mortality, a finding that should be considered
hypothesis generating. Although no difference in serious
adverse events was found, a clinically important increase
associated with ESA therapy cannot be excluded.
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