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Abstract

Purpose Iron supplementation has been evaluated in
several randomized controlled trials (RCTs) for its
potential to increase baseline hemoglobin and decrease
red blood cell transfusion during cardiac surgery. This
study’s main objective was to evaluate the current evidence
for iron administration in cardiac surgery patients.
Methods We searched MEDLINE, EMBASE, CENTRAL,
Web of Science databases, and Google Scholar from
inception to 19 November 2020 for RCTs evaluating
perioperative iron administration in adult patients
undergoing cardiac surgery. The RCTs were assessed
using a risk of bias assessment and the quality of evidence
was assessed using the grading of recommendations,
assessments, development, and evaluations.

Results We reviewed 1,767 citations, and five studies (n =
554) met the inclusion criteria. The use of iron showed no
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statistical difference in incidence of transfusion (risk ratio,
0.86;, 95% confidence interval, 0.65 to 1.13). Trial
sequential analysis suggested an optimal information size
of 1,132 participants, which the accrued information size
did not reach.

Conclusion The current literature does not support or
refute the routine use of iron therapy in cardiac surgery
patients.

Trial registration PROSPERO
registered 19 December 2019.

(CRD42020161927);

Résumé

Objectif La supplementation en fer a ete évaluee dans
plusieurs etudes randomisees controlees (ERC) pour son
potentiel a augmenter [’hemoglobine de base et a diminuer
la transfusion d’erythrocytes pendant la chirurgie
cardiaque. L’objectif principal de cette etude etait
d’évaluer les donnees probantes actuelles soutenant
Uadministration de fer chez les patients de chirurgie
cardiaque.

Méthode Nous avons effectué des recherches dans les
bases de donnees MEDLINE, EMBASE, CENTRAL, Web of
Science et Google Scholar de leur creation jusqu’au 19
novembre 2020 pour en extraire les ERC eévaluant
l’administration perioperatoire de fer chez les patients
adultes beneficiant d’une chirurgie cardiaque. Les ERC ont
ete’ evaluees a l’aide d’une evaluation du risque de biais et
la qualite’ des donnees probantes a ete evaluee a l’aide du
systeme de notation GRADE.

Résultats Nous avons examine 1767 citations et cing
etudes (n = 554) repondaient aux criteres d’inclusion.
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L’administration de fer n’a montre aucune difference
statistique dans ’incidence des transfusions (risque relatif,
0,86, intervalle de confiance a 95 %, 0,65 a 1,13). Selon
U'analyse sequentielle des etudes, la taille d’information
optimale serait de 1132 participants, une taille que
Uinformation accumulée n’a pas atteint.

Conclusion La litterature actuelle ne soutient ni ne refute
Uutilisation systematique d’une therapie d base de fer chez
les patients de chirurgie cardiaque.

Enregistrement de I’étude PROSPERO
(CRD42020161927); enregistree le 19 decembre 2019.

Keywords Cardiac surgery - Iron - Anemia -
Blood transfusion

Anemia is common in patients presenting for cardiac
surgery, present in up to 54% of patients.' Preoperative
anemia is a significant risk factor for perioperative red
blood cell (RBC) transfusion, which is associated with
various complications such as surgical site infection,” *
pneumonia,” acute lung injury, postoperative atrial
ﬁbrillation,5 coronary artery graft occlusion,6 and risk-
adjusted postoperative mortality.” ® Strategies have been
developed to minimize blood transfusion, but despite this,
RBC transfusions are administered in 52-73% of cardiac
surgery patients, with preoperative anemia contributing to
this need for transfusion.’

In up to half of cardiac surgery patients, the etiology of
preoperative anemia is iron deficiency." '° Iron deficiency
is independently associated with postoperative mortality,
serious adverse events, and prolonged hospital stay after
cardiac surgery.'' The ability of iron supplementation to
correct iron deficiency anemia in non-cardiac surgery
patients during the perioperative period has been evaluated
because iron has an essential role in erythropoiesis and
hemoglobin synthesis.'*™'” A recent meta-analysis in non-
cardiac surgery found a reduction in transfusion and
mortality rates in patients receiving iron supplementation.
Nevertheless, a Cochrane review of the topic found no
benefit in the same non-cardiac surgery population.'® ¥

Despite the large number of cardiac surgery patients
who present with iron deficiency anemia, the currently
available evidence was insufficient to provide any
recommendation in the most recent Guidelines for
Perioperative Care in Cardiac Surgery.”” Given the ease
of administration and low incidence of side effects,
perioperative iron administration would be an ideal
therapy to include in future enhanced recovery programs
for cardiac surgery.

This systematic review and meta-analysis’s primary
objectives were to determine the effectiveness and safety of
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iron supplementation in cardiac surgery. We evaluated the
effect of iron administration on perioperative RBC
transfusion, its potential upstream physiologic effects,
and the adverse events associated with this therapy.

Methods

The study protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO:
CRD42020161927) on 19 December 2019. This review
was prepared using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Electronic Supplementary Material [ESM]
eAppendix 1).%!

Eligibility criteria
Study design

Prospective randomized controlled trials (RCTs) were
included in this review.

Population

Adult patients (> 18 yr of age) who underwent elective
cardiac surgery were included. Cardiac surgery was defined
as coronary artery bypass grafting and/or valve surgery.

Intervention

Trials that evaluated iron therapy were selected, including
intravenous or oral administration, regardless of the dosing
regimen. The timing of iron administration was restricted
from eight weeks before surgery to eight weeks after
surgery.

Comparators

Trials that compared iron therapy with a placebo or a no-
treatment control group were included. Trials that used an
active control as a comparator, i.e., another medication,
were excluded.

Outcomes

The primary outcome was the incidence of perioperative
RBC transfusion. Secondary outcomes included the
number of RBC transfusions received, postoperative
hemoglobin levels, postoperative ferritin  levels,
postoperative reticulocyte count, postoperative transferrin
saturation, and adverse events.
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Search strategy

The search for relevant studies included: MEDLINE,
Embase, The Cochrane Central Register of Controlled
Trials, Web of Science, and Google Scholar. The search
was conducted from database inception to 19 November
2020 and the search strategy was developed in MEDLINE
and applied to all databases with modifications (ESM
eAppendix 2). There were no language limits. Search
strategies were peer-reviewed by two other librarians.

Data management and selection process

The search strategy results were uploaded to Rayyan
QCRI, a web-based application allowing the independent
evaluation of citations and abstracts by multiple
independent reviewers.”” Titles and abstracts were
independently screened in duplicates by two of the four
reviewers (L.AK., A.G., A.C., P.G.B.) using pre-defined
eligibility criteria. If either of the two reviewers believed
that the citation fulfilled the pre-specified eligibility
criteria, the manuscript underwent a full-text review. The
full-text review of each article was independently
performed by two reviewers (S.S.Y., MJ.C.) to
determine if it fulfilled the eligibility criteria. In the case
of a disagreement between two reviewers, a consensus
discussion was completed. If the reviewers were unable to
agree, a third reviewer (L.A.K.) would make the final
decision.

Data extraction process

Two reviewers (S.S.Y., M.J.C) independently performed
data extraction in Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA). Calibration exercises were
undertaken to ensure consistency. Any discrepancies were
resolved through a consensus. For any missing or unclear
data, we contacted the authors of the trials. Only complete
data were included in the final analysis.

Risk of bias assessment

Two reviewers (S.S.Y., M.J.C.) independently performed
the risk of bias assessment. The Cochrane Collaboration
Risk of Bias Tool* was used to assess the following:
random sequence generation and allocation concealment
for selection bias, blinding of participants and personnel for
performance bias, blinding of outcome assessment for
detection bias, incomplete outcome data for attrition bias,
selective reporting for reporting bias, and other potential
sources of bias. The risk of bias was categorized as high
risk, low risk, or unclear. A consensus process was used to
resolve any discrepancies.

Quality of evidence

The quality of each outcome was evaluated using the
grading of recommendations, assessments, development
and evaluations (GRADE) guidelines.24 Two reviewers
examined the risk of bias, inconsistency, indirectness,
imprecision, and publication bias of each outcome. The
quality of the evidence was categorized as high (the
reviewers were confident that the estimated effect is close
to the real effect), moderate (the reviewers were
moderately confident that the result is close to the real
effect), low (the reviewers had low confidence that the
estimated effect is close to the true effect), or very low (the
reviewers felt that the effect estimate is likely substantially
different from the true effect).

Trial sequential analysis

Trial sequential analysis (TSA) was used to estimate the
required information size for the primary outcome® (TSA
software version 0.9, Copenhagen Trial Unit, Copenhagen,
Denmark). The calculation defined a priori was based on
an anticipated 30% relative risk reduction using a two-
sided alpha of 0.05 and a power of 80%. The heterogeneity
level was assumed to be 30% within the cardiac surgery
population, and the control event rate from the meta-
analysis was used.

Statistical analysis

Primary and secondary outcomes were analyzed using a
random-effects model (DerSimonian and Laird method)
using Review Manager 5.3 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark).5
Point estimates and 95% confidence intervals (CI) are
reported. Continuous outcomes are presented using mean
differences (MD), and dichotomous outcomes are
presented using the risk ratio (RR) or risk difference
(RD). If an article provided a median and interquartile
range, it was converted to mean and standard deviation
using the method described by Wan er al.*°

Assessment of heterogeneity

The included studies were evaluated for statistical
heterogeneity using the I* statistic. If substantial
heterogeneity (I° > 50%) was identified, subgroup
analyses, defined a priori, were performed to explain the
source of heterogeneity. P values for subgroup analyses
were presented based on a test of interaction between the
groups.
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Sensitivity analysis

Sensitivity analysis was used to evaluate potential sources
of bias resulting from trials deemed at high risk of bias.

Results

A total of 2,039 articles were identified from the primary
electronic databases (564 from MEDLINE, 1,092 from
EMBASE, 106 from CENTRAL, and 277 from Web of
Science), and 50 articles were identified from Google
Scholar. After removing duplicates, 1,767 articles were
screened, and 46 articles were retrieved for full-text
review. Five articles were identified for inclusion in the
meta-analysis (Fig. 1)."> ' 27 The agreement between
two independent reviewers during the screening process
showed moderate agreement (k = 0.73), and during the
full-text review was considered in almost perfect
agreement (x = 0.87).

Included trials

Five trials were included, with a total of 554
participants.'® ' 272 All studies were RCTs with a
placebo'® 7 27-2? or no-treatment®’ control arm. The trials
were conducted in the following countries: USA,27 Spain,28
Denmark,'” Lebanon,”” and China.'> The mean age of
participants ranged from 54.4 to 65.0, and the proportion of
males ranged from 45% to 90%. All trials included cardiac
surgery using cardiopulmonary bypass.'* " 2’ One trial
included only valve surgery'’ and another trial included
only coronary artery bypass surgery.”’ Four trials used
intravenous iron'* 7 % 2% and three trials used oral iron
supplementation.”’”?° Two trials gave iron therapy
preoperatively'” *® and three trials gave iron therapy
postoperatively (Table 1).'* 27> %

Risk of bias and GRADE assessment
Three trials were judged to be at low risk of bias in all

domains. One trial had a high risk of bias related to
incomplete outcome data (attrition bias) and other sources

Fig. 1 Flow diagram of trial
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Fig. 2 Risk of bias assessment for randomized controlled trials

Xu 2019

of bias (i.e., excluded patients who received transfusion).
One trial was deemed an unclear risk of bias related to
selective reporting (reporting bias) (Fig. 2 and ESM
eAppendix 3). The GRADE assessment showed an
overall moderate level of evidence for the following
outcomes: incidence of transfusion, hemoglobin level on
postoperative day 5, transferrin saturation on postoperative
day 0-1, and serious adverse events. The levels of evidence
were considered low for the following outcomes:
hemoglobin on discharge, number of packed red blood
cells transfused, ferritin on postoperative day 0-1, ferritin
on postoperative day 5, ferritin on discharge, transferrin
saturation on postoperative day 5, and transferrin saturation
on discharge. The levels of evidence were considered very
low for hemoglobin on postoperative day 01, reticulocyte
count on postoperative day O-1, reticulocyte count on
postoperative day 5, and reticulocyte count on discharge
(ESM eAppendix 4).
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Reported outcomes
Primary outcome

Based on the pooling of data from four trials (n = 449), the
use of iron showed no statistical difference in the incidence
of transfusion (RR, 0.86; 95% CI, 0.65 to 1.13). There was
low heterogeneity between studies (> = 0%) (Fig. 3). The
TSA suggested an optimal information size of 1,132
participants, which the accrued information size did not
reach (Fig. 4).

Secondary outcomes

One trial (n = 60) reported a significant decrease in the
number of red blood cells transfused (MD, -1.0 units; 95%
CI, —1.6 to —0.3) (ESM eAppendix 5 and Table 2).

Three trials with 368 participants showed iron therapy
led to no statistical difference in early postoperative
hemoglobin change (i.e., postoperative day 0-1) (MD,
—1.5 g~L71; 95% CI, —7.7 to 4.7). There was high
heterogeneity between studies (I> = 78%). Sensitivity
analysis showed no statistical difference after removal of
high risk of bias studies (MD, 1.7 g-L_l; 95% CI, —1.5 to
5.0). Five trials examined postoperative hemoglobin day 5
with 552 participants. There was no statistical difference
between iron therapy and the control group (MD, —1.8
gL™" 95% CI, —4.0 to 0.4) with moderate heterogeneity
(I2 = 51%). The pooling of the data from five trials (n =
552) that examined hemoglobin level at the time of
discharge showed that iron therapy did not lead to a change
in hemoglobin level (MD, 1.4 g-L™'; 95% CI, —3.9 to 6.6)
with a high level of heterogeneity (I = 93%) (ESM
eAppendix 0).

Pooling the data from four trials (n = 489) showed that
iron therapy did not lead to a difference in ferritin levels on
postoperative day 0-1 (MD, 13.8 ng-mL~"; 95% CI, —22.5
to 50.1) with a substantial heterogeneity (I2 = 75%). On
postoperative day 5, pooling of the data from three trials
(n = 368) showed a large increase in ferritin level with the
use of iron therapy (MD, 375.4 ng-mL*I; 95% CI, 252.7 to
498.2) with a substantial level of heterogeneity (% = 68%).
At the time of discharge, four trials (n = 489) showed that
iron therapy led to a large increase in ferritin level (MD,
173.4 ng~mL71; 95% CI, 2.9 to 343.9) with a high level of
heterogeneity (I* = 97%) (ESM eAppendix 7).

The two trials (n = 220) reporting reticulocyte count
showed that iron therapy did not lead to any difference on
postoperative day 0-1 (MD, —0.1%; 95% CI, —0.5 to 0.3)
with substantial heterogeneity (I* = 73%). On postoperative
day 5, two trials (n = 220) reported no difference in
reticulocyte count (MD, 0.1%; 95% CI, —0.4 to 0.6) with
moderate heterogeneity (I = 53%). At the time of
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Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Garrido-Martin 2012 47 107 26 52 66.5% 0.88 [0.62, 1.24] —l—
Johansson 2015 4 30 5 30 5.4% 0.80 [0.24, 2.69]
Madi-Jebara 2004 10 40 9 40 12.9% 1.11[0.51, 2.44] =
Xu 2019 10 75 16 75 15.3% 0.63[0.30, 1.29] - 1
Total (95% Cl) 252 197 100.0% 0.86 [0.65, 1.13] E ..
Total events 71 56
Heterogeneity: Tau? = 0.00; Chi? = 1.20, df = 3 (P = 0.75); 2= 0% o=2 0=5 ; 2 5

Test for overall effect: Z=1.09 (P = 0.28)
Fig. 3 Incidence of transfusion

Fig. 4 Trial sequential analysis
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discharge, pooling of the data from two trials (n =220)
showed no difference in reticulocyte count (MD, 0.8%;
95% CI, —0.7 to 2.3) with a high level of heterogeneity (I*
= 94%) (ESM eAppendix 8).

Two trials (n = 208) reported transferrin saturation on
postoperative day 0—1 and showed a considerable reduction
with the use of iron therapy (MD, —1.8%; 95% CI, —2.6 to
—0.9) with a low level of heterogeneity (I* = 0%). The
pooling of the data from two trials (n = 208) showed no
difference in transferrin saturation on postoperative day 5
(MD, 7.5%; 95% CI, —3.3 to 18.3) with a high level of
heterogeneity (I = 99%). At the time of discharge, two
trials showed that the use of iron did not lead to any
difference in transferrin saturation (MD, 3.6%; 95% ClI,
—1.1 to 8.3) with a high level of heterogeneity (I* = 95%)
(ESM eAppendix 9).

All five trials (n = 554) showed no difference in serious
adverse events using iron therapy (RD, 0.0; 95% CI, —0.0

to 0.0) (Fig. 5). One trial reported adverse events in both
the iron and control groups, including atrial fibrillation,
pericardial effusion, and post-procedural hemorrhage.
Another trial reported death in two patients in the
placebo group.

Subgroup analyses
Oral vs intravenous iron

Hemoglobin level on postoperative day 0—1 and on day 5
did not show a statistically significant subgroup difference
with regards to the route of iron administration (P = 0.37
and P = 0.13). The hemoglobin level on discharge was not
statistical ~ significant  between  intravenous  iron
administration (MD, 2.8; 95% CI, —3.3 to 8.9) compared
with oral iron administration (MD, —1.5; 95% CI, —4.4 to
1.5; P = 0.22). Ferritin level on postoperative day 0-1 did
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Table 2 Summary of meta-analysis; results by outcome

Outcomes Studies Participants ~ Statistical methods Effect estimate I’
Incidence of transfusion 4 449 Risk ratio (random, 95% CI) 0.86 (0.65 to 1.13) 0%
Number of RBC transfusions 1 60 Mean difference (random, 95% CI) — 1.0 (— 1.6 to — 0.3) NA
Hemoglobin—postoperative day 0-1 3 368 Mean difference (random, 95% CI) — 1.5 (— 7.7 to 4.7) 78%
Hemoglobin—postoperative day 5 5 552 Mean difference (random, 95% CI) — 1.8 (— 4.0 to 0.4) 51%
Hemoglobin—on discharge 5 552 Mean difference (random, 95% CI) 1.4 (— 3.9 to 6.6) 93%
Ferritin—postoperative day 0-1 4 489 Mean difference (random, 95% CI) 13.8 (— 22.5 to 50.1) 75%
Ferritin—postoperative day 5 3 368 Mean difference (random, 95% CI) 375.4 (252.7 to 498.2) 68%
Ferritin—on discharge 4 489 Mean difference (random, 95% CI) 173.4 (2.9 to 343.9) 97%
Reticulocyte count—postoperative day 0-1 2 220 Mean difference (random, 95% CI) — 0.1 (— 0.5 to 0.3) 73%
Reticulocyte count—postoperative day 5 2 220 Mean difference (random, 95% CI) 0.1 (— 0.4 to 0.6) 53%
Reticulocyte count—on discharge 2 220 Mean difference (random, 95% CI) 0.8 (— 0.7 to 2.3) 94%
Transferrin saturation—postoperative day 0-1 2 208 Mean difference (random, 95% CI) — 1.8 (—2.6to —09) 0%
Transferrin saturation—postoperative day 5 2 208 Mean difference (random, 95% CI) 7.5 (—3.3 to 18.3) 99%
Transferrin saturation—on discharge 2 208 Mean difference (random, 95% CI) 3.6 (— 1.1 to 8.3) 95%
Serious adverse events 5 554 Risk difference (random, 95% CI) 0.0 (— 0.0 to 0.0) 0%

CI confidence interval; RBC red blood cell; NA not applicable.

Iron Control Risk Difference Risk Difference

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Crosby 1994 0 62 0 59 33.0% 0.00 [-0.03, 0.03]
Garrido-Martin 2012 0 107 0 52 39.6% 0.00 [-0.03, 0.03]
Johansson 2015 9 30 10 30 0.6% -0.03 [-0.27, 0.20]
Madi-Jebara 2004 0 33 0 31 9.6% 0.00 [-0.06, 0.06] - T
Xu 2019 0 75 2 75 17.2% -0.03 [-0.07, 0.02] -
Total (95% Cl) 307 247 100.0% -0.00 [-0.02, 0.01] <&
Total events 9 12

s 2 — . 2 — — - S 12=0° } u } }
Heterogeneity: Tau? = 0.00; Chi? = 1.70, df =4 (P = 0.79); I? = 0% 02 o1 0 01 02

Test for overall effect: Z=0.51 (P = 0.61)
Fig. 5 Serious adverse events

not have a subgroup effect related to the oral vs intravenous
iron administration (P = 0.78). Nevertheless, intravenous
administration of iron led to a greater increase in in ferritin
level on postoperative day 5 (MD, 511.2; 95% CI, 200.0 to
822.4 vs MD, 56.0; 95% CI, —99.5 to 211.5; P = 0.01) and
on discharge (MD, 294.7; 95% CI, 216.2 to 373.1 vs MD,
3.3; 95% CI, —4.0 to 10.6; P < 0.001). There was no
subgroup effect concerning reticulocyte count on
postoperative day 0-1 (P = 0.28), on day 5 (P = 0.76),
and on discharge (P = 0.22) (ESM eAppendix 10).

Preoperative vs postoperative iron

There was no subgroup effect for hemoglobin level on
postoperative day 0—1 (P = 0.51), on day 5 (P = 0.09), and
on discharge (P = 0.09). Preoperative iron led to a higher
ferritin level on postoperative day 0—1 (MD, 83.7; 95% CI,
32.6 to 1349) compared with postoperative iron
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Favours [Iron] Favours [Control]

administration (MD, —6.8; 95% CI, —15.6 to 2.0; P <
0.001). This effect on ferritin was not sustained on
postoperative day 5 (P = 0.34) and on discharge (P =
0.82). There was a small increase in reticulocyte count on
postoperative day 0—1 in the preoperative administration
group (MD, 0.1; 95% CI, —0.2 to 0.3) compared with
postoperative iron (MD, —0.4; 95% CI, —0.7 to —0.0; P =
0.05). There was no subgroup effect on postoperative day 5
in terms of reticulocyte count (P = 0.14). On discharge,
postoperative iron led to a higher reticulocyte count (MD,
1.6; 95% CI, 0.9 to 2.3) compared with preoperative iron
(MD, 0.1; 95% CI, —0.1 to 0.3; P < 0.001). There was no
subgroup effect on transferrin saturation on postoperative
day 0-1. On postoperative day 5, there was a strong effect
favouring preoperative iron (MD, 13.0; 95% CI, 12.2 to
13.8) compared with postoperative iron (MD, 2.0; 95% CI,
0.3 to 3.7; P < 0.001). A similar effect was seen on
discharge favouring preoperative iron (MD, 6.0; 95% CI,
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4.5 to 7.5 vs MD, 1.2; 95% CI, —0.3 to 2.7; P < 0.001)
(ESM eAppendix 11).

Discussion

This systematic review and meta-analysis of RCTs on
perioperative iron administration in cardiac surgery
patients did not show any effects on the postoperative
outcomes of interest.'® This indicates that there are
currently insufficient RCTs to justify the routine
perioperative administration of iron to cardiac surgery
patients. The TSA showed that more than twice the
currently available number of patients studied would be
required for a meta-analysis to conclude whether there is a
difference in perioperative blood transfusion’s primary
outcome. Nevertheless, when examining the laboratory
values, the impact of iron administration led to important
efficacy endpoints. The hemoglobin level, ferritin level,
reticulocyte count, and transferrin saturation appeared to
increase with time postoperatively. These findings are
hypothesis-generating to suggest the importance of
ensuring an appropriate time to onset of action with iron
therapy. This is further shown in our subgroup analysis of
preoperative iron vs postoperative iron administration.
Preoperative iron led to a higher hemoglobin level, ferritin
level, and transferrin saturation. The duration of treatment
for iron deficiency anemia differs among experts. Some
would treat for six to eight weeks, while others continue for
as long as six months to replete iron stores.*” Both the trend
in laboratory findings and this subgroup analysis showed
the importance of starting iron therapy as early as possible
to ensure it has time to take effect before the insult of
cardiac surgery.

In terms of route of administration, our subgroup
analyses showed that intravenous iron may be more
efficacious and led to a consistent increase in
hemoglobin, ferritin level, and reticulocyte count. This
may be because oral formulation, such as ferrous sulfate, is
often poorly tolerated and can lead to significant
gastrointestinal side effects in up to 70% of individuals.*
This would significantly impact patient’s compliance with
the medication. Furthermore, some patients may be
nonresponsive to the oral formulation. Patients with high
levels of hepcidin may be nonresponsive to oral iron
supplement, but may subsequently respond to intravenous
iron.”!

More importantly, our study showed that there was no
increase in adverse events. Cardiac surgery patients with
iron deficiency have been shown to be independently at
risk of increased mortality, serious adverse events, and
major cardiac and cerebrovascular events.'' These findings
highlight the importance of preoperative screening for iron

deficiency. Although unclear at this time, its replacement
may improve outcomes in the at-risk population. In the
non-cardiac surgery population, the current evidence is
mixed. In a systematic review of 13 studies, the use of
intravenous iron led to a decrease in 30-day mortality and a
reduction in blood transfusion.'® In the PREVENTT trial, a
double-blinded RCT that randomized patients undergoing
major abdominal surgery to intravenous iron vs placebo,
there was no difference between the two groups with
related to death and blood transfusion.>” Nevertheless, in
terms of secondary outcomes, there was a significant
decrease in readmission in the iron group. This suggests
that there may be additional clinical benefits seen with iron
therapy other than to increase hemoglobin level.

There are some limitations to this meta-analysis. First,
cardiac surgeries are often performed during the same
hospital admission that a cardiac lesion is found, which
may not leave enough time for hemoglobin levels to rise.
Recent iron therapy trials have typically administered the
study drug at least ten days before surgery.*> Furthermore,
different forms of iron were administered in the studies
included, which used varying doses and timing relative to
surgery. More consistency in the timing, dose, and
formulation of iron would likely reduce heterogeneity
and subsequently reduce the optimal information size
required, allowing a better chance for such a meta-analysis
to be conclusive.>? Also, commonly accepted transfusion
thresholds have changed over time and likely varied in the
different studies included in this meta-analysis. A
consistent transfusion threshold in all patients would be
essential in reducing the potential confounding of this
outcome. The included studies also lacked outcomes,
allowing patient-centred outcomes, such as functional
status, discharge home, and mortality, to be evaluated.
Finally, although iron deficiency is among the most
common causes of anemia, there are other potential
causes that would not be adequately treated by iron
supplementation. Spahn ef al. completed an RCT
comparing a combination therapy of intravenous iron,
subcutaneous erythropoietin alpha, vitamin B12, and oral
folic acid vs placebo. They showed that this combination
was effective at reducing blood product transfusion in
patients with preoperative anemia or iron deficiency
anemia.'* This suggests that iron alone may be adequate
to prevent blood transfusion.** This is supported by a
systematic review of 25 studies looking at all types of
surgeries, the combination of erythropoietin and iron led to
a reduction in blood transfusion.”® Another systematic
review examining cardiac and elective orthopedic patients
showed a reduction in blood transfusion with the use of
preoperative erythropoietin.*® While this approach has the
advantage of treating multiple potential causes of anemia,
this combination comes with a significant additional
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expense — the need for intravenous access and therefore
hospital admission. Erythropoetin in particular has a Food
and Drug Administration black box warning for the
potential increased risk of deep vein thrombosis. In
addition, without evaluating these treatments separately,
it is not possible to understand their individual influences
on outcomes.

Our systematic review has identified a critical
knowledge gap given the large number of anemic
patients presenting for surgery, the high rate of
transfusion in cardiac surgery, and the elevated relative
risk of postoperative morbidity. A relatively simple
intervention such as preoperative iron supplementation
would be ideal for routine inclusion in enhanced recovery
protocols for cardiac surgery, which are currently in
development. The ITACS trial is a randomized
controlled, double-blind study comparing iron to placebo
in 1,000 cardiac surgery patients. Recruitment is currently
underway, but the study is only due to be completed in
October 2023 (ClinicalTrials.gov, NCT02632760; last
checked 3 June 2021). Anemia is a complex disorder
with a very heterogenous pathophysiology. Some
treatments of anemia have led to cardiovascular and
cellular changes as well as a reduction in RBC
transfusion. Nevertheless, the more important question
remains as none of the treatments reduced organ injury or
mortality in large prospective trials.>’

Conclusion

The current evidence does not support or refute the routine
use of iron therapy in cardiac surgery patients for the
purpose of transfusion avoidance. Nevertheless, there is
evidence of a significant surrogate laboratory effect with
iron therapy and this may be beneficial in a specific high-
risk population, such as those identified with iron
deficiency anemia preoperatively. The data accumulated
do not confirm the improved patient outcomes shown in
non-cardiac surgery. A large-scale, prospective RCT on
this topic is merited.
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