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Abstract 

Background  Preoperative anemia is common in patients undergoing cardiac surgery with various etiologies, among 
which iron deficiency is the leading cause. However, the benefit of intravenous (IV) iron for the treatment of anemia 
before cardiac surgery is uncertain. This updated meta-analysis aimed to evaluate the efficacy of IV iron in adult car‑
diac surgery patients with preoperative anemia.

Methods  This review was conducted according to Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. We searched Embase, PubMed and the Cochrane Central Register of Controlled Trials 
to identify eligible randomized controlled trials (RCTs) and observational studies. Quality was assessed using the 
Cochrane Collaboration risk of bias tool and Newcastle–Ottawa scale, and the strength of evidence was assessed 
using the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) criteria. Trial sequential 
analysis was performed on the primary outcome (transfusion rate) to confirm whether firm evidence was reached.

Results  Six RCTs (936 patients) and 5 observational studies (1350 patients) were included in this meta-analysis. The IV 
iron group and the control group were comparable in terms of transfusion rate [55.1% vs 60.9%, risk ratio (RR) = 0.91, 
95% confidence interval (CI) 0.81–1.03, P = 0.13, low quality]. There were no significant differences in units transfused 
per patient, ICU stay and hospital length of stay between the two groups. And pooled data showed a benefit of IV 
iron compared to the control group on mortality (2.76% vs 3.75%, RR = 0.58, 95% CI 0.36–0.95, P = 0.03, moderate 
quality) and no mortality reduction existed when including only RCTs.

Conclusions  This meta-analysis suggested that IV iron treatment for patients with anemia before cardiac surgery did 
not reduce the transfusion requirement (low quality), but it was associated with decreased mortality (moderate qual‑
ity). More large-scale, high-quality randomized clinical trials are warranted to confirm or refute our findings.

PROSPERO registry reference: CRD42022331875.

Keywords  Anemia, Intravenous iron, Transfusion, Cardiac surgery, Meta-analysis

Background
Anemia is a common condition observed in patients 
scheduled for cardiac surgery with its incidence ranging 
20–50% in different circumstances [1, 2]. Anemia remains 
an independent risk factor for perioperative allogeneic 
blood transfusion (ABT), associated with increased 
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hospital length of stay (LOS), postoperative morbidity 
and mortality [3–7]. Because iron deficiency is the most 
common cause of anemia [8, 9], intravenous (IV) iron 
therapy has been proposed as an intervention to correct 
preoperative anemia and reduce ABT perioperatively 
[9–12].

However, the evidence to support the benefit of pre-
operative IV iron for the treatment of anemia before 
cardiac surgery remains highly uncertain. A 2020 meta-
analysis [13] involving cardiac surgery patients from 4 
randomized controlled trials (RCTs) and 7 observational 
studies found that IV iron was associated with improved 
clinical outcomes, including reduced transfusion rates. 
Nonetheless, another systematic review [14] suggested 
that the current literature was unable to demonstrate the 
merits of preoperative IV iron in cardiac surgery. Thus, 
the request for strong evidence is ongoing in this area 
of research. In addition, two RCTs and four observa-
tional studies focusing on this topic have been published 
between 2020 and 2022 [3, 15–19].

Based on the emerging data, an updated system-
atic review and meta-analysis of RCTs and observa-
tional studies exploring the efficacy of preoperative IV 
iron (alone or combined with other agents) for anemic 
patients undergoing cardiac surgery was conducted. Our 
primary aim was to evaluate the efficacy of preopera-
tive IV iron therapy in reducing erythrocyte transfusions 
intra- and postoperatively.

Methods
Systematic search
Based on the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) Guidelines 
[20] (Additional file  1: A) and the recommendations 
from the Cochrane Collaboration, a systematic search 
was performed. The protocol for this systematic review 
and meta-analysis was registered on PROSPERO 
(CRD42022331875) on May 5th, 2022. The search strat-
egy, including the following keywords: anemia, intra-
venous, iron and cardiac surgery was performed in 
PubMed, Embase and Cochrane Central Register of 
Controlled Trials (CENTRAL) (detailed search strat-
egy in Additional file 1: B). The retrieval time was from 
the inception of the database to May 3rd, 2022. Ethi-
cal approval and patient consent were not required in a 
meta-analysis.

Eligibility criteria
Two reviewers (HML and XST) independently assessed 
all citations to screen eligible articles for a second-stage 
full-text review. Then full texts were reviewed for eligi-
bility. If there were disagreements, two other reviewers, 

Y.H1 (Yu Hai) and Y.H2 (Yu Hong), would be consulted. 
Studies were included if they met the following criteria:

1.	 Population: adults (> 18 years of age) with preopera-
tive anemia undergoing cardiac surgery.

2.	 Intervention: IV iron [alone or combined with other 
agents, such as erythropoietin (EPO) or vitamins]. 
We limited the complementary treatments to the 
application of EPO.

3.	 Comparison: placebo or no treatment or oral iron or 
EPO or a combination of several of the above four 
therapies.

4.	 Outcomes: The primary outcome was transfusion 
rates (the number of patients who received eryth-
rocyte transfusions intra- and postoperatively). Sec-
ondary outcomes included units of erythrocytes 
transfused per patient, all-cause mortality, inten-
sive care unit (ICU) and hospital LOS, and adverse 
events [including renal adverse events (acute kidney 
injury or renal replacement therapy), cardiac adverse 
events (myocardial injury) and cerebral adverse 
events (stroke)]. The studies included in this analysis 
reported at least one of the above outcomes.

5.	 Design: RCTs and observational studies.

Data extraction
Two reviewers (HML and XST) independently extracted 
information. The extracted information included the 
name of the first author, year of publication, surgery type, 
sample size and group assignment, iron dose used with 
or without other agents, time interval between iron ther-
apy and surgery, and outcomes (transfusion rates, units 
of erythrocytes transfused per patient, all-cause mortal-
ity, ICU stay, hospital LOS and adverse events).

Quality assessment
Two authors independently used the Cochrane Collabo-
ration’s risk of bias assessment tool to assess the qual-
ity of RCTs from the following seven aspects: random 
sequence generation, allocation concealment, blinding of 
participants, blinding of outcome assessment, incomplete 
outcome data, selective outcome reporting, and other 
sources of bias. The included RCTs were graded as having 
a high, unclear, or low risk of bias. Observational stud-
ies were evaluated according to the Newcastle–Ottawa 
scale (NOS). The NOS included 3 parts: patient selec-
tions, comparability of the study groups, and assessment 
of outcomes. Each part possessed a score of 4, 2, and 3. 
An overall quality score of ≥ 7 was defined as a high-qual-
ity study. If there were some disagreements, two other 
reviewers (Y.H1 and Y.H2) would be consulted.
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Quality of evidence
The overall certainty of evidence for each outcome was 
assessed using the Grading Recommendations Assess-
ment, Development and Evaluation (GRADE) approach 
[21]. We used the Guideline Development Tool (https://​
www.​grade​pro.​org) to formulate the Summary of Find-
ings table.

Statistical analysis
Statistical analysis was performed using RevMan ver-
sion 5.4 (Cochrane Collaboration, London, UK). Using 
a random-effects model, the results were presented as 
risk ratio (RR) for dichotomous outcomes with the Man-
tel–Haenszel method and mean difference (MD) for 
continuous outcomes with the inverse variance method, 
all with 95% confidence intervals (CIs). The overall data 
were collected using a Z-test. All reported P values were 
two-sided, and a P-value < 0.05 was considered statisti-
cally significant. Statistical heterogeneity was estimated 
using the I2 statistic, which was considered significant 
above 50%. Subgroup analyses for primary outcome were 
performed for the following variables: (1) study design; 
(2) the presence of other agents; (3) the dose of IV iron; 
and (4) the time between iron therapy administration 
and surgery. Post hoc subgroup analysis was performed 
according to the control group. A funnel plot was used to 
estimate potential publication bias.

The results of a standard meta-analysis are often sus-
ceptible to type I or type II error due to repeated sta-
tistical testing or insufficient sample size [22]. To 
complement this meta-analysis, we performed a trial 
sequential analysis (TSA) to calculate the required het-
erogeneity-adjusted information size and trial sequential 
monitoring boundaries. The models for the transfusion 
rates were based on 0.05 for type 1 error, and 0.20 for 
type 2 error. TSA was performed in the TSA 0.9.5.10 Beta 
software.

Results
Identification and characteristics of eligible studies
The search yielded 923 citations (206 from PubMed, 610 
from Embase and 107 from CENTRAL). We excluded 
233 duplicates and a further 657 citations after title and 
abstract screening and assessed 33 full texts. Finally, 6 
RCTs and 5 observational studies were included in this 
meta-analysis [3, 15–19, 23–27] (Fig.  1). The character-
istics of the included studies are described in Table  1. 
There were 2286 patients included in this study. The sam-
ple size of the included studies ranged from 40 to 771 
patients. Four RCTs compared IV iron (combined with 
other agents in three studies) with placebo [16, 24–26], 
2 RCTs compared IV iron with oral iron [15, 23], and 5 

observational studies compared IV iron with no treat-
ment [3, 17–19, 27]. Additionally, although all studies 
investigated the effect of IV iron, the drug was admin-
istered at different dosages and time intervals. The dos-
age of IV iron ranged from 200 to 1000 mg per patient, 
and the time interval of IV iron administration ranged 
from one day before surgery to 10 weeks before surgery. 
Four RCTs and two observational studies noted elaborate 
transfusion triggers in their studies, with hemoglobin lev-
els ranging from 7 to 8 g/L.

Study quality
The quality assessment of the included RCTs is shown in 
Fig. 2, and the quality assessment of observational stud-
ies is shown in Table 1. Study quality assessments showed 
that 3 of 6 RCTs [16, 25, 26] described the methods used 
for random sequence generation and allocation conceal-
ment and 4 of 6 RCTs [16, 24–26] conducted the blinding 
of participants and personnel. All studies were at low risk 
of bias in the blinding of outcome assessments due to the 
characteristics of the endpoint (transfusion rates). Qual-
ity appraisal of observational studies showed that all 5 
studies were graded as high quality with a score of 7 or 8.

Primary outcome: transfusion rate (%)
There were 10 studies including 2204 patients report-
ing the proportion of patients who received erythrocyte 
transfusion intra- and postoperatively. Overall, the trans-
fusion rate was 55.1% in patients receiving IV iron and 
60.9% in patients not receiving IV iron. The RR (0.91, 
95% CI 0.81–1.03, P = 0.13, P for heterogeneity = 0.007, 
I2 = 60%, low quality) (Fig.  3) did not reveal an associa-
tion between IV iron therapy and a decreased transfusion 
rate. Subgroup analyses are also presented in Fig. 3.

Secondary outcomes
Units transfused per patient
There were 4 studies including 1369 patients reporting 
units transfused per patient. There was no significant dif-
ference in the units transfused per patient between the 
IV iron group and the control group during the intra- and 
postoperative periods (MD = −  0.54, 95% CI −  1.45 to 
0.38, P = 0.25, P for heterogeneity < 0.001, I2 = 89%, very 
low quality) (Fig. 4a).

Mortality
There were 10 studies including 2124 patients reporting 
all-cause mortality. The pooled analysis showed a signifi-
cantly lower rate of mortality in the IV iron group than 
in the control group (2.76% vs 3.75%, RR = 0.58, 95% CI 
0.36–0.95, P = 0.03, P for heterogeneity = 0.85, I2 = 0%, 
moderate quality). However, no mortality reduction 
existed when only RCTs were included (Fig. 4b).

https://www.gradepro.org
https://www.gradepro.org
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ICU stay
There were 5 studies including 814 patients reporting 
ICU stay (hours). There was no significant difference in 
the ICU stay between the IV iron group and the control 
group (MD = − 3.95, 95% CI − 23.17 to 15.27, P = 0.69, 
P for heterogeneity = 0.002, I2 = 77%, very low quality) 
(Fig. 4c).

Hospital LOS
There were 6 studies including 948 patients report-
ing hospital LOS. There was no significant difference in 
hospital LOS between the IV iron group and the control 

group (MD = −  2.01, 95% CI −  4.54 to 0.52, P = 0.12, 
P for heterogeneity < 0.001, I2 = 89%, very low quality) 
(Fig. 4d).

Adverse events
Pooled data showed that there were no significant differ-
ences with the use of IV iron compared with the control 
group in renal adverse events (14.5% vs 18.8%, RR = 0.72, 
95% CI 0.50–1.05, P = 0.09, P for heterogeneity = 0.16, 
I2 = 37%) from 6 studies; cardiac adverse events (15.1% 
vs 18.9%, RR = 0.81, 95% CI 0.62–1.07, P = 0.13, P for 
heterogeneity = 0.88, I2 = 0%) from 6 studies; and cer-
ebral adverse events (3.3% vs 1.9%, RR = 1.62, 95% CI 
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0.85–3.10, P = 0.15, P for heterogeneity = 0.47, I2 = 0%) 
from 5 studies (Additional file 1 : Fig. 1).

Sensitivity analysis
Subgroup analyses were conducted for primary out-
come according to study design (RCTs or observa-
tional studies), the presence of other agents (with other 
agents or only IV iron), the dose of IV iron (< 1000  mg 
or ≥ 1000 mg), and the time interval between iron therapy 
administration and surgery (< 1  week or ≥ 1  week) and 

control group (with oral iron or no therapy) (Fig. 3). The 
pooled data of the transfusion rate from RCTs or obser-
vational studies showed no change. The analyses showed 
that the application of other agents (mainly EPO) and IV 
iron therapy < 1  week before surgery were beneficial for 
decreasing transfusion rates. In addition, there was no 
significant difference in the transfusion rate between the 
two different dosages of IV iron. In addition, post hoc 
subgroup analysis by control group showed that the con-
trol group did not have an impact on the transfusion rate.

Fig. 2  Methodological quality and bias risk. a Risk of bias graph for each included study; b Risk of bias summary. Green circle = low bias risk, red 
circle = high bias risk, yellow circle = unclear bias risk
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Publication bias
We evaluated publication bias by the Funnel plot. Fun-
nel plots for transfusion rate and mortality were relative 
symmetry (Additional file 1 : Fig. 2).

TSA
The TSA of the transfusion rate is presented in Fig. 5. The 
required heterogeneity-adjusted information size was 
4250. The cumulative Z curve neither crossed the tradi-
tional significance boundary nor reached the required 

information size, which indicated that more trials were 
needed to reliably detect the effect of IV iron on the 
transfusion rate in cardiac surgery patients with anemia.

Strength of evidence
GRADE system grades of evidence are low certainty for 
transfusion rate, very low certainty for units transfused 
per patient, ICU stay, hospital LOS and adverse events, 
moderate certainty for mortality. The results are summa-
rized in Additional file 1: C.

Fig. 3  Forest plot comparing IV iron and control for transfusion rate. a Subgroup analysis according to study design; b Subgroup analysis according 
to the presence of other agents; c Subgroup analysis according to the dosage of IV iron; d Subgroup analysis according to the time interval 
between iron therapy administration and surgery; e Subgroup analysis according to the control group
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Fig. 4  Forest plot comparing IV iron and control for secondary outcomes. a Forest plot for units transfused per patient; b Forest plot for mortality; c 
Forest plot for ICU stay; d Forest plot for hospital length of stay
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Discussion
The main finding of this meta-analysis showed that IV 
iron for the treatment of anemia before cardiac surgery 
was not associated with a reduced transfusion rate when 
compared with the control group. In addition, IV iron 
decreased the incidence of all-cause mortality. However, 
units transfused per patient, ICU stay, hospital LOS and 
adverse events did not differ between the IV iron group 
and the control group.

Comparison with previous meta‑analyses
There was actually one review [14] and one meta-analysis 
[13] reporting intravenous (IV) iron therapy for patients 
undergoing cardiac surgery. And these two studies were 
different in both population and outcomes from this 
meta-analysis. First, 2 of 6 studies included non-ane-
mic participants in Tankard et al.’s study [14] and 6 of 7 
observational studies had no clear participants inclusion 
criteria in Gupta et  al.’s study [13]. Second, the primary 
outcome was different. Tankard et al. just overviewed the 
findings of included studies in transfusion rate without 
concrete data processing and Gupta et al. set transfusion 
rate as a secondary outcome.

Because more than half of anemic patients undergo-
ing cardiac surgery have iron deficiency, IV iron therapy 
preoperatively is recommended [2, 28, 29]. However, 
the evidence  regarding the effect of IV iron on reduc-
ing the transfusion rate for cardiac surgery patients with 

preoperative anemia is limited and unclear [2, 13, 14, 30].
This systematic review and meta-analysis suggested that 
IV iron did not decrease transfusion rates compared with 
the control group, which was not consistent with Gupta 
et  al. [13] or Elhenawy et  al. [31] as they found a sig-
nificant association of IV iron treatment with a reduced 
transfusion rate in cardiac surgery patients (RR 0.81, 95% 
CI 0.70–0.94, P = 0.005) or other major surgery patients 
(RR 0.84, 95% CI 0.70 to 0.99, P = 0.04). However, their 
meta-analysis [13, 31] included studies exploring the 
efficacy of IV iron in nonanemic patients.  Nonane-
mic patients  were less  likely  to receive blood  transfu-
sion  than  anemic  patients [32, 33], resulting in overall 
transfusion rates in these studies [13, 31] decreasing. 
However, this positive change may be caused by partici-
pants’ characteristics or IV iron therapy, and thus the 
benefits of IV iron on reducing the transfusion require-
ment for patients with anemia may be obfuscated. In 
addition, the application of TSA indicated that the mer-
its of IV iron therapy in anemic cardiac surgery patients 
require further trials.

Furthermore, subgroup analyses (Fig.  3) for the pri-
mary outcome were performed. The subgroup analyses 
by the presence of other agents and by the time interval 
between iron therapy administration and surgery sug-
gested that the application of other agents (mainly EPO) 
and IV iron therapy < 1  week before surgery were ben-
eficial for decreasing transfusion rates. Although the 

Fig. 5  TSA for transfusion rate. RIS (required information size = 4250)
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dosage of EPO varied in five studies and influenced the 
externality of this practice, some meta-analyses [34, 35] 
suggested that preoperative iron (enteral or IV) plus EPO 
therapy decreased the need for erythrocyte transfusion 
in anemic surgical patients, which was concordant with 
our study. The results of subgroup analysis by the time 
interval of IV iron administration were contradictory to 
those of other studies [36, 37], probably due to limited 
studies and sample sizes. However, from a practical per-
spective, initiating IV iron therapy the week prior to sur-
gery is also suggested [38]. Taken together, future studies 
with a sufficiently large sample size are needed to focus 
on patients undergoing cardiac surgery. Further data 
are also required to examine the role of IV iron in three 
aspects: [1] applying IV iron with or without other agents 
(mainly EPO); [2] dosage of IV iron; and [3] time of IV 
iron administration preoperatively [33].

Meanwhile, IV iron was associated with a reduction in 
mortality, which was concordant with Gupta et  al. [13]. 
In addition, there were no significant differences in units 
transfused per patient, ICU stay, hospital LOS or adverse 
events between the two groups. These secondary out-
comes were consistent with other meta-analyses [31, 39, 
40]. Nonetheless, we cannot conclude that there was no 
association between IV iron and these secondary out-
comes in cardiac surgery. The different follow-up times 
and limited trials exploring these secondary outcomes 
potentially introduced heterogeneity.

Therefore, the ongoing trials, the Evaluating the Effi-
cacy of Erythropoietin and Intravenous Iron on Trans-
fusion Requirements in Patients Undergoing Cardiac 
Surgery (IRCT20190121042447N1) and the Intrave-
nous Iron for Treatment of Anemia Before Cardiac Sur-
gery (NCT02632760) [1] are anticipated to elucidate 
the impact of preoperative IV iron for anemic patients 
undergoing cardiac surgery.

Several limitations should be considered in our study. 
First, the conclusion on the internal and external valid-
ity  of the finding of primary outcome was drawn with 
caution due to a limited high-quality RCTs and sample 
size. Second, the certainty of our findings ranked very 
low to moderate because of the inclusion of trials with 
a high risk of bias and observational studies. Third, the 
dosage of IV iron and the time of IV iron administra-
tion varied among studies. Although we performed 
subgroup analyses to control some confounding factors, 
it is difficult to obtain high-quality conclusions from 
the pooled studies. Fourth, transfusion triggers were 
not confirmed in the included studies, which may have 
influenced the transfusion rate. However, we deemed 
that patient blood management in diverse hospitals 
was similar and guided by the international guidelines. 
In addition, we did not extract data that might help 

elucidate a potential cause for the decreased mortality, 
given that were no differences in the other outcomes 
measured. Finally, the result that IV iron therapy was 
not associated with reduced transfusion rates is not yet 
conclusive and requires further trials to affirm as indi-
cated in TSA.

Conclusion
IV iron treatment for patients with anemia before car-
diac surgery did not reduce the transfusion require-
ment (low quality), but it was associated with decreased 
mortality (moderate quality). Further large-scale, high-
quality randomized clinical trials are warranted to con-
firm or refute our findings.
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