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A nemia is common in patients presenting for cardiac 
surgery. It may be present in up to 54% of cases.1 
Preoperative anemia is one of the most critical risk 

factors for patients requiring a red blood cell transfusion. 
Strategies have been sought to minimize the need for blood 
transfusion given its association with complications, such as 
surgical site infection,2,3 pneumonia,4 acute lung injury,5 
postoperative atrial fibrillation,6 coronary artery graft occlu-
sion7 and risk-adjusted postoperative mortality.8,9 Despite 
this, red blood cells are administered in 52%–73% of pa-
tients undergoing cardiac surgery.10

In up to half of patients undergoing cardiac surgery, the 
cause of anemia is iron deficiency.1,11 In addition to causing 
anemia, iron deficiency has been independently associated 
with death, serious adverse events and prolonged hospital stay 
after cardiac surgery.12 Give the essential role of iron in eryth-
ropoiesis and hemoglobin synthesis, iron supplementation has 
been evaluated to correct iron deficiency and anemia in the 
perioperative period.13–18

In a recent meta-analysis, Schack and colleagues19 evalu-
ated the available literature on iron supplementation for major 
noncardiac surgery and found a reduction in rates of blood 
transfusion and death, whereas a Cochrane review of iron 

therapy in the noncardiac surgery population showed no dif-
ference.20 In the cardiac surgery population, 2  recent meta-
analyses showed iron to be useful for reducing the need for 
blood transfusion, but only when administered in combina-
tion with erythropoietin.21,22

The primary objective of this systematic review and 
meta-analysis is to evaluate the efficacy and safety of periop-
erative iron supplementation in patients undergoing cardiac 
surgery.

Methods

This review will follow the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses Protocol (PRISMA-P) 
guidelines.23 The protocol is registered in the International 
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Prospective Register of Systematic Reviews (PROSPERO) 
(trial registration number CRD42020161927). In the event of 
protocol amendments, we will provide the date of the amend-
ment and the rationale, and describe the change.

Eligibility criteria
We will include randomized controlled trials evaluating iron 
therapy, without erythropoietin, compared to placebo or no 
treatment.

Trials that include patients aged 18  years or more who 
underwent cardiac surgery will be included. Cardiac surgery 
will be defined as coronary artery bypass grafting or valve sur-
gery. We will include surgical approaches via median sternot-
omy or thoracotomy, or robotic-assisted cardiac surgery.

We will include trials that evaluated the use of iron ther-
apy from 8 weeks before surgery to 8 weeks after surgery. 
We selected this time frame in an attempt to include all 
potential studies, as the current timeline for administration 
has not been well established, and in large studies in the 
noncardiac surgery population, such as the PREVENTT 
Trial,24 this therapy has been administered up to 6  weeks 
before surgery. There will be no restriction on the dosing 
of iron or the administration route (oral or intravenous). 
Some iron therapy examples include iron isomaltoside 
(Monofer [Pfizer]) and iron sucrose (Venofer [Luitpold 
Pharmaceuticals]).

Trials that compared iron therapy alone, without erythro-
poietin, versus placebo or no treatment will be included. If an 
active control (i.e., another medication) was used as a compar-
ator, it will be excluded.

Outcomes
The primary outcome will be the incidence of red blood cell 
transfusion from the study drug intervention time until 
8 weeks postoperatively. Given the timeline for follow-up of 
up to 4  weeks observed in the noncardiac literature,24 we 
selected 8 weeks to be inclusive of as many studies as possible.

Secondary outcomes will include the number of red 
blood cell transfusions received, the change in ferritin 
level after iron administration, the change in reticulocyte 
count after iron administration, the change in hemoglobin 
concentration after iron administration and adverse events.

Search strategy
The search for relevant studies will include the following 
databases, with no language limits: MEDLINE (via Ovid, 
1946 to Nov. 19, 2020), Embase Classic + Embase (via Ovid, 
1947 to Nov. 19, 2020), the Cochrane Central Register of 
Controlled Trials (via the Cochrane Library, Issue 11 of 12, 
November 2020), clinicaltrials.gov, the Web of Science and 
the first 50 results from Google Scholar. The search strategy 
was piloted in MEDLINE (Appendix 1, available at www.
cmajopen.ca/content/9/2/E623/suppl/DC1) by a hospital 
librarian (A.A.-Z.), and searched both text words and relevant 
indexing, where available, to identify publications. The MED-
LINE strategy design will be applied to all databases, with 
modifications to adapt to the other databases as necessary. 

The search strategy was developed by 1 of the authors 
(A.A.-Z.) and was peer-reviewed by 2 other hospital librarians.

Identification and selection of studies
The search strategy results will be uploaded to the Rayyan 
Web application, which facilitates article identification and 
screening.25 The titles and abstracts will be independently 
screened for eligibility by 4  reviewers (A.G., A.C., L.A.K., 
P.G.B.) in duplicate. We will perform calibration exercises to 
pilot the screening process. A random sample of 50  articles 
will be chosen. The reviewers will apply inclusion and exclu-
sion criteria and will meet to discuss the level of agreement. 
Once a level of agreement greater than 90% is reached, for-
mal screening will begin. If a reviewer believes that the cita-
tion fulfils the eligibility criteria, the manuscript will undergo 
a full-text review, which will be independently performed by 
2  reviewers based on the eligibility criteria. In cases of dis-
agreement, the reviewers will discuss and come to a consen-
sus. If the reviewers are unable to agree, a third reviewer 
(S.S.Y. or M.J.C.) will make the final decision. A preconsen-
sus level of agreement (Cohen κ coefficient) will be reported.

Data extraction
Two reviewers (S.S.Y. and M.J.C.) will independently per-
form data extraction in Microsoft Excel. Calibration exercises 
will be done to ensure consistency. Any discrepancies will be 
resolved through consensus.

For any missing or unclear data, we will contact the 
authors of the trial in question. Only complete data will be 
included in the systematic review and meta-analysis.

Risk of bias assessment
Two reviewers (S.S.Y. and M.J.C.) will independently assess 
the risk of bias. They will use the Cochrane Collaboration 
Risk of Bias Tool26 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 will be categorized as high, low or unclear. A consen-
sus process will be used to resolve any discrepancies.

Quality of evidence
The quality of each outcome will be evaluated with the 
GRADE guidelines.27 Two reviewers (S.S.Y. and M.J.C.) will 
examine the risk of bias, consistency, directness, imprecision 
and reporting bias of each outcome. Randomized controlled 
trials will initially be assumed to be of high quality and will 
then be downgraded based on the described criteria. The 
quality of the evidence will be categorized as high (the review-
ers are confident that the estimated effect is close to the real 
effect), moderate (the reviewers are moderately confident that 
the result is close to the real effect), low (the reviewers have 
low confidence that the estimated effect is close to the true 
effect) or very low (the reviewers feel that the effect estimate 
is likely substantially different from the true effect).
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Statistical analysis
To measure the treatment effect, the description of the 
administration route, dosage and timing of iron therapy for 
each trial will be provided in a table. We will analyze primary 
and secondary outcomes using a random-effects model 
(DerSimonian and Laird method) and Review Manager 5.3 
(The Cochrane Collaboration). Point estimates and 95% con-
fidence intervals will be reported. We will present continuous 
outcomes using mean difference, and dichotomous outcomes 
using risk ratio or risk difference. If the article provides a 
median and interquartile range, we will convert them to mean 
and standard deviation using the method described by Wan 
and colleagues.5

We will evaluate the included studies for statistical hetero-
geneity using the I2 statistic. If substantial heterogeneity (I2 ≥ 
50%) is identified, we will perform subgroup analyses to 
explain the source of heterogeneity. The following subgroups, 
defined a priori, will be examined: male versus female, timing 
of iron administration, dosing of iron therapy, and presence of 
preoperative anemia versus absence of preoperative anemia.

Trial sequential analysis
Trial sequential analysis will estimate the required informa-
tion size, as it accounts for study-level heterogeneity.28 We 
will use TSA software, version 0.9 (Copenhagen Trial Unit) 
for the primary outcome. The calculation, defined a priori, 
will be based on an expected relative risk reduction of 30% 
with a 2-sided α of 0.05 and a power of 80%. The heteroge-
neity level will be assumed to be 30% within the cardiac sur-
gery population, and the control event rate from the meta-
analysis will be used.

Sensitivity analysis
We will perform sensitivity analysis to evaluate potential 
sources of bias resulting from trials that are deemed as having 
a high risk of bias. We will also construct a funnel plot to ver-
ify for any publication bias.

Ethics approval
Ethics approval is not required for this systematic review and 
meta-analysis.

Interpretation

This systematic review and meta-analysis will summarize the 
current evidence for the preoperative administration of iron 
without erythropoietin in patients undergoing cardiac sur-
gery. Currently, preoperative administration of iron is not 
standard for patients with anemia who present for cardiac sur-
gery. The findings of this systematic review and meta-analysis 
may support the creation of formal recommendations regard-
ing iron therapy for patients undergoing cardiac surgery and 
help with future research design if needed.

It is possible that a positive result may be shown in our 
study but that the studies included will be of insufficient qual-
ity to support the creation of a formal recommendation, simi-
lar to what was observed by Schack and colleagues19 in their 

meta-analysis evaluating a similar therapy in patients undergo-
ing noncardiac surgery. The Intravenous Iron for the Treat-
ment of Anaemia Before Cardiac Surgery (ITACS) trial, 
aimed at determining the efficacy, safety and cost-effectiveness 
of preoperative iron therapy in patients with anemia before 
elective cardiac surgery, is currently underway (NCT-
02632760); however, it is not expected to be completed before 
October 2023.

The results of our study will be submitted for presentation 
at a conference and to a peer-reviewed journal.

Limitations
Limitations include the difficulty to account for all confound-
ing factors leading to perioperative blood transfusion, includ-
ing baseline hemoglobin values, transfusion thresholds, and 
coagulation status and management. Also, the potential het-
erogeneity of the studies included may limit the ability to 
answer our study question correctly. Finally, there is the pos-
sibility that some of the grey literature may be missed.

Conclusion
This study will have potential implications for the roughly 
50% of patients undergoing cardiac surgery who have anemia, 
and may potentially help guide prehabilitation protocols 
before cardiac surgery.

References
 1. Hung M, Besser M, Sharples LD, et al. The prevalence and association with 

transfusion, intensive care unit stay and mortality of pre-operative anaemia in a 
cohort of cardiac surgery patients. Anaesthesia 2011;66:812-8.

 2. Gulack BC, Kirkwood KA, Shi W, et al. Secondary surgical-site infection after 
coronary artery bypass grafting: a multi-institutional prospective cohort study. 
J Thorac Cardiovasc Surg 2018;155:1555-62.e1.

 3. Cutrell JB, Barros N, McBroom M, et al. Risk factors for deep sternal wound 
infection after cardiac surgery: influence of red blood cell transfusions and 
chronic infection. Am J Infect Control 2016;44:1302-9.

 4. Likosky DS, Paone G, Zhang M, et al. Red blood cell transfusions impact 
pneumonia rates after coronary artery bypass grafting. Ann Thorac Surg 2015; 
100:794-800, discussion 1.

 5. Wan X, Wang W, Liu J, et al. Estimating the sample mean and standard devia-
tion from the sample size, median, range and/or interquartile range. BMC Med 
Res Methodol 2014;14:135.

 6. Alameddine AK, Visintainer P, Alimov VK, et al. Blood transfusion and the 
risk of atrial fibrillation after cardiac surgery. J Card Surg 2014;29:593-9.

 7. Engoren M, Schwann TA, Jewell E, et al. Is transfusion associated with graft 
occlusion after cardiac operations? Ann Thorac Surg 2015;99:502-8.

 8. Tantawy H, Li A, Dai F, et al. Association of red blood cell transfusion and 
short- and longer-term mortality after coronary artery bypass graft surgery. J 
Cardiothorac Vasc Anesth 2018;32:1225-32.

 9. LaPar DJ, Hawkins RB, McMurry TL, et al. Preoperative anemia versus blood 
transfusion: Which is the culprit for worse outcomes in cardiac surgery? J Tho-
rac Cardiovasc Surg 2018;156:66-74.e2.

10. Mazer CD, Whitlock RP, Fergusson DA, et al. Restrictive or liberal red-cell 
transfusion for cardiac surgery. N Engl J Med 2017;377:2133-44.

11. Patel KV. Epidemiology of anemia in older adults. Semin Hematol 2008;45: 210-7.
12. Rossler J, Schoenrath F, Seifert B, et al. Iron deficiency is associated with 

higher mortality in patients undergoing cardiac surgery: a prospective study. Br 
J Anaesth 2020;124:25-34.

13. Silverberg DS, Iaina A, Peer G, et al. Intravenous iron supplementation for the 
treatment of the anemia of moderate to severe chronic renal failure patients 
not receiving dialysis. Am J Kidney Dis 1996;27:234-8.

14. Xu H, Duan Y, Yuan X, et al. Intravenous iron versus placebo in the manage-
ment of postoperative functional iron deficiency anemia in patients undergoing 
cardiac valvular surgery: a prospective, single-blinded, randomized controlled 
trial. J Cardiothorac Vasc Anesth 2019;33:2941-8.

15. Spahn DR, Schoenrath F, Spahn GH, et al. Effect of ultra-short-term treat-
ment of patients with iron deficiency or anaemia undergoing cardiac surgery: a 
prospective randomised trial. Lancet 2019;393:2201-12.

16. Lee SH, Shim JK, Soh S, et al. The effect of perioperative intravenously 
administered iron isomaltoside 1000 (Monofer®) on transfusion requirements 



E626 CMAJ OPEN, 9(2) 

Research

for patients undergoing complex valvular heart surgery: study protocol for a 
randomized controlled trial. Trials 2018;19:350.

17. Koch TA, Myers J, Goodnough LT. Intravenous iron therapy in patients 
with iron deficiency anemia: dosing considerations. Anemia 2015;2015: 
763576.

18. Johansson PI, Rasmussen AS, Thomsen LL. Intravenous iron isomaltoside 
1000 (Monofer®) reduces postoperative anaemia in preoperatively non-
anaemic patients undergoing elective or subacute coronary artery bypass graft, 
valve replacement or a combination thereof: a randomized double-blind 
placebo-controlled clinical trial (the PROTECT trial). Vox Sang 2015; 109: 
257-66.

19. Schack A, Berkfors AA, Ekeloef S, et al. The effect of perioperative iron ther-
apy in acute major non-cardiac surgery on allogenic blood transfusion and 
postoperative haemoglobin levels: a systematic review and meta-analysis. World 
J Surg 2019;43:1677-91.

20. Ng O, Keeler BD, Mishra A, et al. Iron therapy for preoperative anaemia. 
Cochrane Database Syst Rev 2019;(12):CD011588.

21. Cho BC, Serini J, Zorrilla-Vaca A, et al. Impact of preoperative erythropoietin 
on allogeneic blood transfusions in surgical patients: results from a systematic 
review and meta-analysis. Anesth Analg 2019;128:981-92.

22. Dai L, Mick SL, McCrae KR, et al. Preoperative anemia in cardiac operation: 
Does hemoglobin tell the whole story? Ann Thorac Surg 2018;105:100-7.

23. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for system-
atic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 
2015;4:1.

24. Richards T, Baikady RR, Clevenger B, et al. Preoperative intravenous iron to 
treat anaemia before major abdominal surgery (PREVENTT): a randomised, 
double-blind, controlled trial. Lancet 2020;396:1353-61.

25. Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan — a web and mobile 
app for systematic reviews. Syst Rev 2016;5:210.

26. Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of 
bias in randomised trials. BMJ 2019;366:l4898.

27. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: What is “quality of evi-
dence” and why is it important to clinicians? BMJ 2008;336:995-8.

28. Wetterslev J, Jakobsen JC, Gluud C. Trial Sequential Analysis in systematic 
reviews with meta-analysis. BMC Med Res Methodol 2017;17:39.

Affiliations: Faculty of Medicine (Cameron, Gosselin, Gholipour 
Baradari, Chirico, Yang), McGill University; Department of Anesthesia 
(Cameron, Al Kharusi, Yang), McGill University; Department of Anes-
thesia (Cameron, Yang), Jewish General Hospital; McGill University 
Health Centre Medical Libraries (Amar-Zifkin), Montréal, Que.

Contributors: Matthew Cameron, Stephen Yang, Latifa Al Kharusi, 
Pouya Gholipour Baradari, Adam Gosselin and Anissa Chirico conceived 
of and designed the study, and drafted the manuscript. Matthew Cameron 
and Stephen Yang revised the manuscript critically for important intellec-
tual content. All of the authors approved the final version to be published 
and agreed to be accountable for all aspects of the work. 

Funding: Matthew Cameron holds a foundation grant from le Fondation 
d’anesthésiologie et réanimation du Québec.

Data sharing: All data will be available on request.

Content licence: This is an Open Access article distributed in accor-
dance with the terms of the Creative Commons Attribution (CC BY-NC-
ND 4.0) licence, which permits use, distribution and reproduction in any 
medium, provided that the original publication is properly cited, the use 
is noncommercial (i.e., research or educational use), and no modifications 
or adaptations are made. See: https://creativecommons.org/licenses/
by-nc-nd/4.0/.

Supplemental information: For reviewer comments and the original 
submission of this manuscript, please see www.cmajopen.ca/content/9/2/
E623/suppl/DC1.


