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Context and Policy Issues 

Preoperative anemia, which is often associated with iron deficiency, is a risk factor for poor 

outcome in patients undergoing surgery.1 According to the World Health Organization, 

anemia is defined as a circulating hemoglobin concentration of less than 130 g/L for men 

and less than 120 g/L for women.2 Iron deficiency is categorized as either absolute (iron 

deficiency anemia) or functional (anemia of inflammation, and also referred to as anemia of 

chronic disease).3 Several factors may contribute to iron deficiency anemia such as 

inadequate iron absorption, and bleeding due to an underlying disease condition.1 Iron is 

needed as a substrate for the bone marrow to produce erythrocytes.4 The prevalence of 

preoperative anemia varies between 5% and 76% depending on the age of the patient, the 

nature of the condition and the type of surgery planned;5 the prevalence being 26% for 

major orthopedic surgery,3 and 50% for cardiac surgery.2 

Treatment options for iron deficiency anemia include blood transfusion, oral iron, and 

intravenous iron.4 Traditionally, the focus was on the use of blood transfusion to manage 

anemia in the preoperative phase.6 However, blood transfusion is associated with risks 

such as infection, transfusion reaction, postoperative complications, and extended hospital 

stay.1,2,6 Furthermore, blood transfusion may have substantial cost implications.1 Oral iron 

is inexpensive and easy to administer but is associated with gastrointestinal side effects 

such as abdominal pain, diarrhea, constipation and dyspepsia which negatively impact 

compliance.5 Iron dextran formulations were developed both for intramuscular and 

intravenous administration, however due to the associated adverse effects, they were 

phased out. Since then, various formulations of intravenous iron (such as iron sucrose, 

ferric gluconate, ferrumoxytol, ferric carboxymaltose, iron isomaltiside) have been 

developed. These newer formulations have shown promise in treating anemia in a number 

of disease conditions (such as inflammatory bowel disease, chronic heart failure and 

chronic kidney disease.5 There is some suggestion that intravenous iron may be a useful 

treatment option for iron deficient anemia in patients undergoing surgery. 

The purpose of this report is to review the clinical effectiveness and cost-effectiveness of 

intravenous iron preparations administered preoperatively, for iron deficient adult patients 

undergoing elective surgery. Additionally, this report aims to review the evidence-based 

guidelines regarding the use of intravenous iron preparations administered preoperatively, 

for iron deficient adult patients undergoing elective surgery (i.e., any surgery scheduled in 

advance of the operation). 

Research Questions 

1. What is the clinical effectiveness of intravenous iron preparations for patients identified 

as iron deficient undergoing elective cardiac surgery or other elective surgery? 

2. What is the cost-effectiveness of intravenous iron preparations for patients identified as 

iron deficient undergoing elective cardiac surgery or other elective surgery? 

3. What are the evidence-based guidelines regarding the use of intravenous iron 

preparations for patients identified as iron deficient undergoing elective cardiac surgery 

or other elective surgery? 
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Key Findings 

Limited quality evidence suggests that for adult anemic patients, intravenous iron 

administration resulted in better control of hemoglobin levels and fewer blood transfusions 

compared with no intravenous iron or usual care, however the between group differences 

were not always statistically significant. One study of limited quality suggested that 

infections were statistically significantly fewer with intravenous iron compared with no 

intravenous iron and that in terms of survival there was no statistically significant difference 

between the groups.   

One economic study showed that with hemoglobin optimization using intravenous iron, the 

cost of avoiding one patient transfusion was €831, and the cost of sparing one unit of red 

blood cells was €405, and the authors concluded that intravenous iron was cost effective in 

comparison with no optimization.  

One evidence-based guideline recommends intravenous iron before and after surgery for 

patients with iron deficiency anemia who are unable to tolerate or absorb oral iron, or 

unable to adhere to oral iron therapy, or the time interval between diagnosis of anemia and 

performance of surgery is too short for oral iron to be effective. 

Methods 

Literature Search Methods 

A limited literature search was conducted on key resources including PubMed, the 

Cochrane Library, University of York Centre for Reviews and Dissemination (CRD) 

databases, Canadian and major international health technology agencies, as well as a 

focused Internet search. Two separate searches were conducted. For Q1 and 2, the search 

used no filters. For Q3, a broader search applied methodological filters to limit retrieval to 

health technology assessments, systematic reviews, meta-analyses, and guidelines. Where 

possible, retrieval was limited to the human population. The search was also limited to 

English language documents published between January 1, 2014 and February 28, 2019. 

Internet links were provided, where available. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, titles 

and abstracts were reviewed and potentially relevant articles were retrieved and assessed 

for inclusion. The final selection of full-text articles was based on the inclusion criteria 

presented in Table 1. 

 

Table 1: Selection Criteria 

Population Adult patients identified as iron deficient undergoing elective surgery (i.e., any surgery scheduled in 
advance of the operation) 

Intervention Intravenous iron preparations (e.g., iron isomaltoside, ferric carboxymaltose, iron sucrose, ferumoxytol) 

Comparator Q1-Q2: Blood transfusion, standard of care, saline, no treatment, no intravenous iron, placebo 
Q3: No comparator 
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Outcomes Q1: Clinical Effectiveness (e.g., mortality, length of hospital stay, comorbidities, need for blood transfusion, 
hemoglobin level), safety (e.g., rate of adverse events) 
Q2: Cost-effectiveness (e.g., cost savings, downstream overall savings to the health system, health care 
utilization) 
Q3: Evidence-based guidelines 

Study Designs Health technology assessment, systematic review/meta-analyses, randomized controlled trial (RCT), non-
randomized study, economic evaluation, and evidence-based guideline 

Exclusion Criteria 

Studies were excluded if they did not meet the selection criteria outlined in Table 1, they 

were duplicate publications, or were published prior to 2014. Studies in which the 

comparator was oral iron were excluded. Also, studies in which the comparator was 

standard care or usual care, which included oral iron as one of the treatment option, were 

excluded. Studies involving patients undergoing elective surgery and non-elective surgery 

were excluded unless results were presented separately for the patients undergoing 

elective surgery. Studies on peri-operative or post-operative intravenous iron treatment 

were excluded. Guidelines with unclear methodology were excluded. 

Critical Appraisal of Individual Studies 

The included systematic review was critically appraised by one reviewer using AMSTAR 27 

non-randomized studies were critically appraised using Downs and Black checklist,8   

economic evaluations were critically appraised using the Drummond checklist,9 and 

evidence-based guidelines were critically assessed using AGREE 2.10 Summary scores 

were not calculated for the included studies, rather, the strengths and limitations of each 

individual study were described narratively. 

Summary of Evidence 

Quantity of Research Available 

A total of 402 citations were identified in the literature search. Following screening of titles 

and abstracts, 375 citations were excluded and 27 potentially relevant reports from the 

electronic search were retrieved for full-text review. Two potentially relevant publications 

were retrieved from the grey literature search for full text review. Of these potentially 

relevant articles, 23 publications were excluded for various reasons, and six publications 

met the inclusion criteria and were included in this report. These comprised one systematic 

review,5 three non-randomized studies,11-13 one economic evaluation,14 and one evidence-

based guideline.15 Appendix 1 presents the PRISMA16 flowchart of the study selection. 

Summary of Study Characteristics 

Study characteristics are summarized and additional details are provided in Appendix 2, 

Tables 2 to 5. 

Study Design 

One relevant systematic review published in 2015 by Ng et al.5 was identified. This 

systematic review had a broad focus and of the 16 included studies, only one included RCT 

published in 2009 was relevant for this report. 
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Three relevant retrospective non-randomized studies11-13 were identified. All three studies 

were published in 2018. 

One relevant economic evaluation14 published in 2018 was identified. This evaluation was a 

cost-effectiveness study based on an analytic decision model. The perspective was that of 

the hospital and the time horizon was length of hospital stay. 

One relevant evidence-based guideline15 was identified. It was published in 2015. The 

guideline development group was a multidisciplinary team and included health 

professionals, researchers and lay persons. Guidelines were developed based on expert 

consensus. 

Country of Origin 

The systematic review5 was published from the UK. Of the three included retrospective 

studies,11-13 two studies11,13 were published from Germany and one study12 was published 

from the Netherlands. 

The economic evaluation14 was published from Spain. 

The guideline15 was published from the UK. 

Population 

The relevant RCT in the selected systematic review,5  involved 18 adult anemic patients 

who were undergoing colorectal surgery. The patients’ age was not specified. 

Of the three retrospective studies,11-13 two studies11,13 considered adult anemic patients 

undergoing various types of surgeries, and one study12 considered adult anemic patients 

undergoing colorectal surgery. The number of patients ranged between 143 and 319. In 

one study11 the median age in the four subgroups ranged between 63 years and 73 years, 

in one study12 the mean age was 73 years, and in one study13 the age range was between 

22 years and 87 years. 

The economic evaluation14 considered iron deficient anemic patients undergoing knee 

arthroplasty. The model simulated 20,000 patients randomized to the intervention and 

control arms in a 1:1 ratio. Patients’ age considered for the evaluation was not reported 

The guideline15 is intended for use by healthcare professionals responsible for assessing 

and managing blood transfusions and the target population is patients (> 1 year) who may 

need blood transfusion. 

Interventions and Comparators 

In the RCT included in the systematic review,5 intravenous iron  (iron sucrose) was 

compared to placebo. In the three retrospective studies,11-13 intravenous iron (ferric 

carboxymaltose) was compared to no intravenous iron. Details of the comparator (placebo 

or no intravenous iron), were not presented. 

The economic evaluation14 compared hemoglobin optimization using intravenous iron (ferric 

carboxymaltoside) with no hemoglobin optimization. 

The guideline15 presented recommendations on use of blood transfusion and alternatives. 
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Outcomes 

Clinical outcomes reported included hemoglobin levels achieved,5,11-13 need for blood 

transfusion,5,11 infection,11 and survival.11 

The economic evaluation14 reported on the cost of avoiding one patient transfusion and the 

cost of sparing one unit of red blood cells. 

The guideline15 provided recommendations  on the use of pre-operative intravenous iron in 

patients undergoing surgery. Recommendations were not graded. 

Summary of Critical Appraisal 

Critical appraisal of the included studies is summarized below and details are presented in 

Appendix 3, Tables 6 to 9. 

The included systematic review5 was well conducted. The objective was clearly stated, a 

comprehensive literature search was conducted, study selection was described and lists of 

included and excluded studies were provided. Article selection and assessment of quality 

was conducted independently by two reviewers and the overall risk of bias for the included 

RCT (relevant for this report) was found to be low. Data extraction was done by one 

reviewer and checked by a second reviewer. Characteristics of the included primary study 

were described. Of the seven authors, four authors mentioned that there were no conflicts 

of interest, and the remaining three authors declared association with pharmaceutical 

companies. 

The three included studies,11-13 were non-randomized retrospective studies. Hence there is 

potential for selection bias and in addition it is possible that all data relevant for this study 

were not recorded. In all three studies, the objective was clearly stated, the inclusion criteria 

were stated, and the patient characteristics, interventions and outcomes were described. 

However, in all three studies the details of the comparator intervention were lacking, and in 

one study13 details of patient characteristics were also lacking. Exclusion criteria were 

mentioned in two studies12,13 and not mentioned in one study.11 Sample size calculations do 

not seem to have been conducted in any of the three studies, hence it is unclear if there 

was sufficient power to detect a difference between the interventions and comparators. In 

two studies,11,12 the authors mentioned there were no conflicts of interest and in one study13 

conflict of interest was not mentioned 

In the included economic study14 the objective, strategies compared, time horizon and 

perspective were stated. Cost data source was specified. Clinical data was obtained from a 

simulated clinical trial. Probabilities of transfusion and the units of red blood cells 

transfusion were obtained from previous studies by the group, however the probability 

values were not presented, hence their appropriateness could not be assessed. The 

increase in hemoglobin levels with intravenous iron administration was modelled as a 

triangular distribution and justification for it was provided. Sensitivity analysis was 

conducted. As a threshold value for cost-effectiveness was not mentioned it was unclear if 

the conclusion was consistent with the results. Furthermore as the time horizon was 

hospital stay, the cost-effectiveness in the long term is unclear. The majority of the authors 

had no conflicts of interest to declare, except one author received funding from the 

manufacturer and potential for bias cannot be ruled out. 

In the included guideline15 the scope and purpose were described. The methodology used 

to develop the guidelines was rigorous. Systematic methods were used to identify and 
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select evidence, quality of the evidence was assessed, the guideline document was 

externally reviewed, and a process was in place for updating the guideline when needed. 

The guideline development group comprised of experts, researchers and lay persons. The 

members of the guideline development group were required to declare their conflicts of 

interest and a policy was in place to address them. Recommendations were formulated by 

expert consensus. The recommendations were well presented and unambiguous. The 

recommendations were not graded. Barriers and resource implications with respect to 

application of the guidelines, and monitoring and auditing criteria were not discussed.  

Summary of Findings 

Relevant study findings are summarized and additional details are presented in Appendix 4, 

Tables 10 to 13. 

Clinical Effectiveness of Intravenous Iron 

One systematic review5 and three non-randomized11-13 were identified regarding the clinical 

effectiveness of preoperative intravenous iron for patients undergoing elective surgery. 

Relevant study findings are summarized and tables of the main study findings and authors’ 

conclusions are presented in Appendix 4, Tables 10 and 11. 

A single relevant RCT included in a systematic review5 showed that in a subgroup of adult 

anemic patients undergoing colorectal surgery, increase in hemoglobin level was higher 

and proportion of patients needing blood transfusion was lower at the end of pre-operative 

treatment with intravenous iron compared to placebo. For both outcomes, the between 

group differences were not statistically significant. 

One retrospective study12 involving adult anemic patients undergoing colorectal surgery, 

found that the increase in hemoglobin level was statistically significantly higher in the 

intravenous iron group compared with the usual care (no iron) group (P < 0.001). Besides 

hemoglobin levels, no other outcomes were reported. 

One retrospective study11 involving adult anemic patients undergoing various types of 

surgery found that hemoglobin levels were better controlled in patients receiving 

intravenous iron compared to patients not receiving intravenous iron; statistical significance 

of the between group difference was not reported. Also, there was no between group 

difference with respect to need for blood transfusion or survival. The between group 

difference with respect to infection rate was statistically significant, favoring intravenous iron 

treatment. 

One retrospective study13 involving adult anemic patients undergoing various types of 

surgery found that hemoglobin levels were higher with intravenous iron compared to no 

intravenous iron, and the between group difference was statistically significant, favoring 

intravenous iron treatment. Besides hemoglobin levels, no other outcomes were reported. 

Cost-Effectiveness 

One economic study14 was identified regarding the cost-effectiveness of preoperative 

intravenous iron for patients undergoing elective surgery (knee arthroplasty). Relevant 

study findings are summarized and a table of the main study findings and authors’ 

conclusions are presented in Appendix 4, Table 12. 

This included economic study14 showed that with hemoglobin optimization using 

intravenous iron (ferric carboxymaltose), the cost of avoiding one patient transfusion was 
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€831, and the cost of sparing one unit of red blood cells was €405. The authors concluded 

that intravenous iron was cost-effective in comparison with no hemoglobin optimization with 

intravenous iron. However, the extent of cost-effectiveness seems unclear as a threshold 

value for cross-effectiveness was not provided. 

Guidelines 

One evidence-based guideline15 was identified regarding recommendations for 

preoperative intravenous iron for patients undergoing elective surgery. Relevant 

recommendations are summarized and related details are presented in Appendix 4, Table 

13. 

This guideline recommends intravenous iron for patients undergoing surgery, if the patient 

is unable to tolerate or adhere to oral iron therapy, or has functional iron deficiency, or the 

time interval between diagnosis of iron deficiency and day of surgery is too short for oral 

iron to be effective. 

Limitations 

The majority of the studies involved anemic patients, however it was unclear if they all had 

iron deficient anemia. 

Studies in which the comparator intervention included oral iron among the various treatment 

options were excluded. However, in some studies, the composition of the comparator 

intervention was not clearly stated, so it was unclear if oral iron was included. As a result, 

studies in which the comparator arm was “no intravenous iron,” may have included oral 

iron. 

No study comparing intravenous iron with blood transfusion was identified. 

The systematic review by Ng et al.5 was well conducted, but the evidence relevant for this 

report was limited. The systematic review5 had a broad objective, and therefore only a 

subgroup of one of the included studies was found to be relevant for this report,  

No evidence with respect to outcomes such as quality of life, post-operative complications, 

morbidity, and mortality were identified. 

None of the studies were conducted in Canada; hence generalizability to the Canadian 

setting is unclear. 

Conclusions and Implications for Decision or Policy Making 

One systematic review5 and three non-randomized, retrospective studies11-13 were 

identified regarding the clinical effectiveness of intravenous iron preparations for patients 

undergoing elective surgery. One economic study14 was identified regarding the cost-

effectiveness of intravenous iron preparations for patients undergoing elective surgery. One 

evidence-based guideline15 was identified regarding the use of intravenous iron 

preparations for patients undergoing elective surgery. 

All the four included clinical studies5,11-13 reported on the control of hemoglobin levels 

achieved with intravenous iron compared with no intravenous iron or usual care, and 

intravenous iron seemed to offer better control, however the between group difference was 

not always statistically significant. The need for blood transfusion was reported in two 

studies5,11 and seemed less with intravenous iron compared with no intravenous iron or 
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placebo, but the between group difference was not statistically significant. One study11 

reported that the infection rate was statistically significantly less with intravenous iron 

compared with no intravenous iron, and the between group difference was not statistically 

significant for survival. 

The single included economic study14 showed that with hemoglobin optimization using 

intravenous iron (ferric carboxymaltose), the cost of avoiding one patient transfusion was  

€831 and the cost  of sparing one unit of red blood cells was €405, and the authors 

concluded that intravenous iron was cost-effective in comparison with no optimization. 

Findings from the clinical studies need to be interpreted in light of the limitations (such as 

small size, and limited quality of the studies). It is possible that larger studies may have 

shown an effect. High quality studies would increase confidence in the effect. Also, findings 

from the economic study need to be interpreted in the light of limitations (such as lack of 

details of assumptions used, and lack of information with respect to probabilities used in the 

model). 

The NICE guideline15 recommends intravenous iron before and after surgery for patients 

with iron deficiency anemia who are unable to tolerate or absorb oral iron, or unable to 

adhere to oral iron therapy, or the time interval between diagnosis of anemia and 

performance  of surgery is too short for oral iron to be effective. Somewhat similar 

suggestions were provided by two guidance documents.17,18 However, these two guidance 

documents had unclear methodology, hence did not meet our inclusion criteria. One 

guidance document was a Consensus Statement by Munoz et al.17 It recommends 

intravenous iron as first-line therapy for patients not responding to oral iron or intolerant to 

it, or are undergoing surgery within six weeks after diagnosis of iron deficiency. The second 

guidance document, was a Quality Standard by Health Quality Ontario18 regarding the use 

of intravenous iron preparations. It recommends intravenous iron for patients with severe 

anemia or with symptoms of serious anemia; patients unresponsive or intolerant to oral 

iron, or patients requiring rapid correction before undergoing surgery.  

It may be useful to investigate possible predictive factors that may impact intravenous iron 

treatment success. Wittkamp et al.13 conducted a retrospective study and concluded that 

hepcidin might be a useful biomarker to determine patients who are likely to respond to 

intravenous iron treatment for preoperative anemia.  

The majority of the included studies were of limited quality. Intravenous iron appears to 

control hemoglobin levels for patients undergoing elective surgery, Evidence on need for 

blood transfusion, infection and survival were sparse, and no evidence on quality of life was 

identified. Hence, the impact of intravenous iron on these outcomes is unclear. Additional 

high quality studies are needed to determine definitively the clinical effectiveness and cost-

effectiveness of intravenous iron therapy for iron-deficient patients undergoing elective 

surgery.  
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Appendix 1: Selection of Included Studies 
 
 
 
 

  

375 citations excluded 

27 potentially relevant articles retrieved 
for scrutiny (full text, if available) 

2 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand search) 

29 potentially relevant reports 

23 reports excluded: 
-irrelevant population (1) 
-irrelevant intervention (6) 
-irrelevant comparator (3) 
-systematic review with all studies 
included in selected systematic reviews 
(1) 
-guideline with unclear method (2) 
-other (review articles, editorials, 
letters)(10) 

 

6 reports included in review 

402 citations identified from electronic 
literature search and screened 
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Appendix 2: Characteristics of Included Publications 

Table 2: Characteristics of Included Systematic Review and Meta-Analyses 

First Author, 
Publication Year, 
Country 

Study Designs and 
Numbers of Primary 
Studies Included 

Population 
Characteristics 

Intervention and 
Comparator(s) 

Clinical Outcomes, 
Length of Follow-Up 

Ng,5 2015, UK Systematic review 
which included 1 
relevant RCT 
 
This systematic review 
had a broad objective: 
to assess pre-operative 
iron therapy [enteral or 
parenteral] to reduce 
ABT in anemic patients 
undergoing surgery. It 
included 16 studies of 
which 1 study was 
relevant for our report 
and is presented here 

Adult anemic patients 
undergoing colorectal 
surgery  
 
N = 18 (9 in each arm) 
 
Age: NR 
 
% Female: NR 
 
Baseline (i.e., at 
diagnosis) Hb level: NR 
 
 

IVI versus placebo  
 
IVI: IV iron sucrose 600 
mg in two doses. 
 
Placebo: details NR 

ABT, hemoglobin level 
 

ABT = allogenic blood transfusion; Hb = hemoglobin; IV = intravenous; IVI = intravenous iron; NR = not reported; RCT = randomized controlled trial 

Table 3: Characteristics of Included Primary Clinical Studies 

First Author, 
Publication Year, 
Country 

Study Design Population 
Characteristics 

Intervention and 
Comparator(s) 

Clinical Outcomes, 
Length of Follow-
Up 

Non-randomized studies 

Ellermann,11 2018, 
Germany 

Retrospective analysis 
of adult patients 
scheduled for elective 
surgery between April 
2014 and June 2016. 
 
Exclusion criteria not 
explicitly mentioned. 

Adults (with anemia) 
undergoing elective 
surgery; majority 
(59.6%) were from the 
Cardiac and Thoracic 
Surgery department, 
11.1% from the 
Orthopedic department, 
and 10.5% from the 
Gynecology and 
Obstetrics department. 
 
N = 319 (107 men w/o 
IVI, 76 men w/ IVI, 63 
women w/o IVI, 73 
women w/ IVI) 
 
Age (years) (median 
[interquartile range]): 
73 (61 to 77) for men 
w/o IVI, 72 (62 to 78) 
for men w/ IVI, 66 (51 
to 77) for women w/o 
IVI, 63 (45 to 75) for 

IVI versus no IVI. 
 
IVI = FCM (500 to 1000 
mg). 
 
No IVI = details not 
presented 
 

Primary outcome: pre-
surgery hemoglobin 
level, 
Secondary outcomes: 
blood transfusion (use 
of red blood cells) and 
mortality; 
Other outcomes: 
adverse events 
(infection) 



 

 
SUMMARY WITH CRITICAL APPRAISAL Intravenous Iron Preparations for Patients Undergoing Elective Surgery 14 

First Author, 
Publication Year, 
Country 

Study Design Population 
Characteristics 

Intervention and 
Comparator(s) 

Clinical Outcomes, 
Length of Follow-
Up 

women w/ IVI. 
 
Baseline Hb level 
(g/dL) (median 
[interquartile range]): 
11.8 (10.7 to 12.5) for 
men w/o IVI, 10.9 (10.1 
to 11.8) for men w/ IVI, 
10.8 (10.0 to 11.4) for 
women w/o IVI, 10.7 
(9.6 to 11.3) for women 
w/ IVI. 

Wilson,12 2018, The 
Netherlands 

Retrospective study 
involving consecutive 
patients undergoing 
CRC surgery  between 
January 2010 and July 
2016, at a teaching 
hospital (Reiner de 
Graaf Hospital) 
 
Exclusion criteria: 
In the IVI group, 
patients who received 
their first IVI less than 7 
days before surgery 
were excluded In the 
UC group, patients who 
received IVI, between 6 
and 12 months before 
surgery were excluded 
Patients with missing 
data with respect to 
baseline Hb levels and 
blood transfusions 
were excluded.  

Adult patients (with 
anemia) undergoing 
elective colorectal 
surgery. (This 
subgroup is relevant for 
this report. This is a 
subgroup of patients 
remaining after all 
factors [such as preop 
BT] possibly directly 
affecting baseline Hb 
level were excluded.)  
 
205 (52 in IVI and 153 
in UC) 
 
Age (years) (mean ± 
SD): 
71.3 ± 11.6 in IVI, 
74.3 ± 9.5 in UC 
 
% Female: 
55.8% in IVI, 
39.2% in UC 
 
Baseline Hb level 
(mmol/L):  
6.3 ± 0.8 in IVI, 
6.9 ± 0.7 in UC 

IVI vs UC 
 
IVI = 1000 mg to 2000 
mg of iron (III) 
carboxymaltose 
(Ferinject) or iron (III) 
isomaltoside (Monofer) 
 
UC = no iron therapy 
 
 

Primary outcome: pre-
surgery hemoglobin 
level , 
Secondary outcomes 
(blood transfusion, 
complications) were 
reported for the entire 
cohort but not for the 
subgroup relevant for 
this report. 
 
Time span between 
first IVI infusion and 
surgery: NR 

Wittkamp,13 2018, 
Germany 

Retrospective study 
conducted between 
October 2010 and June 
2016, at the 
Department of 
Anesthesiology, 
Intensive Care and 
Pain Medicine of a 
University hospital in 
Germany. 
The objective of this 

Adult patients (with 
anemia) undergoing 
elective surgery at the 
departments of general 
surgery, gynecology, 
neurosurgery, oral 
surgery, vascular 
and endovascular 
surgery, orthopedics 
and urology, 
(department of 

IVI versus no IVI 
 
IVI = 500 to 1000 mg 
ferric carboxymaltose 
(Ferinject) 
 
No IVI: details not 
presented 
 
(No preoperative 
administration of red 

Pre-surgery 
hemoglobin level. 
 
Time span between 
first IVI infusion and 
surgery varied between 
4 days and 28 days.  
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First Author, 
Publication Year, 
Country 

Study Design Population 
Characteristics 

Intervention and 
Comparator(s) 

Clinical Outcomes, 
Length of Follow-
Up 

study was to assess 
the potential of 
hepcidin to predict 
response of patients to 
IVI treatment for 
preoperative anemia. 
 
Exclusion criteria: 
Patients from 
cardiothoracic surgery 
were excluded as time 
between first IVI and 
surgery was 0 to 4 
days. 

cardiothoracic surgery 
was excluded) 
 
N =143 (79 in IVI group 
and 64 in no IVI group) 
 
Age (years): 22 to 87 
 
% Female: NR 
 
Baseline Hb level: NR 
 
 
 

blood cell 
concentrates.) 

BT = blood transfusion; FCM = ferric carboxymaltose; Hb = hemoglobin; IVI =intravenous iron; NR = not reported; SD = standard deviation; UC = usual care 

Table 4: Characteristics of Included Economic Evaluation 

First 
Author, 
Publication 
Year, 
Country 

Type of 
Analysis, 
Time 
Horizon, 
Perspective 

Decision 
Problem 

Population 
Characteristics 

Intervention 
and 
Comparator(s)  

Clinical and 
Cost Data Used 
in Analysis 

Main 
Assumptions 

Basora,14 
2018, Spain 

Cost 
effectiveness 
analysis (cost 
per patient 
transfusion 
avoided and 
red blood cell 
units spared). 
 
Time horizon 
was the length 
of hospital 
stay. 
 
Hospital 
perspective 
 
This was a 
model based 
analysis 

The 
objective 
was to test 
the 
hypothesis 
that  
Hemoglobin 
optimisation 
in iron-
deficient 
patients 
undergoing 
knee 
arthroplasty 
with 
intravenous 
ferric 
carboxymalt
ose is cost-
effective 

Patients  with iron 
deficient anemia 
undergoing knee 
arthroplasty 

Hemoglobin 
optimization 
protocol using 
intravenous ferric 
carboxymaltose 
versus no 
hemoglobin  
optimization 

The authors 
mentioned that all 
variables in the 
model were 
obtained from 
observed data, 
some of which 
had been 
previously 
published 

This study was 
based on a 
theoretical 
model not an 
empirical model. 
 
Assumptions: 
the increase in 
hemoglobin 
levels with IVI 
administration 
was modelled as 
a triangular 
distribution. The 
authors 
mentioned that 
this distribution 
is used when no 
other common 
distribution fits 
the data. 
It was unclear if 
other 
assumptions 
had been used 

IVI =intravenous iron  
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Table 5: Characteristics of Included Guideline 

Objective Intended Users, 
Target Population 

Guideline 
Development 
Group 

Methodology 

NICE Guideline,15 2015  

To provide 
guidelines for 
blood 
transfusion and 
alternatives to 
blood 
transfusion for 
patients  
undergoing 
surgery 

Intended users are 
healthcare professionals 
responsible for assessing 
and managing blood 
transfusion. 
Target population is 
patients (> 1 year) who 
may need blood 
transfusion 

A multidisciplinary 
GDG comprising of 
health professionals, 
researchers as well 
as lay persons 

A systematic review was conducted and the quality of 
evidence was assessed using GRADE 
 
Formulation of the recommendations was based on expert 
consensus  
 
Validation process: the guideline document was subject to a 
6-week public consultation and feedback as part of the 
quality assurance and peer review process. 
 
The recommendations were not graded 
 
A process for updating the guideline was in place. 
 

GDG = guideline development group; GRADE = Grading of Recommendation Assessment, Development and Evaluation; 
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Appendix 3: Critical Appraisal of Included Publications 

Table 6: Strengths and Limitations of Systematic Reviews and Meta-Analyses using 
AMSTAR 27 

Strengths Limitations 

Ng,5 2015, UK 

 The objective was clearly stated 

 Multiple databases (MEDLINE, EMBASE, Cochrane library) 
were searched until March 2015, starting 1946 for MEDLINE 
and 1947 for EMBASE. In addition, grey literature was 
searched including clinical trials registry, and conference 
proceedings.  

 Study selection was described and a flow chart was 
presented 

 Lists of included studies and excluded studies were provided 

 Article selection was done independently by two reviewers 

 Data extraction was conducted by one reviewer and checked 
by a second reviewer. 

 Quality assessment (risk of bias) was done by two reviewers 
independently. Quality of the one study (relevant for this 
report): low risk with respect to selection bias, performance 
bias, detection bias, attrition bias and unclear risk with 
respect to reporting bias and other biases. 

 Characteristics of the included studies were presented 

 Meta-analysis was conducted when appropriate 
 

 Publication bias does not appear to have been examined. 
However with few studies included exploration of publication 
bias was not feasible. 

 Conflicts of interest were declared. Four of the authors had 
no known conflicts of interest and 3 of the authors were 
associated with pharmaceutical companies. 

 

 

 

Table 7: Strengths and Limitations of Clinical Studies using Downs and Black checklist8 

Strengths Limitations 

Ellermann,11 2018, Germany 

 The objective was clearly stated 

 The inclusion criteria were stated 

 Patient characteristics, intervention and outcomes were 
described. However details of the control intervention were 
lacking 

 The authors mentioned that there were no conflicts of 
interest 

 

 Not randomized. A retrospective study 

 Sample size calculations does not appear to have been 
conducted 

 Exclusion criteria were not explicitly mentioned. 

 P values were not always reported  
 

Wilson,12 2018, The Netherlands 

 The objective was clearly stated 

 The inclusion and exclusion criteria were stated 

 Patient characteristics, intervention and outcomes were 
described. However details of the control intervention were 
lacking 

 The authors mentioned that there were no conflicts of 
interest 

 

 Not randomized. A retrospective study 

 Sample size calculations does not appear to have been 
conducted 

 P values were not always reported  
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Strengths Limitations 

Wittkamp,13 2018, Germany 

 The objective was clearly stated 

 The inclusion and exclusion criteria were stated 

 Patient characteristics, intervention and outcomes were 
described. However details of the patient characteristics and 
the control intervention were lacking 

 

 Not randomized. A retrospective study 

 Sample size calculations was not conducted 

 P values were not always reported  

 Conflicts of interest of the authors were not reported 
 

 

 

Table 8: Strengths and Limitations of Economic Study using the Drummond Checklist9 

Strengths Limitations 

Basora,14 2018, Spain 

 Objectives were stated. 

 The strategies compared were stated. 

 Time horizon (hospital stay) and perspective (hospital 
perspective) were stated. 

 Clinical data source was from a simulated clinical trial of 
20,000 patients using a 1:1 randomization, with 10,000 
patients each in the optimization and no optimization arms 

 Cost data source was stated (derived from clinical 
accounting and pharmacy records of the investigator’s 
hospital) 

 There was no discounting necessary as the time horizon 
was hospital stay (likely to be less than 1 year) 

 Sensitivity analysis was conducted. 

 Of the five authors, four authors declared they had no 
conflicts of interest, and one author had received funding 
from the manufacturer for consultancy and travel. 

 

 Indirect costs were not considered as the perspective was 
that of a hospital 

 The analysis considered as time horizon: hospital stay, 
hence cost-effectiveness in the long term is unclear.  

 As the threshold value for cost-effectiveness was not 
mentioned it was unclear if the conclusion was consistent 
with the results. 

 

 

Table 9: Strengths and Limitations of Guidelines using AGREE II10 

Item 
Guideline 

NICE Guideline,15 2015 

Domain 1: Scope and Purpose 

1. The overall objective(s) of the guideline is (are) specifically described. yes 

2. The health question(s) covered by the guideline is (are) specifically described. yes 

3. The population (patients, public, etc.) to whom the guideline is meant to apply is specifically 
described. 

yes 

Domain 2: Stakeholder Involvement 

4. The guideline development group includes individuals from all relevant professional groups. yes 

5. The views and preferences of the target population (patients, public, etc.) have been sought. yes 

6. The target users of the guideline are clearly defined. yes 
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Item Guideline 

Domain 3: Rigour of Development 

7. Systematic methods were used to search for evidence. yes 

8. The criteria for selecting the evidence are clearly described. yes 

9. The strengths and limitations of the body of evidence are clearly described. yes 

10. The methods for formulating the recommendations are clearly described. yes 

11. The health benefits, side effects, and risks have been considered in formulating the 
recommendations. 

yes 

12. There is an explicit link between the recommendations and the supporting evidence. yes 

13. The guideline has been externally reviewed by experts prior to its publication. yes 

14. A procedure for updating the guideline is provided. yes 

Domain 4: Clarity of Presentation 

15. The recommendations are specific and unambiguous. yes 

16. The different options for management of the condition or health issue are clearly presented. yes 

17. Key recommendations are easily identifiable. yes 

Domain 5: Applicability 

18. The guideline describes facilitators and barriers to its application. no 

19. The guideline provides advice and/or tools on how the recommendations can be put into 
practice. 

no 

20. The potential resource implications of applying the recommendations have been considered. unclear 

21. The guideline presents monitoring and/or auditing criteria. Monitoring or auditing criteria 
were not presented 

Domain 6: Editorial Independence 

22. The views of the funding body have not influenced the content of the guideline. Probably not. NCGC was 
commissioned by NICE to 
prepare this guideline 
document. 

23. Competing interests of guideline development group members have been recorded and 
addressed. 

yes 

NCGC = National Clinical Guideline Center, NICE = National Institute of Health and Care Excellence  
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Appendix 4: Main Study Findings and Authors’ Conclusions 

Table 10: Summary of Findings Included Systematic Review and Meta-Analyses 

Main Study Findings Authors’ Conclusion 

Ng,5 2015, UK 

Adult anemic patients (N =18) undergoing colorectal 
surgery  (though a systematic review, only one of the included 

RCTs was relevant for this report and its outcome data are 
presented here) 
 
Comparison of outcomes with IVI (intravenous iron sucrose) 
versus placebo. 

 Proportion of patients receiving blood transfusion, RR 
(95% CI): 0.40 (0.10 to 1.15), favoring IVI, but between 
group difference not statistically significant 

 Hemoglobin levels at the end of treatment pre-op, MD 
(95% CI): -0.7 (-2.82 to 1.42), favoring IVI, but between 
group difference not statistically significant statistically 
significant 

 Hemoglobin levels at the end of treatment post-op, MD 
(95% CI): -1.10 (-2.07 to -0.13), favoring IVI, and 
between group difference statistically significant 
 

The authors mentioned that “Based on the current evidence we 
cannot conclude that iron therapy improves pre-operative 
anaemia or reduces the number of patients who receive 
allogeneic blood transfusions. […] ” Page 17 
 

CI = confidence interval; IVI = intravenous iron; MD = mean difference; pre-op = preoperative; RCT = randomized controlled trial; RR = risk ratio 

Table 11: Summary of Findings of Included Primary Clinical Studies 

Main Study Findings Authors’ Conclusion 

Ellermann,11 2018, Germany 

Adults (with anemia) undergoing elective surgery (various 
types) (retrospective analysis), N = 319 

 
Comparison of outcomes in patient receiving IVI  (Group w/ IVI) 
with outcomes in patient not receiving IVI (Group w/o IVI): 
 
Reduction (median [interquartile range]) in hemoglobin levels 

between the visit in the anesthesia/PBM clinic and the surgery : 
Group w/ IVI: 0 g/dL [−1.0 to 0.5 g/dL] 
Group w/o IVI: −0.8 g/dL [−2, 0 to g/dL]  
 
Overall there was no between group difference in RBC 
transfusion between the Group w/ IVI and the Group w/o IVI. For 
RBC transfusion in Group w/o IVI versus Group w/o IVI, OR 
(95% CI) = 1.14 (0.72 to 1.82) 
In a small subgroup of patients from the departments of 
Gynecology and Obstetrics, RBC transfusion was less in the 
Group w/ IVI compared to the Group w/0 IVI. 
 
Analysis of ICD codes related to infections, indicated that the 
diagnosis of at least one ICD code infection was found in 31.5% 
of patients w/ IVI and in 42.4% of the patients w/o IVI (P = 
0.0049 ). 
 

The authors stated that “An anemia clinic within the 
preanesthesia assessment clinic is a feasible and effective 
approach to treat preoperative anemia. The IVI supplementation 
was safe but was associated with decreased RBC transfusions 
in gynecology/obstetric patients only. The conclusions from this 
retrospective analysis have to be tested in prospective, 
controlled trials.” Page 1202 
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Main Study Findings Authors’ Conclusion 

After 1 year, information obtained from telephone interviews 
indicated that prevalence of infection was higher in the Group 
w/o IVI compared to the group w/ IVI 
 
There was no between group difference in terms of survival 
between the Group w/ IVI and the Group w/o IVI. 

Wilson,12 2018, The Netherlands 

Adults (with anemia) undergoing elective colorectal surgery 
(retrospective study), N = 205 
 

Increase in Hb levels was higher in the IVI group compared with 
the UC group: increase in Hb level was 0.65 in IVI group and 
0.10 in UC group (P < 0.001) 

The authors mentioned that “Implementation of IV iron therapy in 
anemic colorectal cancer patients leads to a distinctincrease of 
preoperative Hb level.” Page 795 

Wittkamp,13 2018, Germany 

Adults (with anemia) undergoing elective surgery (various 
types (retrospective study), N = 143 
 

Hb level 
Increase in Hb levels was higher in the IVI group (n =40) 
compared with the no IVI group (n =26): increase in Hb level 
(g/dL) expressed as median (interquartile range) was 0.45 (0.05 
to 1.05) with IVI and  0.1 (-0.48 to 0.73) with no IVI, P = 0.03. 
 
Comparison of serum hepcidin levels in responders (defined as 
change in Hb level ≥ 0.6 g/dL)  and non-responders (defined as 
change Hb level < 0.6g/dL) to IVI treatment ): Serum hepcidin 
levels (ng/ml) expressed as median (interquartile range) were 
higher in the group of non-responders (10.6 [3.93, 34.77]) 
compared to responders (2.1 [0.25, 7.97]), P = 0.04, suggesting 
that hepcidin level may be a predictor of response to IVI 
treatment. 

The authors mentioned that “the data of this retrospective pilot 
study indicate that hepcidin might be a promising biomarker to 
predict a patient`s responsiveness to IV iron in preoperative 
anemia treatment. Prospective studies have to investigate 
serum hepcidin levels as a biomarker to guide physician`s 
decision on IV iron substitution.” Page 1 of 16 

CI = confidence interval; IV = intravenous; IVI = intravenous iron; OR = odds ratio; PBM = Patient Blood Management; RBC = red blood cell; w/ = with; w/o = without 

Table 12: Summary of Findings of Included Economic Evaluation 

Main Study Findings Authors’ Conclusion 

Basora,14 2018, Spain 

Results are with respect to iron deficient anemic  patients 
undergoing  knee arthroplasty 

 
With hemoglobin optimization using ferric carboxymaltose, the 
cost of avoiding one patient transfusion was € 831and the cost 
of sparing one unit of red blood cells was € 405. 
 
A sensitivity analysis was conducted by varying the cost of an 
outpatient day-hospital visit. By decreasing and increasing the 
cost by 50%, the average costs per patient not exposed to 
allogeneic RBC were €606 and €1,055, respectively and cost 
per RBC unit spared ranged from € 296 and € 514. 

The authors mentioned that “our theoretical model suggests that 
FMC-based programs of pre-operative optimisation of 
haemoglobin concentration would be cost-effective in primary 
knee arthroplasty and should, therefore, be considered in 
patients with iron-deficiency anaemia.” Page 442 

 

 



 

 
SUMMARY WITH CRITICAL APPRAISAL Intravenous Iron Preparations for Patients Undergoing Elective Surgery 22 

Table 13: Summary of Recommendations in Included Guidelines 

Recommendations Strength of 
Evidence and 

Recommendations 

NICE,15 2015, UK 

 
“Consider intravenous iron before or after surgery for patients who: 

- have iron-deficiency anaemia and cannot tolerate or absorb oral iron, or are unable to adhere to 
oral iron treatment [ …] 

- are diagnosed with functional iron deficiency 
- are diagnosed with iron-deficiency anaemia, and the interval between the diagnosis of anaemia 

and surgery is predicted to be too short for oral iron to be effective.” Page 13 
 

Evidence: 
From studies comparing IVI with placebo or no IVI in surgical patients, findings for various outcomes (such 
as mortality, number of patients transfused, infection), were presented.  The quality of evidence for these 
outcomes varied between very low to low. 
 
 

Quality of the 
evidence was judged 
using GRADE.  
Grades of 
recommendations 
were not presented 

GRADE = Grading of Recommendation, Assessment, Development and Evaluation; IVI = intravenous iron; NICE = National Institute for Health and Care Excellence 

 

 


