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Abstract

Background Perioperative anaemia in relation to surgery is associated with adverse clinical outcomes. In an elective
surgical setting, it is possible to optimize patients prior to surgery, often by iron supplementation with correction of
anaemia. Possibilities for optimization prior to and during acute surgical procedures are limited. This review
investigates whether iron treatment initiated perioperatively improves outcomes in patients undergoing major acute
non-cardiac surgery.

Method This systematic review was performed using PubMed, EMBASE (Ovid) and Scopus to identify current
evidence on iron supplementation in acute surgery. Primary outcomes were allogenic blood transfusion (ABT) rate
and changes in haemoglobin. Secondary outcomes were postoperative mortality, length of stay (LOS), and post-
operative complications. Iron was administered at latest within 24 h after end of surgery.

Results Of the 5413 studies screened, four randomized controlled trials and nine observational cohort studies were
included. Ten studies included patients with hip fractures. A meta-analysis of seven studies showed a risk reduction
of transfusion (OR = 0.35 CI 95% (0.20-0.63), p = 0.0004, P= 66%). No influence on plasma haemoglobin was
found. Postoperative mortality was reduced in the iron therapy group in a meta-analysis of four observational studies
(OR 0.50 (CI 95% 0.26-0.96) p = 0.04). No effect was found on LOS, but a reduction in postoperative infection was
seen in four studies.

Conclusions This review examined perioperative iron therapy in acute major non-cardiac surgery. IV iron showed a
lower 30-day mortality, a reduction in postoperative infections and a reduction in ABT largely due to the obser-
vational studies. The review primarily consisted of small observational studies and does not have the power to
formally recommend this practice.

Introduction

Perioperative anaemia in relation to major surgery is
associated with adverse outcomes in terms of increased risk
of 30-day mortality, increased postoperative length of stay
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(LOS), as well as a higher complication rate [1, 2]. To
counteract perioperative anaemia, allogenic blood transfu-
sion (ABT) is often used; however, this practice may lead
to adverse outcomes and has been found to be a significant
contributor to the increased morbidity in acute surgical
patients [3, 4].

In an elective surgical setting, it is possible to correct
anaemia prior to surgery by oral [5-7], intravenous (IV)
iron therapy [8—11], or with erythropoietic agents. This is
not possible in acute surgery. In itself, acute major surgery
is related to worse outcomes than elective surgery due to

@ Springer


http://orcid.org/0000-0002-9280-0384
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-019-04971-7&amp;domain=pdf
https://doi.org/10.1007/s00268-019-04971-7

1678

World J Surg (2019) 43:1677-1691

the underlying disease and the often already existing sys-
temic inflammation [12]. Among patients undergoing acute
major non-cardiac surgery, there are an increased risk of
haemorrhage and requirement of blood transfusion
[3, 13]—both have been suggested among the leading
causative factors for the inferior clinical outcomes related
to acute surgery [3, 4, 14].

IV iron in immediate relation to elective surgical pro-
cedures has been shown to reduce the need for blood
transfusion [15-19]. IV iron therapy thus has the potential
to benefit patients, but the evidence is not uniform, and the
contrary has also been reported [20-23]. The purpose of
this review was to investigate whether iron treatment, ini-
tiated perioperatively, improves clinical outcomes in terms
of need for ABT, changes in haemoglobin, length of stay
(LOS), postoperative infections and mortality in patients
undergoing acute major non-cardiac surgery.

Methods
Protocol and registration

The hypothesis for the study was that perioperative iron
therapy reduces the need for postoperative ABT, reduces
the postoperative fall in haemoglobin, decreases the risk of
mortality, and lowers LOS in patients undergoing major
acute non-cardiac surgery.

The protocol for this systematic review was registered at
PROSPERO (registration number: CRD42018087385).
Preferred reporting items for systematic reviews and meta-
analyses statement (PRISMA) [24] and checklist were
followed for reporting of this systematic review.

Eligibility criteria

The population of interest concerned patients undergoing
major acute non-cardiac surgery. We included studies,
where the interventions consisted of oral or intravenous
iron with the primary administration being done between
indications of surgery until 24 h after ended surgery. We
included studies with iron therapy interventions of any
dose, frequency, and duration, oral or IV, and with
adjuncts. Studies that compared oral or IV iron to no
intervention, placebo, an active comparator, or to each
other were included.

Primary outcomes of interest were peri- and postopera-
tive blood transfusion, and clinical efficacy of therapy,
measured by changes of the haemoglobin levels. The latter
was chosen as it is relevant in clinical decision-making,
especially when deciding to give a transfusion. Secondary
outcomes were mortality, LOS, and adverse reactions to
therapy incl. infections.

@ Springer

We reported on all original studies, i.e. randomized
clinical trials (RCTs), prospective cohort studies, and
observational studies, written in Danish, English, French,
or Spanish.

Studies concerning elective surgery were excluded.
Cardiac surgery (due to extracorporeal circulation) or sur-
gery performed on children (under the age of 18) was also
omitted. We excluded studies with less than ten patients or
without a control group.

Studies containing both elective and acute patients were
only included, if data from the acute population alone were
stated and thus only data from acute surgery were included.

We excluded experimental studies (i.e. studies involving
animals or conveyed in a laboratory), abstracts, conference
publications or proceedings, letters, and duplicate
publications.

Information sources and search

A systematic search strategy was developed. The databases
PubMed, EMBASE (Ovid) and Scopus were searched from
inception until 11 November 2017 using combinations of
relevant keywords and Medical Subject Heading terms.
Searches were run without filters, limits, and publication
date or language restrictions. The complete search strategy
can be found in Appendix 1. Furthermore, a manual
screening of reference lists of identified studies and sys-
tematic reviews was performed.

Study selection

Two reviewers performed screening and selection of rele-
vant studies individually and in duplicate. Titles and
abstracts of studies identified were screened using the
above-mentioned criteria. Disagreements were discussed
and consulted with a third part. The relevant citations were
retrieved in full text and, respectively, screened and read,
thereby assessing studies for eligibility. Authors of poten-
tially relevant studies were contacted by email when
important information with respect to study design was
missing.

Data collection process and data items

Data were retrieved from all eligible studies with respect to
predefined variables. All variables not reported as the
appropriate format were converted to suitable format. No
assumptions were made, if data were not readily available
from tables or text. Authors of potentially relevant studies
were contacted by email if important variables were
missing.
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Risk of bias assessment

Risk of bias was assessed at study level, using the
Cochrane risk of bias tool for RCTs [25] and Newcastle—
Ottawa Scale [26].

Synthesis of results

We performed a narrative synthesis of all eligible studies,
describing the study origin and methodological character-
istics (study design, blinding, study arms, dosage regimen).
Clinical variables, patient characteristics (type of surgery,
etc.) and a summary of the study findings for each of the
outcomes of interest were described. All outcomes were
narratively summarized, and quantitative meta-syntheses of
each outcome or exposure were done if possible (more than
three studies included per outcome). Revman version 5.1
software, Cochrane Collaboration, 2011, was used for
meta-analysis. For typing in data, the generic inverse
variance method was used. The random-effects model was
chosen on all outcome variables not assumed to be iden-
tically defined or collected between the studies. Meta-
analysis was performed using adjusted multivariate data
whenever possible (risk ratio, hazard ratio, or odds ratio).
When only univariate data were provided, it was incorpo-
rated in the quantitative analyses if data were presented in a
manner so that a 2 x 2 table could be created.

Results of meta-analysis was not reported, when
heterogeneity was considerable (/-squared > 75%) or if
data on the outcome were deemed insufficient (size and
number of trials).

In outcome variables with heterogeneity (/-squared
> 0%), both the random-effects model and the fixed-ef-
fects model were tested to identify a potential small-study
effect, by assessing the influence of the chosen method on
the estimated effect estimate. In case of a suspected small-
study effect, a random-effects model was chosen. If data
were found available from the included studies, data were
analysed individually with regard to the management of
therapy, i.e. whether iron was administered alone or as part
of a patient blood management (PBM) protocol.

Results

Our search yielded 5413 studies, which were screened
against title and abstract. Hereof 481 studies were full-text-
screened and 468 excluded due to the reasons depicted in
Fig. 1. A total of 13 studies, four RCTs [27-30] and nine
observational studies [18, 31-38], were identified as eli-
gible for inclusion in the review. Of these, ten studies
concern orthopaedic surgery, one study in abdominal sur-
gery, one study in gynaecological surgery, and one study

with a cohort of mixed surgical patients, totalling 3044
patients. One study consisted of both elective and acute
patients, but data were presented individually for the two
groups [18].

Among included studies, a great level of heterogeneity
was found towards study design, population, intervention,
outcomes, and methodological quality, as seen in Table 1.
Appendices 2 and 3 show the bias assessments of indi-
vidual studies. The overall findings of the included studies
are shown in Table 2.

Primary outcome analysis

Total number of blood units transfused peri-
and postoperatively

Eight studies reported on the transfusion rates, hereof two
RCTs [29] and six observational studies [31-36]. Trans-
fusion policies differed between the studies, as seen in
Table 2. Seven studies were eligible for meta-analysis
based on outcome coherence. One study was excluded
from the meta-analysis as the study population, partly
consisted of patients from already included studies [18].
One study was excluded from the meta-analysis as it
consisted of three study arms [32].

The eligible studies included 812 primarily hip fracture
patients and all investigated IV iron. One study conveyed
an extended protocol, i.e. PBM [34]. Two RCTs [29, 30]
were included, hereof one which investigated IV iron
against PBM and controls. A meta-analysis of the eligible
studies showed a reduced risk of receiving an ABT in the
intervention groups, OR = 0.35 CI 95% (0.20-0.63),
p = 0.0004, I* = 66% (Fig. 2a). The funnel plot (Fig. 2b)
shows a slight asymmetry, but depicts only five studies,
and interpretation should be done with caution.

In one RCT, a non-significant reduction in ABT rate was
seen in a population of 176 hip fracture patients treated
with IV iron within 24 h of admission (33.3% in the treated
patients vs. 41.3% in controls (p value not reported, NS))
[29]. Another RCT also failed to show a significant dif-
ference in a mixed surgical population [30].

A sensitivity analysis of the five observational studies
showed a favourable effect of iron therapy OR = 0.29 CI
95% (0.15-0.56), p = 0.0003, whereas an according anal-
ysis of the two RCTs showed no significant effect with
OR = 0.69 CI 95% (0.39-1.22), p = 0.2.

The pooled retrospective observational study [18]
included 1361 orthopaedic patients, with 1000 patients
receiving IV iron (a subpopulation also EPO) and 361
controls. A significant reduction (p < 0.01) from 48.8 to
32.4% of patients transfused in the treated group was seen.

The last observational study had three study arms [32],
where a total of 131 patients in two groups received iron,
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Fig. 1 Study selection

compared to 102 control patients. We found no effect of
iron therapy on the risk of ABT with an OR 1.03, CI 95%
(0.66-1.60), when comparing patients receiving iron to
controls.

Clinical efficacy of perioperative iron therapy (measured
by difference in plasma haemoglobin levels
between groups)

Twelve studies reported on plasma haemoglobin
[18, 27, 28, 30-38] and one on haematocrit (hct) [29]. The
timing of measurement of haemoglobin was mixed
throughout the studies, ranging from preoperatively to
6 weeks after surgery, as seen in Table 2.

None of the studies were found eligible for a meta-
analysis, due to heterogeneity in reporting and in the study
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design. A visual presentation of the changes in hae-
moglobin over time is depicted in Fig. 3a—d. Results on
haemoglobin changes are somewhat diverse with respect to
effect of iron administration with no consistency among all
studies. No short-term effect of IV iron seemed to be
present in the included studies.

In two RCTs, oral iron was administered for 28 days
after surgery in a population of 152 patients with a hip
fracture [27, 28]. A positive benefit of oral iron was seen in
this patient cohort with a haemoglobin increase in the
intervention group exceeding control population by 2.8 g/L.
after six weeks (p = 0.07) [28] and 7.5 g/L after 4 weeks
(p = 0.04) [27]. Two additional prospective studies were
investigating the effect of intravenous iron but found no
significant difference [29, 30].
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Test for overall effect: Z = 3.55 (P = 0.0004)
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Fig. 2 a Meta-analysis of studies reporting on the rate of allogenic
blood transfusion (ABT). Inverse variance random-effects model was
used, and results are reported as odds ratio with 95% Cls. Treatment
consisted of IV iron versus a control groups with no intervention.
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b Funnel plot: Studies included in the meta-analysis on allogenic
blood transfusion: Funnel plot: Studies included in the meta-analysis
on allogenic blood transfusion

Results from observational studies varied with respect to
both timing of measurement and whether the studies
included EPO. Only one observational study found a sig-
nificant result: haemoglobin of controls 10.7 g/L (£ 1.1)
exceeding haemoglobin of the intervention group of
10.3 g/L (£ 1.3) (p < 0.01) at POD7 [18].

Secondary outcome analysis
Mortality

Seven studies reported on 30-day postoperative mortality.
One RCT showed a difference in mortality, 4.0% (n = 6) in
the intervention group versus 2.0% (n = 3) in the control
group [28]. This difference was not present after 1 year,
where the mortality was 17.3% (n = 29) in both groups.
Five observational studies were eligible for a meta-
analysis (Fig. 4a). All reported the 30-day postoperative
mortality with additional EPO being administered in two.
One study reported a mortality of 0.8%, with 57 patients in

the study group [31]. This does not equal a meaningful
number, and the study was excluded from the meta-anal-
ysis. Thus, the meta-analysis included four studies and
showed a favourable effect of iron supplementation OR
0.50 (CI 95% 0.26-0.96) p = 0.04, I* = 0%. A pooled
retrospective analysis reported a mortality of 4.8% in 1000
patients receiving either iron or iron + reHuEPO, against
9.4% in the control population of 361 patients (p < 0.01)
[18].

Length of stay

LOS was reported in one RCT, where no difference
between groups was found. LOS was described in eight of
the observational studies (Table 2, Fig. 5). Meta-analysis
was not possible, due to large heterogeneity in study design
and local differences in discharge criteria. Overall, treat-
ment with iron leads to a reduced LOS. Only in one study
[32], an insignificant increase from 12.7 to 13.1 days in
LOS was seen when treated with IV iron alone—in this
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study a decrease was found, when patients were part of a
PBM protocol instead. The decreased LOS when included
in PBM was not repeated in a 2005 study [36], where a
PBM protocol leads to a non-significant increase from 15.0
(0.8) to 15.3 (0.6) days. In the largest study, a pooled
observational study [18], a significant reduction was found.
Only one observational study could repeat this finding [34].

Adverse events

Among all studies, treatment-related events were rare: oral
iron caused mild adverse events in 28 patients out of 152
treated, mainly abdominal discomfort [27, 28]. IV iron
caused no serious adverse events (SAEs) in RCTs, and few
mild adverse events in one RCT [29]. In five observational
studies reported on adverse events, none were observed
[18, 33-35, 37].

A total of eight studies reported on postoperative
infections. Four of these [29, 31, 32, 34]—hereof one RCT
[29]—found no decrease in infection rates when treated
with IV iron. One study found a trend towards a reduction

@ Springer

only in the PBM group [32]. Four observational studies
[18, 33, 35, 36] found a significant reduction in infection
rates, (26.9% to 10.7% (p = 0.001)) [18], (35.4% to 20.3%
p = 0.04) [35], (34% to 9% p < 0.001) [36], and (13% to
10% p = 0.016) [33], respectively.

Discussion

The key finding of this review was that iron therapy in
relation to acute major non-cardiac surgery had a possible
beneficial effect on the risk of allogenic blood transfusion
(ABT). No clear effect of iron therapy was found on the
postoperative haemoglobin levels. The effect on mortality
as well as LOS was not clear, but pointed towards a benefit
of treatment. No serious adverse events with respect to iron
in immediate relation to acute major non-cardiac surgery
were described in the included studies. A reduction in
infections was found in the observational studies.

The effect of iron therapy on the risk of ABT was
ambiguous. Our meta-analysis showed an OR of 0.35 CI
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95% (0.20-0.63), 12 =66% p =0.0004, with great
heterogeneity among the studies. An unincluded large
pooled observational study on patients undergoing surgery

for hip fracture also found a significant reduction in ABT
when treated with IV iron [18]. However, the only two
prospective studies reporting on ABT failed to show a
significant reduction in a meta-analysis, OR = 0.69 CI 95%
(0.39-1.22), p = 0.2. Thus, our findings rely mainly on
observational studies in orthopaedic emergency surgical
patients.

ABT has been found to be an independent risk factor for
inferior outcomes in acute surgery [4] and is known to have
a negative impact on the immune system with potential
multiple hazards [39]. When using a restrictive transfusion
strategy, there may be a significant reduction in cardiac
events, rebleeding, bacterial infections, and total mortality
[40]. The proposed reduction of ABT is in accord with an
earlier review [9], including 72 both surgical and non-
surgical RCTs. This review stated that IV iron therapy was
effective in increasing haemoglobin concentration and
reducing the risk of ABT (RR 0.74 95% CI (0.62-0.88))
but included elective as well as acute patients and effec-
tively only investigated the effect of IV iron in itself. The
potential benefit was counterbalanced by a potential
increased risk of infection. In contrast, our review pointed
towards a reduction in the risk of postsurgical infections in
relation to IV iron therapy.
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A 2015 review of the safety of IV iron found no
increased risk of SAEs including infection (relative risk
[RR], 1.04; 95% CI, 0.93-1.17; P= 9%) and concluded
that intravenous iron therapy was neither associated with
an increased risk of SAEs nor infections [41]. In our
review, no serious adverse events were observed across all
studies. Milder adverse events were seldom reported, in
accord with previous studies.

Both pre- and postoperative anaemia are an obvious risk
factor for inferior patient-related clinical outcomes in
relation to surgery [3, 42, 43]. We were not able to find a
clinically relevant effect of iron on the haemoglobin levels.
Oral iron seemed to produce a long-term positive effect on
the haemoglobin levels (Fig. 2), but it is unknown whether
this finding was associated with clinical outcomes such as
complications or mortality [27, 28]. Regarding treatment
with IV iron, it was not possible to make any firm con-
clusions, as the only significant postoperative finding
favoured the control-over the treatment group [18]. In a
single RCT, 1-year mortality did not improve after treat-
ment with oral iron; however, across the observational
studies, the meta-analysis showed a markedly reduced risk
with an OR 0.50 (CI 95% 0.26-0.96) p = 0.04 on 30-day
mortality.

Oral and IV iron therapy administered at different times
with respect to surgery has been extensively investigated in
elective surgical patients. The emergency surgical popu-
lation is different, offering no time for preoperative opti-
mization [44], as well as an altered level of physiological
stress [3, 45]. A 2017 international consensus statement on
perioperative management of anaemia called upon post-
poning major non-urgent surgery until after treatment of
anaemia [44]. This is not an opportunity in emergent sur-
gical cases. The consensus statement did not mention
specific treatments in acute surgical settings and, however,
suggested that postoperative anaemia should be treated
with intravenous iron.

The strength of this review mainly lies in the method-
ology, as we have made an effort to use a rigid set-up. Both
our analyses and study selection are previously described
by a protocol registered at PROSPERO, adhering to a
sound methodology.

The limitations of this review include that the majority
of studies is primarily comprised of patients undergoing
surgery for hip fractures, making it difficult to generalise
the findings to other surgical patient groups. Patients
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admitted to the hospital with hip fractures are typically
elderly and frail patients, often with multiple comorbidi-
ties. These patients will often be in need of blood trans-
fusions [46], which induces a risk of bias. However, the
magnitude of surgical stress conveyed by hip fracture
surgery is similar to other types of surgery [47]. A further
limitation lies in the study size of the included studies.
Most of the included observational studies are small, which
potentially could lead to an increased risk of small-study
effect in our meta-analyses. The same limitation applied
goes for the included RCTs, rendering it difficult to make
substantial unifying conclusions. Throughout the studies,
different criteria towards iron deficiency were used in
patient inclusion. The inflammatory process of the emer-
gency patients has a substantial impact on the iron meta-
bolism [48], and as such, it would be appropriate to address
the iron status in said patients. As we found great hetero-
geneity towards this in our review, it was not possible to
discuss this aspect.

Perioperative iron therapy has increasingly been getting
attention, and recent consensus statements called upon a
more consistent use of iron therapy in relation to surgery
[44, 49]. Our review shows a lack of good studies in
emergency surgery and implies that further studies should
be conducted before inclusion of iron into treatment rou-
tines. The potential benefits described in our study could
have a significant impact in this vulnerable patient popu-
lation. Considering the small number of studies included
opposed to the number screened, there is a lack of good-
quality randomized clinical trials in multiple different
surgical fields as well as large-scale prospective studies
comparing IV iron alone to standard of care in an acute
surgical setting.

In conclusion, this review identified 13 studies investi-
gating iron treatment in relation to acute surgery. Studies
included a variety of surgical patients, primarily patients
with hip fracture, and were mainly observational in char-
acter. In a meta-analysis, IV iron showed a lower 30-day
mortality and a reduction in ABT largely due to the
observational studies. Furthermore, iron treatment showed
a lower risk of postoperative infection. No significant effect
was found with respect to postoperative haemoglobin
levels or LOS. Based on the current evidence, the review
does not have the power to recommend addition of iron
therapy to acute major non-cardiac surgical patients and
calls for further studies.
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