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Intravenous transfusion of
iron sucrose reduces blood
transfusions and improves
postoperative anaemia after
a second thoracotomy:
a propensity-score
matching study

Chentao Luo* , Yunqing Shi*, Yi Lin,
Runhua Ma, Qi Xia and Wenjun Ding

Abstract

Objective: To evaluate the efficacy of intravenous iron sucrose (IS) in the perioperative period

of a second thoracotomy after open-heart surgery.

Methods: This study enrolled patients that underwent a second thoracotomy after previous

open-heart surgery. Propensity-score matching was used to match patients that received oral

iron therapy with those that received IS after admission. The baseline demographic and clinical

characteristics, perioperative data and adverse outcomes were compared between these two

matched groups.

Results: The study enrolled 447 patients: of these, 148 received oral iron therapy and effective

dietary guidance; and 299 patients received 300 mg IS per week. After matching the propensity

scores, there were no significant differences between the two groups in terms of age, sex,

smoking history, incidence of major cardiac adverse events, Euro-score, time between the two

thoracotomies, application of recombinant erythropoietin, haemoglobin (Hb) on admission and

red blood cell (RBC) count on admission. The differences between the two groups after

propensity-score matching in terms of the amount of RBC input and Hb after the operation

were significant.
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Conclusion: The administration of IS might be useful for improving postoperative Hb levels and

reducing intraoperative RBC input in patients undergoing a second thoracotomy.
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Introduction

In patients undergoing coronary artery
bypass graft, heart valve replacement and
major vascular surgery, a series of serious

complications, such as bridge vascular
restenosis and structural failure of biologi-
cal valves are unavoidable problems for

some patients.1 In these situations, reopera-
tion is an important method used to solve

these complications.2 With an increase in
second thoracotomies following open-
heart surgery, intraoperative bleeding and

postoperative anaemia have become
common factors affecting the prognosis of
patients undergoing such operations.3

Routine surgical procedures can lead to
tissue damage and blood loss; and fibrino-
lysis at the surgical site increases 4–8 times

more than usual.4 The degree of fibrinolysis
depends on the amount of damaged tissue
and the type of surgery.5 Second thoracot-

omies are very traumatic and are currently
recognized as one the cardiac surgical pro-

cedures that causes the greatest loss of
blood.6 At present, allogeneic blood trans-
fusions are the fastest and most effective

treatments for anaemia after a second tho-
racotomy following open-heart surgery.7

However, in clinical practice, insufficient

blood supply and blood transfusion risks
are inevitable problems.8

Iron sucrose (IS) is a nano-scale colloidal
solution in which a large amount of sucrose
molecules are noncovalently bound to the

surface of an iron hydroxide core.9

Intravenous IS has the advantage of
having a more stable structure and lower
toxicity than oral iron supplements.10

Intravenous IS can supplement iron to
patients at a rate of 300 mg/30 min and
few allergic reactions occur,11 but its appli-
cation is limited because the maximum
amount of iron supplementation per week
should not exceed 600 mg.12

This current study investigated the role
of intravenous IS during a secondary tho-
racotomy following open-heart surgery
with a view to giving guidance to clinicians
about how to deal with postoperative anae-
mia following these rare and complex
operations.

Patients and methods

Study population

This retrospective study enrolled consecu-
tive patients that underwent a second tho-
racotomy after open-heart surgery in the
Department of Cardiovascular Surgery,
Zhongshan Hospital, Fudan University,
Shanghai, China between March 2013 and
March 2018. The exclusion criteria were as
follows: (i) haemoglobin (Hb) and red
blood cell count (RBC) not available at
admission; (ii) not iron sucrose treatment-
naive; (iii)< 18 years; (iv) Hb depletion due
to other diseases of the blood system. The
inclusion criteria were as follows: (i)
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patients who had undergone open-heart

surgery; (ii) no obvious blood transfusion

reaction.
This study was approved by the Ethics

Committee of Zhongshan Hospital, Fudan

University, Shanghai, China. Written

informed consent was obtained from all

study participants.

Study design

The patients were divided into two groups

for analysis: patients that received 600 mg

ferrous sulphate tablets orally per week and

effective dietary guidance (iron-rich foods

like meat, eggs, liver and a variety of sea-

food) after admission formed the control

group; and patients that received 300 mg

IS intravenously per week after admission

formed the experimental group.

Preoperative baseline demographic and

clinical data were recorded for the two

groups including age, sex, smoking history,

percutaneous coronary intervention histo-

ry, myocardial infarction history, presence

or absence of congestive heart failure, left

ventricular ejection fraction values, Euro

score, whether or not recombinant erythro-

poietin (Rh-EPO) was used, the second tho-

racotomy method, time from first

thoracotomy to second thoracotomy,

admission Hb level and RBC count at

admission. The perioperative outcomes of

the two patient groups after surgery were

recorded and compared.

Treatment intervention

The control group received 600 mg ferrous

sulphate tablets orally per week and effec-

tive dietary guidance (iron-rich foods like

meat, eggs, liver and a variety of seafood)

after admission. The experimental group, in

strict accordance with the physician’s

instructions, received 300 mg/week IS

spread over two administrations intrave-

nously after admission for 2 weeks.

Data collection

Changes in Hb, RBC and any adverse reac-
tions in the two patient groups were
recorded after admission and for 1 month
postoperatively. RBC input during the
operation was recorded at the same time
as the intraoperative blood transfusion
volume (units). The patient’s intraoperative
blood loss volume was recorded (ml).

Propensity-score matching

A logistic regression model was established
in which the dependent variables were Hb
and RBC count after the operation.
Independent variables were sex, smoking
history, Hb on admission, RBC count on
admission, major adverse heart events, left
ventricular ejection fraction, time between
thoracotomies, Euro-score and whether
Rh-EPO was used in combination. The
logistic regression model was used to calcu-
late the postoperative Hb score of each
patient and 1:1 matching was conducted
between the experimental group and the
control group. The matching ratio was
first started with the highest accuracy of
the propensity score of 0.0001 and then
gradually decreased to 0.2.

Statistical analyses

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
Version 23.0 (IBM Corp., Armonk, NY,
USA). Continuous data that conformed to
a normal distribution are expressed as the
mean� SD. Continuous data that did not
conform to a normal distribution were
expressed as median (interquartile range).
After matching the patients, the compari-
son of the mean between the two groups
was performed using a paired-samples
t-test. Time between thoracotomies was
not normally distributed, so statistical anal-
ysis was undertaken using Mann–Whitney
U-test. Categorical data are expressed as
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percentages and comparison of the rates

between the two groups was performed

using v2-test. A P-value< 0.05 was consid-

ered statistically significant.

Results

The study enrolled 447 patients that had

valvular heart disease, coronary heart dis-

ease or macrovascular disease, all of which

required surgery lasting more than 4 h. Of

these, 148 patients (33.1%) received oral

iron therapy and effective dietary guidance

based on their Hb levels after admission;

and the remaining 299 patients (66.9%)

received 300 mg IS intravenously per week

after admission. Figure 1 shows the patient

selection process. A total of 241 of 447

patients had anaemia at admission. The

surgical data for the entire study cohort
are presented in Table 1.

Out of the 299 patients that received IS
after a second thoracotomy, 148 were
selected to match those with similar propen-
sity scores that did not receive IS (control
group). The baseline demographic and clin-
ical data for the two groups before and
after matching are presented in Table 2.
After propensity-score matching, there
were no significant differences between the
two groups in terms of age, sex, smoking
history, incidence of major cardiac adverse
events, Euro-score, time between the two
thoracotomies, application of Rh-EPO,
Hb on admission and RBC count on admis-
sion. There were significant differences
between the two groups after propensity-
score matching in terms of the proportion
of patients with LVEF> 50% and 30%<

Figure 1. Flow chart showing patient selection during this study of the role of intravenous iron sucrose
during a secondary thoracotomy following open-heart surgery.
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LVEF< 50% (P< 0.05 for both

comparisons).
The perioperative outcomes of the two

patient groups were recorded (Table 3).

After propensity-score matching, there

were no significant differences in the

volume of intraoperative blood loss and

the RBC count after the operation in the

experimental and control groups. The dif-

ferences between the two groups after

propensity-score matching in terms of the

amount of RBC input and Hb after the

operation were significant (P< 0.05 for

both comparisons).
The adverse reactions were recorded in

the electronic medical records system.

After propensity-score matching, there was

a significant reduction in the overall inci-

dence of adverse events in the experimental

group compared with the control group

(P¼ 0.001) (Table 4).

Discussion

Second thoracotomy cases are rare and this
type of difficult surgery often results in
large amounts of blood loss. Excessive loss
of Hb from the body leads to oxygenation
disorders and a poor prognosis. Using
extracorporeal circulation for too long
and administering too many units of
RBCs can readily cause coagulation dys-
function.13 This current study located
every patient that had received a second
thoracotomy between 2013 and 2018 in
Zhongshan Hospital using the electronic
case records. The aim of this current study
was to investigate the relationship between
iron supplementation and prognosis follow-
ing a second thoracotomy procedure. Due
to the different baseline conditions of the
study cohort, such as age, sex, cardiac func-
tion, past history, intervals between thora-
cotomies, and Hb and RBC count on

Table 1. Second thoracotomy data for patients (n¼ 447) enrolled in a study of the role of intravenous iron
sucrose during a secondary thoracotomy following open-heart surgery.

Operation Frequency (n) Percentage (%)

Aortic dissection 24 5.4

Aortic valve replacement 84 18.8

Bentall procedure 48 10.7

Coronary artery bypass graft 16 3.6

Cardiac tumour 12 2.7

Congenital heart disease 8 1.8

David procedure 8 1.8

Double-valve replacement 70 15.7

Double-valve replacementþ tricuspid valvuloplasty 4 0.9

Ebstein anomaly 8 1.8

Mitral valvuloplasty 12 2.7

Mitral valve replacement 72 16.1

Mitral valve replacementþ tricuspid valvuloplasty 4 0.9

Tricuspid valvuloplasty 28 6.3

Tricuspid valvuloplastyþ aortic valve replacement 4 0.9

Tricuspid valvuloplastyþ double-valve replacement 8 1.8

Tricuspid valvuloplastyþmitral valvuloplasty 8 1.8

Tricuspid valvuloplastyþmitral valve replacement 8 1.8

Tricuspid valve replacement 10 2.2

Ventricular septal defect repair 11 2.5

Total 447 100.0
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Table 3. Perioperative data for patients (n¼ 447) enrolled in a study of the role of intravenous iron sucrose
during a secondary thoracotomy following open-heart surgery stratified according to their treatment
(control group [CG] and experimental group [EG]) before and after propensity-score matching.

Before propensity-score matching After propensity-score matching

CG

n¼ 148

EG

n¼ 299

Statistical

analysisa
CG

n¼ 148

EG

n¼ 148

Statistical

analysisa

Intraoperative blood loss, ml 781.8� 287.9 617.1� 105.6 NS 781.8� 287.9 718.9� 275.4 NS

Quantity of red blood cell

replacement, units

4.3� 3.0 4.1 �1.3 NS 4.3� 3.0 3.5� 2.4 P¼ 0.013

Hb after the operation, g/l 90.5� 5.4 91.7� 7.2 NS 90.5� 5.4 92.3� 6.7 P¼ 0.010

RBC count after the

operation, x 1012/l

3.0� 0.4 3.4� 0.6 NS 3.0� 0.4 3.1� 0.4 NS

Data presented as mean� SD.
aAfter matching the patients, the comparison of the means was performed using a paired-samples t-test; NS, no significant

between-group difference (P � 0.05).

Hb, haemoglobin; RBC, red blood cell.

Table 2. Baseline demographic and clinical data for patients (n¼ 447) enrolled in a study of the role of
intravenous iron sucrose during a secondary thoracotomy following open-heart surgery stratified according
to their treatment (control group [CG] and experimental group [EG]) before and after propensity-score
matching.

Characteristic

Before propensity-score matching After propensity-score matching

CG

n¼ 148

EG

n¼ 299

Statistical

analysisa
CG

n¼ 148

EG

n¼ 148

Statistical

analysisa

Age, years 48 (36–57) 46 (29–64) P¼ 0.048 48 (36–57) 46 (39–54) NS

Sex, female/male 70/78 108/191 P¼ 0.023 70/78 59/89 NS

Current smoker 14 (9.5%) 55 (18.4%) P¼ 0.014 14 (9.5%) 21 (14.2%) NS

History of percutaneous

coronary intervention

17 (11.5%) 38 (12.7%) NS 17 (11.5%) 19 (12.8%) NS

History of myocardial

infarction

55 (37.2%) 106 (35.5%) NS 55 (37.2%) 47 (31.8%) NS

Congestive heart failure 18 (12.2%) 41 (13.7%) NS 18 (12.2%) 22 (14.9%) NS

LVEF> 50% 138 (93.2%) 257 (86.0%) P¼ 0.024 138 (93.2%) 126 (85.1%) P¼ 0.025

30%< LVEF< 50% 5 (3.4%) 29 (9.7%) P¼ 0.018 5 (3.4%) 15 (10.1%) P¼ 0.021

LVEF< 30% 5 (3.4%) 13 (4.3%) NS 5 (3.4%) 7 (4.7%) NS

Euro-score 4.6� 0.8 4.8� 0.8 P¼ 0.027 4.6� 0.8 4.7� 0.9 NS

Time between thoracotomies,

years

9 (3–12) 9 (4–15) P¼ 0.041 9 (3–12) 11 (4–13) NS

Application of Rh-EPO 11 (7.4%) 145 (48.5%) P< 0.001 11 (7.4%) 19 (12.8%) NS

Hb on admission, g/l 117.2� 12.6 115.6� 12.6 NS 117.2� 12.6 117.2� 12.4 NS

RBC on admission, x 1012/l 3.8� 0.5 3.8� 0.5 NS 3.8� 0.5 3.6� 0.6 NS

Data presented as mean� SD, median (interquartile range) or n of patients (%).
aAfter matching the patients, the comparison of the means was performed using a paired-samples t-test; time between

thoracotomies was not normally distributed, so statistical analysis was undertaken using Mann–Whitney U-test; cate-

gorical data were compared between the two groups using v2-test; NS, no significant between-group difference (P � 0.05).

LVEF, left ventricular ejection fraction; Rh-EPO, recombinant erythropoietin; Hb, haemoglobin; RBC, red blood cell.
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admission, there were many confounding

factors when comparing the two groups.

Therefore, propensity-score matching was

undertaken to minimize the differences

between the experimental and control

groups as much as possible when compar-

ing the baseline preoperative parameters.14

In this current study, there were no sig-

nificant differences in the postoperative

RBC count or the intraoperative blood

loss volume between the two groups.

However, there was a significant difference

in the amount of RBC input, which was

significantly lower in the experimental

group compared with the control group.

This may have resulted from the intrave-

nous administration of IS in the periopera-

tive period. In this current study, 241 of the

447 patients already had anaemia at admis-

sion. The underlying disease might have

increased the amount of intraoperative

blood transfusions and the severity of post-

operative anaemia. Severe anaemia causes

the blood to carry less oxygen.15 This may

be one of the causes of organ dysfunction,

pallor, dizziness and headache after the

operation.16 In addition, it has been

reported that the intraoperative transfusion

of excessive RBCs might lead to the reduc-

tion of innate immune and cellular immune

functions in patients.17 Compared with the
control group, the amount of RBC input

was significantly reduced in the experimen-

tal group in the current study. This allowed

clinicians to cope with the severe situation

of inadequate blood supply and the large

amount of bleeding that can occur during

second thoracotomies. An adequate blood

reserve allows clinicians to deal with sudden

situations during the operation.18 Changes

in the amount of erythropoietin synthesis,
RBCs in the circulation, iron balance, redox

status and energy metabolism can all lead

to anaemia.19 During a second thoracoto-

my following open-heart surgery, the ster-

nal wounds are large and the whole body is

heparinized. Compared with normal heart

surgery, the number of blood transfusions

and the degree of postoperative anaemia

are significantly increased.20 Rh-EPO is

used to treat the anaemia caused by renal
insufficiency.21 EPO acts on erythroid

Table 4. Adverse reactions for patients (n¼ 447) enrolled in a study of the role of intravenous iron sucrose
during a secondary thoracotomy following open-heart surgery stratified according to their treatment
(control group [CG] and experimental group [EG]) before and after propensity-score matching.

Adverse event

Before propensity-score matching After propensity-score matching

CG

n¼ 148

EG

n¼ 299

Statistical

analysisa
CG

n¼ 148

EG

n¼ 148

Statistical

analysisa

Allergy 1 4 1 0

Gastrointestinal dysfunction 25 16 25 3

Metallic odour 2 5 2 2

Low blood pressure 1 4 1 0

Respiratory adverse reaction 0 1 0 0

Parasympathetic symptoms 2 2 2 0

Fever 0 3 0 1

Gum changed colour 0 0 0 0

Overall incidence (%) 31 (20.95) 35 (11.71) NS 31 (20.95) 6 (4.05) P¼ 0.001

Data presented as n of patients (%).
aCategorical data were compared between the two groups using v2-test; NS, no significant between-group difference

(P � 0.05).
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progenitor cells to promote their survival
and differentiation into mature RBCs.22 In
recent years, erythrocyte mobilization has
been widely used in the perioperative
period to improve perioperative anaemia.23

The iron active ingredient in IS injections
has a similar structure to serum ferritin,
possessing low toxicity with fewer allergic
reactions. It can also improve patients’ sen-
sitivity to Rh-EPO.24 The volume of intra-
operative blood loss depends on various
factors, such as the number of fused
levels, body mass index, age and duration
of operation in adolescents with neuromus-
cular scoliosis.25 Following a massive peri-
operative haemorrhage, postoperative
complications of respiratory, urinary, car-
diovascular and wound infections in
patients with long-term anaemia were sig-
nificantly higher than in those without
anaemia.26 Postoperative anaemia is a risk
factor that threatens the survival rate and
prognosis of patients, leading to an
increased incidence of postoperative com-
plications and increased mortality.27 The
inevitable result of cardiopulmonary
bypass is disordered coagulation mecha-
nisms resulting from decreased platelet
counts, weakened platelet function,
decreased amounts of coagulation factors
and hyperactivity of plasmin, which leads
to postoperative anaemia.28

In another study of iron therapy for pre-
operative anaemia, the evaluation showed
that preoperative treatment of anaemia
increased Hb levels and reduced blood
transfusion rates.29 In a randomized con-
trolled trial of colorectal cancer patients,
preoperative intravenous IS did not
increase Hb levels, but it had a tendency
to reduce the amount of RBCs adminis-
tered after surgery.30 Although allogeneic
blood transfusion techniques have recently
been developed, there are additional issues
such as the immune response, transfusion
reactions and increased hospitalization
costs for patients.31 At the same time, the

current clinical demand for blood increases
with an increase in the number of surgeries
and the demand for blood is greater than
the supply. As a multinuclear ferric
hydroxide-sucrose complex solution with
low toxicity and low allergic reactions, IS
can effectively supplement serum iron con-
centrations and improve Rh-EPO efficacy,
which helps to address the problems with
the supply of blood.32 In order to reduce
the amount of RBCs transfused during
and after a second thoracotomy, clinicians
routinely give IS for the first time after sur-
gery. Or they might even give appropriate
amounts of IS intravenously to patients in a
poor physical condition before the opera-
tion to reduce the incidence and degree of
anaemia after the operation.

During the course of this current study,
the following adverse reactions occasionally
occurred in both groups: metallic odour,
nausea, vomiting, diarrhoea, hypotension
and dyspnoea. Comparing the two groups,
the incidence of gastrointestinal dysfunc-
tion and allergy was lower in the experi-
mental group. This indicated that IS was
safe and effective compared with oral iron
supplementation.

This current study had several limita-
tions. Due to the rarity of these cases, it
was difficult to obtain a large amount of
data. At the same time, because of a variety
of underlying diseases and the poor baseline
condition of patients undergoing a second
thoracotomy, the operations were often
complicated, leading to difficulties in
obtaining a control group. Since it was dif-
ficult to unify surgeons, the length of sur-
gery and the operational plans, identifying
and controlling these variables should be
the aim of future research. However,
despite these limitations, this current work
provided significant data around feasibility,
the best way of using IS and the perceived
benefits during the second thoracotomy.

In conclusion, the results of this current
study demonstrated that the routine use of
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IS was feasible and acceptable in patients

undergoing a secondary thoracotomy. The

findings of this current study suggest that

the use of IS might be useful for improving

postoperative Hb levels and reducing intra-

operative RBC input. This has the potential

to reduce the impact of administering a

massive infusion of suspended RBCs on

coagulation function. The improvement of

postoperative Hb should improve oxygena-

tion and prognosis. Hence, the use of IS in

patients undergoing a secondary thoracoto-

my is worthy of consideration in clinical

practice.
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