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Purpose: Postoperative anemia is associated with increased morbidity and mortality in 
patients undergoing surgery. Anemia is also a common feature during sepsis. Therefore, 
here, we aimed to investigate the safety and efficacy of intravenous iron isomaltoside 1000 
(Monofer®) in patients undergoing elective urologic surgery and in those with urosepsis.
Materials and Methods: This multicenter study was conducted through the review of the 
medical records of patients with postoperative anemia undergoing elective urologic surgery 
or with urosepsis in a multicenter hospital. Patients received a single intravenous iron 
isomaltoside (IIM), and their hemoglobin (Hb) level was evaluated before and after admin-
istration of IIM. Safety data included adverse effects and hypersensitivity reactions. In 
addition, the patients were divided into three groups (200 mg, 400 mg, and 600 mg IIM) 
to compare Hb changes before and after the administration of IIM.
Results: The study analyzed 52 men and 30 women with a mean age of 67 years. There was 
a significant difference between pre-treatment Hb and post-treatment Hb according to the type of 
the surgery after administration (p=0.01) of IIM in patients with postoperative anemia, and the 
mean preoperative Hb before IIM administration was 8.5 g/dL and that after IIM administration 
was 9.9 g/dL (p=0.006) in patients with urosepsis. The mean preoperative Hb changed from 10 g/ 
dL to 11 g/dL after administration (p<0.001) of IIM in the whole cohort. There were no side 
effects due to the administration of intravenous IIM.
Conclusion: A single perioperative intravenous injection of IIM 1000 significantly 
increased the Hb level in patients with anemia who underwent urologic elective surgery. 
Moreover, this treatment can be considered to have potential clinical benefits for anemia 
caused by sepsis.
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Introduction
Anemia is very common in patients with acute illness, including those in the 
intensive care unit. In 3534 ICU patients, Vincent et al observed mean hemoglobin 
(Hb) concentrations of 11.3 g/dL at admission, with 29% of these patients having 
a concentration of less than 10 g/dL.1 Many factors are known to influence the Hb 
level in critically ill patients; some of the important factors among these are sepsis, 
overt or occult blood loss, decreased production of endogenous erythropoietin, and 
functional iron deficiency.2
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Preoperative anemia was independently associated 
with increased morbidity and mortality in patients who 
underwent surgery.3,4 Untreated preoperative anemia and 
acute perioperative blood loss may increase surgical risk. 
Beattie et al5 reported that preoperative anemia was asso-
ciated with a nearly five-fold increase in the odds of post- 
operative mortality in noncardiac surgery.

Sepsis is the culmination of complex interactions 
between the infecting microorganism and the host 
immune, inflammatory, and coagulation responses.6 

Anemia is common in sepsis, in part because it is mediated 
by TNF-α and interleukin-1β and decreases the expression 
of the erythropoietin gene and protein.7 Sepsis due to 
urological problems, including obstructive uropathy and 
acute prostatitis, is common and fatal. The mortality 
ranges from 28% to 50% in patients with severe sepsis. 
Transfusion is worthwhile if needed at the emergency 
stage of sepsis; Rivers et al observed a marked decrease 
in mortality due to sepsis when transfusion was provided 
early.8

However, recent evidence has emerged to indicate that 
red blood cell transfusion may adversely impact patients 
who underwent surgery, causing higher mortality, increased 
risk of infection, and longer hospital and intensive care unit 
stays.9,10

In addition, religious concerns, such as those posed by the 
Jehovah’s Witnesses, may require a substitute for blood trans-
fusion after elective surgery or sepsis. The use of erythropoi-
esis-stimulating agents and intravenous iron repletion have 
played a central role in the optimal correction of this anemia.

Therefore, here, we investigated the efficacy and safety 
of iron isomaltoside 1000 (Monofer®) in urologic sepsis 
and elective urologic surgery.

Materials and Methods
This study was conducted at two institutions (Hanyang 
University Seoul Hospital, Soonchunhyang University Seoul 
Hospital) in Korea from January to December 2017 and con-
ducted in accordance with good clinical practice and the 
Declaration of Helsinki.

We performed our study after approving IRB from 
Hanyang University Hospital Institutional Review Board 
(IRB) (HY 2018–06-024-007). After approval was 
obtained with indication to have informed consent from 
IRB, written informed consent was obtained from all the 
patients. We reviewed the medical records of patients 
with postoperative anemia who were undergoing elective 
urologic surgery and patients with anemia due to sepsis. 

We defined anemic condition as patients with Hb ≤12.0 g/ 
dL (7.45 mmol/L) for women and Hb ≤13.0 g/dL (8.1 
mmol/L) for men, according to the WHO criteria. First, 
we excluded patients with iron overload or disturbances 
in utilization of iron (eg, hemochromatosis and hemosi-
derosis), s-ferritin >800 ng/mL, and diagnosed with 
inflammatory bowel disease such as Crohn’s disease and 
ulcerative colitis. Also we excluded patients with known 
hypersensitivity to any excipients in the investigational 
drug products, history of multiple allergies, decompen-
sated liver cirrhosis and hepatitis, alanine aminotransfer-
ase >3 times the normal upper value, acute infection, and 
rheumatoid arthritis with symptoms or signs of active 
joint inflammation and pregnant or nursing women. In 
addition, patients with preoperative anemia and those 
who received blood transfusions due to urosepsis were 
excluded.

Iron isomaltoside (IIM) was administrated when post-
operative anemia was observed on the first day after uro-
logic elective surgery, while in the group of anemic 
patients with urosepsis, the administration was done on 
the day of admission. We measured the change in Hb in 7 
days for both groups.

Patients receiving single doses of isomaltoside 1000 
over 15 min were divided into three groups: 200 mg, 
400 mg, and 600 mg. We decided the dose of IIM accord-
ing to the degree of Hb change level.

Any concomitant medication or treatment deemed 
necessary to provide adequate supportive care was allowed 
throughout the trial, except for erythropoiesis stimulating 
agents and any iron supplementation other than the inves-
tigational drug, as they would have influenced the outcome 
of the study.

Objectives and Outcomes
The primary efficacy objective of the study was to evalu-
ate the change in Hb level after IV IIM administration in 
patients with anemia undergoing elective urologic surgery 
and patients with anemia and urosepsis. Except for 
patients with severe anemia who required blood transfu-
sion those who underwent urologic elective surgery, IIM 
was administrated. Then we assessed the safety (adverse 
events, vital signs, electrocardiogram (ECG), and bio-
chemistry parameters).

Statistical Analyses
We analyzed demographics, change in hemoglobin (Hb) 
level, and Hb level according to the type of surgery using 
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the Chi-squared test or Wilcoxon test, as appropriate. All 
statistical analyses were computed using SPSS (version 
22.0 for Windows). All statistical tests were two-tailed, 
and the significance level was <0.05.

Results
Patients
In total, 82 patients were included in this study from 
January to December 2017 (Table 1). We classified the 
patients into two groups: patients with anemia that under-
went urologic elective surgery (n=66) and anemic patients 
with urosepsis (n=16). Patients with urosepsis (70.1 years 
of age) were older than those undergoing urologic elective 
surgery (66.3 years of age). The patients were classified 
into three groups according to the dosage of iron isomalto-
side 1000: 200 mg/mL (3.7%), 400 mg/mL (52.4%), and 
600 mg/mL (43.9%). Patient demographics and baseline 
characteristics are summarized in Table 1. Overall, more 
men (63.4%) than women (36.6%) were included in this 
study.

Efficacy of Iron Isomaltoside 1000 (IIM)
The primary efficacy analysis was the change in Hb con-
centration from baseline, following administration of IIM. 
We observed a significant difference between pre- 
treatment Hb and post-treatment Hb according to the 
type of surgery after IIM administration (p=0.01) in 
patients with postoperative anemia. The results of the Hb 
level change were measured by dividing patients into those 
who underwent stone surgery (including percutaneous 
nephrolithotomy) and those who underwent radical 

surgery and other endoscopic surgery. Seven days after 
surgery, Hb level had increased to an average of 11.4 g/ 
dL from 9.5 g/dL in the patients who underwent stone 
surgery, and also increased to an 11.0 g/dL from 10.1 g/dL 
in the patients who underwent other surgery. We also 
found a significant difference between stone surgery 
(including percutaneous nephrolithotomy) and other types 
of urologic surgery (p=0.009) (Table 2). The mean pre-
operative Hb before IIM administration was 8.5 g/dL, and 
it was 9.9 g/dL after IIM administration (p=0.006) in 
patients with urosepsis (Table 3). Mean preoperative Hb 
changed from 10 g/dL to 11 g/dL after administration 
(p<0.001) in the whole cohort.

The Hb level change differed according to the type of 
surgery in this cohort (Figure 1), and the pre-treatment Hb 
level and post-treatment Hb level were different for each 
surgery type (Figure 2). The pre-treatment Hb level and 
post-treatment Hb level in patients with urosepsis were 
also different (Figure 3).

Safety
Among the 82 patients available for safety analysis in the 
present study, no adverse drug reactions were reported to 
be related to the IIM. The hematological and biochemistry 
parameters and vital signs were checked at each trial visit, 
and no cases of hypophosphatemia (defined as a phosphate 
level <2 mg/dL) were observed.

Discussion
This study is, to the best of our knowledge, the first cohort 
study to investigate the effects of intravenous iron 

Table 1 Characteristics of Patients According to Group

Variables Urologic Elective Surgery* Urosepsis Total

Patients, n 66 16 82

Age, yr.(SD) 66.3(11.3) 70.1(15.2) 67.0 (12.1)

Gender, n(%)

Male 44 (66.7%) 6 (37.5%) 52 (63.4%)

Female 22(33.3%) 10(62.5%) 30(36.6%)

Weight, kg(SD) 62.9(8.6) 60.9(8.3) 62.5(8.6)

Iron isomaltoside 1000 dosage, mg, n(%)

200 3(4.5%) 0(0%) 3(3.7%)

400 31(47%) 12(75%) 43(52.4%)
600 32(48.5%) 4(25%) 36(43.9%)

Follow up period, day(SD) 12.8(9.4) 8.6(3.8) 12.710(10.9)
Pre-treatment hemoglobin, mmol/l(SD) 10.2(1.5) 9.1(1.2) 10(1.5)

Notes: Urologic elective surgery*: Radical surgery (cancer), Stone surgery (endoscopic, PNL), Other endoscopic surgery.
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administration in place of allogenic blood transfusion in 
patients with postoperative anemia in the field of urologic 
surgery. The etiology of anemia is diverse and includes 
blood loss, decreased RBC production owing to functional 
iron deficiency, and altered erythropoiesis in critically ill 
patients. In addition, perioperative anemia, which occurs 
in 33% to 50% of surgical patients, is one of the major 
predictive factors for allogenic blood transfusion (ABT) in 
surgeries with moderate to high perioperative blood loss 
and it induces postoperative anemia and aggravates exist-
ing anemia.11

ABT carries increased risks for transmission of infec-
tious diseases, postoperative nosocomial infection and has 
been clearly demonstrated to be associated with adverse 
outcomes related to postoperative acute kidney injury, 
neurological complications and postoperative atrial fibril-
lation after cardiac surgery.12 Despite efforts to reduce 
ABT, transfusion requirements still remain high. In this 
regard, a discussion on patient blood management (PBM) 
programs aim at identifying patients at risk for 

transfusions has been conducted in Europe.13 PBM pro-
grams are based on multimodal approach including early 
preoperative recognition and treatment of anemic patients, 
surgical efforts to minimize blood loss. From this point of 
view, preoperative optimization of anemia seems to be 
a key aspect of PBM.

Iron deficiency is common, either owing to the deple-
tion of whole-body iron stores or because of the restricted 
availability of iron for erythrogenesis (functional iron 
deficiency). Thus, iron therapy is commonly used to 
restore the iron reserve to prevent anemia after bleeding. 
Iron plays an essential role in erythropoiesis and hemoglo-
bin synthesis.14 Therefore, here, we tried to investigate the 
effect of the preoperative administration of intravenous 
iron isomaltoside 1000 (Monofer®) in patients undergoing 
elective urologic surgery. In our study, a significant eleva-
tion in Hb was observed without blood transfusion in 
endoscopic stone surgery and percutaneous nephrolithot-
omy (PNL), which can cause postoperative anemia or 
bleeding.

Table 2 Outcomes of Elective Surgery Type

Type of Surgery n Pre-Treatment Hb Post-Treatment Hb Hb Change p-value

Sub-type
Radical surgery 30 10.3(1.6) 11.2(1.4) 0.8(1.2) 0.010

Stone surgery (endoscopic) 12 9.4(1.3) 11.3(1.3) 1.9(0.8)

Stone surgery (PNL) 5 9.96(1.8) 11.8(1.5) 1.8(0.7)
Stone surgery (Etc.) 1 9 10 1

Endoscopic surgery 18 10.8(1.2) 11.3(1.2) 0.5(1.3)

Stone vs other

Stone surgery 18 9.5(1.4) 11.4(1.3) 1.9(0.7) 0.009
Other surgery 48 10.1(1.6) 11(1.3) 0.9(1.2)

Note: p <0.05 is considered to be statistically significant.

Table 3 Comparison of Hb Change Before and After Treatment with Iron Isomaltoside 1000

Variables n Pre-Treatment Hb Post-Treatment Hb Hb Change p-value

Total 82 10.0(1.5) 11.0(1.3) 1(1.2) <0.001

Urosepsis 9 8.5(0.4) 9.9(0.4) 1.4(0.3) 0.006

Dosage

200 3 9.4(1) 9.9(0.6) 0.5(1) <0.001
400 43 9.1(1.1) 10.7(1.3) 1.6(1)
600 36 11.1(1.3) 11.5(1.2) 0.5(1.3)

Initial Hb
Under 10 53 9(0.9) 10.5(1.1) 1.5(0.9) 0.001

Over 11 29 11.7(0.7) 12(1.1) 0.3(1.1)

Note: p <0.05 is considered to be statistically significant.
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The new IV iron supplement, iron isomaltoside 1000 
(IIM), is composed of iron and chemically modified iso-
malto-oligosaccharides that have a mean molecular weight 
of 1000 Da and consist predominantly of 3–5 glucose 
units. In contrast to dextran polysaccharides present in 
iron dextran, isomaltoside is a linear and unbranched 
molecule with a theoretically reduced anaphylactogenic 
potential.15 Physiochemically, the strong binding of iron 
within the IIM formulation enables a controlled and slow 
release of bioavailable iron to the iron-binding proteins, 
with only a low risk of free iron toxicity.16 This allows the 
rapid administration of high single doses of IIM. Several 
studies employing IIM have shown it to be well tolerated 
and to improve iron-related parameters in patients with 
various conditions, including patients with CKD receiving 
dialysis,17 patients with chronic heart failure, patients with 
inflammatory bowel disease,18,19 and patients undergoing 
cardiac surgery,20 major orthopedic surgery,11 or major 
abdominal surgery.21 To date, clinical trials of IIM have 
demonstrated a good efficacy and a good safety profile, 
and systemic reviews and meta-analysis of randomized 

clinical trials comparing intravenous iron to other com-
parators have indicated that all currently available intrave-
nous iron preparations are safe.22,23

Perioperative anemia is common among patients sched-
uled to undergo elective surgery and it is also a predictor of 
blood transfusion. The prevalence of perioperative anemia is 
reported to range from 5% to 75% of electively scheduled 
patients.24,25 In our study, the average Hb level of 66 patients 
who were scheduled for elective surgery was 10.2 g/dL, which 
is quite low according to the definition provided by the World 
Health Organization. Van Straten et al4 reported that a lower 
preoperative Hb level is an independent predictor of late 
mortality in patients undergoing coronary artery bypass graft-
ing, whereas anemia is a risk factor for early and late mortality. 
Iron-deficiency anemia is the most common form of anemia 
and may be associated with other hematologic deficiencies, 
particularly among the elderly population; it compromises 
patients’ ability to recover Hb after surgery.26 Based on pre-
vious studies and our experiences, we expect intravenous iron 
administration to be able to reduce the incidence of postopera-
tive infections associated with blood transfusion, reduce the 

Figure 1 The change of hemoglobin level according to the type of surgery.
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length of hospital stay, and facilitate better recovery and 
outcome.

Another notable result of our study was that intravenous 
iron administration caused a statistically significant elevation 
of the Hb level (from 8.5 g/dL to 9.9 g/dL) in patients with 

urosepsis. Consensus guidelines for the management of sepsis 
have been published.27 Early in the course of sepsis, the 
cornerstone of emergency management of sepsis is early, goal- 
directed therapy plus administration of lung protective ventila-
tion broad-spectrum antibiotics.8,28 Similar to the management 
of patients with sepsis, the guideline for patients with urosepsis 
recommends antibiotic treatment as soon as possible after 
diagnosis, but only after blood and urine cultures have been 
obtained (recommendation grade B, evidence level Ic).29 

According to the concept of early goal-directed therapy, hemo-
dynamic stabilization promotes the delivery of an adequate 
oxygen supply to the tissues. Therefore, as soon as the diag-
nosis of urosepsis is suspected, the intravenous administration 
of isotonic crystalloid solution should be started, and blood 
products should be administered to target a hemoglobin level 
of 7–9 g/dL. Anemia is common in sepsis, and erythropoietin 
requires between days to weeks to induce red blood cell 
production; thus, it may not be effective.7 To date, the criteria 
for which blood products should be used to correct anemia 
with supportive treatment in urosepsis are unclear and lack 
supporting evidence. In our study, 16 patients with urosepsis 
showed a significant increase in Hb level (from 8.5 g/dL to 9.9 
g/dL) after the administration of IIM. Our study also showed 
that the degree of elevation of the Hb level was significantly 

Figure 3 The pre-treatment Hb level and post-treatment Hb level in patients with 
urosepsis.

Figure 2 The differences of hemoglobin level for each surgery type. (A) Pre-treatment (B) Post-treatment.
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greater in the group with initial Hb ≤10 g/dL compared to that 
in the group with initial Hb ≥11 g/dL when comparing the 
effects of intravenous IIM. Based on these findings, IIM may 
be an alternative to allogenic blood transfusion, with a reduced 
incidence of adverse effects due to blood transfusion, which 
may increase mortality.

To date, there are no clinical guidelines to support the use 
of prophylactic intravenous iron before major elective surgery. 
Therefore, we searched the literature in MEDLINE (January 1, 
1990, through December 31, 2017) that examined intravenous 
iron therapy in patients scheduled to undergo elective surgery, 
except for patients with iron-deficiency anemia, inflammatory 
bowel disease, and chronic kidney disease. We selected and 
summarized five studies that were well-designed. One paper 
described treatment with IIM and four papers detailed treat-
ment with iron sucrose (Table 4). Owing to the differences in 
the type, timing, and dosage of the intravenous iron supple-
ment used prior to surgery, the results of the Hb level and 
transfusion requirements were statistically different. When 
comparing our study with the PROTECT trial, which evalu-
ated the effect of perioperative IV IIM in patients without 

anemia undergoing elective or subacute coronary artery 
bypass graft or valve replacement, we found that the Hb 
level had significantly increased, and fewer patients were 
anemic in the IV IIM-treated group in both studies.20

This trial was an exploratory and retrospective study 
with the limitation of a small sample size of the patients 
undergoing elective urologic surgery. And the limitation of 
this study is that there was no data on iron-related para-
meters (transferrin saturation, ferritin, reticulocytes) as 
a retrospective study to find out the effects of IIM as an 
alternative to blood transfusion in patients who underwent 
urologic surgery with postoperative anemia. In this cohort, 
there was no control group receiving either placebo or 
comparing result about transfusion requirement. We only 
compared and reported the treatment before and after at 
anemic status. Designed as a retrospective study, there is 
a limitation that each group could be heterogenous. The 
novelties of this study are the feasibility of Intravenous 
IIM in patients with anemia after elective urologic surgery 
and the efficacy of Intravenous IIM in patients with anemia 
due to urosepsis.

Table 4 Summary of Studies About Intravenous Iron Preparations for Patients Undergoing Elective Surgery

Study Population Interventions Findings

Johansson et al 

(the 

PROTECT 
trial, 

Denmark)20

60 non-anemic pts 

undergoing elective or 

subacute CABG, valve 
replacement

Randomized, double-blind placebo-controlled 

trial: iron isomaltoside 1000 as an IV infusionof 

1000 mg (treatment group A) or placebo (0.9% 
saline) (treatment group B)

One month after surgery, Hb concentration 

had increased to an average of 12.6 g/dl vs 11.8 

g/dl (p=00012) and significantly more patients 
were non-anaemic in the IV iron isomaltoside 

1000-treated group compared to the placebo 

group (38.5% vs. 8.0%; p=0.019).

Theusinger 

et al 
(Switzerland)26

20 pts with iron deficiency 

anemia undergoing knee or 
hip arthroplasty or back 

surgery

Prospective study: 900 mg IV iron sucrose over 

10 days starting 4 weeks before surgery

Hb increased significantly (p<0.001), the mean 

maximum increase was 0.2–2.2 g/dl. The 
maximum increase of hemoglobin was 

observed 2 weeks after the start of IV iron 

treatment.

Edwards TJ. 

et al (UK)30

62 pts undergoing bowel 

resection for suspected 
colorectal cancer

Randomized prospective blinded placebo- 

controlled trial: 600 mg iron sucrose or 
placebo was given intravenously in two divided 

doses

No difference was demonstrated between 

treatment groups (iron sucrose, 34 patients; 
placebo, 26) for any of the primary outcome 

measure

Garrido- 

Martin P. et al 

(Spain)31

159 pts undergoing elective 

cardiac surgery under 

extracorporeal circulation

Double-blind, randomized, placebo-controlled 

trial (Group 1: treated with 300mg of IV iron 

sucrose, group 2: treated with oral ferrous 
fumarate, group 3: oral and IV placebo)

The use of IV or oral iron supplementation 

proved ineffective in correcting anaemia after 

cardiopulmonary bypass and did not reduce 
blood transfusion requirements

Serrano- 
Trenas JA et al 

(Spain)32

200 pts undergoing hip 
fracture surgery

Prospective, randomized study: divided into 
two groups, standard treatment or IV iron 

sucrose (600 mg)

Transfusion requirements in patients with 
intracapsular fracture or baseline Hb level of 12 

g/dL or more appear to be reduced by IV iron 

sucrose therapy, but there was no difference in 
morbidity, mortality, or length of hospital stay.
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Hence, we are planning additional clinical studies 
employing a large, randomized, controlled, prospective trial 
to allow further evaluation of the differences in effect accord-
ing to iron status (serum iron, ferritin, and transferrin satura-
tion index) for the treatment of anemia in clinical settings.

Conclusion
This study has demonstrated that IIM can be used safely and 
effectively to prevent anemia after elective urologic surgery 
and reduce the need for blood transfusion. The reviewed data 
in patients who underwent urologic elective surgery (n=66) 
and patients with anemia and urosepsis (n=16) showed ade-
quate efficacy and a good safety profile of IIM. The results 
also showed that the hemopoietic response was evident in 
urosepsis. The safety profile of IIM is favorable. Therefore, 
we expect that the administration of IIM is attractive not only 
for patients with anemia that are undergoing urologic sur-
gery, but also for patients with anemia due to sepsis.

Abbreviations
IIM, iron isomaltoside; Hb, hemoglobin; ICU, intensive 
care unit; ABT, allogenic blood transfusion; PBM, patient 
blood management; PNL, percutaneous nephrolithotomy; 
CKD, chronic kidney disease.
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