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Introduction: Anemia is associated with increased postoperative morbidity and mortality in

abdominal surgery. In clinical trials, preoperative i.v. iron treatment increases the preop-

erative hemoglobin (Hb) concentration but the effect on transfusion rates are not consis-

tent. This study reports on the experience with preoperative i.v. iron treatment in surgical

colorectal cancer (CRC) patients in clinical practice.

Methods: A registry-based cohort study. Surgical colorectal cancer patients with iron defi-

ciency anemia were compared after division into two groups; those who preoperatively

received i.v. iron treatment and those who did not. Primary outcomes were preoperative

changes in Hb and the difference in perioperative red blood cell transfusion (RBCT) rates.

Postoperative complications and mortality rates were analyzed and a descriptive analysis

on what triggered blood transfusions were performed.

Results: A total of 170 patientswere included. Of these, 122 had received preoperative i.v. iron

treatment and 48 had not. The perioperative transfusion rate was 45% (55/122) in the treat-

ment group and 40% (19/48) in the control group (non-significant difference). The preoper-

ative changes in Hb levels were not different between the two groups. Transfusion practice

appeared more liberal and preceded by higher Hb levels that was guided by the National

transfusion guideline. I.v. iron treated patients had a higher rate of postoperative compli-

cations. No differences were found on length of stay (LOS) or postoperative mortality.

Conclusions: Preoperative i.v. iron treatment was neither associated with a rise in Hb con-

centrations at the time of surgery, nor with a reduction in the likelihood of receiving

perioperative red blood cell transfusions (RBCT) in colorectal cancer (CRC) patients with

iron deficiency anemia.
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Introduction The DCCG database includes adult patients diagnosedwith
Anemia and iron deficiency are common manifestations of

colorectal cancer (CRC). The prevalence of anemia at diagnosis

is around 50%,with 80% of those being due to iron deficiency.1-

3 The presence of anemia has been reported to be an inde-

pendent risk factor for complications and mortality after

elective open and laparoscopic colon surgery4 and after gen-

eral (non-cardiac) surgery.5,6 Iron infusion has been shown to

increase the preoperative hemoglobin (Hb) concentration in

patients scheduled for surgery. This has led to the recom-

mendation of iron infusion in patients with iron deficiency

anemia before elective surgery for CRC.7-10 By raising Hb

levels, preoperative iron treatment also has the potential to

reduce the use of perioperative red blood cell transfusions

(RBCT), which might further reduce the postoperative

complication rates and mortality.11

Three randomized controlled trials (RCT) on preoperative

i.v. iron treatment in patients undergoing major abdominal

surgery12,13 or CRC-surgery14 have produced conflicting re-

sults with respect to blood transfusion. Only one of the trials

found i.v. iron treatment to be significantly lower than the

transfusion rates.12 Both the PREVENTT and the IVICA trial

found that i.v. iron treatment lead to significantly higher

preoperative Hb levels compared to either placebo or oral iron,

but without this impacting on the rate of RBCT.13,14 This in-

dicates that several other factors than the hemoglobin (Hb)

concentration may trigger the perioperative transfusions.

The objective of this studywas to investigate the efficacy of

preoperative i.v. iron treatment in everyday clinical practice in

a series of consecutive iron deficient anemic patients under-

going elective surgery for CRC.

The primary outcomeswere change inHb concentration up

to surgery and the perioperative RBCT rate. Secondary out-

comes were the rate of postoperative complications, length of

hospital-stay and days alive and out of hospital after surgery.
Methods

The Esbjerg Colorectal Hematological cohort (ECH-cohort) was

initiated in 2013 to evaluate iron status upon diagnosis of CRC.

In case of iron deficiency anemia, patients were offered

intravenous (i.v.) iron infusion (ferric derisomaltose/iron iso-

maltoside 1000, MonoFer, Pharmacosmos A/S, Denmark)

preoperatively. Local quality assurance has revealed that not

all iron deficiency anaemia (IDA) patients received this i.v.

iron treatment.

Patients from the ECH-cohort, diagnosed between March

1st, 2013 and December 31st, 2019, and registered in the DCCG

(Danish Colorectal Cancer group) database were identified.

Inclusion criteria were patients undergoing CRC surgery and

who were diagnosed with iron deficiency anemia (IDA) at the

time of the CRC diagnosis. Excludedwere those receiving non-

curatively intended surgery, non-elective surgery, primary

open or endoscopic surgery, neoadjuvant oncological treat-

ment, those who experienced a waiting period of more than

60 d from diagnosis to operation and those who had the CRC

surgery performed outside our facility.
their first colorectal adenocarcinoma, and has a patient-

completeness of 98.5%.15 Data retrieved from DCCG included

demographical, patient- and tumour-specific information as

well as data on postoperative complications and oncological

treatment. Data were integrated with laboratory data (Hb,

ferritin, transferrin saturation [TSAT] and albumin). Labora-

tory values taken closest to the day of diagnosis and before

any i.v. iron treatment or blood transfusions constituted the

baseline level. Preoperative Hb values were generally obtained

on the day of surgery or the day before.

Anemia was defined according to the World Health Orga-

nization criteria as male Hb < 13.0 g/dL (8.1 mmol/L) and fe-

male Hb < 12.0 g/dL (7.4 mmol/L).16 Iron deficiency was

defined as a p-ferritin <50 mg/L.17,18 I.v. iron was dosed as a

single dose according to a modified Ganzoni formula: I.v. iron

dose (mg) ¼ body weight (kg) � (target Hb [g/dL] actual Hb [g/

dL]) � 2.4. þ storage iron (set at 500 mg) where the target Hb

was 15.1 g/dL in male and 13.5 g/dL in female.19 The maximal

dose to be administered was 20 mg/kg.

The observed transfusion practice was compared to the

recommendations from the Danish National Transfusion

Guidelines.20 This was done to investigate how closely linked

the administration of blood products were to the preluding Hb

value, and by so elucidating why transfusion rates does not

seem to be impacted by rising Hb levels in previous trials. For

this part, the medical records were manually reviewed for

entries documenting the prescription. The national guideline

is regularly updated so for this study we used the guidelines

applicable from 2014 to 2018, thus covering most of the

timespan of our cohort. This guideline recommends RBCT at a

Hb-concentration below 6.9 g/dL in patients with no cardiac

comorbidities, below 8.1 g/dL in patients with cardiac co-

morbidity (ischemic or valvular heart disease) and below 9 g/

dL in patients with a recent acute myocardial infarction.

Outside these limits blood transfusion was recommended,

only in the presence of specific anemia symptoms (angina,

orthostatic hypotension, and tachycardia).

A 30-d complication rates were analyzed based on data

obtained from the DCCG registry, classified according to the

Clavien-Dindo as either surgical (bleeding, abdominal wound

dehiscence, ileus, surgical site infections, stoma complication,

anastomotic leakage and bowel ischemia) or medical

(apoplexy, acutemyocardial infarction, pulmonary aspiration,

pneumonia, heart failure, pulmonary embolus, kidney failure,

sepsis, deep venous thrombosis and arterial embolus).21 Sur-

gical site infections, pneumonia and sepsis were pooled in a

group of postoperative infectious complications. Days alive

and out of hospital (DAOH) together with mortality were

calculated for the first 30 and 90 postoperative days.22

The use of patient file data and waiver of the need for

informed consent were approved by the Danish Patient Safety

Authority (record-ID 3-3013-1497/1).

Statistics

Statistical analyses were performed using Stata/IC 16.0 (Stata

Corp, TX). Statistical significance was taken at P < 0.05. Peri-

operative RBCT rate (number of patients having received at

https://doi.org/10.1016/j.jss.2022.03.004
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least one transfusion) was obtained from the day of baseline

laboratory result until postoperative day 30 and analyzed

using multivariable logistic regression (complete case anal-

ysis). The preoperative change in Hb was calculated as the

difference between baseline Hb and preoperative Hb,

excluding those where less than 7 d had passed between the

preoperative and the baseline testing. For univariate analyses

non-parametric data were reported as medians with inter-

quartile range (IQR) and compared using Wilcoxon rank-sum

test. Categorical data were reported as percentages and

compared using chi-squared test or in case of less than five

individuals in a group by Fishers-Exact test.
Results

A total of 208 patients with iron deficiency anemia were

identified of which 170 fulfilled the inclusion and exclusion

criteria. Of these 122 received preoperative i.v. iron therapy

and 48 patients received no iron therapy (Fig.).

The baseline parameters (including demographics, tumor

stage, comorbidity, preoperative laboratory values, time to

surgery and intraoperative conversion/bleeding) were similar

in the two groups without any large skewness in distribution

or values (Table 1).
Fig. e Flow diagram of inclusion and exclusion of patient
The Hb change between baseline and preoperative levels

(DHb) was not statistically different (P ¼ 0.94) between the

treatment group (DHb ¼ 0.64 g/dL [IQR �0.32 to 1.61, n ¼ 87])

and the control group (DHb ¼ 0.48 g/dL [IQR �0.81 to 2.09,

n ¼ 32]). Excluding those who received RBCT in-between the

twomeasurements themedian change in Hbwas 0.0 g/dL (IQR

�0.48 to 0.81, n ¼ 67) in the treatment group. I.v. iron treat-

ment was administered a median of 8 d (IQR 6-13) after

baseline Hb and a median of 9 d before surgery (IQR 6-13).

A total of 267 transfusions were administered to 74 pa-

tients with 55 patients (74%) receiving two or more units. The

transfusion rate from baseline to postoperative day 30 was

45% (55/122) in the treatment group and 40% (19/48) in the

control group (non-significant difference) (Table 2).

Increasing age, intraoperative bleeding, and lower baseline

Hb, were all independently associated with higher odds of

perioperative blood transfusion (Table 3). No association be-

tween i.v. treatment and the odds of perioperative blood

transfusions was found (Table 3).

Prescription of the RBCT was documented in 86% (64/74) of

patients before their first transfusion and reevaluated in less

than 10% (4/50) of patients before their second transfusion. Hb

measurement was performed in 95% (70/74) of patients before

their first RBCT and re-investigated in only 10% (5/50) of pa-

tients before a second transfusion.
records. (Color version of figure is available online.)
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Table 1 e Baseline characteristics of included patients.

Characteristics Intravenous iron treatment Patients with missing data (n)

No Yes

n (%) 48 (28.2) 122 (71.8) 0

Sex, n (%) 0

Male 22 (45.8) 68 (55.7)

Female 26 (54.2) 54 (44.3)

Age in years, median (IQR) 74.5 (63.5-82.5) 75.0 (70-82) 0

Smoking status upon diagnosis, n (%) 10

Nonsmoker 23 (52.3) 54 (46.6)

Former smoker >8 wk since smoking 13 (29.5) 43 (37.1)

Active smoker 8 (18.2) 19 (16.4)

Alcohol consumption upon diagnosis (units/week), n (%) 5

0 12 (25.5) 35 (29.7)

1-14 31 (66.0) 76 (64.4)

15-21 2 (4.3) 6 (5.1)

>21 2 (4.3) 1 (0.8)

BMI, median (IQR) 25.18 (22.5-28.2) 26.49 (23.4-28.6) 0

ASA classification, n (%) 1

ASA 1 6 (12.8) 5 (4.1)

ASA 2 20 (42.6) 64 (52.5)

ASA 3 18 (38.3) 53 (43.4)

ASA 4 3 (6.4) 0 (0.0)

Tumor location, n (%) 0

right side* 33 (68.8) 91 (74.6)

left side 10 (20.8) 25 (20.5)

rectum 5 (10.4) 6 (4.9)

UICC-stage, n (%) 0

UICC 1 10 (20.8) 12 (9.8)

UICC 2 18 (37.5) 58 (47.5)

UICC 3 19 (39.6) 50 (41.0)

UICC 4 1 (2.1) 2 (1.6)

Hemoglobin, baseline (g/dL), median (IQR) 10.31 (7.09-11.60) 9.67 (8.06-10.78) 0

Hemoglobin, preoperative (g/dL), median (IQR) 9.83 (8.86-11-12) 10.47 (9.67-11.28) 46

P-ferritin, baseline (mg/L), median (IQR) 14.50 (9-26) 13.00 (8-22) 0

TSAT baseline, median (IQR) 0.05 (0.03-0.09) 0.06 (0.03-1) 10

Albumin, baseline, meidan (IQR) 37.5 (35-41) 38 (36-40) 19

Days from baseline to surgery, median (IQR) 23 (16.5-31.5) 19 (14-24)

Conversion to open surgery, n (%) 3 (6.2) 7 (5.7) 0

Perforation (intraoperative), n (%) 9 (0.0) 3 (2.5) 0

* Including the transverse colon.
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A total of 74% of RBCT (126/170) were based on a Hb that

was higher than the default transfusion trigger of <6.9 g/dL

(Table 4). In those patients, 75% of RBCTwere prescribed in the

absence of relevant cardiac comorbidities or specific anemia

symptoms. Instead, they were prescribed due to controllable

bleeding in hemodynamically stable patients, low Hb per se or

to optimize a fatigued or frail patient.

The i.v. iron treated group had a statistically significant

higher rate of overall postoperative complications (Table 5).

Excluding patients receiving RBCT, the complication rate was
16% (11/67) in the i.v. iron treated group and 3% (1/29) in the

control group (P ¼ 0.08).
Discussion

In patients with iron deficiency anemia, the blood transfusion

rate and the change in Hb concentration from diagnosis to

surgery was similar between the patients treated preopera-

tively with i.v. iron and the patients with no therapy. The

https://doi.org/10.1016/j.jss.2022.03.004
https://doi.org/10.1016/j.jss.2022.03.004
https://doi.org/10.1016/j.jss.2022.03.004


Table 2 e Transfusion rates and median number of red
blood cell transfusions in relation to the time of surgery.

Red blood cell
transfusions

No i.v. iron
group, n

I.v. iron
group, n

48 122

Red blood cell transfusion

rate % (n)

40% (19) 45% (55)

Total % (n)

Preoperative* 33% (16) 24% (29)

Day of surgery 4% (2) 11% (13)

Postoperative day 1-30 17% (8) 20% (24)

* From baseline to the day of surgery.

Table 4 e Preluding hemoglobin levels prior to red blood
cell transfusions.

Hb value (g/dL) before
transfusion

Percentage of RBCT’s (n
total ¼ 170)* % (n)

<6.9 26% (44)

6.9-<8.1 53% (90)

8.1-<9 19% (32)

�9 2% (4)

* The above is based on the 63% (170/269) of all transfusions where a

unique Hb was available (e.g. a Hb measured less than 24 h in

advance of a transfusion, and which had not already triggered a

transfusion).

Table 5 e Mortality and 30-d postoperative complication
rates.

Outcome No i.v. iron
n ¼ 48

I.v. iron
n ¼ 122

P-
value
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overall postoperative complication rate was higher in the

group of patients receiving i.v. iron treatment, while mortality

rates, length of postoperative hospital stay and DAOH were

not significantly different.

The i.v. iron treated patients did have higher preoperative

than baseline Hb concentrations, but after excluding patients

receiving RBCT between the Hbmeasurements this Hb change

was no longer evident. This is in line with recent prospective

data showing a non-significant increase in Hb levels after 1 wk

of i.v. iron treatment in CRC patients with a baseline Hb level

between 10.31 g/dL and 11.28 g/dL, while patients with more

severe anemia had a significant Hb rise.23 Our treatment group

had amedian baseline Hb of 9.67 g/dL and amedian treatment

length of 9 d which supports that i.v. iron might only increase

Hb in patients with more severe anemia, when limited time is

available before surgery.

In multivariable analysis, i.v. iron treatment was not

associated with a reduction in the perioperative transfusion

rate. Baseline Hb concentration was found to be associated

with the need of RBCT suggesting that some impact could be

expected if Hb levels were raised. However, in three RCT’s

where i.v. iron effectively raised the preoperative Hb con-

centration, only12-14 one study found any impact on periop-

erative transfusion rates.
Table 3 e Multivariable logistic regression on the odds of
being transfused in the perioperative period.

Independent variables Odds ratio (95% conf.
Interval)

P-
values

Individuals, n (168)

I.v. iron treatment 1.28 (0.43-3.79) 0.65

Gender

Female 1.31 (0.53-3.15) 0.55

Age (years) 1.07 (1.01-1.12) 0.01

ASA-classification

1-2 -

3-4 1.48 (0.62-3.15) 0.38

Intraoperative bleeding

(mL)

1.006 (1.00-1.01) 0.04

Baseline hemoglobin (g/dL) 0.36 (0.26-0.49) <0.001

ASA ¼ American Society of Anesthesiologist; NS ¼ non-significant.
In Denmark, national and local guidelines recommend a

restrictive transfusion practice.We found that 3/4 of all RBCT’s

were delivered on Hb levels above the default transfusion

trigger and that 3/4 of those were delivered in absence of

relevant cardiac comorbidities or anemia specific symptoms.

Thus, in approximation only 50% of transfusions were docu-

mented to follow national transfusion guidelines, suggesting

that clinical transfusion practice is affected by numerous

subjective evaluations and considerations besides Hb level

and comorbidity. In addition, the vast majority of second

transfusionswas administeredwithout reevaluation of the Hb

concentration or of the patient. These findings might help

explain why preoperative i.v. iron treatment, does not lead to

reduced RBCT requirements even in trials where it does raise

Hb levels.

The overall complication rate was significantly higher in

i.v. iron treated patients, with no clear trend toward a specific
Length of stay in days,

median (IQR)

3.5 (3-5.5) 4 (3-5) 0.74

DAOH-30 in days,

median (IQR)

26 (24-27) 26 (23-27) 0.997

DAOH-90 in days,

median (IQR)

86 (82-87) 86 (83-87) 0.79

30-d mortality, % (n) None 1% (1) 0.72

90-d mortality, % (n) 6% (3) 2% (2) 0.14

All complications, % (n) 8% (4) 25% (31) 0.01

ALL complications

(CD > 2), % (n)

4% (2) 10% (12) 0.17

All surgical

complications, % (n)

8% (4) 20% (24) 0.05

All medical

complications, % (n)

2% (1) 8% (10) 0.13

All infectious

complications, % (n)

2% (1) 8% (10) 0.14

CD¼Clavien Dindo; DAOH-30¼Days alive and out of hospitalefirst

30 d after surgery; DAOH-90 ¼ Days alive and out of hospitalefirst

90 d after surgery.

https://doi.org/10.1016/j.jss.2022.03.004
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subtype of complications. A metanalysis including studies on

both surgical and non-surgical patients showed an increased

risk of infections after i.v. iron administration.24 Prospective

studies on abdominal surgical patients (including various

fractions of CRC patients),12-14 have found no influence of i.v.

iron treatment on postoperative complication rates. Despite

the higher rate of complications in our study, the two groups

experienced similar short-term survival, length of stay and

DAOH-30/-90, which is in accordancewith other studies. In all,

the perioperative benefits of preoperative i.v. iron treatment

in surgical CRC patients are not clear and as highlighted in the

2020 NICE evidence review on general perioperative care, it is

uncertain that treating preoperative anemia will improve

short-term patient outcome.25 In this light, the extra cost and

the need for hospital attendance associated with i.v. iron

therapy administration needs to be taken into account.

As found in patient cohorts of non-surgical and non-cancer

related origin, iron deficiency could result in reduced quality

of life, higher degree of fatigue, lower cognitive ability, and

diminished physical capacity.26-28 Very little focus has been

on these outcomes in CRC patients and could be the focus in

future research.

Due to the retrospective nature of this study, there are

several limitations, of which selection bias deserves a special

attention. The treatment and the control group might have

systematically differed on parameters not accounted for by

our analysis, even though Table 1 shows the two groups

highly comparable. From Table 1 is seen that the treatment

group had a slightly lower baseline Hb level possibly indi-

cating a lower baseline general health in this group. On the

other hand, the treatment group had a slightly higher preop-

erative Hb level, possibly indicating a better performance to

undergo surgery. Themedical files of all patients in the control

group were examined for reasons as to why they were not

treated with i.v. iron. Such were seldomly found, and it

appeared to be based on lack of attention to the laboratory

data by the treating physician or in a few cases due to the Hb

value being close to normal or to patient allergies or patient

wish. Thirty percent of the patients did not have a preopera-

tive Hb taken, and it is possible that thesemeasurementswere

missing “not at random”. However, missing data on preoper-

ative Hb levels were distributed evenly between the two

groups. The proportion of patients receiving preoperative i.v.

iron was constant throughout the study period.

In conclusion, preoperative i.v. iron treatment was not

associated with a rise in Hb concentrations in time for surgery

and was not associated with a reduction in the likelihood of

receiving perioperative RBCT. The adherences to national and

local guidelines for blood transfusion was low.
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