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ABSTRACT
Background and Objectives: Preoperative anemia can impact postoperative outcomes, but its importance in gastrointestinal

cancer patients, and significance of anemia etiology remains unclear. We aimed to characterize the frequency and impact of

preoperative anemia, and iron‐deficiency anemia (IDA), on perioperative outcomes.

Methods: We performed a retrospective cohort study of adult patients undergoing elective gastrointestinal cancer surgery. The

primary outcome was the incidence of perioperative RBC transfusion. Secondary outcomes included 90‐day postoperative major

morbidity, ICU admission, and 90‐day hospital readmission. Multivariable analyses were performed to assess the association

between preoperative anemia and IDA and outcomes.

Results: Preoperative anemia was present in 55.5% of patients (n= 15 414), and 58.3% of anemic patients were iron deficient.

Preoperative anemia was independently associated with increased risk of RBC transfusion (RR 2.88, 95% CI 2.60–3.20), and
secondary outcomes. For every preoperative hemoglobin decrease of 1 g/dL, the adjusted risk of perioperative RBC transfusion

increased by 40% (RR 1.39, 95% CI 1.37–1.42).
Conclusion: Preoperative anemia is prevalent, and an independent risk factor for adverse postoperative outcomes. Decreases in

preoperative hemoglobin levels elevate the risk of transfusion and adverse outcomes, supporting further study to optimize

management of treatable causes of preoperative anemia including IDA.

1 | Introduction

Preoperative anemia is common in patients undergoing elective
major surgery [1–3] and has been associated with adverse out-
comes including post‐operative mortality, morbidity, and peri-
operative red blood cell (RBC) transfusion [2, 4–7].
Perioperative RBC transfusion is also independently associated

with adverse postoperative morbidity and mortality [8, 9]. Pre-
operative anemia may be caused by various etiologies including
gastrointestinal (GI) blood loss, iron deficiency (ID), renal dis-
ease, or anemia of inflammation [10, 11]. For patients under-
going cancer surgery, chemotherapy, tumour type, location, and
stage are additional factors that contribute to preoperative
anemia [12].
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GI cancers account for 35% of cancer related deaths worldwide
[13]. Patients with GI cancers are frequently affected by anemia
and/or ID [14, 15]. In this population, both preoperative anemia
and ID without anemia have been associated with adverse
short‐ and long‐term postoperative complications, such as
myocardial infarction, stroke and decreased overall survival
[16, 17].

Despite the evidence demonstrating preoperative anemia is
an important risk factor for perioperative adverse clinical
outcomes, outstanding questions remain. The optimal
screening strategy and treatment target for preoperative
anemia, the impact of severity of anemia on outcomes, and
the impact of iron‐deficiency anemia (IDA) versus other
etiologies of anemia in the GI cancer population remain less
well characterized. Understanding these factors may help
direct management strategies, particularly given the mixed
evidence regarding the use of preoperative oral or intra-
venous iron [18–20].

This study sought to examine the frequency of preoperative IDA
and non‐ID anemia and their association with perioperative
RBC transfusion and postoperative clinical outcomes in patients
undergoing elective GI cancer surgery, as well as evaluate the
association between preoperative hemoglobin (Hb) levels and
transfusion and postoperative outcomes.

2 | Methods and Methods

2.1 | Study Design

This is a population‐based retrospective cohort study using
deidentified administrative health care data stored at ICES
(formerly the Institute for Clinical Evaluative Sciences), an
independent, non‐profit research institute whose legal status
under Ontario's health information privacy law allows for
the collection and analysis of health care and demographic
data for health systems evaluation and improvement without
consent. The use of data in this project was authorized under
section 45 of Ontario's Personal Health Information Protec-
tion Act, which does not require review by a Research Ethics
Board. This study is reported in accordance with the
Strengthening The Reporting of OBservational studies in
Epidemiology (STROBE) guidelines and the REporting of
studies Conducted using Observational Routinely‐collected
health data (RECORD) statement [21, 22].

2.2 | Data Sources

Data for this study were obtained from multiple prospectively
maintained health administrative data sets stored at ICES. All
health care encounters for the province's 14 million residents
are captured given the universally accessible, single‐payer
health care system funded by the Ontario Health Insurance
Plan (OHIP) under the Canada Health Act [23]. These data sets
were linked using unique encoded identifiers and analyzed at
ICES. See Supporting Information S1: Table 1 for further
information on data sets accessed for this study.

2.3 | Study Cohort

Adult patients (≥18 years of age) with a diagnosis of GI cancer
including esophageal, gastric, small bowel, colon, rectal,
hepato‐biliary, and pancreatic cancer from the CIHI‐DAD using
International Classification of Diseases for Oncology (ICD‐O‐3)
codes (Supporting Information S1: Table 2) were identified.
Patients who underwent elective surgical resection for cancer
between January 1, 2017 and January 1, 2020 were included.
Follow up data were analyzed up to June 30, 2020. If multiple
resection codes were identified during the study period per
patient, only the first event was included. All GI surgeries were
included because they share commonalities with regard to
anemia frequency, underlying mechanism, and management,
including etiology that can be related to the disease being sur-
gically treated (such as luminal cancer). Exclusion criteria
included patients with missing identification numbers, non‐
Ontario residents, those who underwent emergency surgery, or
those with date of death before the index date of surgery. Pa-
tients with absent OLIS data were further excluded.

2.4 | Exposure

Preoperative anemia was defined as a preoperative Hb≤ 13 g/dL
in male and female patients and defined as the value closest to
the index date of surgery, within 90 days before surgery. This
definition has been adopted in recent consensus statements
advocating for a preoperative Hb of ≥13 g/dL in both sexes to
avoid adverse outcomes, especially in females [15, 24, 25]. ID
was defined as a serum ferritin < 30 ng/mL, or a serum ferritin
of <100 ng/mL and a transferrin saturation (TSAT) < 20%
[24, 26].

2.5 | Outcomes

The primary outcome was the receipt of a perioperative RBC
transfusion defined as receiving at least 1 RBC unit during the
index hospital admission. In the CIHI‐DAD, RBC transfusion is
a binary variable—the timing of transfusion and number of
units transfused is not captured. Secondary outcomes of interest
were 90‐day postoperative major morbidity, ICU admission,
90‐day hospital readmission. Postoperative major morbidity was
defined as the incidence of any grade 3−5 Clavien‐Dindo
complication (including grade 5, mortality) [27] definitions of
which are included in Supporting Information S1: Table 4.

2.6 | Covariates

Definitions and data set sources of covariables used in this study
are listed in Supporting Information S1: Table 3. Medical
comorbidity burden was assessed using the Charlson Comor-
bidity Index [28]. The complete list of comorbidity definitions
used in our study and the components of the Charlson
Comorbidity Index are included in Supporting Information S1:
Table 5 and Supporting Information S1: Table 6. Race/ethnicity
demographic data were not available in the health administra-
tive data sets for the study period. For those ≥65 years,
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preoperative medications including antiplatelet, anticoagulant,
iron, erythropoiesis‐stimulating agents, and vitamin B12 sup-
plements were obtained from the Ontario Drug Benefit Claims
(ODB) database (Supporting Information S1: Table 7). Sup-
porting Information S1: Table 8 denotes the Canadian Classi-
fication of Intervention (CCI) codes used to define surgical
approach. Baseline laboratory values (Hb, ferritin, TSAT) were
defined as the first available test result in the 3 month period
before surgery.

2.7 | Statistical Analysis

Differences between baseline characteristics of patients with
and without preoperative anemia were assessed using stan-
dardized differences, given the large sample size and
population‐based design. A difference of ≥0.10 was considered
to be statistically significant [29, 30]. To assess for possible
clustering of patients within hospitals, we estimated the corre-
lation coefficient under a generalized estimating equations
approach; this was near zero and thus we did not further
account for clustering in the final models.

First, to describe the association between the exposure of pre-
operative anemia and outcomes, multivariable modified Poisson
regression models (Poisson regression with robust error vari-
ance) were implemented and adjusted for potential measured
confounders. We used modified Poisson regression models
because they can estimate the relative risk (RR) of binary out-
comes when the rare events assumption is not met (i.e., for
common outcomes of >10%) [31, 32]. Each model was adjusted
for covariates chosen a priori based on clinical relevance and
the existing literature (Supporting Information S1: Table 9).
Results are presented as RR with 95% confidence intervals (CI).

Second, to investigate levels of preoperative anemia associated
with outcomes, preoperative Hb was treated as a continuous
variable. Multivariable logistic regression models were built to
examine the association between 1 g/dL increments in pre-
operative Hb and RBC transfusion, and postoperative clinical
outcomes, adjusting for the same covariates as in the initial
models. The results are presented as RR with 95% CI and
graphically with the predicted probability of the outcome plot-
ted against the preoperative Hb.

A subgroup analysis was restricted to patients with preoperative
anemia and available iron studies to examine the association
between the etiology of anemia (IDA vs. non‐ID anemia) and
outcomes. The same models were used, with an exposure of
IDA versus non‐ID anemia, among patients with preoperative
anemia only.

Finally, sensitivity analyses were performed. First, preoperative
medications may alter the association between preoperative
anemia and outcomes, but this information was only
available for patients≥ 65 years whose medication prescriptions
data are available through the ODB. A sensitivity analysis
restricted to patients≥ 65 years old was performed, in which
preoperative receipt of an anticoagulant and/or antiplatelet
agent was added to the covariates. Second, because RBC
transfusions have been independently associated with post‐

operative adverse events, an analysis restricted to patients who
did not receive a perioperative RBC transfusion was performed.

With regard to missing data—“missing” was considered a sep-
arate category for cancer stage (35.3%) and rurality (<1%).
Income quintile data and material deprivation were missing
< 1% and complete case analyses were performed for analyses
including those variables. All tests were two‐sided with p Values
of <0.05 considered as statistically significant. All analyses were
performed using SAS Enterprise Guide 7.1 (SAS Institute Inc.,
Cary, NC, USA).

3 | Results

3.1 | Study Population

16 621 patients undergoing elective GI cancer surgery in Ontario
between January 1, 2017 and January 1, 2020 were identified. After
excluding 1 207 patients with missing Hb levels in OLIS data, 15 414
patients were included. The baseline characteristics of patients with
and without Hb data were similar except that the latter more
commonly had colon cancer, stage I disease, and were less
comorbid (Supporting Information S1: Table 10). The characteristics
of included patients are detailed in Table 1. The mean age was
67.8 years (SD 12.2) and the most common diagnoses were colon
(52.4%) and rectal (21.1%) cancer. Overall, 8548 (55.5%) patients had
preoperative anemia. In comparison to non‐anemic patients, those
with anemia were more likely to be older, female, have higher
comorbidity burden, and had received neoadjuvant therapy. Pa-
tients with anemia had lower mean baseline Hb (10.9± 2.1 g/dL vs.
14.3± 1.3 g/dL) and preoperative Hb (11.0± 1.5 g/dL vs.
14.4± 0.9 g/dL).

In terms of screening for iron status, preoperative ferritin levels
were available for 5006 (32.5%) of all patients, and 3545 (41.5%)
of patients with anemia (Table 2). Of the latter, 2069 (58.3%)
patients were identified to have ID. In comparison to those with
non‐ID anemia, those with IDA were less likely to have received
neoadjuvant therapy, be less comorbid, and have lower baseline
and preoperative Hb levels (Supporting Information S1:
Table 11).

3.2 | Association of Outcomes With Preoperative
Anemia

Overall, 2148 (13.9%) of 15 414 patients received a perioperative
RBC transfusion. Preoperative anemia was independently
associated with an increased risk of perioperative RBC trans-
fusion (adjusted RR 2.88, 95% CI 2.60–3.20) (Figure 1). When
treating preoperative Hb as a continuous variable, each
decrease of 1 g/dL was associated with a 39% increase in the risk
of perioperative RBC transfusion (adjusted RR 1.39, 95% CI
1.37–1.42) (Figure 2A).

Preoperative anemia was also independently associated with an
increased risk of 90‐day postoperative major morbidity
(adjusted RR 1.22, 95% CI 1.14–1.30), ICU admission (adjusted
RR 1.28, 95% CI 1.18–1.39), and 90‐day readmission (adjusted
RR 1.14, 95% CI 1.06–1.23). For every decrease in preoperative
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TABLE 1 | Baseline demographic characteristics of adult patients undergoing elective gastrointestinal cancer surgery with anemia versus those

without anemia.

No. (%)

Characteristic
All Patients
(N= 15 414)

Anemia
(n = 8548)

No Anemia
(n= 6866)

Standardized
differencea

Age (Mean ± SD) 67.8 ± 12.2 70.4 ± 12.3 64.6 ± 11.2 0.50

Sex

• Female 6749 (43.8) 4622 (54.1) 2127 (31.0) 0.48

• Male 8665 (56.2) 3926 (45.9) 4739 (69.0) 0.48

Cancer site

• Colon 8070 (52.4) 5,061 (59.2) 3009 (43.8) 0.31

• Rectum 3259 (21.1) 1343 (15.7) 1916 (27.9) 0.30

• Stomach 1102 (7.1) 706 (8.3) 396 (5.8) 0.10

• Pancreas 970 (6.3) 451 (5.3) 519 (7.6) 0.09

• Biliary 553 (3.6) 287 (3.4) 266 (3.9) 0.03

• Esophagus 502 (3.3) 332 (3.9) 170 (2.5) 0.08

• Small Bowel 496 (3.2) 208 (2.4) 288 (4.2) 0.10

• Liver 462 (3.0) 160 (1.9) 302 (4.4) 0.15

Cancer stage

• I 2386 (15.5) 997 (11.7) 1389 (20.2) 0.24

• II 3341 (21.7) 2114 (24.7) 1227 (17.9) 0.17

• III 3480 (22.6) 2013 (23.5) 1467 (21.4) 0.05

• IV 772 (5.0) 477 (5.6) 295 (4.3) 0.06

• Missing 5435 (35.3) 2947 (34.5) 2488 (36.2) 0.04

Neoadjuvant Therapyb 2246 (14.6) 1383 (16.2) 863 (12.6) 0.10

Neoadjuvant Chemotherapy 1241 (8.1) 908 (10.6) 333 (4.8) 0.22

Neoadjuvant Radiation 1629 (10.6) 931 (10.9) 698 (10.2) 0.02

Neoadjuvant Chemotherapy and Radiation 624 (4.0) 456 (5.3) 168 (2.4) 0.15

Surgical approach

• Laparoscopic 8410 (54.6) 4658 (54.5) 3752 (54.6) 0.00

• Open 6927 (44.9) 3859 (45.1) 3068 (44.7) 0.01

• Robotic 77 (0.5) 31 (0.4) 46 (0.7) 0.04

Charlson Comorbidity Index (Mean ± SD) 3.3 ± 2.0 3.5 ± 2.0 3.1 ± 1.9 0.21

Myocardial Infarction 334 (2.2) 244 (2.9) 90 (1.3) 0.11

Peripheral Vascular Disease 185 (1.2) 135 (1.6) 50 (0.7) 0.08

Chronic Kidney Disease 187 (1.2) 159 (1.9) 28 (0.4) 0.14

Liver cirrhosis 145 (0.9) 72 (0.8) 73 (1.1) 0.02

Bleeding and Coagulation Disorders 157 (1.0) 115 (1.3) 42 (0.6) 0.07

Inflammatory Bowel Disease 140 (0.9) 81 (0.9) 59 (0.9) 0.01

Congestive Heart Failure 950 (6.2) 728 (8.5) 222 (3.2) 0.23

Rural Residence 2131 (13.8) 1157 (13.5) 974 (14.2) 0.02

Income Quintilec

• I 2968 (19.3) 1772 (20.7) 1196 (17.4) 0.08

• II 3170 (20.6) 1815 (21.2) 1355 (19.7) 0.04

• III 3082 (20.0) 1666 (19.5) 1416 (20.6) 0.03

• IV 3057 (19.8) 1644 (19.2) 1413 (20.6) 0.03

(Continues)
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Hb level by 1 g/dL, the adjusted risk of 90‐day postoperative
major morbidity, ICU admission, and hospital readmission
increased by 7% (RR 1.07, 95% CI 1.05–1.09), 5% (RR 1.05, 95%
CI 1.03–1.08), and 4% (RR 1.04, 95% CI 1.02–1.06), respectively
(Figure 2B−D).

3.3 | Sub‐Group Analysis: Preoperative ID
Anemia

Overall, 3545 patients had anemia and iron studies available,
of which 2069 (58.3%) had iron‐deficiency (Table 2). In this

TABLE 1 | (Continued)

No. (%)

Characteristic
All Patients
(N= 15 414)

Anemia
(n = 8548)

No Anemia
(n= 6866)

Standardized
differencea

• V 3098 (20.1) 1627 (19.0) 1471 (21.4) 0.06

Material deprivation quintiled

• I 3353 (21.8) 1772 (20.7) 1581 (23.0) 0.06

• II 3188 (20.7) 1723 (20.2) 1465 (21.3) 0.03

• III 3015 (19.6) 1660 (19.4) 1355 (19.7) 0.01

• IV 2975 (19.3) 1703 (19.9) 1272 (18.5) 0.04

• V 2744 (17.8) 1602 (18.7) 1142 (16.6) 0.06

Baseline Hb g/dL (mean ± SD) 12.4 ± 2.4 10.9 ± 2.1 14.3 ± 1.3 1.93

Preoperative Hb g/dL (mean ± SD) 12.5 ± 2.1 11.0 ± 1.5 14.4 ± 0.9 2.68

Baseline Ferritin ng/mL (mean ± SD) 110.2 ± 244.8 85.9 ± 216.4 169.0 ± 294.8 0.32

Preoperative Ferritin ng/mL (mean ± SD) 112.1 ± 227.0 92.1 ± 211.1 160.6 ± 255.2 0.29

Baseline TSAT % (mean ± SD) 0.17 ± 0.16 0.15 ± 0.15 0.27 ± 0.16 0.80

Preoperative TSAT % (mean ± SD) 0.18 ± 0.16 0.15 ± 0.15 0.27 ± 0.16 0.79

Abbreviations: Hb, Hemoglobin; SD, standard deviation; TSAT, Transferrin saturation.
aStandardized differences for patients with anemia versus no anemia;
bdenotes the receipt of neoadjuvant chemotherapy and/or radiation therapy;
cRanked from lowest (I) to highest (V) income quintile;
dRanked from least (I) to most (V) marginalized.

TABLE 2 | Preoperative ferritin levels based on anemia and iron deficiency status.

Preoperative ferritin
(ng/mL)

No. (%)

IDA (n= 2069)
Non‐IDA
(n= 1476)

No
Anemia_ID (n= 274)

No Anemia_Non ID
(n= 1187)

0–29 1926 (93.1) 0 (0.0) 251 (91.6) 0 (0.0)

30–100 143 (6.9) 749 (50.8) 23 (8.4) 526 (44.3)

>100 0 (0.0) 727 (49.2) 0 (0.0) 661 (55.7)

Abbreviations: ID, iron deficiency; IDA, iron deficiency anemia.

FIGURE 1 | Association between preoperative anemia and primary and secondary clinical outcomes. RR, relative risk. Results presented as RR

(95% CI). Adjusted for patient age, sex, cancer stage, comorbidity index score, procedure type (open, laparoscopic, robotic), GI cancer type (separated

by luminal vs. non‐luminal cancers), receipt of neoadjuvant chemotherapy and/or radiation, income and marginalization quintiles, and rurality.
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sub‐group of patients with preoperative anemia, the etiology of
anemia, IDA compared to non‐ID anemia, was not associated
with increased perioperative risk of RBC transfusion (adjusted
RR 1.09, 95% CI 0.96–1.25), 90 day postoperative major mor-
bidity (adjusted RR 0.95, 95% CI 0.84–1.08) or 90 day hospital
readmission (adjusted RR 0.96, 95% CI 0.82–1.12) (Figure 3).

3.4 | Sensitivity Analyses

When restricting the analysis to patients≥ 65 years old
(n= 9789) and adjusting for antiplatelet/anticoagulant medica-
tions, preoperative anemia remained independently associated
with perioperative RBC transfusion (RR 2.83, 95% CI 2.48–3.23).
When restricting the analysis to patients who did not receive a
perioperative RBC transfusion (n= 13 267), preoperative ane-
mia remained independently associated with increased risk of
90‐day postoperative major morbidity (adjusted RR 1.11, 95% CI
1.03–1.20).

4 | Discussion

In this large population‐based cohort study, preoperative ane-
mia was prevalent and present in over half of patients with both
luminal and non‐luminal malignancies undergoing elective GI
cancer surgery. In patients with anemia, 58% were identified to

have IDA, but only one‐third of all patients had any pre-
operative ferritin testing available. Preoperative anemia was
independently associated with a higher risk of RBC transfusion,
with a dose‐response relationship; each decrease in pre-
operative Hb of 1 g/dL was associated with a 40% increase in the
risk of RBC transfusion. Similar continuous associations were
identified between preoperative anemia and 90‐day post-
operative major morbidity, ICU admission, and readmission,
with risk increased by 7%, 5%, and 4%, for each decrease of 1 g/dL
in preoperative Hb, respectively. The type of anemia, whether
IDA or non‐ID anemia, was not independently associated with
perioperative RBC transfusions or post‐operative outcomes,
potentially indicating that anemia, regardless of etiology, plays a
role in perioperative outcomes. These findings are important to
bolster efforts to improve uptake of, and set goals for, perio-
perative patient blood management programs as well as future
research.

We observed a similar rate of preoperative anemia and IDA
relative to the existing literature on GI cancers [15, 33–37]. This
indicates face validity for our assessment of preoperative ane-
mia. While the finding of an association between preoperative
anemia and outcomes within the GI cancer patient population
have previously been reported, our study adds new information
regarding the severity of anemia. Prior studies have observed
that preoperative anemia is independently associated with
adverse clinical and RBC transfusion outcomes [1–5]. However,
in previous studies, different definitions of anemia were used

FIGURE 2 | Association between preoperative hemoglobin level (g/dL) and adjusted predicted probability of perioperative RBC transfusion (A)

90‐day postoperative major morbidity (B), ICU admission (C), and 90‐day hospital readmission (D). Results presented as RR (95% CI). Adjusted for

patient age, sex, cancer stage, comorbidity index score, procedure type (open, laparoscopic, robotic), GI cancer type (separated by luminal vs. non‐
luminal cancers), receipt of neoadjuvant chemotherapy and/or radiation, income and marginalization quintiles, and rurality.
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for male and female patients, and preoperative anemia was ex-
amined as a dichotomous variable. In our study we used the same
Hb threshold of <13 g/dL to define anemia in male and female
patients, consistent with international consensus statements advo-
cating for the same definition in both sexes to avoid predisposing
females to adverse outcomes [24, 25, 38]. We also used a novel
approach by examining preoperative Hb as a continuous variable.
This provides a more nuanced and precise assessment of the asso-
ciation of degree of anemia with outcomes. Patient blood man-
agement programs often aim to correct anemia altogether however,
depending on the level of anemia and timelines to surgery, this may
not be possible [10, 39]. As a result, some may be discouraged to
intervene and not consider blood management interventions pre-
operatively. Our result suggests that even modest improvements in
preoperative Hb can be associated with improved outcomes. This
supports the need for timely preoperative anemia identification and
management for all patients undergoing GI surgery because even
small gains in Hb levels could make a difference [4, 24, 40].

We further explored whether the etiology of anemia, IDA or
non‐ID anemia, was associated with outcomes. ID is the most
common cause of anemia worldwide, and frequently identified
in patients with GI malignancies both at time of diagnosis and/
or during treatment [14, 15, 41–43]. In our study 58.3% of
anemic patients were identified to be iron deficient, however
only a third of all patients (32.5%) had any preoperative ferritin
testing performed. As such, the prevalence of ID (with or
without anemia) within our cohort is likely underestimated.
Our low ferritin testing rate despite the high prevalence of
anemia suggest that ID is under‐tested and under‐diagnosed in
this patient population. Investigation into a patient's underlying
iron status is important considering that IDA is treatable and
should be treated regardless of whether a patient is going for
surgery [26]. In patients undergoing cardiac surgery, ID in the
presence or absence of anemia has been associated with
increased postoperative mortality, perioperative RBC transfu-
sion, and postoperative fatigue [44–46]. In patients with colo-
rectal cancer, severe ID regardless of anemia status has been
examined, but not found to be associated with postoperative
complications [17]. Among patients with preoperative anemia
in our study, IDA was not associated with outcomes compared
to non‐ID anemia, including perioperative RBC transfusion.
This does not examine whether IDA compared to no anemia, or

non‐ID anemia compared to no anemia, is associated with
outcomes. It is acknowledged that our definitions of ID (serum
ferritin of <30 ng/mL, or if available—serum ferritin of
<100 ng/mL and TSAT < 20%) were strict; half of patients
characterized as “non‐IDA” had serum ferritin levels of
30–100 ng/mL in the absence of an available TSAT. As such it is
possible that a subset of patients with ID were included in the
non‐ID anemia group, attenuating potential differences.
Nevertheless, these results report for the first time on the
question of the etiology of preoperative anemia and outcomes
for GI surgery. We did not identify a difference in outcomes
between IDA and non‐IDA, possibly due to the low rate of
screening for ID and other causes of anemia. Differences in the
ability to correct Hb preoperatively and their effect on outcomes
between etiology fell beyond the scope of this study but could be
investigated in future efforts.

While routine administration of IV iron has not demonstrated a
benefit on transfusion rates or mortality in abdominal surgery, in
colorectal cancer surgery, there is evidence to suggest that IV iron in
comparison to oral supplementation or standard of care may result
in larger increase in Hb level and decrease perioperative RBC
transfusion [18, 19, 33, 47, 48]. In the most recent randomized
controlled trial (PREVENTT), IV iron was administered routinely
(not specifically to patients with IDA) at a median 14 days pre-
operatively with an average Hb increase of 5 g/L with no differences
in postoperative complications [18]. Notable, a decreased risk of
readmission to hospital was observed in those patients treated with
IV iron, suggesting that treatment with IV iron may have occurred
too late in the preoperative phase [18]. Although the data are still
uncertain, they do not definitively rule out benefits of treating
preoperative anemia. ID is a treatable cause of preoperative anemia
which should be managed; early identification and timely man-
agement before surgery should be pursued [24, 26].

This study has limitations. The data were not collected specifically
to answer the research question and thus can lack details. While we
adjusted for key measured covariates such as patient comorbidities
in our analysis, unmeasured confounding cannot be avoided. For
instance, we were missing certain tumour factors and the indication
for, or Hb level before, transfusion. Such details may lessen the
magnitude of the associations observed. We could not obtain pre-
operative medication information for the entire cohort because the

FIGURE 3 | Associations between preoperative IDA versus non‐IDA on primary and secondary clinical outcomes. RR, relative risk. Results presented as

RR (95% CI). Results presented as RR (95% CI). Adjusted for patient age, sex, cancer stage, comorbidity index score, procedure type (open, laparoscopic, and

robotic), GI cancer type (separated by luminal vs. non‐luminal cancers), receipt of neoadjuvant chemotherapy and/or radiation, income and marginalization

quintiles, and rurality. Multivariable analysis unable to be performed for ICU admission due to low outcome number.
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ODB claims are only available for individuals≥ 65 years or on
disability, but we conducted a sensitivity analysis on this subgroup
of patients that did not alter the findings. We also could not address
whether time to surgery post neoadjuvant therapy influenced pre-
operative anemia, and any preoperative management of anemia,
such as iron supplementation which was not reliably available in
the data sets. We included all GI surgeries which may differ in
terms of complexity and baseline risk of RBC transfusion and
postoperative morbidity. The procedures share commonalities with
regard to anemia frequency, underlying mechanism, and manage-
ment. We adjusted for the type of procedure based on surgical
approach and disease in the multivariable models, but could not
adjust for estimated blood loss which was not available in the data
set. Our data set is obtained from a large provincial retrospective
data set which encompasses data from various academic and
community institutions across Ontario; as such transfusion prac-
tices may vary based on individual institutional policies, and indi-
vidual surgeon practice. Additionally, based on our definition of
anemia as a Hb<13 g/dL in both sexes we observed high rates of
anemia in our study population with 68% and 45% of female and
male patients respectively being anemic. While similarly high
anemia rates in female patients have been observed in previous
studies, the high rates of anemia in our population may influence
the generalizability of our results [15]. Future studies assessing the
prevalence of preoperative anemia that similarly avoid sex based
definitions to define anemia will be of benefit to compare our
findings. Finally, while our study suggests that there is an associa-
tion between the degree of preoperative anemia and transfusion as
well as clinical outcomes such as postoperative morbidity, given the
retrospective nature of this work we are unable to assess whether
preoperative correction of anemia with interventions such as iron
supplementation would lead to an improvement in these outcomes.

Despite these limitations, the strengths of this study include the
large cohort of over 15 000 patients with both luminal and non‐
luminal GI malignancies and high‐quality administrative data
sets. Future work on efforts to better identify preoperative
anemia and ID in the early preoperative setting, as well as
prospective observational or randomized controlled trials to
delineate the impact of anemic and non‐anemic ID in GI cancer
patients, and more importantly its treatment on additional
patient‐centered outcomes such as fatigue, and postoperative
quality of life will be of benefit to better address how to opti-
mally manage anemia and ID within this population. Moreover,
the observation that the degree of preoperative anemia is
associated with RBC transfusion and postoperative outcomes
supports patient blood management recommendations for early
identification and treatment of preoperative anemia to result in
incremental increases in Hb level before surgery.

5 | Conclusion

Preoperative anemia and IDA are very common in patients
undergoing elective GI cancer surgery, however iron status
testing may be under‐utilized in the preoperative setting con-
tributing to under‐recognition of treatable ID in this patient
population. Preoperative anemia is independently associated
with increased risks of perioperative RBC transfusion, 90‐day
postoperative major morbidity, ICU admission, and hospital
readmission. Notably, each decrease of preoperative Hb by 1 g/dL

was associated with significant increases in perioperative RBC
transfusion, and 90‐day postoperative major morbidity, ICU
admission, and hospital readmission which suggests that any
correction in preoperative Hb levels may contribute to improving
patient outcomes. Our work supports efforts for early detection,
investigation into treatable causes, and early management of
preoperative anemia before GI cancer surgery to mitigate adverse
outcomes.
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