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Introduction: Gastric cancer patients are often transfused with red blood cells, with negative impact on
postoperative course. This multicenter prospective interventional cohort study aimed to determine
whether implementation of a Patient Blood Management (PBM) program, was associated with a decrease
in transfusion rate and improvements in clinical outcomes in gastric cancer surgery.
Methods: We compared transfusion practices and clinical outcomes in patients undergoing elective
gastric cancer resection before and after implementing a PBM program, including strategies to detect and
treat anemia and restrictive transfusion practice (2014e2018). Primary outcome was transfusion rate
(TR). Secondary outcomes were complications, reoperations, length of stay, readmissions, 90-day mor-
tality and failure-to-rescue. Differences were adjusted by confounding factors.
Results: Some 789 patients were included (496 pre- and 293 post-PBM). TR decreased from 39.1% to
27.0% (adjusted difference �9.1, 95% CI -15.2 to �2.9), being reduction particularly significant in patients
with anemia, ASA score 3e4, locally advanced tumors, undergoing open surgery and total gastrectomy.
Infectious complications diminished from 25% to 16.4% (�6.1, 95%CI -11.5 to �0.7), reoperations from
8.1% to 6.1% (�2.2, 95%CI -5.1 to þ0.6), median length of stay from 11 [IQR 8e18] to 8 [7e12] days
(p < 0.001), hospital readmission from 14.1% to 8.9% (�5.4, 95%CI -9.6 to �1.1), mortality from 7.9% to
4.8% (�2.4, 95%CI -4.7 to �0.01), and failure-to rescue from 62.7% to 32.7% (�23.1, 95%CI -37.7 to �8.5).
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Conclusion: Implementation of a PBM program was associated with a reduction in transfusion rate and
improvement in postoperative outcomes in gastric cancer patients undergoing curative resection.

© 2020 Published by Elsevier Ltd.
1. Introduction

Patients undergoing gastric cancer resection are at high risk of
receiving red blood cell transfusion (RBCT) due to high prevalence
of anemia at diagnosis that can increase during neoadjuvant ther-
apy [1e8]. Preoperative anemia is associated with poor clinical
outcome in surgical patients [9e11], and also directly related to the
use of RBCT, known to compromise cellular immunity of surgical
patients, therefore increasing the risk of postoperative infectious
complications and probably favoring recurrence of gastric cancer
[6,12e14].

Patient blood management (PBM) programs include different
evidence-based interventions addressed to maintain patients’ own
blood mass and avoid unnecessary transfusions [15,16]. PBM stra-
tegies are organized in three main pillars: management of anemia
with early detection and use of erythropoiesis-stimulating agents;
minimizing iatrogenic blood loss; and optimization of patient-
specific physiological tolerance to anemia with a restrictive trans-
fusion strategy [17,18]. PBM programs have been successfully
implemented in orthopedic, cardiac, and colorectal surgery,
reducing transfusions and hospital length of stay [19e21]. PBM
strategies have also been recommended in gastric cancer surgery to
reduce the use of RBCT and its associated risks, but their feasibility
and effectiveness in this setting has not been previously examined
[6,7].

The aim of this study was to evaluate the implementation and
effectiveness of a PBM program on perioperative RBCT and post-
operative clinical outcome measures in patients undergoing gastric
cancer resection with curative intent.
2. Methods

2.1. PBM protocol design and implementation

The Spanish EURECCA (EUropean REgister for Cancer CAre)
Esophagogastric Cancer Group aims at surgical quality improve-
ment and is linked to the EURECCA network in Europe [22e24].
During a workshop in May 2014, perioperative transfusion policies
among hospitals were found to be very heterogeneous: a few
centers had PBM protocols and practices, while most of them did
not [8]. After several meetings, a protocol of PBM measures was
agreed upon February 2016 (eFig. 1) [25]. Briefly, the PBM program
included strategies to address two PBM pillars: a) preoperative
anemia detection and treatment, and b) a restrictive perioperative
transfusion practice according to national guidelines for transfusion
thresholds [26]. After performing a laboratory work-up 2e4 weeks
before surgery, preoperative iron supplementation at least 7 days
before surgery was recommended in the presence of iron defi-
ciency anemia [27]. Anemia was defined as a hemoglobin (Hb)
level < 13 g/dL for both sexes. Patients with anemia underwent
evaluation of iron status and in the presence of Hb < 12 g/dL and/or
serum ferritin <300 mg/L, intravenous (i.v.) iron supplementation
was recommended instead of oral iron. Both iv ferric sucrose and
carboximaltose were available at all hospitals, being prioritized the
use of carboximaltose when expected time to surgery was less than
1 month. Dose of i.v. ironwas calculated using the Ganzoni formula
or by the simplified strategy, only available for ferric
2

carboxymaltose [28,29]. Recommended transfusion thresholds
were Hb < 9 g/dL for patients with risk factors and/or anemia
symptoms, and Hb < 7 g/dL for the remaining patients in absence of
active bleeding [26,30].

After consensus, the PBM protocol was introduced through
specific workshops to the members of the local multidisciplinary
team of participating hospitals by the two principal investigators of
this study (J.O, C.J), and study approval was obtained from their
Institutional Review Boards.

2.2. Study design and participants

A multicenter before-and after interventional study was con-
ducted in a prospective cohort of consecutive patients undergoing
elective gastric cancer resection with curative intent in hospitals of
the Spanish EURECCA Esophagogastric Cancer Group between
January 2014 and December 2018 (ClinicalTrials.gov
NCT04286984). Hospitals having already a preoperative hemoglo-
bin optimization circuit or supervised restrictive transfusion stra-
tegies at the beginning of the study were excluded [8]. In
participating hospitals, implementation of PBM program started in
March 2016 and was completed by April 2017. Accordingly, patients
were divided into two groups, those in whom gastric cancer was
diagnosed before implementation of the PBM protocol in their
hospital and those diagnosed thereafter. No other significant
changes in pre and postoperative management were introduced
during the study period in any of the participant hospitals.

2.3. Data collection

This study is based on a prospective population-based registry
that collects clinical data from all public hospitals in the partici-
pating regions providing them with their outcome parameters
benchmarked against other hospitals. Ninety variables with
detailed definitions are continuously collected from each patient by
the reference surgeon at each institution. Validation of data regis-
tration (period 2014e2018) in the EURECCA dataset has recently
been performed revealing completeness and accuracy rates of 97%
and 95%, respectively (ClinicalTrials.gov NCT03541629). Recorded
data included: demographics (age, sex); category of the American
Society of Anesthesiologists (ASA) physical status classification
system; body mass index (BMI); percentage of unintended weight
loss 6 months before surgery; Charlson Comorbidity Index (CCI)
(categorized as 0, 1e2, and >3); tumor location; American Joint
Committee on Cancer Eighth edition pT/ypT and pN/ypN stages
[31]; neoadjuvant treatment; surgical approach (open or minimally
invasive); type of gastrectomy (distal subtotal or total); extension of
lymphadenectomy according to the Japanese Gastric Cancer Asso-
ciation Classification [32]; associated multivisceral resection; Hb at
diagnosis and before surgery; preoperative i.v. iron treatment;
number of RBCT units administered; moment of transfusion (pre-
or perioperative); postoperative complications; length of hospital
stay; 30-day hospital readmission; and mortality.

2.4. Outcomes and definitions

The primary endpoint of the study was transfusion rate (TR)
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(overall, preoperative, intraoperative and postoperative). Second-
ary outcomes were postoperative complications (overall, severe
and infectious); transfusion index (TI); Hb improvement after
preoperative i.v. iron therapy; length of hospital stay; 30-
readmission rate; and 90-day mortality. Adherence to the PBM
protocol was assessed using the following measures: determina-
tion of Hb at least two weeks before surgery; determination of
ferritin in patients with Hb < 13 g/dL; percentage of patients with
Hb � 12 g/dL and/or ferritin �300 mg/L at diagnosis treated pre-
operatively with i.v. iron at least 7 days before surgery; and the
percentage of patients transfused according to thresholds recom-
mended by the PMB protocol. TR was defined as the percentage of
patients receiving any RBCT over the total operated patients, and TI
as the total number of RBCT units transfused divided by the number
of transfused patients. Both TR and TI were defined as preoperative
(from the date of diagnosis of gastric cancer to the date of surgery),
intraoperative (during the day of surgery), postoperative (from the
day after surgery to the date of hospital discharge) or overall (from
the date of diagnosis to the date of hospital discharge). Post-
operative complications occurring within the first 90 days after
surgery were defined according to the Gastrectomy Complications
Consensus Group (GCCG) [33] and graded with the Clavien-Dindo
classification [34]. Readmissions were those occurring within the
first 30 days after hospital discharge, and mortality was recorded
during the first 90 days after surgery. Failure-to-rescue was calcu-
lated as the proportion of patients with a severe complication
(Clavien-Dindo grade � IIIa) dying during the first 90 days after
surgery [35,36].

2.5. Statistical analysis

Minimal sample size to detect a TR reduction of 10% was 137
patients, considering a unilateral a error ¼ 0.05, a b error ¼ 0.2 and
an estimated follow-up loss of 5% (GRANMO sample size calculator,
version 7.12, www.imim.cat). Continuous variables are expressed as
mean and standard deviation (SD) when the distribution was
considered normal, and otherwise using the median and inter-
quartile range (IQR) (25th-75th percentile) and range. Categorical
Fig. 1. Flowchart of participating ho
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variables are expressed as absolute numbers and percentages. To
compare the demographic and clinical profile of participants by
study group a Chi-square test was used for proportions and a t-
Student test for means. A generalized linear model with a binomial
distribution and a logarithm link function was used to estimate the
adjusted relative risk (RR) as a measure of effect before and after
PBM implementation. Moreover, adjusted differences on the event
risk before and after PBM implementation are shown. Relationships
between adjusted variables (age, CCI score, ASA score, Hb at diag-
nosis, minimally invasive surgery, type of gastrectomy, surgical
radicality, associated visceral resection and pT stage) are presented
in a graphical causal model (Directed Acyclic Graph, DAG) for
regression analysis of study outcomes (eFig. 2). Estimates were
bounded by 95% confidence interval (CI). Statistical significance
was set at a two-side P value below 0.05. All analyses were per-
formed using R version 3.6.1.
3. Results

Staff surgeons of 19 hospitals participated in the design of the
PBM protocol, but 10 hospitals were excluded: three hospitals had
already an ongoing PBM program at the beginning of the study; the
unified PMB program was not implemented before December 31,
2017 in 4 hospitals; and gastric cancer surgery was restricted to be
performed due to a centralization policy of the health care system
in 3 hospitals (Fig. 1). Therefore, 9 hospitals participated in the
study during the five-year recruiting period, including 789 pa-
tients: 496 in the pre-PMB period (recruiting duration ranging from
25.9 to 39.7 months among participating hospitals); and 293 pa-
tients in the post-PBM period (19.9e33.9 months). Patients diag-
nosed with gastric cancer before and after implementation of the
PBM program showed similar demographic and clinical character-
istics, but patients diagnosed after implementation were more
frequently operated on by laparoscopy (48.5% vs. 36.3%, p ¼ 0.001),
more often submitted to a subtotal gastrectomy (62.5% vs. 54.8%,
p ¼ 0.04), and less likely of having an associated visceral resection
(5.1% vs. 9.9%, p ¼ 0.025) (Table 1).
spitals and included patients.
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Table 1
Demographic, clinical, surgical and pathological characteristics (n ¼ 789).

Variables Before PBM n ¼ 496 After PBM n ¼ 293 p

Sex 0.945
Men 314 (63.3) 187 (63.8)
Women 182 (36.7) 106 (36.2)
Age, years, m (SD) 69.3 (11.6) 69.7 (11.3) 0.675
Body mass index, kg/m2, mean (SD) 26.3 (4.5) 26.3 (5.1) 0.929
Weight loss 0.125
< 5% 292 (58.9) 182 (62.1)
5e10% 107 (21.6) 66 (22.5)
> 10% 85 (17.1) 44 (15.0)
Missing 12 (2.4) 1 (0.3)

Hemoglobin level, g/dL, mean (SD) 11.5 (2.8) 11.6 (2.8) 0.356
< 7 32 (6.4) 14 (4.8)
� 7 to < 9 69 (13.9) 43 (14.7)
� 9 to < 13 216 (43.5) 122 (41.6)
� 13 179 (36.2) 111 (37.9)
Missing 0 3 (1.0)

ASA classification 0.100
1-2 240 (48.3) 129 (44.0)
3-4 256 (51.6) 162 (55.3)
Missing 0 2 (0.7)

Charlson comorbidity index (CCI) 0.729
0 247 (49.8) 151 (51.5)
1 141 (28.4) 73 (24.9)
2 46 (9.3) 31 (10.6)
�3 62 (12.5) 38 (13.0)

Missing 0 0
Ischemic heart disease 39 (7.9) 15 (5.1) 0.184
Congestive heart failure 26 (5.2) 12 (4.1) 0.579
Tumor location 0.297
Proximal 72 (14.5) 37 (12.6)
Medial 174 (35.1) 94 (32.1)
Distal 250 (50.4) 162 (55.3)

Neoadjuvant therapy 151 (30.4) 105 (35.8) 0.137
Type of gastrectomy 0.044
Subtotal 272 (54.8) 183 (62.5)
Total 224 (45.2) 110 (37.5)

Resected lymph nodes, m (SD) 26.0 (14.2) 27.3 (14.7) 0.214
Laparoscopy 180 (36.3) 142 (48.5) 0.001
Associated visceral resection 49 (9.9) 15 (5.1) 0.025
AJCC Eighth edition pT stage 0.267
pTis-0-1-2 190 (38.3) 110 (37.5)
pT3-4 306 (61.7) 179 (61.1)
Missing 0 4 (1.4)
Involved lymph nodes, m (SD) 4.1 (6.8) 4.4 (8.4) 0.616
Surgical radicality 0.064
R0 437 (88.1) 267 (91.1)
R1 48 (9.7) 21 (7.2)
R2 11 (2.2) 2 (0,7)
Missing 0 3 (1.0)

Data as absolute numbers and percentages in parenthesis.
Abbreviations: PBM, Patient Blood Management; ASA, American Society of Anesthesiologists; SD: standard deviation; AJCC, American Joint Commission on Cancer.
To compare the demographic and clinical profile of participants by study group has been used: Chi-square test for proportions; t-test test for means.
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3.1. PBM program compliance measures

After implementation of the PBM program, serum Hb levels
were obtained �14 days preoperatively in 99.0% (290/293) of pa-
tients. Among the 179 patients with Hb < 13 g/dL, serum ferritin
levels were determined in 96 (53.6%). Of 147 patients with
Hb � 12 g/dL and/or serum ferritin �300 mg/L, 77 (52.4%) received
i.v. iron therapy, which was administered�7 days before surgery in
63 (81.8%) and using ferric carboxymaltose in 62 (80.5%). Median
time interval between diagnosis and gastric cancer resection did
not change, neither in patients receiving neoadjuvant therapy (141
[131e151] days before the PBM program vs. 136 [118e152] days
after the PBM program; p ¼ ns) nor in those not receiving neo-
adjuvant therapy (28 [17e37] days vs. 33 [22e56] days; p ¼ ns).
Transfusion with RBCT was administered in 81 occasions, being
justified by the PBM protocol in 67 (82.7%) because of Hb < 7 g/dL in
4

19, Hb 7e9 g/dL with risk factors and/or symptoms of anemia in 41,
and Hb > 9 g/dL with suspicion of active bleeding in 7.
3.2. Preoperative hemoglobin optimization

In patients diagnosed before and after PBM program imple-
mentation with basal Hb < 13 g/dL and not transfused before sur-
gery (n ¼ 346), changes of mean (SD) serum Hb levels from gastric
cancer diagnosis to surgery were as follow: in patients not treated
with i.v. iron (n ¼ 262), from Hb 11.2 (1.4) to 10.9 (1.6) g/dL,
difference �0.3 g/dL (95% CI �0.5 to 0.0); in patients treated with
ferric sucrose (n ¼ 15), from 9.4 (1.3) to 10.0 (1.6) g/dL,
differenceþ0.6 g/dL (95% CI -0.4 toþ1.6); and in those treated with
ferric carboxymaltose (n ¼ 69), from 9.7 (1.4) to 11.4 (1.7) g/dL,
difference þ1.7 g/dL (95% CI þ 1.2 to þ2.2).



Table 2
Study outcomes before and after the implementation of the Patient Blood Management program (n ¼ 789).

Outcomes Before PBM n ¼ 496 After PBM n ¼ 293 DAG adjusted RR ** (95% CI) DAG adjusted difference ** (95%CI)

Transfusion rate (TR)
Overall 194 (39.1) 79 (27.0) 0.81 (0.66e0.98) �9.08 (�15.22 to �2.93)
Preoperative 108 (21.8) 45 (15.4) 0.92 (0.72e1.18) �4.93 (�8.5 to �1.34)
Intraoperative 52 (10.5) 17 (5.8) 0.75 (0.45e1.24) �1.45 (�4.18 to þ1.28)
Postoperative 109 (22.0) 41 (14.0) 0.63 (0.44e0.87) �7.03 (�12.01 to �2.04)

Postoperative complications
Overall 221 (44.6) 104 (35.5) 0.84 (0.70e1.00) �5.81 (�12.75 to þ1.14)
Severe complications* 102 (20.6) 49 (16.7) 0.82 (0.59e1.11) �2.93 (�8.26 to þ2.43)
Infectious 124 (25.0) 48 (16.4) 0.71 (0.52e0.96) �6.07 (�11.47 to �0.67)

Reoperation 40 (8.1) 18 (6.1) 0.71 (0.40e1.22) �2.23 (�5.11 to þ0.66)
Length of hospital stay (days) median [IQR] 11 [8e18] 8 [7e12] 0.83 (0.80e0.86)
30-day hospital readmission 70 (14.1) 26 (8.9) 0.66 (0.42e1.00) �5.38 (�9.63 to �1.14)
90-day mortality 39 (7.9) 14 (4.8) 0.60 (0.31e1.06) �2.35 (�4.69 to �0.01)
Failure-to-rescue 64/102 (62.7) 16/49 (32.7) 0.57 (0.37e0.88) �23.14 (�37.75 to �8.54)

Data as absolute numbers and percentages in parenthesis.*Severe complications: Clavien-Dindo grade � IIIA; ** DAG adjusted analyss by the following confounding factors:
age, CCI score, ASA score, Hb at diagnosis, minimally invasive surgery, type of gastrectomy, surgical radicality, associated visceral resection and pT stage; PBM: Patient Blood
Management; RR: Relative risk.
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3.3. PBM program outcomes

Changes in study outcome measures after implementation of
the PBM program are shown in Table 2. Overall TR decreased
significantly from 39.1% to 27.0%, with an adjusted RR of 0.81 (95%CI
0.66 to 0.98) and adjusted difference of �9.08% (95%CI -15.22%
to �2.93%). Adjusted DAG analysis demonstrated significant re-
ductions in pre and postoperative TR, which were independent of
the considered confounding factors: age, CCI score, ASA score, Hb at
diagnosis, minimally invasive surgery, type of gastrectomy, surgical
radicality, associated visceral resection and pT stage. As shown in
Fig. 2, TR decreased after PBM implementation in all subgroups of
Fig. 2. Forest plot of Transfusion Rate adjusted RR after PBM progr
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patients. This reductionwas statistically significant in patients with
Hb < 13 g/dL at diagnosis, higher anesthetic risk (ASA score 3e4),
undergoing open surgery or total gastrectomy, and with locally
advanced tumors. The median number of RBCT units among
transfused patients (TI) was of 3 [2e5] before and 3 [2e4] after
PBM. Postoperative overall complications before and after PBM
were 44.6% and 35.5% (adjusted RR 0.84, 95%CI 0.7 to 1.0). A
detailed description of these complications, according to the GCCG,
is shown in Table 3. Infectious complications decreased from 25% to
16.4% (adjusted RR of 0.71, 95%CI 0.52 to 0.96). Decrease of raw
percentage of infectious complications was present in all subgroups
of patients, being statistically significant in those with baseline
am implementation in different subgroups of the study group.



Table 3
Postoperative complications as defined by the Gastric Cancer Complication Group.d.

Complications Before PBM n ¼ 496 After BPM n ¼ 293 p

General complications
Stroke 3 (0.6) 3 (1.0) 0.877
Myocardial infarction 3 (0.6) 1 (0.3) 1
Cardiac dysrhythmia 8 (1.6) 5 (1.7) 1
Pulmonary embolism 5 (1.0) 2 (0.7) 0.937
Acute myocardial failurea 9 (1.8) 3 (1.0) 0.565
Respiratory failure/distress 17 (3.4) 13 (4.4) 0.775
Pleural effusion 8 (1.6) 6 (2.0) 0.866
Pneumothorax 0 0 -
Liver dysfunctionb 1 (0.2) 1 (0.3) 1
Renal failurec 10 (2.0) 5 (1.7) 0.969
Infectiond 124 (25.0) 48 (16.4) 0.006
Surgical complications
Bleeding requiring transfusion 24 (4.8) 10 (3.4) 0.440
Bowel obstruction 4 (0.8) 3 (1.0) 1
Bowel perforation/necrosis 3 (0.6) 1 (0.3) 0.775
Duodenal leak 24 (4.8) 8 (2.7) 0.206
Anastomotic leak 31 (12.3) 19 (6.5) 0.013
Pancreatic fistula 2 (0.4) 2 (0.6) 0.567
Pancreatitis 0 0 -
Abdominal collection 29 (5.8) 16 (5.5) 0.947
Delayed gastric emptying 4 (0.8) 1 (0.3) 0.740

PBM: Patient Blood Management program.
a Acute pulmonary edema or drop in ejection fraction > 50%.
b Child-Pugh score > 8 for > 24 h.
c two-fold increase of serum creatinine level or requirement of continuous veno-venous hemofiltration of dialysis; d Infections affecting the gastrointestinal tract,

the respiratory tract, the urinary tract, other systems or a combination of systems, with both symptoms and isolation of causative pathogen.
d Data as absolute numbers and percentages in parenthesis. To compare the complications of participants by study group Chi-square test has been used. More than

one complication can be described in a single patient.

Fig. 3. Forest plot of infectious complications adjusted RR after PBM program implementation in different subgroups of the study group.
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Hb < 13 g/dL, ASA score >2, open surgery, no associated surgical
resection, without involvement of surgical margin (R0), and pT
stage >2 (Fig. 3). Median length of stay changed from 11 [8e18] to 8
days [7e12] (p < 0.001). 30-day hospital readmission ratewas 14.1%
before PBM program implementation and 8.9% thereafter (adjusted
RR 0.66, 95%CI 0.42 to 1.0). Postoperative 90-day mortality
decreased from 7.9% to 4.8% (adjusted RR 0.6, 95%CI 0.31 to 1.06),
and failure-to-rescue from 62.7% to 32.7% (adjusted RR 0.57, 95%CI
0.37 to 0.88).

4. Discussion

Gastric cancer is associated with a high prevalence of iron
deficiency anemia and high perioperative transfusion rates
[3,4,6,8]. In this study of a large cohort of patients undergoing
gastric cancer resection with curative intent, implementation of a
PBM program (based on preoperative i.v. iron therapy and restric-
tive indications for transfusion) was associated with a significant
improvement of transfusion rates, infectious postoperative com-
plications, reoperation rate, length of stay, 30-day readmissions,
90-day mortality and failure-to-rescue. In contrast to other surgical
settings [19-21.37], effectiveness of PBM strategies in gastric cancer
surgery had not been previously proven. Substantial reduction in
TR is particularly relevant given that patients diagnosed with
gastric cancer before and after implementation of the PBM program
had comparable distribution of risk factors for perioperative RBCT,
such as age, baseline Hb level, ASA class, cardiac comorbidity, and
tumor stage [8]. There was a lower proportion of open surgeries,
total gastrectomies and associated multivisceral resection in the
second period, but adjusted DAG analysis showed that reduction of
transfusion indicators was independent of these confounding fac-
tors. In the same line, a previous preliminary study of the Spanish
EURECCA Esophagogastric Cancer Group (2011e2013) showed that
low Hb at diagnosis and the lack of PBM practices in the attending
hospital were the two most important risk factors for RBCT [8]. In
fact, TR obtained in this study after PBM program implementation
(27%) is similar to the TR of 25.9% registered in the same period in
the three hospitals of the same group which were excluded for
having previous experience in PBM practices (unpublished data
from the EURECCA register). Decrease of TR in this study was pre-
sent in all subgroups of patients, but more significant in cases
previously described as having a higher risk of receiving a RBCT, like
anemic patients, with higher ASA score, submitted to total gas-
trectomies and open surgeries and with locally advanced tumors
[4,8,25]. Of note, the median number of RBCT units among trans-
fused patients (TI) was not reduced after PBM implementation; a
future line of action in the Spanish EURECCA group will be to
introduce a one-to-one RBCT unit policy, complementary to the
restrictive transfusion thresholds.

Reduction of TR was accompanied by a significant decrease in
postoperative infectious complications, reoperations, 30-day hos-
pital readmissions, 90-day mortality, failure-to-rescue, and a
shortening of the length of hospital stay, changes which were in-
dependent of tumor stage, type of surgical resection and access
route. Some studies have shown a statistically significant rela-
tionship between RBCT and worse postoperative outcomes, spe-
cifically infectious complications, being the cellular
inmunosupression caused by allogenic RBCT the most plausible
explanation, even though a causative relationship has not yet been
proven [10,13,38].

Administration of i.v. iron was associated with an improvement
of Hb before surgery, especially carboxymaltose iron, with an Hb
increase of 1.7 g/dL. It has been reported that carboxymaltose iron
allows administration of higher doses with faster Hb correction
than sucrose iron [27,39]. This may be especially useful in oncologic
7

surgery, in which time to intervention cannot be easily delayed in
order to achieve an optimal effect, and administration of
erythropoietin-stimulating agents is not generally recommended
for its potential risk of tumor growth stimulation [21]. Kim et al.
[40] showed that postoperative administration of i.v. iron was
associated with a decrease in TR in gastric cancer surgery; however,
it seems more reasonable treating anemia before surgery in order
to face surgical stress in better condition, as it has been proven that,
not only RBCT, but also preoperative anemia itself, has a negative
impact on complications after major abdominal surgery [2,5,9]. In
the present study, adherence to PBM recommendation of i.v. iron
therapy was 52%. We should consider that oncologic surgeries have
a deadline for planning that can interfere with preoperative opti-
mization programs. Similar studies in colon cancer patients have
reported compliance rates for iron treatment of as low as 30%
[41,42]. Of note, in our study time from diagnosis of gastric cancer
to surgery did not change after implementation of the PBM pro-
gram. Based on the results of this study, a future action of our group
will be to reconsider the convenience of postponing surgery in
some selected anemic cancer patients to allow optimal Hb
optimization.

The current study has some limitations. This is a longitudinal
interventional study. A randomized designwas not approved by the
Institutional Review Board of the principal investigators’ hospitals,
as they considered it not ethically viable not to offer the benefits of
PBM strategies to a control group. As in other longitudinal studies,
some modifications could have been introduced during the study
period in a non-protocolized way which may have influenced the
results. However, the short recruiting period (5 years, of which 2.8
before and 2.2 after protocol implementation) could minimize this
potential bias. Besides, the observed adherence for the evaluation
and treatment of preoperative anemia may reflect the difficulties in
applying a preoperative optimization protocol in the oncological
surgical setting. Further efforts to increase compliance should be
made in order to enhance the effect of PBM strategies.

5. Conclusions

This before-and-after intervention study shows that imple-
mentation of a PBM program in a gastric cancer surgery setting was
associated with a significant reduction of TR. Moreover, improve-
ments in clinical outcomes, such as a significant reduction of in-
fectious postoperative complications, length of hospital stay, 30-
days hospital readmission, 90-day mortality, and failure-to-rescue
rate were also found.
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