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Purpose: Blood transfusion is one of the most common procedures used to treat anemia in colorectal surgery. Despite controversy 
regarding the adverse effects of blood products, surgeons have maintained standards for administering blood transfusions. However, 
this trend was restrictive during the COVID-19 pandemic because of a shortage of blood products. In this study, we conducted an 
analysis to investigate whether the restriction of blood transfusions affected postoperative surgical outcomes. 
Methods: Medical records of 318 patients who underwent surgery for colon and rectal cancer at Ewha Womans University Mokdong 
Hospital between June 2018 and March 2022 were reviewed retrospectively. The surgical outcomes between the liberal and restrictive 
transfusion strategies in pre– and post–COVID-19 groups were analyzed. 
Results: In univariate analysis, postoperative transfusion was associated with infectious complications (odds ratio [OR], 1.705; 95% 
confidence interval [CI], 1.015–2.865; P= 0.044). However, postoperative transfusion was not an independent risk factor for the de-
velopment of infectious complications in multivariate analysis (OR, 1.305; 95% CI, 0.749–2.274; P = 0.348). In subgroup analysis, 
there was no significant association between infectious complications and the hemoglobin threshold level for the administration of a 
transfusion (OR, 1.249; 95% CI, 0.928–1.682; P= 0.142). 
Conclusion: During colorectal surgery, the decision to perform a blood transfusion is an important step in ensuring favorable surgi-
cal outcomes. According to the results of this study, restrictive transfusion is sufficient for favorable surgical outcomes compared with 
liberal transfusion. Therefore, modification of guidelines is suggested to minimize unnecessary transfusion-related side effects and 
prevent the overuse of blood products. 
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INTRODUCTION 

Anemia can develop in patients undergoing colorectal cancer sur-
gery because of various factors, including cancer-related blood 
loss, malnutrition, neoadjuvant chemotherapy, systemic inflam-

mation, and intraoperative blood loss. Even though preoperative 
intravenous iron has been utilized to treat anemia, postoperative 
transfusion may still be necessary because of the correlation be-
tween anemia and postoperative complications, such as anasto-
motic leakage, which sometimes results in death [1]. However, 
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numerous reports suggest the occurrence of adverse effects from 
a blood transfusion during oncologic surgery, such as postopera-
tive infectious complications or long-term disease recurrence. In 
addition, the transfusion volume could affect the surgical out-
come due to its immunosuppressive effect. Based on previous 
studies, efforts have been made to determine the appropriate 
threshold of hemoglobin (Hgb) levels for postoperative transfu-
sion [1–5]. 

The liberal transfusion strategy has been adopted as the con-
ventional transfusion practice when the Hgb level is below 10 g/
dL to maintain stable blood circulation and enhance blood perfu-
sion at the anastomotic site [1]. However, controversies have 
emerged concerning the optimal transfusion strategy for anemic 
patients especially in critical care. These controversies have been 
described in several randomized controlled studies, which showed 
the noninferiority of restrictive transfusion [6]. Moreover, this is-
sue extends to anemic patients in the postoperative period follow-
ing colorectal surgery because of the increasing adverse surgical 
outcomes resulting from transfusion. Several randomized studies 

endorse a restrictive transfusion strategy to decrease the disas-
trous effects of allogeneic blood transfusion [7, 8]. These contro-
versies also contributed to the shift towards patient blood man-
agement for elective surgeries, which recommend nontransfusion 
management such as iron or folate supplements and the stimula-
tion of erythropoiesis in the perioperative period [9]. Accordingly, 
restrictive transfusion strategy was admitted which involves judi-
cious withholding of blood transfusions in patients without sig-
nificant bleeding and deferring transfusion until the Hgb level is 
as low as 7 g/dL [1, 10–12]. 

During the COVID-19 pandemic, surgeons found it difficult to 
manage anemia due to decreased blood donations. Fear of infec-
tion and restriction of blood compound supply were probable 
causes for the decrease [13]. As the blood supply became insuffi-
cient, many changes were made to the transfusion policy world-
wide, including at our center, Ewha Womans University Mokdong 
Hospital (Seoul, Korea). For transfusions, the recommended Hgb 
threshold level was lowered to 7.0 g/dL, whereas there had been 
no specific limitations for transfusion before the spread of 
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COVID-19. The restrictions on transfusions also resulted in in-
sufficiencies in the correction of anemia in the postoperative peri-
od for patients who underwent elective and emergency surgery. 
In this study, we investigated whether changes in blood transfu-
sion policy in the prepandemic and postpandemic eras influenced 
the occurrence of infectious complications and suggested anemia 
restoration guidelines for a safe colorectal surgery. 

METHODS 

Ethics statement 
We conducted this study in compliance with the principles of the 
Declaration of Helsinki. This study was reviewed and approved by 
the Institutional Review Board of Ewha Womans University Seoul 
Hospital (No. 2023-06-006-003). The requirement for informed 
consent was waived due to the retrospective nature of the study. 

Patients 
A total of 318 patients who underwent surgery for stages I to IV 
colorectal cancer at Ewha Womans University Mokdong Hospital 
between June 2018 and March 2022 were enrolled.  

Definition of restrictive and liberal transfusion during 
the COVID-19 pandemic era 
During the COVID-19 pandemic era, the transfusion policy was 
restricted due to a blood supply shortage. At our center, the 
threshold value of transfusion was lowered from the Hgb level of 
10 to 7 g/dL. We defined a restrictive transfusion as the deliberate 
withholding of blood transfusion until the Hgb level reached a 
threshold as low as 7.0 g/dL [1, 10–12]. The liberal strategy con-
ventionally aims to initiate transfusion at the Hgb level under  
10 g/dL. The restrictive transfusion protocol was enforced during 
the pandemic, whereas the liberal transfusion protocol was used 
before the spread of COVID-19. In our center, the correction of 
anemia was usually implemented by allogenic blood transfusion 
rather than oral or intravenous supplementation of iron in the 
perioperative period before and after COVID-19 pandemic era. 

In our retrospective study, the patients were divided into 2 
groups based on the change in transfusion policy prompted by the 
initiation of the pandemic era. The pre–COVID-19 group com-
prised patients who underwent surgery before the spread of 
COVID-19 in Korea from June 2018 to April 2020. The post–
COVID-19 group comprised patients who had surgery after the 
spread of COVID-19 from May 2020 to March 2022. 

We retrospectively compared patient characteristics between 
the pre– and post–COVID-19 groups. The recorded data includ-
ed demographics (age, sex), American Society of Anesthesiolo-

gists (ASA) physical status, diabetes mellitus status, body mass in-
dex, carcinogenic embryonic antigen level, preoperative Hgb level, 
pathological TNM cancer stage, operation type, operation name, 
operative approach, operation time, intraoperative blood loss, sto-
ma formation, and length of hospital stay. Operations included 
extended or right hemicolectomy, extended or left hemicolecto-
my, Hartmann’s procedure, anterior resection, low anterior resec-
tion or abdominoperineal resection, and subtotal or total colecto-
my. For patients who received a transfusion, we collected data on 
the lowest postoperative Hgb level immediately before the admin-
istration of blood transfusion. 

Definition of infectious complication 
The primary outcome was short-term infectious complications 
occurring within 30 days after surgery. Infectious complications 
included anastomotic leakage, surgical site infection (SSI), in-
tra-abdominal fluid collection, enterocutaneous fistulas, pneumo-
nia, pleural effusion, and urinary tract infection. Anastomotic 
leakage was defined as disruption of the anastomosis or fluid col-
lection near the anastomotic site found on a follow-up abdomi-
nopelvic computed tomography [1, 14]. The follow-up imaging 
study was performed in patients with clinical evidence of in-
tra-abdominal infection such as high fever, persistent abdominal 
pain, leukocytosis, or color change in the intra-abdominal drain. 

SSIs were defined based on the Centers for Disease Control and 
Prevention (CDC) criteria. Superficial SSI involves infection of 
the skin or subcutaneous tissue of the incision site, whereas deep 
SSI is defined as an infection of the soft tissues below the incision 
site. Organ/space SSI involves abdominal spaces (e.g., interloop of 
the small bowel and peritoneal cavity) that have no fistula with 
the incision [15]. 

Statistical analysis 
Continuous variables were analyzed using Student t-test and the 
Mann-Whitney U-test. Pearson chi-square test or Fisher exact test 
was performed to compare categorical variables. A logistic regres-
sion model was used to analyze the independent factors affecting 
the occurrence of infectious complications and transfusion ad-
ministration. Statistical significance was set at P < 0.05. All data 
were analyzed using IBM SPSS ver. 20.0 (IBM Corp).  

RESULTS  

Baseline characteristics and short-term postoperative 
outcome before and after COVID-19 
Of the 318 patients, 163 (51.3%) were enrolled in the pre–
COVID-19 group and 155 (48.7%) in the post–COVID-19 group. 
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A comparison of the demographic data, intraoperative character-
istics, and postoperative variables, including Hgb levels immedi-
ately before the administration of transfusion and the occurrence 

of short-term infectious complications, between the 2 groups is 
shown in Table 1. The mean postoperative Hgb level before trans-
fusion was 8.3 g/dL in the pre–COVID-19 group, higher than 7.3 

Table 1. The comparison of the variables before and after the COVID-19 pandemic era (n= 318)
Variable Pre–COVID-19 (n= 163) Post–COVID-19 (n= 155) P-value
Age (yr) 68.8± 12.0 68.0± 15.2 0.622
Sex 0.341
  Male 65 (39.9) 70 (45.2)
  Female 98 (60.1) 85 (54.8)
Body mass index (kg/m²) 23.8± 3.6 23.4± 3.8 0.267
Diabetes mellitus 37 (22.7) 35 (22.6) 0.781
ASA physical status 0.274
  I, II 132 (78.6) 36 (21.4)
  III, IV 36 (21.4) 40 (26.7)
Carcinoembryonic antigen (ng/mL) 10.8± 23.2 11.7± 24.0 0.764
Preoperative hemoglobin (g/dL) 11.9± 2.2 11.4± 2.2 0.072
Preoperative transfusion 23 (14.1) 20 (12.9) 0.926
Intraoperative transfusion 25 (15.3) 12 (7.7) 0.056
Pathological TNM stage 0.430
  0, I, II 97 (57.7) 80 (53.3)
  III, IV 71 (42.3) 70 (46.7)
Operation 0.587
  Right hemicolectomy 47 (28.8) 50 (32.3)
  Left hemicolectomy 12 (7.4) 5 (3.2)
  Anterior resection 36 (22.1) 32 (20.7)
  Low anterior resection and abdominoperineal resection 51 (31.3) 54 (34.8)
  Hartmann procedure 9 (5.5) 9 (5.8)
  Subtotal colectomy 8 (4.9) 5 (3.2)
Operation type 0.676
  Elective 133 (81.6) 129 (83.2)
  Emergency 30 (18.4) 26 (16.8)
Operative approach 0.494
  Open 58 (35.6) 49 (31.6)
  Laparoscopic 105 (64.4) 106 (68.4)
Operation time (min) 207.2± 66.4 194.1± 68.9 0.097
Operative blood loss (mL) 211.1± 330.0 236.0± 251.7 0.453
Stoma formation 27 (16.6) 33 (21.3) 0.177
Length of hospital stay (day) 13.9± 8.8 12.5± 8.1 0.156
Infectious complication 41 (25.2) 45 (29.0) 0.662
  Anastomotic leakage 5 (3.1) 2 (1.3)
  Surgical site infection 14 (8.6) 21 (13.5)
  Intra-abdominal fluid collection 3 (1.8) 10 (6.5)
  Enterocutaneous fistula 0 (0) 1 (0.6)
  Pneumonia and pleural effusion 18 (11.0) 10 (6.5)
  Urinary tract infection 1 (0.6) 1 (0.6)
Postoperative transfusion 68 (41.7) 37 (23.8) 0.003
Postoperative hemoglobin before transfusion (g/dL) 8.3± 0.8 7.3± 0.8 < 0.005
Values are presented as mean±standard deviation or number (%).
ASA, American Society of Anesthesiologists.
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Table 2. Baseline characteristics and short-term postoperative outcome according to the implementation of transfusion (n= 318)
Variable Transfusion group (n= 105) Nontransfusion group (n= 213) P-value
Age (yr) 71.9± 14.4 66.9± 13.2 0.003
Sex 0.003
  Male 48 (45.7) 135 (63.4)
  Female 57 (54.3) 78 (36.6)
Body mass index (kg/m²) 23.0± 3.5 23.8± 3.8 0.063
Diabetes mellitus 31 (29.5) 41 (19.2) 0.039
ASA physical status 0.002
  I, II 69 (65.7) 173 (81.2)
  III, IV 36 (34.3) 40 (18.8)
Carcinoembryonic antigen (ng/mL) 35.6± 218.7 13.5± 39.7 0.209
Preoperative hemoglobin (g/dL) 10.3± 1.6 12.2± 2.2 < 0.001
Preoperative transfusion 26 (24.8) 17 (8.0) < 0.001
Intraoperative transfusion 29 (27.6) 8 (3.8) < 0.001
Pathological TNM stage 0.409
  0, I, II 55 (52.4) 122 (57.3)
  III, IV 50 (47.6) 91 (42.7)
Operation 0.003
  Right hemicolectomy 44 (41.9) 53 (24.8)
  Left hemicolectomy 2 (1.9) 15 (7.0)
  Anterior resection 12 (11.4) 56 (26.2)
  Low anterior resection and abdominoperineal resection 35 (33.3) 70 (32.8)
  Hartmann procedure 5 (4.7) 13 (6.1)
  Subtotal colectomy 7 (6.6) 6 (2.8)
Operation type 0.003
  Elective 77 (73.3) 185 (86.9)
  Emergency 28 (26.7) 28 (13.1)
Operative approach < 0.001
  Open 49 (46.7) 54 (25.4)
  Laparoscopic 56 (53.3) 159 (74.6)
Operation time (min) 233.2± 108.7 198.2± 80.4 0.010
Operative blood loss (mL) 342.7± 444.3 173.4± 171.7 < 0.001
Stoma formation 28 (26.7) 32 (15.0) 0.013
Length of hospital stay (day) 16.7± 10.9 11.8± 6.8 < 0.001
Infectious complication 35 (33.3) 51 (23.9) 0.037
Values are presented as mean±standard deviation or number (%).
ASA, American Society of Anesthesiologists.

g/dL in the post–COVID group (P < 0.005). There was a signifi-
cant reduction in postoperative transfusions during the pandemic 
period (P= 0.003), without significant differences in the remain-
ing variables between the groups. Despite the implementation of 
restricted transfusions in the post–COVID-19 group, there was 
no significant difference in the occurrence of infectious complica-
tions before and after the spread of COVID-19. 

Baseline characteristics and short-term postoperative 
outcome according to the implementation of transfusion 
A comparison of baseline characteristics, intraoperative findings, 

and postoperative outcomes between the transfusion and non-
transfusion groups is shown in Table 2. Among the baseline char-
acteristics, advanced age (71.9 ±14.4 years vs. 66.9 ±13.2 years, 
P=0.003), male sex (P=0.003), diabetes mellitus status (P=0.039), 
higher ASA physical status (P =0.002), lower preoperative Hgb 
level (10.3 ±1.6 g/dL vs. 12.2 ±2.2 g/dL, P <0.001), preoperative 
transfusion (P<0.001), and intraoperative transfusion (P< 0.001) 
were significantly associated with the implementation of postop-
erative transfusion. Emergency operation type (P = 0.003), open 
surgical approach (P< 0.001), longer operation time (233.2± 108.7 
minutes vs. 198.2 ± 80.4 minutes, P = 0.010), more intraoperative 
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blood loss (342.7± 444.3 mL vs. 173.4± 171.7 mL, P< 0.001), and 
stoma formation (P = 0.013) were observed in the transfusion 
group within the intraoperative characteristics. The transfusion 
group also showed a longer hospital stay (16.7 ± 10.9 days vs. 
11.8 ± 6.8 days, P < 0.001) and more infectious complications 
(P= 0.037) in postoperative outcomes. 

Risk factors of infectious complications in all patients 
Among the patient characteristics, the factors affecting the occur-
rence of infectious complications were analyzed, as presented in 
Table 3. In univariate analysis, age (odds ratio [OR], 1.025; 95% 
confidence interval [CI], 1.006–1.045; P = 0.010), ASA physical 
status (OR, 2.293; 95% CI, 1.323–3.974; P = 0.003), preoperative 
Hgb level (OR, 0.872; 95% CI, 0.779–0.977; P= 0.019), and post-
operative transfusion (OR, 1.705; 95% CI, 1.015–2.865; P= 0.044) 
were associated with infectious complications. In multivariate 
analysis, only the ASA physical status (OR, 1.809; 95% CI, 1.000–
3.272; P= 0.050) revealed a marginal correlation with the occur-
rence of infectious complications. The change in transfusion poli-
cy prompted by the initiation of the COVID-19 was not associat-
ed with the infectious complications (OR, 0.967; 95% CI, 0.547–
1.710; P= 0.908). 

In Supplementary Table 1, a subgroup analysis was performed 
to analyze the correlation between stoma formation and infec-

tious complications among patients who underwent either low 
anterior resection or Hartmann procedure. This analysis was con-
ducted with the consideration that stoma formation is predomi-
nantly indicated for individuals afflicted with lower level colon or 
rectal cancer. In both univariate and multivariate analysis, stoma 
formation (OR, 2.500; 95% CI, 1.165–5.365; P = 0.019) was sig-
nificantly associated with infectious complications. 

Subgroup analysis according to the administration of 
blood transfusion 
A subgroup analysis was conducted within the transfusion group 
to investigate whether the administration of liberal or restrictive 
transfusions was associated with the occurrence of infectious 
complications (Table 4). In univariate analysis, no risk factors 
were found to be significantly associated with the occurrence of 
infectious complications, including the implementation of restric-
tive or liberal transfusion. In multivariate analysis, the ASA physi-
cal status (OR, 3.280; 95% CI, 1.219–8.828; P= 0.019) was found 
to be significantly associated with the occurrence of infectious 
complications. There was no significant association between in-
fectious complications and the implementation of restrictive 
blood transfusion, which was withheld until the Hgb level was as 
low as 7.0 g/dL. 

Table 3. The risk factors of infectious complication in all patients (n= 318)

Variable
Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value
Age (yr) 1.025 (1.006–1.045) 0.010 1.020 (0.998–1.042) 0.070
Sex (male vs female) 0.757 (0.456–1.248) 0.275 1.047 (0.604–1.815) 0.871
Diabetes mellitus 0.920 (0.508–1.664) 0.782 0.761 (0.403–1.440) 0.402
Body mass index (kg/m²) 0.974 (0.977–1.042) 0.447 0.989 (0.915–1.068) 0.774
ASA physical status (1, 2 vs 3, 4) 2.293 (1.323–3.974) 0.003 1.809 (1.000–3.272) 0.050
Preoperative hemoglobin (g/dL) 0.872 (0.779–0.977) 0.019 0.943 (0.823–1.082) 0.405
Pathological TNM stage (0, 1, 2 vs 3, 4) 1.081 (0.657–1.779) 0.760 1.132 (0.665–1.928) 0.647
Operation time (min) 0.999 (0.996–1.001) 0.304 1.000 (0.996–1.003) 0.966
Operative blood loss (mL) 1.000 (0.999–1.001) 0.523 0.999 (0.998–1.000) 0.261
Operative approach (laparoscopic vs open) 0.953 (0.561–1.618) 0.858 0.824 (0.432–1.575) 0.559
Operative type (elective vs emergency) 1.173 (0.624–2.205) 0.621 0.997 (0.447–2.220) 0.993
Operation
  Right hemicolectomy 1 (Reference) 0.131 1 (Reference) 0.069
  Left hemicolectomy 0.305 (0.065–1.427) 0.353 (0.072–1.725)
  Anterior resection 0.474 (0.221–1.015) 0.537 (0.242–1.194)
  Low anterior resection and abdominoperineal resection 1.114 (0.614–2.022) 1.365 (0.735–2.535)
  Hartmann procedure 1.067 (0.365–3.115) 1.104 (0.367–3.315)
  Subtotal colectomy 0.178 (0.022–1.431) 0.171 (0.021–1.406)
Postoperative transfusion 1.705 (1.015–2.865) 0.044 1.305 (0.749–2.274) 0.348
OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists.
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Table 4. Subgroup analysis in patients with transfusion (n= 105)

Variable
Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value
Age (yr) 1.008 (0.979–1.038) 0.587 1.018 (0.980–1.058) 0.366
Sex (male vs female) 1.639 (0.704–3.817) 0.252 1.909 (0.729–4.998) 0.188
Diabetes mellitus 1.078 (0.447–2.597) 0.867 0.694 (0.230–2.094) 0.517
Body mass index (kg/m²) 1.035 (0.922–1.161) 0.559 0.743 (0.261–2.111) 0.577
ASA physical status (1, 2 vs 3, 4) 2.105 (0.890–4.979) 0.090 3.280 (1.219–8.828) 0.019
Preoperative Hgb (g/dL) 0.988 (0.762–1.280) 0.925 1.023 (0.733–1.428) 0.893
Pathological TNM stage (0, 1, 2 vs 3, 4) 1.107 (0.484–2.533) 0.809 1.525 (0.589–3.950) 0.385
Operation time (min) 1.001 (0.997–1.005) 0.530 1.004 (0.998–1.009) 0.172
Operative blood loss (mL) 1.000 (0.999–1.001) 0.484 0.999 (0.998–1.000) 0.243
Operative approach (laparoscopic vs open) 0.766 (0.334–1.753) 0.527 0.845 (0.283–2.526) 0.764
Operative type (elective vs emergency) 1.090 (0.440–2.696) 0.852 1.591 (0.493–5.132) 0.437
Operation 0.604 0.377
  Right hemicolectomy 1 (Reference) 1 (Reference)
  Left hemicolectomy 2.417 (0.139–41.874) 6.023 (0.447–81.173)
  Anterior resection 1.208 (0.305–4.783) 1.589 (0.328–7.688)
  Low anterior resection and abdominoperineal resection 2.417 (0.920–6.348) 2.940 (1.054–8.199)
  Hartmann procedure 2.417 (0.304–19.194) 2.861 (0.342–23.915)
  Subtotal colectomy - -
Postoperative lowest Hgb level  

(Hgb < 7 g/dL vs. 7≤ Hgb< 10 g/dL)
0.969 (0.263–3.571) 0.962 1.249 (0.928–1.682) 0.142

OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; Hgb, hemoglobin.

DISCUSSION 

In this study, we evaluated the effect of restrictive versus liberal 
transfusion on the occurrence of postoperative infectious compli-
cations by comparing the pre– and post–COVID-19 groups in 
terms of the restrictive transfusion policy administered during the 
spread of COVID-19. Our study demonstrated no significant dif-
ference in the occurrence of infectious complications (anastomot-
ic leakage, organ/space SSIs, and overall infectious complications) 
between the restrictive strategy of the post–COVID-19 group and 
the liberal strategy of the pre–COVID-19 group. Based on our 
findings, it seems necessary to reconsider the standard Hgb level 
for postoperative transfusion. 

Controversies surrounding restrictive and liberal transfusion 
strategies have emerged due to the established adverse effects of 
blood transfusion on the human immune system, primarily 
through transfusion-associated immunomodulation [16, 17]. Nu-
merous studies have been published on the negative outcomes of 
postoperative transfusions and the effects of restrictive or liberal 
transfusions in patients experiencing postoperative anemia. Re-
cently, the consensus regarding transfusion strategies has changed, 
with growing evidence suggesting that a restrictive transfusion is 
not associated with harm compared with a liberal transfusion 

strategy [10–12, 18, 19]. A systematic meta-analysis of the effects 
of transfusion on short- and long-term prognosis [20] suggested 
that postoperative transfusion increases short-term adverse ef-
fects, including infectious complications and anastomotic leakage. 
The negative effects of blood transfusion have led to controversies 
regarding the necessity of liberal transfusion and the efficacy of 
restrictive transfusion. Another systematic review and meta-anal-
ysis [21] elucidated that restrictive transfusion decreased the risk 
of serious healthcare-associated infections compared with liberal 
transfusion. Carson et al. [22] also suggested that liberal transfu-
sion did not reduce mortality or in-hospital morbidity compared 
with restrictive transfusion, and in another study [5], suggested 
that there were no differences in long-term mortality between the 
2 strategies. Numerous studies have suggested that postoperative 
transfusion has a negative effect on postoperative outcomes [16, 
19, 23], and restrictive transfusion has no significant disadvantag-
es compared with liberal transfusion in the postoperative period 
[1, 5, 11, 22]. 

Consistent with previous studies, our study showed that the 
transfusion group tended to develop more infectious complica-
tions than the nontransfusion group (Table 2). The higher inci-
dence of infectious complications in the transfused group can be 
attributed to the implementation of transfusion and other con-
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founding factors. We hypothesized that confounding factors in 
the transfusion group would contribute to the results of multivari-
ate analysis. Consequently, the findings from our study could be 
interpreted as suggesting that transfusion was associated with ad-
verse outcomes, which is consistent with previous studies [19, 24, 
25]. While our multivariate analysis, as presented in Table 3, did 
not identify any risk factors, including the implementation of 
transfusions, a subsequent subgroup analysis, detailed in Supple-
mentary Table 1, revealed stoma formation as a risk factor for in-
fectious complications. It is speculated that the association be-
tween infectious complication and stoma formation would attri-
bute to the higher frequency of emergency operation such as co-
lon perforation or ischemia. It is worth noting that the incidence 
of anastomotic leakage within our study population remained rel-
atively low. Therefore, the positive correlation between stoma for-
mation and infectious complications, as established in our study, 
does not offer a comprehensive explanation for the association 
between stoma formation and anastomotic leakage. 

Subgroup analysis within the transfusion group was performed 
to evaluate the association between restrictive or liberal transfu-
sion and the occurrence of infectious complications. There was 
no interaction of infectious complication, and the postoperative 
lowest Hgb level categorized into 2 groups (Hgb < 7 g/dL vs. 7 g/
dL≤ Hgb< 10 g/dL), and this finding suggested that the impact on 
adverse surgical outcomes did not differ between the liberal strat-
egy and restrictive transfusion. Our findings align with previous 
studies that have consistently insisted on the lack of advantages or 
even disadvantages of liberal transfusion related to the occurrence 
of infectious complications compared with the restrictive transfu-
sion strategy [1]. As a result, the administration of transfusions at 
lower Hgb levels according to the patient’s condition could be 
considered as an effective practice for managing postoperative 
anemia, allowing for the optimization of medical resources by 
minimizing unnecessary transfusions. 

The present study has several limitations. First, we enrolled a 
small population of patients at a single institution. Second, our 
study findings were limited to a 30-day postoperative period, and 
potential complications beyond this period were not investigated. 
Third, there were no data on the oncologic outcomes due to the 
limited follow-up period. However, the methodological strength 
of the present study is that we utilized the transition of the blood 
transfusion policy resulting from the emergence of the COVID-19 
pandemic without any change in the treatment strategy. This ap-
proach enabled objective evaluation of the association between 
transfusion and surgical outcomes. 

In conclusion, we found that restrictive transfusion was suffi-
cient for patients who underwent colorectal cancer surgery, par-

ticularly under circumstances of limited availability of medical re-
sources, such as during the COVID-19 pandemic. The impact of 
restrictive and liberal transfusions on negative surgical outcomes 
did not differ. Although the administration of transfusion itself 
was not independently associated with infectious complications, 
transfused patients showed more adverse surgical outcomes. It is 
crucial to make judicious decisions regarding the implementation 
of transfusion in patients with postoperative anemia by adequate-
ly evaluating their overall condition. To prevent the waste of med-
ical resources and unnecessary transfusion, surgeons should con-
sider prudent transfusion practices in the postoperative period by 
adopting a restrictive transfusion strategy. 
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