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Abstract

Background The aim of this study was to evaluate the
association of postoperative blood transfusion and anemia
with postoperative outcomes in gastric cancer surgery.
Methods We enrolled 588 patients who had undergone
curative resection for gastric cancer. Input variables for risk
assessment consisted of 3 categories: patient demograph-
ics, surgical and pathological factors, and anemia-related
factors. Postoperative outcomes included 30-day morbidity
and mortality. Univariate and multivariate analyses were
performed to identify risk factors influencing postoperative
complications.

Results The rate of total complications was 19.0 %.
Comorbidity, lowest hemoglobin (Hb) level from the
operative day up to postoperative day 7 (LOW-Hb), the
percentage of drop in Hb level on postoperative day 2
(POD2-Hb change), and postoperative transfusion were
independent risk factors in the multivariate analysis, with
LOW-Hb and postoperative transfusion found to be the
most significant factors. When LOW-Hb was >9.0 g/dL,
postoperative complications were higher in the transfused
group than in the non-transfused group (60.0 vs. 14.2 %,
respectively, p = 0.024), but when LOW-Hb was <9.0 g/dL,
postoperative complications were not different between the
2 groups (44.6 vs. 37.5 %, p = 0.525).
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Conclusion The lowest postoperative Hb level and post-
operative transfusion were the most significant risk factors
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Introduction

Gastric cancer is the most common malignancy in Korea,
Japan, and other Asian countries [1, 2], and it is the
second leading cause of death worldwide [3]. The best
treatment for gastric cancer is surgical resection. Bleeding
is a major postoperative complication after gastric cancer
surgery.

Anemia increases complications during the periopera-
tive period [4, 5]. Transfusion is an effective treatment
method for anemia [6], and it was thought that transfusion
may reduce the rate of anemia-related postoperative com-
plications. However, transfusion itself has some adverse
effects including pulmonary complications, graft versus
host disease, and the transmission of infectious diseases.
Several reports have suggested that the transfusion, and not
anemia, increases the risk of postoperative complications
[7, 8].

However, severe anemia may be fatal [9]; thus, there has
been much debate on the risks and the benefits of trans-
fusion. To date, there is no clear evidence as to which of
the 3 factors; namely: (1) preoperative anemia, (2) post-
operative anemia, and (3) transfusion is the most important
indicator of postoperative outcomes.

The present study was conducted to evaluate the asso-
ciation of perioperative anemia status and transfusion with
postoperative complications in gastric cancer surgery.
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Patients, materials, and methods

We retrospectively collected the data of 868 patients who
had undergone radical resection for histologically confirmed
gastric carcinoma from January 2009 through December
2009 at the Seoul National University Hospital in Korea.

Eligibility criteria included preoperative histologically
confirmed gastric adenocarcinoma, curative gastric resec-
tion, and standard lymphadenectomy. Curative gastric
resection was defined as negative resection margins, en-
bloc resection of the greater and lesser omentum, and D1
plus or D2 lymph node (LN) dissection. Standard lym-
phadenectomy was defined as that when the number of
retrieved LNs was >15 [10].

We excluded patients with distant metastases, those with a
previous history of gastrectomy, and those receiving neo-
adjuvant chemotherapy, as well as those who had undergone
combined resection with bypass surgery or open biopsy [11,
12]. Patients who had received preoperative transfusion were
also excluded, because the hemoglobin (Hb) level just before
the operation is influenced by preoperative transfusion.

Finally, we enrolled 588 patients who had undergone
curative resections for gastric cancer for analysis in the
present study.

Input variables for risk assessment consisted of 3 cate-
gories: patient demographics, surgical and pathological
factors, and anemia-related factors. Patient demographics
included age, gender, body mass index (BMI), body weight
change in the 3 months before the operation, preoperative
albumin levels, and comorbidity. Surgical and pathological
factors included operation time, approach method (open vs.
laparoscopic), operation method, range of LN dissection,
and TNM stage (6th edition of American Joint Cancer
Committee/International Union Against Cancer staging
system). Anemia-related factors included 4 sub-factors: (1)
preoperative Hb (PRE-Hb); (2) percentage drop in the Hb
level on postoperative day 2 (POD2-Hb change), which
reflects blood loss during surgery; (3) lowest Hb from the
operative day until postoperative day 7 (LOW-Hb); and (4)
postoperative transfusion until postoperative day 7 (the
category of postoperative transfusion included 5 patients
transfused during the operation).

Postoperative outcomes included 30-day morbidity and
mortality (POD30). Complications were graded by the
Clavien-Dindo classification [13]. A simple hospital
course deviation (grade 1) was not regarded as an event,
whereas those requiring medical or surgical interventions
(grade 2 or higher) were regarded as events. Morbidity was
classified as follows: (1) local complications including
wound infection, fluid collection/abscess, anastomosis
leakage, stenosis, intestinal obstruction, ileus, intraluminal
bleeding, intraabdominal bleeding, and pancreatitis; and
(2) systemic complications including pulmonary, renal,
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urinary, cardiac, and neurologic problems, as defined in our
previous study [14-16].

For statistical analysis, SPSS 16.0 (SPSS, Chicago, IL,
USA) software was used. Univariate and multivariate
logistic regression analyses were performed to identify risk
factors influencing postoperative complications. A p value
of <0.05 was considered statistically significant.

Results

Patient demographics and operative and pathological
characteristics are listed in Table 1. The age and gender

Table 1 Patient factors and surgical and pathological factors

Variables Number (percentage)

Age (years)
59.1 (range 29-88)
Gender (male: female)
404: 184 (2.2: 1)
BMI (kg/m?)

<18.5 21 (3.6)
>18.5 567 (96.4)
Weight change (3 months) 86 (14.6)
Albumin 11 (1.9)
<3.3 (g/dL)
Comorbidity 271 (46.1)
Yes
Operation time
<160 min 265 (45.1)
>160 min 323 (54.9)
Approach method
Open 469 (79.8)
Laparoscopy 119% (20.2)
Operation method
Distal gastrectomy BI 265 (45.1)
Distal gastrectomy BII 170 (28.9)
Total gastrectomy 81 (13.8)
Proximal gastrectomy 38 (6.5)
Pylorus-preserving gastrectomy 34 (5.8)
LN dissection
DI plus 95 (16.2)
D2 493 (83.8)
T-stage
EGC 394 (67.0)
AGC 194 (33.0)
N-stage
NO 412 (70.1)
N1 or more 176 (29.9)

BMI body mass index, BI Billroth type I anastomosis, BII Billroth type II
anastomosis, EGC early gastric cancer, AGC advanced gastric cancer, LN
lymph node

? 14 Robotically assisted operations were included
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Table 2 Total complications Table 3 Univariate analysis of risk factors for complications
Complication Number Percentage Variable No. Cx. rate (no.) p value
Local Overall 588 19.0 % (112)
Wound infection 35 6.0 Age (years)
Stenosis 16 2.7 <60 291  17.2 % (50) 0.294
Fluid collection/abscess 12 2.1 >60 297 209 % (62)
Ileus 9 1.5 Gender
Anastomotic leakage 7 1.2 Male 404 16.8 % (68) 0.054
Intraabdominal bleeding 6 1.0 Female 184 23.9 % (44)
Intestinal obstruction 2 0.3 BMI
Pancreatitis 2 0.3 <18.5 kg/m2 21 28.6 % (6) 0.260
Intraluminal bleeding 1 0.2 >18.5 kg/m? 567 18.7 % (106)
Systemic Weight change (3 months)
Pulmonary problem 13 22 Absent 502 19.5 % (98) 0.554
Renal problem 2 0.3 Present 86 16.3 % (14)
Urinary problem 1 0.2 Albumin
Cardiac problem 1 0.2 <3.3 g/dL 11 36.4 % (4) 0.234
Neurologic problem 1 0.2 >3.3 g/dL 577 18.7 % (108)
Others 4 0.6 Comorbidity
Total 112 19.0 No 317 15.1 % (48) 0.011
Yes 271 23.6 % (64)
Operation time
proportions of the subjects were similar to those in our <160 min 265 21.1 % (56) 0.248
previous studies [1, 15]. ~160 min 323 173 % (56)
L'ocal fcmd systemic complications until POI?SO.are Sum- - roach
marized 1r'1 Table 2. The rate of total comphca'tlons Wgs Open 469 21.1 % (99) 0.013
19.9 %, w.1th the percentages of loca¥ and systemm~ comph- Laparoscopy 119 109 % (13)
cations being 15.0 and 4.0 %, respectively. Wound infection Operation method
(6.0 %) was the most common local complication. Pulmonary .

S . Partial gastrectomy 507 17.0 % (86) 0.002
complication (2.2 %) was the most common systemic com- Total gastrectomy 81 32.1 % (26)
plication. There was no mortality before POD30. o

. . . LN dissection

Risk factors were analyzed relative to the total compli- D1 ol 05 137 % (13 0.156
cations. Comorbidity, approach method, operation method, bl 7% (13) '
T-stage, N-stage, and all of the anemia-related factors, i.e., b2 493 20.1 % (99)
PRE-Hb, POD2-Hb change, LOW-Hb, and postoperative %8¢
transfusion were significantly associated with the total EGC 394 15.2 % (60) 0.001
complication rate (p value <0.05) as determined by the AGC 194 26.8 % (52)
univariate analysis (Table 3). However, of these, only N-stage
comorbidity, POD2-Hb change, LOW-Hb, and postopera- NO 412 165 % (68) 0.021
tive transfusion were independently associated with total N1 or more 176 25.0 % (44)
complications as determined by the multivariate analysis PRE-Hb
(Table 4). Hb > 13 g/dL (M), >12 g/dL (F) 463 17.3% (80)  0.040

Among the above 4 independent risk factors, LOW-Hb Hb <13 g/dL (M), <12 g/dL (F) 125 25.6 % (32)
was further analyzed for the evaluation of the relationship =~ POD2-Hb change
between anemia status and total complications in gastric Change <20 % 424163 % (69) 0.007
cancer. The rate of total complications was 23.5 % when Change >20 % 164 26.2 % (43)
the LOW-Hb was between 9 and 10 g/dL. But the rate = LOW-Hb
increased to 37.1 %, when the LOW-Hb was between 8 Hb > 9.0 g/dL 494 148 % (73)  <0.001
and 9 g/dL, suggesting that a LOW-Hb level of 9 g/dL Hb < 9.0 g/dL 94  41.5 % (39)

could be used as the cut-off value.
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Table 3 continued

Variable No. Cx.rate (no.) p value

Postoperative Tf
No 527
Yes 61

15.9 % (84)
45.9 % (28)

<0.001

Boldface items indicate p values of <0.05

Cx complication, BMI body mass index, EGC early gastric cancer,
AGC advanced gastric cancer, Hb hemoglobin, PRE-Hb preoperative
hemoglobin, POD2-Hb change percentage drop in the Hb level on
postoperative day 2, LOW-Hb lowest Hb from the operative day until
postoperative day 7, Tf transfusion

Table 4 Multivariate analysis of risk factors for complications

Variable p value OR 95 % CI
Approach (open) 0.362 0.736 0.381-1.422
Operation method (total 0.189 1.497 0.820-2.734
gastrectomy)
T-stage (AGC) 0.151 1.534 0.855-2.750
N-stage (N1 or more) 0.842 0.941 0.515-1.717
PRE-Hb (Hb < 13 g/dL (M), 0.441 0.801 0.455-1.409
<12 g/dL (F))
Comorbidity (yes) 0.019 1.682 1.090-2.595
POD2-Hb change (>20 %) 0.006 1.933 1.203-3.104
LOW-Hb (Hb < 9.0 g/dL) <0.001 3.693 2.114-6.450
Postoperative Tf (yes) <0.001 3.458 1.888-6.332

Boldface items indicate p values of <0.05

AGC advanced gastric cancer, Hb hemoglobin, PRE-Hb preoperative
hemoglobin, POD2-Hb change percentage drop in the Hb level on
postoperative day 2, LOW-Hb lowest Hb from the operative day until
postoperative day 7, OR odds ratio, CI confidence interval, Tf
transfusion

Table 5 Relationship between LOW-Hb and complications accord-
ing to transfusion

LOW-Hb Cx. rate (Cx. no/total no.)  p value
Hb > 9.0 g/dL 0.024
Transfusion: no 14.2 % (69/487)
Transfusion: yes 60.0 % (3/5)
8.0 g/dL < Hb < 9.0 g/dL 0.372
Transfusion: no 37.1 % (13/35)
Transfusion: yes 52.9 % (9/17)
Hb < 8.0 g/dL 0.999

Transfusion: no 40.0 % (2/5)

Transfusion: yes 41.0 % (16/39)

Cx complication, LOW-Hb lowest Hb from the operative dayuntil
postoperative day 7

Among the 4 independent risk factors, LOW-Hb and
postoperative transfusion were found to be the most sig-
nificant. When the LOW-Hb was >9.0 g/dL, postoperative
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complications were higher in the transfused group as
compared with the non-transfused group (60.0 vs. 14.2 %,
p = 0.024), but when the LOW-Hb was <9.0 g/dL, post-
operative complications were not different between the 2
groups (44.6 vs. 37.5 %, p = 0.525) (Table 5).

Discussion

The purpose of the present study was to evaluate the
association of perioperative anemia status and transfusion
with postoperative outcomes in gastric cancer surgery.

The relationship between perioperative anemia and
postoperative complications remains controversial. Some
studies have shown that perioperative anemia increases the
rate of postoperative complications [4, 5], whereas others
have shown that mild anemia does not affect the rate of
postoperative complications [8].

Many studies have shown adverse effects of transfusions
[8] on several kinds of complications [17, 18], including an
increased recurrence of gastric cancer [19]. However, some
studies showed no relationship between transfusion and
postoperative complications [20, 21]. However, transfu-
sions are an essential treatment method in cases of massive
bleeding [22]. These controversial findings imply that the
Hb level can be used as an indicator for transfusion [9].

In the present study, comorbidity, POD2-Hb change,
LOW-Hb, and postoperative transfusion were found to be
independent risk factors for postoperative complications,
suggesting that both anemia and transfusion are important
factors in the development of complications after gastric
cancer surgery. However, subgroup analysis according to
postoperative transfusion revealed a relationship between
LOW-Hb and complications. In the postoperatively non-
transfused subgroup, the complication rate decreased as
LOW-Hb increased (complication rates: 40.0 % at LOW-
Hb <8 g/dL, 37.1 % at LOW-Hb between 8 and 9 g/dL,
and 14.2 % at LOW-Hb >9.0 g/dL). In contrast, in the
postoperatively transfused subgroup, the complication rate
increased as LOW-Hb increased (complication rates:
41.0 % at LOW-Hb <8 g/dL, 52.9 % at LOW-Hb between
8 and 9 g/dL, and 60.0 % at LOW-Hb >9.0 g/dL). How-
ever, it should be noted that only 5 patients with Hb >9
g/dL were transfused. Usually blood transfusion is not
mandatory in patients with Hb >9 g/dL. There was no
evidence of active bleeding in these 5 patients with Hb
>9 g/dL. A Gem Premier blood gas/electrolyte analyzer
(GEM Premier 3000, Bedford, Massachusetts, USA)
showed a rapid Hb decrease (GEM Hb level; 7.1-8.3 g/dL)
in these patients. The PRE-Hb range in these 5 patients was
9.7-14.3 g/dL. Transfusion was initiated according to the
GEM results. However, routine complete blood counts
(CBCs) showed that the Hb level was 9.9-11.1 g/dL. The
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transfusion was stopped after the CBC results were
reported. Two of these 5 patients received 1 pint of red
blood cell transfusion during the operation and the other 3
patients received 1 or 2 pints of red blood cell transfusion
after the operation. One patient transfused during the
operation had a wound infection. And two of the patients
transfused after the operation had complications; a neuro-
logic problem and fluid collection. There were no problems
during the operation in these five patients.

In agreement with previous studies [8, 23], the present
study shows that the Hb level could be used as an indica-
tion for transfusion. Thus, we suggest that clinicians should
have different treatment strategies according to the LOW-
Hb level. As the complication rate was associated with
transfusion in patients with Hb >9.0 g/dL, transfusion
should be initiated cautiously in these patients.

Transfusion should be initiated according to the
patient’s status, including vital signs and evidence of
bleeding, and not as per their Hb level. However, Vlaar
et al. [24] showed that the decision to perform RBC
transfusions in practice was predominantly based on the Hb
level rather than on a patient’s status. Ansari and Szallasi
[23] proposed that using the Hb level as an indicator for
transfusion could reduce blood utilization. Therefore, by
providing a cut-off value, the results of the present study
may help reduce blood utilization.

One of the limitations of this study is that it was retro-
spective and did not record data on intraoperative blood
loss in all the patients. However, we found a positive
correlation (correlation coefficient = 0.64) between
POD2-Hb change and intraoperative blood loss in the 106
patients for whom these data were available (data not
shown), which suggested that POD2-Hb change may reflect
intraoperative blood loss.

LOW-Hb may be a reflection of preoperative nutritional
status as well as intraoperative blood loss. However, in our
study nutritional factors including body weight change in
the 3 months before the operation, and preoperative albu-
min levels were not significantly associated with total
complications in the univariate analysis. POD-2 Hb
change, reflecting intraoperative blood loss, was found to
be an independent risk factor for postoperative complica-
tions. These findings suggest that the effect of nutritional
status on LOW-HD is not significant.

A higher rate of severe anemia has been reported in patients
in the advanced stage than in the early stage of gastric cancer
[12]. Therefore, we excluded patients with distant metastasis,
previous gastrectomy history, neoadjuvant chemotherapy,
and combined resection, thus ensuring more homogeneity of
subjects in terms of complexity of the operation.

It is difficult to define transfusion-related complications.
Direct transfusion-related complications include pulmon-
ary complications, compromised immune status, and the

transmission of infectious diseases. However, some studies
have reported several other transfusion-related complica-
tions [15, 16]. In our study, we only analyzed complica-
tions that developed up to postoperative day 30; thus
excluding those that could likely not be attributable to the
acute effects of transfusion.

The present study has the limitations of being retro-
spective and of having a relatively small sample size.
Therefore, future prospective large-scale studies are
necessary.

In conclusion, the postoperative lowest Hb level and
postoperative transfusion were the most significant risk
factors for postoperative complications in gastric cancer
surgery.
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