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Abstract
AIM: To elucidate the potential impact of intraoperative 
blood loss (IBL) on long-term survival of gastric cancer 
patients after curative surgery.

METHODS: A total of 845 stage Ⅰ-Ⅲ gastric cancer 
patients who underwent curative gastrectomy between 
January 2003 and December 2007 in our center were 
enrolled in this study. Patients were divided into 3 
groups according to the amount of IBL: group 1 (< 200 
mL), group 2 (200-400 mL) and group 3 (> 400 mL). 
Clinicopathological features were compared among the 
three groups and potential prognostic factors were ana-
lyzed. The Log-rank test was used to assess statistical 
differences between the groups. Independent prognos-
tic factors were identified by the Cox proportional haz-

ards regression model. Stratified analysis was used to 
investigate the impact of IBL on survival in each stage. 
Cancer-specific survival was also compared among the 
three groups by excluding deaths due to reasons other 
than gastric cancer. Finally, we explored the possible 
factors associated with IBL and identified the indepen-
dent risk factors for IBL ≥ 200 mL.

RESULTS: Overall survival was significantly influenced 
by the amount of IBL. The 5-year overall survival rates 
were 51.2%, 39.4% and 23.4% for IBL less than 200 
mL, 200 to 400 mL and more than 400 mL, respectively 
(< 200 mL vs  200-400 mL, P  < 0.001; 200-400 mL vs 
> 400 mL, P = 0.003). Age, tumor size, Borrmann type, 
extranodal metastasis, tumour-node-metastasis (TNM) 
stage, chemotherapy, extent of lymphadenectomy, IBL 
and postoperative complications were found to be in-
dependent prognostic factors in multivariable analysis. 
Following stratified analysis, patients staged TNM Ⅰ-
Ⅱ and those with IBL less than 200 mL tended to have 
better survival than those with IBL not less than 200 
mL, while patients staged TNM Ⅲ, whose IBL was less 
than 400 mL had better survival. Tumor location, tu-
mor size, TNM stage, type of gastrectomy, combined 
organ resection, extent of lymphadenectomy and year 
of surgery were found to be factors associated with the 
amount of IBL, while tumor location, type of gastrecto-
my, combined organ resection and year of surgery were 
independently associated with IBL ≥ 200 mL.

CONCLUSION: IBL is an independent prognostic fac-
tor for gastric cancer after curative resection. Reducing 
IBL can improve the long-term outcome of gastric can-
cer patients following curative gastrectomy. 

© 2013 Baishideng. All rights reserved.
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Core tip: Intraoperative blood loss (IBL) has been 
shown to be associated with poor outcome in various 
types of malignancy. In this study, we found that the 
overall survival of gastric cancer patients was signifi-
cantly affected by the amount of IBL, and IBL was an 
independent prognostic factor in multivariate analysis. 
We suggest that meticulous surgery and new surgical 
methods such as the application of an ultrasonic scalpel 
in lymph node dissection should be used to decrease 
the amount of IBL and improve the long-term outcome 
of gastric cancer patients following curative gastrectomy.

Liang YX, Guo HH, Deng JY, Wang BG, Ding XW, Wang XN, 
Zhang L, Liang H. Impact of intraoperative blood loss on survival 
after curative resection for gastric cancer. World J Gastroenterol 
2013; 19(33): 5542-5550  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v19/i33/5542.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i33.5542

INTRODUCTION
Radical gastrectomy with regional lymph node dissection 
is the only possible curative treatment for gastric cancer[1]. 
Even after R0 resection, a significant number of  patients 
suffer from recurrence, especially those with advanced 
gastric cancer[2-4]. Tumor depth and lymph node status 
are well-known prognostic factors, and patient age and 
performance status have also been reported to have an 
impact on the long-term outcome of  patients[5-7]. Besides 
these factors, a number of  potential prognostic factors 
have been reported in recent years, such as perioperative 
blood transfusion and intraoperative blood loss (IBL)[8-11].

The impact of  IBL on long-term outcome has previ-
ously been reported in patients with colorectal cancer, 
prostate cancer and pancreas cancer[12-14]. However, there 
are few reports assessing the relationship between IBL 
and long-term outcome in gastric cancer patients. Dhar 
et al[10] reported that more than 500 mL blood loss dur-
ing surgery was an independent predictor of  survival in 
gastric cancer patients with transmural depth invasion. 
Kamei et al[11] demonstrated that IBL was a crucial risk 
factor for peritoneal recurrence after curative resection 
for advanced gastric cancer. Unfortunately, the numbers 
of  patients included in these aforementioned studies were 
small, and no further meticulous analysis was performed 
to explore the correlation between the prognosis of  gas-
tric cancer patients and the accurate amount of  IBL.

The aim of  the present study is to elucidate the po-
tential impact of  IBL on the long-term survival of  gastric 
cancer patients after curative surgery in a single high-
volume center in China.

MATERIALS AND METHODS
Patients
The surgical and pathological data of  845 patients with 

gastric cancer who had undergone curative gastrectomy 
(R0 resection) with lymph node dissection and had been 
followed up between January 2003 and December 2007 at 
Tianjin Medical University Cancer Institute and Hospital 
were reviewed in this study. All the patients had been his-
tologically diagnosed with adenocarcinoma of  the stom-
ach. Patients who previously underwent gastric surgery 
or received preoperative chemotherapy were excluded. 
Patients with distant metastasis were also excluded. The 
study population consisted of  845 patients, 607 males 
(71.8%) and 238 females (28.2%) with a median age of  
62 years (range, 23-89 years). 

Surgical treatment and perioperative management 
All the patients underwent gastrectomy with D1 or D2 
lymph node dissection. The choice of  surgical procedure 
for reconstruction was made by the surgeon. Resec-
tion margin was pathologically confirmed as negative. 
Postoperative adjuvant chemotherapy was administered 
according to tumor stage, physical condition and the 
patient’s willingness. Chemotherapeutics consisted of  
5-fluorouracil, leucovorin and oxaliplatin. Radiotherapy 
was not administered in the present study.

IBL was visually estimated according to the weight or 
volume of  blood absorbed by gauze and suction pump by 
anesthesiologists immediately after surgery. We obtained 
this information from anesthesia records. IBL ranged 
from 50 to 1500 mL and the median IBL was 200 mL for 
the whole group. The patients were divided into 3 groups 
according to the amount of  IBL: group 1 (< 200 mL), 
group 2 (200-400 mL) and group 3 (> 400 mL). The en-
tire transfusion history during hospital stay for surgery 
was recorded. Patients whose perioperative hemoglobin 
was less than 70 g/L or who lost a lot of  blood during 
surgery were routinely given a red blood cell transfusion. 
Of  the 845 patients, 211 had a perioperative red blood 
cell transfusion, and the remaining 634 did not receive a 
transfusion. Postoperative complications during hospital-
ization only included these directly associated with sur-
gery, such as hemorrhage, wound dehiscence, anastomot-
ic leak, pancreatic fistula, lymphatic fistula and abdominal 
or wound infection.

Evaluation of clinicopathological variables and survival
The clinicopathological features studied included gender, 
age, tumor location, tumor size, Borrmann type, histol-
ogy, extranodal metastasis (EM), type of  gastrectomy, 
combined organ resection, postoperative chemotherapy, 
tumour-node-metastasis (TNM) stage, extent of  lymph-
adenectomy, postoperative complications, perioperative 
transfusion, and IBL. Clinicopathological features were 
first compared among the three groups and the impact of  
each factor on survival was evaluated to identify indepen-
dent prognostic factors. We next determined whether IBL 
influenced cancer-specific survival by comparing overall 
survival among the three groups by excluding deaths due 
to reasons other than gastric cancer. Finally, we explored 
the possible factors associated with IBL and identified 
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the independent risk factors for IBL ≥ 200 mL. The tu-
mors were staged according to the 7th edition Union for 
International Cancer Control TNM classification system, 
whereas lymphadenectomy and lymph node stations were 
defined according to the 3rd English Edition of  the Japa-
nese Classification of  Gastric Carcinoma. Tumors were 

classified into two groups based on histology: differenti-
ated type including papillary, well or moderately differenti-
ated adenocarcinoma; and undifferentiated type including 
poorly differentiated or undifferentiated adenocarcinoma, 
signet ring cell carcinoma and mucinous carcinoma.

Follow-up
The patients were followed up every 3 mo up to 2 years 
after surgery, then every 6 mo up to 5 years, and then ev-
ery year or until death. Physical examination, laboratory 
tests, imaging and endoscopy were performed at each 
visit. The median follow-up was 39 mo (range 1-103 mo), 
and the last follow-up date was December 20, 2012. The 
overall survival rate was calculated from the day of  surgi-
cal resection until time of  death or final follow-up.

Statistical analysis
Categorical variables were analyzed by means of  the χ 2 or 
Fisher’s exact test. Overall survival curves were calculated 
using the Kaplan-Meier method based on the length of  
time between primary surgical treatment and final follow-
up or death; the Log-rank test was used to assess statisti-
cal differences between the groups. Independent prog-
nostic factors were identified by the Cox proportional 
hazards regression model. One-way analysis of  variance 
(ANOVA) analysis or t test was used in univariate analysis 
to identify possible factors associated with IBL. Indepen-
dent risk factors for IBL ≥ 200 mL were determined by 
logistic regression. P < 0.05 was considered statistically 
significant. The statistical analysis was performed using 
the statistical program SPSS 17.0 (SPSS, Chicago, IL, 
United States).

RESULTS
Clinicopathological features
Of  the 845 patients, 397 (47.0%) patients underwent D2 
or greater lymph node dissection, and the remaining 448 
(53.0%) patients underwent D1 lymph node dissection. 
Sixty-seven patients underwent gastrectomy combined 
with other organ resections and 237 patients received 
postoperative adjuvant chemotherapy.

The patients were divided into three groups according 
to IBL (Table 1). The mean IBL was 99.4 mL in group 
1, 223.2 mL in group 2 and 484.4 mL in group 3. There 
were no statistical differences in gender, age, Borrmann 
type, histology, EM and postoperative chemotherapy 
among the three groups. Tumors located in the upper 
one-third were more frequent in group 2 and group 3, 
while in group 1, 53.5% of  tumors were located in the 
lower one-third. The incidence of  postoperative compli-
cations and the ratios of  tumors with a diameter ≥ 5 cm 
increased when the amount of  IBL was high. Total gas-
trectomy and combined organ resection were more fre-
quently performed in group 3 than in group 1 and group 
2. Patients in group 2 and group 3 were more likely to 
have advanced tumor (T), node (N), and TNM stage than 
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  Characteristics IBL (mL) χ 2 P  value
< 200 200-400 > 400 

  IBL (mean ± SD)   99.3 ± 25.0 223.2 ± 41.6 484.4 ± 179.9
  Gender   4.307    0.116
     Male 269 (70.2) 285 (71.6)   53 (71.8)
     Female 114 (29.8) 113 (28.4)   11 (28.2)
  Age (yr)   2.488    0.288
     ≤ 65 230 (60.1) 227 (57.0)   32 (50.0)
     > 65 153 (39.9) 171 (43.0)   32 (50.0)
  Tumor location 40.555 < 0.001
     Lower 1/3 205 (53.5) 148 (37.2)   14 (21.9)
     Middle 1/3   36 (9.4)   41 (10.3)     6 (9.4)
     Upper 1/3   98 (25.6) 164 (41.2)   34 (53.1)
     2/3 or more   44 (11.5)   45 (11.3)   10 (15.6)
  Tumor size 17.677 < 0.001
     < 5 cm 180 (47.0) 155 (38.9)   13 (20.3)
     ≥ 5 cm 203 (53.0) 243 (61.1)   51 (79.7)
  Borrmann type   5.180    0.075
     Ⅰ/Ⅱ 169 (44.1) 153 (38.4)   33 (51.6)
     Ⅲ/Ⅳ 214 (55.9) 245 (61.6)   31 (48.4)
  Histology   0.982    0.612
     Differentiated 121 (31.6) 139 (34.9)   21 (32.8)
     Undifferentiated 262 (68.4) 259 (65.1)   43 (67.2)
  Extranodal metastasis   1.963    0.375
     Positive   59 (15.4)   71 (17.8)   14 (21.9)
     Negative 324 (84.6) 327 (82.2)   50 (78.1)
  Depth of invasion 14.719    0.023
     pT1   14 (3.7)   11 (2.8)     0 (0.0)
     pT2   53 (13.8)   44 (11.1)     0 (0.0)
     pT3   21 (5.5)   28 (7.0)     6 (9.4)
     pT4 295 (77.0) 315 (79.1)   58 (90.6)
  Lymph node metastasis 15.793    0.015
     pN0 173 (45.2) 146 (36.7)   19 (29.7)
     pN1   56 (14.6)   82 (20.6)     9 (14.1)
     pN2   85 (22.2)   87 (21.9)   15 (23.4)
     pN3   69 (18.0)   83 (20.9)   21 (32.8)
  TNM stage 15.313    0.004
     Ⅰ   53 (13.8)   43 (10.8)     0 (0.0)
     Ⅱ 132 (34.5) 118 (29.6)   19 (29.7)
     Ⅲ 198 (51.7) 237 (59.5)   45 (70.3)
  Chemotherapy   2.036    0.361
     Yes 104 (27.2) 119 (29.9)   14 (21.9)
     No 279 (72.8) 279 (70.1)   50 (78.1)
  Type of gastrectomy 37.357 < 0.001
     Total   51 (13.3) 117 (29.4)   24 (37.5)
     Subtotal 332 (86.7) 281 (70.6)   40 (62.5)
  Combined organ resection 22.256 < 0.001
     Yes   16 (4.2)   38 (9.5)   13 (20.3)
     No 367 (95.8) 360 (90.5)   51 (79.7)
  Extent of lymphadenectomy   7.230    0.027
     D2 and D2+ 189 (49.3) 188 (47.2)   20 (31.3)
     D1 194 (50.7) 210 (52.8)   44 (68.8)
  Postoperative complications   7.500    0.024
     Present   20 (5.2)   34 (8.5)     9 (14.1)
     Absent 363 (94.8) 364 (91.5)   55 (85.9)

Table 1  Case characteristics  n  (%)

IBL: Intraoperative blood loss; TNM: Tumour-node-metastasis.
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postoperative complications. Gender did not influence 
survival. In multivariate analysis, age, tumor size, Bor-
rmann type, EM, TNM stage, postoperative chemothera-
py, extent of  lymphadenectomy, postoperative complica-
tions and IBL were found to be independent prognostic 
factors for overall survival (OS). The 5-year OS rates 
were 51.2%, 39.4% and 23.4% for IBL < 200, 200-400, 
and > 400 mL, respectively, (< 200 mL vs 200-400 mL, 
P < 0.001; 200-400 mL vs > 400 mL, P = 0.001) (Figure 
1A). When deaths due to factors other than gastric can-
cer were excluded, cancer-specific survival was still sig-

patients in group 1.

Prognostic value of IBL in gastric cancer
Data from univariate and multivariate survival analyses 
are shown in Table 2. A total of  14 factors evaluated in 
the univariate analysis had a significant effect on survival: 
age (≤ 65 years vs > 65 years), tumor location, tumor 
size, Borrmann type (types Ⅰ and Ⅱ vs types Ⅲ and Ⅳ), 
histology, EM, TNM stage, postoperative chemotherapy, 
type of  gastrectomy, combined organ resection, extent 
of  lymphadenectomy, IBL, perioperative transfusion and 

  Characteristics   n (%) 5-yr OS Univariate analysis Multivariate analysis

   χ2 P  value HR (95%CI) P  value
  Gender       1.609     0.205
     Male 607 (71.8) 42.20%
     Female 238 (28.2) 47.10%
  Age (yr)     21.037  < 0.001
     ≤ 65 489 (57.9) 50.10% 1 (ref)
     > 65 356 (42.1) 34.60% 1.372 (1.140-1.652)    0.001
  Tumor location     26.417  < 0.001
     Lower 1/3 367 (43.4) 50.10% 1 (ref)
     Middle 1/3 83 (9.8) 45.80% 0.978 (0.680-1.407)    0.905
     Upper 1/3 296 (35.0) 39.50% 0.931 (0.741-1.169)    0.538
     2/3 or more   99 (11.7) 29.30% 1.149 (0.832-1.586)    0.398
  Tumor size     58.693  < 0.001
     < 5 cm 348 (41.2) 57.80% 1 (ref)
     ≥ 5 cm 497 (58.8) 33.60% 1.411 (1.152-1.730)    0.001
  Borrmann type     13.517  < 0.001
     Ⅰ/Ⅱ 355 (42.0) 50.40% 1 (ref)
     Ⅲ/Ⅳ 490 (58.0) 38.60% 1.285 (1.062-1.556)    0.010
  Histology       6.783     0.009
     Differentiated 281 (33.3) 49.80% 1 (ref)
     Undifferentiated 564 (66.7) 40.40% 1.151 (0.939-1.412)    0.176
  Extranodal metastasis     52.773  < 0.001
     Negative 701 (83.0) 47.50% 1 (ref)
     Positive 144 (17.0) 24.30% 1.543 (1.236-1.925) < 0.001
  TNM stage   147.103  < 0.001
     Ⅰ   96 (11.4) 82.30% 1 (ref)
     Ⅱ 269 (31.8) 58.40% 2.253 (1.362-3.727)    0.002
     Ⅲ 480 (56.8) 27.50% 4.736 (2.898-7.740) < 0.001
  Chemotherapy     10.999     0.001
     Yes 237 (28.0) 50.60% 1 (ref)
     No 608 (72.0) 40.80% 1.357 (1.093-1.684)    0.006
  Extent of llymphadenectomy       6.668     0.010
     D2 and D2+ 397 (47.0) 48.40% 1 (ref)
     D1 448 (53.0) 39.30% 1.372 (1.126-1.671)    0.002
  Type of gastrectomy     21.400  < 0.001
     Subtotal 653 (77.3) 47.00% 1 (ref)
     Total 192 (22.7) 31.80% 1.102 (0.849-1.430)    0.466
  Combined organ resection     10.310     0.001
     No 778 (92.1) 44.60% 1 (ref)
     Yes 67 (7.9) 31.30% 1.116 (0.811-1.536)    0.501
  Intraoperative blood loss     29.175  < 0.001
     < 200 mL 383 (45.3) 51.20% 1 (ref)
     200-400 mL 398 (47.1) 39.40% 1.242 (1.017-1.516)    0.033
     > 400 mL 64 (7.6) 23.40% 1.590 (1.140-2.217)    0.006
  Perioperative transfusion       6.145     0.013
     No 634 (75.0) 45.70% 1 (ref)
     Yes 211 (25.0) 37.00% 0.962 (0.748-1.180)    0.708
  Postoperative complications     28.320  < 0.001
     Absent 782 (92.5) 44.90% 1 (ref)
     Present 63 (7.5) 27.00% 2.096 (1.525-2.881) < 0.001

Table 2  Survival analysis of all patients with gastric cancer 

OS: Overall survival; TNM: Tumour-node-metastasis.
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nificantly influenced by IBL (Figure 1B). The 5-year OS 
rates for patients with red blood cell transfusion vs those 
without were 37.0% and 45.7% (P = 0.013), respectively. 

To assess the association between IBL and red blood 
cell transfusion, patients were categorized into 4 groups 
[IBL < 200 mL and transfusion (-); IBL < 200 mL, trans-
fusion (+); IBL ≥ 200 mL, transfusion (-); IBL ≥ 200 
mL, transfusion (+)], and OS was compared among these 
groups (Figure 2). As a blood loss of  200 mL was the 
median for the whole group, it was used for dichotomiza-
tion in the statistical analysis. As a result, a IBL of  200 
mL or more was a significant factor when excluding the 
influence of  red blood cell transfusion (P = 0.001; P = 
0.026). However, there was no significant difference in 
OS between patients with and without transfusion when 
the influence of  IBL was excluded (P = 0.279; P = 0.078).

The results of  the stratified analysis are shown in 
Table 3. In patients with TNM stage Ⅰ, those with IBL 
less than 200 mL had significantly better survival than 
those with IBL 200-400 mL (Figure 3A). In the patients 

staged with TNM Ⅱ, those with IBL less than 200 mL 
had a significantly higher 5-year OS than those with IBL 
200-400 mL or more than 400 mL, while there were 
no statistical differences in OS between those with IBL 
200-400 mL and more than 400 mL (Figure 3B). For pa-
tients staged TNM Ⅲ, OS did not differ significantly be-
tween those with IBL less than 200 mL and 200-400 mL, 
however, these patients had significantly higher 5-year OS 
than those with IBL more than 400 mL (Figure 3C).

Risk factors associated with IBL
Univariate analysis of  factors associated with the amount 
of  IBL is shown in Table 4. Following one-way ANOVA 
analysis or t test, tumor location, tumor size, TNM stage, 
type of  gastrectomy, combined organ resection, extent 
of  lymphadenectomy and year of  surgery were found to 
be significant factors associated with the amount of  IBL. 
Factors which had no influence on IBL were gender, age, 
Borrmann type, histology, and EM. As patients with IBL 
less than 200 mL had the best survival, we further identi-
fied the independent risk factors for IBL ≥ 200 mL. Fac-
tors significant in the univariate analysis were included in 
the multivariate analysis. Tumor location, type of  gastrec-
tomy, combined organ resection and year of  surgery were 
found to be independent risk factors for IBL ≥ 200 mL 
in the multivariate analysis (Table 5).

All patients grouped by the amount of IBL
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Figure 1  Overall survival and cancer-specific curves for all patients grouped by intraoperative blood loss. A: Overall survival curve; B: Cancer-specific sur-
vival curve. IBL: Intraoperative blood loss.

Figure 2  Overall survival curves for all patients classified according to 
intraoperative blood loss and red blood cell transfusion. IBL: Intraoperative 
blood loss.

Group 11 Group 21 Group 31 χ 2 P  
valuen 5-yr OS n 5-yr OS n 5-yr OS

  TNM
     Ⅰ   53 88.7   43 74.4   4.538 0.037
     Ⅱ 132 68.2 118 50.0 19 42.1 10.763 0.005
     Ⅲ 198 29.8 237 27.8 45 15.6   8.035 0.018

Table 3  Tumour-node-metastasis-stratified analysis of the 
overall survival

1Group 1: IBL < 200 mL; Group 2: IBL 200-400 mL; Group 3: IBL > 400 mL. 
OS: Overall survival; TNM: Tumour-node-metastasis; IBL: Intraoperative 
blood loss.

A B

A vs  B, P  = 0.279
A vs  C, P = 0.001
B vs C, P  = 0.265
B vs  D, P  = 0.026  
C vs  D, P  = 0.078

A: IBL < 200, transfusion (-), (n  = 307)
B: IBL < 200, transfusion (+), (n  = 76)
C: IBL ≥ 200, transfusion (-), (n  = 327)

D: IBL ≥ 200, transfusion (+), (n  = 135)

Group 1 vs  group 2, P < 0.001
Group 2 vs group 3, P  = 0.006
Group 1 vs  group 3, P  < 0.001

Group 1: IBL less than 200 mL (n = 383)
Group 2: IBL 200 to 400 mL (n  = 398)
Group 3: IBL more than 400 mL (n  = 64)

Group 1 vs  group 2, P < 0.001
Group 2 vs group 3, P  = 0.003
Group 1 vs  group 3, P  < 0.001

Group 1: IBL less than 200 mL (n  = 330)
Group 2: IBL 200 to 400 mL (n  = 342)
Group 3: IBL more than 400 mL (n  = 51)

Liang YX et al . Intraoperative blood loss and gastric cancer
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DISCUSSION
The prognosis of  gastric cancer is mainly associated with 
tumor depth and lymph node status[5,6]. To improve the 
outcome of  gastric cancer, standard surgery with D2 
lymph node dissection is recommended[15,16]. However, 
even after curative gastrectomy with D2 dissection, the 
prognosis remains poor. In the present study, we evalu-
ated the potential prognostic factors and found that IBL 
was significantly associated with the survival of  patients 

TNM stage: Ⅰ
Group 1: IBL less than 200 mL (n  = 53)

Group 2: IBL 200 to 400 mL (n  = 43)

Group 1 vs  group 2, P  = 0.037
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TNM stage: Ⅱ
Group 1: IBL less than 200 mL (n  = 132)
Group 2: IBL 200 to 400 mL (n  = 118)
Group 3: IBL more than 400 mL (n  = 19)

Group 1 vs  group 2, P  = 0.003  
Group 2 vs  group 3, P  = 0.599
Group 1 vs  group 3, P = 0.021
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TNM stage: Ⅲ

Group 1: IBL less than 200 mL (n  = 198)
Group 2: IBL 200 to 400 mL (n  = 237) 
Group 3: IBL more than 400 mL (n  = 45)
Group 1 vs  group 2, P  = 0.592
Group 2 vs  group 3, P  = 0.014
Group 1 vs  group 3, P = 0.005
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  Characteristics n  (%) Amount of 
IBL (mL)

(mean ± SD)

t /F P  value

  Gender   1.770    0.077
     Male 607 (71.8) 191.4 ± 128.6
     Female 238 (28.2) 175.2 ± 92.5
  Age (yr)  -1.128    0.260
     ≤ 65 489 (57.9) 182.9 ± 121.8
     > 65 356 (42.1) 192.3 ± 116.7
  Tumor location 12.455 < 0.001
     Lower 1/3 367 (43.4) 160.9 ± 87.8
     Middle 1/3   83 (9.8) 179.5 ± 103.0
     Upper 1/3 296 (35.0) 213.2 ± 127.5
     2/3 or more   99 (11.7) 210.6 ± 177.5
  Tumor size  -4.129 < 0.001
     < 5 cm 348 (41.2)   166.7 ± 92.8
     ≥ 5 cm 497 (58.8) 200.9 ± 133.7
  Borrmann type
     Ⅰ/Ⅱ 355 (42.0) 187.5 ± 127.0    0.128    0.899
     Ⅲ/Ⅳ 490 (58.0) 186.4 ± 114.3
  Histology  -0.160    0.873
     Differentiated 281 (33.3) 185.9 ± 107.7
     Undifferentiated 564 (66.7) 187.3 ± 125.3
  Extranodal metastasis  -1.040    0.299
     Negative 701 (83.0) 184.9 ± 119.7
     Positive 144 (17.0) 196.3 ± 119.6
  TNM stage   4.974    0.007
     Ⅰ   96 (11.4)   154.2 ± 67.1
     Ⅱ 269 (31.8) 183.3 ± 135.9
     Ⅲ 480 (56.8) 195.4 ± 117.1
  Type of gastrectomy  -5.963 < 0.001
     Subtotal 653 (77.3) 173.8 ± 102.3
     Total 192 (22.7) 231.2 ± 158.1
  Combined organ resection  -5.329 < 0.001
     Absent 778 (92.1) 180.5 ± 110.9
     Present   67 (7.9) 260.4 ± 180.0
  Extent of llymphadenectomy  -2.676    0.008
     D2 and D2+ 397 (47.0)   175.2 ± 95.4
     D1 448 (53.0) 197.2 ± 136.9
  Year of surgery  -2.494    0.013
     2003-2005 489 (57.9) 195.1 ± 133.6
     2006-2007 356 (42.1) 174.3 ± 97.6

Table 4  Association between clinicapothologic factors and 
the amount of intraoperative blood loss: univariate analysis

TNM: Tumour, node, metastasis; IBL: Intraoperative blood loss.

  Feature HR 95%CI P  value

  Tumor location Upper 1/3 and 2/3 
or more vs lower and 
middle 1/3

1.717 1.272-2.317 < 0.001

  Tumor size ≥ 5 cm vs < 5 cm 1.129 0.833-1.513    0.434
  TNM stage Ⅲ vs Ⅰ, Ⅱ 1.174 0.872-1.580    0.290
  Extent of 
  gastrectomy

D1 vs D2 and D2+ 1.161 0.860-1.566    0.330

  Type of
  gastrectomy

Total vs subtotal 2.501 1.707-3.663 < 0.001

  Combined 
  organ resection

Present vs absent 1.996 1.089-3.659    0.025

  Year of surgery 2003-2005 vs 2006-2007 1.452 1.080-1.954    0.014

Table 5  Multivariate analysis of risk factors for intraoperative 
blood loss ≥ 200 mL

TNM: Tumour, node, metastasis.

Figure 3  Overall survival curves. A: 96 patients staged tumour-node-metas-
tasis (TNM) Ⅰ; B: 269 patients staged TNM Ⅱ; C: 480 patients staged TNM Ⅲ. IBL: 
Intraoperative blood loss.
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with gastric cancer after curative resection.
IBL has been reported to be associated with the prog-

nosis of  many malignant tumors[12-14]. Mörner et al[12] re-
ported that the degree of  IBL in colon cancer influenced 
long-term survival. In their study, blood loss of  250 
mL or more during surgery was a risk factor for overall 
mortality in both univariate and multivariate analyses. 
Nagai et al[13] demonstrated that IBL greater than 2000 
mL was related to poor prognosis in patients with pan-
creatic cancer. These authors suggested that successful 
curative resection with limited blood loss can contribute 
to improved survival. With regard to gastric cancer, few 
studies have focused on IBL. Dhar et al[10] reported that 
IBL more than 500 mL was an independent prognostic 
factor. Kamei et al[11] demonstrated that the cumulative 
survival rate was significantly lower in patients with IBL 
≥ 475 mL than in patients with IBL < 475 mL (P = 
0.0038), and IBL was a critical risk factor for peritoneal 
recurrence after curative resection of  advanced gastric 
cancer. Our data are consistent with those results and 
strongly suggest that IBL, rather than transfusion, was 
an independent prognostic factor for gastric cancer after 
curative resection.

In previous studies, blood loss of  475 or 500 mL was 
proposed as a threshold for prognostic significance[10,11]. 
To date, no study has conducted a detailed statistical 
analysis by classifying patients into groups based on the 
level of  IBL during resection for gastric cancer. When 
the thresholds were set at 200 and 400 mL, the OS was 
significantly affected based on a comparison between 
these 3 groups. The 5-year OS rates were 51.2%, 39.4% 
and 23.4% for IBL < 200 mL, 200-400 mL and > 400 
mL, respectively (< 200 mL vs 200-400 mL, P < 0.001; 
200-400 mL vs > 400 mL, P = 0.003; < 200 mL vs > 
400 mL, P < 0.001). Even when deaths due to factors 
other than gastric cancer were excluded, the differences 
in cancer-specific survival among the three groups were 
still significant. This clearly demonstrated the negative 
influence of  IBL on survival after curative gastrectomy. 
Pathological stage is assumed to be the most important 
prognostic factor for gastric cancer following curative 
gastrectomy. Therefore, we stratified patients by TNM 
stage. Even after stratification, the same trend, i.e., better 
outcomes in patients with a small amount of  IBL, was 
still observed in each stage. Thus, reducing IBL in resect-
able gastric cancer may provide further improvements in 
survival. According to the results of  the present study, for 
patients staged TNM Ⅰ and Ⅱ, IBL should be controlled 
within 200 mL to achieve a better outcome. In patients 
staged TNM Ⅲ, IBL should be no more than 400 mL.

Blood transfusion is needed when performing com-
plex surgery with a large amount of  IBL. Although many 
studies[17-21] have confirmed that perioperative blood 
transfusion leads to poor outcome in gastric cancer, some 
studies[22-26] do not support this. In the present study, peri-
operative transfusion was a prognostic factor, but not an 
independent prognostic factor in the multivariate analysis. 
When the influence of  IBL was excluded, OS did not dif-

fer significantly between patients with and without trans-
fusion, although 5-year OS was higher in patients without 
transfusion than in patients with transfusion if  the IBL 
was similar. However, when excluding the influence of  
transfusion, patients whose IBL was less than 200 mL 
had significantly better survival than those with IBL of  
200 mL or more. The effect of  IBL on survival was more 
pronounced than that of  red blood transfusion.

It is still unclear why IBL affects the long-term out-
come of  patients. It is thought that excessive IBL reduces 
the body’s immunity and thus its ability to fight cancer 
cells[10]. In a study conducted by Bruns et al[27], IBL more 
than 700 mL following gastrointestinal surgery was as-
sociated with a significant decrease in natural killer cell 
activity, producing an unfavorable effect on patient sur-
vival. However, the degree of  immune suppression was 
not assessed in this study. This should be examined in a 
future trial to clarify whether patients with excessive IBL 
have severe immune suppression resulting in a poor over-
all survival rate. Another possible explanation is that IBL 
is associated with peritoneal recurrence which leads to 
poor survival. It has been reported that operative blood 
loss is an independent risk factor for peritoneal recur-
rence of  curatively resectable advanced gastric cancer[11]. 
In open abdominal surgery, most operative blood loss 
accumulates in the abdominal cavity, and thus, the peri-
toneal surface is considered to have direct contact with 
blood components. As extravascular blood cells, such as 
leukocytes and platelets, are activated, they may produce 
a number of  soluble factors that may produce a favorable 
microenvironment for malignant cells. In fact, activated 
neutrophils, macrophages, and platelets are capable of  
producing a large amount of  angiogenic factors, such as 
vascular endothelial growth factor, on the peritoneal sur-
face, which is critical for the survival of  isolated cancer 
cells[28,29]. Unfortunately, recurrence data was not obtained 
in our study. 

IBL has been shown to be correlated with postopera-
tive complications[30]. In the present study, the incidence 
of  postoperative complications increased when the 
amount of  IBL was high. Previous studies have affirmed 
the negative influence of  postoperative complications 
on survival for many malignancies[31-35]. Sierzega et al[7] 
reported that anastomotic leakage was an independent 
prognostic factor for gastric adenocarcinoma following 
total gastrectomy. Tokunaga et al[35] found that postop-
erative intra-abdominal infectious complications had an 
adverse effect on 5-year OS and relapse-free survival rate. 
Our results were in accordance with those reports and 
showed that the presence of  postoperative complica-
tions was an independent prognostic factor for OS. As a 
higher rate of  complications was associated with a larger 
amount of  IBL, we consider that the difference in the in-
cidence of  postoperative complications among the three 
groups was a possible contributing factor to the survival 
difference among the three groups.

As IBL is an independent prognostic factor and pa-
tients with IBL less than 200 mL had the best outcome, 
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it is necessary to explore the potential factors influenc-
ing IBL and to develop new surgical methods to reduce 
IBL. It is obvious that IBL could be affected by the type 
of  gastrectomy and combined organ resection. Patients 
with tumors located in the upper 1/3 or more than 2/3 
the area usually undergo a total gastrectomy or combined 
spleen resection, which may result in a larger amount of  
IBL. Lymph node dissection is considered to be a com-
plex procedure and can easily lead to bleeding, especially 
dissection of  the lymph nodes around the celiac trunk. 
We have used an ultrasonic scalpel for lymph node dis-
section of  gastric cancer since 2006. Ultrasonic surgical 
devices have been reported to provide advantages in 
terms of  operative time and blood loss[36,37]. A study con-
ducted by Inoue K and colleagues showed that blood loss 
was significantly lower in patients using ultrasonic scalpel 
than in those not using the ultrasonic scalpel (median 
351.0 mL vs 569.5 mL; P = 0.016)[38]. From this point of  
view, it is actually the application of  the ultrasonic scalpel 
that leads to reduced IBL rather than the year, although 
year of  surgery was found to be an independent risk fac-
tor for IBL in the present study.

In conclusion, IBL was found to be an independent 
prognostic factor for gastric cancer after curative resec-
tion. It can be used to stratify the risk for gastric cancer 
prognosis. Meticulous surgery is needed and new meth-
ods should be considered to decrease the amount of  IBL 
and improve the long-term outcome of  patients follow-
ing curative gastrectomy. 
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