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Table 1 Clinicopathological Characteristics of the Patients

All patients (n=856) Transfused (n=154)  Non-transfused (n=702) P value
Age, years (mean£SD) 6412 67+10 63212 0.0004
Sex (male/fernale) 610/246 111/43 499/203 NS
BMI (mean=SD) 2243 C22%4 2243 NS
Approach (Open/Lap) 794/62 149/5 645/57 0.038
Type of gastrectomy (DG/TG/PG) 498/322/36 47/10413 451/218/33 <0.0001
Splénectomy (yes/no) 245/611 82172 163/539 <0.0001
Pancreaticosplenectomy (yes/no) 38/818 18/136 20/682 <0.0001
Lymph node dissection (D1/D2/D3) 264/472/120 38/76/40 226/396/80 <0.0001
Duration of operation, min (mean£SD) 290+86 349100 277£77 <0.0001
Blood loss, ml (mean£SD) 589+646 1,190+1,214 458+301 <0.0001
Amounts of transfusions®, ml (mean+SD) i 960762
Amounits of transfusions®, ml (0-400/401-800/>800) 50/51/53
Tumor size, mm (mean+SD) 39431 57+38 3529 <0.0001
Macroscopic type (localized/infiltrative) 586/270 717 509/193 <0.0001
Histological type (differentiated/undifferentiated) 484/372 80/74 404/298 NS
Tumor infilfration® (T1/T2/T3/T4) 474/220/149/13 39/52/54/9 435/168/95/4 <0.0001
Lynjiph node status® (NO/N1/N2/N3) 562/205/60/29 69/52/20/13 493/153/40/16 <0.0001
Stage® (IA/IBAVTIA/IB/AV) 423/149/126/85/36/37  32/29/33/31/12/17 391/120/93/541/24/20 <0.0001 |
Adjuvant chemotherapy (yes/no) 206/650 55/99 151/551 0.0004

SD :standard deviation, NS not significant, BMJ body mass index, Open open gastrectomy, Lap laparoscopy-assisted gastrectomy, DG distal

gastrectomy, TG total gastrectomy, PG proximal gastrectomy
¢ Autologous transfusions were not included
PUICC TNM classification

blood or Iess, whereas - 53 patients received’ more - than
800 ml. In both transfused and nontransfused groups;
distributions were similar with regard to sex, body mass
index (BMI), and hlstologlcal differentiation (P>0.05). The
transfused patients tended to be older (P=0.0004), and
among the transfused patients, there was a significantly
higher proportion for whom open gastrectomy, total gastrec-
tomy, additional organ resection (splenectomy or pancreati-
cosplenectomy), and extended para-aortic D3
lymphadenectomy were needed (P<0.05). Duration of
operation was longer and intraoperative blood loss was
greater in the transfused patients (£<0.0001). In addition,
transfused patients tended to have larger tumors and macro-
scopically infiltrative tamors (P<0.0001). Tumors in the
transfused group were more advanced with regard to depth
of invasion and nodal stage (P<0.0001). The patients in the
transfused group underwent adjuvant chemotherapy more
* frequently than did the nontransfused patients (P=0.0004).

Univariate and Multivariate Cox Analysis of Prognostic
Factors

Univariate andr multivariate overall survival analysis was
calculated by the Cox proportional hazard regression model.

In univariate analysis, tumor size (=40 mm; P<0. 0001),
dlfferennated type of fumor in hlstology (P=0.010), macro-
scopically infiltrative tumor (P<0.0001), tumor infiltration of
serosa (P<0.0001), lymph node metastasis (P<0.0001),
tumor invasion of lymphatic vessel (P<0.0001), tumor
invasion of vein (P<0.0001), duration of operation
(<300 min; P=0.004), massive blood loss (P<0.0001),
blood transfusions (P<0.0001), postoperative complications

"(P=0.018), pulmonary disease (P=0.0004), and liver dys-

function (P=0.003) predicted decreased overall survival in
all gastric cancer patients who underwent gastrectomy
(Table 2). The multivariate analysis revealed macroscopically
infiltrative tumor (P=0.040, hazards ratios [HR] = 1.39),
tumor infiltration of serosa (£<0.0001, HR=2.43), lymph
node metastasis (P=0.0010, HR=1.82), blood transfusions
(P<0.0001, HR=2.69), pulmonary disease (P=0.014, HR=
1.88), and liver dysfunction (P<0.0001, HR=2.67) as
independent prognostic factors in gastric cancer patients
(Table 3). We also studied prognostic factors according to
stage. In the stage I subgroup, blood transfusions, pulmonary
disease, and liver dysfunction were prognostic factors; the
HR were 3.65, 3.43, and 3.17, respectively. In the stage II
subgroup, only blood transfusions (HR=3.25) predicted
independent prognostic factors. In stages I and IV, only
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Table 2 Univariate Cox

Proportional Hazard Model Risk factors Categories ) Pvalue  Hazards ratio (95% CI)
Analysis for Prognostic Factors
Tumor size (mm) >40 vs. <40 <0.0001 3.13 (2.38-4.10)
Histological type Differentiated vs. undifferentiated 0.010 0.71 (0.54-0.92)
Macroscopic type Infiltrative vs. localized - <0.0001 2.90 (2.23-3.79)
Serosal invasion Yes vs. no <0.0001 5.06 (3.86-6.62)
Lymph node metastasis Yes vs. no <0.0001 393 (2.99—5.16)
Tumor invasion ‘
Lymphatic vessel Yes vs. no <0.0001 3.67 (2.68-5.04)
Vein Yes vs. no <0.0001 3.11 (2.37-4.08)

Duration of operation (min) <300 vs. 2300 0.004 0.68 (0.52—0.88)>
Blood loss (ml) >1,000 vs. <1,000 <0.0001 2.72 (1.98-3.73)
Blood tmnsfusiqns"l Yes vs. no <0.0001 4.12 (3.13-5.43)
Postoperative complications®  Yes vs. no 0.018 1.76 (1.16-2.82)
BMI 225 vs, <25 - 0.665 1.08 (0.75-1.56)
‘ i Concomitant disease
CI cottfidence interval, BMI Cardiovascular Yes vs. no 0.106 1.35 (0.94-1.95)
body mass index .
a . Renal Yes vs. no 0.262 1.59 (0.71-3.58)
Autologous transfusions were
not included Pulmonary Yes vs, no 0.0004 2.44 (1.49-4.01)
b Anastomotic leakage, pancreatic Liver Yes vs. no 0.003 1.90 (1.24-2.90)
fistula, and intra-abdominal Diabetes Yes vs. no 0.816 1.06 (0.65-1.72)
abscess were defined as Anemia Yes vs. no 0.955 0.97 (0.36-2.61)

postoperative complications

blood transfusions (HR=1.75) could be identified in the
univariate analysis regarding the prognostic factors (Table 4).

Survival Rates

In overall and- disease-specific survival, thefe Wér‘e‘ signif-
icant differences between the transfused and nontransfused
grotps (both P<0.0001). When patients were stratified by
stage, there still were significant differences between the

two groups (P<0.01 for all comparisons of overall and
disease-specific survival (Figs. 1 and 2).

Furthermore, we studied survival rates according to the
amount of blood transfusions. The overall survival rate was
significantly higher in the nontransfused than in the
transfused group, regardless of the amount of transfused
blood (P<0.0001; Fig. 3). In addition, a dose-response
relationship between the amount of transfused blood and
the survival rate was fiot recognized (P>0.05; Fig. 3).

Table 3 Multivariate Cox

‘ Proportional Hazard Model Risk factors Categories Pvalue  Hazards ratio (95% CI)
Analysis for Prognostic Factors
: Tumor size (mm) >40 vs. <40 0.262 1.21 (0.87-1.68) .
Histological type Differentiated vs. undifferentiated 0.503 1.10 (0.83-1.47)
Macroscopic type Infiltrative vs. localized 0.040 1.39 (1.02-1.90)
Serosal invasion Yes vs, no <0.0001 2.43 (1.73-3.42)
Lymph node metastasis Yes vs. no 0.001 1.82 (1.27-2.59)-
Tumor invasion :
Lymphatic vessel Yes vs. no 0.385 . 1.21 (0.79-1.87)
Vein Yes vs. no 0.184 1.25 (0.90-1.74)
Duration of operation (min) <300 vs. 2300 0.084 1.31 (0.97-1.76)
. “Blood loss (mi) 21,000 vs. <1,000 0.309 . 0.81 (0.55-1.21)
CI confidence interval. o e
an o Blood transfusions® Yes vs. no <0.0001 2.69 (1.92-3.77)
Autologous transfusions. were ] i
- not included Postoperative complications®  Yes vs. no 0.178 1.40 (0.86-2.29)
® Anastomotic leakage,'paricreatic Concomitant disease
fistula, and intra-abdominal Pulmonary Yes vs. no 0.014 1.88 (1.14-3.09)
abscess were defined as Liver Yes vs. no <0.0001 2,67 (1.714.15)

postoperative complications
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Table 4 Univariate and Multivariate Cox Proportional Hazard Model Analysis for Prognostic Factors (Subgroup Analysis)

Risk factors Categories Univariate analysis Multivariate analysis

P value Hazards ratio (95% CI) P value Hazards ratio (95% CI)

A. Stage I* (n=572)

Tumor size (mm) >40 vs. <40 0.021 1.79 (1.09-2.95) 0.318 1.33 (0.76-2.33)
Macroscopic type Infiltrative vs, localized 0.003 2.20 (1.32-3.67) 0.076 1.71 (0.95-3.08)
Tumor invasion
Lymphatic vessel Yes vs. no 0.032 1.65 (1.04-2.60) 0.669 1.14 (0.63-2.05)
Vein Yes vs. no 0.049 1.66 (1.00-2.74) 0.583 0.83 (0.43-1.62)
Blood loss (ml) 21,000 vs. <1,000 0.017 2.26 (1.164.39) 0.388 0.69 (0.30-1.59)
Blood transfusions® Yes vs. no <0.0001 3.99 (2.39-6.67) 0.0001 3.65 (1.89-7.05)
Concomitant disease ’
Cardiovascular Yes vs. no 0.011 2.02 (1.18-3.46) 0411 1.29 (0.70-2.39)
Pulmonary Yes vs. no <0.0001 4.81 (2.39-9.67) 0.001 3.43 (1.63-7.23)
Liver Yes vs. no <0.0001 3.47 (2.00-6.03) 0.0003 3.17 (1.70-5.91)
B. Stage I1° (n=126)
Tumor size (mm) 240 vs. <40 0.908 1.03 (0.58-1.83)
Macroscopic type Infiltrative vs. localized 0.417 0.79 (0.45-1.39)
| Tumor invasion
‘ Lymphatic vessel Yes vs. no 0.784 1.18 (0.37-3.79)
| Vein Yes vs. no 0.114 1.65 (0.89-3.05)
Blood loss (ml) >1,000 vs. <1,000 0.348 1.47 (0.66-3.26)
Blood transfusions® Yes vs. no <0.0001 3.16 (1.80-5.56) <0.0001 3.25 (1.85-5.73)
Concomitant disease
Cardiovascular Yes vs. no 0.058 1.96 (0.98-3.92) 0.228 1.70 (0.72-4.02)
Pulmonary Yes vs. no 0.570 1.40 (0.44-4.51)
Liver Yes vs. no 0.067 2.61 (0.94-7.27) 0.368 1.79 (0.50-6.39)
C. Stage [T/TV® (n=158)
Tumor size (mm) 240 vs. <40 0.554 1.19 (0.67-2.10)
Macroscopic type Infiltrative vs. localized 0.625 1.12 (0.70-1.80)
Tumor invasion
Lymphatic vessel Yes vs. no 0.808 1.15 (0.36-3.64)
Vein : Yes vs. no 0.442 1.21 (0.74-1.99)
Blood loss (ml) >1,000 vs. 1,000 0.185 1.33 (0.87-2.04)
Blood transfusions® Yes vs. no 0.007 1.75 (1.16-2.64) 0.007 1.75 (1.16-2.64)
Concomitant disease
Cardiovascular Yes vs. no 0.643 0.83 (0.39-1.80)
Pulmonary Yes vs. no 0.893 1.06 (0.43-2.62)
Liver Yes vs. no 0.520 1.39 (0.51-3.83)

CT confidence interval
*TNM classification
® Autologous transfusions were not included

Risk Factors Influencing Blood Transfusion Requirement potential risk factors for the 154 patients with blood
transfusions versus the 702 patients without blood trans-

" Univariate and multivariate analyses were performed to  fusions. The logistic regression analysis identified that
identify risk factors influencing perioperative blood trans-  blood transfusion requirements were significantly associ-
fusion requirement. Table 5 shows the results of 16 ~ ated with high age (65 years), long duration of operation
parameters univariately and multivariately examined as (=300 min), massive blood loss (>1,000 ml), and anemia
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Figure 1 Overall survival rates.
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Figure 3 Overall survival rates according to the amount of ‘trans-
fusions.

(Hb<10 g/dl); the odds ratios were 3.15, 2.46, 11.62, and
8.08, respectively.

Discussion

The relationship between perioperative blood transfusions
and survival in gastric cancer remains controversial. A
previous study with 1,015 patients by Kampschéer et al.'®
showed no difference between S5-year survival rates in
transfused and nontransfused patients grouped by stage. A
study on 568 patients by Moriguchi et al.'! also showed no
relationship between perioperative blood transfusions and
survival time of patients who underwent curative resection
for gastric cancer. They described that effects of blood
transfusions are closely associated with other prognostic
covariates and there is no prognostic significance of blood
transfusions on survival time, a finding repeated in several
other studies.'?™'* On the other hand, some studies have
shown an adverse relationship. Kaneda et al.'” first
proposed that blood transfusions could have a negative
influence on surviving gastric cancer. Their study showed
that, in subgroups of patients stratified for stage, there was a
significant difference in the range of survival time for stage
1 patients but not for patients at other stages. However, their
analysis was performed on a relatively small group, and
only univariate analyses were used for comparison. A large
retrospective study by Dhar et al. have shown that the 5-
year disease-free survival was significantly worse in the
transfused group and blood transfusion became an inde-
pendent prognosticator in the multivariate analysis.'®
According to a recent study by-Hyung et al. that was based
on 1,710 patients, survival in transfused patients was
clearly poorer than that in nontransfused patients with stage
III and IV gastric cancer.'® However, significant differences
in survival rates were not found in stage I and II patients.

The authors described how immunosuppression of trans-
fusions may cause progression of metastatic foci and failure
to remove circulating cancer cells at an advanced cancer
stage.'®

We performed multivariate analysis with the use of the
Cox regression model, adjusting all the covariates simulta-
neously. Allogeneic blood transfusion was seen to have
prognostic significance when all the 13 covariates were
included in the Cox regression analysis of the 856 patients.
When patients were stratified by stage, transfusion was
independently predictive of shorter survival in patients at all
disease stages. In most stage I and II patients, the spread of
cancer is limited enough that cancer cells can be completely
excised by the surgical procedure. However, it has been
reported that some patients have minimal residual disease,
even with early stages of gastric cancer.?’” Minimal residual
disease is one of the major causes for tumor relapse after
curative resection of the primary tumor in gastric cancer.”®
Heiss et al.? showed that the poorer prognosis linked to
transfusion is mediated through an impact on minimal
residual disease in gastric cancer patients after curative
resection, and they described how transfusion-related
immunosuppression affects minimal residual disease after
curative tumor resection. These studies may support our
findings that blood transfusions are independent prognostic
factors for long-term survival even for early stage patxents
after curative gastrectomy.

In Japan, the current blood transfusions have routine
leukodepletion, although blood transfusions at our facility
did not routinely undergo leukodepletion during the time
period of this study. Therefore, our results of the relation-
ship between allogeneic blood transfusions and poor
prognosis in gastric cancer patients might be reversed in
the future.

As compared with a previous study at Yonsei Umverslty
College of Medicine by Hyung et al.,'® our results showed
significantly lower survival rates in transfused patients.
Several speculations can be formed based on this differ-
ence. First, the transfused patients managed by Yonsei
University College of Medicine were significantly younger
than those in our institution (55 years vs. 67 years). Second,
our data included five transfused patients who died within
1 month after the operation, whereas operative mortality
cases were treated as censored data in the other study.
Third, Hyung et al. excluded from their study patients who
had undergone only D1 lymph node dissection due to
concomitant disease, Therefore, we deduce that there was a
low number of patients with serious concomitant disease in
the study from Korea.

There have been very few reports on the re]atlonshlp
between the amount of transfused blood and survival rates.
In gastrectomy, only the abovementioned study described a
significant difference in the survival rates according to the
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amount of transfused blood.'® In hepatic resection for
colorectal metastases, patients with one- or two-unit trans-
fusions had no significant difference in long-term survival
than nontransfused patients.>® On the other hand, our results
demonstrated that allogeneic- blood transfiisions had an
important effect on prognosis, even if the amount of
transfused blood was small. Allogeneic blood transfusions
generally cause down-regulation of cellular immunity, with
decreased cutaneous delayed type hypersensitivity, T-cell
proliferation, and natural killer cell function, and it seems to

drive the immunosystem toward a T helper type 2 (Th 2)
response and away from a Th 1 response.3 't was recently
reported that CD4*CD25" regulatory T cells are implicated in
immunosuppression of transfusions.*** Furthermore, it is
reported that this blood transfusion-related immunosuppres-
sion occurs regardless of the amount of transfused blood.*'~*
That is consistent with our findings. On the other hand, our
findings showed that the short-term survival of patients with
massive blood transfusion >800 ml was poorer than that of
patients with blood transfusion <800 ml. The 1-year survival

Table § Univariate and Multivariate Analysis of Risk Factors Tnfluencing Blood Transfusion Requirements

Risk factors _ Categories Univariate analysis Multivariate analysis
P value Odds ratio (95% CI) P value Odds ratio (95% CI)
Sex Male ©0.805 1.05 (0.71-1.55)
) ' Female
Age >65 <0.0001 2.20 (1.51-3.18) <0.0001 3.15 (1.97-5.02)
<65
BMI S >25 - 0,026 - 1.66 (1.06-2.58) 0.265 0.71 (0.39-1.30)
<25 - L .
" Type of gastrectomy TG/PG <0.0001 4,09 (2.81-5.96) 0.060 1.80 (0.98-3.33)
. DG '
Splenectomy Yes <0.0001 3.77 (2.62-5.41) 0.693 1.14 (0.60-2.17)
No
Pancreaticosplenectomy Yes <0.0001 4.51 (2.33-8.76) 0.665 0.82 (0.34-2.01)
’ No
Lymiph node dissection D3 <0.0001 2.73 (1.78-4.19) 0.139 1.55 (0.87-2.76)
’ D1/D2
Approach Open 0.042 2.63 (1.04-6.68) 0.353 1.63 (0.58-4.60)
Lap
Duration of operation (min) >300 <0.0001 475 (3.24-6.97) 0.0002 2.46 (1.52-3.99)
<300 '
Blood loss (mi) >1,000 <0.0001 16.24 (10.24-25.76) <0.0001 11.62 (6.69-20.20)
o A <1,000 ' o
Cardiovascular disease ~ Yes 0.137 145 (0.89-2.35)
5 YR . v No e o P
Pulmonary disease ' Yes 0.46 137 (0.61-3.08)
. ST No
Renal dysfunction Yes 0219 0.28 (0.04-2.13)
’ » ) No
Liver dysﬁinbtiqn Yes 0.109 1.66 (0.89-3.06)
' No
Diabetes Yes 0918 1.04 (0.54-1.99)
No
Anemia Yes <0.0001 7.33 (2.94-18.26 0.0002 8.08 (2.74-23.79)
No

CI confidence intérval, BMI body mass index, DG distal gasﬁectomy, TG total géstrectomy, PG prbximal gastrectomy, Open open gastrectomy,

Lap laparoscopy-assisted gastrectomy
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rates were 93.2% for the nontransfused group, 80.6% for the
group transfused with 1 to 400 ml, 72.0% for the transfused
group with 401 to 800 ml, and 58.0% for the transfused group
with' more than 800 ml. We consider that massive blood
transfusion may cause immunosuppression immediately after
transfusion. Furthermore, serious complications associated
with massive transfusion itself might be related to poor
prognosis. Indeed, in our data, the rates of perioperative
infectious complications were significantly higher in the
transfused patients (4.3% vs. 13.0%).>® Consequently, if at
all possible, we should avoid giving allogeneic blood trans-
fusions when performing gastrectomy in gastric cancer
patients.

However, Hb of <10 g/dl and an expectation of
intraoperative blood loss exceeding 1,000 ml indicate a
necessary transfusion in gastric cancer patients.>® In our
multivariate logistic regression analyses, high age
(265 years), long duration of operation (=300 min), massive
blood loss (1,000 ml) and anemia (Hb<10 g/dl) were the
significant risk factors influencing blood transfusion

requirements.. The odds ratio of massive blood loss was -

11.6, and it was the hxghest value in these risk factors.
Therefore, we must prevent unnecessary transfusions by
meticulously limiting intraoperative bleeding through care-
ful anatomical dissection and controlling bleeding with
electrocoagulation, ultrasonic, laser devices, and collagen-
sealing devices. According to a meta-analysis of laparoscopic
and open gastrectomy for gastric cancer, laparoscopy-
assisted gastrectomy was associated with a significantly
reduced rate of intraoperative blood loss.*” Indeed, our data
showed that the mean intraoperative blood loss was larger
in the open gastrectomy group (620 + 658 ml) than in the
laparoscopy group (197 + 245 ml). Considering avoidance
of transfusion, laparoscopic approaches for early gastric
cancer can be considered a valid option. In our data, the
mean intraoperative bleeding was larger in stage Il and IV
groups than in stage I and II groups, and significantly
more patients in stage III and IV groups required blood
transfusion (data not shown). Therefore, neoadjuvant
chemotherapy might play a pivotal role to improve the
anatomical dissection of invasive malignancies when
performing gastrectomy with radical lymph nodes dissection
for advanced gastric cancer.

These abovementioned in potential risks of allogeneic
blood transfusions have heightened interest in the use of
autologous blood transfusion. However, the effects of
autologous blood transfusion on immune function were
yet unclear.**® In addition, the use of the supply of red
blood cell substitutes, such as perfluorocarbon emulsions
" or liposome-encapsulated hemoglobin, has been reported
to reduce the need for blood transfusions in patients
undergoing major surgery.”® In fact, these red blood cell
substitutes do not pose an infectious risk and have

favorable O, transport properties.*® The use of these
materials may reduce the incidence of intraoperative
allogeneic blood transfusions in gastric cancer patients
undergoing gastrectomy.

In conclusion, allogeneic blood transfusion was an
independent prognostic factor for long-term survival in
gastric cancer patients. As far as possible, we should avoid
transfusing when performing gastrectomy for gastric cancer.
Moreover, massive intraoperative bleeding was the most
significant risk factor for blood transfusion requirements.
Therefore, we should make an increased effort to reduce
blood loss during the operation.
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Fig. 1 The resected specimen showed type 2 gas-
tric cancer.
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Fig. 2 Abdominal CT showed free air, ascites, dila-
tation of the stomach due to meal(a) and wall thick-
ness of upper small intestine (b). A small part of
the meal seemed to be out of the stomach.
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Fig. 3 Operative findings revealed an apporoxi-
mately 3-cm logitudinal tear of the greater curva-
ture of upper stomach body. There was neither ul-
ceration nor inflammation at the Jesion.
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Fig. 4 Roentgenoscopy showed : There was no
stenosis at the gastrojejunostomy on 14th postop-
erative day. )
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' Spontaneous Gastric Rupture triggered Overextension due to Excessive Oral
Intake following Distal Gastrectomy : A Case Report

Koji Ohta, Akira Kurita, Minoru Tanada, Takaya Kobétake,
Isao Nozaki, Yoshirou Kubo and Shigemitsu Takashima
Department of Digestive Surgery, Shikoku Cancer Center

We report a case of spontaneous gastric rupture following distal gastrectomy. A 67-year-old man who under-
went distal gastrectomy for gastric cancer and discharged our hospital on postoperative day (POD) 14, ate a
large amount of sushi, then experienced severe enough gastric pain to be admitted in an emergency. Physical
- examinatiori showed muscular defense in the upper abdomen. Computed tomography (CT) showed abdominal
free air and ascites, necessitating emergency surgery for acute abdomen. Laparotomy findings included tur-
bid ascites and numerous grain of rice in the upper abdomen. The upper gastric body had a 3-cm longitudinal
tear at the greater curvature. Neither ulceration nor inflammation was seen, and diagnosing spontaneous gas-
tric rupture, we sutured the lesion primarily in two layers and lavaged and drainaged the abdomen. No steno-
sis had been seen in X-ray imaging at the gastrojejunostomy on POD 14, so we concluded that excessive oral
intake had overextended the stomach, triggering spontaneous gastric rupture.
Key words : spontaneous gastric rupture, distal gastrectomy; complication
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Tailored laparoscopic resection
for suspected gastric gastrointestinal
stromal tumors |

Akira Sasaki, MD,? Keisuke Koeda, MD,* Toru Obuchi, MD,* Jun Nakajima, MD," Satoshi Nishizuka,
MD,* Masanori Terashima, MD,? and Go Wakabayashi, MD,* Morioka and Shizuoka, Japan

Background. The aim of the present study was to evaluate the long-term outcomes of tatlored laparoscopic
resections for suspected gastric gastrointestinal stromal tumors (GIST3) based on the tumor size, location,
and growth morphology.

Methods. Between February 1994 and April 2009, 64 patients undergoing gastric resections of
suspected gastric GISTS were identified in a prospectively collected database. Medical records were
reviewed for patient demographics, perioperative outcomes, and follow-up.

Results. Forty-five patients underwent attempted laparoscopic resections, with 44 completed laparoscopi-
cally. Twenty-eight neoplasms were located in the upper third of the stomach (including 6 neoplasms at the
esophagogastric junction), 9 in the middle third, and 8 in the lower third (including 4 prepyloric
neoplasms). Laparoscopic approaches included 35 exogastric (3 single incision access) and 10
transgastric approaches. Median operating lime was 100 min (range, 30-240), and blood loss was 5 ml
(range, 1-80). Median tumor size and operative margin were 32 mm (range, 16-74) and 7 mm (range,
1-20), respectively. One patient was converted to an open, pylorus-preserving gastrvectomy. One patient
developed a complication. The histopathologic risk assessment classifications of 37 GISTS were 2 very low,
26 low, 7 intermediate, and 2 high risk. Although 1 patient developed a local recwrrence afler intragastric
resection, all 45 patients were disease free at a median follow-up of 74 months (range, 1-181).
Conclusion. Although technically demanding, lailored laparoscopic resection based on tumor charac-
teristics in most patients with suspected gastric GIST is safe and feasible and resultis in good both
surgical and oncologic outcomes. (Surgery 2009, . H-M.)

From the Department of Surgery, Iwate Medical University School of Medicine," Morioka; and. the Division of
Gastric Surgery, Shizuoka Cancer Center” Shizuoka, Japan

RECENT ADVANCES IN LAPAROSCOPIG SURGICAL SKILLS,
newer techniques, and improved instruments
have resulted in widespread acceptance of a mini-
mally invasive approach for gastric gastrointestinal
stromal tumors (GISTs). Because GISTs rarely in-
volve lymph nodes and because they require resec-
tion with only a gross negative margin, " they are
suitable for a laparoscopic approach%; but, when
the neoplasm is located near the esophagogastric
junction (EGJ) or pylorus, it is difficult to avoid a
gastrectomy due to the risk of causing deformity
or stenosis of the gastric lumen. _

In our institution, a laparoscopic, stapled,
wedge resecton for gastric GIST has been
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performed since 1994, and the use of laparoscopic
surgery has since been extended to include lesions
located almost anywhere in the stomach.” The aim
of the present study was to evaluate the long-term
outcomes’ of tailored laparoscopic resections for

“suspected gastric GISTs based on tumor size, loca-

tion, and growth morphology.

PATIENTS AND METHODS

Patients. Between February 1994 and April
2009, 64 consecutive patients undergoing gastric
resections of suspected gastric GISTs were iden-
tfied in a prospectively collected database at
Twate Medical University Hospital. Resections
included 45 laparoscopic resections (70%) and
19 open resections. Of 19 patients who under-
went open surgery, 12 patients had a tumor size
of 5 cm or more. The remaining 7 patients with
a tumor size <5 cm had a mixed-type GIST with
involvement of the cardia or pylorus, for which
laparoscopic surgery appeared to be too, compli-
cated. Therefore, proximal gastrectomy, local
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Approach: Gastrotomy Exogastric Exogastric Laparescopy —assisted
(SILAS) (manual resection)  or open

Figure. Therapeutic strategy for suspected gastric GISTs.

gastrectomy, and distal gastrectomy were selected
for 4, 2, and 1 patients, respectively.

Indications for laparoscopic management of
gastric GISTs are: a tumor size between 2 to
5 cm, rapid increase in tumor size since any previ-
ous investigation, or presence of symptoms.
Tumors greater than 5 cm are operated by laparos-
copy-assisted gastrectomy or open gastrectomy un-
der observation of intra-operative laparoscopy,
GISTs less than 2 cm in diameter are followed up
by endoscopy/computed tomography (CT) every
6 months. For patients with rapid growth of the ne-
oplasm, which is highly suspicious for malignant
potential, we recommend surgical resection of
the tumor. When the diagnosis is GIST regardless
of the tumor size, it is considered to be relative
operative indication. Our treatment algorithm
for suspected gastric GISTs is shown in the
Figure.

Variables analyzed included operating time,
blood loss, tumor size, surgical margin, time to
regular diet resumption, duration of hospitaliza-
tion, morbidity, mortality, and survival. Morbidity
and mortality were defined as those occurring
within 1 month of surgery. Continuous data were
expressed as medians (range). 7

Pre- and postoperative evaluation. Upper gas-
trointestinal series, endoscopy, and CT were per-
formed pre-operatively in all patients. Endoscopic
ultrasonography (EUS) and EUS-guided fine-nee-
dle aspiration biopsy examination (EUS-FNAB)
were performed when necessary. We believe that
these are reasonable pre-operative examinations,
because definitive histologic diagnosis using EUS-
FNAB is a strong reason for operation, and EUS
gives more precise information of tumor location
in vertical axis. Lesions in which the immunohis-
tochemical staging was positive for ckit gene

product/CD117 antigen were diagnosed as a
GIST.#? The prognostic indicators of GISTs were
based on tumor size and mitotic index, according
to the risk assessment classification proposed by
Fletcher et al.'’ Gastric GISTs were categorized -
for malignant potential as very low risk (<2cm
and <5 mitoses/50 high-power fields, HPFs), low
risk (2-5 cm and <5 mitoses/50 HPFs), intermedi-
ate risk (<5 cm and 6-10 mitoses/50 HPFs or
5-10 cm and <5 mitoses/50 HPFs), and high risk
(>6 cm and >5 mitoses/50 HPFs, >10 cm and any
mitotic rate, any size, or >10 mitoses/50 HPFs).

Surgical technique. Laparoscopic and intra-op-
erative endoscopic assistances were used for all
lesions, and the surgical procedures were selected
according to tumor size, location, and growth
morphology. Operative technique involved place-
ment of 2—4 laparoscopic trocars.

Anterior gastric wall, greater and lesser curva-
ture lesions. Exogastric wedge resection using an
endoscopic linear stapler was performed on most
lesions. The greater omentum, lesser omentum, or
gastric vessels were divided as needed, using an_
ultrasonic coagulating shears. For GISTs located
along the lesser curvature, we mobilize the neuro-
vascular on the side of the stomach according to
the surgical technique used in selective vagotomy,
in an attempt to avoid problems with postoperative
gastric motility. Ultrasonic coagulating shears are
used to minimize the resection area, except for
the exoluminal type.

Recently, single incision laparoscopic access
surgery (SILAS) was planned for patients with
tumors located on the anterior gastric wall or
greater curvature. Neither SILS™ port nor ASC
Triport™ were used, because no SILAS instru-
ments have yet been approved under the Pharma-
ceutical Affairs Law in Japan.'™ A 2cm



Surgery
Volume B, Number B

semicircular umbilical incision was made at the
lower half of the umbilicus, which was dilated us-
ing a 12-mm VersaStep™ (Covidien, Mansfield,
MA). Under direct visualization, 1 or 2 5-mm
VersaStep™ trocars were placed through the
same umbilical skin incision. The tumor located
in the anterior wall or greater curvature was re-
sected using an endoscopic linear stapler after
the tumor was elevated with a mini Joop retractor™
(Covidien) or laparoscopic grasper retraction of
the gastric wall near the tumor. Three trocar sites
were joined and closed to avoid incisional hernia,

Posterior gastric wall lesions. Exoluminal and
intraluminal small lesions were approached com-
monly via the lesser sac through the gastrocolic
ligament. The greater curvature was elevated and
rotated cephalad to expose the posterior surface of
the stomach. The lesion was then resected with a
technique similar to that described for anterior
lesions. Large endoluminal neoplasms and those
near the EGJ were resected via an anterior gastrot-
orny.13 For tumor resections using a gastrotomy with
an endoscopic linear stapler, a full-thickness gastric
resection was performed. The anterior gastrotomy
was closed using an endoscopic linear stapler.

Near the EGJ and pyloric lesions. An intragas-
tric approach using 2 balloon-tipped trocars under
gastroscopy guidance was chosen for the first G
wedge resections for small endoluminal GISTs."
For transgastric tumor resections using an ultra-
sonic coagulating shears, resection of the muscular
layer rather than submucosal resection was per
formed. The mucosal-muscular defect was usually
closed with intragastric sutures.

Exoluminal, intraluminal, or mixed growth
tumors were resected with a margin of normal
stomach using an ultrasonic coagulating shears via
a laparoscopic exogastric approach. The resected
defect was closed with a running suture.

RESULTS

Patient characteristics. The median age at
presentation was 65 years (range, 35-84). There
were 17 men and 28 women. Thirtysix patients
(80%) were asymptomatic with the tumors found
incidentally. Symptoms in the other patients in-
cluded abdominal pain (4 patients), discomfort
(4), and gastric bleeding (1). No metastatic dis-
ease at initial visit was observed. No patients
required pre-operative treatment with tyrosine
kinase inhibitor (imatinib). Twenty-eight (62%)
of 45 GISTs were located in the upper third of the
stomach (including 6 EGJ] GISTs), 9 in the middle
third, and 8 in the lower third (including 4
prepyloric GISTs).
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Table, Comparison of outcomes based on surgical
approach

Exogastric Transgastric
apfrroach approach
Variable (n =35) m=10)

Tumor size {mm)* 30 (16-74) 37 (22-50)
Operating time (min)* 73 (80-150) 145 (100-240)
Blood loss (ml)* 3 (1-80) 10 (3-65)
Surgical margin (mm)* 10 (2-20) 5 (1-15)
Oral intake (days)* 2 (1-5) 3.5 (2-7)
Hospitalization (days)* 7 (5-14) 8 (5-9)
Conversion 1 0
Morbidity 0 1
Local recurrence 0 1

*Values are median (range).

Peri-operative outcomes. Laparoscopic gastric
wedge resection was attempted in 45 patients and
was successfully completed laparoscopically in 44
(98%). One patient was converted to an open,
pylorus-preserving gastrectomy because of difficulty
in gastric wedge resection and the risk of stricture.
Laparoscopic approaches included 35 exogastric
and 10 transgastric approaches (6 intragastricand 4

" anterior- transgastrotomy). In addition, 1 patient

underwent simultaneous laparoscopic cholecystec-
tomy-and inguinal hernioplasty.

Median operating time was 100 min (range,
30-240) with a median blood loss of 5 ml (range,
1-80). Median tumor size and surgical margin
were 32 mm (range, 16-74) and 7mm (range,
1-20), respectively. No tumor ruptures occurred.
A comparison of surgical outcomes for patients
with exogastric resections and those with transgas-
tric resections is shown in the Table. Median oper-
ating time (145 vs 78 min) and time to regular diet
resumption (3.5 vs 2 days) were longer in patients
with transgastric resections. Postoperative morbid-
ity occurred in 1 patient with an endoluminal
GIST located near the EGJ, who developed a leak
at the suture line after intragastric resection using
a vessel sealing system device. No mortalities oc-
curred in our series. Three patients with submuco-
sal GISTs underwent single incision laparoscopic
gastric wedge resection. No patients required
extra-umbilical incisions or conversion to a
conventional laparoscopic procedure.

Thirty-seven patients (82%) had confirmed gas-
tric GIST according to the final pathologic evalua-
tion, The other tumors consisted of 5 gastrointestinal
non-GIST mesenchymal neoplasms (2 neural types
and 3 smooth muscle types), 1 granular cell neo-
plasm, 1 ectopic pancreas, and 1 carcinoid neoplasm.
Using the stratification system of Fletcher et al, the



