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INTRODUCTION:  Objective  and  quantitative  intraoperative  methods  of  bowel  viability  assessment  could
decrease  the risk  of postoperative  ischemic  complications  in gastrointestinal  surgery.  Because  the  rem-
nant  stomach  and  the  pancreas  share  an  arterial  blood  supply,  it  is  often  unclear  whether  the remnant
stomach  can  be safely  preserved  when  performing  pancreaticoduodenectomy  (PD) or  distal  pancrea-
tectomy  (DP)  post  gastrectomy.  We  herein  report  two cases  in  which  the  remnant  stomach  was  safely
preserved  using  near-infrared  spectroscopy  to  assess  the regional  saturation  of oxygen  (rSO2)  in the
remnant  stomach  during  operation.
PRESENTATION  OF  CASE:  The  first patient,  a 68-year-old  man,  was  diagnosed  with  cancer  of  the  pancreatic
head  and underwent  PD  a year after  proximal  gastrectomy  for gastric  cancer.  The  remnant  stomach  was
safely  preserved  by  evaluation  of  the rSO2  before  and  after  reconstruction  of  the  arteries.  The  second
patient,  an  82-year-old  woman  with  a  history  of distal  gastrectomy  for gastric  cancer  40  years  previ-
ously,  was  diagnosed  with  a main  duct  intraductal  papillary  mucinous  neoplasm  of  the  pancreatic  body,

requiring  DP.  As in the  previous  case,  we  could  safely  preserve  the  remnant  stomach  through  assessing
the  intraoperative  rSO2  of the  remnant  stomach.
DISCUSSION:  Through  comparing  changes  in  the  rSO2  during  surgery,  near-infrared  spectroscopy  provides
objective  and  quantitative  assessments  of  intestinal  viability  to predict  ischemic  complications.
CONCLUSION:  This  method  may  be a  viable  option  to evaluate  the  blood  supply  to  the  alimentary  tract.

©  2016  The  Authors.  Published  by Elsevier  Ltd.  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
he  CC
access  article  under  t

. Introduction
Pancreatic cancer is the fourth leading cause cancer deaths [1]
nd has a poor prognosis; surgery is the only potentially curative

Abbreviations: PD, pancreaticoduodenectomy; DP, distal pancreatectomy; rSO2,
egional saturation of oxygen; ICG, indocyanine green; CT, computed tomography;
GA, right gastric artery; RGEA, right gastroepiploic artery; PET, positron emis-
ion  tomography; SUV, standardized uptake value; GDA, gastroduodenal artery;
G,  distal gastrectomy; EUS, endoscopic ultrasonography; MRI, magnetic resonance

maging; ERCP, endoscopic retrograde cholangiopancreatography; CHA, common
epatic artery.
∗ Corresponding author.

E-mail addresses: red wing412@yahoo.co.jp (S. Akabane),
ohira@hiroshima-u.ac.jp (M.  Ohira), ishiyama@hiroshima-u.ac.jp (K. Ishiyama),

sukoba@hiroshima-u.ac.jp (T. Kobayashi), ideken@hiroshima-u.ac.jp
K. Ide), htahara@hiroshima-u.ac.jp (H. Tahara), df26@smn.enjoy.ne.jp (S. Kuroda),
animine1217@gmail.com (N. Tanimine), s.kiyomizu@hotmail.co.jp (S. Shimizu),
tanabe2@hiroshima-u.ac.jp (K. Tanabe), hohdan@hiroshima-u.ac.jp (H. Ohdan).

ttp://dx.doi.org/10.1016/j.ijscr.2016.03.047
210-2612/© 2016 The Authors. Published by Elsevier Ltd. on behalf of IJS Publishing Gro
reativecommons.org/licenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

treatment [2]. It has been reported that partial gastrectomy may
be a risk factor for pancreatic cancer [3,4]. In such cases, standard
pancreatectomy is associated with potential loss of blood supply to
the remnant stomach, which may  lead to postoperative ischemic
complications. However, there is no consensus on how to manage
the remnant stomach most effectively when performing pancre-
atectomy in these patients. Intraoperative assessment of bowel
viability has been performed using Doppler ultrasonography, indo-
cyanine green (ICG) fluorescence angiography, and near-infrared
spectroscopy [5–8]. The In Vivo Optical Spectroscopy (INVOS) sys-
tem (Covidien, JAPAN) allows real-time monitoring of regional
saturation of oxygen (rSO2) in the brain or body tissue directly
beneath the sensor through near-infrared spectroscopy [9,10]. We
herein report two cases of pancreatectomy in patients who had pre-

viously undergone gastrectomy, in which intestinal viability was
objectively assessed and the remnant stomach was  safely preserved
using this system.
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ig. 1. Preoperative 3D-CT (Case 1).
he right gastroepiploic artery (RGEA) was preserved in the prior surgery.

. Presentation of case

.1. Case 1

A 68-year-old man  underwent proximal gastrectomy for addi-
ional resection following endoscopic submucosal dissection of
astric cardia cancer. A solid mass was detected at the head of the
ancreas on follow-up computed tomography (CT) a year after the
urgery. Serum biochemistry was as follows: aspartate aminotrans-
erase (AST), 18 U/L; alanine aminotransferase (ALT), 15 U/L; total
ilirubin, 0.9 mg/dL; amylase (AMY), 150 U/L; carcinoembryonic
ntigen (CEA), 5.6 ng/mL; cancer antigen 19-9 (CA 19-9), 143 U/mL;
nd s-pancreas-1 antigen (SPAN-1), 32 U/mL. CT imaging showed

 low-enhanced mass with a diameter of 15 mm × 12 mm at the
ancreatic head. Lymph node swelling and vascular invasion were
ot detected. The right gastric artery (RGA) and right gastroepi-
loic artery (RGEA) were preserved in the prior operation (Fig. 1).
n positron emission tomography (PET)-CT, abnormal fludeoxyglu-
ose uptake was seen (standardized uptake value (SUV)-max:
.1–4.0) at the head of the pancreas. Endoscopic ultrasound-
uided fine needle aspiration revealed adenocarcinoma. Therefore,

ancreaticoduodenectomy (PD) with lymph node dissection was
lanned. During the PD procedure, we needed to divide the gastro-
uodenal artery (GDA). We  needed to know whether the remnant
tomach could be safely preserved by reconstructing the circulation

Fig. 2. Scheme of the operative findings (Case 1). 
Fig. 3. Intraoperative rSO2 (Case 1).
After the reconstruction of the arteries, rSO2 level improved.

between the GDA and RGEA (Fig. 2). The intraoperative rSO2 of the
greater curvature of the remnant stomach was  assessed using the
INVOS system. At the time of laparotomy, the rSO2 of the remnant
stomach was 82%. After dividing the GDA and stomach, it decreased
to 51%. Reconstruction of the arteries was  performed, and at the end
of the operation, it increased to 80% (Fig. 3). We  judged that the rem-
nant stomach could be safely preserved. Pathological examination
showed invasive ductal carcinoma of the pancreas, pathological
stage T4N1M0 Stage IVa (TNM classification). The postoperative
course was  uneventful, and the patient was  discharged on the 17th
postoperative day.

2.2. Case 2

An 82-year-old woman was  initially admitted to a nearby hospi-
tal for a periodical medical examination. Ultrasound examination
revealed a cystic mass at the body of the pancreas, and she was
referred to our hospital for further investigation. On admission, she
had no specific symptoms, with poor performance status. Physi-
cal examination was within the normal limits. She had a history
of distal gastrectomy (DG, Billroth-II) for gastric cancer 40 years
ago. Serum biochemistry was  as follows: AST, 27 U/L; ALT, 24 U/L;
total bilirubin, 0.4 mg/dL; AMY, 79 U/L; CEA, 3.7 ng/mL; CA19-9,
13 U/mL; and SPAN-1, 8.3 U/mL. CT scan showed a cystic mass with
a diameter of 50 mm × 30 mm in the pancreatic body. The cystic

mass did not invade the splenic artery or vein, but had a connection
with the main pancreatic duct. Lymph node swelling and metas-
tases were not detected. Early phase imaging revealed that the left
gastric, right gastric, and right gastroepiploic arteries and veins

Reconstruction between the GDA and RGEA was performed.
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Fig. 4. Preoperative 3D-CT (Case 2).
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ere cut in the prior operation (Fig. 4.). Endoscopic ultrasonog-
aphy (EUS) and magnetic resonance imaging (MRI) also showed

 connection between the cystic lesion and the main pancreatic
uct. On PET-CT, abnormal fludeoxyglucose uptake was  seen (SUV-
ax: 4.5–5.4) at the solitary lesion. From these examinations, the

atient was preoperatively diagnosed with a main duct intraductal
apillary mucinous neoplasm (MD-IPMN). Oncologically, pancre-
tic body/tail resection with lymph node dissection was required.
owever, we had to seek a less invasive approach for this patient
ecause she was elderly, with early stage dementia and a poor per-
ormance status of 3. Although these co-morbidities increased the
isk of the surgery, the operation was performed as the patient and
er family were strongly in favor of the operative treatment. As the
emnant stomach had an arterial supply from the splenic artery
SPA), we needed to assess whether the remnant stomach could
e safely preserved during No. 10 lymph node resection. As in the
revious case, we assessed the rSO2 of the greater curvature of
he remnant stomach intraoperatively using the INVOS system. On
aparotomy, the rSO2 of the stomach was 82%. On clamping the SPA,
t decreased to 66% (Fig. 5). We  realized that we  could not preserve
he remnant stomach if we performed splenectomy. The cystic
esion did not invade into the surrounding tissue, and we could
ot detect any lymph node enlargement. Taking into account the
atient’s physical condition, we decided to preserve the spleen and
emnant stomach. Pathological examination showed IPMN with
evere dysplasia (WHO classification), TisN0M0 stage 0 (TNM clas-
ification). The postoperative course was uneventful, and she was
ransferred to a different hospital for further rehabilitation on the
4th postoperative day.

. Discussion

In this case report, we have shown that intraoperative rSO2
easurement using the INVOS system can be used to objectively

ssess the viability of the remnant stomach. Pancreatectomy fol-
owing partial gastrectomy has been reported to be a risk factor
or ischemia of the remnant stomach [11]. Although it is impor-
ant to evaluate bowel viability, there are no standard methods for
oing this during the surgery. Intraoperative INVOS systems may
e helpful for evaluating blood supply in the remnant stomach.
schemic complications after pancreatectomy should be avoided
n patients with a history of partial gastrectomy. The stomach has
een thought to be resistant to post-operative ischemia due to

ts abundant blood supply. However, insufficient blood supply to

Fig. 5. Scheme of the operative findings (Case 2). 
Left gastric, right gastric, and right gastroepiploic arteries and veins were cut in the
prior surgery.

the remnant stomach can cause complications such as leaks or
disruption of the suture line [12]. Post-operative gastric ischemia
could occur even after subtotal gastrectomy [13]. Other causes of
gastric ischemia include the devascularization procedures used in
portal hypertension, splenectomy, gastric operations for morbid
obesity, and esophageal surgery [11]. Takahashi et al. reported that
two of ten patients who  underwent distal pancreatectomy after
distal gastrectomy developed severe ischemic complications [7].
Furthermore, Reinhard Bittner et al. reported that mortality and
morbidity rates after total gastrectomy for patients aged >70 years
are higher than those for younger patients [14]. These reports, and
our patients’ conditions, highlight the importance of preserving the
remnant stomach to the greatest possible extent.

Recently, several studies have reported intraoperative assess-
ments of intestinal viability. Doppler ultrasonography was  trialed
for the assessment of vascularization of the intestinal edges during
colorectal anastomosis [15]. However, the sensitivity of Doppler
ultrasound was reported to be lower than that of other methods

due to the lack of oxygen delivery data [16]. Intraoperative ICG flu-
orescence angiography was used to visualize the blood flow of the
remnant stomach in distal pancreatectomy after distal gastrectomy

On clamping the SPA, the rSO2 level decreased.
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7,17]. However, this did not provide an objective measurement.
ompared to these methods, near-infrared spectroscopy such as

NVOS should be useful in assessing intestinal viability during
urgery [5,18,19]. This method provides objective and quantitative
ssessments of intestinal viability to help avoid ischemic com-
lications by comparing changes in the rSO2 during the surgery.

n animal models, intestinal ischemia resulted in approximately
0% reduction in rSO2 on near-infrared spectroscopy [20,21]. In
umans, low rSO2 (less than 60%) on both sides of the anastomosis
ay  indicate an increased risk of anastomotic complications [5].
e believe that further investigation is needed to determine the

riteria that suggest a high chance of intestinal viability.

. Conclusion

We  saw two cases of patients who underwent pancreatectomy
fter gastrectomy, in which the intestinal viability was  objectively
ssessed and the remnant stomach was safely preserved using
ear-infrared spectroscopy. The INVOS system with near-infrared
pectroscopy might be one option to evaluate the blood flow of the
limentary tract.
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