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INTRODUCTION:  Non-occlusive  mesenteric  ischemia  (NOMI)  is  a type  of acute  intestinal  ischemia,  and  its
associated  mortality  is  very  high.  In laparotomy  of  NOMI,  we  often  have  difficulty  determining  the  area
of bowel  resection.  We  herein  describe  a case  in  which  we  detected  the  area  of  bowel  resection  using
indocyanine  green  (ICG)  fluorescence  imaging.
PRESENTATION  OF  THE  CASE:  An  89-year-old  man  diagnosed  as having  advanced  gastric  cancer  under-
went  distal  gastrectomy.  On  the  night  of  postoperative  day  4, he  strongly  complained  of  distention  of
the  abdomen.  The  laboratory  data  indicated  severe  metabolic  acidosis  and  dehydration.  The  abdominal
computed  tomography  scan  showed  a dilated  small  bowel,  but  there  were  no  specific  signs  suggestive  of
bowel  necrosis.  We  suspected  NOMI  and decided  to  perform  emergency  laparotomy  because  we  could
not exclude  the  possibility  of  bowel  necrosis.  During  the operation,  we  could  not detect  the necrotic
bowel  macroscopically.  After  injecting  2.5  mg of ICG,  the  ischemic  area  of the  bowel  became  visible as  a
region  with  poor  fluorescence  emission  using  the  Photodynamic  EyeTM (Hamamatsu  Photonics  K.K.).  We
resected  the  ischemic  bowel  and performed  anastomosis.  We  confirmed  that  he was  alive  at  4  months

after  the operation  of  NOMI.
CONCLUSION:  Intraoperative  ICG  fluorescence  imaging  makes  it possible  to detect  necrotic  intestine  that
cannot  be  found  with  the  naked  eye.  By  using  this  method,  planned  reoperation  to  find  any  newly
developed  necrotic  intestine  might  be  unnecessary.  Intraoperative  ICG  fluorescence  imaging  is useful
for  defining  the  area  of ischemic  bowel  in a patient  with  NOMI.

© 2018  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
. Introduction

Non-occlusive mesenteric ischemia (NOMI) can be critical
wing to its challenging diagnosis [1]. In the case that bowel resec-
ion is necessary, we often have difficulty determining the area
f bowel resection because the ischemic bowel area in a patient
ith NOMI is unclear and not sectionalized in contrast to superior
esenteric artery occlusion [2]. We  herein describe a survival case
f NOMI in which we determined the ischemic bowel area using
ndocyanine green (ICG) fluorescence imaging, and the patient
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urgery, 463-7 Shumoku, Chuo-ku, Niigata 950-1197, Japan.

E-mail address: y.nakagawa.323@gmail.com (Y. Nakagawa).

ttps://doi.org/10.1016/j.ijscr.2018.09.024
210-2612/© 2018 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing G
reativecommons.org/licenses/by-nc-nd/4.0/).
underwent resection and anastomosis during one surgery. This case
report has been written in line with the SCARE criteria [3].

2. Presentation of case

An 89-year-old man  was diagnosed as having progressive
gastric cancer. He underwent distal gastrectomy, lymph node
dissection, gastrojejunal anastomosis (Billoth II), and jejunos-
tomy for nutrition. On postoperative day 3, he started eating
meals. On the night of postoperative day 4, he complained of
distention of the abdomen and gradually became in a state of agi-
tation. Based on the laboratory data, dehydration was suggested

because of the elevated levels of creatinine (1.96 mg/dL [refer-
ence range, 0.5–1 mg/dL]) and blood urea nitrogen (34.7 mg/dL
[8–19.7 mg/dL]). An electrolyte abnormality was  also revealed
(sodium level, 120 mEq/L [140–146 mEq/L]; potassium level, 5.6
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ig. 1. Contrast-enhanced computed tomography (CT) scan. a The dilated small bow
r  venous gas is not demonstrated. b Coronal reconstructed CT image shows no thr

Eq/L [3.5–4.8 mEq/L]). Moreover, severe metabolic acidosis (pH,
.185 [7.35–7.45]; bicarbonate level, 6.9 mmol/L [21–27 mmol/L];
ase excess level, −19.5 mmol/L [−2 to 2 mmol/L]) was indicated

n the arterial blood gas analysis. The contrast-enhanced computed
omography (CT) scan showed dilatation of the small bowel. Obvi-
us superior mesenteric artery occlusion or bowel strangulation
as not observed. There were also no findings of bowel necro-
is, such as pneumatosis intestinalis or venous gas (Fig. 1a, b). On
he basis of nonspecific ileus-like findings detected with CT and

etabolic acidosis, we  suspected NOMI. Although there seemed
een (arrowhead) in the axial postcontrasted CT image, but pneumatosis intestinalis
s in the superior mesenteric artery (arrowhead).

to be no CT findings that indicated bowel necrosis, we  could not
rule out bowel necrosis because of severe acidosis. Therefore, we
decided to perform laparotomy.

The operation revealed the dilated small bowel, but there
seemed to be no necrotic bowel macroscopically, although a small
area of the bowel was slightly ischemic. After injecting 0.25 mg
of ICG, we  observed the bowel using the Photodynamic EyeTM
(PDE, Hamamatsu Photonics K.K.). The small bowel wall, measur-
ing 40 cm in length, showed poor fluorescence emission, indicating
ischemia (Fig. 2a, b). We decided to resect the ischemic lesion and
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Fig. 2. Intraoperative indocyanine green fluorescence imaging. a Fluorescence is observed in the bowel, in which blood flow is normal. b The jejunum, measuring 40 cm in
length, reveals poor fluorescence visualized as skipped dark spots.
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Fig. 3. Resected specimen. a Macroscopically, various degrees of ischemic changes (arrowhead) are observed in the mucosa. b Mucosal atrophy (white arrow) with a high
d rosis i
v

t
i
h
c

h
i
o

egree  of hemorrhage (arrowhead) in the submucosa is shown, but transmural nec
essels (black arrow).

o confirm that there was no other ischemic intestine. The resected
ntestine was anastomosed in a functional end-to-end manner. The
istopathological examination showed various degrees of ischemic
hange in the bowel wall and mucosal necrosis (Fig. 3a–c).
After intestinal resection, the patient developed congestive
eart failure owing to a large venous injection; however, he

mproved with the administration of a diuretic agent. On post-
perative day 26, he was transferred to another hospital for
s not observed histopathologically. c A thrombus is not observed in the mesenteric

rehabilitation. We confirmed that he is alive at 7 months after
operative treatment of NOMI.

3. Discussion
NOMI is very rare clinical condition, but it has a very high
mortality rate of 30–68.5% even now [4–7]. The pathogenesis of
NOMI is vasospasm of mesenteric arteries, and the blood flow
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s not completely interrupted in contrast to superior mesenteric
rtery occlusion [8]. It has been reported that angiography of the
esenteric artery is useful for detecting spastic mesenteric arter-

es [9]. Additionally, the usefulness of arterial infusion therapy for
asodilators following angiography has been recognized. However,
ngiography takes time, and in the case when bowel necrosis is
uspected, it is most urgent to perform intestinal resection.

ICG fluorescence imaging captures the fluorescence of ICG
njected into the body using a digital video camera. ICG becomes
xcited by infrared light (wavelength, 750–810 nm) and emits
nfrared fluorescence (peak wavelength, 830 nm)  of different wave-
engths. All wavelengths are light in the wavelength range that can
asily transmit through about 10 mm of human soft tissue [10].
lthough they cannot be seen directly with one’s naked eye, PDE
an excite ICG injected into the body and simultaneously capture
uorescence emission. Intravenously injected ICG is transported
o peripheral vessels within a few seconds, and it becomes visible
hen observed with PDE. In a tissue or an organ where blood flow

s inhibited, the fluorescence emission of ICG weakens.
The evaluation of blood flow using ICG fluorescence imaging

s applied to breast reconstruction [11], coronary artery bypass
rafting [12], and colorectal resection [13]. Using this technique,
lood flow can be evaluated in real time, and it can be easily intro-
uced to those aforementioned operations, except in patients who
re allergic to ICG. The usefulness of ICG fluorescence imaging in
atients with NOMI has already been reported. Ishizuka et al. used
his method in 6 patients with NOMI [2] who underwent bowel
esection and anastomosis in one operation. The authors reported
hat 5 of 6 patients were discharged uneventfully.

In the surgical management of NOMI, planned reoperation
ithin 24–48 h after the initial operation is often necessary, with

he aim to find any newly developed necrotic lesions. Ward et al.
eported that 50% of patients with NOMI who underwent second-
ook laparotomy underwent further bowel resection [14]. The
rteries in the intestinal wall perforate the longitudinal and cir-
ular muscles from the serosal side to the mucosal side. Therefore,
ven if the intestinal serosa is normal during initial laparotomy of
OMI, it is possible that the mucosa becomes ischemic or some-

imes necrotic. In addition, the ischemic lesion of the intestine is
issed because the mesenteric blood flow is not completely inter-

upted in contrast to superior mesenteric artery thrombosis. These
re the reasons why planned reoperation is often performed in
atients with NOMI.

In our case, using PDE, we could identify mucosal necrosis,
hich is not visible macroscopically. This was proven by the patho-

ogical findings. In the case that the intestine to be resected is
nclear in NOMI, like in our case, ICG fluorescence imaging using
DE is thought to be very useful. We  also suggest that planned reop-
ration might not be necessary. The limitation of ICG fluorescence
maging is that this method largely depends on the subjectivity of
he operator, and the quantity of fluorescence emitted on the screen
as not been quantified. Therefore, this method should be used as
n auxiliary method for determining the resection area.

On the other hand, this method has the risk of over-resection of
he intestine. The short bowel syndrome following massive intesti-
al resection results in a poor clinical course. Therefore, if there is
oncern about short bowel syndrome after intestinal resection, it
ight be effective to remove only macroscopically necrotic intes-

ine and to perform the planned reoperation.

. Conclusions
ICG fluorescence imaging was useful for evaluating mesenteric
lood flow in a patient with NOMI. By using this method, planned
eoperation might not be necessary.
PEN  ACCESS
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