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Case Report

Successful Intestinal Blood Flow Evaluation
Using Indocyanine Green Fluorescent Imaging
in a Case of Small Intestine Strangulation

Yusuke Matsune, Takeshi Aoki, Yoshihiko Tashiro

Department of Surgery, Division of Gastroenterological and General Surgery, Showa University, Tokyo, Japan

Introduction: The assessment of intestinal blood flow using indocyanine green (ICG)
fluorescence imaging is useful in ischemic bowel disease because it renders blood flow visible.
Strangulated small intestine is a common postoperative complication requiring massive bowel
resection, which can cause short bowel obstruction (SBO), a malabsorptive condition. Here, we
report a successful case of preserving an ischemic intestinal segment while avoiding SBO based
on the gap between the macroscopic findings and the ICG fluorescence imaging assessment.

Case presentation: A 46-year-old Japanese female patient who underwent an abdominal
total hysterectomy and bilateral salpingo-oophorectomy with para-aortic lymphadenectomy
due to small round cells of the left ovary received a diagnosis of strangulated small
intestine 1 month postoperatively. Macroscopic examination during the laparotomy
revealed a strangulated small intestine with severe edema and dark red discoloration.
However, this part of the bowel was preserved during surgery because the two-time
administration of ICG solution revealed adequate perfusion.

Conclusion: This report reveals the effectiveness of ICG fluorescence imaging in intraoperative
intestinal perfusion and its role in avoiding unnecessary massive resections. Combining these
modalities may be effective for intraoperative bowel assessment; however, more accurate
criteria and algorithms for evaluating blood flow and bowel perfusion should be established.

Key words: Strangulated small intestine — Indocyanine green fluorescence — Short bowel
syndrome

trangulation ileus is a form of small bowel requiring emergency surgery.? Careful assessment,
obstruction (SBO), which is a common acute including irreversible discoloration and the absence
bowel syndrome that can cause bowel ischemia, of peristalsis or visible pulsation of the bowel wall,

Corresponding author: Takeshi Aoki, MD, PhD, Department of Surgery, Division of Gastroenterological and General Surgery, Showa
University, 1-5-8 Hatanodai, Shinagawa, Tokyo 142-8666, Japan.
Tel.: +81 03 3784 8000; Fax: +-81 03 3784 5835; E-mail: takejp@med.showa-u.ac.jp

84 Int Surg 2024;108

$S900E 931} BIA GO-20-GZ0Z 1e /wod Aioyoeignd:poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq


mailto:takejp@med.showa-u.ac.jp

BLOOD FLOW EVALUATION WITH ICG FLUORESCENT IMAGING

is required to evaluate the degree of intestinal necro-
sis.? Recently, indocyanine green (ICG) fluorescence
imaging has been used for the objective intra-opera-
tive evaluation of intestinal ischemia and SBO.*™®
Therefore, a precise assessment of resection is
required to prevent massive resection and its associ-
ated complications. However, ICG fluorescence
imaging is unavailable at all centers and cannot be
used for patients allergic to iodine. Therefore, we
report a successful case of ischemic intestine preser-
vation using ICG fluorescent imaging and Doppler
ultrasound more than 24 hours after onset.

Case Presentation

A 46-year-old Japanese female patient presented to
our hospital with several days of abdominal pain,
fever, and nausea. The patient was received a diag-
nosis of small round cells of the left ovary and
underwent an abdominal total hysterectomy and
bilateral salpingo-oophorectomy with para-aortic
lymphadenectomy 1 month before admission. Phys-
ical examination revealed rebound tenderness in the
upper abdomen, with a median surgical scar extend-
ing from the upper abdomen to the upper pubis and
on the upper part of the pubic bone. Laboratory
results indicated increased white blood cell count
(16,400/puL) and C-reactive protein level (0.90 mg/
dL). Blood gas analysis revealed decreased bicar-
bonate (14.6 mmol/L) and increased lactate (2.50
mmol/L) levels, indicating mild inflammation and
peripheral circulatory failure. Contrast-enhanced com-
puted tomography revealed a dilated small intestine
with poor contrast enhancement and a closed-loop
obstruction with ascites (Fig. 1). The patient received a
diagnosis of strangulation ileus with intestinal ische-
mia and subsequently underwent an emergency
laparotomy (Video 1, available at https://figshare.
com/s/5faaf2c3c998402d363b). Serous ascites were
observed intraoperatively. The strangulated small
intestine was found more than 2 m from the
demarcation line and 15 cm distal to the ligament
of Treitz. Macroscopic examination revealed a
strangulated small intestine with severe edema
and dark red discoloration. An internal hernia
resulted in strangulation due to the adhesion of the
transverse colon to the site of periaortic lymph
node dissection during ovarian cancer surgery. We
injected 1 mL of a 2.5 mg/mL ICG solution intrave-
nously and observed fluorescence in the dark-red
distal ileum using the SPY PHI system (0 minutes 1
second; Stryker Japan, Tokyo, Japan). ICG can bind
to albumin, which prolongs its circulation in the
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Fig.1 Contrast-enhanced computed tomography (CT) revealed

a dilated small intestine with poor contrast enhancement and a
closed-loop obstruction with ascites.

intravascular compartment and influences its fluo-
rescence. Specifically, ICG is a near—infrared light
dye that emits fluorescence when exposed to irra-
diation of excitation wavelengths in the range of
750 to 810 nm.” Assessing the strangulated intes-
tine and mesentery using fluorescence was initially
challenging because of severe edema (Fig. 2). How-
ever, Doppler ultrasound imaging revealed blood
flow in the marginal arteries and veins of the small
intestine. A second 1-mL dose of the 2.5 mg/mL
ICG solution was administered 20 minutes after
the initial ICG fluorescence observation, and the
same level of fluorescence in the strangulated
bowel and mesentery as in the normal bowel was
found 10 seconds after the second administration (0
minutes 38 seconds; Fig. 3). Therefore, we decided to
preserve this part of the bowel because the assess-
ment with ICG revealed adequate perfusion. Postop-
eratively, a mild elevation in serum markers was
noted, suggestive of intestinal necrosis without com-
plications, such as lactate. The patient resumed oral
fluid intake on postoperative day (POD) 2, started
eating on POD 3, and was discharged from the hospi-
tal on POD 11 without postoperative complications.
Written informed consent was obtained from the
patient for publication of this report.

Discussion

We successfully treated a 46-year-old Japanese
female patient with a strangulated small intestine,
avoiding unnecessary resections of an ischemic
intestinal segment. Strangulation resulted from an
internal hernia caused by severe adhesion following
ovarian cancer surgery. Approximately 70 cm of the
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Fig.2 A 1-mL dose of a 2.5 mg/mL indocyanine green solution is injected intravenously. (A) Overlay mode. (B) SPY mode.

strangulated segment was involved in the hernia
band. The potential strengths of this report are that
it highlights the benefits of using the ICG system to
objectively assess bowel perfusion intraoperatively,
thereby avoiding massive bowel resection. The patient
was discharged from the hospital without the need
for a nasogastric tube or the presence of postoperative
complications, including postparalytic ileus. In addi-
tion, the gap between the macroscopic findings and
evaluations after the two-time administrations of ICG
showed the effectiveness of this procedure.

The ICG fluorescence method uses near-infrared
light to identify ICG bound to lipoproteins in blood
and observe blood perfusion.'’ Specifically, the ICG
fluorescence imaging technique using a near-infra-
red camera was established in the 1970s and was
used in cardiac surgery for several years before its
application in the field of digestive surgery."' Com-
pared with clinical evaluation alone, intraoperative
ICG angiography was reported to be useful and
accurate for evaluating bowel perfusion and sur-
vival in an experimental model of animals with mes-
enteric ischemia.'>!® Recently, several studies have
found that this technique can be useful for objective
intra-operative evaluation of intestinal ischemia and
SBO.*® Furthermore, the consensus guideline on
acute mesenteric ischemia indicates that ICG can be
used in elective surgical settings.'* However, the
use of ICG in emergency settings is not well

A

established in the guidelines. Moreover, it cannot be
used for patients allergic to iodine.

Here, we report a successful case of ischemic
intestine preservation using ICG fluorescent imag-
ing in emergency settings. Assessing perfusion of
the intestinal mucosa is challenging using white
light alone, and the patterns of ischemia and necro-
sis vary among patients.”®> Short bowel syndrome is
a malabsorptive condition most commonly caused
by massive resection of the small intestine and is
associated with poor quality of life.'®!” Therefore,
extensive resections should be carefully considered.
Small bowel length of less than 100 cm is highly pre-
dictive of permanent intestinal failure in adult
patients.'"® However, if massive resection had been
performed on our patient, she might have required
total parental nutrition for the rest of her life.

The intestine can reportedly survive a 75% reduc-
tion in blood flow for approximately 12 hours with-
out significant injury.'” However, irreversible bowel
damage occurs within 6 hours of complete vascular
occlusion.!” In this case, the onset of the patient’s
symptoms was several days before the operation.
Macroscopic findings showed a strangulated small
intestine with severe edema and dark red discolor-
ation. However, Doppler ultrasound imaging revealed
blood flow in the marginal arteries and veins of the
small intestine. The level of fluorescence in the stran-
gulated bowel and mesentery was similar to that in

Fig. 3 A second 1-mL intravenous injection of a 2.5 mg/mL indocyanine green solution is administered 20 minutes after the initial

ICG fluorescence observation. (A) Overlay mode. (B) SPY mode.
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the normal bowel 10 seconds after the administration
of a second 1-mL dose of the 2.5 mg/mL ICG solution.

This report has some limitations. We have not yet
reached a consensus on the timing and total dose of
ICG required for evaluating intestinal blood flow.
Therefore, further quantitative evaluation of the
ICG injection method, including the dosage and tim-
ing, is needed to assess its use in blood flow assess-
ments. In addition, Bulkley et al'® evaluated the
pattern of staining and predicted the viability of
ischemic intestinal segments based on fluorescence
patterns. Evaluating the staining pattern is also effec-
tive for more practical algorithms of this examination.
Although ICG injection is beneficial for objective eval-
uation of the bowel segment when macroscopic find-
ings are doubtful, the risk of reperfusion syndrome
should be considered. Reperfusion of the ischemic
intestine can cause microvascular and parenchymal
cell injury due to the formation of superoxide radi-
cals.””® ICG fluorescence imaging may also be
unavailable across all centers because it requires spe-
cial equipment. Furthermore, ICG is contraindicated
for patients allergic to iodine and cannot be used when
the patient’s condition is poor or when they cannot tol-
erate prolonged exposure in an emergency setting.

Although the macroscopic findings showed a
strangulated bowel with severe edema and dark-red
discoloration, we revealed the effectiveness of ICG
fluorescence imaging in measuring intestinal perfu-
sion intraoperatively to avoid unnecessary resections.
Unnecessary resections should not be performed
because extensive resection can trigger postopera-
tive complications and anastomotic failure. Notably,
Doppler ultrasonography and palpation are economi-
cal, noninvasive, and safe alternatives for measuring
blood flow."* In this case, we initially evaluated the
blood flow using palpation and Doppler ultrasound
imaging. Subsequently, we intravenously injected the
ICG solution.

Although combining these modalities may be
effective for intraoperative bowel assessment, we
need to investigate the dose and timing of injecting
the ICG solution in combination with evaluation
based on Doppler ultrasonography and physical find-
ings. Therefore, evaluation of the modalities and fur-
ther studies are needed to establish more accurate
criteria and algorithms for evaluating blood flow and
bowel perfusion.
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