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Usefulness of Intraoperative Observation
Using a Fluorescence Imaging Instrument for
Patients With Nonocclusive Mesenteric
Ischemia

Mitsuru Ishizuka', Hitoshi Nagata', Kazutoshi Takagi', Yoshimi Iwasaki', Hidetsugu
Yamagishiz, Genki Tanaka!, Keiichi Kubota!

"Department of Gastroenterological Surgery and *Anatomic and Diagnostic Pathology, Dokkyo Medical
University, Tochigi, Japan

The authors evaluated the usefulness of intraoperative photodynamic eye (PDE)
observation in patients with nonocclusive mesenteric ischemia (NOMI). Between
February 2012 and July 2013, 6 patients who had undergone emergency surgery for
NOMI were enrolled. Intraoperative PDE observation was performed to decide the
adequate length of bowel resection including all skipped dark spots, which could not be
detected as ongoing mucosal ischemic changes under visible light observation. All
ongoing mucosal ischemic changes were easily detected as dark spots using PDE
observation in all 6 patients. The mean length of adequate ileal resection (92 * 48 cm)
was significantly longer than that of ischemic ileum (85 = 50 ¢m) (mean *= SD) (P =
0.043). After resection of an adequate length of bowel, all the patients had a good course
until discharge without incidents due to residual bowel ischemia, except for 1patient
who died. PDE observation is useful for deciding the adequate length of bowel to resect,
including ongoing mucosal ischemic changes that cannot be detected under visible light
observation. In patients with NOMI, resection of an adequate length of bowel is
necessary to prevent postoperative incidents due to residual bowel ischemia.
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umerous studies have provided evidence for

N the usefulness of imaging-guided surgery. The
photodynamic eye (PDE), in particular, can clearly
reveal bile flow' and blood flow>® by highly
sensitive fluorescence imaging after intravenous
injection of indocyanine green (ICG). In fact, PDE
has a wide range of surgical applications, such as
sentinel lymph node navigation surgery in patients
with breast cancer,*> detection of the biliary tract in
hepato-biliary surgery,' evaluation of blood flow
through vascular anastomoses in cardiovascular
surgery® and detection of chyle fistula after esoph-
agectomy,7

Nonocclusive mesenteric ischemia (NOMI) is a
life-threatening condition that requires emergency
surgery.” In patients with NOMI, necrotic changes in
the bowel may progress, even if mesenteric arterial
blood flow is not obstructed. Therefore, the ongoing
ischemic changes that spread from the mucosa to
the serosa are difficult to detect by extra-luminal
observation alone. In order to prevent postoperative
incidents related to residual bowel ischemia, it is
necessary to resect an adequate length of bowel that
includes all ongoing mucosal ischemic changes.

Although there are several studies which report-
ed the usefulness of fluorescein fluorescence for
NOMI patients,”'” a recent report has described the
use of new color CCD camera system, known as the
HyperEye Medical System (HEMS, Mizuho Co, Ltd,
Sakura, Japan), which can simultaneously detect
color and near-infrared rays under room light,
allowing precise intraoperative evaluation of mes-
enteric and bowel circulation for a NOMI patient."
And the report demonstrated that fluorescence was
not observed in infarctions in several segments of
the bowel wall. However, the ability of PDE for
diagnosing NOMI remained unclarified.

Accordingly, we hypothesized that if all such
infarctions could be included in the length of bowel
resected, there would be no postoperative incidents
associated with residual bowel ischemia. Therefore,
PDE observation would be useful for determining the
adequate length of bowel that should be resected.

In order to test this hypothesis, therefore, we
performed intraoperative observation using PDE in
patients with NOMI and investigated the resulting
postoperative outcomes.

Materials and Methods
We prospectively collected data for 6 patients who

underwent emergency surgery for NOMI at the
Department of Gastroenterological Surgery, Dokkyo
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Medical University, between February 2012 and July
2013 under the same trained surgical team. All of
the patients were diagnosed as having NOMI on the
basis of intraoperative findings. NOMI was first
described by Ende et al in 1958 as a disease affecting
the vasculature of the intestine.'”> NOMI is defined
as “intestinal gangrene in the presence of a patent
arterial tree.”’” Although patients with NOMI have
good blood flow in mesenteric vessels, ischemic, or
necrotic changes occur in the small or large bowel.

Intraoperative observation was performed using
a PDE (Hamamatsu Photonics K.K., Hamamatsu,
Japan; Fig. 1a). ICG is activated by emitted light
(wavelength: 760 nm) and filters out light with a
wavelength below 820 nm. The light source for
activation of ICG is a bank of light-emitting diodes
(LEDs), and the detector is a charge-coupled device
(CCD) camera.

The camera and its flexible line are covered with
a sterile vinyl bag and can be easily handled in the
operating area from any angle. Before observation,
1 mL of ICG (2.5 mg/mL) was injected intrave-
nously into the patient. Then, about 40 seconds
after the injection, blood flow in the mesentery, and
the small or large bowel, was observed using the
CCD camera during the operation. The images
were recorded and viewed directly on a desktop
computer. This hand-held instrument allows free
observation of the abdominal cavity with high
sensitivity (Fig. 1b).

None of the patients had an allergic reaction due
to ICG injection. Informed consent was obtained
from the patients or their representatives before
surgery. This study was approved by the ethics
committee of our institute.

Statistical Analysis

Data are presented as mean * standard deviation
(SD), with the median and range. Differences
between values obtained before and after PDE
assessment of the length of bowel ischemia were
analyzed using Student’s t test. Statistical analyses
were performed using the SPSS statistical software
package, version 16.0 (SPSS Inc, Chicago, Illinois) at
a significance level of P < 0.05.

Results
Six patients (male:female =>5:1) underwent emergency

surgery for acute abdomen and were diagnosed as
having NOMI on the basis of intraoperative findings.
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Most patients had several clinical complications such
as diabetes mellitus (DM; n =4), chronic renal failure
(CRF; n=4), chronic respiratory dysfunction (CRD; n
=1) and old myocardial infarction (OML n=1). In fact,
3 patients had received hemodialysis (HD) preoper-
atively, and 1 patient received HD after surgery. In
addition, 2 patients had hepatic portal venous gas
(HPVG) and 1 patient was diagnosed as having
pneumatosis cystoides intestinalis (PCI) before sur-
gery (Table 1).

The mean age of the patients was 73 = 8 years
(mean * standard deviation) (median: 72.5; range,
62-82 years), and the mean operation time was 116

* 39 minutes (median: 124.5; range, 50-157 minutes;
Table 1).

Int Surg 2015;100
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Fig.1 (a) The PDE system consists of a
desktop computer and a CDC camera
connected with a flexible line. The light
handy-type instrument is very
convenient for performing highly
sensitive intraoperative observation. (b)
This hand-piece instrument allows free
observation of the abdominal cavity
with high sensitivity.

All dark spots were easily detectable by PDE
observation as areas lacking fluorescence (Fig. 2).
Three patients underwent partial resection of the
ileum, and 3 patients underwent extended ileocecal
resection because dark spots were also detected in
the cecum (Table 2).

All resections were performed using an Echelon
Flex 60 Endopath linear stapler (Ethicon Endo-
Surgery, Inc, Cincinnati, Ohio) and all reconstruc-
tions were performed in a functional end-to-end
manner using the same device. Although all
anastomoses were observed using PDE to confirm
whether blood flow was sufficient, no patients with
dark spots had insufficient anastomotic blood flow,
and evaluation was easily achieved on the basis of
fluorescence. After reconstruction, additional obser-
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Table 1 Clinical background characteristics of patients undergoing surgery for NOMI

Operation Observation

Patient Sex Age time (min) period (day) Outcome Complications

No. 1 M 75 50 72 Alive Multiple liver metastases from rectal cancer.
CRD, CRF and HD initiated after surgery.

No. 2 M 69 113 503 Alive HD patient, HPVG

No. 3 F 62 141 20 Dead HD patient, DM

No. 4 M 70 96 36 Alive HD patient, DM

No. 5 M 81 136 21 Alive HPVG with PCI, DM

No. 6 M 82 157 46 Alive HPVG, OMI, DM

CRD, chronic respiratory dysfunction; CRF, chronic renal failure; DM, diabetes mellitus; HD, hemodialysis; HPVG, hepatic portal
venous gas; OMI, old myocardial infarction; PCI, pneumatosis cystoides intestinalis.

vations using PDE demonstrated no dark spots in
the residual small or large bowel.

The mean length of ischemic bowel was 85 * 50
cm (median: 75; range, 30-180 c¢cm), and the mean
length of adequate resection required was 92 + 48
cm (median: 82.5; range, 35-180 ¢cm) (Table 2). The
mean length of adequate ileal resection determined
using PDE was significantly greater than that of the
ischemic ileum decided under visible light observa-
tion (P = 0.043; Student’s t test).

Among the 6 patients, only 2 showed compati-
bility between the length of ischemic bowel decided
on the basis of visible light observation and the
length of bowel resection considered adequate on
the basis of PDE observation. Therefore, most
patients (67%, 4/6) required resection of a longer
length of bowel than the length of ischemic bowel
evaluated by visible light observation. Most such
patients (75%, 3/4) underwent extended ileocecal
resection to include ischemic change in the cecum.

Table 3 shows the pathologic findings for the
marginal area of resected bowels. All patients had

Fig. 2 Ongoing mucosal ischemic change is easily detected by

PDE as a skipped dark spot. The arrow indicates a dark spot,
which is sutured for inclusion in adequate bowel resection.
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ulceration or necrosis in the oral side of the resected
bowel. Among 3 patients who had no ulceration or
necrosis in the anal side of the resected bowel, 2
patients underwent extended ileocecal resection.
When the ileocecal resection was performed, the
anal side resection was performed in the normal
area of the colon to prevent anastomotic leakage due
to bowel ischemia.

All patients had a good postoperative course
until discharge without incidents due to residual
bowel ischemia except for one patient, who died
due to multiple organ failure (Table 2). No patients
were readmitted due to bowel ischemia in the
observation period. The mean observation period
was 116 * 190 days (median: 41; range, 20-503 days;
Table 2).

Discussion

NOMILI is usually caused by intense vasoconstriction
in the setting of splanchnic hypoperfusion resulting
from a variety of conditions. Among several risk
factors for NOMIL'* hypotension is the most
important and immediate precipitating factor in
patients undergoing HD. The susceptibility of HD
patients to NOMI can be explained by the common
known risk factors in such patients, which may
include widespread atherosclerosis, advanced age,
long-standing hypertension, DM, congestive heart
failure, arrhythmias and the use of mesenteric
vasoconstrictor (:1rugs.15'16

In fact, the patients in our present series included
4 elderly patients aged over 70 years (67%), 4
patients (67%) who received HD therapy, and 4
patients with DM (67%). Because NOMI is also
associated with high mortality’” due to delayed
diagnosis and treatment initiation,'®'* early recog-
nition and emergency surgery are important in
order to rescue such patients. In fact, 1 of the present
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Table 2 Length of adequate resection required in patients undergoing surgery for NOMI

Length of ischemic bowel

Adequate length of resection required

Patient Site of necrosis Procedure (under visible light observation) (cm)  (under the PDE observation) (cm)
No.1 Ileum Partial resection of ileum 180 180

No.2 Ileum Partial resection of ileum 65 80

No.3 Ileum to Cecum Extended ileocecal resection 80 90 (+ Cecum)

No. 4 Ileum Partial resection of ileum 85 85

No.5 Ileum to Cecum Extended ileocecal resection 70 80 (+ Cecum)

No. 6 Ileum to Cecum Extended ileocecal resection 30 35 (+ Cecum)

patients died due to multiple organ dysfunction
syndrome (MODS).

There are preoperative and intraoperative imag-
ing examinations to estimate bowel ischemia.
Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are well known as represen-
tative preoperative examinations. Especially,
enhance CT using contrast agent is commonly used
to estimate the bloodstream of the bowel, because
there is a clear demarcation between bowel ischemia
and nonischemia in patients with thrombosis or
strangulation ileus. However, there is no clear
demarcation in NOMI patients, because arterial
flow of mesenterium is preserved in such patients.
On the other hand, MRI is rarely used to estimate
bowel ischemia of such disease. Because MRI takes a
longer time to construct images than CT, MRI has a
lesser advantage to estimate the bloodstream of the
bowel than CT. On the same way, with regard to
intraoperative imaging examinations, among sever-
al modalities reported to be useful for diagnosis of
NOMI, Doppler ultrasound and fluorescein fluores-
cence are well known.”'%* Recently, PDE is
regarded as a variable device to directly evaluate
the bloodstream of bowel ischemia not only NOMI

Table 3 Pathologic findings for the marginal areas of resected bowels

but also thrombosis or strangulation ileus. In fact,
intraoperative PDE observation can easily demon-
strate the dark spots which are not detected by
preoperative imaging in NOMI patients. In fact,
although preoperative enhance CT using contrast
agent could detect the necrotic change of the bowel
or pneumatosis cystoides intestinalis (PCI; Table 1),
PDE could detect longer length of ischemic bowel
than that of preoperative CT examination could
(Table 2). Therefore, intraoperative PDE observation
would be superior to preoperative CT examination,
because PDE could detect ongoing ischemic change
as dark spots, which could not be detected by
preoperative CT examination.

The need for bowel resection in patients with
bowel ischemia due to thrombosis is clearly decid-
ed, because the area of arterial obstruction is well
correlated with bowel color change. However, in
patients with NOMI, it is difficult to define the area
of bowel resection because arterial flow is not
obstructed and, particularly, the areas of ischemic
change in the bowel are not located sequentially,
sometimes showing skipping. In addition, ongoing
mucosal ischemic changes cannot be detected by
observation from the serosal side. We have found

Patient Site Edema Bleeding Ischemia Ulceration Necrosis Granulation Inflammatory cells infiltration
No. 1 Oral 1 1 1 1 0 0 1
Anal 1 1 1 1 0 0 1
No. 2 Oral 1 1 1 1 0 0 1
Anal 0 0 1 1 0 0 1
No. 3 Oral 0 1 1 1 1 0 1
Anal 1 1 1 1 1 0 1
No. 4 Oral 1 1 1 1 1 0 1
Anal 0 0 0 0 0 0 1
No. 5 Oral 0 1 1 1 0 0 1
Anal 0 1 0 0 0 0 1
No. 6 Oral 1 1 1 1 0 0 1
Anal 0 0 0 0 0 0 0
Presence, 1; Absence, 0.

Int Surg 2015;100
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that even if intraoperative colonoscopy demon-
strates necrotic changes in the mucosa of the
terminal ileum, such changes cannot be recognized
from the serosal side by observation under visible
light, whereas PDE observation is able to reveal
such mucosal necrotic changes as skipped dark
spots.

In the present series of patients with NOMI, we
found that use of the PDE allowed easy detection of
ongoing mucosal ischemic changes as areas lacking
fluorescence, as well as bowel ischemia when
anastomotic blood flow was examined after bowel
resection. In order to prevent postoperative incidents
associated with bowel ischemia, we carried out
additional bowel resection including such areas of
ongoing ischemic change that were detected by PDE.

In fact, all patients in our present series had
ulceration or necrosis in the oral side of the resected
bowels. Therefore, skipped dark spots which were
detected by PDE observation should be included in
the surgical resection, because there were patholog-
ically proved ongoing ischemic changes.

Intraoperative PDE observation has 3 merits:

First, it can clearly demonstrate blood flow in the
mesentery. Therefore, in patients with strangulation
ileus, PDE observation is very useful for evaluation
of mesenteric blood flow or ischemia of the small
bowel after resolution of the strangulation.

Second, PDE can easily determine the blood flow
through anastomoses after reconstruction. There-
fore, routine PDE observation should be performed
to evaluate anastomotic blood flow after reconstruc-
tion of the small bowel, not only in NOMI patients
but also patients with strangulation ileus.

Third, PDE can easily detect skipped ongoing
mucosal ischemic changes from the serosal side as
areas of fluorescence. This makes it unnecessary to
reconfirm mucosal necrosis by intraoperative colo-
noscopy or direct observation by opening the small
bowel.

However, intraoperative PDE observation has
one demerit. Because PDE observation of fluores-
cence is qualitative, it cannot provide a quantitative
estimate of blood flow. Therefore, there is a degree
of risk in performing resection on the basis of an
operator’s subjective judgment, because it is not
possible to determine quantitatively whether a dark
spot represents a reversible or an irreversible
change.

Although there is no evidence whether ongoing
mucosal ischemic changes detectable as skipped
dark spots will, in fact, result in tissue necrosis, we
considered that additional resection would reduce
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the risk of postoperative incidents such as bowel
ischemia. However, a prospective observational
study of this issue will be required. However, 5 of
the present 6 patients who underwent surgery for
NOMI based on intraoperative PDE observation had
a good postoperative course until discharge, with-
out any incidents associated with bowel ischemia or
symptoms attributable to their short bowel. Because
most necrotic changes occurred in the ileum, most
patients underwent partial ileal resection. Our initial
experience suggests that this approach is indeed
effective for rescue of such patients. Although PDE
evaluation before and after surgery revealed a
significant difference in the length of bowel ische-
mia, no patients suffered short bowel syndrome,
even after extended ileocecal resection.

A recent report has described the use of a new
color CCD camera system, known as the HyperEye
Medical System (HEMS, Mizuho Co, Ltd), which
can simultaneously detect color and near-infrared
rays under room light, allowing precise intraoper-
ative evaluation of mesenteric and bowel circula-
tion."" Although that report involved only 1 patient
who underwent surgery for NOMI, the results lend
strong support to our present study, as the authors
noted infarction in several segments of the bowel,
and concluded that evaluation of the bowel circu-
lation is necessary for deciding the extent of
resection.

Therefore, we conclude that intraoperative PDE
observation is a promising procedure for detection
of fine areas of residual ongoing ischemic change
that are not evident under visible light during
surgery for patients with NOMI, and we believe
that this procedure would reduce the incidence of
postoperative complications associated with bowel
ischemia.
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