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Original Article

Indocyanine green fluorescence angiography during liver and
pancreas transplantation: a tool to integrate perfusion statement’s
evaluation
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Background: Indocyanine green (ICG) fluorescence imaging is a promising tool for intraoperative
decision-making during surgical procedures, in particular to assess organs perfusion.

Methods: We used the ICG fluorescence during liver transplantations in six cirrhotic patients to help
assessing the graft biliary duct perfusion in order to identify the appropriate level to perform the anastomosis.
We also used ICG fluorescence also in five patients receiving kidney-pancreas transplantation to evaluate the
perfusion levels of the duodenal stump of the pancreas graft.

Results: Follow-up period for the patients was 12 months. The perioperative period was uneventful, no
biliary complications such as leaks or stenosis were reported after liver transplantation, no complications of
the entero-enteric anastomoses occurred after pancreatic transplantation.

Conclusions: ICG fluorescence seems to safely provide important objectifiable perfusion information
during organ transplantation procedures that can integrate surgeon’s expertise. In fact, detecting intra-
operatively perfusion defects, it allows real time modifications on technical strategies potentially useful to

reduce the feared risk of anastomotic leakage and consequent severe complications.
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Introduction from the blood and uptake by the hepatic cells. Without

any modifications the dye is nearly exclusively excreted

Indocyanine green (ICG) fluorescence is a useful real time

imaging technique developed during the last few years to into bile, in about 8 min of time frames from the injection,

improve surgeon performance and, consequently, patient depending on the liver vascularisation and function (1-3).
safety. ICG dye is a molecule with a mass of 776 Daltons,

approved for clinical use in 1959 by the Food and Drugs

ICG dye becomes fluorescent once excited either using a
near-infrared (NIR) light. Specifically, designated scopes

Administration (1,2). Following intravenous injection,
ICG first binds the albumin. Quickly after, it is removed
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can visualize the fluorescence emitted. The standard

clinical dose (0.1-0.5 mg/mL/kg) is safe and well below the
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Figure 1 Intraoperative ICG fluorescence assessment of the
graft bile duct perfusion during liver transplantation (7). ICG,
indocyanine green. Available online: http://www.asvide.com/
article/view/25317

toxic level.

The dye that can be injected intravenous with practically
no adverse effects (1), has been used in medicine since the
late 50s to assess liver function before major liver resections
in cirrhotic patients (4). The Japanese first described the
applicability of the fluorescence in the diagnosis of hepatic
tumours as hepatocellular carcinoma and, afterwards,
the identifiable patterns of fluorescence that result from
differentiation-dependant hepatocyte dysfunction.
Moreover, fluorescence has been extensively employed in
the gynaecologic, endocrine and colorectal surgeries (1,5).
Fluorescence, in fact, can provide detailed anatomical
and functional information during surgery (1,5,6). The
applicability and the possible advantages using ICG
fluorescence during organ transplantation is limited and
not well assessed. Herein, we present our initial experience
of ICG-enhanced fluorescence applied during liver and
pancreas transplants.

Methods

The study was approved by the institutional review board of
the Montpellier University Hospital (No. 00115/2016) and
informed consent was obtained from all patients.

We applied the ICG fluorescence for evaluating perfusion
level during 6 livers and 5 pancreas transplantation
procedures performed at Montpellier University Hospital
(St. Eloi Hospital) between January and April 2016.

Fluorescence was identified using a full high definition
camera system (VITOM®, KARL STORZ GmhH &
Co. KG, Tuttlingen, Germany), connected to a 10-mm
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scope with 0° field, equipped with a specific filter for NIR
fluorescence detection. The surgeon controls the switching
from white light to NIR using a pedal. Visualization,
moreover, is improved by a system of professional image
enhancement (IMAGEL S™ system, KARL STORZ
GmhH & Co. KG, Tuttlingen, Germany), which offers
adjustable visualization modalities selected according to
surgeon’s preferences.

This camera is specifically developed for open surgery
procedures and it is fixed with a flexible arm to the
operating room table between the first surgeon and the
assistant. The surgeon is able to modify the camera position
during the entire procedure and the position of the camera
does not interfere with the surgeon work.

Primary end-points of the study

@ Liver transplantation: the aim is to assess the
graft bile duct perfusion in order to identify
the appropriate area of duct transection before
performing the anastomosis;

1 Pancreas transplantation: to evaluate the perfusion
level of the duodenal graft stump in order to
identify some perfusion defect that could be
transected before the anastomosis.

ICG fluorescence applied in liver transplantation

Once performed standard procedures for liver
transplantation and provided the revascularization of the
organ, we injected intravenously 0.5 mg/kg of ICG dye.
After just 47 seconds, the perfusion level between the
proximal vascularized part (fluorescent) and the distal non-
vascularized part (non-fluorescent) of the graft bile duct
was clearly recognized (Figures 1,2). At this precise level,
we performed an end-to-end bile duct anastomosis with
two running sutures of PDS 5/0. An IGC fluorescent
angiography was re-performed after the anastomosis to
evaluate the vascularization.

ICG fluorescence applied in pancreatic transplantation

After performing the vascular anastomoses and subsequently
provide the reperfusion of the pancreatic parenchyma, we
intravenously injected 0.5 mg/kg of ICG dye to evaluate
enteric diversion. After a time lapse of 35 seconds from
the injection, we observed the arterial vascularisation of
the graft duodenal stump, particularly at the level of the

HepatoBiliary Surg Nutr 2018;7(3):161-166
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Figure 2 Intraoperative ICG evaluation of graft bile duct perfusion. The proximal fluorescent part is vascularized while the distal one

is non-vascularized (non fluorescent), guiding the level of transection. BDf, bile duct fluorescent; BDnf, bile duct not fluorescent; ICG,

indocyanine green.
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Video 2. Intraoperative ICG fluorescence
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Figure 3 Intraoperative ICG fluorescence assessment of the perfusion
of the intestinal anastomosis during pancreas transplantation (8). ICG,
indocyanine green. Available online: http://www.asvide.com/article/
view/25319

lateral portions previously resected using a linear stapler
(Figures 3,4). We could evaluate, furthermore, the
vascularization of the head of the pancreas and the site of
the anastomoses between the graft duodenal stump and the
recipient terminal ileum. We normally perform a side-to-
side entero-enteric anastomosis with two running sutures
of PDS 4/0. The patient receives a therapeutic dose of
intravenous heparin for the first week after transplantation.

Results
Liver transplants

In two patients out of six we changed the intraoperative
strategy performing a new graft bile duct resection before
performing the anastomosis. In these two patients, we
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inserted a trans-anastomotic T-tube. The fluorescence
procedure prolonged the operative time of about
10 minutes. No adverse events occurred in the perioperative
and postoperative periods.

Follow-up period for the six patients having undergone
liver transplantation was 12 months. All these patients have
been regularly evaluated. The postoperative period was
uneventful, liver function tests [(alanine transaminase (ALT),
aspartate aminotransferase (AST), prothrombin time (PT),
international normalized ratio (INR), total bilirubin)] were
normalized and, above all, no biliary complications as leaks
or stenosis were reported (Table 1).

Pancreas transplants

A duodenal stump resection was re-performed due to
ischemia in a single case. Furthermore, in this case the
reconstruction was performed by a duodenal-jejunum
Roux en Y anastomosis. In the others cases a side-to-
side duodenal-ileal anastomosis were performed. The
fluorescence procedure prolonged the operative time
of almost 8 minutes. No adverse events occurred in the
perioperative period.

We employed ICG fluorescence to evaluate enteric
diversion in the pancreatic-renal transplantation in others
four patients without experiencing complications.

The five patients who have undergone the combined
kidney-pancreas transplantation were alive and fine at
12 months of follow-up. One of five patients was re-
operated at the 10™ postoperative day for drainage of an
intra-abdominal infected hematoma causing fever and
abdominal pain. No complications of the duodenal-enteric
anastomosis or the graft duodenal stump occurred.

HepatoBiliary Surg Nutr 2018;7(3):161-166
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Figure 4 Intraoperative evaluation of arterial perfusion of the graft duodenal stump provided by ICG fluorescence. ICG, indocyanine green.

Table 1 Patients data for liver transplants

Liver function

Type of orga.n Patient Graft bile duct Graft bile duct Reconstruction Bile duct tests (ALT, AST, Follow-up
transplantation ICG fluorescence ) -
number resection method complications PT, INR, total (months)
(Tx) anomaly S
bilirubin)
Liver Tx 1 Not Not End-to-end Not NLF 11
2 Yes Yes (12 mm of End-to-end (T-tube) Not NLF 13
the distal part)
3 Not Not End-to-end Not NLF 13
4 Not Not End-to-end Not NLF 13
5 Yes Yes (9 mm of End-to-end (T-tube) Not NLF 14
the distal part)
6 Not Not End-to-end Not NLF 14

ALT, alanine transaminase; AST, aspartate aminotransferase; PT, prothrombin time; INR, international normalized ratio; NLF, normal liver

function; Tx, transplant.

At the evaluation after one year from surgery, the mean
serum creatinine was 1.35 mg/dL (1.2-1.5 mg/dL), while
glycaemia was in the normal range, the mean serum
C-peptide was 1.9 ng/mL (range, 0.62-3.01 ng/mL) without
exogenous insulin administration (7zble 2).

Discussion

Bowel and biliary anastomoses have historically been,
respectively, the Achilles heel of pancreas and liver
transplantation. In our experience during the last 5 years
we reported about 7.5% of bile duct leaks and 22.5%
of bile duct stenosis in case of liver transplantation, and
about 10% of duodenal graft leaks in case of pancreas
transplantation. Improvements in the surgical technique and
donor management have mitigated many of these issues.

© HepatoBiliary Surgery and Nutrition. All rights reserved.
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Despite this, still a considerable amount of postoperative
complications are attributable to various causes, particularly,
to an ischemic damage.

As the application of ICG fluorescence angiography
could probably add important real time information on
territories of vascularization, influencing the intraoperative
decision-making, we employed it during open organ
transplantation procedures.

The purpose of testing this emerging imaging technique
is to identify a method of increased sensibility compared
to personal experience and the standard intraoperative
Doppler ultrasound, that can help improving surgeon
performance and, consequently, patient safety (1,3,5,9).

Hopefully therefore ICG introduction might lead to a
reduction of post-operative complication’s rate attributable
to ischemia.

HepatoBiliary Surg Nutr 2018;7(3):161-166
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Table 2 Patients data for pancreas transplants
Graft duodenum Pancreas
Type of organ Patient Duodenal graft Reconstruction Duodenal graft ~ function tests  Follow-up
) ICG fluorescence ) -
transplantation (Tx)  number resection method complications (fast blood sugar, (months)
anomaly .
c-peptide)
Pancreas Tx 1 Not Not Side-to-side (duodeno- Not Normal 11
ileal)
2 Not Not Side-to-side Not Normal 12
(duodeno-ileal)
3 Not Not Side-to-side Not Normal 12
(duodeno-ileal)
4 Yes (stump®) Yes Roux-en-Y Not Normal 13
5 Not Not Side-to-side (duodeno- Not Normal 14
ileal)

Tx, transplant; (*), duodenal stump.

The ICG dye was already applied in solid organ
transplantation. In the University of Illinois surgeons used
ICG dye to demonstrate a good graft revascularization
during pancreas transplantation (10). Furthermore, Japanese
tested ICG dye to evaluate the portal reperfusion in a case
of living donor liver transplantation (11,12). Moreover,
the application of ICG fluorescence is currently under-
evaluation to predict the short-terms outcomes after liver
transplantation (13-15).

However, one of the most feared complications after
liver transplantation concerns the bile duct vascularization
and the biliary anastomoses (16,17).

Biliary complications occur approximately in 10-20% of
the patients who have undergone liver transplantation and
are responsible of graft loss and increased mortality (16,17).

Causes of biliary complications are various as graft/
recipient anatomical, surgical or immunological issues
(16-19). Correct organ procurement and bile duct dissection
play a key-role to avoid complications reported as well (18).

Up to now, the graft bile duct vascularization is extremely
difficult to estimate and only the surgeon’s intraoperative
evaluation (observing brisk bleeding from the proximal
stump) and experience are currently employed (20).

The emerging technique of the ICG fluorescence may
fill up this gap, giving an objective real time visualization of
the bile duct microvascular perfusion without considerably
lengthening the operation time.

In the same manner, pancreas transplantation procedure
could be affected by severe complications causing graft loss
and severely increased mortality as the digestive leak, in
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case of enteric diversion (21). The main cause of this severe
complication is a defective duodenal graft vascularization
(21,22). In fact, the duodenal stump vascularization is far
from being optimal due to gastroduodenal artery ligation
during the organ procurement (22).

The interest of an objective, quantifiable, real time
information on vascularization of the duodenal stump as
provided by IGC fluorescence is, in this contest, extremely
high to the intraoperative decision-making.

In conclusion, the ICG fluorescence seems to safely
provide important objectifiable perfusion information during
organ transplantation procedures that can integrate surgeon’s
expertise. In fact, detecting intra-operatively perfusion
defects, it allows real time modifications on technical
strategies potentially useful to reduce the feared risk of
anastomotic leakage and consequent severe complications.
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