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ABSTRACT

Introduction. Rapid developments in medical technology have allowed the incorporation of Indocyanine
green (ICG) fluorescent cholangyography in the surgical technique armamentarium. The visualization of the
biliary anatomy with augmented reality devices during surgery reduces complications and offer the perspec-
tive of challenging the safety paradigms which prohibited surgery in certain acute biliary conditions.
Materials and methods. 43 consecutive patients were enrolled in a prospective interventional study and
randomly divided into a cohort of 19 patients who had ICG injected prior to laparoscopic cholecystectomy and
a cohort of 23 patients who received no fluorescent dye prior to surgery. In the ICG lot a Near Infrared Fluo-
rescent System was used for the acquisition of fluorescent data in order to produce real time augmented
reality imaging (ICG fluorescent cholangiography). The surgical technique and the indications for surgery
were the same for the same in both cohorts of patients.

Results and discussion. The cohort of patients receiving ICG had no complications and the mean operating
time was 10 minutes less. The biliary anatomy was identified immediately in the ICG cohort with a specificity
of 89.4% for the common bule duct and 73.6% for the cystic duct. In the non ICG cohort 21% of the CBDs
and 43.4% of the cystic ducts were identified with difficulty during the procedure.

Conclusion. We demonstrated in a small cohort of patients that early laparoscopic cholecystectomy is safe
and can be performed quicker with the aid of fluorescent dyes. In order to challenge the safety paradigms

INTRODUCTION

Technologies in the medical field have known
an unprecedented development over the past two
decades with various devices and methods being
translated into clinical practice from different engi-
neering areas. Among these is the recent introduc-
tion of commercially available Near Infrared (NIR)
Fluorescence Imaging Systems for visualization of
obscure anatomical structures and assessment of
tissue function and viability. By intravenous ad-
ministration of small amounts of fluorophores and
by overlapping standard images with NIR acquired
data one can obtain real time information about the
very substance of the tissues such as: precise loca-
tion of tubular structures which would normally be
inaccessible to the naked eye CBD (common bile

around the early laparoscopic cholecystectomy a larger study is necessary.
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duct), delineation of surgical resection margins, as-
sessment of invasion, accurate location of meta-
static deposits and quality of tissue perfusion (5,6).

The introduction of laparoscopic cholecystecto-
my by the German surgeon Erich Miihe of Boblin-
gen generated an increase in the bile duct injuries
compared to the open approach (1). Cuschieri pre-
dicted an increased risk of bile duct injuries imme-
diately following the introduction of the laparo-
scopic technique but the rate of complications
remained steady over two decades despite the
growing number of properly trained surgeons (2).
The incidence of common bile duct (CBD) injuries
in laparoscopic cholecystectomy is between 0.3%
and 0.7% with no less than 0.4%, but still three
times higher than in open cholecystectomy (2). In
the state of New York after decades of operating
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laparoscopic cholecystectomies, Halbert publishes
in 2017 the first paper to report that biliary compli-
cations could be reduced to values similar to those
reported with the use of the open approach if suffi-
cient and structured training is provided (4). Fur-
ther more because of the high incidence of anatom-
ical variations of the cystic artery and bile ducts
associated with oedema of the tissues in acute in-
flammatory conditions, early laparoscopic chole-
cystectomy for acute cholecystitis is associated
with higher risk of morbidity and thus not recom-
mended in many regions of the Globe (7).

We believe that the paradigm of prohibiting ear-
ly surgery for acute cholecystitis could be reevalu-
ated in the light of this recent technology which
could reduce the complication risks to values simi-
lar to or even lower to those encountered with the
open cholecystectomy technique and could also
compensate for the lack of extensive laparoscopic
training.

MATERIALS AND METHODS

Patients

We conducted a prospective interventional study
on 42 consecutive patients who presented with
acute cholecystitis at Bucharest University Hospi-
tal. The study was approved by the ethical commit-
tee and was conducted with strict adherence to the
principles of the Declaration of Helsinki. Eligibility
criteria consisted of: age above 18 years and a diag-
nosis of acute cholecystitis, biliary pancreatitis or
complicated cholelithiasis. Exclusion criteria were
represented by: pregnancy, allergy to iodine, thy-
roid disease or previous allergic reaction to con-
trast. We collected demographical data from all the
42 patients enrolled and randomization for assign-
ment to the ICG and non-ICG lots was performed.

Indocyanine Green (ICG)

ICG is a fluorescent dye developed almost half
a century ago and used in surgery because of its
properties of emitting at 830 nm in the NIR spec-
trum of light. When injected intravenously this
sterile, anionic, tricarbocyanine molecule mixes
with the blood and binds to proteins. It has a very
short half life into the bloodstream (3-5 minutes)
and it is excreted into the bile almost entirely after
10-15 minutes having no known metabolites. Be-
cause it concentrates into the bile, has a very short
half'life in the blood stream and a low toxicity, [CG
has become the fluorescent contrast of choice for
florescent intraoperative cholagiography (9,10).

NIR Imaging System

We used a PINPOINT endoscopic fluorescence
imaging system By NOVADAQ (Canada) PC 900
with a high definition camera, and a 45 degrees
telescope. The system is a laparoscopic device with
an additional excitation light emitted at 805 nm at
20 Hz and optical filters for visualization of the
NIR fluorescence. The images obtained in the NIR
spectrum are converted into images in the visible
spectrum and can be added over conventional im-
ages in real time. After allocation to specific lots
the ICG patients received 0.02 mg of ICG per kg if
their BMI was under 25, 0.04 mg/kg if the BMI
was between 25 and 30 and 0.06 mg/kg if the BMI
was above 30. We started to inject at 45minutes
prior to camera port insertion and first camera look
with ICG was recorded after 45 minutes, followed
by a second look at 90 minutes, and/or at the end of
the operation (if duration less than 90 min.) after
the extraction of the gallbladder was completed. In
order to assess the quality of the fluorescence we
used a subjective scale designed by Zarrinpar et al.
in a clinical study that was imagined in order to
establish the necessary amount of ICG needed for
optimum visualization of the structures (8).

We marked the visualization of CBD and of the
cystic duct separately with marks from 1 to 5 as fol-
lows: 1 =no improvement, 2 = marginally improved,
3 = sufficiently improved, 4 = well improved, 5 =
greatly improved. The assessment of the intensity
of the fluorescence was performed by the first op-
erator and by the assistants who were blinded to the
dosage but not to the timing of injection. The non-
ICG cohort had laparoscopic cholecystectomy with
conventional imaging systems and received no flu-
orescent dye. At the end of the study we analyzed
the duration of the surgery in the two cohorts, the
comorbidities associated with the surgery in the
two lots, demographic data and the ease of CBD
and cystic duct recognition.

FIGURE 1. Conventional imaging of the cystic duct and
the CBD under fatty tissue
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FIGURE 2. Main image showing cystic and the CBD
ducts in digitalized NIR imaging, Image in the upper left
corner shows conventional imaging; Image in the lower
left corner shows the biliary tree in augmented reality

RESULTS AND DISCUSSIONS

Results

The patients characteristics are detailed in Table 1
and a comparison of the main data acquired during
surgery in Table 2. In the ICG group 11 patients
(57.89%) were females and 8 patients (42.1%) were
males. The median age was 58+/ 16 years and the
mean BMI was 29+/ 2.9. The CBD was visualized
immediately in 17 patients (specificity 89.4%) and
the cystic duct in 14 patients (specificity 73.6%).
The mean operating time was 65+/ 14 min. In the
non ICG group 13 patients were females (52.17%)
and 11 patients were males (47,82%). The median
age in this lot was 58+/ 15 years and the mean BMI
was 28.5+/ 2.3. The mean operating time was 75+/-
15 minutes. We used a Students T test to determine
statistical significance between groups and the result
showed a “p” value less than 0.05. Data was ana-
lyzed using Excel and Minitab software.

DISCUSSIONS

The small cohort of patients receiving early lap-
aroscopic cholecystectomy did not suffer compli-
cations associated with the surgery.

TABLE 1. Demographics of the participants

Although rare, injuries to CBD during laparo-
scopic surgery can be reduced by better visualiza-
tion of the biliary tree. This is demonstrated by im-
mediate recognition of the CBD in the ICG lot
compared with the non-ICG patients in whom care-
ful dissection and permanent reevaluation was
needed to avoid damage. This is reflected in operat-
ing times lower than those reported in the non ICG
group (median 65 minutes) and identification of the
CBD in 17 out of 19 patients within seconds from
insertion of the camera telescope (specificity
89.4%) and identification of the cystic duct in 14
patients with minimal traction and dissection (spec-
ificity 73.6%). Furthermore we identified 2 ana-
tomical variants in the ICG group and 1 in the non
ICG. The variants are too small in number to have
statistical power hence it is not reasonable to as-
sume that the shorter operating time associated
with the two ICG case is related to the use of the
dye, further studies being needed to clarify this as-
pect. Applying the same rationale the only case of
conversion was attributed to a local inflammatory
mass with very high risk of biliary tree damage and
there is no evidence to support that the use of ICG
would have changed the decision to convert. The
bigger doses utilized in patients with a high BMI
might have added to the penetration of the NIR
light and eased the identification of the anatomical
structures, but concomitant studies suggested high-
er doses for better intraoperative view (8). We
found the fluorescent intensity of the liver at 45
minutes a limiting factor of visualization at higher
doses in a small trial we conducted prior to this
larger study. Small doses were sufficient to delin-
eate the anatomical structures.

CONCLUSIONS

The development of NIR assisted optical sys-
tems for laparoscopic surgery has been envisaged
to solve the clinical problem posed by the limita-
tion of the surgeons visual abilities. This new tech-
nology allows tissue penetration up to 1 cm with
the use of NIR light and provides real time imaging

ICG COHORT NON ICG Cohort
BMI Median 29+/ 2.9 BMI Median 28.5+/ 2.3
Gender Male 8 (42.1%) Gender | Male 11 (47,82%) | 8(42.1%)
Female 11 (57.89%) Female 12 (52,17%) | 11 (57.89%)
Age Median 58 Age Median 58
Range 23-86 Range 34-82
Indication | Acute cholecistitis 13 Indication | Acute cholecistitis 15
Biliary pancreatitis 5 Biliary pancreatitis 6
Cholelithiasis 1 Cholelithiasis 2
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TABLE 2. Intraoperative variables

ICG COHORT NON ICG COHORT
Duration Median 65 min+/_14 min | Duration Median 75min+/_15 min
Malformations Aberant CBD 1 Malformations and Aberant cystic duct 1
and time of surgery | Aberant cystic artery 1 time of surgery
Complications 0 Complications 1-conversion
Rapid CBD Immediate in 17 89.47% Spec CBD identification Difficult in 5 patients 21% difficult
identification patients
Rapid cystic duct Rapidly in 14 patients 73.68% Spec Cystic duct Difficult in 10 patients | 43.4% difficult
identification identification

which demonstrates the local anatomy of the bili-
ary tree and vessels (12-17). Although CBD inju-
ries occur with a relatively low frequency they are
severe complications with a mortality up to 11%
and 70-80% are secondary to missidentification of
the anatomy (11). We demonstrated in a small co-
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