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ABSTRACT

BACKGROUND: The prevention of damaging the bile ducts during surgical interventions in patients with
calculous cholecystitis remains a topical problem in modern abdominal surgery. The incidence of damaging
the bile ducts reaches 0.4-2%, while in cases of complicated forms — up to 5.2%. AIM: determining the
optimal dosage and timing of administering the Indocyanine green (ICG) for increasing the efficiency of
fluorescent cholangiography during the course of laparoscopic cholecystectomy in cases of calculous
cholecystitis. The top-priority task of the research is minimizing the risks of injuring the bile ducts by means
of clear intraoperative visualization of the extrahepatic bile ducts. METHODS: Prospective non-randomized
research was conducted within the premises of the University Clinical Center named after V.V. Vinogradov
(affiliated branch) of the RUDN University during the period from March 2024 until April 2025. The research
included 276 patients undergoing the laparoscopic cholecystectomy with using the ICG-cholangiography. The
dosages of Indocyanine green used (1.25 mg; 2.5 mg; 5 mg; 10 mg) were administered in various time periods
before starting the surgery (from 40 minutes up to 6 hours), as well as intraoperatively. The evaluation included
the degree of fluorescence, the time from the moment of administering the Indocyanine green until the optimal
fluorescence of the bile ducts and of the liver required for the safe conduction of laparoscopic cholecystectomy,
as well as the possibility to correct the hyper- and hypofluorescence by changing the equipment settings.
RESULTS: Optimal visualization of the extrahepatic bile ducts was observed at a dosage of 5 mg of ICG
3-5 hours after the administration, for the 2.5 mg dosage — 2-3 hours, while for the 1.25 mg dosage, the
time was 40-120 minutes. Intraoperative administration of 1.25 mg provided a rapid visualization, but caused
hyperfluorescence, complicating the determination of the topography of bile ducts, which was corrected by
equipment settings. CONCLUSION: Fluorescent cholangiography with using the Indocyanine green is a safe
and effective method of visualizing the extrahepatic bile ducts during laparoscopic cholecystectomy. The most
optimal dosages of Indocyanine green are the following: 1.25 mg — 40-120 minutes, 2.5 mg — 2-3 hours
and 5 mg — 3-5 hours before the intervention. The 1.25 mg dosage can be administered intraoperatively with
further correction of equipment settings at the menu of the video-system (by lowering the enhancement and
the intensity parameters) for decreasing the hyperfluorescence effect.
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BACKGROUND

The prevention of damaging the bile ducts during
surgical interventions in patients with calculous
cholecystitis remains a topical problem in modern
abdominal surgery. [1, 2]. According to worldwide
statistics, each year more than a million of laparoscopic
cholecystectomies are carried out for calculous
cholecystitis [3, 4], with the rates of damaging the bile
ducts reaching 0.4-2% and up to 5.2% for complicated
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forms, according to the data from foreign registries
[5, 6]. The main reason of damaging the bile ducts is the
inadequate intraoperative identification of the anatomic
structures, especially in the settings of inflammatory
changes and infiltration of tissues [7].

The method of fluorescent laparoscopy and
fluorescent  cholangiography  with  using the
Indocyanine green (ICG), implemented at the real time
mode, opens new possibilities in increasing the safety
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O6ocHoBaHue. [pohunakTvika NnoBPEXAEHWI XKeIHeBbIBOGALUMX MyTeN rMpy ornepaTvuBHbLIX BMeLLaTe lb-
cTBax y 60JIbHbIX C KaJlbKY/IE3HBIM XOIELUNCTUTOM OCTaETCS akTyaslbHOM rMpobeMOl B COBPEMEHHO ab-
LOMUHasIbHOM Xupyprv. Yactora noBpexgeHni Xken4qHbix npotokoB gocturaet 0,4-2%, a rpy 0Ca0x-
HEHHBIX (hopmax — [0 5,2%. Llenb nccnegqoBaHns — onpeaenTb ONTUMAaIbHYIO LO3UPOBKY U BPEMS
BBeaeHus1 nHgoumaHmnHa 3enéHoro (ICG) a5t noBbILLEHUS 3hHEKTUBHOCTY (hIIFOOPECLEHTHOM XO/aHMNo-
rpacum Bo BpeMs /1anapoCKONM4YeCKOM X0IEUUCTIKTOMUM NP KaslbKyaE3HOM xoneunctuTte. [Npuoputet-
HOW 3aa4el NccefoBaHns SIBASETCS MUHUMU3aLMS PUCKA TPaBM XE/T4HbIX ryTel rnocpeaCcTBOM YETKOMN
MHTPaonepaLnoHHON BU3yaan3aLmy BHENEYEHOYHbIX XXE4YHbIX NPoTokoB. MeTtoasl. [TpocrnekTnBHoOE He-
pPaHAoOMU3NPOBaHHOE UCCIe[0BaHVe MPoBeAEeHO Ha ba3e YHMBEPCUTETCKOrO KIIMHUYECKOro LeHTpa nMme-
Hu B.B. BuHorpagosa (¢hunnan) PY/H B nepuog ¢ mapta 2024 no anpesnb 2025 roga. B nccnegoBaHve
BKJIOYEHbI 276 nayneHToB, KOTOPbIM BbIOJIHEHA 11arnapOCKONMMYecKast XO1eyUCTOKTOMUS C MPUMEHEHU-
em ICG-xonaHrmnorpagum. Vicrnonb3oBaHbl 403kl HAoumaHuHa 3enéHoro (1,25 mr; 2,5 mr; 5 mr; 10 mr),
BBOAUMbIE B pasHble BPEMEHHbIE MPOMEXYTKU A0 Hadana onepauyum (0T 40 MuHyT O 6 4acos), a Tak-
JKe nHTpaonepaymnoHHo. OuyeHnBaIncb MHTEHCUBHOCTL (D/IFOOPECLEHLINM, BPEMST OT MOMEHTAa BBELEHUS
vHAoUmMaHnHa 3€16HOro 4O ONTUMAaIbHOrO0 CBEYEHUS] XEJIYHbIX MPOTOKOB U revyeHy [ 6e30rnacHoro
BbIMOJIHEHUST 1anapOCKOMNYECKON XONELMUCTIKTOMUM, a TakXKe BO3MOXHOCTb HUBE/IMPOBAaThb UMep-
Y runoghIroopECLEHUMIO USMEHEHNEM HAaCTPOEK 060pynoBaHus. Pesynbratel. OnTuMmasibHasi BU3yann3a-
Lnsi BHENMEYEHOYHbIX XEJTYHbIX MPOTOKOB oTMeYeHa rpu gose 5 mr ICG yepes 3-5 yacoB noce BBefe-
Hus, ripy gose 2,5 Mr — 4yepes 2-3 yaca, npu fgose 1,25 mr — 4epes 40-120 muHyT. VIHTpaonepaLmoH-
Hoe BBefeHne 1,25 mr obecrieunBasio ObICTPYIO BU3Ya/m3aLmio, HO BbI3bIBaIO rynepgh/iroopeCcLeHLMIOo,
3aTPYAHSAIOLLYIO OnpeneseHue Tornorpagpun XKea4HbIX fnyTen, KOTopas HUBEUpOBaaachb HacTpouikamu
obopyapoBaHus. 3aknroveHue. DoopecLeHTHasT XonaHrmorpagusi ¢ MUCrosib30BaHNeM WHAOLMaHVHA
3€/1EHOro SBASeTCS 6e30nacHbIM 1 3PEKTUBHLIM METOLOM BU3Yann3auuu BHENEHYEHOYHbIX XKEe/TYHbIX
MPOTOKOB MpU /1arnapOCKOMNMYECKON XONeUNCTOKTOMUN. Hanbonee onTuMmasibHble [O3UPOBKU MHAoUMA-
HuHa 3enéHoro: 1,25 mr 3a 40-120 muHyT, 2,5 mr 3a 2-3 Yaca v 5 Mr 3a 3-5 yacoB O BMeLLaTeIbCTBA.
Jlo3a 1,25 mr Mo)xeT bbITb BBEAEHA NHTPAONEePaLMOHHO C MOCEAYIOLLEN KOPPEKLMEN HAaCTPOEK 060py-
[OBaHUs1 B MEHIO BULEOCUCTEMbI (CHU3UTb MOKa3aTein YCUNEHUS U HaCbILEHHOCTY) 411 YMEHbLUEHUS
ahhexTa runeproopPeCLeHLNN.

Knro4yeBble cnoBa: KaﬂbefléBHbll;I XONEeUNCTUT; UHAOLNAHUH 3E1EHBIV; d)ﬂiOOpeCLleHTHaﬂ Bu3yannsauus,;
JiariapocKorndeckas Xos/1eynCcTaKToOMUs; onTumMmn3ayns 4Oo3bl.
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of laparoscopic interventions. Especially important is
the high accuracy of visualization in case of significant
inflammation, which limits the possibilities of standard
anatomical orientation.

Research aim — determining the optimal dosage
and timing of administering the Indocyanine green

(ICG) for increasing the efficiency of fluorescent
cholangiography during the course of laparoscopic
cholecystectomy in cases of calculous cholecystitis. The
top-priority task of the research is minimizing the risks
of injuring the bile ducts by means of clear intraoperative
visualization of the extrahepatic bile ducts.
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METHODS
Research design
Prospective non-randomized.

Conformity criteria

Inclusion criteria: patients aged over 18 years;
confirmed (by the data from instrumental examinations)
diagnosis of calculous cholecystitis; signed informed
consent.

Non-inclusion criteria: patients aged under 18 years;
pregnancy

Exclusion criteria: patient not presenting for
hospitalization, refusal to undergo treatment.

Research facilities

The examination was carried out within the premises
of the Department of Intermediate Level Surgery under
the Medical Institute of the Federal State Autonomous
Educational Institution of Higher Education “Patrice
Lumumba Peoples’ Friendship University of Russia”
at the University Clinical Hospital named after
V.V. Vinogradov.

Research duration
The research activities lasted from March 2024
until April 2025.

Medical procedure description

On admission, all the patients were examined in
accordance with the current clinical recommendations
from the Ministry of Health of the Russian Federation.
The diagnosis of calculous cholecystitis was the indication
for conducting the laparoscopic cholecystectomy with
intraoperative fluorescent cholangiography.

For the fluorescent cholangiography, an intravenous

administration ~ of  domestically = manufactured
Indocyanine green («Life Sciences — Obninsk
Chemical-Pharmaceutical Company” LLC) was

conducted at dosages ranging from 1.25 to 10 mg.
The standard packaging of the product is 25 mg of
lyophilized product per vial, intended for dissolving in
10 ml of water for injections before use.

The recommended dosages mentioned in
the package leaflet vary from 0.25 to 0.5 mg/kg,
however, the literature data contain lower values —
0.1-0.2 mg/kg [8]. The practical experience shows
that the fluorescence effect depends to a greater
extent on the quantity of the product and on the
timing of its administration rather than on the body
weight-based calculations, which is related to the
technical characteristics and the sensitivity of the
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equipment along with the sufficient level of the drug
product accumulation in the hepatobiliary system.

Methods for registration of outcomes

During the course of the research, the employed
equipment was from the leading manufacturers,
having various characteristics of infrared radiation with
a wavelength for the excitation of fluorescence ranging
from 780 nm to 805 nm: Arthrex 4K (USA), ELEPS 4K
(Russia), Rubina Carl Storz 4K (Germany), Olympus
OTV-S200 (Japan), Stryker PINPOINT HD (Canada),
Olympus OTV-S700 (Japan).

The evaluation of the efficiency of fluorescence
was conducted visually using the monitor screen. The
sufficient level was considered the one at which there
was a clearly detectable topography of structures of the
hepatoduodenal ligament and of the Calot’s triangle.

The obligatory criterion for surgical safety was
achieving the critical view of safety (CVS). The surgeries
were carried out using the uninterrupted fluorescence
mode at all the stages.

Statistical analysis

For representing the results and for the statistical
processing of the data, the Microsoft Excel software
was used. Data were presented as the mean
values + standard deviation.

RESULTS

Research sample (participants)

The research included 276 patients with clinically
and instrumentally confirmed diagnosis of calculous
cholecystitis, of which there were 78 (28.3%) men and
198 (71.7%) women, the mean age was 65.0+15.6 years
and the mean body mass index was 32.2+5.78 kg/m?.

Laparoscopic cholecystectomy with using the
ICG-cholangiography was carried out for all the
276 patients with various dosages.

During the initial stage of the research, in
5 (1.8%) patients, the dosage used was 10 mg with
the administration 6-8 hours before surgery, which
was accompanied by significant intraoperative
fluorescence of the liver, of the gall bladder and
of the extrahepatic bile ducts, complicating the
differentiation of anatomic structures and hindering
the confident dissection at the Calot’s triangle. Later
on, during the time periods ranging from 1 to 5 hours
from the moment of administering the drug product
and before the initiation of surgery, the dosages of
5 mg (in 72 patients, 26.1%), 2.5 mg (in 116, 42.0%)
and 1.25 mg (in 83, 30.1%) were tested.
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Main research outcomes

In a group of patients with a 5 mg dosage (n=72),
the best conditions for the visualization were achieved
in the interval of 3-4 hours from the moment of
administering the ICG. In this time interval, clear
fluorescence was observed for the extrahepatic bile
ducts with minimal background fluorescence or its
absence in the hepatic parenchyma. In the time interval
from 1 to 3 hours, hyperfluorescence was reported,
which was hindering the isolation of the cystic duct, the
identification and the determination of the topography of
the common bile duct. In the time interval of 3-4 hours
from the moment of administering the ICG, hepatic
fluorescence was not observed and clear differentiation
was achieved for the cystic duct and for the common
bile duct at the real time mode. As for the time interval
of 4-5 hours, the visualization persisted, however,
the intensity of fluorescence was slightly decreased,
requiring the light source to be moved closer.

In the second group (n=116), the Indocyanine green
dosage used was 2.5 mg. The drug was administered
1-4 hours and more before the initiation of the
intervention.

In this group, at an interval of 2-3 hours, the best
visualization was achieved: hypofluorescence of the
hepatic parenchyma with optimal fluorescence of
the extrahepatic bile ducts. When administering the
ICG 1-2 hours before surgery, hyperfluorescence
was observed, as a result of which, the tissues
had an intensive generalized fluorescence, which
hindered the differentiation of the structures in
the Calot’s triangle. After 3 hours, the intensity of
fluorescence was decreasing, but the anatomical
characteristics remained distinguishable. After
the expiration of 4 hours, there was only a weak
fluorescent effect observed, which required adjusting
the equipment settings.

In a group of 83 patients, the drug was administered
at a dosage of 1.25 mg intraoperatively 90 minutes
before the surgical intervention.

Upon administering the Indocyanine green
intraoperatively (40 minutes before surgery) the
observed findings in the patients included significant
fluorescence of the liver and of the gall bladder, as
well as of the hepatoduodenal ligament area, which,
at the beginning of surgery, hindered the accurate
anatomical identification of extrahepatic bile ducts.
With the time interval of administering the ICG ranging
from 40 to 120 minutes, the intensity of fluorescence
was decreasing to the comfortable level, which
allowed for determining the topography of extrahepatic
bile ducts and to safely conduct surgery with the
fluorescence mode turned on. The summarized data
on the dosages and the time intervals of administering
the ICG are provided in table 1, with the data on the
optimal fluorescence periods — in table 2.

The technical capabilities of the equipment allow
for adjusting the visual intensity of fluorescence
(hyper- and hypofluorescence): for this, in the
settings menu of the video-system assembly, in the
fluorescence mode section, it is necessary to adjust
the enhancement and the intensity depending on the
requirements. The brightness and the contrast ratio
can be adjusted for the visual comfort of the surgeon.

Undesirable phenomena

Based on the results of the research, in a group
of 276 patients undergoing the laparoscopic
cholecystectomy with ICG-fluorescent visualization of the
extrahepatic bile ducts, no complications were observed.
In 23 (8.3%) patients, the complications were successfully
avoided by clear following the technique of critical view
safety (CVS) and by using the intraoperative fluorescent
ICG-cholangiography (examples provided in Fig. 1, 2).

Table 1

Dosages and time intervals of administering the Indocyanine green (ICG)

Dosage, mg Time interval, h
1-3
5 3-4
4-5
1-2
2-3
3-4
>4
<40 min.

40-120 min.

2.5

1.25

Number of patients, n (%)
15 (20.8)
34 (47.3)
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Table 2
Optimal fluorescence windows
Do:'la;lge, E:::&i:::ﬁ 1-2 hours 2-3 hours 3-4 hours 4-5 hours
5
2.5
1.25
Designation

_ Hyperfluorescence — difficult to differentiate the structures

Optimal fluorescence window
Hypofluorescence — weak fluorescence

_ The intensity of hepatic staining is decreased

Fig. 1. Mirizzi syndrome: tight fusion of the Hartmann
pouch with the hepatic duct (arrow) due to inflammation
(incipience of Mirizzi syndrome formation).

DISCUSSION

The dissection of the area of the Calot’s triangle
during the laparoscopic cholecystectomy is an
important surgical step, during which, serious
iatrogenic complications can develop [8]. The accurate
identification of the cystic duct and of the cystic
artery can be quite difficult in cases of significant
inflammatory changes or rare anatomic variations in
this zone. In such situations, fluorescent visualization
provides potentially great benefits, facilitates the course
of the surgery and allows for avoiding the damage of
the common bile duct [9]. However, as of today, there
is no commonly accepted standard of conducting the
fluorescent laparoscopy during cholecystectomy [10].
ICG is a widely used water-soluble staining agent, which
is completely metabolized by the liver and excreted
solely via the bile ducts [11]. The main mechanism of
action is based on the fluorescence produced by the
ICG staining agent upon the exposure of light in the near
infrared range, which allows for visualizing the anatomical

Fig. 2. Damage of the subsegmental duct: bile leakage
after damage to the subsegmental duct (arrow).

structures by means of a specialized visualization
system [12]. The method allows for selectively
highlighting various structures, including blood vessels,
bile ducts and lymphatic vessels, however, the variation
of dosage and time of administered ICG significantly
affects the quality of fluorescent visualization [13]. In
particular, lower dosages of ICG can increase the total
visualization time, while higher dosages increase the
intensity of the fluorescent signal [13].

Despite the great theoretical benefits of fluorescent
laparoscopy with ICG during surgical interventions in the
biliary excretion system, currently its clinical application
is mainly experimental. In the systematic review by
M. Manasseh et al. [10], the results of 14 research works
were analyzed, which have demonstrated the safety of
the method and its benefits in the complex cases, with
this, only in single research works, the optimal dosage
of the staining agent and the timing of its administration
were determined. There are currently ongoing active
discussions regarding the optimal ICG dosage [14].
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A foreign research arranged by the group headed by
F. Pardo Aranda [13] has demonstrated the results similar
to ours — the best visualization being achieved upon
administering 2.5 mg of ICG to the patients 2-6 hours
before surgery. Notably, this dosage was not adjusted
depending on the weight of the patient or the body mass
index, otherwise this variability could hinder the precise
preparation of ICG solutions and could significantly
increase the labour-intensity for the medical staff.

Thus, for achieving the optimal fluorescence
window, the following dosages are recommended:
5 mg — when injecting 3-5 hours before surgery;
2.5 mg — when injecting 2-3 hours before surgery;
1.25 mg — when administering 40-120 minutes before
surgery. Intraoperative administration of 1.25 mg ICG
can be used, if necessary, but it requires changing the
settings in the video-system.

CONCLUSION

In our research, we tried to investigate the effects
of various dosages of domestically manufactured ICG
on the intraoperative visualization and their effects on
the surgical and post-operative results. This is the first
ever research involving the usage of the domestically
manufactured staining agent.

Intraoperative fluorescent cholangiography with
using the Indocyanine green proves its safety
and efficiency in the prevention of damaging
the extrahepatic bile ducts during the course of
laparoscopic cholecystectomy in patients with
calculous cholecystitis, while the possibility of
adjusting the fluorescence intensity by changing the
equipment settings together with selecting the
optimal dosages makes the fluorescent visualization
technology controllable.
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