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ABSTRACT
Anatomical liver resection guided by segmental portal inflow compression proved to be an efficient tool in
order to maximize the curative surgical treatment in hepatocellular carcinoma. In this respect, in the last
decades, once the concept of indocyanine guided surgery gained more field, the method has been also implemented in hepatic surgery. Therefore it seems that intravenous injection followed by portal pedicle clamping and liver inspection in infrared light inspection might delimitate the segments of the liver and might successfully guide the gesture of anatomical liver resection. The current paper is a literature review of the studies
which analyzed the efficacy and safety of indocyanine green guided liver surgery.
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Abbreviations: ICG = Indocyanine green

INTRODUCTION
Hepatocellular carcinoma represents a common
malignancy affecting people worldwide which
proves to be efficiently treated by therapeutic
meanings such as resection or radiofrequency ablation (1,2). Meanwhile, several studies came to
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demonstrate the superiority of surgery in front of
radiofrequency ablation in cases presenting unique
lesions (2). In this respect attention was focused on
improving the surgical technique in order to maximize the effectiveness of the procedure and to increase the lifespan in such cases.
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ANATOMICAL VERSUS NON-ANATOMICAL
LIVER RESECTION IN HEPATOCELLULAR
CARCINOMA
Although initially it has been considered that
non-anatomical resections with negative resection
margins should be the option of choice in patients
with unique hepatocellular carcinoma, further studies came to demonstrate that these patients are predisposed on developing further metastases, frequently located at the level of the same portal
territory. In this respect, certain studies underlined
the necessity of performing anatomical resections
in order to resect the entire portal territory and
therefore to prevent the process of intrahepatic dissemination via portal vein (3,4). The procedure has
been initially proposed by Makuuchi et al. and
proved to significantly improve the long term outcomes of patients with hepatocellular carcinoma
(5,6). In order to achieve anatomical resections,
certain authors proposed ICG injection followed by
fluorescence imaging with encouraging results (7).

ROLE OF INDOCYANINE GUIDED SURGERY
FOR ANATOMICAL LIVER RESECTION IN
PATIENTS WITH HEPATOCELLULAR
CARCINOMA
In the last decade increasing evidence came to
sustain the efficacy of indocyanine green utility in
order to improve the information regarding the vascularization of a certain territory, to establish the
viability of a certain viscera or to verify the feasibility of performing a certain anastomosis. Furthermore, the utility of indocyanine green injection followed by infrared inspection was also studied in
patients considered as candidates for anatomical
resections. The method consists of intravenous injection of indocyanine green clamping the afferent
portal pedicle and infrared visualization of the liver
parenchyma (7). Meanwhile, certain authors proposed ICG administration within two weeks before
surgery in order to study the functional reserve of
the liver parenchyma, intraoperatively, followed by
portal pedicle clamping in order to guide the resection and intraoperatively but at the level of the main
biliary duct in order to detect and bile leakage (7).
The method has been recently proposed and investigated in cases in which laparoscopic approach
is attempted due to the fact that the minimally invasive technique is more demanding when compared
to the open technique when it comes to portal staining and inflow portal clamping (8). The method
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therefore might be performed in two manners: the
first one provides a negative staining and consists
of identification of the correspondent portal pedicle
which is further clamped and ICG is injected intravenously; therefore, the whole parenchyma excepting the area correspondent to the afferent portal
pedicle will present ICG positive staining; furthermore, only the area of negative staining will be resected. The second manner consists of ultrasound
guided portal puncture and ICG injection and therefore is considered as positive staining. However,
the second option is considered to be more difficult
to be performed in a minimally invasive manner
due to the necessity of laparoscopic ultrasound in
order to identify the corresponding portal pedicle;
however, it should not be omitted the fact that negative staining also associates a degree of complex
laparoscopic gestures in order to dissect and clamp
the corresponding Glissonian pedicle (9-11). Moreover, the negative staining procedure also presents
a higher risk of bile duct injury during Glissonian
dissection and might be more demanding when
performed for segment VII and VIII tumors (9).
One of the most interesting studies conducted
on the theme of negative staining during laparoscopic surgery aiming anatomical liver resection
was conducted by Urade et al. and was published in
2019 (8); in this study the authors introduced three
cases submitted to laparoscopic resection for hepatocellular carcinoma – in two cases and respectively metastatic liver lesions from colorectal cancer –
in the third cases. In all cases negative staining was
performed and consisted of intravenous injection of
2.5 mg of ICG followed by Glissonian pedicle
clamping; in all cases the procedure was successfully ended in a minimally invasive manner and
consisted of segments V/VIII resection in the first
case, segment III resection in the second case and
respectively a right anterior sectionectomy in the
third case (8).
In order to diminish the risks and inconveniences
caused by the two methods presented in the paragraphs above, certain authors proposed another
protocol of ICG injection, by using the percutaneous route; therefore, the Japanese authors conducted by Aoki et al. described their preliminary experience with percutaneous injection of ICG directly
in the corresponding pedicle of the portal vein immediately before surgery (12). Furthermore, the
principle of positive staining was applied; by using
this method, the authors excluded the necessity of
intraoperative ultrasound, a standard abdominal ultrasound being used instead. The method was successfully performed in 14 cases, in nine of them the
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indication for surgery being represented by hepatocellular carcinoma while in the remaining five cases liver metastases from colorectal cancer being the
indication for surgery. In all cases an adequate
identification of the tumor was provided while the
resection margins were negative, demonstrating in
this way the feasibility, efficacy and oncological
safety of the procedure (12).

ROLE OF INDOCYANINE GREEN
INJECTION IN LIVER HARVESTING FROM
LIVING DONOR
Once the method of ICG guided anatomical liver resection has gained more popularity, the principle of the method was also implemented in order to
facilitate liver harvesting in living donor for both
adults and children (13,14). Therefore, the method
seems to be safe and effective in order to establish
the anatomical boundaries and to further guide the
laparoscopic harvesting. However, only isolated
cases have been reported so far, the method not being part of the standard use for the present moment
(13,14).

guide the extent of resection and to provide complete, typical hepatic resections. In order to improve the outcomes, multiple variants of injection
have been proposed, leading in this way to positive
and negative staining. However, the method seems
to be a demanding one, advanced surgical skills of
laparoscopy being needed. Meanwhile, certain authors went even further and implemented the
knowledge of ICG guided anatomical resections
for hepatocellular carcinoma in the field of donor
liver transplantation; in this way, a more rapid and
safe harvesting of the liver lobe which will be transplanted seems to be obtained. However, all these
methods have not been yet studied in large randomized studies, further work being still needed before creating a standard therapeutic protocol which
might be based on these findings.
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CONCLUSIONS
ICG injection during laparoscopic approach
seems to be a safe and effective method in order to
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