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Abstract
Purpose  Bile duct injury (BDI) during laparoscopic cholecystectomy (LC) is a dreaded complication. Artificial intelligence 
(AI) has recently been introduced in surgery. This systematic review aims to investigate whether AI can guide surgeons in 
identifying anatomical structures to facilitate safer dissection during LC.
Methods  Following PROSPERO registration CRD-42023478754, a Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA)-compliant systematic search of MEDLINE (via PubMed), EMBASE, and Web of Science 
databases was conducted.
Results  Out of 2304 articles identified, twenty-five were included in the analysis. The mean average precision for biliary 
structures detection reported in the included studies reaches 98%. The mean intersection over union ranges from 0.5 to 0.7, 
and the mean Dice/F1 spatial correlation index was greater than 0.7/1. AI system provided a change in the annotations in 
27% of the cases, and 70% of these shifts were considered safer changes. The contribution to preventing BDI was reported 
at 3.65/4.
Conclusions  Although studies on the use of AI during LC are few and very heterogeneous, AI has the potential to identify 
anatomical structures, thereby guiding surgeons towards safer LC procedures.

Keywords  Artificial intelligence · Laparoscopic cholecystectomy · Minimally invasive surgery · Bile duct injuries

Introduction

Laparoscopic cholecystectomy (LC) is the gold standard 
treatment for symptomatic cholecystolithiasis and one of 
the most performed surgical procedures worldwide, both in 
elective and emergency settings and by senior and trainee 
surgeons [1–4]. The most dreaded complication of LC is bile 
duct injuries (BDIs) and a primary cause of BDI is a mis-
understanding of the anatomical structures [1, 5]. The iatro-
genic BDI rate after LC is higher than open cholecystectomy 
and ranges between 0.4 and 1.5% [5]. BDIs are responsible 

for further surgical, endoscopic, or radiological procedures, 
increasing cost management of patients [5, 6].

Several optimal strategies for prevention of the BDIs are 
reported in the literature, which include the systematic use 
of the Critical View of Safety (CVS), the bailout procedures, 
such as sob-total cholecystectomy and many others [7]. The 
use of indocyanine green (ICG) fluorescence and the possi-
bility to perform a fluorescent cholangiography (FC) during 
LC allows the visualization of extrahepatic biliary structures 
and facilitates intraoperatively dissection, aiming to reduce 
the BDI risk [8–19]. However, in the case of obese patients 
or acute cholecystitis, misinterpretation of the biliary anat-
omy can still occur, with a high risk of BDI [20–23].

Artificial intelligence (AI) has been recently introduced in 
MIS [24–28]. Computer vision is a field of AI that focuses 
on identifying and accurately analysing digital images, vid-
eos and other input, simulating and optimizing human rec-
ognition ability [25–28]. Although the use of deep learning 
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and computer vision in diagnostics, especially endoscopic, 
is now well established, its real-time application during sur-
gery is still in the earliest stages [24–28].

The present systematic review aims to investigate whether 
AI can guide surgeons in identifying anatomical structures 
to facilitate safer dissections during LC.

Materials and methods

Institutional review board approval and informed con-
sent from participants were unnecessary for the present 
study. This study was registered in the International Pro-
spective Register of Systematic Reviews (PROSPERO; 
CRD-42023478754).

Search strategy

A systematic review of published articles according to the 
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) Statement 2020 [29] and according to 
the Cochrane Handbook for systematic reviews of inter-
ventions was conducted [30]. The aim of the present study 
was to explore the potential of AI to improve the safety of 
LC by aiding surgeons in the identification of anatomical 
structures.

The PICO question was generated from a discussion 
within the authors (D.C., D.C., D.P., A.B.).

The following PICO question was adopted:

P(opulation). Patients undergoing LC.
I(ntervention). Identification of the anatomical landmarks 
during LC by AI.
C(omparison). Identification of the anatomical landmarks 
during LC without AI.
O(utcomes). Feasibility of anatomical structures identifi-
cation during LC using AI.

Study identification

A computerized search was performed in MEDLINE (via 
PubMed), EMBASE and Web of Science databases for 
articles published up to 30/09/2024 [31], without language 
restrictions (Supplementary Material-Table 1). Reviews, 
systematic reviews, meta-analysis, comments, case reports, 
congress abstracts, correspondence and letters to editor, edi-
torials, technical surgical notes, imaging studies and studies 
with animals’ involvement were excluded. For a more objec-
tive evaluation, studies in which AI was used to identify 
adverse effects, timing, operators, and surgical tools, were 
excluded from this systematic review.

Eligibility criteria, screening process, and data 
extraction

All articles in which AI was used to anatomical structures 
identification, groups of anatomical structures that con-
figure safe/unsafe dissection zones, or CVS assessment 
during LC were eligible for inclusion in the present study. 
Two independent reviewers (D.C. and D.C.) conducted the 
screening process and data extraction in a double-masked 
fashion. Discrepancies were resolved with a discussion 
with a third reviewer (A.B.). Data collected from each 
study included the following predefined items: (1) Study 
identifier (first author, year of publication); (2) Study 
design; (3) Population; (4) Type of dataset; (5) Inclusion 
and exclusion criteria; (6) Anatomical structures identi-
fied; (7) AI model; (8) “Ground truth” establishment; (9) 
Validation and application of the model; (10) Outcome 
measure; (11) Main results; (12) Conclusion; (13) Risk of 
bias/quality assessment. Data were stored in the Microsoft 
Excel program (Microsoft Corporation, Redmond, Wash-
ington, USA).

Outcomes of interest

According to the PICO criteria, the aim of this systematic 
review is to report the current evidence of the use of AI for 
anatomical structures identification during LC.

Structure identification concerns the hepatocystic anat-
omy: gallbladder, cystic duct (CD), cystic artery (CA), 
cystic plate (CP), common bile duct (CBD), hepatocystic 
triangle (HCT), lower edge of the left medial liver segment 
(LEoLMLS), Rouviere’s sulcus (RS) [27, 32–55]. Some 
authors distinguish the anatomical identification into safe 
and dangerous zone for dissection, called “Go” and “No-
Go” zone, respectively [36, 37, 45, 54]. The “Go” zone 
was defined as the area located within the HCT (closer to 
the inferior edge of the gallbladder) that is deemed safe to 
proceed with dissection with a low probability of causing 
a major BDI. The “No-Go” zone was defined as the deeper 
region within the HCT, where further dissection was 
deemed unnecessary and dangerous with an unacceptable 
probability of causing a major BDI. The “No-Go” zone 
also includes the hepatoduodenal ligament, liver hilum, 
and all structures inferiorly [27, 35]. Non-segmented 
regions of dissection are deemed as “in-between” (i.e., 
neither Go, or No-Go) zone [45].

As CVS is based on the proper identification of ana-
tomical structures, studies involving CVS assessment were 
included in this systematic review [33, 27, 35, 36, 39, 41, 
44, 45, 47, 48, 50–52]. The achievement of CVS is based 
on three criteria: the 2-structure criterion (CA and CD 
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entering the gallbladder), the HCT criterion (a carefully 
dissected HCT), and the CP criterion (the division of the 
lower third of the gallbladder from the CP) [27].

Anatomical identification and CVS assessment by AI 
could be achieved in several ways [32–34, 27, 35–54]. 
Semantic segmentation [36, 37, 45, 54], computer vision 
model for workflow analysis [27, 35, 36], Deep Convolu-
tional Neural Network (DCNN) and Graph neural networks 
(GNNs) [33, 41, 44, 45], bounding boxes [32, 34, 39, 41, 42, 
48] and MIL models [38, 51] are some examples.

The AI model performance was compared to surgical 
annotations [32, 27, 33–55]. It was evaluated in terms of 
mean average precision (mAP), mean or balanced accuracy 
(b-ACC), Area Under the Curve (AUC), sensitivity or recall, 
specificity, negative predictive value (NPV), positive pre-
dictive value (PPV), detection rate (DR) and positive ratios 
with PMLA (partial matches between landmark detection 
and annotation) [32–34, 27, 35–55]. mAP evaluates the 
overall performance of the model, defined as the average 
precision across all recall values between 0 and 1, while 
bACC is the average of sensitivity and specificity for the 
best model selected using the validation set [36]. AUC is 
an effective metric to summarize the overall accuracy of 
the test. It takes values from 0 to 1, where a value of 0 indi-
cates a perfectly inaccurate test and a value of 1 reflects a 
perfectly accurate test [56]. In general, an AUC from 0.7 to 
0.8 is considered acceptable, 0.8 to 0.9 is considered excel-
lent, and more than 0.9 is considered outstanding [51]. The 
performance of the segmentation network was measured 
with mean intersection over union (IOU) and Dice/F1 score, 
which are two commonly used metrics in computer vision 
to quantify the percentage of overlap between the segmen-
tation output and the “ground truth” [37]. The IOU value 
will be closer to 1 as much as the segmentation is correct 
(and therefore the greater the overlap area), while the F1 
score is calculated as the harmonic mean of the precision 
and recall scores. It ranges from 0–100%, and a higher F1 
score denotes a better-quality classifier. [35, 36, 40, 43]. In 
case of CVS achievement, the validity of the AI annotations 
of CVS component (AI-surgeon inter-rater agreement) was 
assessed with Cohen’s kappa, percentage of agreement and 
Gwet’s AC2, a weighted measure that adjusts for scales with 
high probability of random agreement and represented by 
a collapsed dichotomous scoring rubric of “poor—unsafe” 
vs. “adequate/excellent—safe”. Gwet’s AC2 metric ranges 
from 0 to 100%: excellent (81% to 100%), very good (61% 
to 80%), moderate (41% to 60%), and poor (< 40%). [33, 
27, 47, 50, 57].

Risk of bias assessment in the included studies

Risk of bias of the included studies was assessed three 
authors (D.C., D.C., A.B.) using the revised Cochrane 

risk-of-bias tool for randomized trials (RoB 2) and the risk 
of bias in non-randomized studies for interventions (ROB-
INS-I) tool [58, 59]

Grading the quality of evidence

According to the Grading of Recommendations, Assess-
ment, Development, and Evaluations (GRADE) approach, 
two authors (D.C., A.B.) independently evaluated the quality 
of evidence for imprecision, inconsistency, indirectness, and 
publication bias [60]. Moreover, the quality of evidence was 
classified as very low, low, moderate, or high [60]. Subse-
quently, a summary table was created using the GRADE 
profiler software (version 3.6.1) (available at: http://​www.​
grade​worki​nggro​up.​org/) [60].

Results

The search revealed 2304 articles, of these, 1164 were elimi-
nated because they were duplicates. Of the remaining 1139 
articles, 935 were excluded after screening title and abstract 
because they did not meet the inclusion criteria. Fifty-seven 
articles were thoroughly analysed, and 33 further articles 
were excluded. Finally, twenty-five articles published 
between June 2020 and September 2024 were included [27, 
32–43], as shown in the PRISMA flow diagram (Fig. 1) [29].

Table 1 reports studies characteristics and results, while 
the risk of bias based on ROBIN-I and RoB 2 of the included 
articles is reported in Tables 2 and 3. The assessment of 
evidence according to the GRADE method of the included 
articles is reported in Supplementary Material-Table 2.

Discussion

The present study aims to report current evidence about 
using AI to identify anatomical structures during LC.

Even if the evaluation was heterogeneous among the 
included studies, AI models can be used to identify ana-
tomical structures in the surgical field during LC, increas-
ing surgical team awareness and playing a potential role in 
preventing BDI. [27, 32–55].

As reported and as expected, the AI ​​appears more effec-
tive in identifying areas of dissection, rather than individual 
structures (lower mAP value for CBD, CD, RS, and LEoL-
MLS, compared to Go and No-Go zone and CVS) [32, 37, 
44]. Conversely, bACC values were also reported to be high 
for individual structures, reaching 3.8/4 (95%) in CBD rec-
ognition. Likewise, AI’s performance is reported grater for 
No-Go zone compared to Go zones [37, 38, 55].

These results can be explained because identifying dis-
section areas is certainly easier than a single anatomical 

http://www.gradeworkinggroup.org/)
http://www.gradeworkinggroup.org/)
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structure. Equally, the volume of a No-Go zone within a 
frame is greater and therefore more easily identifiable com-
pared to a Go zone [32–34, 27, 35–55].

It is reported in the literature that almost all BDIs are 
caused by errors in human visual perception and that tech-
nology is probably the most important weapon against these 
complications [61, 62]. AI models aim to create an accu-
rate mental model that reflects the proper surgical anatomy, 
thanks to the segmentation of images collected from surgical 
videos [37–66].

While the agreement between AI and surgeons in iden-
tifying CVS reported in the included papers is high overall 
[33, 27, 35, 36, 50], it decreases significantly (to 56%) in 
cases of low-severity disease. Moreover, Korndorffer et al. 
reported considerably higher agreement (p < 0.001) in more 
complex cases compared to simpler ones. This finding sug-
gests that the nuances of the surgeon's decision-making 
process, especially in individual cases, may be difficult to 
capture within a single AI model [33].

The results reported in this systematic review demonstrate 
that the use of AI can lead to a shift in surgical strategy, 
resulting in safer dissections [43]. Furthermore, Leifman 
et al. show that intraoperative AI use results in an increased 
rate of achieving CVS (85% versus 19% in their standard LC 
and versus the 7–52% range reported in the literature) [41]. 
This result could be partially attributed to the well-known 

"Hawthorne effect", where the awareness of being monitored 
by AI potentially incentivized surgeons to optimize their 
performance [51].

It is crucial to differentiate between papers that use AI 
for post-hoc analysis of collected videos [33, 27, 35–37, 39, 
41, 42, 45–48] and those that, departing from academic use, 
apply AI in clinical practice [32, 34, 38, 40, 43, 44, 49–55] 
and it is noteworthy that recent studies employ more com-
plex technologies built upon extensive databases [49–55].

We strongly believe in the potential educational role of 
using AI during LC. As we know, and as reported in the 
literature the advice from a member of the surgical team 
other than the operator is one of the most adopted ways to 
prevent BDI and the risk of BDI appears lower in hospital 
with a surgical residency program and in high-volume cen-
tres, underlining the importance of the expert surgeon [67, 
68]. We do not believe that AI can replace the opinion of an 
expert surgeon during a complex LC, but we assess that it 
could represent a valid tool especially for younger surgeons 
during MIS, since there is a lack of tactile sensitivity and 
visual information becomes predominant.

All the literature included in this review was published 
after 2020, highlighting the actuality and novelty of this 
paper, furthermore, although other systematic reviews on 
the role of AI in surgery exist in the literature [69–78], to our 
knowledge, this is the first to address its use in identifying 

Fig. 1   Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flow diagram [29]
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Table 2   Assessment of risk of bias of the included articles based on Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) [58]

Author, year, 
type of study

Bias due to 
confound-
ing

Bias in selec-
tion partici-
pants

Bias in clas-
sification of 
interventions

Bias due to 
deviations from 
intended inter-
ventions

Bias due 
to missing 
data

Bias in meas-
urement of 
outcomes

Bias in selec-
tion of reported 
result

Overall

Tokuyasu et al. 
2020, ambi-
spective [32]

Moderate Moderate Low Moderate Moderate Moderate Moderate Moderate

Korndorffer 
et al. 2020, 
retrospective 
[33]

Low Low Low Low Low Moderate Low Low

Inomata et al. 
2021, ambi-
spective [34]

Low Moderate Low Low Moderate Moderate Moderate Moderate

Mascagni et al. 
2021, retro-
spective [27]

Low Moderate Low Low Low Moderate Low Low

Mascagni et al. 
2022, retro-
spective [35]

Low Moderate Low Low Low Moderate Low Low

Mascagni et al. 
2022, retro-
spective [36]

Low Moderate Moderate Moderate Low Low Low Low

Madani et al. 
2022, retro-
spective [37]

Low Low Low Moderate Low Moderate Moderate Low

Laplante et al. 
2022, pro-
spective [38]

Low Low Low Moderate Low Moderate Moderate Low

Colbeci et al. 
2022, retro-
spective [39]

Low Low Low Low Low Moderate Low Low

Nakanuma 
et al. 2022, 
prospective 
[40]

Low Low Low Low Low Moderate Low Low

Ban et al. 2023, 
retrospective 
[41]

Low Moderate Moderate Moderate Low Low Low Moderate

Endo et al. 
2022, retro-
spective [42]

Low Low Low Low Low Moderate Low Low

Fujinaga et al. 
2022, pro-
spective [43]

Low Low Low Low Low Moderate Low Low

Kawamura 
et al. 2022, 
prospective 
[44]

Low Low Low Low Low Moderate Low Low

Alkhamaiseh 
et al. 2023, 
retrospective 
[45]

Low Low Low Low Low Moderate Low Low

Khalid et al. 
2022, retro-
spective [46]

Low Low Low Low Low Moderate Low Low

Adrales et al. 
2023, retro-
spective [47]

Low Moderate Low Low Low Moderate Low Low
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anatomical structures during LC. This aspect represents an 
advantage and a limitation of this paper. Indeed, this is cer-
tainly a current topic, but there is active work in this field, 
with continuous publications, which has made it difficult to 
conduct a systematic review.

The main limitations of the present study are the overall 
poor quality and quantity of included studies and the pres-
ence of only one randomized control trials. The heteroge-
neity of the AI models employed, the heterogeneity of the 
inclusion criteria and the small number of cases analysed in 

each study represent further limitations. Expert opinion is 
also very heterogeneous, potentially limiting the generaliz-
ability of such models and the data was extracted from the 
articles themselves without access to the raw data, and this 
did not allow for true statistical analysis. Another important 
limitation is that the risk of BDI increases in some condi-
tions such as high inflammation and fibrosis, bleeding, ana-
tomical abnormalities, which also represent the exclusion 
criteria in many of the included papers [32, 34, 36, 38, 40, 
43, 44, 48, 50, 54].

Table 2   (continued)

Author, year, 
type of study

Bias due to 
confound-
ing

Bias in selec-
tion partici-
pants

Bias in clas-
sification of 
interventions

Bias due to 
deviations from 
intended inter-
ventions

Bias due 
to missing 
data

Bias in meas-
urement of 
outcomes

Bias in selec-
tion of reported 
result

Overall

Hedge et al. 
2023, retro-
spective [48]

Low Low Low Low Low Moderate Low Low

Smithmaitrie 
et al. 2024, 
ambispective 
[49]

Low Moderate Low Low Low Moderate Low Low

Petracchi et al. 
2024, pro-
spective [50]

Low Low Low Low Low Moderate Low Low

Leifman et al. 
2024, pro-
spective [51]

Low Moderate Low Low Low Moderate Low Low

Fried et al. 
2024, ambi-
spective [52]

Low Moderate Low Low Low Moderate Low Low

Tashiro et al. 
2024, ambi-
spective [53]

Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate

Protserov et al. 
2024, ambi-
spective [55]

Low Moderate Low Low Low Moderate Low Low

Low: low risk of bias (the study is comparable to a randomised trial). Moderate: moderate risk of bias (the study provides sound evidence for a 
nonrandomised study but cannot be considered comparable to a randomised trial). Serious: serious risk of bias (the study has important prob-
lems)

Table 3   Assessment of risk of bias of the included articles based on Risk of Bias assessment-RoB-II [59]

Author, year, type 
of study

Bias due to 
randomisation 

process

Bias due to 
deviations 

from 
intended 

interventions

Bias due to 
missing 
outcome 

data

Bias in 
measurement 
of outcomes

Bias in 
selection of 

reported 
result

Overall

Wu et al., 2024, 
prospective [55]
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Finally, a further non-negligible limitation is that all the 
included studies coming from very few research groups with 
small number and possible overlapping dataset.

Conclusions

Although current studies on using AI to identify anatomical 
structures during LC are few and with considerable hetero-
geneity, AI models seem to be valuable tools to anatomical 
identification, but we are still far from real-time guidance 
to minimize the risk of BDIs and others adverse events. 
The results seem promising, but new randomized trials and 
greater standardization are needed for these AI models to 
be reproducible.
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