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Abstract 

Background Decision-making in emergency settings is inherently complex, requiring surgeons to rapidly evaluate 
various clinical, diagnostic, and environmental factors. The primary objective is to assess a patient’s risk for adverse 
outcomes while balancing diagnoses, management strategies, and available resources. Recently, indocyanine green 
(ICG) fluorescence imaging has emerged as a valuable tool to enhance surgical vision, demonstrating proven benefits 
in elective surgeries.

Aim This consensus paper provides evidence-based and expert opinion-based recommendations for the standard-
ized use of ICG fluorescence imaging in emergency settings.

Methods Using the PICO framework, the consensus coordinator identified key research areas, topics, and ques-
tions regarding the implementation of ICG fluorescence-guided surgery in emergencies. A systematic literature 
review was conducted, and evidence was evaluated using the GRADE criteria. A panel of expert surgeons reviewed 
and refined statements and recommendations through a Delphi consensus process, culminating in final approval.

Results ICG fluorescence imaging, including angiography and cholangiography, improves intraoperative decision-
making in emergency surgeries, potentially reducing procedure duration, complications, and hospital stays. Optimal 
use requires careful consideration of dosage and timing due to limited tissue penetration (5–10 mm) and vari-
able performance in patients with significant inflammation, scarring, or obesity. ICG is contraindicated in patients 
with known allergies to iodine or iodine-based contrast agents. Successful implementation depends on appropriate 
training, availability of equipment, and careful patient selection.

*Correspondence:
Belinda De Simone
desimone.belinda@gmail.com
Full list of author information is available at the end of the article
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Conclusions Advanced technologies and intraoperative navigation techniques, such as ICG fluorescence-guided 
surgery, should be prioritized in emergency surgery to improve outcomes. This technology exemplifies precision 
surgery by enhancing minimally invasive approaches and providing superior real-time evaluation of bowel viability 
and biliary structures—areas traditionally reliant on the surgeon’s visual assessment. Its adoption in emergency set-
tings requires proper training, equipment availability, and standardized protocols. Further research is needed to evalu-
ate cost-effectiveness and expand its applications in urgent surgical procedures.

Keywords Fluorescence, Angiography, Cholangiography, Emergency, Surgery, Precision, Indocyanine green, World 
society of emergency surgery, Artificial intelligence, Technology, Practice, Modern surgery

Graphical abstract

Background
Modern surgery is strengthened by research in advanced 
technologies and digital models aimed to support sur-
geons in decision-making (DM) and high-risk surgical 
procedures. In critical and time-depending situations, 
like in the emergency setting, DM process is complex and 
mainly based on the surgeon’s ability to analyze contem-
porary clinical, diagnostic and environmental variable 
data and to assess the patient’s global risk for negative 
outcomes, considering different diagnosis, managements 
and resources, with the purpose of taking the best deci-
sion for that patient in the emergency setting [1, 2].

In the operating room, the final decision to per-
form or not a surgical procedure and how, reposes on 

the surgeon’s experience and eye ability to detect ana-
tomic structures to preserve in severe inflamed surgi-
cal diseases, low blood supply bowel/intestinal segment 
and localised or generalized peritonitis, according to 
qualitative factors such as tissues coloration, bleeding, 
normal anatomy knowledge, presence or absence of 
peristalsis, pulsations at the mesentery in patients with 
fluctuant hemodynamic stability [1, 2].

Most of those parameters are neither objective nor 
reproducible, and some urgent procedures could not be 
standardized but tailored to the patient.

In the last years, fluorescence imaging has emerged 
as a useful strategy to enhance surgical vision by high-
lighting tissue which may otherwise be indistinct from 
its surroundings. The ability of a fluorophore to absorb 
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and emit light energy allows it to be easily recognized 
as compared to reflected white-light images [2, 3].

The Indocyanine Green (ICG) is one of the most fre-
quently employed Near-Infrared (NIR) fluorophores 
in clinical practice because it is water-soluble, it rapidly 
binds to plasma proteins and it is safe, having an hepatic 
clearance and a short half-life that allows multiple 
repeated uses in the same surgical procedure, with low 
adverse events and allergic reactions reported. Accord-
ingly, ICG can be injected intravenously and its presence 
in the blood flow can be visualised using a laser beam or 
a near-infrared camera as it becomes fluorescent [4, 5].

The implementation of the use of ICG fluorescence 
to guide the surgeon’s intra-operative DM showed good 
results in the identification of anatomical structures, tis-
sues vascularization and viability, tumours localisation 
and lymphatic mapping in malignant tumours in planned 
surgical procedures [6–9].

In the emergency setting, the increased use of mini-
mally invasive techniques including laparoscopy and 
robotic-assisted surgery and advanced imaging technolo-
gies for intra-operative navigation showed to allow sur-
geons to rapidly identify the optimal surgical procedure 
for the patient, decreasing operative time, postoperative 
complications and length of hospital stay [10–13].

The ICG cholangiography and angiography are the 
main applications of fluorescence imaging in emergency 
surgery. ICG cholangiography assists surgeons perform-
ing laparoscopic cholecystectomy for acute cholecystitis 
in obtaining an early identification of relevant extra-
hepatic biliary anatomy and achievement of a Critical 
View of Safety (CVS); this decreases operative time and 
biliary ducts injuries rate. On the other side, ICG angi-
ography supports surgeons managing intestinal resection 
in patients presenting with intestinal ischemia, strangu-
lated abdominal wall hernia and mechanical intestinal 
obstruction for volvulus, single band on internal hernias 
in deciding to perform a low-risk for fistula anastomosis 
[14–18].

Nevertheless, promising single experience centers 
results and case series outcomes, the implementation of 
ICG-guided surgery in the emergency setting is still low 
in clinical practice and it is not clear when and how this 
intra-operative navigation imaging technique should be 
implemented in the emergency setting to be useful, effec-
tive and safe.

To the best of our knowledge there are not available 
guidelines about the use of ICG fluorescence in the emer-
gency setting to help surgeons with a focused implemen-
tation of this technique in surgical practice.

The aim of this consensus paper is to provide evi-
dence- and experts’ opinion- based recommendations 
for the standardised use of ICG in the emergency setting, 

supporting emergency surgeons in adopting fluorescence 
imaging to guide high-risk surgical procedures, with the 
purpose of obtaining the best benefits from this practice 
for frail and critical ill patients.

Methods
In designing the ICG-guided emergency surgery consen-
sus, the coordinator of the consensus carried out a pre-
liminary systematic review of the literature to identify 
the main topics to investigate. According to the identi-
fied research topics, a cross-sectional study assessed the 
knowledge, attitudes and practices about fluorescence 
imaging in the emergency setting, among an interna-
tional group of emergency surgeons who showed high 
interest in collaborating to the Artificial Intelligence in 
Emergency and Trauma Surgery (ARIES) project [19, 20].

The cross sectional study was carried out as web-sur-
vey and reported that emergency surgeons agree with 
the assertion that ICG fluorescence imaging can assist 
surgeons in performing difficult surgical procedures in 
presence of severe inflammation and in evaluating bowel 
viability. Nevertheless, they expressed concerns regard-
ing the lack of education, low accessibility and availability 
of the technique in the emergency setting [1].

On that basis and according to PICO criteria, the 
coordinator identified research areas, main topics and 
questions correlated to the implementation of ICG fluo-
rescence-guided surgery in the emergency setting. They 
are summarised in the Table 1.

A working group of experienced emergency surgeons 
and a panel of experts in fluorescence-guided surgery 
and intra-operative navigation imaging techniques, 
was constituted to conduct a focused systematic review 
about the selected topics, using MEDLINE (via Pub-
Med), EMBASE, Google Scholar, and the Cochrane Cen-
tral Register of Controlled Trials databases, according to 
PRISMA methodology [21].

The working group was constituted by AM Gonzales 
Castillo (Spain), B. De Simone (France), F Di Maggio & 
Hajra Ashraf (UK), A Tarasconi & M Bonafede (Italy), 
F. Corradi (Italy), H. Truong (US); PANEL of EXPERTS: 
GL Baiocchi (Italy), L Boni (Italy); E. Cassinotti (Italy); N. 
De’Angelis (France); M. Diana (France); F. Catena (Italy).

Each member of the working group provided a focused 
summary of evidence and a variable number of state-
ments and recommendations according to the Grading of 
Recommendations, Assessment, Development and Eval-
uation (GRADE) method [https:// gdt. grade pro. org/ app/ 
handb ook/ handb ook. html].

The principal investigator (BDS) and coordinator of the 
consensus supervised and guided each step of literature 
searching, study selection, and the final presentation of 
evidence.

https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
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Previsional statements and recommendations were 
discussed at the WSES congress 2023, held in Pisa, 
Italy.

The provisional statements and the supporting lit-
erature were reviewed and discussed by email/call con-
ferences and modified if necessary. The first draft was 
finalised after the congress, implementing comments 
and suggestions of the audience. Controversies, state-
ments and recommendations were validated with a 
Delphi consensus of WSES experts. Preliminary State-
ments and Recommendations and Delphi voting results 
are summarized in appendix 1. Table 2 shows the final 
list of statements and recommendations as validated by 
the experts in the field.

Results
Question n.1
Which clinical scenarios and indications for the use 
of ICG fluorescence guided surgery in the emer-
gency setting to improve outcomes in urgent surgi-
cal patients?

Surgical urgent scenarios:

• Acute cholecystitis;
• Intestinal ischemia and strangulated bowel;
• Abdominal Trauma;
• Prevention of anastomotic leak after intestinal/

colon resection in the emergency setting;
• Post-bariatric surgery emergencies.

The use of ICG cholangiography in performing 
cholecystectomy for acute cholecystitis.

Statement 1
ICG cholangiography is useful to achieve an adequate 
visualization of the biliary structures during chol-
ecystectomy for acute cholecystitis, decreasing the 

operative time, conversion rate to open technique and 
negative outcomes [QoE C].

Recommendation 1
The WSES Panel of Experts recommends the use of ICG 
cholangiography that allows the correct and real-time 
visualisation of the extra-hepatic biliary tree anatomy 
during laparoscopic cholecystectomies for severe chol-
ecystitis as it can reduce the rate of bile ducts injury and 
conversion to open surgery in the emergency setting in 
selected patients, when skills and equipments are avail-
able [Strong recommendation based on a low level evi-
dence 1C].

Summary of evidence and discussion
Laparoscopic cholecystectomy (LC) is the golden stand-
ard treatment for acute cholecystitis. The rate of iatro-
genic biliary duct injuries reported in literature is around 
4% after acute cholecystitis and a significant cause of 
morbidity after LC [22–27].

Conventional intraoperative cholangiography (CC) 
was often advocated as a valid tool to visualise the biliary 
anatomy because it is faster, do not expose patient to ion-
izing radiation and can be performed and superimposed 
to conventional laparoscopic view during Calot’s triangle 
dissection.

CC disadvantages are the increased operative time and 
operating theatre occupation to perform a good dissec-
tion of gallbladder infundibulum and cystic duct; to place 
the catheter and administer the contrast; to require radi-
ological equipment and staff; to increase the risk of ionis-
ing radiation exposure in OR and costs [22, 28, 29].

ICG cholangiography showed to support surgeons in 
intra-operative decision making for difficult cholecystec-
tomy in allowing to better visualise the biliary tract and 
decreasing biliary injuries [9].

Unfortunately, the quality of available data on the use 
of ICG in the emergency setting are poor and based on 
single centers experiences and case-series [17, 30–35].

Table 1 Summary of research topics and questions for the consensus

Research topic Questions

Surgical settings Which clinical scenarios and indications for the use of ICG fluorescence guided surgery in the emergency setting 
to improve outcomes in urgent surgical patients?

Patients’ selection and safety Which patients’ factors and clinical features do influence ICG fluorescence images quality in the emergency setting?
In which patients and setting, should the ICG-guided emergency surgery be contraindicated?

Technical aspects Which protocol of administration, image acquisition and interpretation should be used in different clinical scenario 
including cholecystitis, incarcerated/stragulated hernia, intestinal ischemia and intestinal and bowel anastomosis evalu-
ation?

Cost-effectiveness What are the advantages and disadvantages, including absolute/relative contraindications, limitations and cost/effec-
tiveness of ICG implementation in emergency and trauma surgery?
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Vlek et al. have investigated in a systematic review the 
outcomes correlated to the use of near-infrared imaging 
using ICG for the visualization of the cystic duct and the 
extra-hepatic biliary tract. Nineteen studies were selected 
with a total of 772 patients. Results suggest that the use 
of the near-infrared imaging with ICG technique pro-
vides good overall visualization rates of the cystic duct, 
common bile duct, common hepatic duct and cystic duct 
junction prior to and following dissection of Calot’s tri-
angle [36].

Di Maggio et  al. [14] reported a single center experi-
ence with ICG cholangiography in performing emergency 
cholecystectomies and showed that the implementation 
of ICG cholangiography may decrease the conversion rate 
to open surgery and without any iatrogenic damage to the 
bile duct. The comparison between the ICG group and 
the standard LC group showed that operating time was 
significantly shorter in the ICG group, and post-opera-
tive length of stay was slightly higher in the standard LC 
group, although this was not statistically significant. Their 
study also showed how ICG cholangiography increased 
the confidence of the operating surgeon in perform-
ing laparoscopic emergency cholecystectomies for acute 
cholecystitis even outside the 72 h window of safety.

A single centre randomized controlled trial by She et al. 
[37] compared two groups of patients: conventional LC 
and LC with ICG cholangiography. A total of 92 patients 
were enrolled in the study (46 patients in each arm). The 
two arms of the study were comparable in all periopera-
tive parameters. Both arms had an 8.7% conversion rate 
and median operative time was 140.5  min in conven-
tional LC and 149.5  min in ICG-LC. Complication rate 
was 15.2% in the former and 10.9% in the latter and both 
had a 2.2% bile leakage rate. The median hospital stay was 
3.5d in the former and 4.0d in the latter. Authors con-
cluded that the use of ICG cholangiography did not make 
any difference in complication rate or conversion rate 
[37]. Limits of this study are the small number of patients 
enrolled, thus it may be underpowered to correctly iden-
tify a difference in bile duct injury rate. Furthermore, 
even though the difference in complications rate did not 
reach a statistic significance, the difference of approxi-
mately 5% should not be underestimated and should be 
further investigated.

Data showed that ICG cholangiography may be helpful 
in cholecystectomies for severe cholecystitis and could be 
used as an intraoperative tool providing good visualiza-
tion of the biliary structures during LC. However, future 
researches are necessary for optimization and standardi-
zation of the near-infrared ICG technique.

The use of ICG angiography in managing intestinal 
ischemia and strangulated bowel.

Statement 1.1
ICG angiography may be performed safely in the emer-
gency setting and it is a useful tool to evaluate the intes-
tinal perfusion patterns in the setting of acute intestinal 
ischemia and strangulated bowel. Case series and retro-
spective studies reported that intestinal perfusion is visu-
alized adequately in the most of cases [QoE C].

Recommandation 1.1
The WSES Panel of Experts recommends the use of ICG 
angiography to guide intra-operative decision-making 
in patients presenting with non-occlusive mesenteric 
ischemia, occlusive mesenteric ischemia and strangu-
lated bowel in order to evaluate the intestinal blood flow 
and bowel viability and accurately define resection mar-
gins and anastomosis, when it is available [Strong recom-
mendation based on a low level evidence 1C].

Summary of evidence and discussion
The intra-operative application of ICG angiography was 
reported to guide the identification of the optimal resec-
tion site and help estimate the blood supply of visceral 
anastomosis in both upper GI and colorectal surgery. The 
rationale behind the fluorescence angiography is that the 
fluorescence dye, upon systemic injection, should reach 
and highlight only vascularized areas [38].

Non-occlusive mesenteric ischemia
Non-occlusive mesenteric ischemia (NOMI) which 
can lead to multifocal and segmental intestinal necrosis 
without demonstrable occlusion in the main mesenteric 
artery, is associated with extremely high mortality rates 
[39]. NOMI is caused by severe vasoconstriction in the 
setting of peripheral hypoperfusion and clinical diagnosis 
is difficult. Surgical exploration and bowel resection are 
often required in this clinical scenario and intraoperative 
evaluation of intestinal perfusion is subjective and chal-
lenging [40, 41]

ICG angiography could be extremely helpful for the 
surgical management of NOMI. In fact, there is often a 
discrepancy between surgical surgeon’s eye assessment 
and fluorescence angiography, which may help to define 
resection margins more accurately and thus support sur-
gical decision-making [42–45].

Sheridan et al. reported [42] that the accuracy of pre-
diction of intestinal viability using clinical criteria, such 
us intestinal colour, arterial perfusion and peristalsis was 
only 57.7%. They measured tissue oxygen tension using 
miniaturised polarographic oxygen electrode in 134 seg-
ment of rats small intestine of varying degrees of ischae-
mia. Histological examination revealed that most of the 
specimens (n = 111) were potentially viable, as evidenced 
by no or minimal damage. The use of clinical criteria 
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alone correctly identified all 23 histologically compro-
mised segments. Of the 111 histologically non-compro-
mised segments, however, only 40 (36%) were felt to be 
viable using clinical parameters [42].

Karampinis et  al. [43] in a retrospective study ana-
lysed 52 patients with acute mesenteric ischemia who 
underwent surgical exploration with the use of ICG 
fluorescence angiography. Intraoperative macroscopic 
assessment of perfusion was compared with the ICG 
angiography results. In 18 cases (34.6%), ICG fluores-
cence angiography provided information that was sup-
plemental to macroscopic evaluation, but most patients 
did not survive to postoperative course. However, in six 
of those cases (11.5%), ICG angiography led to a major 
change in operative strategy resulting in a significant 
clinical benefit for those patients. For two cases ICG fluo-
rescence produced false negative results [43].

NOMI remains a problematic issue with high mortal-
ity. Urgent treatment of the underlying causes, often 
associated with extended intestinal resections to remove 
the affected tissue, is necessary to stabilise the patient. 
Despite the high mortality associated with mesenteric 
ischemia, no real progress has been made in improving 
the survival of those patients in the last decade and the 
number of clinical trials looking at innovative approaches 
in diagnostics and treatment remains limited [44, 45]. 
ICG fluorescence angiography can be performed and 
is a useful technical adjunct in evaluating for intestinal 
vascularization patterns in the setting of acute intestinal 
ischemia. ICG angiography could be performed without 
complication and intestinal perfusion is visualized ade-
quately in the most of cases [43].

Strangulated bowel and occlusive mesenteric ischemia
During surgery for strangulated bowel or occlusive mes-
enteric ischemia, the viability of the bowel or intestinal 
loops is evaluated after treatment of the strangulation or 
vascular occlusion. In case of perforation, necrosis and 
irreversible ischemia, bowel resection is required. When 
bowel viability is doubtful, deciding on bowel resection 
and its extension, or preservation, is a difficult task and 
there are no established standards for decision making. 
The colour of the bowel, the presence or absence of peri-
stalsis, the temperature of the intestine compared with 
that of the healthy part and the presence or absence of 
arterial pulsations in the mesentery are observed visu-
ally and tactilely. However, these assessment methods 
have poor sensibility and reproducibility, as reported ear-
lier [46, 47], and are limited in a laparoscopic approach. 
During laparoscopic surgery, ICG angiography and near-
infrared observation cameras enable intestinal blood flow 
evaluation [6, 48–56]. The use of ICG angiography can be 
performed also in the open approach to improve surgical 

outcomes. When resection is required, the bowel resec-
tion line can be set to the demarcation line of ICG angi-
ography; this enables safe anastomosis with maximum 
bowel preservation [15].

Ryu et al. [15] investigated whether ICG angiography 
is an effective alternative to surgeon’s palpation. They 
enrolled 38 patients who underwent emergency sur-
gery for strangulated bowel obstruction. Two groups 
were compared: (I) the ICG + group, in which ICG was 
used during laparoscopic surgery, and (II) the ICG—
group, in which palpation without ICG was used dur-
ing open surgery. Although there were fewer intestinal 
resections in the ICG + group, the rate of pathological 
necrosis of the removed specimens tended to be high, 
and there were no complications due to ineligibility in 
the intestinal preservation group. In the ICG − group, 
the demarcation line was not distinct under normal 
light observation, and bowel resection was performed 
slightly more carefully for safety.

Guerra et  al. [57] analysed 71 patients with acute 
small bowel obstruction who received surgery via a lap-
aroscopic approach. They concluded that the selective 
use of ICG angiography provides a direct, objective tool 
for assessing bowel viability and supports the surgeon 
in the intraoperative decision making. Compared with 
other methods for assessing bowel viability, ICG angi-
ography requires only a dedicated camera and can be 
done in no more than 2–3 min.

In conclusion, the utility of ICG angiography in the 
laparoscopic management of bowel strangulation or 
occlusive mesenteric ischemia is threefold. Firstly, it 
allows recognition of the need for intestinal resection 
and its precise extent. Secondly, it may widen the pro-
portion of procedures which can be completed in a min-
imally invasive fashion and finally, intra-operative FA 
may have a role in aiding the decision-making process of 
any emergency surgeon, regardless of his/her personal 
expertise. ICG is in fact a safe and reproducible adjunct 
to the usual management of bowel strangulation, both 
in a laparoscopic or open surgery setting. Its applica-
tion in selected cases provides real-time determination 
of bowel viability, however identifying rigorous objec-
tive methods for the interpretation of ICG angiography 
remains an avenue for further research [11, 58].

The use of ICG angiography in managing abdominal 
blunt and penetrating trauma.

Statement 1.2
In the trauma setting, the use of ICG in abdominal 
trauma patients undergoing surgical exploration can 
assist surgeons in assessing the bowel viability in case 



Page 10 of 35De Simone et al. World Journal of Emergency Surgery           (2025) 20:13 

of mesenteric lacerations and hematomas, and in decid-
ing to resect or preserve small bowel and to define the 
extent of the resection when necessary [QeE C].

Recommendation 1.2
The WSES Panel of Experts suggests considering the use of 
ICG angiography in the trauma setting to assess the blood 
perfusion in a high-risk intestinal segment in the presence 
of mesenteric lacerations and hematomas in order to guide 
surgeons in the decision making for the appropriate repair, 
when it is available and faisible, in hemodynamically stable 
patients. Moreover, ICG angiography is useful in properly 
assessing the viability of the anastomotic edges and in vis-
ualising ischemic intestinal segment apparently presenting 
blood supply, preventing postoperative complications and 
planned surgical second look [Moderate recommendation 
based on low level evidence 2C].

Summary of evidence and discussion
In case of abdominal trauma, ICG fluorescence could be 
used both during open or laparoscopic surgical explora-
tion. In the experience of Afifi’s group, ICG fluorescence 
was a useful instant tool in assessing and determining 
bowel perfusion in trauma patients, because it helps to 
assess the blood perfusion in a high-risk segment of the 
bowel with mesenteric lacerations, and thus, guides sur-
geon in the decision making for the appropriate repair 
[59]. Moreover, it is useful in properly assessing the via-
bility of the anastomotic edges and in visualise ischemic 
intestinal segment apparently presenting blood supply, 
preventing postoperative complications and planned sur-
gical second look [59–63].

The use of intraoperative fluorescent angiography was 
used also in war-related trauma, to evaluate tissues per-
fusion and it was reported that fluorescence angiography 
can improve the intraoperative management of patients 
presenting bowel injuries [64].

The use of ICG fluoroscopy in patients with abdomi-
nal trauma seems to be is feasible and useful [59], but the 
quality of available studies in this setting does not allow 
to make a recommendation.

ICG angiography and the prevention of anastomotic 
leak in the emergency setting.

Statement 1.3
The use of ICG fluorescence angiography may help sur-
geons in preventing anastomotic leakage, assessing vas-
cular perfusion of the intestinal anastomosis [QoE C].

Recommendation 1.3
The WSES panel of Experts recommends to consider the 
use of ICG fluorescence angiography to assess the quality 

of perfusion at the site of intestinal anastomosis to pre-
vent anastomotic leakage after emergency intestinal 
resection, when it is available [Strong recommendation 
based on low level evidence 1C].

Summary of evidence and discussion
Anastomotic leakage (AL) represents one of the most 
dreadful complications in general surgery and is associ-
ated with significant morbidity and mortality. Al etiol-
ogy is multifactorial, and hypoperfussion is a key factor 
in the pathogenesis [60–64]. Adequate vascular perfusion 
of the anastomotic site is essential to prevent it. Near 
infrared (NIR) imaging using ICG is useful for the objec-
tive assessment of vascular perfusion [65]. Often patients 
undergoing bowel resection in an acute care or emer-
gency setting have peritonitis, sepsis or septic shock, 
haemodynamic instability, and increased mortality and 
morbidity rates [66–69] when compared to elective 
resection. All these factors also impair bowel perfusion 
and are recognised as risk factors for AL.

The time required for ICG fluorescence emission was 
associated with AL at Hagiwara et al. study. Among 217 
patients, AL occurred in 21 patients. The median time 
from ICG administration to maximum fluorescence 
emission was 32 s in the AL group and 28 in the non-AL 
group (p < 0.001) [70]

Surgical intervention for hollow viscus injury are asso-
ciated with several complications. Anastomotic leakage, 
after intestinal resection, especially colo-colic or colorec-
tal anastomosis, is one of the most serious and potentially 
life-threatening post-operative complications [71, 72].

One technique commonly used to assess regional intes-
tinal vascular perfusion is subjective clinical assessment 
by the surgeon, including evaluation of the colour of the 
serosa and mucosa, bleeding at the bowel edge, pulsation 
of the mesenteric vessels, and bowel peristalsis. However, 
the accuracy of this method is limited as it is strongly 
influenced by the surgeon’s personal experience and 
other external factors [73]. In contrast, NIR-ICG is useful 
for the objective assessment of vascular perfusion. The 
use of this tool could increase the accuracy of assessment 
of vascular perfusion status and reduce complications 
compared to clinical assessment [74]. To our knowledge, 
however, there have been only case reports and rare ret-
rospective study focusing specifically on the effectiveness 
of NIR-ICG to prevent complications and anastomotic 
leakage in a setting of emergency surgery. All the studies 
currently available focus on an elective setting [75–100].

We can conclude that according to our expert opinion 
ICG use could provide potential benefits for the preven-
tion on anastomotic leakage, however multi-institutional 
randomized studies are needed to confirm this opinion.
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The use of ICG fluorescence angiography in managing 
post-bariatric surgery emergencies
In the context of emergency surgery, the use of ICG fluo-
rescence imaging has proven to be a valuable tool, par-
ticularly in post-bariatric surgery complications such as 
leaks and tissue ischemia. Studies have shown that ICG 
fluorescence can improve intraoperative decision-mak-
ing by allowing real-time visualization of tissue perfu-
sion, which is critical in identifying ischemic areas and 
preventing anastomotic leaks. Di Furia et al. [101] dem-
onstrated the utility of ICG during laparoscopic sleeve 
gastrectomy, showing its role in reducing the risk of 
complications by ensuring adequate blood flow to gas-
tric tissues. Similarly, Pavone et al. [102] highlighted the 
importance of ICG in leak testing during both sleeve gas-
trectomy and Roux-en-Y gastric bypass, suggesting that 
its application could reduce postoperative leaks, a major 
cause of morbidity.

Furthermore, Frattini et al. [103] emphasized the poten-
tial of ICG fluorescence in providing real-time feedback 
on tissue viability during bariatric surgery, offering sur-
geons an additional layer of safety. Billy & Jones [104] also 
noted the advantages of using ICG to assess bowel perfu-
sion during primary and revisional bariatric procedures, 
aiding in the identification of ischemic tissues that may 
otherwise go unnoticed with traditional methods. These 
findings suggest that the integration of ICG fluorescence 
imaging into emergency bariatric surgery protocols could 
significantly enhance patient outcomes by providing sur-
geons with critical information to prevent life-threatening 
complications such as leaks and ischemia.

In the emergency setting, where time and accuracy 
are of the essence, ICG fluorescence imaging offers a 
non-invasive, quick, and reliable method to assess tissue 
viability. This could be particularly beneficial in the man-
agement of post-bariatric complications, aligning with 
the broader trend toward incorporating advanced imag-
ing technologies to improve surgical outcomes.

Question 2
Which patients’ factors and clinical features do influ-
ence the quality of ICG fluorescence imaging in the 
emergency setting?

In which patients and settings, should the ICG-guided 
emergency surgery be contraindicated?

Statement 2.1
The Indocyanine green (ICG) contrast is safe and no 
major adverse events from its use has been reported in 
the literature for abdominal surgery [QoE C].

Statement 2.2
The administration of ICG fluorophore is contraindicated 
in patients with previous adverse events or proven allergy 
to iodine-based contrast media [QoE C].

Statement 2.3
The administration of ICG solution in pregnant patients 
is not absolutely controindicated in the absence of clear 
evidence of teratogenic effects. [QoE C].

Statement 2.4
The administration of inotropes to manage patient’s 
hemodynamic instability seems not to contraindicate the 
use of ICG fluorescence imaging [QoE D].

Statement 2.5
ICG fluorophore has hepatic clearance, therefore image 
quality can be affected by the patient’s hepatic blood 
flow and function. No relevant studies have specifically 
assessed this phenomenon [QoE D].

Statement 2.6
Studies indicate that BMI > 25 kg/m2 and cholecystitis can 
reduce biliary structure visibility in ICG-NIR cholangio-
graphy, especially for deeper structures such as the com-
mon hepatic duct because of tissues thickness (> = 3 mm) 
[QoE C].

Recommendations 2a
The WSES Panel of Experts recommends evaluating the 
use of ICG fluorescence angiography and cholangio-
graphy on a case-by-case basis in high-risk emergency 
surgical procedures. This recommendation considers 
the very low risk of adverse reactions against the poten-
tial negative outcomes and postoperative complications 
[Strong recommendation based on low level evidence 
1C].

Recommendation 2b
The WSES Panel of Experts suggests that the hemody-
namic status should be the main clinical factor to con-
sider when deciding to perform an intestinal resection 
and anastomosis in case of acute intestinal ischemia and 
strangulated hernias. In any condition in which the tis-
sues are very thick due to edema and obesity, the fluo-
rescence intensity can be reduced. However, the ICG 
angiography and cholangiography are valid tools to sup-
port the surgeon’s decision in the emergency setting and 
should be used if they are available [Moderate recom-
mendation based on a low and very low level evidence 
2C].
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Summary of evidence and discussion
Safety issues and contraindications of ICG fluores-
cence administration in the emergency setting.

Intravenous administration of indocyanine green 
(ICG) is non-toxic, with a rapid onset of action that 
allows surgeons to obtain real-time information. ICG 
is a water-soluble anionic tricarbocyanine that, after 
intravenous injection, binds to albumin without alter-
ing the protein structure. It is primarily cleared by the 
liver, with almost complete excretion in the bile within 
approximately 8 min in patients with normal liver func-
tion. Toxicity is very low, with adverse effects reported 
in only 1 out of 40,000 cases. The standard clinical dose 
(0.1–0.5 mg/ml/kg) is well below the toxicity threshold. 
However, the presence of iodine in the ICG molecule 
contraindicates its use in patients with thyrotoxicosis 
or iodine allergies (due to non-immunological hista-
mine release) [104, 105].

While ICG is primarily excreted by the liver, impaired 
renal function can indirectly affect fluorescence imag-
ing. Conditions such as edema or fluid overload, com-
mon in patients with kidney disease, may influence 
tissue perfusion and consequently impact the quality 
of fluorescence imaging. Current data suggest that ICG 
can be safely administered to elderly patients, those 
with impaired liver function, patients on inotropes, and 
those with reduced renal function in emergency set-
tings [105–107].

Regarding paediatric and pregnant patients, all the 
studies currently available focus on an elective sur-
gery [108, 109]. A systematic review indicated that ICG 
appears safe for infants under three months, with no seri-
ous complications or adverse events reported [110]. Two 
studies noted temporary side effects, such as dye reten-
tion or skin discoloration, which resolved within weeks 
[111, 112].

There is no evidence of risks to mothers or fetuses, and 
ICG is not contraindicated during pregnancy, as it does 
not cross the placenta significantly [113] Wang et al. car-
ried out a systematic review of the literature and con-
cluded that ICG’s transplacental transfer is minimal and 
is probably medicine-mediated, like rifampin. The pla-
centa is an effective protective barrier to ICG’s distribu-
tion into the fetus [103].

The incidence of serious adverse reactions, including 
anaphylactic responses to ICG, is reported to be less than 
0.05%, indicating a high level of safety. However, because 
ICG contains traces of iodine, it may be contraindicated 
in patients with known allergies to iodides, such as those 
found in CT contrast agents [114, 115].

A prospective study involving 1,414 endometrial can-
cer patients who received ICG for sentinel lymph node 

(SLN) mapping showed that despite 65 patients having 
iodine or contrast allergies, only 3 experienced allergic 
reactions, none of which were anaphylactic or attribut-
able to ICG [116].

Patients factors and clinical features influencing flu-
orescence imaging quality in the emergency setting.

-Hepatic Function
Liver function is crucial in the metabolism and clear-

ance of ICG. Patients with impaired liver function, such 
as those with cirrhosis or acute liver failure, may exhibit 
altered ICG pharmacokinetics, resulting in prolonged 
fluorescence or reduced signal intensity. This can compli-
cate the timing of image acquisition and the interpreta-
tion of fluorescence signals during surgery[117].

ICG clearance is a dynamic liver function test that 
relies upon non-invasive pulse dye densitometry (PDD) 
devices able to measure ICG concentrations. ICG extrac-
tion from the blood occurs almost exclusively by the 
liver and it is excreted unchanged and almost completely 
(97%) into the bile in a non-conjugated form, follow-
ing a two-compartmental model (excretion from the 
peripheral and not from the central compartment). The 
absence of metabolism and of enterohepatic recircula-
tion supports the correlation between ICG elimination 
kinetics and liver function. Sinusoidal uptake (relevant 
in humans) and canalicular excretion are the two main 
processes involved in ICG hepatic clearance [118]. ICG 
clearance, expressed as ICG plasma disappearance rate 
(ICGPDR)  or retention rate at 15 min (ICGR15), corre-
lates with liver function and is useful in planning major 
liver resections.  It is reasonable to assert that patients 
with impaired liver function will have pathological ICG-
PDR and ICGR15 but how they will affect fluorescence 
imaging have guiding surgery not been assessed spe-
cifically. However, in critically ill patients with hyperdy-
namic conditions like septic shock, ICGPDR might not 
accurately reflect biliary ICG excretion [119, 120].

-Body Mass Index (BMI)
Obesity significantly affects fluorescence imaging 

quality. Higher BMI leads to increased tissue thickness, 
diminishing fluorescence signal penetration and reduc-
ing image clarity. In obese patients, light absorption and 
scattering by adipose tissue can obscure target structures, 
leading to suboptimal imaging outcomes. Early studies 
have shown that BMI affects sentinel lymph node visuali-
zation with ICG during elective procedures in breast and 
cervical cancer [121, 122]

The success rate of Sentinel lymph node (SLN) detec-
tion decreases with increasing BMI, but ICG and near-
infrared (NIR) fluorescence imaging, and the experience 
of the surgeon and the accuracy of his dissection, may 
improve outcomes [122, 123].
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ICG cholangiography’s major limitation is its restricted 
tissue penetration (5–10 mm), making it less effective for 
visualizing deeply located bile ducts during laparoscopic 
cholecystectomy (LC), particularly in obese patients or 
those with peritoneal scarring from inflammation [124, 
125].

In cases of severe cholecystitis or obesity, ICG-NIR 
fluorescence cholangiography may fail to reveal the 
entire extrahepatic bile duct anatomy before dissection 
of Calot’s triangle [126].The light emitted may not pen-
etrate through the tissues of patients with thick perito-
neal fat or patients with peritoneal scarring secondary 
to inflammation.

Studies indicate that BMI > 25  kg/m2 reduces biliary 
structure visibility in ICG-NIR cholangiography, espe-
cially for deeper structures like the common hepatic 
duct [127, 128]. Cholecystitis may further impair fluo-
rescence imaging, although NIR fluorescence can still 
be beneficial in highly inflamed gallbladders [34].

Liu et al. report a significant difference in visibility of 
the cystic duct with NIRF compared to white light in 
patients with cholecystitis [129]. This is an indication 
that NIRF imaging might be more helpful in cholecysti-
tis patients. No difference in complications due to NIRF 
imaging was reported between patients with and with-
out cholecystitis.

-Age and Comorbidities
Elderly patients and those with multiple comorbidi-

ties pose additional challenges in fluorescence imag-
ing. Age-related changes in tissue composition, such as 
increased collagen and decreased elasticity, can affect 
light penetration and fluorescence intensity. Comorbid-
ities such as diabetes, peripheral vascular disease, and 
previous surgeries may also impact tissue perfusion and 
imaging outcomes.

Atherosclerosis, characterized by plaque buildup in 
arteries, could influence ICG imaging by altering blood 
flow and potentially increasing signal emission due to 
higher ICG concentration at plaque sites. In animal 
model, it was demonstrated that ICG targets lipid-rich 
and macrophage-rich atheromas. At clinically accept-
able injection doses, ICG enables rapid (< 20 min) 
intravascular  in vivo  detection of lipid-rich, inflamed 
experimental atheroma in blood-filled arteries of rab-
bits, similar in caliber (2.5–3.5 mm diameter) to human 
coronary arteries [130]. From these data we could 
deduce that the presence of plaques increases the con-
centration of ICG with an increased signal emission but 
it has to be confined by further experimental studies.

However, further studies are needed to confirm this 
effect. Notably, the underlying severity of atherosclero-
sis in splanchnic organs does not appear to significantly 

affect ICG angiography for kidney allograft microper-
fusion assessment [131].

These findings suggest that patient characteristics 
and clinical features should be taken into considera-
tion when using ICG NIR fluorescent imaging. How-
ever, further research is needed to fully understand the 
potential benefits and limitations of using ICG in emer-
gency surgery settings.

-Fluorescence imaging and hemodynamic status of 
the patient

Hemodynamic stability is crucial for optimal fluores-
cence imaging. In patients with shock or severe hypoten-
sion, reduced perfusion can lead to delayed or inadequate 
delivery of ICG to target tissues, resulting in poor fluo-
rescence signals. Conversely, in hyperdynamic states, 
rapid circulation may cause quick clearance of the dye, 
reducing the window for optimal imaging.

The real-time evaluation of fluorescence imaging is 
qualitative, with (low or high) intensity considered as a 
static measure unit. The ICG diffusion over time refers 
to the process by which ICG spreads within a tissue over 
a specific period and it is based on a quantitative evalu-
ation of fluorescence imaging. This parameter allows a 
precise evaluation of the perfusion which is a dynamic 
phenomenon to be evaluated over time.

Fluorescence-based enhanced reality (FLER) is a com-
puter-based quantification method of fluorescence angi-
ographies to evaluate bowel perfusion, developed as a 
dynamic fluorescence videography technique, which 
integrates near-infrared endoscopy and specific software 
called Dynamic fluorescence Angiography [132, 133].

D’Urso et  al. [132] conducted a prospective study to 
assess the clinical feasibility of FLER and its correla-
tion with metabolic markers of perfusion, such as lac-
tate levels, during colorectal resections. They found that 
the native, unquantified fluorescent signal extended 
to ischemic areas distally, while proximally, ICG dif-
fusion was lower. Among 22 patients (17 with diver-
ticulitis and 3 with colorectal cancers), 5 experienced 
anastomotic complications. Expected local capillary 
lactate levels were significantly correlated with meas-
ured values both proximally (rho = 0.89; p = 0.0006) and 
distally (rho = 0.73; p = 0.0021). FLER values also corre-
lated with the acceptor control ratio (ACR), a measure 
of mitochondrial efficiency, at both proximal (rho = 0.76; 
p = 0.04) and ischemic sites (rho = 0.71; p = 0.01). In com-
plicated cases, proximal resection site lactate levels were 
higher (p = 0.008), and ACR was reduced (p = 0.023). This 
suggests that FLER is correlated with local capillary lac-
tate levels [132].

Al-Taher et al. [133] conducted an experimental study 
to examine the effect of intraoperative vasopressor use 
on ICG fluorescence angiography. In porcine models, 
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they measured time-to-peak (TTP) fluorescence inten-
sity, absolute fluorescence intensity, and local capillary 
lactate levels across three increasing doses of norepi-
nephrine. While there was no significant difference in 
TTP, both mean and maximum absolute fluorescence 
intensity were significantly different from baseline, 
though local capillary lactate levels showed no signifi-
cant change. This suggests that increasing norepineph-
rine doses do not significantly impact bowel perfusion 
as measured by ICG fluorescence angiography [133].

On the other hand, qualitative ICG fluorescence tech-
niques do not assess venous return or tissue washout 
speed. Once vessels and tissues are enhanced, the fluo-
rescence lasts about 5  min until the liver excretes ICG 
into bile. Fluorescence intensity in the perfusion area 
peaks within 60  s of ICG administration and then pla-
teaus, though capillary diffusion may cause fluorescence 
in ischemic areas over time. Laser speckle contrast imag-
ing (LSCI) is a non-invasive imaging technique for visual-
izing blood flow dynamics. It uses laser speckle patterns 
to produce real-time, high-resolution images of blood 
flow by analyzing the fluctuations in these patterns. 
Unlike ICG, LSCI allows for near-real-time detection of 
blood flow without the need for fluorophore injection. 
Combining LSCI with ICG fluorescence significantly 
enhances the precision and accuracy of perfusion detec-
tion in tissues [134].

This imaging modality is particularly valuable for stud-
ying microvascular perfusion in various physiological and 
pathological conditions, such as assessing tissue viability, 
monitoring wound healing, and investigating diseases 
affecting blood flow regulation. LSCI offers advantages 
such as non-contact imaging, rapid acquisition, and 
quantitative assessment of blood flow dynamics [135]. 
Nwaiwu et al. demonstrated that unlike ICG, LSCI per-
fusion detection was real time (latency < 150 ms: p < 0.01), 
repeatable and on-demand without fluorophore injec-
tion. Combining LSCI for near real-time blood flow 
detection with ICG fluorescence for blood volume detec-
tion significantly improves precision and accuracy of 
perfusion detection in tissue locations over time, in real 
time, and repeatably on-demand than ICG alone [135].

In an animal study, von Kroge et al. used ICG fluores-
cence imaging to evaluate the impact of hypervolemia 
and nitroglycerine on gastric tube microperfusion [136]. 
The study found that hypervolemia and continuous nitro-
glycerine application impaired microperfusion, as meas-
ured by Slope of Fluorescence Intensity (SFI) and other 
fluorescence parameters. In contrast, norepinephrine 
administration showed no significant influence on bowel 
perfusion. These findings support clinical practices that 
emphasize restrictive volume and catecholamine admin-
istration during major surgery to avoid hypervolemia.

An evaluation and valid quantification of GI microp-
erfusion using ICG fluorescence imaging is possible by 
determining SFI and BSFI (Background-Subtracted Peak 
Fluorescence Intensity). By these applications the small-
est differences in microperfusion could be sufficiently 
predicted, which could not be represented by the MAP 
measurements.

Finally, the impact of tissue oxygenation on ICG fluo-
rescence angiography remains unclear. A study by Soares 
et  al. investigated the correlation between fluorescence 
intensity and colonic tissue oxygen saturation. They 
reported a strong positive correlation between ICG fluo-
rescence and tissue oxygen saturation, a key factor in the 
healing process of anastomotic tissue [137].

In conclusion, In clinical practice, ICG fluorescence 
images are currently assessed by qualitative methods 
based on the surgeon’s eye experience. The hepatic ICG 
metabolism, cardiac output, microangiopathy, BMI, and 
edema-thick and deep tissues, such as in severe inflamed 
acute cholecystitis, were reported as risk factors for 
variations in fluorescence intensity and images qual-
ity, according to the quantitative method of assessment. 
Moreover, microvascular blood flow is influenced by 
the patient’s general condition during the perioperative 
period. Low blood pressure, poor respiratory condition, 
or the use of vasopressor drugs may have a deleterious 
influence on the tissues perfusion.

Question n.3
Which protocol of administration, image acquisition 
and interpretation should be used in different urgent 
clinical scenarios including cholecystitis, incarcer-
ated/stragulated hernia, intestinal ischemia, and 
intestinal and bowel anastomosis evaluation?

• ICG fluorescence cholangiography

Recommendations 3.1
Timing of administration
The WSES panel of Experts recommends the intrave-
nous administration of ICG at the induction of general 
anesthesia in the emergency setting. The ICG local gall-
bladder administration is an intraoperative option and it 
requires that the ICG is administrated during the proce-
dure before the dissection of the gallbladder [Strong rec-
ommendation based on low quality evidence 1C].

Dose of administration
The WSES Panel of Experts recommends the admin-
istration of 5  mg of ICG in a single IV dose when per-
forming a fluorescent cholangiography. Additional doses 
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may improve visibility in obese patients presenting an 
inflamed cholecystitis but they should not be above the 
maximum dose of 2  mg/kg. In cases of local adminis-
tration of ICG, it is reported to administrate 2.5  mg/
ml with a dilution of 9 mL of bile mixed with 1 mL of a 
preparation of ICG and sterile water at a concentration of 
0.25 mg/mL, directly in the gallbladder, before dissection 
(ICG concentration = 0.025 mg/mL) [Strong recommen-
dation based on low quality evidence 1C].

Dilution of ICG
The WSES panel of experts recommends to dilute ICG 
with sterile water when performing fluorescent cholan-
giography, although a few authors use albumin or saline 
solution [Strong recommendation based on low quality 
evidence 1C].

Administration route
The WSES Panel of Experts recommends to consider 
either the intravenous or intra-gallbladder administra-
tion of IGC in performing fluorescent cholangiography, 
always weighing the limitations of the chosen injection 
point in each scenario [Strong recommendation based on 
low quality evidence 1C].

Timing of image acquisition
The WSES Panel of Experts recommends the acquisition 
time of ICG fluorescence images before starting gallblad-
der dissection, during Calot’s Triangle dissection and 
before clipping any structure, although, anytime that the 
surgeons need it [Strong recommendation based on low 
quality evidence 1C].

Quantitative and qualitative interpretation of ICG 
fluorescence cholangiography
The WSES Panel of Experts acknowledges the potential 
benefits of developing quantitative and qualitative meth-
ods for the assessment of ICG fluorescence cholangio-
graphy. However, given the current lack of robust data, 
no formal recommendation can be made. Future research 
should focus on establishing standardized protocols for 
the objective interpretation of ICG fluorescence images, 
which could improve the accuracy and utility of this tech-
nique in different surgical settings.

IGC fluorescence angiography in the evaluation of 
bowel viability

Recommendations 3.2
Timing of administration
The WSES Panel of Experts recommends the adminis-
tration of ICG a few minutes (1–2 min) before imaging 
acquisition, preferably before surgical resection when 

performing fluorescent angiography. The exact timing 
depends on several factors, including the patient’s hemo-
dynamic status, the type of tissue being evaluated, and 
the specific clinical scenario.

[Strong recommendation based on low quality evi-
dence. 1C].

Dose of administration
The WSES Panel of Experts recommends the administra-
tion of ICG as bolus of 5mg in a single intravenous dose 
when performing fluorescence angiography. Care must 
be taken not to exceed the maximum recommended dose 
of 2mg/kg or as a weight-adjusted dose ranging from 0.1 
mg/kg to 0.5 mg/kg. Dosing adjustments may be neces-
sary depending on the patient’s weight, clinical condition 
and disease, and specific imaging objectives [Strong rec-
ommendation based on low quality evidence. 1C].

Dilution of ICG
The WSES Panel of Experts recommends the dilution of 
ICG dose in Sterile Water, although some authors reported 
the use of albumin or saline solution for dilution [Strong 
recommendation based on low quality evidence. 1C].

Route of administration
The WSES Panel of Experts recommends considering 
intravenous administration when performing an ICG 
angiography, either through a peripheral or central cathe-
ter infusion [Strong recommendation based on low qual-
ity evidence. 1C].

Timing of image acquisition
The WSES Panel of Experts suggests to consider the ICG 
fluorescence images acquisition in performing fluores-
cent angiography in the time frame ranging from 30 s 
(± 19 s) to 3 min as fluorescence typically appears within 
seconds and peaks within 1 to 2 min after IV adminis-
tration, providing an optimal window for assessing tissue 
perfusion, before deciding to resect [Moderate recom-
mendation based on low quality evidence. 2C].

Quantitative and qualitative interpretation in the dif-
ferent clinical scenarios (acute mesenteric ischemia, 
bowel obstruction, incarcerated hernia and bowel 
anastomosis).

The WSES Panel of Experts acknowledges that the cur-
rent interpretation of ICG fluorescence in clinical scenar-
ios such as acute mesenteric ischemia, bowel obstruction, 
incarcerated hernia, and bowel anastomosis is predomi-
nantly qualitative, relying heavily on the surgeon’s visual 
assessment and experience. While this qualitative approach 
has been valuable in guiding intraoperative decisions, it is 
inherently subjective and may vary between practitioners.
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Given the emerging potential of quantitative methods, 
the Panel recommends further research and develop-
ment in this area to establish standardized protocols for 
the quantitative interpretation of ICG fluorescence in the 
emergency setting.

Summary of evidence and discussion
Technical tips for practice
The intensity of the ICG fluorescence signal depends 
on several factors, including the device used, the dis-
tance from the tip of the laparoscope to its target and 
the amount of covering tissue.

Kono et  al. showed a decrease by 50% of the fluo-
rescence signal when the distance between the lapa-
roscope and the target increased from 5 to 15  cm. 
Furthermore, the tip of the laparoscope should be held 
vertically, 90-degree angle to the target, to Calot’s tri-
angle, to directly irradiate exciting light on the bile 
ducts and efficiently obtain fluorescence signals. When 
a 30-degree laparoscope was used, this needed to be 
held at 120 degrees to obtain the highest fluorescence 
intensity [126].

In emergency settings, where equipment may vary, 
these factors can lead to variability in imaging quality. The 
surgeon’s knowledge and experience with fluorescence 

imaging technology plays a role in achieving optimal 
results. The surgeon must be aware that for optimal fluo-
rescence signal temporarily adjusting of the distance and 
position of the laparoscope may be necessary.

Crucial factors to consider in performing an effective 
ICG fluorescence imaging are:

-The timing of ICG administration: administering ICG 
too early or too late relative to the surgical procedure can 
lead to suboptimal visualization. In emergency settings, 
the timing must be carefully coordinated to ensure that 
fluorescence peaks at the time of image acquisition;

-The dose of ICG and its dilution: underdosing may 
result in weak fluorescence signals, while overdosing can 
lead to excessive background fluorescence, making it dif-
ficult to distinguish target structures. The dilution of ICG 
should be optimized based on the specific clinical sce-
nario and patient factors.

Tables 3 and 4 summarise the main steps of perform-
ing an effective ICG fluorescence cholangiography and 
angiography.

The ICG Fluorescent Cholangiography in the emer-
gency setting: when and how to perform it.

ICG fluorescent cholangiography is considered safe, as 
it does not involve radiation and carries a very low risk 

Table 3 A step-by-step WSES protocol for performing an effective ICG Fluorescent Cholangiography in the Emergency Setting

Step Details

1. Dilution of ICG Preparation: Reconstitute a 25 mg vial of ICG with 10 mL of sterile water or normal saline to create a solution with a con-
centration of 2.5 mg/mL

Mixing: Thoroughly mix the solution to achieve a consistent concentration. Protect it from light to prevent degradation

2. Dose of Administration Recommended Dose: Administer ICG at 0.2 to 0.5 mg/kg body weight

Standard Protocol: Typically, 10–25 mg of ICG is administered for an average adult, depending on the patient’s weight 
and surgical scenario. Cholecystitis and obesity are risk factors for deacresed fluorescence intensity imaging

3. Timing of Administration Timing Before Surgery: Inject ICG intravenously ~ 45 min before imaging or surgery to allow absorption by the liver 
and excretion into bile ducts

Emergency Adjustments: In emergencies, the time can be shortened to 30 min, potentially affecting fluorescence 
intensity

4. Injection Point Intravenous Injection: Inject ICG intravenously, preferably through a central line or large peripheral vein, to ensure rapid 
distribution

5. Time Acquisition of Images Imaging Window: Start near-infrared (NIR) fluorescence imaging 45 min after ICG administration for optimal biliary tree 
visualization, not less than 20 min after the administration of ICG

Real-Time Imaging: Perform intraoperative imaging in real-time to dynamically assess biliary anatomy during dissection

6.Interpretation Qualitative Interpretation:

- Visualization of Anatomy: Bright fluorescence should outline biliary structures (cystic duct, common bile duct, hepatic 
ducts)

- Anomalies: Absence or poor fluorescence may indicate biliary obstruction, inadequate timing and dose, or imaging 
equipment issues

Quantitative Interpretation:

- Fluorescence Intensity: Measure the intensity of fluorescence in bile ducts; lower intensity may indicate reduced liver 
function or incomplete excretion

- Flow Assessment: Dynamic imaging allows for bile flow assessment, with quantitative measures potentially correlating 
with obstruction severity
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of adverse reactions to the ICG injection (approximately 
0.003% at doses exceeding 0.5 mg/kg). This technique 
can also be safely used in patients with mild iodine aller-
gies, where radiographic intraoperative cholangiography 
(IOC) is contraindicated. The reason is that the amount 
of iodine in ICG, used as a stabilizing agent, is extremely 
small (less than 0.1 mg/mL) compared to the much 
higher concentration found in radio-contrast agents (50–
300 mg/mL) [5, 138].

Losurdo et  al. conducted [139] a retrospective cohort 
study comparing patients undergone LC in the emer-
gency setting with and without ICG cholangiography 
intraoperative use and showed that the use of ICG chol-
angiography decreases the operation time (p value 0.002). 
The overall rate of intra- and post- operative complica-
tions was 4.17% in the ICG group and 15.8% in non ICG 
group. Post-operative biliary duct injury trend decreases 
in ICG group and after the homogenization of the 2 
cohorts (patients presenting cholangitis and cholecysti-
tis), the intra- and post- operative complications (includ-
ing vascular and biliary duct injury) results changed 
with a highest rate of complication in the cohort with 
no-ICG administration. The use of NIFC demonstrated a 

protective effect against intra- and post- operative com-
plications and biliary duct injury (HR 0.037, p value 0.337 
and HR 0.039, p value 0.647; HR 0.288; p value 0.05 and 
HR 0.635; p value 0.687, respectively) [139].

Dose, time interval, and the administration route of 
ICG are the three key factors that affect the cholangio-
graphic effect during LC [140–142].

Timing of administration
The "bile duct-to-liver ratio" (BLR) refers to the compari-
son between the fluorescence intensity of the bile duct 
and the surrounding liver tissue during imaging proce-
dures, such as ICG fluorescent cholangiography. This 
ratio is used to assess the relative brightness of the bile 
duct in comparison to the liver, helping to enhance the 
visibility of the bile duct and differentiate it from the sur-
rounding liver tissue. A higher BLR indicates that the bile 
duct is more distinctly visible against the background of 
the liver, which can improve the accuracy of identifying 
the bile duct during surgery [142, 143]

The optimal time to achieve a BLR greater than 1 is 
still unclear, as an elevated background liver signal can 
obscure accurate visualization of the biliary anatomy. The 

Table 4 A step-by-step WSES protocol for performing an effective ICG Fluorescent Angiography in the Emergency Setting

Step Description

1. Dilution of ICG Preparation: Reconstitute the ICG vial with sterile water or normal saline according to the manufacturer’s instructions 
to achieve the desired concentration

Mixing: Ensure the solution is thoroughly mixed for consistent concentration. Protect the solution from light to prevent 
degradation

2. Dose of Administration Recommended Dose: Administer ICG at a dose of 0.2 to 0.5 mg/kg body weight

Standard Protocol: Typically translates to 10–25 mg of ICG for an average adult, adjusted based on weight and the clini-
cal scenario

3. Timing of Administration Timing Before Imaging: Inject ICG intravenously 30 s to 2 min before imaging, as fluorescence appears rapidly post-
injection

Emergency Adjustments: Administer ICG as early as possible in critical situations, adjusting timing based on the urgency 
of the clinical situation

4. Injection Point Intravenous Injection: Administer ICG through an intravenous line, preferably via a central line or large peripheral vein 
for rapid distribution

5. Time Acquisition of Images Imaging Window: Begin acquiring images immediately after ICG administration, as fluorescence peaks within 1 to 2 min, 
providing optimal visualization

Real-Time Imaging: Perform real-time intraoperative imaging to assess tissue perfusion dynamically during the proce-
dure

6. Interpretation Qualitative Interpretation:

- Visualization of Perfusion: Successful ICG angiography shows bright fluorescence in well-perfused tissues, helping 
to identify viable areas

- Anomalies: Areas with reduced or absent fluorescence suggest compromised blood flow, requiring further evaluation 
or immediate intervention

Quantitative Interpretation:

- Fluorescence Intensity Measurement: Quantify fluorescence intensity to objectively assess tissue perfusion. Lower 
intensity may indicate ischemia

- Time-to-Peak Fluorescence: Measure the time taken for fluorescence to peak post-injection. Prolonged times suggest 
compromised perfusion
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timing of ICG administration varies widely, with descrip-
tions ranging from 25  h to 5  min before surgery when 
injected intravenously, and during surgery when admin-
istered locally in the gallbladder.

Verbeek et  al. [143] reported that ICG administration 
24 h prior to surgery results in a significantly better sig-
nal to background ratio, due to a lesser fluorescent signal 
coming from the liver.

A recent study from the European Fluorescence Image-
Guided Surgery (FIGS) registry highlighted significant 
disparities in ICG dosing practices [144].

Boogerd et al. reviewed available clinical trials on this 
topic and found that the highest bile duct-to-liver ratio 
was achieved 3–7 h after administering 5 mg of ICG and 
5–25  h after administering 10 mg. Up to 3 h after a 5 
mg dose and up to 5 h after a 10 mg dose, the liver was 
equally or more fluorescent than the cystic duct, result-
ing in a ratio ≤ 1.0 [140]

Zarrinpar et  al. [140] conducted a prospective cohort 
study with 37 patients and showed that visualization of 
the extrahepatic biliary tract improved with increasing 
doses of ICG, with qualitative scores rising from 1.9 ± 1.2 
(out of 5) with a 0.02-mg/kg dose to 3.4 ± 1.3 with a 0.25-
mg/kg dose (P < 0.05 for 0.02 vs 0.25 mg/kg). Visualiza-
tion also significantly improved with increased time after 
ICG administration (1.1 ± 0.3 for 10 min vs 3.4 ± 1.1 for 45 
min, P < 0.01). These findings suggest that a dose of 0.25 
mg/kg, administered at least 45 min before visualization, 
facilitates intraoperative anatomical identification. This 
dosage and timing are practical, safe, and effective for 
identifying extrahepatic biliary anatomy using near-infra-
red fluorescence cholangiography (NIRFC) [141].

Timing appears to be even more critical than dosage, 
based on data from the EURO-FIGS registry. The study 
found that the optimal time for ICG administration was 
6  h before intraoperative visualization [144]. However, 
this timing is impractical in emergency cases where sur-
gery cannot be scheduled.

Pesce et  al. reported that in their experience, admin-
istering ICG 45–60 min before surgery is logistically 
optimal and effectively identifies the extrahepatic biliary 
ducts in most patients [31].

In conclusion, administration closer to the time of sur-
gery can result in a more prominent background signal 
from the liver. Therefore, administration as early as pos-
sible (but not earlier than 24 h) should be considered.

The direct injection of ICG into the gallbladder is a 
technique where there is no background signal in the 
liver. Liu et al. [130] were the first to describe this tech-
nique in a porcine model, proving the viability and effec-
tiveness of this technique to achieve an adequate CVS.

Škrabec et  al. [145] conducted large study investigat-
ing the local ICG injection and showed that the timing 

of ICG injection is irrelevant, therefore ICG can be used 
any time is needed in the presence of a non-perforated 
gallbladder [31].

Dose of administration
The usual doses of ICG which have been used for dilu-
tion curves are as follows:

Adults—5 mg.
Children—2.5 mg.
Infants—1.25 mg.

These doses of the dye are usually injected in a 1-mL 
volume. The total dose of dye injected should be kept 
below 2  mg/kg (http:// www. drugs. com/ pro/ indoc 
yanine- green. html).

ICG dye can be administered as bolus or as a weight-
adjusted dose ranging from 0.1 to 0.5  mg/kg or single 
dose from 2.5 to 15 mg. Applying a weight-adjusted dose 
seems preferable over a fixed dose [140].

Zarrinpar et  al. [140] conducted a prospective study 
with systematic variation of dosing and timing from 
injection of ICG to visualization. In 37 patients, doses 
were given varying between 0.02 and 0.25 mg/kg at 3 dif-
ferent timing (10 min vs. 45 min vs. 3 h). The best BLR 
was obtained with 0.25 mg/kg of ICG, administered at 
least 45 min before the images were acquired [140]. With 
increasing dose, the visualization of the extrahepatic bil-
iary tract improved as well as with increased time after 
ICG administration.

Boogerd et  al. [141] compared a dose of 5 and 10 mg 
and advise to use the lower dose of 5 mg.

Chen Q et al. [145] demonstrated that the best effect of 
fluorescent cholangiography could be achieved by inject-
ing 10 mg of ICG 10 to 12 h prior to surgery, but it is not 
suitable for emergency surgical procedures.

Due to its simplicity and reproducibility, the adminis-
tration of a 2.5 mg dose 2–6 h before the procedure is the 
optimal practice largely accepted. However, ICG admin-
istered 30 min prior to the surgery is enough for adequate 
visualization of biliary structures [146].

Liu et al. [147]conducted a randomized controlled clin-
ical trial to establish the effective ICG dose in real‐time 
fluorescent cholangiography during LC with a 4K fluores-
cent system. They compared 4 different doses of ICG (1, 
10, 25, and 100 μg) administered intravenously within 30 
min preoperatively and evaluated the fluorescence inten-
sity (FI) of the common bile duct and liver background 
and the BLR of the FI at three timepoints: before surgi-
cal dissection of the cystohepatic triangle, before clip-
ping the cystic duct, and before closure. With increasing 
ICG doses, the FIs in the liver background and bile duct 
gradually increased at the three timepoints. The BLR, 

http://www.drugs.com/pro/indocyanine-green.html
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however, showed no increasing trend with an increasing 
ICG dose. A relatively high BLR on average was found in 
the group of patients treated with 10μg ICG dose, with-
out a significant difference compared to the other groups 
(p > 0.05). An ICG dose ranging from 10 to 25 μg by intra-
venous administration within 30 min preoperatively was 
appropriate for real‐time fluorescent cholangiography in 
LC with a 4K fluorescent system [147].

The intra-cholecystic ICG injection can be performed 
through the percutaneous trans-hepatic gallbladder 
drainage and the direct gallbladder intraoperative punc-
ture with 1 mL amount of an ICG bile solution (ICG con-
centration = 0.025 mg/mL) made of 9 mL of bile mixed 
with 1 mL of a preparation of ICG and sterile water at a 
concentration of 0.25 mg/mL [130, 145].

The intracholecystic ICG injection techniques provide 
important surgical benefits compared to the intrave-
nous administration, such as the real-time visualization 
of the biliary anatomy, with the gallbladder neck and 
Hartmann’s pouch, which are landmarks to lead a safe 
dissection.

Dilution of ICG
The used concentration of the administered ICG solu-
tion was not clearly described in every study. The stud-
ies that describe the used concentration all use 2.5 mg/
ml [148–158]. This is remarkable since the leaflet that 
comes with ICG advises to dilute the ICG to a solu-
tion of 5  mg/ml. However, a concentration of 2.5  mg/
ml is more feasible in daily practice since 1 ml can be 
retrieved more precise than just 0.5 ml.

Hiratoglou et  al. [158] investigated the influence of 
the concentration and solvent medium on the light-
absorbing prosperities in ICG. When glucose 5% was 
used as a solvent medium, the absorption between 600 
and 700 nm was decreased, compared with the absorp-
tion with Balanced Salt Solution (BSS) or BSS Plus. 
These differences between BSS/BSS Plus- and glucose 
5%-diluted ICG decreased when the concentration was 
lowered. They conclude that depending on the used sol-
vent medium, the absorption spectrum of ICG changes 
with different concentrations [152]. Based on these 
findings, it might be advisable to use sterile water as a 
solvent medium, as most groups currently do, and not a 
glucose solution.

Kono et al. [126] found a lower fluorescence intensity 
when using a more diluted solution of ICG.

The recommended preparation of ICG involves dilut-
ing it with sterile water for injection. After dilution, iso-
tonic saline may be used to rinse the syringe. However, 
Boni et al. also describe using albumin for dilution with-
out observing any side effects [32].

Not so much the concentration of the solution admin-
istrated, but the total dose administered determines the 
systemic concentration of the dye. Dilution should be 
made according to the dose ICG to be administrated, i.e. 
if 25 mg ICG was resuspended in 10 cc sterile water to 
yield a concentration of 2.5 mg/mL, to obtain doses of 5 
mg and 10 mg ICG, respectively, 2 and 4 mL of the solu-
tion was intravenously administered.

Administration route
The intravenous administration of ICG is the most 
implemented in clinical practice [158–171].

The main advantage of administering ICG intrave-
nously is its ease of use, allowing for clear visualization 
and precise identification of the extrahepatic biliary 
tract when successful. However, a significant limita-
tion of this technique is the overlapping signal from the 
liver, which can make it challenging to distinguish and 
visualize the extrahepatic biliary structures.

Authors who prefer the local administration tecnique 
reported the rapid visualization of the infundibulum 
to start the dissection, the few doses of ICG and the 
low the liver signal. The disadvantage of this technique 
occurs when the gallbladder is open or perforated dur-
ing manipulation [129, 144, 161, 164, 172–174].

Timing of image acquisition
Acquisition of images have to be made during CVS 
exposure or Calot’s structures identification, and before 
clipping to perform a safe cholecystectomy [32, 127, 
159, 175, 176].

Other authors use ICG cholangiography after clipping 
the cystic duct to check the bike leakage [14, 154]

The ICG can be used also to to study the cystic artery 
during CVS with an extra administration of intravenous 
ICG [33, 37, 152, 161]

Quantitative and qualitative interpretation
ICG fluorescence cholangiography is used qualitatively to 
enhance the visualization of the biliary tree during lapa-
roscopic cholecystectomy. Surgeons assess the anatomi-
cal structures visually to guide dissection and avoid bile 
duct injuries. This approach has been associated with 
reduced conversion rates and complications and it has 
been shown to help in real-time decision-making during 
surgery, particularly in identifying the biliary anatomy 
and reducing the risk of bile duct injury.

The qualitative interpretation of ICG fluorescence 
cholangiography largely depends on the visual assess-
ment by the surgeon during the procedure. This method 
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is subjective and relies heavily on the surgeon’s experi-
ence and familiarity with the fluorescence patterns.

The literature on the quantitative and qualitative inter-
pretation of ICG fluorescence cholangiography is still 
evolving. While qualitative interpretation is common in 
clinical practice, it remains subjective and dependent on 
the surgeon’s expertise. Quantitative methods are prom-
ising but require further research and development to 
become a reliable tool in surgical practice.

ICG Fluorescent Angiography in the emergency setting: 
when and how to perform it
ICG fluorescent angiography has emerged as a valu-
able tool in the emergency setting for evaluating bowel 
viability, particularly in  situations where rapid and 
accurate assessment is crucial. Traditionally, bowel via-
bility assessment relied on clinical judgment, often sup-
plemented by methods like Doppler ultrasound or direct 
visual inspection, which can be subjective and limited 
in accuracy. ICG fluorescent angiography offers a more 
objective approach by providing real-time visualiza-
tion of tissue perfusion, allowing clinicians to assess the 
adequacy of blood flow and predict areas of ischemia or 
necrosis [176–191].

In emergency situations such as acute mesenteric 
ischemia (AMI), strangulated hernias, or during dam-
age control surgeries, the timely use of ICG fluorescent 
angiography can significantly impact surgical decision-
making, guiding resections and reducing the risk of post-
operative complications.

Fifty-two patients who were operated on for acute 
mesenteric non-occlusive ischemia, were retrospec-
tively studied. Fluorescence angiography provided added 
information to the macroscopic evaluation with a noted 
major change in operative decision in 18 (34.6%) patients 
towards significant clinical benefit [43]. A prospective 
study of 56 patients investigated the use of fluorescence 
angiography in assessing bowel viability in intestinal 
ischemia and mechanical obstruction. In 32% of the cases 
(18/56), fluorescence angiography led to modification of 
the operative strategy and 67% (12/18) of these patients 
had no resection, which was initially thought to have 
been performed [187].

The efficacy of ICG fluorescence angiography in reduc-
ing the incidence of anastomotic leakage following colo-
rectal anastomosis was assessed in several studies. The 
FLAG single-center randomized study compared the rate 
of anastomotic leak in 377 patients undergoing colorectal 
stapled anastomosis. The blood perfusion of the anasto-
mosis was assessed by ICG fluorescence angiography in 
187 patients compared with the overall 190 patients. ICG 
fluorescence angiography identified impaired blood per-
fusion of the colon in 36 (19%) cases. Seventeen patients 

(9.1%) developed an anastomotic leak in the ICG group 
and 31 (16.3%) in the non-ICG group (P = 0.04). ICG 
decreased the leakage rate for low (4–8 cm) colorectal 
anastomoses (14.4% in ICG group compared with 25.7% 
in the non-ICG group; P = 0.04) [8].

An Italian multicenter randomized study assessed the 
role of ICG fluorescence angiography before performing 
stapled anastomosis in laparoscopic left-sided colon and 
rectal resections in 240 patients (118 ICG group vs 122 
control group). This study showed that ICG fluorescent 
angiography detected low blood perfusion of the colic 
stump in 13 cases (11%). An anastomotic leak occurred 
in 11 patients (9%) in the control group, and in 6 patients 
(5%) in the study group. This was not statistically signifi-
cant [9].

Two systematic reviews and meta-analyses published 
confirmed these findings [82, 191]. The first, with 27 
studies and 8786 patients, reported that the use of ICG 
fluorescence angiography was associated with signifi-
cantly lower odds of anastomotic leak (OR 0.452; 95% CI 
0.366–0.558) and 389 complications (OR 0.747; 95% CI 
0.592–0.943) compared 390 with the control group. The 
weighted mean rate of change in surgical plan based on 
ICG fluorescence angiography was 9.6% (95% CI 7.3–
11.8) and varied from 0.64% to 28.75%. A change in sur-
gical plan based on ICG fluorescence angiography was 
associated with significantly higher odds of anastomotic 
leak (OR 2.73; 95% CI 1.54–4.82) [82]. The second study 
screened 111 articles and included 3 RCTs comparing 
assessment of bowel perfusion for colorectal anastomo-
sis using ICG fluorescence versus standard practice. ICG 
angiography proved to be significantly protective against 
anastomotic leak (3 RCTs, 964 patients, RR 0.67, 95% CI 
0.46–0.99, I2: 0%, P = 0.04). The pooled risk difference of 
anastomotic leak was not significantly decreased—by just 
4% (95% CI: − 0.08–0, I2: 8%, P = 0.06) in the ICG fluores-
cence angiography group [191].

A multicenter retrospective analysis of 93 non-consec-
utive patients undergoing emergency abdominal surgery 
for intestinal ischemia from different surgical diseases 
including mesenteric ischemia and strangulated hernia 
reported that ICG angiography was able to change surgi-
cal management in 29% of the patients [10].

Karampinis et  al. [43] describe a change of surgical 
strategy in 11.5% of cases107; however, in an experimen-
tal study, Seeliger et  al. report a discrepancy between 
mucosal and serosal assessment [192].

However, it is important to note that ICG fluores-
cence angiography only assesses arterial ischaemia and 
not venous ischaemia. However, the effectiveness of this 
technique depends on proper timing and execution, 
including considerations of patient hemodynamics, the 
timing of ICG administration, and the interpretation of 
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fluorescence patterns. Understanding when and how to 
perform ICG fluorescent angiography is therefore essen-
tial for optimizing outcomes in the emergency evaluation 
of bowel viability [12, 176–191].

Timing of administration
Generally, ICG is administered intravenously a few 

minutes before the intended imaging. The exact timing 
depends on several factors, including the patient’s hemo-
dynamic status, the type of tissue being evaluated, and 
the specific clinical scenario.

In most cases, ICG is injected 1–2 min before imag-
ing to allow sufficient time for the dye to circulate and 
perfuse the tissues of interest [176]. This interval is typ-
ically adequate for the dye to reach peak fluorescence 
in well-perfused areas, enabling a clear distinction 
between viable and non-viable tissues. In hyperdynamic 
states, where circulation is rapid, the window for opti-
mal imaging may be narrower, and earlier or repeated 
doses might be necessary. Conversely, in patients with 
compromised perfusion, such as those in shock or with 
severe hypotension, the dye may take longer to reach 
target tissues, necessitating a longer wait time before 
imaging.

The goal is to capture images at the point when the 
fluorescence intensity is maximal in perfused tis-
sues but before significant washout occurs, which can 
obscure the contrast between viable and ischemic 
areas. Typically, peak fluorescence is observed within 
30 to 60 s after administration, and the optimal imaging 
window may last for several minutes. Understanding 
these dynamics is crucial for ensuring that ICG fluo-
rescent angiography provides reliable and actionable 
information during surgical procedures, particularly in 
emergency settings where timely decisions are essential 
[43, 177–182].

In evaluating strangulated hernias, ICG is admin-
istrated exactly after hernia reduction [179–185]. 
Besides, in intestinal ischemia, ICG is administrated 
during the surgical exploration of the abdominal cavity 
[43].

Dose of administration
The recommended dose of ICG for fluorescent angi-

ography generally ranges from 0.1 to 0.5 mg/kg of body 
weight, with the most commonly used dose in clinical 
practice being 0.2 to 0.25 mg/kg. This dosage provides 
sufficient fluorescence for imaging while minimizing the 
risk of significant side effects. Dosing adjustments may 
be necessary depending on the patient’s weight, clinical 
condition, and specific imaging objectives. For instance, 
lower doses may be appropriate for patients with liver 
dysfunction since ICG is metabolized by the liver. In 
emergency situations, swift decisions regarding dosing 
and timing are essential to maximize the effectiveness 

of fluorescent angiography in evaluating bowel viability 
[183–189].

While the ICG package insert recommends a standard 
dose of 5 mg for adults, diluted in 1 ml of volume, with 
a total dose not exceeding 2 mg/kg, the literature shows 
variability in dosing practices. Reported doses range 
from a single intravenous dose of 0.25 mg to as high as 
15 mg or 0.2 mg/kg, reflecting considerable heterogene-
ity among authors (http:// www. drugs. com/ pro/ indoc 
yanine- green. html) [182–189].

Dilution of ICG
ICG should be diluted with sterile water for injection 
before use. Once diluted, the solution can be used as is, or 
the syringe may be rinsed with isotonic saline, although 
some studies, such as Ryu et al., have utilized albumin for 
dilution without noting any adverse effects [176]. Usu-
ally, when ICG is used to identify tumor-draining sentinel 
lymph nodes, it is often diluted with albumin. The use of 
albumin in this context helps the dye accumulate in the 
first draining lymph node, making it easier to identify. 
Importantly, ICG should not be diluted with saline solu-
tions (such as saline or Ringer’s solution) because this can 
cause the dye to precipitate.

Route of administration
All authors use intravenous administration in performing 
a ICG fluorescence angiography. There is no description 
if it is though central or peripheral catheter infusion. ICG 
is typically administered intravenously as a bolus, fol-
lowed by a saline flush to ensure rapid distribution [12, 
43, 185, 190–196].

Timing of image acquisition
The timing of imaging after ICG injection is crucial, as 
fluorescence typically appears within seconds and peaks 
within 1 to 2  min, providing an optimal window for 
assessing tissue perfusion. Although there is some vari-
ability among authors, the evaluation for vascular stud-
ies using ICG is generally conducted immediately after 
injection, with the recommended timeframe ranging 
from 30 s (± 19 s) to 3 min [186–188].

Quantitative and qualitative interpretation in 
the different clinical scenarios (acute mesenteric 
ischemia, bowel obstruction, incarcerated hernia and 
bowel anastomosis).

Fluorescence quantification and objective interpreta-
tion of images are promising field of research and might 
increase the efficacy of this technology in the future.

In AMI, both quantitative and qualitative interpreta-
tion of ICG fluorescence angiography are essential for 
assessing ischemia. Quantitatively, the intensity and 
distribution of fluorescence are measured to determine 
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bowel perfusion status. Typically, reduced or absent flu-
orescence signals indicate severe ischemia, pointing to 
non-viable bowel tissue and guiding surgical decisions 
like the resection of necrotic segments. Qualitatively, 
delayed or patchy fluorescence distribution suggests 
compromised blood flow, necessitating further evalua-
tion and possible intervention [182–189].

In bowel obstruction, ICG fluorescence provides critical 
insights into bowel perfusion through both quantitative 
and qualitative assessments. Quantitatively, the degree of 
fluorescence indicates the severity of compromised blood 
flow. Reduced fluorescence suggests partial obstruction 
with impaired perfusion, while the absence of fluores-
cence may indicate complete obstruction and ischemia. 
Qualitatively, the fluorescence pattern helps differentiate 
between reversible and irreversible ischemic changes, cru-
cial for determining whether conservative management or 
surgical intervention is needed [176–181].

In incarcerated hernias, quantitative measures, such 
as fluorescence intensity, assess the degree of perfu-
sion impairment due to strangulation. Lower intensity 
or absence of fluorescence usually indicates ischemic 
bowel segments that may not be salvageable, guid-
ing the decision to resect affected tissue. Qualitatively, 
uneven or delayed fluorescence patterns can suggest 
compromised blood flow, even if the bowel appears via-
ble on visual inspection, aiding in more accurate intra-
operative decisions [176–181].

For bowel anastomosis, both quantitative and quali-
tative interpretations of ICG fluorescence are crucial to 
ensure anastomotic site viability. Quantitatively, a strong 
and uniform fluorescence signal suggests good perfusion, 
essential for successful healing and reducing the risk of 
anastomotic leakage. Conversely, reduced or uneven flu-
orescence intensity may indicate inadequate perfusion, 
prompting reconsideration of the anastomosis or revision 
of the surgical technique. Qualitatively, the timing and 
uniformity of fluorescence across the anastomotic line 
are indicators of proper blood flow, guiding the surgeon 
in optimizing outcomes [8–10, 76, 81, 82, 96, 193].

In assessing the intestinal bowel flow in 14 patients 
presenting with strangulated bowel obstruction with ICG 
fluorescence imaging, fluorescence pattern findings were 
classified in order of decreasing fluorescence intensity as 
follows: hyperemic pattern, normal pattern, fine granular 
pattern, patchy pattern, perivascular pattern, and non-
fluorescent pattern. The latter three patterns indicate 
pathological necrosis. Based on videos of the procedures, 
resection was necessary in four cases that showed a 
perivascular pattern. This was confirmed by histopathol-
ogy [11].

Different softwares have been proposed to quan-
tify bowel perfusion according to the intensity of the 

fluorescence imaging to secure objective and reproduc-
ible assessments. The SPY fluorescence imaging platform 
displays not only the presence of ICG but also provides 
a color-graded quantitative assessment of the amount 
of ICG within tissues, from gray (meaning low levels of 
ICG) to red (meaning high levels of ICG). Fluorescence-
based Enhanced Reality (FLER) and Q-ICG are algo-
rithms which quantify fluorescence by analyzing the 
slope of the fluorescence intensity curve. Further studies 
are required to assess their validity in humans [12].

Tables 5 and 6 summarise available techniques for the 
objective assessment and interpretation of ICG Angiog-
raphy in different urgent clinical scenarios. In all clinical 
scenarios, combining both quantitative and qualitative 
techniques allows for a comprehensive evaluation of 
bowel perfusion, leading to more informed and precise 
surgical decision-making.

Question 4
What are the advantages and disadvantages, includ-
ing absolute/relative contraindications, limitations 
and cost/effectiveness of ICG implementation in 
emergency and trauma surgery?

Clinical advantages/disadvantages and absolute/rela-
tive contraindications to ICG fluorescence imaging 
implementation in abdominal trauma surgery.

Statement 4.1
Based on reported case-series, there are minimal disad-
vantages and contraindications to ICG-fluorescence use 
in abdominal trauma surgery for the assessment of bowel 
viability and bowel anastomosis integrity in relation to 
bowel perfusion (QoE C).

Recommendation 4a
The WSES panel of Experts suggests considering ICG 
angiography as a valid tool in guiding surgery in selected 
patients, in the trauma setting, when it is available [Mod-
erate recommendations, low level of evidence 2B].

Limitations and cost-effectiveness of ICG fluores-
cence imaging implementation in abdominal trauma 
surgery.

Statement 4.3
To the best of our knowledge, studies focusing on cost-
effectiveness of ICG implementation in abdominal 
trauma surgery are lacking. (QoE D).

Recommendation 4b
The WSES panel of Experts suggests considering the 
use of ICG angiography in abdominal trauma surgery to 
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support the subjective evaluation of the bowel viability 
in  situations such as mesenteric injury and hematoma 
and to guide the intraoperative decision-making regard-
ing the extent of a bowel resection and the assessment 
of anastomotic integrity after intestinal/bowel resection 
[Moderate recommendations, low level of evidence 2C].

Clinical advantages and disadvantages of ICG imple-
mentation imaging in emergency general surgery.

Statement 4.4
ICG fluorescence angiography can provide information 
about bowel perfusion and assist in defining bowel resec-
tion margins, perfusion of bowel anastomosis, and bowel 

viability with little disadvantages in urgent surgical pro-
cedures (QoE C).

Statement 4.5
ICG fluorescence angiography in mesenteric ischemia 
provides additional macroscopic evaluation of bowel 
viability that could potentially avoid extensive and inad-
equate bowel resection in the setting of edematous bowel 
with ecchymosis or situations where peristalsis cannot be 
assessed. (QoE C-D).

Statement 4.6
The use of ICG cholangiography during laparoscopic 
cholecystectomy provides enhanced visualization of the 
biliary tree and it guides dissection with a critical view of 

Table 5 Quantitative and qualitative interpretations of ICG fluorescence in different clinical scenarios

QT: quantitative; QL: qualitative

Urgent clinical scenario Interpretation 
type

Technique Explanation

Acute Mesenteric Ischemia QT Fluorescence Intensity Measurement Measures fluorescence intensity over time. Low or absent flu-
orescence indicates severe ischemia and necrosis

Time-to-Peak Fluorescence (TTP) Measures the time for fluorescence to peak after ICG injec-
tion. Prolonged TTP indicates compromised blood flow

QL Pattern of Fluorescence Distribution Visual inspection identifies ischemic areas. Patchy 
or absent fluorescence indicates varying degrees of ischemia

Dynamic Visualization Real-time visualization allows assessment of immediate tis-
sue response, highlighting regions of poor perfusion

Bowel Obstruction QT Fluorescence Signal Strength Evaluates perfusion by quantifying fluorescence signal 
strength. Lower signal suggests impaired blood flow

Slope of Fluorescence Intensity (SFI) Measures the rate of fluorescence intensity increase post-ICG 
injection. A reduced slope indicates compromised perfusion

QL Delayed Fluorescence Appearance Delayed appearance suggests partial obstruction, 
while absence of fluorescence indicates complete obstruc-
tion and ischemia

Uniformity of Fluorescence Assesses the uniformity of fluorescence; non-uniformity may 
indicate compromised blood flow, guiding intervention

Incarcerated Hernia QT Peak Fluorescence Intensity (PFI) Measures perfusion status in the bowel segment 
within the hernia. Low PFI suggests ischemia or strangula-
tion

Area Under the Curve (AUC) Quantifies fluorescence intensity over time. A smaller AUC 
suggests reduced blood flow and tissue viability

QL Fluorescence Onset and Homogeneity Assesses timing and spread of fluorescence. Delayed 
or incomplete fluorescence indicates compromised perfu-
sion

Real-Time Fluorescence Dynamics Intraoperative visualization helps assess immediate perfusion 
status, identifying areas of compromised tissue

Bowel Anastomosis QT Quantified Fluorescence Intensity Measures fluorescence intensity at the anastomotic site. 
Higher values indicate better perfusion

Fluorescence Decay Rate Measures the rate of fluorescence intensity decrease. Indi-
cates venous return and tissue perfusion adequacy

QL Symmetry and Continuity of Fluorescence Assesses symmetry and continuity of fluorescence 
across the anastomosis to ensure adequate perfusion 
and reduce risks

Timing of Fluorescence Peak Observes peak timing at the anastomotic site to assess blood 
supply. Delayed or uneven fluorescence may require revision
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safety and identification of biliary anatomy. It is effective 
in preventing bile duct injuries. It can likely improve sur-
gical confidence, thereby reducing operating times and 
lowering the threshold to proceed with emergency lapa-
roscopic cholecystectomy in patients with severe acute 
cholecystitis. (QoE B).

Recommendation 4c
The WSES Panel of Experts recommends performing 
an ICG cholangiography during laparoscopic cholecys-
tectomy for acute cholecystitis, as it has minimal dis-
advantages and contraindications and it has reasonable 
cost-effectiveness, when equipment and skills are avail-
able [Strong recommendations based on moderate and 
low level of evidence 1B-C].

Recommendation 4d
The WSES Panel of Experts recommends the use of ICG 
fluorescence angiography to assist surgeons in the assess-
ment of bowel perfusion in emergency surgery situations 
such as in mesenteric ischemia, incarcerated and stran-
gulated hernias, and after bowel resection, when this tool 
and skills are available [Strong recommendations based 
on moderate and low level of evidence 1C].

Limits and cost-effectiveness of ICG fluorescence 
imaging in emergency general surgery.

Statement 4.7
ICG fluorescence imaging has minimal limitations in the 
assessment of bowel perfusion and anatomical struc-
tures during surgical dissection except for the subjective 

Table 6 Summary of the advantages, disadvantages, contraindications, limitations, and cost-effectiveness of Indocyanine Green (ICG) 
implementation in emergency and trauma surgery

Category Details

Advantages Real-Time Assessment: Provides immediate visualization of tissue perfusion, enabling quicker and more accurate decision-
making

Enhanced Visualization: Improves clarity of critical structures (e.g., blood vessels, bile ducts) in complex anatomical situa-
tions, reducing the risk of surgical errors

Minimally Invasive: Compatible with laparoscopic and robotic surgery, leading to faster recovery times and fewer compli-
cations compared to open surgery

Low Risk of Allergic Reactions: Generally safe with a low incidence of allergic reactions, making it suitable for a wide range 
of patients

No Ionizing Radiation: Safer for patients and surgical staff as it avoids the risks associated with ionizing radiation, especially 
in cases requiring multiple imaging sessions

Disadvantages Limited Tissue Penetration: Effective only for shallow tissues, limiting its use in assessing deeper structures or organs

Short Imaging Window: Requires precise timing for imaging, which can be challenging in emergency settings

Need for Specialized Equipment: Requires access to near-infrared cameras and other specialized tools, which may not be 
available in all surgical settings

Operator Dependence: The effectiveness of ICG is highly dependent on the operator’s experience and skill, which can lead 
to variability in results

Absolute Contraindications Allergy to Iodine or ICG: Patients with known allergies to iodine or ICG should not be administered this dye due to the risk 
of severe allergic reactions

Relative Contraindications Liver Dysfunction: Patients with significant liver impairment may have altered clearance of ICG, affecting fluorescence 
results

Renal Impairment: Although ICG is not primarily excreted by the kidneys, caution is advised in patients with severe renal 
dysfunction

Pregnancy and Breastfeeding: While not strictly contraindicated, there is limited data on the safety of ICG in pregnant 
or breastfeeding women, warranting caution

Limitations Limited Penetration Depth: ICG fluorescence is less effective for evaluating perfusion in large or deep structures, which 
may be critical in some surgical cases

Cost and Accessibility: High cost of ICG dye and necessary imaging equipment may limit its use, especially in resource-
limited settings or low-volume centers

Risk of Misinterpretation: Variability in tissue perfusion, timing, and equipment settings can lead to potential misinterpreta-
tion, affecting surgical decisions

Cost-Effectiveness Initial Cost: The expense of ICG and specialized equipment can be high, but this may be offset by improved outcomes 
and reduced complication rates in high-volume centers

Long-Term Savings: Potential for reduced surgical complications, shorter operative times, and quicker recovery could 
translate to overall cost savings in the long term

Resource-Limited Settings: In settings with limited resources, the high cost of implementation may not be justified 
if the technology is underutilized or alternatives are available
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qualitative evaluation of images which quality depends 
on skills and experience of the surgical team in perform-
ing ICG fluorescence angiography and cholangiography. 
(QoE C-D).

Recommendation 4e
The WSES Panel of Experts recommends implementing 
the use of ICG in abdominal emergency general surgery 
as it can help with the assessment of bowel viability and 
the visualisation of anatomical structures during difficult 
dissections, with minimal cost and significant effective-
ness, when skills and equipment are available. [Strong 
recommendations based on low and very low level of evi-
dence 1C].

Absolute and relative contraindications of ICG imple-
mentation in general and trauma surgery.

Statement 4.8
Indocyanine green fluorescence dye is water soluble, FDA 
approved, and safe for human use. The only known abso-
lute contraindication is in patients with a documented 
allergy to iodides or iodinated imaging agents as it con-
tains sodium iodide, which can lead to anaphylaxis. A 
relative contraindication is that radioactive iodine uptake 
studies should not be performed for at least a week after 
the use of ICG. (QoE B-C).

Recommendation 4f
The WSES panel of Experts recommends against the 
administration of ICG dye in patients with known aller-
gies to iodides and iodinated imaging agents [Strong 
recommendation based on moderate and low level of evi-
dence 1B-C].

Summary of evidence and discussion
ICG fluorescence imaging has become increasingly pop-
ular in emergency and trauma surgery due to its abil-
ity to provide real-time, dynamic visualisation of tissue 
perfusion and anatomical structures. However, like any 
technique, it has its advantages, disadvantages, con-
traindications, limitations, and considerations regarding 
cost-effectiveness.

During blunt or penetrating abdominal trauma, hol-
low viscus injury remains a common concern. Manage-
ment of hollow viscus injury typically centers around 
assessment of bowel viability, margins of bowel resec-
tion, and creation and assessment of bowel anastomosis. 
With the increasing use of ICG fluorescence in assess-
ment of bowel perfusion [193–195], there has also been 
increase uses of ICG fluorescence in abdominal trauma 
to help aid in intraoperative management of hollow 

viscus injury. Large prospective studies remain lacking; 
however, Osterkamp et al. [196] recently published a case 
series regarding the usability of ICG angiography in the 
management of surgical penetrating abdominal trauma. 
They acknowledged the increasing implementation of 
ICG angiography in an elective setting with few data 
supporting implementation in emergency general and 
trauma surgery. As a result, the authors wanted to assess 
the usability and feasibility of ICG angiography in 20 
patients undergoing emergency laparotomy for penetrat-
ing abdominal trauma. The authors evaluated the usabil-
ity with the System Usability Scale (SUS) and compared 
intraoperative macroscopic assessment with ICG angi-
ography and documented the changes in management 
based on ICG use. In the study, ICG angiography was 
rendered a “good” first time use SUS score and influenced 
surgical management in 14 of 20 the cases.

Osterkamp et al. stated [196] advantages included cor-
rection of underestimation of intestinal perfusion in their 
series allowing avoidance of a colonic diversion and resec-
tion of a posterior gastric wall contusion while correcting 
overestimation of bowel perfusion leading to an addi-
tional resection of 40 cm of small bowel after ICG angi-
ography showed inadequate perfusion. Eight of the twenty 
cases also had alterations in length of intestinal resections 
or debridement after identification of perfusion margins.

Furthermore, ICG angiography assisted in identification 
of both a small bowel injury and a large bowel injury in 
two different cases. Undetected hollow viscus injuries are a 
common concern in abdominal trauma and cause for relap-
arotomies with high morbidity and mortality [197, 198].

Another case series presented by Afifi et  al. supports 
similar advantages of ICG angiography in abdominal 
trauma. They noted that ICG angiography was found to 
be a promising tool in assessment of tissue perfusion, a 
key factor in bowel viability, bowel resection margins, 
and rates anastomotic leak in blunt abdominal trauma 
[59]. They noticed that the use of ICG angiography 
resulted in extending resection margins allowing crea-
tion of well-perfused bowel anastomosis. It also resulted 
in prevention of extensive bowel resection in the setting 
of mesenteric laceration and assessment of bowel viabil-
ity in mesenteric hematoma to prevent the risk of missed 
bowel ischemia. Ultimately, they believe the use of ICG 
can possibly reduce the need for second look laparotomy 
in these scenarios.

In addition, ICG angiography can help less experienced 
surgeons assess intestinal perfusion and potentially com-
pensate for surgical inexperience and likely reduce the 
risk of over and underestimating intestinal injuries in 
often high-risk populations [47, 197, 198].

As noted by Osterkamp et  al. [196], larger prospec-
tive clinical studies are warranted to understand the 
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cost-effectiveness of ICG implementation in trauma 
surgery. Most cases reported had only minor changes in 
resection margins and debridement size, which calls into 
question the clinical relevance of these changes. Most 
importantly, ICG angiography appears to provide imme-
diate and vital information in the management of hollow 
viscus injury in abdominal trauma and often results in 
substantial alterations in surgical management [59, 196].

ICG angiography allows for intraoperative assessment 
of real-time visceral perfusion which is imperative for 
improved outcomes in settings with known high mortal-
ity and morbidity such as mesenteric ischemia [39, 43, 
199].

In the setting of severe non-occlusive and occlusive 
mesenteric ischemia which can lead to multifocal or 
extensive segments of intestinal necrosis, assessment of 
bowel perfusion remains the key factor in improve out-
comes during surgical exploration. However, traditional 
intraoperative assessment of bowel viability can be based 
on surgeon experience, erroneous, and potentially be 
inaccurate [42, 46, 200].

There are limited studies discussing ICG angiogra-
phy in mesenteric ischemia, however small case series 
such as the one by Karampinis et  al. reports significant 
changes to surgical management in their case series of 52 
patients. They stated significant beneficial changes in 6 
cases where extensive intestinal resection was avoided in 
5 cases and the remaining case obtained additional vas-
cular supply secondary to ICG perfusion. They ultimately 
concluded that ICG angiography is a feasible and tech-
nically reliable method for the assessment of mesenteric 
ischemia with significant clinical benefit in 11% of their 
patients and showed a relevant discrepancy between tra-
ditional visual assessment versus ICG fluorescence angi-
ography in 35% of cases where ICG helped in defining 
resection margins and assisted in surgical decision-mak-
ing [43].

Similarly, in cases of incarcerated and strangulated 
bowel, assessment of perfusion and bowel viability is crit-
ical. Several case studies have shown the advantages of 
ICG angiography assessment in incarcerated and stran-
gulated hernias and bowel obstructions during open and 
laparoscopic cases [11, 57, 176, 187, 201].

In a single center case series, Ahmed et  al. showed 
that in 2 out of 5 patients with incarcerated hernias who 
underwent ICG angiography had adequate perfusion in 
the setting of edematous bowel with deep red discol-
oration and no peristalsis allowing the patients to avoid 
a bowel resection. Traditionally, a reduced segment of 
small bowel with severe discoloration and lack of peri-
stalsis would have resulted in resection [201]. However, 
with ICG angiography, this could be avoided.

Furthermore, in a prospective study of 56 open and 
laparoscopic cases, Liot et al. showed similar advantages 
to ICG angiography in emergency general surgery. They 
found that ICG angiography resulted in modification 
of the operative strategy in 32% of the cases. Of those 
cases, a third of the cases resulted in resection of bowel 
or more extensive resection than planned. In addition, no 
bowel resection was performed in the remaining 67% of 
cases even though it was initially thought to be needed. 
Another important outcome that was found that none of 
their patients needed reoperations for ischemia. How-
ever, two patients in their studies did have an anasto-
motic leak, which was not from bowel ischemia but likely 
from other underlying factors such as metastatic cancer 
[187].

Similar advantages have also been shown by 
Nakashima et al., Guerra et al., and Ryu et al. in laparo-
scopic assessment of bowel perfusion during incarcer-
ated, strangulated, or acute bowel obstruction. These 
studies concluded that ICG angiography may assist in 
assessment of bowel viability during laparoscopy when 
options such as direct palpation and doppler are not 
possible [11, 57, 176]. Furthermore, they also showed 
that the rate of complications in intestinal preservation 
secondary to ICG angiography was very low and rate of 
pathological necrosis in segments of bowel resection 
where ICG angiography was used was high [176].

Further studies are needed to understand limitations 
of ICG angiography in assessment of bowel perfusion. 
Currently, one limitation of ICG angiography is that it is 
a qualitative assessment versus a quantitative assessment 
of perfusion and it may result in variability in assessment 
of adequate perfusion. Otherwise, these case series con-
tinue to show that ICG angiography is a quick and safe 
technique without increased risk of major complica-
tions in patients with ASA scores of at least 3, even in the 
hands of less experienced surgeons [187].

Bile duct injuries remain a devastating complication 
during laparoscopic cholecystectomy procedures [201–
203]. ICG cholangiography offers the potential advantage 
of clearly identifying the extrahepatic biliary anatomy, 
which aids in delineating the gallbladder, cystic duct, and 
biliary tract. Additionally, non-biliary structures do not 
fluoresce, further helping in the intraoperative identifica-
tion of anatomical structures [201].

However, a potential drawback of ICG cholangiography 
is the time required after ICG administration for the dye 
to be excreted into the biliary tree, allowing for the cor-
rect and clear visualization of the biliary anatomy. The 
effectiveness of this visualization can be inconsistent, 
especially in cases of severe acute cholecystitis, obesity 
or impaired liver function, which may hinder proper 
excretion of the ICG into the biliary tree. Furthermore, 
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the technique relies on tissue penetration, which can be 
problematic in the presence of extensive inflammation 
and edema. Since the excretion of ICG dye into the bil-
iary tree depends on the patient’s liver function, the tim-
ing of ICG administration before surgery can result in 
variable outcomes. While ICG cholangiography can help 
visualize the biliary tree, it does not allow for the assess-
ment of biliary obstructions, such as choledocholithiasis 
[204].

When considering the cost-effectiveness of implement-
ing ICG fluorescence imaging, a medical institution must 
consider the cost of obtaining and maintenance of the 
fluorescence equipment and the application of ICG dye 
for each patient compared to the benefits of decreased 
postoperative complications and length of hospital stay. 
However, to the best of our knowledge there are no stud-
ies assessing it in the urgent/emergency settings.

In conclusion, ICG dye has minimal relative contrain-
dications except that it cannot be used in patients with an 
iodide allergy as it contains sodium iodide and that radio-
active iodine uptake studies should be avoided for at least 
a week after ICG use [59, 201].

The role of artificial intelligence in supporting fluorescence 
imaging
Although AI is not the primary focus of this consensus 
paper, its potential to complement intraoperative tools 
such as ICG fluorescence imaging warrants acknowledg-
ment. AI algorithms, particularly those utilizing machine 
learning and deep learning, have demonstrated signifi-
cant promise in enhancing image processing, real-time 
decision-making, and optimizing surgical workflows 
[205, 206]. By improving the interpretation of fluores-
cence imaging data, AI can assist in intraoperative navi-
gation, offering surgeons greater precision and reliability. 
This alignment between AI and fluorescence-guided sur-
gery represents an important step toward integrating 
autonomous decision support systems into surgical prac-
tice [207].

While this consensus primarily emphasizes fluo-
rescence imaging as a straightforward intraoperative 
navigation tool, the integration of AI in emergency sur-
gical settings introduces complex challenges. Emergency 
surgery inherently requires rapid decision-making in 
unplanned and highly variable circumstances, where the 
autonomy and directive of the surgeon are critical. While 
AI has the potential to enhance surgical care, it raises 
concerns about blurring the lines of responsibility and 
decision-making during critical moments. To address 
these ethical challenges, research in AI for emergency 
surgery must incorporate implementation science and 
prioritize diverse and generalizable studies. Data used in 

these studies must be representative and broadly applica-
ble, ensuring fairness and inclusivity.

Additionally, algorithmic biases related to race, eth-
nicity, and sex must be thoroughly investigated and 
mitigated, while measures for patient safety, data protec-
tion, and transparency must be strengthened. Protec-
tion against cybersecurity threats such as malware, and 
the establishment of global standards for ethical data 
use, are imperative. One promising approach to ensuring 
data security and trust in AI systems is the use of “trust-
worthy architectures” based on decentralized blockchain 
technologies, including smart contracts and trust oracles 
[208, 209].

Ethical considerations and safety precautions must 
evolve alongside the implementation of AI and advanced 
technologies in patient care and surgical practice. Only 
by addressing these concerns comprehensively can the 
full potential of AI be realized, allowing advanced tech-
nologies to revolutionize modern patient care while safe-
guarding the core principles of surgical responsibility and 
safety.

These considerations will be explored further in the 
context of the ARIES-WSES research project, which aims 
to advance the integration of AI and advanced technolo-
gies in emergency general surgery [1, 19, 20].

Conclusions
ICG-guided surgery represents a real-time intra-opera-
tive navigation technique to enhance surgeon’s eye and 
precision (in) surgery. Fluorescence-guided emergency 
surgery, whether performed through minimally invasive 
techniques or open procedures, aids surgeons in a range 
of critical scenarios. It allows for real-time assessment of 
bowel perfusion during anastomosis after surgical resec-
tion; it helps determine the viability of intestinal seg-
ments in cases of strangulated or incarcerated hernias 
and acute mesenteric ischemia, ensuring adequate blood 
supply and potentially lowering the risk of postoperative 
complications, and it enhances the intraoperative visuali-
zation of critical structures during laparoscopic cholecys-
tectomy in acute cholecystitis, reducing the conversion 
rate to open surgery and minimizing the risk of biliary 
tract injuries.

The combination of minimally invasive techniques—
such as laparoscopy and robotic-assisted surgery—with 
advanced imaging technologies for intraoperative navi-
gation in emergency settings enables surgeons to quickly 
identify and perform the most appropriate surgical pro-
cedure tailored to each patient and clinical situation. This 
integrated approach not only reduces postoperative com-
plications but also decreases the length of hospital stays.
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