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Can Indocyanine Green Angiography be Useful in 
Emergency Surgery?
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Abstract
Introduction: The utilization of real-time fluorescence-guided surgery, particularly with the use of 
Indocyanine Green (ICG), has been described over the last 70 years. However, its importance was 
rediscovered only in the last years. ICG is used in many surgical fields, such as ophthalmic surgery, 
cancer surgery (colorectal, hepatobiliary, gastric and breast cancer), transplantation, neurosurgery, 
vascular surgery and reconstructive surgery.

Case Report: The authors present two cases in which fluorescence angiography with ICG was used 
in emergency surgery. The first case reports to a patient diagnosed with intestinal occlusion due to 
internal hernia, in which the dye was used to exclude the presence of segmental intestinal ischemia 
and thus avoiding unnecessary intestinal resection. The second case reports a rare case with large 
diagnostic doubts, involving a patient with suspected gastric ischemia. The use of angiography 
fluorescence with ICG was able to clarify the diagnosis and saved an unnecessary gastric resection, 
minimizing the complications associated with this intervention.

Conclusion: ICG is a simple, fast and cheap dye that can be used in many types of surgery. Based 
on the principles of ICG fluorescence angiography and taking into account its increasing use in 
colorectal surgery, it is possible to infer the usefulness of this technique in similar situations, where 
there is doubt about tissue perfusion of an organ, especially in emergency surgery. Its utilization 
in this setting can improve the patient’s outcome and reduce the amount complications affecting 
survival and quality of life.
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Introduction
In the last decades, some technological advances have been adopted to enhance surgical 

outcomes [1].

The implementation of real-time fluorescence-guided surgery that can be seen in the naked 
eye, is emerging as a major contributor to improve intraoperative assessment of surgeons, hence 
allowing for better decision making and decreased complications rates [2-4]. Indocyanine Green 
(ICG) is the most used fluorophore in fluorescence imaging, probably due to its physical and 
chemical properties [3,5].

Near Infrared Fluorescence (NIRF) guided surgery using Indocyanine Green (ICG) is a 
promising emerging technique which enhances the surgical optical perspective, contributing to the 
improvement in diagnosis and intraoperative therapeutic decision through the overlap in real time 
standard and near infrared acquired images [1,5].

ICG has been described many years ago and was approved for clinical use in 1959 [2,6]. 
Initially, its use has been limited to topical applications and laboratory research. Its first usage 
was in photography with the clinical use starting in the early 1970s in ophthalmic surgery and 
neurosurgery [1,6,7]. At the present, all surgical subspecialties have reported the usage of ICG and 
its beneficial outcomes [1].

There have been several advances in the applications of ICG, especially in the surgical field. 
ICG is used in many surgical areas, such as in ophthalmology to evaluate choroidal circulation; in 
various types of oncologic surgery (ex: Hepatobiliary, esophageal, gastric, colorectal, gynecologic 
and breast cancer), particularly in tumor staging and its usage in intraoperative mapping and 
sentinel lymph node biopsy. It can also be used to measure the hepatic function prior to resection 
surgery and visualization of the hepatobiliary anatomy and vascularization, in transplantation, 
in neurosurgical cases to detect vascular anomalies, in cardiovascular cases to access patency and 
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vascular abnormalities, in predicting healing following member 
amputations, in colorectal vascular assessment, particular in 
colorectal cancer surgery, in gastric conduit during esophagectomy 
and in spleen partial splenectomy. With ICG one is also able to 
localize the endocrine glands or metastatic deposits, assess wound 
and extravasation injuries and in reconstructive surgery, to assess flap 
and graft viability and to evaluate tissue perfusion following major 
trauma and burns [2,6-11].

Case Series
Case 1

The authors present a case of an 84-year-old man, with a surgical 
history of a McBurney laparotomy appendectomy more than 30 years 
ago. The patient went to the emergency department with complaints 
of anorexia, nausea and vomiting with 2 days of evolution. The patient 
also referred to an abdominal pain in the lower quadrants with 14 h 
of evolution. On physical examination, a pain in the right iliac fossa 
without rebound tenderness was observed.

Laboratory results revealed an elevation of serum PCR level (1.59 
mg/mL) but with normal leukocyte levels and a worsening of kidney 
function with creatinine 1.22 mg/mL. The abdominal X-ray revealed 
the presence of air-fluid levels and bowel distension (Figure 1). The 
abdominal and pelvic CT revealed a high suspicion of small bowel 
obstruction due to adhesions with signs of intestinal ischemia (Figure 
2).

In this context, the patient underwent an emergency surgery with 
a laparoscopic approach. Intraoperatively, the presence of a band in 
the right iliac fossa was identified, producing an internal hernia. Brim 
lysis was performed using LigaSure™. However, there was a segment 
of the small intestine with signs of hypoperfusion (Figure 3, 4). In 
view of this doubt, fluorescence angiography with ICG was used. 2.5 
mg of dye were administered intravenously followed by a flush of 10 
ml of saline solution. After about 60 sec, with the use of EleVision™ IR, 
it was possible to verify the fluorescence with green on the monitor.

The presence of a contrast agent was found throughout the 
suspected small bowel segment, with no clear signs of ischemia or 
hypoperfusion (Figure 5, 6). Given this fact, surgeons chose not 
to perform a small bowel loop resection. The postoperative period 
was uneventful and the patient was discharged home on the third 
postoperative day without any identified complications.

Case 2
The authors present a case of a 92-year-old man who went to 

the emergency department presenting with nausea, vomiting and 
abdominal pain located in the epigastric region with four days 
of evolution. The patient denied fever, diarrhea, hematochezia, 
hematemesis or melena. A nasogastric tube was placed with a 
dark content outlet. Blood tests revealed an acute Kidney Injury 
(KDIGO II), non-oliguric with 5.36 mg/mL of creatinine and 
uremia of 214 md/dL, an increase in inflammatory parameters with 
leukocytosis 14,500/L, PCR 20.3 mg/mL and PCT 1.56 ng/mL and 
hyperlactacidemia (25 mg/dL). In addition, an increase in CK 906 

Figure 1: Abdominal X-ray with presence of air-fluid levels and bowel 
distension.

Figure 2: Abdominal and pelvic CT revealed a high suspicion of small bowel 
obstruction due to adhesions with signs of intestinal ischemia.

Figure 3, 4: Segment of the small intestine with signs of hypoperfusion.

Figure 5, 6: Evidence of contrast agent in all small bowel segment, with no 
clear signs of ischemia or hypoperfusion.
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U/L and LDH 344 U/L was also observed. The abdominal and pelvic 
CT revealed gastric and esophageal stasis and a thickening of the wall 
of the distal half of the gastric body with a target enhancement pattern 
and with low uptake in the submucosa region, which on that clinical 
context was suggestive of hypo-uptake/ischemic changes. The exam 
also revealed a small segment without uptake of the gastric mucosa 
(necrotic?) (Figure 7).

Resuscitation was immediately started, along with crystalloids, 
analgesia and close clinical surveillance. However, the patient’s 

clinical status worsened, with a new episode of dark vomiting and 
hemodynamic instability, leading to an upper digestive endoscopy - 
hematic and residual gastric stasis and, in the body-antrum transition, 
a circumferentially edematous violaceous mucosa was observed, 
with extensive areas of necrosis that reached the entire antrum and 
involved the pylorus; the remaining mucosa of the body was briefly 
observed but erosions and hyperemia suggestive of gastric ischemia 
with areas of necrosis were observed (Figure 8).

Albeit this results, there was a clinical improvement, with 
the patient referring resolution of the pain, no more episodes of 
vomiting and in the laboratory revaluation with normalization of 
hyperlactacidemia and a decrease in LDH and CK values. For this 
reason, the patient remained under clinical surveillance and medical 
therapy. The CT scan was repeated after 24 h of surveillance, revealing 
a marked under-uptake of the gastric wall, especially at the level of the 
body and antrum, with an average parietal thickness of 14 mm, with 
areas without enhancement of the wall at the level of the distal slope 
of the antrum and signs of pneumatosis, which reflected a worsening 
compared to the previous examination (Figure 9). These alterations 
had an ischemic cause, with a stenosis at the origin of the left gastric 
artery and occlusion of several of its branches, without arterial 
vascularization along the lesser curvature.

In view of the clinical, laboratory and imaging dissociation, the 
patient was submitted to an exploratory laparoscopy. Intraoperatively, 
we identified the presence of pneumatosis in the fundus and lesser 
curvature but without clear signs of ischemia and no alterations in the 
antrum or duodenum (Figure 10, 11). The surgeons decided to resort 
to fluorescence angiography with ICG in order to identify areas with 
hypoperfusion or ischemia and thus be able to decide on a possible 
gastric resection. 5 mg of ICG was administered intravenous followed 
by a flush of 10 ml of saline solution. After about 60 sec, with the 
use of EleVision™ IR, it was possible to verify the green fluorescence 
with green on the monitor. The green dye was observed in the whole 
stomach even in the regions with gastric wall pneumatosis (Figure 12, 
13). These results contributed to the surgeons believe that there was 
no ischemic areas and decided not to proceed with a gastric resection.

The postoperative period was uneventful without new episodes 
of vomiting, abdominal pain or melena. The patient tolerated the oral 
diet and progressed without intercurrences and the gastrointestinal 
tract was re-established. The patient was discharged on the fifth 
postoperative day without any identified complications. The period 
of hospitalization corresponded to the time needed to optimize renal 
function given the pre-renal acute kidney injury.

Discussion
There are particles present in the cells of many tissues that can 

serve as a source for autofluorescence imaging and are upregulated 
or downregulated in diseased versus healthy tissues [12]. In 
autofluorescence imaging, the tissue may be stimulated by UV, 
visible, or Near Infrared (NIR) light with sufficient radiance to induce 
a specific fluorescence and thus allowing diagnostic purposes [12].

ICG is a tricarbocyanine sterile, anionic, compound which 
is soluble in water, relatively hydrophobic, with a rapid and 
extensive connection to the lipoproteins ensuring its confinement 
to the intravascular compartment with little or no leakage to the 
interstitium making it an ideal fluorophore for use in angiography [5-
8,11]. Albumin is the most important intravascular binding-protein 
for ICG, permitting that tissue microperfusion is revealed by the 

Figure 7: Abdominal and pelvic CT revealed gastric and esophageal stasis 
and a thickening of the wall of the distal half of the gastric body.

Figure 8: Upper digestive endoscopy revealed hematic and residual gastric 
stasis and, in the body-antrum transition, an extensive areas of necrosis that 
reached the entire antrum and involved the pylorus.

Figure 9: CT scan after 24 hours of surveillance, revealing a marked under-
uptake of the gastric wall, especially at the level of the body and antrum, with 
areas without enhancement of the wall at the level of the distal slope of the 
antrum and signs of pneumatosis.



Ramos C, et al.,

4

Clinics in Surgery - General Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2023 | Volume 8 | Article 3621

presence of fluorescence [8,13]. ICG is soluble in water (1 mg/mL) but 
not readily soluble in saline and it can be administered intravenously 
or intra-arterially [6,7].

To obtain a fluorescent signal, the operative field is exposed to 
NIR light sources, while a fluorescent dye, which emit a fluorescent 
signal after being excited, is injected [14]. The ICG absorbs near 
infrared light at a wavelength of approximately 750 nm to 800 nm and 
re-emits it as fluorescence at an approximate wavelength of 830 nm 
[6,7,12,13]. The fluorescence signal can be visualized either directly 
on the operative field during open surgical procedures or captured 
by specific cameras and displayed on a screen in a minimally invasive 
setting [11,14]. So, this approach may be readily translatable to 
clinical practice [12].

The fluorescence presents in 3 sec to 5 sec from the moment of 
the injection and stays for a short period of time [2]. There is a rapid 
metabolization by the liver (within 3 min to 5 min), with a clearance 
rate of 18% to 24% per minute and a short half-life. There is no known 
metabolites, presenting in the bile in 10 min to 15 min and lasting 
several hours, making it safe to be administered repeatedly [3,6,7,15]. 
Its peak and washout strongly depend on the patient’s circulatory 
condition and on possible cardiocirculatory support such as inotropes 
[5]. High doses of inotropes might strongly influence the intensity of 
tissue perfusion and might decrease the intensity of fluorescence [5].

When ICG is administered outside vascular structures, it binds 
to proteins and is found in the lymph, reaching the nearest draining 
lymph node usually within 15 min and in 1 h to 2 h it binds to the 
regional lymph nodes (deposited into macrophages) [11]. Although 
fluorescence angiography was developed to assess perfusion, many 
other uses are being reported [3].

The usual dose for standard clinical use is 0.1 mg/kg to 0.5 mg/kg 
of body weight (well below the toxicity level), and the total dose of dye 
injected should be kept below 2 mg/kg [7,11,15]. It is known that in 
human, doses as high as 5 mg/kg of body weight don’t pose significant 
toxic effects [7,15]. Normally, the administration of 2.5 mg/mL of ICG 
solution is injected intravenously followed by an immediate flush of 
10 mL of an isotonic solution, then, with approximately 30 sec to 60 
sec, the green fluorescence is visualized [3,5,8,9]. The surgical team 
must be trained, as the time of administration, start of the imaging 
process, and detection of the signal in the area of interest must be 
coordinated [5].

The high clinical safety profile, with nontoxic and nonionizing 
features and the lower risk of side effects has led to greater use of 
the ICG in many types of surgery, with approval by the FDA [1,4-
6,10,15]. However, for patients with some thyroid disease, with 
allergy to iodides or iodinated imaging agents, ICG is an absolute 
contraindication because of the 5% of sodium iodide in its composition 
[6,15]. Severe allergic reactions associated with the use of it are rare 
(0.05%) and mostly occur in patients with allergy to iodine. However, 
when present, an anaphylactic reaction may be life-threatening [5,6].

The fluorescence, in particular ICG, can help surgeons to localize 
anatomic structures (static applications) and to confirm the perfusion 
of organ tissues (dynamic application) [14,15]. The rationale behind 
fluorescence angiography is that the fluorescent dye, upon systemic 
injection, should reach and highlight only vascularized areas [14].

However, fluorescence with indocyanine green has some 
peculiarities and limitations in its use, which are important to know 
in order to apply this technique to obtain the best results. ICG has 
a depth tissue penetration of up to 5 mm, furthermore, the tissues 

Figure 10, 11: Presence of pneumatosis in the fundus and lesser curvature but without clear signs of ischemia and no alterations in the antrum or duodenum.

Figure 12, 13: Green dye in all gastric wall pneumatosis.
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surrounding both the large arteries and veins become fluorescent, 
reducing the visualization [3,14]. In the same way, after the bowel 
exhibits background staining, it may reduce the clarity of perfusion 
[14]. For these reasons, repeated intraoperative angiographies to 
visualize the main vascular structure are not possible with ICG [14].

In addition, the subjective evaluation of fluorescence intensity 
and lack of quantitative means to measure tissue perfusion can pose 
another difficulty in the use of this technique [3]. Although, some 
case series have demonstrated a possible recommended threshold 
perfusion index for clinical decision making in some surgeries (such 
as in reconstructive surgery or in assessing peripheral vascularization 
in limb ischemia). Actually, there aren't a clear stablish value to 
determine the viability of tissue, in part due to the differences between 
the many imaging devices in the market [3,15].

The use of fluorescence angiography with ICG can help in the 
decision process of the possible need of resection by real time 
intraoperatively visualizing of enteric perfusion. Based on some 
studies in colorectal surgery, the good results with the use of this 
method to assess the continence and perfusion of colonic segments 
and colonic anastomoses, make us believe that the value of this 
technique will be similar in the evaluation of other enteric structures, 
such as in the suspicion of ischemia and need for resection [3,11].

Internal hernia, as described in case 1, similar to an incarcerated 
hernia serves as a challenge for the operating surgeon as the decision 
to resect the edematous and inflamed bowel segment serves always 
as a dilemma, as this is highly subjective and not truly representative 
of the vascularization [6]. Although intestinal necrosis is easy to 
confirm, mild-to-moderate ischemia is more difficult to identify 
[2]. So, the evaluation of the bowel’s viability cannot easily be 
made only by macroscopic appearance [6]. This is particularly 
true in cases operated by laparoscopy. Even in open surgery, visual 
inspection under standard white light is the traditional method to 
assess perfusion and viability based on color (stable discoloration 
of the bowel wall), pulsations, peristalsis (an absence of peristaltic 
movements), bleeding from cut edges, however, it is an unreliable 
method due to its low accuracy of predicting ischemia and the 
decisions of different surgeons are vastly subjective [6,16]. After a 
surgical intervention, a good tissue healing and restoring normal 
functioning of tissue and organ are of paramount importance, and 
this is dependent of tissue perfusion [9]. Insufficient perfusion with 
oxygenated blood could result in ischemia with tissue damage and 
this can be seen in gastrointestinal surgery after an occurrence of a 
perforation or an anastomotic leakage, which are some of the most 
serious complications after this type of surgery [9,17-19].

The utilization of fluorescence with ICG has avoided unnecessary 
resections, especially in patients with a difficult accuracy to predict 
the vascularity of the tissue or organ, thereby avoiding an extensive 
and inappropriate intervention but also reducing the risk of a missed 
ischemia [6,20].

After the findings in literature and in our center, we considered 
that intraoperative ICG fluorescence was useful to evaluate the blood 
flow of the intestine not only in elective surgery but also in emergency 
surgery, such as to assessing the small bowel’s trophism during urgent 
interventions for intestinal ischemia [14,20].

In literature there are many cases of the use of ICG in colorectal 
surgery, such as post-resection of colorectal cancer or in cases of 
acute mesenteric ischemia, however there are few cases reporting the 

use of fluorescence in emergency surgery such as bowel obstruction 
or ischemia, particularly in laparoscopic surgery [21]. Laparoscopic 
approach in the treatment of acute small bowel obstruction has 
grown significantly over the last years and its inability to adequately 
evaluate compromised bowel segments has been cited as a very real 
limitation [16]. Normal clinical judgment may be appropriate, but the 
rate of conversion due to concerns regarding bowel viability can be 
high [16]. Therefore, the cases associated with significant diagnostic 
doubts, such as a gastric ischemia, and in which the treatment with 
gastric resection is associated with high morbidity, are examples of 
the usefulness of ICG in an emergency context, minimizing extensive 
resections and associated significant morbidity and mortality.

In fact, more and more hospitals are now having laparoscopy 
towers to provide the possibility of ICG fluorescence imaging, making 
it helpful in surgical decisions and improving outcomes for patients 
[21]. ICG angiography in patients operated with a laparoscopic 
approach in the emergency department can be a better option in 
cases where intraoperative decision is difficult. It does not require 
particular equipment or expertise and can be done in no more than 
2 min to 3 min [16]. ICG has become widespread in several medical 
and surgical specialties, and the emergency surgery can be a new 
application. Due to its relatively low cost and high availability, this 
dye is the most employed fluorophore in the clinical setting of general 
surgery [14].

Conclusion
ICG is a fluorophore used in fluorescence imaging and is a 

simple, fast and relatively inexpensive tool without side effects. It 
can be applied in a lot of different types of surgeries, not only for 
treating cancers or hepatobiliary surgery but also in emergency 
surgeries [3,14,17]. Its utilization can reduce the amount of surgery 
complications thus affecting survival and quality of life [8].

The fast pace at which technological development is occurring 
in this area and the increasing availability of more powerful visual 
systems that can utilize this tool will transform some of these 
applications into the standard of care in the near future [14].

The utilization of ICG fluorescence during laparoscopy, in the 
emergency setting, combines easy to use with the accuracy of a 
selective angiography. It is considered to be the most reliable method 
for identifying intestinal ischemia [16]. There are many interests in 
ICG fluorescent angiography in the laparoscopic management in 
emergency settings, such as: evaluation of the need for intestinal 
resection and its precise extent, it may widen the procedures that can 
be completed in a minimally invasive fashion by reducing the number 
of conversions due to the inability to fully assess compromised bowel 
and aid the decision-making process of any emergency surgeon, 
regardless of his/her personal expertise [16].

The routine use of ICG is far from being established [4]. More 
studies are needed to validate these findings, particularly with 
quantitative analysis not only of the serous layer, but also of the 
mucous layer, to optimize the dose and concentration of ICG, the 
route and timing of administration and its utilization in other 
contexts as in emergency settings [10,22]. Identifying more objective 
methods for the interpretation of fluorescence angiography with ICG 
remains an avenue for further research [16].
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