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Abstract

Background: Through the improvement and implementa-
tion of advanced intraoperative imaging, the indications
for intraoperative fluorescence have spread to various
fields of visceral surgery. Indocyanine green (ICG)-based
fluorescence angiography and the imaging systems using
this certain dye are currently the cornerstone of intraopera-
tive, fluorescence-based medical imaging. Summary: The
article focuses on principles and approaches of intraopera-
tive fluorescence in general surgery. The current clinical
practice of intraoperative fluorescence and its evidence are
described. Emerging new fields of application are put in a
perspective. Furthermore, the technique and possible pit-
falls in the performance of intraoperative ICG fluorescence
angiography are described in this review article. Key Mes-
sages: Overall growing evidence suggests that intraopera-
tive fluorescence imaging delivers valuable additional in-
formation to the surgeon, which might help to perform sur-
gery more exactly and reduce perioperative complications.
Perfusion assessment can be a helpful tool when perform-
ing critical anastomoses. There is evidence from prospec-
tive and randomized trials for the benefit of intraoperative
ICG fluorescence angiography during esophageal recon-
struction, colorectal surgery, and surgery for mesenteric
ischemia. Most studies suggest the administration of 2.5-
10 mg of ICG. Standardized settings and documentation

are essential. The benefit of ICG fluorescence imaging for
gastrointestinal sentinel node detection and detection of
liver tumors and colorectal metastases of the liver cannot
clearly be estimated duo to the small number of prospec-
tive studies. Critical points in the use of intraoperative fluo-
rescence imaging remain the low standardization and re-
producibility of the results and the associated difficulty in
comparing the results of the existing trials. Furthermore,
little is known about the influence of hemodynamic param-
eters on the quantitative assessment of ICG fluorescence
during surgery. ©2020 5. Karger AG, Basel

Introduction

Fluorescence-based imaging has evolved into an im-
portant technology in recent years. Specifically, indocya-
nine green (ICG)-based fluorescence imaging is now a
basic tool in several fields of diagnostic and intervention-
al medicine. Due to the physical and chemical properties
of the substance, such as its rapid degradation and very
rare serious adverse reactions, ICG is currently the most
commonly used fluorescent agent.

ICG has found application in several fields of the gen-
eral surgery, especially colorectal surgery [1], esophageal
surgery [2],and emergency evaluation of intestinal perfu-
sion in cases of mesenteric ischemia [3], kidney trans-
plantation [4], hepatobiliary [5] and endocrine surgery
[6-8]. One of the main reasons that led to the wide spread
of ICG-based imaging was the launch of a series of medi-
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Table 1. Fluorescence imaging systems

System Producer Light-Source Excitation Optics

wave length
SPY-Q Novadaq Laser 805+8 nm Open field
PinPoint Novadaq LED + laser 805+8 nm 0°/30°
D-Light Novadaq Xenon 650-800 nm Open field/30°
Aim Platform Stryker LED + laser 805 nm 30°
Spectrum Quest Medical LED + laser 680-780 nm Open field/30
Fluobeam Fluoptics Laser 750 nm Open field
Visera Elite Olympus LED 2 modes 0°/30°
Viron X Maxer Endoscopy Not specified 760-800 nm 0°/30°

cal imaging systems which revived the interest of the
rsedical community in using intraoperative fluorescence.

This paper focuses on the current practice of ICG flu-
orescence in visceral surgery. Intraoperative fluorescence
imaging is safe, fast, and reproducible if the surgeon is
aware of the agent used, the way the agent shall be admin-
istered, and possible pit falls in the application. In viscer-
al surgery, the most popular applications of fluorescence
imaging are in the field of tissue perfusion before or after
the completion of anastomoses in colorectal and esopha-
geal surgery. Furthermore, sentinel node detection, de-
tection of metastases, and the identification of biliary
leakage are the focus of fluorescence imaging and will be
discussed in this paper.

In term of the future, intraoperative fluorescent imag-
ing might evolve and offer the surgeon even more valu-
able intraoperative information via new technological de-
velopments in imaging and further development of tissue
or cancer specific fluorescent dyes.

Fluorescence Imaging Technology

Various fluorescence-based imaging systems are cur-
rently commercially available. The systems differ distinc-
tively in their technology in terms of light sources, optics,
and excitation [9]. Table 1 shows an overview of the dit-
ferent fluorescence imaging systems and their specific
properties. Modern fluorescence systems have high-res-
olution cameras for open and laparoscopic applications.
Moreover, some platforms offer fused imaging enabling
real-time fluorescence imaging without having to switch
off the top lights.

Recently our study group tried to clarify the advan-
tages and disadvantages of current ICG fluorescent sys-
tems in general surgery by comparing the systems under
standardized conditions ex vivo and in vivo (unpubl.
data). DSouza et al. [9] did a very thorough workup of
imaging systems which proved, in concordance to our
data, that all systems detect ICG fluorescence and are of
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clinical usability. Upon closer inspection, however, dif-
ferences in the quality of images, noise ratio and image
fusion seem to become visually evident. In ICG fluores-
cence angiography, LED systems tend to need higher dos-
ages of ICG compared to current laser-based imaging sys-
tems. Moreover, most of the systems do not offer a quan-
tification tool yet. Until now it is unknown how far these
systems deliver comparable results between each other in
the estimation of, e.g., tissue perfusion. Autoadjustment
software within some of the systems might even hamper
the clinical comparability of studies and applications be-
tween different systems [9].

In the near future, companies might offer simultane-
ous fluorescent imaging using several different dyes even
under with the theater lights on [10]. This fact would al-
low the simultaneous coloring - and therefore detection
- of different structures, like nerves, tumors, and vessels.
In fact, since the description of the green fluorescent pro-
tein by the former Nobel prize winner Roger Tsien, vari-
ous specific fluorescent dyes have been developed [11].
Nerve-specific and tissue- or tumor-specific dyes are
available for experimental settings, lacking approval for
clinical use today [12]. Ultimately mentioned, studies ex-
amining the binding of fluorophores (like ICG) to anti-
bodies are opening new horizons in the clinical use of
these dyes in medical oncology [13, 14].

-

Indocyanine Green

ICG was used as a photographic dye during the Second
World War and it was first implemented in medical im-
aging in cardiac and liver function tests [15, 16]. Severe
allergic reactions associated with the use of ICG are very
rare with an incidence of 0.05% and mostly occur in pa-
tients allergic to iodine. Furthermore, potential cross re-
actions with penicillin have been suggested.

One of the main issues in the clinical (and experimen-
tal) use of ICG is the inconsistence of the available data
with regard to the physical and chemical properties of
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ICG itself. In most trials ICG is diluted in aqua and ad-
ministered intravenously. However, information like the
dosage, the way of application (bolus or fractionated),
and the time from when the ICG bottle was opened (ICG
degrades over time) are usually not mentioned in most of
the available studies.

For intravenous use the half-life of ICG is about 2.4
min. The substance is then metabolized by the liver and
excreted in the bile, suggesting an enhanced fluorescence
effect in patients with impaired liver function [17].

In a previous publication of our group [18], the ICG
properties were studied. With regards to the stability of
the substance when dissolved in aqua and blood the avail-
able literature was widely unprecise and the was ranging
from complete degradation within 20 min [19] to stabil-
ity up to 24 h [20]. The instructions of vendors of ICG are
also different, ranging from immediate use of the recon-
stituted ICG solution (Diagnostic Green, Belgium) to us-
age within 6 h (Akorn, USA) [18]. Furthermore, we tested
the influence of day light and temperature on the degra-
dation of ICG. When diluted in water and stored at 4°C
in the dark, ICG was stable for 3 days, losing as few as 20%
of fluorescence intensity within this time span. When
ICG was incubated at 37 °C in whole blood under light
exposure, it only stayed stable for 5 h. Based on our ex-
periments the durability of the rather expensive dye was
longer than expected. Contrary to the manufacturer’s rec-
ommendation, we suggest that ICG should be used with-
in 1 or 2 days after resolution if the ICG solution is stored
at 4°C [18] and aseptic conditions are warranted.

Tissue Angiography: Approach and Possible Pit Falls

When implementing ICG fluorescence to assess tis-
sue perfusion, the anesthetist administers ICG when re-
quested by the surgeon followed by an immediate intra-
venous flush of 10 mL of an isotonic solution. The team
must be trained, as the time point of administration, the
start of the imaging process, and detection of the signal
in the area of interest must be coordinated (Fig. 1). Un-
coordinated administration or image capturing long af-
ter/or even before injecting the dye might lead to acqui-
sition of false data causing misinterpretation of the tis-
sue perfusion. To assess intestinal perfusion most studies
suggest 2.5-10 mg of ICG depending on the body weight
and the imaging system used. As mentioned above, LED
and filter systems might need higher dosages compared
to laser systems. The time to detect a fluorescence signal
varies between 25 and 60 s after administration. The sig-
nal peaks around 30-45 s after administration (end of
arterial phase) and flattens thereafter by losing 40% of
its peak intensity within 1-2 min (venous wash out
phase; Fig. 1). Peak and washout strongly depend on the
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Fig. 1. ICG fluorescence angiography. X-axis: time after ICG injec-
tion. Y-axis: fluorescence intensity in AU;Imax: peak intensity of
the fluorescence signal. Arterial inflow is marked green, and ve-
nous drainage is marked blue. Clear communication between the
surgeon (S) and the anesthesiologist (A) is necessary for capturing
the full ingress and egress phase of the fluorescence signal in a
video sequence by the imaging system. Modified after Rother etal.

(4].

patient’s circulatory condition and on possible cardio-
circulatory support such as inotropes. High doses of
inotropes might strongly influence the intensity of tissue
perfusion and might decrease the intensity of fluores-
cence.

It is common sense that ICG applications should be
documented following certain standards, i.e., documen-
tation of the time point, the precise dose of ICG adminis-
tered, the number of administrations, the time to the first
appearance of a fluorescence signal, and the side effects of
the dye. The correlation of clinical and visual evaluation
using fluorescence angiography should be documented
in each case. If the surgical approach is altered due to
fluorescence findings, it should be noted as well.

Standardized settings and documentation are essen-
tial, as they rule out most of the possible pitfalls in ICG
fluorescence angiography. ICG has a nonlinear quantum
yield compared to the concentration [21]. Its dosage af-
fects light absorption and, in many cases, less than the
manufacturer’s suggested dosage is sufficient when using
modern fluorescence imaging systems [4]. The detection
of a weak signal can be due to degradation by light or heat
over the time as mentioned above [18]. Another reason
for weak signals might be a long distance between the
camera and the tissue, a too slow injection of the dye, or
a lack of flushing afterwards. Another point is ambient
light for some systems or theatre lights, as that might act
as a scatterer. In contrast, a strong signal or blooming ef-
fect might be due to too high doses, miscommunication,
and light scattering on the tissue in open surgery.
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Evidence in Colorectal Surgery

The largest amount of studies of ICG perfusion is
found in the field of colorectal surgery and performance
of anastomoses. Several systematic reviews collected and
analyzed data in the field of colorectal anastomoses with
similar results and conclusions [22, 23]. Degett et al. [22]
included 17 studies and reported a significantly lower
leakage rate with ICG angiography (3.8%) compared to
surgery without intraoperative fluorescent imaging
(7.3%). The amount of high-quality prospective random-
ized trials in this field is scarce, however. Jafari et al. [24]
have reported a change of surgical plan in 8% of cases and
a leakage rate of only 2% after using ICG angiography in
the prospective randomized PILLAR II trial addressing
high and low anterior resections. In the latest meta-anal-
vsis on ICG fluorescence in colorectal surgery, 1,302 pa-
tients recruited in 5 nonrandomized trials were shown to
have a significant reduction in anastomotic leaks in
colorectal cancer surgery and rectal cancer surgery [23].
The latest and largest European prospective multicenter
trial included 504 patients (65% colorectal cancer pa-
tients) from 3 colorectal centers and reported a feasibility
of 100% with an additional operating time of 4 min. ICG
led to a change in the operative strategy in 6% of the cas-
es [25]. A prospective European randomizéd multicenter
trial (IntAct) has just been started evaluating the influ-
ence of intraoperative ICG fluorescence on postoperative
leakage in deep anterior resections for colorectal cancer
[26].

Evidence in Emergency Surgery and Mesenteric
Ischemia

Acute mesenteric ischemia remains associated with a
high morbidity and a poor outcome [27]. Evaluation of
bowel vitality is still subjective, mostly based on surgical
experience and can lead to resection of segments that
could potentially recover. ICG fluorescence angiography
could be an objective, noninvasive method to assess in-
testinal viability to determine the extent of ischemia cor-
rectly. In a porcine study the real-time assessment of in-
testinal viability by ICG fluorescence intensity was quan-
titatively assessed by calculating the time to peak in
ischemic and nonischemic intestinal segments [28]. In
another experimental study assessing the intestinal perfu-
sion, the group of Diana et al. [28] concluded that a re-
duced perfusion of 25% certainly impairs anastomotic
healing without generating surgical complications.

Numerous feasibility reports and small case series
have been reported on mesenteric malperfusion and the
application of ICG fluorescence for the evaluation of in-
testinal vitality. In a series of 54 patients, we could show
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that intraoperative ICG angiography influences surgical
decision making in 30% of cases [3]. ICG fluorescence
was found to be superior to visual assessment alone and
has an impact on surgical decision making, especially
with regard to the decision of whether to perform second-
look operations, resection, or even revascularization.
Comparable findings were published by the Geneva
group simultaneously [29].

Hyperintensity due to capillary leakage and consecu-
tive pooling of ICG in the tissue may lead to misinterpre-
tation. In the case of visual assessment alone, there is a
risk of assessing previously damaged areas as adequately
perfused because of the ongoing fluorescence within the
tissue. Normally, this pooling fluorescence lasts longer
due to the loss of epithelial integrity. A well-perfused tis-
sue shows a quick inflow of ICG and a slower, but visible,
outflow (Fig. 1). Due to liver failure and sepsis, ICG might
also persist much longer within the circulation so that re-
maining fluorescence in the liver and bowel might impair
interpretation of repeated ICG perfusion assessments
during second look laparotomies.

Furthermore, hemodynamic alterations during the
operation or during the patient’s course might lead to the
detection of differing ICG fluorescence intensities. He-
modynamics, such as cardiac output, blood pressure, vas-
cular resistance, volume load, and catecholamine thera-
py, can influence the results. So far, these important con-
founding factors seem to be underestimated in the
literature. It is well-known that liver function and altera-
tions of cardiac output affect the plasma disappearance of
ICG [30-32]. 'his might influence the washout phase of
the ICG signal. However, further studies are needed to
determine the influence of hemodynamic parameters on
the ingress and egress of the ICG signal in quantitative
assessment of ICG fluorescence during surgery. In the
clinical setting, those parameters must be taken into con-
sideration for valid measurements. If a stable setting is
not possible, either a ratio to a baseline value or compar-
ison to a nonischemic area during the same measurement
is mandatory. For the purpose of a valid quantitative as-
sessment of ICG fluorescence angiography the “back-
ground-subtracted peak fluorescence intensity” and the
“slope of fluorescence intensity” have been described [33,
34].

Evidence in Esophageal Reconstruction

ICG tissue angiography has been used early to assess
graft perfusion before esophageal reconstruction in vari-
ous studies. The published literature can be divided into
studies evaluating ICG perfusion to minimize leakage
rates after placing the anastomosis and studies to describe
the root of gastric perfusion without evaluation of clinical
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consequences. Zehetner et al. [35] concluded in their
study in 150 patients undergoing esophagectomy that in-
traoperative real-time assessment of perfusion correlated
with the likelihood of an anastomotic leak and confirmed
the critical relationship between adequate perfusion and
anastomotic healing [35]. In our own series, in a nonran-
domized prospective setting we could confirm these re-
sults [2]. Two recent systematic reviews and meta-analy-
ses have just reported on the use of intraoperative ICG
fluorescence in esophageal surgery [36, 37]. Both reviews
offer encouraging evidence for the use of ICG in gastric
conduit reconstruction as evidenced by a 69% reduction
in anastomotic leaks when combined with intraoperative
interventions. However, poor data quality and heteroge-
neity in reported variables limit the validity of these find-
ipgs. Tools for quantitative assessment of perfusion are
available and can provide an objective and standardized
approach to evaluate the effectiveness of ICG [34]. Future
studies should incorporate these measures in randomized
controlled trials to generate more robust evidence in this
area.

ICG Fluorescence of the Bile and Liver Masses

After systemic injection of ICG, an ingrease in the de-
tection rates of colorectal liver metastases and hepatocel-
lular carcinomas has been reported in several series.
However, sensitivity and specificity differ significantly
[38-42]. In a nutshell, ICG is administered at a minimum
dose of 10 mg (we recommend 25-50 mg) 24-72 h prior
to surgery to enable metabolization in the liver and accu-
mulation in the bile. In a study for common bile duct
identification in cholecystectomies the dosage and ad-
ministration interval (24 h compared to 30 min) of ICG
before surgery have been shown to alter the contrast of
the bile duct in relation to background normal liver tissue
[43]. Intraoperative ICG fluorescence for the prevention
of bile duct injury during cholecystectomies has been re-
ported in numerous publications. van de Graaf et al. [44]
reported a median detection rate of 76% for the common
bile duct, 88% for the cystic duct and common hepatic
duct confluence, and 100% for the cystic duct. A total of
863 patients were included in 16 studies. No intraopera-
tive bile duct injury occurred when using ICG fluores-
cence. Regarding sample sizes and study designs, the au-
thors concluded that there is currently no preferred
method to prevent bile duct injury in cholecystectomies
[44].

ICG is metabolized in the liver and accumulates in re-
gions of delayed bile metabolism, as found in primary liv-
er tumors and colorectal metastases [38, 41]. The tumor
can be visualized by ICG fluorescence at a size of just 200
tumor cells, enabling surgeons to visualize foci of a mini-
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mum of 1 mm [42]. A major limitation in the visualiza-
tion of liver masses with the available fluorescence sys-
tems is the maximum depth of infiltration of up to 10
mm. A combination of application of intraoperative so-
nography and fluorescence was shown to increase the de-
tection rate of colorectal metastases [39-41, 45]. In pa-
tients with liver fibrosis, however, regions with delayed
bile metabolism might give false-positive fluorescence.

ICG fluorescence molecular imaging technology can
be used to qualitatively and quantitatively analyze patho-
logical changes at a molecular and cellular level in vivo,
to objectively display liver tumor boundary information,
to define liver tumor boundaries, and to detect residual
lesions, achieving an intraoperative real-time staining
and navigation of the liver parenchyma in the target area
[38, 46, 47]. Most of the studies have been conducted as
case series or case reports. The latest meta-analysis in-
cluded studies on 587 patients showing that ICG fluores-
cence in the field of liver surgery does decrease operative
time, blood loss, hospital stay, and postoperative compli-
cations [5]. Bearing in mind the heterogeneity and qual-
ity of the current data available, there is need for future
prospective randomized trials.

ICG Fluorescence for Sentinel Node Detection

This is another important topic in several fields of sur-
gery, urology, gynecology, and general surgery [48-50].
ICG has been shown to be comparable to blue dye and
radioactive markers in several studies for breast cancer.
The future will tell whether it is safe to solely rely on ICG
as a dye. However, the latest meta-analysis showed a sig-
nificantly better sentinel node detection by ICG com-
pared to the standard radioisotope method [48, 51]. The
prospectively randomized FILM trial evaluated ICG to be
superior in lymph node detection compared to isosulfan
blue dye in patients with stage I endometrial or cervical
cancer [52]. In the meanwhile, the design and results of
the study provided groundwork for the FDA licensing of
ICG for lymph node mapping. NCCN guidelines men-
tion sentinel lymph node mapping by ICG in cervical
cancer patients [53].

For colorectal cancer, several feasibility studies have
been carried out without showing any clinical conse-
quence or resulting in a prospective randomized trial so
far. For colorectal cancer but also for lower rectal tumors
sentinel node imaging is feasible, especially to detect the
lymphatic drainage across the lateral lymph nodes [54-
58]. In esophageal and gastric cancer, ICG has been
shown to work as a feasible tracer for regional lymphatic
mapping [59, 60]. Studies in sentinel node detection in all
gastrointestinal cancer fields are phase I/II trials with a
wide variation in the number, dosage, and location of dye
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injection (subserosal vs. submucosal) and the time be-
tween injection and sentinel node mapping [61]. Practi-
cally, ICG solutions between 0.5 mg and 5 mg/mL are
injected proximally and distally of the tumor (2 times 1
mL) or around the tumor (4 times 0.5 mL).

Although current data favoring intraoperative detec-
tion of lymph node metastasis and peritoneal metastasis
with ICG in colorectal cancer is scarce, ICG fluorescence
could potentially improve the staging technique and
treatment of patients especially in the context of molecu-
lar imaging when conjugated to cancer related antibodies
[62].

Conclusion
o

This review presents an overview of the current tech-
nological concepts and principles of ICG fluorescence
imaging as well as intraoperative imaging platforms avail-
able. The ICG tissue angiography concept described in
this article provides the surgeon with a clear advice on
how to perform intraoperative ICG fluorescence angiog-
raphy pointing out possible pitfalls. Although there is
emerging evidence of the usefulness of intraoperative
[CG angiography in esophageal reconstruction, colorec-
tal surgery, and mesenteric ischemia, the athount of high-
quality studies is still scarce. The great amount of case
series and the small amount of prospective randomized

trials results in a high data heterogeneity reducing the re-
producibility and generalizability of the results.

The evidence of a potential benefit associated with the
ICG fluorescence imaging for gastrointestinal sentinel
node detection and detection of liver tumors and colorec-
tal metastases of the liver is also limited.

Overall, in just a few years’ time, the intraoperative
fluorescence imaging with ICG has found numerous in-
teresting applications in visceral surgery raising the hope
that future studies will allow us to perform more precise
surgery with less perioperative complications.
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