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In the not-too-distant past, the mark of an excellent physician was one who 
could diagnose and treat patients simply with a thorough history and physical 
exam. In many circles, the use of advanced imaging to aid in diagnosing dis-
eases was considered a compromise to the art of medicine. Despite these 
early sentiments, the ability to visualize patient anatomy and pathology has 
continued to advance with improved imaging technology. In the majority of 
clinical scenarios, preoperative imaging helps surgeons plan the surgical 
approach and course of action.

While the concept of preoperative imaging is established, the trend to 
incorporate real-time intraoperative image guidance has also emerged. This 
concept originated with the desire to improve one’s ability to accurately tar-
get pathology and to have objective information throughout the changing 
environment in the operating room. Two well-established examples of real- 
time imaging are fluoroscopy and ultrasonography. These modalities have 
been used to help orthopedic surgeons orient fractured bone and hepatobili-
ary surgeons locate lesions within the liver, respectively. Always seeking to 
further optimize surgical outcomes, additional modalities have been explored 
with varying levels of success. Near-infrared (NIR) imaging is one such tool 
that may further augment surgeons’ skills in the operating room and thus 
outcomes.

In this dynamic textbook, we have compiled the first comprehensive video 
atlas of NIR imaging in the operating room. The work represents a head-to- 
toe guide for clinicians who are interested in applying real-time NIR imaging 
for their patients. Expert surgeons from around the globe were called upon to 
share their experience with NIR imaging, most commonly performed using 
indocyanine green (ICG) fluorescence. The chapters are structured to include 
a brief background and indications for use, followed by a technical descrip-
tion of the procedure. Each chapter is also accompanied by video examples 
and detailed information about necessary equipment, drug dosing, and alter-
native techniques. A pitfalls section serves as a “lessons learned” segment to 
bookend each chapter.

Authors represent a comprehensive list of surgical subspecialties ranging 
from neurosurgery to plastic surgery. While it is not meant to serve as an 
exhaustive summary of ICG use in surgery, the goal is to highlight the suc-
cessful use of this technology in a number of settings. As the technology and 
applications continue to expand, we believe that this textbook will serve as a 
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foundation upon which to build as clinicians gain more understanding of NIR 
imaging.

A work of this magnitude is not possible without the dedication of the 
authors to their patients and to expanding knowledge within the surgical com-
munity. We have relied on authors who have established themselves as pio-
neers in innovation, and we are grateful for their tireless work. In any large 
undertaking, there also needs to be a sturdy “glue” to hold things together. 
For this work, that glue is Development Editor for Springer Nature, Barbara 
Lopez-Lucio. Her ability to coordinate submissions and keep the project on 
task throughout the entire process cannot be understated. Thank you, Barbara.

Cleveland, OH, USA Essa M. Aleassa, MD
Cleveland, OH, USA Kevin M. El-Hayek, MD 
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Introduction to Near-Infrared 
Fluoroscopy in the Operating 
Room

Voranaddha Vacharathit, Essa M. Aleassa, 
and Kevin M. El-Hayek

First characterized in 1800 by William Herschel, 
infrared radiation (IR) is an electromagnetic radi-
ation with wavelengths beyond visible red light, 
in the 700 nm–1 mm range. Fluorescence imag-
ing in the near-infrared (NIR) window utilizes 
photoexcitation of a molecule (fluorophore) with 
subsequent measurement of the emitted photon at 
a lower wavelength, in this case in the 650–
900 nm NIR range. The first application of NIR 
in surgery was much later, in 1948, when fluores-
cein was used to aid in brain tumor resection [1]. 
Since then, the field has continued to evolve at a 
steady pace. Advantages and limitations of this 
imaging modality in the operating room are sum-
marized in Table  1.1. In brief—for a specialty 

that places great emphasis on visualizing struc-
tures of interest, be they pathological or innate—
NIR provides real-time surgical guidance with 
nonionizing radiation, high signal-to-background 
ratio, and the advantage of subsurface imaging to 
a certain extent [2]. However, applying this tech-
nology in the operating room requires some 
understanding of its limitations. Most of these 
limitations and difficulties are linked to non- 
standardized protocols, which may lead to subop-
timal visualization of the desired structure. For 
instance, the optimal concentration of the fluoro-
phore may be different for visualization of struc-
tures in the obese patient or for viewing different 
kinds of structures (i.e., vascular vs biliary). 
Correction for these may not be intuitive, or as 
simple as increasing the fluorophore concentra-
tion, for example, as this may paradoxically 
result in self-quenching and decreased fluores-
cence signal [3]. Overall, it is clear that working 
toward a standardized protocol in the OR will aid 
in a uniform and reproducible application of NIR 
technology.

NIR imaging requires three factors: (1) a 
source of photoexcitation (i.e., laser diode excita-
tion), that stimulates a (2) fluorophore. The fluo-
rophore emits NIR wavelength light that is 
captured by a (3) camera with a collection of 
optics and filtration sensitive to NIR in that par-
ticular wavelength to distinguish it from the 
background signal or the fluorescence of other 
fluorophores that may be used simultaneously. We 
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will limit our discussion of these three elements 
to the fluorophore itself, as this is the only ele-
ment directly handled by the clinician.

 Fluorophores

There is currently only one fluorophore approved 
by the US Food and Drug Administration (FDA): 
indocyanine green (ICG). It is a tricarbocyanine, 
water-soluble compound that contains both 
hydrophilic and hydrophobic elements with an 
excitation wavelength of 778  nm and emission 
wavelength of 830 nm, although the exact wave-
lengths may change based on the concentration 
and solvent properties [4, 5]. In vivo, ICG forms 
a complex with human lipoprotein and albumin 
with a short half-life of 150–180 seconds and is 

subsequently cleared by the liver [6]. Importantly, 
ICG is a nonspecific contrast dye. Therefore, 
although ICG tends to accumulate in solid 
tumors—thought to be due to vascular permea-
bility and other molecular factors related to the 
tumor microenvironment called the enhanced 
permeability and retention (EPR) effect first 
described in 1986—there is no actual molecular 
targeting of this dye to tumor-specific ligands [7]. 
Risk of adverse events is low and seems to be 
related to non-immunogenic anaphylactoid reac-
tions. The maximum recommended dosage of 
ICG in adults is 2 mg/kg [8]. Patients with iodine 
allergies should be excluded or pretreated.

Methylene blue (MB) is a photoactive pheno-
thiazine dye initially used as an antimalarial drug 
at the end of the nineteenth century. The FDA 
approved MB for other indications, as it has been 
found to have fluorescent properties with emis-
sion in the 700 nm range when diluted [9]. This is 
at a much lower concentration that would other-
wise be used for a conventional sentinel lymph 
node biopsy, where the blue stain can be visual-
ized with the naked eye. Because it is excreted 
via the kidneys, MB is an optimal dye for the 
visualization of ureters. Potential adverse effects 
of high-dose MB, though rare, include local skin 
toxicities, cardiac arrhythmias, decreased cardiac 
output, increased pulmonary vascular resistance, 
and neurotoxicity with concomitant use of sero-
tonin reuptake inhibitors, serotonin and norepi-
nephrine reuptake inhibitors, and monoamine 
oxidase inhibitors. MB should be avoided in 
patients with glucose-6-phosphate dehydroge-
nase (G6PD) deficiency, as it may cause hemo-
lytic anemia.

A notable “pro-dye” is 5-aminolevulinic acid 
(5-ALA), a naturally occurring precursor molecule 
in the protoporphyrin IX (PpIX) biosynthesis path-
way, the latter of which then forms heme B when 
bound to ferrous iron. 5-ALA was approved by the 
FDA in 2017 for image-guided neurosurgery in 
patients with suspected high- grade gliomas. 
However, it is not uniquely a fluorophore. Rather, 
its derivative, PpIX emits NIR fluorescence at 
635 nm when activated by light in the 375–440 nm 
range. Exogenous delivery of 5-ALA allows for 
increased PpIX concentration, which in turn allows 

Table 1.1 Advantages of near-infrared fluorescence 
imaging in the operating room

Advantages Limitations
Low background 
autofluorescence, 
scattering, low absorption 
leading to high SBR

5–10 mm depth 
(attenuated by absorption 
and scatter in surrounding 
tissue)

Can be used with many 
surgical modalities (open, 
laparoscopic, robotic, 
microscopic)

Most systems use 
qualitative rather than 
quantitative information 
unless with specific 
measurements of tissue 
absorption, scatter, and 
anisotropy

Many targets (nerves, 
lymph, blood vessels, 
cancer cells, ureter, bile 
ducts) with potential for 
targeting down to 
molecular level

Imaging optimized 
differently for different 
fluorophores and targets 
(distance to target, 
timing, dose, fluorophore, 
patient BMI—many 
variables to consider)

Can visualized some 
depth below surface

Can have false-positive 
appearance from 
overcorrection of 
attenuation

Nonionizing radiation Lack of many FDA- 
approved targeting agents

No staining of surgical 
field

Quenching

Real-time guidance 
system

Non-standardized 
imaging platform

SBR signal-to-background ratio, BMI body mass index, 
FDA US Food and Drug Administration

V. Vacharathit et al.
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for NIR visualization of certain cancer types based 
on 5-ALA accumulation [10]. Although it is a non-
specific pro-dye with no specific targeting compo-
nent, at the tissue level, 5-ALA is actively 
transported into cells rather than through passive 
diffusion. Interestingly, 5-ALA can be orally 
administered and can cross the blood-brain barrier.

Other fluorophores are actively under study. 
Rather than dye accumulation in the target tissue 
by the passive effect of EPR, the newer genera-
tions of fluorophores are tethered to a specific 
targeting ligand that allows homing to the tissue 
of interest. Some examples of these homing mol-
ecules are trastuzumab antibody (targets HER2 
receptor in breast cancers), XQ-2d DNA aptamer 
(targets pancreatic ductal adenocarcinoma cells), 
vascular endothelial growth factor antibody, 
folate receptor targeting, carbonic anhydrase IX 
antibody, and epidermal growth factor (EGF) 
(targets cancers that overexpress EGF receptors) 
[11, 12]. Another exciting development is the 
creation of “activatable” NIR probes where the 

dye, delivered in an “off” state, is evenly distrib-
uted in all tissues but only fluoresces when acti-
vated by specific conditions (for instance, 
probe-ligand internalization by tumor cells, 
which then results in activation of the fluorophore 
by pH-induced linker molecule cleavage) [13].

 Applications

Representative current applications of NIR using 
MB, ICB, and 5-ALA are summarized in 
Table  1.2 with corresponding papers cited [8, 
14–35]. Although studies quote different concen-
trations and dosages of fluorophores, mode of 
delivery, and timing to visualization, we present 
the most common protocols quoted in the litera-
ture and, if possible, protocols that have under-
gone optimization or are a product of an aggregate 
review. The details of these applications and 
video chapters are presented in the textbook for 
more detailed descriptions.

Table 1.2 Current intraoperative applications of near-infrared fluoroscopy using fluorophore [8, 14–35]

Structure Fluorophore Timing Delivery Applications
Arterial 
system

ICG 5 mg 1 min PI Angiography after flap 
harvest

Free flap viability [14, 15]

Venous 
system

ICG 2.5 mg 1-10 min PI Portal vein or 
intravenous

Hepatic perfusion for formal 
segmentectomy [16]

Lymphatic 
system

ICG 2-6 mg 
depending on 
BMI

3-15 min PI Subareolar injection, 
peritumor injection

Breast cancer SLNB [17, 18]

ICG 5 mg 15 min-3 hour PI Subcutaneous 
peritumor

Skin cancer SLN mapping [19]

ICG 
0.5–1.5 mg

Immediately 
PI-12 hour

First web space foot or 
second webspace hand 
or interstitial injection

Lymphography, 
lymphaticovenular anastomosis 
(chronic lymphadema), reverse 
mapping [8, 20]

ICG 2.5 mg 15-30 min PI 4 quadrant injections 
in target area of 
interest

Esophageal, bladder, prostate, 
colorectal, gastric, endometrial 
SLN mapping [21]

Digestive 
system

ICG 1.25 mg Visible for 1–7 days Peritumor injection Endoscopic tumor marking 
[22]

ICG 2 mg/kg Immediately PI Intravenous Neoplasia within Barrett’s 
esophagus [23]

ICG 0.2 mg/
kg-7.5 mg

Immediately after 
division of mesentery 
or anastomosis 
creation

Intravenous Anastomotic perfusion for leak 
risk assessment [24]

(continued)
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 Augmented Reality

A discussion of such a versatile imaging platform 
as NIR fluorescence imaging with its many poten-
tial surgical applications would not be complete 
without mentioning augmented or computer- 
assisted reality. As it is, image-guided NIR fluoros-
copy can be used in open, laparoscopic, endoscopic, 
microscopic, and robotic operations, making it an 
extremely versatile real- time guidance system. The 
overlay of fluorescence on the white light surgical 
field by screen integration allows for “enhanced 
reality.” However, this is only the first step. Along 
with other imaging modalities such as preoperative 
imaging (CT scans, MRI, ultrasound, PET scans), 
the goal is to create one cohesive and integrated 
patient-specific road map for surgery. In its best 
embodiment, this would allow a three- dimensional 
“virtual reality” system capable of overlapping 
multiple sources of information such as prior scans 
into the physical surgical field with integration of 
real-time data such as NIR fluoroscopy so as to 
provide intraoperative navigation. While the field is 
still in its infancy, promising steps have been taken 

by different institutions to explore this novel opera-
tive aid, mainly in the field of urologic surgery [36]. 
Further work and research are needed in this field 
to push surgical constraints beyond the limitations 
of the naked eye.

This textbook is the first resource to highlight 
clinical uses of NIR with accompanying video 
descriptions. This textbook serves as a general 
reference for physicians and health-care provid-
ers who are interested in the clinical use of this 
technology. It will certainly be an evolving field 
in medicine.
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 Background

Surgical excision is the only definitive treatment 
for primary hyperparathyroidism (PHPT), 
which is marked by benign adenomatous 
 proliferation of one or more glands leading to 
excessive parathyroid hormone secretion and 
hypercalcemia. There are four parathyroid 
glands that are located in an upper and lower 
position adjacent to the thyroid gland. Successful 
surgical treatment is dependent on the localiza-
tion and removal of all aberrant parathyroid 
glands which  can be a challenge due to their 
variable location, particularly in the lower 
glands. In PHPT, the disease is typically limited 
to a single adenoma, but multiglandular lesions 
can be identified in 10–15% of patients [1, 2]. 
Preoperative ultrasound and nuclear scintigra-
phy (sestamibi) can assist with preoperative 
localization to help guide the surgeon, but the 
sensitivity for detection of parathyroid glands is 
variable and user dependent. Computed tomog-

raphy (CT), single-photon emission computed 
tomography (SPECT), and magnetic resonance 
imaging (MRI) protocols are also available for 
high-resolution axial imaging [3]. These preop-
erative localization techniques allow for effi-
cient, focused dissections that may  avoid the 
need for routine four-gland exploration, reduc-
ing the risk of bilateral recurrent laryngeal nerve 
injury.

Preoperative localization techniques are 
widely available and routinely performed. By 
contrast, intraoperative techniques for the detec-
tion of parathyroid glands are more limited. 
Intraoperative sestamibi scanning using a gamma 
probe has been attempted, but it is cumbersome 
and not widely accepted. Rather, the surgeon is 
dependent on classic techniques such as intraop-
erative parathyroid hormone (PTH) assays, and 
pathological frozen section to confirm all abnor-
mal parathyroid glands are resected.

Indocyanine green (ICG) fluorescence angiog-
raphy is a type of augmented reality technology 
that can be used intraoperatively to identify and 
confirm the location  of parathyroid glands. The 
technique involves intravenous injection of the 
organic dye that emits a fluorescent signal when 
excited by near-infrared light. Due to the increased 
vascularity  of endocrine glands relative to sur-
rounding tissues, the parathyroid glands emit a 
strong fluorescent signal that can be identified by a 
specialized camera system and displayed visually 
on a monitor (see Fig. 2.1). Because near-infrared 
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fluorescence cannot be seen with the naked eye, a 
computer-generated bright green overlay  is dis-
played on top of the standard image, creating a 
green glow  where the strength and saturation of 
the green color correlate to the strength of the fluo-
rescent signal detected by the imaging system [4]. 
The technique was first shown to be successful in 
the identification of parathyroid glands in a series 
of three dogs undergoing thyroid surgery in 2015 
[5]. The use of ICG in humans, however, dates 
back much further as it was originally used as an 
agent to help assess hepatic function and cardiac 
output  begining in  the 1960s [6]. ICG has been 
established as a safe and inexpensive fluorophore 
for use in human surgery.

 Indications

ICG fluorescence angiography can be used to 
assess perfusion of the parathyroid glands during 
parathyroid surgery. Because the technique is 
reliant upon blood supply, it will detect both nor-
mal and aberrant parathyroid glands so long as 
the blood supply is preserved. In the case where 
preoperative imaging indicates the location of the 
diseased gland, ICG fluorescence can confirm the 

location of an adenoma by its enhanced perfu-
sion. If multiglandular disease is suspected, the 
technique can be used to help identify the four 
parathyroid glands during the neck exploration. 
This confirmatory technique may limit the 
amount of dissection necessary for the surgeon to 
confidently identify parathyroid tissue, which 
would preserve the vascularity for the normal 
parathyroid glands left in place. It may also 
reduce operative times.

Reoperation is  an area where ICG fluores-
cence may be especially useful. Patients who 
undergo redo neck explorations for recurrent 
hyperparathyroidism have an increased risk of 
complication including recurrent laryngeal nerve 
injury, decreased cure rates, and permanent hypo-
calcemia due to devascularization of the parathy-
roid glands  from excessive dissection [7]. 
Increased risk is inherent to redo surgery due to 
scar tissue from prior dissections and distortion 
or obliteration of surgical planes. Further, glands 
may be harder to find due to an increased risk of 
an ectopic location of the parathyroid glands in 
redo surgery. Using ICG fluorescence as an 
adjunct to preoperative imaging may improve the 
safety and success of repeat surgery [8].

Since ICG fluorescence angiography requires 
that the parathyroid glands be well perfused, 
successful identification of the gland with this 
technique also facilitates assessment of the per-
fusion of parathyroid glands during head and 
neck surgery. This may allow for the prediction 
and possible prevention of postoperative hypo-
parathyroidism and subsequent hypocalcemia. 
Assessment of parathyroid perfusion is also use-
ful for decision-making during subtotal parathy-
roidectomy where three and a half glands are 
removed. ICG fluorescence angiography can be 
used to assess the perfusion of the gland and 
allow the surgeon to leave the half of the gland 
with the best perfusion behind. After splitting 
the gland in half, the surgeon can confirm ade-
quate perfusion of the remnant parathyroid tis-
sue. In a series of six patients where this 
technique was employed, all were found to have 
adequate remnant parathyroid perfusion, and 
none were found to have postoperative hypo-
parathyroidism [9]. In the event that a parathy-

Fig. 2.1 ICG fluorescence angiography enhancing two 
parathyroid glands (solid arrows) and the thyroid gland 
(dashed arrow). The fluorescence signal detected from the 
imaging system is represented by a computer-generated 
green overlay. Enhancement is proportional to blood flow

J. C. DeLong and M. Bouvet



11

roid gland is identified but the blood supply has 
been disrupted, ICG fluorescence angiography 
can also be used as criteria for autotransplanta-
tion, which has been used by some authors with 
favorable results [10].

 Technical Description of the Procedure

 Indocyanine Green Fluorescence

Indocyanine green (ICG) is an inert, non-toxic 
tricarbocyanine dye with a variety of uses in 
fluorescence- guided surgery (FGS) and an excel-
lent safety profile. It has had applications for 
human use since the 1960s when researchers at 
the Mayo Clinic used the intravenous agent to 
assess cardiac output and hepatic function [11]. 
The dye preparation is stored in a powdered form 
and suspended in sterile water at a concentration 
of 2.5 mg ICG per ml by convention as the dye is 
typically packaged in 25 mg vials. During FGS, 
the anesthesiologist administers ICG dose intra-
venously when the surgeon is ready to evaluate 
the target. Upon injection, the negatively charged 
dye becomes tightly bound to plasma proteins, 
keeping it confined to the vascular compartment 
until it reaches the hepatocytes. ICG is excreted 
through first-pass metabolism as the hepatocytes 
clear the concentrated dye through the bile, which 
makes the technique useful for hepatobiliary sur-
gery. The mean half-life of the circulating dye is 
3.4 min (SD 0.7 min) and is dependent on normal 
functioning hepatocytes [12]. Dosage ranges 
from 2.5  mg to 10  mg per dosing with most 
authors reporting peak fluorescence 30  seconds 
to 3 min after administration.

Fluorescent particles emit fluorescent light 
when excited by light within a specific wavelength 
range. For particles that emit fluorescence in the 
visible range, like fluorescein, this is seen as a 
glow. ICG emits fluorescence in the near- infrared 
range, which is not visible to the naked eye, so we 
must use a specialized camera and computer-gen-
erated imaging to visualize the fluorescent signal. 
The excitation of ICG occurs at 780–805 nm and 
emits a fluorescent signal that can be captured by 
cameras that are specialized to capture light  at 

825 nm. Tissues are more translucent in the near-
infrared range than in visible wavelengths, so ICG 
circulating within deep structures can be seen at a 
depth of up to several millimeters depending on 
hemaglobin concentration [13]. Fluorescent signal 
is converted to an augmented reality bright green 
overlay where the strength of the signal correlates 
to the saturation of the green color.

 Equipment

There are numerous commercially available fluo-
rescence laparoscopes on the market that are used 
for minimally invasive laparoscopic surgery. 
These cameras have a standard, or “bright light,” 
mode as well as a fluorescent mode that is capa-
ble of detecting ICG fluorescence. Our institution 
has experience with Novadaq PINPOINT 
Endoscopic Fluorescence Imaging System 
(Bonita Springs, FL) and Stryker AIM (San Jose, 
CA). An additional system is available through 
Karl Storz (El Segundo, CA). The laparoscope is 
directed into the surgical field of interest and the 
parathyroid glands can be evaluated. More 
recently, a handheld imaging device has been 
developed for use in this application. The device 
is covered with a sterile drape and used for intra-
operative evaluation of the parathyroid glands 
and can be used for other open FGS applications 
(see Fig. 2.2). In recent years, minimally invasive 
techniques for thyroid and parathyroid have 
emerged using robotic surgical platforms. Similar 
to the aforementioned laparoscopes, the da Vinci 
robotic surgical platform has Firefly, which is 
their version of fluorescence mode.

 Adjustments and Configurations

The laparoscopic and handheld imaging systems 
allow for adjustments to a number of settings. 
Adjusting the brightness or backlight (Novadaq 
and Stryker terminologies, respectively) will 
adjust the amount of light in the standard image, 
while adjusting the contrast or gain will adjust 
the sensitivity or amplification of the fluorescent 
signal. Adjustments to these settings will allow 
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the surgeon to optimize the target-to-background 
ratio which is a measure of the maximal fluores-
cence in the target tissue with the least amount 
of background noise. Adjustments to the dosing 
of ICG and the focal length (distance the camera 
is held from the target tissue) will also impact 
fluorescence intensity. We hold the camera 
approximately 20  cm from the target tissue. 
Depending on the device and filters that are used, 
some manufacturers recommend dimming the 
overhead and room lights which we recommend 
doing routinely for optimal results.

 Surgical Procedure

Parathyroid glands are accessed through a stan-
dard, transverse surgical incision. We perform a 
focused unilateral neck dissection if preoperative 
imaging indicates laterality and post-excision 

PTH assay results are reassuring. If preoperative 
imaging does not indicate laterality or if PTH 
does not decrease as expected, a four-gland 
exploration is performed. We retract the strap 
muscles laterally and mobilize the thyroid gland 
for exposure. Care is taken to identify and pre-
serve the recurrently laryngeal nerve. We con-
tinue the dissection until a candidate parathyroid 
gland is identified noting any abnormalities in 
size, shape, and texture. When a suspected para-
thyroid gland is identified and exposed, 3 mL of 
ICG (concentration 2.5 mg/mL) is administered 
as an intravenous push by the anesthesiologist, 
and the fluorescence imaging systems is directed 
into the operative field. In our experience, 
exposed parathyroid adenomas exhibit fluores-
cence within 1 minute of injection. If a parathy-
roid is not localized, further dissection is 
performed and ICG fluorescence imaging is 
repeated. Once a gland has been successfully 

Fig. 2.2 Use of handheld ICG fluorescence imaging system directed at cervical neck incision for parathyroid surgery
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localized with the technique, the vascular pedicle 
of the parathyroid is ligated, and a sample is sent 
to pathology for frozen section confirmation. A 
PTH assay is also routinely sent. See Video 2.1 
for a video demonstration of the technique.

 Other Techniques

There are a number of other techniques that have 
been used to localize parathyroid glands using 
fluorescence. The most popular involves autofluo-
rescence of the parathyroid gland itself. 
Researchers at Vanderbilt hypothesized that para-
thyroid glands contain an unknown intrinsic 
fluorescent- emitting substance that can be 
detected with a fluorescence spectrometer [14]. A 
specific fluorophore has not yet been identified, 
but autofluorescence of the parathyroid glands has 
consistently been found in 90–98% of parathyroid 
glands, independent of perfusion [15, 16]. 
Parathyroid autofluorescence can be detected 
using a spectrometer or with a modified near- 
infrared camera system. Some authors have used 
the Fluobeam® 800 imaging system (Fluoptics, 
Grenoble, France), a commercially available sys-
tem with reported success. The handheld device 
consists of a laptop with “Fluoptics©” software 
installed and a handheld camera with a near- 
infrared emitter (750 nm) and an integrated fluo-
rescence detector (850–900  nm). Because this 
technique is not reliant upon an intravenous agent, 
it can successfully locate parathyroid glands even 
after the blood supply has been disrupted. This is 
because the technique relies on the intrinsic auto-
fluorescent properties of the parathyroid gland 
itself rather than an exogenously delivered fluoro-
phore. Since the parathyroid glands retain auto-
fluorescence after devascularization, this 
technique cannot be used to assess viability of the 
glands or be used as a surrogate marker to predict 
postoperative hypocalcemia. However, unlike 
ICG angiography, the autofluorescence of the 
parathyroid glands is considerably brighter than 
the adjacent thyroid gland, improving the target-
to-background ratio when this technique is used 
[17]. When compared to ICG fluorescence for the 
detection of parathyroid glands, there were simi-

lar parathyroid gland detection rates, but the auto-
fluorescence technique was found to detect glands 
faster than the naked eye in up to half of the cases 
[15]. This indicates there may be a role for auto-
fluorescence for navigation and localization of 
parathyroid glands rather than confirmation. But 
like ICG, the depth of penetration of the fluores-
cence signal is limited.

Robotic surgery is another technique where 
fluorescence angiography may be useful. Because 
the robotic platform lacks haptic feedback, 
adjunctive strategies for identifying targeted 
anatomy may be useful. Minimally invasive head 
and neck endocrine surgeries have emerged in 
recent years for the removal of thyroid glands 
[18]. When performed there the bilateral transax-
illary approach, typically only the lower parathy-
roid glands are visualized with this technique. 
When ICG fluorescence was used during robotic 
thyroidectomy, some authors report improved 
rate of parathyroid identification and a reduced 
number of incidental parathyroidectomy [19]. 
Routine use of ICG fluorescence during robotic 
thyroid surgery may ameliorate the increased risk 
of transient hypocalcemia that has been reported 
with this approach [20].

Other techniques have been used for intraop-
erative localization of parathyroid glands includ-
ing intravenous use of methylene blue. Like ICG, 
methylene blue emits fluorescence in the near- 
infrared range, but it is dosed only once at the 
beginning of the case. Success of the technique 
improved with increased dosing with identifica-
tion of parathyroid glands in up to 97% of cases 
[21]. However, this technique was associated 
with cases of toxic metabolic encephalopathy 
because methylene blue acts as a monoamine 
oxidase inhibitor. Further, it has not shown to 
improve outcomes and was associated with cuta-
neous complications [22]. The use of aminolevu-
linic acid, an oral photosensitizer, has also been 
used for the intraoperative localization of para-
thyroid glands. However, this technique was only 
successful in identifying the parathyroid glands 
half of the time [23]. For the other half of patients, 
this technique inadequately enhanced the paren-
chyma of the parathyroid gland, limiting its clini-
cal utility. Further, this technique requires oral 
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administration of the photosensitizer prior to sur-
gery and avoidance of light for up to 48  hours 
after surgery, making its routine use impractical.

 Future Applications

In the future, ICG fluorescence techniques could 
be integrated with other available FGS technolo-
gies. A key application that would be of particu-
lar value is with fluorescent identification of the 
recurrent laryngeal nerve. Translational research 
is quickly evolving in the field of fluorescent 
nerve enhancement, and this technology may be 
available for use in the near future [24]. 
Additionally, integration with augmented reality 
platforms such as the Microsoft HoloLens may 
allow for the development of further applications 
in digital surgery.

 Interpretation

All current commercially available FGS imaging 
systems provide qualitative data on fluorescence 
intensity in the form of color  saturation of the 
computer-displayed image. As discussed previ-

ously, saturation can be manipulated by the sur-
geon through imaging system  user controls, 
changes to the focal length between the camera 
and the target tissue, and by adjusting the dose of 
the ICG dye. Given these numerous components 
that make up the signal intensity that is captured 
by the device, there is no standard unit of fluo-
rescence intensity that has been reproducibly 
described. Instead, surgeons rely on qualitative 
interpretation of the images obtained during 
surgery.

Some authors use a numerical scoring system 
to describe the strength of fluorescent enhance-
ment that was first described by Fortuny et  al. 
[25]. The numerical scale is used to describe the 
fluorescence perceived by the surgeon and can be 
used intraoperatively or postoperatively during 
analysis. On the scale, 0 denotes that little to no 
fluorescent intensity has been appreciated, 1 indi-
cates that moderate fluorescence was seen, and a 
score of 2 denotes strong fluorescent intensity 
(see Fig.  2.3). If a candidate structure does not 
fluoresce when evaluated with ICG fluorescence 
angiography (score  =  0), there are two likely 
explanations. First, it is possible that the structure 
may not be a parathyroid gland, but rather a 
lymph node or scar from prior surgery. The other 

a b

Fig. 2.3 A numerical scoring system was developed to 
describe the amount of fluorescent enhancement of the 
parathyroid glands where (a) 0 = no fluorescent enhance-

ment, (b) 1 = moderate or partial gland enhancement, and 
(c) 2 = strong fluorescent enhancement
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possibility is that the parathyroid gland may be 
completely dissected off the vascular pedicle, 
preventing the delivery of ICG necessary to 
enhance the parathyroid tissue. If this is sus-
pected, frozen section can be used to confirm, 
and autotransplant can be considered. Similarly, 
if a parathyroid gland is found to have moderate 
or partial fluorescent intensity (score = 1), it may 
be partially devascularized. When a subtotal 
parathyroid resection is to be completed, the sur-
geon should attempt to remove the part of the 
parathyroid gland with the least amount of 
enhancement, leaving the well-vascularized tis-
sue in place. The dosing of ICG can be safely 
repeated several times during a case, but since the 
ICG does not wash out completely between 
administrations, care should be taken to note the 
fluorescent intensity of target tissues before each 
additional dosing to help guide interpretations.

 Limitations

There are a number of limitations to ICG fluores-
cence angiography for use in parathyroid surgery. 
The most glaring is the target-to-background ratio 
challenges given the close proximity of the thy-
roid gland. As discussed previously, the target- to- 
background ratio is the fluorescent enhancement 

of the target tissue compared to the fluorescent 
enhancement of the surrounding tissues, or the 
“noise.” Since ICG is administered intravenously 
and is not targeted to the parathyroid glands spe-
cifically, the utility of this technique for localiz-
ing  parathyroid glands within or on the thyroid 
gland  is limited because both structures will be 
illuminated. The target-to- background ratio limi-
tation is less pronounced when using the parathy-
roid autofluorescence technique. While the 
thyroid gland does have some autofluorescent 
properties, authors report that parathyroid glands 
are up to three times brighter [15].

Another limitation of ICG fluorescence angi-
ography is that it is reliant upon an intact vascular 
supply to the parathyroid tissue; however, as dis-
cussed, this also serves as one of the technique’s 
strengths. If the surgeon dissects the parathyroid 
gland to the point that its major blood supply has 
been disrupted, the technique will not work. 
Conversely, the surgeon can evaluate and confirm 
adequate perfusion of an identified parathyroid 
gland at the end of a case. Further, the uptake of 
ICG is independent of gland histology, so this 
technique cannot be used to differentiate a para-
thyroid adenoma from normal parathyroid tissue. 
For this reason, ICG fluorescence angiography 
will not replace intraoperative rapid PTH assays 
or frozen sections to guide parathyroid resections 
for primary hyperparathyroidism.

The depth of penetration of the fluorescent 
signal has also been identified as a limitation. 
ICG can be detected through 2–3 millimeters of 
tissue, which makes it useful for guiding surgical 
navigation for indications like laparoscopic cho-
lecystectomy [26]. However, during parathyroid 
surgery, we do not consistently identify parathy-
roid glands with ICG fluorescence until they are 
dissected and exposed. Increasing the depth of 
penetration or optimizing the display of the fluo-
rescent signal would increase the utility of this 
technique by helping surgeons locate difficult to 
identify or aberrantly located glands.

ICG fluorescence is currently a qualitative 
technique and relies on the surgeon to interpret 
and assess the perfusion of the tissue. There are no 
consistent numbers or measures that can be used 
to quantify fluorescent intensity. The surgeon’s 

c

Fig. 2.3 (continued)
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assessment therefore is subjective and reliant 
upon past experience. And finally, ICG prepara-
tions contain sodium iodide, which prevents use 
in patients with iodine allergies. Despite this, ICG 
has an excellent safety profile as there have only 
been 17 adverse reactions reported in 34  years 
[27]. In those cases, all patients had an allergy to 
iodine and all patients had known renal insuffi-
ciency. Renal insufficiency alone, however, was 
not associated with adverse events. We recom-
mend excluding all patients with iodine allergies 
from this technique.

ICG fluorescence angiography has the poten-
tial to assist surgeons in identifying parathyroid 
glands rapidly with minimal risk. It does not sig-
nificantly add to case time, and the imaging sys-
tems are becoming widely available. With the 
high safety profile of the dye and wide availabil-
ity of near-infrared fluorescence imaging sys-
tems, ICG should be considered as an adjunctive 
method for parathyroid gland localization during 
parathyroid surgery.
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Applications in Adrenal Surgery

Bora Kahramangil and Eren Berber

 Indications

Adrenalectomy is the preferred treatment for adre-
nal tumors with hormonal activity, pressure symp-
toms, and/or concern for adrenocortical carcinoma, 
as well as adrenal metastases from certain malig-
nant tumors. Historically, adrenalectomy was per-
formed by making a laparotomy. Since the initial 
description of laparoscopic adrenalectomy [1], 
minimally invasive adrenalectomy has gained 
popularity and become the standard of care. 
Minimally invasive adrenalectomy is performed at 
different centers using laparoscopic [2] or robotic 
[3] techniques depending on central expertise.

Adrenal glands are located superior to the kid-
neys in the retroperitoneum, and their exposure 
can be challenging. A successful adrenalectomy 
depends on the correct identification of the gland 
itself, its vasculature, and the correct dissection 
plane. Laparoscopic ultrasound is an intraopera-

tive adjunct, which can help locate the adrenal 
glands. Its use relies on achieving a good contact 
between the tissue and the probe and may require 
periodic interruptions of dissection to reempha-
size tissue planes during the procedure [4].

Indocyanine green (ICG) near-infrared fluo-
rescence imaging has recently become available 
for use in adrenalectomy [5]. Its main advan-
tages are the ability to switch back and forth 
between fluoresced and non-fluoresced views 
without interrupting the procedure. Furthermore, 
ICG has long been used for other procedures and 
is safe with few adverse reactions [6]. Recent lit-
erature has suggested that ICG is more useful in 
tumors of adrenocortical tissue origin and when 
cortical- sparing adrenalectomy is attempted for 
a pheochromocytoma [7]. ICG fluorescence 
imaging systems are available for laparoscopic 
[8] as well as robotic platforms [9]. The follow-
ing is the description of the use of ICG in robotic 
adrenalectomy.

 Technical Description 
of the Procedure

We prefer a hybrid laparoscopic/robotic tech-
nique for our adrenalectomies, which we have 
previously described in detail (Video 3.1) [10]. 
We utilize both posterior retroperitoneal and lat-
eral transabdominal approaches with similar 
technical principals depending on the suitability 
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for the patient. Briefly, the initial access is gained 
laparoscopically, surgical field insufflated, and 
laparoscopic ultrasound performed to help locate 
the adrenal gland. Next, the da Vinci Si or Xi 
(Intuitive Surgical Inc., Sunnyvale, CA) robotic 
platform is docked and the adrenal dissection car-
ried robotically. After the adrenal gland is freed 
from the surrounding retroperitoneal structures, 
the robot is undocked and the specimen is 
retrieved laparoscopically.

The use of ICG is not recommended during 
pregnancy and in patients with iodine allergy, 
history of anaphylactic reaction to another dye, 
chronic kidney disease, chronic liver disease [7]. 
In all other patients, ICG has become a routine 
part of our surgical technique. An ICG solution 
with a concentration of 2.5 mg/ml is prepared in 
the operating room by dissolving 25 mg of ICG 
(Akorn Inc., Lake Forrest, IL) in 10 ml of normal 
saline. Five milligrams (2 ml) of ICG is adminis-
tered intravenously by the anesthesiologist after 
the exposure of the retroperitoneum. Although a 
single injection is typically adequate, additional 
doses of ICG may be administered in longer 
cases if found necessary by the surgeon. In our 
clinical practice, we use the robotic Firefly tech-
nology (Intuitive Surgical Inc., Sunnyvale, CA) 
to visualize ICG fluorescence. The PINPOINT 
system (Stryker Inc., Kalamazoo, MI) is avail-
able for laparoscopic adrenalectomy.

 Interpretation

Knowledge of the ICG pharmacokinetics is 
essential to optimally benefit from ICG fluores-
cence [11]. Fluorescence can first be detected 
20–30 seconds after the intravenous administra-
tion of ICG.  Initially, a bright fluorescence is 
detected both in the adrenal gland and the sur-
rounding retroperitoneum. Optimal contrast is 
achieved at 5  minutes post-injection, when the 
ICG clears from the retroperitoneum. From this 
point on the adrenal gland appears bright green 
on a background of dark, non-fluorescing retro-
peritoneum (Fig.  3.1). ICG fluorescence in the 
adrenal gland typically persists for about 20 min-
utes [9]. When the retroperitoneal fat is not abun-
dant and the adrenal tumor is large, the adrenal 
fluorescence may become apparent even with the 
overlying retroperitoneum intact (Fig.  3.2). In 
most cases, however, the retroperitoneal has to be 
peeled off, and the intensity of the fluorescence 
increases as one gets closer to the adrenal gland. 
ICG becomes the most useful once dissecting the 
lateral borders of the adrenal gland from the sur-
rounding retroperitoneum, where the surgeon can 
switch back and forth between the fluoresced and 
non-fluoresced views to stay in the correct dis-
section plane. With consistent use and increasing 
expertise, ICG can become a valuable intraopera-
tive adjunct.

Fig. 3.1 An adrenocortical tumor (arrowhead) demonstrating bright indocyanine green (ICG) fluorescence. Non- 
fluoresced robotic (a) and ICG-fluoresced (b) views

B. Kahramangil and E. Berber



21

 Pitfalls

Despite its clinical utility, ICG fluorescence 
imaging has some shortcomings in adrenal sur-
gery. Once ICG is administered intravenously, it 
binds to plasma proteins, trapping it in the intra-
vascular space and allowing it to serve in an iden-
tical manner to a real-time angiography in organs 
with abundant blood supply. ICG is ultimately 
excreted by the liver [11, 12]. As a result, the liver 
is another organ with bright ICG fluorescence, 
which persists throughout the surgery (Fig. 3.3). 
This may limit the utility of the ICG in right- 

sided adrenal tumors where the background liver 
fluorescence may make the interpretation of the 
fluorescence patterns and the identification of 
correct dissection margins difficult. This limita-
tion becomes even more pronounced in the poste-
rior retroperitoneal approach to right-sided 
adrenal tumors due to the small surgical field and 
limited room for retraction.

It has been reported in the literature that the 
detection of fluorescence is more consistent 
from the adrenal cortex than from the medulla 
[7]. This is true for both the healthy adrenal cor-
tex and the tumors originating from the adrenal 

Fig. 3.2 A case where the indocyanine green (ICG) fluo-
rescence delineated the border between the adrenal tumor 
and the normal retroperitoneal soft tissue even before the 

dissection of the overlying retroperitoneum. (a) ICG- 
fluoresced view and (b) non-fluoresced robotic view

Fig. 3.3 Indocyanine green (ICG) fluorescence during 
the removal of a right-sided adrenal tumor. Non-fluoresced 
robotic (a) and ICG-fluoresced (b) views. A bright fluo-

rescence with similar intensity to that of the adrenal can 
be detected from the liver. (IVC inferior vena cava)
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cortex. The practical implication of this is that 
when attempting a unilateral adrenalectomy for 
a pheochromocytoma, ICG may not be very 
helpful due to an inability to detect a strong fluo-
rescence from the tumor (Fig.  3.4). In the rare 
circumstance when a cortical-sparing adrenalec-
tomy is attempted, however, the lack of fluores-
cence from the tumorous medulla may actually 
be useful in delineating it from the healthy cor-
tex (Fig. 3.5). When dealing with bilateral pheo-
chromocytomas or a new pheochromocytoma in 
a contralateral adrenalectomized patient, ICG 
may be a valuable addition to the surgical arma-

ment. Similar to pheochromocytomas, when 
attempting an adrenalectomy for an adrenal 
metastasis, ICG may be of limited utility due to 
the lack of fluorescence.

Finally, the mapping of the adrenal vascular 
anatomy with ICG merits mentioning. The imag-
ing modality does not allow for the visualization 
of the adrenal vein with ICG fluorescence, as the 
whole adrenal gland takes up the dye. Although 
the ICG uptake in the small adrenal arteries 
before the onset of dissection was more consis-
tent, we do not see clinical utility in the identifi-
cation of the adrenal vein.

Fig. 3.4 A pheochromocytoma not demonstrating indo-
cyanine green (ICG) fluorescence. Non-fluoresced robotic 
(a) and ICG-fluoresced (b) views. Even after the tumor 
was dissected off the surrounding retroperitoneal tissues, 

it did not demonstrate fluorescence, limiting its utility. In 
this case, strong fluorescence was noted in the liver and in 
the adrenal vein

Fig. 3.5 The use of indocyanine green (ICG) fluores-
cence to confirm perfusion of the remnant cortex during 
cortical-sparing adrenalectomy. Non-fluoresced robotic 
(a) and ICG-fluoresced (b) views. Arrows point at the 

healthy adrenal cortical remnant and the arrowheads at the 
resected pheochromocytoma. In the fluoresced view, the 
adrenal cortex appears green indicating good perfusion
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 Literature Review

Since the initial description of laparoscopic 
adrenalectomy [1] and the subsequent descrip-
tion of robotic adrenalectomy [13, 14], mini-
mally invasive surgery has become the standard 
of care in treating adrenal gland tumors. 
Regardless of the technique and platform used, 
a successful adrenalectomy depends on the cor-
rect identification of the adrenal gland within 
the retroperitoneal fat and division of the adre-
nal vein. There has been an increasing number 
of studies in the literature, which describe the 
use of ICG to identify vital structures. The fol-
lowing is a review of the literature on the use of 
ICG in human studies.

Manny et al. described the first clinical use of 
ICG for adrenalectomy in 2013 [5]. Using a 
5-mg injection of intravenous ICG, authors 
could successfully conduct robotic partial adre-
nalectomy in three patients. Robotic Firefly 
technology was used for ICG fluorescence 
imaging. The conclusion from this study was 
that the use of ICG was safe and could facilitate 
partial adrenalectomy.

First robotic total adrenalectomy series using 
ICG to guide resection was reported by our group 
in 2015 [9]. In this pilot study of ten patients, ICG 
doses ranging from 7.5 to 18.8 mg were used. The 
time to achieve optimal fluorescence was 5 min-
utes, and the fluorescence persisted for up to 
20  minutes. ICG fluorescence allowed superior 
border distinction in eight of the ten patients.

Also in 2015, DeLong et al. reported the use 
of ICG in four patients undergoing laparo-
scopic adrenalectomy [8]. Authors were able to 
successfully visualize the adrenal arteries and 
veins using ICG, as well as the border between 
the adrenal gland and the surrounding peri-
glandular fat.

In a prospective study of 40 patients and 43 
adrenalectomies, Colvin et al. studied the utility 
of ICG fluorescence imaging during robotic adre-
nalectomy [4]. In 46.5% of the patients, ICG 
resulted in superior border distinction than the 
non-fluoresced view. Overall, ICG was found 
more useful in tumors of adrenocortical origin. 

The optimal dose of ICG was 5 mg per injection. 
The injections could be repeated up to two to 
three times when deemed necessary by the oper-
ating surgeon.

Arora et al. evaluated the role of ICG in laparo-
scopic adrenalectomy in a retrospective review of 
55 patients [15]. One case had to be converted to 
open due to an inability to achieve hemostasis. An 
average ICG dose of 14.4 mg was administered. 
ICG fluorescence was noted to persist for 15 min-
utes. There was no ICG-related complication.

Most recently in 2018, our group analyzed 
the utility of ICG in 100 patients undergoing 
robotic adrenalectomy and attempted to deter-
mine the patient population who would benefit 
most from the use of ICG [7]. Of the 100 adrenal 
tumors, 74 fluoresced upon ICG administration, 
whereas 26 did not. Overall, ICG fluorescence 
helped achieve a superior border distinction than 
the non- fluoresced robotic view in 41% of the 
cases. The biggest utility for ICG was found in 
patients with tumors of adrenocortical origin 
operated through a lateral transabdominal 
approach. The utility in pheochromocytomas 
was limited as the ICG uptake was inconsistent 
in these tumors. One specific use was in cortical-
sparing adrenalectomy where the normal, fluo-
rescing adrenal cortex could be distinguished 
from non-fluorescing pheochromocytoma. Of 
note, the utility of ICG was limited in right-sided 
adrenal tumors approached posterior retroperito-
neally due to the bright ICG fluorescence of the 
liver.

 Conclusion

ICG fluorescence imaging is a useful intraopera-
tive adjunct for laparoscopic and robotic adre-
nalectomy. It has the highest utility in 
adrenocortical tumors and cortical-sparing adre-
nalectomy for pheochromocytoma. One should 
be cognizant of the possible hindrance from the 
background liver fluorescence in right-sided 
adrenal tumors, which may become more prob-
lematic in the posterior retroperitoneal approach 
due to the small working space.

3 Applications in Adrenal Surgery
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Clipping Cerebral Aneurysm

Taku Sato, Kyouichi Suzuki, Jun Sakuma, 
and Kiyoshi Saito

 Introduction

The goal of cerebral aneurysm (CA) surgery is to 
achieve complete exclusion of the aneurysm 
from the circulation while preserving the patency 
of the parent, branching, and perforating arteries, 
which can be prevented by intraoperative 
adjuncts. In particular, indocyanine green (ICG) 
angiography-based near-infrared (NIR) fluores-
cence imaging has become more popular in the 
recent years due to its convenience and accuracy. 
However, its application has various pitfalls that 
should be considered.

This chapter will focus on the intraoperative 
ICG angiography in CA surgeries. In addition, 
it will describe a novel useful intraoperative 
laser light imaging to simultaneously visualize 
light and near-infrared fluorescence for ICG 
angiography.

 Background

CAs occur in 3–5% of the general population and 
are characterized by localized structural deterio-
ration of the arterial wall, with loss of internal 
elastic lamina and disruption of the media [1].

Ruptured CAs cause subarachnoid hemorrhage 
with up to 40–50% mortality [2]. They should be 
treated immediately to prevent recurrent rupture. 
Their current therapeutic options are limited to inva-
sive therapies, namely, microsurgical clipping and 
endovascular intervention, both with non-negligible 
risk of procedural morbidity. Furthermore, ruptured 
CAs can cause various complications, such as cere-
bral vasospasm and hydrocephalus [3–5].

Unruptured CAs are incidentally discovered 
with an increasing frequency because of the wide-
spread use of high-resolution magnetic resonance 
imaging. All unruptured CAs do not rupture during 
a lifelong follow-up [6]. The treatment is associated 
with 5% risks of morbidity and 1.7% mortality [7].

Several factors, including patient age and 
aneurysm location, size, and shape, should be 
considered when selecting microsurgical clip-
ping or endovascular treatment.

 Microsurgical Clipping for CAs

Microsurgical clipping is performed to obliterate 
CA through a craniotomy under general anesthe-
sia. The surgeon must not only focus on prevent-
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ing intraoperative aneurysm rupture but also 
identify carefully all relevant perforating arter-
ies. During the microsurgical clipping, micro-
scopic visual observation alone is not reliable 
enough to routinely prevent ischemic complica-
tions. Therefore, intraoperative adjuncts should 
be performed during microsurgical clipping.

 Intraoperative Adjuncts

Intraoperative adjuncts are advanced to maxi-
mize the safety of microsurgical clipping.

Digital subtraction angiography (DSA) has 
become more widespread and revealed unex-
pected findings in approximately 7–12% of cases 
[8–10]. It can also confirm the complete oblitera-
tion of the aneurysm after clipping and the patency 
of parent or branching vessels. However, it is an 
expensive and invasive procedure, and its limited 
resolution does not allow complete confirmation 
of the patency of small perforating arteries. Other 
less invasive tools are available, which can help in 
confirming the blood vessels patency.

 Doppler Ultrasonography

Doppler ultrasonography can noninvasively detect 
blood flow [11], based on two methods: the contin-
uous-wave and the pulse-wave. Surgeons should 
exercise caution when using the continuous method 
because this may actually detect flow derived from 
vessels other than the target artery [12].

 Neurophysiological Monitoring

Intraoperative neurophysiological monitoring of 
motor evoked potential (MEP), somatosensory 
evoked potential, and visual evoked potential 
(VEP) is useful for CA surgeries. MEP monitor-
ing is the most reliable technique in detecting 
blood flow disturbance in the internal carotid and 
middle cerebral arteries that supply the cortico-
spinal tract [13, 14], and  VEP monitoring can 
prevent postoperative visual dysfunction [15]. 
However, neurophysiological monitoring cannot 
confirm the brain function at all. No reliable neu-

rophysiological monitoring can detect the blood 
flow disturbances of blood vessels, such as the 
hypothalamic artery branching from the anterior 
communicating artery complex.

 Fluorescence Angiography

The application of ICG or fluorescein angiogra-
phy in CA surgeries is widely performed [16, 
17]. They are a real-time intraoperative imaging 
adjunct to identify the vascular structure, flow 
direction, and semiquantitative blood flow.

The usefulness of ICG angiography in micro-
scopic surgeries was reported in 2005 [16]. The 
ICG fluorescence’s excitation wavelength is 
between 700–850 nm, and its emission occurs 
between 780–950 nm. Therefore, the attenuation of 
fluorescence of ICG is less than that of fluorescein 
due to the longer wavelength. ICG angiography is 
better in confirming the patency of the thick parent 
artery than fluorescein angiography. The perforat-
ing artery in deep surgical field is less visualized 
by ICG angiography than fluorescein angiography 
due to the high fluorescence intensity [18].

Indications for ICG Angiography
• Microsurgery for all CAs
• No history of allergic reactions to ICG

Technical Description of the Procedures
 1. Administration of ICG intravenously (the rec-

ommended dose is 0.2–0.5 mg/kg).
 2. Illumination using a microscope-integrated 

light source with a wavelength covering the 
ICG absorption band.

 3. Observation of ICG fluorescence’s excitation 
in the clipped CA and parent and perforating 
arteries.

 4. Upon noticing a remnant CA or an obliteration 
of the parent and perforating arteries, reposi-
tioning of  the aneurysmal clip or addition of 
aneurysmal clips should be performed.

Interpretation
ICG angiography can visualize the  observed 
obstructive CA and perforating arteries around 
the CA.

T. Sato et al.
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Pitfalls
• ICG angiography can visualize vessels within 

the operative microscopic field only and can 
hardly visualize vascular structures in deep 
locations or covered by blood clots [19].

• The absence of ICG filling is not a definitive 
indicator of complete occlusion at all.

• In normal physiological conditions, ICG takes 
about 10 minutes to be cleared from the body. If 
another dose was administered before the pre-
vious dose been cleared, the fluorescence emis-
sion of  both doses could overlap and might 
affect the neurosurgeon assessment [20, 21].

• ICG angiography can detect blood flow but 
cannot show any  quantitative information. 
Therefore, it is not possible to determine if 
the blood flow volume is sufficient to prevent 
infarction. Therefore, other intraoperative 
adjuncts such as neurophysiological monitor-
ing should be performed with ICG angiogra-
phy simultaneously.

• ICG angiography is also recommended before 
clip placement. If it was performed only after 
the clip placement, the patency of other blood 
vessels by the clip cannot be concluded.

• The rate of mistaken clip placements eluded 
by microscopic visual detection and was identi-
fied by ICG angiography is 6.1%, and the rate 
of mistaken clip placements eluded by  ICG 
angiography and were identified by DSA is 
4.5%. DSA remains the best tool for the detec-
tion for CA remnants [22].

Analysis of Blood Flow Dynamics
The fluorescence intensity inside the vessels and 
CA can be measured and its variation over time 
can be translated to  intensity curves with spe-
cific software integrated in the surgical micro-
scope [21]. This technique enables objective 
and semiquantitative analyses demonstrated 
through color map and ICG intensity-time 
curve.

Endoscope-Assisted ICG Angiography
ICG angiography can hardly visualize deep struc-
tures or those covered by brain parenchyma or 
other structures. An integration of ICG angiogra-
phy with a neurosurgical endoscope could visual-
ize these blind spots [23, 24].

Dual-Image Videoangiography (DIVA)
Remnant CA or obliteration of the parent and 
perforating arteries in ICG angiography is notice-
ably shown in white with a black background. 
ICG flow alone, but not other structures, can be 
observed using ICG angiography.

DIVA, which is a novel high-resolution intra-
operative imaging system, was developed to 
simultaneously visualize both visible light and 
NIR fluorescence images of ICG angiography. 
Images from the color video and NIR fluorescence 
emission windows were merged for visualization 
on a monitor screen simultaneously (Figs. 4.1, 4.2, 
and 4.3) [25]. In the control system, NIR images 
can be changed to a designated color from a pal-

a b

Fig. 4.1 Case 1. Preoperative three-dimensional CT angi-
ography (anteroposterior view) showing a left middle cere-
bral artery aneurysm (a). Microscopic view of the cerebral 
aneurysm before clipping (b). Indocyanine green  (ICG) 
videoangiography shows the parent and branching arteries 

(c). Dual-image videoangiography simultaneously visual-
izes both light and near-infrared fluorescence images from 
ICG videoangiography (d). (Reprinted with permission 
from Sato et al. [25])
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c d

Fig. 4.1 (continued)

a b

c d

Fig. 4.2 Case 2. Preoperative three-dimensional angiogra-
phy (3D-CTA) (anteroposterior ( A-P) view) showing aneu-
rysm of the right M1 segment of the middle cerebral artery 
(arrow) (a). Microscopic view of the aneurysm before clip-
ping (b). AN, aneurysm. ICG videoangiography after clip-
ping shows faint fluorescence in the aneurysmal dome 

(arrowhead) (c). Using dual-image videoangiography, the 
anatomical relationship between the clip and remnant flow 
and the cerebral aneurysm is clearly visualized (arrowhead) 
(d). Postoperative 3D-CTA (A-P view) demonstrating com-
plete clipping of the cerebral aneurysm (arrow) (e). 
(Reprinted with permission from Sato et al. [25])
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ette of more than 256 visible colors. Green was 
selected as a nonbiological color.

Surgeons can also switch between a white- 
light binocular view to a simultaneous right mon-
ocular DIVA image and a left monocular 
white-light image. Thus, performing surgery 
while simultaneously observing both the light 
and DIVA-processed images was possible [26]. 
DIVA may be a standard system in microscopic 
CA surgeries due to its usefulness.

We also developed a laser light source that can 
be integrated to the DIVA system (see Chap. 6) 
[27]. The novel laser light source composes of 
four bands at 464 (blue), 532 (green), 640 (red), 
and 785  nm (near-infrared region). Laser light 

e

Fig. 4.2 (continued)

a b

c d

Fig. 4.3 Case 3. Preoperative angiography (anteroposte-
rior view) showing left internal carotid paraclinoid aneu-
rysm (a). Microscopic view of the aneurysm before 
clipping (b). Dual-image videoangiography ( DIVA) after 

clipping showing no fluorescence in the superior hypophy-
sial artery (SHA) (arrow) (c). A repeated attempt of DIVA 
clearly showing fluorescence flow in the SHA (arrow) (d). 
(Reprinted with permission from Sato et al. [28])
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has some advantages over xenon light. DIVA 
with the laser light source can clearly visualized 
the natural  color of the operative field with 
enhanced blood flow (Fig. 4.4 and Video 4.1).

 Conclusion

ICG angiography is an essential intraoperative 
adjunct to observe the occlusion of CA by 
microsurgical clipping and perforating arteries 
around it.

DIVA, a high-resolution intraoperative 
imaging system used to simultaneously visual-
ize both visible light and NIR fluorescence 

images of ICG angiography, would be a stan-
dard microscopic adjunct in microscopic CA 
surgeries for its usefulness. Conversely, the 
combination of all available intraoperative 
adjuncts complements each other since some 
problems remain to be solved in ICG 
angiography.
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Cerebral Bypass Surgery

Saman Sizdahkhani, Jordan Lam, 
Shivani Rangwala, and Jonathan Russin

 Overview of Cerebral Bypass

Cerebral bypass surgery was first conceived by 
Yasargil in the 1960s far before fluorescence 
imaging was available [1]. Although its initial 
application was for the treatment of ischemic 
stroke, the indication for cerebral revasculariza-
tion has broadened to include complex aneu-
rysms such as moyamoya disease and is 
increasingly being used to exclude blood flow 
from complex skull base tumors [2]. In this chap-
ter, we will briefly review the types of cerebral 
bypass prior to discussing their specific 
indications.

Bypass techniques may be regarded as extra-
cranial to intracranial (EC-IC) or intracranial- 
intracranial (IC-IC). The EC-IC group can further 
be separated into pedicle-based and non-pedicle- 
based bypass grafts. Pedicle-based grafts utilize 
an extracranial donor vessel to redistribute flow 
intracranially, and non-pedicle grafts may include 
arterial or venous donor vessels which serve as 

interposition grafts in high-flow settings. IC-IC 
bypass, on the other hand, redistributes intracra-
nial blood flow utilizing neighboring vessels and 
their natural arborization patterns.

Flow dynamics are essential in determining 
the type of bypass indicated  – as vascular flow 
patterns will dictate the success of a graft. EC-IC 
bypass grafts can be classified into standard, 
intermediate, and high flow. Standard flow sup-
plies roughly 20–60  ml/min and is generally a 
pedicled graft, a common example of which is a 
superficial temporal artery to middle cerebral 
artery end-to-side anastomosis [3]. Intermediate 
flow grafts provide roughly 60–100 ml/min and 
encompass radial artery interposition grafts usu-
ally originating at the proximal external carotid 
artery (ECA) and terminating at the middle cere-
bral artery (MCA), anterior cerebral artery 
(ACA), or (posterior cerebral artery) PCA at their 
M2, A2, or P2 levels [4]. High-flow bypasses 
supply 100–200  ml/min and therefore employ 
interposition saphenous vein grafts [5, 6]. In 
comparison to radial artery grafts, saphenous 
vein grafts may traverse greater distances and 
therefore originate proximal to the ECA such as 
at the subclavian artery. As a result of being 
higher flow, as expected, the recipient vessels 
intracranially are larger proximal branches of the 
MCA, ACA, or PCA.

IC-IC bypass will be considered within an 
independent flow category since flow dynamics 
in this situation are dependent on local territories 
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being revascularized, especially for in situ 
bypasses. These bypasses should involve vessels 
with matching diameter. A common example of 
an IC-IC bypass with utilization of a neighboring 
vascular territory includes bypassing proximal 
posterior inferior cerebellar artery (PICA) aneu-
rysms with a PICA-PICA side-to-side anastomo-
sis. A similar application is for the treatment of 
complex MCA aneurysms, which can be done 
with an interposition graft or with an in situ M2 
to M2 side-to-side anastomosis of neighboring 
parallel M2 vessels. These are generally per-
formed to treat an ipsilateral fusiform or distal 
aneurysm and result in occlusion of the diseased 
vessel [4, 7]. Of note, IC-IC grafts carry higher 
risk of perioperative ischemia due to the require-
ment of temporary vessel occlusion. Therefore, 
technical expertise is required of the surgeon 
which is often acquired via numerous bypass 
graft exercises using animal models ex vivo.

 Fluorescence in Cerebral Bypass

Fluorescence used in cerebrovascular neurosur-
gery includes the two fluorophores sodium fluo-
rescein (FL) and indocyanine green (ICG). These 
bind tightly to plasma proteins and assist in the 
real-time assessment of vascular flow during 
open neurosurgical procedures. Their use in 
video angiography (VA) is made possible by 
operative microscopes with integrated fluores-
cence filters and software.

An important complication of cerebral bypass 
is failure of graft patency. Use of fluorescence 
allows for real-time verification and subsequent 
correction of vascular flow and patency during 
open neurosurgical procedures. This provides a 
significant advantage to the current gold standard 
of imaging digital subtraction angiography 
(DSA), where unexpected findings are identified 
postoperatively, prompting reoperation. 
Furthermore, fluorescence has multiple advan-
tages even over other intraoperative monitoring 
methods. Intraoperative catheter angiography 
provides an accurate method of confirming vessel 
patency or blood flow but is more time- consuming, 
costly, and associated with various disadvantages 

such as radiation exposure, contrast allergy, punc-
ture site complications, and risk of permanent 
neurological deficit secondary to ischemic stroke 
[8, 9]. Intraoperative magnetic resonance imaging 
(iMRI) is noninvasive and can reconstruct three-
dimensional (3D) images and detect ischemic 
changes through diffusion- weighting. However, 
iMRI is even more expensive, time-consuming, 
and logistically challenging, limited to centers 
with such operating room facilities [10]. A quick, 
cost-effective, and safe option that allows for 
visualization and quantification of vessel blood 
flow is Doppler ultrasound. However, the wide 
field of view limits spatial resolution, visualiza-
tion is limited to the section of imaged vessel, and 
deeper access can be problematic due to the size 
of the probe. A newer technology called laser 
speckle imaging has been reported to offer real-
time noninvasive imaging with good spatial reso-
lution but has not been integrated with the 
microscope and has not shown to be superior to 
video fluorescence angiography [11].

 Indocyanine Green

The excitation and emission spectra of ICG are 
600–900 nm and 750–950 nm, respectively, and 
its first safe use for intracranial vascular lesions 
was described in 2003 by Raabe et  al. [12]. Its 
intraoperative use and integration with the micro-
scope with the INFRARED 800 module (Zeiss 
Meditec, Oberkochen, Germany) have been vali-
dated and published in numerous studies, all of 
which demonstrate ICG-VA’s high spatial resolu-
tion, ability to directly visualize blood flow and 
patency, and correlation with postoperative digi-
tal subtraction angiography [13–17]. ICG-VA is 
particularly useful in high-flow bypass grafts 
where its utility assists surgeons reach 100% 
patency rates due to the ability to directly visual-
ize the site of anastomosis. Furthermore, soft-
ware has recently been developed which can 
utilize real-time ICG-VA data to assist in both 
visualization of surrounding structures and 
dynamics of cerebral blood flow (CBF) [18, 19]. 
Dual-image video angiography, called DIVA for 
short, combines fluorescent ICG-VA images with 
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visible light to allow the surgeon to instanta-
neously visualize the anatomical relationship of 
vessels with nearby cortex, tissue, or vessels that 
are not fluorescent due to poor flow.

As ICG-VA alone allows for only a visual, 
qualitative understanding of blood flow, the 
FLOW 800 module (Zeiss Meditec, Oberkochen, 
Germany) is capable of analyzing ICG-VA data 
to calculate semi-quantitative measures of blood 
flow. These include maximal fluorescence, time 
to half maximal fluorescence (t1/2 max), and slope 
of fluorescence increase (blood flow index, BFI). 
Based on relative fluorescence dynamics, FLOW 
800 develops a color delay map, providing infor-
mation on the relative direction and sequence of 
blood flow [20]. FLOW 800 has been used to 
examine blood flow in cerebral bypass grafts and 
cerebral perfusion distal to the bypass, confirm-
ing its utility as a tool to navigate intraoperative 
decision making [19, 21–23]. A number of small, 
recent studies have used FLOW 800 ICG-VA to 
examine cerebral perfusion and postoperative 
hyperperfusion syndrome (HPS). Investigators 
found that FLOW 800 parameters could identify 
delayed cerebral perfusion and predict HPS [21, 
24–26]. One study was able to predict vasospasm 
and delayed cerebral perfusion in patients with 
subarachnoid hemorrhage secondary to a rup-
tured aneurysm, providing an added benefit for 
this subset of patients undergoing bypass [27]. 
Despite concordance of FLOW 800 data with 
intraoperative and postoperative angiography 
[19], other methods have shown discordance 
including LSI and Doppler [28]. Prinz et al. [28] 
note the shortfalls of FLOW 800: the t1/2 max 
parameter relates to a single point in time com-
pared with real-time measurements such as 
Doppler and LSI; blood velocity cannot be calcu-
lated due to the lack of consideration of vessel 
size. FLOW 800 nevertheless provides a useful 
tool for comparing changes in blood flow 
intraoperatively.

In addition to FLOW 800, ICG-VA holds a 
number of other advantages to FL. ICG is cleared 
rapidly and can be repeated within 10  minutes 
with adequate visualization allowing for more 
frequent examination of flow during bypass sur-
gery; FL-VA in contrast is retained by vessel 

walls and cannot be reinjected before another 
20–30 minutes [29, 30]. ICG has also been shown 
to be superior for visualization of large arteries 
such as the parent vessel in bypass [30].

Reported drawbacks of ICG-VA include worse 
visualization of perforators and deeper fields and 
degradation of image quality at higher magnifica-
tions, although the former two have been disputed 
in the literature [12, 30, 31]. Table  5.1 summa-
rizes key comparisons of ICG and FL.

 Sodium Fluorescein

The excitation and emission spectra of FL are in 
the range 460–500 nm and 540–690 nm, respec-
tively [30]. Although fluorescein is a highly use-
ful tool for vascular lesions, it was first utilized 
for detection and resection of intracranial 
tumors [32]. Its use in tumor surgery derived 
from its infiltration of the tumor bed at locations 
where the blood-brain barrier is broken – a non-
specific and unreliable mechanism for true 
assessment of tumor borders. With respect to 
vascular lesions, however, fluorescein is useful 
as its direct visibility allows for inspection and 
manipulation of vessels [33].

Since its recent integration with microscopy, 
several qualities of FL-VA have made its use in 

Table 5.1 Key comparisons of sodium fluorescein and 
indocyanine green

Sodium 
fluorescein

Indocyanine 
green

Excitation 460–500 nm 600–900 nm
Emission 540–690 nm 750–950 nm
Clearance 20–

30 minutes
<10 minutes

Microscope module INFRARED 
800

YELLOW 
560

Real-time 
microscope 
visualization

Yes No

Quality at high 
magnifications

Stable Degrades

Deep visualization Better Poorer
Perforator 
visualization

Better Poorer

Quantitative flow 
measurement

No FLOW 800
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cerebral bypass popular. The YELLOW 560 
module (Zeiss Meditec, Oberkochen, Germany) 
allows real-time visualization through the 
microscopy oculars, unlike ICG-VA. This means 
that manipulation is possible during angiography 
which Narducci et al. note is important for deeper 
bypasses such as external carotid-middle cerebral 
artery (ECA-MCA), but less so for superficial 
anastomoses such as the superficial temporal 
artery (STA) where manipulation is less likely to 
be required [34]. Other advantages of FL-VA at 
deeper fields include better visualization of vas-
culature, maintenance of image quality through-
out higher magnifications compared to ICG-VA, 
and reported use of a light-emitting pencil-type 
probe to enhance visualization [29, 34, 35]. 
Furthermore, FL-VA has been reported to be bet-
ter for visualizing perforating vessels than 
ICG-VA [30, 34, 35].

 Pitfalls

Disadvantages of ICG and FL in VA are as each 
previously discussed. However, there are a few 
important limitations common to both fluoro-
phores which are intrinsic to VA and indeed any 
optically based methods of imaging in general.

One major limitation of VA is the narrow field 
of view, limited by the field of the microscope 
and angle of surgical approach. Whereas DSA 
gives a complete picture of cerebral blood flow, 
VA has more restricted views and can only visu-
alize one section of vessel at a time. This has the 
disadvantage of not being able to compare flow 
further downstream or in different vascular 
territories.

Again, common to optically based imaging, 
VA has the disadvantage of only being able to 
visualize the direct line of sight. As a conse-
quence, VA cannot visualize vessels covered by 
endogenous materials, such as brain tissue, 
clotted blood, or aneurysms, or exogenous 
materials, such as cottonoids, sealants, or clips 
[14, 16, 36, 37]. This may necessitate retraction 
and clearance of the surgical field. Other vessel 
characteristics such as wall thickness, thrombo-
sis, atherosclerosis, or calcification may also 

alter signal providing difficulties in determin-
ing patency [36].

 Cerebral Bypass for Flow 
Augmentation

Cerebral bypass is conducted when there is a 
necessity either for (1) flow augmentation or (2) 
for flow replacement. Flow augmentation is use-
ful in cases where CBF has been reduced due to 
chronic ischemic changes, such as progressive 
stenosis of the cerebral arteries. Examples of such 
conditions would be atherosclerosis and moyam-
oya disease, each of which result in progressive 
stenosis. Patients are considered candidates for 
bypass when they have reduced cerebrovascular 
reserve capacity (CVRC) – confirmed by perfusion 
imaging such as single- photon emission com-
puted tomography (SPECT) or positron emission 
tomography (PET) which can quantify the decline 
in blood flow [38, 39]. Individual stroke risk is 
then applied based on these imaging findings 
[38]. Once it is deemed that a patient has reduced 
CVRC, then the typical flow augmenting bypass 
is considered, such as an STA-MCA bypass graft. 
Studies have shown that bypass grafting will lead 
to rescue of hemodynamics and improve neuro-
logical outcome if conduced at highly special-
ized centers with careful consideration of 
indications [40–42].

 STA-MCA Bypass for Ischemia

A 41-year-old female presented as a transfer 
from an outside hospital after recently giving 
birth with acute onset of neurologic deficits. 
Preoperative imaging demonstrated a left verte-
bral dissection with severe stenosis and trace 
anterograde flow to the basilar artery (Video 5.1; 
0:09). The contralateral vertebral artery termi-
nated in PICA. The endovascular team did not 
feel it was safe to balloon angioplasty and stent 
the vertebral artery. Given that the patient had 
perfusion and neurological deficits, she was 
 recommended for revascularization using a 
superficial temporal artery to superior cerebellar 
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artery bypass (STA-SCA). The procedure began 
with dissection of the parietal branch of the 
STA. Once the artery was circumferentially dis-
sected out, it was extended distally for approxi-
mately 8  cm from the root of the zygoma and 
cut, with back bleeding coagulated (Video 5.1; 
0:23). The artery was heparinized with a heparin 
and milrinone solution, and a 5-mm arteriove-
nous malformation (AVM) clip was placed prox-
imally. The graft was mobilized such that the 
craniotomy could be carried out without its dis-
ruption. A temporal craniotomy was performed, 
ensuring the floor of the middle fossa could be 
reached, drilling down the temporal squama as 
needed. The dura was opened and the temporal 
lobe was elevated in a subtemporal approach. 
The ambient cistern was opened sharply with 
brisk egress of cerebrospinal fluid and relaxation 
of the temporal lobe (Video 5.1; 0:30). Upon dis-
secting out the ambient cistern, the SCA was 
identified and it was traced anteriorly to confirm 
(Video 5.1; 0:48). The SCA was clearly dis-
sected with a thrombosed false lumen (Video 
5.1; 1:05). Intraoperative indocyanine green was 
performed, and there was some slow anterior 
grade flow through the dissection (Video 5.1; 
1:11). Once this flow was confirmed, we pro-
ceeded with the bypass. The distal portion of the 
SCA, beyond the dissection, was circumferen-
tially dissected, and a microgrid background was 
placed. The STA was mobilized intracranially, 
fish mouthed, and placed next to the recipient 
artery (Video 5.1; 1:26). Proximal and distal 
3-mm AVM clips were placed on the recipient 
vessel. An arteriotomy was performed, and a 
running 10-0 nylon was used to perform an end-
to- side anastomosis of the STA graft to the SCA 
vessel. The temporary clip was removed from 
the recipient artery, and there was no anasto-
motic leak appreciated. The background was 
removed, the proximal clip was removed from 
the donor graft, and good pulsatility was noted in 
the graft. Intraoperative indocyanine green con-
firmed patency of the bypass (Video 5.1; 2:16). 
A postoperative angiogram also demonstrated a 
patent bypass graft. Postoperative perfusion 
studies also demonstrated a decrease in mis-
match volume from 50 to 26 cc.

 STA-MCA Bypass for Moyamoya

Esposito et  al. highlighted the importance of 
ICG-VA in (1) thorough mapping of the donor 
STA artery and (2) safe identification of the 
recipient artery to prevent revascularization to the 
wrong vascular territory [7]. “Transdural ICG 
videography may have advantages when used for 
a combined direct and indirect bypass procedure 
for moyamoya disease to clarify the relationship 
of the overlying middle meningeal artery with the 
underlying cortical arteries.” [43]

A 60-year-old male presented with symptoms 
referable to a right frontal watershed ischemic 
infarct. His angiogram was significant for bilat-
eral ICA stenosis as well as right MCA occlusion 
with moyamoya type vasculature (Video 5.2; 
0:08). A right-sided STA to MCA bypass for 
revascularization was planned. The right STA 
was mapped out using Doppler, and the incision 
for the pterional craniotomy was made such that 
the base of the STA would originate at the base of 
the incision. The STA was dissected, and the dis-
tal 2  cm of the frontal branch of the STA was 
circumferentially dissected free from the adventi-
tia. At this point, a temporary aneurysm clip was 
placed proximally on the STA, and the artery was 
divided distally (Video 5.2; 0:25). Two vascular 
clips were placed on the distal portion to prevent 
backbleeding. The graft was then flushed with a 
heparin milrinone solution and elevated such that 
it could be removed from the field during the cra-
niotomy. The incision was extended and the mus-
culocutaneous flap was reflected in preparation 
for a craniotomy. The patient’s preoperative 
angiogram showed contributions from the middle 
meningeal to the intracranial vasculature; there-
fore, the dural opening was carefully planned to 
preserve the middle meningeal branches (Video 
5.2; 0:38).

A recipient vessel was dissected out circum-
ferentially, and a microsurgical background was 
placed. The donor STA was mobilized intracrani-
ally and fish mouthed in preparation for an 
 end- to- side anastomosis (Video 5.2; 1:00). At 
this point, temporary AVM clips were placed 
proximally and distally on the recipient artery. 
An arteriotomy was performed, and a standard 
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end-to-side anastomosis in a running fashion 
with a 10-0 nylon suture was completed (Video 
5.2; 2:12). The temporary clips were then 
removed, and indocyanine green angiography 
was performed to verify the patency of the 
bypass. Postoperative imaging showed improve-
ment in perfusion mismatch volume.

 Cerebral Bypass for Flow 
Replacement

Flow replacement with bypass grafting is indi-
cated for (1) treatment of giant or complex aneu-
rysms not amenable to clip ligation or 
endovascular treatment and (2) skull base tumors 
large enough to necessitate vessel sacrifice [4, 
44–46]. Prior to bypass for flow replacement, it is 
important to estimate the amount of flow that will 
be required. Such estimations can be made pre-
operatively with a balloon test occlusion (BTO). 
This test allows for understanding the degree of 
CBF in the region of interest on thermal diffusion 
and the CVRC after administration of acetazol-
amide [47]. During a BTO, the patient is kept 
awake such that a change in neurological status 
could be detected. This information is combined 
with perfusion response and change in CVRC to 
establish the flow required for the bypass graft 
[5].

 Bypass for Giant and Complex 
Aneurysm

A 33-year-old male with a giant right-sided A1 
aneurysm was treated with a complex extracra-
nial to intracranial bypass for aneurysm trapping 
(Video 5.3). The aneurysm measured approxi-
mately 3  cm and was deemed not amenable to 
endovascular intervention due to its morphology. 
Shown here is the CT angiogram, with a 3D 
reconstruction, as well as the diagnostic angio-
gram. A brief overview of the final anastomosis is 
shown. In detail, the bypass was done utilizing a 
radial artery graft that originated at the superior 
temporal artery (STA) and terminated at the A2 
segment of the anterior cerebral artery (ACA). 

Not shown is the proximal STA dissection, the 
pterional craniotomy with orbitozygomatic 
extension, sylvian dissection, and interhemi-
spheric dissection. The dissection was taken to 
the level of the ipsilateral ICA, where the A1 
proximal to the aneurysm was directly visible. 
Similarly, the interhemispheric dissection was 
carried superiorly to reveal bilateral optic nerves 
and A2 segments, including visualization of the 
aneurysmal outflow. The ipsilateral A2 was then 
circumferentially dissected out, and a microgrid 
background was placed behind the intended 
anastomosis site. A radial artery graft which had 
been harvested from the patient’s forearm was 
flushed and stripped of adventitia distally. It was 
placed intracranially adjacent to the ACA, and 
temporary aneurysm clips were placed proxi-
mally and distally on the A2 segment. An end-to- 
side microvascular anastomosis was performed 
with a 10-0 nylon in an interrupted manner con-
necting the radial artery graft to the A2 segment. 
The temporary clips were removed, and no bleed-
ing was noted from the anastomosis. The graft 
was then heparinized and occluded distally with a 
temporary clip in preparation for anastomosis to 
the STA. A temporary clip was placed proximally 
on the STA, and an end-to-end anastomosis with 
the radial artery graft was then performed using 
an interrupted 10-0 nylon suture. Once the extra-
cranial anastomosis was completed, the clips 
were removed, confirming no anastomotic leak 
and good pulsatility in the graft. Next, intracra-
nial clip trapping of the aneurysm was performed. 
First, a temporary clip was placed on the ICA 
(Video 5.3; 0:57). Then, the proximal ACA at the 
bifurcation from the ICA was occluded with a 
fenestrated clip around the ICA (Video 5.3; 1:05). 
The temporary clip was then removed, and ICG 
was used to confirm the ICA-MCA junction was 
patent. At this point, dissection was taken medi-
ally over the optic nerve and the outflow of the 
aneurysm was. A fenestrated clip placed around 
the recurrent artery of Heubner was used to trap 
the aneurysm (Video 5.3; 1:19). At this point, 
indocyanine green was again used to confirm 
patency of the bypass and the bilateral A2s (Video 
5.3; 1:25). Once patency was confirmed, atten-
tion was turned to the aneurysm. There did seem 
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to be some delayed filling in the aneurysm with 
indocyanine green; however, this was delayed. 
Given the delay, we felt the aneurysm was likely 
to thrombose. The aneurysm was not cut open, 
and the decision was made to close allow for 
thrombosis over time.

A postoperative day one angiogram showed 
persistent, robust filling of the aneurysm through 
its neck (Video 5.3; 1:38); however, the decision 
was made to return to the operating room. A redo 
craniotomy and dissection were performed, with 
exposure of the ICA, and a temporary clip was 
placed. The previous permanent aneurysm clip 
on the origin of the ACA was removed (Video 
5.3; 2:20). A slightly longer clip was then placed 
across the inflow to the aneurysm (Video 5.3; 
2:38). The temporary clip was removed. At this 
point, ICG angiography was performed using the 
OR microscope (not shown). There was no filling 
appreciated in the aneurysm. Microscissors were 
then used to cut into the aneurysm, and there was 
still a small amount of bleeding coming from the 
aneurysm itself (Video 5.3; 3:15). After cutting 
more of the aneurysm wall and freeing it up to 
allow it to collapse, a second fenestrated clip was 
placed around the origin of the ACA (Video 5.3; 
4:05). Once this was placed, there was a signifi-
cant decrease in bleeding from the aneurysm; 
however, still a small amount of bleeding per-
sisted. The posterior communicating and anterior 
choroidal artery were dissected out, and adhe-
sions to the aneurysm wall were sharply dis-
sected. A third fenestrated clip was placed 
between the posterior communicating and ante-
rior choroidal arteries (Video 5.3; 5:24). At this 
point, there was no further bleeding from the 
aneurysm. A postoperative angiogram revealed 
no filling of the trapped giant anterior cerebral 
artery aneurysm (Video 5.3; 5:50).

 Conclusion

Since the integration of fluorescent technology 
with microscopes, fluorescent angiography has 
become a routine tool in cerebral bypass surgery, 
providing real-time, intraoperative evaluation of 
bypass patency and offering a number of advan-

tages including low cost, speed, and safety com-
pared to alternatives. ICG and FL each offer their 
relative strengths and weaknesses, providing 
complementary options depending on the type 
and location of the bypass. Despite being limited 
by microscope optics, VA will continue to be a 
key tool in the neurovascular surgeon’s arma-
mentarium, and its use will continue to expand as 
technology advances.
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Vascular Malformation

Taku Sato, Kyouichi Suzuki, Jun Sakuma, 
and Kiyoshi Saito

 Introduction

Cerebral vascular malformation is an abnormal 
blood vessel formation in the brain, with the fol-
lowing types: brain arteriovenous malformations 
(bAVMs), arteriovenous fistula, cavernous mal-
formation, and venous malformation.

bAVM surgeries are one of the most difficult 
to perform because they required considerable 
surgical skills and identification of feeding ves-
sels to prevent passage vessel injuries and pre-
serve draining veins until the final stage of the 
procedure. Although the treatment for bAVMs 
was changed due to improvement in endovascu-
lar embolization and stereotactic radiotherapy 
(SRS), microscopic surgery is one of its defini-
tive treatments [1].

Intraoperative adjuncts are necessary to avoid 
intraoperative complications. Near-infrared (NIR) 
fluorescence imaging has been more popular in 

the recent years due to its convenience and 
accuracy.

This chapter will mainly address the intraop-
erative applications of NIR fluorescence imaging 
in bAVM surgeries. In addition, it will describe 
the intraoperative laser light imaging to simulta-
neously visualize visible light and NIR fluores-
cence for indocyanine green (ICG).

 Background

bAVMs represent an uncommon central nervous 
system disease characterized by an arteriovenous 
shunt with one or multiple arterial pedicles being 
feed into a vascular nidus, creating early drainage 
into a venous outflow channel.

These lesions are considered congenital and 
can be clinically detected in a variety of ways, 
such as seizure, intracranial hemorrhage, 
chronic headache, or progressive neurological 
deficit [2, 3].

bAVMs have a prevalence of detected asymp-
tomatic or symptomatic in the population of 
10–18 per 100,000 adults [4, 5].

The Spetzler-Martin (SM) Grading Scale is 
the most commonly used classification system.

It uses three anatomic factors (nidus size, 
nidus location relative to the eloquent brain, and 
pattern of venous drainage) to enumerate five 
bAVM grades. It is a well-validated tool for esti-
mating the risks of surgical resection [6].
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 Indication for Surgery

The first randomized trial on the treatment versus 
conservative management for unruptured bAVM 
was also reported [7]. Nevertheless, compelling 
evidence on many treatment decisions that are 
routinely made for patients with ruptured and 
unruptured bAVM remains lacking. Patients with 
bAVM who present with hemorrhage are at a 
higher risk for re-bleed compared with patients 
with bAVM detected presymptomatically [8]. 
Surgery is recommended for the majority of 
Spetzler-Martin Grade I and II bAVMs (low- 
grade bAVMs), utilizing conservative emboliza-
tion as a preoperative adjunct [9]. However, 
another randomized trial is needed to establish the 
role of surgery in bAVM management.

 Preoperative Evaluation

Digital subtraction angiography (DSA) is the ref-
erence standard for the diagnosis of bAVMs. DSA 
provides the most detailed and accurate informa-
tion on bAVM angioarchitecture and hemody-
namics. It has the highest degree of both spatial 
and temporal resolution of all diagnostic imaging 
modalities. The immediate risks of DSA are pri-
marily related to neurological complications such 
as thrombotic stroke. DSA entails radiation expo-
sure with potential long-term consequences [10].

 Treatment

The definitive treatment for bAVMs should be 
complete elimination of the nidus and the arterio-
venous shunt. Therapeutic tools are three. The first 
is microscopic surgery, which may be performed 
primarily or after endovascular embolization to 
reduce bleeding risks intraoperatively and to facil-
itate complete and uncomplicated removal. The 
second is SRS, which may also be performed pri-
marily or after embolization to reduce nidal vol-
umes and potentially improve nidal obliteration 
rates. The final method is endovascular emboliza-
tion itself. Although this is most often used as a 

precursor to microsurgery or radiosurgery, some 
cases may utilize it as a definitive therapy.

 Intraoperative Adjuncts

Intraoperative adjuncts are required the safety of 
complete removal.

 Neurophysiological Monitoring

Intraoperative neurophysiological monitoring of 
motor evoked potential (MEP), somatosensory 
evoked potential, and visual evoked potential 
(VEP) is useful for bAVMs. In the case that a 
bAVM is located near the motor area, MEP map-
ping and monitoring are used to confirm the 
motor area and motor function intraoperatively. 
The risk of intraoperative injury to the motor 
area can be reduced by identifying its exact loca-
tion by MEP mapping [11]. However, neuro-
physiological monitoring cannot confirm the 
brain function at all.

 Evaluation of the Blood Flow

bAVMs require evaluation of the flow before per-
forming the surgical procedures. Feeding vessels 
that need to be dissected should be identified in 
order to avoid the passing arteries and preserve 
the draining veins.

• Doppler ultrasonography

Doppler ultrasonography may be difficult to 
interpret, particularly with higher flow lesions, 
and disrupts the workflow during resection of 
bAVMs.

• Intraoperative DSA

Intraoperative DSA can effectively identify 
residual bAVMs after the procedure, but it is not 
easily translatable in the open microsurgical anat-
omy [1]. Low-grade bAVMs that are  relatively 
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easy to treat are often left out during the intraop-
erative DSA since the resolution is low.

• Fluorescence angiography

The application of ICG and fluorescein 
angiography in cerebral vascular surgeries is 
widely performed [12]. They are real-time 
intraoperative imaging adjunct to identify the 
vascular structure and flow direction. They 
allow surgeons to intraoperatively distinguish 
between arteries and veins or between normal 
and abnormal vascular components such as 
bAVM [13, 14].

After an intravenous bolus injection of ICG, the 
operative field is illuminated using a microscope- 
integrated light source with a wavelength covering 
the ICG absorption band (range, 700–850  nm; 
maximum, 805 nm). Arterial, capillary, and venous 
flow images are observed on the video screen in 
real time. The recommended dose of ICG for this 
type of angiography is 0.2–0.5 mg/kg.

ICG angiography is safe, requires no addi-
tional equipment except for image modification 
software, and can be repeated multiple times 
throughout the surgical procedure.

ICG angiography cannot visualize the deep- 
seated feeders, nidus, and drainers that are cov-
ered within the parenchyma.

Indications for ICG Angiography
• AVM that have superficial feeders
• All Spetzler-Martin Grade AVMs
• No history of allergic reactions to ICG

Technical Description of the Procedures
 1. Perform a craniotomy to obtain adequate 

exposure to the bAVM, including its arterial 
feeders and venous outflow.

 2. Dissect the arachnoid of the AVM.
 3. Isolate and divide its arterial feeders and 

venous outflow including the sulcus.
 4. Inject the ICG for the first evaluation to iden-

tify the vascular architecture and flow 
direction.

 5. After clipping the feeders, inject the ICG 
repeatedly and identify the passing arteries.

 6. Coagulate the feeders and dissecting the sub-
pial tissue.

 7. Dissect the nidus and coagulate the deep 
feeders.

 8. Inject the ICG after dissecting the nidus and 
stopping the flow of the drainer.

 9. Coagulate the drainers and excise the AVM.
 10. Homeostasis

Interpretation
• ICG angiography can visualize the feeders, 

passing arteries, nidus, and drainers.
• Re-administration of ICG does reveal not only 

the angioarchitectural structure of the AVM 
but also the residual flow of the nidus in super-
ficial AVMs.

Pitfalls
• In normal physiological conditions, ICG takes 

about 10 minutes to be cleared from the body. If 
another dose was administered before the pre-
vious dose been cleared, the fluorescence emis-
sion of both doses could overlap and might 
affect the neurosurgeon assessment [14].

• ICG angiography is less useful with deep- 
seated lesions. It is a complement rather than a 
replacement of  DSA.  Intraoperative DSA in 
these cases should be performed.

• ICG angiography can visualize the exposed 
vessels within the operative microscopic field 
only [15].

• A high-resolution postoperative angiogram 
must be performed in bAVM surgery and 
remains the best test to confidently confirm 
AVM total resection [16].

Semi-Quantitative Analysis for Blood Flow
Specific software integrated in the surgical 
microscope was developed as an additional ana-
lytical imaging tool to analyze blood flow 
 dynamics using an ICG angiography. This tech-
nique enables objective and semi-quantitative 
analyses demonstrated through color map and 
ICG intensity- time curve.

The analysis of blood flow in the specific soft-
ware can be used to understand the hemodynamic 
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changes in AVM surgery [17, 18]. However, it 
cannot quantitatively estimate the blood flow.

Dual-Image Videoangiography (DIVA)
The blood flow of bAVMs in ICG angiography is 
noticeably shown in white with a black back-
ground. ICG flow alone, but not other structures, 
can be observed using ICG-VA.  The newly 
developed DIVA system can simultaneously 
visualize both visible light and NIR fluorescence 
images of ICG-VA (Fig. 6.1) [19]. In the control 
system, NIR images can be changed to a desig-
nated color from a palette of more than 256 vis-
ible colors. We selected green as a nonbiological 
color. In the microscope, light including fluores-
cence emission from the operative field enters 
the camera unit mounted to the side viewer of 
the microscope. The visible light (400–700 nm) 
and near- infrared fluorescence emission light 
(800–900 nm) are filtered using a special sensor 
unit with an optical filter. Visible light is detected 
using a color imaging process, and NIR fluores-

cence emission light is detected by a near- 
infrared imaging process. Surgeons can also 
switch between a white-light binocular view to a 
simultaneous right monocular DIVA image and a 
left monocular white-light image. Thus, per-
forming surgery while simultaneously observing 
both the light and DIVA-processed images was 
possible [20].

We also developed a laser light source and 
integrated it with the DIVA system. The novel 
laser light source is with four bands at 464 (blue), 
532 (green), 640 (red), and 785 nm (near-infrared 
region) [21]. Laser light has some advantages 
over xenon light (Table  6.1). The present setup 
clearly visualized the natural color of the opera-
tive field with enhanced blood flow.

 The  feeding vessels, passing arteries, and 
draining veins were confirmed to be visualized 
and detected in arteriovenous malformation sur-
gery (Figs.  6.2 and 6.3). In this setup, a single 
ICG injection was received at a dose of 0.1 mg/kg 
as a bolus. This dose is sufficient for the analysis 

Table 6.1 Comparison of different light sources

Halogen Xenon LED Laser
Directivity Poor Poor Poor Good
Color rendering Good Good Average Average
Color calibration Poor Poor Average Good
Energy efficiency Poor Poor Good Good
Life span Poor Poor Good Good

From Sato et al. [21]
LED light-emitting diode

a b

Fig. 6.1 Dual-image videoangiography (DIVA) camera and control unit (a). DIVA camera connected to the micro-
scope with a C-mount (b). (Reprinted with permission from Sato et al. [22])
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a cb

d fe

Fig. 6.2 Preoperative angiography (lateral view) show-
ing Grade I arteriovenous malformation (AVM) in the 
right frontal lobe (a). Intra-arterial injection of indocya-
nine green shows feeding arteries (b, c) and a draining 
vein (d, e). Dual- image videoangiography visualizes the 

anatomical relationship between the feeders, passing 
arteries (c), and drainer (e). Postoperative angiography 
(lateral view) shows disappearance of the AVM (f). 
(Reprinted with permission from Sato et al. [19])

a

d e f

cb

Fig. 6.3 Preoperative angiography (lateral view) show-
ing Grade II arteriovenous malformation (AVM) (star) 
in the left frontal lobe (a). Preoperative angiography 
showing the nearby passing arteries (arrow), nidus 
(star), and drainers (arrowhead) (b). Postoperative angi-
ography showing disappearance of the AVM (c). 
Microscopic view of the AVM (d). Standard indocya-

nine green videoangiography shows the feeders, nearby 
passing arteries and drainers. It is difficult to recognize 
nonvascular structures (e). Dual-image videoangiogra-
phy shows the anatomical relationship between the 
feeders, nearby passing arteries, drainers, and nonvas-
cular structures (f). (Reprinted with permission from 
Sato et al. [22])
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even though it is lower than those in other pub-
lished reports [12, 14] (see Video 6.1).

 Conclusion

ICG angiography is an essential intraoperative 
adjunct in order to distinguish between arteries 
and veins or between normal and abnormal vas-
cular components in bAVM surgeries. DIVA, a 
high-resolution intraoperative imaging system to 
simultaneously visualize both visible light and 
NIR fluorescence images of ICG angiography, 
would be useful in bAVM surgeries.
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Angiography During 
Cardiovascular Surgery

Derek Muehrcke

 Indications

Coronary artery bypass graft patency is the major 
predictor of long-term survival after coronary 
artery bypass grafting (CABG) surgery [1]. 
Technical anastomotic problems are a major 
source of early graft closure [2, 3]. The ability to 
reliably assess the patency of coronary artery 
bypass grafts using intraoperative fluorescence 
imaging (IFI) has been shown to improve short- 
term patient outcomes after coronary artery 
bypass grafting [4] and to reduce hospital cost of 
CABG [5, 6]. Several techniques have been used to 
assess intraoperative graft flow and patency. Most 
have had drawbacks limiting their use. These have 
been reviewed previously by Balacumaraswami 
and Taggert [7]. Electromagnetic flowmetry, based 
on principles of electromagnetic induction, can 
quantitate blood flow accurately under experi-
mental conditions where it assumes laminar flow. 
However, in the clinical setting, flow values fluc-
tuate with movement and changing hematocrit, 
and consequently, its use has been short-lived [8, 

9]. Continuous-wave (CW) and pulsed-wave 
(PW) Doppler velocity measurements have been 
used to assess intraoperative graft patency. 
Although, easy to use, continuous-wave (CW) 
and pulsed- wave (PW) Doppler velocity mea-
surements are based on the principle of a change 
in Doppler velocity, but detectors have no range 
resolution and PW Doppler systems were 
affected by the angle of insonation [10]. 
Epicardial ultrasound scanning [11] uses an epi-
cardial probe, which provides satisfactory 
images of coronary stenosis and graft anastomo-
ses but does not provide real- time angiographic 
images. Thermal coronary angiography, based 
on the creation of thermal images with an infra-
red camera, depends on the temperature differ-
ence between the myocardium and the coronary 
arteries generated with the use of cold or warm 
saline or cardioplegic injections. Although this 
provides images of graft, function resolution 
varies depending on temperature differences 
[12]. None of these techniques produce reliable 
or consistent results.

 Intraoperative Techniques of Graft 
Patency Assessment

There are three currently used popular methods 
of measuring graft patency in CABG surgery. 
The best but most expensive method is coronary 
angiography. It does represent the gold standard 
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to determine graft patency. Coronary  angiography 
provides a clear multiplane visual assessment of 
all proximal and distal anastomoses. It is how-
ever invasive, expensive, and difficult to perform 
after heart surgery without having a cardiologist 
and cardiac catheterization lab available.

Transit-time flowmetry (TTFM) and intraop-
erative fluorescence imaging (IFI) are currently 
the two most popular methods of assessing intra-
operative coronary artery bypass graft patency. 
Both are relatively inexpensive, are easy to per-
form, and can provide real-time intraoperative 
assessment of graft patency. Below, we will dis-
cuss both of these techniques: their methodology, 
current experience, results, and limitations.

 Transit-Time Flowmetry (TTFM)

Transit-time flowmetry (Medistim ASA, Norway) 
is a technique based on the principle of transit- 
time ultrasound technology. It uses a perivascular 
flow probe, which consists of two ultrasonic 
transducers and a fixed acoustic reflector, which 
holds the graft perpendicular to the position of 
the transducers and the reflector. The transit time 
taken from the wave of ultrasound to travel from 
one transducer to another is derived by the flow 

meter and provides an accurate measure of flow 
volume [13].

 Technique
The flow probes require the use of an ultra-
sound gel applied to the lumen of the flow 
probe. It is important to ensure the graft occu-
pies at least 75% of the area within the probe to 
get an accurate reading (Fig. 7.1). The coupling 
agent (gel) improves ultrasound imaging. 
Results are quantitatively reported as mean 
graft flow and a flow waveform is generated. In 
addition to the flow waveform, the systems pro-
vide various calculated derivatives such as 
mean graft flow (MGF), pulsatile index (PI), 
and diastolic flow index (DFI).

Mean graft flow is expressed as ml/min, which 
indicates the quantity of graft flow at the time of 
the measurement. Mean graft flow values above 
40 ml/min indicate satisfactory flow, and values 
less than 5 ml/min are considered unsatisfactory, 
prompting revision [14]. When mean graft flow 
values between 5 ml/min and 40 ml are obtained, 
interpretation depends on certain derived values 
such as PI and DFI. PI is expressed as an absolute 
number of the value obtained by the dips between 
the maximum flow and the minimum flow divided 
by the mean flow. It gives an estimate of the resis-

Probe
Body

Reflector

Vessel

Fig. 7.1 TTFM flow probe with bypass graft inserted for 
reading of flow expressed as ml/min. The ultrasound flow 
meter measures the velocity of a fluid with ultrasound to 
calculate volume flow. Using ultrasound transducers, the 

flow meter can measure the average velocity along the path 
of an emitted beam of ultrasound, by averaging the differ-
ence in measured transit time between the pulses of ultra-
sound propagating into and against the direction of flow
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tance to graft flow. Generally, a PI value of more 
than 5 is considered to indicate unsatisfactory 
graft flow [15], and revision should be consid-
ered; however, PI alone cannot be used to deter-
mine graft revision. DFI is expressed with the 
percentage of total graft flow which occurs during 
diastole. A predominant diastolic flow in the graft 
with a DFI that is more than 50 is considered nor-
mal, similar to the native coronary blood flow 
[13]. A DFI less than 50 is cause for concern. 
Unfortunately, there are no images of graft flow 
produced using this technique to help validate 
visually marginal or concerning derived values.

 Current Experience and Results
Several groups have reported the clinical useful-
ness of TTFM to assess graft patency.

D’Ancona et al. reported the need to revise 37 
of 1147 graft (3%) in 33 of 409 off-pump coro-
nary artery bypass grafts (8%). They emphasize 
the reliance on correct analysis of TTFM flow 
patterns to correct the abnormalities, since inter-
pretation of the derived values is variable and 
may be inconclusive [13].

Likewise, Taggert’s group [16] has used 
TTFM in over 100 patients, and it was found to 
be useful in confirming graft patency in the 
majority of patients with good mean graft flow 
values. Using both TTFM and intraoperative flu-
orescence imaging (IFI) modalities in the same 
patient, they found that in the majority of grafts, 
both TTFM and IFI reliably confirmed graft 
patency. However, in 3.8% of grafts (10% of 
patients) with low mean graft flow situations, 
where TTFM indicated the need to revise the 
grafts, IFI confirmed satisfactory visual antigrade 
flow. Because the flow through the grafts could 
be visualized, no revisions were performed. 
Taggert expressed concerns that TTFM may 
overestimate the need for graft revision.

TTFM has been used in the assessment of 
graft patency with a greater degree of accuracy 
compared with other flow measurement modali-
ties, such as electromagnetic flowmetry, which 
varies with movement and hematocrit, and 
Doppler flowmeters, which vary with the angle of 
insonation [17]. It has correctly identified 
occluded grafts when other tests suggested a pat-
ent graft. This includes situations where a pulse 

was felt in an occluded graft (as a tactile pulse 
can be felt in occluded grafts which can be misin-
terpreted as “flow”). TTFM can detect graft 
occlusion even when the ECG remains normal 
and echocardiography identifies normal wall 
motion. Jakobsen noted only one of the five cases 
with TTFM documented graft occlusion was the 
graft impairment reflected in abnormal ECG 
findings [18]. Walpoth and colleagues describe 
two cases in which TTFM detected graft occlu-
sion despite adequate perfusion of the graft 
assessed by the surgeon’s fingers, which was cor-
rected on the operating room table [19].

TTFM, unfortunately, does not always reli-
ably predict graft or anastomotic stenosis as 
reported by several groups. Hirotani and col-
leagues evaluated TTFM measurements in a 
series of 291  in situ internal mammary artery 
grafts and 190 saphenous vein grafts in 171 
patients. They compared the intraoperative mea-
surements with postoperative coronary angio-
gram performed before hospital discharge [20]. 
They found that mean graft flow, as measured by 
TTFM, failed to predict stenosis or partially 
occluded grafts on postoperative angiograms. 
Jakobsen and Kjergard reported 1.8% graft revi-
sion rate in a series of 280 CABG patients [18].

 Limitations
In the major of patients with good MGF (>40 ml/
min), TTFM reliably indicates graft patency. 
However, in low mean graft flow situations, inter-
pretation of PI and DFI values is arbitrary, and 
there is considerable uncertainty regarding ade-
quacy of graft patency. Transit-time flowmetry is 
a very easy device to use; however, it does not 
show a visual image of the graft. When the graft 
is subjected to spasm, or the stenosis of the native 
coronary artery is not very severe, flow measure-
ment data may not be diagnostic.

 Intraoperative Fluorescence Imaging 
(IFI) System

 Principle
SPY intraoperative fluorescence imaging 
received FDA 510(K) clearance in 2005 as a sys-
tem to assess graft patency after CABG surgery. 
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The IFI system SPY™ (Stryker Corporation, 
Kalamazoo, MI) depends on the fluorescent 
properties of indocyanine green (ICG) dye. ICG 
rapidly binds to the plasma proteins when 
injected intravenously and is therefore confined 
to the intravascular compartment. Indocyanine 
green is excreted unchanged by the liver with a 
half-life of 3–5 min; thus, there is no potential for 
nephrotoxic effects for those patients with com-
promised renal function. The dye also has an 
excellent safety profile. The incidence of allergic 
reactions to ICG is approximately 1  in 40,000, 
and it has been reported mainly in patients with 
an allergy to iodine [21]. The risk of allergic reac-
tions is strongly dose dependent, being greatest 
with a dose in excess of 0.5  mg/kg weight. A 
lower-density laser with a total output of 2.7 w 
spread over an area of 7.5 × 7.5 cm at a distance 
of 30  cm has a depth of penetration of about 
1–2 mm to avoid thermal damage. ICG fluoresces 
when illuminated with a laser light of 806 nm and 
emits light at the longer wavelength at 830 nm. 
The imaging camera head is a charge-coupled 
device video camera and is positioned over the 
exposed heart, and the laser is activated before 
the first pass of a bolus of ICG through the field 
of view. Images of the coronary arteries and 
bypass grafts are acquired at a rate of 30 frames/s 
and may be viewed in real time. The near- infrared 
light can maximally penetrate 1–2 mm of soft tis-
sue. The fluorescence sequentially shows illumi-
nation of the graft or coronary artery lumen, a 
blush of the epicardium occurs as the dye passes 
through the microcirculation, and finally, wash-
out as the dye enters the coronary veins.

The ICG dye transmission time is dependent 
on various factors including the systemic arterial 
pressure, competitive native coronary blood flow 
on the severity of native proximal coronary steno-
sis, distal coronary vascular resistance, and con-
duit diameter. The proximal target coronary artery 
snaring with a silastic sling facilitates anastomotic 
visualization and largely eliminates competitive 
flow [13]. Skeletonized internal thoracic artery 
(ITA) and radial artery (RA) conduit provide bet-
ter visualization than pedicle ones. The appear-
ance of fluorescent images, as the dye passes 
through the bypass graft, confirms graft patency.

 Technique
There are three different techniques we use to 
visualize CABG grafts. We only perform coro-
nary artery bypass grafting using the cardiopul-
monary bypass machine with the heart arrested. 
We feel this technique allows us to bypass more 
vessels, improves long-term graft patency, and 
improves long-term survival than off-pump 
bypass techniques (Video 7.1, 00:01). However, 
the techniques can easily be used with off-pump 
bypass grafting. A direct handheld injection of 
ICG down the individual vein grafts is used to 
assess each vein graft distal anastomosis and to 
assess perfusion of the heart (Video 7.1, 00:49). 
Imaging of each graft takes only 2–3 min (Video 
7.1, 1:13). Typically, we perform our vein graft 
anastomoses first followed by the IMA to LAD 
anastomosis. Each distal vein graft anastomosis 
can be tested by injecting 10 ccs of contrast down 
the vein graft (or free arterial graft) through a 
syringe (Video 7.1, 1:41). The concentration we 
use is made up by placing 0.5 cc of ICG (concen-
tration 2.5 mg/mi) into 500 cc of normal saline. 
Of this solution, 30  cc is mixed with 10  cc of 
heparinized blood. Of the final mixture, 10 cc is 
injected down the vein graft as images are 
acquired, and then the graft is flushed with hepa-
rinized blood (Video 7.1, 2:14). Care must be 
taken not to inject air down the grafts, especially 
when performing off-pump bypass grafting. We 
specifically look for flow through the vein graft, 
the anastomosis (Video 7.1, 2:48), and the epicar-
dial artery. The tactile response of how hard or 
easy it is to inject the solution gives feedback as 
to the flow in the bypassed vessel. The rate of 
hand-injected flow is determined by several fac-
tors including the diameter of the vein, the size of 
the anastomosis, the size of the epicardial artery 
grafted, and the resistance in the vascular bed 
 distal to the anastomosis. Moreover, we look for 
the three phases of fluorescence. The first is the 
arterial phase, where the vein graft, anastomosis, 
and artery illuminate. The second phase is where 
the myocardial surface illuminates, and the third 
phase is the venous phase when the veins on the 
heart are imaged.

An injection of the ICG into the heart-lung 
machine is used to assess IMA to coronary artery 
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flow when the cross-clamp is on, as the in situ 
graft is the only source of blood flow to the heart 
with the cross-clamp on (Video 7.1, 3:10). Flow 
through the in situ IMA graft is evaluated by 
injecting 1 cc of undiluted ICG dye (2.5 mg) into 
the heart-lung machine. Imaging will take 
10–15 seconds to occur. There should be a brisk 
transition from the IMA graft into the left ante-
rior descending coronary artery (Video 7.1, 3:54).

At the end of the procedure after performing 
the proximal anastomoses, all proximal anasto-
moses are assessed simultaneously by injecting 
0.5 ccs of undiluted ICG into the central line 
(Video 7.1, 4:23). This is followed by a 10-cc 
flush of normal saline. Visualization of the proxi-
mal anastomoses will take 10–15  seconds to 
appear as the dye works its way through the heart 
to the aorta. Revisions are based on the findings 
of the gross blood flow images. The images are 
then recorded on a computer hard drive. Repeated 

ICG injections can be administered at short inter-
vals, which generate excellent image quality.

It is also possible to assess the presence of 
competitive flow through the important IMA to 
LAD anastomosis if one calculates the pixel 
intensity to the anterior wall using qualification 
hardware. With the cross-clamp off, serial central 
line injections of ICG with the IMA occluded 
using a soft vascular clap first and then subse-
quently with the IMA not occluded are used to 
generate pixel intensity grafts. The difference 
represents the flow to the anterior wall of the 
heart provided by the IMA graft (Fig. 7.2). The 
additional flow to the anterior wall from the IMA 
blood supply can be quantitated by subtracting 
these two values. Obviously, separate images are 
recorded for each injection and compared. The 
lack of increased flow may be a sign of competi-
tive flow due to a non-physiologic proximal coro-
nary artery stenosis.
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Fig. 7.2 Pixel intensity measurements approximate myo-
cardial blood flow using the SPY Q analysis program. 
Measurements are made with the cross-clamp off. In the 
left panel, the blue represents anterior wall pixel intensity 
(blood flow) to the native myocardium (pre-grafting; IMA 
occluded). The red line represents the average pixel inten-
sity after grafting with the IMA (post-grafting; IMA graft 

open). If the native flow is normalized to a value of 1 
(middle panel), then the increased flow with the new IMA 
graft is quantitated to 6.45 times the blood flow. The right 
panel shows myocardial perfusion the native vessel (blue), 
the improved flow with a new IMA graft (red), and the 
flow added to the anterior wall (green) [30]
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 Validation Studies

Takahashi and associates [22] were one of the 
first authors to compare IFI with TTFM in off- 
pump cases in Japan. Each patient served as their 
own control. They demonstrated high-quality IFI 
images in 290 grafts of 72 off-pump CABG cases 
(mean of 4.0 grafts per patient). Four anastomo-
ses (1.4%), including two proximal and two dis-
tal, were revised because of defects detected by 
SPY images. In one case (Fig. 7.3), the SPY sys-
tem revealed no blood flow in a radial sequential 
graft, although transit-time flow measurements 
taken on the sequential portion of the bypass 
graft showed a diastolic dominant pattern with 
intermediate flow of 24  ml/min. SPY images 
revealed the proximal portion of the radial artery 
graft, between the aorta and the obtuse marginal 
artery, to be non-patent, allowing them to revise 
the graft while the patient was still on the operat-
ing table. After revision, slide B on the right dem-
onstrates IFI imaging showing both the aorta to 
obtuse marginal 1 graft and the sequential obtuse 

marginal 1 to obtuse marginal 2 graft the be pat-
ent. The TTFM flow increased from 22 to 55 ml/
min in the sequential portion of the graft. The 
authors concluded that using the SPY system, 
technical failures could be completely resolved 
during surgery. They stated that the use of the 
SPY system for intraoperative graft validation 
during off-pump CABG may become the gold 
standard for surgical management in the near 
future. Importantly, Takahashi was able to dem-
onstrate a significant flaw in TTFM analysis, 
namely, the inability to visually assessment of the 
bypass grafts. He demonstrated two cases were 
sequential grafts were used where TTFM was 
unable to identify graft closure correctly.

In another patient depicted in Fig. 7.4, an in 
situ internal mammary artery has been used as a 
sequential graft between the diagonal and the left 
anterior descending artery. Intraoperative fluores-
cence imaging reveals the sequential portion 
between the diagonal and the LAD is occluded 
despite the TTFM flow measuring a flow of 
22 ml/min, when measured in the IMA to diago-

a b

Fig. 7.3 Slide A represents the IFI images of a radial 
sequential graft from the circumflex obtuse marginal 1 to 
the circumflex obtuse marginal 2. By IFI, the free radial 
graft from the aorta to the obtuse marginal 1 is occluded; 
however, the flow measured on the sequential obtuse mar-
ginal 1 to obtuse marginal 2 reveals a flow of 24 ml/min. 

After revision, slide B on IFI imaging shows both the 
aorta to obtuse marginal 1 graft and the sequential obtuse 
marginal 1 to obtuse marginal 2 graft to be patent. The 
TTFM flow increased from 22 ml/min to 55 ml/min [31]. 
(From Takahashi et al. [22])

D. Muehrcke



61

nal graft. The images on the right were taken 
after the graft was revised in the operating room. 
It demonstrates excellent flow through both anas-
tomoses of the sequential diagonal to LAD graft. 
The TTFM flow was unchanged (22  ml/min) 
after revision. In both cases presented, the TTFM 
was not helpful in detecting a significant intraop-
erative graft occlusion because of a lack of visual 
assessment of the graft.

Desai and colleagues [23] also noted that early 
CABG failures may be corrected if identified 
intraoperatively. These researchers like Takahashi 
compared the diagnostic accuracy of transit-time 
ultrasound flow measurement and ICG 
fluorescent- dye graft angiography. Both imaging 
studies were performed in each patient, as they 
acted as their own control. Virtually all cases 
were performed with cardioplegic arrest on the 
cardiopulmonary bypass machine. Patents under-
going isolated CABG with no contraindications 
for postoperative angiography were enrolled in 
the study. Patients were randomly assigned to be 

evaluated with either ICG angiography (ICG) 
and then transit-time ultrasonic flow measure-
ment or transit-time flow and then ICG angiogra-
phy. Interestingly, all patients underwent X-ray 
angiography on postoperative day 4. The primary 
end point of the trial was to determine the sensi-
tivity and specificity of the two techniques versus 
standard X-ray angiography to detect graft occlu-
sion or greater than 50% stenosis in the graft or 
peri-anastomotic area. A total of 106 patients 
were enrolled, and X-ray angiography was per-
formed in 46 patients. In total, 139 grafts were 
reviewed with all three techniques, and 12 grafts 
(8.2%) were demonstrated to have greater than 
50% stenosis or occlusion by the reference stan-
dard. The sensitivity and specificity of ICG to 
detect greater than 50% stenosis or occlusion 
were 83.3% and 100%, respectively. The 
 sensitivity and specificity of transit-time ultra-
sonic flow measurement to detect greater than 
50% stenosis or occlusion were 25% and 98.4%, 
respectively. The p value for the overall compari-

a b

Fig. 7.4 Sequential IMA to diagonal and LAD graft. On 
the left, the diagonal to LAD sequential graft is occluded 
by IFI; however, TTFM measured a flow of 22 ml/min. 

After revision, IFI shows the entire sequential graft to be 
patent; however, there was no change in the TTFM flow of 
22 ml/min [31]. (From Takahashi et al. [22])
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son of sensitivity and specificity between ICG 
and transit- time flow ultrasonography was 0.011. 
The difference between sensitivity for ICG and 
transit- time flow measurement was 58% with a 
95% confidence interval (CI) of 30–86%, 
p = 0.023. The authors concluded that ICG pro-
vided a better diagnostic method of detecting 
clinically significant graft errors than did transit- 
time ultrasound flow measurement. They also 
had patients, who had marginal TTFM graft flows 
(5–40  ml/min) but had occluded grafts when 
visualized using ICG.

In a separate study, Waseda and associates 
[24] evaluated the intraoperative fluorescence 
imaging (IFI) system in the real-time assessment 
of graft patency during off-pump CABG. Patients 
undergoing off-pump CABG received IFI analy-
sis, intraoperative transit-time flowmetry, and 
postoperative X-ray angiography. A total of 507 
grafts in 137 patients received underwent analy-
sis. Of all the IFI analyses, 379 (75%) grafts 
were visualized clearly up to the distal anasto-
mosis. With regard to anastomosis location, 
anterior location was associated with a higher 
percentage of fully analyzable images (90%). 
More than 80% of images were analyzable, irre-
spective of graft type; six grafts with acceptable 
transit-time flowmetry results were diagnosed 
with graft failure by IFI, which required on-site 
graft revision. All revised grafts’ patency was 
confirmed by postoperative X-ray angiography. 
Conversely, 21 grafts with unsatisfactory transit 
time flowmetry results demonstrated acceptable 
patency with IFI. Graft revision was considered 
unnecessary in these grafts, and 20 grafts (95%) 
were patent by postoperative X-ray angiography. 
Compared with slow washout, fast washout was 
associated with a higher preoperative ejection 
fraction, use of internal mammary artery grafts, 
and anterior anastomosis location. The authors 
concluded that the IFI system enabled on-site 
assessment of graft patency, providing both mor-
phologic and functional information. They con-
cluded that this technique may help reduce 
procedure-related, early graft failures in off-
pump bypass patients.

 Interpretation

Several researchers have attempted to quantitate 
myocardial perfusion or graft flow using 
IFI. None have been able to quantitate myocar-
dial blood flow reliably using the pixel intensity 
measurements which are used in assessing graft 
patency. It is important to understand that as a 
result of the low energy used in the laser to obtain 
images using IFI, only 2 mm of the myocardial 
surface can be imaged. Therefore, any quantita-
tive analysis presumes that myocardial blood 
flow is universal through the entire thickness of 
the ventricular wall. This obviously may not be 
true and represents a potential inaccuracy of this 
methodology. Nonetheless, Detter [25] has 
shown myocardial blood flow is reduced in a 
steplike fashion with greater degrees of coronary 
stenosis. Moreover, Yamamoto [26] has shown a 
similar association looking at the flow in the ves-
sel itself, not the myocardium. Both attempted to 
assess myocardial flow by measuring peak pixel 
intensity and time to peak pixel intensity.

Detter et  al. [25] attempted to quantify the 
blood supply to the heart by measuring the maxi-
mum pixel intensity of the myocardium and time 
to maximum intensity during the myocardial 
phase of IFI. They evaluated the ability of IFI to 
quantitatively assess the effect of coronary steno-
sis of variable severity on myocardial perfusion 
using two separate methods. They compared the 
effect of variable coronary artery stenosis in vivo 
(coronary stenosis of 25%, 50%, 75%, and 100% 
flow restriction) using IFI compared to the gold 
standard assessment using the fluorescent micro-
sphere method. Using open-chest pigs, graded 
stenosis and total occlusion of the left anterior 
descending coronary artery were created. They 
showed that increasing graded stenosis and total 
vessel occlusion reduced normalized background- 
subtracted peak fluorescence intensity (BSFI) 
and the slope of fluorescence intensity signifi-
cantly. Moreover, background-subtracted peak 
fluorescence intensity and slope of fluorescence 
intensity (analyzed by ICG) demonstrated good 
linear correlation with fluorescent microsphere- 
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derived myocardial blood flow. These quantita-
tive assessments of myocardial blood flow using 
IFI are mostly used to show an increase or no 
change in myocardial blood flow following 
bypass grafting (Figs.  7.5 and 7.6). They con-
cluded that the impairment of myocardial perfu-
sion in response to increased coronary stenosis 

severity and total vessel occlusion can be quanti-
tatively assessed by ICG and correlates well with 
results obtained by fluorescent microsphere 
assessment.

Ferguson et  al. have also reported that the 
change in fluorescence intensity is a direct indi-
cator of the change in the myocardial perfusion 
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Fig. 7.5 Time-intensity curves of the left ventricular 
anterior wall analyzed by slope of fluorescence intensity 
(SFI) in a representative experiment at baseline and four 
graded coronary stenosis (25%, 50%, 75%, and 100% 

flow restriction). a.u. equals arbitrary units. One can see 
the diminished intensity of the fluorescence with increas-
ing degrees of vessel stenosis. (Reproduced with permis-
sion: Detter et al. [25])
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using perfusion pixel analysis [27]. Using this 
methodology, his group has used IFI to assess 
competitive flow after bypass grafting. He has 
shown that when there is no increase in myocar-
dial perfusion after grafting, the native vessel ste-
nosis is likely not physiologically significant 
despite how tight the native vessel stenosis 
appeared visually. This may help reduce the inci-
dence of early graft closure by better understand-
ing which types of grafts are more prone to 
competitive flow after they are constructed. 
Looking at 167 bypass patients with 359 grafts 
(53% arterial), all grafts were widely patent by 
IFI, and 24% of the arterial and 22% of the saphe-
nous vein grafts showed no regional myocardial 
perfusion change in response to bypass grafting, 
consistent with competitive flow. In 165  in situ 
internal mammary grafts to the left anterior 
descending artery (>70% visual stenosis on pre-
operative angiogram), 40 had no change in 
regional myocardial perfusion, and 32 of the 40 
had competitive flow imaged. They concluded 
that an important number of angiographic patient 
bypass grafts demonstrated no change in regional 
myocardial perfusion suggesting anatomical, but 
nonfunctional, stenosis in the target vessel epi-
cardial coronary arteries. In in situ arterial grafts 
imaged, competitive flow was associated with 
nonfunctional stenosis in the target vessel epicar-
dial coronary artery. During the discussion of this 
paper [28], it was pointed out that the surgeon 
only finds out that graft has competitive flow 

after the graft has been performed, thereby limit-
ing the usefulness of the technique. Moreover, as 
the IFI in this study was not performed under 
stress, the physiologic importance of the epicar-
dial stenosis may have been underestimated. 
Moreover, Sabik pointed out that there is likely a 
benefit to bypassing coronary arteries without 
significant fraction flow reserve numbers as 80% 
of the grafts remain patient at a year, and the 
long-term effect is likely beneficial to the patient 
as their disease is likely to progresses.

While some authors have found IFI helpful in 
evaluating stenosis at the anastomosis [23, 29], 
direct assessment of the severity of vessel steno-
sis by IFI can be limited. While the previously 
mentioned studies have illustrated that the extent 
of changes in ICG fluorescence intensity of the 
myocardial wall is useful, the human myocar-
dium is often covered with an epicardial fat pad 
that limits ICG fluorescence imaging, thereby 
making analysis often times inaccurate.

Therefore, Yamamoto et  al. [30], using an 
ex vivo model, studied the effect of vessel stenosis 
on the maximum intensity and time to maximum 
intensity in the vessels only, not the myocardium. 
During near-infrared (NIR) angiography, the fluo-
rescence intensity was calculated during pre- and 
post-stenosis in an artificial ex vivo circuit. They 
measured the time to  maximum fluorescence 
intensity and the absolute maximum intensity. 
They found that severe stenosis (greater than 
75%) attenuated the increase in ICG fluorescence 
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Fig. 7.6 Background-subtracted peak fluorescence inten-
sity (BSFI) (left) and slope of fluorescence intensity (SFI) 
(right) obtained at baseline and four graded coronary ste-

nosis (25%, 50%, 75%, and 100% flow restriction) in 11 
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intensity in the vessel but not the time to maxi-
mum fluorescence. The conventional visual quali-
tative NIR angiographic assessment may produce 
a false result due to the human eye not being able 
to perceive a difference in the intensity of the fluo-
rescence. The anastomoses may appear normal as 
the flow rate (time to peak intensity) is not affected 
by greater degrees of stenosis. The surgeon is 
likely to see flow through the anastomosis but not 
perceive a diminished intensity of the fluorescent 
dye. The estimation is made worse by the fact that 
the time to maximal intensity if one looks at the 
flow through the vessel only is the same whether 
there is a tight stenosis at the anastomosis or not. 
This technique cannot detect small differences 
over time [31]. Since arterial stenosis attenuates 
increases in ICG fluorescence intensity through 
vessels, quantitative analysis using NIR angiogra-
phy could predict vessel stenosis. This quantita-
tive assessment may provide a more precise 
evaluation of vessel stenosis or graft complica-
tions, as this ex vivo study was able to detect ves-
sel stenosis exceeding 75%.

 Clinical Results

The ability to reliably assess the patency of coro-
nary artery bypass grafts using intraoperative 
fluorescence imaging has been shown to improve 
short-term patient outcomes after coronary artery 
bypass grafting [4] and to reduce hospital cost of 
CABG [5, 6].

SPY imaging has been the topic of a substan-
tial body of evidence supporting its use in CABG 
surgery. In 2009, cardiac surgeon researchers 

presented results from 350 patients undergoing 
CABG including SPY imaging enrolled in the 
VICTORIA Multicenter Registry. VICTORIA 
data showed that the complication rates, includ-
ing reoperation and long length of stay, were 50% 
lower than expected compared to similar patients 
enrolled in the Society of Thoracic Surgeons’ 
(STS) national cardiac database. The STS data-
base is one of the longest standing and largest 
existing medical datasets that exists today [4].

The Centers for Medicare and Medicaid 
Services independently studied cost data in 2008 
and 2009 and concluded that the use of SPY in 
CABG resulted in average cost reductions of 
$2000–$4000 per patient (Table 7.1). In today’s 
health-care environment, cost savings resulting 
from reductions in complications are critical to 
achieving the goals of health-care reform. 
Moreover, an improvement in graft patency will 
likely lead to a reduced readmission rate and hos-
pital reimbursement penalties. This represented a 
10% decrease in cost for the average CABG 
patient after the cost of the procedure was 
included [5]. Similar results were reported by the 
Sentara Heart Hospital [6].

A Sentara Heart Hospital independent study 
of more than 700 patients undergoing CABG 
demonstrated that total costs of CABG were 
4.2% lower and average length of stay is 6–16% 
lower in 358 patients where the CABG procedure 
included SPY imaging versus the 225 cases per-
formed without SPY.

The above improved clinical results and cost 
reductions using IFI during CABG surgery have 
helped to make a strong case for the use of IFI in 
all CABG cases.

Table 7.1 Results of a study performed by the Centers for Medicaid and Medicare Services to determine the cost sav-
ing associated with the use of SPY angiography

MS-DRG Number of cases Average length of stay Average cost
Bypass + CATH + MCC with SPY 88 9.82 $29,258
Bypass + CATH+ MCC without SPY 10,224 11.14 $33,886
Other cardiac procedures + MCC with SPY 159 6.3 $22,342
CABG with CATH with SPY 60 12.82 $38,842
CABG with CATH without SPY 17,393 13.55 $41,207
CABG w/o CATH with SPY 69 8.75 $25,308
CABG w/o CATH without SPY 26,934 8.7 $29,334

On average, patients having IFI during CABG surgery realized a 10% hospital cost savings [12]. These savings occurred 
after taking into consideration the cost of performing the angiography
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 Pitfalls

This technology had several drawbacks. First, IFI 
does not provide an exact graft flow quantity 
measurement. Quantitative graft flow measure-
ment software is currently being investigated but 
not accurate enough to be clinically useful. 
Second, the laser light source is of relatively low 
power to ensure safe clinical use. However, this 
limited the penetration of the light through tissue 
to about 2 mm. Thus, clear images could not be 
obtained when the coronary artery has a deep 
intramyocardial location or is covered by epicar-
dial fat. The pedicled conduits with significant 
amounts of overlying tissue were also less well 
visualized. However, these investigators believed 
that full skeletonizing of the arterial conduits is a 
very useful and important technique for complete 
arterial revascularization of all the coronary vas-
cular regions. The technique allows direct illumi-
nation of all bypass grafts (potentially difficult on 
the back of the heart). The entire graft often can-
not be imaged in the same sequence by a single 
central injection. As a result of these drawbacks, 
Waseda et al. found that only 75% of the grafts 
were completely visualized [24]. While it appears 
IFI has an advantage over TTFM in sensitivity, it 
is also more cumbersome, time-consuming, and 
expensive.

The official position of The American College 
of Cardiology Foundation/American Heart 
Association guideline on “Coronary artery 
bypass graft surgery” [32] is “Over the past 20 
years, the patency rate of all graft types has 
improved gradually, so that the present failure 
rate of LIMA grafts at 1 year is about 8 % and of 
SVGs roughly 20 %.” Many patients being 
referred for CABG nowadays have far advanced 
CAD, which is often diffuse and exhibits poor 
vessel runoff. Technical issues at the time of sur-
gery may influence graft patency, and intraopera-
tive imaging may help to delineate technical from 
nontechnical issues. Because coronary angiogra-
phy is rarely available intraoperatively, other 
techniques have been developed to assess graft 
integrity at this time, most often the transit-time 
flow and intraoperative fluorescence imaging. 
The transit-time flow is a quantitative volume- 

flow technique that cannot define the severity of 
graft stenosis or discriminate between the influ-
ence of the graft conduit and the coronary arterio-
lar bed on the mean graft flow. Intraoperative 
fluorescence imaging, which is based on the fluo-
rescent properties of indocyanine green, provides 
a “semiquantitative” assessment of graft patency 
with images that provide some details about the 
quality of coronary anastomoses. Although both 
methods are valuable in assessing graft patency, 
neither is sufficiently sensitive or specific to 
allow identification of more subtle abnormalities. 
It is hoped that such imaging may help to reduce 
the occurrence of technical errors.

 Conclusions

Intraoperative fluorescent imaging is a helpful 
technique to visualize coronary artery bypass 
grafts in real time. The technique has several 
drawbacks which are important to recognize; 
however, when used correctly, it is associated 
with improved clinical results and cost savings. 
Future research may allow more accurate myo-
cardial blood flow quantification and recognize 
situations of competitive flow.
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Lung Segmentation: 
The Combination of Lung Volume 
Analyzer VINCENT for Measuring 
Resection Margin and ICG 
Anatomical Segmentectomy

Yasuo Sekine

 Indication

Operative indications are as follows:

• Early-stage lung cancer, defined as a maxi-
mum diameter of tumor consolidation of 2 cm 
or shorter in the peripheral region without any 
evidence of nodal and distant metastasis 
(c-stage IA1 or IA2) (active limited 
resection)

• Metastatic lung tumor amenable to sublobar 
resection

• Benign diseases such as suspected benign 
tumor in the intermediate portion

• A lung cancer patient at high risk due to exac-
erbated cardiopulmonary function or poor 
general condition who is not a candidate for 
lobectomy (c-stage IA1 to IA3) (passive lim-
ited resection).

• Exclusion criteria are a history of iodine 
allergy and patient refusal.

 Technical Description 
of the Procedure

 Creation of Virtual Segmentectomy

Before surgery, high-resolution CT, three- 
dimensional (3D) pulmonary angiography and 
virtual bronchoscopy are performed to confirm 
tumor location and associated vessels and bron-
chi. Several simulated sublobar resections are 
performed in order to determine the appropriate 
tumor resection margin. In detail, subjects 
undergo multislice enhanced CT, using 320-slice 
scanners to create pulmonary angiography and 
virtual bronchoscopy, to simulate anatomical 
sublobar resection, and to measure lung volume 
by the volume analyzer Synapse 3D VINCENT 
(Fujifilm Co., Tokyo, Japan) for planning sub-
lobar resection before operation. The shortest 
distance from the tumor to the resection margin is 
measured by VINCENT, and the most appropri-
ate area of sublobar resection is selected based on 
the following criteria: resection margin approxi-
mately 2 cm from the tumor or greater than the 
tumor diameter (Fig. 8.1).

 Transbronchial ICG Injection

After induction of general anesthesia, a single- 
lumen endotracheal tube or laryngeal mask is 
introduced for transbronchial ICG instillation. 
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ICG, 25 mg/10 ml, is diluted in 70 ml of saline 
and 20 ml of autologous blood (AB) for a tenfold 
diluted ICG solution (Fig. 8.2) because adsorp-
tion of ICG to human serum albumin can increase 
its fluorescence intensity (Video 8.1).

With the patient in a supine position, a thin 
bronchoscope (BF-P260F, Olympus Medical 
Co., Tokyo, Japan) is inserted into the targeted 
bronchus. A bronchial catheter with balloon 
(Olympus disposable balloon catheter 
B5-2C/2LA, Olympus Medical Co., Tokyo, 

Japan) is inserted, and the balloon is inflated at 
the orifice of the bronchus. Ten millimeter of the 
tenfold saline-AB-diluted ICG is instilled into 
each target subsegmental bronchus, and 300–
400 ml of air is then directed into the bronchus to 
distribute ICG to the peripheral regions. During 
this maneuver, the bronchoscope is fitted over the 
balloon to prohibit ICG leakage and to visualize 
the tip of the catheter over the balloon (Video 
8.2). After ICG instillation, a double-lumen 
Broncho-Cath tube is introduced, and 5 cm H2O 

Fig. 8.1 Construction images of virtual segmentectomy. The most appropriate segmentectomy with enough margin can 
be selected

25 mg/10 ml, is diluted in 70 ml of saline and 20 ml of
autologous blood (AB) for a 10-fold diluted ICG solution

Shorten the tip
of catheter

Fig. 8.2 Preparation for transbronchial instillation of ICG
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of positive end-expiratory pressure ventilation is 
maintained until the start of the operation. The 
approximate time from the ICG instillation to the 
start of operation is 20–30 minutes.

 Anatomical Sublobar Resection

At the beginning of the operation, a near-infrared 
(NIR) thoracoscope (PINPOINT, Stryker, MI, 
USA) is used to visualize the intersegmental 
lines and planes. The visceral pleura is marked 
using electrocautery along the border of the ICG 

fluorescence. Simultaneous vascular and bron-
chial division and segmental division can be per-
formed based on the initial identification of 
segmental planes. Finally, the intersegmental 
planes are divided by electrocautery and/or endo-
staplers to complete the sublobar resection. After 
complete resection, the infrared thoracoscope 
can identify that no residual tissues should be 
resected. Sufficient distance from the tumor to 
the resection margin is measured on the resected 
specimen (Figs. 8.3, 8.4, and 8.5; Video 8.3). The 
types of segmentectomy include the following: 
subsegmental resection; simple segmentectomy, 

Fig. 8.3 Preoperative CT image: 77-year-old male; right S6b primary lung cancer (consolidation 6 mm, consolidation 
tumor ratio = 73%)

Fig. 8.4 Simulation of lung segmentectomy by 3D-CT image analyzer VINCENT
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defined as a simple plane cut with the pulmonary 
division, i.e., S6; basal, left lingual, and left 
upper division segmentectomy; complex seg-
mentectomy, defined as multiple planes of the 
pulmonary division; and extended segmentec-
tomy, defined as segmentectomy with adjacent 
subsegmental resection.

 Interpretation

We previously developed and reported a novel 
approach for performing segmentectomy by 
using infrared thoracoscopy with transbronchial 
instillation of indocyanine green (ICG) [1] and 
have since improved upon this method. The 
advantages of this method are as follows:

 1. Applicability to any type of sublobar 
resection

 2. Initial determination of resection area at 
operation

 3. Possible anatomical partial resection of the 
lung (APaRL) with enough margin without 

individual broncho-vascular transection 
(Figs. 8.6 and 8.7)

 4. Only transection of vessels and bronchi head-
ing for resected lung

 5. Long identification of fluorescence
 6. Possible operability in case of COPD, intersti-

tial pneumonia, reoperation, and adhesions.

On the other hand, the limitations of this 
method include (1) the necessity of near-infra-
red thoracoscopy and a 3D medical image 
 analyzer, (2) knowledge of precise bronchial 
anatomy, (3) advanced bronchoscopy skills, 
and (4) initial nonuniform distribution of ICG 
and distribution of ICG into adjacent areas with 
the passage of time.

Volume analyzer Synapse 3D VINCENT is a 
highly advanced technology for visualizing 3D 
organ structures [2]. It allows physicians to per-
form a simulation before the operation and mini-
mize excision volume. However, it can be difficult 
to precisely match the operation with the 
 simulation. Transbronchial ICG-sublobar resec-
tion is an ideal procedure to bridge this gap.

Fig. 8.5 Intraoperative fluorescence image. A clear border can be identified
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Fig. 8.6 The preoperative image of anatomical partial resection of the lung (APaRL). The yellow circle indicates the 
position of virtual bronchoscope and matched with the vision of real scope

Fig. 8.7 Intraoperative fluorescence image of APaRL. A clear border can be identified, and the image is well matched 
with the simulation
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The use of ICG and an infrared thoracoscope 
in order to identify the borderline of lung resec-
tion has been reported by several authors [3, 4]. 
Since these methods are mainly intravenous 
injection of ICG, we compared between negative 
staining by intravenous injection and positive 
staining by transbronchial instillation (Table 8.1). 
Negative staining is an easy manipulated, clearly 
visible, stable technique with low invasiveness 
because of one intravenous injection of 
ICG. Although the visibility of the boundary line 
continues for a short time, ICG injection can be 
repeated. However, this method stains all body 
tissues, and the boundary line cannot be specifi-
cally identified. On the other hand, positive stain-
ing can keep ICG fluorescence for a couple of 
hours to visualize a boundary line. The most criti-
cal and important part of positive staining is 
transbronchial instillation of ICG.  Once trans-
bronchial instillation is successful, the ICG 
boundary line is continuously visible, and com-
plicated sublobar resection can be made easier. 
Furthermore, when we hesitate to decide whether 
small vessels and bronchi should be transected, 
we can only treat them with heading for resection 
tissue. This is a significant advantage in compli-

cated sublobar resection. However, if ICG is 
instilled into the wrong bronchus, surgery may be 
confusing because rechallenge is impossible.

Anatomical partial resection of the lung 
(APaRL) is a novel concept and approach for a 
small lung nodule which is defined as a deep par-
tial lung resection along with subsegmental sep-
tum. Each subsegment is separated by an 
intersegmental septum, and pulmonary vessels 
and bronchi do not cross the septum. Therefore, 
when the intersegmental plane is given bilateral 
tractions and cut by electrocautery, the lung is 
naturally divided along to the plane. Minimal 
bleeding and air leak are observed in such cases. 
The associated small vessels and bronchi can be 
stapled at the deepest portion. Therefore, APaRL 
along to the septum is possible (Video 8.4).

 Pitfalls

Pitfalls include (1) the necessity of a near- infrared 
thoracoscopy and 3D medical image analyzer, 
(2) knowledge of precise bronchial anatomy, (3) 
advanced manipulation skills of bronchoscopy, 
and (4) initial nonuniform distribution of ICG 

Table 8.1 Comparison between intravenous and transbronchial injection of ICG

Intravenous
(negative staining)

Transbronchial
(positive staining)

Easy manipulation

Clear visibility

Stable technique

Low invasiveness

Easy to define transactable vessels and bronchus

Uniformity of ICG

Duration of fluorescence

Operation time

Repeated ICG injection

Apply for the complicated segmentectomy

COPD/IP/reop/adhesion

Cost

Affinity with VINCENT

Anatomical super deep wedge resection (ASDWR)

 highly applicable,  well applicable,  not so satisfied,  not suitable
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and distribution of ICG into the adjacent area 
with the passage of time.

If ICG is instilled into the wrong bronchus, 
surgery may be difficult and confusing because 
rechallenge is impossible. To reduce this prob-
lem, we apply precise virtual bronchoscopy to 
identify bronchi into which we should inject ICG 
and a bronchial balloon catheter to prohibit ICG 
leakage.

 Summary

In summary, the combination of virtual sublobar 
resection and ICG-guided sublobar resection 
using transbronchial ICG injection is applicable 
to any type of sublobar resection. This technique 
is an advancement over current techniques 
because of the additional improvements such as 
the injection technique and intraoperative confir-
mation of the ICG injection areahis technique is 
an advancement over current techniques because 

of the additional improvements such as the injec-
tion technique and intraoperative confirmation of 
the icg injection area.
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During Esophagectomy
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 Introduction

Since the first description of esophagectomy, 
many different technical variations have been 
described in order to decrease the frequently asso-
ciated complications [1]. Among these complica-
tions, the most dreaded remains anastomotic 
leakage. Based on the technique utilized, the 
anastomosis leakage can occur either in the thorax 
or in the neck, with different outcomes and prog-
nosis. Often, anastomotic leaks increase hospital 
stay and mortality [2]. Several factors contribute 
to the high leakage rate after esophagectomies. 
Among these, we can identify patient-specific, 
anatomical, and technical factors. Often, patients 
undergoing esophageal surgery are more likely to 
have significant comorbidities (especially cardio-
pulmonary) secondary also to lifestyle habits, 
such as smoking and drinking. Furthermore, these 

patients typically present feeding difficulties due 
to the primary disease and the abovementioned 
lifestyle habits. The presence of malnutrition 
associated with high-grade dysphagia or in asso-
ciation with side effects of neoadjuvant radiation 
and chemotherapy is also considered one of the 
major risk factors for anastomotic leakage. The 
anatomical peculiarities of this operation also 
contribute significantly to the high incidence of 
leakage at the anastomosis, in particular the often 
tenuous blood supply of the gastric pull up and 
remaining esophagus [3, 4]. The introduction of 
minimally invasive approaches to esophagecto-
mies, on the one hand, has reduced many of the 
comorbidities associated with this procedure, but 
on the other hand, it has not improved the inci-
dence of leaks [5]. For many years, surgeons have 
relied on subjective ways to assess blood supply 
of the organs before and after an anastomosis. 
However, these methodologies are often impre-
cise and cumbersome. More recently, the intro-
duction of fluorescence in the assessment of organ 
and anastomotic perfusion has gained popularity 
based on its safety and reliability.

 Background

Fluorescence imaging (FI) is widely used in bio-
medical science for the visualization of cells and 
tissues, both in  vivo and in  vitro. This method 
gives accurate anatomic and qualitative informa-
tion of the visualized tissue. Besides its easy 
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applicability and safety, the FI techniques are 
inexpensive and do not present a steep learning 
curve. The FI techniques are based on the prem-
ise of emission of different wavelengths of light 
by the injected substances as compared to the 
background [6]. In this regard, many substances 
with the characteristics of emitting different 
wavelength light after being excited with infrared 
light (fluorophores) have been used. Among 
these, indocyanine green (ICG) remains the most 
commonly used since its first approval for clini-
cal use in 1959. In fact, ICG has been routinely 
used for several clinical applications, from the 
measurement of cardiac and hepatic flow in the 
1950s to retinal angiography in the 1970s.

ICG angiography (ICGA) FI is based on the 
principle that when the tissue containing the fluo-
rophore is illuminated with near-infrared light 
(NIR wavelength of 750–800 nm), it emits fluo-
rescence at a higher wavelength (over 800 mm) 
that can be captured with a filtered camera. The 
current availability of several cameras and video 
systems with the capability of filtering the light, 
for both open and laparoscopic surgery, has con-
tributed to the more widespread application of the 
technique [6]. ICG has the characteristic of bind-
ing to plasma proteins and can quickly reach 
organs via the bloodstream. ICG is also well toler-
ated by patients and has a short lifetime in blood 
circulation, allowing repeat injections. However, 
since ICG is exclusively extracted by the liver into 
the bile, it is contraindicated in patients with 
severe liver dysfunction. Also, ICG is normally 
combined with sodium iodide to improve its solu-
bility; therefore, it is contraindicated in patients 
with iodine allergy. An iodine- free version of 
ICG, named infracyanine green (IFCG) (SERB 
Laboratories, Paris, France), also known as IFC 
green, is thought to be less cytotoxic than ICG in 
macular applications and could be used for those 
patients with an allergy to iodine [6].

 ICG Applications in Surgery

There are several ICG perfusion and imaging 
applications in the surgical field, ranging from 
assessment of liver and cardiac function to lym-

phography in cancer [6]. Among the several 
applications of ICG, the assessment of tissue per-
fusion has been the area with the most expansion. 
Perfusion evaluation with ICG is performed via 
intravenous injection prior to surgery, at the time 
of anesthesia induction, or a few seconds before 
the assessment, based on the organ to visualize. 
The intramucosal injection, instead, is utilized 
for lymph node identification. In neuroscience, 
ICG FI has been used as a complement for the 
identification of cerebral aneurysms [7–9]. 
Recently, near-infrared incisionless fluorescent 
cholangiography (NIFC) is emerging as a prom-
ising tool to enhance the visualization of extrahe-
patic biliary structures during laparoscopic 
cholecystectomies. Dip et  al. conducted a ran-
domized controlled trial with 649 patients in 
which NIFC was statistically superior to white 
light alone in visualizing extrahepatic biliary 
structures [10]. Also, FI has been proven to be an 
effective tool to assess anastomotic perfusion and 
seems to reduce anastomotic leakage rates fol-
lowing colorectal surgery for cancer [11, 12]. 
Shimada et  al. performed an evaluation of ICG 
fluorescence method of harvesting lymph nodes 
(LNs) from resected specimens. Fluorescence 
allowed easy, highly sensitive, and real-time 
imaging-guided sentinel lymph node mapping in 
patients with colorectal cancer. Fluorescence- 
labeled LNs were found even when ICG solution 
was injected ex  vivo and observed in paraffin- 
embedded specimens that provided precise eval-
uation of the LNs’ pathological status, including 
sentinel LNs after surgery [12].

 Esophagectomy: Surgical Options

The esophagus uniquely occupies three different 
anatomic areas—the neck, thorax, and abdomen. 
Also, its histological characteristic of lacking 
serosa and the potentially tenuous blood supply 
make it a challenging organ to reconstruct. 
Several esophagectomy techniques have been 
described over the years; however, the two most 
commonly employed open techniques are tran-
shiatal esophagectomy (THE) and Ivor Lewis 
esophagectomy (ILE) [5]. In spite of some dif-
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ferences between the two options, significant 
morbidity and mortality are described for both. 
Orringer et al. published a review on a 30-year 
experience with 2007 THE performed at a single 
institution. In the series, the stomach was the 
esophageal substitute in 97% of the cases. The 
hospital mortality rate has steadily fallen as the 
volume of THE operations increased. Early mor-
tality rate was 10% from 1978 to 1982, with an 
average of 23 THE operations annually, to 1%, 
with more than 100 THE operations annually 
[13]. Sauvanet et al. reported data collected on 
1192 patients who underwent surgery for gastro-
esophageal junction adenocarcinoma from 1985 
to 2000. Operative mortality rates decreased 
with time: 11% from 1985 to 1990 to 6% from 
1996 to 2000. At least one complication (includ-
ing death) occurred in each of 423 patients 
(35%). Anastomotic leakage was diagnosed in 
104 patients (9%) and 22 of those patients have 
died (21%) [5, 14]. The transthoracic esophagec-
tomy (TTE) is a less performed option, second-
ary due to its potentially added morbidity and 
mortality of the chest portion of the approach. 
The 2001 meta-analysis of 7527 patients under-
going either THE or TTE (Ivor Lewis esopha-
gectomy/Sweet procedure) for carcinoma 
between 1990 and 1999 documented a statisti-
cally significant difference favoring THE over 
TTE in terms of hospital mortality, blood loss, 
pulmonary complications, chylothorax, inten-
sive care unit (ICU) stay, and hospital stay. 
However, TTE patients had lower anastomotic 
leak rates than THE patients and a lower inci-
dence of vocal cord paralysis [15]. Other less 
utilized esophagectomy techniques include left 
thoracoabdominal approach or three-incision 
McKeown-type esophagectomy [5].

 Minimally Invasive Esophagectomy 
(MIE)

In an effort to reduce the morbidity of esophagec-
tomy, minimally invasive esophagectomy (MIE) 
methods began to be increasingly utilized in the 
1990s [5]. A multicenter randomized trial compar-
ing traditional versus minimally invasive esopha-

gectomy (TIME-Trial) was published in 2011 by 
Biere et al. As expected, the MIE group had fewer 
pulmonary complications [16]. In a recent meta-
analysis comparing open and minimally invasive 
approaches, MIE was found to be superior to open 
esophagectomy, secondary to fewer perioperative 
complications and lower in- hospital mortality 
[17]. As previously stated, however, the anasto-
motic leakage rate remains significantly higher 
than in other gastrointestinal procedures.

 Anastomotic Perfusion: Before ICG

The effect of ischemia on anastomotic dehiscence 
rates is well documented [3, 18–20]. The tenuous 
blood supply to the gastric conduit constitutes one 
of the major risk factors for anastomotic leakage 
after esophagectomy. Over the years, several 
attempts were made to increase the vascular sup-
ply of the conduit. Similar to the application in 
other procedures (i.e., liver resections), the idea of 
an ischemic conditioning by ligating the left gas-
tric and short gastric vessels at the time of staging 
laparoscopy or pretreatment jejunostomy place-
ment was developed [21, 22]. Nguyen et al. stud-
ied 81 patients who underwent laparoscopic 
staging with gastric ischemic conditioning. 
Despite the limitations of the study, the results 
support that gastric ischemic conditioning proba-
bly does not play a major role in the clinical reduc-
tion of postoperative leaks and strictures [23].

Several techniques have been described to 
assess the blood supply of organs and  anastomosis 
intraoperatively. Among these are polarographic 
measurement of oxygen tension, visible light 
spectroscopy, Doppler ultrasound, radioisotope 
studies, laser Doppler flowmetry, and others, but 
only visible light spectroscopy and laser Doppler 
flowmetry were largely studied in human sub-
jects [24–26].

 ICG and Esophagectomy

The evaluation of the microcirculation in gastro-
intestinal organs has only been recently studied. 
In fact, Okamoto et  al. published preliminary 
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experiments in swine, and one of the first clinical 
evaluations of ICG perfusion was conducted in 
20 patients with esophageal varices [27, 28]. 
Shimada et al. presented a series of 40 consecu-
tive esophagectomies with the use of ICG FI to 
visualize the blood supply of the anastomosis 
[26]. Shimada concluded that ICG could detect 
organ blood flow before reconstruction and assist 
in evaluating the appropriate anastomotic sites. 
However, he found that the incidence of anasto-
motic leakage was not reduced (7.5%) [26]. 
Additional case series or case reports were then 
published correlating gastric pull up necrosis 
with areas of ICG-visualized ischemia [29, 30]. 
At this point, it was clear that ICG angiography 
could distinguish the ischemic and nonischemic 
areas. Murawa et al., in their retrospective study, 
concluded that ICG angiography for evaluation 
of gastric conduit perfusion during esophagec-
tomy is a simple, safe, inexpensive, and expedi-
tious technique [31]. With the increase in 
popularity of ICG FI among researchers, several 
larger additional reports were published [32–36]. 
The ability of ICG to assess perfusion was then 
utilized for more accurate and extensive evalua-
tions during esophagectomies.

A prospective cohort study from Japan 
assessed the hemodynamics of the gastroepiploic 
vessels in 20 patients undergoing esophagec-
tomy, distinguishing between good blood flow 
and sparse blood flow. They also calculated the 
median time to perfusion of the tip of the gastric 
tube between both groups. Overall, there were no 
statistically significant differences in postopera-
tive leaks in the two groups. Nevertheless, despite 
the low number of cases, there was an important 
outcome: two patients had necrosis of the gastric 
tube with the flow time to the tip around 103 and 
141  seconds [33]. This was the first attempt to 
analyze flow time and correlate it to ischemia. In 
a larger prospective cohort study by Zehetner 
et al. including 150 patients, the perfusion of the 
gastric graft was assessed and correlated to sub-
sequent anastomotic leak after esophagectomy. 
The overall leakage rate was 16.7%, but only 2% 
occurred in the group considered with good per-
fusion, whereas a 45% leakage rate was found in 
the less robust perfusion group [37]. Campbell 

et  al. published a similar outcome regarding 
anastomotic leaks. This retrospective cohort 
study came about with 90 patients who under-
went esophagectomy with gastric conduit recon-
struction. ICG FI contributed to an unexpected 
absence of leakage in the experimental group 
versus a 20% leakage rate in the control group 
[38]. At the same time, Kamiya et al., in a retro-
spective series of 26 cases of pharyngolaryngo-
esophagectomy, reported that the quantitative 
analysis of ICG fluorescence angiography was 
useful in detecting venous anastomotic failure of 
free jejunal graft. None of the patients had anas-
tomotic leaks, although two of them progressed 
to graft necrosis. According to the authors, these 
findings were due to venous thrombosis after the 
surgery [39].

In another prospective cohort study on the rate 
of perfusion of the gastric conduit of 40 patients, 
Koyanagi et al. found that neither the dose of ICG 
injected nor the arterial blood pressure during 
ICG FI was associated with the flow speed of 
ICG fluorescence. In this study, the number of 
leaks in the group with simultaneous flow of both 
the gastric wall and the greater curvature vessels 
was zero, whereas seven leaks occurred in the 
delayed flow group [40]. More recently, Degett 
et al. conducted a systematic review of all clinical 
trials on fluorescent perfusion assessment during 
esophagectomy (214 patients) and concluded that 
leaks tend to be lower in the well-perfused area of 
the anastomosis [41]. Noma et  al., in a single- 
center retrospective cohort trial of 285 subjects, 
showed that the objective perfusion evaluation of 
the reconstructed conduit using ICG FI reduces 
the risk and degree of anastomotic complication 
[42]. This result is in agreement with the study by 
Ohi et al., in which the lack of ICG imaging was 
an independent risk factor for anastomotic leak-
age (p value <0.01) [43].

ICG angiography in the assessment of gastric 
conduit perfusion has been used not only for 
qualitative analysis but also for quantitative mea-
sures, based on the time of perfusion. In fact, 
Kumagai et al. hypothesized that the risk of anas-
tomotic leakage might be minimized if the anas-
tomosis was performed in the area that was 
enhanced within 60  seconds of ICG injection 
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[44]. Also, the visualization of the esophageal 
stump perfusion is important for a successful 
anastomosis (Fig. 9.1a, b). This area can be visu-
alized during the first ICG injection, or during 
required additional ones. Repeating the ICG 
evaluation after the completion of the gastro-
esophageal anastomosis could help surgeons 
verify if the perfusion assessment of the organ is 
still adequate and comparable to before the anas-
tomosis [26, 29, 45, 46].

Finally, a recent meta-analysis of 17 studies 
by Ladak et  al. found a leakage rate of 5.7% 
(15/261) in the ICG group vs. 22.9% (89/388) in 
the control group. This represents an absolute 
risk reduction of 69 [47].

 Technical Description 
of the Procedure

The evaluation of the perfusion is initially con-
ducted on the gastric pull-up. This evaluation 
can be performed either while the gastric con-
duit still resides in the abdominal cavity or at its 
final location (thorax or neck) (Fig.  9.2a, b). 
Before the anastomosis, ICG is injected intrave-
nously. The operating room lights are then 
dimmed. Depending on the approach used, open 
vs. minimally invasive, the appropriate camera 
device is used to excite the fluorophore with 
near-infrared light. The devices designed for 
open surgery must be held between 20 and 

a b

Fig. 9.1 Esophageal stump in the thorax, before (a) and after (b) ICG fluorescence imaging, during minimally invasive 
Ivor Lewis esophagectomy

a b

Fig. 9.2 Gastric stump in the thorax, before (a) and after (b) ICG fluorescence imaging, during minimally invasive Ivor 
Lewis esophagectomy
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30 cm above the target. If a minimally invasive 
procedure is conducted, the camera system must 
have the capability to emit the near-infrared 
light and capture images in the adequate wave-
length. This is usually done by use of a pedal 
that shifts from the white light to the near-infra-
red light (Video 9.1).

Near-infrared perfusion assessment has been 
reported in robotic assisted minimally invasive 
esophagectomy [34]. Currently, there is no con-
sensus on the ideal ICG dosage. In fact, in 
reviewing 30 published articles regarding ICG 
and esophagus, from 2005 to 2019, the dose 
ranged between 1.25 and 25 mg. In three stud-
ies, the dosages were expressed in mg/kg (0.1 
and 0.5 mg/kg) [32, 48, 49]. In 11 of them, the 
ICG dose was 2.5 mg [26, 30, 33, 35, 37, 40, 
41, 43, 44, 50, 51]. Within a short period of 
time, the intravascular fluorescence becomes 
visible. Obviously, the non-perfused area will 
remain dark.

 Pitfalls

Overall, ICG angiography results in accurate 
assessment of organ perfusion. However, several 
pitfalls and unanswered questions remain. 
Obesity, especially the visceral type, might 
reduce the ability of visualizing the perfusing 
vessels, due to limited penetration of the near- 
infrared light [34]. Other factors that might con-
tribute to inaccurate assessment of the perfusion 
are venostasis, tension at the anastomosis, varia-
tion in systemic arterial pressure, and intramural 
ecchymosis [26, 35, 36, 49, 52]. ICG FI has not 
been proven to identify venous poor outflow. 
Also, venous thrombosis can occur after adequate 
flow shown intraoperatively [39]. Furthermore, 
the optimal dose of ICG remains undetermined. 
It is possible that the change in dose might influ-
ence the visual results of perfusion. Lastly, the 
interpretation of ICG perfusion remains mostly 
dependent on the subjective evaluation of the sur-
geon. An objective quantitative analysis of the 
perfusion is necessary in order to achieve more 
accurate and reproducible results.

 Conclusion

Near-infrared ICG FI is a novel technique that 
may guide surgeons to perform a safer anastomo-
sis. However, lack of objective quantification is 
of critical importance. Based on the safe, practi-
cal, and inexpensive characteristics of this tech-
nique, it is feasible to foresee wider acceptance in 
the near future.
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 Introduction

Obesity is the most prevalent chronic disease and 
a leading cause of morbidity and mortality in the 
United States. More than one-third of the popula-
tion meets criteria for obesity, and the prevalence 
continues to increase [1, 2]. Bariatric surgery has 
been proven to be the most effective treatment in 
achieving significant weight loss and resolution 
of associated comorbid conditions [3–7]. 
Laparoscopic sleeve gastrectomy (LSG) has rap-
idly become the most common bariatric surgery 
performed in the United States [8] largely due to 
its technical simplicity, favorable complication 
profile, and similar weight loss outcomes com-
pared to more complex operations such as Roux- 
en- Y gastric bypass and biliopancreatic diversion 
with duodenal switch [9].

Leaks after LSG occur in a relatively low per-
centage of cases (<0.5–6%) but arguably repre-
sent the most serious complications [10–12]. The 

majority of leaks occur in the proximal third of 
the stomach near the angle of His with ischemic 
and mechanical factors as the most likely etiolo-
gies [13–17]. The stomach is known to have a 
redundant blood supply, and ischemia stands as 
an often overlooked and improperly assessed fac-
tor contributing to leaks. Most surgeons preserve 
the blood supply of the lesser curvature arcade, 
namely, the right and left gastric arteries, when 
performing LSG without much regard to other 
sources of blood supply to the sleeved stomach 
and gastroesophageal (GE) junction. Previous 
anatomic studies found that the vascular supply 
to the proximal stomach is often unequal and can 
be injured during LSG, resulting in ischemia and 
thus leaks [18].

Traditionally, surgeons evaluate perfusion 
based on a wide constellation of clinical signs 
including serosal color, palpable or visual pulsa-
tion, peristaltic movement, and active bleeding 
from cut margins. These parameters contain a 
large amount of subjectivity that can contribute to 
misinterpretation, even by experienced surgeons 
[19]. Intravenous indocyanine green (ICG) rap-
idly and extensively binds to plasma proteins and 
is largely confined to the intravascular compart-
ment before extraction by the liver and ultimate 
excretion in bile. These properties make ICG an 
ideal compound to assess tissue perfusion 
 intraoperatively and has found utility in many 
applications including gastrointestinal surgery 
[20–29], tissue flaps [30], and neurovascular 
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reconstructions [31]. ICG use is safe in patients 
with decreased liver function and is often used to 
quantify liver function [32, 33].

Clinical studies suggest that real-time assess-
ment of vascular perfusion with ICG may 
decrease the potential development of gastroin-
testinal anastomotic leaks associated with isch-
emia [24, 34]. ICG fluorescence angiography 
during LSG can be used intraoperatively to 
identify the variable blood supply patterns of 
the GE junction, which will aid in improving 
surgical technique for preventing ischemia-
related sequelae [35].

 Indications

As with other bariatric operations, LSG is indi-
cated in patients meeting the National Institutes 
of Health consensus conference criteria [36] 
including:

• Body mass index (BMI) ≥40  kg/m2 with or 
without any associated comorbidities

• BMI between 35 and 40  kg/m2 with at least 
one serious weight-related comorbidity

Additionally, LSG is indicated for patients 
with a BMI between 30 and 35 kg/m2 with uncon-
trollable type 2 diabetes or metabolic syndrome 
[37]. According to a multinational consensus 
statement released by an expert panel, LSG is 
safe for patients with inflammatory bowel dis-
ease [38] and other high-risk patients such as 
those with Child’s A or B liver cirrhosis or await-
ing kidney or liver transplant [39]. Barrett’s 
esophagus and uncontrolled severe gastroesopha-
geal reflux disease (GERD) are commonly 
accepted relative contraindications; however, 
others disagree [40]. Performing LSG in patients 
with known GERD is controversial, with evi-
dence existing for both exacerbation and 
improvement of GERD symptoms after surgery 
[41]. LSG is also used as the first step in a staged 
operative plan for super-morbid- obese patients 
[42] often paired with subsequent biliopancreatic 

diversion with duodenal switch or single- 
anastomosis duodenoileal bypass [43, 44].

ICG is inert with a highly favorable safety 
profile. It does contain a small portion (<5.0%) 
of sodium iodide and should be used with cau-
tion in patients with a history of allergy to 
iodides or iodinated imaging agents and in 
patients with a history of thyrotoxicosis [32]. 
The most serious, albeit rare, risk of intravenous 
ICG is anaphylaxis [24].

 Technical Description of Procedure

We typically use an insufflation needle to estab-
lish pneumoperitoneum and proceed with a stan-
dard four-port technique; however, access can be 
obtained and ports placed in whichever fashion 
the surgeon is accustomed. A liver retractor is 
placed to expose the hiatus.

Classically, the proximal stomach and gastro-
esophageal (GE) junction derive their blood sup-
ply from the left gastric, short gastric, and inferior 
phrenic arteries [45, 46]. Additionally, an acces-
sory or replaced left gastric artery can be found in 
the gastrohepatic ligament arising from the left 
hepatic artery to supply the cardia and fundus 
[47]. A solution of 25-mg ICG reconstituted in 
10 mL of injectable saline is used to better iden-
tify these networks and the pattern of blood flow.

Initially, 1  mL ICG solution (2.5  mg) is 
injected intravenously, and a near-infrared cam-
era system is used to map the blood supply to the 
stomach. Our practice has been to use the 
PINPOINT™ Endoscopic Fluorescence Imaging 
System (Stryker, Kalamazoo, MI, USA), but 
other systems are available. Three main varia-
tions in perfusion patterns have been described 
[35] and are detailed in Table 10.1 and depicted 
in Fig. 10.1.

After the vasculature to the GE junction has 
been mapped, dissection begins by dividing the 
gastroepiploic and short gastric vessels along the 
greater curvature of the stomach. Starting a few 
centimeters from the pylorus, the vessels are 
divided close to the stomach with a bipolar or 
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ultrasonic energy device working cephalad until 
all the short gastric arteries and the small blood 
vessels near the left crus are divided. The dissec-
tion should be carried very close to the angle of 
His to avoid leaving a significant portion of the 
fundus. The vascular supply of the upper part of 
the gastric tube can be significantly damaged dur-
ing this portion of the procedure when branches 
of the left gastric artery are ligated. Likewise, a 
branch of the left inferior phrenic artery can be 
inadvertently divided during the left crural dis-
section (Fig. 10.2). The hazards of this dissection 
are further compounded if a concurrent hiatal 
hernia repair is to be performed—a common 
practice to decrease the risk of postoperative 
reflux [48], as an accessory gastric artery in the 
gastrohepatic ligament may be inadvertently 
coagulated and divided during the repair.

Table 10.1 Blood supply patterns to the GE junction

Pattern
% 
incidence

Significant blood supply to 
GE junction

Right-side 
dominant

20 Left gastric artery

Right-side 
accessory

36 Accessory artery in the 
gastrohepatic ligament:
  Accessory hepatic 

artery (55%)
  Accessory gastric artery 

(45%)
Left-side 
accessory

34 Tributaries from the left 
inferior phrenic artery 
significantly contributing 
to the right-sided supply

Right- + left- 
side accessory

10 Accessory gastric artery 
and tributaries from the 
left inferior phrenic artery, 
simultaneously

Used with permission from Ortega et al. [35]. Courtesy of 
the Society of Laparoendoscopic Surgeons

White Light

Right side
dominant

Right side
accessory

Left side
accessory

Fluorescence Angiography:
view of early perfusion

Fluorescence Angiography:
view of complete perfusion

Fig. 10.1 Blood supply patterns before surgical dissection. (Used with permission from Ortega et al. [35]. Courtesy of 
the Society of Laparoendoscopic Surgeons)
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Next, the sleeve is constructed as the stomach 
is divided over a bougie dilator using sequential 
loads of a laparoscopic stapler. Our standard prac-
tice is to use tissue reinforcement material with 
each staple load; however, practice patterns may 
vary. Careful attention must be used in  preserving 
the identified blood supply to the GE junction and 
gastric tube as previously mapped with ICG. After 
completion of the gastrectomy, an additional 
3–5 mL ICG solution are injected to ensure that 
necessary vessels and flow were preserved. These 
steps are demonstrated in Video 10.1.

 Interpretation

Variations in blood supply to the proximal stom-
ach and GE junction create a significant risk for 
ischemia of the sleeve from dissection-related 
vascular injuries. In our series, we noted three 
different patterns of vascular supply to the proxi-
mal stomach [35]:

 1. Right-side dominant, arising from the left gas-
tric artery

 2. Left-side accessory pattern arising from tribu-
taries of the left inferior phrenic artery in addi-
tion to perfusion from the left gastric artery

 3. Right-side accessory pattern from an acces-
sory hepatic artery or an accessory gastric 
artery in the gastrohepatic ligament supple-
menting the main left gastric artery

A right-side dominant pattern is often thought 
to be the most common pattern based on under-
standing of the anatomic blood supply of the 
proximal stomach but is only found in 20% of 
cases. In patients with a pure right-side dominant 
pattern, routine LSG dissection can be performed 
without jeopardizing the blood supply to the 
proximal stomach. However, in patients with sig-
nificant contributions from the left inferior 
phrenic artery, an accessory gastric artery, or 
both, care must be taken to avoid injuries to these 
vessels to limit potential ischemic complications. 
Ten percent of the patients in our prior series had 
both significant left-side patterns and an acces-
sory gastric artery. In these patients, if we had 
performed a hiatal hernia repair with sacrifice of 
the accessory gastric artery for exposure, and 
also injured the left inferior phrenic artery during 
the left crural dissection, it is likely that the prox-
imal stomach would be left with compromised 
perfusion and its consequences.

In addition to evaluating the primary supply to 
the proximal stomach, ICG can be used to evalu-
ate the perfusion of the remainder of the stomach 
by assessing flow through the segmental arteries 
(Fig. 10.3). Often, acute venous congestion and 
thromboses are identified (Fig. 10.4), which typi-
cally are insignificant and resolve over time.

Intraoperative ICG angiography identification 
of blood supply patterns allows for assessment of 

Fig. 10.2 Left crural dissection. Dissection of the angle 
of His near the left crus of the diaphragm. Inadvertent 
injury to the left inferior phrenic artery can happen during 
this portion of the procedure

Fig. 10.3 Segmental branches. ICG enhancement of seg-
mental branches after stapling demonstrating perfusion of 
the sleeve remnant
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the proximal portion of the stomach where 
mechanical forces and reduced local perfusion 
make this specific location especially vulnerable 
to leak [16]. Other potential causes of leaks 
besides ischemia include increased intragastric 
pressure secondary to relative stenosis at the inci-
sura angularis, at the pylorus related to decreased 
gastric volume, or both. It is likely that a combi-
nation of both mechanical and ischemic events 
leads to leaks such as a relatively ischemic area 
near the GE junction that subsequently perforates 
from increased luminal pressure from a distal 
obstruction.

Few studies have been conducted to investigate 
gastric perfusion as a source of ischemia after 
LSG. Saber et al. found decreased perfusion at the 
angle of His using CT imaging in healthy subjects 
with normal anatomy [49]. Delko et al. performed 
real-time intraoperative perfusion measurements 
at multiple locations across the stomach during 
sleeve gastrectomy. They found significant reduc-
tion in perfusion at the most proximal region 
before mobilization. The group concluded that the 
reduced post procedure perfusion at this region 
potentially explains this location as the predomi-
nant site of leak formation [17].

ICG fluorescence angiography allows for 
mapping of the major blood supply to the proxi-
mal stomach before any dissection so that unnec-
essary injury to these vessels during the procedure 
can be avoided. Furthermore, if an accessory ves-
sel is present in the gastrohepatic ligament, this 
technology allows for a determination of the 

direction of the blood flow to assess whether the 
vessel is an accessory gastric (flow toward the 
stomach) or an accessory hepatic artery (flow to 
the liver). ICG injections can be repeated multi-
ple times throughout the procedure, and we typi-
cally perform a second injection at the completion 
of our sleeve gastrectomy to ensure that the blood 
vessels in question were indeed preserved.

 Pitfalls

Pitfalls are commonly related to dosing and 
administration timing errors. Our experience in 
the bariatric population is that it usually takes 
20–60 seconds after injection to see the desired 
vessels enhance. Timing depends on several 
hemodynamics factors such as heart rate, blood 
pressure, relative intravascular volume, etc. The 
gauge of the catheter and length of the tubing 
may also affect lag time. Regardless, it is prudent 
to be completely ready without distraction once 
ICG is administered as the vessels may enhance 
and wash out rapidly if not prepared. Often, the 
heart can be visualized enhancing through the 
diaphragm and act as an indicator of the impend-
ing vessel enhancement.

Ample time for washout and sequestration in 
the liver is required before repeat dosing. When 
redosing, such as when verifying preservation of 
an artery after stapling, we recommend waiting at 
least 20–30 minutes from the previous dose and 
increasing the amount given by two to three times. 
That is, if the first dose was 2 mL (5 mg ICG), 
then the second dose should be 5–6  mL (12.5–
15 mg ICG). Properly waiting allows for adequate 
clearance of the previous dose from the target tis-
sue and provides time for the liver to excrete the 
dye into the bile. Image quality can be hindered 
by a bright liver and distort the definition required 
for proper assessment. Increasing the dose amount 
will assist in providing ample contrast against any 
residual dye that has yet to clear.

Other factors that can influence the quality of 
the enhancement and possible lead to false nega-
tives exist. Near-infrared light poorly penetrates 
tissue, and vessels can be obscured by fat or other 
tissue and not appear on imaging despite flow. 

Fig. 10.4 Thrombosed vessels after resection. Non- 
enhancement of vessels (arrow) to the sleeved stomach 
indicating venous congestion or thrombosis
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Simply ensuring that all loose tissue (including 
the resected portion of the stomach) is clear prior 
to ICG administration easily corrects this issue.

 Conclusion

Fluorescence imaging has multiple applications 
across many subspecialties of surgery. 
Intraoperative ICG use in LSG is a simple, real- 
time method for mapping vascular patterns and 
assessing tissue perfusion. Confirming adequate 
perfusion of the sleeved stomach may minimize 
perfusion compromise and prevent potential seri-
ous postoperative complications such as leaks or 
strictures. ICG can also be used in anastomotic 
operations such as gastric bypass and biliopan-
creatic diversion with duodenal switch. Future 
applications are in development.
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Vascular Perfusion in Small Bowel 
Anastomosis

Shiksha Joshi, Emanuele Lo Menzo, Fernando Dip, 
Samuel Szomstein, and Raul J. Rosenthal

 Introduction

Anastomotic leakage remains one of the most 
dreaded complications of gastrointestinal sur-
gery. In fact, between 2% and 19.2% of anasto-
moses will result in a leak. This is not only a 
source of significant morbidity and costs, but 
more importantly it has been linked to up to 32% 
mortality [1]. Bowel perfusion remains a key ele-
ment in the proper healing of a gastrointestinal 
anastomosis. Although the perfusion is usually 
assessed by color of the serosal surface, presence 
of bowel peristalsis, and pulsation and bleeding 
from the marginal arteries, these methodologies 
remain very subjective and, as such, potentially 
inaccurate. Furthermore, the assessment of perfu-
sion after the completed anastomosis can be more 
challenging due to the potential presence of vas-
cular congestion.

Bowel ischemia occurs as a result of compro-
mised blood flow in mesenteric vessels with a 
reported mortality rate of 60% in cases of acute 
insufficiency [2]. Factors that can determine isch-
emia of a bowel segment include arterial occlu-
sion, venous congestion or thrombosis, and low 
flow states. These etiologies of the ischemia deter-
mine the clinical course, prognosis, and appear-
ance of the bowel at the time of evaluation. It is 
common practice to only remove the clearly isch-
emic and gangrenous portion and plan on a second 
look to reassess the reminder of the intestine. 
Many confounding factors, in fact, influence the 
assessment during the first look, such as resuscita-
tion, hemodynamic status, pressor requirement, 
body temperature, acidosis, etc. Reexploration in 
24–48 hours allows for normalization of some of 
the abovementioned parameters and for a more 
definitive assessment of viability.
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The intraoperative assessment of the viability 
of the bowel is also paramount to accurately 
determine the margins of resection. Several 
modalities have been implemented to help assess 
perfusion and predict viability of the anastomosis 
or the intestine not resected. Among these are 
polarographic measurement of oxygen tension, 
visible light spectroscopy, Doppler ultrasound, 
radioisotope studies, laser Doppler flowmetry, 
and others, but only visible light spectroscopy 
and laser Doppler flowmetry were largely studied 
in human subjects. These techniques can be used 
intraoperatively, but they have yet to show accu-
racy and reproducibility of their results [3].

More recently, immunofluorescence has been 
used to evaluate intraoperative anatomy, organ 
perfusion, and lymphatic drainage in both benign 
and malignant diseases. Most of the current data 
in cases of small bowel perfusion comes from 
animal studies, but more data from human stud-
ies are now becoming available.

 Indications

In general, fluorescence can be used in every case 
that requires assessment of perfusion of the 
bowel. This includes after anastomosis of the 
entire gastrointestinal tract. The following are 
some of its specific indications.

 Bowel Incarceration

Incarcerated hernia requires immediate manage-
ment in the form of reduction of hernia and its 
assessment for macroscopic signs of ischemia 
leading to potential bowel necrosis. However, 
mucosa of the bowel is the first part to be affected 
by reduced blood supply, and the superficial sero-
sal layer of the bowel may not show the ischemic 
changes. Use of ICG angiography in this setting 
can assist in  locating a well-perfused site for 
resection and anastomosis or assessing viability 
of the segment itself.

There have been case reports about the use of 
near-infrared (NIR) ICG angiography after 
reduction of the incarcerated obturator and 

umbilical hernias. In both cases, ICG angiogra-
phy was used to assess viability of the incarcer-
ated segment of bowel after its reduction. The 
fluorescent modality was able to accurately pre-
dict adequate perfusion and prevented unneces-
sary resection [4, 5].

 Mesenteric Ischemia

The decreased blood supply to the intestine can 
be due to several etiopathogenesis such as arterial 
occlusion, venous congestion or thrombosis, and 
low flow states. Although the end result (i.e., 
bowel ischemia) is the same, the different etiol-
ogy determines the overall clinical presentation, 
prognosis, and treatment of the disease. 
Furthermore, the assessment of bowel perfusion 
can vary based on the underlying etiology. 
Fluorescent angiography can be used in the 
assessment of bowel viability in any of the etiolo-
gies; however, scarce data exists.

In nonocclusive mesenteric ischemia (NOMI), 
there is no evidence of occlusion of the mesen-
teric vessels. The pathophysiologic mechanism is 
thought to involve spasm of the mesenteric ves-
sels and low flow states. Moreover, the blood car-
ried by the mesenteric arteries is supplied in the 
direction of serosa to mucosa. Therefore, the pri-
mary ischemic insult to bowel may only be evi-
dent in mucosa of the bowel without any changes 
to the serosa. Since a mesenteric vessel with a 
reduced blood supply does not show any gross 
changes, it is difficult to find out the territory of 
ischemic bowel solely based on clinical examina-
tion. The affected bowel segments are often 
found to be spread in a patchy manner and may 
be associated with multifocal mucosal segmental 
necrosis. ICG use in this scenario can help iden-
tify individual bowel subsegments with compro-
mised blood supply. A recent study by Nakagawa 
et  al. showed its successful use in a case of 
advanced gastric cancer post-gastrectomy where 
the patient developed signs of mesenteric isch-
emia on postoperative day 4 and was found to 
have no occlusion in the mesenteric vessel. The 
ischemic bowel was identified with ICG angiog-
raphy and resected with no postoperative compli-
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cation [6]. Similar use of the ICG was also 
reported by Irie et al. in a case of cervicothoracic 
esophageal cancer post-esophagectomy [7] and 
NOMI in a case of prostate cancer on chemother-
apy by Nitori et al. [8].

 Small Bowel Volvulus

Resection of bowel in cases of volvulus may 
extend to longer parts of intestine, and Iinuma 
et  al. reported a case in which they used NIR 
ICG to identify the resection site. ICG showed 
hypoperfusion in the jejunal stump, but surgeons 
decided not to resect, relying on the presence of 
clinical indicators of viability, and completed the 
anastomosis. However, on postoperative day 22, 
the patient developed stricture of that anasto-
motic site. Retrospective review of the ICG per-
fusion images was done by measuring the pixel 
intensity, and they found gradual increase in 
pixel intensity over time at the mesentery, but the 
distal part of residual jejunum showed no such 
increment in the pixel intensity. The patient 
underwent resection of stricture of anastomotic 
site. After this second surgery, postoperative 
course was uneventful. This shows ICG use may 
guide the resection site as clinical assessment 
may not accurately reflect the perfusion status in 
the intestine [9].

The attached video illustrates the case of an 
internal hernia secondary to an adhesion causing 
volvulus of the small bowel and mesenteric isch-
emia secondary to acute venous outflow and arte-
rial inflow insufficiency. After removal of the 
adhesive band and untwisting of the mesentery, 
the bowel was observed and evaluated with ICG 
angiography to establish viability (Video 11.1).

 Perfusion of Anastomosis

The success of an anastomosis depends on several 
factors, among which tension and blood supply 
remain the most critical. Data exists on the use of 
ICG angiography to assess the perfusion of the 
bowel ends before and after the anastomosis. This 
technique has been utilized in anastomosis of the 

entire gastrointestinal tract, from the esophagus to 
the colon. Use of ICG in colorectal anastomosis 
has been well studied. The blood supply to colon 
is through inferior mesenteric artery, and the end 
arteries of colon are not densely connected to 
each other when compared to the blood supply of 
the small intestine. This increases the risk of anas-
tomotic leaks after resection, and the leak rate has 
been reported from 3% to 20%. Multiple studies 
have reported revision of resection site based on 
the guidance by use of ICG fluorescence, thereby 
reducing the complication of anastomotic leaks to 
minimal [10].

Boni et  al. studied 107 cases of colorectal 
anastomosis in which ICG was used to identify 
the hypoperfused region. Only 4 out of 107 cases 
showed reduced microcirculation in the bowel. 
The site of resection was revised prior to anasto-
mosis and none reported a leak [11].

 Technique and Description

Angiography and imaging based on fluorescent 
properties of ICG have been widely described in 
the literature. The low cost and minimal side 
effect profile combined with a simple and conve-
nient methodology of using it intraoperatively 
make it a superior choice.

The ability of ICG to be fluorescent is based 
on its capability to absorb the higher wavelengths 
(750–800  nm) in the visible spectrum of the 
white light. The charged ICG molecule then 
emits a wavelength higher than 800 nm, which is 
imaged by the cameras with the ability to capture 
the NIR waves.

ICG has a good safety profile, and the mole-
cule is largely confined to the circulatory system 
due to its property to attach to plasma proteins in 
the blood. The half-life of ICG in plasma is 
3–5  minutes, with complete elimination of the 
drug by liver and its secretion into the bile. This 
property allows for multiple injections of ICG as 
required for imaging and analysis [12].

ICG can be injected as a peripheral intrave-
nous injection, or it can directly be injected in an 
arterial line. A few seconds after the injection, the 
tissue that needs to be imaged is exposed to the 
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specific bright light source and fluorescent 
images are captured by the NIR cameras with 
 filters. The combination of such cameras with 
computers is able to produce a graphic analysis 
of the image. Multiple images of the same tissue 
can be acquired with this setup over a period of 
time to calculate the range of fluorescence inten-
sity. Pixel intensity varies with time, and it can 
also be different for an individual as it is affected 
by the individual’s hemodynamic status.

These principles can guide surgeons to objec-
tively assess the bowel perfusion [13].

 Discussion

The presence of tissue ischemia has been linked 
to the release of certain biomarkers such as 
ischemia- modified albumin, intestinal fatty acid 
binding protein, and D-lactate. None of these 
biomarkers, however, have been able to provide 
specific threshold values with accuracy [14].

Fluorescence angiography has been recently 
utilized as a more practical and useful perfusion 
assessment. Although the technology has been 
well documented to assess the intestinal perfusion 
and anastomosis in colorectal surgery, its utility in 
the resection and anastomosis of small bowel has 
mostly been studied in animal models. Behrendt 
et  al. in 2004 measured the fluorescence in rat 
models after intestinal manipulation at 0 and 
24 hours. They found a 29% reduction in perfu-
sion index immediately after the intestinal manip-
ulation and a 59% reduction after 24  hours 
compared to control group using IC-VIEW and 
IC-CALC system. Matsui et  al. studied small 
bowel ischemia in experimental porcine models 
with near-infrared angiography (NIR-AG) and the 
FLARE (fluorescence-assisted resection and 
exploration) system in 336 subsegments of small 
bowel in pigs. Analysis of contrast background 
ratio (CBR) time graph revealed four patterns. 
Before occlusion of the mesenteric vessel, all the 
regions of interest (ROI) showed normal pattern 
of arterial inflow peak followed by a relatively 
steady plateau of fluorescence. After creating 
ischemia, the normal arterial pattern was seen in 
177 (52.7%) subsegments. A total of 73 (21.7%) 

subsegments showed delayed drainage pattern in 
which there was arterial inflow peak with fluores-
cence signal increasing over time. An additional 
75 (22.3%) subsegments showed capillary drain-
age pattern in which there was an absent inflow 
peak with slow rise of fluorescence over time. 
Eleven (3.3%) subsegments showed arterial insuf-
ficiency pattern in which there was a fixed defect 
with no change in CBR over time. Capillary and 
arterial insufficiency patterns were more evident 
as the distance from normal bowel wall increased. 
Short-segment ischemia (2–3 cm) did not change 
the CBR time curve. Arterial peak inflow loss was 
noticed beyond 4 cm of ischemia [15].

One of the pioneer studies regarding small 
bowel perfusion was done by Diana et al. They 
studied bowel perfusion in porcine models with 
ad hoc imaging software (VR-RENDER), which 
captures and creates the perfusion map of the tis-
sue and then rebuilds that image over the same 
laparoscopic image. In this study, they created 
ischemic segments to mimic mesenteric ischemia 
in the small bowel of the pigs by clipping the 
selective mesenteric vessels followed by intrave-
nous ICG 15 minutes later. Based on the perfu-
sion map by the image software, the bowel wall 
was marked with ROI and named as ischemic, 
marginal, and vascularized zones (Fig. 11.1).

These ROI were assessed for metabolic mark-
ers of ischemia by collecting and comparing cap-
illary lactate levels, mitochondrial respiratory 
chain assessment, and MR spectroscopy metabo-
lomic measurement. These ischemia markers 
showed statistical significance when ischemic 
regions were compared with marginal and vascu-
larized regions, thereby supporting the idea that 
using fluorescence-based imaging may clearly 
delineate the ischemic region from well- 
vascularized ones.

Diana et  al. also explored the accuracy of 
fluorescence- based enhanced reality (FLER) 
technique by creating ischemia in the small 
bowel segment of their porcine model for longer 
hours. Five ROI were marked based on the aug-
mented reality (AR) and addressed as ischemic 
zone, presumed viable zone, and vascularized 
zones, respectively. They measured capillary lac-
tate and created the perfusion map of the region 
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every 2 hours after creating the ischemia in the 
models. In the presumed viable zone, FLER had 
concordance with clinical examination in 50% of 
cases, but the resection margin by clinical assess-
ment was closer to ischemic zone in rest of the 
cases. The cases not concordant regarding the 
resection lines had statistically significant capil-
lary lactate levels in the resection margin assumed 
by clinical exam after 4 hours of ischemia.

This is of great significance because it backs 
the idea of objective assessment of the small 
bowel perfusion. In fact, there are several cases to 
support the fact that clinical assessment of perfu-
sion in small bowel may not accurately reflect the 
viability of the tissue [13, 16].

In another study with FLER in experimental 
models, Diana et al. measured the capillary lac-
tate in the ischemic areas of bowel and created a 
map displaying bowel perfusion in percentages 
for the same bowel segments. Two groups (25% 
and 75% perfusion) were created based on 
assessment by FLER comparison of 100% per-
fused bowel region. They found that capillary 
lactate level at the resection line with 75% perfu-
sion was statistically significantly lower when 
compared to lactate level at resection line with 
25% perfusion and similar to tissue with 100% 
perfusion [15, 17–19].

A healthy and well-perfused tissue depends not 
only on arterial inflow but also on the venous out-
flow in order to maintain the circulation in the 
organ. All of the above studies have presented evi-
dence on the ability of ICG to closely predict the 
zone of adequate perfusion in the bowels of ani-
mal models. A recent study by Bornstein et  al. 
looked at the microvascular perfusion as well as 
venous drainage in the bowel ends after mesen-
teric division with both clinical evaluation and 
fluorescence and measuring pixel intensity with 
comprehensive angiographic perfusion assess-
ment (CAPA) analysis. This study was performed 
on 49 consecutive patients. After mesenteric divi-
sion, they performed surgical visual assessment 
followed by immediate NIR imaging assessment. 
The operating surgeon was blinded from the 
results from NIR imaging and completed the 
bowel resection surgery based on the clinical 
assessment. Images were later assessed by an 
independent operator. A total of 72 bowel seg-
ments of 46 patients were analyzed for microvas-
cular perfusion and venous outflow (timing) by 
measuring the rate of change and duration of 
intensity curve. Disparity was defined as a differ-
ence between surgeon-marked site and site sug-
gested by the fluorescence and CAPA analysis. 
Single disparity was the difference in one param-

Fig. 11.1 Easy identification of low perfused areas by using ICG. (From Diana et al. [18]; used with permission)
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eter and combined disparity was the difference 
with both parameters (perfusion and timing). 
Eleven of the 72 (15%) bowel end segments 
showed disparity with five (7%) segments show-
ing disparity either in perfusion or timing (single) 
with median disparity distance being 2.0  cm by 
perfusion and 4.0 cm by timing. In six (8%) bowel 
segments, disparity was due to both perfusion and 
timing (combined) with the median disparity dis-
tance of 3.8 cm by perfusion and 3.5 cm by tim-
ing. The type of disparity and the disparity distance 
when compared between small and large bowel 
were not statistically significant, but the small 
bowel could be imaged with a 92% success rate.

Therefore, these studies show that objective 
assessment of blood supply to bowel is feasible 
intraoperatively with NIR ICG angiography tech-
nique and it can guide the decision of resection 
site. Newer imaging systems are being developed 
to simplify the analysis and make it cost 
effective.

 Pitfalls

The quality of the perfusion with ICG use is 
heavily dependent on the imaging device and the 
technique used. The results may change if the 
distance between the tissue and camera is not 
constant. Pixel intensity also varies with time 
after injection, and it is influenced by patient- 
related factors such as the hemodynamic status 
like cardiac output, venous return and tissue 
edema, local inflammation, and amount of adi-
pose tissue. Finally, the penetrance of the ICG is 
only of few centimeters, and this might play a 
role in the identification of perfusion in thick 
inflamed mesenteries.

 Future Direction

The widespread availability and user-friendly 
characteristics of the fluorescent technology will 
likely result in expanded applications beyond 
perfusion. Tumor identification, especially when 
the fluorescent agent is bound to specific parti-
cles, has already been demonstrated in a few 

studies. Time-based correlation of perfusion with 
mitochondrial injury may help find the point of 
no return for ischemic tissue.
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Identification of the Liver Anatomy 
During Open Hepatectomy

Nobuyuki Takemura and Norihiro Kokudo

 Introduction

Indocyanine green (ICG) fluorescent imaging 
was first applied in laparoscopic cholecystec-
tomy in hepatobiliary surgery [1]. Subsequently, 
it has been applied to detect intra- and extrahe-
patic liver tumors [2, 3] to confirm hepatic anat-
omy in the intraoperative bile leak test [4] and 
during anatomical hepatectomy [5]. Identifying 
the hepatic segmental boundary is the most effec-
tive technique for accurate and safe hepatic resec-
tion. ICG fluorescent imaging can help surgeons 
identify the hepatic segmental boundary not only 
on the liver surface but also inside the hepatic 
parenchyma. When diluted ICG is injected intra-
venously after clumping the hepatic inflow, the 
ischemic area presents as non-fluorescent region 
under fluorescent imaging. Another application 
of ICG fluorescent imaging for the hepatic anat-
omy identification is the intraoperative cholangi-

ography. ICG is excreted into the bile and 
becomes fluorescent by binding to serum albu-
min. This is how it was first applied to laparo-
scopic cholecystectomy. The same principle is 
used in intraoperative cholangiography and is 
applied in determining the bile duct resection line 
in major hepatectomy.

 Detection of the Hepatic Segmental 
Boundary

 Indications

ICG fluorescent imaging is used to determine the 
hepatic boundaries when performing major hepa-
tectomy, especially in patients with liver surface 
adhesions or liver cirrhosis with irregularities on 
the liver surface. This technique is indicated for 
the removal of hepatic malignancy, hilar bile duct 
tumor, gall bladder cancer requiring major hepa-
tectomy, and graft harvesting operation for living 
donor liver transplantation. Anatomical hepatec-
tomy with injecting ICG into the portal branch 
and fluorescent imaging is described in Chap. 14.

 Technical Description 
of the Procedures

Liver mobilization and cholecystectomy are per-
formed initially, followed by hepatic hilum 
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 dissection. The portal vein or Glissonian sheath 
is encircled and clamped with the hilar vessel dis-
section approach (Fig.  12.1) or the Glissonian 
pedicle approach (Fig.  12.2), respectively. 
Subsequently, 2.5  mg diluted ICG is adminis-
trated by an intravenous injection. The hepatic 
segments with functional portal and arterial 
blood supply illuminate under ICG fluorescent 
imaging; the ischemic segments are confirmed as 
a non-illuminated area with ICG fluorescent 
imaging system (Fig. 12.3 and Video 12.1). This 
technique visualizes the boundaries of the hepatic 
segment not only on the surface of the liver but 
also inside the liver parenchyma during paren-
chymal dissection (Fig. 12.4 and Video 12.2).

 Interpretation

To minimize postoperative complications after 
hepatectomy, it is essential for the hepatic sur-
geons to accurately recognize the segmental 
hepatic boundaries. Incorrect determination of 
the hepatic anatomy might cause remnant hepatic 
parenchymal necrosis, unnecessary hepatic 
venous congestion, or bile duct injury. As the sys-
temically circulating ICG is taken up by the 
hepatocytes, the hepatic ischemic area is clearly 
visualized as a non-illuminated area in contrast 
with the illuminated area where the portal and 
arterial blood supply are maintained.

Fig. 12.1 Hilar vessel dissection approach

Fig. 12.2 Glissonian pedicle approach

Fig. 12.3 Hepatic segmental boundaries are visualized 
on the hepatic surface of the liver by fluorescent imaging

Fig. 12.4 Boundary plane between the stained segment 
(arrow) and non-stained segment (arrowhead) can be con-
firmed during the hepatic parenchymal resection
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 Pitfalls

ICG stays in the hepatic parenchyma for a few 
hours after the intravenous injection. Incomplete 
hepatic inflow occlusion might make the whole 
liver fluorescent (Fig. 12.5). Once the whole liver 
is illuminated, further examination with ICG flu-
orescent imaging becomes impossible, including 
anatomical staining, tumor detection, and ICG 
fluorescent cholangiography. It is important to 
abstain from liver function testing using ICG 
within a few days before surgery, which also 
makes whole liver fluorescent.

 Intraoperative ICG Fluorescent 
Cholangiography

 Indications

ICG fluorescent cholangiography was first 
applied in a clinical setting for laparoscopic 
cholecystectomy by Ishizawa et  al. [1]. Later, 
its use has been extended to intraoperative chol-
angiography during hepatectomy and the bile 
leakage test [4]. The anatomy of the bile duct 
has some variations such as a right posterior 
bile duct confluence to the left bile duct, and 
ligation of the intrahepatic left or right bile 
ducts might make a stricture on the confluence 
of the opposite side of the hepatic duct. 
Therefore, the surgeon should constantly pay 
attention to the variation of the bile duct and 

ensure that the point of the bile duct ligation 
does not injure the remnant bile duct during 
hemi-hepatectomy. After the dissection of the 
hepatic hilum, the anatomy of the bile duct 
around hepatic hilum can be visualized using 
ICG fluorescent cholangiography during hepa-
tectomy. Applications of intraoperative ICG 
cholangiography for laparoscopic cholecystec-
tomy is described in Chap. 14.

 Technical Description 
of the Procedures

Cholecystectomy is done before the liver paren-
chymal transection. A tube for intraoperative 
cholangiography is inserted through the cystic 
duct. After more than half of the transection of 
the hepatic parenchyma and the dissection of 
the hepatic hilum are done, 3–5  ml of ICG 
diluted solution (2.5 ml of ICG in 100 ml saline) 
is injected through the tube to confirm the con-
fluence point and the anatomy of the right and 
left hepatic ducts before bile duct resection so 
that the remnant hepatic duct is not injured 
(Video 12.3, Fig. 12.6). The best timing of ICG 
fluorescent cholangiography is before hepatic 
duct resection.

Fig. 12.5 Whole liver fluorescent due to the incomplete 
hepatic inflow occlusion

Fig. 12.6 Bifurcation of the right and left hepatic ducts 
(arrowhead) can be confirmed after the hepatic parenchy-
mal resection
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 Interpretation

ICG injected directly into the bile duct binds with 
bile proteins and becomes fluorescent. This 
method uses direct local administration into the 
bile; hence, if the concentration of ICG is not 
reduced, the fluorescence may become exces-
sively strong, making it difficult to identify the 
bile duct.

 Pitfalls

The use of ICG should be restricted to cholangi-
ography, if it is planned to be performed during 
hepatectomy. Once ICG is injected intravenously 
to detect the hepatic segmental boundary, the 
recirculating ICG might make the whole liver 
fluorescent even after the left or right portal vein 
ligation as there is vascular communication 
around the hepatic hilum. The tissue permeability 
of ICG is low (about 1 cm). If ICG fluorescent 
cholangiography is performed before liver tran-
section, the left or right hepatic duct is covered 
with liver parenchyma and cannot be identified 
under ICG fluorescent imaging. Therefore, it is 
better to check the anatomy of the bile duct by 

ICG fluorescent cholangiography just before bile 
duct resection.
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Guided by Indocyanine Green 
Fluorescence Imaging During 
Anatomical Liver Resections

Takeshi Aoki, Doaa A. Mansour, 
Tomotake Koizumi, and Masahiko Murakami

 Introduction

Anatomical liver resections (ALR) including seg-
mentectomy or subsegmentectomy have been 
established as standard operations for hepatocel-
lular carcinoma. They require an in-depth under-
standing of liver anatomy regarding the variations 
in blood vessel and biliary tract bifurcation. 
Couinaud [1] classified liver segments according 
to portal vein anatomy, and in 1985, Makuuchi 
et  al. introduced intraoperative ultrasonography 
(IOUS)-guided indigo carmine injection into the 
portal branch supplying the tumor segment [2]. 
Dye injection, leading to staining of the liver sur-
face outlining the target segment, combined with 
IOUS can be considered as the preliminary ver-
sion of a real-time intraoperative navigation sys-

tem. This method for anatomical resection of 
liver cancer resulted in reduced blood loss and 
prevention of biliary fistula formation which 
remarkably improved the safety and postopera-
tive outcome [3].

However, the early washout of indigo carmine 
and its suboptimal delineation of intersegmental 
planes prompted the development of the current 
generation real-time intraoperative navigation sys-
tem consisting of indocyanine green (ICG) fluores-
cence and a near infrared (NIR) imaging system.

ICG has an excitation wavelength in the NIR 
spectrum (760 nm) and it emits fluorescent light of 
830 nm. NIR light can penetrate deep into the tis-
sue as compared to other types of light. This prop-
erty is being applied clinically as an intraoperative 
NIR navigation system for identification of sentinel 
lymph nodes in digestive cancer and other cancers, 
evaluation of graft blood flow for cardiovascular 
surgery and organ transplantation, and tumor [4] 
and bile duct [5] imaging in the field of liver sur-
gery. Pathological cells as in HCC and CRLM take 
up ICG but do not secrete it into bile and can there-
fore be detected by their retention of ICG.

In 2008, we were the first to report the applica-
bility of ICG fluorescence as intraoperative identi-
fication tool for liver segments during ALR [6]. 
The continuously expanding use of laparoscopy in 
ALR triggered attempts to introduce ICG fluores-
cence imaging to the laparoscopic setting [7]. 
Thus, this chapter focuses on the improvements 
and challenges of laparoscopic ALR with ICG 
fluorescence imaging for segment identification 
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even though the same principles perfectly apply to 
open ALR.

 Preoperative Diagnostic Workup 
and ICG Segmental Staining 
Simulation for Laparoscopic Liver 
Subsegmentectomy

As part of the planning for laparoscopic liver sub-
segmentectomy, preoperative B-mode ultrasonog-
raphy, magnetic resonance imaging-ethoxybenzyl 
(MRI-EOB), and dynamic computed tomography 
(CT) are performed to determine the exact tumor 
location and its relevant arterial, portal venous, 
and hepatic venous relationship. The preoperative 
CT imaging protocol involved a multi-detector 
CT scan with nonionic intravenous contrast agent 
at a rate of 4 mL/s with the following parameters: 
100 kV, 400 mAs, and section thickness/collima-
tion = 0.75 mm/0.7 mm [8].

CT volume data is fed to an image analysis 
workstation (Synapse VINCENT, Fujifilm 
Medical, ZioStation2, Amin Co., Ltd.) to create a 

3D reconstruction liver map. This map can be 
used by the surgical team for preoperative simula-
tion of the intervention, identification of the can-
cer-bearing Glissonian vessel, decision on the 
exact ICG injection point, and the resultant esti-
mated stained liver volume (Fig.  13.1). Finally, 
the designated portal branch is confirmed by 
B-mode ultrasonography to evaluate accessibility 
to the determined injection point prior to surgery.

This comprehensive simulated surgical strategy 
design for laparoscopic liver resection enhances 
the surgical team understanding of detailed anat-
omy and consequently the safety of intervention.

 Staining of Liver Segments Using 
ICG Fluorescence Method

Liver segment staining with ICG fluorescence 
can be achieved through the following two meth-
ods. In positive staining, ICG is injected directly 
into the segmental portal branch under ultrasound 
guidance, and the target segment is identified 
through its ICG luminescence. If the segmental 

a Positive staining

b Negative staining

Fig. 13.1 Preoperative simulation of hepatic subsegment 
staining using indocyanine green (ICG) fluorescence 
method. (a) Positive staining method: identification of the 
portal vein to the tumor-bearing segment, determination 
of the exact injection point, and visualization of the esti-

mated staining volume. (b) Negative staining method: 
identification of the portal vein to the tumor-bearing seg-
ment, determination of the point of planned occlusion 
before intravenous injection, and estimation of the non- 
staining volume
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portal branch cannot be punctured directly, or the 
tumor-bearing segment is supplied by multiple 
portal veins, the counterstaining method can be 
used, in which portal branches to the adjacent 
segments are selectively punctured and stained 
instead. Thus, the segment to be resected appears 
as a non-fluorescent area bounded by the adja-
cent fluorescent segments [3].

In negative staining, the portal vein to the 
cancer- bearing segment is occluded, and ICG is 
administered intravenously. The target area for 
resection is identified by its lack of ICG fluores-
cence as compared to the rest of the liver.

These two methods are very useful intraopera-
tive real-time navigation tools during ALR or 
subsegmentectomy. The specialized laparoscope 
camera with built-in NIR light functionality used 
for laparoscopic operations can provide superb 
intraoperative real-time display of ICG fluores-
cence for clear segment identification (Table 13.1) 
[6, 7, 9–18].

 Liver Segment Identification Using 
ICG Fluorescence Method During 
Laparoscopic Liver Segmentectomy: 
Negative Staining Method

Several reports exist on the application of the 
negative ICG fluorescence staining method for 
hepatic segment identification during laparo-
scopic segmentectomy. Portal flow occlusion to 
the cancer-bearing parenchyma is performed as 
in open surgery, i.e., Glissonian pedicle approach 
[19]. After portal occlusion and intravenous ICG 
injection, parenchymal fluorescence demarcation 
does not only appear on the liver surface as in 
standard liver segmentectomy procedures, but 
the segmental boundaries of the whole volume to 
be resected is visualized in real-time 3D view.

 Case Report: Negative Staining 
Method

During laparoscopic S6 subsegmentectomy for a 
liver hemangioma, the boundaries of the lesion, 
the right hepatic vein, and the dominant portal 

vein branches (P6a  +  b) were identified via 
IOUS. After clipping and separation of the portal 
branches, 2.5 mg/ml of ICG are injected intrave-
nously. Two minutes later, NIR light function of 
the laparoscopic camera revealed a distinct lack 
of ICG fluorescence in the area fed by P6a + b. 
The boundaries of the segment are marked on the 
surface of the liver. During parenchymal transec-
tion, an interface between fluorescent and non- 
fluorescent areas could be clearly observed and 
defined the transection plane. An additional por-
tal branch (P6c) to S6 exhibiting ICG fluores-
cence was encountered. It was ligated and 
separated. In this way, anatomical segmentec-
tomy was carried out under the guidance of ICG 
fluorescence imaging (Fig. 13.2).

 Liver Segment Identification Using 
ICG Fluorescence Method During 
Laparoscopic Liver 
Segmentectomy: Positive Staining 
Method

Similarly, various reports on positive ICG fluores-
cence in laparoscopic segmentectomy exist. 
Laparoscopic IOUS-guided direct puncture of the 
dominant portal pedicle is accomplished in a fash-
ion similar to open surgery [7]. The target segment 
appears as a selectively fluorescent area. However, 
laparoscopic liver segmentectomy bears its spe-
cific challenges during laparoscopic IOUS-guided 
portal puncture. The laparoscopic IOUS probe 
offers less freedom of angulation and movement 
compared to open surgery especially after its intro-
duction through a port fixed in position. 
Furthermore, the integration of the image of the 
target portal branch depicted on the IOUS monitor 
with the image on the laparoscopic screen during 
the puncture is technically quite demanding.

Therefore, the authors introduced a simpler 
method for positive staining during laparoscopic 
liver segmentectomy. After anesthesia and before 
pneumoperitoneum induction, an abdominal 
US-guided percutaneous puncture of the desig-
nated portal vein is performed. This method pro-
vides clear staining of the hepatic segment to be 
resected (Fig. 13.3).
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Fig. 13.2 Laparoscopic S6 subsegmentectomy guided by 
ICG fluorescence method (negative staining). Laparoscopic 
S6 liver segmentectomy performed on a 42-year-old woman 
with an S6 hepatic hemangioma. (a) Identification of the 
hepatic S6 tumor on a CT scan (marked with a red arrow). 
(b) Hepatic S6 tumor intraoperative findings. (c) 
Identification of the cancer-bearing Glissonian vessel 
(P6a + b), simulation of the point of vessel occlusion, and 
the resultant estimated non-staining area. (d) Dissection of 
the hepatic vein (V6), which appeared in the liver transec-

tion plane. (e) Identified cancer- bearing Glissonian vessel 
(P6a + b) as seen in the liver transection plane. The vessel 
has been clipped. (f) Intravenous injection of 2.5 mg/ml of 
ICG following ligature application and separation of the 
cancer-bearing Glissonian vessel (P6a + b) (negative stain-
ing method). (g) During liver transection, another portal 
vein (P6c) was observed feeding into the S6 hepatic segment 
as a blood vessel displaying ICG fluorescence. (h) Ligation 
and dissection of P6c. (i) Liver transection plane after the 
completion of the laparoscopic S6 subsegmentectomy

a b c

e f

g h

P6a+b

d

P6a+b

i

P6c

a b c

Fig. 13.3 Actual application of percutaneous ultrasound- 
guided portal vein puncture using ICG fluorescence (posi-
tive staining). (a) Immediately prior to surgery and 
following general anesthesia induction, an 18-G needle 
was used to puncture the designated portal vein under 

transabdominal US guidance. (b) Ultrasound-guided 
puncture of the cancer-bearing portal vein (red arrow 
marks the tip of the needle penetrating the portal vein). (c) 
0.025 mg/ml of ICG is injected
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 Case Report: Positive Staining 
Method

A laparoscopic S2 resection for a localized hepa-
tocellular carcinoma was performed as follows. 
The Glissonian vessel to the tumor-bearing seg-
ment S2 was identified on the 3D simulation liver 
map, the injection point agreed upon, and the 
expected staining volume determined. 
Accessibility to the injection point via transab-
dominal US was confirmed prior to operation. 

Immediately after general anesthesia induction, 
an 18-G needle was inserted percutaneously to 
puncture the portal vein branches feeding S2 
under external ultrasound guidance, and 
0.025 mg/ml ICG were injected. S2 boundaries 
could be clearly visualized on the liver surface as 
an ICG fluorescent area. Similar to the negative 
staining method, the parenchymal transection 
plane was driven by the interface between fluo-
rescent and non-fluorescent parenchyma 
(Fig. 13.4 and Video 13.1).

P2 Ventral

a b

c d

e f

Fig. 13.4 Laparoscopic S2 subsegmentectomy guided by 
ICG fluorescence method (positive staining). Laparoscopic 
S2 subsegmentectomy performed in an 85-year-old man 
with S2 hepatocellular carcinoma. (a) Confirmation of 
tumor location in S2 in the preoperative simulation. (b) ICG 
staining area for cancer-bearing Glissonian vessel (P2). (c) 
S2 fluorescence observed on the ventral surface of the liver 
following injection of 0.025 mg/ml of ICG into P2. (d) S2 
fluorescence observed on the dorsal surface of the liver and 
its marking by cautery. (e) P2 ventral branch identified in the 

preoperative simulation. (f) Appearance of the identified P2 
ventral branch in the liver transection plane, its encircle-
ment, and dissection. (g) Observation of ICG fluorescence 
on one side of the transection plane. According to this pic-
ture, adjustment of the transection plane is required. (h) P2 
dorsal branch and hepatic vein (V2) identified in the preop-
erative simulation. (i) Dissection of the P2 dorsal branch and 
V2 appearing in the liver transection plane using a linear 
stapler. (j) Liver transection plane after the completion of 
laparoscopic S2 subsegmentectomy (see Video 13.1)

T. Aoki et al.
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g

i j

h

P2 Dorsal

Fig. 13.4 (continued)

 Challenges of Laparoscopic ICG 
Positive Staining Method

The previous section mentioned the technical dif-
ficulty of intraoperative dominant portal vein 
puncture under laparoscopic IOUS guidance and 
hence the percutaneous technique under transab-
dominal US guidance was proposed.

However, tertiary portal branch identification 
with external ultrasonography and their puncture 
can sometimes be remarkably challenging.

In these cases, IOUS-guided injection remains 
a viable alternative. Furthermore, the combination 
of both the percutaneous and the IOUS- guided 
technique, i.e., we inject the externally accessible 
branch and then additional ICG is injected under 
IOUS-guidance into the other portal branches 
feeding the target area, is possible. The difficulty 
of laparoscopic IOUS-guided injection can be 
mitigated by the use of a probe with an injection 
opening mounted on it (four- way laparoscope, 
8666-RF, BK Medical). After identification of the 
portal radicle by IOUS, the needle is passed via the 
body surface to pass through the hole in the probe 
to reach the tip of the vessel. This technique is also 
effective for additional staining by ICG injection 
into small portal veins, especially S7 and S8.

Compared to standard ultrasound probes used 
in conjunction with laparoscopes, this device 
provides additional assistance with intraopera-
tive laparoscopic vessel puncture (Fig.  13.5). 
Yet, it would be very helpful to develop them to 
provide sensory cues facilitating determination 
of the puncture site and angle on the body sur-
face; thus, the puncture technique is not easy.

In the future, to enhance feasibility of positive 
staining under IOUS guidance in laparoscopic 
liver segmentectomy, the development and refine-
ment of a specialized laparoscopic ultrasound 
probe adapted to the intraoperative penetration 
method is needed.

 Liver Subregional Staining Methods 
Using ICG Fluorescence

 Right Lobe

S7 identification method S7 is frequently fed 
by a single portal vein which is punctured and 
injected.

S6 and S8 identification method In 76% of 
cases, S6 is fed by a single tertiary branch, and in 

13 Identification of Liver Segments Guided by Indocyanine Green Fluorescence Imaging During…
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24% of cases, it is fed by two branches. In most 
cases, S8 has a dorsal and a ventral branch.

The portal branch number is confirmed with 
preoperative diagnostic imaging and either the 
positive or negative staining method performed.

S5 identification method Since S5 commonly 
has multiple small feeding vessels, the counter- 
staining method is selected [3]. The portal vein 
to the adjacent S8 area is punctured and the plane 
between S5 and S8 is marked. The right and the 
middle hepatic veins serve as landmarks for the 
S5/6 and the S4/5 interface, respectively.

 Left Lobe

S2 or S3 identification method The S2/S3 inter-
face is visualized by either direct positive staining 
or the counterstaining technique by injecting the 
portal branch to the reciprocal segment.

 Cone Unit Resection

In cases of metastatic liver cancer where anatom-
ical resections are not of additional oncological 
value, ICG fluorescence technique offers the 
 possibility of a cone unit resection [19, 20]. This 
is valuable as part of the parenchyma sparing 
principle in lesions where a limited resection 

would leave behind ischemic liver tissue. Also, in 
case of HCC on top of a compromised liver, this 
may prove a useful procedure.

 Case Report: Laparoscopic 
Hepatectomy Using Cone Unit 
Resection

A laparoscopic segment S4b cone unit resection 
was performed in a case of CRLM. The root of 
the Glissonian vessel P4b was identified and 
clipped along the plane of the falciform ligament. 
Intravenous injection of 2.5 mg/ml of ICG led to 
the appearance of a negatively staining volume 
rendering cone unit resection along the parenchy-
mal interface possible (Fig. 13.6).

 Conclusions

ICG fluorescence staining of liver segments 
clearly outlines segment boundaries on the liver 
surface. The fluorescence staining is maintained 
throughout the procedure and drives the transec-
tion plane between the fluorescent and the non- 
fluorescent parenchyma. Therefore, ICG 
fluorescence serves as a real-time intraoperative 
navigation tool contributing to the accurate and 
safe performance of laparoscopic ALR.

a b c

Fig. 13.5 Laparoscopic IOUS-guided puncture of the target 
portal vein in laparoscopic S7 subsegmentectomy (positive 
staining). A 68-year-old woman with S7 hepatic segment 
metastatic liver cancer disease. (a) Confirmation of tumor 
location in S7, identification of the 2 feeding vessels (marked 

by yellow arrows) and estimation of the staining volume. (b) 
Identification of the designated portal vein on IOUS, its 
puncture by a needle tip passed through the hole in the IOUS 
probe. (c) Injection of 0.025 mg/ml of ICG into the portal 
vein and completion of segment staining

T. Aoki et al.
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Fig. 13.6 Laparoscopic cone unit resection with ICG 
fluorescence imaging (negative staining). Laparoscopic 
S4b cone unit resection performed on a 66-year-old 
woman with metastatic liver cancer. (a) Tertiary branches 
of the Glissonian vessel identified in the preoperative 
simulation. (b) Simulation of the absence of ICG fluores-
cence when blood flow to the feeding portal vein was 
occluded. (c) Intraoperative view of ill-defined S4 seg-
ment tumor (white light). (d) S4 segment tumor localiza-
tion confirmed by NIR function of the laparoscopic 
camera (in this patient the tumor has retained the ICG 

used during the preoperative ICG retention test to deter-
mine hepatic functional reserve). (e) Appearance of the 
Glissonian vessel (P4b) in the transection plane and its 
dissection just before intravenous injection. (f) Fusion of 
the laparoscopic view and the preoperative simulation to 
show the correlation regarding the Glissonian branch 
appearing in the liver transection plane. (g) ICG fluores-
cence deficiency in the area fed by P4b on the liver surface 
and marking of ICG fluorescence-deficient area. (h) Liver 
transection plane after completion of laparoscopic cone 
unit resection

a b

c d e

f g h
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Anatomical Hepatectomy

Takeaki Ishizawa, Daisuke Ito, 
and Kiyoshi Hasegawa

 Indications

Anatomical (sub)segmentectomy of the liver, 
which was first reported by Makuuchi and col-
leagues in 1985 [1], has been widely applied as a 
standard surgical procedure balancing curability 
and hepatic parenchymal preservation. 
Anatomical hepatectomy has oncologic advan-
tages—particularly in the treatment of hepatocel-
lular carcinoma (HCC)—by eradicating possible 
cancer spread along the portal system, leading to 
favorable long-term outcomes compared with 
limited non-anatomical resection [2, 3]. 
Anatomical hepatectomy can also be indicated 
for patients with metastatic liver cancers with 
invasion to the proximal portal pedicle and/or 
intrasegmental tumor spread. Accurate transec-
tion of the liver along its intersegmental planes 
has the potential advantage of decreasing the risk 
of postoperative bile leakage because this tech-
nique can minimize the need for division of the 
portal pedicles.

 Techniques

Hepatic segmental boundaries can be delineated 
by intraoperative indocyanine green (ICG) fluo-
rescence imaging using a positive staining tech-
nique or a negative staining technique [4].

 Positive Staining Technique

The tumor-bearing portal vein is punctured with a 
21–23-G needle under ultrasound guidance, and 
ICG solution (0.25 mg/5 mL) is injected into the 
portal vein. The extent of the corresponding 
hepatic segment can then be visualized on the 
hepatic surfaces with the use of near-infrared cam-
era systems [4–6]. Even when direct puncture of 
the portal vein supplying the tumor- bearing 
hepatic segment is technically difficult, the bound-
aries of that region can be identified as non-fluo-
rescing regions by identifying the adjacent hepatic 
segments using the same method (counterstaining 
technique) [6, 7]. With the positive staining tech-
nique, the intrahepatic segmental boundaries can 
also be identified using intraoperative ultrasonog-
raphy by mixing ultrasound contrast material with 
the ICG solution [5]. In contrast to the conven-
tional staining technique with indigo carmine, 
ICG fluorescence imaging enables continued iden-
tification of hepatic segments throughout hepatec-
tomy  procedures, as the fluorescence persists for 
5 hours and longer [6] (Fig. 14.1 and Video 14.1).
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a

b

c

Fig. 14.1 Positive staining technique for the identifica-
tion of hepatic segment 7. (a) The portal branch supplying 
hepatic segment 7 is punctured with a 21-G needle under 
ultrasound guidance and indigo carmine solution (5 mL) 
with ICG (0.25  mg) and ultrasound contrast material is 
injected into the portal vein. (b) Contrast-enhanced ultra-
sonography demonstrates hyperechoic signals in the lat-
eral region of segment 7 (S7 lat.) and slightly increased 
echoic signals in the medial region of this segment (S7 
med.). The arrow and arrowhead shows a tumor (colorec-
tal liver metastasis) and the tip of the needle in the portal 
vein, respectively. (c) Gray-scale fluorescence imaging 
(middle) enables clearer demarcation between S7 lat., S7. 
med., and the non-fluorescing surrounding hepatic paren-
chyma compared with blue staining observed with white-
light color imaging (left). Fusion fluorescence imaging 
(right) also enables clear identification of S7, although the 
boundary between S7 med. and S7 lat. is unclear. (d) The 

boundaries of S7 lat. on the visceral surfaces of the liver. 
(e) Because the tumor is located in the medial aspect of 
S7, the hepatic transection lines are extended to non-fluo-
rescing regions to remove the hepatic parenchyma of S7 
med. and part of segment 8 (S8). (f) The hepatic paren-
chyma is transected using the clamp-crushing method, 
with the occasional use of fluorescence imaging to con-
firm the intersegmental planes between the fluorescing 
region of S7 and the non-fluorescing region of S8 (dotted 
line). (g) The portal pedicle of S7 med. (arrowhead) is 
ligated and divided, preserving the portal pedicle supply-
ing S7 lat. (arrow). (h) The operative site after completion 
of the hepatectomy. Fluorescence imaging clearly shows 
the boundaries of S7 lat. and the surrounding hepatic 
regions on the hepatic raw surfaces. The PINPOINT™ 
Endoscopic Fluorescence Imaging System (Stryker, 
Kalamazoo, Michigan, USA) was used in this case. Please 
see also Video 14.1
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 Negative Staining Technique

Indocyanine green (2.5 mg) is injected intravenously 
following closure or division of the tumor- bearing 

portal pedicle. Fluorescence imaging can then be 
used to identify corresponding hepatic segments as 
non-fluorescing ischemic regions of the liver 
throughout subsequent surgical procedures (Fig. 14.2 

Fig. 14.2 Negative staining technique for the identifica-
tion of hepatic segment 6. (a) The tumor (hepatocellular 
carcinoma [HCC]), located in the subcapsular region of 
segment 6 (S6), is identified by fluorescence imaging 
because of accumulation of the indocyanine green that was 
injected intravenously prior to surgery. (b) The main portal 
pedicle of segment 6 (arrow) is closed with a vascular 
clamp at its root. (c) Fluorescence imaging (right) indi-
cates that the tumor is located on the intersegmental 
boundary (arrowheads) between the ischemic region (S6) 
and the nonischemic hepatic parenchyma (S5), as demon-
strated in the white-light color image (left). (d) Hepatic 
parenchymal transection is added to identify and close the 
portal branch of the lateral region of S5 (arrow). (e) 
Indocyanine green (2.5 mg) is then injected intravenously, 

enabling clear visualization of the boundaries around the 
ischemic regions of S5 and S6, which include the tumor 
(arrowhead), by fluorescence imaging. (f) The hepatic 
parenchyma is further transected, with occasional use of 
fluorescence imaging to confirm accurate intersegmental 
planes (dotted line). (g) The operative site after completion 
of the hepatectomy. The arrow indicates the stump of the 
S6 portal pedicle. The residual hepatic parenchyma of S7 
still shows ICG fluorescence signals. (h) On the cut sur-
face of the resected specimen, the tumor (well-differenti-
ated HCC) shows cancerous fluorescence signals because 
of accumulation of the ICG that was administered before 
surgery [11]. The VISERA ELITE II infrared imaging sys-
tem (OLYMPUS MEDICAL SYSTEMS CORP., Tokyo, 
Japan) was used in this case. Please see also Video 14.2
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and Video 14.2). The negative staining technique has 
been used frequently in laparoscopic hepatectomy 
[4, 8] because puncture of a thin portal branch fol-
lowed by injection of ICG solution is technically 
demanding in this setting. This technique can also be 
used for intraoperative estimation of portal uptake 
function in veno-occlusive hepatic regions [9].

 Interpretation

Makuuchi’s original technique for the identifica-
tion of hepatic segments involves the injection of 
blue dye (indigo carmine) instead of ICG into the 
portal branch, staining the hepatic surfaces of the 
corresponding segments in blue [1]. While this 
conventional dye-staining technique has been 
used by liver surgeons for more than 20 years, the 
short duration of hepatic staining (2–3 minutes) 
makes it difficult to accurately identify segmental 
boundaries throughout hepatectomy procedures. 
In 2008, Aoki and colleagues [10] first reported 
the fluorescence imaging technique using ICG 
for the delineation of hepatic segments. Their 
protocol specifies the injection of 5 mg ICG into 
the portal veins, resulting in a 94% success rate 
of hepatic segment identification. Based on our 
preliminary experience, however, 5  mg of ICG 
seemed to be excessive, resulting in overflow 
from the liver into the systemic circulation and a 
massive increase in background fluorescence of 
the rest of the liver.

To maintain a high enough signal-to- 
background ratio to identify segmental boundar-
ies by fluorescence imaging throughout 
hepatectomy, it is important to administer a dose 
of ICG that can be completely taken up by hepa-
tocytes occupying the corresponding hepatic seg-
ments. In 2012, Ishizawa and Gayet [4] reported 
that hepatic segments could be identified by fluo-
rescence imaging following the injection of 
diluted ICG solution (0.025 mg/mL) into the por-
tal branch during laparoscopic hepatectomy. 
Inoue and colleagues [5] injected 2.5 mg of ICG 
into the portal branches, achieving a 100% suc-
cess rate of hepatic segment identification com-
pared with 42% using the conventional 
dye-staining technique. The authors have used 

0.25 mg of ICG diluted in 5 mL of indigo car-
mine solution for the portal vein injection, 
enabling identification of hepatic segments both 
by gross examination of blue-stained regions and 
by fluorescence imaging [6]. In our previous 
series, concomitant use of fluorescence imaging 
enhanced the detection of hepatic segments dur-
ing anatomic resection, especially in the cirrhotic 
liver or when the liver is covered with connective 
tissues from a previous surgery. Another advan-
tage of fluorescence imaging is that it enables 
long-lasting (5 hours and longer [6]) identifica-
tion of segmental boundaries not only from the 
hepatic surfaces but also from the raw surfaces 
during hepatic dissection.

As demonstrated in this chapter, the above 
positive staining technique can be reproduced 
even in laparoscopic hepatectomy by surgeons 
with excellent puncture skills and spatial ability 
[4]. In general, however, positive staining is tech-
nically demanding; the negative staining tech-
nique, i.e., enhancement of ischemic hepatic 
segments by fluorescence imaging, is more fea-
sible in the setting of laparoscopic surgery [8, 
12]. Even when using the negative staining tech-
nique, surgeons can accurately identify interseg-
mental planes during hepatic dissection because 
fluorescence signals in the nonischemic hepatic 
parenchyma last for several hours following the 
intravenous injection of ICG (at a dose of 2.5 mg).

 Pitfalls

The major limitation of hepatic fluorescence 
imaging is that, once ICG is administered, it is 
almost impossible to “delete” the fluorescence 
signals emitted from the hepatic parenchyma 
retaining ICG, in contrast to the conventional 
dye-staining technique. Thus, the anatomic rela-
tionships between the tumor and the portal pedi-
cles should be fully considered prior to intraportal 
or intravenous injection of ICG. To obtain clear 
images of segmental boundaries, it is important 
to adjust the intensity of illumination, the dis-
tance between the camera and the hepatic sur-
faces, and the mode of fluorescence imaging. 
With the positive staining technique in particular, 
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fluorescence imaging using appropriate camera 
settings (a sufficient imaging distance and use of 
black and white mode) may enable the visualiza-
tion of hepatic subsegment boundaries based on 
minute difference in the amount of ICG in each 
region, which may be useful for determining 
hepatic transection lines (Fig.  14.1 and Video 
14.1). During open surgery, operation lamps 
should be turned off to avoid nonspecific fluores-
cence signals from the background structures.

 Summary

Hepatic segmental boundaries can be identified by 
intraoperative fluorescence imaging using positive 
staining technique (injection of ICG into the portal 
veins under ultrasound guidance) or negative 
staining technique (intravenous administration of 
ICG following closure of the portal pedicle). These 
techniques enable clear and long- lasting identifi-
cation of segmental boundaries, enhancing safety, 
and accuracy of anatomic hepatectomy.
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Identification of Hepatocellular 
Carcinoma Recurrence after 
Resection

Yoshikuni Kawaguchi, Kosuke Kobayashi, 
and Kiyoshi Hasegawa

 Introduction

Intraoperative navigation using fluorescence 
imaging was reported in the 1990s. Indocyanine 
green (ICG) was used as a fluorophore to assess 
the patency of coronary artery bypass graft [1, 
2]. This technique was then applied for visual-
izing lymphatic vessels [3] and for identifying 
sentinel lymph nodes during breast cancer sur-
gery [4] and gastric cancer surgery [5, 6]. The 
principle of ICG-fluorescent imaging is that 
protein-bound ICG emits light with a peak 
wavelength of around 840 nm when illuminated 
with near-infrared light (750–810 nm). Because 
ICG is taken into the hepatocyte and then exclu-
sively excreted into the bile, the technique is 
used for various purposes during hepatobiliary 
surgery. ICG-fluorescence imaging visualizes 
the flow of hepatic artery and portal vein [7, 8], 
primary and metastatic liver tumors [9, 10], the 

bile duct [11, 12], and portal venous territory 
[13–15]. The technique was used for evaluating 
hepatic perfusion of regions with outflow 
obstruction [16–18]. The technique was origi-
nally used for open liver resection and has been 
increasingly applied for laparoscopic liver 
resection [19–23]. This chapter focuses on intra-
operative navigation using ICG-fluorescence 
imaging for identifying recurrence of hepatocel-
lular carcinoma (HCC) after resection.

 Technical Description 
of the Procedure

 Mechanism of Fluorescence  
Imaging for Hepatocellular 
Carcinoma

Mechanism of ICG-fluorescence imaging of 
HCC was studied using the analyses of immu-
nohistochemical staining and gene expression 
[24–27]. The mechanism of HCC fluorescence 
is different between well/moderately differen-
tiated type and poorly differentiated type. For 
well/moderately differentiated type, ICG is 
taken into HCC tissues through transporters 
(organic anion- transporting polypeptide 8 and 
Na+/taurocholate cotransporting polypeptide). 
ICG is retained in cancerous tissues longer 
than non-cancerous tissues because functional 
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or morphological biliary excretion is impaired. 
In contrast, for poorly differentiated type, the 
transporters of ICG are downregulated in can-
cerous tissues, and ICG is generally not taken 
into cancerous tissues. Biliary excretion func-
tion in non-cancerous tissues surrounding can-
cerous tissues is also impaired. As a result, 
surrounding non-cancerous tissue retains ICG 
longer than other liver parenchyma and can 
provide fluorescence of peripheral areas of 
liver tumors.

 Administration of ICG for Visualizing 
Liver Tumors

The most common method for administering a 
fluorophore is to intravenously inject ICG at a 
dose of 0.5  mg/kg as a routine liver function 
test within 14 days before surgery [9, 10, 20, 
28–31]. Another method was rarely reported 
for visualizing HCC as fluorescence except 
intravenous injection of ICG (10 mg) 24 hours 
before surgery [32]. Figure  15.1 and Video 
15.1 show typical fluorescence imaging of 
HCC.

 Interpretation

 Usefulness of Fluorescence Imaging 
of HCC Recurrence

Liver resection is the optimal treatment for HCC 
and provides overall survival rates which range 
from 40% to 80% at 3  years and from 20% to 
70% at 5 years after resection [33–35]. However, 
cumulative recurrence rates remain high (50–
60% at 3 years and 70–100% at 5 years) [33–37]. 
Repeat hepatectomy was reported to lead better 
cumulative long-term survival from initial resec-
tion [38–40]. The challenge in performing repeat 
hepatectomy is due to the technical complexity 
caused by adhesions of and changes in liver anat-
omy after the previous operation. These changes 
may create a challenge in identifying liver tumors 
during surgery. Figure 15.2 and Video 15.2 show 
typical fluorescence imaging for HCC recurrence 
after initial hepatectomy. Fluorescence of HCC 
was clearly visualized on the thick connective tis-
sues around the liver surface. Previous reports 
also showed that fluorescence imaging was help-
ful for visualizing HCC recurrence on the thick 
connective tissues [8, 10, 41] and viable areas of 

a

Fig. 15.1 Fluorescence imaging of hepatocellular carcinoma. (a) Fluorescence imaging visualized 2 HCCs on the 
surface of cirrhotic liver. (b) ICG fluorescence is confirmed in the HCC tissues (yellow arrow and arrowhead)
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b

Fig. 15.1 (continued)

a

Fig. 15.2 Fluorescence imaging of recurrence of hepato-
cellular carcinoma. (a) Fluorescence imaging clearly 
visualized HCC on the liver surface with connective tissue 

caused by previous surgery (arrowhead). (b) ICG fluores-
cence is confirmed in HCC tissue
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local recurrence of HCC, which was initially 
treated by ablation [20].

 Pitfalls

One of the drawbacks of ICG-fluorescence 
imaging for visualizing liver tumors as fluores-
cence is a relatively high false-positive rate, 
ranging from 5% to 40% [26, 30, 42]. It is an 
issue whether false-positive lesions (i.e., fluo-
rescing lesions but no malignancy) should be 
resected or not. This false-positive rate may 
increase in patients who previously underwent 
resection or ablation. Previous intervention 
causes focal bile stasis around the area of treat-
ment. Such focal areas with bile stasis are likely 
to retain ICG longer than the other areas and 
result in providing fluorescence. We hypothe-
sized that false-positive rate can be reduced by 
altering the timing and dose of ICG administra-
tion. Currently, we are conducting a clinical 
research trial to determine the timing and dose 
of ICG administration, which are associated 
with high sensitivity and high positive predic-
tive value for identifying liver malignancies 

with fluorescence. Another drawback of the 
technique is that the tissue penetration ability of 
near-infrared light is limited to about 8–10 mm 
from the liver surface. This is a technical limita-
tion of ICG-fluorescence imaging. Liver lesions 
located deeper than 10 mm from the liver sur-
face cannot be visualized as fluorescence using 
the current imaging systems. Nonetheless, ICG- 
fluorescence imaging is helpful for visualizing 
vanishing tumors after chemotherapy, and for 
identifying viable areas of local recurrence after 
ablation, although these tumors are hard to visu-
alize using intraoperative ultrasonography [20].

 Summary

ICG-fluorescence imaging can be used for visu-
alizing recurrent HCC in patients undergoing 
repeat liver resection as in patients undergoing 
initial liver resection. It clearly visualizes HCC as 
fluorescence on the thick connective tissue 
because of adhesions after initial liver resection. 
The technique may be useful for complementing 
visual inspection, palpation, and intraoperative 
ultrasonography.

b

Fig. 15.2 (continued)
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Identification of Liver Metastasis

Tomotake Koizumi, Takeshi Aoki, 
and Masahiko Murakami

 Indications

Intraoperative fluorescence imaging, particularly 
near-infrared (NIR) fluorescence imaging, tech-
niques using indocyanine green (ICG) have been 
widely applied in various fields of surgery [1–
10]. In the field of liver surgery, NIR imaging has 
been adopted to intraoperatively identify tumors 
on the basis of the characteristic accumulation of 
ICG in the cancerous tissues of hepatocellular 
carcinoma and in noncancerous hepatic paren-
chyma around the adenocarcinoma foci [11, 12]. 
The mechanism of ICG fluorescence signal reten-
tion following preoperative intravenous injection 
has reportedly been caused by the decreased bile 
excretion ability of immature hepatocytes that 
surround the tumor [13]. This technique has been 
applied not only during open surgery but also 
during laparoscopic hepatectomy [14] because 
the limited visual inspection and palpation during 
laparoscopic surgery can be complemented by 
NIR imaging.

For the treatment of liver metastasis (LM), 
liver resection has played a leading role in mod-
ern multimodality therapy, which includes sys-
temic chemotherapy and radiation therapy [15]. 
Despite recent advances in imaging modalities, 
3–17% of LM from colorectal carcinoma can 
be detected only by microscopic examination 
[16–19]. In addition, the administration of che-
motherapy can make it more difficult to detect 
LM by preoperative and intraoperative ultra-
sound. Furthermore, the intraoperative detec-
tion and diagnosis of small tumors remain 
insufficient.

NIR imaging technique is reportedly an excel-
lent method to identify LM during surgery [11–
14] and is useful in determining the surgical 
margins along the transection plane of the liver 
[20]. This review reports the techniques, present 
applications, and future perspectives on NIR 
imaging for LM.

 Technical Description 
of the Procedures

The technique for NIR imaging for LM is safe 
and simple. As a fluorescent source, ICG 
(Diagnogreen, Daiichi Sankyo, Tokyo, Japan) 
is used and commonly administered to the 
patient intravenously at a dose of 0.5  mg/kg 
body weight; this is part of the routine preop-
erative liver function tests to determine the 
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operative indications and procedures. The inter-
val between the ICG injection and surgery 
ranges from 2 to 14 days.

During surgery, the liver surface is observed, 
and the location of subcapsular hepatic tumor is 
identified using a commercially available NIR 
fluorescence imaging system, followed by pre-
operative intravenous injection of ICG.  NIR 
fluorescence imaging has the ability to identify 
newly detected lesions that cannot be preopera-
tively detected by ultrasound, contrast-enhanced 
computed tomography (CT), and gadolinium 
ethoxybenzyl diethylenetriamine pentaacetic 
acid-enhanced magnetic resonance imaging 
(EOB-MRI). Furthermore, the information pro-
vided by fluorescence imaging helps the sur-
geon set a dissection line for parenchymal 
transection during surgery.

Various commercial NIR fluorescence imag-
ers exist for open and laparoscopic surgery, and 
they have the capability to image ICG fluores-
cence signals with different levels of sensitivity 
and features [21]. The only contraindication to 
ICG administration and application of NIR imag-
ing is the presence of allergy to ICG.

 Interpretation

 NIR Fluorescence Imaging

NIR fluorescence imaging has the characteristics 
of tissue penetration, which allows effective 
rejection of excitation light and detection of deep 
tissues within the organs. The NIR imaging sys-
tem irradiated the ICG combined with serum pro-
tein with infrared light at wavelengths of 
700–850  nm, which is the range that has the 
advantage of preventing light absorption by 
hemoglobin in the visible light spectrum 
(<600  nm) and by the other molecules in the 
infrared spectrum (>900 nm). Therefore, a wave-
length of 845  nm after illumination by an NIR 
ray offers a better contrast of the NIR fluores-
cence signal emitted from the ICG, enabling real- 
time intraoperative visualization of the LM 
location [22–24].

 Timing and Dose of ICG 
Administration

ICG has been generally applied as a fluorescence 
source for NIR fluorescence imaging. The major-
ity of studies that adopted an ICG dose of 0.5 mg/
kg body weight and a timing of ICG administra-
tion of 1–14  days before surgery reported NIR 
fluorescence imaging accuracy rates of 68.8–100% 
for the detection of LM [11, 14, 20, 23, 25–30] 
(Table 16.1). Alfano et al. reported that the admin-
istration of ICG at a dose of 0.2  mL/kg, given 
24–48  h prior to the scheduled surgery, was the 
best for patients who underwent the ICG test at 
≥7 days before the scheduled surgery [24]. Some 
studies have reported that ICG administration in 
doses of 7.5, 10, and 20 mg at 24 or 48 h before 
surgery yielded NIR fluorescence imaging accu-
racy rates of 61.4–69.2% for the detection of LM 
(Table 16.1) [31, 32]. Takahashi et al. reported that 
the best contrast distinction between the tumors 
and the normal parenchyma was obtained by ICG 
administration at 24 h preoperatively than by ICG 
administration at 48 h preoperatively or intraoper-
atively [31]. Several studies have reported that the 
intraoperative administration of ICG at different 
doses of 0.25 mg/kg body weight, 5 mg per injec-
tion, and 25 mg per injection enable the identifica-
tion of a tumor as a deflected area of fluorescence 
signal by infrared light irradiation [31, 33, 34].

 Mechanism of ICG Accumulation 
in the Tumor

The preferential accumulation of ICG in malig-
nant or benign nodules relative to normal liver 
tissue has been attributed to biliary excretion dis-
orders in the surrounding noncancerous liver tis-
sue that has been compressed by the tumor [11, 
25]. Van der Vorst et al. reported that on micro-
scopic examination, ICG fluorescence was noted 
to be located both intracellularly and extracellu-
larly, in the liver tissue directly surrounding the 
tumor, implying entrapment around the CK7- 
positive hepatocytes compressed by the tumor. 
Moreover, the area of liver tissue near the tumor 
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was observed to have compressed hepatocytes 
and increased ductular transformation, periportal 
fibrosis, and Kupffer cells. Immunohistochemical 
analysis showed a close relationship between 
fluorescence and staining for CK7, which was 
expressed by the immature hepatocytes in the 
areas of ductular transformation. Notably, fluo-
rescence was observed to have no relationship 
with the presence of Kupffer cells (CD68) and 
blood vessels (CD31) [13].

 Tumor Detection

LM from colorectal cancer has been commonly 
delineated as rim-fluorescing lesions (Fig. 16.1) 
[11, 13, 22, 27, 28, 35, 36]. Using fluorescent 
microscopy, several studies have confirmed that 
rim fluorescence originates in the noncancerous 
liver parenchyma surrounding the LM [11, 28]. 
Conversely, some cases of LM have been delin-
eated as completely (Fig.  16.2) or partially 

Fig. 16.1 Clinical application of intraoperative NIR fluo-
rescence imaging. (a) A 58-year-old female with colorec-
tal liver metastasis in segment 3. Normal laparoscopic 
color image (right). (b) NIR fluorescence superimposed in 
a pseudo-color (green) on a white-light image. NIR fluo-

rescence was detected in the noncancerous liver paren-
chyma around the tumor (right). NIR imaging was used to 
visualize the planned point of the tumor lesion. (c) Black 
and white NIR fluorescent image (right)

a

b
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enhanced fluorescing lesions [24, 25]. Uchiyama 
et al. reported that the average diameters of the 
completely and partially enhanced types of LM 
lesions were smaller compared with those of the 
rim-enhanced type [25], and that there was no 
relationship between fluorescence imaging type 
and histological differentiation of metastases 
[22, 25].

LM from pancreatic cancer, uterine cancer, 
uveal melanoma, breast cancer, and colorectal 
squamous cell carcinoma have been shown to 
exhibit NIR fluorescence signal in accordance 
with the tumor location. In cases of LM from 
pancreatic cancer with abnormal hepatic 
fluorescence of at least 1.5  mm in greatest 
dimension but without any apparent liver 
tumor, histologic examination confirmed the 
presence of micrometastases in 16% of patients 
[33]. Among cases of partial or complete 
response to preoperative chemotherapy, NIR 
fluorescence imaging was found to be superior 
to visual inspection and contrast- enhanced 
ultrasound in detecting LM [37]. Moreover, the 
use of neoadjuvant chemotherapy did not 
significantly influence the contrast between the 
fluorescent rim around the LM and normal 
liver tissue [13].

Several studies have reported that the detec-
tion of LM significantly improved with the con-

comitant use of NIR imaging and intraoperative 
ultrasound (IOUS), with or without Perflubutane, 
than with preoperative diagnostic imaging [14, 
25, 27, 32]. The propensity of metastatic tumor 
detection has been reported to be significantly 
smaller with the use of NIR fluorescent imaging 
alone than with the combined use of inspection, 
palpation, and IOUS [38]. In addition, the strati-
fication of nodules by size showed that the com-
bined use of IOUS and NIR fluorescent imaging 
has a significant advantage in the detection of 
nodules ≤3 mm [27].

 Newly Detected Lesions by NIR 
Fluorescence Imaging

NIR fluorescence imaging technique can be used 
to achieve enhanced detection of LM that is 
undetectable by conventional preoperative imag-
ing, including US, CT, EOB-MRI, IOUS, palpa-
tion, and visual inspection (Fig. 16.3). Previously 
published studies have reported that during 
hepatic resection in patients with LM, observa-
tion by NIR fluorescence imaging is useful for 
detecting fine residual tumors that could not be 
revealed under visible light (Table 16.2) [13, 14, 
23, 26, 29, 30, 32, 34, 37, 38]. These new lesions 
that can be detected by NIR fluorescence only 

c

Fig. 16.1 (continued)
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a

b

c

Fig. 16.2 A colorectal liver metastasis in segment 8 of a 
71-year-old male. (a) Normal laparoscopic color image. 
(b) NIR fluorescence superimposed in a pseudo-color 
(green) on a white-light image. NIR fluorescence was 

detected in the liver tumor (right). (c) Black and white 
NIR fluorescent image (right). (d) Observation of the liver 
surface after the transection. No remaining fluorescent 
dye is seen in the residual liver

T. Koizumi et al.
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d

Fig. 16.2 (continued)

a b

c d

Fig. 16.3 A colorectal liver metastasis in segment 5 of a 
42-year-old female. (a) Normal laparoscopic color image. (b) 
NIR fluorescence superimposed in a pseudo-color (green) on 
a white-light image. NIR fluorescence was detected in the 

noncancerous liver parenchyma around the tumor. (c, d) 
Observation of the liver surface during the transection. The 
appropriate transection plane should be identified to avoid the 
exposure of NIR fluorescence from the tumor
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and not by preoperative CT, IOUS, visual 
inspection, and palpation tend to be small and 
superficially located [11, 13, 38]. Moreover, 
NIR fluorescence imaging has been shown to be 
superior in detecting lesions treated using 
chemotherapy or radiofrequency ablation (RFA) 
[29, 37].

One of the limitations of IOUS is the inaccu-
rate detection of superficial tumors, which can be 
detected by NIR fluorescence imaging. Although 
intraoperative NIR fluorescence imaging can 
detect false-positive lesions and may be limited 
to detecting lesions that are located deep inside 
the liver, it can be expected as a powerful com-
plementary modality to conventional imaging 
techniques for the intraoperative detection of 
LM. Furthermore, additional resection of newly 
detected LM by NIR fluorescence imaging may 
prevent recurrence in a subset of patients with 
LM from colorectal cancer [38].

 Determination of the Surgical Margin

Surgical resection of LM typically involves either 
anatomical resection or parenchymal-sparing 
hepatectomy [39]. The latter approach has mostly 
been performed for nonanatomical liver resection 
under IOUS guidance. The basic principles of 
oncological resection of LM include achieve-

ment of tumor-free surgical margins and avoid-
ance of possible iatrogenic spread.

In cases of laparoscopic liver resection, one of 
the challenges faced by surgeons is missing 
lesions in uncertain anatomical areas because of 
the limited visualization through a laparoscope, 
inability to palpate, and the difficulty in interpret-
ing the IOUS images. Several studies, including 
ours, reported the utility of NIR fluorescence 
imaging in determining the surgical margin in the 
transection plane of the liver [14, 20, 23, 31]. As 
described above, the accumulation of ICG in or 
around a tumor enables NIR fluorescence imag-
ing to provide valuable visualization of tumors 
and to guide the setting of the transection plane 
(Figs. 16.4 and 16.5, Video 16.1).

Here, we described the technical details for 
the determination of surgical margin by NIR flu-
orescence imaging [20]. First, 0.5 mg/kg of ICG 
was intravenously administered at 2–14  days 
prior to the surgery. During surgery, NIR fluores-
cence images on the liver surface were obtained 
before and after the completion of hepatic mobi-
lization. The surgical margin and the planned 
point of tumor resection were assessed by NIR 
fluorescence imaging immediately before, dur-
ing, and after completion of the resection. Using 
the NIR fluorescence images for guidance, the 
transection plane is set and changed accordingly, 
so as not to expose the fluorescence signal from 
the tumor lesion [20]. The absence of fluorescent 

a b

Fig. 16.4 A colorectal liver metastasis in segment 5 of a 
61-year-old female. (a) Normal laparoscopic color image. 
(b) NIR fluorescence superimposed in a pseudo-color 
(green) on a white-light image. NIR fluorescence was 
detected in the noncancerous liver parenchyma around the 

tumor. (c) Black and white NIR fluorescent image. (d, e) 
Observation of the liver surface during the transection. 
The appropriate transection plane should be identified to 
avoid the exposure of NIR fluorescence from the tumor. 
(f) Observation of the liver surface after the transection
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c d

e f

Fig. 16.4 (continued)

a

Fig. 16.5 Newly detected fluorescing lesions without 
preoperative diagnosis. (a) A 75-year-old male with 
colorectal liver metastasis. The main tumor was located in 
the right lobe, and the tumor in the left lateral segment 
could not be identified by visual inspection of the normal 

laparoscopic color image and not diagnosed preopera-
tively. NIR fluorescence imaging enabled the identifica-
tion of the new lesion (right). (b) Observation of the liver 
surface after the transection. Pathological diagnosis of the 
newly detected tumor was also colorectal liver metastasis

T. Koizumi et al.
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dye in the residual liver is considered to indicate 
a decreased risk for a positive tumor margin. 
Therefore, the surgeon should frequently verify 
the presence of any tissue with a fluorescent area 
in the transection plane and ensure removal of 
this tissue. Our data suggested that in cases of 
LM, the presence of fluorescence in the transec-
tion plane may indicate that the tumor is exposed, 
because the fluorescence area around the tumor 
should be <5 mm. The visualization of fluores-
cence dye on the side of the resected area would 
indicate a risk for positive tumor margins.

 Pitfalls

 False-Positive Lesions

Previous studies demonstrated the possibility of 
ICG accumulation and NIR fluorescence imaging 
detection of nonmalignant lesions (Fig.  16.6), 
such as regenerative nodules, dysplastic nodules, 
bile duct proliferation, biliary cysts, angiomyoli-

poma, biliary adenoma, bile duct hamartoma, 
biliary adenofibroma, hemangioma, focal nodu-
lar hyperplasia, hepatic steatosis, and normal 
liver parenchyma (Table 16.3) [11, 22, 24, 32–34, 
37]. Intraoperative NIR fluorescence imaging 
reportedly has a relatively high false-positive rate 
of approximately 40% [11] and positive predic-
tive value for LM of 71.1–100% (Table  16.2). 
Because ICG is not a cancer-specific dye, distin-
guishing LM from benign lesions using only NIR 
fluorescence imaging may be difficult.

 Sensitivity

The sensitivity of NIR fluorescence imaging for 
main tumor detection was reported to range from 
61.4% to 100% (Table  16.2). Moreover, the 
inability to visualize deeply located tumors is a 
major limitation of NIR fluorescence imaging. In 
fact, LM identified by conventional imaging could 
not be detected using NIR fluorescence imaging 
when the tumor was located deeper than 8–10 mm 

b

Fig. 16.5 (continued)
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Fig. 16.6 Fluorescence image findings in benign tumor. 
Liver cyst. (a, b) NIR fluorescence superimposed in a 
pseudo-color (green) on a white-light image. NIR fluores-
cence was detected in the multiple cysts in the right lobe 

of the liver (right). (b) NIR fluorescence was also detected 
in the multiple cysts in the left lobe (right). (c) CT images 
show multiple liver cysts preoperatively

a

b

from the liver surface [11, 27, 32, 37]. Conversely, 
IOUS has been considered to be a mandatory 
diagnostic tool during laparoscopic and open 
hepatectomy [14], and the use of contrast- 
enhanced IOUS with NIR fluorescence imaging is 
reported to improve the diagnostic sensitivity [25].

 Future Perspectives

It is expected that fluorescence tagging of cancer 
specific elements e.g. antibodies will realistically 

facilitate tumor detection in the future [38]. Several 
clinical investigators [40–42] have reported their 
experience using this principle. Identification of 
liver metastases originating from carcinoma of 
the  pancreas or colorectum by a CEA-specific 
monoclonal antibody conjugated with BM104 
fluorochrome (absorbing around 700 nm), has been 
demonstrated [43, 44]. The advantages of these 
target specific fluorescent antibodies, just like ICG, 
are their safety, availability and cost effectiveness. 
They are clinically relevant fluorescent tracers of 
both diagnostic and therapeutic value.

T. Koizumi et al.
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c

Fig. 16.6 (continued)

Table 16.3 Indentification of liver metastasis via near-infrared fluorescence imaging. False positive lesions

Study

Number 
of LM 
patients

Preoperative 
diagnosis

Number 
of tumor

New lesion 
cancer/
other False positive lesion References

Ishizawa 
2009

12 CRLM 28 0/0 4 large regenerative nodules, 1 bile 
duct proliferation

[11]

Yokoyama 
2012

49 Pancreatic 
cancer

N/A N/A Bile- secreting foci, biliary cysts 
(number not provided)

[33]

Abo 2015 12 CRLM 36 0/– Angiomyolipoma 1, biliary adenoma 1, 
cavernous hemangioma 1, Local 
fibrosis 1, organizing 1, hematoma 1, 
simple cyst 7, small hemangioma 4, 
cirrhotic small nodule 6, ablated lesion 
1(rim stain)

[22]

Takahashi 
2016

15 CRLM/
benign lesion

61 12/– Focal nodular hyperplasia  (number not 
provided)

[31]

Terasawa 
2017

41 CRLM/GIST 46 4/0 5 hemangiomas and 1 nodule of 
lymphoid cell hyperplasia were 
negative for NIR fluorescence

[37]

Boogerd 
2017

14 CRLM/uveal 
melanoma/
breast cancer

21 3/1 Bile duct hamartoma, steatotic liver 
tissue, necrosis (3 times), cholestatic 
and inflamed liver tissue, FNH, and a 
biliary adenofibroma

[32]

Zhang 
2017

9 CRLM/other/
benign lesion

N/A 5(HCC)/7 Recurrent nodular cirrhosis (2 
patients), liver macrovesicular steatosis 
(1 patient), hemangioma (2 patients), 
and hepatic focal hyperplasia (2 
patients) were detected as a shadow 
with a PDE (lack of fluorescent signal)

[34]

Alfano 
2018

5 CRLM N/A N/A Biliary cyst [24]

CRLM colorectal liver metastasis, N/A not available
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 Conclusions

The clinical value of NIR fluorescence in the 
detection of liver metastases has been repeatedly 
demonstrated. With further advancements in 
imaging technology and target specific tracers, 
this technique may well become an integral part 
of diagnosis and therapy of liver metastases.
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Minimally Invasive Hepatectomy

Jesse K. Sulzer, Patrick N. Salibi, John B. Martinie, 
and David A. Iannitti

 Indications

Minimally invasive hepatectomy remains an 
evolving field. The first laparoscopic liver 
resections were reported in the early 1990s, but 
widespread adoption of minimally invasive liver 
surgery has been a slow process [1]. Initial 
operations were limited to peripherally located 
lesions and non-anatomic resections. Increasing 
experience and improved instrumentation has 
allowed surgeons to expand to larger resections 
including anatomic hemi-hepatectomy and even 
more complex procedures. Over time, concerns 
such as oncologic equivalence, risk of CO2 
embolization, and ability to control bleeding 
with limited options for manual compression 
were invalidated [2]. Today, indications for 
minimally invasive or laparoscopic hepatectomy 
should mirror those of traditional open 
hepatectomy in experienced hands. Indeed, a 

large review by Nguyen et  al. encompassing 
2804 patients confirmed the safety and feasibil-
ity of laparoscopic liver surgery [3]. Increasingly 
complex procedures are now being reported 
including associated liver partition and portal 
vein ligation for staged hepatectomy and living 
liver donor hepatectomy [4–6].

The learning curve for minimally invasive 
hepatectomy is reported as 45–60, comparable to 
other complex laparoscopic and open hepatobili-
ary procedures [7]. The above noted concerns 
and steep learning curve for minimally invasive 
liver resection have contributed to an increase in 
recent interest and reports of robotic-assisted 
hepatectomy [8]. Robotic-assisted hepatectomy 
has been shown to be comparable to other mini-
mally invasive approaches as well as open proce-
dures in estimated blood loss, operative time, 
conversion rates, R0 resection rates, and compli-
cations [9, 10].

The increasing utilization of the minimally 
invasive approach to liver resection has resulted 
in expansion of the available instruments and 
technologies to aid in safe and effective surgery. 
Near-infrared fluorescence imaging has been 
identified as a promising technology with several 
applications in minimally invasive hepatectomy. 
Prior reports have shown successful utilization of 
indocyanine green (ICG) and near-infrared fluo-
rescence cameras to improve identification of 
occult lesions [11], assist in identifying anatomic 
landmarks, and delineate pathologic margins as 
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well as reveal more precisely lines of transection 
for resection [12].

We currently utilize ICG fluorescence imag-
ing in two distinct methods as dictated by the 
needs of the case. ICG cholangiography can be 
performed following either an intrabiliary or 
intravenous injection of ICG.  Intravenous 
injection of 2.5–5 mg of ICG can be administered 
intraoperatively to guide parenchymal 
transection. Two methodologies for 
fluorescence-guided transection exist. The 
positive-staining technique utilizes a similar 
approach as the previously reported blue dye 
approach [13]. In this approach the portal branch 
of the segment of interest is isolated or identified 
by intraoperative ultrasound and then punctured 
with a fine needle. ICG is administered and 
fluorescence used to identify the borders of the 
area to be resected. While the positive staining 
approach has been reported with good success, 
it can be cumbersome to perform in minimally 
invasive cases. The negative staining approach 
has thus been suggested as an easier technique 
in minimally invasive hepatectomy. In the 
negative staining approach ICG is administered 
intravenously following clamping or ligation of 
the pedicle to the area to be resected. The 
resection margin can then be identified by lack 
of fluorescence. This approach can be 
particularly useful in assisting with identifying 
intersegmental planes during transection, albeit 
not with the same clarity as the line of 
demarcation on the liver surface [12].

Alternatively, biliary cholangiography has 
received much attention recently as a potential 
tool to limit bile duct injuries in cases with 
unclear anatomy. ICG cholangiography involves 
intravenous administration of ICG preopera-
tively. When administered intravenously 
30–60 minutes preoperatively ICG concentrates 
in the biliary tree and can be distinguished from 
the hepatic parenchymal background [14]. The 
safety and efficacy of ICG cholangiography has 
been well established in laparoscopic and robotic 
cholecystectomy. Preoperative injection of ICG 
can provide fluorescence of the bile ducts for sev-
eral hours depending on the dose administered 
and underlying hepatic function [15]. Advantages 

of ICG cholangiography for hilar dissection 
include removing the need for catheterization of 
the biliary tree, ease of repeated use by switching 
between white light and fluorescence cameras, 
and the ability to overlay fluorescence images 
[16]. The safety and sensitivity of this method is 
evidenced by its use for identification of biliary 
anatomy in living donor hepatectomies [17].

 Technical Description

 Laparoscopic Setup

ICG is administered preoperatively for cases in 
which fluorescence cholangiography is planned. 
Standard perioperative antibiotics and prophy-
lactic anticoagulation are administered and re-
dosed as appropriate per typical surgical 
guidelines. Sequential compression devices are 
applied prior to anesthesia. A urinary catheter, 
arterial line, and nasogastric tube are placed fol-
lowing induction. Fluid management is guided 
throughout the procedure by monitoring stroke 
volume variation using the Vigileo® device 
(Edwards Lifesciences). The patient is secured 
to the table ensuring appropriate padding and 
placed in slight reverse Trendelenburg. Flexing 
the bed to widen the angle of the torso often pro-
vides additional space on the anterior abdominal 
wall for ergonomic port placement. The patient 
is prepped and draped in standard surgical fash-
ion. Trauma drapes with integrated pouches or 
dedicated laparoscopic drapes aid in control of 
cables and tubing for the laparoscopic equip-
ment and desired energy devices.

Left hepatectomy and left lateral sectionec-
tomy are performed in the supine position. For 
these resections entry into the abdomen is typi-
cally achieved at the infraumbilical position 
unless this is unsafe due to prior operations or 
other concerns. Our preferred method of entry is 
direct cut down and 10 mm Hasson trocar place-
ment at this site. For left-sided hepatic resec-
tions this location is typically in line for 
transection and stapler use. We then place 5 mm 
ports in the left and right flanks. Additional 
ports are placed based on the intended transec-
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tion line and need for additional access such as 
for lysis of adhesions.

Right hepatectomy and right posterior resec-
tion patients are placed in a modified right side 
up position at about 30–45° left lateral decubitus. 
Entry is achieved with cut down and Hasson tro-
car placement in the anterior axillary line. An 
additional two 5  mm ports are placed near the 
midline and in the posterior axillary line. 
Additional assistant or stapler ports are placed as 
dictated by anatomy or body habitus.

 Robot Setup

For cases in which IGC cholangiography is 
planned patients receive ICG in the preoperative 
care unit to assist with identification of the 
biliary tree utilizing the Firefly technology 
available on the da Vinci robotic system. 
Preoperative antibiotics and prophylactic 
anticoagulation are administered and re-dosed as 
appropriate per typical surgical guidelines. 
Sequential compression devices are applied 
prior to anesthesia. Following induction of 
anesthesia, a urinary catheter, arterial line, and 
nasogastric tube are placed. Fluid management 
is guided throughout the procedure by monitoring 
stroke volume variation using the Vigileo® 
device (Edwards Lifesciences). We now perform 
the majority of our liver resections on the da 
Vinci Xi® system allowing for more freedom in 
patient position and room arrangement. Patients 
are placed supine on the operating room table 
with arms extended for all resections with the 
exception of a right posterior sectionectomy for 
which the patient is placed in the left lateral 
position. The bed is oriented at a 30–45° angle 
from anesthesia. Ample clearance for the robot 
and ergonomic working space for the bedside 
assistant are provided by the side-docking ability 
of the da Vinci Xi® and this room layout. 
Additionally, this setup allows anesthesia 
continued access to the airway and both arms.

After ensuring appropriate padding and secur-
ing of the patient to the operating room table, the 
patient is placed in slight reverse Trendelenburg. 
This usually ranges from 8° to 12° depending on 

the body habitus of the patient. The patient is 
prepped and draped in standard surgical fashion. 
We have found the use of trauma drapes with 
attached pouches to be of benefit in organizing 
the necessary cables and tubing.

Entry method can be by Veress needle, open 
Hasson, or optical entry at the discretion of the 
operating surgeon and taking into consideration 
the patient’s body habitus and prior operations. 
For all but right posterior sectionectomy we typi-
cally initiate insufflation and entry into the abdo-
men at the infraumbilical position with a Veress 
needle followed by a 12 mm port. For a right pos-
terior sectionectomy entry is typically made in 
the right anterior axillary line. The robotic ports 
are then placed ideally in symmetrical spacing 
along a horizontal line above the umbilicus. 
General locations for the ports include the right 
anterior axillary line, the right midclavicular line, 
left midclavicular line, and left anterior axillary 
line. The four robotic ports may need to be 
adjusted based on body habitus.

Our standard technique places the camera in 
the right midclavicular line with two robotic 
instruments controlled by the right side. 
Additional modifications to spacing may be 
required depending on preference for having two 
arms to the right or left of the camera. Placement 
of assistant ports will be dictated by the final 
location of robotic ports and body habitus. In our 
common layout, the 12  mm infraumbilical port 
placed at the time of entry is utilized as the assis-
tant port as well as the extraction site. Should this 
site not be ergonomic for the assistant or impeded 
by body habitus, an additional 5 mm port can be 
placed away from the remaining ports. The robot 
is then docked from the patient’s right side. The 
camera is attached and targeting performed with 
the resection area as the primary target.

 Hilar Dissection

 Left Hepatectomy
Both laparoscopic and robotic left liver resections 
are performed in the standard American supine 
position as opposed to the French position in 
which patients are placed in modified lithotomy. 

17 Minimally Invasive Hepatectomy



152

The patient is placed in slight reverse Trendelenburg 
position. Entry is typically achieved at the infra-
umbilical location and insufflation begun. 
Additional ports are placed as detailed above. The 
falciform ligament is divided up toward the inser-
tion of the coronary ligament where the liver is 
attached to the diaphragm and mobilization of the 
left lateral sector of the liver performed. Attention 
is then turned to the porta hepatis. The peritoneum 
overlying the portal structures is opened using 
monopolar cautery to expose the common hepatic 
artery and its bifurcation. The left hepatic artery 
branches are dissected out and ligated with silk 
ties and divided sharply. Once the artery is tran-
sected the portal vein is exposed and the left and 
right branches clearly identified. The left portal 
vein is ligated between silk ties or clips; alterna-
tively a stapler can be utilized. ICG cholangiogra-
phy can then be utilized to positively identify the 
left hepatic duct prior to ligation and transection. 
Outflow control can be obtained at this point or the 
hepatic vein controlled intraparenchymally with 
clips, ties, or a stapler depending on caliber (see 
Video 17.1). Parenchymal transection is per-
formed as detailed below.

 Right Hepatectomy
ICG is administered preoperatively in prepara-
tion of fluorescence cholangiography during the 
hilar dissection. The patient is placed in the 
supine position. For robotic cases, the patient is 
placed supine and entry and insufflation is typi-
cally achieved at the infraumbilical position and 
trocars placed in a linear fashion angled slightly 
toward the right upper quadrant with an assistant 
port at an ergonomic location. For laparoscopic 
cases, the patient is placed in the modified left 
lateral decubitus position and entry achieved in 
the anterior axillary line. The gallbladder is dis-
sected off the liver bed in a dome down fashion 
and left attached to the common hepatic duct to 
act as a retractor. The location of the common 
hepatic duct can be confirmed at this time by 
fluorescence imaging. The cystic artery is divided 
between clips or using a bipolar sealing device. 
The lateral aspect of the hepatoduodenal liga-
ment is opened with monopolar scissors and the 

bile duct elevated exposing the right hepatic 
artery and portal vein. The hepatic artery is 
divided between clips or ties and the bifurcation 
of the portal vein dissected out. The right portal 
vein branch is then ligated between clips or ties 
or alternatively can be stapled. Confirmation of 
the location of the common hepatic duct can be 
confirmed as needed during the dissection by 
switching between white light and fluorescence 
imaging. Once the vascular supply has been 
divided, attention is turned to dissection of the 
right hepatic duct which is facilitated by ICG 
cholangiography. The right hepatic duct is then 
ligated between ties and divided sharply (see 
Video 17.2). Parenchymal transection then pro-
ceeds as detailed below.

 Right Posterior Sectionectomy
ICG is administered preoperatively if fluores-
cence cholangiography is planned. The patient is 
placed in the left lateral decubitus position for 
right posterior sectionectomy. Insufflation is 
achieved and trocars placed in a linear fashion 
with an assistant port at an ergonomic location. 
The gallbladder is dissected off the liver bed in a 
dome down fashion and left attached to the com-
mon hepatic duct to act as a retractor. The lateral 
aspect of the hepatoduodenal ligament is opened 
with monopolar scissors and the bile duct ele-
vated anteriorly off the portal vein. The dissec-
tion is continued cephalad until the trifurcation of 
the portal vein can be identified. The right poste-
rior portal vein branch is ligated and divided 
opening the posterior pedicle window. The right 
posterior hepatic artery can then be identified and 
ligated. If ICG has been administered preopera-
tively, fluorescence cholangiography can be per-
formed at this time and the bile duct divided once 
clearly identified. If not, ICG can now be admin-
istered to assist with identification of the dissec-
tion plane between the right anterior and posterior 
segments and the bile duct divided intraparen-
chymally (see Video 17.3).

 Left Lateral Sectionectomy
If planning on utilizing fluorescence cholangiog-
raphy ICG is administered preoperatively. The 
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patient is placed in the supine position. Entry and 
trocar placement are performed as detailed above. 
The falciform is dissected off the abdominal wall 
but the round ligament is typically left in place 
which assists in retracting the medial sector and 
can be used as a vascularized pedicle to cover the 
resection margin. The pedicles to segments 2 and 
3 are identified to the left of the umbilical fissure 
to preserve perfusion and biliary drainage to the 
medial sector. Once the branches to the left lat-
eral sector are dissected and identified, they are 
ligated between silk ties and clips and then 
divided. Following inflow control, ICG can be 
administered to help delineate the transection 
plane. The parenchyma is then divided along this 
line using a bipolar vessel sealing device toward 
the diaphragm. The bile duct is identified intrapa-
renchymally after transection has begun. It is 
then ligated between silk ties and clips with sub-
sequent division. Transection is continued superi-
orly until the left hepatic vein is identified. This is 
ligated between clips or stapled depending on 
caliber. The remaining parenchyma is divided 
with the bipolar vessel sealing device and the 
coronary attachments divided.

 Parenchymal Transection

 Laparoscopic Parenchymal Transection 
with Negative Fluorescence Guidance
The second indication for near-field infrared flu-
orescence with ICG is to guide parenchymal tran-
section for anatomic resections. Inflow to the 
segment or lobe to be transected is controlled 
temporarily or divided as detailed above, and 
ICG is administered intravenously at this time. 
The resection line is marked using monopolar 
electrocautery using the negative fluorescence 
technique. Parenchymal transection is then begun 
using a bipolar energy device in a pre- coagulation 
crush-clamp technique. Larger hepatic venous 
tributaries and pedicles are controlled with lock-
ing plastic clips prior to transection or with sta-
plers. The transection plane can be reaffirmed 
repeatedly by switching back to fluorescence 
imaging to ensure that the dissection is continu-

ing in the proper line. The draining hepatic vein 
is typically taken intraparenchymally with a sta-
pler, or if it is of smaller caliber it can be 
controlled with locking plastic clips (see Video 
17.4).

 Robot Parenchymal Transection 
with Negative Fluorescence Guidance
Following appropriate inflow control as detailed 
above, ICG is administered intraoperatively. 
Fluorescence imaging is then utilized to confirm 
the transection plane using negative fluorescence 
guidance. In addition to identifying the line of 
transection, the observed fluorescence may iden-
tify areas still perfused by crossing vessels or 
aberrant anatomy which may contribute to 
increased bleeding during parenchymal division. 
The line of transection is marked with a monopo-
lar energy device using fluorescence imaging. 
Parenchymal transection is then performed using 
the bipolar vessel sealing device with larger ves-
sels and pedicles controlled with locking clips. 
We have largely moved to a no stapler hepatec-
tomy when using the robotic platform. 
Fluorescence can be rechecked at any point to 
ensure that the line of transection is continuing 
along the intended plane. If not divided extrahe-
patically prior to initiation of parenchymal tran-
section, the hepatic vein for the segment of interest 
is divided intraparenchymally with locking plastic 
clips or a stapler depending on the caliber of the 
vessel. Mobilization is often performed after 
completion of the hepatectomy (see Video 17.5).

 Interpretation

Accurate identification of the biliary tree requires 
proper timing of ICG administration. As demon-
strated in the videos included with this chapter, 
preoperative administration allows for clear 
delineation of the bile duct of interest from the 
surrounding background parenchymal signal 
assuming sufficient dissection has been per-
formed. Studies on cholecystectomy have dem-
onstrated improved accuracy in identification of 
extrahepatic biliary structures [18]. As would be 
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expected given the limited tissue penetration of 
near-field fluorescence, these results are altered 
in patients with higher body mass indexes [19]. 
Likewise, identification of the proper location for 
intrahepatic bile duct division has been demon-
strated sensitive enough for use in complex cases 
such as living donor hepatectomy [17].

Fluorescence guided parenchymal transection 
utilizing the negative technique requires that 
proper inflow control be achieved prior to ICG 
administration. Accurate identification of the 
transection plane has been reported as high as 
100% in some studies [20]. Importantly, negative 
counterstaining can reveal patient-specific varia-
tions which are often not linear and can be diffi-
cult to identify laparoscopically [21].

 Pitfalls

While fluorescence cholangiography and ICG- 
guided transection have been demonstrated to be 
safe and efficacious, there are several potential 
pitfalls. A major drawback to ICG fluorescence is 
the limited penetration of 5–10 mm. As reported 
in studies examining ICG cholangiography, there 
can be a failure to identify structures in the setting 
of obesity or severe inflammation [18]. 
Importantly when using fluorescence imaging to 
aid in identifying biliary anatomy, studies on cho-
lecystectomy demonstrate that repeated imaging 
and continued meticulous dissection ultimately 
allow for satisfactory identification. Another 
potential pitfall is limited efficacy following spill-
age of bile. This has been reported following per-
foration of the gallbladder when using ICG 
cholangiography during cholecystectomy [18].

Proper timing of the ICG administration is key 
for cases in which cholangiography is planned. 
This can represent a logistical concern for some 
settings, although the range of administration 
times has been reported to be quite wide [22]. 
Likewise, there may be delayed excretion and 
concentration of the dye in the biliary tree in 
patients with compromised liver function [23].

A final concern is for the potential of allergic 
reaction. ICG use is contraindicated in patients 

with iodine allergy. While rare, anaphylactic 
reaction to ICG has been reported with an 
incidence of 3/1000 [24].

 Summary

Use of near-field infrared fluorescence during 
hepatic resections has several benefits and will 
continue to provide novel techniques to improve 
the accuracy and safety of minimally invasive 
hepatic resections. It can be used to aid in identi-
fication of biliary structures and anatomy to guide 
portal and hilar dissection. This allows for more 
confident identification of key structures during 
this tedious dissection. Secondly, it greatly assists 
in detailing the transection planes during ana-
tomic parenchymal transections after appropriate 
inflow control has been achieved. This allows for 
a precise and visual confirmation of viable paren-
chyma that will be left behind after transection.
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 Introduction

Laparoscopic cholecystectomy (LC) has 
become the gold standard surgical treatment 
for benign diseases of the gallbladder. The 
superiority of the minimally invasive technique 
over the open one results from the shorter post-
operative hospital stay, less postoperative pain, 
and the cosmetic superiority. However, the rate 
of iatrogenic vascular injuries and bile duct 
injuries remains double than the open. In fact, 
the reported rate of common bile duct injury is 
estimated to be 0.4% with LC [1]. The clinical 
and economic consequences of such injuries 
are very significant, with need for prolonged 
rehospitalization, multiple procedures, and 
long-term strictures.

The intrinsic property of indocyanine green 
(ICG) to bind to serum proteins and be com-

pletely excreted by the liver in the bile has been 
increasingly utilized as a method of intraopera-
tive identification of the biliary anatomy. This 
technique has been found to be simple, cost- 
effective, and reproducible. In addition, it also 
seems to be superior to other traditional tech-
niques of intraoperative bile duct identification 
such as the intraoperative cholangiogram (IOC). 
In fact, the need for incision of the biliary tract, 
expensive equipment, radiation, and learning 
curve makes the use of IOC less practical. On the 
contrary, FC does not require an incision, avoids 
potential injury to the biliary tree, is cheap, can 
be repeated many times by simply switching the 
light wavelength, and gives a real-time visualiza-
tion of the anatomy.

 Indications

Fluorescent cholangiography can be used during 
any benign condition that requires removal of the 
gallbladder like cholelithiasis, acute cholecysti-
tis, and polyps. The use of FC is particularly ben-
eficial in the following conditions.

 Anatomical Variations

Misidentification of the biliary anatomy can be 
due to the presence of anatomical variation and 
aberrancies. Confirming the anatomy is an inte-
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gral part of the surgery with use of CT scan. 
Magnetic resonance cholangiopancreatography 
(MRCP) to study these anatomical variations is 
limited by the two-dimensional type of imaging, 
radiation exposure, and inability to be performed 
intraoperatively. ICG use makes the ducts fluo-
rescent, thereby simplifying the identification of 
these structures intraoperatively [1]. Similarly, 
aberrancy of cystic ducts and gallbladder can also 
be successfully visualized. A recently reported 
case of cholelithiasis in retrohepatic gallbladder 
used FC to identify the biliary structure and suc-
cessfully avoided any iatrogenic damage [2].

 Acute Cholecystitis

The severe inflammation surrounding the gall-
bladder, cystic duct, and bile duct causes diffi-
culty in recognition of these structures. In fact, 
the rate of bile duct injuries significantly 
increases in the cases of severe inflammation. 
The use of ICG fluorescence in this scenario can 
help the surgeon identify the ducts and reduce 
the risk of bile duct injury. In a recent study on 
the use of ICG in delayed LC after percutaneous 
transhepatic gallbladder drainage (PTGBD) in 
130 patients with acute cholecystitis, the authors 
found a statistically significant reduction in 
operative time (129 ± 46 vs. 150 ± 56 min), low 
conversion rate to laparotomy (2.6% vs. 22%), 
and lower proportion of subtotal cholecystec-
tomy (0% vs. 6.6%), when compared with the 
group without the use of ICG fluorescence [3]. 
The rate of post-surgical complication in both 
the groups remained same at 10%. LC without 
ICG in the setting of PTGBD has been described 
as an independent risk factor for conversion to 
laparotomy [3].

 Obesity

Gallbladder diseases are very common in 
patients with obesity. The presence of obesity 
can significantly affect exposure and visualiza-
tion of the biliary tree. The use of fluorescence 
cholangiography was explored in a study that 

compared ICG use in LC in patients who were 
obese versus non- obese. A total of 70% of the 
hepatic duct and 87% of the common bile duct 
were visualized with no significant differences 
in identification of hepatic duct, common bile 
duct, and accessory duct in the groups with 
obesity versus groups without obesity. The 
authors found that obesity did not affect the 
visualization of bile ducts with ICG, making 
this technique suitable in this patient popula-
tion [4].

 Technique and Description

The U.S. Food and Drug Administration (FDA) 
approved the use of ICG for clinical studies in 
1956. Since then, it has been intensively stud-
ied and used in many fields such as in cardiol-
ogy for evaluation of the cardiac output, 
patency of coronary bypass grafts, assessment 
of hepatic function and perfusion in bowel 
anastomosis post-resection, and in plastic sur-
gery to assess the circulation in free flaps for 
reconstruction.

The ability of ICG to show this fluorescence 
lies in its inherent property to absorb the light at 
a wavelength of 750–800 nm and to then radiate 
at a wavelength of 800  nm and above, which 
comes under infrared region of the light spectra. 
Cameras can capture this emission with specific 
filters to collect multiple images.

The ICG forms covalent bonds with plasma 
proteins, and this property results in a restricted 
bioavailability and keeps the molecule intravas-
cularly. The half-life of ICG is 4–5 min, and it is 
completely eliminated by the liver and excreted 
into the bile without any metabolism. The toxic-
ity profile of ICG is minimal. The cost- 
effectiveness of this dye along with its safety 
profile makes it a superior choice for imaging the 
vascular structures [5, 6].

After gaining the peripheral venous access, a 
single bolus dose of 0.05 mg/kg of ICG is admin-
istered intravenously 1  h prior to surgery. The 
ICG is then circulated through the system and 
excreted by liver into bile. The flow of bile with 
ICG can be recorded intraoperatively, in form of 
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images through cameras with filters for immedi-
ate analysis. The light of the laparoscope can be 
toggled between with light and infrared light by 
simply depressing a pedal. This results in a 
repeatable and real-time picture of the fluores-
cence (Figs.  18.1 and 18.2). In addition to the 
biliary tree, the vascular anatomy can be visual-
ized by an additional peripheral intravenous 
injection of ICG with nearly immediate visual-
ization through the camera [7] (Fig. 18.3). Refer 
to Video 18.1 for the stepwise approach to lapa-
roscopic cholecystectomy with use of ICG.

 Discussion

The unarguable advantages of LC have been well 
demonstrated. Unfortunately, the rate of bile duct 
injury (BDI) remains higher than in open surgery 
(0.2–0.7% vs. 0.16–0.2%). One of the main rea-
sons for such difference between open and LC is 
the misidentification of the biliary structures. 
Several techniques to attempt to reduce such 
injuries have been described. Among these, the 
“critical view of safety,” first described by 
Strasberg in 1995, is the most commonly utilized 

technique intraoperatively. Additionally, intraop-
erative cholangiogram (IOC) has been exten-
sively reported to provide adequate visualization 
of the extrahepatic bile ducts and to successfully 
identify common bile duct stones. However, IOC 
has not been demonstrated to reduce the inci-
dence of BDI, but only to provide earlier diagno-
sis of them. Part of the reason for this finding has 

Fig. 18.1 Image with white light showing gall bladder 
(GB), common bile duct (CBD), and hepatic duct (HD). 
Cystic duct (CD) is clipped

Fig. 18.2 Imaging with indocyanine green shows com-
mon bile duct (CBD) and hepatic duct (HD)

Fig. 18.3 Imaging with indocyanine green shows rela-
tionship between cystic duct (CD), cystic artery (CA), and 
gall bladder (GB)
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to do with the intrinsic technique, which requires 
an incision of the biliary tree in order to gain 
access into it. Also, IOC presents other disadvan-
tages, such as radiation exposure, need for spe-
cialized equipment, significant additional time to 
perform and coordinate, and higher costs.

Fluorescent cholangiography has shown 
promising results regarding identification of the 
anatomic structures. As previously described, 
ICG is injected intravenously, 1  h before the 
planned surgery, or alternatively directly into the 
gallbladder [8]. A systematic review of 27 clini-
cal trials focused its analysis on dose optimiza-
tion and found that the administration of 5 mg of 
ICG resulted in highest bile duct-to-liver ratio in 
3–7  hours, though most of the studies used 
2.5  mg of ICG dose. This study supported the 
idea of administering 5 mg of ICG in advance of 
3 hours for best visualization of bile ducts [9].

Dip et al. compared the process of fluorescent 
cholangiography (FC) with intraoperative inva-
sive cholangiogram, which is the standard of 
choice for imaging the biliary structures. The 
authors found a statistical significance difference 
in terms of cost-effectiveness and shorter intraop-
erative time with FC.  The use of FC helped in 
successful identification of the cystic duct in 97% 
of the cases and common bile duct in 80% of the 

cases. In general, several reasons have been iden-
tified to use ICG. Table 18.1 shows 10 reasons to 
use cholangiography in LC [7].

A recently published randomized multicenter 
trial compared the efficiency of FC with white 
light versus white light alone in laparoscopic cho-
lecystectomy cases. They found that identification 
of biliary structures like the cystic duct, common 
bile duct, right hepatic duct, and common hepatic 
duct was high with FC when compared to white 
light alone, and the result was statistically signifi-
cant [10, 11]. Also, the same trial showed a trend 
toward fewer BDI in the FC group.

A Canadian study on use of FC in LC showed 
100% visualization of cystic duct and identifica-
tion of CBD in 83% of cases. They found consen-
sus in 83% of surgeons in support of the use of 
FC for efficient visualization of the extrahepatic 
biliary tree [12].

Robotic cholecystectomy is a latest innovative 
technique for gallbladder removal, and the use of 
fluorescence has been studied in this with similar 
results when compared to LC. At least one biliary 
structure was identified in 99% of cases with a 
3.2% postoperative complication rate [13].

All the above studies show the significant util-
ity of FC in LC. It is an incisionless cost-effective 
simple technique with a high safety profile, and it 

Table 18.1 Ten reasons to use fluorescent cholangiography in laparoscopic cholecystectomy

1 Feasibility FC 45 (100%) vs. IOC 42 (93%), p < 0.078
2 Cost/cheaper FC—13.97 ± 4.3 vs. IOC—778.43 ± 0.4 U.S. dollars per patient, 

p = 0.0001
3 Time/faster FC—0.71 ± 0.26 vs. IOC—7.15 ± 3.76 min, p < 0.0001
4 Specificity Identification by FC of cystic duct—44 out of 45 patients (97.77%); the 

common hepatic duct—27 out of 45 patients (60%); the common bile 
duct—36 out of 45 (80%) patients

5 Teaching tool/can be used 
repeatedly

Residents identified the extrahepatic structures in all 45 cases (100%) 
with FC

6 Safety No complications reported with the use of FC
7 Lack of learning curve No statistical difference in the time needed for identification of 

structures between the first group and the second group (0.77 ± 0.3 vs. 
0.65 ± 0.2 min, p = 0.13)

8 Lack of X-ray exposure X-ray leads were only used for IOC
9 Simplicity FC could be performed by all residents at different levels of training in 

100% of the cases
10 Real-time surgery Dissection, transection, and resection could be safely performed in 45 

cases (100%) with FC

From: Dip et al. [7]; used with permission
FC fluorescent cholangiography, IOC intraoperative cholangiogram
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can be used intraoperatively. Time required for 
the imaging is comparatively short, and it does 
not require extra training to use. It can also be 
used as a teaching tool for residents to identify 
the biliary structures.

 Pitfalls

FC is an incisionless simple technique to iden-
tify Calot’s triangle, but it cannot be used to 
visualize intraduct obstruction such as in the 
case of common bile duct stones. The sensitiv-
ity of FC is affected by the thickness of the tis-
sue being investigated due to the limitation of 
the penetration of the light. This can be a limit-
ing factor in the cases of acute cholecystitis 
with severe inflammation of the tissues sur-
rounding the gallbladder and bile duct, limiting 
the identification of the biliary structures. 
Fluorescence from ICG has a low penetrance, 
and the structures may not be visualized with 
clarity if there is excess abdominal fat or 
inflammation.

In addition, the inadvertent spillage of bile 
during the procedure will also cause wide diffu-
sion of the ICG with reduced ability to accurately 
identify the biliary structures.
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Anastomosis Viability Assessment 
in Colorectal Surgery

Mahmoud Abu Gazala and Steven D. Wexner

 Introduction

Anastomotic leak (AL) remains one of the most 
dreaded complications in colorectal surgery and 
is responsible for significant morbidity and mor-
tality. In spite of improvements in technique and 
technology, the AL rate for colorectal anastomo-
sis ranges 20% [1]. The more distal the anasto-
mosis, the higher the risk for AL. The highest AL 
rates are found in patients undergoing proctec-
tomy with anastomosis lower than 10  cm from 
the anal verge (AV) and/or patients who received 
preoperative neoadjuvant chemoradiation. In 
these high-risk patients, an AL rate of 10–20% is 
common; thus loop ileostomy is often performed 
[2]. Table 19.1 presents the reates of reoperation 
due to AL.

Consequences of AL are devastating and, 
accordingly, have been extensively studied. In 
addition to the increased risk for short-term mor-
bidity and mortality associated with AL, there are 
other consequences including worsened onco-
logic outcomes, worsened functional outcomes, 
reduced quality of life, and increased financial 
burden. Hammond et al. [3] evaluated the Premier 
Perspective™ database for patients who under-
went colorectal procedures and identified 6174 
patients (6.18%) with colorectal AL.  Patients 
who had AL were prone to significantly higher 
postoperative infection rate (X0.8–1.9), higher 
30-day re-admission rates (X1.3), and longer 
duration of hospitalization (7.3 more days) com-
pared with patients who did not have AL.  This 
translated to excess hospitalization cost of 
$24,129 per patient for patients who suffered an 
AL.

Anastomotic leak is also strongly linked to 
significantly worse functional outcomes, reduced 
quality of life, and increased risk of permanent 
stoma [4–6]. In patients who underwent restor-
ative proctectomy and developed AL, increased 
pelvic fibrosis significantly hinders the compli-
ance and distensibility of the “neo-rectum,” 
increasing the urge to defecate and reducing the 
maximum tolerated volume, resulting in anterior 
resection syndrome symptoms including urgency, 
frequency, impaired evacuation, and inconti-
nence [7, 8]. This worsened function also 
increases the risk for a permanent stoma. Another 
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less recognized consequence of AL is the effect 
on oncologic outcomes. Anastomotic leak has 
been shown in several studies and meta-analyses 
to significantly increase the risk for local recur-
rence, reduce disease-free survival rates, and 
increase long-term cancer-specific mortality rates 
[9, 10].

Despite research, technique modifications, 
and risk factor identification and optimization, 
the pathogenesis of AL has yet to be fully under-
stood; similarly, rates of AL have been accept-
ably lowered. A multitude of risk factors have 
been identified for AL, not all of which are 
modifiable:

• Distance from the anal verge: It is a well- 
established fact that the AL rates after proctec-
tomy is significantly higher compared to other 
types of bowel anastomosis. Furthermore, the 
closer the anastomosis is to the anal verge 
(AV), the higher the risk for AL. This fact has 
been demonstrated in a plethora of studies and 
reports [11–13]. In their study, Bertelsen et al. 
showed an odds ratio (OR) of 2 for AL when 
the anastomosis is at 10 cm from the AV [12]. 
This rises to OR of 3.6 at 7 cm from the AV, 
and OR of 5.4 for AL when the anastomosis is 
lower than 5 cm from the AV.

• Neoadjuvant chemoradiation: There have 
been conflicting data regarding the role of 
neoadjuvant chemoradiation as an indepen-
dent risk factor for AL [14–17]. However, 
radiation is regarded by most surgeons as a 
risk factor for AL due to the established effects 
on tissue healing and vascular damage.

• Presence of a diverting stoma: A stoma may 
or may not reduce the AL rate; however, it 
definitely blunts the clinical significance and 
reduces the catastrophic sequelae of a devas-
tating AL. Therefore, it is widely acceptable to 
divert high-risk pelvic anastomoses, espe-
cially those lower than 10 cm from the AV and 
in patients who had received neoadjuvant 
chemoradiation. A diverting stoma does, how-
ever, have implications on quality of life, and 
its reversal is not devoid of complications 
[18].

• Tension on the anastomosis: A tension-free 
anastomosis is regarded as a cornerstone of 
modern surgery. During restorative proctec-
tomy, this goal may be achieved via splenic 
flexure mobilization and high ligation of the 
inferior mesenteric vein and artery.

• Intraoperative leak testing: It is common prac-
tice to intraoperatively test the anastomosis for 
leak. Testing can be performed in several man-
ners, mostly via endoscopic evaluation of the 
anastomosis and examination for air leak. 
Ricciardi et al. evaluated 998 patients with left-
sided colorectal anastomoses and without 
proximal diversion [19]. Of these, 825 were air 
leak tested, with positive intraoperative leak 
test found in 7.9% of cases. If the anastomosis 
was suture repaired alone, the rate of postop-
erative clinical leak was 12.2%, compared to 
0% clinical leak rate if patients were diverted 
or the anastomosis was recreated following a 
positive intraoperative AL test.

• Adequate anastomotic perfusion: A major 
tenet of modern surgery is the creation of a 

Table 19.1 Colorectal anastomosis leak rate and re-operative rate in selected series

Author/year Location Sample size Leak rate Re-operative rate
Chude et al./2008 [29] Greece 120 LAR 10% 2.5%
Rullier et al./2008 [11] France 272 LAR 12% 4.8%
Karliczek et al./2009 [30] Netherlands 191 Colorectal anastomosis 14% NR
Ashraf et al./2013 [31] UK 285 LAR 10% 5.6%
Caulfield et al./2013 [4] USA 198 LAR 15% NR
Senagore et al./2014 [32] USA 258 Colorectal anastomosis 12% 7.4%
Mongin et al./2014 [33] France 171 LAR 12% 7.6%
Leahy et al./2014 [34] USA 245 Colorectal anastomosis 14% NR
Shiomi et al./2015 [35] Japan 936 LAR 13% 4.7%

LAR low anterior resection, NR not reported
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well-perfused anastomosis. Several measures 
have been routinely used to evaluate vascula-
ture of the bowel prior to and after resection 
and also after anastomotic creation. These 
methods include evaluation of tissue color, 
palpation of mesenteric pulse, and the pres-
ence of bleeding edges of transected margins 
and other measures (Table 19.2) [20].

• A sufficiently well-perfused anastomosis still 
remains elusive to adequately evaluate AL. 
This problem has been reflected in several 
studies showing that the clinical judgment of 
the operating surgeon does underestimate the 
risk for AL when based on traditional assess-
ments for tissue perfusion and anastomotic 
integrity [21, 22].

• Other risk factors include surgeon experience, 
male gender, tobacco smoking, obesity, ste-
roid use, and malnutrition.

In recent years, the most promising new tech-
nology to try to achieve a significant reduction in 
AL is the use of indocyanine green (ICG)-based 
near-infrared fluorescence angiography (FA) to 
intraoperatively evaluate for adequate anasto-
motic perfusion. Other methods for tissue perfu-

sion assessment have also been developed, 
including Doppler ultrasound, transabdominal 
laser Doppler flowmetry, and oxygen spectros-
copy. However, such techniques have not been 
widely accepted due to complexity and problems 
with accuracy and reliability. ICG-based FA has 
been proven in several studies to allow intraop-
erative perfusion assessment in a simple, safe, 
precise, and reducible manner and with marginal 
effect on procedure length [23, 24].

 Technical Aspects

Prior to surgery, patients are evaluated for allergy 
to shellfish or prior adverse reactions to ICG.

Just prior to colonic transection, and after the 
surgeon decides on the proximal site of division, 
an intravenous bolus of ICG (our routine is 
3.5 mL) is administered followed immediately 
by 10 mL flush of water. Using a near-infrared 
(NIR) camera, the quality and distribution of 
florescence angiogram is evaluated to assess 
perfusion. When applicable, the resection point 
may be modified based on the FA findings 
(Video 19.1).

Table 19.2 Methods for evaluation of bowel perfusion

Technique
Laparoscopic 
surgery

Easy to 
use Accurate Objective Reproducible Cost effective

Color of the bowel + + − − +/− $

Marginal blood vessels + + − − +/− $

On table angiography [28] + − + + + $$$

Pulse oximetry [29] − + − + + $

Polarographic oxygen tension 
[11, 30]

− − + − + $$

Doppler ultrasound [31] − + +/− +/− +/− $

Intravital microscopy − − +/− +/− +/− $$$ No 
human use

Spectrophotometry − − + + + $$

Bowel wall contractility − − +/− + +/− $$$

pH measurement − − +/− + + $$

Microdialysis − − +/− +/− +/− $$

Fluorescein fluorescence [4] +/− − +/− + − $$

Laser Doppler flowmetry [15] +/− − +/− +/− +/− $$

Near-infrared [24] + + + + + $

Used with permission from Ris et al. [20]. Copyright © Thieme Medical Publishers. $ = least cost effective; $$ = aver-
age cost effectiveness; $$$ = most cost effective
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Following resection, the anastomosis is created 
in the usual fashion, following which another 
bolus of ICG is administered in order to evaluate 
the serosal surface of the anastomosis (Video 19.2) 
as well as the mucosal surface with a third admin-
istration of ICG, when possible (Video 19.3). The 
anastomosis is taken down and reperformed when 
signs of insufficient perfusion are evident. The 
dose of ICG in the application for bowel perfusion 
is in the range of 0.1–0.3 mg/kg [25].

 Literature Review

There are an increasing number of publications 
showing AL risk reduction with the use of ICG- 
based IF. We will review the most significant and 
important publications.

The earliest and largest series regarding the use 
of ICG-based FA for AL risk reduction was by 
Kudszus et al. in 2010 [26]. The authors presented 
their early experience with FA to evaluate colorec-
tal anastomoses. In their study, 332 patients under-
went colorectal resections for cancer, and their 
anastomoses were evaluated using FA for perfu-
sion, while 306 who did not undergo FA evaluation 
of their anastomosis served as the control group. 
After matching, the study and control groups each 
included 201 patients. Matching was performed for 
age, T-stage, type of resection, type of anastomosis, 
defunctioning stoma, need for blood intraopera-
tively, emergency surgery, and body mass index 
(BMI). Their findings included the following:

• The mean time required for intraoperative FA 
was 6.8 ± 2.6 min.

• 33/201 (16.4%) in the FA group had a change of 
planned resection site based on the results of the 
FA. In 28 patients, a clinically presumed well-
vascularized colon was proven to be insuffi-
ciently perfused using FA, thus extending the 
resection margin. In another 5 patients, the clini-
cal impression of malperfusion of the resection 
margins was not confirmed by FA; thus the 
resection margin was not extended. Importantly, 
no patients in this subgroup developed AL.

• The rate of surgical revision due to AL was 
lower in the FA group and was comparable to 
the rate noted in the control group: 3.5% vs. 
7.5%, respectively. Although this difference 
did not reach statistical significance, there 
was significance in a subgroup of patients 
>70 years of age (4.3% vs. 11.9%, p = 0.04, 
risk reduction of 64%).

• In a subgroup analysis, the rate of revision 
during elective resections was 3.1% in the FA 
group compared to 7.7% in the control group 
(p = 0.04, risk reduction of 60%).

• After hand-sewn anastomosis, the rate of revi-
sion was 1.2% in the study group and 8.5% in 
the control group (p = 0.03, risk reduction of 
84%).

• Hospital stay was significantly reduced in the 
study group (Wilcoxon test; p = 0.01).

The Pillar II study, by Jafari and colleagues 
[27], is another key study in the field of AL risk 
reduction using FA. This is a multicenter pro-
spective case series of 139 patients who under-
went laparoscopic left-sided colectomy or 
proctectomy. FA was successfully performed 
in 99% of patients. There was a change of sur-
gical plan in 11 patients (7.9%), with the 
majority of changes occurring at the time of 
transection of the proximal margin (7%). The 
overall AL rate was very low at 1.4%, while 
none of the 11 who had a change in the surgical 
plan developed AL.

A subsequent publication by Ris et al. evalu-
ated 504 patients who underwent a restorative 
elective colorectal operation in a prospective 
phase II trial [28]. Indications for surgery were 
neoplasia in 330 patients and benign disease in 
174. The majority of patients (85.3%) underwent 
a laparoscopic procedure, with a conversion rate 
of 5.9%. ICG-based FA was successfully 
achieved in all patients. The median added oper-
ating time to each procedure was 4 min per ICG 
administration. FA resulted in a change in resec-
tion margin in 29 patients (5.8%), with no subse-
quent AL in these patients. The overall AL rate 
was low at 2.4%.
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 Conclusion

While the risk for AL is multifactorial and prob-
ably may not be totally eliminated, there has been 
much experience and evidence that ICG-based 
FA is very beneficial in the quest to lower the risk 
for AL. This method has been proven to be safe, 
easy to perform, readily reproducible, and effec-
tive in evaluation of bowel perfusion prior to and 
after creation of anastomosis. Thus, colorectal 
surgeons should be familiar with and encouraged 
to use this technique.
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Lymph Node Harvesting 
in Colorectal Cancer: The Role 
of Fluorescence 
Lymphangiography

Heidi Paine and Manish Chand

 Lymph Node Harvest in Colorectal 
Cancer

Lymph node harvest in colon cancer is an inde-
pendent prognostic factor for survival outcomes, 
with a correlation between number of regional 
lymph nodes harvested and prognosis irrespec-
tive of stage and tumor characteristics [1]. Indeed, 
lymph node yield acts as a surrogate marker for 
appropriate oncological surgery, and several 
international guidelines recommend procuring a 
minimum of 12 nodes in colectomy specimens 
for accurate staging [2, 3]. Despite this knowl-
edge, there is presently no consensus on optimal 
technique or extent of mesenteric lymphadenec-
tomy in colon cancer, and current strategies are 
largely guided by anatomical landmarks. 
Complete mesocolic excision (CME) has been 

purported to achieve better oncological results 
and increase disease-free survival (DFS) when 
compared to “conventional” resection [4, 5]. 
CME involves dissection in the embryologically 
defined mesocolic planes to create an intact enve-
lope of mesocolic fascia with central vessel liga-
tion; all lymph nodes along the tumor-supplying 
vessels are contained within the specimen [5]. It 
aims to translate the “holy plane” principle of 
total mesorectal excision (TME) for rectal cancer 
onto the colon cancer stage. While the oncologi-
cal rationale of taking an enclosed envelope of 
fascia with all its attendant lymph nodes in CME 
is sound, there is a lack of high-quality, large- 
scale evidence supporting its benefits in improved 
overall survival, and its use has not been widely 
recommended or adopted. Moreover, the extent 
of CME exposes retroperitoneal structures and 
major vessels not involved in conventional resec-
tions to potential damage. Despite previously 
demonstrating improved DFS for stage I-III ade-
nocarcinoma with CME compared to conven-
tional resection [4], Bertelsen and colleagues [6] 
reported higher incidences of intraoperative 
splenic and superior mesenteric vein injuries, as 
well as postoperative sepsis and respiratory fail-
ure in the CME group.

In contrast to colon cancer, rectal cancer sur-
gery follows a standardized approach which was 
revolutionized by the universal adoption of the 
TME, first described in 1988 by Heald [7]. The 
principle of TME is based upon dissection in 
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embryological anatomical planes with dissection 
of the mesorectum from the parietal plane, leading 
to a specimen with an intact coverage of both the 
rectal tumor and its main lymphatic drainage. This 
has seen survival from rectal cancer improve dra-
matically, largely due to reduction in local recur-
rence, to levels around 5%. Lymph node harvest 
en bloc with the specimen in rectal cancer is there-
fore less variable provided the TME plane is dis-
sected, though the extent to which locoregional 
pelvic sidewall nodes are targeted and harvested 
differs between Eastern and Western practice, with 
Eastern practice favoring extended pelvic lymph-
adenectomy as standard. Reduced nodal counts 
within TME specimens, provided they are deemed 
to be complete according to Quirke grading [8], 
are often due to sampling error or distortion of 
architecture due to neoadjuvant chemoradiation.

 Current Issues

The importance of lymph node harvest in reduc-
ing local recurrence in colorectal cancer is well 
established as previously mentioned. However, 
extensive D3 lymphadenectomy or CME in colon 
cancer and pelvic sidewall clearance in rectal 
cancer are technically demanding and physiolog-
ically insulting. To offer these universally would 
be to expose patients to great and often unneces-
sary morbidity; the prospect of being able to 
stratify patients into those requiring more exten-
sive resection and lymph node harvest, as well as 
personalize lymphadenectomy to the tumor’s 
specific lymphatic basin, is therefore an attractive 
one, and may be achievable with the advent of 
fluorescence lymphangiography.

 Current Status of ICG Fluorescence 
Lymphangiography in Colorectal 
Surgery

 Fluorophores and Their Use 
in Colorectal Cancer

Fluorescence-guided surgery (FGS) is an increas-
ingly studied area with applications identified to 

aid intraoperative decision making across surgi-
cal specialties. Fluorescence imaging involves 
illumination of the tissue of interest, which emits 
light at longer wavelengths. When this is carried 
out within the near-infrared spectrum (NIR), 
interference from background fluorescence from 
compounds present in the human body such as 
water and hemoglobin is minimized, allowing 
focused visualization of the tissue of interest. 
Within the NIR spectrum (700–900 nm), tissue is 
illuminated with an excitation wavelength of 
750–800 nm, and fluorescence emitted at wave-
lengths >800  nm. Several camera models for 
multiple surgical modalities (open, laparoscopic, 
robotic) are available with filters at the specific 
wavelength required for NIR FGS.

 Indocyanine Green Fluorescence

Indocyanine green (ICG) is a fluorophore 
approved for clinical use and is the most com-
monly used agent displaying NIR fluorescence in 
FGS. ICG is a heptamethine cyanine fluorophore 
with peak excitation and emission wavelengths 
of 807  nm and 822  nm, respectively. It is 98% 
plasma protein-bound and remains within the 
lymphatic and circulatory vasculature once taken 
up into the microcirculation [9], rendering it 
highly suited for use in NIR fluorescence angiog-
raphy and lymphangiography. It has a favorable 
safety profile, though should be avoided in 
patients with iodine sensitivity. Tissue penetra-
tion of ICG is around 15 mm [10] and is favor-
able for tissue visualization when compared to 
visible light and blue dye. When injected intrave-
nously it undergoes hepatic excretion with a 
serum half-life of 3–5 minutes; interstitial intesti-
nal injection is associated with much longer peri-
ods of visualization of ICG.

The application of ICG FGS in colorectal sur-
gery has to date focused on fluorescence angiog-
raphy, with implications on tissue transection 
margins, formation of healthy anastomoses, and 
the need for diverting stomas. This chapter covers 
a newer area of ICG FGS research, fluorescence 
lymphangiography, considering its applications 
in lymph node harvest.
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 Fluorescence Lymphangiography

Due to its low molecular size and weight 
(775  Da), ICG is rapidly taken up by the lym-
phatic spaces and efferent channels when injected 
submucosally or subserosally in the intestine, 
before traveling to, and depositing in, lymph 
nodes [9]. Injection of ICG at the peri-tumoral 
site reveals the lymphatic basin of the tumor 
when viewed in NIR mode, and may also identify 
both the sentinel node as well as any aberrant 
nodes outside the typical or planned limits of 
resection. The implications of this lymph node 
mapping are multiple; visualization of the lym-
phatic basin could help to guide mesocolic resec-
tion margins to include the entire lymphatics of 
the tumor and maximize the yield of locoregional 
lymph nodes likely to harbor macro- or micro- 
metastases. This is especially novel in patients in 
whom aberrant lymph nodes are identified out-
side the planned field of resection, allowing real- 
time decisions to be made to either include these 
in the specimen or berry-pick these nodes for 
analysis. In addition, fluorescence lymphangiog-
raphy has the potential to guide surgeons on 
which patients require more extensive lymphad-
enectomy and pelvic sidewall clearance in rectal 
cancer; this personalized approach may reduce 
unnecessary morbidity associated with these pro-
cedures and support decisions for extensive sur-
gery in appropriate patients. Finally, lymph node 
histology is an important component of cancer 
staging which impacts both prognosis and further 
therapy. Detection of sentinel nodes for detailed 
immunohistochemical analysis could have impli-
cations for upstaging and subsequent adjuvant 
therapy for patients in whom this would not pre-
viously have been offered.

 Lymphatic Basin Mapping 
and Guiding Resection Margins

Lymph node basin mapping intraoperatively can 
help guide resection margins by ensuring the 
lymphatics of a tumor are included in the speci-
men, and multiple studies have demonstrated the 
feasibility of ICG fluorescence lymphangiogra-

phy (ICG FL) in successfully identifying the 
lymphatic basin of tumors. Nishigori and col-
leagues [11] reported lymph flow visualization 
intraoperatively in 18 out of 21 patients (85.7%) 
undergoing laparoscopic colorectal resections, 
identifying inadequate injection into the submu-
cosa as the cause of failure in the remaining 3 
patients. In four patients (23.5%), identification 
of lymph flow and main node basins changed the 
surgical plan with respect to the ligature of the 
root of the central blood vessel and the mesocolic 
division line. More recent studies have reported 
similar findings with respect to lymphatic map-
ping, and the positive histology of aberrant nodes 
identified by ICG FL may have clinical implica-
tions on staging and prognosis. Chand [12] and 
Noguera et al. [13] demonstrated lymphatic basin 
visualization in 100% patients in both studies, 
and nodes outside the planned resection field 
were seen in 20% and 30% of patients, respec-
tively, leading to extension of lymphadenectomy. 
Two of two [12] and one of three [13] of these 
aberrant nodes were found to be positive on his-
topathology. Importantly, multiple studies of 
lymphatic mapping using ICG fluorescence have 
successfully demonstrated delineation of the 
lymphatic basin with TIII/IV tumors alongside 
those with early stage disease [11–13].

In addition to ensuring that the lymphatic 
basin is incorporated into the resection specimen, 
ICG FL could have an application in personaliz-
ing surgery for patients with tumors in anatomi-
cal locations known to have variable lymphatic 
drainage, such as flexural or transverse colon 
cancers. Carcinoma around the splenic flexure 
for example has several lymphatic drainage roots, 
with drainage to the left branch of the middle 
colic artery (lt-MCA), left colic artery (LCA), 
and left accessory aberrant colic artery area 
(LAACA) when present. CME for splenic flex-
ural colon cancer may therefore involve ligation 
of both the MCA at its origin as well as the 
ascending branch of the LCA (and LAACA if it 
exists) to ensure removal of potentially involved 
nodes. Watanabe and colleagues [14] used ICG 
FL to map the lymphatic drainage of splenic flex-
ure tumors in 31 patients. The prevalent direction 
of lymph flow was LCA in 25.8% cases, lt-MCA 
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in 19.4% cases, LAACA in 12.9% cases, root of 
the IMV which did not accompany the artery in 
16.1% cases, and the LAACA plus LCA (16.1%) 
or lt-MCA (9.7%). No case exhibited lymph flow 
to both the LCA and lt-MCA. In six cases lymph 
node metastases were observed; all the positive 
nodes existed in the lymph flow areas outlined 
with ICG FL.  This technique helps to clarify 
appropriate central vessels to be ligated and guide 
mesocolic division. The authors propose that in 
splenic flexure tumors without widespread lymph 
node involvement, it may not be necessary to 
ligate both the LCA and lt-MCA if ICG FL is 
employed to delineate the lymphatic basin on an 
individualized basis. A similar study has shown 
feasibility of ICG FL in delineating lymphatic 
drainage in right-sided colonic tumors, where a 
watershed area exists in the ileocecal region at 
the confluence between the terminal ileum and its 
small bowel mesentery and the right mesocolic 
mesentery. Peri-tumoral injection of ICG follow-
ing mobilization and ileocolic artery ligation 
delineated precisely the lymphatic drainage of 
the tumor within the ileocolic mesenteric water-
shed area, identifying the appropriate line of 

mesenteric division [15] (Fig.  20.1). This tech-
nique allows personalization of surgery in areas 
with variable lymphatic drainage, and may be of 
similar benefit in patients undergoing re- operative 
surgery for malignancy in whom lymphatic chan-
nels have been interrupted.

 Sentinel Nodes: Detection 
and Analysis

Sentinel lymph node (SLN) mapping has become 
well established in cancers such as breast and 
melanoma, but its role in colorectal cancer has not 
been fully elucidated. The sentinel node is the first 
lymph node in the orderly progression of drainage 
from the primary tumor. Given that the sentinel 
node is the most likely to harbor metastases, its 
positivity indicates the likely lymph node involve-
ment and has implications on need for extensive 
lymphadenectomy as well as staging, prognosis, 
and adjuvant therapy. Furthermore, identification 
of sentinel nodes may facilitate targeted, detailed 
immunohistochemical analysis. While hematoxy-
lin and eosin (H&E) staining is widely employed 

Fig. 20.1 Delineation with ICG fluorescence lymphangi-
ography of the ileocolic watershed area between the 
colonic mesentery of the right colon and the small bowel 

mesentery of the terminal ileum. Shown under white light 
(black arrows) and near-infrared light (red arrows)
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for lymph node analysis in resection specimens, 
more detailed immunohistochemistry such as 
reverse transcription polymerase chain reaction 
(RT-PCR) exists with a greater sensitivity for 
demonstrating micrometastases [16]. This is not 
routinely applied to all nodes due to time and 
expense but may be considered practical in evalu-
ation of a small number of sentinel nodes. 
Historically, sentinel node identification has been 
conducted with dyes such as methylene blue, 
radioisotope tracers, or a combination of both. 
These have limitations; dyes have been associated 
with high false-negative rates and reduced tissue 
contrast and carry a small but significant risk of 
anaphylaxis. Radioisotope use can increase detec-
tion rates, but high radioactivity at injection sites 
may interfere with gamma probe detection of 
nodes in close tumor proximity. In addition, their 
use requires expensive equipment and radiation 
protection measures which are not readily avail-
able at all institutions [17]. Identification of senti-
nel nodes using ICG FL is an exciting application 
which overcomes some of the issues of traditional 
methods and may be of value in colorectal cancer, 
albeit in a staging capacity.

Kusano and colleagues [18] described one of 
the first series of ICG FL sentinel node detection 
in colorectal cancer. In all 26 patients undergoing 
open resection, one or more sentinel nodes and 
the lymphatic basin were clearly visualized. 
Accuracy, positive, and negative predictive val-
ues of sentinel lymph node biopsy (SLNB) were 
82.6%, 100%, and 81%, respectively. Similarly, 
in a series of 18 patients with colorectal cancer or 
high-grade dysplastic lesions not amenable to 
endoscopic resection, Cahill et  al. [9] demon-
strated detection of sentinel node and lymphatic 
drainage basins in every case. In four cases, aber-
rant fluorescing nodes were seen outside the con-
ventional resection field (all negative on 
histology). Sentinel node status was found to 
accurately predict the oncological status of the 
mesocolon in every case, identifying three 
patients with mesocolic nodal metastases, and 
correctly excluding mesocolic basin node 
involvement in the remaining 15. Similar work 
by Hirche and colleagues [17] in 26 patients with 
colon cancer reported a 96% detection rate of 

sentinel nodes, with clear demonstration of lym-
phatic basin in each case. ICG FL identified met-
astatic SLN involvement in 9 out of 11 patients 
(sensitivity 82%). Two cases had a negative SLN 
but positive non-SLN, corresponding to an 18% 
false-negative rate.

A recent meta-analysis of ICG FL in detection 
and analysis of sentinel nodes in colorectal can-
cer, encompassing 248 patients from 12 studies, 
reported a pooled SLNB sensitivity of 71% and 
specificity of 84.6% [19]. A high degree of het-
erogeneity was present with respect to adminis-
tration dose and protocol as well as stage of 
cancer, prompting subgroup analysis. This dem-
onstrated an association between stage of cancer 
and performance of ICG FL.  In studies with a 
high percentage (>50%) of early stage cancers (I/
II), median sensitivity, specificity, and accuracy 
were all 100%. Where early stage tumors did not 
comprise the majority, median sensitivity, speci-
ficity, and accuracy rates were 76%, 87.2%, and 
68.8%, respectively. This finding of improved 
sensitivity in early stage tumors mirrors that seen 
in studies involving conventional methods of 
SLNB such as blue dye and radiolabeled tracers; 
[20, 21] it is thought that in larger tumors, trans-
mural extension can destroy efferent lymphatic 
channels, while longitudinal advancement can 
involve additional lymphatic deltas, resulting in 
increased false-negative rates. It may also be the 
case that in large tumors, circumferential injec-
tion renders the central area unmapped. Though 
this finding questions the role for sentinel node 
biopsy in TIII/IV disease, it is encouraging that it 
should perform most accurately in patients most 
likely to be suitable for localized resection, and in 
whom the decision to offer adjuvant therapy is 
greatly influenced by nodal status.

Certain factors have been identified that influ-
ence detection of SLN using conventional blue 
dye or radioisotope methods, including body mass 
index (BMI), mesocolic adiposity, and lympho-
vascular invasion. [9, 10] ICG FL has been shown 
in early studies to at least match detection and 
accuracy parameters of conventional  techniques 
while improving upon some of these limitations. A 
prospective study of 20 colon cancer patients 
undergoing colectomy compared ICG FL with 
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blue dye (BD) [22]. Similar detection rates were 
noted for both groups (95%), and overall correla-
tion between the two techniques was 80%. Overall 
sensitivity was higher for ICG than BD (57% vs. 
43%), and in particular ICG showed higher sensi-
tivity in patients with BMI >25 than BD. This is 
perhaps due to superior tissue contrast of ICG over 
BD enabling detection through increased meso-
colic adiposity, and multiple ICG FL studies have 
demonstrated clear sentinel node and lymphatic 
basin mapping in patients with high BMI (>25) [9, 
14]. Lymphovascular invasion has also been 
reported to interfere with conventional methods of 
SLN identification; promising results from ICG 
FL work have shown detection of SLN even in 
advanced tumors [9, 12].

 Sentinel Nodes: Upstaging

Despite the recommendation for a minimum of 12 
nodes collected for accurate staging, in daily clin-
ical practice the nodal yield varies, with more 
than 50% of resection specimens containing fewer 
than 12 nodes [23]. This relates to clinically sig-
nificant understaging in colorectal cancer. 
Identification of sentinel nodes could allow tar-
geted, detailed analysis with techniques offering 
greater sensitivity than conventional methods, 
such as serial sectioning and additional immuno-
histochemistry or RT-PCR, which has been shown 
to lead to upstaging in colorectal cancer. A pro-
spective study of 268 colorectal cancer patients 
using BD for SLN identification reported that of 
141 patients classified as N0 by routine H&E 
staining who underwent step sections and immu-
nohistochemistry of the SLN, 7 revealed micro-
metastases (with a further 23 revealing isolated 
tumor cells, which are of undetermined prognos-
tic significance in colorectal cancer) [24]. A sub-
sequent systematic review of sentinel lymph node 
mapping in colorectal cancer by van der Zaag 
et al. [21] found a 7.7% upstaging from stage I/II 
to III in a combined 928 patients from 10 studies 
based on a finding of micrometastases on RT-PCR 
or serial sectioning and staining of nodes histo-
logically classified as N0. This is a clinically sig-

nificant group given that upstaging from stage I/II 
to III alters the decision to offer adjuvant therapy.

Overall, the utility of sentinel node biopsy in 
colorectal cancer remains unclear. While the abil-
ity to identify and analyze sentinel nodes in real 
time may guide lymphadenectomy extent, ongo-
ing issues exist with high false-negative rates. 
However, the high sensitivity of ICG FL in senti-
nel node biopsy in early stage tumors is encour-
aging; with screening programs and advanced 
diagnostics, colorectal cancer is being diagnosed 
at an earlier stage, and moreover, these are the 
patients in whom accurate staging is crucial for 
decisions regarding adjuvant therapy. Importantly, 
ICG FL improves upon conventional SLN map-
ping techniques in patients with high BMI, which 
is increasingly becoming the predominant demo-
graphic in the West. Despite the uncertainty sur-
rounding biopsy of sentinel nodes, there may be 
an emerging role for their detection to guide tar-
geted, detailed immunohistochemistry of a 
defined group of nodes, potentially leading to 
upstaging with clinically significant implications 
on adjuvant therapy. Use of ICG FL for this pur-
pose, with its improved performance over con-
ventional techniques especially in the prevailing 
demographic of patient, is an exciting prospect.

 Identifying Pelvic Sidewall Nodes 
in Rectal Cancer

ICG fluorescence lymphangiography has a poten-
tial application in mapping of pelvic sidewall 
(PSW) nodes in rectal cancer. It has been shown 
that up to 7% of patients undergoing TME will 
have involved pelvic sidewall nodes, and lateral 
lymph node metastasis is thought to be a major 
cause of locoregional recurrence in rectal cancer 
treated with preoperative chemoradiotherapy and 
curative resection [25]. Despite this, pelvic side-
wall clearance involves high morbidity including 
sexual and urinary dysfunction, with the clinical 
benefits of offering this as standard unquantified. 
Should ongoing randomized trials prove distinct 
benefit of pelvic sidewall basin clearance on sur-
vival, lymphatic mapping may guide precise nodal 
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clearance, reducing morbidity. Kazanowski and 
colleagues [26] demonstrated feasibility of pelvic 
sidewall node mapping. They injected five patients 
with low rectal tumors with submucosal ICG at the 
tumor site via proctoscopy at commencement of 
resection. In all five cases, pathology confirmed 
the presence of lymph node tissue; none had can-
cer cells evident on pathological processing.

There is also potential for sentinel node identi-
fication and analysis in pelvic side wall clearance, 
though as in colon cancer, the role of the sentinel 
node here remains unclear. The recent FILM 
study [27] demonstrated the superiority of ICG 
over BD injected at the tumor site in identifying 
pelvic sidewall nodes in cervical and uterine can-
cer; moreover, all metastatic sentinel nodes were 
detected by ICG FL. Though conducted in non-GI 
cancer, this high-quality evidence may have 
implications on accurate sentinel node identifica-
tion in a range of oncological surgery. Noura and 
colleagues [28] injected ICG submucosally at the 
tumor site in 25 patients with low rectal cancer. 
Lateral sentinel nodes were detected in 23 patients 
(92%), and upon pelvic sidewall nodal resection 
and analysis, negative predictive value of the sen-
tinel nodes identified by ICG was 100%. Sentinel 
lymph node identification and analysis could 
therefore have a potential application in stratify-
ing patients into those requiring or not requiring 
pelvic sidewall clearance, minimizing morbidity 
in cases unlikely to show survival benefit. Of note, 
a report that 15% of patients with negative pelvic 
sidewall nodes on standard H&E staining have 
micrometastases in these nodes on RT-PCR [26] 
highlights the need to consider use of RT-PCR in 
further work on ICG in pelvic sidewall mapping.

One interesting proposal to localize PSW 
nodes with greater accuracy and minimize mor-
bidity of resection, particularly in patients with 
increased BMI, is to conjugate fluorophores with 
a radioisotope such as Tc-99. Dual targeting of 
the nodes using a combination of methods can 
help mitigate the limitations of fluorescence 
alone—chiefly, lack of depth penetration, which 
is important in the fatty sidewall. The authors are 
currently setting up a feasibility study to investi-
gate this practice.

 Variations in Technique

Wide variation in the technique of ICG FL is 
evident between studies. Methods of injection, 
timing of ICG administration, and doses and 
concentrations of ICG are not standardized. 
Within the literature, ICG concentration ranges 
from 0.5 to 5  mg/mL and doses from 0.2 to 
5 mL, administered in up to four injections at 
the peri- tumoral site. Method and anatomical 
layer of injection varies, from subserosally at 
laparoscopy via either rigid or flexible needle, 
to submucosally via proctoscope or colonos-
copy, or both. Timing of injection ranges from 
7  days prior to surgery to intraoperatively; 
where ICG is injected intraoperatively, optimal 
lymphatic basin visualization is reported from 
5 to 40  minutes. A recent meta-analysis by 
Emile and colleagues [19] encompassing 248 
patients found preoperative administration had 
the highest sensitivity while intraoperative 
injection had the highest specificity. With 
respect to injection site, they noted the highest 
sensitivity, specificity, and accuracy to be 
achieved following combined submucosal and 
subserosal ICG injection. The low sensitivity of 
subserosal injection alone was proposed to be 
largely due to lack of tactile feedback in the set-
ting of injecting during laparoscopic surgery, 
preventing the tip of the needle reaching the 
submucosal plane where the lymphatic network 
is located. While the heterogenous nature of the 
literature renders drawing clear conclusions 
about the ideal protocol difficult, encouraging 
results from recent studies identifying and con-
firming feasible protocols are emerging. Chand 
and colleagues [12] recently conducted a feasi-
bility study of ICG FL in colorectal cancer and 
compared doses and concentrations commonly 
used in the literature to date. They identified the 
optimal to be a 1 mL dose of 5 mg/10 mL con-
centration, which was injected submucosally at 
four peri-tumoral sites (Fig.  20.2). NIR mode 
was employed between 30 and 40 minutes fol-
lowing injection and demonstrated localization 
of the primary tumor alongside mapping of its 
lymphatic basin (Fig.  20.3). Further similar 
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work comparing other variables including tim-
ing and site of injection will pave the way for 
much needed standardized protocols for ICG 
fluorescence lymphangiography, which is cru-
cial in elucidating its applications in colorectal 
cancer (Video 20.1).

 Safety Profile

ICG has been used and studied for many years in 
other disciplines of medicine with applications 
such as determining cardiac output, hepatic func-
tion, and ophthalmic angiography. Its use in 
colorectal surgery is relatively new and has 
largely focused on fluorescence angiography to 
assess anastomotic perfusion. Its established 
safety profile from multiple studies in these areas 
has been mirrored in the newer field of fluores-
cence lymphangiography, and no studies to date 
have reported any adverse outcomes from ICG 
administration for this purpose.

 Limitations

The current body of literature demonstrates tech-
nical feasibility of ICG in lymphatic mapping in 
colorectal cancer, and the potential implications 
of this in guiding resection, personalizing sur-
gery, and improving staging are far reaching. 
However, limitations of the technique have been 
identified in early work, and further optimization 

Fig. 20.2 Intraoperative submucosal injection of indo-
cyanine green

Fig. 20.3 Demonstration of the primary colonic tumor and its associated lymphatic channels using ICG fluorescence 
imaging under white light and near-infrared light
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of ICG FL techniques are required. Furthermore, 
larger, less heterogenous studies will enable the 
true impact of this adjunctive procedure to be 
elucidated.

 Technical Factors

Several technical factors have been identified 
which impact performance of ICG in lymphatic 
mapping. Chand et  al. [12] proposed an effect 
from excess India ink (from endoscopic tattoo-
ing) and peri-tumoral inflammation from tattoo-
ing which limited complete visualization of the 
lymphatic basin in some patients. Given that ICG 
persists in tissue for at least 8  days following 
interstitial injection [29], some have proposed an 
additional role for ICG in endoscopic tumor tat-
tooing instead of India ink. This may overcome 
the issues identified with India ink interference, 
while also allowing both tumor tattooing and 
fluorescence lymphangiography to take place in 
one rather than two sittings.

While tissue penetration of ICG is superior to 
blue dyes, it is limited to a few millimeters 
(approximately 15  mm), and this may limit its 
visualization in patients with very high BMI, as is 
becoming increasingly prevalent in the West, or 
in areas difficult to access such as deep in the pel-
vis. Some groups have proposed investigation of 
new, more fluorescent dyes, though ICG is one of 
very few fluorophores approved for use in clini-
cal practice. An option to overcome this is dual 
modality lymphatic mapping with ICG and radio-
isotopes. This would integrate the advantages of 
both modalities, with quantitative detection and 
unlimited depth of detection of radioisotope trac-
ers combined with the high spatial resolution and 
functional molecular imaging potential of tar-
geted fluorophores [30]. Dual modality agents 
are currently being evaluated in other solid 
tumors such as renal cell carcinomas.

A further limitation is the tendency of ICG to 
“wash out” the circulation or not remain in lymph 
nodes long enough to be detected. The addition 
of colloid leads to preferential binding to intra-
cellular components of the nodes, allowing for a 
longer time period for detection. Conjugated 

agents such as Nanocol have been described in 
various cancers in the body [31]. Making more 
stable and longer-lasting compounds will no 
doubt help improve accuracy in identifying lym-
phatics and nodes.

 Cancer-Specific Factors

Cancer-specific factors have also been found to 
impact the performance of ICG FL and may limit 
its applicability to colorectal cancer as a whole, 
highlighting the need for further work to identify 
those patients in whom ICG FL carries most ben-
efit. One such factor is the stage of tumor, which 
influences the performance of sentinel node 
biopsy. Irrespective of conventional technique or 
ICG, a high false-negative rate has been reported 
in SLNB in colorectal cancer, precluding its stan-
dardized use to guide the extent of resection and 
lymphadenectomy akin to that employed in 
breast cancer and melanoma. However, subgroup 
analysis in studies using ICG FL has demon-
strated high sensitivity in early stage cancers, and 
therefore this may represent a limitation of the 
technique only in patients with stage III/IV dis-
ease. Importantly, high tumor stage and associ-
ated lymphovascular invasion has been found not 
to affect SLN detection rates with ICG, and thus 
the role of ICG FL in identification of SLN for 
detailed immunohistochemical testing and accu-
rate staging may be more universally applicable.

A second consideration is the impact of neoad-
juvant treatment in ICG FL. This is yet to be fully 
explored, and the majority of patients in studies to 
date have not received neoadjuvant therapy. 
Discrepancies in performance of ICG FL in rectal 
cancer have been postulated to be a result of a 
pathological response in the tumor and metastatic 
lymph nodes elicited by neoadjuvant therapy. 
Two trials have investigated the role of ICG fluo-
rescence for lymph node mapping in rectal cancer 
with discordant results. Handgraaf and colleagues 
[32] studied five patients with low rectal cancer, 
90% of whom received neoadjuvant chemo- or 
radiotherapy. Of 83 nodes resected (21 fluores-
cent), 1 contained a micrometastasis; this was not 
fluorescent with ICG, yielding a sensitivity of 0%. 
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In contrast, Noura et al. [28] included 25 patients 
with low rectal cancer, none of whom underwent 
neoadjuvant therapy. They reported no false-neg-
atives, yielding a sensitivity of 100%. Neoadjuvant 
therapy may therefore limit the use of ICG FL in 
colorectal cancer, and future work should include 
subgroup analysis of patients with and without 
neoadjuvant therapy to quantify any effect of this.

 Heterogeneity of Current Literature

The current body of work displays high levels of 
heterogeneity with respect to technique and 
patient demographics, and the corresponding het-
erogeneity in sensitivity, specificity, and accuracy 
render generalization of results and clinical rec-
ommendation difficult. Future work will need to 
address this heterogeneity, and several areas are 
clear targets. Firstly, identification of a standard-
ized protocol for ICG injection in terms of dose, 
concentration, timing, and mode of injection is 
crucial and will enable direct comparison of per-
formance of ICG FL.  Secondly, it is becoming 
clear that ICG FL may have different roles in 
early versus late stage colorectal cancer, as well 
as in colon versus rectal cancer, and in patients 
with or without neoadjuvant therapy. Recognition 
of this and inclusion of relevant patients in stud-
ies to reflect the diverse demographic and pathol-
ogy of colorectal cancer patients, and subsequent 
subgroup analysis, is key in delineating and per-
sonalizing the role of ICG FL and maximizing its 
clinical application.

 Future Research

 Identifying Pathological Nodes

Though fluorescence lymphangiography in 
colorectal cancer is in its infancy and clearly 
larger trials are required, the favorable safety pro-
file of ICG and early promising results herald 
exciting prospects for future applications of the 
technique. Fluorescence lymphangiography has 
predominantly been used to identify lymphatic 
drainage of a tumor, allowing targeted analysis of 

sentinel nodes and inclusion of entire lymphatic 
basins in resections. An exciting prospect is the 
ability to not only delineate lymphatics but to dis-
criminate normal nodes from those harboring 
micrometastases, allowing surgeons to tailor 
resections to each patient’s specific lymphatic 
involvement pattern and minimize morbidity 
associated with extensive lymphadenectomy in 
those without nodal involvement. Liberale and 
colleagues [33] have reported the ability to iden-
tify pathological nodes from colorectal cancer 
based on the degree of fluorescence following 
ICG injection in two patients. Following injec-
tion of intravenous ICG, four fluorescing lymph 
nodes were identified whose signal-to- 
background ratio (SBR) was around two. No 
other areas of fluorescence were seen, and mac-
roscopically normal lymph nodes within the 
specimen demonstrated the same fluorescence as 
surrounding fatty tissue (SBR = 1). Of the total 
nodes harvested (n  =  27), histopathological 
examination revealed the four fluorescent nodes 
to be malignant; all non-fluorescent lymph nodes 
(n  =  23) were tumor-free. In one patient the 
pathologic nodes correlated to preoperative 
imaging; the second patient had no nodes detected 
preoperatively, with the metastatic node being 
detected as the only area of fluorescence on sys-
tematic exploration of the abdominal cavity. The 
increased fluorescence of involved nodes has 
been proposed to be due to the “enhanced perme-
ability and retention (EPR) effect,” describing the 
tendency of abnormal tumor vasculature to be 
permeable to macromolecules [34].

 Cancer-Specific Fluorophores

Another possible future application of ICG FL 
is the development of cancer-specific fluoro-
phores. Fluorophores such as ICG can be conju-
gated to ligands to target specific cell types 
expressing receptors for these; when viewed 
with NIR equipment, these conjugates enable 
identification of the primary tumor alongside 
metastases. In colorectal cancer, anti-carcino-
embryonic antigen (CEA) antibody conjugated 
to a fluorophore (DyLight 650 nm; a cynanine 
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fluorophore similar to ICG) has been shown in a 
mouse model to accurately detect and delineate 
colorectal cancer liver metastases, and subse-
quent resection of these under NIR navigation 
resulted in smaller residual tumor area and lon-
ger overall and disease- free survival compared 
to those mice operated on under bright light 
[35]. Boogerd and colleagues recently con-
ducted a pilot study using a fluorescent anti-
CEA monoclonal antibody (SGM-101) and 
demonstrated safety and feasibility in detecting 
both primary and recurrent colorectal cancer 
lesions [36]. Other similar monoclonal antibod-
ies are also being investigated for this purpose, 
such as Bevacizumab- 800CW which is a mono-
clonal antibody to VEGF (VEGF-A has been 
shown to be expressed in 79–96% colorectal 
cancer lesions) [29]. This work is still in the pre-
clinical phase, and with respect to fluorescence 
lymphangiography would rely on proof of con-
cordant expression of a receptor between the 
primary colorectal tumor and its lymph node 
metastases. The development of cancer- specific 
fluorophores is an exciting prospect for intraop-
erative real-time identification of lymph node 
metastases in colorectal cancer.

 Conclusion

Lymph node status is intimately related to stag-
ing and prognosis of colorectal cancer, and lymph 
node harvest plays a crucial role in preventing 
locoregional recurrence and prolonging disease- 
free survival. The advent of fluorescence-guided 
surgery and development of NIR viewing tech-
nologies has already shown great promise in fluo-
rescence angiography with potential to reduce 
anastomotic leak and stoma formation rates. A 
new application of fluorescence-guided surgery 
is lymphangiography; to date its safety and feasi-
bility in identifying tumor lymphatic basins and 
sentinel nodes have identified benefits such as 
guiding resection margins, detection of positive 
aberrant lymph nodes, and upstaging of patients. 
Future work, which should include standardized 
protocols for ICG injection, will aim to further 
validate this technique in subgroups of patients 

and design targeted cancer-specific fluorophores. 
ICG fluorescence lymphangiography is an excit-
ing addition to the fluorescence surgery toolkit, 
with the potential to minimize morbidity and 
optimize survival with personalized colorectal 
resection surgery for every patient.
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 Introduction

Peritoneal carcinomatosis (PC) is a severe onco-
logical condition originating from the mesothe-
lium (primary PC) or, more frequently, from 
gastrointestinal or gynecological tumors (sec-
ondary PC). Every year, peritoneal carcinomato-
sis affects about 25,000 people in Italy [1].

This condition is interpreted as a terminal 
stage of disease and, if not treated, allows a 
median survival of ≤6 months after diagnosis [2, 
3]. Indeed, peritoneal involvement is considered 

the most serious event in tumor progression [4]. 
Since it is difficult to treat it, peritoneal diffusion 
is often the main cause of morbidity and mortal-
ity due to tumors affecting the peritoneal serosa. 
Even in patients resected for intra-abdominal car-
cinoma, PC is the most frequent cause of death 
[5–7]. Interestingly, PC often develops as a 
“local” disease in the absence of hematogenous 
or distant metastases [8]. Particularly, peritoneal 
metastases occur in 30–40% of patients with 
colorectal carcinoma (CRC), and they are the 
only metastases in 25% of patients [9, 10].

In abdominal neoplasms, peritoneal dissemi-
nation may be present at the time of diagnosis, 
but, more often, it occurs as a life-threatening 
condition after surgical treatment of the primary 
tumor [5].

In gastric cancer, 10–20% of patients who are 
candidates for potentially curative resection and 
40% of those in advanced stages have peritoneal 
involvement at the time of abdominal exploration 
[11]. Furthermore, 20–50% of patients undergo-
ing potentially curative surgery will show a peri-
toneal recurrence in the future [12]. In the case of 
advanced gastric cancer, the intracavitary spread 
of neoplastic cells is responsible up to 54% of 
deaths due to recurrence after surgery [13]. The 
greatest risks of peritoneal recurrence have been 
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demonstrated in patients with diffuse or mixed 
histologic carcinoma (69% at 5 years) and, even 
more so, those with positive peritoneal cytology 
at the time of the resective intervention (80% at 
5 years) [14, 15]. In addition, the peritoneal cav-
ity is the only place of diffusion in the 40–60% of 
the recurrences of gastric cancer [16].

The PC originating from colorectal cancer is 
frequently a metachronous disease, and only 
10–15% of colorectal cancer patients show PC at 
the time of primary diagnosis; however, as 
observed in gastric cancer, peritoneum is involved 
up to 50% of cases in colorectal cancer patients 
who develop tumor recurrence after potentially 
curative surgery of the primary tumor [17], and, 
in 10–35% of the cases is the only site of tumor 
relapse [18]. The mucinous carcinomas of the 
colon and the carcinoma of the appendix, espe-
cially if there is a positive peritoneal cytology, 
show the highest rates of peritoneal dissemina-
tion [12].

 Pathogenic Mechanisms

The pathogenic mechanisms that regulate carci-
nomatosis are multifactorial, but essentially 
 consist of:

 1. Peritoneal dissemination of free tumor cells, 
which exfoliate as a result of the direct inva-
sion of the serosa of the organ involved by pri-
mary neoplasm [19] and subsequent 
implantation on the peritoneal surface through 
molecules of cell adhesion [5, 8]

 2. Passage of malignant cells through the lym-
phatic lacunae and venous vessels of the peri-
toneum [19]

 3. Insemination after trauma and surgical manip-
ulation [19]

In particular, in low-grade malignant tumors it 
is assumed that the PC originates from a transpa-
rietal spread, and that the dissemination follows a 
migration path called “neoplastic redistribution.” 
This migration is governed by a “non-random” 
redistribution process that is not dependent from 
the intrinsic biological aggressiveness of the 

tumor but primarily is related to physical mecha-
nisms, such as the effect of gravity in relation to 
the site of the primary tumor, and the presence or 
less of intra-abdominal fluid (ascites, mucus, 
etc.) [5, 8, 20], as well as the characteristic vis-
cosity of the same. Tumor cells, which move 
freely within the peritoneal cavity, generally 
aggregate into well-defined areas due to gravity 
concentrating in the normal reabsorption sites of 
the peritoneal fluids, such as the lymphatic lacu-
nae of the small and large omentum and the dia-
phragm, in particular of the right hemidiaphragm. 
This generally involves the development of dis-
ease, especially in the pelvis, in the subphrenic 
space, in the parietocolic groove and in Morrison’s 
pouch [5, 8], or in anfractuous regions where the 
peritoneal fluid circulates at low flow. When the 
tumor does not produce fluids, the malignant 
cells have more limited motility and implant 
more frequently near the site of the primary 
tumor. While a liquid vehicle is present within 
the abdominal cavity, sites more distant than the 
primary tumor may also be affected, such as the 
Treitz ligament and the small omentum in the 
case of ovarian carcinoma. Likewise, as a result 
of physical mechanisms, the PC does not occur, 
at least in the initial stages, on the mesenteric sur-
face and on the serosa of the small intestine due 
to the active peristaltic movements. In contrast, 
relatively fixed intestinal areas, such as the duo-
denum and the ileocecal and rectum-sigmoid 
conjunctions, are often infiltrated by 
carcinomatosis.

 Treatment

Just as the metastatic involvement of the liver by 
CRC is currently considered susceptible of 
hepatic resection for curative purposes, the treat-
ment of PC could be considered as potentially 
curative considering that, in selected cases and 
within certain limits, the involvement of the peri-
toneal serosa may represent the extreme margin 
of diffusion of the neoplasm.

In the last 20 years, the growing and renewed 
interest in the malignant tumors of the perito-
neum, and the increase of the knowledge on the 
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biology of these neoplasms, has led to the search 
for new and increasingly aggressive therapeutic 
techniques. There is sufficient consent that the 
only potentially curative treatment in primary 
and metastatic peritoneal carcinomatosis is cyto-
reductive surgery (CS) associated with hyper-
thermic intraperitoneal chemotherapy (HIPEC) 
with a 5-year survival rate ranging from 30% to 
48% in selected cases [21, 22].

The HIPEC was introduced in 1980 for the 
treatment of the PC and was initially used alone 
[23]. Since 1995 some procedures of peritonec-
tomy were associated [24] in several world cen-
ters which have reported their experiences using 
different HIPEC protocols showing encouraging 
results [2]. This innovative and aggressive treat-
ment modality, directed to the entire abdominal- 
pelvic area, is able, despite the high rate of 
morbidity, to significantly reduce and sometimes 
completely eliminate carcinomatosis, improving 
long-term survival [24, 25]. The logic that under-
lies the HIPEC is essentially based on both the 
direct cytotoxicity of hyperthermia on neoplastic 
cells, increased rate of the cytotoxicity of some 
chemotherapeutic agents determined by hyper-
thermia itself, and, finally, pharmacokinetic 
advantage obtained by the administration of 
intraperitoneal chemotherapy [5, 6].

The plasma-peritoneum-barrier (i.e., a physi-
ologic barrier that limits the resorption of drugs 
from the peritoneal cavity into the blood) guaran-
tees, at the regional site, high concentrations of 
some cytostatic drugs (including cisplatin, mito-
mycin c, oxaliplatin, adriblastine) limiting sys-
temic toxicity. Multimodal treatment combining 
HIPEC and cytoreductive surgery (CRS) with 
peritonectomy [24] finds space in the treatment 
of primary peritoneal malignant tumors (abdomi-
nal sarcomatosis, peritoneal mesothelioma) [26], 
pseudomyxoma peritonei, and CR peritoneal car-
cinomatosis from colorectal [27, 28], ovarian 
[29], and gastric carcinoma [13]. On the contrary, 
HIPEC is contraindicated in the case of perito-
neal carcinomatosis from neoplasia showing high 
biological aggressiveness (pancreatic adenocar-
cinoma and neoplasia of the esophagus), extra- 
abdominal metastasis, extensive retroperitoneal 
or lymph node disease, coexistence of important 

pathologies (cardiorespiratory, neurological, and 
renal), multiple and diffuse or otherwise unre-
sectable hepatic metastases, previous side effects, 
and poor response after systemic chemotherapy.

 Prognostic Factors

To define the extent of cytoreduction, Jaquet and 
Sugarbaker [30] introduced the so-called com-
pleteness of cytoreduction (CCR) score which pro-
vides an assessment of the amount of residual 
disease after cytoreductive surgery. CCR-0 indi-
cates that no macroscopic disease remains after 
cytoreduction. CCR-1 indicates that tumor nodules 
with a diameter of less than 2.5 mm remain after 
surgery. Finally, CCR-2 and CCR-3 indicate that 
tumor nodules between 2.5 mm and 2.5 cm, and 
tumor nodules with a diameter greater than 2.5 cm 
remain after surgical treatment, respectively.

Since PC should be considered as a regional 
metastasis and being impossible to remove all 
microscopic residues, the concept of radicality is 
relative, so that not only the complete cytoreduc-
tion, CCR-0, but also CCR-1 (residual tumor 
≤2.5 mm) is deemed acceptable [31]. To assess 
the extension of the resection in the PC treatment, 
the CCR score appears to be the most reliable 
system compared to the R (resection) stage that is 
traditionally used for primary neoplasms in the 
tumor node metastasis staging system [4]. In PC, 
it is generally believed that it is not possible to 
obtain an R0 state, and therefore CCR-0 is equiv-
alent to R1 (no gross residual disease). R2a indi-
cates that minimal tumor nodules of less than 
5  mm remain. R2b indicates that coarse tumor 
nodules exceeding 5 mm and up to 2 cm remain. 
R2c indicates that it remains an extended disease 
of over 2 cm [28].

The diagnosis of peritoneal carcinomatosis is 
challenging, both pre- and intraoperatively. The 
gold standard for PC staging is still the direct lap-
arotomic or laparoscopic visualization. Computed 
tomography (CT) and positron emission tomogra-
phy (PET) provide the best results before surgery, 
but underestimation of the disease phase is fre-
quently reported [32]. During laparotomy, sur-
geons depend on visual inspection and palpation 
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to determine PC extension and extent of resection. 
However, some subclinical peritoneal lesions may 
escape intraoperative detection. The peritoneal 
cancer index (PCI) is of fundamental importance 
in treatment planning and is closely correlated 
with the prognosis after CS  +  HIPEC [5]. The 
Peritoneal Cancer Index (PCI) is the most 
accepted metric to quantify the extent of perito-
neal disease and is evaluated with the utmost 
accuracy at the time of surgery, as it has been 
shown that sensitivity in the detection of perito-
neal disease by computerized tomographic scan 
(CT) turns out to be 41.1% and the specificity 
89%. PCI is calculated by evaluating the size of 
peritoneal lesions in each of the 13 abdomino- 
pelvic regions. The lesion size (LS) is evaluated 
with a score of 0–3 for each of the 13 regions and 
summed to obtain a score from 0 to 39. In patients 
with PC from CRC, a PCI of 10–20 means exten-
sive carcinomatosis and therefore a worse prog-
nosis. It is believed that only palliative cure should 
be offered to such patients [17, 33–35].

 Intraoperative Fluoroscopy 
and Indocyanine Green

As outlined above, one of the most critical trou-
ble in PC treatment is represented by both correct 
diagnosis of peritoneal nodules and identification 
of smaller lesions. In recent years, new technolo-
gies have allowed surgeons to better address such 
limitations [36, 37]. Intraoperative fluoroscopy 
(FI) is a recently introduced imaging modality 
that can improve PC detection [38]. Indocyanine 
green (ICG), a near-infrared (NIR) contrast agent 
becoming fluorescent if excited by light with a 
wavelength of 800–900  nm, has been recently 
proposed for FI due to its special affinity for the 
cancerous tissue [39, 40]. Approximately 95% of 
the ICG molecules bind rapidly to intravascular 
macromolecules, such as albumin and lipopro-
teins, after intravenous injection. Since in tumor 
tissue neoangiogenesis is responsible for the 
presence of immature and permeable vessels, the 
ICG, like these macromolecules, permeates the 
endothelial lesions and is retained in the cancer-
ous tissue due to the altered lymphatic drainage 

(permeability and advanced retention [EPR]) of 
the lesion [41, 42]. The extravascular ICG accu-
mulation is responsible for the hyperfluorescence 
observed in the tumor tissue in contrast to the 
surrounding normal tissue [41, 42].

The detection of tumor tissue depends on the 
tumor-background relationship (TBR), which is 
the ratio between the intensity of the fluores-
cence, expressed in arbitrary units, of the tumor 
tissue and of the surrounding normal tissue [43]. 
The ICG has a half-life of 150–180 s, is metabo-
lized by the liver microsomes, and excreted 
through the bile. Overall, its toxicity can be 
classified as low. Occasionally, in 1 out of 
42,000 cases, mild side effects have been 
reported in humans such as sore throats and hot 
flashes. Effects such as anaphylactic shock, 
hypotension, tachycardia, dyspnea, and urticaria 
have occurred only in individual cases [44]. The 
mortality rate is 1:300,000.

Currently ICG is a non-specific fluorescent 
probe registered and approved by the FDA for 
optical imaging in clinical settings [45]. ICG is 
recognized as a safe and economical NIR fluores-
cent probe. The properties of the ICG, which is a 
water-soluble amphiphilic molecule with a 
molecular weight of 775 Dalton and a hydrody-
namic diameter of 1.2 nm, make it an excellent 
vascular and lymphatic contrast agent when 
injected intravenously (IV) and in the system 
lymphatic (e.g., by subcutaneous injection), 
respectively. The intravascular compartmental-
ization of the ICG before its rapid clearance 
explains its angiographic properties. Therefore, 
ICG is used in ophthalmology for retinoscopy 
and in plastic surgery to evaluate the vasculariza-
tion of the reconstruction flap [46–48]. 
Furthermore, as it is excreted exclusively from 
the liver into the bile, it can also be used to evalu-
ate liver function in cirrhotic patients before 
undergoing liver surgery [49, 50], or during cho-
lecystectomy as a cholangiographic agent [51–
53]. Moreover, in colorectal surgery for 
oncological and non-oncological indications, 
ICG-FI is expected to become a useful applica-
tion for the evaluation of the vascularization of 
colorectal anastomoses [54–57]. After subcuta-
neous injection, free ICG is a small molecule that 
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can rapidly enter the small lymphatic vessels and 
serves as a good marker of the lymphatic system. 
Recently, ICG-FI has emerged as a potential tool 
in surgical oncology for detection of sentinel 
lymph nodes (SLN) in various cancers such as 
breast [58], skin [59], gastric [60], and colorectal 
cancers [61–67]. Furthermore, FI after IV injec-
tion of ICG has been described as a novel imag-
ing technique to assist surgeons in the 
intraoperative detection of hepatocellular carci-
noma (HCC) [68, 69], cholangiocarcinoma [70], 
hepatoblastoma [71], and hepatic metastases 
[72]. Several reviews have reported the role of 
optical imaging using ICG [38, 73–78], but none 
of these has specifically focused on the role of 
ICG-FI for the detection of carcinomatosis in 
colorectal cancer. ICG-FI represents a wide 
potential field for the clinical application of this 
emerging imaging technique.

FI-guided surgery with ICG (ICG-FI), both 
in  vivo (ICG-IF intraoperative) and ex  vivo (on 
the ICG-FI table), seems to be particularly suit-
able for detecting PC in which superficial lesions 
are present. However, data on ICG-guided surgery 
in PC CRC treatment are still poor and the tech-
nique has not yet been standardized for this use.

 Our Experience

At the Division of Surgical Oncology of the 
University of Naples “Luigi Vanvitelli,” a pro-
spective study was conducted to evaluate the role 
of ICG-FI in the improvement of outcome in 
patients affected by peritoneal carcinomatosis 
from CRC and undergoing CS + HIPEC (Video 
21.1). Inclusion criteria for CS  +  HIPEC were 
age of 18–70  years, PCI ≤20 at preoperative 
diagnosis, tumor limited to the peritoneal cavity 
without other distant metastases, and absence of 
serious comorbidity with the performance status 
≤1. Overall, seven patients with PC from CRC 
were admitted. Three patients were excluded 
from surgical treatment due to high PCI (29 and 
31, respectively), or poor general conditions (one 
patient). Ultimately, four patients underwent sur-
gical exploration. All patients had previously 
been successfully submitted to a potentially cura-

tive resection for stage III colorectal adenocarci-
noma. All patients underwent adjuvant 
chemotherapy with 5-fluorouracil plus oxalipla-
tin, and they were followed at 3-month intervals 
until tumor recurrence [79].

All operations were performed through open 
median relaparotomy. After clinical exploration 
of the entire peritoneal cavity and evaluation of 
the feasibility of CC-0 or CC-1 cytoreduction and 
localization of metastatic nodules, a dose of 
0.25  mg/kg ICG (PULSION Medical Systems 
SE, FeldKirchen, Germany) was injected intrave-
nously. FI-guided imaging was performed in vivo 
on the entire peritoneal cavity using Fluobeam® 
(Fluoptics Imaging Inc., Cambridge, MA, USA), 
an open system for in vivo infrared fluorescence 
imaging. At Fluobeam® examination, the perito-
neum appears as a large gray area striped with 
very thin bright lines corresponding to vascular 
structures. With black and white vision, a hyper-
fluorescent peritoneal nodule appeared as a well- 
defined area of intense bright light with clear 
margins (Fig.  21.1a). This area, with the color 
vision allowed by Fluobeam®, appeared as a red 
area with ultraviolet margins (Fig. 21.1b). Visible 
and/or palpable nodules showing no clear dis-
similarity from the gray peritoneal serosa (with 
black and white vision) or colors ranging from 
green to ultraviolet were defined as hypofluores-
cent nodules. All peritoneal sites were checked 
again at the end of surgical resection to evaluate 
residual fluorescence. Finally, all specimens were 
observed ex  vivo with Fluobeam® to confirm 
their previous appearance and investigate the 
margins of resected tissue.

HIPEC was performed through a closed tech-
nique by using oxaliplatin (400 mg/m2) in 5 L of 
5% glucose solution for 30 min at 42 °C.

Patient characteristics are reported in 
Table 21.1. A cytoreductive surgery classified as 
CCR-0 followed by HIPEC was performed in all 
patients. No patient had serious postoperative 
complications and all were discharged on postop-
erative days 9–11. Peritoneal exploration was 
performed at a median time of 50 min after ICG 
injection (range 30–60; IQR 35–60  min). The 
ICG-FI required on average 20 min (range 10–30, 
IQR 15–25  min), and all images collected by 
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Fluobeam® were converted into pictures and 
videos. The operation time ranged from 240 to 
360 min (median 280 min, IQR 250–330 min).

A total of 69 nodules were collected (median 
diameter 2.7  cm, range 0.2–5.0  cm, IQR 1.2–
3.8 cm). With conventional techniques, such as 
CT and PET scans, 30 nodules had been preop-
eratively discovered (median diameter 3.8  cm, 

range 1.5–5.0 cm, IQR 3.5–4.4 cm). At intraop-
erative exploration further 22 peritoneal nodules 
(median diameter 2.3 cm, interval 1.3–3.1 cm, 
IQR 1.8–2.8 cm) were identified by the surgical 
team. Out of these 52 nodules, 47 (90%) were 
hyperfluorescent on examination with 
Fluobeam®. Finally, ICG-FI identified 17 addi-
tional hyperfluorescent nodules with a median 

a b

Fig. 21.1 (a) Patient #3. ICG-FI guided surgery (black 
and white vision). Hyperfluorescent nodule visible as an 
intense bright light surrounded by a gray area. (b) Same 

case (color vision). The nodule appeared as a red area with 
ultraviolet margins. (From Lieto et  al. [79]; used with 
permission)

Table 21.1 Clinicopathological characteristics

Patient #1 Patient #2 Patient #3 Patient #4
Age (years) 62 67 64 59
Gender Female Male Male Female
Primary tumor
  Site
  TNM stage
  Grade

Right colon
pT3N2aM0
well 
differentiated/G1

Rectum
pT4aN0M0
undifferentiated/
G3

Left colon
pT4aN1bM0
moderately 
differentiated/G2

Right colon
pT4aN1bM0
moderately 
differentiated/G2

Time to relapse (months) 13 26a 15 15
Number of nodules 25 2 24 18
  Preoperative diagnosis
  Intraoperative 

diagnosisb – ICG-FI

12 (48%)
6 (24%)
7 (28%)

1 (50%)
//
1 (50%)

10 (42%)
8 (33%)
6 (25%)

7 (39%)
8 (44%)
3 (17%)

Peritoneal Cancer Index
  Before ICG-FI
  After ICG-FI

12
15

2
3

9
12

6
8

ICG-FI indocyanine green fluorescence imaging
From Lieto et al. [79]; used with permission
a13 months after CS + HIPEC for previous peritoneal carcinomatosis
bVisual and palpatory diagnosis
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diameter of 0.5  mm (range 0.2–0.7  cm, IQR 
0.3–0.6 cm) (Fig. 21.2). All samples were also 
examined with Fluobeam® ex vivo, namely on 
the table in the operating room. There was a 
complete correspondence between in  vivo and 

ex vivo observations (Fig. 21.3a, b). In addition, 
a hypofluorescent tissue boundary was identi-
fied around each lesion. Postoperative histopa-
thology showed that two nodules detected in the 
intraoperative phase and two nodules detected 
intraoperatively were not metastatic. Of the 64 
hyperfluorescent nodules, 1 (false-positive) was 
non-cancerous; of the remaining 5 hypofluores-
cent nodules, 2 (false-negatives) turned out to 
be metastatic tissues. In all cases, the hypofluo-
rescent tissue around each lesion was negative 
for metastatic tissue. Of the 65 metastatic peri-
toneal nodules, the ICG-FI allowed to identify 
16 nodules not diagnosed with conventional 
procedures, adding a 25% diagnostic improve-
ment. Overall, the sensitivity of current diag-
nostic procedures (CT and PET) was 43.1% 
preoperatively and 76.9% intraoperatively 
(visual examination and palpation). With the 
ICG-FI sensitivity increased to 96.9%, ICG-FI 
showed the highest specificity and positive and 
negative predictive values. The accuracy of the 
test, that is, the global prognostic  performance 
of the procedure, was 43.4%, 75.3%, and 95.6% 

Fig. 21.2 Patient #1. Diffuse pelvic peritoneal carcino-
matosis (hyperfluorescent areas–black arrows) clearly 
visible. In addition, ICG-FI revealed a hyperfluorescent 
peritoneal nodule (visible between the two branches of the 
surgical clamp). (From Lieto et  al. [79]; used with 
permission)

a b

Fig. 21.3 (a) Patient #2. The ICG-FI revealed a second 
sub-centimetric hyperfluorescent nodule (visible between 
the two branches of the surgical clamp). (b) Same case. 

ICG-FI guided surgery ex vivo, on the table, to confirm 
the radicality of the surgical resection. (From Lieto et al. 
[79]; used with permission)
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for preoperative, intraoperative, and ICG-FI, 
respectively (Table 21.2).

Prior to ICG-FI, median PCI was 7 (range 2–12, 
IQR 4–10), but after ICG-FI, PCI increased signifi-
cantly to a median of 10 (range 3–15, IQR 5–13; 
p < 0.001). However, the worsening of PCI did not 
prevent a complete cytoreduction in all patients.

Cytological examination of the peritoneal liq-
uid was positive for malignant cells in three out 
four cases before HIPEC and negative in all cases 
after HIPEC.

 Considerations

Cytoreductive surgery achieving CCR-0 or at 
least CC-1 cytoreduction should be the gold stan-
dard in the treatment of primary and metastatic 
peritoneal carcinomatosis, including PC from 
colorectal cancer. A technique that improves 
intraoperative detection of PC nodules would 
help to achieve complete cytoreduction and avoid 
resection of non-cancerous lesions. Despite the 
limited number of patients and PC nodules that 
are limitations of the present study, our results 
with intraoperative ICG-FI appear promising. 
Using this imaging technique, it was possible to 
correctly map the metastatic areas with a sensi-
tivity of 97%, a test accuracy of 95.6%, and an 
improvement of almost 25% in the identification 
of the disease. Particularly, the 16 malignant 
lesions identified intraoperatively with 
Fluobeam® had not been detected during con-
ventional abdominal exploration.

In 2016, Liberale et  al. and Barabino et  al., 
both from Europe, have reported their results in 
17 and 10 patients, respectively, showing PC 
from colorectal cancer [33, 40]. Our results differ 
from those reported by Barabino [40]. In contrast 
to our results showing that the PCI score has 
improved significantly from 7 (with conventional 
methods) to 10 (with PCI-FI), Barabino et  al. 
reported a non-significant difference between 
conventional and ICG-FI-guided surgery [40]. 
They also reported false-positive and false- 
negative rates of 40% and 27%, respectively, 
while our rates were 25% and 3%, respectively. 
The explanation of the authors of these high per-

centages includes preoperative chemotherapy 
and the limitations of the EPR effect of 
ICG. However, Barabino and colleagues admin-
istered ICG 24 h before surgery and it could have 
impaired their results. In our experience, 50 min 
after ICG intravenous injection, the intraopera-
tive view with Fluobeam® of the fluorescent 
areas in the abdomen was optimal. Our decision 
to perform the intraoperative injection of the flu-
orescent probe was influenced by our previous 
experience with ICG-FI guided surgery for liver 
cancers [80]. In order to consistently reduce 
physiological hepatic uptake and allow the drug 
to concentrate in the tumor, the injection of ICG 
had been performed 24 h before surgery [81, 82]. 
In these cases, no peritoneal fluorescence 
occurred at the time of the operation. Interestingly, 
as in our observations, Liberale et  al. did not 
detect fluorescence in peritoneal metastatic nod-
ules in the first two patients who received ICG 
24 h before surgery. In contrast, in the remaining 
patients who received ICG intraoperative injec-
tion, all peritoneal nodules were hyperfluorescent 
[33]. Establishing the optimal ICG dosage and 
injection times are important for the standardiza-
tion of the technique. Some authors [42] propose 
a dose of 0.5 mg/kg 12–24 h before surgery, oth-
ers [33] a total dose of 5 mg administered intra-
operatively. In the case of the PC, in which 
numerous, small, hypervascularized nodules are 
to be detected, an intraoperative ICG injection is 
suitable since the ICG disappears from the 
plasma at a rate of 18–25% per minute [83].

A new interesting tool is represented by pro-
phylactic HIPEC in CRCs at high risk of devel-
oping peritoneal metachronous carcinomatosis, 
such as tumors invading serosa (pT4a) or with 
positive peritoneal lavage [84]. In these patients, 
current clinical and imaging techniques do not 
have sufficient diagnostic sensitivity [85], and 
ICG-FI-guided surgery could identify small 
undiagnosed peritoneal metastatic nodules. 
Furthermore, this technique would be an excel-
lent tool to improve sensitivity for second-level 
laparoscopy in high-risk patients and could be 
practice-changing.

Although all the available studies show some 
limitations particularly related to the small number 
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of investigated patients, ICG-FI-guided surgery 
appears to be a promising tool to improve the radi-
cality of CS in PC originating from CRC. Further 
studies are needed to standardize the technique 
and determine its role in this patient population.
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Ureter Identification Using  
Near- Infrared Fluorescence 
Imaging

M. Al-Taher, J. van den Bos, B. Knapen, 
N. D. Bouvy, and L. P. S. Stassen

 Indications

Although surgical procedures are performed to 
improve a medical condition, the risk for iatro-
genic injury is always part of the operation. 
During colorectal, urologic, and gynecologic 
surgery, ureteric injury is a feared complication. 
In order to prevent such iatrogenic damage, the 
surgeon must be aware of the exact location of 
the ureter.

Ureteric injury can result in pain, intra- 
abdominal sepsis, systemic infection, abscesses, 
urinoma, ureteral stricture, ureteric fistula, renal 
failure, and even loss of the ipsilateral renal unit 
[1–3]. The majority of ureteral injuries are often 
found only after other, more profound injuries are 
addressed, which may lead to worse outcomes.

Previous pelvic operations, infection, and 
inflammatory bowel disease are among the 

known risk factors for iatrogenic ureteral 
injury during laparoscopy, but most ureteral 
injuries occur in patients lacking these risk fac-
tors [4]. In earlier studies, an incidence of 0.1–
7.6% of iatrogenic ureteral injury has been 
reported during colorectal and gynecologic 
surgery in which more than 80% of cases were 
unrecognized intraoperatively [5–7]. Failure to 
identify the relevant anatomy is the main factor 
leading to ureteral damage [8]. In an earlier 
study, Assimos et  al. [7] compared the inci-
dence of iatrogenic ureteral injuries between 
the pre-laparoscopic and laparoscopic era and 
found that the incidence of iatrogenic ureteral 
injuries was significantly greater in the latter. 
Thus, the early detection and prevention of 
ureteral injury have become even more impor-
tant. Now laparoscopic surgery is the standard 
of care in the majority of pelvic surgical proce-
dures. Therefore, a technique or method that 
improves visualization of the ureter by the sur-
geon would be beneficial in preventing ureteral 
damage.

A method to detect the ureters pre-operatively 
is by the use of retrograde pyelography or uro-
logic computed tomography [9]. However, intra-
operative visualization would be more desirable 
since the anatomy changes during surgery. A 
method used in open surgery to assist in manu-
ally identifying the ureters is by placement of 
ureteral stents. However, laparoscopic pelvic 
surgery is increasingly performed and tactile 
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feedback is strongly reduced when using laparo-
scopic instruments as compared to open surgery. 
In laparoscopic surgery ureteral stent placement 
is therefore less helpful. Moreover, stent place-
ment as a procedure itself can cause complica-
tions to the ureter [10–12].

Intraoperative fluorescence ureteral identifica-
tion with preoperative optical dye administration 
is a new technique for easier and earlier intraop-
erative visualization of the ureter and could 
therefore improve the safety and efficiency of 
laparoscopic colorectal surgery [13, 14]. In fluo-
rescence imaging, a near infrared (NIR) fluores-
cent dye is administered intravenously and is 
excited by a specific light source and detected by 
the use of a laparoscope with near-infrared (NIR) 
imaging properties.

However, at present no dye for ureteral iden-
tification is commercially available for use in 
the human setting. Methylene blue (MB) is a 
registered dye with fluorescent characteristics 
that is excreted by the kidneys and would there-
fore be applicable for ureter imaging. 
Unfortunately, the results of clinical experi-
ments so far give conflicting results. These may 
be due to the characteristics of the dye itself 
with only a weak fluorescent signal or the cur-
rently available laparoscopic equipment. The 
latter refers to a disadvantage of MB: this dye is 
excitated at 600 nm, which is a different wave-
length than most other dyes like indocyanine 
green in other indications which is excitated at 
around 800  nm. The use of MB therefore 
demands specifically developed equipment. The 
equipment used in the experiments with MB 
was experimental and is not available commer-
cially for laparoscopic use so far.

Three experimental dyes are now available 
which are cleared by the kidneys and therefore 
excreted through urine with excitation around 
800 nm and therefore applicable with the usual 
equipment. The first of these dyes was IRDye® 
800CW (LI-COR Biotechnology, Lincoln, 
United States). Because of its high cost, two 
other dyes have been developed: IRDye® 
800NOS and IRDye® 800BK. Their price is in 
the range of that of ICG which can be considered 
affordable for daily practice.

The present chapter describes and illustrates 
the use of these dyes in an experimental setting 
in pigs.

Surgeries particularly at risk are obviously 
surgeries concerning the area near the ureters: 
pelvic surgery including rectal cancer surgery, 
low anterior resection, but possibly also gyneco-
logical surgery.

Therefore, in these surgeries NIR ureter imag-
ing is most required.

 Technical Description 
of the Procedure(s)

In the experiments described in this chapter, the 
dye to illuminate the ureter is administered intra-
venously. Another application is the use through 
ureteral stents that are introduced with cystos-
copy. In the following, only applications using 
intravenously (IV) administered dyes are 
described and the more invasive ureteral stenting 
technique is not described further. In current lit-
erature, several IV administered dyes have been 
tested for ureter visualization.

In 2007, the first use of NIR imaging for ureter 
visualization was described by Tanaka et  al. in 
2007. In pigs, IRDye® 800CW (earlier referred 
to as CW-800-CA) was injected in several con-
centrations. An NIR imaging system prototype 
was used to detect the fluorescent signal. 
Illumination of the ureters in both rats and pigs 
was obtained at 10  minutes post injection until 
60 minutes post injection [14].

In 2013, Schols et  al. published a second 
article on the use of this dye for ureter visual-
ization in pigs. A low dose of 0.25 mg IRDye® 
800CW was injected in the first pig and 3 mg 
in the second. In the first pig, no ureter fluo-
rescence was observed, but in the second pig 
both ureters could be clearly visualized from 
10 minutes onward after IV administration of 
the dye [15].

Korb et  al. showed comparable results after 
systemic administration of 30, 60, or 120 μg/kg 
injection of IRDye® 800CW in pigs. An optimal 
signal was reached by 30 minutes and with a dose 
of 60 μg/kg [16].
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MB as a dye for ureteral imaging was 
described in several studies. In 2010, Matsui 
et al. published a study on female Yorkshire pigs 
that were included for open surgery and laparo-
scopic surgery. The FLARE™ image guided sur-
gery system was used for the open surgery 
setting, and for the laparoscopic setting a proto-
type was used. Animals were divided into three 
subgroups: slow infusion over 5  minutes with 
0.01  mg/kg  MB diluted in 30  mL saline, pre- 
treatment with 10  mg intravenous furosemide 
1 hour prior to MB injection, and injection with a 
higher dose of 0.5 mg/kg MB. In all included ani-
mals the ureter could be identified from 10 up to 
75  minutes after MB administration, with a 
higher fluorescence to background ratio in the 
third group. No added value of the use of furose-
mide was found. In the laparoscopic setting, a 
dose of 0.1 mg/kg did not provide sufficient fluo-
rescence intensity, but after intravenous injection 
of 1 mg/kg MB the ureters could be readily iden-
tified from 10 to 30 minutes post injection [13].

The first described in-human use of MB for 
ureter visualization was in 2013 by Verbeek et al. 
In their article, the intravenous administration of 
several concentrations of MB followed by NIR 
imaging using the mini-FLARE™ system was 
assessed. In all included 12 patients, the ureter 
could be visualized 10 minutes after infusion with 
MB, with a higher fluorescence intensity achieved 
when administering a higher dose of MB [17].

A second article on the in-human use of MB 
showed less favorable results. The injected dose 
of MB in this study ranged between 0.125 and 
1 mg/kg. The ureter was successfully detected in 
5 out of the 10 patients, in whom the highest 
doses were administered (0.75–1 mg/kg), but the 
fluorescent signal was only picked up after the 
ureter was already visible in the conventional 
white light mode. Therefore, the technique was 
considered to be of no added value in these 
patients [18].

Most recently, Barnes et al. used MB for ure-
ter visualization in 40 patients in a dose ranging 
from 0.25 to 1 mg/kg. Of the 69 ureters analyzed, 
64 were seen under fluorescence of which 14 
were seen earlier with fluorescence than white 
light. Fluorescence was deemed useful in 13 

cases, whereas in 10 cases, the fluorescence 
revealed the ureter to be in a different location 
than expected. The highest signal to background 
ratio was found when using 0.75 mg/kg [19].

Friedman-Levi and colleagues used ICG 
loaded into liposomes, enabling IV administra-
tion and renal excretion. In the liposomal-ICG 
treated animals, the ureters could be visualized, 
up to 90 minutes after administration. However, 
background fluorescence was quite bright using 
this technique diminishing the discrimination of 
the ureter [20].

Verbeek et  al. assessed the use of ZW800–1 
conjugated to the cyclic RDG-peptide to both 
visualize the ureter and colorectal cancer in mice. 
ZW800 has an absorption peak at 772  nm and 
emission peak at 788 nm. The Flare system was 
used to detect the fluorescent signal. With these 
dyes both the experimentally induced tumors and 
the ureters could be visualized using cRDG-
 ZW800–1 [21].

De Valk et  al. recently published an article 
describing the first in-human use of ZW800–1. 
After a low dose injection of this dye, the ureters 
were clearly visible up to 3 hours after injection, 
without observable toxicity [22].

Dip et al. described the use of IV sodium fluo-
rescein in rats for ureteral imaging after laparot-
omy. A 530  nm excitation light was used to 
visualize the fluorescent signal. Using this light, 
the peristaltic movement of the ureters was seen 
in all rats [23].

A new dye, UreterGlow, with emission at 
800 nm and excitation at 830 nm was tested by 
Mahalingam et al. in mice using a commercially 
available NIR system. Ureter identification with 
white light was achieved in none of the pigs, but 
within 15 minutes after injection of the fluores-
cent dye, both ureters could be clearly visualized 
for up to 2  hours without background fluores-
cence [24].

 Regarding the Presented Video

Video 22.1 is derived from a study that has been 
reported before in a peer-reviewed journal [25]. 
This study was approved by the local animal ethics 

22 Ureter Identification Using Near-Infrared Fluorescence Imaging



200

committee, and the experiments were conducted at 
the central animal facilities of Maastricht 
University (Maastricht, the Netherlands). Animals 
were used in compliance with the regulations of 
the Dutch legislation concerning animal research. 
A pig model was chosen because of the similari-
ties between pig anatomy and human anatomy and 
because of earlier successful application of NIR 
imaging in pigs [15]. The experiments were done 
in three female Dutch landrace pigs (each weigh-
ing 40 kg). After surgery, the pigs were sacrificed 
by the veterinarian-anesthesiologist.

 Laparoscopic Fluorescence Imaging 
System

A commercially available laparoscopic fluores-
cence imaging system (Karl Storz SE & Co. KG, 
Tuttlingen, Germany) was used. This system with 
a xenon based light source enables both excita-
tion and detection of all three dyes used in this 
experiment: IRDye® 800CW (ʎEX/
EM  =  775/796  nm), IRDye® 800BK (ʎEX/
EM = 774/790 nm), and IRDye® 800NOS (ʎEX/ 
EM = 767/786 nm). A food pedal allows the sur-
geon to switch easily between the white and NIR 
light imaging modalities. The same NIR imaging 
settings were used for all three dyes tested. All 
procedures were digitally recorded with the built-
 in recording equipment.

 Characteristics of the Dyes

The characteristics of the dyes used (IRDye® 
800CW, IRDye® 800BK, IRDye® 800NOS) 
have been previously described [26].

 Preparation of the Dyes

The dyes were prepared and used following 
instructions of the manufacturer. They were 
diluted in sterile phosphate buffered saline (PBS) 
solution to a concentration of 1 mg/mL.  In this 
dilution, 6 mg of each dye was prepared for intra-
venous injection in one pig.

 Surgical Technique and Assessment

The surgical procedures were performed under 
general anesthesia. Premedication consisted of 
intramuscular injection of azaperone 3  mg/kg, 
ketamine 10  mg/kg, and atropine 0.05  mg/kg. 
Anesthesia was induced with intravenous thio-
pental 10–15  mg/kg. After intubation, the pigs 
were maintained under anesthesia with isoflurane 
and oxygen.

Surgical residents performed a laparoscopic 
partial excision of the bicornuate uterus, mimick-
ing a laparoscopic appendectomy. These proce-
dures were strictly supervised by two expert 
endoscopic gastrointestinal surgeons. One dye 
was tested per animal, using a 6 mg dose (1 mg/
mL) which was intravenously administered.

Fluorescence imaging was initiated immedi-
ately after the intravenous administration of the 
dye. Further imaging was performed intermit-
tently in fluorescence mode and white light mode. 
Intraoperatively, it was systematically docu-
mented whether the ureters could be identified in 
fluorescence mode by filling in a registration 
form. The attending surgeon was consulted to 
reach agreement on the identification of the ure-
ters. A structure was defined as “identified” if its 
localization was confirmed with absolute cer-
tainty by the experienced surgeon.

 Interpretation

All three dyes enabled clear and satisfactory 
visualization of the anatomical course of both 
ureters, in which the highest fluorescence inten-
sity compared to the background was found in 
the pigs in which IRDye® 800BK and IRDye® 
800CW were used.

The first identification of the ureters occurred 
within minutes after dye administration in all 
three pigs because of vascular imaging of the 
wall of the organ. At this time, also other struc-
tures are illuminated such as the uterus, bowel 
wall, and lymph nodes. No peristaltic movement 
of fluorescent dye through the ureter is yet visual-
ized. This occurs in IRDye® 800BK, IRDye® 
800CW, and IRDye® 800NOS 35, 10, and 
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45 minutes after dye administration, respectively, 
when the ureters become visible through excre-
tion of the dyes in the urine. The ureters remained 
fluorescent during pulsatile movement of the ure-
ter for 3.5 hours after administration.

 Pitfalls

Despite the promising results, the findings of this 
study have to be interpreted with caution. Since 
each dye was only tested in vivo at one specific 
dosage and each dye was only tested in one pig, 
further experiments are needed to determine opti-
mal dosing and timing of the dyes which are 
dependent on the pharmacokinetic properties of 
the dyes. The ureter wall thickness of pigs is 
slightly less than the thickness of the ureter wall 
in humans; therefore, the use of NIR in humans 
might give different results [27].

Before visible pulsatile flow occurs, NIR 
highlights the ureter and other well vascularized 
structures because of intravascular presence of 
the dye. In this phase, the ureter might be con-
fused with other structures. When the dye appears 
in the urine, the ureter is easy to distinguish from 
the surrounding vascularized structures. These 
structures have lost most fluorescence at that time 
because of washout, while the remaining pulsa-
tile movement of urine through the ureter is quite 
characteristic. The relationship with peristalsis 
has one slight drawback, as the signal is not pres-
ent permanently and the surgeon must wait for 
the ureter to make these peristaltic movements. In 
addition, adequate renal function is required for 
sufficient excretion of the fluorescent dye into the 
urine.

No adverse reactions as a result of the admin-
istration of the dyes were observed.

A transient decrease in measured SpO2 oxy-
gen saturation is displayed. This is due to the 
measurement method, in which the color of the 
blood is used, which changes after administration 
of the dyes.

Of course, one should be aware that the pres-
ent results were obtained in an experimental set-
ting, studying pigs. Two clinical studies are being 
performed evaluating the use in the human set-

ting. One of these studies focuses on the safety 
and efficacy of IRDye® 800BK in laparoscopic 
bowel resection and laparoscopic donor nephrec-
tomy (NCT03387410). The second clinical trial 
currently performed is a dose-escalation study in 
gynecological surgery (NCT03106038). The 
information and video presented in this chapter 
should be regarded as indicative of what the use 
in the clinical setting could be like, but the results 
of these trials will determine whether these 
expectations were justified.
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 Indications

Radical cystectomy with pelvic lymphadenec-
tomy and urinary diversion is a method of choice 
for the treatment of muscle invasive bladder can-
cer (MIBC) [1]. Bladder cancer is the ninth most 
common malignancy worldwide with 430,000 
new cases and more than 165,100 deaths annu-
ally [2]. In the case of MIBC, radical cystectomy 
(RC) is a treatment method of choice. This 
method increases life expectancy by approxi-
mately 50% [3, 4]. Moreover, data suggest that 
cisplatin-based combination neoadjuvant chemo-
therapy (NAC) improves the 5-year survival rate 
[5, 6]. The extent of lymphadenectomy and the 
number of lymph nodes removed during the 
operation are a subject of debate. Standard 
lymphadenectomy involves the removal of nodal 
tissue cranially up to the common iliac bifurca-

tion, with the ureter as the medial border, includ-
ing the internal iliac, presacral, obturator fossa, 
and external iliac nodes [7]. Extended lymphad-
enectomy adds all lymph nodes in the region of 
the aortic bifurcation, and presacral and common 
iliac vessels medial to the crossing ureters [8, 9]. 
A superextended lymphadenectomy extends cra-
nially to the level of the inferior mesenteric artery 
[10, 11]. No doubt this issue requires further 
studies. Cancer recurrence and spread of the 
tumor cells to the lymph nodes have a significant 
independent prognostic value for patients’ sur-
vival [12, 13] and it has been widely explored in 
other malignancies. In many studies, sentinel 
lymph node biopsy has been proved to be encour-
aging; moreover, fluorescence methods of senti-
nel lymph nodes detection in different cancers 
has been described [14–16]. It has been shown 
that in patients with bladder cancer after NAC, 
the SLNB procedure can be performed regardless 
of the pT stage, but sentinel node detection 
played no role in nodal staging [17]. In the meta- 
analysis of Tee et al., based on 13 studies of sen-
tinel lymph node biopsy after neoadjuvant 
chemotherapy in initially biopsy-proven node- 
positive breast cancer patients, the authors proved 
that the identification rate was 19%, the false 
negative rate was 14%, and, importantly, the false 
negative rate was higher when it was based on 
single mapping [18]. Among well-defined meth-
ods of identifying the sentinel lymph nodes, fluo-
rescence seems to be especially interesting; it 
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does not use radioactivity, it is cheap, easy to use, 
and harmless both for the patient and for the 
medical staff.

The number of studies into applications of 
real-time near infrared fluorescence image- 
guided surgery is growing [19, 20]. This tech-
nique requires the use of fluorophore and special 
equipment for its detection. Fluorophore is used 
as an indicator substance that can be detected 
with the use of special equipment. From among 
the fluorescent dyes approved by the Food and 
Drug Administration, Indocyanine green (ICG) is 
the most widely used and is suitable for use with 
near infrared (NIR) camera systems. What should 
be noted is that ICG does not bind specifically to 
any target after injection. ICG injected into the 
bladder wall flows through lymphatic vessels to 
lymphatic nodes. Near infrared light source 
(laser) is needed for the excitation of the fluores-
cent dye. The laser is combined with a camera—a 
detector of fluorescence that records its absorp-
tion. Thus, the visualized tissue can be more eas-
ily detected and removed—the aim for the use of 
this system is to improve surgical precision and 
patient’s safety. This is especially useful in the 
case of laparoscopic and robotic procedures 
where the near infrared system is integrated with 
standard robotic or laparoscopic optics providing 
the surgeon with enhanced vision of different 
structures. Another advantage may be that better 
visualization of the tissue that has to be removed 
can reduce the extent of the resection, which is 
important in the minimally invasive approach. 
Finally, it is also possible to visualize important 
structures that are not to be resected.

The fluorescence-guided surgical technique in 
bladder cancer is still under development and 
requires further investigation [21, 22]. Some of 
the solutions investigated in studies conducted 
into other malignancies can also be tested for 
bladder cancer [4, 23]. This chapter offers a few 
indications for the use of near infrared fluores-
cence imaging performed during cystectomy. 
The first one is detection of a possible lymphatic 
tumor spread during the extirpative part of the 
procedure, which is possible after cystoscopic 
injection of the fluorescent dye around the tumor 
into the bladder wall (Fig. 23.1).

The fluorescent dye is taken up from the 
injection site by the lymphatic tissue and 
through the lymphatic vessels, and thus may 
potentially identify bladder lymphatic drainage 
and mark first lymph nodes draining the lymph 
from the tumor, that is, sentinel lymph nodes 
(Fig. 23.2).

This technique can help the surgeon improve 
lymph node dissection, dissect lymph nodes out-
side standard template otherwise missed, and 
potentially improve the oncological outcome. 
Another interesting application utilizes the fact 
that after the intravenous injection of ICG during 
the surgery it is easier to identify mesenteric vas-
culature, which helps avoid ischemia during uri-
nary diversion preparation with the use of the 
ileum.

Fig. 23.1 Injection of fluorescent dye indocyanine green 
(ICG) during cystoscopy into the healthy bladder wall 
around the tumor site with the use of Williams needle

Fig. 23.2 Fluorescent lymph node stained by indocya-
nine green (ICG) in the common iliac region. Position of 
the sentinel lymph node is marked with the clip during 
surgery
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 Technical Description 
of the Procedure(s)

The fluorescent-based technique of sentinel 
lymph nodes biopsy in muscle invasive bladder 
cancer is still under development and should be 
performed in parallel with the standard radioac-
tive technique. To improve cancer staging and 
decrease morbidity associated with lymph node 
dissection, the sentinel lymph node biopsy has 
been introduced in different malignancies [4, 
23]. Recently it was adopted in the case of blad-
der cancer [24]. Significantly, a technique 
employing hybrid radioactive-fluorescent tracer 
has been recently proposed in different cancers 
with promising results [25]. The procedure 
involves injecting a radiotracer and a fluorescent 
agent (in the case of hybrid tracer injection, 
their mixture) into the bladder wall around the 
tumor site. Intraoperative localization of the 
first nodes that drain the lymph from the tumor 
is performed with the use of hand-held gamma 
probe. The estimation of the lymphatic outflow 
and of the position of the first lymph nodes with 
the use of fluorescent agent, indocyanine green 
(ICG), and near infrared camera has to be 
deemed an additional method employed to 
improve intraoperative visualization of lymph 
vessels and lymph nodes [25] (Fig. 23.3).

The exclusion criteria for this procedure 
include: allergy to the ICG or iodine or shellfish, 
pregnancy and lactation period, metastatic cancer, 
former surgery in the pelvic region, any previous 
radiotherapy in the pelvic region, and lymph node 
metastases found on ultrasound or CT (cN+) [24]. 
Indications for this procedure after neoadjuvant 
chemotherapy are currently under debate [17].

 Sentinel Node Biopsy 
and Visualization of Lymphatic 
Structures

First, induction of anesthesia is performed, and 
the patient is placed in low-lithotomy position. 
The procedure consists of preoperative rigid or 
flexible cystoscopy with tracer injection into the 
bladder wall. An 18-gauge cystoscopic needle is 
used for tracer injection. For tumors localized in 
the bladder’s triangle, dome, left, right, and 
back wall, rigid cystoscope should be used. In 
the case of tumors placed on the front wall of 
the bladder and its bladder neck, flexible cysto-
scope should be preferred for better visualiza-
tion of the tumor. This allows injection of the 
tracer around the inconveniently located tumors. 
Please see Video 23.1 Indocyanine green (ICG) 
injection in cystoscopy.

Fig. 23.3 Application 
of both systems—a 
radio-guided, hand-held 
gamma probe and a 
fluorescent—NIR 
camera for the detection 
of tracer-marked lymph 
nodes
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 Technique of Parallel Injection 
of Radiotracer—99m-Technetium 
and Fluorescent Agent—Indocyanine 
Green (ICG)

Four doses of the radioactive tracer—99m- 
Technetium with radioactivity of 5 mCi/ 1 mL—
are injected during cystoscopy aimed at the 
submucosa and superficial detrusor muscle to 
avoid its perforation circumferentially around the 
tumor into the healthy tissue and to avoid injec-
tion into the scar tissue after transurethral bladder 
tumor resection (TURBT). See Video 23.2 
Injection site bladder. This may affect the outflow 
of the tracer. The injections are preferred to be 
performed at 3, 6, 9, and 12 o’clock positions 
around the tumor at least 12 hours before the sur-
gery. Then, optionally, a single-photon emission 
computed tomography (SPECT/CT) lymphos-
cintigraphy can be done to document the visual-
ization of the radioactive lymph nodes before the 
surgery. This allows for a better preparation of 
the surgeon for the lymphadenectomy procedure 
and visualize potentially nonstandard lymphatic 
outflow and localization of the radioactive lymph 
nodes outside the standard lymphadenectomy 
regions, which is observed in some patients [24]. 
The ICG injection is performed just before the 
surgery in the same manner, using cystoscopy 
before the operation. In this case, 10 mg (5 mg/
mL) per dose is injected in the same manner as 
the radiocolloid the previous day. The ICG is dis-
solved in water for the injection. In a different 
method, both tracers are mixed together in one 
syringe just before injection into the bladder 
wall. This allows to skip the second cystoscopy 
and the second injection of the fluorescent agent. 
It is recommended that the bladder should not be 
empty after administering the tracer. The outflow 
of urine from the Foley catheter before the cys-
tectomy should be blocked for some time to 
allow the bladder to expand naturally with urine. 
It is important not to leave the bladder empty and 
not to overflow it either. In this condition, lym-
phatic vessels are open and this allows the tracer 
to flow from the injection sites to the first lymph 
nodes. During the surgery, initial assessment 
under NIR and white light is performed to assess 

the ability of fluorescent agent—ICG—to mark 
the area of the tumor. The surgeon performing the 
cystectomy can localize this site with high accu-
racy guided by the infrared image provided by 
the NIR camera to dissect tissues in this region 
more carefully and to possibly widen the resec-
tion in the tumor site so as not to leave any poten-
tially remaining tumor behind. Please see Video 
23.3 Sentinel lymph nodes identification. The 
dissection of the bladder starting on both lateral 
sites is conducted from the anterior abdominal 
wall inferior-superior to expose the surface of the 
iliac vessels to the level of the aortic bifurcation. 
During the whole procedure, continuous system-
atic examination of the operative field conducted 
by a NIR camera is performed to visualize the 
flow of the ICG in lymphatic vessels to lymph 
nodes. Fluorescent lymph nodes are marked. 
Mobilization of the ureters, transposition of the 
left ureter behind sigmoid mesentery, and bowel 
preparation with vascular pedicle preparation are 
performed next. Localization of the radioactive 
lymph nodes is assessed with the precise use of a 
hand-held gamma probe. After removing both the 
tracer-marked fluorescent and radioactive lymph 
nodes, lymphadenectomy is performed from the 
aortic bifurcation distally to the endopelvic fas-
cia. If tracer-marked lymph nodes are found out-
side the standard lymphadenectomy templates, 
extended lymph node dissection is possible, but 
should be performed with caution. Nodal packets 
are sent separately for standard permanent patho-
logic examination. The nodes marked by tracers 
are sent for pathologic examination and are 
examined according to the sentinel lymph node 
protocol for metastases and micrometastases 
(Fig. 23.4). Please see Video 23.4 Sentinel lymph 
node after excision.

This technique allows performance of sentinel 
lymph node biopsy with the use of hybrid tracer. 
This compound is a conjunction of radioactive 99 
m-technetium and indocyanine green. The con-
nection between both compounds is highly dura-
ble by covalent binding and its creation requires 
special preparation. This compound is character-
ized by the simultaneous presence of both prop-
erties: radioactivity and fluorescence. With the 
use of this hybrid tracer, only one injection 
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 procedure is performed in the same manner as 
described in the case of single tracer. Both detec-
tion systems—gamma camera and near infrared 
camera are used for lymph nodes identification. 
Cystectomy procedure remains the same as 
described above.

 Angiography of Mesenteric Vessels

Ileal conduit is performed with the use of distal 
ileum at least 15  cm proximal to the ileocecal 
valve. During bowel preparation, 2 mL (2.5 mg/
mL) of ICG is additionally administered intrave-
nously to perform life mesenteric angiography for 
identification of mesenteric arcades. This tech-
nique allows to maximally preserve the blood sup-
ply to the ileal conduit with additional benefit of 
safe preparation of the mesentery. If a NIR camera 
for open surgery is used, it can be held by the sur-
geon or it can be attached to a special arm con-
nected to the camera set allowing it to be placed 
near the operating field covered in sterile covers. 
In the case of laparoscopic or robotic NIR camera 
use, the view can be switched from normal endo-
scopic to fluorescent-guided image or overlay of 
the fluorescent filter on the real image can be used 
with the special filter installed in the camera set. 
Those images can be switched with the use of the 
button on the camera head or a foot switch depend-
ing on the used camera set (Fig. 23.5).

 Interpretation

Customization of the diagnosis and treatment of 
different cancers has been recently gaining 
approval. In the case of bladder cancer, due to 
numerous variables such as tumor position in the 
bladder, the number of tumors, as well as com-
plicated lymphatic drainage of the tumor, it is of 
great importance to treat every patient individu-
ally. While performing the SLNB procedure 
with ICG, one has to be aware of the downsides 
of both the substance and the technique [12, 26]. 
On the one hand, ICG is valuable in visualiza-
tion of the lymphatic drainage and in visualiza-
tion of SLNs. On the other, the depth of 
fluorescence penetration through the tissue, 
especially in obese patients, is relatively small; 
currently it is about 1–3 cm, which makes it dif-
ficult to detect SLNs that are located deeper in 
the adipose tissue. It is likely that thanks to using 
hybrid ICG-99m- technetium dyes, it will be pos-
sible to improve this parameter and eliminate the 
drawbacks of this substance in the future [27].

New diagnostic and visualization methods 
applied during diagnosis as well as intra- 
operatively create better, more effective treat-
ment options. This allows identifying patients 
with a nonstandard course of the disease, in 
whom additional information prior to surgery can 
affect the extent of the applied procedure.

The treatment of MIBC patients is still evolv-
ing, especially in the case of minimally invasive 
approaches such as laparoscopic and robotic 
techniques of cystectomy and extensive pelvic 
lymph node dissection. Interpretation of new 

Fig. 23.4 Sentinel lymph node after excision seen in 
gray scale with the use of a NIR camera. Technique with 
the use of hybrid radioactive—fluorescent tracer 
(99m-technetium-indocyanine green)

Fig. 23.5 Mesenteric live angiography for identification 
of mesenteric arcades after intravenous ICG injection
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findings and results of new imaging techniques 
during operation are of great importance, but it 
must be noted that they have to be interpreted 
with caution and should not affect standard treat-
ment protocol for the patient.

 Interpretation of Injection of ICG into 
the Bladder Wall and Interpretation 
of Visualization of Injection Site 
During Surgery

Injection of ICG is performed with the use of 
cystoscope before the surgical procedure. It is 
important to assess injection sites very carefully. 
We recommend injecting the tracer around the 
tumor into the healthy tissue, avoiding injection 
into the tumor and avoiding injection into scar 
tissue after the TURBT procedure. Injections 
should be performed superficially under the 
mucosa to avoid bladder puncture. During the 
surgery after exposure of the bladder, the sur-
geon, guided by the image with the use of an 
NIR camera, can clearly identify the place where 
the injections were performed and where the 
tumor is located. This allows them to prepare tis-
sues with more caution to avoid unintentional 
bladder rupture in the place where the tumor is 
located. What is more, visualization of the place 
where the tumor is located allows for wider 
preparation of tissues near the bladder wall, 
especially in the case of invading the muscle 
bladder wall and serosa of the bladder. This tech-
nique provides a good chance to achieve clear 
surgical margins.

 Interpretation of Sentinel Lymph 
Node Biopsy Procedure with the Use 
of ICG and NIR Camera

After cystoscopic ICG injection into the bladder 
wall, the fluorescent tracer spreads through the 
lymphatic vessels to the lymph nodes. The flow 
of the tracer is fast, so the surgeon does not have 
to wait for its spread during the surgery, and so 
the injection can be performed just before or even 
during the surgery.

A NIR camera detects fluorescent lymphatic 
vessels as well as lymphatic nodes. In the case of 
bladder cancer, lymphatic outflow is complex, so 
the number of the first nodes that drain the lymph 
from the tumor site can vary. ICG is a small par-
ticle, so it flows rapidly through the lymphatic 
system and its spread from the first to the second 
and next lymphatic nodal stations can be 
observed. Because of ICG’s small particle size, 
the number of sentinel lymph nodes can vary 
when compared to the radiotracer technique with 
the use of bigger compound 99m-technetium 
nanocolloid [21].

 Interpretation of Mesenteric 
Fluorescence Angiography After 
Intravenous ICG Injection 
for Identification of Mesenteric 
Arcades in Preparation of ILEAL 
Conduit

The creation of urinary ileostomy is one of the 
elements of the cystectomy procedure in a 
selected group of patients that allows the urine 
outflow outside the abdominal cavity after blad-
der excision. The Ileal conduit uses a segment of 
the distal ileum for the diversion of urinary flow 
from ureters. The mesentery of this segment is 
incised and prepared in a careful manner. During 
bowel preparation, the segment is resected from 
the intestine with the blood supply intact. Large 
vessels of the mesentery must be spared during 
this process to prevent damage of the ileal con-
duit and digestive anastomosis. This can be 
achieved with the use of the transluminatory 
technique in which a satellite lamp is used at 
right angles to the bowel, allowing the identifica-
tion of large vessels. This technique is impossible 
to perform in the case of laparoscopy and robotic 
procedures. The fluorescent technique for identi-
fication of mesenteric vessels consists of an intra-
venous ICG injection, the use of a NIR camera 
during bowel preparation, and assessment of the 
vascularization of ileal segment. After the intra-
venous injection of ICG, the surgeon can perform 
live fluorescent angiography. In this case, a clear 
picture of mesenteric vessels is revealed. First, 
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arteries are identified, then veins. This technique 
allows for the selection of the right vessels for 
closure during ileal segment preparation. Please 
see Video 23.5 Ileal conduit angiography.

 Pitfalls

Near infrared fluorescence applications in the 
case of bladder cancer are still under develop-
ment. New techniques are being described and 
the use of fluorescent agents and near infrared 
camera systems are being standardized. As in 
every new procedure, a learning curve needs to 
be performed in the best way to avoid pitfalls and 
adverse events. We describe our problems and 
doubts while using fluorescent agent ICG in the 
case of bladder cancer.

First of all, the procedures with the use of a 
fluorescent agent for bladder tumor visualization, 
the SLNB procedure, and live angiography are 
additional procedures for standard cystectomy 
and lymphadenectomy. They require additional 
time to perform before, during, and after the sur-
gery. They cause extra costs because of the use of 
additional equipment and extended pathological 
examination.

Considering the use of the near infrared cam-
era systems, it must be noted that some of them 
require turning off the operating light during their 
use, and some of them also require turning off the 
light in the operating room. This was a disadvan-
tage of the early systems because it was almost 
impossible to continue the surgical procedure. 
However, most of the newly developed systems 
do not require such conditions and they can be 
used with the lights on. As for the laparoscopic 
and robotic systems, the intensity of the light can 
be controlled according to the surgeon’s needs. 
Some systems are designed for open surgeries, 
others for open and laparoscopic ones. It is good 
to choose the system adequately for the needs of 
the operating team and the performed proce-
dures. In open procedures, especially in pelvic 
lymphadenectomy, the position of the camera has 
to be adjusted because of its suggested posi-
tion—15 cm in front of the target site. This mini-
mizes the operating field and clear view of the 

operating field, especially for the assisting sur-
geon. In the case of new robotic systems, NIR 
cameras are added as standard equipment, which 
eliminates the problem with camera positioning. 
Please see Video 23.6 Camera position during 
open procedure.

Another problem that may arise during the pro-
cedure is the injection of ICG outside the bladder 
wall and spilling of the fluorescent agent in the 
case of unintentional puncture of the bladder and 
injecting the marker out of its wall into the perito-
neal cavity. This should be particularly noted in 
the case of female patients, the elderly, or men 
who have been diagnosed with bladder trabecula-
tion in which the bladder wall is much thinner than 
normal. If the marker is spilled, the operating field 
is contaminated with ICG, which does not inter-
fere with the cystectomy and standard lymphade-
nectomy itself, but makes it difficult or impossible 
to identify the appropriate sentinel lymph nodes. 
Please see Video 23.7 Indocyanine green (ICG) 
spillage and field contamination. Moreover, dur-
ing the SLNB procedure, when an exact lymph 
node is dissected, contamination of the surround-
ing tissues with ICG can appear. It is useful to 
close the lymph vessels on both sides of the lymph 
node with clips before its removal to avoid this 
problem (Fig. 23.6).

In some cases, there is no outflow of the fluo-
rescent agent to the lymph nodes. This occurs 
mainly in the case of locally advanced disease, 
after wide and deep TURBT procedure or in the 
case of lymph nodes metastases blocking the 

Fig. 23.6 Spillage of a fluorescent agent and operating 
field contamination after unintentional puncture of the 
bladder and injecting indocyanine green (ICG) out of its 
wall into the peritoneal cavity
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flow of lymph with ICG.  In those cases, the 
SLNB procedure is impossible to perform.

In the case of patients with obesity, there are 
some limitations to this technique. Penetration of 
the laser light, fluorescent dye excitation, and 
infrared visualization might be difficult because 
of excessive fat tissue. It is proven that the NIR 
camera system can detect fluorescence at a shal-
low depth [28]. In those cases, fat tissue prepara-
tion is recommended to allow the exposure of the 
lymphatic tissue and the bladder wall.

The surgeon using additional substance injected 
to the patient’s body must be aware of anaphylac-
tic reaction. ICG is a safe drug with no deaths 
reported after its use; however, in some cases ana-
phylactic reaction was reported. Some adverse 
events were associated with comorbidities includ-
ing preexisting drug allergy, severe asthma, and 
shellfish allergy [29]. It is advised to be prepared 
for such possibilities during and after the surgery.

There are some limitations to injecting the 
tracer into the bladder wall in the case of bladder 
cancer. Some patients are diagnosed with multi-
focal tumors. Some tumors are very big, often 
involving the greater part of the bladder, making 
it impossible to find healthy tissue for injecting 
the tracer. Some tumors also bleed heavily, mak-
ing the injection of the tracer hard to perform.

In the case of patients with MIBC after neoad-
juvant chemotherapy, SLNB is under investiga-
tion and the results of such studies should be 
viewed with caution [17]. There are still no data 
of SLNB with the use of fluorescent agent in this 
group of patients. Future studies are required to 
prove its efficacy.

Fluorescence techniques in the case of bladder 
cancer are recently added to the patient’s manage-
ment. They are very promising and their additional 
value to image-guided surgery requires further 
research in order to test and prove their usefulness.
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 Indications

There is no radiological imaging technique that 
can detect micro-metastases in lymph nodes in 
the case of penile cancer. For intermediate and 
high- risk pT1 tumors as well as T2-T4 tumors 
invasive nodal staging is recommended [1, 2]. 
There are two standard methods of invasive nodal 
staging—a dynamic sentinel lymph node biopsy 
(DSNB) and a modified inguinal lymphadenec-
tomy (mILND) [3]. In the case of DSNB, 
99m- technetium (99mTc) nanocolloid is injected 
around the tumor site into the healthy tissue one 
day before the surgery. The intraoperative assess-
ment is performed with the use of a hand-held 
gamma probe. In some cases, methylene blue 
(MB) is injected in the same manner as an addi-
tional dye in order to better visualize sentinel 
lymph nodes (SLNs) during their excision. The 

identification of the lymph nodes stained by MB 
is performed by the surgeon with the naked eye, 
without any additional tools for visualization. 
This method is standardized and is routinely used 
[4]. Sensitivity of DSLNB is reported to be as 
high as 88% and increases to 90% when MB is 
added as a second dye for better lymph nodes 
visualization [5]. mILND is an alternative option 
where the medial superficial inguinal lymph 
nodes and the lymph nodes from the central zone 
are removed from both groins [5]. Neither method 
of invasive staging provides absolute certainty 
that metastatic lymph nodes have been excised 
and may overlook micro-metastatic disease that 
can lead to regional recurrence. Identification of 
the right lymph node during its biopsy can cause 
some problems for the surgeon. Better visualiza-
tion of the sentinel lymph node (SLN) can help to 
locate it during the operation, especially in diffi-
cult cases or in patients with obesity, in whom 
they are placed deeper and may be hard to distin-
guish from the fat tissue. Lately, the near-infrared 
fluorescence image-guided surgery has been get-
ting much interest as it may help in the diagnosis, 
staging, and treatment of different malignancies 
including penile cancer. The potential benefit of 
the use of this new method in the case of DSLNB 
in penile cancer is still under investigation. 
Recent research has shown that this method can 
be used safely and efficiently in this indication 
when compared to standard techniques with the 
routinely used radiotracers [6].
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 Technical Description 
of the Procedure(s)

The technique with the use of indocyanine green 
(ICG) and near-infrared fluorescence (NIRF) 
camera in the case of DSLNB in penile cancer 
patients is not a standard method and must be 
approached with caution. This technique is still 
under development and because of the low inci-
dence of penile cancer, there are only a few pub-
lications describing its use as a single agent [6, 7] 
or as a hybrid tracer [8]. As for now it should be 
used as an addition to the radio-guided technique, 
which is recommended by the European 
Urological Association. During the procedure, 
the patient is placed on the operating table in 
supine position with both legs rotated outside to 
allow access to the penis and both groin regions. 
The open technique is used for DSLNB as the 
standard in which skin incision is performed 
above the region identified preoperatively by 
gamma probe detection of the radioactivity of the 
radiotracers. In this area sentinel lymph node 
containing radioactive agent is detected. 
Laparoscopic and robotic approaches are not 
used during DSLNB but are used in the case of 
groin lymphadenectomy when metastatic lymph 
nodes are found. In this case, three ports and one 
assist port are placed in a V configuration below 
the tip of femoral triangle.

 Radio-Guided Technique

Before the planned operation 99mTc-nanocol-
loid is given in four intradermal injections into 
the healthy tissue at the lesion site. The activ-
ity of 1  mCi in 1  mL is recommended for 
injection. Approximately 1 hour after its injec-
tion, a single-photon emission computerized 
tomography—computed tomography (SPECT- 
CT) lymphoscintigraphy—is planned and per-
formed, followed by the reconstruction and 
fusion of images. Any activity of the radio-
tracer detected in the groin region, a part of 
the site where tracer was administered, is con-
sidered for SLNS (Fig. 24.1).

The results are transferred to the surgeon in 
the operating theater and an intraoperative local-
ization of radioactive lymphatic nodes is per-
formed with the use of a hand-held gamma probe. 
After their identification, the skin is incised above 
the region of radioactivity, tissues are dissected, 
and SLNS are identified. Then their excision is 
performed, lymphatic vessels located and identi-
fied with the naked eye, and finally the site is 
closed and ligated.

 Fluorescent Technique

In the case of the fluorescent technique, it is of 
great importance to inject the fluorescent dye at a 
different time scheme than the radiotracer. The 
ICG particle is small and can flow easily through 
the lymphatic system. An injection performed 
during the procedure allows for live lymphatic 
outflow visualization and identification of first 
lymph nodes. When injected in the same scheme 
as the radiotracer the day before surgery, more 
fluorescent lymph nodes are expected to be 
found. Preoperatively, ICG is injected intrader-
mally into the healthy penile tissue proximally to 
the tumor mass (0.5 mL of 2 mg/kg concentra-

Fig. 24.1 SPECT/CT lymphoscintigraphy after the radio-
active tracer 99m-technetium injection. Injection sites of 
the tracer and radioactive lymph nodes are clearly visible
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tion). Video 24.1 presents the injection technique 
and lymphatic route identification (Fig. 24.2).

Lymphatic vessels and first lymph nodes 
draining the lymph from the tumor are visualized 
with the use of a near-infrared (NIRF) camera. 
Lymphatic outflow of ICG is seen immediately 

after its injection. Lymph nodes can be visualized 
approximately 15  minutes after administrating 
the tracer [7]. This technique is presented in 
Video 24.2. In the open technique, skin incision 
is performed above the fluorescent region where 
SLN is detected (Fig. 24.3).

In patients with obesity, identification of fluo-
rescent lymph nodes before skin incision and tis-
sue preparation is in many cases uncertain. In 
those cases, we recommend to turn off the surgi-
cal light or even the lights in the operating room 
and perform this identification in darkness. In 
some cases, skin incision above the central zone 
of inguinal lymph nodes has to be performed and 
fat tissue preparation is necessary to allow the 
identification of fluorescent nodes. The fluores-
cent technique also allows for lymphatic vessels 
identification during the biopsy procedure, allow-
ing for their highly accurate identification and 
ligation. This clear, live view during the proce-
dure offers the operating surgeon the ability to 
dissect lymphatic vessels carefully and close 
them accurately to avoid complications after the 
surgery such as lymphocoele and prolonged leak-
age of the lymph. Excision of the sentinel lymph 
node identified with the use of ICG and NIRF 
camera is presented in Video 24.3. Also, the 
intraoperatively use of Near-Infrared Fluorescent 
Camera system for fluorescent lymph nodes 
identification is shown in Video 24.4 (Fig. 24.4).Fig. 24.2 Injection site of ICG proximally to the tumor 

site on the glans of the penis into the healthy tissue

Fig. 24.3 Identification 
of sentinel lymph node 
with the use of the 
fluorescent tracer ICG 
and a NIRF camera
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 Hybrid Radio-Fluorescent 
Technique

A hybrid tracer 99mTc-nanocolloid—ICG is an 
innovative imaging tracer. It can provide addi-
tional information during sentinel lymph nodes 
detection and increase the accuracy of their exci-
sion [9]. With the use of the hybrid radio- 
fluorescent tracer (ICG-99mTch), both detecting 
systems have to be used during the surgery—
hand-held gamma probe and a near-infrared cam-
era (the hybrid tracer can be located with both 
systems in this manner). The hybrid tracer is 
injected in the same manner as a radiotracer or a 
fluorescent tracer alone as described above. The 
hybrid complex can be injected one day before 
the surgery and only one injection divided into 
four portions has to be administered. The advan-
tage of the hybrid tracer is that it can be detected 
preoperatively in SPECT/CT scans and intraop-
eratively just before the skin incision, which in 
the case of the single fluorescent dye usage is in 
many cases difficult or impossible. What is more, 
this complex flows to the first lymph node and 
because of its big particle size it stays in the first 
lymph node and does not flow to secondary nodal 
stations (Fig. 24.5).

 Interpretation

Patients with penile cancer should be treated 
individually because of its rare incidence and 
many variables including the tumor position, 
involvement of the urethra, or invasion of the 
corpora cavernosa. Lymphatic drainage of the 
penile cancer is defined as simple, which means 
that we can expect one lymph node that drains 
the lymph from the penile cancer (primary 
lymph node) and secondary lymph nodes 
receiving the lymph from the primary node. 
This observation was made due to using radio-
active tracers. In the case of a fluorescent agent 
such as ICG that has smaller particle size 
(1.2 nm) than nanocolloid (8 nm) means it can 
flow through lymphatic vessels to the second-
ary nodal stations more easily and mark higher 

Fig. 24.4 Intraoperative identification of small lym-
phatic vessel draining the lymph from the tumor site to the 
first lymph node—sentinel lymph node

Fig. 24.5 Parallel sentinel lymph node identification dur-
ing the DSLNB procedure with the use of a hand-held 
gamma probe and a near infrared fluorescent camera
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number of lymph nodes than the radiotracer. It 
was proven that using both tracers (fluorescent 
and radioactive) independently in the same 
patient resulted in a different number of fluo-
rescent-SLNs and radioactive-SLNs detected. 
In our experience, both methods of sentinel 
lymph nodes identification in the case of penile 
cancer offer comparable results [6, 10]. Video 
24.5 presents intraoperative identification of 
sentinel lymph node with the use of NIRF sys-
tem and hand-held gamma probe in the case of 
hybrid technique.

 Pitfalls

Near-infrared fluorescence procedures in the case 
of penile cancer are a novelty. A dedicated team 
with previous experience in performing those 
procedures in a traditional way with the use of a 
radiotracer is recommended while performing 
the fluorescence technique because the learning 
curve has been described to achieve satisfactory 
results with the localization of sentinel lymph 
nodes [11]. We recommend performing the fluo-
rescent procedure parallel to the radioactive one, 
which remains the standard technique. The most 
advanced technique with the use of a hybrid 
fluorescent- radioactive tracer and a hybrid 
image- guided surgery has been gaining much 
interest recently but their added value is yet to be 
proven. The procedures with the use of a hybrid 
tracer can be more accurate and independent of 
the use of other dyes such as methylene blue [12]. 
There are, however, some issues with fluorescent- 
guided surgery. Patients after previous surgical 
procedures on penis such as circumcision or 
other plastic surgeries should be evaluated with 
care; there are no data whether previous surgery 
on the penis may disturb the outflow of the lymph 
from the organ. Moreover, in patients after partial 
penectomy or laser treatment without lymph 
nodes estimation, the tracer injection can be dif-
ficult or even impossible to perform. In those 
cases, standard procedures of lymph nodes esti-
mation should be applied. Also, patients after 

previous procedures in the groin like hernia 
repair or orchidectomy should be considered for 
standard lymph nodes estimation since no data 
are available on this subject.

The fluorescent technique can be a challenge 
in patients with obesity since the dedicated cam-
eras are capable of detecting the fluorescent dye 
at the depth up to 1–2 cm, which in such patients 
can provide false results of nodes detection. In 
some cases, simple small skin incision above the 
expected sentinel lymph node position and fat 
preparation should be enough for the fluores-
cence detection, yet it can cause problems during 
the image-guided surgery. Old NIRF systems 
required dimming the light in the operating room 
or even turning off the operating lamp and the 
light in the operating room to better see the fluo-
rescence of the object of interest. New systems 
do not require such conditions and the whole 
visualization of the fluorescent object can be per-
formed in normal operating conditions.

Different sentinel lymph nodes count with the 
use of parallel radio and fluorescent technique 
can cause unnecessary confusion during the 
DSLN biopsy procedure. This is because of the 
different particle sizes used for their identifica-
tion and the different times of their administra-
tion. The ICG particle is much smaller than the 
99m-technetium nanocolloid and can flow more 
easily through lymph nodes, thus making the 
identification of more ICG-stained lymph nodes 
possible. Different time of administration of both 
technetium and ICG is important. To have the 
best chance of visualization of only one—the 
first node that drains the lymph from the tumor—
ICG should be administered during the surgical 
procedure. It is possible to visualize the lym-
phangiography live with the use of a near- infrared 
camera and assess the location of the first lymph 
node. As for now, we recommend to follow the 
standard recommendations and apply the radio-
active method as the standard identification 
method unless proven otherwise. This problem 
should not appear in the case of hybrid tracer use.

Allergy to ICG is rare. Studies performed on 
large numbers of patients report serious adverse 
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events after its administration as extremely 
rare—0.05% [13]. Other authors report only clin-
ical cases of anaphylactic shock after the intrave-
nous administration of ICG in the case of patients 
after partial nephrectomy [14].

Adverse effects and long-term morbidity after 
ICG usage for sentinel lymph node detection 
such as mild lymphedema or minor functional 
deficit have been observed. Moreover, persistent 
discoloration of the skin or a tattoo after subder-
mal ICG injection has been described by authors 
in one patient in whom it lasted for 11 months 
after the dye injection [15].

We can expect surgical field contamination 
after fluorescent agent injection into the penis. 
This can cause some problems with identifying 
healthy penile tissue and the tumor for resection 
(Fig. 24.6).

The fluorescent agent is injected superficially 
under the penile skin around the tumor. After 
penile skin incision the operating surgeon can 
identify colorful subcutaneous and lymphatic tis-
sue making it hard to differentiate between 
healthy and cancerous tissue. We recommend not 
injecting the fluorescent agent into the glans of 
the penis and we recommend performing the 
injection proximal from the tumor site at least 
2 cm into the healthy tissue. This allows the sur-
geon to maintain the surgical field uncontami-
nated (Fig. 24.7).

Near-infrared imaging systems have recently 
become more available clinically; indications for 
fluorescence image-guided surgery are expand-
ing so we hope that this technique will find more 
approval in the case of penile cancer treatment. 
ICG offers a new and safe alternative or an addi-
tion to the standard DSLNB procedure with the 
use of radiotracers. Patients’ benefit and clinical 
outcome still need to be proven.
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Sentinel Lymph Node Mapping

Masahiro Takada and Masakazu Toi

 Introduction

Sentinel lymph node (SLN) biopsy is part of the 
standard of care for patients with primary clini-
cally node-negative breast cancer [1]. Clinical tri-
als and meta-analyses have shown that axillary 
node dissection for SLN-negative patients has no 
survival benefit [2–4]. Recent studies have shown 
that omission of axillary node dissection for 
patients with limited positive SLNs has no 
adverse impact on survival and decreases the 
incidence of lymphedema [5].

Both the radioisotope (RI) and blue dye 
methods are well-established techniques and are 
used worldwide. However, the RI method 
involves nuclear medicine, which limits its use 
to relatively high-volume centers, while the blue 
dye method requires special surgical skill to 
obtain sufficient accuracy and has a risk of ana-
phylactic reactions.

To overcome these problems, an indocyanine 
green (ICG) fluorescence method was developed 

in 2005 [6]. A near-infrared fluorescence imaging 
(NIR) system reveals subcutaneous lymphatic 
flow and enables the surgeon to navigate and per-
form sequential dissection of SLNs. Several clin-
ical trials have shown that the ICG fluorescence 
method has an equal or higher SLN identification 
rate compared to conventional methods [7–9]. 
Meta-analyses have shown that there was no sig-
nificant difference between ICG fluorescence and 
RI for SLN detection [10, 11].

In this chapter, we introduce the technical 
details and current data of SLN biopsy using the 
ICG fluorescence method, and describe the tech-
nical innovation of SLN mapping.

 Indications

SLN biopsy using the ICG fluorescence method 
is indicated for patients with clinically node- 
negative breast cancer. However, ICG is contrain-
dicated for patients with hypersensitivity or 
allergy to ICG or iodine, and the safety of ICG 
for pregnant or lactating women has not been 
established.

We recommend the combined use of RI with 
the ICG fluorescence method, especially for 
obese patients or patients undergoing preopera-
tive systemic therapy (PST). Although only pre-
liminary data have been obtained about the 
accuracy of the ICG fluorescence method after 
PST, our exploratory analysis showed that the 
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identification rate was 100% among patients who 
underwent PST (N = 70) [7]. Although 42.8% of 
the sentinel lymphatic pathways changed owing 
to PST, the locations of the SLNs were not 
affected by PST [12]. The accuracy of the ICG 
fluorescence method after PST among patients 
with node-positive breast cancer has not yet been 
systematically evaluated.

 Technical Description 
of the Procedure

ICG (5  mg in 1  mL; Diagnogreen®; Daiichi 
Sankyo Co., Tokyo, Japan) was injected intrader-
mally at the edge of the areola. Fluorescent sub-
cutaneous lymphatics were visualized using the 
NIR system and traced to the axilla where occa-
sional nodes could be observed percutaneously 
(Fig.  25.1). SLNs detected by the NIR system 
were then excised. All these procedures were per-
formed with the operating lights turned off, as per 
the manufacturer’s recommendations. After SLN 
biopsy using the NIR system, residual SLNs 
were removed using RI, if used.

 Interpretation

A previous meta-analysis showed that the iden-
tification rate of the ICG fluorescence method 
ranged from 88.6% to 100%, and there was no 
significant difference between the ICG fluores-
cence and RI methods for SLN detection [11]. 
There was no significant difference in the 
detection of positive SLNs between the ICG 
fluorescence and RI methods. Although SLNs 
identified using RI and ICG fluorescence gen-
erally overlapped, some of them are divergent 
[7]. Although the ICG fluorescence method 
may be an acceptable alternative to SLN detec-
tion using the RI method, ICG can function in 
a complementary manner to maximize the 
diagnostic performance of RI.

Currently, it is ethically difficult to evaluate 
the false-negative rate of the ICG fluorescence 
method. In addition, only few studies have inves-
tigated long-term survival after the application of 

ICG fluorescence method. Our retrospective 
study showed that axillary recurrence was 
observed in 6 of 1132 patients (0.53%) who 
underwent the ICG method between May 2007 
and December 2015, and most of the patients 
with axillary recurrence were undertreated 
because of the patients’ preference or age (data 
not shown). Long-term follow-up data regarding 
the survival or adverse events after the applica-
tion of the ICG fluorescence method are required 
to confirm the clinical significance of this method.

 Pitfalls

The detectable depth of the ICG fluorescence sig-
nal is limited. We usually use a plastic capsule to 
push and make the subcutaneous tissue thinner to 
help in the recognition of the fluorescence signals 
from SLNs percutaneously.

If the fluorescence signals from the SLNs can-
not be detected percutaneously, surgeons should 
follow the lymphatic vessels and then reach the 
deeply located SLNs. Therefore, it is important 
not to disrupt the lymphatic vessels during proce-
dures. If the lymphatic vessels get damaged, 
SLNs can still be recognized as green lymph 
nodes, as observed in the blue-dye method.

The number of SLNs identified using the ICG 
method is relatively higher than those identified 
using the conventional method (range 2.3–3.4) 
[7, 8]. In our study, skip metastasis to second or 
third metastasis was observed in 6 of 28 patients 
with positive SLNs [13]. Hence, we recommend 
that four-node resection could provide precise 
information on the nodal status, but the number 
of SLNs removed should be optimized based on 
individual patient and tumor characteristics.

 Perspectives

Although the ICG fluorescence method is highly 
sensitive and easy to perform, current NIR sys-
tems have several technical issues that need to be 
improved. The current NIR systems display the 
fluorescence image on remote monitors, because 
the fluorescence signals are invisible under direct 
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d

Fig. 25.1 The indocyanine green (ICG) fluorescence 
technique for sentinel lymph node (SLN) biopsy. (a) After 
intradermal injection of ICG at the edge of the areola, sub-
cutaneous lymphatic vessels were visualized using the 

near-infrared fluorescence imaging (NIR) system (images 
on the right side). (b, c) Fluorescence signals from SLNs 
can be easily recognized, after skin incision. (d) All the 
excised SLNs were examined using the NIR system
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observation of the surgical field. Therefore, sur-
geons have to look away from the surgical field to 
confirm the location of the fluorescence signals. 
These systems also require dimming of lights 
within the operative field to prevent white light 
contamination of images. These factors can dis-
rupt surgical workflow and may increase the 
duration of surgery.

Hence, we developed a novel device, the med-
ical imaging projection system (MIPS), to visual-
ize fluorescence images directly on the surgical 
field using the projection mapping technique 
(Fig. 25.2; Video 25.1) [14]. The MIPS has a pro-
jection head that uses a half mirror to match the 
optical axis of the NIR camera and the projector. 

The MIPS obtains the location of the fluores-
cence ICG emission and projects its image onto 
the location of the fluorescence emission in real 
time, irrespective of shifting and deformation of 
the organ. The projector of the MIPS can also 
illuminate the surgical field, allowing surgeons to 
perform the procedure without the need for oper-
ating lights. Our exploratory study showed that 
the identification rate of SLNs using this device 
was 100% (95% CI: 94–100%). This device 
could be useful in real-time navigation surgery 
for SLN biopsy.

 Conclusions

SLN biopsy using the ICG fluorescence method 
is easy to perform and has an equal or higher 
SLN identification rate compared to conventional 
methods, making the ICG fluorescence method 
an acceptable alternative for SLN detection. 
Long-term follow-up data about survival or 
adverse events after the application of the ICG 
fluorescence method will confirm the clinical sig-
nificance of this method. Nevertheless, recent 
technological innovation for SLN mapping 
enables us to perform real-time navigation sur-
gery for SLN biopsy.
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Axillary Lymph Node Mapping

Takashi Sakurai, Hirohito Seki, and Ken Shimizu

 Introduction

Sentinel lymph node biopsy (SLNB) was intro-
duced in the 1990s, and in the late 2010s, as a 
result of the ACOSOG-Z0011 and AMAROS tri-
als, the proportion of axillary lymph node dissec-
tions (ALND) were gradually decreased [1–3]. 
However, there were still cases requiring ALND 
for tumor staging and local control in breast can-
cer treatment.

Secondary upper extremity lymphedema is 
nearly always the result of breast cancer treat-
ment. With improved diagnostic accuracy and 
treatment, more patients are living longer, and 
there is an increased need for lymphedema man-
agement to maintain patients’ quality of life.

Axillary reverse mapping (ARM) is a tech-
nique based on a hypothesis that there is a water-
shed of lymphatics and lymph nodes drainage 

from the upper extremity (ARM lymphatics, 
ARM lymph nodes) and lymphatics from the 
breast at the axillary lesion [4, 5]. If correct, pre-
serving ARM lymphatics and ARM lymph nodes 
will reduce the risk of lymphedema after 
surgery.

Several studies have reported on the concor-
dance of lymphatics from the ARM and breast, 
and the reduction of lymphedema with the ARM 
technique in ALND surgery.

In this chapter, we are going to explain our 
methods and the results of the ARM study, which 
compared the incidence of lymphedema in breast 
cancer patients after ALND and SLNB using 
ARM.

 Patients and Methods

 Patients

From 2007 to December 2017, primary breast 
cancer patients who undergo SLNB and/or 
ALND were included. Updated data was used in 
patients with at least a one year observation 
period.

 Indications

This technique was indicated for all patients 
undergoing SLNB and/or ALND.
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Patients with allergies to indocyanine green 
(ICG) or iodine were excluded.

 Technical Description of Procedures

 Visualization Technique
Fluorescent dye technique was used because of the 
high visualization rate of ARM lymphatics and 
ARM lymph nodes [6, 7]. Our earlier study used 
blue dye and double tracer (blue dye and fluores-
cent dye) techniques, but we found that many 
cases were visualized only by fluorescent dye, 
while no cases were visualized only by blue dye. 
Hence, we stopped using blue dye technique.

Fluorescent dye is also preferred for our 
SLNB method. We use triple mapping technique 
(preoperative lymphoscintigraphy, Tc99m-RI 
tracer, and blue dye), and fluorescent dye can be 
clearly identified from the other tracers.

 Injection of Indocyanine Green (ICG)
At least 2  hours before surgery, we injected 
0.1 ml of ICG (25 mg of ICG with 10 ml of 5% 
glucose) in the second and third web space of the 
ipsilateral hand of the affected breast (Fig. 26.1).

 Observation of ARM Lymphatics Before 
Incision
Before incision in the operating room, we exam-
ined the number and location of ARM lymphatics 

running from the upper limb to the axillary site 
through the skin using an ICG camera (Fig. 26.2). 
We hypothesized that the probability of preserv-
ing the lymphatics would be higher and the risk 
of developing lymphedema would be lower with 
a larger number of lymphatics at the axillary site.

 Anatomical Classification
Many studies use the anatomical classification 
made by Clough [8]. However, we think the most 
important anatomical landmark in ARM lymphat-
ics is the second intercostobrachial nerve (2ICBN), 
so we divided the axilla into three parts for classi-
fication: the area surrounding the 2ICBN, and the 
cranial and caudal sides of the 2ICBN (Fig. 26.3).

 SLNB Maneuvers
When the sentinel lymph node (SLN) was identi-
fied and extracted, it was observed for fluores-
cence using an ICG camera. Fluorescence (shine) 
indicates that the SLN is also an ARM lymph 
node, and ARM lymphatics will be disrupted. 
Conversely, when the SLN is dark, it is not an 
ARM node and ARM lymphatics will probably 
be saved. The fatty tissue around the SLN was 
divided as precisely as possible, and only the tar-
geted lymph node was resected.

 ALND Maneuvers
After cutting the deep fascia on the ventral side of 
the axillary vein, ICG cameras were used to 

Fig. 26.1 Injection of 
ICG. 0.1 ml of ICG was 
injected into the 
ipsilateral hand (second 
and third web space)
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search for fluorescent lymphatics and lymph 
nodes. Any fluorescent lymphatics and/or lymph 
nodes existing outside the ordinary dissection 
field (e.g., cranial side of axillary vein) were 
divided and preserved. Fluorescent lymphatics 
inside the dissection field were ligated and cut for 
the purpose of shortening the period of axillar 
drainage.

During the operation, the room was darkened 
to detect fluorescent images. Head-mounted LED 
lights were used to perform axillary dissection, 
and the ICG camera monitor and operating field 
were viewed alternately (Video 26.1).

 Interpretation (Results)

 Observation of ARM Lymphatics Before 
Incision
Single ARM lymphatic was observed at the axilla 
in 740 patients (53%), two or more were observed 
in 551 patients (40%), and lymphatics running in 
the axilla plus other parts of body (e.g., near the 
phrenic vein) were observed in 101 patients (7%).

 Anatomical Classification
ARM lymphatics in ALND cases were primarily 
located around the 2ICBN (53%), with 18% on 

a

c

b

Fig. 26.2 Pattern of upper extremity lymphatics at axilla. (a) Single lymphatics, (b) two or more lymphatics, (c) two 
or more lymphatics and one lymphatics near the phrenic vein (shine lymphatics were marked in red ink)
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the cranial side and 29% along the periaxillary 
vein (Fig. 26.3).

 SLNB Maneuvers
The concordance of ARM lymphatics and lymph 
nodes with the SLN is the most important factor 
in predicting postoperative lymphedema [7, 9]. 
When the SLN is also an ARM node, resecting 
the SLN will disrupt ARM lymphatics. When the 
SLN is distinct from the ARM lymph node, a pre-
cise maneuver can preserve ARM lymphatics.

In 1310 patients, the concordance rate of the 
ARM lymph node and the SLN was 24.7% (323 
patients), and the concordance rate of the ARM 
lymph node and the dissected non-SLN, immedi-
ately adjacent to the SLN, was 10.5% (137 
patients). Almost all ARM lymphatics were 
either surrounding or on the cranial side of 
2ICBN.  If the SLN was located on the caudal 
side of 2ICBN, there was no concern of develop-
ing lymphedema (Fig.  26.4). There were eight 
patients who developed lymphedema in the 
45-month mean follow-up period. All patients 
who developed lymphedema were in the ARM 
lymph nodes dissected group (p = 0.0001).

 ALND Maneuvers
Lymphedemas of more than 2 cm in arm circum-
ference developed in 71 of 339 patients (20.9%) 
who underwent ALND in the 55-month mean 
follow-up period. ARM lymphatics were totally 

or partially preserved in 37 patients (10.9%). 
Lymphedema was observed in considerably 
fewer patients in the preserved group than in the 
not-preserved group, although the difference 
was not statistically significant (13.5% vs. 
21.9%, p  =  0.29). In addition, the severity of 
lymphedema was considerably mild in the group 
for whom ARM lymphatics were totally or par-
tially preserved.

There are several reports of the clinical use of 
the ARM procedure. Yue et  al. reported that 
lymphedema occurred in 6% of patients in the 
ARM lymphatics-preservation group compared 
to 33% in the control group [10]. Pasko et  al. 
reported that 27% of patients that underwent 
ARM developed lymphedema, while 50% of 
patients in the non-ARM group developed 
lymphedema, based on the results of a patient- 
based questionnaire [11].

 Challenges

We think there are some problems to be solved.
First, observation through the skin was diffi-

cult in obese patients. In addition, lymphatics 
could not be detected in about 1% of our patient 
population in Japan.

Second, in 10.5% of the SLNB cases, a non- 
sentinel node immediately adjacent to the SLN 
was the ARM lymph node. It is rare but possible 

Classification of lymphatics and lymphnodes

2ICBN

Dorsal Complex Pect. M

3

1

2

1: Cranial side of 2ICBN:

2: Around 2ICBN:

3: Caudal side of 2ICBN:

Fig. 26.3 Classification 
of lymphatics and lymph 
nodes. Location of 
lymphatics and lymph 
nodes were classified 
into three parts 
anatomically (position 
of numbered blue node)
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that only the non-sentinel node had metastasis, in 
which case extensive dissection will increase the 
risk of lymphedema.

Third, several studies have reported on the 
oncologic safety of preserving ARM lymphatics 
and lymph nodes in the ordinary anatomical dis-
section field during ALND.  Especially for the 
clinical node-negative but pathologically SLN- 
positive patients, they found no metastatic 
involvement in the ARM lymphatics. Conversely, 
we found that 24.4% of the clinical node- 
negative, SLN-positive patients had metastases to 
more than four lymph nodes. In these 30 cases, 
only 10 were in the ARM and SLN concordance 
group. Since many ARM lymph node involve-
ments were revealed pathologically in the group 
with metastases to more than four lymph nodes, 
reduction surgery should be carefully 
considered.

In our study, we did not improve the rate of 
lymphedema occurrence with ALND. We assumed 
the preserving maneuver itself could have contrib-
uted to the lymphedema rate, as lymphatics might 
be narrowed or obstructed by adhesions and/or 
inflammation after surgery, without enough fatty 
tissue attached to the lymphatics.

 Conclusions

During SLNB, the ARM procedure is useful for 
identifying those at risk of developing lymph-
edema. Further review is necessary to determine 
if the ARM procedure is useful for reducing the 
risk of developing lymphedema during ALND.
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Assessment of Pedicled and Free 
Flap Perfusion

Vahe Fahradyan, Michael J. Annunziata, 
Risal S. Djohan, and Graham S. Schwarz

 Introduction

Pedicled flap transposition and free flap transfer 
have become an integral part of plastic surgery in 
providing the means for reconstruction of com-
plex defects that can present with missing bone 
structure and soft tissue coverage. Therefore, 
composite free flaps that include bone, muscle, 
subcutaneous tissue, and skin are often needed. 
The complexity of the design of these kinds of 
composite free flap requires planning and detail 
in designing the extent and reliability of the free 
flap. Advanced microsurgical techniques 
increased free flap survival rate 94–99%, how-
ever up to 14% of cases still require re- 
exploration [1]. Clinical signs such as flap color, 

capillary refill time and flap temperature and 
Doppler ultrasound assessment of vascular pedi-
cle still remain the “gold standard” for free flap 
evaluation; however, clinical evaluation is sub-
jective and largely depends on experience. 
Indocyanine green (ICG) fluorescence angiogra-
phy can be utilized as an additional imaging 
method to identify pedicle location, evaluate tis-
sue perfusion, visualize anastomotic patency, 
detect arterial insufficiency or venous conges-
tion helping to design flaps and avoid postopera-
tive complications [2, 3]. ICG angiography can 
help guide decision making in pedicled or free 
flap surgery intra- and perioperatively.

 Application of ICG for Perforator 
Mapping

Perforator flaps became very popular in the last 
two decades as they cause less donor site morbid-
ity and allow harvesting of thinner flaps. However, 
harvesting the flap can take a longer time and per-
forators can be easily damaged intraoperatively. 
Normal anatomical variations of the perforator 
vessels further complicate flap dissection. 
Preoperative identification of the perforators can 
help with flap design, significantly ease the dis-
section, and shorten the operative time [4]. By 
evaluating the perforators of anterolateral thigh 
flap (ALT), deep inferior epigastric perforator 
flap (DIEP), and fibular osteocutaneous flap, 
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Onoda et  al. have shown that ICG angiography 
has a 84% positive predictive value and 76% sen-
sitivity in detecting perforators [5]. They con-
cluded that the identification of perforators is 
difficult in patients with a flap thickness greater 
than 20 mm [5]. In a series of 24 breast recon-
structions, Pestana and Zenn showed that CT 
angiography successfully identified the actual 
largest perforators in 78% of cases [6]. However, 
they were unable to demonstrate significant cor-
relation between computed CT angiography 
identified perforator location and ICG angiogra-
phy skin blush location, size, or intensity [6]. 
Contrary, Wu et  al. found an 85% correlation 
between ICG angiography and preoperative CT 
angiography identified perforators [7].

 Application of ICG for Evaluation 
of Flap Perfusion After Raising 
the Flap

Detection of poorly perfused areas after raising 
the flap can significantly decrease the area of par-
tial flap necrosis and improve surgical outcomes. 
ICG angiography can be used to verify adequate 
perfusion of pedicled or free flaps before their 
transposition or transfer to the recipient region. 
Still et al. were the first to use ICG angiography 
for the evaluation of perfusion immediately after 
flap elevation. In their clinical trial of 21 flaps, 
they describe one case where ICG angiography 
successfully detected diminished perfusion of the 
distal three-fourths of the flap, which was subse-
quently treated in a delayed fashion [8]. Mothes 
et al. evaluated perfusion before transposition in 
11 flaps. In their study, none of the flaps dis-
played insufficient perfusion at an early stage [9]. 
Buchrer et al. presented a case report of a planned 
anterolateral thigh (ALT) flap used to reconstruct 
a large lower leg defect in which intraoperative 
ICG monitoring had a significant impact on the 
surgical plan. After dissection of the two main 
ALT perforators, ICG angiography revealed per-
forasome coverage that was inadequate for the 
size of flap required. Addition of an adjacent ten-
sor fascia lata perforator and intraoperative con-
version from ALT to a conjoined fabricated flap 

allowed complete coverage of the extensive 
defect [10]. In evaluating DIEP flaps harvested 
after abdominal liposuction, Casey et  al. found 
no difference in the rate of anastomotic compli-
cations or total flap loss in those assessed on 
clinical grounds alone compared to those visual-
ized with ICG angiography [11]. However, they 
demonstrated statistically significant decrease in 
the rate of partial flap loss and fat necrosis (from 
71.4% to 0%) in those flaps in which ICG angi-
ography was used to monitor flap perfusion. 
There was a decrease of postoperative flap vol-
ume reduction from 24.3% to 0% [11].

 Application of ICG for Intraoperative 
Evaluation of Vascular Anastomosis

Patency and sufficiency of vascular anastomosis 
is integral to the success of free autologous tissue 
transfers. Conventional methods of evaluating 
the need for repair or revision of anastomosis 
(vessel filling, flap color and bleeding, milking 
tests) can be supplemented with ICG- 
angiography. In a series of 50 free flaps, Holm 
et  al. compared clinical and ICG-angiographic 
assessments of anastomotic patency. After initial 
clinical determination of patency, ICG angiogra-
phy was performed. Anastomoses deemed 
occluded after angiography were revised intraop-
eratively. In 11 cases of clinically determined 
patency, luminal occlusion or altered venous flow 
velocity was observed with ICG. Of these cases, 
six flaps experienced failure and three in total 
underwent intraoperative revision [12]. Pestana 
et  al. presented a series of cases that highlight 
another notable example of ICG-angiography as 
used to evaluate vascular anastomosis. In one 
facial reanimation case, the absence of a Doppler 
signal after completion of anastomosis was con-
sistent with both a low-flow state and absent 
venous flow. ICG angiography allowed direct 
visualization of positive venous outflow and reas-
surance that revision was not indicated—the 
postoperative course was uneventful and there 
were no flap complications [13]. Holm et al. fur-
ther outline one case where intraoperative arterial 
spasm at the microvascular anastomotic site was 
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directly visualized by ICG-videography. Repeat 
images of the site 2 minutes later showed resolu-
tion and continued arterial flow with no further 
complication [3]. While clinical tests remain the 
most accessible method of evaluating anasto-
motic quality, ICG angiography can prove to be a 
valuable aid in the decision process.

 Application of ICG for Intraoperative 
Evaluation of Flap Perfusion During 
Flap Inset

In 2002, Holm et  al. first monitored free flaps 
using ICG intraoperatively, immediately after 
inset. They found that intraoperative indicators of 
arterial spasm, venous congestion, and regional 
hypoperfusion on ICG-videography had a strong 
correlation with clinical outcome [3]. Duggal 
et  al. evaluated the clinical outcomes of ICG 
angiography-guided excision in 71 pedicled or 
free transverse rectus abdominis muscle (TRAM) 
or DIEP flaps and 59 historical control flaps. 
They found a trend in the reduction of the rate of 
fat and partial flap necrosis from 22% to 14% 
(p = 0.237) [14]. Probability of flap edge necrosis 
is increased when wounds are closed under high 
tension. ICG angiography allows assessment of 
tissue-border perfusion and can direct intraopera-
tive interventions aimed at reducing closure ten-
sion and preventing skin/soft tissue necrosis, 
such as modification on initial suture placement 
or selective removal of constricting sutures [15].

 Application of ICG for Postoperative 
Monitoring of Flap Perfusion

Traditional postoperative evaluation of free and 
pedicled flaps is accomplished clinically, 
through prick tests, flap color, turgor, capillary 
refill, temperature, and Doppler assessment of 
the vascular pedicle. ICG angiography may be 
used to complement these techniques. Clinical 
detection of complications such as vessel 
thrombosis may be hindered by examiner inex-
perience, difficulty in examining buried tissues, 
and other factors. Mothes et al. have shown that 

postoperative ICG angiography predicted free 
flap failure in 77.8% of cases, in contrast to 
clinical signs turgor 33.3%, reperfusion 22.2%, 
tissue temperature 55.6%, and puncture bleed-
ing test 11.1% [9]. Adelsberger et al. report that 
after 7 years of experience using routine post-
operative ICG angiography flap monitoring 
alongside clinical assessment, their detection 
rates of vascular thrombosis have reached 85%. 
Furthermore, they found that postoperative 
monitoring using ICG angiography alone had a 
thrombosis detection rate of 64%, while clini-
cal tests were only able to identify 29% of 
thromboses [16]. They propose a 5-day moni-
toring schedule beginning with an immediate 
postoperative clinical assessment, supple-
mented with ICG angiography. For the first 
72  hours, clinical assessments occur every 
2 hours and ICG angiography is applied every 
4 hours. In the final two days, clinical assess-
ments without ICG angiography are performed 
every 4  hours [16]. In a series of 20 free flap 
cases reported by Hitier et al., the time course 
of flap fluorescence and recovery to baseline at 
day 1 was found to have 100% sensitivity and 
100% specificity in detecting postoperative 
complications requiring flap revision [17]. They 
also report that in two cases where postopera-
tive clinical assessment was inconclusive, reas-
surance was provided by ICG angiography data 
that appeared normal—in those cases no com-
plications were observed [17].

 Technical Description 
of the Procedure

After reconstitution of 25 mg indocyanine green 
with 10 mL of sterile water (concentration 2.5 mg/
mL), ICG is administered via intravenous bolus. 
ICG has a short half-life (3–5 minutes in tissue) 
that allows repetitive intraoperative reassess-
ments. Raw ICG videography images are obtained 
in grayscale. With low latency, image processing 
is overlaid in color (green is conventional, though 
other colors may be used) on a white light image 
of the surgical field. At our institution, for skin 
blush imaging and identification of cutaneous 
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perforators, 10  mg (4  cc) ICG is utilized, and 
5 mg (2 cc) of ICG is given for pedicle and micro-
surgical anastomosis imaging.

 Mapping of Arterial Perforators

After final positioning of patient on the operative 
table, 10 mg (4 cc) ICG is given intravenously. 
Next, the proposed flap area is imaged, and real- 
time video fluorescent angiography is recorded. 
The aim of this technique is to identify fluores-
cent skin blushes that correspond to the location 
of arterial perforators supplying blood to the skin 
of the proposed flap. Within 15–30  seconds of 
ICG bolus delivery, the origin of all skin blushes 
within the flap area are identified with real-time 
ICG videography and marked with sterile surgi-
cal ink (see Video 27.1). Standard dissection in 
preparation for perforator-based free-tissue trans-
fer is then performed.

 Assessing Flap Perfusion

Following flap elevation, 10  mg (4  cc) ICG is 
delivered intravenously in order to determine flap 
perfusion. ICG videography is performed as 
described above. Flap perfusion quality is 
assessed based on fluorescent signal intensity, 
with the highest intensity indicating most perfu-
sion and lowest intensity least perfusion. Areas of 
flap tissue that still appear dark and hypoperfused 

are marked according to videography results and 
excised in a lit environment, ensuring that only 
tissue that is well-perfused will be included in the 
final flap (see Video 27.2 and Fig. 27.1).

 Assessing Arterial and Venous 
Anastomoses and Vascular Pedicle 
of the Flap

The patency and quality of arterial and venous 
anastomoses are assessed using 5 mg (2 cc) ICG 
intravenously. Immediately following injection 
of ICG, videography is examined for the pres-
ence of any suture gaps, kinked vessels, or other 
flow disturbances (see Video 27.3). When assess-
ing anastomoses, it is also important to begin 
recording ICG videography before bolus injec-
tion, otherwise movement of fluorescent signal 
through the anastomotic site may be overlooked. 
Video 27.4 demonstrates assessment of the vas-
cular pedicle of a pedicled flap.

 Assessing Perfusion During Flap Inset 
and Wound Closure

Finally, ICG angiography is performed following 
flap inset and final wound closure, as well as post-
operatively (see Fig. 27.2, Video 27.5). ICG vid-
eography is performed as described earlier. Flap 
position may be adjusted accordingly to ensure 
minimal tension. Additional tissue trimming and 

Fig. 27.1 ICG 
angiography-guided 
marking of 
hypoperfused DIEP flap

V. Fahradyan et al.



241

suture replacement is performed to ensure opti-
mal flap perfusion.

 Interpretation

Although the principles of ICG angiography used 
in free and pedicled flaps appear straightforward, 
there is not yet a standard set of guidelines to 
inform interpretation. Additionally, a diversity of 
qualitative and quantitative methods is repre-
sented within the literature. In general, tissue is 
defined as well-perfused or hypoperfused based 
on either relative or absolute fluorescence inten-
sity levels. The earliest phases of dye uptake from 
the arterial system into the tissues generally reveal 
the most well-perfused tissue. However, late 
uptake does not always indicate poor perfusion as 
there is transit time for dye flowing through the 
tissues. The tissue distribution of larger pedicles 
may be mapped spatially using confinement pat-
terns of fluorescence and used to guide flap 
design, but signal becomes more difficult to dis-
tinguish at tissue depths greater than 1–2  cm. 
Cutaneous perforators can be identified by moni-
toring the initial phases of fluorescent skin blush 
as dye moves into the microcirculation. When the 
anatomy of a vascular bed is reasonably well-
known, suspected areas of hypoperfusion are 
identified as tissue where fluorescence intensity is 
closer to background. The patency of arterial 
anastomosis can be visualized either directly as 
uninterrupted fluorescence across suture lines, or 
indirectly based on fluorescence patterns within 
distal tissue. Similarly, venous anastomosis can 

be assessed based on dye movement from tissues 
and veins more proximal. For example, anasto-
motic occlusion from any source is strongly sug-
gested by impaired dye flow across suture lines. 
Flap congestion may be suspected when there is 
good dye uptake and slow removal, or sometimes 
when there is poor flap uptake alone.

 Pitfalls

• Frequent injections of ICG over short inter-
vals (<3–5 minutes apart) can increase back-
ground fluorescence within the tissue, 
making areas of relative hypoperfusion less 
distinct [18].

• Boundaries of perfused areas may be overpre-
dicted using ICG angiography, complicating 
the decision to excise or preserve hypoper-
fused tissue.

• Venous congestion can be difficult to judge 
because the venous phase fluorescence of the 
dye is not as precise as the initial arterial 
uptake phase [18].

• External factors that affect tissue perfusion 
(tumescent solutions with epinephrine, vaso-
pressor administration, blood pressure, 
 oxygen saturation, FiO2, temperature, hema-
tocrit) can alter dye uptake, tissue distribution, 
and outflow [18–20].

• Fluorescence intensity is not correlated in a 
standardized fashion with a specific relative or 
absolute level of perfusion [18]. Clinical expe-
rience and judgment are still required to inter-
pret ICG angiography results.

a b

Fig. 27.2 (a) Tissue defect following left breast mastectomy. (b) Left breast following final DIEP flap inset
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Implant-Based Breast 
Reconstruction

Cagri Cakmakoglu, Thomas Y. Xia, Risal S. Djohan, 
and Graham S. Schwarz

 Introduction

Surgical management of breast cancer has 
evolved in the last decade, and with more treat-
ment options available, patients face more 
choices than ever before. Implant-based breast 
reconstruction is the most frequently employed 
breast reconstruction approach due to its relative 
technical ease and short postoperative recovery. 
Efforts to abbreviate the traditionally staged 
reconstruction process, improve aesthetic out-
comes and reduce long-term chest wall morbidity 
have led to innovations in techniques. In particu-
lar, increasing usage of both direct-to-permanent 
implant placement and pre-pectoral positioning 

of breast implants necessitate a trustworthy test 
for mastectomy skin flap perfusion.

Nipple-sparing mastectomy incurs a higher risk 
of mastectomy skin flap loss postoperatively, espe-
cially in patients with risk factors such as high BMI 
and smoking [1]. Therefore, removal of the poorly 
perfused mastectomy skin flap and coverage of the 
implant or tissue expander with well-perfused soft 
tissue is important for preventing wound healing 
complications, implant exposure and infection.

Widespread adoption of biologic and synthetic 
mesh materials to support and cover the implant 
device has reduced the need to disrupt the soft tis-
sue of the chest wall. Whereas vascularized chest 
wall tissues (e.g., muscle and fascia) have the 
advantage of protecting an implant from exposure 
and contamination, biologic implants (e.g. acel-
lular dermal matrix) require a period of vascular 
and cellular in-growth, during which time they 
cannot provide effective immunologic protection 
to an implant in the case of mastectomy flap isch-
emic change or wound dehiscence.

Proper assessment and intraoperative removal 
of inadequately perfused mastectomy skin can 
prevent complications, reoperation, reconstructive 
failure and their associated economic impacts [2].

Near infrared fluorescence imaging for implant-
based breast reconstruction is generally used for:

• Evaluation of the nipple areolar complex and 
mastectomy skin flap viability to select the 
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ideal breast reconstruction technique after 
mastectomy.

• Determination of the resection boundaries of 
mastectomy skin flap after reconstruction.

• Evaluation of mastectomy skin flap tension 
and perfusion after expander/implant 
insertion.

 Technical Description 
of the Procedure

After constitution of indocyanine green (ICG) 
with 10  cc of sterile water, ICG is injected 
intravenously. For mastectomy skin flap evalua-
tion 7.5–10 mg (3–4 cc) is injected. ICG’s short 
half- life (4–5  minutes) allows for quick, sup-
plementary reassessments intraoperatively, 
with appropriate redosing as required.

ICG angiographic video images are obtained 
in grayscale. With low latency, a processed image 
is overlaid in color (green in this case) on a white 
light image of the surgical field.

Furthermore, gradient on-lay software tech-
nology shows skin perfusion assessment based 
on the signal intensity, with red indicating the 
highest intensity and blue, the lowest. Mastectomy 
skin flap areas seen as black or dark blue on the 
gradient on-lay scale are excised before the 
reconstruction.

 Summary of the Technical Steps

 1. Pre-reconstruction assessment of the mastec-
tomy skin flaps after mastectomy

 2. Determination of the resection margin, prepa-
ration of dermal flap (sling) via de- 
epithelization for additional coverage of the 
implant if needed

 3. Selection of expander or implant-based breast 
reconstruction technique based on mastec-
tomy skin flap perfusion

 4. Reconstruction of the breast with either 
expander or implant

 5. Evaluation of the mastectomy skin after inser-
tion of either the expander of implant

 6. Inflation, deflation or selection of differently 
sized prosthetic device (expander or implant) 
after mastectomy skin flap assessment with 
ICG angiography

 Interpretation

 Evaluation of the Mastectomy Skin 
Flap Viability

Mastectomy skin flap necrosis and wound dehis-
cence are associated with impending loss of the 
implanted device due to exposure and subsequent 
contamination or infection. Intraoperative identi-
fication of potentially ill-perfused mastectomy 
skin flap allows for preventative excision of inad-
equately perfused skin. In cases of implant-based 
breast reconstruction, the reconstruction tech-
nique will include placement of a full-sized, 
heavier, permanent implant, or a partially deflated 
expander, which can be securely inflated to its full 
volume over time as satisfactory mastectomy 
incisional healing and skin envelope viability are 
demonstrated. If a wide area of skin has low per-
fusion, pre-pectoral or partial, sub- pectoral device 
placement can be changed to complete, sub-
muscular expander breast reconstruction with 
minimal volume fill. In this instance, highly vas-
cularized muscle will provide well-vascularized 
soft tissue coverage for the device. Less com-
monly, device placement may be abandoned 
altogether should perfusion be severely impaired 
over a large area of the skin flap (Fig. 28.1).

 Cases Examples

 Case I: Breast Reconstruction Stage 
I with Tissue Expander

This is a case presentation of a 66-year-old non-
smoker female with a history of oncoplastic 
reduction for breast cancer (Fig.  28.2). Patient 
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could not tolerate post-mastectomy radiation 
therapy; therefore, right nipple-sparing mastec-
tomy was planned. This patient had a BMI of 
30 kg/m2, D breast size, and grade 2, ptotic breast 
before the mastectomy.

Four months elapsed between the oncoplastic 
surgery and the planned nipple-sparing 
mastectomy.

Intravenously, 3  cc of ICG was injected. 
Mastectomy skin perfusion was analyzed with 
grayscale, green, and gradient on-lay technology. 
The poorly perfused nipple-areolar complex is 
marked. After analyzing its perfusion through the 

different image onlays, the nipple-areolar com-
plex was preserved as decided by the surgeon, 
despite its poor perfusion as shown by ICG 
angiography.

The pre-operative plan of pre-pectoral 
implant reconstruction was changed to place-
ment of an expander. The expander was partially 
filled for the purpose of preventing tension on 
the mastectomy skin flap and 3 cc ICG was rein-
jected to assess perfusion of the skin flap. Again, 
the nipple- areolar complex showed poor perfu-
sion, but it was not excised by the surgeon. 
Patient was sent to hyperbaric oxygen therapy 
after surgery.

Figure 28.3a was taken immediately after the 
surgery, which shows ischemic, poorly perfused 
NAC and mastectomy skin flap.

Injection of 3-4 cc ICG intravenously

Evaluation of Mastectomy Skin Flap

Well Perfused
Mastectomy Skin

Mastectomy Skin Flap
Perfusion Defect

No
Debridement

Needed

Carefully consider use of
dermal matrix

If there is significant large
area perfusion defect

consider delaying
reconstruction

Fig. 28.1 Decision making in indocyanine green guided 
implant-based breast reconstruction

a b

Fig. 28.2 Preoperative photographs. (a) Frontal view. (b) Lateral View

Fig. 28.3 Postoperative photograph, immediately after 
surgery
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At postoperative week 2, there was partial 
nipple necrosis despite hyperbaric oxygen ther-
apy. This demonstrates that ICG is a reliable 
technique since it showed poor nipple perfusion 
during the surgery. The surgeon decided to pre-
serve the NAC despite ICG angiography showing 
poor perfusion (Fig. 28.3b) (Video 28.1). Partial 
nipple re-excision and closure were performed 
during follow-up.

 Case II: Breast Reconstruction 
with Direct to Implant

This is a 41-year-old nonsmoker, diabetic 
female patient with a history of left partial mas-
tectomy and sentinel lymph node biopsy at an 
outside institution. She underwent bilateral 
skin-sparing mastectomy for recurrent breast 
cancer. The reconstruction was pre-pectoral, 
direct-to- implant technique. This patient had a 
BMI of 33  kg/m2, breast size of 38 D 
(Fig. 28.4a).

After sizers were inserted bilaterally, 3 cc of 
ICG dye was injected intravenously to assess 
mastectomy skin flap perfusion. Well-perfused 
skin flaps were visualized except at the margin. 
The poorly perfused portions were marked and 
excised. Next, pre-pectoral, direct-to-implant 
reconstruction was performed.

No wound-healing problems were encoun-
tered during the postoperative period, as demon-

strated in this photo that was taken 2 weeks after 
surgery (Fig. 28.4b) (Video 28.2).

 Pitfalls

• The short half-life of indocyanine green dye 
(3–4  minutes) incurs a wait-time between 
sequential monitoring of skin perfusion between 
injections, which might cause delays in surgery.

• Clinical assessment should be strengthened with 
near-infrared imaging before skin excision. The 
decision to excise versus preserve might be chal-
lenging since the overprediction of ICG angiog-
raphy might mislead the surgeon to overzealously 
excise borderline perfused areas [3, 4].
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Breast Reduction Guidance

Rebecca Knackstedt, Cagri Cakmakoglu, 
Graham S. Schwarz, and Risal S. Djohan

 Indication

A successful breast reduction requires ample post-
operative blood supply to the nipple and remaining 
tissue. However, this must be performed while 
resecting adequate volume and providing an aes-
thetic postoperative shape. While this may be rela-
tively easy to achieve in smaller breasts, larger, 
ptotic breasts can provide a surgical challenge. For 
extremely large or ptotic breasts, the surgeon must 
decide if a free nipple graft is required. With 
numerous breast pedicles to choose from, each 
patient must be evaluated individually to deter-
mine the best operative plan. However, sometimes 
these surgical decisions are not clear and vascular 
compromise in the perioperative period can often 
be difficult to assess. To that end, indocyanine 
green (ICG) can be utilized to assess blood supply 
and help guide clinical decision-making pre-, 
intra-, and perioperatively.

The vascular pedicle in a breast reduction is 
comprised of breast parenchyma that is isolated 

and preserved and serves as the source of blood 
supply to the nipple and areola following tissue 
rearrangement. Various pedicles for breast reduc-
tions have been described and can be combined 
with any skin resection [1–3]. While each pedicle 
may receive blood supply from more than one 
named vessel, there is typically a dominant blood 
source that must be preserved for ample nipple vas-
cularity. A superior pedicle relies on the descend-
ing branch of the artery coming from the second 
interspace of the internal mammary system. This 
lies in the subcutaneous tissue and can be easily 
visualized and located with a Doppler. The arterial 
supply for a medial breast reduction curves around 
the periphery of the breast from the second and 
third interspace and runs in the subcutaneous tissue 
toward the nipple. Inferior and central pedicles 
receive their blood supply from the deep system 
from the fourth interspace. While arteries from the 
fifth interspace can provide additional blood supply 
to an inferior pedicle, they cannot be utilized for a 
central pedicle. When a free nipple graft is utilized, 
it functions like a skin graft and relies on the same 
stages of healing, imbibition, inosculation, and 
neovascularization, as a skin graft.

 Technical Description

At the desired time, 3  cc of ICG can be intro-
duced intravascularly by the anesthesia team. 
This is then flushed with 10 cc of normal saline. 
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The surgeon must be prepared to visualize the 
results as fluorescence appears almost immedi-
ately and is transient. The ICG perfusion pattern 
can be viewed in grayscale or with color onlay to 
determine overall vascularity of the nipple areo-
lar complex, dermal-parenchymal pedicle and 
skin flap (see Video 29.1).

 Interpretation

There are multiple times pre-, intra-, and periop-
eratively that ICG can help guide decision- 
making in breast reduction surgery. The first 
would be preoperatively prior to skin incision. 
ICG utilized at this time point allows for evalua-
tion of the blood supply to the skin and nipple 
and may demonstrate a robust superficial supe-
rior blood supply to the nipple. If there is poor 
blood flow demonstrated preoperatively, this 
could suggest the necessity of a free nipple graft. 
If large superficial, superior blood vessels are 
observed, they can be marked on the skin and 
preserved, especially if they supply the pedicle of 
choice or remaining breast tissue. This can be 
especially useful in superior and superomedial 
pedicles where the blood supply is mainly 
superficial.

Once the pedicle has been isolated, ICG can 
be utilized to assess the viability of the nipple, to 
evaluate blood flow to the flap edges and to deter-
mine if more tissue can be safely resected from 
the pedicle, if desired. If poor blood flow to the 
nipple is observed, a free nipple graft should be 
considered. If there is not ample blood supply to 
skin flap edges, they should be resected until 
healthy tissue is observed. If blood supply to the 
nipple is clinically questionable, the pedicle can 
be thinned out and the perfusion can be reas-
sessed with repeat ICG dosing.

Once the incisions are tacked together or 
closed, ICG can be utilized to assess the viability 
of the nipple and to determine if skin flap edges 

are receiving good blood flow. Once again, if 
poor blood flow to the nipple is observed, a free 
nipple graft should be considered or the pedicle 
should be interrogated, and if there is not ample 
blood supply to skin flap edges, they should be 
resected as required.

Postoperatively, nipple and areolar vascular 
compromise can result from injury or kinking 
of the pedicle or may occur secondary to tissue 
edema. If there is concern in the perioperative 
period, ICG can be utilized to assess nipple 
viability or determine if tissue ecchymosis is 
superficial or potentially indicative of tissue 
compromise. If poor flow to the nipple is 
observed, sutures can be released and perfusion 
can be reassessed. If there is still poor flow, 
return to the operating room should be consid-
ered for pedicle exploration and possible con-
version to free nipple graft. If skin edges appear 
ischemic, expectant wound management, 
hyperbaric oxygen, or operative exploration 
and debridement should be considered.

In conclusion, while breast reduction surgery 
is a procedure that many plastic surgeons per-
form routinely, demanding surgical cases can 
present a challenge. ICG can be utilized in plan-
ning, execution, and postoperative assessments to 
help guide clinical decision-making and ensure 
the safety, efficacy, and outcomes of this 
surgery.
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Parapharyngeal Space Tumors

Junkichi Yokoyama and Shinich Ohba

 Parapharyngeal Space 
and Parapharyngeal Space Tumors

The parapharyngeal space (the lateral pharyn-
geal space) is a narrow area of clinical impor-
tance for head and neck cancer due to it being 
the point at which a variety of original parapha-
ryngeal space tumors and metastatic tumors 
develop.

The parapharyngeal space is shaped like an 
inverted pyramid with its superior aspect at the 
skull and its inferior apex at the hyoid bone. 
The superior pharyngeal constrictor muscle 
forms the medical boundary and the parotid 
gland, mandible, and lateral pterygoid muscle 
bound it laterally. The parapharyngeal space 
contains significant organs such as internal 

carotid artery, internal jugular vein, sympa-
thetic chain, and cranial nerves IX, X, XI, and 
XII. The parapharyngeal space is known as the 
danger space. As a result, it is exceedingly dif-
ficult to resect tumors without complications 
such as dysphagia and carotid artery rupture in 
the narrow-complicated space [1]. In order to 
minimize surgical complications and preserve 
organs, endoscopic, or robotic surgery is often 
executed when performing head and neck sur-
gery [2]. While highly effective, a disadvantage 
of these procedures is that it is not possible for 
the surgeon to physically touch tumors or to 
directly observe diffusely invaded deep organs. 
As a result, we have proposed using ICG flores-
cence imaging method for navigation surgery 
and have demonstrated the advantage and effec-
tiveness of ICG fluorescent image-guided sur-
gery for the safe resection of parapharyngeal 
space tumors [3].

 Indications

There are many kinds of malignant parapharyn-
geal tumors including salivary gland tumors, 
pharyngeal tumors, metastatic tumors and para-
gangliomas. Metastatic tumors from head and 
neck cancers are the highest occurring among 
malignant parapharyngeal tumors.
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 Technical Description 
of the Procedure(s)

Initially, 0.5  mg/kg of ICG is injected via the 
cephalic vein. Observation of the fluorescent 
image is conducted with HEMS (Hyper Eye 
Medical System, Mizuho Medical Co. Ltd., 
Tokyo, Japan) between 5 and 30 min after the ini-
tial injection (Video 30.1) [4]. Firstly, the posi-
tion of the tumor is marked over pharyngeal 
mucosa through the use of ICG fluorescence 
imaging with HEMS (Fig. 30.1). The pharyngeal 
mucosa is then incised transorally (Fig.  30.2a). 
The submucosal tumor cannot initially be visual-
ized as it is obscured by fascia under natural 
light. However, the submucosal tumor obscured 
is seen under the fascia clearly after application 
of the HEMS color imaging (Fig.  30.2b). The 
submucosal tumor under the fascia is then clearly 
seen under HEMS imaging by observing conven-
tional image (Fig.  30.2c). The position of the 
tumor obscured by fascia is then detected and 
seen following removal of the fascia. Owing to 
clear visualization, the proximity of the tumor is 
confirmed in relation to the carotid artery and 
lower cranial nerves, thus aiding in avoidance of 
stretching and injuring these vital structures. As a 
result, the tumors are able to be safely separated 
from the carotid artery and lower cranial nerves 
while protecting organs (Video 30.1).

In addition, by using this technology, parapha-
ryngeal tumors can be resected by a transparotid 
approach. Tumors located behind the carotid 
sheath in parapharyngeal space are challenging 
to manipulate and locate in relation to deep 
organs. In order to visualize and safely resect 
these tumors in such cases, ICG can be used for 
navigation surgery. ICG fluorescence imaging 
with HEMS facilitates this procedure by reveal-
ing the tumor behind the carotid sheath even in 
cases where they are obscured (Fig.  30.3). 
Consequently, parapharyngeal tumors can be 
completely and safely resected by ICG naviga-
tion surgery without complications.

Tumors display bright fluorescence emissions 
that clearly contrast them with surrounding nor-
mal structures. When the submucosal tumor is 

a

b

c

Fig. 30.1 Case 1 Transoral resection by guiding ICG 
imaging. Recurrent parapharyngeal metastasis was 
resected transorally, guiding ICG imaging. (a) MRI 
(Magnetic Resonance Imaging). (b) ICG image. Tumor 
location was marked based on ICG image (circle).  
(c) Tumor location based on ICG image. Tumor location 
was marked on the pharyngeal mucosa based on ICG 
image (circle)
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covered with and obscured by fascia, or vascular 
bundles such as carotid artery and internal jugu-
lar vein, it can be clearly seen under HEMS 
imaging. Near-infrared (NIR) Fluorescence 

Imaging Visibility Score by Poellinger [5] exhib-
ited no difference between squamous cell carci-
noma and other malignant tumors. In the case 
example, the tumor was completely resected 
pathologically including the entire tumor cap-
sule. Furthermore, the tumor was safely and 
noninvasively resected in order to preserve pha-
ryngeal functions. These findings are particu-
larly useful for detection and safe resection of 
tumors invading the parapharyngeal space [6].

 Interpretation

Optical imaging using ICG is a new technique 
for visualizing tumors real-time during surgery. 
Some reports have indicated that ICG fluores-
cence imaging guided surgery is efficient in 
liver cancer surgery to detect not only large 
cancers, but also when detecting micro-cancers 
[7]. We have also reported the usefulness of 
ICG fluorescence imaging not only in liver can-
cer surgery, but also in head and neck cancer 
surgery [3, 8].

The handheld HEMS can significantly aid in 
the detection and visual confirmation of pharyn-
geal tumors located behind the oral cavity or 
nasal cavity by ICG-enhanced imaging with 
vivid color. Of note is that it can be freely oper-
ated intraoperatively by surgeons. Because of the 
high sensitivity of ICG fluorescence imaging, 
ICG fluorescence imaging under HEMS can 
assist surgeons in the identification and resection 
of tumors that have invaded the parapharyngeal 
space behind the internal carotid artery, internal 
jugular vein, and lower cranial nerves.

We have demonstrated a successful method 
for distinguishing cancerous tissue from healthy 
tissue and the optimum surgical time with HEMS 
in animal models [4]. Application of endoscopic 
and robotic surgery for the parapharyngeal space 
lesions enables surgeons to perform minimally 
invasive surgery with superior results [2]. 
However, we need to be able to detect parapha-
ryngeal tumors in deeper and invisible areas 
when palpation is not possible. This is required in 
order to resect tumors safely and can be aided 
through effective tumor detection carried out 
with ICG fluorescent imaging.

a

b

c

Fig. 30.2 Case 1 Operative findings by ICG navigation 
surgery. (a) Submucosal tumor. Submucosal tumor was 
visually obscured by fascia. (b) ICG color image. ICG 
color image clearly indicated the obscured tumor in phar-
ynx (arrows). (c) Conventional ICG image. Conventional 
ICG image indicated the obscured tumor (arrows). The 
tumor was removed while preserving function
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We conclude that ICG fluorescence imaging is 
effective for the detection and resection of the 
parapharyngeal space tumors that enables greater 
preservation of functions.

 Pitfalls

There are two approaches to parapharyngeal 
space tumors, the transoral approach and the 
approach from the neck (transparotid procedure). 

Patients with trismus are contraindicated for the 
transoral approach. This is because the handheld 
HEMS is too large to eradicate enough excitation 
light to target cancers or detect enough fluores-
cent emissions in patients with trismus. 
Parapharygeal space tumors without invasion 
into the carotid artery are indicated for an intra 
oral and neck approach.

As fluorescence emitted by ICG is scattered 
through fat tissue, it is sometimes difficult to 
detect enough ICG fluorescence deeper than 

Anterior

Posterior

b

c

a

Fig. 30.3 Case 2 Transparotid resection by guiding 
ICG imaging. Parapharyngeal space tumor (malignant 
paraganglioma). (a) MRI (magnetic resonance imag-
ing); (b) intraoperative findings. The tumors located 
behind the carotid sheath in parapharyngeal space can-
not be detected and physically touched. (a) Facial nerve, 

(b) accessory nerve, (c) internal jugular vein, (d) retrac-
tor, (c) ICG navigation surgery for parapharyngeal 
space tumor. ICG florescence imaging with HEMS 
clearly reveals the tumor behind the carotid sheath.  
(a) Facial nerve, (b) accessory nerve, (c) internal jugular 
vein, (d) retractor
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1 cm. In cases of neck approach (transparotid 
procedure), there is the possibility that ICG 
fluorescence imaging may not be able to detect 
parapharyngeal tumors behind the internal 
carotid artery, internal jugular vein, and lower 
cranial nerves in patients with fatty tissue. It is 
therefore necessary to carefully remove fatty 
tissue around parapharyngeal tumors in order to 
clearly detect tumors by ICG fluorescence 
imaging.
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Applications in Gynecology
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Maria Luisa Gasparri, Anda Petronela Radan, 
Jarmila Anna Zdanowicz, and Michael D. Mueller

 Indications

 Background of Indocyanine Green 
(ICG)/Near Infrared (NIR)

Indocyanine green (ICG) is a fluorescent dye 
developed during World War II by Kodak. 
Initially meant to be employed in photography, it 
was granted FDA approval in 1959, after being 
tested in the United States at Mayo Clinic.

Ever since, its use via intravenous injection 
has found application in ophthalmology, but also 

in internal medicine and cardiology. In the last 
decades, ICG has been successfully employed in 
oncological surgery [1, 2].

The main advantages, which led to a rapid 
acceptance of the compound, are the low rate of 
adverse effects and the rapid excretion, the pres-
ence of peak absorption around 800 nm, close to 
the isobestic point of hemoglobin. This allows 
the employment of ICG with near infrared light 
(NIR) for in vivo detection of tissue, with virtu-
ally no interference from background autofluo-
rescence caused by water and blood, and 
excellent applicability in minimally invasive sur-
gery [2, 3]. Indocyanine green has a half-life of 
around 3 min and is excreted almost exclusively 
through the bile [4].

 Application in Sentinel Lymph Node 
(SLN) Mapping

The first approach in sentinel lymph node (SLN) 
mapping was made in 1977 by the American 
urologist Cabanas [5]. Ever since, the method has 
been adopted in the surgical treatment of mela-
noma and vulvar and breast cancer [6].

The assessment of lymph node status in gyneco-
logical oncology is of great importance for the 
prognosis of the patient. Regional lymph nodes are, 
however, often negative for tumor involvement. In 
the last decades, efforts have been made in avoid-
ing a routine systematic lymphadenectomy in 
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patients with negative nodal status. Analogue to 
breast cancer, where the method of SLN biopsy is 
well established, SLN mapping in genital cancers 
could lead to an improvement in quality of life after 
surgery, to better surgical results, a faster recovery, 
reduced blood loss, and a shorter hospital stay. It 
has been shown that long-term complications such 
as lymphedema of the lower extremities and sen-
sory loss were more common when routine sys-
tematic lymphadenectomy was performed [7, 8].

Technetium-99 radiocolloid (Tc-99  m) and 
blue dyes (methylene, isosulfan or patent blue) 
are other commonly used tracers in the surgery of 
genital cancers. Blue dyes are relatively often 
associated with severe allergic reactions (0.7–
1.9%), as well as with discoloration of the urine, 
tegument necrosis, and interference with pul-
soxymetry readings [6]. ICG has an outstanding 
toxicity profile, with a low rate of allergic reac-
tions (0.05% after intravenous application) [9].

The manufacturers recommend caution in 
patients allergic to iodide, as ICG contains 
sodium iodide, as well as in patients with severe 
liver disease [6]. Indocyanine green has also been 
employed during pregnancy [10].

Tc-99 m is also described as safe; however, it 
leads to low patient satisfaction when employed, 
due to the fact that its employment requires addi-
tional hospital appointments and it is not injected 
under general anesthesia [6, 11].

After submucosal injection of ICG (off-label), 
this distributes in lymph pathways and lymph 
nodes, making it a suitable tracer for these struc-
tures. Its small particles exhibit fluorescence 
when using NIR technology, which makes it 
excellent for employment in minimal invasive 
surgery, but also in open surgery [6].

 SLN Mapping in Gynecologic 
Oncology

 Endometrial Cancer
The diagnosis of endometrial cancer occurs in 
most cases at an early stage. One important prog-
nostic factor is the nodal status, as 5-year survival 
drops from 95% to 70% in case of nodal involve-
ment. Nodal involvement in endometrial cancer 

is not uncommon; however, the risk for lymph 
node metastasis is low in small, well- differentiated 
tumors [12].

The lymphatic drainage of the uterus is known 
to be complex. Anatomic studies describe four 
lymphatic pathways: the upper and the lower cer-
vical pathway, an infundibulo-pelvic pathway, 
and a pathway that runs around the round liga-
ment to the inguino-femoral and to Cloquet’s 
lymph nodes. The upper cervical pathway drains 
the lymph nodes situated in the obturator fossa as 
well as those of the iliac vessels; the lower cervi-
cal pathway is responsible of draining the pre- 
sacral lymph nodes. The latter are not included in 
a systematic pelvic lymphadenectomy.

Since 1988, following the GOG#33 trial, 
FIGO recommends a surgical rather than a clini-
cal staging in endometrial cancer. The adherence 
to this recommendation worldwide is however 
low, assumingly due to the complexity of the pro-
cedure and patients’ characteristics (often pres-
ence of comorbidities, mostly patients with 
obesity). Identifying patients who benefit most 
from a surgical staging is of great importance. A 
widespread approach is the intraoperative identi-
fication of risk factors by analyzing the uterus at 
frozen section. However, the method has intrinsic 
limitations and reports regarding its accuracy 
vary among different series [12].

In the past years, identification of SLNs has 
been proposed as an alternative to this method, 
respectively, as a solution between performing a 
systematic lymphadenectomy or no lymphade-
nectomy at all. The procedure has, however, only 
been accepted by a part of the international 
guidelines so far.

Whereas the National Comprehensive Cancer 
Center (NCCN) guidelines consider SLN map-
ping in endometrial cancer as acceptable when 
employed in selected cases, the ESMO-ESGO- 
ESTRO consensus conference recommends only 
offering it in the setting of clinical trials [13, 14].

Two large prospective trials to SLN mapping 
in endometrial cancer are available: the SENTI- 
ENDO trial and the FIRES trial [8, 15]. In the 
SENTI-ENDO trial, the detection was performed 
by employing Tc-99 m combined with blue dye. 
The authors report a false negative rate of 18% 
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(3 out of 20 patients with lymph node involve-
ment). It is worth mentioning that all false nega-
tive events occurred in cases of type II 
endometrial cancer, which raises concern with 
employing the method in these patients [15].

However, recent trials report promising results 
for SLN mapping in high-risk constellations, 
with false negative rates comparable to those 
found in low-risk patients [8]. One of those is the 
FIRES trial, where sentinel lymph node detection 
was performed by using ICG, which has been 
injected directly in the cervix. The trial reports an 
excellent false negative rate of only 3%. Rossi 
et al. reportedly adopted the mapping algorithm 
proposed by Barlin et  al. from the Memorial 
Sloan Kettering Center (MSKCC). This algo-
rithm suggests beyond unilateral mapping in case 
of SLN positivity the removal of all clinically 
suspicious lymph nodes. Barlin et  al. also 
describe a low false negative rate of only 2%, as 
opposed to 15% before introducing their algo-
rithm [8, 16]. The NCCN guidelines also recom-
mend adopting the MSKCC algorithm [12, 13].

Although false negative rates play a great 
role in analyzing the accuracy of a method, it is 
the disease-free survival of the patient that is of 
most interest in oncology. How et al. found that 
SLN mapping prior to pelvic lymphadenectomy 
led to less pelvic side recurrences, which sug-
gests that lymph node harvesting by mapping is 
more accurate. By performing a systematic 
lymphadenectomy, one risks omitting relevant 
lymph nodes [11].

After 30  years of controversy on lymphade-
nectomy in endometrial cancer, SLN mapping 
seems to be an equitable alternative to take into 
consideration.

 Cervical Cancer
Early-stage cervical cancer is routinely treated 
by radical hysterectomy. In selected cases, 
patients can be offered fertility-sparing surgery, 
meaning performing wide conization or trache-
lectomy. Similar to endometrial cancer, nodal 
involvement plays a great prognostic role in cer-
vical cancer. For this reason, a systematic pelvic 
lymphadenectomy should be performed in early 
stages [17].

Analogue to endometrial cancer, the method 
of SLN mapping was proposed in the manage-
ment of cervical cancer. The considerations are 
similar: reducing morbidity by reducing surgical 
trauma. Although the method is not yet estab-
lished, it is progressively being adopted in clini-
cal practice. The first trials show promising 
results, with good detection rates (Cormier et al. 
unilateral detection rate 93% [18], bilateral detec-
tion rate 75%; Diaz et al. unilateral detection rate 
95% [19]). Moreover, ultrastaging allows better 
detection of micro-metastasis [18, 19].

 Vulvar Cancer
Squamous cell cancer of the vulva is rare, with an 
incidence of 3/100,000 women per year. The 
5-year survival rates reach 90% without lymph 
node involvement, and rapidly drop at 50% when 
positive lymph nodes are present. Until 10 years 
ago, radical excision of the tumor and radical 
inguino-femoral lymphadenectomy was consid-
ered standard of care for the affected patients, 
although lymph node metastasis was ultimately 
present in only 25–35% of the cases [20]. Around 
50% of the women who underwent surgery suffer 
a wound complication [21]. While local compli-
cations such as wound dehiscence or infection 
are temporary, lymphedema can accompany the 
patient throughout her lifetime.

Meanwhile, based on the results of two big tri-
als, SLN mapping in the treatment of vulvar can-
cer is considered standard of care. Detection of 
SLNs is standardly performed by using Tc-99 m 
and blue dye; however, employment of ICG has 
increasingly gained acceptance in the past years 
[20, 21].

 Ovarian Cancer
Although SLN mapping is rapidly gaining popu-
larity in most types of female genital cancer, its 
applicability in the treatment of ovarian cancer 
has been so far limited. Its limitations arise from 
the fact that in most cases, disease is diagnosed at 
an advanced stage. The method has only been 
employed in experimental pilot cases so far. In 
most cases, lymph node detection was performed 
by using Tc-99 m and blue dye. Multiple ques-
tions are still open, beginning with adequate 
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selection of the patients to proper site of tracer 
injection, as the literature on this topic is still 
scarce [22].

 Technical Description 
of the Procedure

 LSC

Typically, the surgery for cervical and endome-
trial cancer using ICG has been performed lapa-
roscopically. To date, there are two main protocols 
for injecting ICG, directly into the cervix and 
using hysteroscopic guidance, respectively [1, 
23–27]. Other possible injection sites will be also 
discussed in this section.

One important difference between Tc-99m 
and ICG is that ICG is injected at the beginning 
of surgery under general anesthesia [11, 23]. A 
more detailed comparison of ICG with other dyes 
will be presented in the following section.

In general, ICG powder is suspended in sterile 
water to yield a green solution. The dosage and 
concentration used vary in literature. Once ICG 
is injected, it travels via lymphatic vessels to the 
SLNs where it persists for some time. However, 
ICG also spreads not only to echelon but also to 
second-echelon lymph nodes, potentially leading 
to removal of additional, non-SLNs (NSLNs) 
(Video 31.1) [6].

Algorithms have been established with regard 
to SLNs as well as to the removal of suspicious 

looking lymph nodes, such as the MSKCC algo-
rithm [16]. According to this algorithm, all the 
SLNs along with clinically suspicious lymph 
nodes have to be removed. Additionally, in case 
of unilateral mapping, a side-specific lymphade-
nectomy has to be performed. A para-aortic 
lymphadenectomy is performed at physician’s 
discretion.

In endometrial cancer, four lymphatic systems 
that drain the uterus have been identified [28]: a 
lower paracervical pathway draining into the 
internal iliac and/or presacral lymph nodes [29]; 
an upper paracervical pathway that drains to 
lymph nodes in the obturator fossa as well as 
external iliac vessels; in addition, para-aortic 
lymphatic drainage occurs at the aortic infra- 
mesenteric level, as well as the aortic infrarenal 
level [30].

After performing the SLN mapping, the 
removed lymph nodes are further analyzed 
according to an ultrastaging protocol. Here, an 
in-depth pathological examination allows for an 
even more thorough investigation of nodal dis-
ease, which is then classified according to tumor 
size [31]. The steps of the laparoscopic ICG SLN 
mapping for uterine malignancies are depicted in 
Figs. 31.1, 31.2, 31.3, 31.4, 31.5, and 31.6.

However, some open questions remain, such 
as defining the optimal time between tracer injec-
tion and detection as well as finding the optimal 
dose of ICG, including for bilateral detection [3]. 
It is important that lymph nodes on both sides of 
the pelvis are detected, bilateral detection is 
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Fig. 31.1 Left 
retroperitoneal space 
after administration of 
ICG. Lymphatics could 
often be visible under 
white light
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Sentinel
Lymph Node

Ureter

Obturator
fossa

Fig. 31.2 Sentinel 
lymph node (under 
white light) found in left 
obturator fossa—the 
most common location

Sentinel
Lymph
Node

Fig. 31.3 Visualization 
of sentinel lymph node 
under near-infrared 
fluorescence imaging. 
We can see the 
lymphatics leading 
toward the sentinel 
lymph node

Ureter
External
Iliac Vein

Obliterated
Umbilical
Artery

Obturator
Fossa

Sentinel
Lymph
Node

Fig. 31.4 Dissection 
and removal of sentinel 
lymph node from the left 
obturator fossa
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therefore crucial in ICG SLN mapping [16]. 
Here, ICG has also shown to be superior when 
compared to other dyes [6, 11, 23, 32–35]. A 
larger dose of ICG does seem to yield a higher 
number of marked SLN, however, not a higher 
bilateral detection rate [36].

 Cervical Injection
For cervical as well as endometrial cancer, the 
injection of ICG can be performed intracervi-
cally. In this case, the dye is usually injected sub-
mucosally as well as inside the cervical stroma.

After the standard laparoscopic setup, a diag-
nostic laparoscopy is performed to ascertain 
operability. The ICG injections are then per-
formed with a 21–23-gauge needle, typically into 
the four quadrants of the cervix at 2, 4, 8, and 10 
o’clock, although injections at 3, 6, 9, and 12 

o’clock have been described as well [6, 27–28, 
36]. Alternatively, only two injection sites have 
been used, namely, at 3 and 9 o’clock [8, 11, 32]. 
The injection occurs usually at a deep as well as 
superficial level of the cervix.

Usually, 25 mg of ICG powder is diluted in 
sterile water to achieve a concentration between 
0.5  mg/ml and 2.5  mg/ml [8, 11, 27–28, 32, 
37], although a concentration of 5  mg/ml has 
been used as well [36]. Using a laparoscopic 
NIR setup, the fluorescent signal is then identi-
fied and the SLNs are removed for further 
examination. A higher ICG concentration has 
been shown to remove more SLNs; however, if 
too much dye is applied, there is a greater risk 
of labeling NSLNs as well [36]. The total dose 
of ICG injected varies from 1 mg up to 40 mg 
[1, 8, 32, 36].

Sentinel
Lymph
Node

Fig. 31.5 Confirmation 
of sentinel lymph node 
under near-infrared 
fluorescence imaging 
after dissection

External Iliac
Vessels

Obturator
Nerve

Obliterated
Umbilical Artery

Obturator
Fossa

Ureter

Fig. 31.6 Left 
retroperitoneal space 
after pelvic lymph node 
dissection, showing 
important structures like 
the ureter, external illiac 
vessels, obturator nerve, 
and obliterated umbilical 
artery
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The advantages of intracervical injection are 
quite obvious: the technique is easy to reproduce 
and it provides an easier accessibility for the sur-
geon. However, in endometrial cancer, it has been 
argued that the injection site is remote to the 
actual tumor location.

 Hysteroscopic Peritumoral Injection 
for Endometrial Cancer
Several studies have also described a hystero-
scopic peritumoral injection of tracer for endo-
metrical cancer [25, 26]. Using this protocol, after 
a standard laparoscopic setup and diagnostic lapa-
roscopy, a hysteroscopy is performed. Tracer 
injection occurs with an 18–23-gauge needle sub-
endometrially around the lesion, or, in cases where 
the tumor fills the entire uterine cavity, injection 
occurs at 3, 6, 9, and 12 o’clock peritumorally 
[25–27, 37]. As in the cervical injection, ICG pow-
der is diluted in sterile water to achieve a concen-
tration between 0.5  mg/ml and 1.25  mg/ml 
[25–27]. A laparoscopic NIR setup is used to 
detect the fluorescent signal and, consequently, the 
SLN are removed. In some studies, a tubal occlu-
sion has been performed prior to tracer injection to 
prevent peritoneal spilling of dye [25, 27].

When comparing the two possible injection 
protocols, cervical tracer injection is easier to 
perform, while a hysteroscopic injection is more 
invasive and requires an additional surgical 
 procedure [27]. In addition, the learning curve for 
hysteroscopic tracer injection may be longer and 
require a more skilled surgeon, while the tumor 
itself might be a visual impediment during hys-
teroscopic injection [12]. Overall, a combination 
of hysteroscopic and intracervical might lead to 
the most effective detection of the SLNs [25].

 Infundibulo-Pelvic Ligament Injection
As described above, the lymphatic drainage of 
the uterus is quite complex. In addition to the pel-
vic drainage, there is a non-pelvic pathway along 
the infundibulo-pelvic ligament to the para-aortic 
lymph nodes [31]. In high-risk endometrial carci-
noma, the removal of para-aortic lymph nodes is 
recommended [38]. An algorithm has been pro-
posed for management of lymphadenectomy in 
high-risk patients [39].

No study to date has evaluated the direct tracer 
injection into the infundibulo-pelvic ligament as a 
possible additional site for enhanced SLN map-
ping. However, transabdominal fundal injection 
seems to result in visualization of lymphatic ves-
sels that run along the IP ligament, but also to cause 
greater leakage of ICG into the abdomen [28].

 Open Surgery (VITOM®)

 Laparotomy
To date, there have been relatively few data on 
the SLN mapping in gynecology and open 
 surgery. In open gynecological cancer surgery for 
vulvar carcinoma, ICG tracking for SLN map-
ping has been conducted using the Karl Storz 
VITOM® Fluorescence Camera (VITOM® II 
ICG). The VITOM® II exoscope consists of a 
telescope connected to an NIR camera for detec-
tion of fluorescent light.

As previously described, ICG powder is 
diluted in sterile water to a concentration of 
1.25  mg/ml and is injected intracervically at 3 
and 9 o’clock in case of cervical and endometrial 
cancer, respectively [40]. In vulvar cancer, peri-
tumoral injection with the same ICG concentra-
tion was performed with 28-gauge needle after a 
preoperative lymphoscintigraphy [40].

 Inguino-Femoral SLN Mapping
Lymphatic drainage of vulvar cancer occurs 
along the labia majora from dorsal to ventral, fur-
ther implicating the inguinal as well as pelvic 
lymph nodes. In early-stage vulvar cancer, a 
complete lymphadenectomy may be unneces-
sary, hence SLN mapping via ICG could provide 
a useful alternative here [41].

 Interpretation

 False Negative Rate

The false negative rate of an SLN mapping is 
defined as the number of false negative SLNs 
divided by the number of cases with lymph nodal 
metastases and represents the most important 
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characteristic of the procedure. In order for the 
procedure to be safe and reliable, the false nega-
tive rate has to be low so that the chance of miss-
ing an affected lymph node is low. The SLN 
mapping algorithm was described by MSKCC 
and adopted by Barlin et al. in their study in 2012 
[16]. The algorithm recommends removing all 
the clinically suspicious NSLNs other than the 
SLNs, performing a side-specific lymphadenec-
tomy in case of unilateral mapping and perform-
ing a para-aortic lymphadenectomy based on 
surgeon’s indication. Barlin et al. found that with 
the application of this algorithm, they were able 
to reduce the false negative rate of SLN mapping 
in endometrial cancer from 15% to 2%. In a ret-
rospective series of fully staged endometrial can-
cer patients, Papadia et  al. recorded a false 
negative rate of 8.3% for the ICG sentinel lymph 
node mapping [10]. This result correlates well 
with those reported by Barlin et  al. [16]. The 
FIRES trial is a prospective multicenter valida-
tion trial that was performed in the United States, 
following the SLN mapping algorithm. In the 
FIRES trial, the SLN mapping was performed via 
intracervical injection of ICG followed by 
robotic-assisted systematic pelvic lymphadenec-
tomy in every patient and para-aortic lymphade-
nectomy in approximately half of the patients [8]. 
In this trial, Rossi et al. recorded one false nega-
tive SLN and 35 true positive SLNs accounting 
for an excellent false negative rate of approxi-
mately 3%.

 Detection Rate

Another characteristic that defines a successful 
SLN node mapping is a high detection rate. In 
order to have a complete and successful mapping, 
SLNs need to be detected on both sides of the pel-
vis. A high bilateral detection rate will addition-
ally help in reducing the number of side- specific 
pelvic lymphadenectomies when the MSKCC 
SLN mapping algorithm is adopted [16].

In 2015, Imboden et  al. showed, in a retro-
spective study, that ICG has higher bilateral 
detection rates as compared to a combination of 
Tc-99 m and blue dye in cervical cancer patients 

[37]. Papadia et al. also showed that in patients 
with endometrial cancer who underwent an ICG 
laparoscopic sentinel lymph node mapping, the 
overall and bilateral detection rates were 96% 
and 88%, respectively [23]. Both studies were 
performed with the tracer injected 
intracervically.

In 2016, a meta-analysis on endometrial can-
cers, performed on the data available at that time, 
demonstrated that the SLN mapping had higher 
overall and bilateral detection rates when the pro-
cedures were performed with ICG, as compared 
to blue dyes (OR 0.27 95% CI 0.15–0.50; 
p  <  0.0001; OR 0.27; 95% CI 0.19–0.40; 
p < 0.00001, respectively). However, ICG SLN 
was not significantly superior to the combination 
of blue dyes and Tc-99 m, in terms of overall and 
bilateral detection rates and false negative rate 
[42]. In a multicenter cohort study, involving five 
European centers, the bilateral detection rate for 
ICG was 84.1%, as compared to the 73.5% 
obtained with Tc-99 m in association with blue 
dye (p = 0.007) [23]. Recently, the FILM trial, a 
randomized, phase III multicenter study, con-
firmed that ICG with near-infrared fluorescence 
imaging is able to identify more SLNs than blue 
dye in women with endometrial and cervical can-
cers, defining the NIR-ICG SLN mapping tech-
nique as the current standard of care [32].

 Comparison Between Dyes

ICG has an excellent toxicity profile, has higher 
overall and bilateral detection rates as compared 
to blue dyes and higher bilateral detection rates 
as compared to a combination of Tc-99  m and 
blue dye [6]. As compared to Tc-99 m, ICG is not 
radioactive and can be injected after induction of 
anesthesia in the operating room at the time of 
the surgery. Tc-99 m is injected the day prior to 
surgery in a radio-protected outpatient setting 
and is followed by a lymphoscintigraphy or 
SPECT–CT to determine number and anatomic 
location of the SLNs. A significant delay in the 
surgical schedule may compromise the identifi-
cation of a radioactive signal with the gamma 
probe. ICG is also overall more cost-effective 
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than Tc-99 m and blue dye. As compared to the 
other tracer, ICG is associated with a lower inci-
dence of allergic reactions.

 Role of SLN Mapping in Endometrial 
Cancer

Pathological lymph node assessment is a contro-
versial issue in low-risk endometrial cancer. 
However, in these preoperatively low-risk 
patients, some may turn out to have high-risk 
endometrial carcinoma after the final pathology. 
This group of patients has a 40% risk of nodal 
involvement [43]. If lymph node assessment was 
not performed, then there will be an indication 
for adjuvant radiotherapy.

In a group of patients with preoperative diag-
nosis of complex atypical hyperplasia or grade 1 
or 2 endometrial cancer, Papadia et  al. showed 
that a strategy based on SLN mapping is more 
accurate in detecting patients with lymph nodal 
metastases as compared to a strategy based on tri-
age to a systematic lymphadenectomy based on 
intraoperative frozen section analysis of the 
uterus [44]. SLN mapping identified all lymph 
nodal metastases, whereas one out of six patients 
with nodal metastases was missed with the strat-
egy that relies on a full lymphadenectomy when 
uterine risk factors are identified at frozen sec-
tion. The latter strategy has a false negative rate 
of 16.7% at the cost of performing a systematic 
lymphadenectomy in approximately one-third of 
patients considered to be at low risk preopera-
tively. Sinno et  al. recommend performing an 
SLN mapping in patients who are preoperatively 
considered to be at low risk [45]. A frozen section 
of the uterus is performed in cases wherein the 
SLN mapping fails, and a bilateral or side- 
specific pelvic lymphadenectomy is performed 
when the frozen section analysis of the uterus 
defines the endometrial cancer as a high-risk one.

In a large retrospective study involving over 
1000 patients with endometrial cancer and lim-
ited myometrial invasion from the Mayo Clinic 
and from the MSKCC, a comparable 3-year 
disease- free survival was recorded for patients 
undergoing a systematic lymphadenectomy ver-

sus an SLN mapping according to the MSKCC 
algorithm [46]. In an Italian multicenter retro-
spective study comparing 145 patients undergo-
ing an SLN mapping according to the MSKCC 
algorithm versus 657 patients undergoing a full 
lymphadenectomy for an early-stage endometrial 
cancer, the recorded disease-free survival was 
comparable [47].

In 2014, the NCCN guidelines first recognized 
the SLN mapping as an acceptable alternative to a 
systematic lymphadenectomy in selected case of 
endometrial cancer. Since then, the NCCN guide-
lines have extended the indication to an SLN 
mapping algorithm even in high-risk endometrial 
cancer patients [13]. On the other hand, the 
ESMO-ESGO-ESTRO guidelines recommend 
the adoption of the SLN mapping in endometrial 
cancer patients only within controlled trials [14].

 Role of SLN Mapping in Cervical 
Cancer

In cervical cancer, lymph node metastasis is the 
most important prognostic factor influencing 
prognosis and treatment. Concomitant chemo- 
radiotherapy is indicated in nodal involvement. 
The combination of radical surgery and adjuvant 
radiotherapy is not associated with a better onco-
logic outcome but is associated with a higher 
incidence of treatment-related toxicity than 
radiotherapy alone. If metastatic nodal disease 
could be identified prior to radical surgery, an 
unnecessary and potentially toxic multimodality 
treatment could be avoided. SLN mapping may 
be useful for decreasing the need for full pelvic 
lymphadenectomy in patients with early-stage 
cervical cancer [18].

Tax et al. in a meta-analysis of 44 studies com-
prising 3931 patients found an overall sensitivity 
of the SLN biopsy and ultrastaging to be 94% 
[48]. Similarly, a retrospective review of 188 
patients with early-stage cervical cancer per-
formed showed a sensitivity of 96.4% and nega-
tive predictive value of 99.3% [49].

SLN mapping is considered in the surgical 
management of selected stage I cervical cancer as 
mentioned in the NCCN guidelines for cervical 
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cancer (NCCN). The sensitivity of SLN mapping 
coupled with ultrastaging seems to be better in 
patients with tumors of 2 cm or smaller [18, 51]. 
NCCN recommends that the best detection and 
mapping results are in tumors of less than 2 cm in 
diameter. Surgeons should also remove all suspi-
cious or grossly enlarged nodes regardless of 
SLN mapping and perform side-specific nodal 
dissection in the event of failed mapping [13].

 Role of SLN Mapping in Vulvar Cancer

Lymph node metastasis is the most significant 
prognostic factor in vulvar carcinoma. Up to 35% 
of patients with early-stage vulvar cancer have 
lymph node metastases. Therefore, 65% of these 
patients do not benefit from elective inguino- 
femoral lymphadenectomy but may suffer from 
its complications like lymphedema and wound 
infection. Sentinel lymph node mapping allows 
assessment of the inguinal lymph nodes without 
the need to remove all nodes, and provides an 
opportunity to reduce the morbidity associated 
with full lymphadenectomy.

Technetium-99  m with or without blue dye 
has been used in SLN mapping of vulvar cancer 
with very high detection rates of the SLN ranging 
up to 100% [50, 51]. A more recently introduced 
technique involves near-infrared fluorescence- 
guided SLN mapping using ICG.

NCCN guideline for vulvar cancer recom-
mends SLN mapping for vulvar cancer patients 
with negative clinical groin examination and 
imaging, a primary unifocal vulvar tumor size of 
<4 cm, and no previous vulvar surgery that may 
have impacted lymphatic flow to the inguinal 
region [52–54].

SLN mapping is used in patients with depth 
of invasion greater than 1 mm (FIGO stage IB or 
worse) or when the maximum diameter of the 
tumor is greater than 2 cm but less than 4 cm. If 
the SLN is negative, there is no need for full 
lymphadenectomy. This protocol is associated 
with a groin recurrence rate of 2.3% in unifocal 
vulvar disease and 3% in multifocal disease 
[55]. A complete inguino-femoral lymphade-
nectomy is recommended if an ipsilateral SLN 
is not detected.

 Pitfalls

The excellent integration between near-infrared 
platforms and minimally invasive surgery has 
significantly accelerated the development and the 
clinical acceptance of the sentinel lymph node 
mapping in uterine malignancies. However, vari-
ous pitfalls that physicians adopting this tech-
nique need to be aware of, still exist.

First, as of now ICG has been FDA approved 
for intravenous use only. Consequently, the 
patients need to be informed and consented about 
the off-label use of this compound that needs to 
be injected interstitially for the SLN mapping. 
Despite its favorable toxicity profile, severe aller-
gic reactions to ICG have been reported [6, 55]. 
The recent publication of a prospective random-
ized controlled trial comparing the performance 
of ICG and blue dye in endometrial and cervical 
cancer patients may help to get the FDA for the 
interstitial injection of ICG [32].

Second, the dose of ICG employed for the 
SLN mapping has been empirically set. Various 
institutions have adopted different doses and 
concentrations of the dose [6, 12, 29, 36]. 
Regardless of the dose adopted, the reported 
results in terms of detection rates and false neg-
ative rates have been consistently superior to 
those reported with other tracers, suggesting 
that the adopted dose probably only plays a 
minor role in the performance of the mapping. 
However, higher doses of ICG have been shown 
to lead to an increase of the number of detected 
lymph nodes and to an increase of the bilateral 
detection of all the upper and lower paracervical 
lymphatic pathways [29, 36]. On the other hand, 
the removal of a larger number of SLNs does 
not seem to translate into a lower false negative 
rate [56]. As compared to the blue dyes, the 
visual signal of ICG is more persistent. After 
having traveled to the SLNs it moves cephalad 
to the non-SLN located downstream of the 
SLN. Both the SLN and the non-SLNs remain 
stained and it may become difficult to differenti-
ate between the two. This may lead to an overs-
ampling of lymph nodes that are erroneously 
labeled as SLNs.

Third, the site of tracer injection for the SLN 
mapping in endometrial cancer remains debat-
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able. Some authors suggest that a hysteroscopic 
peritumoral injection is more “anatomically cor-
rect” as compared to a pericervical injection 
leading to a different distribution of the SLNs 
[24–26, 37].

Finally, fluorescence surgery in gynecologic 
oncology remains an experimental procedure 
both for the adoption of the SLN mapping, at 
least for endometrial and cervical cancer, and 
for the adoption of ICG as a tracer. The diffu-
sion of fluorescence surgery and of the SLN 
mapping in this setting did not strictly follow 
the IDEAL recommendations to evaluate surgi-
cal interventions [57].
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 Introduction

Melanoma is the most serious and most common 
form of skin cancer in the United States. 
According to the Centers for Disease Control and 
Prevention (CDC), melanoma is the sixth most 
prevalent form of cancer in men and women, 
with an incremental age-related incidence [1]. 
The 5-year survival rates for patients diagnosed 
with melanoma is dependent on the stage of the 
disease at the time of diagnosis. Ever since 
Morton et al.’s description of the sentinel lymph 
node (SLN) concept in cutaneous malignant mel-
anoma, preoperative lymphatic mapping and 
lymphadenectomy of SLN biopsy has been 
widely developed and proven to be a minimally 

invasive approach that conveys relevant informa-
tion for outstanding outcomes [2]. Recently, 
indocyanine green (ICG) fluorescence-guided 
surgery (FGS) has been developed to detect SLN 
and it has been successfully applied to the treat-
ment of various types of skin cancers, with 
reports of accurate SLN detection in both cutane-
ous melanomas as well as non-melanoma skin 
cancers [3–5]. Herein, we present current appli-
cations, essential techniques, and novel intraop-
erative tools.

 Melanoma

 Overview of Surgical Approach

Due to the physiological behavior of melanoma, 
early diagnosis plays a significant role in 
patients’ overall course of the disease. There are 
five stages: stage 0 is in situ (intraepithelial) 

R. Aleman 
Bariatric and Metabolic Institute, Cleveland Clinic 
Florida, Weston, FL, USA 

F. Dip 
Hospital de Clinicas Jose de San Martin,  
Buenos Aires, Argentina 

E. Lo Menzo ∙ R. J. Rosenthal (*) 
Department of General Surgery, The Bariatric and 
Metabolic Institute, Cleveland Clinic Florida,  
Weston, FL, USA 
e-mail: ROSENTR@CCF.ORG 

32

Electronic Supplementary Material The online ver-
sion of this chapter (https://doi.org/10.1007/978-3-030-
38092-2_32) contains supplementary material, which is 
available to authorized users.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-38092-2_32&domain=pdf
mailto:ROSENTR@CCF.ORG


274

melanoma; stages I and II are considered local-
ized invasive cutaneous; stage III is regional 
nodal disease; and stage IV implies distant meta-
static disease. Commonly, stage I melanoma is 
associated to prolonged survival rates and likely 
cure following treatment, whereas the more 
advanced stages have a tendency to develop met-
astatic  disease [6, 7]. In terms of prognosis, 
tumor thickness is the determinant factor, fol-
lowed by histologic ulceration and mitotic rate, 
in accordance with the American Joint 
Committee on Cancer (AJCC) [8]. Considering 
that survival rates rapidly decline as tumor thick-
ness increases, early detection of melanoma is 
hence imperative in leading the improvement of 
patient outcome and survival.

Adequate surgical management is critical for 
the diagnosis, staging, and optimal therapeutic 
treatment of melanoma. Thus, surgery surround-
ing the management of melanoma should aim for 
four main endpoints:

 1. Histology: Pathologic confirmation of the 
diagnosis with appropriate planned biopsy

 2. Staging: Achievement of complete and accu-
rate microstaging of the primary tumor to 
guide therapy

 3. Oncologic surgery: Proper excision of mar-
gins around primary site to minimize risks of 
local recurrence, allowing additional potential 
surgical interventions

 4. Quality of life: Optimal functional outcome 
and cosmetics

Prior to any surgery, biopsy is required for the 
initial diagnosis of melanoma. Following staging 
and surgical planning—if deemed necessary or 
adequate—proper surgical resection can be 
achieved for the initial management of melano-
mas in order to maximize the chances of long- 
term survival. Conversely, the decision of SLN 
biopsy (SLNB) will be based upon the risk of 
recurrence:

• For patients with clinically negative regional 
lymph nodes (LN) and a low risk of recur-
rence primary melanoma (stage IA without 
ulceration), lymphatic omission is viable.

• For patients with clinically negative nodes and 
a primary melanoma with intermediate or 
high risk of LN metastasis, mapping and 
SLNB is recommended [9, 10].

• SLNB is standard of care for staging regional 
LN in stage IB-IIC melanoma [8].

The dual localization with the aid of radiola-
beled colloids and blue dyes provides optimal 
accuracy for identification. However, the patient 
is exposed to cumulative radiation. Current avail-
able probes, like ICG, can be used as a visual 
enhancer for fluorescence-guided surgery via 
near infrared imaging to detect SLN in mela-
noma. Sentinel node navigational surgery 
(SNNS) involves both preoperative and intraop-
erative detection of SLN.  Therefore, the avail-
ability of fluorescence guidance can potentially 
lead to earlier risk-free detection of SLN, and 
increase success rates after treatment.

 Near Infrared (NIR) Imaging

To better understand the applicability and limits 
of NIR imaging for fluorescence in melanoma 
SNNS, it is important to recognize the mecha-
nism of infrared-navigated SNNS using 
ICG. Indocyanine green is a dye with great tro-
pism for plasma protein binding. Once bonded, 
ICG can emit fluorescence of maximum wave-
length around 845 nm when excited by NIR light 
at a wavelength range of 750–810 nm. The fluo-
rescence of ICG can be detected at least 10 mm 
beneath the skin surface by an infrared camera 
unit. The aforementioned mechanisms and func-
tional characteristics are the most important fac-
tors when considering melanoma SNNS.

 Administration of ICG

Although SLNB is a widely accepted diagnostic 
staging procedure in melanoma patients, there 
are still controversies in regard to the technical 
aspects of the procedure, especially on the time 
of administration, delivery method, dosage, and 
replicability of SNNS [11]. SLNB using ICG was 
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recently introduced to clinical practice, and vari-
ous studies have reported successful fluorescence- 
guided surgery for noninvasive detection of 
fluorescent SLN with high accuracy and sensitiv-
ity [4, 12–15]. However, there are no guidelines 
that have standardized the optimum fluorescence 
contrast ratio with a definitive time of 
 administration, delivery method, and dosage. 
Table 32.1 summarizes current case reports and 
prospective and retrospective studies regarding 
the reported techniques [13, 16–40].

As per usual standard of other fluorescence- 
guided procedures, 25  mg of ICG vials are 
diluted into 5 mL of sterile distilled water prior 
to administration. As presented in Table  32.1, 
the current clinical practice for SNNS is to 
administer ICG through an intradermal injec-
tion in patients with melanoma. It is well known 
that fluorescence of ICG can be detected at least 
10 mm beneath the skin surface by an infrared 
camera unit; hence, intradermal administration 
should be directed anatomically toward the 

Table 32.1 Studies on fluorescence-guided melanoma SNNS: Applied methods

Study Dose
Cases 
(#)

Preop. 
LSN Concomitant tracer/dye Time of administration

Type of 
administration

Lo et al. N/A 62 Yes Yes: Tc99 radiolabeled 
nanocolloid and 
patent blue dye

Intraoperatively Intradermal

Knackstedt 
et al.

0.2–0.3 mL 61 Yes No Intraoperatively Intradermal

Vahabzadeh- 
Hagh et al.

0.25 mL 14 Yes No Intraoperatively Intradermal

McGregor 
et al.

N/A 14 No No Intraoperatively Around tumor 
bed

KleinJan et al. N/A 8 Yes Yes: Tc99 radiolabeled 
nanocolloid

Intraoperatively Intradermal

Goppner et al. 0.25–
2.5 mg

10 Yes Yes: Blue dye Preoperatively and 
escalating scheme

Intradermal

Stoffels et al. 0.25 mg 40 Yes Yes: Tc99 radiolabeled 
nanocolloid

Preoperatively Intradermal

Stoffels et al. N/A 80 Yes Yes: Tc99 radiolabeled 
nanocolloid

Preoperatively Intradermal

van den Berg 
et al.

N/A 104 Yes Yes: Tc99 radiolabeled 
nanocolloid

Preoperatively (24 h 
prior or on the morning 
of operation)

Intradermal

Cloyd et al. 2 mL 
(2.5 mg/
mL)

52 Yes Yes: Blue dye After induction of 
anesthesia

Intradermal

Korn et al. 0.5–1.5 mL 90 Yes No Intraoperatively Intradermal
Jain et al. 0.9 mL 

(2.25 mg)
15 Yes Yes: Blue dye Intraoperatively Intradermal

Murawa et al. 2.5 mg 10 N/A Yes: Human serum 
albumin

Intraoperatively Intradermal

Gilmore et al. 1 mL 25 Yes Yes: Human serum 
albumin

After intubation Intradermal

Namikawa 
et al.

0.4–1.0 mL 
(2–5 mg)

86 Yes Yes: Blue dye Preoperatively Intradermal

van der Vorst 
et al.

1.6 mL 15 Yes Yes: Human serum 
albumin

Intraoperatively Intradermal

Brouwer et al. 0.25 mg 25 Yes Yes: Tc99 radiolabeled 
nanocolloid

Preoperatively Intradermal

Fujisawa et al. 0.5% 34 Yes Yes: Blue dye After intubation Intradermal

(continued)
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location of relevant lymphatics (Video 32.1). 
The points of interest for tracing administration 
in melanoma are in contiguity of the tumor or 
the scar following excisional diagnostic biopsy, 
roughly 1  mm from the tumoral borders of 
potential excision. Table  32.2 summarizes the 
suggested sites for injection of ICG.

The time of administration will depend on the 
surgeon’s preference and protocols followed dur-
ing SLN harvesting in patients with melanoma. 
Most of the reported literature on SNNS in mela-
noma suggest an intraoperative and intradermal 
administration of ICG.  Similarly, applied doses 
range from 0.2 to 12 mg, implying numerous vari-
ables that may bias visual feedback from the emit-
ted fluorescence [13, 16–40]. Based on the lack of 
standardization and definitive evidence of ICG-
mediated SNNS in melanoma, the standard of 
care remains to concomitantly inject radiocolloids 
and/or dyes to confirm and optimize of localiza-
tion of SLN. Different type of dyes and probes—
technetium-99, 0.4% indigo carmine, 2% 
isosulfan blue—can be administered prior to ICG 
injection to provide an evident mapping of the 
evaluated lymphatic tracts [5]. Overall, the time 
of administration, delivery method, and dosage 
require further evaluation in order to achieve con-
sensus and standardization regarding the most 
suitable technique during SNNS in melanoma.

 Fluorescent Lymphatic Visualization

A recent systematic review and meta-analyses of 
SLN identification in breast cancer and mela-
noma reported an average time for detection of 
fluorescent SLN between 5 and 15 mins follow-
ing peritumoral injection with ICG [41]. Hence, 
following ICG administration, fluorescence of 
the lymphatic channels to the SLNs is nearly 
immediately visible from the skin surface with 
the use of an infrared camera system. The avail-
ability of handheld devices, such as VITOM® 
(KARL STORZ (KARL STORZ SE & Co. 
KG—Tuttlingen, Germany) and IC-Flow™ 
Imaging System (Diagnostic Green Munich, 
Germany), allows for the visualization of fluores-
cent images in real-time, without the need of 
turning the operating room lights off, allowing an 
uninterrupted surgical approach [42, 43]. Other 
infrared camera systems like the Photodynamic 

Table 32.1 (continued)

Study Dose
Cases 
(#)

Preop. 
LSN Concomitant tracer/dye Time of administration

Type of 
administration

Brouwer et al. 0.25 mg 11 Yes Yes: Tc99 radiolabeled 
nanocolloid

5 h preoperatively Intradermal

Stoffels et al. 1 mL 
(0.2 mg)

22 Yes No Intraoperatively Intradermal

Uhara et al. 0.5% 562 Yes Yes: Tc99 radiolabeled 
nanocolloid and blue 
dye

Intraoperatively Intradermal

Polom et al. 2–2.4 mL 10 Yes Yes: Human serum 
albumin

Preoperatively prior to 
incision

Intradermal

Fujisawa et al. 0.5% 16 Yes Yes: Blue dye After induction of 
anesthesia

Intradermal

Hayashi et al. 0.4 mL 
(2 mg)

1 Yes No Intraoperatively Intradermal

Fujiwara et al. 0.1 mL 
(0.5 mg)

7 Yes No Intraoperatively Intradermal

LSN lymphoscintigraphy, N/A information not available in original article, Tc technetium, mL milliliters, mg 
milligrams

Table 32.2 Administration of ICG according to type and 
size of lesion

Type of 
lesion

Diameter 
extent (cm) Site of injection

Flattened 
small

≤5 Around lesion

Large 
plaques

≥5 In the proximity of the most 
elevated or eroded lesions
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Eye (pde-neo, Hamamatsu Photonics, 
Hamamatsu, Japan) or the Hamamatsu Photonics 
(Hamamatsu Photonics K.K, Shizuoka, Japan) 
require the operating room lamps to be switched 
off for the ICG-INR guided observation. The 
time required for detecting SLN fluorescence is 
within 5  min for inguinal nodes. Conversely, 
nodes located in the trunk, head, neck, and upper 
limbs require approximately 10 more minutes 
[41]. An extensive anatomical understanding of 
the lymphatic tracts and SNL of interest is help-
ful when interpreting dermal fluorescence. To 
further elaborate on this, Table 32.3 summarizes 
suggestable interpretations of the superficial 
imagery conveyed by fluorescence through infra-
red image filtering.

 Surgical Resection

 Fluorescence Implications

Historically, surgery has represented the optimal 
treatment for patients with cutaneous melanoma. 
Various solid tumors require neoadjuvant therapy 
as a multidisciplinary approach, either prior to 
surgical resection or without definitive suggest-
ibility for surgery [44]. Contemporary effective 
therapies have expanded the potential of thera-
peutic approaches for patients with unresectable 

and regionally advanced melanoma. The devel-
opment of said techniques has increased positive 
outcomes and prognosis for patients who have 
melanoma with locally advanced or metastatic 
disease [41].

Many studies have reported noninvasive 
detection of SLN with high accuracy and sensi-
tivity [4, 12–15]. This principle is supported by 
ICG’s physical properties. After subcutaneous 
administration, ICG flows through the lymphae 
and accumulates in the SLN within minutes, 
which allows for the detection of fluorescence 
through NIR imaging. So far, there are no 
reported adverse reactions in any of the con-
ducted studies regarding SNNS [41]. Moreover, 
ICG-enhanced fluorescence-guided surgery 
enables high, real-time imagery feedback, is rela-
tively cheap, lacks radiation exposure, and offers 
high sensitivity and specificity rates [45].

 Limitations

Despite the many benefits of this technique, ICG- 
guided SNNS presents several limitations.

Fluorescence emission is limited to a 
10 mm depth perception, mainly due to absorp-
tion and scattering of photons when propagat-
ing through tissue [46]. Albeit, a meta-analysis 
conducted for SLN identification demon-
strated that the number of identified SLN per 
patient using ICG was considerably higher 
compared to solely blue dye, solely radiocol-
loid, or a combination of the two [41]. A 
potential issue with this technique is that non-
sentinel LN can be mistaken for SLN, leading 
to overtreatment and associated comorbidity. 
The drawback associated with “over diagno-
sis” can be virtually eliminated with the con-
comitant administration of human serum 
albumin, so as to reduce ICG diffusion speed 
and increase sensitivity and specificity [47].

Also, the lack of reliable quantifiable data on 
the intensity of the fluorescent emission limits 
the interpretation of the images.

Local allergic reactions to ICG, although rare, 
have been reported.

Table 32.3 Dermal fluorescence interpretation

Dermal finding Cause Feedback
Diffuse 
fluorescence 
and pooling of 
tracer, known 
as dermal 
backflow

Lymphatic 
obstruction

Probable regional 
node metastasis

Opaque 
fluorescence

Deeper 
location of 
the SLN 
covered by 
thicker 
adiposity

Overlying skin and 
subcutaneous 
tissue should be 
pressed to reduce 
distance from skin 
surface-to-SLN

Linear tracing Lymphatic 
tract

Tracts often rather 
than not, lead to 
location of relevant 
SLN

SLN sentinel lymph node
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 Identification

Overall, the identification of SLN through stan-
dard methods like blue dye has been estimated to 
be around 8% [48]. Radiolabeled colloid tracers 
have played a significant role as well in the iden-
tification of SLN through lymphoscintigraphy; 
nevertheless, this method is expensive, exposes 
the patient to radioactivity, and has limited avail-
ability. More so, both methods require an 
unequivocal learning curve that implies high 
costs, and the dual approach of said techniques 
does not further increase the SLN identification 
rate [49, 50]. Additionally, the use of blue dye as 
a guidance probe in SNNS may lead to increasing 
tissue damage when tracing lymphatics toward 
the SLN of interest, and the allergic reactions 
have been reported in 0.14–3% of patients [51, 
52].

ICG-mediated fluorescence for melanoma 
SNNS has influenced SLN identification rates. In 
melanoma, the volume of injection (in milliliters) 
was associated with an improved SLN identifica-
tion rate for ICG. No significant association has 
yet been found between identification rate and 
age, tumor size, number of SLN removed, injec-
tion site, timing of injection, or the type and con-
centration of ICG [41]. Although these findings 
suggest that identification rates and SNNS should 
focus solely on the technique rather than method-
ology, the photodynamics associated with ICG- 
mediated fluorescence are yet to be extensively 
investigated to draw conclusive statements. 
Furthermore, ICG-mediated fluorescence has 
proven to be safe, effective, and feasible, and 
remains to be an exploitable technique for accu-
rate SLN identification.

 Pitfalls

As previously mentioned, the major limitation of 
this technique is the limited penetration of the 
fluorescence emission (10  mm depth). In fact, 
beyond this depth the absorption and scattering 
of photons may lead to inaccurate identification. 
Also the presence of local inflammation or scar-
ring might alter the identification of fluorescent 

light. Additionally an over sensitivity of this tech-
nique might identify a superior number of LN, 
including the non-sentinel ones, leading to 
unnecessary more extensive procedures. As men-
tioned, this “over diagnosis” can be virtually 
eliminated with the concomitant administration 
of human serum albumin, so as to reduce ICG 
diffusion speed and increase sensitivity and 
specificity.

 Conclusions

There is a long-withstanding controversy on the 
role of applicability of fluorescence-guided sur-
gery in SLN resection. ICG-mediated fluorescence 
is a novel technique that continues to thrive in pro-
viding real-time and noninvasive clear image feed-
back to the surgeon. Its applicability in melanoma 
SNNS has been widely accepted and continues to 
be explored. The use of this dye seems a promising 
technique for oncologic surgery due to safety and 
feasibility. The identification rate via this method 
resulted in outstanding outcomes in correlation to 
current clinical practice and gold standard meth-
ods. As with every other interventional approach, 
this technique carries certain limitations. The lack 
of dosage, timing, administration method, and 
location of administration is yet to be standard-
ized. The lack of objective and quantifiable data 
limits the interpretation of the images. Nonetheless, 
with the development of novel probes like ICG-
human serum albumin hybrid and the develop-
ment of infrared filtering imaging devices, ICG 
promises to surpass expectations.
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