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Fluorescence-Guided Surgery (FGS), an innovative technology 
based on real-time intraoperative image guidance, has been trans-
forming surgical practice in recent years. Currently, the most 
popular method of FGS uses a near infrared (NIR) fluorescent dye 
or a NIR emitting light source to identify anatomic structures, tar-
get surgical pathology during surgical procedures, or assess per-
fusion to an area of interest, thus providing surgeons with objective 
information that can enhance both surgical performance and sur-
gical outcomes.

In this book, we will explore the world of FGS, delving into its 
history, current applications, and future potential. We will exam-
ine the science behind this technique and explore the use of NIR 
infrared imaging in multiple surgical specialties, as well as exam-
ine novel fluorescence agents and modalities. Expert surgeons 
from a comprehensive list of surgical subspecialties were enlisted 
to share their experience using FGS, and this manual can be used 
as a guide for surgeons who are interested in incorporating FGS 
into their practice.

The first two chapters in this manual introduce the history and 
science of immunofluorescence and provide a comprehensive 
review of current fluorescence-guided platforms and devices; the 
remaining chapters discuss florescence-guided imaging within a 
specific surgical subspecialty and include background informa-
tion, indications for use, a technical description of the procedure(s), 
and a review of potential pitfalls. Each of these chapters also 
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describes the level of evidence for FGS supported by current 
 publications. Chapter content is augmented by color images and 
videos.

Whether you are a surgeon, a medical professional, or simply 
someone with an interest in the latest advances in medical tech-
nology, this book will provide you with a comprehensive over-
view of Fluorescence-Guided Surgery, its current applications, 
and its exciting potential for the future.

The editors would like to thank the authors who contributed to 
this book, who are pioneers within a blossoming field of surgical 
imaging, as well as thank SAGES and Springer for supporting this 
work.

Introduction
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1History and Science 
of Immunofluorescence

Ludovica Baldari, Luigi Boni, 
and Elisa Cassinotti

 Introduction

The term fluorescence-guided surgery describes a medical tech-
nology based on real-time imaging intended to help and guide the 
surgeon during their operating practice. The first clinical use of 
fluorescence was in 1947, when it was used for identification of 
brain tumors during neurosurgery using the dye fluorescein. After 
the first experience, other applications have been reported in sev-
eral surgical fields, but fluorescence-guided surgery has exponen-
tially developed and spread only during the last years.

Indeed, recently, many innovations in surgical technique and 
minimally invasive technologies with laparoscopic, endoscopic, 
and robotic approaches have greatly improved surgical practice. 
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Nevertheless, despite these constant advances, surgery still relies 
primarily on the surgeon’s vision and on white-light reflectance. 
The emerging field of fluorescent surgical imaging promises to be 
a powerful enhancement to improve surgical guidance.

Among all chromophores and fluorophores that could work as 
probes in medical imaging techniques, near-infrared fluorescence 
imaging with indocyanine green (ICG) is emerging as the major 
contribution to intraoperative surgical decisions, and many differ-
ent applications have already been described in literature. ICG is 
a dye used in medicine since the mid-1950s for a variety of diag-
nostic applications in cardiology and ophthalmology and to test 
the hepatic clearance. However, its fluorescent properties have 
only recently been applied to new minimally invasive surgical 
instrumentations. ICG has some peculiar features that promote its 
widespread use, like low incidence of adverse effects and very 
high toxic dose for the human body.

Other fluorescent probes already approved for clinical use are 
methylene blue (MB), fluorescein sodium, and 5-aminolevulinic 
acid (5-ALA). Moreover, many probes are currently under clini-
cal development.

In addition, fluorescence-guided surgery appears to have a 
great potential to become a standard in everyday clinical practice 
due to its multiple different possible applications and its ease of 
employment.

 History of Immunofluorescence

 From Semeiotics to Fluorescence-Guided Surgery 
Through Medical Imaging

In clinical practice, especially in surgery, the development of a 
new technology needs to meet these critical criteria: to represent a 
true clinical requirement, the possibility to solve an open issue, 
and the peculiar ability not to interfere with normal clinical 
 workflow [1].

This is the reason why, before the end of the nineteenth century, 
the diagnostic and therapeutic process into the surgical field relied 

L. Baldari et al.
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on the physician’s hands and eyes. In 1895, Wilhelm  Röntgen took 
the first known X-ray picture of his wife’s hand, accidentally dis-
covering the X-ray [2]. Since this report, after many decades of 
improvements in medicine, there are few imaging techniques rou-
tinely employed in clinical practice that can be divided into two 
main segments: optical and radiological imaging [3].

Covering the 36% of the global market, radiological imaging 
includes X-ray, computed tomography (CT), ultrasound, magnetic 
resonance imaging (MRI), and positron emission tomography 
(PET), and only two of these (X-ray fluoroscopy and ultrasound) 
are used occasionally for image-guided surgery. Indeed, these 
techniques are mainly used for preoperative imaging that is funda-
mental to plan the surgery, but it can lead to misinterpretation dur-
ing the procedure due to distortion of images and the time interval 
between imaging and surgery (e.g., in cancer patients) [4].

Nevertheless, optical imaging covers 64% of the global mar-
ket, including endoscopy, microscopy, visual surgery, ophthalmic 
surgery, medical lasers, and robotics-based surgery. The funda-
mental of optical imaging is the use of light in the ultraviolet, 
visible, and near-infrared regions of the electromagnetic spec-
trum, allowing diagnosis and re-evaluation more frequently as the 
patient is not exposed to ionizing radiation. Moreover, through 
varying photon absorption and light scattering from different 
types of tissue, optical imaging can differentiate suspicious 
tumoral and healthy tissues, using multiple properties of soft tis-
sue [5]. One of the main areas of optical imaging is fluorescence- 
guided surgery (FGS) in the field of intraoperative imaging 
techniques. Intraoperative imaging techniques have been devel-
oped to help the surgeon identify areas invisible to the naked eye. 
The main characteristic of an intraoperative imaging technique is 
the speed at which visual information is obtained.

The term “fluorescence-guided surgery” describes a medical 
technology based on real-time imaging intended to help and guide 
the surgeons during their operating practice. In recent years, tech-
nological progress in body imaging and diagnostics has enhanced 
patient selection for surgical interventions. At the same time, sur-
gery has advanced substantially to decrease patient morbidity and 
trauma through innovations in endoscopic, laparoscopic, and 
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robotic technologies. Nevertheless, surgical practice is still based 
on anatomy as seen by the operating surgeon with white-light 
reflectance. This approach does not allow an accurate differentia-
tion between different tissues: in the body, they appear as various 
shades of white to pink (bone, nerves, cartilage, fat, connective 
tissue, and muscle) or red to deep red (blood vessels and more 
easily visible organs such as the liver, kidney, and spleen), thus 
leading to potential ambiguity during surgical dissection. 
Furthermore, open-field surgery depends on the direct visualiza-
tion of patient tissues, whereas in minimally invasive surgeries 
(i.e., microscopic, endoscopic, laparoscopic, and robotic surgery), 
patient’s tissues are visualized through an interface (viewed 
through the ocular eyepiece or using cameras and digital dis-
plays). For the minimally invasive surgical procedures, the added 
hardware that is necessary for fluorescence imaging can be fitted 
into existing instrumentation. The emerging field of fluorescent 
surgical imaging promises to be a powerful enhancement to tradi-
tional low-contrast white-light visualization, offering real-time 
highlighted delineation of complex anatomic structures. Improved 
visualization will lead to more complete removal of disease, 
decreased inadvertent injuries to vital structures, and improved 
identification for repair of damaged tissues [6].

In addition, working through an interface with cameras and 
instruments inserted into body cavities through narrow conduits 
has also sacrificed tactile feedback of directly working with tissue 
and dissection along tissue planes. Thus, a medical specialty that 
is traditionally dependent on touch becomes even more dependent 
on vision. Thus, enhancing the visual differences between tissues 
by using fluorescent probes based on structure or disease could be 
equated to color-coding the surgical field. This is the reason why 
FGS could represent a major contribution to intraoperative 
decision- making during surgical procedures [7].

 First Reports of Fluorescent Events

The first description of fluorescence dates to 1560 and 1565 by 
Bernardino de Sahagún and Nicolás Monardes, respectively. They 

L. Baldari et al.
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reported an early observation of fluorescence in the lignum 
nephriticum infusion that was derived from the wood of the fol-
lowing tree species: Pterocarpus indicus and Eysenhardtia polys-
tachya. The chemical component emitting fluorescence was the 
matlaline, derived from the oxidation of wood flavonoids.

In 1819 and 1822, mineralogists Edward D. Clarke and René 
Just Haüy described fluorescence in fluorites, respectively. The 
phenomenon was described for chlorophyll by Sir David Brewster 
in 1833 and for quinine by Sir John Herschel in 1845.

In his 1852 article on “Refrangibility,” the British physicist and 
mathematician George Gabriel Stokes, noted for his studies of the 
behavior of viscous fluids and for Stokes’ theorem, described the 
ability of fluorspar and uranium glass to change invisible light 
beyond the violet end of the visible spectrum into blue light. This 
phenomenon was called “fluorescence.” The name derives from 
the mineral fluorite (calcium difluoride) that can contain traces of 
divalent europium that serves as the fluorescent activator to emit 
blue light. In a fundamental experiment, a prism was used to iso-
late ultraviolet radiation from sunlight and he observed blue light 
emitted by ethanol solution of quinine [8].

 Preliminary Use of Fluorescence into Surgical Field

The first clinical use of fluorescence was in 1947, when it was 
used for identification of brain tumors during neurosurgery using 
the dye fluorescein [9]. In 1953, Ray and Randall succeeded in 
detecting cancer cell in vaginal smears through a fluorescent 
staining. The rationale behind the research was the affinity of the 
basic fluorochrome dyes (berberine sulfate, acid fuchsin, and acri-
dine) for nucleic acids. As neoplastic cells have an increase in 
total nucleic and ribonucleic acids, with an increase in protein 
synthesis, cancer cells were identified. A fluorescent microscope 
was used to evidence this finding [10].

In 1955, Peck and Mack investigated the affinity of hematopor-
phyrin for malignant tissue and its capability to evidence the bili-
ary anatomy after biliary excretion through its fluorescent 
properties. They used different spectra of the hematoporphyrin to 
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visualize malignant tumors and bile ducts. Today, hematoporphy-
rin is used as an endobronchial tumor indicator to facilitate the 
bronchoscopic localization of early squamous cell carcinoma of 
the central tracheobronchial tree [11, 12].

In 1963, Acherman and McFee studied tetracycline fluores-
cence in benign and malignant tissues. Tetracycline has fluores-
cent properties in ultraviolet light allowing its detection through 
yellow color into tissue. The authors demonstrated that few min-
utes after parenteral administration, the drug is distributed to all 
body tissues apart from the central nervous system, with the high-
est concentrations in liver, kidneys, and bones. In 1957 Ral et al., 
during a study on the effects of fluorescent riboflavin antagonist 
on breast cancer metastases, observed the presence of fluorescent 
material in tumor tissue of patients treated with tetracycline some 
weeks before. Klinger and Katz reported that oral administration 
of tetracycline for 5 days followed by gastric washing for exfolia-
tive cytology after 36 h and examination of aspirate residue under 
ultraviolet light could allow the visualization of cancerous cells. 
Fluorescence was seen in 17 of 18 patients with stomach cancer 
and was not noted on 42 patients without cancer [13, 14].

In 1965, Whitmore et  al. performed ultraviolet light cystos-
copy after administration of tetracycline, concluding that this 
method has higher sensibility to evidence tumor if compared to 
light cystoscopy. It could identify grade III tumor in patients with 
positive urinary sediments, but negative visible light cystoscopy. 
There was no relation between fluorescence occurrence and the 
grade of histologic malignancy or bladder carcinoma type. 
Ultraviolet cystoscopy can give a valid guidance for biopsy, facil-
itating early detection of recurrence in patient with persistent 
tumor cells in urinary sediments but no tumor at visible light cys-
toscopy after treatment for bladder cancer [15].

It was only in 1966 that fluorescence was used to evaluate per-
fusion. Tetracycline was used for evaluation of ischemic changes 
in renal transplantation. After this evidence, renal spectroscopy 
was defined as a noninvasive method to determine organ viability 
in renal ischemia and reperfusion. This conclusion was achieved 
through a study of fluorescence spectroscopy that used histologic 
evidence to evaluate ischemic injury and organ viability. Authors 
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stated that there is a strong correlation between fluorescence spec-
troscopy and histologic changes only in the reperfusion phase 
after renal ischemia. Thus, the described technique was unable to 
define the viability of organs before transplantation [16, 17].

After these results, fluorescence was tested in different fields   
as early detection of brain and rynolaringologic tumors. Nessel 
tested tetracycline fluorescence in rhinolaryngologic malignant 
tumors’ surgery, and Golghahn in brain tumors [18, 19].

After studies on renal ischemic changes in transplant surgery, 
fluorescence was evaluated in cardiac surgery. There were pub-
lished studies on the use of fluorescence for defining the degree of 
revascularization of the heart in surgical treatment of experimen-
tal cardiac ischemia and tetracycline fluorescence in experimental 
necrotizing cardiopathies and in the macroscopic delimitation of 
experimental acute myocardial ischemia before and after revascu-
larization [20, 21].

This field of research has been in constant development since 
the 1950s, leading to three Nobel Prizes in Chemistry for the 
organic chemist and marine biologist Osamu Shimomura, the sci-
entist Martin Chalfie, and the biochemist Roger Yonchien Tsien 
for the discovery and development of green fluorescent protein in 
2008 [8].

The main field of current research and clinical applications of 
fluorescence in surgery will be extensively described in the fol-
lowing chapters of this book.

 Basic Principles of Fluorescence

Fluorescence is the emission of electromagnetic radiation at one 
wavelength, especially of visible light, stimulated in a substance 
after absorption of incident radiation, at a different wavelength, 
which ceases once the incident radiation stops. From a chemical 
point of view, the light absorbed by an atom or a molecule causes 
the transition of an electron from the ground state to a certain 
excited state. After a brief period (nanosecond scale), the electron 
relaxes to its ground state, emitting part of this energy at a differ-
ent wavelength. This energy is emitted in the form of photons and 
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Fig. 1.1 Electromagnetic spectrum and its relation to visible, ultraviolet and 
infrared light: wavelength (λ), frequency (f) (nm nanometer)

it is lower, thus corresponding to longer wavelength, than the 
absorbed photons (and energy).

The wavelengths associated with fluorescence and energy 
absorption are in the range of 200–1000 nm and can be divided as 
follows:

• Ultraviolet range: 200–400 nm.
• Visible range: 400–600.
• Near-infrared (NIR) range: 600–1000 nm (Fig. 1.1).

 Fluorophores

Molecules that emit fluorescence are called “fluorophores.” Their 
chemical structure is usually made of merged or conjugated aro-
matic groups. There are several fluorophores available: organic 
molecules, minerals, nanoparticle, and transition complex metals.

To be used in vivo, fluorophores should demonstrate fluores-
cence when stimulated by different wavelength light sources and 
should also have good solubility and photophysical characteris-
tics (brightness, peak excitation, and photostability). Owing to 
their hydrophobicity, fluorophores often demonstrate poor solu-
bility and aggregation in solution, which can lead to changes in 
their excitation and emission ranges, as well as quenching of fluo-
rescence [22–24].

When using a fluorophore, four parameters have to be known 
in order to obtain information of fluorescent signal into the micro-
environment:

L. Baldari et al.
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• Fluorescence intensity that changes according to excitation 
energy.

• Emission wavelength: emission energy is lower than the exci-
tation one, with emission wavelength that is higher than the 
excitation one.

• Fluorescence lifetime: the mean time the fluorophore spends 
into the excited state before photon emission.

• Fluorescence polarization: describes the polarization of the 
emission compared to the absorption. It gives information 
about viscosity of the medium and molecular size.

Fluorescence has been exploited in several areas, and, as afore-
mentioned, during the last decades, it reached the medical and 
surgical field, giving birth, with the development of new technolo-
gies, to fluorescence-guided surgery. If this specific molecule 
allows to study and gives information about the structure and/or a 
system, it is named “fluorescent probe” [8, 25, 26]. As aforemen-
tioned, fluorescence-guided surgery needs fluorescent probes to 
be performed.

 Chromophores in Surgical Practice

A chromophore can basically be defined as an “optically active” 
substance. Chromophore-containing molecules are widely used in 
conventional surgical practice because of their capability to 
enhance human vision; their application is demonstrated across 
several medical specialties, ranging from skin marking ink and 
sentinel lymph node biopsy (SLNB) to methylene blue for urinary 
tract lesions [27].

Surgeons increasingly demand for real-time sensory input to 
achieve a more accurate identification of tissues during their prac-
tice. Enhanced visual differentiation of anatomical structures 
becomes even more important, especially when considering new 
minimally invasive surgical technology where there is a loss of 
tactile feedback and everything the surgeon sees is “filtered” from 
the screen.

1 History and Science of Immunofluorescence
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In a conventional operating setting, even if the use of some 
kind of chromophore in medical practice is already established, 
surgeons have always relied on which is visible to the naked eye 
(390–700 nm) [28]. While this principle contributes to the main-
stay of conventional surgery, it suffers from several drawbacks 
including multiple light shadowing, dependence on the operat-
ing surgeon, and experience [29]. Furthermore, the unmet clini-
cal need in surgery stems from the fact that visible light cannot 
penetrate blood and tissue more than a few hundred microns, 
due to high photon attenuation from absorbance and scatter. 
Thus, when a surgeon looks at the surgical field, he only sees 
surface features. The implications of this are significant since 
there are over 40 million surgical procedures performed in the 
United States (US) each year, and even small improvements in 
outcome, or reductions in morbidity, will affect large patient 
populations [1]. FGS can obtain a fundamental role in preserva-
tion of normal tissues such as lymphatics, ureters, bile ducts, 
and blood vessels that are visualizable using untargeted tracers 
such as ICG [7].

The need to find new applications for chromophores in 
diagnostics and operative settings led to the development of 
specific dyes and probes that could be seen in target tissues 
beyond the visual spectrum, through the use of special light 
sources ranging from ultraviolet (UV) to near-infrared (NIR) 
wavelengths.

 Fluorescent Probes

Fluorescent probes are contrast agents able to enhance a specific 
structure of tissue from surrounding ones. Based on their fluores-
cence emission spectra, clinically evaluated dyes can be separated 
into three groups. The first group includes probes emitting fluo-
rescence in the visible part of the light spectrum (400–650 nm) 
with fluorescein sodium being one of the most widely used visible 
dye in clinical care today. The second group consists of dyes emit-
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ting in the far-red region of the light spectrum (650–750  nm). 
Here, an interesting development has been the clinical introduc-
tion of the relatively bright cyanine dye named Cy5. The last 
group consists of near-infrared emitting cyanine dyes (750–
1000 nm) such as indocyanine green (ICG) [8, 30].

There are two main types of fluorescent probes: intrinsic and 
extrinsic.

 Intrinsic Probes

Intrinsic probes have the intrinsic property to become fluorescent 
in their native form. They can be found in nature components and 
into the human body. The main advantages are that they do not 
need any external probe to fluoresce, and they need less regulation 
in order to be used in clinical practice. The main disadvantage is 
that the resulting fluorescence intensity is low, ending with low 
contrast between target structures and surrounding tissues. Indeed, 
the penetration depth is low and many other endogenous fluoro-
phores can fluoresce under the same condition. Thus, to date, 
endogenous fluorophores are not currently used in fluorescence- 
guided surgery, but only as research topic [31]. However, they 
seem to have high potential, so they will be used probably in clin-
ical practice in the future. The most used endogenous fluoro-
phores are described below (Table 1.1):

Table 1.1  Characteristics of the main endogenous fluorophores

Fluorophore
Absorption  
peak (nm)

Emission  
peak (nm)

Average 
lifetime (ns)

Collagen 325 400 5.3
Elastin 290, 325 340, 400 2.3
NADH/NADPH 340 450 0.4
FAD 450 535 2.3–4.7
Lipofuscin 340–395 430–460 1.34
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• Collagen, a structural protein of connective tissue, and elastin, 
a protein of the extracellular matrix. These proteins fluoresce 
at low wavelength, so they can be used in superficial sites. For 
example, they can be used to identify necrosis of bones, allow-
ing a precise removal from healthy tissue [4].

• Nicotinamide adenine dinucleotide (NADH), a key factor in 
cellular energy metabolism, nicotinamide adenine dinucleo-
tide phosphate (NADPH), and flavin adenine dinucleotide 
(FAD). These two species, i.e., NADH and NADPH, are spec-
trally identically fluorescing at the same wavelength, with peak 
emission at ∼450 nm, so they cannot be distinguished in living 
cells. FAD is involved in cellular energy metabolism too and 
fluoresce with peak emission at ∼535 nm. This different peak 
emission allows a simultaneous use of fluorescent properties of 
NADH/NADPH and FAD. For example, they can be used for 
intraoperative tumor margin analysis [4].

• Lipofuscin, which accumulates in granules in retinal pigment 
epithelium with age, especially in patients with visual disease, 
has a peak emission at ∼578 nm and can be used to study eye 
surface [32].

 Extrinsic Probes

Extrinsic probes are molecules designed to fluoresce under spe-
cific conditions in order to obtain a fluorescent signal that it would 
not exist otherwise. Compared to intrinsic probes, the main advan-
tages of the extrinsic ones are better fluorescent properties, like 
intensity, and major control in choosing the structure where the 
probe has to concentrate or be labeled to gain the specific signal. 
They can be distinguished based on the wavelength they require 
to be excited and seen and can be classified as “targeted” and 
“untargeted” [7]. In current clinical practice, non-targeted fluoro-
phores are the most common.

Usually, the choice of a fluorophore must take into consider-
ation the following specifics [1, 6, 7]:

L. Baldari et al.
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• Dose (quantity needed to achieve the desired effect).
• Time between administration and visualization.
• Pharmacodynamics.
• Way of administration (e.g., systemic vs. local).

Severe regulatory requirements are necessary to have a fluores-
cent dye approved for clinical use. Thus, some probes are already 
available on the market, while some others are still being tested 
and developed.

 Currently Approved Extrinsic Probes
Due to multiple possible applications, many groups around the 
world are developing novel fluorophores and targeted fluoro-
phores. Nevertheless, the reality is that first-in-human testing of 
a new chemical entity has a minimum lag of about 2 years, and 
commercial availability of a new chemical entity has a minimum 
lag of 2–5 years. For the foreseeable future, there are only four 
molecules approved for by the FDA (Food and Drug 
Administration) and thus clinically available for study: fluores-
cein sodium, methylene blue (MB), indocyanine green (ICG), 
and 5- aminolevulinic acid (5-ALA). Interestingly, methylene 
blue (MB) and indocyanine have been used for the last decades 
as visible dyes, and for this reason, there is a large amount of 
clinical data regarding their safety when used at millimolar con-
centrations [1] (Table 1.2). All these approved fluorescent probes 
are untargeted.

Table 1.2 Characteristics of the main extrinsic probes approved by FDA

Fluorophore
Absorption  
peak (nm)

Emission  
peak (nm)

Average  
lifetime (ns)

Fluorescein sodium 490 510 4.0
Methylene blue 665 685 0.6
Indocyanine green 780 830 0.16
5-ALA 410 630 15
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• Fluorescein sodium. It is a manufactured organic compound 
that is FDA approved with peak excitation at ∼ 490 nm and 
peak relaxation at ∼ 510 nm [4]. The first clinical application 
of fluorescein sodium was for the identification of brain tumor 
in 1948. It is still used for the same purpose in neurosurgery 
and also widely used as a fluorescent tracer for many other 
applications, like in ophthalmology and optometry (retinal 
angiography and angioscopy), detection of oral dysplasia and 
cancer, and detection of tumors of peripheral nerve sheath. 
Fluorescein sodium is the designated fluorophore to obtain 
images through confocal microscopy and its related applica-
tions, such as flow cytometry [33]. The relative low cost and 
the possibility to visualize fluorescein sodium with the naked 
eye are advantages if compared to other probes. The main dis-
advantage is that it fluoresces within the visible spectrum, 
overlapping with endogenous fluorophores. [4].

• Methylene blue. Compared to visible spectrum, the near- 
infrared (NIR) range is more favorable in surgery, as light is 
less absorbed by tissue and allows greater penetration depth. 
One clinically approved dye with beneficial properties in the 
visible and NIR spectrum is methylene blue. It is a hydrophilic 
phenothiazine derivative with peak excitation at ∼665 nm and 
emission at ∼685 [34]. Its fluorescent performance is inferior 
to the ICG one (below described), due to a lower quantic 
energy (ratio between the number of electrons emitted and the 
number of incident photons), and exhibits an extinction 
 coefficient and QY far below those of the indocyanines [1] 
(Figs. 1.2 and 1.3).

It is partially excreted through urine and, for this reason, 
could be useful for ureteral visualization in surgery [35]. Due 
to the unique biodistribution and fluorescent properties of MB, 
its application in identifying vital structures, such as assess-
ment of cardiac perfusion and detection of several types of 
tumors, including neuroendocrine tumors, fibrous pancreatic 
tumors, paragangliomas, and parathyroid adenomas, sentinel 
lymph node mapping, has been demonstrated by several inves-
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Fig. 1.2 Chemical composition of methylene blue
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Fig. 1.3 Absorbance spectrum of methylene blue

tigators. However, the tumor-targeting properties of methylene 
blue remain poorly understood and based on small studies and 
reports. Moreover, methylene blue has a low fluorescence yield 
and no functional group for adding ligands [4].

• Indocyanine green. It is a water-soluble tricarbocynanine dye 
that has been used clinically for over 50 years for hepatic clear-
ance, cardiovascular function testing, and retinal angiography 
on the basis of its dark green color. ICG dye was developed for 
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near-infrared photography by the Kodak Research Laboratories 
in 1955 and was approved for clinical use already in 1956. 
However, it took over 10 years before ICG was used for angi-
ography. It has been used for retinal angiography since the 
early 1970s [36].

Indocyanine green is a negatively charged ion that belongs 
to the large family of cyanine dyes, having a molecular weight 
of 751.4 Da. Dry ICG is stable at room temperature. In aque-
ous solutions, ICG molecules tend to aggregate, which influ-
ences their optical properties. The aggregation depends on 
concentration and time. The spectral stabilization is fastest 
when ICG is dissolved in distilled water, and thus some authors 
do not recommend adding isotonic saline and/or albumin to the 
injectate, when fast spectral stability is essential, for example, 
when using ICG for quantitative purposes. IGC is hydrophobic 
and, thus, it frequently bounds to proteins in plasma (espe-
cially albumin), which confines ICG to the intravascular space 
and makes it especially suited for angiographic applications 
[26, 27]. ICG based angiography and lymphography have been 
used in a variety of clinical indications, such as perfusion based 
imaging of the liver and blood vessels of the eye and assess-
ment of lymphatic vessel drainage. The important property of 
fast binding to plasma proteins, especially lipoproteins, makes 
repeated intraoperative applications of ICG possible. The bind-
ing to plasma proteins does not seem to alter protein structures, 
which is one sign of nontoxicity. Binding to blood proteins 
also shifts slowly, taking several minutes, the absorption peak 
at 780 nm toward longer wavelengths, to 805 nm. The absorp-
tion peak maximum was observed at 810 nm in the epidermal 
cell cultures and at 805–810  nm in the human skin in  vivo 
(Figs. 1.4 and 1.5).

ICG does not have any known metabolites, and it is quickly 
extracted by the liver into bile juice. The transport is done by a 
protein called glutathione S-transferase without modification. 
The protein spectra of different liver diseases also affect ICG 
protein binding in blood. It has a quick clearance rate of 
18–24% per minute by the liver, which is the result of both the 
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Fig. 1.4 Chemical composition of indocyanine green
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Fig. 1.5 Absorbance and fluorescence-emission spectra of indocyanine 
green. Continuous and dotted lines show absorbance and emission spectra 
respectively

compound’s confinement to the intravascular space and that 
the decomposition products of ICG are not metabolites. The 
dye is cleared from the system exponentially in the first 
10–20  min after application, with a half-life of generally 
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3–4 min depending on the vascularization of the organ of inter-
est [26, 27, 36].

The typical dye concentrations used for in vivo retinal angi-
ography are in the range of 20–25 mg/mL of ICG applied by 
injection into a peripheral arm vein. For studies of hepatic 
function, an intravenous injection dose is calculated on the 
basis of 0.5 mg/kg of body weight. In cardiac output and blood 
volume monitoring, the total dose of dye injected should be 
kept below 2 mg/kg. Peculiar feature is the low toxicity (LD50 
after single IV dose of 50–80 mg/kg for animals). No signifi-
cant toxic effects have been observed in humans with the high 
dose of 5 mg/kg of body weight. ICG for injection contains 
sodium iodide and should be used with caution in patients who 
have a history of allergy to iodides because of the risk of ana-
phylaxis. ICG was not found to be mutagenic in the tests per-
formed. No studies for reproduction, teratogenicity, or 
carcinogenic properties in animals are available, but decades 
of experience in humans have not revealed any incidence of 
these properties.

To date, ICG is the first and only clinically approved 
fluorophore that displays NIR fluorescence. Because ICG 
has no functional groups for conjugation to targeting moi-
eties for molecular imaging application, it is a nonspecific 
contrast agent. The commercially available instrumenta-
tion used for ICG detection is adjusted for the characteris-
tics that ICG displays in plasma (peak excitation 
wavelength of 807  nm and peak emission wavelength of 
822 nm) [36, 37].

• 5-aminolevulinic acid. 5-ALA is an amino acid that acts as a 
fluorophore processed by high metabolic active cells. Indeed, it 
is a precursor of protoporphyrin IX that is involved in the path-
way of heme synthesis. After 5-ALA administration, protopor-
phyrin IX accumulates in malignant glioma tissue, which 
became fluorescent, due to an abnormality in porphyrin metab-
olism.
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Fig. 1.6 Chemical composition of 5-aminolevulinic acid

It exhibits a fluorescence absorption peak of 405 nm, and an 
emission peak in the red visible light range (635 nm), permit-
ting fluorescence imaging on the surface of tissues and in a 
depth range of millimeters. This fluorescence spectrum outside 
the NIR window is a disadvantage for surgical application, but 
it has minimum toxicity and 5-ALA is naturally present in the 
body (Figs. 1.6 and 1.7).

Approved in 2017 by FDA, it is used mainly for FGS for 
guided ablation of malignant glioblastoma-based. In addition, 
5 ALA has also been used in clinical settings for the photody-
namic detection and photodynamic therapy of many superficial 
skin lesions, and its use is being investigated in several cancer 
types [4, 38].

The main limit of extrinsic probes is the limited approved 
number for clinical use. The approval process is long, because a 
good fluorescent probe should have good fluorescent properties, 
low toxicity, great quantum yield, and short half-life. Indeed, 
depending on the fluorophore uptake from the target tissue, the 
greater the quantum yield is, the smaller the dose to achieve effec-
tiveness. Moreover, short half-life implicates rapid clearance so 
the possibility to repeat fluorophore administration for further 
intraoperative evaluation.
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Fig. 1.7 Absorbance and fluorescence-emission spectra of Protoporphyrin 
IX.  Continuous and dotted lines show absorbance and emission spectra 
respectively

 Extrinsic Probes Under Clinical Development
Even if the approval process is long and difficult, there is high inter-
est in fluorophore development for clinical use. A recent review 
reported that a total of 85 trial have been registered to test 39 new 
contrast agents for fluorescence-guided surgery. Some of these 
probes under development utilize target like antibodies or peptides 
to obtain highly specific fluorescent signal. For example, optically 
active probes can specifically label intra- and extracellular biomark-
ers of cancer. Targeted fluorophores actually under development 
aim mainly to identify cancer cells in order to diagnose tumor early 
and to verify that tumor dissection is complete. Other untargeted 
probes generate fluorescent signal through enzymatic process. 
Others have fluorescent properties themselves [4, 39].

Some of these probes for fluorescence-guided surgery have 
reached phase III clinical trials:

• SGM-101. It is a target antibody for carcinoembryonic antigen 
(CEA) linked with a NIR fluorophores. It has been tested in 
colorectal tumors, showing high specificity in primary tumor 
tissue and in metastases [40].
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• BLZ-100. It is a chlorotoxin peptide linked to ICG, with 
affinity for metalloprotease 2. It has been studied for pediat-
ric  central nervous system tumor, showing specificity for 
tumor tissue and correlation with fluorophore dose and can-
cer grade [41].

• OTL38. It is composed of folic acid and NIR fluorophore 
S0456. It has demonstrated high sensitivity for ovarian cancer 
tissue [42].

Several other probes under development are in phase II or 
phase I clinical trials. Some of these contrast agents are BBN- 
IRDye800CW for brain cancer, fluorescein-conjugated Wisteria 
floribunda for colon cancer, and EC17 for renal carcinoma.

Clinically approved fluorescence imaging systems are com-
patible with FDA-approved contrast agents. Thus, most of the 
systems are set for ICG, with excitation and emission wave-
length around 800 nm. Few imaging systems have capability 
for fluorescein and 5-ALA fluorescence, and only two systems 
have the possibility to perform fluorescence surgery with 
methylene blue in the spectrum of 700 nm. As a result, because 
fluorescence is centered around 800 nm, the most used fluoro-
phore for contrast agents under development is the 
IRDye800CW. Thus, there is a gap between fluorescent prop-
erties of new contrast agents and imaging possibility with 
approved imaging systems [4].

 Clinical Imaging Systems

Fluorophores with excitation and emission spectra in the near-
infrared wavelength range (700–900 nm) have attracted the most 
attention owing to their improved depth penetration range com-
pared with fluorophores that emit electromagnetic radiation of 
shorter wavelengths. Within this NIR window, the absorption of 
most biomolecules (i.e., deoxyhemoglobin, oxyhemoglobin, 
water, and lipid) reaches minimal levels, and scattering and auto-
fluorescence are relatively low. Since NIR fluorescent light is 
essentially invisible to the human eye, special imaging systems 
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are required to excite the NIR fluorophores within the surgical 
field and to collect emitted photons. Well-designed NIR fluoro-
phores are needed to highlight the specific structures desired by 
the surgeon. The commercial development of these agents for 
clinical application has synergized with concurrent improve-
ments in detection instrumentation and software [1].

ICG becomes fluorescent once excited with NIR light or with 
a dedicated laser beam. The fluorescence can be detected using 
specific scopes and cameras and then transmitted to a standard 
monitor allowing identification of anatomical structures where 
the dye is present (i.e., biliary ducts, vessels, lymph nodes, etc.) 
[43] (Fig. 1.8).

ICG is the only NIR fluorophore employed to date for human 
use. As described previously, it had widespread uses in hepatic, 
cardiac, and ophthalmologic studies, and its use is recently reported 
in analyzing tissue perfusion and identifying lymph nodes in can-
cer patients. It has several clinically excellent properties, which 
has been thoroughly verified during its long clinical use [36]:

• Patient safety (nontoxic, nonionizing).
• Ideal for angiography because it binds efficiently to blood lipo-

proteins and does not leak from circulation; ideal for bile duct 
study because it is excreted selectively through the bile.

• Short lifetime in blood circulation allowing repeated applica-
tions.

• Good signal-to-background ratio (SBR): there is not much 
NIR autofluorescence in tissue where the exogenous dye is not 
present.

• Deep imaging with possibility to see beyond the surface, at a 
depth of several millimeters.

• Simple and relatively cheap imaging devices.

 Components of Fluorescence-Based  
Surgical System

Fluorescence technology used in surgical system is based on 
methodology already defined in fluorescence microscopy and 
spectroscopy [44]. The system is made of an excitation source, a 
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Fig. 1.8 Operating principle of Fluorescence Guided Surgery (FGS)

fluorescent probe (described above), filters, and fluorescent 
detector.

 Excitation Source
The excitation source to obtain a fluorescent signal is a light 
that can be generated by xenon lamps, light emitting diodes 
(LEDs), and laser diodes. Even if lamps are flexible, allowing a 
wide range of wavelength, they are not the ideal source as they 
produce heat, requiring a warm-up period, and deteriorate with 
use with a  consequent decrease of brightness. LEDs are more 
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diffused. If compared to xenon lamps, LEDs have longer life-
times, do not need warm up period, have lower consumption, 
and have a narrow bandwidth. Laser diodes have a narrower 
wavelength and higher intensity compared with the other two 
sources. Laser source is more expensive than LED ones, so they 
are less diffused [4].

 Fluorescence System Filters
Excitation and emission filters are necessary to select wave-
lengths and unwanted signal. For example, emission filters can 
be used to narrow the fluorescent signal collected to the spectrum 
of interest. Emission filters’ features should be clearly defined 
and balanced, as a large band allows higher intensity of the signal 
but less specificity resulting in lower contrast between the target 
and the background. Moreover, the filter has to be chosen accord-
ing to the Stokes shift of the fluorophore, that is the difference (in 
wavelength or frequency units) between positions of the band 
maxima of the absorption and emission spectra of the same elec-
tronic transition [4].

 Fluorescence System Detectors
The aim of the detector is to quantify the fluorescence of the 
single photons according to quantum efficiency, that is the abil-
ity to convert the incident light to excited electron, and internal 
gain, that is the ability to amplify the signal in a large electrical 
signal.

To date, several systems are currently used to detect photons in 
surgical field:

• Photomultiplier tubes absorb the incident photons and produce 
electrons to obtain the signal.

• Microchannel plate photomultipliers absorb the incident pho-
tons and produce electron with an amplification of the signal 
and improved time resolution of the detection system.

• Charge-coupled devices are made of pixel array that produce a 
signal proportional to exposure time of incident light, resulting 
in high sensitivity.

• Single photon avalanche photodiode generates current quickly 
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after photon absorption, thanks to a multiplexed pixel array. 
The main advantage is the higher quantum efficiency.

Each of these detectors has advantages and disadvantages, and 
even if single photon avalanche photodiode has high potential for 
fluorescence lifetime use, photomultiplier tubes and charge- 
coupled devices are still currently used [4].

 Currently Available Devices for Fluorescence- 
Guided Surgery

Nowadays, a growing number of companies are developing new 
systems for FGS. These systems that are suitable for both near- 
infrared (NIR) fluorescence and white-light (WL) imaging, inte-
grating the aforementioned technology, available for both open 
and minimally invasive surgery.

Each system differs from others on some key features:

• The “exciting” light source type (neon light, LED, or laser 
beam).

• The system of signal detection.
• The wavelength emitted and captured.
• The optimal distance to visualize fluorescence signal.
• The strength of SBR.
• The possibility of directly overlaying the NIR images to the 

WL ones.

The different features that characterize each device (field of 
vision, zoom capability, type of light source, NIR wavelength 
emitted and captured, etc.) will have an impact on system perfor-
mance during surgery. During surgical procedures, the alternate 
exposure from WL to NIR light (ICG mode) is used to identify 
anatomical structures, blood perfusion, and other details. The fluo-
rescence imaging systems allow to obtain fluorescent images in 
real-time setting. They are quite unexpensive, if compared to some 
other technological equipment widely adopted in surgery [45]. 
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Table 1.3 reports some of the most widely adopted devices both for 
conventional and minimally invasive/robotic surgery (Table 1.3).

Table 1.3  Some of the most widely adopted NIR imaging systems both for 
conventional and minimally invasive/robotic fluorescence-guided surgery

Imaging 
system

Image 
resolution Use

Visualization 
mode

Stryker 1688 
advanced 
imaging 
modalities

4k Laparoscopic –  Green overlay 
mode

– SPY-ENV mode
– SPY-contrast
– IRIS

Pinpoint 
with 
SPY-PHI

Full HD Open –  Green overlay 
mode

–  Color- 
segmented 
fluorescence 
mode

–  SPY- 
fluorescence 
mode

Karl Storz 
1 S™

Image 1S™ HD xenon 
light 
source

Laparoscopic –  Optical 
illumination and 
contrast-
enhanced 
modality

–  No overlay 
mode

Image 1S™ 
Rubina™

4k and 3D Laparoscopic – Overlay mode

Laser-free 
LED light 
source

– Intensity map

– Monochromatic
Arthrex Synergy ID 

System
4k Laparoscopic – Overlay mode

– Monochromatic
Da Vinci 
Surgical 
System 
(Intuitive)

Firefly 
camera 
system 
integrated 
into Da Vinci 
Si and Xi

3D Robotic –  Normal imaging 
and fluorescent 
modes

LED light –  No overlay 
mode
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 Conclusion

In conclusion, since its first clinical application in surgery, fluo-
rescence underwent huge development and spread among special-
ties. Among all the fluorophores, indocyanine green is the most 
diffused, thanks to its peculiar features that promote its wide-
spread. Many probes are currently under clinical development and 
will be on the market soon.

A growing number of companies are developing systems for 
fluorescence-guided surgery. This imaging system is in constant 
evolution with many features like overlay visualization and the 
second near-infrared window (1000–1700  nm), enhancing the 
power and increasing applications of this technology.
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2Current Fluorescence- Guided 
Platforms and Devices

Donovan Hui, Kevin Carroll, 
Christina Sanders, and David Pechman

 Introduction

Fluorescence-guided surgery (FGS) enables clinicians to visu-
alize fluorescence-enhanced images in real time to assist in sur-
gical procedures. Its use has transformed the way surgeons 
visualize structures that may not be apparent under visible light 
alone [1]. The wavelength of visible light is between 380 and 
780  nm. Near- infrared (NIR) extends from a wavelength of 
780–2500  nm with penetration of tissues ranging from 5 to 
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8 mm [2, 3]. The depth of penetration and the working distance 
of each device determine which structures can be identified 
with fluorescence imaging.

FGS utilizes a specialized camera with an NIR detector to 
relay images in real time. An excitation light source is used to 
activate fluorophores within target tissue [4, 5]. Excitation and 
emission wavelengths are specific for each device. These wave-
lengths are generally within a similar range and are limited by 
clinically available fluorophores [2, 3, 6, 7].

Fluorescence imaging requires a fluorophore or an NIR- emitting 
LED to create near-infrared images. Fluorophores are compounds 
that release light with excitation and are the primary means for 
visualizing key structures in FGS. In 2021, available fluorophores 
include fluorescein, methylene blue (MB), 5- aminolevulinic acid 
(5-ALA), and indocyanine green (ICG) [8]. ICG is the most fre-
quently used fluorophore due to its ease of use and low side effect 
profile. It is easy to mix and administer intravenously in the pre-op 
or intraoperative setting. Its emission wavelength does not overlap 
with visible light; this minimizes scattering effect and background 
noise that may obscure visualization [8–10].

Fluorescein has an excitation wavelength of 495  nm and an 
emission wavelength of 519 nm. MB has an excitation wavelength 
of 668 nm and an emission wavelength of 688 nm. 5-ALA has an 
excitation wavelength of 380–440 and an emission wavelength of 
620–634 nm, depending on the acidity of its solution. Fluorescein, 
MB, and 5-ALA have emission wavelengths within the visible 
light wavelength and are therefore not ideal fluorophores for 
FGS. The excitation and emission wavelengths of ICG are 740–
900 and 800–860 nm ranges, respectively, and are ideal for use 
with NIR cameras [11–13].

Fluoroscopic devices have become increasingly prevalent in 
the opening room since the Food and Drug Administration (FDA) 
approved the Novadaq SPY imaging system in 2005 [6, 12]. FGS 
has shown utility in a wide range of procedures, including intra-
operative angiography, perfusion assessment, tissue plane identi-
fication, biliary structure identification, and lymphangiography 
[5, 14]. As the technology to fluorescently label specific tissues 
continues to advance, FGS devices will become increasingly 
more commonplace in the operative suite [8, 9].
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 Indocyanine Green (ICG) Dye

Indocyanine green (ICG) was developed in 1955 by Kodak 
Research Laboratory for NIR photography. It was approved for 
clinical use in 1959 for assessment of cardiac output. It was later 
found to be excreted exclusively by the liver with uptake by hepa-
tocytes and excretion via bile which prompted its use in the assess-
ment of hepatic function [15]. ICG was found to be useful in the 
assessment of choroidal blood flow and has since been utilized in 
an increasing number of angiographic and lymphangiographic 
modalities [11]. Use of ICG is heavily favored for fluorescence-
guided surgery as it is a water-soluble dye with emission wave-
length of approximately 800  nm. The autofluorescence at this 
wavelength in normal tissue is low which increases the signal-to-
noise ratio and improves sensitivity of visualized target anatomy 
following excitation. ICG has a relatively low toxicity profile with 
a half-life at approximately 3 min. It readily binds lipoproteins in 
the blood without systemic effects and is very well tolerated by 
patients [16, 17]. It is non-nephrotoxic and has a low side effect 
profile. It can be used multiple times during the same surgery. ICG 
requires fresh preparation with 6 h of viable use.

Contraindication for use of ICG is anaphylaxis. Recommended 
dosing, mode of administration, timing for administration, and 
timing for visualization are per manufacturer recommendations 
[17]. General recommendations are as follows:

• Angiographic perfusion: 2.5  mg given intravenously during 
surgery with visualization in less than 1 min.

• Biliary assessment: 5  mg given intravenously up to 1–7  h 
before surgery with direct visualization.

• Lymph node mapping: 2.5 mg given directly around target tis-
sue during surgery with visualization in 15–30 min.

 Fluorescence-Guided Systems and Devices

The first FDA-approved system for FGS is the Novadaq SPY 
system developed in 2005. Many of the first FGS systems were 
used in open surgery via a cart-based platform that contained 
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an excitation laser and imager to capture NIR light. These cart-
based systems have largely been replaced by handheld devices 
and have been adapted to laparoscopic, robotic, and micro-
scopic systems. As FGS continues to advance, devices may 
integrate with augmented reality systems and wearable tech-
nology.

 Open Surgical Systems

The two categories of open FGS systems are cart-based and hand-
held devices. Cart-based systems offer visualization of key struc-
tures while freeing the surgeon’s hands to manipulate tissue and 
operate while assessing in real time. The working distance for 
such devices is fixed, but offers a wide area of visualization in 
assessing overall perfusion in reconstructive procedures. Handheld 
devices also offer visualization of key structures in real time with 
some systems having the option for mounting the imager on an 
adjustable securing arm. The size and convenience of handheld 
devices offer a greater degree of freedom and maneuverability 
with a flexible working distance [1, 3, 6].

 Cart-Based Platform

SPY Elite System [Spy Elite Intraoperative Perfusion 
Assessment System (LC3000, SP 3000)]—Stryker, Kalamazoo, 
Michigan, USA

The SPY Elite System (Fig. 2.1a) is the updated version of the 
first clinically available FGS platform, the SPY System. The SPY 
Elite System consists of a mounted imaging head that can be posi-
tioned above the surgical field in order to obtain NIR images.

 SPY Elite System Components

The system includes the following: imaging console (radiation 
source and mage detector), dual display (1080p resolution), 
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Fig. 2.1 (a) SPY Elite cart-based fluorescence system—Photo courtesy of 
Stryker. (b) SPY Elite fluorescence image—Photo courtesy of Stryker. (c) 
SPY-Q image captured for qualitative assessment of tissue perfusion—Photo 
courtesy of Stryker

CINEVAQ Software, sterile drape, and SPY AGENT GREEN 
(ICG)—25 mg vials.

For use, the SPY Elite System should be positioned in the 
operating room to provide optimal visualization of the monitor 
located on the cart. The imaging console is sterilely draped, using 
the included clear drapes, and positioned over the surgical field. 
The imaging console is attached to a flexible arm mount con-
nected directly to the cart system, which can be easily positioned 
and removed from the operative field while maintaining sterility. 
The working distance of the imaging console is 30 cm and is the 
ideal distance from the target anatomy to obtain accurate fluores-
cence images. SPY mode fluorescence is activated from the cart 
or the “laser on” button on the left side of the imaging console. 
The radiation source is a class 3R laser that activates a fluoro-
phore to produce emission wavelengths between 825 and 850 nm. 
NIR images are captured through a charge-coupled device camera 
and relay real-time images on the display attached to the system 
cart. The preferred fluorophore with SPY Elite System is SPY 
AGENT GREEN (ICG), and its timing for use depends on the 
indication for use [18, 19].
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 Dosing, Timing, and Route of Administration

For angiography and assessment of tissue perfusion, ICG can be 
given immediately intraoperatively as an intravenous bolus injec-
tion of 1.25 to 5 mg. ICG can be injected directly into the skin for 
reconstructive surgeries in a dose of 3.75 to 10  mg. Maximum 
dose is 2 mg/kg.

For visualization of extrahepatic biliary duct for use in patients 
ages 12 and older, ICG should be administered at least 45 min 
prior to surgery as an intravenous bolus injection of 2.5 mg.

For lymphangiography, visualization of lymph nodes, and 
lymphatic mapping, ICG can be injected directly into target tissue 
as a direct injection of 5 mg or divided into four 1.25 mg injec-
tions around target tissue.

As the first clinically available FGS system, the SPY System 
established the clinical utility of FGS but has largely been replaced 
by handheld devices and other newer systems. The FDA has 
determined the SPY Elite System was substantially equivalent to 
the predicate SPY System device as a fluorescence imaging sys-
tem for use in imaging blood flow in plastic surgery (microscopic 
and reconstructive), gastrointestinal surgery, transplant surgery, 
cardiovascular surgery, and vascular surgery [20].

The SPY Elite System is able to provide real-time monochro-
matic images of fluorescent tagged structures (Fig. 2.1b) for the 
assessment of perfusion. SPY Elite contains updated processing 
and image acquisition software (CINEVAQ) that is able to over-
lay a color intensity gradient to the grayscale NIR image. This 
color intensity image can be recorded and reviewed to assess 
perfusion via SPY mode (Fig. 2.1c). SPY mode analyzes differ-
ences in near-infrared color intensities to offer objective values 
on estimated perfusion in the form of absolute perfusion units 
(APUs) to assess how well-perfused structures are during sur-
gery [18–20].

The cart-based SPY Systems have been used across many sur-
gical specialties since its clinical debut in 2005. Within the field of 
plastic surgery, it is used to assess tissue perfusion in reconstruc-
tion. SPY Elite laser angiography can help predict tissue necrosis 
following microvascular and reconstructive procedures such as 
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facial reconstruction and nipple-sparing mastectomies [21–23]. 
Using the SPY proprietary software, absolute perfusion units 
(APUs) offer objective data on tissue perfusion with studies show-
ing APUs of less than 24 associated with increased risk of tissue 
necrosis [24, 25]. A randomized double-blinded controlled study 
on complex abdominal wall reconstruction using the SPY Elite 
System displayed that real-time perfusion assessment could pre-
dict intraoperatively which patients were at increased risk for 
wound complications [26].

The SPY Elite System has been used for laser angiography of 
gastrointestinal anastomosis. SPY Elite angiography has dis-
played utility in assessing bowel perfusion when creating gastro-
intestinal anastomoses, but there have been no randomized 
controlled studies to assess whether its use decreases anastomotic 
failure [27–31]. The system has been used as an adjunct to assess 
graft patency following bypass in open heart surgery [32]. 
Recently, lymphangiography during sentinel lymph node biopsies 
has shown a non-inferior capability to identify lymph nodes com-
pared to traditional approaches (radiofrequency labeling and 
application of dyes) [33, 34].

Pearls and Pitfalls

• SPY mode relies heavily on the quality of near-infrared images. 
Tissue should be in plane with the imager at an ideal distance 
of 30 cm.

• SPY perfusion assessment can be used in real time or saved for 
later review.

 Handheld Devices

SPY Portable Handheld Imaging (PHI): HH9000—Stryker, 
Kalamazoo, Michigan, USA

SPY PHI (Fig.  2.2a) was initially developed by Novadaq 
Technologies as a handheld system approved for fluorescence-
guided surgery in open surgical procedures. SPY PHI is the hand-
held version of the first clinically available fluorescence-guided 
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Fig. 2.2 (a) SPY PHI handheld device—Photo courtesy of Stryker. (b) SPY 
PHI in SPY mode—Photo courtesy of Stryker. (c) SPY PHI in color- 
segmented mode—Photo courtesy of Stryker. (d) SPY PHI in overlay 
mode—Photo courtesy of Stryker

surgical system, the SPY System. The system consists of a hand-
held imager that is directly manipulated by the surgeon at target 
anatomy in order to obtain NIR images.

 SPY PHI System Components

The system includes the following: SPY PHI imager with inte-
grated light cable, video processor/illuminator (VPI), display 
(1080p resolution), SPY PHI Fluorescence Assessment Software 
(SPY-QP), sterile drape, and SPY AGENT GREEN (ICG)—
25 mg vials.

During use, SPY PHI platform is positioned for optimal visu-
alization of the monitor. The handheld imager is connected to the 
video processor/illuminator with a light cable and camera cable. 
The imager is then sterilely draped, using the included clear 
drapes, and is now free to position sterilely in the operative field. 
The working distance of the imager is 10–40 cm. The green illu-
mination button on the handheld device activates the light source 
and NIR laser for fluorescence excitation. The camera is able to 
detect full-color visible light and NIR images with the default 
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image in overlay mode. The preferred fluorophore with SPY PHI 
System is SPY AGENT GREEN (ICG) with identical dosing and 
timing as with the SPY Elite System [35, 36].

Novadaq (now part of Stryker) developed its handheld fluores-
cence imaging system in 2017 with model HH9000. The currently 
available system is the SPY PHI model HH9000 now with SPY- QP 
Fluorescence Assessment Software. The FDA has determined the 
current system was substantially equivalent to the predicate SPY 
Elite System for use in imaging blood flow in plastic surgery 
(microscopic and reconstructive), gastrointestinal surgery, trans-
plant surgery, cardiovascular surgery, and vascular surgery. SPY 
PHI provides real-time visible and NIR imaging with multiple 
modes. SPY mode (Fig. 2.2b), color-segmented fluorescence (CSF) 
mode (Fig.  2.2c), and overlay mode (Fig.  2.2d) can be toggled 
using button “A” on the handheld device. SPY mode is a pure fluo-
rescence image, displayed in monochromatic format to detect only 
NIR images. Color-segmented fluorescence (CSF) mode displays 
visible light in grayscale with fluorescence overlay in  different 
color intensities to display fluorescence ranges (blue being the low-
est to yellow and then red as the highest). Overlay mode allows for 
real-time visualization in the visible and NIR spectrum simultane-
ously, with fluorescence overlaid in green. SPY-QP software can be 
accessed from the handheld device via button “B” or through the 
VPI console. SPY-QP provides fluorescence assessment via relative 
percentage values (Fig. 2.2e) compared to a user set reference point 
and by color mapping similar to CSF mode [35–37].

Much like the SPY Elite System, the SPY PHI System has 
shown utility in a variety of clinical situations, including flap 
reconstruction, bowel anastomosis creation, and sentinel lymph 
node tracing [38, 39]. Because it is a handheld device, it has a 
more compact design that is user friendly in the operating room.

Pearls and Pitfalls

• Plug in device to the VPI prior to turning the system on to pre-
vent “camera cable not detected” error.

• Easy-to-use handheld controls to toggle fluorescence on and 
off (green button) and adjust focus of captured image (up and 
down blue buttons).
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• The VPI menu accessed from button “B” allows users to access 
SPY-QP and make adjustments such as flipping the image and 
capturing stills or video. Additionally, the reference point for 
SPY-QP assessment can be changed via this menu.

• The device has a wide range working distance (10–40 cm). It 
is recommended that the user starts further away for better 
clarity in perfusion assessment.

• SPY-QP should be activated prior to administration of ICG 
with recommendation to not change fluorescence mode during 
the timed perfusion assessment window (indicated by a red 
arrow and timer on the bottom right of the monitor).

Photodynamic Eye (PDE)-neo II infrared fluorescence 
imager: C10935-400—Hamamatsu Photonics K.K, Higashi-ku, 
Hamamatsu City, Japan

PDE-neo II (Fig. 2.3a) was developed by Hamamatsu Photonics 
as a handheld system approved for fluorescence-guided surgery in 
open surgical procedures. PDE-neo II is a handheld system 
designed to visualize ICG in the blood or lymph systems in real 
time. The system utilizes a handheld imager that can be directly 
held or mounted to a flexible arm to manipulate over the desired 
anatomy.

 PDE-Neo II System Components

The system includes the following: camera unit with attachable 
camera cable, controller box, remote controller, TEAC recording 
box, monitor, sterile drape, ICG dye, and PDE FlexArm.

During use, the PDE-neo II platform is positioned for optimal 
visualization of the monitor located on the cart. The controller 
box is turned on and the camera unit is plugged directly into the 
input access on the far right. The TEAC recording box can be 
turned on to allow for video and image capturing but is not essen-
tial for use of the device. The camera unit is then sterilely draped 
and locked into the foam lens cover attached to the drape. An 
optional rail or clamp attachment for the flexible arm mount can 
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Fig. 2.3 (a) PDE-neo-II handheld device—Photo courtesy of Hamamatsu. 
(b) PDE-neo-II in fluorescence mode—Photo courtesy of Hamamatsu. (c) 
PDE-neo-II in fluorescence mapping mode—Photo courtesy of Hamamatsu

be secured to allow for hands-free operation of the camera unit. 
The working distance of the camera unit is 5–30 cm and image 
clarity can be obtained using the adjustable focus ring. A non- 
sterile assistant can then turn on the white light and fluorescence 
mode using the remote controller. The handheld camera unit can 
then toggle between color and fluorescence at the discretion of the 
surgeon. Fluorescence excitation is achieved using a class 1M 
LED that produces infrared emissions at a wavelength of 820 nm. 
These infrared images can be captured via the camera unit with 
ambient room lights on but may scatter and produce poorer 
images if direct sunlight is present in the room. The timing and 
dose administration of a 2.5 mg/mL concentration of ICG varies 
depending on indications for use [29–37].
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 Dosing, Timing, and Route of Administration

For angiography and assessment of tissue perfusion, ICG can be 
given immediately intraoperatively as an intravenous bolus injec-
tion of 3.3 mL to 10 mL. For lymphangiography, visualization of 
lymph nodes, and lymphatic mapping, ICG can be injected into 
target tissue as a direct subcutaneous or intradermal injection of 
0.5 mL around target tissue.

PDE-neo II was originally developed by Hamamatsu 
Photonics with distribution within the United States via Mitaka 
USA Inc. Hamamatsu initially developed its handheld fluores-
cence imaging system in 2014 with the Hamamatsu PDE and 
subsequent PDE- neo. The currently available system distrib-
uted by Mitaka since 2016 is the PDE-neo II. The FDA deter-
mined that the system was substantially equivalent to the 
predicate PDE-neo device for use in viewing fluorescence 
images of blood flow. PDE-neo II has two video channel out-
puts that can toggle between color mode and fluorescence mode 
(Fig.  2.3b). The fluorescence mapping mode (Fig.  2.3c) digi-
tally enhances NIR images with green color which can define 
structures containing fluorescence compared to surrounding 
structures. The resulting image quality can be adjusted by using 
the brightness, contrast, and infrared intensity dials located on 
the remote controller [40–42].

PDE-neo II was designed as a fluorescent angiographic system 
for use in assessing tissue perfusion. It is commonly used in 
reconstructive surgery for flap assessment and has been found to 
assist clinical judgment when determining whether to resect addi-
tional tissue [43–45]. PDE-neo II can also assist in identifying 
resection margins in pulmonary and hepatic wedge resections 
[46]. PDE-neo II was able to successfully identify tumor margins 
during lung segmentectomy to maximize tissue preservation. 
PDE-neo II provides enhanced visualization of the thoracic duct 
during mediastinal lymphadenectomy to prevent chyle leak in 
thoracic surgery [47]. The device can also be utilized to evaluate 
patients with lymphedema for lymphaticovenous anastomosis and 
postoperatively to evaluate for anastomosis patency [48].
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Pearls and Pitfalls

• Simple, lightweight handheld device with adjustable focus 
ring with surgeon control over infrared intensity and image 
toggling.

• Remote controller separate from handheld device can adjust 
contrast and brightness to enhance visualization.

• With initial use, recommend that the contrast, brightness, and 
infrared intensity dials are placed in their default locations 
marked on the remote controller..

• Visualization of halos during fluorescence mode may indicate 
infrared intensity is too high.

Fluobeam LX—Fluoptics, Grenoble, France
The Fluobeam LX (Fig. 2.4a) was developed by Fluoptics as a 

handheld system approved for FGS in open surgical procedures. 
Fluobeam LX is Fluoptics’ newest handheld system designed to 
visualize ICG fluorescence in blood vessels and tissue perfusion 
as well as autofluorescence from parathyroid tissue.

 Fluobeam LX System Components

The system includes the following: optical head with light cord, con-
trol box, touchscreen display, Fluosoft software, and sterile drape.

For use, the Fluobeam LX is positioned with the touchscreen 
monitor in view of the surgeon. The controller box is turned on 
and the optical head with light cord is plugged directly into the 
input access on the far left. The optical head is sterilely draped 
with the optical window of the sterile drape attaching directly to 
the lens of the optical head. The fluorescence imaging system is 
now free to use with control of fluorescence imaging via the 
power button on the touchscreen display or accessed from the 
handheld joystick control. The system offers a high depth of field 
>5 cm with variable working distances with autofocus and up to 
10× zoom. Fluorescence is achieved via class 1M laser which 
excites fluorophores with emissions in the range of 800–900 nm. 
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Fig. 2.4 (a) Fluobeam LX system—Photo Courtesy of Fluoptics. (b) Fluosoft 
quantification analysis—Photo Courtesy of Fluoptics. (c) Fluobeam LX image 
of parathyroid autofluorescence—Photo Courtesy of Dr. Marco DeMarchi

D. Hui et al.



45

Infrared images can be captured via the camera unit with ambient 
room lights on. There are no device-specific recommendations for 
ICG dosing or timing with use of this device. Autofluorescence 
from parathyroid tissue does not require ICG [49, 50].

Fluoptics developed its handheld fluorescence imaging system 
in 2014 with the Fluobeam 800 Clinic Imaging Device. Although 
the Fluobeam 800 remains clinically available, the Fluobeam LX 
is the most recent system created by Fluoptics with emphasis on 
parathyroid surgery. The FDA has determined the current system 
is substantially equivalent to the predicate Fluobeam device as a 
fluorescence imaging system for use as an adjunctive method to 
evaluate tissue and organ perfusion used in plastic surgery (micro-
scopic and reconstructive) and transplant surgery [51–53]. 
Additionally, it has been FDA approved to observe autofluores-
cence of parathyroid glands without the injection of ICG. Fluobeam 
provides real-time NIR imaging with fluorescence mode with 
Fluosoft optimization of images. Fluosoft available on Fluobeam 
800 provides quantification analysis that overlays color represen-
tation of relative tissue perfusion (Fig. 2.4b). The relative tissue 
perfusion shows maximal reference perfusion in red and lower 
relative perfusion in black/blue. Perfusion assessment has been 
shown to be effective even with angulation of the optical head 
from 60 to 90° to the tissue (#). Image quality is automatically 
optimized by Fluosoft software and contrast of images can be 
adjusted by the surgeon via joystick controls [50].

Fluobeam LX was designed as a fluorescence system for use as 
an adjunctive visual assessment in parathyroid surgery. Fluobeam 
is commonly used in endocrine surgery during parathyroid and 
thyroid surgery with its ability to detect parathyroid autofluores-
cence without the use of ICG [50, 54]. Fluobeam LX has been 
successful in the fluorescence visualization of parathyroid adeno-
mas (Fig. 2.4c) for resection and parathyroid tissue for preserva-
tion during thyroidectomy [55, 56]. With ICG, Fluobeam LX is 
able to intraoperatively identify lymphatics and sentinel lymph 
nodes for biopsies and is equivalent in accuracy to radioactive 
tracing [53]. Perfusion assessment using Fluobeam with associ-
ated Fluosoft quantification analysis during reconstructive  surgery 
has shown that relative perfusion of less than 30% to likely be 
nonviable tissue [52].
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Pearls and Pitfalls

• If autofocus produces distorted images, adjust the zoom to 
decrease magnification for clearer images.

• Touchscreen display has many options to adjust image for fine- 
tuned assessment of captured image which can all be toggled 
using the handheld joystick on optical head.

• Images and video can be easily accessed using playback mode.
• ICG is not needed with autofluorescence of parathyroid tissue, 

but may still be used to additionally visualize blood vessels to 
aid in tissue dissection.

 Endoscopic Surgical Devices

Fluorescence in minimally invasive procedures has been used 
in clinical settings since 2009. FGS has become more preva-
lent in minimally invasive surgery. The first endoscopic system 
was the PINPOINT System developed by Novadaq. Its use as 
the first endoscopic FGS device has been well-documented. 
The PILLAR (perfusion assessment in left-sided/low anterior 
resection) trial displayed that the PINPOINT System allowed 
for successful visualization of perfusion using ICG; however, 
it did not display a significant difference in anastomotic leak 
rate with use of ICG angiography [57]. Indications for all min-
imally invasive FGS devices include the identification of ves-
sels, extrahepatic bile ducts, and lymphatics and assessment of 
tissue perfusion [57, 58].

PINPOINT Endoscopic Fluorescence Imaging System: 
PC9000—Stryker, Kalamazoo, Michigan, USA

PINPOINT System (Fig.  2.5a) was initially developed by 
Novadaq Technologies as an endoscopic fluorescence system for 
use in minimally invasive surgical procedures. PINPOINT was 
the first clinically available endoscopic fluorescence-guided sur-
gical system. The system consists of a handheld camera head that 
attaches to a laparoscope for capturing visible light and near- 
infrared light images obtained in minimally invasive surgical 
 procedures.
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Fig. 2.5 (a) PINPOINT: laparoscope—Photo courtesy of Stryker. (b) PIN-
POINT SPY mode—Photo courtesy of Stryker. (c) PINPOINT color-seg-
mented mode—Photo courtesy of Stryker. (d) PINPOINT overlay mode—Photo 
courtesy of Stryker

 PINPOINT System Components

The system includes the following: video process/illuminator 
(VPI), PC9001; camera head with light guide cable, PC9002/
PC9004; camera (resolution 1080p); fluorescence imaging lapa-
roscopes, SC9000 series (5  mm, 10  mm), 0 and 30° scopes; 
PINPOINT Cart with 1080p HD monitor and optional recorder 
and printer; and SPY AGENT GREEN (ICG)—25 mg vials.

To use, PINPOINT is set up similar to any other laparoscopic 
surgical system with placement of monitors depending on surgi-
cal indications. The camera head with light guide cable and lapa-
roscopes are autoclavable and will be handed to the surgeon 
sterilely. The laparoscope eyepiece is attached to the camera head 
and the light cable attached to the laparoscope via threaded con-
nector. The light cable and camera cable are then handed off to a 
non- sterile assistant to plug into the VPI with light cable inserted 
into the far left, orange-colored input, and the camera cable 
inserted into the far right, green-colored input. After the cable 
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inputs have been plugged in, the VPI can be turned on for use as a 
laparoscopic camera with only white light on. The working dis-
tance is not specified for this device, but it is recommended to 
image in PINPOINT mode further away from target anatomy 
prior to advancing the laparoscope. PINPOINT mode is activated 
by pressing button “1,” and the laser-on indicator located on the 
camera head will illuminate as well as a PINPOINT icon on the 
main display. PINPOINT contains a dedicated light source with a 
light- emitting diode (LED) array for visible light and an NIR laser 
diode for near-infrared. Fluorescence excitation is achieved using 
a class 3R laser which produces excitation wavelength at 805 nm 
and near-infrared emissions from 700 to 770 nm. The preferred 
fluorophore with PINPOINT System is SPY AGENT GREEN 
(ICG), and its use in angiography should be given intraoperatively 
as a weight-dependent bolus delivered intravenously. Maximum 
dose is 2  mg/kg body weight. Fluorescence will appear within 
blood vessels in the field of view within 5–15 seconds after the 
injection [21, 59, 60].

 Dosing, Timing, and Route of Administration

For patients less than or equal to 90 kg, use 0.5 ml of a 2.5 mg/ml 
concentration. For patients greater than 90 kg, use 1–1.5 ml of a 
2.5 mg/ml concentration.

Novadaq (now a part of Stryker) developed its endoscopic 
fluorescence- guided systems in 2009 with the SPY Scope: SC8000. 
The currently available system is the PINPOINT System: 
PCS:9000. The FDA has determined the current system is substan-
tially equivalent to the predicate PINPOINT System and SPY 
Scope as an endoscopic fluorescence imaging system for use in 
endoscopic assessment of vessels, blood flow, and tissue perfusion 
as well as fluorescence imaging of biliary ducts. PINPOINT pro-
vides real-time visible and NIR imaging with an operating princi-
ple of SPY mode (Fig. 2.5b), color-segmented fluorescence (CSF) 
mode (Fig.  2.5c), and overlay mode (Fig.  2.5d), which can be 
toggled using button “2” on the camera head. SPY mode is a pure 
fluorescence image, displayed in monochromatic format to detect 
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only NIR images. Color-segmented fluorescence (CSF) mode dis-
plays visible light in grayscale with fluorescence overlay in differ-
ent color intensities to display fluorescence ranges (blue being the 
lowest to yellow and then red as the highest). Overlay mode allows 
for real-time visualization in the visible and NIR spectrum at the 
same time with fluorescence overlaid in green. Parallel display will 
show all operating principles on one display [59, 60].

PINPOINT System is widely known as the progenitor 
fluorescence- guided surgical system that allows for fluorescence 
visualization as a laparoscope. It was intended for use in mini-
mally invasive surgical cases and was designed as an adjunctive 
visual assessment in tissue perfusion and biliary ducts with fluo-
rescence labeling. It is not intended as a standalone visualization 
of the biliary ducts in lieu of cholangiography. Most recently, it 
has been approved for use in lymphatic visualization with ability 
to fluorescence image lymph nodes and lymphatic vessels such as 
during lymphatic mapping of the uterus and cervix [61].

Pearls and Pitfalls

• Parallel display can show singular overlay images or multiple 
images that display both white light and NIR light images 
together without overlay.

• Damage to the laparoscope tip or light cable tip can affect 
apertures for NIR emission causing a scattering effect.

• If the entire image shows strong fluorescence signal through-
out, the laparoscope may be an HD laparoscope instead of a 
fluorescence laparoscope.

• Image quality settings (sharpness, brightness, color satura-
tion) can be adjusted via the display monitors, but adjustment 
of the focus is via the up and down arrows located on the cam-
era head.

Synergy ID Near-Infrared Fluorescence 4K Imaging 
Platform—Arthrex, Munich, Germany

SynergyID (Fig. 2.6a) was developed by Arthrex to complement 
its endoscopic system with the capabilities of fluorescence- guided 
surgery in minimally invasive procedures. The basis for Arthrex 
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Fig. 2.6 (a) SynergyID System—Photo courtesy of Arthrex. (b) SynergyID 
System—Photo courtesy of Arthrex. (c) SynergyID System—Photo courtesy 
of Arthrex. (d) SynergyID System—Photo courtesy of Arthrex. (e) Syner-
gyID System—Photo courtesy of Arthrex

a
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fluorescence-guided surgical device is the high-quality imaging 
using UHD4 camera system. The current SynergyID System con-
sists of a camera head with 4 chip image processing to provide 
high-definition standard light and near-infrared light images.

 SynergyID Endoscopic Imaging System Platform 
Components

The system includes the following: imaging console/camera con-
trol unit, AR-3200-0025; camera head option for fluorescence, 4K 
SynergyID; synergy laser light source and light cable, 
AR-3200- 1018; laparoscope, AR-3351 (5  mm high magnifica-
tion, 10  mm) with 0, 30, and 45° scopes; and tablet controller 
(Digital Doc Tablet).

The tower for the Synergy ID contains the imaging console/
camera control unit and the synergy laser light source. The unit is 
initially turned on via the green switch in the back of the power 
unit. The tablet controller can then connect to the console and 
users can select cases and patient lists for optimizing image set-
tings. The tablet controller offers a unique way for surgeons to set 
up preferences and review cases for planned surgical interven-

e

Fig. 2.6 (continued)
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tions. Once the patient is prepped and ready for a procedure, the 
autoclavable camera head, light cables, and laparoscopes can be 
connected to one another and input cables connected to the tower. 
The camera cable is plugged into the input on the far right, while 
the light cable, which has a split output (one for the imaging con-
sole for standard light and one for the laser light source), can be 
connected accordingly. Fluorescence mode for the SynergyID can 
be activated from either the tablet or the programmable buttons 
located on the camera head. The SynergyID laser light source 
contains a class 3R laser with 8 mm of penetration and generates 
infrared emission wavelength at 785  nm. There are no device- 
specific recommendations for timing or dosing of ICG.

Arthrex developed the SynergyID device in 2020. The FDA 
determined that the system was substantially equivalent to the 
predicate Arthrex UHD4 System and Novadaq’s PINPOINT for 
use as a camera system in all endoscopic procedures and a 
fluorescence- guided surgical system for the visual assessment of 
vessels, blood flow, extrahepatic bile ducts, and tissue perfusion. 
The SynergyID System offers 4K standard light images and NIR 
images. The default operating principle while in fluorescence 
mode is overlay mode (Fig.  2.6b). The different fluorescence 
images can be cycled by pressing the programmed buttons on the 
camera head with grayscale visible and NIR overlay (Fig. 2.6c) or 
NIR-only (Fig. 2.6d) imaging [62–64]. The color of fluorescence 
can be changed from green to other colors, such as red, cyan, and 
magenta. The SynergyID System can further enhance the high- 
definition images via its augmented reality features [65]. This 
allows users to filter red colors that can enhance visualization 
(Fig. 2.6e) as an additional customizable view for the surgeon [65, 
66].

The Arthrex SynergyID system is intended to be used as an 
endoscopic video camera for a variety of surgical procedures. 
These can range from orthopedic, laparoscopic, urologic, 
sinuscopic, and plastic surgical procedures including microscopic 
surgery. The laser light source allows SynergyID to visualize NIR 
images for use in general FGS procedures such as in the visualiza-
tion of blood vessels, extrahepatic bile ducts, and lymphatics with 
4K high-resolution imaging [62, 66].
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Pearls and Pitfalls

• UHD4 camera system with 4K high-resolution images offers 
greater depth perception and color clarity.

• The rotatable turret for the light guide has a number of 
light inputs compatible with different cables. Ensure the 
correct port is aligned with the LED prior to inserting light 
cable.

• Camera has programmable buttons to allow surgeon to easily 
toggle desired display settings.

• Digital Doc Table can be used to store and configure case pref-
erences remotely.

Visera Elite II Infrared Imaging System—Olympus, 
Fukushima, Japan

The Visera Elite II Infrared Imaging System (Fig.  2.7) was 
developed by Olympus as an endoscopic system for fluorescence- 
guided minimally invasive surgery. The Visera Elite II Infrared 
Imaging System attaches to a xenon arc lamp excitation source. 
This light source allows for infrared (IR) illumination that is visu-
alized via specialized IR endoscopes.

Fig. 2.7 Visera Elite II Infrared System—Photo courtesy of Olympus
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 Visera Elite II Components

The system includes the following: Visera Elite II Video System 
Center; infrared imaging system; xenon light source; autoclavable 
camera head, CH-S200-XZ-EB; and the telescope IR/ultra (spe-
cialized IR endoscope).

The device consists of the source circuit, control circuit, illumina-
tion lamp, and optical filter. The control circuit is connected to the 
diaphragm to control light intensity with the source circuit supplying 
power to the illumination lamp. After the control unit is activated, 
the IR endoscope is connected. The IR endoscopes are rigid and 
consist of an image relay system of rod lenses that transmit either a 
2D or 3D image for standard laparoscopy. The IR endoscopes are 
reusable and fully autoclavable. There are no device-specific recom-
mendations for dosing or timing of ICG injection [67, 68].

Olympus developed the Visera Elite II Xenon Light Source 
Olympus (CLV-S200-IR) in 2020. Olympus initially developed an 
FGS device after the acquisition of Quest Photonic Devices. 
Quest innovations, based in the Netherlands, was established in 
1998 and specialized in fluorescence and multispectral technolo-
gies to offer enhanced visualization of tumor margins during 
oncological surgery. This was the foundation for the eventual pro-
duction of the Visera Elite II product line. The FDA determined 
that the system was substantially equivalent to the Karl Storz 
Endoscopic ICG imaging system [67].

The Visera Elite II utilizes a control circuit with an optical filter 
to provide a clear image. The fluorescent light passes through the 
optical filter in the endoscope, allowing the surgeon to work in 
one of two IR modes: IR mode 1 and IR mode 2. IR mode 1 dis-
plays fluorescent illumination overlaid on a clear white light 
image the visualization of detailed structures. IR mode 2 displays 
the pure fluorescence image with the highest degree of contrast on 
a black and white image [67, 68].

The Visera Elite II Infrared Imaging System is intended to pro-
vide real-time endoscopic visible and near-infrared fluorescence 
imaging. These endoscopes are intended to be used for endoscopy 
and endoscopic surgery within the thoracic and peritoneal cavities 
including the female reproductive organs. The device is also 
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 indicated for visualization of transanal and transvaginal natural 
orifice surgery. The system is approved for use in the assessment 
of vessels, tissue perfusion, and biliary anatomy [67].

Pearls and Pitfalls

• The system includes a compact video system center in one 
modular device that is compatible with 3D laparoscopes.

• A 3D image rotation function maintains the horizon as 30° 
scopes are rotated.

• The lightweight camera head can control and toggle between 
desired infrared imaging modes.

 Open/Endoscopic Devices

A number of recently updated systems have been able to integrate 
open and endoscopic systems with fluorescence capabilities into 
one platform. These systems are able to integrate interchangeable 
cameras or scopes to enable use for both open and minimally 
invasive surgical procedures.

1688 Advanced Imaging Modalities (AIM) 4K Platform—
Stryker, Kalamazoo, Michigan, USA

1688 AIM 4K Platform (Fig. 2.8a) was initially developed by 
Stryker as a platform capable of endoscopic fluorescence imaging 
for use in minimally invasive surgical procedures as well as hand-
held fluorescence imaging in open surgical procedures using SPY 
PHI. 1688 AIM is the endoscopic portion of the platform. The 
endoscopic system consists of a handheld camera head that 
attaches to a laparoscope for capturing visible light and NIR light 
images obtained in minimally invasive surgical procedures.

 1688 4K Platform Components

The system includes the following: 1688 4K camera control unit 
with advanced imaging modalities 1688 4K resolution camera 
head options, camera head with AIM; microscope head, pendu-
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lum head, or inline head; L11 LED light source and safelight 
cable; AIM HD laparoscope; display (4K resolution); connected 
OR hub (optional for recording and customizing visualization set-
tings); SPY PHI System for handheld/open procedures; and SPY 
AGENT GREEN (ICG)—25 mg vials.

Fig. 2.8 (a) AIM 1688 with SPY PHI System—Photo courtesy of Stryker. 
(b) AIM 1688 overlay mode—Photo courtesy of Stryker. (c) AIM 1688 con-
trast mode—Photo courtesy of Stryker. (d) AIM 1688 ENV mode—Photo 
courtesy of Stryker

a
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Fig. 2.8 (continued)
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For use, 1688 AIM’s connected operating room cart is set up 
similar to any other laparoscopic surgical system with placement 
of monitors depending on surgical indications. The camera head 
with light guide cable and laparoscopes are autoclavable and will 
be handed to the surgeon sterilely. Depending on the type of 
 camera head, a coupler may need to be installed to connect the 
camera head to the laparoscope eyepiece. The laparoscope eye-
piece is attached to the coupler on the camera head and the light 
cable attached to the laparoscope via the threaded connector. The 
light cable and camera cable are then handed off to a non-sterile 
assistant. The camera cable connector is protected by a soaking 
cap which is removed, and the connector is plugged into the input 
on the camera control unit. The safelight cable is plugged into the 
L11 LED light source. From the camera control unit, the type of 
surgery can be selected from an option of nine different surgical 
specialties which individually optimize the camera settings based 
on the desired surgical procedure. The specialty selected on the 
camera control unit should be “laparoscopy” or “standard”; other-
wise, fluorescence mode will not activate. After the cable inputs 
have been plugged in, the camera can be white balanced and 
“auto” light setting can be turned on if desired. Auto light will 
automatically adjust the brightness as needed throughout the case. 
SPY mode is the fluorescence mode of the 1688 AIM and is con-
trolled by pressing “AIM” on the camera control unit. Additionally, 
SPY mode can be activated by the surgeon by pressing the menu 
button on the right of the camera head. The L11 LED light source 
for the 1688 AIM System utilizes both RGB (red, green, blue) 
LEDs and a class 1M laser for excitation with wavelength of 
806  nm for NIR fluorescence. The preferred fluorophore with 
AIM 1688 is SPY AGENT GREEN (ICG) with similar timing and 
dosing as with SPY Elite [69, 70].

 Dosing, Timing, and Route of Administration

For angiography for visualization of blood vessels and tissue per-
fusion, ICG can be given immediately intraoperatively. For 
patients less than or equal to 90 kg, use 0.5 ml of a 2.5 mg/ml 
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concentration. For patients greater than 90 kg, use 1–1.5 ml of a 
2.5 mg/ml concentration. Maximum dose is 2 mg/kg.

For visualization of extrahepatic biliary duct for use in patients 
ages 12 and older, ICG should be given at least 45 min prior to 
surgery as an intravenous bolus injection of 1 ml of a 2.5 mg/ml 
concentration. For lymphangiography, visualization of lymph 
nodes, and lymphatic mapping, ICG can be injected directly into 
target tissue as multiple direct injections of 0.5 ml of a 2.5 mg/ml 
concentration as needed.

1688 AIM 4K Platform was developed by Stryker and is the 
endoscopic portion of the system that includes the SPY PHI hand-
held device. Stryker developed an endoscopic fluorescence device 
in 2014 with the Stryker Infrared Fluorescence (IRF) Imaging 
System. The currently available system is the 1688 AIM 4K cam-
era system with L11 LED light source. The FDA determined that 
the system was substantially equivalent to the predicate devices 
1588 AIM and Stryker IRF for use as a camera system in all endo-
scopic procedures and as an FGS system approved for the visual 
assessment of vessels, blood flow and tissue perfusion, biliary 
ducts, and lymphatic vessels and nodes. The L11 LED light source 
is also intended to attach to Stryker’s IRIS Ureteral Kit to transil-
luminate the ureters producing NIR emissions at 830 nm for open 
and laparoscopic cases. 1688 AIM provides real-time visible and 
NIR imaging with fluorescence activated in SPY mode. The oper-
ating principle for SPY mode is overlay mode (Fig. 2.8b), contrast 
mode (Fig. 2.8c), and ENV mode (Fig. 2.8d). The different SPY 
modes can be changed by pressing the up button on the camera 
head. Overlay mode allows for real-time visualization in the visi-
ble and NIR spectrum simultaneously with fluorescence overlaid 
in green. Contrast mode is a pure fluorescence image, displayed in 
monochromatic format to detect only NIR images as white color. 
ENV mode displays visible light in grayscale with fluorescence 
overlay in green [68–70].

The 1688 AIM camera system can be used with and without 
fluorescence. There are nine surgical specialties that can be sup-
ported by this system and are selectable from the camera control 
unit for specific image optimization. The nine specialties for use 
with the camera system are general laparoscopy, ENT/skull 
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endoscopy, arthroscopy, cystoscopy, flexi-scope, hysteroscopy, 
laser, microscope, and standard use. The fluorescence functional-
ity is only available for laparoscopy and standard and intended for 
use in minimally invasive surgical cases as an adjunctive visual 
assessment in tissue perfusion, biliary ducts, and lymphatic 
 mapping. Open surgical cases can use the SPY PHI attached to 
the platform. The L11 LED light source can connect to IRIS ure-
teral stents for transillumination of the ureters in open and laparo-
scopic cases. This has proven beneficial in difficult pelvic 
dissections to visualize the ureters and prevent injury [71].

Pearls and Pitfalls

• The platform has an independent handheld fluorescence- 
guided system, SPY PHI, which can be used in conjunction 
with 1688 AIM.

• The system displays images in 4K resolution.
• The display can show singular overlay images or multiple 

images in parallel that display both white light and NIR light 
images together without overlay.

• Specialty select on the camera control unit should be set to 
“laparoscopy” or “standard” in order for fluorescence SPY 
mode to activate.

• L11 LED light source needs to be connected to the camera 
control unit for auto light to work.

• If image quality remains poor, the coupler may not be attached 
correctly to the camera head and laparoscope eyepiece.

Image 1S Rubina—Karl Storz, Tuttlingen, Germany
The Image 1S Rubina (Fig. 2.9) was developed by Karl Storz 

as a fluorescence capable, modular system for use in minimally 
invasive and open surgical procedures. Rubina builds on the 
Image 1S Camera System and can incorporate 4K, 3D, NIR/ICG, 
and LED components as needed. The fluorescence-guided surgi-
cal system consists of a Rubina camera head that attaches to a 
laparoscope or exoscope for capturing visible and NIR images in 
minimally invasive and open surgical procedures, respectively.
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Fig. 2.9 Image 1s Rubina System—Photo courtesy of Karl Storz

 Rubina: ICG Imaging System Components

The system includes the following: Rubina LED light source; 
camera control unit, TC201US; TC 304US; light cable; camera 
head options, OPAL 1 (NIR/ICG); IMAGE 1S Rubina (4K, NIR/
ICG); TIPCAM 1 Rubina (4K/3D, NIR/ICG); laparoscope, 
Hopkins ICG/NIR (5 mm, 10 mm); exoscope, VITOM II ICG; 
footswitch; monitors with 4K or 4K/3D resolution; and 3D clip on 
glasses.

For use, the Image 1S Rubina’s operating room cart is set up 
similarly to any other laparoscopic surgical system, with monitors 
placed for optimal visualization. 4K and 4K/3D displays can be 
used. The camera head with light cable and scopes are autoclav-
able and will be handed to the surgeon sterilely. There are multi-
ple camera head options that provide NIR/ICG images. The 
camera head, scope, and light cables are attached to one another, 
and the camera and light cables are then handed off to a non- 
sterile assistant. The camera cable inserts into the camera control 
unit and the light cable inserts into the Rubina LED light source. 
For open surgical procedures, the exoscope and camera head can 
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be attached to a flexible arm mount as needed. Fluorescence is 
activated by the lower button on the camera head or via a connect-
able footswitch. The system utilizes a laser-free excitation source 
of an LED and has infrared emission wavelength at 720–810 nm. 
There are no device-specific recommendations for timing or dos-
ing of ICG injection with this system.

Image 1S Rubina System was developed by Karl Storz as a 
fluorescence capable system for minimally invasive and open sur-
geries. Karl Storz developed an ICG imaging system in 2016 with 
the OPAL ICG/NIR systems. The FDA has determined that the 
Image 1S Rubina is substantially equivalent to predicate device 
for use as a camera system in all endoscopic procedures and as an 
FGS system approved for assessment of vessels, tissue perfusion, 
biliary ducts, and lymphatic vessels and nodes. Rubina is compat-
ible with a variety of camera head options to allow for standard 
imaging, NIR imaging, and imaging in 4K or 4K/3D. The camera 
system can be fitted for both endoscopes in laparoscopic cases 
and an exoscope with flexible arm mount for open cases. For NIR 
images, the system can accommodate an overlay of white light 
and NIR images on a single display with either green or blue NIR- 
enhanced images. Intensity map displays the intensity of signals 
in an overlay image while removing white light images to maxi-
mize visualization of fluorescently labeled structures. 
Monochromatic NIR imaging can overlay NIR images and black 
and white visible light images for visual contrast [72–74].

The compatibility of the system with multiple camera heads 
and scopes allows for high-definition and 3D-compatible imaging 
which can be used for laparoscopic and arthroscopic procedures. 
The Image 1S Rubina can be used with and without fluorescence 
imaging. Indications for use with fluorescence include assessment 
of blood vessels, tissue perfusion, visualization of the biliary sys-
tem, and lymphatic tracing [75, 76].

Pearls for Use

• Image 1S camera compatible with both laparoscope and exo-
scope for minimally invasive and open surgery.

• System includes a foot pedal for toggling fluoroscopic 
imaging.
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• System is compatible with 4K and 4K/3D imaging.
• System can display NIR images in two colors (blue and green).
• User can modulate intensity of NIR images to optimize visual-

ization.

EleVision IR Platform—Medtronic, Dublin, Ireland
EleVision (Fig. 2.10) was developed by Medtronic as a fluores-

cence capable surgical system for use in minimally invasive and 
open surgical procedures. The system is able to be used in both 
minimally invasive and open surgery by having a camera capable 
of attaching to either a laparoscope or a microscope.

 EleVision IR Platform Components

The system includes the following: fluorescence camera, 
Visionsense 3 Iridium (VS3-IR); Iridium Module Scope, 
Visionsense 3 Miniature Microscope (VS3-MMS); camera con-
trol unit; laser light source (LLS); xenon light source; touchscreen 
monitor; VS3 Iridium Endoscopes (5  mm, 10  mm); VS3 Light 
Cable and Iridium Light Beam Combiner; sterile drapes for VS3-
MMS; VS3-IR Fluorescence ICG Kit; and Iridium software.

The EleVision IR Platform tower’s main components for fluo-
rescence imaging are the camera control unit and laser light 
source. For minimally invasive surgery, the camera head, scopes, 
and light cable are autoclavable and are handed to the surgeon 
sterilely. The camera is assembled and the camera cable and light 
cable are handed to a non-sterile assistant. The camera cable has a 
protective cap which is removed prior to insertion into the camera 
control unit with its input located on the left side of the unit. The 
light cables are attached to the laser light source and the xenon 
light source (which is the standard light for use in general laparos-
copy). For open surgery, the VS3-IR camera is attached to a non- 
autoclavable iridium module scope: VS3-MMS which can be 
handheld or attached to a cart-mounted arm for positioning over a 
surgical field with a working distance of 17–50 cm. It must be 
sterilely draped prior to use during operative procedures with 
fixation of the drape window to the scope. Fluorescence can be 
activated and controlled from the handheld camera head. The 
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Fig. 2.10 EleVision IR System—Photo courtesy of Medtronic
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device utilizes a laser excitation light source and has infrared 
emission wavelengths at 785–805 nm with penetration 3–5 mm of 
tissue. There are no specific timing or dose recommendations for 
injection of the ICG [77, 78].

EleVision IR Platform was developed by Medtronic as a fluo-
rescence capable system for minimally invasive and open/micro-
scopic surgeries. Visionsense, now a part of Medtronic, had 
developed its endoscopic and handheld fluorescence device in 
2014 with the VS3-IR and VS3-MMS, respectively. This system 
has since been integrated into Medtronic’s EleVision IR Platform 
as of 2018, and the FDA determined that the system was substan-
tially equivalent to predicate devices for use as a camera system in 
FGS, approved for the visual assessment of vessels, tissue perfu-
sion, biliary ducts, and lymphatic vessels and nodes. Both cam-
eras utilize a dual-channel camera system for imaging of both 
standard visible light and NIR light images at high resolution up 
to 4K. Fluorescence images are displayed in monochromatic NIR 
imaging, in false color NIR imaging, and in overlay mode. False 
color NIR assigns different colors based on NIR intensity (blue 
being the lowest to yellow and then red as the highest). Infrared 
intensity can also be assessed by the Iridium software which 
offers quantitative and qualitative measurements of infrared sig-
nal intensity based on absolute and relative pixelations of images. 
This software can offer real-time relative quantitative values 
regarding tissue perfusion with heat mapping [77–79].

The compatibility of the VS3-IR camera with a laparoscope or 
miniature microscope allows the system to be used in laparo-
scopic and open cases. EleVision IR Platform can be used with 
and without fluorescence imaging. Indications for use of fluores-
cence using the EleVision IR are for the assessment of vessels, 
tissue perfusion, visualization of the biliary system, and lym-
phatic tracing.

Pearls for Use

• Available as either open, minimally invasive, or combined sys-
tem.

• Capable of 4K high-resolution images.
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• Iridium software can analyze images in real time to provide 
both quantitative and qualitative information on perfusion.

• Display can show singular overlay images or multiple images 
that display both white light and NIR light images together 
without overlay.

• Two separate channels for the camera each require focus 
adjustment as needed.

Quest Spectrum—Olympus Surgical Technologies, Hamburg, 
Germany

Quest Spectrum (Fig. 2.11) was developed by Quest Photonic 
as a fluorescence capable surgical system for use in minimally 
invasive and open surgical procedures. The system consists of a 
camera head, which can attach to one of two different scope 

Fig. 2.11 Quest Spectrum System—Photo courtesy of Quest and Olympus
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components. These components are easily interchangeable and 
can be exchanged during a procedure.

 Quest Spectrum Components

The system includes the following: Quest Spectrum camera with 
video cable, ring light with light cable, laparoscope with light 
cable, display monitor and control tower, light engine, and sterile 
drapes.

Quest Spectrum utilizes a common camera head for minimally 
invasive and open surgical procedures. For minimally invasive 
surgery, the camera head and laparoscope base are sterilely draped 
to allow for attachment of the laparoscope and light cable. The 
camera cable will have already been connected to the system and 
the light cable can be inserted into the light engine on the far right. 
For open surgery, the ring light and light cable are attached to the 
camera and are sterilely draped with fixation of the connecting 
lens to the ring light. The device can then be used as a handheld 
device or attached to a flexible arm mount over a surgical field 
with a working distance of 5–30 cm. Fluorescence can be acti-
vated from the camera control or cart console. The camera con-
tains two NIR channels and thus ultimately captures three different 
images: white light image and two different NIR images. The 
light engine produces the LED light for visible light images, while 
the modular laser light source produces laser for excitation with 
capturable infrared emission wavelengths at 700–830  mm and 
830–1100 nm. There are no device-specific recommendations for 
timing or dosing of ICG injection [80, 81].

Quest Spectrum was originally developed by Quest Photonic 
Devices (now part of Olympus Corporation) as an open and endo-
scopic system in 2015. At that time, it was initially known as the 
Artemis Handheld System and was compatible with a ring light 
for open surgery and laparoscopes for minimally invasive surgery. 
The FDA determined that the Quest Spectrum system is substan-
tially equivalent to the predicate Artemis system for use as a cam-
era system in FGS, approved for assessment of vessels, tissue 
perfusion, biliary ducts, and lymphatic vessels and nodes. The 
system monitor can display visible light, monochromic fluores-
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cence, and overlay of colored fluorescence on visible light images. 
Since the system has two NIR channels, the overlay mode can 
display two different NIR emission wavelengths in two different 
colors to identify multiple fluorescent tagged structures [79].

The Quest Spectrum can be used in both laparoscopic and 
open cases and can be used with and without fluorescence imag-
ing. Indications for use of fluorescence are for the assessment of 
vessels, tissue perfusion, visualization of the biliary system, and 
lymphatic tracing [81, 82].

Pearls and Pitfalls

• System includes a single camera with interchangeable attach-
ments for use in either open or minimally invasive surgery.

• Both open and laparoscopic uses of the system will require 
sterile drapes to cover the camera head.

• The system includes two channels for two NIR images with 
ability to toggle between wavelengths in green and blue image 
enhancement.

• The display can show singular overlay images or multiple 
images that display both white light and near-infrared light 
images together without overlay.

 Robotic Surgical Systems

Firefly—Intuitive Surgical, California, USA
Firefly (Fig. 2.12a) was developed by Intuitive Surgical to add 

fluorescence-guided capabilities to its minimally invasive robotic 
surgical platform. Firefly is a standard integrated feature with Da 
Vinci Robotic Systems and does not require additional modules or 
attachments to utilize.

 Firefly Components

The system includes the following: 8 mm 0° and 30° endoscopes 
(PNs 470,026 and 470,027), endoscope controller (PN 372601), 

D. Hui et al.



69
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b c

Fig. 2.12 (a) Da Vinci Xi Endoscope Plus with fluorescence capability—
Image courtesy of Intuitive. (b) Firefly mode—Image courtesy of Intuitive. 
(c) Firefly sensitive mode—Image courtesy of Intuitive

fluorescence imaging kit (K101077) (PN 950156), and Da Vinci 
Xi Robotic Components.

 Instructions for Use

The Da Vinci Xi Robotic System is set up in its usual sterile fash-
ion. Once the robot is docked, the surgeon has full access to the 
Firefly system. The console allows easy switching between nor-
mal illumination and fluorescence imaging modes. The camera 
head optics are optimized to visualize a fluorescence signal. The 
surgeon will then have full control over near fluorescence imag-
ing. The camera unit is a 3D stereoscopic scope and cable that 
contains an LED light source, excitation light, and camera. The 
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Firefly system utilizes an excitation source of a class 3R laser and 
has infrared emission wavelength at 805 nm. The working dis-
tance is 2–14  cm. The visualization of near-infrared frequency 
can easily be toggled from the operative console and offers LED 
illuminated black and white visualization with green color- 
enhanced fluorescence (Fig. 2.12b). Additionally, sensitive mode 
(Fig. 2.12c) will toggle off the visible light LED to better enhance 
visualization of deeper near-infrared structures up to 8–10 mm in 
depth. In sensitive mode, the system automatically adjusts signal 
intensity and brightness to allow for a consistent image regardless 
of the distance between the endoscope and tissue. The imaging 
LED illuminator emits a laser to excite ICG.

 Dosing, Timing, and Route of Administration

The recommended dosing for ICG is 0.5–1.5 ml at 2.5 mg/ml con-
centration with the maximum daily dose not to exceed 2 mg/kg 
body weight. ICG has a half-life of 2–5 min. It should be used 
within 6 h of reconstitution.

ICG stays within blood vessels for seconds and one should see 
fluorescence dye within 5–50 seconds. ICG stays within the kid-
ney for 20 min with visibility within 1 min, the liver for 1–2 h 
with visibility within less than 2 min, and bile for 1–2 h with vis-
ibility within tens of min [83–86]. This timing of onset of visibil-
ity and the time it lasts can be used by the operating surgeon as to 
when to administer the ICG based on the operative case and target 
tissue to be visualized.

Intuitive developed a robotic fluorescence device in 2011 with 
the Da Vinci Si platform. Intuitive collaborated with Novadaq to 
incorporate fluorescence imaging into its robotic surgery plat-
form. The current system available is Firefly and is a component 
of the Intuitive Da Vinci Xi platform. This system includes a 
1080i 3D stereoscopic fluorescence camera with LED illuminator 
and laser generator.

The indications for Firefly include the assessment of vessels 
and tissue perfusion and the evaluation of the extrahepatic biliary 
system [87, 88].
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Pearls and Pitfalls

• Firefly is easy to control from the surgical console.
• Firefly can be activated using the finger clutch at the robotic 

console, so visualization can be maintained as fluorescence is 
turned on and off.

• A surgeon can activate sensitive mode for greater visualization 
of NIR images and for visualization of deeper structures.

• Overlay mode not currently available.

ActivSight™—Activ Surgical, Boston, MA, USA
ActivSight™ is an FDA-approved modular imaging device 

that integrates with the standard laparoscopic vision system to 
provide multimodal visual intelligence beyond the human visual 
spectrum. ActivSight™ has three components: the imaging mod-
ule (IM), the light engine (LE), and the bifurcated light guide 
(LG). The IM is placed between the laparoscope and standard 
white light camera. The IM contains a sensor that captures light 
within the infrared spectrum while passing light in the visual 
spectrum to the white light camera. The LE illuminates the surgi-
cal field with white light and wavelengths of light in near-infrared 
(NIR) spectrum. The images obtained from the white light and 
infrared cameras are combined to create overlay images that dis-
play real-time tissue perfusion.

ActivSight™ provides two modes for assessing tissue perfu-
sion, a dye-less ActivPerfusion™ mode and a dye-mediated 
ActivICG™ mode. ActivPerfusion™ mode represents a dye-free 
imaging method using coherent monochromatic light, known as 
laser speckle contrast imaging (LSCI), to detect blood flow and 
tissue perfusion. When a red blood cell is illuminated with coher-
ent laser light, a speckle pattern or random interference pattern is 
created [89]. Because red blood cells are in motion, the speckle 
pattern fluctuates in time. In areas where there are more red blood 
cells in motion, the camera will display more blurring of the 
speckles. The wavelength of light used for LSCI is significantly 
less important than with imaging methods that rely on contrast 
absorption because LSCI is solely based on scattering. A limita-
tion of LSCI is motion artifact. The respiratory and cardiac cycles 
can produce physiologic motion artifacts. However, image 
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 processing methods can compensate and minimize the effect of 
these artifacts [89–91].

In ActivPerfusion™ mode, tissue perfusion is displayed as a 
heatmap using a red-green-blue color (RGB) model. Warmer col-
ors in the red spectrum indicate areas of high perfusion, while 
cooler colors within the blue spectrum indicate areas of relatively 
less perfusion. There are two imaging displays available within 
the ActivPerfusion™ mode, overlay and contrast. In the perfusion 
overlay mode, LSCI perfusion signals from light in the NIR spec-
trum are viewed over the white light display of the anatomy. The 
perfusion contrast mode displays only the LSCI perfusion signals 
to allow finer assessment of tissue perfusion without the interfer-
ence of colors from the white light spectrum.

The ActivICG™ mode uses NIR technology to detect ICG and 
superimposes the image on tissue in real time. The advantage of 
the ActivPerfusion™ mode over contrast-based imaging is that 
the data provided is instantaneous and reproducible. With 
ActivPerfusion™, the perfusion signal is lost immediately after 
vessel occlusion. In contrast, if the vessel is transected or occluded 
after ICG is given, the image will not change due to the presence 
of residual dye resulting in false-positive data. This represents a 
pharmacokinetic limitation of ICG and additional perfusion 
assessments cannot be made until the 3–4-min half-life of ICG 
has passed [92]. Repeat dosing of ICG is also necessary and the 
accuracy may be reduced due to the presence of residual ICG.

 Transillumination Systems

Green Egg—EndoGlow, Rochester, New York, USA
Green Egg (Fig. 2.13) was developed as a transillumination 

device for use in minimally invasive and open surgical proce-
dures. The device contains its own fluorescence polymer which 
emits NIR when excited by an FGS system. The device is 30 mm 
in diameter and can be inserted into target tissue areas such as the 
vagina or rectum. When fluorescence mode is activated on the 
desired system, transillumination of near-infrared images can be 
visualized. This device works in a similar manner to fluorophores 
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Fig. 2.13 (a) Green Egg—Image courtesy of EndoGlow. (b) Transillumina-
tion with use of Green Egg—Photo courtesy of EndoGlow

with emission of NIR light when activated. EndoGlow developed 
the device, which is pending FDA approval as of November 
2021. It utilizes tissue reveal technology which is a fluorescent 
polymer device used in minimally invasive surgeries via transil-
lumination. The indication for use of Green Egg is for transillu-
mination of anatomic structures to assist in delineating tissue 
planes, depth, and anatomic borders. It has been used in gyneco-
logic, urologic, and colorectal minimally invasive surgeries. The 
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device has clinical use as a vaginal or rectal manipulator that can 
backlight tissue to enhance tissue visualization. Its use has been 
beneficial in the visualization and dissection of scarred tissue, 
reducing rectal injuries in prostatectomies, low anterior resec-
tions, and complex hysterectomies [93]. Pilot studies have dem-
onstrated several benefits to the transillumination effect of using 
a fluorescent manipulator [94]. Surgeons were able to identify 
deep infiltrating rectal endometriosis, better recognize surgical 
planes in complex anatomy, and visualize relative tissue depth. 
The ability to transilluminate vaginal tissue aided in post-hyster-
ectomy bladder dissections during sacrocolpopexies and recto-
pexies. An unexpected benefit was the increased communication 
between the attending surgeon and surgical learners (fellows/
residents) or surgical assists. The enhanced visualization allowed 
the surgical learner or first-assist to see and understand the intri-
cacies of the dissection more easily.

Pearls and Pitfalls

• Autoclavable device that can be inserted directly into tissue 
areas (e.g., vagina and rectum).

• Sustainable autofluorescence device that obviates the need for 
dye injection.

Infrared Illuminating System (IRIS) Ureteral Kit—Stryker, 
Kalamazoo, Michigan, USA

Infrared Illuminating System (IRIS) Ureteral Kit (Fig. 2.14) is 
a transilluminating ureteral stent placed intraoperatively to assist 
in the identification of ureters during minimally invasive and open 
surgical procedures. This device connects to Stryker’s LED light 
sources to provide transillumination of the ureter. The L11 LED 
light source is able to provide excitation at 830 nm transillumina-
tion [95, 96]. The device catheters are inserted sterilely via cystos-
copy as a ureteral stent at the onset of the case. Catheters are 
advanced 20 cm in each ureter which is denoted by a double black 
line on the device. Once the catheters are in place, the emitting 
diodes are inserted into each catheter until the stopping  mechanism 
on each diode is reached. The IRIS fiber prongs are inserted into 
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Fig. 2.14 Infrared Illuminating System Ureteral Kit—Image courtesy of 
Stryker

the Stryker light source on the far left of the unit. Once the light 
source is activated, the ureteral stents will illuminate and can be 
visible in any minimally invasive and open surgery. The  indication 
for use of IRIS Ureteral Kit is for the transillumination of ureters 
to assist in delineating tissue planes during pelvic dissection in 
both minimally invasive and open surgery. It has been used in 
gynecologic, urologic, and colorectal surgeries to enhance tissue 
visualization to help reduce the risk of ureteral injuries [71, 97].

Pearls and Pitfalls

• Catheters compatible with guidewires up to 0.038 in.
• Catheters from kit can be left in place as needed for use as 

general use ureteral stents.
• IRIS menu on the Stryker’s control unit can toggle IRIS illumi-

nation brightness, and the illumination can provide continuous 
transillumination or pulsating transillumination.

Endolumik Fluorescence-Guided Gastric Calibration 
Tube—Endolumik Inc., Morgantown, West Virginia, USA

The Endolumik Fluorescence-Guided Gastric Calibration 
Tube (Figs.  2.15 and 2.16) is a single-use, fluorescence-guided 
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Fig. 2.15 The Endolumik Fluorescence-Guided Gastric Calibration Tube 
after turning on NIR lighting system, white light view

Fig. 2.16 The Endolumik Fluorescence-Guided Gastric Calibration Tube 
after turning on NIR lighting system, NIR light view
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calibration tube indicated for use in bariatric, gastric, and esopha-
geal surgery to improve visualization of tube position and to serve 
as a sizing and measurement guide, for the application of suction, 
gastric decompression/drainage of gastric fluids, and irrigation 
and leak testing [98]. This device combines the functionality of a 
nasogastric or orogastric tube, a calibration tube, and a leak test-
ing system. The device was designed to improve intraoperative 
visualization and provide surgeons with additional visual cues to 
identify anatomic structures and delineate tissue planes with the 
goal of improving the precision of surgical dissection.

The Endolumik Gastric Calibration Tube is lit using NIR spec-
trum LEDs which enable transillumination through esophagogas-
tric tissues. The tube is 80 cm long and is available in two different 
diameters: 36 and 40 French. It has a rounded tip and small side 
holes at the distal end to enable gastric decompression and/or irri-
gation. The proximal end includes a handle with an integral suc-
tion regulator. An additional squeeze bulb with pressure gauge 
may be attached to the end of the regulator to perform leak testing. 
Pilot studies have been completed using the device to improve 
visualization during laparoscopic sleeve gastrectomy and laparo-
scopic gastric bypass (Figs. 2.17, 2.18, and 2.19). The three black 
stripes at the distal end of the device enable fluorescence-guided 
measurement of up to 10 cm of length (Fig. 2.20).

Fig. 2.17 Use of the Endolumik Fluorescence-Guided Gastric Calibration 
Tube during gastric sleeve construction
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Fig. 2.18 Fluorescence-guided gastric sleeve construction during sleeve 
gastrectomy operation using the Endolumik calibration tube

Fig. 2.19 Fluorescence-guided gastric pouch construction during gastric 
bypass operation using the Endolumik calibration tube

The device was FDA authorized on March 3, 2023, via the 
510K pathway [99] and is also the first device to be authorized 
through the FDA Safer Technologies Program (STeP), a vol-
untary program for medical devices that are reasonably 
expected to significantly improve the safety of currently avail-
able treatments.
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Fig. 2.20 Use of the Endolumik Fluorescence-Guided Gastric Calibration 
Tube to make fluorescence-guided measurements of gastric pouch length dur-
ing gastric bypass

Pearls and Pitfalls

• LED-powered NIR device obviates the need for ICG dye injec-
tion.

• Compatible with all NIR surgical camera systems.
• Combines functionality of orogastric tube, calibration tube, 

and leak testing system.
• Provides fluorescence-guided intraoperative visualization to 

enable more precise positioning and surgical dissection.
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 Anastomotic Leak

 Introduction

One of the most significant persistent challenges of colorectal sur-
gery is trying to reduce or eliminate the rate of anastomotic leaks 
(AL). Despite recent advances in technology and surgical tech-
nique, AL rates remain between 1% and 19% contingent on the 
location of anastomosis. The more distal the anastomosis, the 
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higher the leak rate: ileocolic (1–8%), colocolonic (2–3%), ileo-
rectal (3–7%), colorectal, or coloanal (5–19%) [1–3]. The anasto-
mosis most prone to AL is a distal pelvic anastomosis, usually 
performed for low anterior resection (LAR) in patients who were 
previously treated with neoadjuvant chemoradiotherapy [4]. In 
these high-risk patients, AL rates can range between 10% and 
20% and therefore these patients have been traditionally preemp-
tively diverted with a loop ileostomy. Table 3.1 presents AL rates 
and reoperation rates for colorectal anastomoses.

In addition to the short-term postoperative morbidity, AL is 
also associated with suboptimal long- term function and oncologic 
outcomes including increased local recurrence rates and reduced 
5-year survival rates [4, 15, 16]. Stormark et  al. [4] reviewed 
22,985 patients from the Swedish, Norwegian, and Danish 
colorectal cancer registries and showed that five-year relative sur-
vival in patients with anastomotic leak was 64.7% compared with 
87% for patients with no leak (P < 0.001). The clinical and eco-
nomic outcomes of AL were assessed by Hammond et  al. [17] 
using the Premier Perspective™ database. In their study 6174 
patients with colorectal AL were propensity-score matched to 
patients who did not suffer an AL, and the leak rate was approxi-
mately 6%. The authors showed that patients with AL had a 1.3 
higher 30-day readmission rate and 0.8–1.9 times higher rate of 
postoperative infection compared to patients without AL 
(P < 0.001). They also showed that AL was associated with addi-
tional length of stay and hospital cost of 7.3 days and $24,129, 
respectively, per patient, within the index hospitalization 
(Table 3.1).

A variety of risk factors for AL have been recognized and have 
been generally classified as modifiable and non-modifiable risk 
factors. Well-known non-modifiable risk include male gender and 
increasing age, previous pelvic radiation, diabetes, emergency 
surgery, and tumor-related factors such as a rectal tumor necessi-
tating a distal anastomosis [18–20].

One of the more important intraoperative considerations for 
forming an anastomosis is ensuring adequate vascularity to the 
anastomosis. Previous studies have shown that the surgeon’s 
intraoperative evaluation and judgment is subjective and that pre-
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diction of postoperative AL, based on traditional methods such as 
tissue color or palpable mesenteric pulses, is fairly limited [21, 
22]. In recent years, indocyanine green (ICG) fluorescence had 
been increasingly employed for intraoperative perfusion evalua-
tion to try to reduce the incidence of AL [23–26]. Its application 
and use in colorectal surgery are hereby explained and discussed.

 Use of ICG to Evaluate Anastomotic Perfusion: 
Technical Aspects

All patients are preoperatively screened for allergy to shellfish or 
any prior hypersensitivity reaction to ICG. Immediately prior to 
bowel resection, after the surgeon decides on the intended loca-
tion of the resection margins, an intravenous injection of 3.5 ml 
ICG is administered followed by a 10 mL intravenous saline flush. 
The recommended ICG dose in assessing bowel perfusion should 
be in the range of 0.1–0.3 mg/Kg. This dose is usually achieved 
by dilution of the ICG vial containing 25 mg of ICG powder with 
10 ml of sterile water prior to administration, resulting in a con-
centration of 2.5 mg per 1 ml of reconstituted solution. Using a 
laparoscope equipped with a near-infrared (NIR) camera and fil-
ter, visual assessment of tissue perfusion is performed. This 
assessment can be achieved by switching the camera from white 
light mode (Fig. 3.1a) to contrast (spy) or overlay fluorescence 
mode (Fig. 3.1b). At this point, the proximal margin may be mod-
ified based on fluorescence perfusion assessment findings.

After extracorporeal extraction and after placing the EEA or 
stapler but prior to firing, ICG perfusion assessment may be again 
performed by injecting a second bolus of 3.5 ml of ICG, again 
followed by a 10 ml flush of saline solution (Fig. 3.2). For intra-
corporal anastomosis, an NIR-equipped laparoscope is used to 
assess the serosal aspects of both ends of the intended anastomo-
sis (Fig.  3.3). For pelvic anastomosis, it is our practice to also 
ascertain mucosal perfusion using a custom-designed rigid proc-
toscope equipped with an NIR camera. A third bolus of 3.5 ml of 
ICG is administered, again followed by a 10  ml flush, and the 
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a

b

Fig. 3.1 (a) White light, (b) Fluorescence mode

mucosal appearance of both proximal and distal mucosal aspects 
of the anastomosis is visually assessed.

For extracorporeal anastomosis, following mobilization and 
division of the mesentery, 3.5 mL of ICG followed by 10 mL of 
saline is administrated (Fig. 3.4a). Using ICG fluorescence angiog-
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Fig. 3.2 For extracorporeal anastomosis, indocyanine green (ICG) perfusion 
assessment performed by injecting a second bolus of 3.5 ml of ICG, followed 
by a 10 ml flush of saline solution

raphy guidance, each end of the bowel is divided with a standard 
linear stapler (Fig. 3.4b). The anastomosis is then formed with a 
stapler in a side-to-side functional end-to-end manner. Once the 
anastomosis is completed, ICG perfusion assessment is performed 
using a 0-degree NIR camera-equipped laparoscope (Fig.  3.5). 
Prior to fluorescence assessment, an additional standard dose of 
3.5 mL of ICG followed by 10 mL of saline is injected. For accu-
rate assessment, all room lighting is turned off to minimize arti-
facts for extracorporeal fluorescence perfusion assessment.

 Pearls and Pitfalls

Timing ICG fluorescence perfusion assessment is time depen-
dent. The ingress phase takes approximately 20–30 s for ICG to 
become visible on NIR camera depending on different patient-
related factors [27]. The optimal time to assess perfusion is 
approximately 30–120  s from ICG administration, when ICG 
fluorescence is at its peak. After 2 min, ICG fluorescence will start 

M. R. Freund et al.
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Fig. 3.3 For intracorporal anastomosis, a near-infrared (NIR) equipped lapa-
roscope is used to assess the serosal aspects of both ends of the intended 
anastomosis

to decrease, although some degree of ICG fluorescence may still 
be visible up until 15–17 min from initial administration.

Initially, the circular stapler line is compressed by the stapler 
and therefore does not fluoresce as well as the rest of the tissue at 
first. After the circular stapler is fired and removed, the tissue sur-
rounding the staple line is able to decompress and appropriately 
fluoresces after a few seconds.

Gain When utilizing fluorescence for bowel perfusion assess-
ment, we generally recommend establishing set gain of 5 or 6 bars 

3 Use of Fluorescence Guidance in Colorectal Surgery
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a

b

Fig. 3.4 (a) For extracorporeal anastomosis, following mobilization and 
division of the mesentery, 3.5 mL of indocyanine green (ICG) followed by 
10 mL of saline is administrated. (b) Using ICG fluorescence angiography 
guidance, each end of the bowel is divided with a standard linear stapler

as a baseline. We find it useful in setting a standard for compari-
son and to reduce subjective assessment bias.

Ureters ICG fluorescence imaging of the ureters can be quite 
helpful during colorectal surgery [28]. The same dilution method 
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Fig. 3.5 Once the anastomosis is completed, indocyanine green (ICG) perfu-
sion assessment is performed using a 0-degree near-infrared (NIR) camera- 
equipped laparoscope

can be used (dilution of the ICG vile containing 25 mg of ICG 
powder with 10 ml of sterile water), and after ureteral stents are 
placed under cystoscopy, a 5 ml of reconstituted solution can be 
injected in each ureter. To insure long-standing visualization dur-
ing surgery, the ureteral stent can be occluded for approximately 
30 s to allow the ICG to bind to the protein molecules in the urine 
(Fig.  3.6). Recent data also suggest that ICG injection alone is 
faster than with indwelling ureteral catheter placement and 
equally reliable at intraoperative ureteral identification [29]. 
Either way, injecting ICG will stain the urine green for the remain-
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Fig. 3.6 To ensure long-standing visualization during surgery, the ureteral 
stent can be occluded for approximately 30 s to allow the indocyanine green 
(ICG) to bind to the protein molecules in the urine

der of the procedure, a fact of which nursing and anesthesia team 
should be aware.

 Literature Review of Use of Fluorescence Guidance 
in Colorectal Surgery

In recent years, there have been an increasing number of publica-
tions regarding use of ICG fluorescence perfusion assessment in 
colorectal surgery and its effect on reducing anastomotic leak 
complications [30]. We will succinctly review the most significant 
and relevant articles (Table 3.2).

The earliest and one of the largest studies exploring the effect 
of ICG fluorescence perfusion assessment on anastomotic leak 
came from Germany by Kudzos et  al. [38]. The ICG perfusion 
assessment study group, after matching, included 201 patients 
undergoing surgery for colorectal cancer between 2003 and 2008. 
The control group contained a similar number of patients operated 
between 1998 and 2003. The study included laparoscopic as well 
as open surgery and right colectomies, left colectomies, and low 
anterior resection (LAR). The study looked at clinically apparent 

M. R. Freund et al.
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AL requiring surgical intervention and showed that this rate was 
lower in the ICG study group (3.5% vs 7.5%). Although this dif-
ference did not reach statistical significance, subgroup analysis 
revealed that in elective resections the rate of revision was 3.1% 
in the ICG study group compared to 7.7% in the control group 
(p = 0.04), amounting to a reduced risk of revision by 60%. This 
study is classified as level of evidence IV as it is a well-designed 
case-control study.

The first large-scale clinical trial that investigated the use of 
ICG fluorescence perfusion assessment and its impact on AL rate 
was the PILLAR II trial study [31]. This was a prospective, mul-
ticenter, open- label trial consisting of 139 patients who under-
went intraoperative ICG perfusion assessment during left-sided 
colectomy and anterior resection. The most common indications 
were diverticulitis (44%), rectal cancer (25%), and colon cancer 
(21%). ICG perfusion assessment was successful in 99% of 
patients and dictated a change in the operative plan in 7.9%, with 
the majority of changes related to the transection of the proximal 
margin (7%). Overall anastomotic leak rate was quite low (1.4%), 
and there were no anastomotic leaks in those patients in which 
ICG dictated a change in surgical plan. This study is considered 
level of evidence III as it lacked randomization and included both 
left-sided resections and anterior resections, as well as laparo-
scopic and robotic procedures in its analysis.

Ris et al. [27] published a prospective phase II study which 
included 504 patients from three European referral centers who 
underwent elective colorectal surgery with anastomosis using 
ICG perfusion assessment over a 3-year interval. Indications for 
surgery included 330 patients with rectal cancer and 174 patients 
with benign pathology. ICG perfusion assessment was successful 
in all patients and dictated a change in the site of bowel resection 
margins in 5.8% of patients with no anastomotic leaks detected 
in this group of patients. Overall leak rates were again quite low 
(2.4%) including 2.6% for colorectal anastomosis and 3% for 
LAR anastomoses. When comparing this data to over 1000 simi-
lar procedures performed in the participating centers without 
ICG, they showed a reduced overall leak rate for colorectal pro-
cedures from 5.8 to 2.6%, and reduced the leak rate for LAR 
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from 10.7 to 3%. This study is also considered level of evidence 
III as it lacked randomization and consisted of a relatively low 
proportion of low anterior resections (only 17.9% of the study 
group).

Starker et al. [32] described a retrospective single institution 
experience of 347 patients undergoing colectomy with primary 
anastomosis. Two hundred thirty-eight patients underwent intra-
operative ICG perfusion assessment and 109 patients were in the 
control group. ICG perfusion assessment dictated a change in 
resection margin in 4.6% of patients, and none of these patients 
developed AL. Anastomotic leak rate was 0.84% in the ICG group 
and 5.5% in the control group. Since this publication was a retro-
spective descriptive study from a single center, it is assigned the 
level of evidence VI.

A more recent multicentered randomized controlled trial from 
Italy by De Nardi et al. [33] focused on patients undergoing lapa-
roscopic left-sided colon resections and LAR for rectal cancer. 
After randomization, a total of 240 patients were included in the 
analysis, 118  in the ICG perfusion assessment study group and 
122  in the control group. ICG perfusion assessment dictated a 
change in proximal resection margin in 11% of patients. AL rates 
were lower in the study group (5%) than in the control group 
(9%), but this difference was not statistically significant due to 
this study having been underpowered. This large multi-site ran-
domized controlled trial is considered level II evidence.

Another larger multicenter retrospective study from Japan by 
Watanabe et  al. [34] focused on the effect of ICG fluorescence 
perfusion assessment on reducing the risk of AL in LAR for rectal 
cancer. A total of 211 patients from three institutions were 
matched into the ICG study and the control group by propensity 
score. ICG perfusion assessment dictated a change in proximal 
resection margin in 5.7% of patients. The reported clinical leak 
rate was 9.5% in the control group and 2.8% in the ICG group. 
This well-designed case-control study is classified as level of evi-
dence IV.

Four additional retrospective single center studies by 
Impellizzeri et al. [26], Yanagita et al. [37], Marquardt et al. [35], 
and Hasegawa et al. [36] looked at the effect of ICG fluorescence 
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perfusion assessment in patients undergoing colon and rectal 
resections (summarized in Table 3.1). They all reported statisti-
cally significant reduced anastomotic leak rates in the ICG group 
compared to the control group. Since they were all single center 
descriptive non-randomized studies, they are classified as level of 
evidence VI.

A consensus conference statement on the general use of near-
infrared fluorescence imaging and ICG-guided surgery showed the 
result of a modified Delphi study [39]. Experts from five continents 
reached consensus on 41 of 44 statements, including strong consen-
sus that near-infrared fluorescence- guided surgery is both effective 
and safe across a broad variety of clinical settings, including the 
assessment of tissue perfusion and anastomotic leaks. This report of 
an expert committee is assigned a level of evidence VII.  More 
recently, the results of an intercontinental Delphi survey including 
35 experts from five continents regarding the use of fluorescence 
imaging and ICG during colorectal surgery were published [40]. At 
least 70% consensus was reached on 60 statements and all seven 
statements regarding ICG being used to assess anastomoses reached 
a consensus. There was a 100% consensus regarding that statement 
that confirming adequate perfusion of the anastomosis is a reason 
for ICG use during colorectal surgery. There was also a 96% con-
sensus regarding the statement that use of ICG potentially decreases 
the risk of anastomotic leakage. Some of the statements also 
included a recommendation for using ICG to also assess right-sided 
anastomoses when there is indecision regarding adequate or opti-
mal anastomosis perfusion or when there is significant atheroscle-
rosis and mesenteric occlusion. This report of an expert committee 
is also assigned a level of evidence VII.

The most recently debated randomized controlled trial focus-
ing on perfusion assessment in left- sided resections and LAR was 
the PILLAR III trial [41]. This multicenter study planned to 
recruit 450 to 1000 patients and randomize them with a 1:1 ratio. 
This study was concluded early because of decreasing accrual 
rates. A total of 25 centers recruited 347 patients, of whom 178 
were randomly assigned to the ICG perfusion group and 169 to 
the control group. Anastomotic leak rate was 9.0% in the study 
group compared with 9.6% of standard (p = 0.37). Unfortunately, 
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this trial was heavily underpowered as it was originally designed 
to enroll up to 1000 patients. Nevertheless, the level of evidence 
assigned for this well-designed albeit vastly underpowered RCT 
is level II.

 Treatment of Metastatic Colorectal Cancer

Indocyanine green fluorescence imaging (ICG-FI) has recently 
emerged as a tool for the detection of metastatic lesions, primary 
tumors, and lymph nodes in several entities. In the following sec-
tion, the opportunities for tumor detection in colorectal carcinoma 
(CRC) is reviewed.

 Peritoneal Carcinomatosis

Cytoreductive surgery (CRS) combined with hyperthermic intra-
peritoneal chemotherapy (HIPEC) remains an important thera-
peutic option that prolongs overall survival (OS) in select patients 
with peritoneal carcinomatosis (PC) from colorectal carcinoma 
(CRC). To clinically quantify and classify PC, Paul Sugarbaker 
established the peritoneal carcinomatosis index (PCI) in 1966 
[42]. The main goal of CRS is complete macroscopic resection of 
all peritoneal metastatic lesions [43–45].

Preoperative computed tomography (CT) and positron-emis-
sion tomography CT (PET-CT) scans to determine the extent of 
PC are unreliable. Sensitivities range between 30% to 47% for CT 
and 20% to 57% for PET-CT scans [46–49].

To achieve complete macroscopic resection, the intraoperative 
visualization of peritoneal metastatic lesions using ICG-FI has 
been investigated. Liberale and colleagues performed one of the 
first studies, including 17 patients in a prospective evaluation. In a 
pilot case, ICG was administered 24 h prior to surgery, analogous 
to the ICG administration procedure for hepatic lesions. In this 
study, there were no fluorescent signals from peritoneal lesions. 
The following patients received an intravenous dose of 0.25 mg/
kg of body weight after initial exploration of the abdominal cav-
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ity. As a result, additional lesions that could not be detected under 
white light and manual palpation were identified in 4 out of 14 
patients (29%) with non-mucinous colorectal cancer. Because of 
the associated hypervascularization of these lesions, they appeared 
to be isofluorescent or hyperfluorescent. Sensitivity and specific-
ity were 87.5% and 100%, respectively. In contrast to the detec-
tion of lesions from non-mucinous tumors, sensitivity was 0% for 
mucinous tumors [50].

Likewise, Lieto et al. report an increased intraoperative detec-
tion sensitivity using ICG-FI in patients with PC from CRC. A 
total of 65 peritoneal lesions could be identified in the seven 
included patients. Sixteen lesions (25%) could not be identified 
by surgical exploration alone. The same dosage was used as in the 
previously described study. Analysis occurred at a median of 
50  min after administration. Compared to the preoperative CT 
scan and the clinical evaluation, ICG-FI showed the highest sen-
sitivity (43.1%, 76.9%, and 96.9%, respectively) [51].

Barabino et al. also reported the use of ICG-FI in patients with 
PC from CRC. They administered 0.25 mg of ICG per kg of body 
weight 24 h prior to surgery. The authors were unable to identify 
additional lesions, the sensitivity of ICG-FI was 72.4%, and the 
specificity was 60.0% [52].

In summary, there is currently little data with level V evidence 
on the intraoperative use of ICG-FI to detect peritoneal metastatic 
lesions from CRC [53], and the sensitivity and specificity vary 
greatly between studies. However, there is an overall benefit due 
to the potentially increased detection rate of PC lesions.

Taking these findings into consideration, we propose the intra-
operative administration of ICG with a dose of 0.25  mg/kg of 
body weight before abdominal exploration. Injection after adhe-
siolysis or intrabdominal bleeding (associated with excretion of 
ICG) can make the subsequent detection of the PC impossible. 
Detection should be performed within 60 min after administra-
tion. The current  literature suggests that ICG-FI might lead to the 
detection of additional lesions, especially in non-mucinous CRCs. 
Thus, the use of ICG-FI may result in a more accurate identifica-
tion and resection of peritoneal metastatic lesions.
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 Liver Metastasis

The liver is the most common site of CRC metastasis [54, 55]. 
The recommended therapeutic approach for patients with syn-
chronous or metachronous liver metastasis in the absence of 
extrahepatic metastatic lesions is an R0 resection if technically 
possible. There are several approaches including portal vein liga-
tion, perioperative chemotherapy to downsize the lesions for 
resectability, and step-up approaches with sequential resections of 
bilobar metastasis. Preoperative high-resolution magnetic reso-
nance imaging (MRI) and CT scans are recommended to deter-
mine the extent of metastasis [56–58]. Surgical resection of 
colorectal liver metastasis (CRLM) is associated with a prolonged 
5-year OS (40%) and 10-year OS (25%) [56, 59].

Regarding preoperative imaging of CRLM, MRI is preferable 
to a CT scan. A recently published meta- analysis on the detection 
rate of CRLM with MRI showed a sensitivity and specificity of 
90% and 88%, respectively [60]. For additional detection, intra-
operative ultrasound (IOUS) is recommended, especially for 
lesions smaller than 10 mm in diameter, which are detected much 
more frequently using IOUS when compared to CT and MRI [61].

 Fluorescence Pattern of CRLM
To understand the fluorescent appearance of CRLM after ICG 
injection, the mechanism of ICG metabolism in the liver paren-
chyma must be explained. ICG is physiologically excreted via the 
biliary tract starting several minutes after injection [62]. Due to 
this fact, there are different fluorescence patterns depending on 
the tumor entity. A study published in 2009 by Ishizawa and col-
leagues investigated the real-time identification of liver cancers 
using ICG-FI. A dose of 0.5 mg ICG per kg of body weight was 
administered between 1 and 7 days before surgical resection. A 
total of 91 resected hepatic lesions were analyzed and three differ-
ent fluorescence patterns could be identified: a total fluorescent 
type with a homogeneous hyperfluorescence pattern, a partial 
fluorescent type with inhomogeneous fluorescence pattern, and a 
rim fluorescent type.
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The last type shows no fluorescence in the lesion itself but 
rather surrounding fluorescence. In addition, the fluorescent type 
depended on the histopathological entity of the cancer. Well-
differentiated hepatocellular  carcinomas (HCC) showed a total 
fluorescence, while poorly differentiated HCCs and all 28 ana-
lyzed CRLMs showed a rim fluorescence [63].

This characteristic rim is a consequence of the biliary drain-
age obstruction due to the metastasis in the surrounding hepato-
cytes. On the other hand, well-differentiated HCCs show a 
dysfunction of biliary excretion [63, 64]. The fluorescence in the 
surrounding hepatocytes could be detected using a fluorescence 
microscope [65].

 Dosage and Timing of Administration
ICG may be administered via a central or peripheral venous cath-
eter; there is no need for a bolus prior to liver surgery. Different 
approaches regarding the administration timing of ICG range 
from 14 days to 24 h before the operation as the optimal timing 
remains unclear. The dosage recommendations also vary between 
a body weight-adapted dose of 0.1 mg/kg up to individual doses 
of 50 mg of ICG [46]. Van der Vorst et al. investigated different 
dosages and timings for the detection of CRLM with ICG- FI. They 
were not able to report a statistically significant difference 
between a dosage of 10 and 20 mg. There was also no significant 
difference between application 24 and 48 h prior to surgery [64].

We prefer the administration of 0.1 mg/kg 24 h prior to surgery 
via a peripheral venous catheter. This also has organizational rea-

Fig. 3.7 Liver metastasis of colorectal cancer with typical fluorescent rim. 
Application of 0.02 mg/kg was performed 12 h before surgery
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sons since most patients are admitted 1 day prior to surgery. The 
administration of the dye should take place at least 24 h prior to 
surgery to avoid interferences due to the biliary secretion of 
ICG. If the dye is applicated less than 24 h, we chose a dosage of 
0.02 mg/kg 24 (Fig. 3.7).

 Detection of Additional Metastatic Lesions
A lesion <10 mm is currently difficult to detect using preoperative 
diagnostics. Thus, additional diagnostic modalities, e.g., IOUS 
and ICG-FI, are becoming increasingly important in the surgical 
treatment of metastatic CRC.

Liberale and colleagues reviewed the available literature 
regarding ICG-FI for the intraoperative detection of CRLM. Ten 
publications published between 2009 and 2016 were included. 
Their results showed the smallest detectable lesions ranged from 
1 to 5 mm in diameter. In 20 of the 130 patients, additional CRLM 
could be identified that were not detected preoperatively.

The detection sensitivity ranged between 69% and 100%. 
However, the sensitivity is limited by the depth, ranging from 5 to 
10 mm below the liver capsule. The authors concluded that ICG-FI 
could be used as a diagnostic tool to detect additional lesions, 
especially combined with IOUS for lesions located deeper within 
the liver parenchyma [46].

 Determination of Resection Margins Using ICG-FI
The resection margin is one of the most important factors influ-
encing local recurrence and disease-free survival. Several studies 
have investigated ways to improve resection technique using 
ICG-FI. New systems, including robotic devices, enable real-time 
intraoperative navigation through combined ICG and white light 
images.

In a retrospective analysis of 86 patients undergoing ICG-FI-
assisted surgery for CRLM compared to a control group of 87 
patients, the ICG-FI group showed a 4-year liver-specific relapse-
free survival of 47%, while the control group showed 39%. 
However, these results were not statistically significant due to an 
underpowered cohort size [66].
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Nevertheless, in a pilot study on real-time surgical margin 
assessment using the previously described fluorescent rim as 
guidance, whole resection including the fluorescent area resulted 
in an improved rate of negative resection margins [67]. Aoki and 
colleagues also presented similar results. Twenty-five patients 
undergoing laparoscopic liver resection received ICG with a dose 
of 0.5 mg/kg of body weight 2–14 days before surgery. Seventeen 
of the 25 patients had CRLM. In comparison to the control group 
(72 patients from retrospective data), there were no R1 resection 
margins in the ICG group, indicating an advantage [68].

The reliability of the fluorescence resection margin was also 
investigated using a fluorescence microscope. In 72 cases of 
CRLM, the fluorescent rim could be microscopically identified in 
50% of all cases. There were no malignant findings in the fluores-
cent rim. In conclusion, the fluorescent rim represents a reliable 
oncologic CRLM resection border [69].

 Pulmonary Metastasis

The second most common CRC metastasis location is the lung 
[54, 55]. Limited pulmonary colorectal metastasis resection is a 
widely accepted surgical approach. However, the detection of pul-
monary metastatic lesions remains challenging, especially during 
video-assisted thoracoscopic surgery (VATS).

There are very limited data on ICG-FI for pulmonary CRC 
metastasis. In a case series of eight patients, Keating and col-
leagues transferred results from previous experiments on mice to 
an in vivo study. A dose of 5 mg of ICG per kg of body weight 
was administered 24  h before surgery via a peripheral vein. 
Previously described pulmonary metastases presented as hyper-
fluorescent lesions. Furthermore, additional lesions could be 
identified in some cases [70]. As a limitation of the technology in 
terms of detectability, lesions deeper than 2 cm could not be dis-
played [65].
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 Lymphatic Mapping in Colorectal Cancer

Regional and distant lymph node status is one of the most impor-
tant prognostic factors in malignant disease.

Sentinel lymph node (SLN) mapping is an important validated 
diagnostic marker for breast cancer and melanoma [71]. The diag-
nostic reliability in gastrointestinal cancers is still unclear and 
controversially discussed. Analogous to the total mesorectal exci-
sion (TME) for rectal cancers, the complete mesocolic excision 
(CME) technique for colonic cancers has become an increasingly 
popular practice in colorectal surgery. A key part of this technique 
is central vascular ligation with consecutive radical lymphadenec-
tomy. Thus, the usefulness of SLN mapping in CRC remains 
unclear.

Morton et  al. defined the sentinel lymph node as “the first 
lymph node that receives afferent lymphatic drainage from a pri-
mary tumor” [72]. The first benefit of SLN detection in CRC is to 
recognize aberrant lymphatic drainage, which has been reported 
in 2–29% of cases [71]. Second, complex lymphatic drainages 
may be mapped in flexure cancers, most likely leading to better 
surgical and oncological outcomes. Various methods have been 
reported for intraoperative SLN mapping. Methylene blue is the 
most common agent used to detect the SLN.

A randomized controlled trial highlighted that using indocya-
nine green instead of methylene blue in endometrial cancer sig-
nificantly increased the lymph node detection rate per hemipelvis 
after intracervical injection of 2 ml ICG (1.25 mg/ml) [73]. This 
gave way to the first international guideline recommending the 
use of ICG for SLN mapping, in this case for endometrial cancer 
(Level II, A) [74].

Few studies exist describing an SLN mapping technique for 
CRC. Most studies are prospective case series with a low number 
of included patients. Currently, there is one level V meta-analysis 
published by Emile et al. in 2017 which discusses the topic in a 
well-founded manner.

They included 12 level VI case studies with a total of 248 patients 
[75]. The technical aspects of ICG administration in the included 
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studies were found to be heterogenous. The authors of the underly-
ing case studies used different ICG concentrations (0.5, 2.5, 5 mg/
ml), doses (0.2–5  ml), injection sites (intravenous, submucosal, 
subserosal, a combination), and injection times (preoperative, intra-
operative, preoperative, and intraoperative). Moreover, the time of 
detection differed from study to study (intraoperative, ex  vivo, 
intraoperative and ex vivo). To determine the sensitivity, specificity, 
and accuracy of ICG-guided lymph node mapping, Emile et  al. 
included the 1175 lymph nodes which were found to be metastatic. 
Of those included, 73% were fluorescent positive (n  =  895) and 
26% fluorescent negative (n = 315). This resulted in a median sen-
sitivity of 73.7% and specificity of 100%. The positive predictive 
value was 100%, while the negative predictive value was 96.7%. 
The accuracy was found to be 75.7% (range 0–100%) [75]. Due to 
the variability of the underlying studies, these results must be inter-
pretated carefully. To minimize the publication bias, the authors 
worked out pooled parameters. Pooled sensitivity was 71% (95% 
CI: 68.3–73.3%), while specificity was 84.6% (95% CI: 83.2–
86%). A subgroup analysis by Emile et  al. found that a weight-
based dosage of 0.25 mg/kg had the highest sensitivity (89%) and 
accuracy rates (88%). Combined injection into the submucosa and 
subserosa achieved 100% rates of sensitivity, specificity, and accu-
racy. The optimal dosage timing is still unclear. In a second sub-
group analysis, Emile and colleagues showed the characteristics of 
the CRC to be an important factor in diagnostic accuracy. ICG lym-
phatic mapping in early-stage cancers (stages I–II) shows a better 
diagnostic accuracy than in advanced stages [33]. Van der Zaag 
et al. showed similar findings in a meta-analysis discussing SLN 
mapping for CRC (without ICG) [76]. These findings are supported 
by Cahill et al., where in a meta-analysis, they described that 5% of 
stage T1/T2 CRCs showed false-negative SLNs, while stage T3/T4 
CRCs showed 17% [77]. An explanation for this issue might be the 
tumor-associated obstruction of lymphatic vessels and nodes in 
advanced stages. The two included studies dealing with ICG lym-
phatic mapping in rectal cancers showed divergent results. 
Handgraaf et al. described a sensitivity of 0% [78], while Noura 
et al. had a sensitivity of 100% [79]. An explanation might be that 
none of the patients in the latter study received chemoradiotherapy 
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or radiotherapy, while 90% in the first study did. This leads to the 
theory that neoadjuvant therapy in rectal cancer highly affects the 
diagnostic viability of ICG lymphatic mapping. Ultimately, there is 
little data and further investigations are needed.

A proof-of-concept study by Liberale et al. reported a detec-
tion of lymph nodes as small as 6 mm using 0.25 mg per kg of 
body weight intravenous ICG. The dye was injected directly after 
abdominal incision [80]. The authors confirmed these results in a 
retrospective study showing malignant lymph nodes to be more 
fluorescent than benign ones [81]. However, a sensitivity of only 
63% was reached. Next, Liberale and coworkers published a fea-
sibility study to evaluate the hypothesis that intravenous ICG 
injection allows for the detection and a pathological prognosis of 
metastatic lymph nodes [82].

Although local injection yields the best results according to the 
meta-analysis by Emile et al. [75], intravenous injection seems to 
be a more viable option. Accurate local injection requires experi-
ence and expertise, and the targeted structure might be missed. 
These two application techniques are principally different. Local 
administration gives an accurate picture of the lymphatic route. 
Intravenous injection works by ICG accumulation in tumor tis-
sues due to the compromised endothelial barriers, which most 
likely leads to a better detection of malignant lymph nodes [80].

Based on these results, Cao and associates recently published a 
study using ICG-FI to evaluate the localization of and determine 
the tumor margin, map lymph nodes, and detect malignant lymph 
nodes [83]. They intravenously injected a bolus of 25 mg of ICG 
and took measurements at different points in time (0.5, 1, 2, 4, and 
24 h). The tumor boundaries were found to be apparent 1 h after 
injection, but clearest after 2–4 h. According to the tumor signal-
to-background ratio (SBR), optimal visualization occurred 2  h 
after injection. In the same study, the authors mapped a total of 40 
lymph nodes. All lymph nodes were detected by ICG from 0.5 up 
to 5 h after injection. A minimum SBR of 1.13 showed a detection 
rate of 95% for any lymph node (38/40). The optimal SBR thresh-
old for metastatic lymph nodes was found to be 2.5 according to 
the Youden Index (sensitivity 80.0%, specificity 48.6%). They 
concluded that it was not possible to differentiate between meta-
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a b

Fig. 3.8 (a) Sentinel lymph node after submucosal application of 1 mg indo-
cyanine green (ICG) in a case of colonic cancer. Injection is performed endo-
scopically 24  h before surgery If the tumor can be passed, four spots are 
injected around the tumor (two oral, two aboral). (b) ICG application used for 
tumor and sentinel lymph node detection

static and nonmetastatic lymph nodes using the SBR technique. 
Unfortunately, the authors did not further investigate the correla-
tion between injection timing and lymph node detection accuracy. 
According to these studies, using this technique accurately detects 
the tumor as well as most of the lymph nodes.

All in all, the existing studies are too inhomogeneous with few 
cases and low evidence, leading to a low reliability. Thus, the results 
must be interpreted carefully. Data suggests that a dosage of 0.25 mg/
kg of body weight results in the highest sensitivity, specificity, and 
accuracy. Preoperative injection into both the subserosa and submu-
cosa showed the best detection rates (Fig. 3.8), followed by intrave-
nous injection [75]. However, intravenous injection prior to surgery 
is more easily standardized and reliable. The data also suggest that 
after intravenous ICG injection, the fluorescence may be used for 
tumor detection and lymphatic mapping without additional doses. 
The timing of injection remains unclear and depends strongly on 
which form of application is used. Further studies are needed to con-
firm these preliminary data and to establish a standardized technique 
for CRC lymphatic mapping. To that extent, in a recently published 
intercontinental Delphi survey, no consensus was reached on the 
value of ICG use for mapping of sentinel node, and the only consen-
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sus achieved for lymph node assessment was that two to four injec-
tion points are required [40].

 Future Perspectives: Fluorescence-Guided 
Tumor Targeting

The current detection of sentinel or additional lymph nodes and 
colorectal metastasis is based on fluorescence patterns. However, 
although there are data that fluorescence intensity correlates with 
pathologic findings, it remains unspecific. Lately, there have been 
innovative approaches to identify additional lesions in a more tar-
geted manner. Overall, there are multiple different molecular tar-
gets that can be addressed [84].

Regarding the more specific detection of additional colorectal 
lesions, SGM-101 should be mentioned. SGM- 101 is a fluores-
cent dye-conjugated antibody against carcinoembryonic antigen 
(CEA) [85]. In a recently published clinical trial on the detection 
of colorectal and pancreatic liver metastasis, SGM-101 was 
administered 2 to 4 days prior to surgery. Nineteen lesions were 
detected, 17 of which were histopathologically confirmed malig-
nant lesions [86]. In a similar approach, Harlaar and co-authors 
investigated a fluorescent dye conjugated to bevacizumab in 
patients with PC from CRC.  The idea behind the study is the 
hyperexpression of vascular epithelial growth factor (VEGF) in 
PC from CRC.  Bevacizumab is a monoclonal antibody against 
VEGF, and therefore, after conjugation of the fluorescent dye to 
bevacizumab, PC fluorescence may be achieved. The study 
showed that lesions without fluorescence were benign; however, 
lesions with hyperfluorescence were false-positive in 47% of 
cases [87].

 Conclusion

Although there is still an ongoing debate, it appears that ICG 
fluorescence perfusion assessment may be beneficial in lowering 
the risk for AL. This technology has been proven to be safe, cost-
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effective, easy to implement, readily available, and effective in 
the evaluation of bowel perfusion. The data also suggest that pre-
operative ICG injection may be used for tumor detection and 
lymphatic mapping. ICG may also be used to detect additional 
CRLM and its fluorescent rim represents a reliable oncologic 
CRLM resection border. Targeted fluorescence is a promising 
approach and future goal of ICG-FI in oncological surgery. 
Additional study results are necessary for further evaluation of 
this technology.
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4Use of Fluorescence 
Guidance in 
Cholecystectomy

Ryan C. Broderick, David Renton, 
and Santiago Horgan

 Introduction

Laparoscopic cholecystectomy (LC) is widely accepted as the 
standard of care for cholecystectomy. It is currently the most 
commonly performed procedure performed by general sur-
geons in the United States. Bile duct injuries in the era of lapa-
roscopic cholecystectomy range from 0.03% to 0.5% [1–4]. 
While infrequent, they represent a significant patient and 
healthcare burden when these injuries occur. Cost of treating 
bile duct injuries can be 4.5 to 26 times the cost of an uncom-
plicated procedure with an average 32-day hospitalization and 
significant mortality rate [5].
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Indocyanine green (ICG) dye is a water-soluble dye with spec-
tral absorption at 800  nm. It has been described visualizing the 
biliary tree since 2008 [6]. When injected intravenously, ICG binds 
plasma proteins before being rapidly metabolized by hepatocytes 
and excreted exclusively into the bile; protein-bound ICG fluo-
resces green when illuminated with near-infrared (NIR) light [6–
9]. The excretion of ICG into the biliary tree peaks at 2–4 h after 
intravenous injection [10]. Dynamic, real-time NIR light capabil-
ity is built-in to many modern laparoscopic and robotic cameras. 
As described elsewhere in this manual, there are also cameras 
designed to image ICG in open surgery. These cameras are able to 
toggle between white-light and NIR light with the push of a button, 
allowing real-time imaging without disrupting surgical workflow, 
especially in the case of laparoscopic or robotic surgery (Figs. 4.1, 
4.2, and 4.3; video clip attached for video chapter). The technol-
ogy incorporates smoothly into the operation without increased 
need for staffing or additional supplies in the operative theater.

Through constant reassessment of the anatomy with NIR 
imaging, surgeons may continuously identify the position of criti-
cal biliary structures; these structures are often identifiable prior 
to dissection of peritoneal layer of the gallbladder, providing a 
safe dissection starting point as well as areas of critical impor-
tance. FC offers the potential detailed anatomical mapping of 
extrahepatic biliary structures and can be a useful adjunct to the 
critical view of safety [6–14]. FC allows for surgeons to identify 
either normal anatomy or anatomic variation prior to dissection 

Fig. 4.1 Top panel: white-light laparoscopic view of gallbladder during cho-
lecystectomy. Bottom panel: “overlay mode” ICG view of same patient show-
ing cystic duct and common bile duct junction
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Fig. 4.2 Top panel: white-light laparoscopic view of gallbladder during cho-
lecystectomy prior to peritoneal dissection. Bottom panel: “gray mode” ICG 
view of same image showing cystic duct, common bile duct, and junction

Fig. 4.3 Use of fluorescence cholangiography in robotic surgery. Left panel 
is traditional bright light view. Right panel is ICG mode highlighting cystic 
duct, CBD, and CD-CBD junction

and during active dissection. In contrast, IOC can be time con-
suming and involves exposure of the patient and ancillary staff to 
radiation, with associated increases in cost [15].

 Literature Review

Ishizawa et al. described their laparoscopic experience with pre-
operative ICG injection for cholangiography during cholecystec-
tomy, demonstrating a 100% visualization of the cystic duct and 
96% visualization of the common hepatic duct prior to any dissec-
tion, which improved to 100% visualization of both structures 
with dissection [7]. Several other groups have demonstrated simi-
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Table 4.1 Fluorescence cholangiography in laparoscopic cholecystectomy 
in literature. Reported common bile duct injuries and level of evidence for 
each study

First author 
(year)

Total 
patients

Bile duct 
injuries

Adverse 
reactions

Conversions 
to open

Level of 
evidence

Ishizawa (2010) 52 0 0 – IV
Boni (2015) 52 0 0 IV
Dip (2015) 45 0 0 IV
Osayi (2015) 82 0 0 IV
van Dam 
(2015)

37 0 0 IV

Dip (2016) 70 0 0 0 IV
Dip (2019) 318 0 0 1 II
Hiwatashi 
(2018)

65 0 0 7 IV

Broderick 
(2022)

828 0 0 6 III

lar findings during laparoscopic cholecystectomy, as well as dur-
ing robotic-assisted laparoscopic cholecystectomy, including in 
obese individuals [6–21]. With a growing body of literature, some 
surgeons have advocated for FC to become the standard of care in 
laparoscopic cholecystectomy in both elective and emergent cho-
lecystectomy.

The highest level evidence confirming fluorescent visualization of 
extrahepatic biliary anatomy was shown in two studies. Dip et al. in 
2019 published a single-blind randomized controlled trial comparing 
FC (n = 312) vs LC (n = 318) demonstrating that FC was statistically 
superior in identifying extrahepatic biliary structures [13]. Bile duct 
injury was zero in FC and two patients in LC; operative times and 
other complications were not reported. Lim et al. performed a meta-
analysis of seven studies comparing biliary anatomy visualization 
with IOC versus FC. Rates of extrahepatic biliary anatomy identifica-
tion included cystic duct, common bile duct, CD-CBD junction, and 
common hepatic duct. FC was safe and effective [14].

Tables 4.1 and 4.2 feature studies evaluating fluorescence chol-
angiography (FC) during cholecystectomy to evaluate common 
bile duct injury and operative times. The studies listed are mostly 

R. C. Broderick et al.
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Table 4.2 Fluorescence use in laparoscopic cholecystectomy with reported 
decreases in operative times

First author 
(year)

Number of 
patients (n)

Operative 
duration (FC)

Operative 
duration (LC)

Difference 
in duration

Ambe (2019) 29 53 54 −1
Bleszynski 
(2019)

108 70 80 −10

Quaresima 
(2019)

44 86.9 118 −31.1

Yoshiya (2019) 39 129 150 −21
Esposito (2019) 15 52 69 −17
Broderick 
(2022)

828 68 99 −31

cohort or case series studies. Currently, there are no reported bile 
duct injuries for FC in literature.

Broderick et al. performed a clinical review of their institutional 
experience with adopting ICG as standard of care. FC with ICG 
reduced operative time by 26.47 min per case compared to tradi-
tional LC without IOC (p  <  0.0001) [16]. For patients with 
BMI ≥ 30 kg/m2, operative duration for ICG vs non-ICG groups was 
75.57 vs 104.9 min, respectively (p < 0.0001). ICG required conver-
sion to open at a rate of 1.5%, while non-ICG converted at a rate of 
8.5% (p < 0.0001). Conversion rate remained significant with multi-
variable analysis (OR 0.212, p  = 0.001). Bile leaks (classified as 
Strasberg A injuries) were more common in the non- ICG group, 
with nine patients in the non-ICG group and two in the ICG group. 
One CBDI occurred in the non-ICG group, although this was not 
clinically significant. There was no significant difference in 30-day 
complication rates between groups [16]. Follow-up of this study and 
expansion on the cohort was  published in 2022, confirming the 
above findings with further reduction in operative times [17].

Osayi et  al. reported that significant improvements in patient 
outcomes are in decreased operative time and reduced rates of con-
version to open surgery when comparing FC with white-light cho-
lecystectomy. There is also a significant reduction in operative time 
when compared to IOC (1.9 ± 1.7 min vs 11.8 ± 5.2 min, p < 0.001) 
[11]. In this study, IOC was unobtainable in 24.4% of patients, 
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while ICG did not visualize biliary structures in 4.9% of patients. 
After complete dissection, the rates of visualization of the cystic 
duct, common bile duct, and common hepatic duct using ICG were 
95.1, 76.8, and 69.5%, respectively, compared to 72.0, 75.6, and 
74.3% for IOC. In patients where IOC could not be obtained, FC 
successfully identified biliary structures in 80% of the cases. Higher 
BMI was not a deterrent to visualization of anatomy with ICG.

Reeves et al. utilized a Markov model to shows that use of ICG 
during cholecystectomy is cost-effective and improves quality of 
care with $1235 cost reduction per case and 0.09 quality-adjusted 
life years (QALY) compared to standard white-light cholecystec-
tomy [22]. These improvements were demonstrated due to a 
reduction in operating time of 20 minutes and decreased conver-
sion to open rate from 6.7% to 1.2% in averaged over available 
literature [22]. Recommendations in their manuscript are limited 
by the nature of the predictive model and should be studied pro-
spectively to verify findings. The manuscript also reviewed all 
published reports of FC in literature to determine the parameters 
of the predictive model; improvements in operative time and out-
comes were in multiple retrospective studies [16–21].

Best evidence is Level III–IV from these studies as well as 
designed controlled trials or cohorts. No randomized trials evalu-
ating conversion to open surgery, operative times, and common 
bile duct injuries have been published to date. There is early Level 
II evidence showing better visualization of extrahepatic biliary 
structures with FC compared to IOC and white light alone.

 Advantages of Indocyanine Green Fluorescence 
Cholangiography

Fluorescence cholangiography has multiple advantages. 
Compared to IOC, FC can save time and operative costs associ-
ated with traditional radiographic IOC with respect to cannula 
insertion and contrast injection for biliary imaging [23, 24]. FC is 
viewed as quite versatile, as a single preoperative injection allows 
the surgeon to obtain fluorescent imaging at any point during the 
procedure without the added personnel and equipment needed for 
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IOC. The fluorescent images can be viewed from several angles, 
in real time with real-time tissue manipulation, to better under-
stand anatomic relationships. In centers for education, it can be a 
good adjunct to assist surgical trainees in understanding anatomy 
and CVS in real time. Additionally, repeated imaging with repeat 
intravenous ICG injections is possible throughout the surgical 
procedure to help delineate vascular anatomy. Unlike arguments 
around routine versus selective IOC, routine use of ICG is sup-
ported by the above benefits without additional cost, equipment, 
or time. Lastly, the use of fluorescence cholangiography is safe 
and does not involve radiation exposure; it has been used safely in 
patient with traditional iodine allergies (e.g., rash). Each of these 
benefits may translate to improved patient outcomes, especially 
with respect to decreased operative time, overall cost, and conver-
sion to open surgery. [16, 17, 22]

The most significant improvements in patient outcomes are in 
decreased operative time and reduced rates of conversion to open 
surgery when comparing FC with white-light cholecystectomy. 
There is also a significant reduction in operative time when com-
pared to IOC (1.9 ± 1.7 min vs 11.8 ± 5.2 min, p < 0.001) [11].

The topic of cost always plays an important role in adopting 
new technologies or techniques. As described above, comparing 
FC to traditional white-light LC (without use of IOC), Reeves 
et al. utilized a Markov model to show that use of ICG during cho-
lecystectomy is cost-effective and improves quality of care with 
$1235 cost reduction per case and 0.09 quality-adjusted life years 
(QALY) compared to standard white-light cholecystectomy [22]. 
Thus, ICG use can be viewed as a cost-effective surgical strategy 
which improves healthcare outcomes and suggests this should be 
considered as standard of care for laparoscopic cholecystectomy.

Although current firm recommendations are limited by pub-
lished sample size, early data suggest both reduced operative time 
and conversion to open surgery in FC cases for both inflamed and 
non-inflamed pathology as well as obese patients. Whether FC 
significantly moves the needle on reducing major common bile 
duct injury remains to be confirmed with further collation of data 
and use in practice, although this will take hundreds of thousands 
of cases due to the low rate of CBD injury.
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 Limitations of Indocyanine Green Fluorescence 
Cholangiography

Despite the above advantages, FC with ICG has some limitations. 
In institutions where there is no NIR camera capability, an up- 
front cost for purchasing new equipment would be needed to 
implement FC. There would also be the need to protocol pre-op 
ordering, reconstitution, and administration of intravenous 
ICG. Nurse education is often necessary to relay the importance 
of appropriate dose timing and standardize seamlessly into prac-
tice. The cost of ICG alone is inexpensive ($17–130/bottle), and 
the up-front equipment cost can be recouped if reduced operative 
time and conversion to open data holds true.

Fluorescence cholangiography cannot visualize deep struc-
tures. While Dip et al. note that there is increased visualization of 
CHD, CBD, and cystic duct in FC, the penetration of the NIR 
light can still be limited in cases of thick surrounding fat or 
inflamed tissue in the porta hepatis. The ability to detect bile duct 
stones with fluorescence cholangiography is also questionable. 
FC cannot be used as a replacement to IOC in the setting of iden-
tifying and treating choledocholithiasis; however, it can be used 
simultaneously with IOC for identifying overall anatomy and safe 
cannulation of the cystic duct.

 Conclusion

Fluorescence cholangiography with ICG appears to be a promis-
ing technology that is safe and cost-effective and improves patient 
outcomes. The ability to visualize biliary anatomy can have a 
great benefit to the surgeon and may help prevent complications 
in the surgical patient.
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5Use of Fluorescence 
Guidance in Hepatic Surgery

Iswanto Sucandy, Emanuel Shapera, 
and Takeaki Ishizawa

 Introduction

Hepatobiliary operations are complex with varying degrees of 
anatomical and technical challenges. Attention must be paid to the 
small and often variant details of intra- and extrahepatic anatomy, 
as these details dictate the operative approach and can affect post-
operative outcomes. The rise in fluorescent technology has armed 
hepatobiliary surgeons with an additional tool to delineate bilio-
vascular anatomy and tackle these demanding operations. By far, 
the most successful and well-studied application of fluorescent- 
guided surgery involves the use of indocyanine green (ICG), a 

Supplementary Information The online version contains supplementary 
material available at https://doi.org/10.1007/978- 3- 031- 40685- 0_5.

I. Sucandy (*) 
Department of Surgery, Advent Health Tampa, Tampa, FL, USA
e-mail: Iswanto.Sucandy.MD@adventhealth.com 

E. Shapera 
Department of Surgery, SHARP Grossmont Hospital,  
La Mesa, CA, USA 

T. Ishizawa 
Department of Hepatobiliary-Pancreatic Surgery, Graduate School of 
Medicine, Osaka Metropolitan University, Abeno-ku, Osaka, Japan

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023 
N. Szoka et al. (eds.), The SAGES Manual of Fluorescence-Guided 
Surgery, https://doi.org/10.1007/978-3-031-40685-0_5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-40685-0_5&domain=pdf
mailto:Iswanto.Sucandy.MD@adventhealth.com
https://doi.org/10.1007/978-3-031-40685-0_5


136

nontoxic chemical that fluoresces at near-infrared wavelengths 
[1]. This chapter will therefore focus predominantly on the appli-
cation of this particular fluorescent agent in hepatobiliary surgery. 
We have included the level of the evidence (I–VII) for each of the 
recommendations in the use of ICG fluorescence based on the 
available published literature.

In the clinical setting, ICG can be injected intravenously (Level 
IV) and is albumin bound, permitting angiography [2]. Within 
minutes, the fluorescent angiogram dissipates as the chemical is 
taken up by the hepatocytes and excreted into the biliary system, 
reaching a maximum concentration in bile within 2 h and lasting 
for another couple of hours [3, 4]. ICG is therefore useful in visu-
alizing both vascular (including portal venous, hepatic arterial, 
and hepatic venous vessels) and biliary structures within the liver. 
These two mediums (blood and bile) by which ICG traverses 
allow for four distinct, but related, functions in ICG fluorescent 
(ICGF)-guided hepatobiliary operations: angiography, identifica-
tion of the extrahepatic biliary system (fluorescence cholangiog-
raphy), localization of hepatic malignancies, and visualization of 
hepatic (sub)segments to be resected or preserved (hepatic seg-
mentation).

 Identification of Biliary Ductal Anatomy 
(Fluorescence Cholangiography)

The first application of ICG in clinical practice is for the identifica-
tion of biliary ductal anatomy. Originally, fluorescent images of the 
extrahepatic bile ducts were obtained by intrabiliary [5] or intrave-
nous [6] administration of ICG in the setting of open surgery. Since 
the first report in 2009 of its clinical application in laparoscopic 
surgery [7], fluorescence cholangiography by intravenous ICG has 
widely been used as a radiation-free and incisionless cholangiogra-
phy technique during laparoscopic cholecystectomy [8, 9] (Level 
IV). Recently, the advantage of fluorescence cholangiography over 
white-light imaging in  identifying the extrahepatic biliary anatomy 
during laparoscopic cholecystectomy was demonstrated by a multi-
center international randomized clinical trial (RCT) [10] (Level II). 
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Another RCT in Denmark also confirmed non-inferiority of fluo-
rescence imaging over conventional radiographic cholangiography 
in terms of visualizing the critical junction between the cystic duct 
and the common hepatic/bile duct [11] (Level II). The hepatobiliary 
surgeon can identify bile leaks from a transected liver parenchymal 
surface under ICG fluorescence and subsequently apply suture liga-
tion or place clips to areas actively exuding fluorescent bile. This is 
a critical step, preventing postoperative bile leaks and further sig-
nificant postoperative morbidity to the patient [12, 13] (Level III). 
Based on this collective evidence, fluorescence cholangiography 
has recently been recommended as a technique to avoid bile duct 
injury in the current recommendations of multiple societies for safe 
laparoscopic cholecystectomy [14] (Level VII).

More recently in the United States, general surgeons are 
adopting the robotic platform, particularly the da Vinci Xi system 
with incorporated ICG fluorescence camera capability, which 
can generate a real-time cholangiogram via biliary excretion of 
ICG. This integrated functionality of the robotic system provides 
a fluorescent map of the extrahepatic biliary tree. In these cir-
cumstances, the common hepatic duct is identified in 83% and 
the cystic duct in 97%, preventing conversion to open operation 
or injury to the common bile duct [15] (Level IV). Since chole-
cystectomies are short cases, surgeons must ensure preoperative 
ICG injection prior to anesthetic induction to allow adequate 
time for hepatic uptake and biliary excretion. Additionally, cir-
cumvention of this timing has been described in the literature by 
directly injecting ICG into the gallbladder, thereby bypassing 
hepatic uptake and proceeding straight to biliary fluorescence 
[16] (Level IV).

At our tertiary hepatobiliary institution, the vast majority 
(~90%) of our hepatectomies are approached in a minimally inva-
sive robotic fashion. We utilize the Intuitive da Vinci Xi® plat-
form with its built-in Firefly ™ camera system, which can be 
activated by a pedal at the console, allowing rapid alternation with 
the white-light camera. We also utilize ICG fluorescence as an 
adjunct during our bile duct dissection. For this purpose of 
 application, the anesthesia team administers 0.5 mL of a diluted 
ICG solution injected intravenously approximately 45 min prior 
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to its anticipated need. Although some data suggests that fluores-
cent identification can occur as early as 20 min after injection, we 
have found identification of biliary anatomy during hepatectomy 
to occur much later than 20 min, particularly in patients with liver 
cirrhosis. This is caused by the delay in uptake and secretion by 
the hepatocytes. Correct timing and dosage is critical in patients 
with liver cirrhosis, as they are less tolerant of perioperative com-
plications such as bile leak and intra-abdominal infection; there-
fore, they benefit the most from an accurate anatomical delineation 
during hepatobiliary resections.

The ICG is mixed so that one ampule (25  mg) dissolves in 
20 mL of 0.9% normal saline. In our experience, a higher concen-
tration or dose results in difficulty discriminating biliary and non- 
biliary structures. This is particularly true when the patient has an 
obstructive malignancy or stricture, which dilates smaller bile 
ducts, resulting in ICG accumulation and an increase in back-
ground fluorescent “noise.” It is possible to attenuate the intensity 
of the fluorescent image on the robotic console at the expense of 
sensitivity, should this problem arise.

When performing an anatomical left or right hepatectomy, we 
do not routinely dissect the common hepatic duct bifurcation at 
the porta hepatis prior to liver parenchymal transection, except 
for extrahepatic cholangiocarcinoma or tumor located near the 
hilum, in order to preserve the collateral blood supply to the rem-
nant hepatic duct. Instead, after committing to hemihepatic vas-
cular inflow (portal venous, hepatic arterial) ligation, we initiate 
the parenchymal transection. The corresponding right or left 
hepatic duct is identified intraparenchymal at the level of the 
hilar place, isolated, and ligated. By utilizing a combination of 
preoperative imaging and ICG fluorescence and appreciating the 
relationship between the glissonean pedicles, we are able to com-
plete an anatomical hepatectomy while avoiding encroachment 
and injury to the fragile blood supply of the remnant hepatic 
duct. Our technique is demonstrated here in Figs. 5.1, 5.2 and 
5.3, in Video 5.1, and has been previously reported in the litera-
ture [17–19]. This technique can also be used to identify the bili-
ary anatomy on the hepatic hilum during minimally invasive 
donor hepatectomy [20].
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Fig. 5.1 Left hepatic duct identified within the parenchyma during left hepa-
tectomy prior to transection under white light

Fig. 5.2 Left hepatic duct identified within the parenchyma during left hepa-
tectomy prior to transection under ICG fluorescence
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Fig. 5.3 Left hepatic duct transected within the parenchyma during left hep-
atectomy with spillage of bile confirming anatomy under white light

 Identification of Primary and Metastatic Liver 
Tumors

The second application of ICG fluorescence imaging is local-
ization of liver cancers in real time during hepatectomy. This 
technique is based on the fact that ICG injected IV before sur-
gery is acquired and retained by HCC and other cancerous tis-
sues with significant differentiation and retention vs. normal 
hepatocytes, due to washout from surrounding noncancerous 
hepatic parenchyma (Fig. 5.4a, b) [21–23]. In poorly differenti-
ated HCC and metastatic liver cancers, portal uptake of ICG 
into cancerous tissues is difficult to observe. However, biliary 
stasis surrounding these cancers results in a rim of ICG reten-
tion and fluorescence in the noncancerous hepatic parenchyma 
surrounding the tumor, possibly due to compression [23, 24] or 
immature hepatocyte function, resulting in decreased biliary 
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a

b

c

Fig. 5.4 Fluorescence images of hepatic malignancies on cut surfaces of 
resected specimen after preoperative intravenous injection of ICG (Fig. X). 
(a) Well-differentiated HCC. (b) Moderately differentiated HCC. (c) Poorly 
differentiated HCC (upper) and colorectal liver metastasis (below)
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a b

Fig. 5.5 Tumor localization during laparoscopic hepatectomy for colorectal 
liver metastasis (Fig. Y). (a) A subcapsular tumor is identified by fluorescence 
imaging on the surface of hepatic segment 4 prior to hepatic transection. (b) 
Fluorescence imaging during hepatic transection identified fluorescence sig-
nals emitted from noncancerous hepatic parenchyma surrounding the tumor, 
suggesting the optimal transection plane (dotted line)

excretion [25] and rim- enhancing fluorescence (Fig.  5.4c). 
Regardless of the fluorescence patterns, surgeons can utilize the 
above mechanism of ICG accumulation for intraoperative iden-
tification of subcapsular liver cancers by near-infrared fluores-
cence imaging [21, 26] (Level IV), especially in the setting of 
minimally invasive hepatectomy [27, 28] (Level IV) where sur-
geons cannot palpate hepatic surfaces directly for intraopera-
tive diagnosis (Fig. 5.5a).

The utility of ICG in hepatic retention as a measure of liver 
function (described in more detail below) led to its use for intra-
operative cancer localization [28, 29]. As a consequence, the most 
commonly administered dose and timing of ICG is similar for 
both modalities, notably at 0.5 mg/kg, usually 1–14 days prior to 
surgery [21]. Alternatively, intravenous ICG injection at a dose of 
10 mg 24 h before surgery [30] or 0.05–0.1 mg/kg 24–72 h before 
surgery [31] works for intraoperative fluorescence imaging of 
hepatic malignancies. Administration of ICG on the day before 
surgery should be avoided to achieve sufficient tumor-to- 
background contrast at the time of surgery [23] (Level IV), par-
ticularly in instances of decreased liver function due to cirrhosis 
or preoperative chemotherapy.

This strategy may not be practical in many countries, where 
patient transportation to and from the hospital is sociogeographi-
cally challenging. Additionally, HCC even when well- 
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differentiated will vary in tumor biology not only from patient to 
patient but also among multiple tumors in the same given patient 
[32]. Cirrhotic but noncancerous liver parenchyma will vary in 
ICG excretion from patient to patient, depending on the level of 
parenchymal fibrosis and other factors (evidence: Level IV) [33]. 
As a consequence of all these variabilities, the timing between 
preoperative administration and operative resection is not exact, 
and it is difficult to standardize between patients. The ICG admin-
istration must be long enough to allow the often dysfunctional 
liver parenchyma to completely excrete the ICG while not permit-
ting too much time to pass for the malignancy to excrete it as well.

The advantages of tumor localization by ICG fluorescence 
imaging lie in its feasibility and high sensitivity (around 90% or 
higher [23, 27, 30], Level IV) for subcapsular tumors. On the 
other hand, this technique has limitations in tissue permeability 
(5–8  mm from hepatic surfaces) and a relatively high false- 
positive rate [23] (Level IV). Surgeons still need intraoperative 
ultrasonography for identification of deeply located tumors and 
its spatial relationships with intrahepatic vasculature. Any addi-
tional resection for newly detected lesions by ICG fluorescence 
imaging, and not part of the preoperative plan, should only be 
considered when malignancy is suggested by other modalities 
such as palpation, ultrasonography, or re-evaluation of preopera-
tive imaging studies.

In experienced hands, the high sensitivity and specificity of 
liver tumor detection associated with IOUS approaches 95% [34] 
(Level IV). Many high-volume liver surgery centers therefore do 
not feel that a 1–2-week delay for ICGF tumor identification is 
warranted.

Oftentimes, before proceeding to liver resection, a tissue diag-
nosis is required via percutaneous liver biopsy to confirm the type 
of liver cancer. While this can worsen oncologic outcomes via 
tumor cell seeding, the biopsy can also alter the dynamic of ICG 
absorption and excretion at the local level [35] (Level III). As a 
result, the surgeon cannot always be sure as to whether they are 
looking for a fluorescent HCC or a rim-enhancing non-HCC 
malignancy at the time of diagnostic laparoscopy prior to the 
intended liver resection.
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Despite these limitations and pitfalls, however, liver cancer 
imaging by ICG fluorescence retains a critical role in detecting 
tiny tumors after effective neoadjuvant therapy or residual tumors 
from prior resection [23, 27] (Level IV) and improves acquisition 
of appropriate surgical margins (Fig.  5.5b) [27, 36, 37] (Level 
IV). Some authors have demonstrated a reduction in operative 
duration and recurrence risk with ICG [38, 39] (Level III). 
Prospective trials demonstrating clinical efficacy of ICG in gener-
ating superior outcomes for liver cancer localization are required 
to justify further development and dissemination of this modality, 
particularly for hepatobiliary centers that do not routinely evalu-
ate preoperative liver function with ICG.

 Identification of Vascular Structures and Hepatic 
Segmentation by Fluorescence Angiography

The third application of ICG is based on its albumin-bound status, 
where it can freely circulate in the blood before being taken up by 
hepatocytes for biliary excretion. This permits generation of a 
rapid fluorescent angiogram while performing hepatobiliary 
resections. Dissipation of ICG and the angiogram is fairly rapid, 
although the biliary excretion requires some time; therefore, mul-
tiple fluorescent angiograms can be obtained in the same opera-
tion. This permits test clamping of multiple candidate pedicles 
prior to transection followed by ICGF angiography to ensure cor-
rect anatomical identification of inflow vessels to ultimately pre-
serve the perfusion of the future liver remnant. A finer dissection 
of segmental pedicle anatomy can permit highly accurate 
 segmentectomy and subsegmentectomy, which has been described 
extensively in the literature to be associated with significantly less 
blood loss and blood transfusions—relevant factors in achieving 
superior oncological outcomes [40, 41] (Level III).

Since the 2008 landmark paper on the use of ICG fluorescence 
imaging in the field of hepatobiliary surgery [42] (Level IV), this 
modality has been used for hepatic segmental boundary visualiza-
tion (hepatic segmentation). In 2012, Ishizawa and Gayet [43] first 
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a b

Fig. 5.6 Hepatic segmentation with positive staining technique (Fig. X/Z). 
(a) ICG solution (0.25 mg/5 mg) is injected into the tumor (HCC)-bearing 
hepatic segment (segment 6) following intracorporal puncture of the root of 
corresponding portal branch. (b) Fluorescence imaging clearly visualizes 
boundaries between hepatic segments 6 and 7

applied fluorescence-guided hepatic segmentation to laparoscopic 
hepatectomy utilizing a “positive staining technique” (injection of 
ICG solution directly into the corresponding portal branch under 
ultrasound guidance, following conventional dye- staining tech-
nique [44]) and “negative staining technique” (intravenous ICG 
injection following closure of the corresponding portal pedicle at 
its root, not unlike a conventional Glissonian approach [45]). The 
positive staining technique (Fig. 5.6) has the advantage in omitting 
unnecessary dissection at the hepatic hilum; however, puncture of 
the portal pedicle from the skin surface of the abdominal wall is 
technically demanding, despite some described technical tricks 
[46, 47], especially in the setting of minimally invasive surgery. 
Robotic-assisted surgery may facilitate needle manipulation to 
puncture the portal venous branch in the patient’s abdominal cav-
ity [48] (Level III). In contrast, a negative staining technique is 
suitable when the root of the target  Glissonian sheath is easy to 
access (e.c. Couinaud’s segment 2 to 6), as suggested by the cur-
rent consensus guidelines [49] (Level VII).

Hepatic segmentation by ICG fluorescence imaging enables 
clear identification of intersegmental planes not only from the 
hepatic surface but also on raw surfaces during parenchymal dis-
section throughout the hepatectomy procedure [27], enhancing 
the accuracy of anatomical hepatectomy [50] (Level IV) and 
improving operative outcomes. Liver remnant ischemia, pre-
vented by ICG fluorescence-guided hepatectomy, is known to 
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result in higher postoperative bile leaks, bilomas, and abscesses 
[51] (Level IV). This is also associated with inferior long-term 
oncological survival, especially in the case of hepatectomy for 
primary liver cancer [52] (Level III).

In the growing field of partial liver donation in hepatic trans-
plantation, graft viability can be accurately assessed by ICG 
fluorescence angiography. The caveat to ICG fluorescence angi-
ography is that repeat application will be hindered 20–40 min 
later following the initial injection when biliary uptake and 
excretion occurs so that any functional liver will fluoresce and 
will continue to do so for a few hours regardless of ischemic 
clamping. Therefore, if the surgeon wishes to perform repeated 
angiograms, they must do so before significant biliary uptake 
renders background noise too great to differentiate ischemic and 
perfused tissue.

At our tertiary hepatobiliary institution, we isolate and visu-
ally test clamp the candidate specimen portal and hepatic arte-
rial pedicle during minimally invasive robotic hepatectomy to 
compensate for the absence of palpation. A bedside assistant, 
usually a board-certified general surgeon who participates as a 
hepatobiliary surgery fellow, laparoscopically inserts a bulldog 
clamp through a right lower quadrant GelPort®. The console sur-
geon will then apply the clamp at the candidate pedicle. The 
anesthesia team will then administer 0.5 mL of our aforemen-
tioned ICG mixture (25 mg in 20 mL of 0.9% normal saline) 
through a venous access. After 1–2  min, the console surgeon 
activates the Firefly ™ camera system and can switch back and 
forth between white light and ICG fluorescence camera visual-
ization. The surgeon can also continue the operation in ICG 
fluorescence mode, allowing a robotic monopolar cautery to be 
used to mark the transection plane along the visualized fluores-
cent demarcation. Upon confirmation of devascularization of the 
specimen side and perfusion of the future liver remnant side, the 
bulldog clamp is released under white light, the pedicle is 
ligated, and the hepatectomy proceeds. Our technique is demon-
strated in Figs. 5.7, 5.8, 5.9 and 5.10 and Video 5.2. Very little-
to-no ischemic-appearing tissue should remain on the transected 
liver edge (Fig. 5.11).
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Fig. 5.7 Right hepatic artery identified at the hepatic hilum prior to clamping 
during a right hepatectomy under white light

Fig. 5.8 Right hepatic artery identified at the hepatic hilum with bulldog 
clamp applied during a right hepatectomy under white light
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Fig. 5.9 Ischemic demarcation of the right lobe of the liver following bull-
dog clamp application to the right hepatic artery under white light

Fig. 5.10 Ischemic demarcation of the right lobe of the liver following bull-
dog clamp application to the right hepatic artery under ICG fluorescence
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Fig. 5.11 Left lobe of the liver status post right hepatectomy with no sig-
nificant ischemic tissue left behind under white light

 Prediction of Posthepatectomy Liver Failure

The fourth application of ICG relates to its application in pre-
dicting posthepatectomy liver failure (PHLF). The details, con-
sequences, and ultimate outcomes of this unfortunate condition 
require its own textbook, let alone chapter. Nonetheless, based 
on the International Study Group of Liver Surgeries definition, 
we may define it as an acquired failure of hepatic synthetic, 
excretionary, and detoxifying functions after liver resection as 
reflected by rises in bilirubin and international normalized ratio 
(INR) [53] (Level V). ICG clearance is an attractive predictor of 
PHLF [29] (Level IV), which enables curative anatomic seg-
mentectomies of the liver even in patients with portal hyperten-
sion [54] (Level IV). Its clearance depends on hepatic synthetic 
and biliary excretion function as mentioned previously, which 
can be quantified by its fluorescence; more fluorescent liver 
parenchyma is indicative of greater parenchymal dysfunction. 
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In a study involving 284 major hepatectomies for bile duct can-
cer, an ICG retention of >11.8% was predictive of a life-threat-
ening complication (Clavien-Dindo Classification ≥ IV 
complication) [55] (Level IV). A more novel approach utilizes 
future liver remnant ICG clearance; intraoperative ICG reten-
tion >13.8% by the future remnant liver during specimen pedi-
cle clamping was 79.7% accurate in predicting PHLF in a study 
of 35 major liver resections [56] (Level IV). If retention >13.8% 
is noted, the surgeon can unclamp the specimen pedicle and 
abort the operation.

At our tertiary hepatobiliary institution, we do not routinely 
utilize ICG clearance preoperatively nor intraoperatively for 
selecting candidates for hepatectomy. Along the lines of 
Makuuchi’s decisional algorithm, we are hesitant to offer major 
liver resection to patients with total bilirubin greater than 1 mg/dL 
in the absence of biliary obstruction nor in the presence of uncon-
trolled or significant ascites. We also are hesitant to offer major 
resection if the platelet count is less than 100,000 per microliter or 
in the presence of significant varices as this reflects significant 
portal hypertension and an inability of the future liver remnant to 
accommodate further increases in portal venous flow. In candi-
dates with borderline features, we will attempt medical optimiza-
tion or initiate a referral to a transplant center.

Finally, there are a few other functions that are deserving of 
mention. HCC has an affinity for ICG beyond mere degrada-
tion and excretion [21]. It is possible that photodynamic ther-
apy and other targeted regimens based on the affinity for ICG 
can be implemented in the near future, which will expand ana-
tomical treatment options for nonsurgical candidates who are 
unable to attain a liver transplant [57, 58]. Newer technologies 
have been developed to increase the accuracy of fluorescence 
imaging in distinguishing malignancies from benign dysfunc-
tional liver parenchyma based on cancer-specific enzymatic 
activities [59] and biomarkers [60], molecular targeting, and 
single photon emission computed tomography [61]. Clinical 
trials to enroll patients in real-time ICG-guided liver surgery 
are underway [62].
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 Conclusion

In conclusion, the liver is an anatomically complex organ, consist-
ing of varying vascular and biliary structures. Precise hepatic 
tumor localization and surgical margin assessment adds further 
technical difficulty, particularly in parenchyma-sparing hepatec-
tomy. Application of ICG permits biliary and vascular identifica-
tion and selective manipulation. Hepatic synthesis and biliary 
excretion permits functional assessment of candidate patients 
prior to major hepatic resection, while the degraded ability of can-
cerous or dysfunctional liver to metabolize ICG permits its utili-
zation in hepatic malignant lesion targeting. Careful timing, 
dosage, and application of ICG can increase sensitivity and speci-
ficity of cancer imaging, which may enhance curability after hep-
atobiliary operations. While the current expert panels have 
reached consensus on intraoperative fluorescence imaging 
 utilization [31, 63], continued research elucidating the impact of 
fluorescence guidance imaging on clinical outcomes is required to 
generate higher level of evidence.
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6Use of Fluorescence 
Guidance in Endocrine 
Surgery

Jared Matson, Thinzar M. Lwin, 
and Michael Bouvet

 Introduction

Surgeon interest in fluorescence-guided surgery (FGS) has 
existed since at least the 1950s. Some of the earliest applications 
were in ophthalmology and cataract surgery, although there was 
interest in applying the technology to gynecologic and hepatobi-
liary surgery as well [1–3]. While there were attempts at applying 
fluorescence in various surgical applications over the next five 
decades, including vascular surgery, thoracic surgery, otolaryn-
gology, and more, the advent of high-quality commercially 

J. Matson 
Department of Surgery, UC San Diego, San Diego, CA, USA
e-mail: jsmatson@health.ucsd.edu 

T. M. Lwin 
Department of Surgery, UC San Diego, San Diego, CA, USA 

Department of Surgical Oncology, Dana Farber Cancer Center,  
Boston, MA, USA
e-mail: thinzar_lwin@dfci.harvard.edu 

M. Bouvet (*) 
Department of Surgery, UC San Diego, San Diego, CA, USA 

VA San Diego Healthcare System, San Diego, CA, USA
e-mail: mbouvet@health.ucsd.edu

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023 
N. Szoka et al. (eds.), The SAGES Manual of Fluorescence-Guided 
Surgery, https://doi.org/10.1007/978-3-031-40685-0_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-40685-0_6&domain=pdf
mailto:jsmatson@health.ucsd.edu
mailto:thinzar_lwin@dfci.harvard.edu
mailto:mbouvet@health.ucsd.edu
https://doi.org/10.1007/978-3-031-40685-0_6


158

 available near- infrared (NIR) imaging systems in the 2000s 
allowed for rapid adoption and exploration of this technology in 
even more surgical fields, including breast surgery, colorectal 
surgery, plastic surgery, foregut surgery, and endocrine surgery 
[4–13]. This chapter will focus on the lattermost topic, and spe-
cifically on the use of indocyanine green (ICG) fluorescence 
guidance in adrenalectomy, parathyroidectomy, and thyroidec-
tomy as well as the role of autofluorescence in parathyroid gland 
identification.

 Background

Successful endocrine surgery relies on the identification and pres-
ervation of critical structures while removing pathologies that are 
often difficult to distinguish or separate from those normal struc-
tures. There has therefore been natural interest among endocrine 
surgeons in integrating NIR fluorescence imaging as the technol-
ogy has become more widespread. In particular, several properties 
about ICG fluorescence guidance make it an intuitive choice in 
endocrine surgery.

It has been discovered that the thyroid and parathyroid 
glands possess inherent fluorescence when excited by NIR 
light. NIR light is chosen because of improved tissue penetra-
tion compared to other wavelengths as well as more selective 
autofluorescence [14, 15]. Paras et  al. in 2011 described the 
use of custom software intraoperatively to assess this autofluo-
rescence of the thyroid and parathyroid glands in real time and 
found that it could be used to distinguish thyroid and parathy-
roid tissue from surrounding structures as well as to differenti-
ate the higher fluorescence parathyroid glands from the thyroid 
(this remained true whether the parathyroid glands were nor-
mal or hyperfunctioning) [16]. There now exist commercially 
available systems for detecting autofluorescence with either a 
probe (Fig. 6.1) or NIR imaging system (Fig. 6.2). Utilization 
of this natural property of parathyroid glands may be used 
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Fig. 6.1 PTeye™ (Medtronic, Minneapolis, MN, USA) near-infrared auto-
fluorescence probe system. (Image from PTeye™ brochure https://www.
medtronic.com/content/dam/medtronic- com/products/ear- nose- throat/pteye/
documents/pteye- product- brochure.pdf)

Fig. 6.2 Fluobeam® LX (Fluoptics, Grenoble, France) near-infrared auto-
fluorescence imaging system; this system is also compatible with ICG for 
fluorescence angiography. (Image from Fluobeam® LX brochure https://
fluoptics.us/wp- content/uploads/2019/10/Fluoptics- FluobeamLX- EN- 
web- 2.pdf)
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independently of or in combination with contrast- enhanced 
fluorescence angiography to take advantage of the properties 
unique to each system.

ICG is a water-soluble tricarbocyanine dye that has been 
used in humans since the 1950s [17]. It has an excellent safety 
profile with the primary concern potential cross-reactivity in 
patients with iodine allergies [18]. It fluoresces in the NIR 
spectrum (835 nm) when excited by NIR light (805 nm). When 
given intravenously, it binds avidly to plasma proteins and cir-
culates intravascularly until it is excreted by the biliary system 
[19, 20]. Fluorescence therefore primarily depends on blood 
supply or the presence of biliary tissue. Endocrine organs 
require a rich blood supply and tend to be hypervascular com-
pared to surrounding tissue. This property allows fluorescence 
imaging with ICG to differentiate endocrine organs from sur-
rounding tissues, with theoretical increased distinction with 
hyperfunctioning and hypervascular glands. While other com-
pounds, such as methylene blue, fluorescein green, and ami-
nolevulinic acid, have been used as adjuncts for imaging of 
parathyroid glands, concerns over safety and usability have 
limited widespread adoption [21–24].

While initial studies required customized equipment and 
software to take advantage of these properties, the increased 
interest in and demand for NIR intraoperative imaging has 
resulted in standardized integration into newer models of lapa-
roscopic and robotic imaging systems as well as the develop-
ment of systems specific to open surgery (Fig. 6.3). As there is 
no longer a need to utilize unwieldy and complex systems, the 
barriers to using this technology continue to decrease. 
Fluorescence imaging may now be seamlessly integrated into 
parathyroid, thyroid, and adrenal operations with the ability to 
transition instantaneously between fluorescent overlays, gray-
scale images, and traditional white light to allow the surgeon 
to customize their operation for the safest and most effective 
operation possible.
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Fig. 6.3 The SPY Portable Handheld Imaging (SPY-PHI) System by Stryker 
(Kalamazoo, MI). The image on the left shows the handheld imaging device 
in the foreground with the associated imaging tower in the background. The 
image on the right shows the SPY-PHI System in use intraoperatively. (Figure 
and caption reproduced from Matson et al. [45])

 Thyroid Surgery

Thyroidectomy, or removal of the thyroid gland, may be per-
formed for several benign or malignant conditions, including 
Graves’ disease, goiter, or thyroid cancer. The parathyroid 
glands are four pea-sized endocrine glands primarily responsi-
ble for calcium balance in the body. Failure to identify and pro-
tect the parathyroid glands are some of the factors associated 
with postoperative hypocalcemia [25]. The most common com-
plication following thyroid surgery is postoperative hypocalce-
mia, occurring transiently in approximately 10–30% of patients, 
with permanent deficiency in about 1–10% [25, 26]. When 
hypocalcemia is mild, it is typically asymptomatic. However, 
when hypocalcemia is symptomatic, it can have a significant 
impact on patients’ quality of life as well as duration of hospital-
ization and healthcare costs. Typical symptoms are related to the 
key role of calcium in muscle contraction and neurotransmitter 
release and include paresthesias, perioral numbness and tin-
gling, and muscle spasms/tetany (such as the classic Chvostek 
sign, contraction of the ipsilateral facial muscles when tapping 
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the facial nerve, and Trousseau sign, a carpopedal spasm with 
inflation of a blood pressure cuff over the upper arm) [27–29]. 
Life-threatening symptoms include seizures, laryngospasm, car-
diac arrhythmias, and cardiomyopathy [27]. When permanent, 
even asymptomatic hypocalcemia can be debilitating, requiring 
lifelong supplementation with calcium and vitamin D and rou-
tine follow-up, particularly for patients with comorbidities or 
women of childbearing age.

Parathyroid glands can be difficult to identify even for experi-
enced surgeons in ideal circumstances; they can be highly vari-
able in their location (particularly the inferior glands); preoperative 
imaging often lacks sensitivity and/or specificity (especially for 
normal glands); they can be difficult to distinguish from thyroid 
tissue, lymph nodes, or fat tissue; and they can vary in number. 
This task may be even more challenging in the case of a large 
goiter or invasive thyroid cancer. Even when identified, preserv-
ing the delicate blood supply of parathyroid glands and ensuring 
adequate postoperative function presents another challenge. If 
devascularized, the need to autotransplant one or more parathy-
roid glands can also be unclear. The use of NIR imaging to visual-
ize the presence and function of the parathyroid glands during 
thyroid surgery offers surgeons an intraoperative adjunct.

 Autofluorescence

In 2016, Falco et al. published a feasibility study demonstrating 
that the parathyroid glands could be reliably identified using auto-
fluorescence with NIR imaging in various pathologies of the thy-
roid and parathyroid glands and that the parathyroid glands could 
be distinguished from the thyroid glands using fluorescence inten-
sity (Fig. 6.4) [30]. This led to increased interest in the practical 
implications of using this technology, and a randomized con-
trolled trial by Dip et al. in 2019 included 170 patients and dem-
onstrated that the use of NIR autofluorescence (NIRAF) imaging 
of the parathyroid glands increased the number of parathyroid 
glands identified prior to initiating the thyroid gland dissection 
over white light from 2.6 to 3.5 (p < 0.001), including at least one 
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Fig. 6.4 Near-infrared autofluorescence viewed using Fluobeam® LX 
(Fluoptics, Grenoble, France) of a normal parathyroid gland (long arrow) 
demonstrating clear differentiation from the thyroid gland (arrowhead)

previously missed gland in 2/3 of patients [31]. More importantly, 
it reduced the rate of hypocalcemia (defined as calcium level 
≤7.5 mg/dL) by 90% compared to the control group undergoing 
dissection under white light alone (p = 0.005). They did not find a 
significant difference between the total number of parathyroid 
glands identified after thyroid gland dissection under white light 
and pre-dissection with NIR light (3.6 vs. 3.5, respectively).

These findings were supported by the PARAFLUO multicenter 
randomized trial comparing rates of hypocalcemia on postopera-
tive day (POD) 1 or 2 (corrected calcium <8.0 mg/dL). In that 
study, Benmiloud et al. randomized 241 patients to conventional 
thyroidectomy versus NIRAF-assisted thyroidectomy and found 
that the rates of temporary hypocalcemia were 9.1% for the 
NIRAF group and 21.7% for the controls (p = 0.007), though they 
did not detect a significant difference in permanent hypocalcemia 
(0% vs. 1.6%, respectively) [32]. These findings persisted on mul-
tivariate analysis, with an odds ratio of 0.35 for hypocalcemia in 
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the NIRAF group. Secondary outcomes further demonstrated that 
the rates of autotransplantation (3.3% vs. 13.3%, p = 0.009) and 
inadvertently resected glands (2.5% vs. 11.7%, p = 0.006) were 
also lower for the NIRAF-assisted compared to traditional thy-
roidectomy.

While other studies have had conflicting results regarding the 
ability of NIRAF imaging to reduce hypocalcemia, these two 
large randomized trials provide level II evidence that NIRAF can 
improve the identification and preservation of parathyroid glands 
during thyroid surgery [31–35]. This may increase surgeon confi-
dence in identification of glands and allow them to proceed more 
freely with thyroid gland dissection, or it could reduce the need 
for frozen section analysis or intraoperative parathyroid hormone 
(PTH) measurement and therefore save time in the operating 
room, as well as potentially reducing the rates of transient postop-
erative hypocalcemia and incidental parathyroidectomy. While 
NIRAF can assist in identification of parathyroid glands, it does 
not provide information regarding adequate parathyroid gland 
perfusion, which is essential for proper function in the periopera-
tive period.

 Fluorescent Dyes

One of the advantages of incorporating the use of fluorescent dyes 
is that they can give real-time information about the blood flow to 
various tissues. Early studies on the use of ICG FA during thyroid 
surgery suggested that having well-vascularized parathyroid 
glands on NIR imaging was associated with normal PTH levels 
following thyroid surgery [36–38]. Case series summarized by 
Spartalis et al. further supported the idea that adequate perfusion 
of parathyroid glands on ICG FA correlated with postoperative 
PTH levels and even that poor perfusion was associated with 
increased risk of hypocalcemia [39]. However, there was signifi-
cant heterogeneity in the doses of ICG and protocols summarized 
in this review.

A randomized controlled trial by Vidal Fortuny et al. compared 
the need for calcium and PTH as well as vitamin D and calcium 
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supplementation if patients had at least one well-perfused para-
thyroid gland by ICG FA [40]. Patients were randomized to either 
standard measurement of calcium and PTH on POD 1 with vita-
min D and calcium supplementation or neither blood tests nor 
supplementation. Rates of hypocalcemia on POD 10–15 were 
compared. One hundred forty-six of the196 patients undergoing 
ICG FA had at least one well-perfused gland and were random-
ized; of the 50 patients who did not have a well-perfused parathy-
roid gland, 11 had hypoparathyroidism on POD 1 with six having 
persistent hypoparathyroidism on POD 10–15, while none of the 
randomized patients developed hypoparathyroidism (p = 0.007). 
The intervention group (no supplementation or measurement of 
PTH or calcium levels) was therefore found to be noninferior, 
suggesting that patients with at least one well-vascularized para-
thyroid gland by ICG FA during thyroidectomy do not need rou-
tine supplementation or lab draws. However, there are no 
randomized trials comparing the use of ICG FA during thyroidec-
tomy to traditional surgery. The most impactful results would be a 
demonstration of reduced complications such as hypocalcemia 
and hypoparathyroidism with NIR imaging; while transient hypo-
calcemia and hypoparathyroidism are relatively common and may 
be observed with a single-institution study, the infrequent nature 
of permanent hypocalcemia will likely require a large, multicenter 
trial to reach adequate statistical power.

It has also been theorized that the use of ICG FA may guide 
more appropriate autotransplantation, preventing unnecessary 
autotransplantation or encouraging autotransplantation of com-
promised glands, but the literature in this field is limited. While 
Rudin et  al. found that the autotransplantation rate was 36% 
with ICG FA compared to 12% in the control group (p = 0.0001), 
Razavi et  al. concluded that low-flow patterns with ICG FA 
were not associated with postoperative hypoparathyroidism or 
hypocalcemia and may result in unnecessary autotransplanta-
tion [41, 42].

Other dye alternatives to ICG have been examined. Enny et al. 
evaluated the use of fluorescein green (FG) dye as a low-cost 
alternative to ICG [23]. FG has long been used for ophthalmo-
logic purposes but had not previously been applied to the identi-
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fication of parathyroid glands. It absorbs light in the blue 
spectrum (465–490  nm) and fluoresces in the green spectrum 
(520–530 nm). Enny et al. administered 500 mg (2 mL of 25% 
FG) of dye after resection of the thyroid gland followed by visu-
alization of the parathyroid glands under white light vs. fluores-
cence light [23]. They found that FG fluorescence did appear to 
be correlated with function postoperatively, as patients who had 
three to four fluorescent glands did not experience hypocalcemia, 
whereas visualization of three or four glands with the naked eye 
still resulted in rates of hypocalcemia of 23% and 28%, respec-
tively. They also found that postoperative PTH and calcium lev-
els correlated with the number of fluorescent parathyroid glands 
seen with FG. While additional studies are required, this may be 
a viable option in low- resource areas to predict the need for post-
operative supplementation and laboratory monitoring in patients 
undergoing thyroid surgery. As newer base models of laparo-
scopic and robotic imaging systems incorporate NIR capabilities, 
this is likely irrelevant for first-world countries. However, it may 
allow for application of similar principles without the required 
investment in expensive imaging systems in resource-limited 
situations.

 Potential Pitfalls

While both NIRAF and dye-enhanced NIR fluorescence imaging 
appear to offer some advantages over traditional thyroid surgery, 
there are important limitations of the technologies of which sur-
geons must be aware while using the technology (Table 6.1).

For NIRAF, the fluorescence signal can only be detected 
through two to three millimeters of soft tissue. This poor tissue 
penetration can result in missed glands if the overlying tissues 
have not been sufficiently dissected. However, it can also result in 
devascularization if care is not taken to protect the blood supply 
during exposure. Intrathyroidal glands pose a particular challenge 
in this regard. There is also significant variability in relative 
 fluorescence of parathyroid and thyroid glands, so it may be of 
limited utility in certain patients. There have been reports of false 
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 positives with brown fat, colloidal thyroid nodules, and even met-
astatic lymph nodes [43]. The lattermost situation is particularly 
concerning since the consequences of mistaking a metastatic 
lymph node for an inadequately perfused parathyroid gland and 
autotransplanting it could be catastrophic. Another limitation is 
that NIRAF does not offer any information on the perfusion status 
of the parathyroid glands. While this limits the utility in  predicting 
postoperative function, it does allow for more ready identification 

Table 6.1 Utility and limitations of fluorescence guidance during thyroid 
surgery

system Benefits/utility Limitations

Autofluorescence Does not require any 
exogenous contrast agent

Occasionally, contrast 
between thyroid and 
parathyroid glands is not 
significant

Distinguishes between 
thyroid and parathyroid 
glands

Does not provide 
information on perfusion/
viability

Distinguishes between 
thyroid/parathyroid glands 
and surrounding tissues

Limited tissue penetration

Improves identification of 
parathyroid glands before 
dissection

Potential false positives 
with metastatic lymph 
nodes, brown fat, colloidal 
thyroid nodules

Reduces rate of 
inadvertently resected 
parathyroid glands

Requires purchase of 
imaging system

Reduces rate of 
autotransplantation

Unclear effect on operative 
duration

Helps identify 
inadvertently removed 
parathyroid glands in 
resection specimen for 
autotransplantation
Reduces rates of short- 
and medium-term 
hypocalcemia

(continued)
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Table 6.1 (continued)

system Benefits/utility Limitations

Contrast- 
enhanced

Provides real-time 
information on 
parathyroid gland 
perfusion

Limited ability to 
distinguish between 
thyroid and parathyroid 
glands

May help identify and 
preserve parathyroid 
gland blood supply

Limited tissue penetration

Can guide decision- 
making regarding need for 
autotransplantation

Subjective interpretation of 
degree of fluorescence/
perfusion

Helps determine which 
patients are at risk for 
postoperative 
hypocalcemia

ICG contraindicated in 
patients with iodine allergy

Can help determine need 
for postoperative labs and 
calcium and vitamin D 
supplementation

Requires purchase of 
imaging system and dye

Rapid cycling between 
fluorescence imaging, 
white light, and 
fluorescence overlay

Unclear effect on operative 
duration

of inadvertently removed glands in the resection specimen that 
could then be autotransplanted. Finally, there is an upfront cost to 
acquire the imaging system. There is conflicting data on the effect 
on operative duration and the ability to prevent hypocalcemia, and 
no cost-effectiveness studies have been published, so it is unclear 
what the overall financial impact of incorporating this technology 
into a thyroid surgery practice would be.

ICG FA has several similar limitations. The penetration is also 
limited to only several millimeters, so overlying soft tissue can 
obscure the parathyroid glands. There is also rapid enhancement 
of the thyroid gland by ICG as it is also a hypervascular organ. 
Therefore, ICG FA should not be used to distinguish between the 
thyroid and parathyroid glands. Furthermore, current systems 
depend on subjective interpretation of fluorescence, which limits 
standardization and the ability to determine cutoffs associated 
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with postoperative hypocalcemia and hypoparathyroidism. 
Quantitative fluorescence is not currently integrated into imaging 
systems and requires customization of equipment for real-time 
visualization or later analysis of videos with appropriate software, 
which does not provide immediate feedback to the surgeon. While 
the capability for NIR fluorescence imaging is being integrated 
into newer laparoscopic and robotic imaging systems, purchasing 
these newer models requires significant investment. Additionally, 
the greatest utility in thyroid surgery is likely using systems spe-
cifically designed for open surgery that do not require using the 
unwieldy laparoscopic or robotic cameras to visualize the neck 
(and which also do not require sterilization of the camera between 
cases). ICG dye also presents an added cost, though it is insignifi-
cant compared to the overall operative costs. It is also contraindi-
cated in patients with allergies to iodine. Finally, like NIRAF, 
there is conflicting data on the effect of the technology on dura-
tion of the operation. There is undeniably a requirement to wait 
for fluorescence after administration of the dye, but most studies 
have shown this to range from less than a minute to no more than 
3 min [44, 45]. This may also result in time-savings if it allows 
surgeons to proceed with the operation and wound closure with-
out waiting for intraoperative PTH levels or frozen section analy-
sis or avoid unnecessary autotransplantation.

 Summary and Vision for Application

Based on early results, there has been a good deal of excitement 
and numerous publications about the use of fluorescence image 
guidance in thyroid surgery. While the vast majority of studies are 
retrospective, single-institution case series or cohort studies, there 
are several large, randomized trials that seem to show superiority 
of NIRAF visualization of the parathyroid glands compared to 
traditional surgery [31, 32]. ICG FA may provide additional 
insight into the perfusion status of identified glands to help guide 
autotransplantation and the need for postoperative monitoring and 
supplementation. The systematic review by Demarchi et al. sum-
marized 25 studies utilizing either NIRAF or dye-enhanced NIR 
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imaging in thyroid surgery; they concluded that the use of the 
technology was feasible and safe and several benefits including 
improved identification and preservation of the parathyroid glands 
as well as early identification of mistakenly resected glands that 
might allow autotransplantation [44]. Together, this may result in 
reduced postoperative hypoparathyroidism and hypocalcemia. 
This is supported by the findings of Barbieri et  al.; the authors 
performed a meta-analysis of 13 studies looking at fluorescence 
imaging in total thyroidectomy and included 1484 operations 
[46]. They found that fluorescence-guided surgery resulted in 
improvements in both short- and medium-term hypocalcemia 
rates compared to traditional surgery (8% vs. 15% and 1% vs. 5%, 
respectively).

Taking this information into consideration, we believe that 
these techniques can be used in complementary fashion for opti-
mal results. In any case, a pre-incision PTH level should be drawn. 
The utility of NIRAF seems to primarily be in the early identifica-
tion and preservation of parathyroid glands and in examining the 
resection specimen for missed glands. Therefore, once adequate 
exposure of the thyroid gland has been achieved through incision 
of the skin, soft tissue, and platysma and retraction of the strap 
muscles, the surgical field should be examined with the use of a 
device designed for detection of parathyroid gland autofluores-
cence. The location of identified parathyroid glands should be 
noted, and they should be protected while the dissection carefully 
continues, periodically reexamining the field if candidate struc-
tures are found. Once the thyroid specimen has been removed, it 
may also be examined briefly for any missed glands, noting the 
limitations of penetration in identifying deeper intrathyroidal 
glands.

The previously identified glands should be confirmed, and then 
2.5 mg of ICG (1 mL of reconstituted solution, 25 mg vial with 
10  mL of sterile water) should be administered through a 
 peripheral IV immediately followed by a 10 cc flush of normal 
saline or lactated ringers by the anesthesia provider while the sur-
gical field is visualized with an NIR imaging device. The parathy-
roid glands should fluoresce within 30–90  s if they remain 
well-vascularized, and the peak intensity of their fluorescence as 
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well as the rate of increase in fluorescence intensity may provide 
evidence for the adequacy of their perfusion. Glands that appear 
to be devascularized (minimal or no fluorescence) can be incised 
with a scalpel and if there is no bleeding can be considered for 
autotransplantation. If there are at least two well-vascularized 
glands, autotransplantation of any remaining glands is likely 
unnecessary. Similarly, in the case of at least two well- vascularized 
glands, providers may choose to forego postoperative PTH/cal-
cium monitoring or prophylactic vitamin D and calcium supple-
mentation.

If there is concern that a candidate gland may be a metastatic 
lymph node, this structure should be sampled and sent for frozen 
section analysis before autotransplantation. Otherwise, frozen 
section analysis and rapid PTH assays are not necessary and 
should be used at surgeon discretion on a case-by-case basis.

 Parathyroid Surgery

The utility of fluorescence-guided surgery in identifying parathy-
roid glands and determining their perfusion status may also be 
applied to parathyroid surgery. Parathyroid surgery is primarily 
performed to prevent complications or alleviate symptoms related 
to hypercalcemia secondary to elevated PTH levels (i.e., kidney 
stones, fatigue, depression, osteoporosis, and other symptoms). 
The most common indication for parathyroidectomy is primary 
hyperparathyroidism, or abnormally elevated PTH and calcium 
levels, which is usually due to a single hyperfunctional parathyroid 
adenoma. Less common causes of primary hyperparathyroidism 
are multiple adenomas, diffuse hyperplasia, and parathyroid carci-
noma. In patients with single or multiple adenomas, their disease 
process can typically be cured and calcium/PTH normalized by 
removal of the pathologic gland(s). Patients with diffuse hyperpla-
sia as well as those with secondary (caused by constant stimulation 
from low calcium and elevated phosphate levels in renal disease) 
or tertiary (hyperparathyroidism from renal disease that persists 
after kidney transplant) hyperparathyroidism require subtotal para-
thyroidectomy, or removal of most parathyroid glands and leaving 
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about 1/2 gland in situ or autotransplanted to a more easily acces-
sible area such as the forearm or sternocleidomastoid. Failure to 
remove diseased glands may result in persistent hyperparathyroid-
ism, while leaving or autotransplanting inadequately perfused 
glands during subtotal parathyroidectomy could result in hypo-
parathyroidism and hypocalcemia. Preoperative imaging is most 
effective at localizing single adenomas but has far less sensitivity 
and specificity for multiple adenomas or diffuse hyperplasia; even 
in the case of a single adenoma, however, intraoperative localiza-
tion may present a challenge [47–50]. Using near-infrared imaging 
either to elicit autofluorescence of the parathyroid gland or in com-
bination with fluorescent dye such as ICG may facilitate localiza-
tion of the abnormal glands, and the latter may be used to help 
determine which gland is most appropriate for preservation/auto-
transplantation.

 Autofluorescence

Parathyroid gland autofluorescence has been found to be helpful 
in identifying parathyroid glands during parathyroid surgery for 
various indications as well as during thyroid surgery. Parras et al. 
found a significant difference in autofluorescence intensity 
between parathyroid and thyroid glands (p = 0.00000235) [16]. 
McWade et al. corroborated this (parathyroid gland autofluores-
cence is between 1.2 and 29 times higher than thyroid autofluores-
cence) and found a sensitivity for intraoperative parathyroid gland 
detection of 97% [51]. The clinical significance of autofluores-
cence in parathyroidectomy is to help identify parathyroid glands 
in order to prevent persistent hyperparathyroidism due to a missed 
adenoma or insufficient resection in diffuse hyperplasia. Given 
current high cure rates at specialist centers (up to 97%), superior-
ity over traditional surgery is difficult to demonstrate [52]. In their 
2019 review of NIRAF in thyroid and parathyroid surgery, 
DiMarco and Palazzo determined that 902 patients would need to 
be included to demonstrate an improvement in persistent hyper-
parathyroidism from 2% to 0.1% [34]. Thus far, no studies have 
been performed looking at that outcome. However, Demarchi 
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et  al. recently described a characteristic autofluorescent pattern 
for parathyroid adenomas (heterogenous fluorescence with a 
more highly fluorescent cap that correlated with normal parathy-
roid tissue in 74% of specimens); all patients in their study dem-
onstrated cure of their primary hyperparathyroidism [53]. If this 
finding is confirmed in larger studies, the characteristic pattern 
may permit the use of NIRAF in further distinguishing normal 
from abnormal gland(s) and obviating the need to wait for confir-
mation with a 50% reduction in PTH levels post-resection, as is 
the current standard.

 Fluorescent Dyes

The use of dye-based techniques to help identify the parathyroid 
glands has existed for half a century [21]. The combination of dye 
administration with NIR fluorescence imaging has seen a signifi-
cant uptick in interest and use in the last decade. While various 
compounds have been explored for his purpose, including methy-
lene blue and aminolevulinic acid, the dye that has been the most 
studied is ICG [12, 22, 24, 39].

It has been proposed that ICG FA may be particularly helpful in 
identifying abnormal parathyroid glands because of their potential 
increased blood flow. The initial case study by Chakedis et  al. 
demonstrated that ICG FA could effectively assist with localiza-
tion of a recurrent parathyroid adenoma in redo parathyroidectomy 
[54]. Several case series confirmed its utility in reoperative para-
thyroidectomy as well as in initial parathyroid surgery [55–59]. 
These studies showed superior sensitivity of ICG FA compared to 
traditional techniques such as ultrasound or sestamibi, and even 
compared to newer imaging modalities such as 4D CT.

When compared to NIRAF, ICG FA can also give insight into 
the perfusion status of the parathyroid glands (Fig.  6.5). This is 
important in subtotal parathyroidectomy to ensure that an ade-
quately perfused remnant is selected for either preservation or auto-
transplantation. Studies have demonstrated that ICG FA may be 
useful in this regard, as none of the patients in these reported case 
series developed hypoparathyroidism [39, 58, 60]. This was one of 
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a b c

Fig. 6.5 A representative image of parathyroid adenoma fluorescence fol-
lowing injection of ICG and excitement with NIR light. All are from the same 
patient and injection of ICG. (a) Parathyroid adenoma (white arrow) under 
white light prior to injection of ICG. (b) The adenoma (white arrow) with 
computer-generated green overlay after peak fluorescence was achieved. (c) 
Fluorescence of the adenoma (white arrow) and its feeding vessel (black tri-
angle) seen in grayscale viewing mode. (Figure and caption reproduced from 
Matson et al. [45])

the proposed uses for contrast-enhanced NIR fluorescence imaging 
in parathyroidectomy described by Solórzano et al. in their recent 
review of NIR fluorescence in endocrine surgery of the neck [12].

Doses of ICG administered for the detection of parathyroid 
glands during parathyroidectomy were variable [39]. As little as 
2.5 mg can be used effectively, and repeat administration of ICG 
can still provide adequate fluorescence visualization, such as for 
bilateral neck exploration, with ICG FA first performed on one 
side of the neck before repeating the procedure on the contralateral 
side [39, 45]. The parathyroid glands will typically reach peak 
fluorescence in less than a minute; the authors’ recently published 
study found an average time to initial fluorescence of 26.7 s and 
average time to peak fluorescence of 38.0 s, with a significant asso-
ciation between time to fluorescence and how quickly the anesthe-
sia provider flushed the IV following injection of the dye [39, 45].

 Potential Pitfalls

Like thyroid surgery, both NIRAF and dye-enhanced fluorescence 
imaging have a potential role in parathyroid surgery. This role is 
variable depending on the exact indication for surgery, and the 
limitations vary accordingly (Table 6.2).
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The primary role of NIRAF in parathyroid surgery is in identi-
fication of the parathyroid glands, similar to its role in thyroid 
surgery. Therefore, some of the potential issues with its use are 
the same: the limited depth of penetration (just a couple millime-
ters) could result in missed glands, potentially causing persistent 
hyperparathyroidism and requiring reoperation, or could result in 
devascularization of glands that should be preserved, potentially 
resulting in hypoparathyroidism and hypocalcemia; the lack of 
information about perfusion status could result in selection for 
preservation or autotransplantation of a suboptimally perfused 
gland and hypocalcemia. In parathyroid surgery, it is also impor-
tant to be aware of the variable autofluorescence of pathologic 
parathyroid glands (often less brightly fluorescent than normal 
glands or heterogenous in enhancement, and sometimes even 
hypofluorescent compared to surrounding tissues), which is par-
ticularly true for secondary hyperparathyroidism and multiple 
endocrine neoplasia type (MEN1).

Dye-enhanced NIR fluorescence imaging may be used for 
either the identification of normal or abnormal parathyroid glands 
during parathyroidectomy or for the assessment of perfusion sta-
tus of the remnant gland in subtotal parathyroidectomy. The limi-
tations are essentially the same as for thyroid surgery: limited 
tissue penetration and ability to detect intrathyroidal or other 
“buried” glands, inability to differentiate thyroid and parathyroid 
tissue, and potentially increased costs and OR time associated 
with its use. However, in parathyroid surgery, there may be better 
delineation between thyroid and parathyroid tissue since the para-
thyroid gland being localized is usually hyperplastic and therefore 
should theoretically have increased uptake of ICG and greater 
relative fluorescence.

 Summary and Vision for Application

Overall, the data supporting the use of both NIRAF and ICG FA 
in parathyroid surgery is limited, with no randomized trials or 
meta-analyses supporting its use. There are several case series 
that seem to demonstrate superior sensitivity compared to tradi-
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tional methods of preoperative localization and multiple system-
atic reviews that highlight the potential uses of these technologies. 
There remains a need for large cohort studies and randomized 
controlled trials to better support widespread adoption of these 
techniques.

Because the data is more limited, the optimal use of either or 
both NIRAF and ICG FA in parathyroid surgery is unclear. For a 
surgeon who already uses one or both technologies in their thy-
roid operations, they may prefer to continue integrating that tech-
nology into their parathyroid operations. However, the authors 
believe that ICG FA offers more advantages in parathyroid sur-
gery over autofluorescence. First, pathologic parathyroid glands 
have variable autofluorescence, which may include heterogenous 
enhancement or global hypoenhancement [34]. This is particu-
larly true in the diffuse hyperplasia of secondary hyperparathy-
roidism and multiple endocrine neoplasia type 1 (MEN1). Second, 
the use of ICG can provide information on the perfusion status of 
the parathyroid glands and guide autotransplantation or subtotal 
parathyroidectomy to reduce the risk of postoperative hypopara-
thyroidism. The following represents our technique.

The beginning of the operation is no different than for thyroid 
surgery, beginning with the anesthesia provider drawing a pre- 
incision PTH level followed by the surgeon making a transverse 
cervical neck incision and carrying the dissection down through 
the platysma and retracting the strap muscles. Once the thyroid 
gland is identified, it is retracted toward the midline from the pre-
sumed site of pathology (based on preoperative imaging) or from 
the surgeon’s preferred initial side if addressing 4-gland disease. 
Gentle dissection is then performed to attempt to identify the 
parathyroid glands on that side without disrupting their blood sup-
ply. Particular attention is given to attempting to find the enlarged 
gland in the case of an assumed single adenoma. After identifying 
the candidate gland(s), the surgical field is visualized through the 
fluorescence imaging system to ensure appropriate image quality. 
This may require adjustment of the OR lights away from the sur-
gical field or dimming of the room lights. 2.5 mg of ICG (1 mL of 
reconstituted solution) is then injected by the anesthesia provider 
through a peripheral IV followed immediately by a flush of at 
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least 10 cc of normal saline or lactated ringers solution. The para-
thyroid glands fluoresce within 30–90  s if they remain well- 
vascularized, and the time to reach peak intensity of their 
fluorescence as well as the degree of peak fluorescence intensity 
may provide qualitative information for the adequacy of their per-
fusion. If a likely single adenoma is confirmed, the blood supply 
to that gland may be ligated and the specimen removed; the sur-
geon may proceed with wound closure if they have sufficient con-
fidence in removal of the pathologic gland. If there is uncertainty, 
the gland may be sent for frozen section, an intraoperative PTH 
level may be sent (with a 50% drop in PTH at 10 min after resec-
tion confirming cure), and/or the contralateral side may be 
explored. In the case of diffuse hyperplasia, the perfusion status of 
the glands on ICG FA should be noted and attention turned to the 
contralateral side. Once the presumed parathyroid glands on that 
side have been identified, the procedure with visualization of the 
field using the fluorescence imaging system and injection of ICG 
should be repeated. A gland that exhibits adequate enhancement 
with ICG should be selected to reduce the risk of postoperative 
hypoparathyroidism. Successive clipping of the gland chosen for 
partial preservation should then be performed until an appropriate 
remnant has been created, with a final assessment of perfusion 
with the fluorescence imaging system. If this process results in 
damage to the gland such that it appears inadequate, the gland 
should be excised, and the procedure repeated with one of the 
remaining glands. Once an appropriate remnant is created, the 
blood supply to the remaining glands may be ligated and the spec-
imens removed.

We routinely draw a PTH level and calcium level in the recov-
ery area. For patients with one or multiple adenomas, if there has 
been an appropriate drop in the PTH level and the patient is other-
wise meeting criteria for discharge and without risk factors for 
complications, they may be allowed to discharge. If the PTH level 
does not experience an adequate drop, it is at the surgeon’s discre-
tion and OR availability to return to the OR later the same day or 
the next for removal of a possible missed adenoma versus contin-
ued observation and trending of PTH levels. For patients who 
have undergone subtotal parathyroidectomy, we admit them for 
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serial calcium checks and monitoring for symptoms until their 
calcium levels have stabilized and their degree of supplementa-
tion has been determined.

 Adrenal Surgery

The adrenal glands are small, bilateral retroperitoneal endocrine 
organs positioned just cephalad to the kidneys whose normal 
function is the production of several essential hormones, includ-
ing cortisol, sex hormones, aldosterone, and catecholamines. 
Tumors that develop in the adrenal glands may be either benign or 
malignant and may additionally produce one or more of those 
substances. When these tumors are functional, the excess hor-
mones may lead to symptoms such as tachycardia and hyperten-
sion (catecholamines) or various syndromes such as Cushing’s 
syndrome (hypercortisolism), Conn syndrome (hyperaldosteron-
ism), virilization, and/or feminization.

Adrenalectomy is recommended for functional tumors, malig-
nant tumors, and tumors at risk for malignancy (typically benign- 
appearing lesions that are greater than 4–6 cm, though some are 
so characteristic on imaging that even larger lesions do not require 
resection unless symptomatic, such as myelolipomas or simple 
cysts), with minimally invasive adrenalectomy being the standard 
of care for benign lesions. Adrenalectomy poses several chal-
lenges for surgeons. It may be difficult to distinguish the adrenal 
gland from the surrounding retroperitoneal fat or between the 
tumor and normal adrenal tissue (as may be required in partial 
adrenalectomy for bilateral benign tumors or in patients with 
genetic diseases putting them at increased risk of recurrence), par-
ticularly in minimally invasive surgery where surgeons lack the 
tactile feedback of open operations. It is also essential to identify 
critical vascular structures early in the operation, including the 
inferior vena cava (IVC), renal vessels, and adrenal vein. For 
example, expeditious identification of the adrenal vein is essential 
during resection of a pheochromocytoma; the vein must be ligated 
before manipulating the tumor to prevent catecholamine surge 
and hemodynamic instability. The right adrenal vein is short and 
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connects directly to the IVC, whereas the left connects to the renal 
vein. Technical errors during surgery can result in significant 
hemorrhage, potentially leading to blood transfusions or even 
death [61, 62]. NIR fluorescence imaging offers a natural 
 opportunity for safer and more efficient surgery, particularly for 
minimally invasive approaches.

 Fluorescence Guidance During Adrenalectomy

The earliest studies of contrast enhancement for adrenalectomy 
are less than two decades old. In 2003, Obermeyer et al. demon-
strated reduced operative times using methylene blue in a pre-
clinical study of laparoscopic adrenalectomy in pigs [63]. 
However, the doses required for adequate color change in the 
glands were several times higher than typical doses used clini-
cally, and it has known potential toxic side effects [22]. 
Additionally, the duration of the visualization enhancement was 
less than 15 min, and the high doses required would not allow for 
repeated injections, further decreasing its utility. In 2013, Manny 
et  al. published the first clinical use of ICG for fluorescence-
guided adrenal surgery [64]. Their feasibility study on three 
patients undergoing robotic partial adrenalectomy demonstrated 
the safety and the potential of the technique, as the masses were 
all hypofluorescent compared to normal adrenal tissue. While 
other fluorophores have been studied, ICG remains the most used 
and studied compound for fluorescence imaging guidance during 
adrenal surgery [13, 65, 66].

Following the study by Manny et al. exploring the use of ICG 
in robotic partial adrenalectomy, DeLong, et  al. published the 
first description of ICG FA-aided laparoscopic adrenalectomy in 
a four-patient case series in 2015 [64, 67]. They highlighted the 
value of the technique in defining the vascular anatomy and 
guiding an efficient and hemostatic dissection (Fig. 6.6). Colvin 
et al. then compared ICG fluorescence imaging to conventional 
view in 40 consecutive patients undergoing robotic adrenalec-
tomy; they found that contrast-enhanced imaging was superior 
to conventional view in 46.5% of cases and equivalent in another 
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a b

c d

Fig. 6.6 View of the abnormal adrenal gland in Case 2 (left adrenalectomy) 
prior to administration of ICG (a); view of the adrenal gland after early 
administration of ICG, enhancing the arterial vasculature (short arrows), 
facilitating meticulous hemostatic dissection with the harmonic scalpel (b); 
the ICG subsequently illuminates the adrenal parenchyma and strongly 
enhances the adrenal vein (long arrow) (c); surgical navigation is not dis-
rupted in the fluorescent mode; the adrenal vein is clipped under fluorescence 
guidance (d). ICG indocyanine green. (Figure and caption reproduced from 
DeLong et al. [55])

25.6% [68]. The only parameter that was predictive of fluores-
cence imaging superiority over conventional was tumor type. 
Since these early studies, several other studies have been per-
formed in robotic and laparoscopic total or partial adrenalec-
tomy, demonstrating several important features:

 1. The technique is rapid, with fluorescence of critical structures 
beginning within 30–90  s of injection of ICG and waning 
within 20 min of injection [68–71].

 2. The technique is safe, with no complications reported due to 
the ICG and multiple injections well-tolerated without nearing 
maximum safe doses [68–71].
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 3. Different fluorescent patterns may be expected depending on 
tumor type, with adrenocortical tumors characteristically 
showing hyperfluorescence compared to surrounding adrenal 
tissue, while other tumor types, such as pheochromocytoma, 
may be hypofluorescent [68, 70]. This may help with distinc-
tion between normal and pathologic tissue and improve the 
likelihood of complete resection of the tumor while leaving 
adequate functional remnant during partial adrenalectomy.

The quality of evidence supporting the use of ICG FA in adre-
nalectomy remains low, however, with no cohort studies or ran-
domized controlled trials.

 Potential Pitfalls

While ICG FA shows promise in enhancing laparoscopic and 
robotic adrenalectomy, there are several potential limitations 
(Table 6.3). For instance, ICG is excreted through the biliary sys-
tem and is taken up by hepatocytes shortly after administration. 
The fluorescence of biliary tissue lingers much longer than does 
that of other tissues or the vasculature, however, and thus may 
limit the utility of ICG FA, particularly for posterior approach to 
right adrenalectomy. Therefore, if bilateral lesions are present, the 
surgeon should consider beginning on the right so that the repeat 
administration for the second side is less significantly impacted 
by this property of ICG and if there is an isolated right-sided 
lesion, a lateral or anterior approach should be considered. 
Additionally, the current technology doesn’t have the capability 
for quantitative assessment of fluorescence intraoperatively, so 
relative fluorescence depends on subjective surgeon assessment. 
This limits the generalizability of results from prior studies. As 
with other uses of ICG FA, there is also a significant upfront cost 
required for acquisition of the NIR imaging system. However, this 
capability is being integrated into newer laparoscopic and robotic 
platforms, which would then not require purchase of a separate 
NIR-capable device. There is then a nominal cost for the ICG 
required for each case. It is also unclear what the effect is of 
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Table 6.3 Utility and limitations of fluorescence guidance during adrenal 
surgery

system Benefits/utility Limitations

Contrast- 
enhanced

May help in identification of 
critical vascular structures, 
thereby decreasing bleeding 
complications

Use in R adrenalectomy 
limited by hepatic contrast 
uptake and prolonged 
fluorescence

Distinguishes between adrenal 
gland and retroperitoneal 
adipose tissue

ICG contraindicated in 
patients with iodine allergy

May distinguish between 
normal adrenal tissue and tumor 
(especially pheochromocytoma) 
for partial adrenalectomy

Limited tissue penetration

Allows for real-time assessment 
of perfusion of remnant adrenal 
tissue

Subjective interpretation of 
degree of fluorescence/
perfusion

Uptake of ICG is rapid Requires purchase of 
imaging system

Dosing may be safely repeated Unclear effect on operative 
duration

Rapid cycling between 
fluorescence imaging, white 
light, and fluorescence overlay

implementing ICG FA on operative duration; while in theory it 
could improve operative efficiency by allowing for more rapid 
identification of critical structures such as the adrenal vein and for 
easier delineation of tissue planes, there is time required after the 
administration of ICG before peak fluorescence is achieved.

 Summary and Vision for Application

ICG FA has been studied in several applications for minimally 
invasive adrenal surgery. It has been shown to have superiority 
over conventional imaging for the majority of cases during robotic 
adrenalectomy, especially with adrenocortical tumors [68]. It is 
also effective during partial adrenalectomy at ensuring complete 
resection of the lesion while sparing uninvolved tissue and assess-
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ing the vascularization of that tissue [64, 71]. Other studies have 
shown that it is helpful during laparoscopic adrenalectomy at dis-
tinguishing between tissues of interest and identifying critical 
vascular structures [67, 69]. Support for more widespread use will 
require large, multicenter studies with clear definitions of out-
comes of interest (e.g., recurrence rates, sufficient remnant adre-
nal tissue, operative duration, complication rates).

We believe that ICG FA may be effectively used in either lapa-
roscopic or robotic total or partial adrenalectomy and offers simi-
lar advantages regardless of the surgical approach. At our 
institution, we most commonly utilize a transperitoneal approach 
for laparoscopic adrenalectomy. Patient positioning is then depen-
dent on the laterality of the pathology, with the patient in lateral 
decubitus position with the side of interest up. For a right-sided 
lesion, entry into the abdomen is typically gained under direct 
visualization through a 5 mm port. The abdomen is then insuf-
flated through this port and three additional trocars are placed in 
the right upper quadrant. The liver is retracted cephalad and dis-
sected from the retroperitoneum with an energy device to preserve 
hemostasis. Once the IVC and right adrenal gland are visualized, 
5 mg of ICG (2.5 mg/mL) may then be administered via a periph-
eral vein by the anesthesia provider followed by a 10 mL flush 
with normal saline or lactated ringers solution. The adrenal vein is 
then identified, clipped, and divided before proceeding with com-
pletion of the dissection of the adrenal gland and tumor. Once 
dissected free, the gland and tumor are then placed intact into a 
laparoscopic bag and removed through a 10 mm port.

Left adrenalectomy is performed in similar fashion with the 
exception that after insufflating through the 5 mm port, only two 
additional ports are placed in the left upper quadrant. In this case, 
the splenic flexure is initially mobilized with an energy device to 
expose the left kidney and adrenal gland. The spleen and pancreas 
are mobilized anteriorly to improve visualization of the tumor. 
ICG is then administered to identify the left adrenal vein which is 
then clipped and divided, and fluorescence guidance is used to 
complete dissection of the adrenal gland and tumor. The gland 
and tumor are then removed intact via a laparoscopic bag through 
a 10 or 12 mm port.
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 Discussion

Safe and successful endocrine surgery requires a detailed under-
standing of the relevant anatomy. However, even experienced 
endocrine surgeons sometimes have trouble identifying and pre-
serving essential structures while removing the pathology. 
Fluorescence- guided surgery provides an adjunct that can aid sur-
geons in identifying relevant structures and minimizing complica-
tions.

In thyroid and parathyroid surgery, autofluorescence has been 
shown to reliably improve identification of the thyroid glands and 
differentiate between the parathyroid glands and surrounding tis-
sues, including the thyroid gland, with randomized controlled tri-
als demonstrating decreased rates of hypocalcemia following 
thyroidectomy [31, 32]. Meanwhile, ICG FA may provide sur-
geons with information on the perfusion status of the parathyroid 
glands in addition to helping to identify them during parathyroid-
ectomy. A randomized controlled trial has shown that prophylac-
tic vitamin D and calcium supplementation may be safely 
foregone in patients with at least one well-perfused parathyroid 
gland by ICG FA post-thyroidectomy [40]. Other applications 
include selecting an appropriate gland for preservation during 
subtotal parathyroidectomy to minimize the risk of postoperative 
hypothyroidism and hypocalcemia.

During adrenal surgery, ICG FA has been shown to aid in iden-
tification of critical vascular structures and distinguishing tissue 
planes during robotic and laparoscopic adrenalectomy [67–70]. It 
also offers the potential to ensure complete removal of pathologic 
tissue while preserving an adequate functional remnant during 
bilateral partial adrenalectomy [64, 71].

 Conclusion

Overall, the use of various fluorescence imaging techniques in 
endocrine surgery shows promise but requires further investiga-
tion. It has been shown to be safe and helpful in several  applications 
but optimal procedures and uses are only beginning to be defined. 
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Large, well-designed randomized trials with long-term follow-up 
are needed to determine the utility in preventing permanent hypo-
calcemia in thyroid surgery and subtotal parathyroidectomy. Ran-
domized trials and larger cohort studies are needed comparing 
traditional techniques with ICG FA during adrenal surgery to 
define its effect on critical outcomes such as complete resection, 
recurrence, and preservation of a sufficient functional remnant 
during partial adrenalectomy. Quality data regarding operative 
duration using fluorescence guidance compared to traditional sur-
gery in all fields will also help to define its optimal use and cost-
effectiveness. Additionally, investigation into tissue- targeted 
fluorophores, such as for identification of peripheral nerves in 
head and neck surgery, is in its infancy but has the potential to 
radically alter the landscape of FGS [72]. As FGS becomes more 
accessible and integrated into imaging platforms, perhaps the bar-
riers to adopting the technology will fall and fluorescence imag-
ing will become even more broadly adopted by endocrine surgeons 
around the world.
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Guidance in Bariatric Surgery

Edmund B. Chen, Mark A. Burroughs, 
Andrea Trinh, Sachin Kukreja, 
and Keri A. Seymour

 Introduction

Bariatric surgery is a durable treatment for morbid obesity with 
long-term resolution of obesity-related diseases. In the United 
States, the recommendations for bariatric surgery are based on the 
National Institutes of Health guidelines from 1991. The indication 
for surgery is a body mass index (BMI) greater or equal to 35 kg/
m2 with an associated obesity-related comorbidity, or a BMI of 
greater or equal to 40 kg/m2 [1]. The Roux-en-Y gastric bypass 
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(RYGB) and vertical banded gastroplasty were the two approved 
bariatric procedures when these guidelines were first imple-
mented. According to the American Society for Metabolic and 
Bariatric Surgery (ASMBS), an estimated 256,000 bariatric pro-
cedures were performed in 2019. Of these procedures, sleeve gas-
trectomy (SG) comprised 60% of all bariatric surgeries performed, 
RYGB was 18%, biliopancreatic diversion with duodenal switch 
(BPD/DS) was 1%, and revisional bariatric surgery constituted 
17% of all procedures [2]. This chapter will review the indications 
and technique of both primary and revisional bariatric surgery and 
describe how intraoperative ICG is utilized during these surgeries.

 Primary Bariatric Surgery

 Sleeve Gastrectomy (SG)

The SG was initially performed in 1999 as the first stage of a 
BPD/DS operation for patients with super morbid obesity [3]. The 
intestinal bypass was reportedly easier and safer to perform at the 
second stage, after patients lost weight. Ultimately, some patients 
were able to achieve substantial weight loss with the SG alone. 
The SG became a separate procedure and acquired a unique com-
mon procedural terminology code in 2011 [4]. The benefits of SG 
include an average of 55% excess weight loss (%EWL) [5]. 
Percent EWL is defined as:

%EWL = (Weight loss/Excess weight) × 100
Excess weight = Baseline weight − Ideal weight.

The definition of ideal weight can differ, yet a BMI of 2 kg/m2 
is commonly applied [6].

The SG may be preferable to other primary bariatric surgeries 
for specific patients. The International Sleeve Gastrectomy Expert 
Panel Consensus Statement recommends SG for transplant candi-
dates, patients with inflammatory bowel disease, and elderly 
patients. In addition, SG is commonly performed for adolescent 
patients undergoing bariatric surgery [7, 8]. The SG results in 
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fewer vitamin and mineral deficiencies and is technically easier to 
perform since there is no anastomosis. There is no risk of mar-
ginal ulcers or internal hernias associated with SG like the risk 
associated with the RYGB and BPD/DS [9].

A notable disadvantage for SG is the possibility of worsening 
gastroesophageal reflux disease (GERD), or the incidence of de 
novo reflux occurring in 5–21% of post-SG patients [10, 11]. 
Therefore, the International Sleeve Gastrectomy Expert Panel 
views the preoperative presence of Barrett’s esophagus as a con-
traindication to performing SG [7]. In addition, SG may result in 
less robust weight loss and weight recidivism, when compared to 
other primary bariatric procedures [12, 13].

 Technique of Sleeve Gastrectomy
After gaining intraperitoneal access, the SG procedure starts with 
mobilization of the greater omentum via hemostatic division of 
both the gastrocolic and gastrosplenic ligaments. The fundus is 
fully mobilized, and the left crus is cleared of peritoneal attach-
ments to expose the angle of His. If encountered, a hiatal hernia is 
reduced, and the hiatus is repaired to prevent migration of the 
sleeve stomach into the mediastinum. A gastric calibration tube 
(typically 34 to 40 French) is then passed into the lumen of the 
stomach to prevent narrowing at the incisura and establish sym-
metry of the SG. Serial staple fires create a long staple line start-
ing approximately 3 cm to 5 cm proximal from the pylorus and 
ending lateral to the angle of His. A leak test is performed based 
on surgeon preference and may utilize air insufflation, methylene 
blue, or indocyanine green (ICG) [8].

 Incidence and Management of Leaks After Sleeve 
Gastrectomy
The leak rate after SG is low at 2.4% according to a meta-analysis 
of 29 publications, including 4888 patients [14]. Leak after SG is 
associated with a varied range of presentations and subsequent 
clinical sequala. According to the International Sleeve Gastrectomy 
Expert Panel Consensus Statement, leaks after SG are classified 
as acute, early, late, and chronic [7]. Acute leaks are recognized 
within 7  days of the SG procedure. Early leaks are defined as 
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those that occur between 1 week and 6 weeks after SG. Late leaks 
are observed 6 weeks after the SG and a chronic leak persists after 
12 weeks [7]. A gastrointestinal leak that is not well-contained, 
with dissemination into the abdominal or pleural (typically left) 
cavity, and with major systemic clinical manifestations will 
require immediate intervention [7].

Leaks after SG are generally related to mechanical causes or 
from tissue ischemia. Mechanical causes for a leak are often 
linked to incomplete staple formation. Some surgeons use the 
same staple height for the entire sleeve gastrectomy while other 
surgeons vary the staple height based on location and tissue char-
acteristics [15]. The International Sleeve Gastrectomy Expert 
Panel Consensus Statement stated it is not appropriate to use a 
staple height of less than 1.5 mm for any portion of the SG [7]. 
Operative technique is especially important when understanding 
the mechanical causes of sleeve leak. A smaller bougie size and 
use of buttressing materials are associated with increased rates of 
leak after SG [16, 17]. Narrowing the sleeve at the incisura will 
also create high intraluminal pressures and lead to disruption of 
the staple line. As esophageal tissue lacks serosa, inclusion of 
this weaker tissue into the staple line is another potential source 
of leak after SG. Depending on the mechanism, leaks that are the 
result of mechanical issues may manifest as early postoperative 
day 1 or 2 [18].

In contrast, leaks due to tissue ischemia typically occur later, 
around the fifth to seventh day after surgery [18]. Poor tissue per-
fusion and resultant ischemia can occur from overly aggressive 
dissection and devascularization of the resultant stomach. In addi-
tion, inadvertent thermal injury to the stomach during mobiliza-
tion may also result in tissue ischemia and an eventual leak.

Gastrointestinal leak after SG is an uncommon and chal-
lenging complication to manage. Treatment options are indi-
vidualized to the patient and based on location, timing of 
presentation, and systemic signs of illness. Patients may pres-
ent with signs of fulminant sepsis, diffuse intra-abdominal 
fluid, well-contained abscesses, an associated fistula, or mini-
mal clinical signs [19]. Conversative methods for controlling 
SG leak include antimicrobial therapy, percutaneous drainage 
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of intra-abdominal collections, and nutritional support often in 
the form of parenteral nutrition. Management of SG leaks via 
a conservative approach was successful in 82% of patients 
[19]. If supportive measures fail, the next step includes endo-
scopic therapies that use covered stents, clips, endoluminal 
vacuum therapy, or internal drainage [19]. In the appropriate 
patient, these endoscopic therapies can be highly effective. In 
a meta-analysis, endoscopic stent placement had an initial suc-
cess rate of 62% [19]. Endoscopic internal drainage was suc-
cessful for 85% of patients [20].

Surgical intervention is the recommended initial management 
for toxic and symptomatic patients and necessary if the above 
conservative and endoscopic methods fail. Surgery can be per-
formed both via either laparoscopic or open techniques. Perito-
neal washout with drain placement is the procedure most often 
performed during the management of the acute SG leak [19]. In 
the appropriate patients, surgery was successful as the initial man-
agement of acute SG leak in 76% cases. Unfortunately, surgical 
management was associated with a 9.7% mortality rate [19]. In 
the chronic setting for unresolved leak with a chronic fistula, sur-
gery often entails resection of the fistula tissue and conversion to 
RYGB or esophagojejunostomy.

 Intraoperative Application of ICG During Sleeve 
Gastrectomy
Prevention of a leak after SG is of intense interest to bariatric 
surgeons, and fluorescence imaging using ICG has emerged as a 
promising imaging modality. Given the numerous operative tech-
niques that contribute to staple line disruption and leak after SG, 
the ability to perform an intraoperative assessment is of high value 
to surgeons. ICG is a water-soluble anionic probe, with excitation 
and emission wavelengths of around 778 nm and 830 nm, respec-
tively. When administered intravenously, the molecule binds to 
plasma lipoproteins. ICG is then metabolized by the liver and 
excreted into the bile. Tests incorporating ICG have elevated sen-
sitivity, as extremely small concentrations of ICG are visible. In 
addition, ICG uniquely offers extraordinary contrast versus other 
imaging modalities. The target is illuminated, while the back-
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ground remains dark because separate wavelengths are employed 
for excitation and reading [21]. When intravenous ICG is used for 
a leak test, it is quickly detected in the extraluminal space. 
Operative repair can be performed immediately and before leav-
ing the operative theater.

The use of ICG during a SG is extremely safe, since ICG is an 
inert molecule with a very favorable safety profile. The contraindica-
tion to ICG is an allergy to iodine or iodinated imaging agents, as the 
molecule is manufactured with a small amount of sodium iodine. 
The incidence of adverse reactions to ICG is exceedingly rare, 
roughly 0.003%, and occurs when doses exceed 0.5 mg/kg [22].

Given its application, numerous studies have evaluated the use 
of ICG angiography and ICG as a leak test after SG (Table 7.1).

 Steps to Use ICG Angiography to Test Perfusion 
During SG
Intravenous injection of ICG allows for assessment of tissue per-
fusion and evaluation of hemostasis. First, the 2.5 mg/mL solution 
of ICG is mixed. A 25 mg vial of ICG is reconstituted with 10 mL 
of water and then shaken until dissolved. For perfusion assess-
ment, a 3 mL of the 2.5 mg/mL ICG solution is injected and fol-
lowed with a 10  mL saline bolus. This can be repeated to a 
maximum dose of 2 mg/kg. Near-infrared light will highlight the 
perfusing blood vessels within 5 s and visibility will persist for up 
to 30 s. Organs perfused from numerous blood vessels (e.g., stom-
ach, liver, and small bowel) are visible within 1 min to 2 min with 
visibility lasting for 20 min to 120 min. When given intravenously, 
ICG can also be utilized to assess the perfusion of the stomach 
prior to stapling. This allows the surgeon to identify and protect 
accessory blood vessels at the proximal stomach. ICG angiogra-
phy can also be injected after creation of the gastric conduit to 
verify adequate perfusion to the SG (Video 7.1). Active bleeding 
will be revealed as an intraperitoneal, continuous fluorescent 
stream. Thus, ICG has an additional benefit of assessing hemosta-
sis at the end of the procedure.
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 Outcomes of ICG Angiography to Determine 
Perfusion During SG
Fluorescence imaging using ICG has emerged as a promising 
imaging modality for intraoperative assessment of leak and tis-
sue perfusion. Studies that report the indications for ICG and 
application for bariatric surgery procedures are summarized in 
Table 7.1. Given the early application of ICG in bariatric surgery, 
a number of these studies are retrospective with a small sample 
size.

The use of ICG angiography to augment the intraoperative 
tests for tissue perfusion after SG was first introduced by 
Frattini et al. in 2014 [24]. ICG was administered intraopera-
tively to 15 patients during routine SG. Consistent and homog-
enous perfusion was observed along the entirety of gastric 
conduit and compared to the devascularized specimens. Strong 
fluorescence patterns were visualized in the SG and no clinical 
leak was reported. Another study by Di Furia et  al. added a 
timepoint to declare adequate tissue perfusion. This study 
injected ICG intravenously and then compared fluorescence 
presence in the gastric tube to the gastric specimen between 
150 s and 180 s. Even though all patients had adequate intraop-
erative perfusion, one patient developed a gastric leak on the 
fifth day after SG [26].

The above studies utilized ICG angiography after the SG was 
fashioned, to assess whether there was still adequate perfusion 
after stapling and transection. ICG angiography also helps deter-
mine the individualized blood supply to the stomach prior to sta-
pling. This allows the surgeon to fashion the sleeve in a manner 
that ensures the maximum perfusion to the gastric tube. Vascular 
mapping was utilized in 86 patients during SG in a study by 
Ortega et al. Intravenous injection of 1 mL ICG was followed by 
fluorescence visualization to identify several patterns of blood 
supply to the gastroesophageal junction. Intraoperative ICG 
angiography allowed for visualization and preservation of ves-
sels in proximity to the crus and gastroesophageal area [25]. 
Applications for intraoperative ICG continue to evolve beyond 
 angiography to include intraluminal use, with the common goal 
of preventing SG leak.
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 Steps to Use Intraluminal ICG for a Leak Test After SG
An intraluminal ICG leak test is performed after completion of the 
SG. A larger volume of ICG is required with 12.5 mg of ICG dis-
solved in 100 mL of sterile 0.9% normal saline. Next, the entire 
100 mL of the 1.25 mg/mL ICG solution is introduced through an 
orogastric tube. The staple line is inspected for the next 30 s to 
1 min, paying particular attention to the angle of His. A positive 
leak test occurs when a line of bright neon green fluorescence is 
appreciated on the extraluminal side of the staple line and pools in 
the peritoneal cavity (Video 7.2). This is not to be confused with 
the dull green hue detected through the gastric wall [29]. A positive 
intraluminal ICG leak test can be confirmed with a second intralu-
minal leak test. This confirmatory test can be a repeated ICG intra-
luminal leak test with an additional bolus of intraluminal ICG or 
another leak test modality such as endoscopy with air insufflation. 
Once confirmed, options for repair of a gastric leak include suture 
repair at the injury, buttressing with omentum, applying tissue 
sealants, resection of the involved segment, or a combination of 
these methods. The ICG leak test should be repeated after repair of 
the damaged tissue to confirm the integrity of the repair. Revision 
to RYGB is reserved as definitive repair of a non-salvageable 
sleeve leak. A surgical drain may be placed if additional proce-
dures are performed, and upper gastrointestinal imaging series 
should be considered during the postoperative period.

 Outcomes of Intraluminal ICG to Determine Leak 
After SG
Intraluminal ICG offers advantages over an air sufflation test. In a 
retrospective study, 196 patients (SG n = 77, RYGB n = 119) under-
went an intraoperative leak test via air sufflation with an endoscope. 
Of those undergoing an air leak test, there were 3 false-negative and 
193 true-negative results. Another 59 patients (SG n = 29, RYGB 
n = 30) underwent an ICG intraluminal leak test. This resulted in 1 
true-positive, 1 false-positive, and 57  true- negative tests. There 
were no false-negative results with the use of ICG as a leak test. 
Therefore, the negative predictive value of intraluminal ICG for a 
leak was 100% compared to the negative predictive value of 98.5% 
with an air insufflation test after SG and RYGB [29].
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 Considerations for ICG During Sleeve Gastrectomy
The utility of a routine intraoperative leak test after SG is contro-
versial. In a retrospective study of 1550 patients, a routine intra-
operative leak test was performed in 86% of cases versus 14% of 
cases that did not use a leak test. Despite a negative intraoperative 
leak test, 15 patients (1%) developed a gastric leak in the postop-
erative period. There was no significant difference in postopera-
tive leak rates between the patients who underwent an 
intraoperative leak test and the patients who did not have a leak 
test performed [30]. Another study evaluated 7 years of SG, with-
out a single positive intraoperative leak test. Despite the negative 
intraoperative leak test, 2.4% of patients developed a leak [31]. 
Therefore, it is important to always be vigilant for a postoperative 
leak after a SG, even after a reassuring intraoperative leak test.

The use of intraluminal ICG for a leak test still has advantages 
to colored dye and air insufflation. Colored dye penetrates the sur-
rounding tissue and can obscure the area of injury, making a 
definitive repair more challenging. ICG is visible when combined 
with the near-infrared camera and not visible with white light. 
This allows a surgeon to oscillate between ICG fluorescence and 
visible light to precisely identify the injured tissue. The ICG leak 
test is technically easier to perform and does not require the same 
level of trained assistance that is necessary with use of air insuf-
flation. During an air insufflation test, the endoscope is placed by 
an experienced surgeon and the stomach is distended while a 
trained surgical assistant irrigates and inspects the staple line. 
Identifying the precise location of the leak requires a coordinated 
effort between two skilled individuals. In contrast, ICG is admin-
istered by the anesthesia team which allows the surgeon to remain 
at the bedside. The surgeon is then able to identify and manage the 
SG leak in real time.

 Roux-en-Y Gastric Bypass (RYGB)

The Roux-en-Y gastric bypass (RYGB) is the gold standard for 
bariatric procedures and results in durable and consistent weight 
loss. When compared to SG in a randomized control trial, the 
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mean postoperative weight loss after RYGB was 75% EWL ver-
sus SG with 65% EWL at 5 years [32].

RYGB also offers significant rates of resolution or improve-
ment of obesity-related diseases. Diabetes resolution occurred in 
84% of patients, hypertension in 68%, and hyperlipidemia in 97% 
of patients after RYGB when a meta-analysis analyzed a large of 
cohort of patients involved in retrospective studies [33]. The 
RYGB is more effective at glucose control when compared to the 
SG, as reported in the Surgical Treatment and Medications 
Potentially Eradicate Diabetes Efficiently (STAMPEDE) trial. 
After RYGB, significantly more patients no longer required 
glucose- lowering medications compared to patients after SG 
(44.9% vs. 25.5%, p < 0.05) [34]. Furthermore, remission of dia-
betes continued to occur more frequently after RYGB (49%) ver-
sus SG (28%) at 7  years (p  <  0.001) [35]. An evidence-based 
calculator assists both patients and providers when selecting 
between RYGB and SG to treat type 2 diabetes [35].

RYGB is also a preferred procedure for patients with severe or 
refractory GERD. The choice of SG versus RYGB depends on the 
presence of GERD symptoms, acid exposure, esophageal motil-
ity, and presence of hiatal hernias. GERD is extremely common, 
as up to 50% of patients with obesity report GERD symptoms. 
Short-term resolution of GERD was better after RYGB patients 
(56.6%) compared to SG (41%) in an analysis of the Bariatric 
Outcomes Longitudinal Database [36]. Similarly, resolution of 
GERD was significantly more common after RYGB (60% of 
patients) than after SG (25% of patients) in the Swiss Multicenter 
Bypass or Sleeve Study (SM-BOSS) randomized study. Of note, 
GERD worsened after SG in 31% of patients compared to RYGB 
6% of patients in the SM-BOSS study [37].

Relative contraindications to RYGB include a behavior associ-
ated with marginal ulcers, including the use of nonsteroidal 
 anti- inflammatory drugs and steroids and exposure to cigarette 
smoke. If these risk factors are not modifiable, the patient may be 
better suited for a SG. RYGB may also be technically challenging 
in patients with large abdominal wall hernias or patients with 
numerous intra-abdominal surgeries and dense interloop and 
intra- abdominal adhesions.
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 Technique of RYGB
RYGB is commonly performed with a 50 cm to 100 cm biliopan-
creatic limb, a 100 to 150 cm alimentary limb, and creation of a 
15 mL to 30 mL gastric pouch. The RYGB is performed using a 
laparoscopic, robotic, or open surgical approach. The two anasto-
moses, the gastrojejunostomy (GJ) and jejunojejunostomy, are 
created with a stapled or handsewn technique. The rate of mar-
ginal ulcer and anastomotic leak between the circular-stapled, 
linear-stapled, and handsewn techniques has conflicting results 
[38, 39].

The jejunojejunostomy is the first anastomosis performed in 
our practice. After establishing laparoscopic access, the duodeno-
jejunal junction is identified and the jejunum is measured 50 cm 
to 100  cm distally. The area of transection is then lifted to the 
stomach to confirm tension-free contact with the stomach. If nec-
essary, the jejunum is mobilized another 10  cm to 20  cm until 
there is a lack of tension. The jejunum is transected, and the asso-
ciated mesentery is divided with adequate hemostasis. The ali-
mentary limb is measured for additional 100  cm to 150  cm of 
jejunum. The jejunojejunostomy is created at this location and the 
mesenteric defect is closed with permanent suture. The gastric 
pouch is then created with identification and protection of the left 
gastric artery. The stomach is stapled and transected near the sec-
ond transverse vessels. A 15 mL to 30 mL gastric pouch is then 
fashioned from the lesser curvature of the stomach. The alimen-
tary limb is mobilized in an antecolic, ante-gastric fashion unless 
tautness or hostility requires a retrocolic or retrogastric approach. 
The GJ is created, and then permanent suture collapses the mes-
enteric defect at the transverse mesocolon (Peterson’s defect). A 
leak test of the GJ anastomosis is routinely performed in our 
 practice.

Incidence and Management of Leaks After RYGB
Leaks after RYGB are also associated with noteworthy morbidity 
and mortality. Even though the overall incidence of anastomotic 
leak was 1% in a study of RYGB performed at ASMBS Bariatric 
Surgery Centers of Excellence [40], the diagnosis and manage-
ment was individualized to the patient. A gastrointestinal leak 
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after RYGB involves four areas with varied reported incidence. 
The majority of leaks occurred at the GJ (68%) followed by the 
gastric pouch (10%), then the jejunojejunal anastomosis (5%), 
and also the excluded stomach (4%) in an assessment of 1200 
RYGB patients [41].

Management of leak after RYGB follows the surgical pillars of 
source control with wide drainage, broad-spectrum antibiotic ther-
apy, and proper nutrition (including parenteral and/or enteral nutri-
tion) [42, 43]. Septic patients require immediate surgery. The defect 
is treated with a patched tongue of omentum, with or without suture 
repair. If the anastomosis is not salvageable, then resection may be 
necessary [44]. Endoluminal stenting or placement of endoluminal 
vacuum dressings is an innovative option to control the drainage 
from the injured tissue [45]. Overall, the majority of patients (93%) 
recovered after the above options were explored [40].

Technical considerations include tension, tissue quality, and 
type of anastomosis. The method of GJ creation (linear-stapled, 
circular-stapled, or handsewn) was compared in relation to leak 
rates. The GJ leak rate was highest after the handsewn technique 
(1.7%) compared to the circular-stapled (0.7%) and the linear- 
stapled GJ (0.4%, p = 0.02) [40]. Remarkably, another study did 
not show a significant difference in rates of leak rate, marginal 
ulcer, or stricture among the three techniques for GJ formation 
[36]. Prophylactic use of synthetic materials at the anastomosis, 
oversewing the staple line, buttressing materials, and intraopera-
tive leak tests have not shown to effectively reduce the incidence 
of anastomotic leak after RYGB with high-quality evidence [44].

An intraoperative leak test can diagnose a technique failure at 
the time of GJ creation that allows the surgeon to promptly repair 
the defect. During a leak test, the gastric pouch is distended with 
air or contrast dye (e.g., methylene blue). If a leak is identified 
intraoperatively, the anastomosis should be repaired and retested 
until a negative leak test is obtained. Tissue quality will not be 
sufficiently assessed during an intraoperative leak test and thus 
leaks may still occur in the postoperative period. A closed suction 
drain may be placed near the anastomosis if there are any con-
cerns. Additional imaging with upper gastrointestinal series or 
testing the level of drain amylase is an additional option to inves-
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tigate for postoperative GJ leak. The use of selective, rather than 
routine, upper gastrointestinal series was more appropriate to 
diagnose an anastomotic leak during the postoperative period [46, 
47]. The use of ICG, predominantly as an intraoperative anasto-
motic leak test, offers potential benefits to the bariatric surgeon 
performing a RYGB, as detailed below.

 Steps to Use Intraluminal ICG for a Leak Test 
After RYGB
An intraluminal ICG leak test can then be performed during 
RYGB (Video 7.3). As discussed with SG, 12.5 mg of ICG is dis-
solved in 100 mL of sterile 0.9% normal saline. The proximal ali-
mentary limb is occluded with a bowel clamp and the GJ 
anastomosis is distended. The entire 100 mL of the ICG solution 
is then instilled via the orogastric tube. The white light is 
exchanged for the near-infrared lens and the ICG fluorescence is 
visible. The entire anastomosis is scrutinized, with attention to the 
medial and lateral corners of the anastomosis, as well as the ante-
rior and posterior surfaces. Any extravasation of fluorescence is a 
positive leak test (Video 7.4). A positive test can be quickly 
repaired, and then a second leak test with another 100 mL of ICG 
solution or air insufflation will confirm patency of the GJ anasto-
mosis. A persistent leak will require additional procedures includ-
ing possible resection. An esophagojejunal anastomosis may be 
performed if additional gastric resection would lead to an inade-
quate perfusion or limited stomach tissue for a GJ.

 Outcomes of Intraluminal ICG to Determine Leak 
After RYGB
There are even fewer studies reporting on the intraoperative use of 
ICG in RYGB than studies reporting ICG use during SG (Table 7.1). 
Kalmar et al. studied 196 patients who underwent either a SG or 
RYGB [29]. An intraluminal ICG leak test was compared to the air 
insufflation test to assess GJ continuity. The use of intraluminal 
ICG as a leak test had negative predictive value of 100% compared 
to the negative predictive value for air insufflation of 98.5%. This 
was not limited to the RYGB since the authors did not stratify the 
results of ICG based on operation type [29].
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Hagen et al. exclusively evaluated the use of intraluminal ICG 
to perform a leak test after robotic-assisted RYGB [31]. In this 
study, patients underwent a series of GJ anastomotic leak tests. 
Patients first underwent an air insufflation test, followed by a 
methylene blue leak test, and then an ICG leak test. No leaks were 
detected using air insufflation or methylene blue; however, there 
were four positive ICG leak tests. The leak was repaired intraop-
eratively and without complications. The authors concluded the 
intraluminal ICG was a more sensitive leak test than air insuffla-
tion or colored dye [31]. Utilization of intraluminal ICG as a leak 
test after RYGB appears promising and warrants further investi-
gation.

 ICG Angiography in RYGB
Currently, there are no published reports on the use of ICG for 
assessment of tissue perfusion during RYGB. ICG angiography 
may be beneficial to surgeons when tissue perfusion is a concern. 
Future research is necessary to understand the benefits of ICG 
angiography as it applies to RYGB.

 Biliopancreatic Diversion with Duodenal Switch 
(BPD/DS)

The BPD/DS was first described by Hess and Hess in 1988 [48]. 
Of all the primary bariatric operations, the BPD/DS results in the 
greatest amount of weight loss from 65%EWL to 80%EWL [49, 
50]. The BPD/DS is of particular benefit to patients with super 
obesity (BMI greater than and equal to 50 kg/m2). In a randomized 
trial comparing patients with a BMI of 50 kg/m2 to 60 kg/m2, the 
mean reduction in BMI after a BPD/DS was 22.1 kg/m2 compared 
to RYGB with a loss of 13.6 kg/m2 at 5 years (p < 0.001) [49].

The BPD/DS offers the substantial improvements in metabolic 
profile of patients compared to other bariatric procedures. 
Specifically, the BPD/DS leads to superior and steady glycemic 
control when directly compared to RYGB. Patients with a BMI of 
35 kg/m2 and higher were randomized to conventional medication 
therapy or undergo RYGB or biliopancreatic diversion (BPD) 
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[51]. Of note, the authors compared patients undergoing a BPD as 
described by Scopinaro et  al., which includes a distal gastrec-
tomy, 200 cm alimentary limb, 50 cm common channel, and the 
small bowel anastomosed to the transected stomach [52]. The pri-
mary end point was remission of diabetes, defined as a fasting 
glucose of less than 100 mg/dL and a hemoglobin A1c of less than 
6.5% in the absence of pharmacologic therapy. After 2 years of 
follow-up, 95% of patients who received a BPD achieved remis-
sion of diabetes, compared to 75% in the RYGB group, and 0% in 
the conventional medical therapy group (p < 0.001) [51]. The dis-
tal delivery of food instigates a complex interaction of incretins, 
bile acids, and the microbiome that contribute to the remarkable 
metabolic impact of the BPD/DS compared to other bariatric sur-
geries [53–55].

Despite the advantages of BPD/DS, the operation accounts for 
roughly 1% of total bariatric procedures performed every year [2]. 
This is likely due to the combination of technical challenges, the 
lack of a unique current procedural technology code for the lapa-
roscopic BPD/DS, and intense metabolic impact that requires 
appropriate patient selection. Of note, the single anastomosis duo-
denoileostomy with sleeve gastrectomy (SADI-S) and stomach- 
intestinal pyloric sparing (SIPS) have recently emerged as 
modifications of the BPD/DS. These procedures are a simplifica-
tion of the BPD/DS, as they do not include the Roux-en-Y ileoileal 
anastomosis. Instead, the SADIS/SIPS has a loop configuration at 
the duodenoileostomy with an associated longer common chan-
nel, typically 250 cm to 300 cm [56]. Recent studies show compa-
rable weight loss and similar nutritional profiles when the SADIS/
SIPS is compared to RYGB or BPD/DS [57–59]. The ASMBS 
now formally recognizes the SADIS/SIPS as a modification of the 
BPD/DS, and the SADIS/SIPS is “endorsed by the ASMBS as an 
appropriate metabolic bariatric surgical procedure” [60].

 Technique of BPD/DS
The BPD/DS is a technically challenging procedure that has been 
performed using the laparoscopic and robotic approach since 
2000 [61, 62]. The BPD/DS consists of several procedures: SG, 
cholecystectomy, creation of an alimentary limb with duodenoil-
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eostomy, and construction of an ileoileostomy to connect the bil-
iopancreatic limb and common channel. The first step includes 
measuring the small bowel. Starting from the terminal ileum, the 
bowel is marked at the site of the ileoileostomy (100  cm to 
150 cm) and then again at the site of the future duodenoileostomy 
(200 cm to 300 cm). The next step is to perform the SG as previ-
ously described. Some surgeons opt to create a larger gastric res-
ervoir over a bigger calibration tube, for example, a 50 French 
bougie. After performing a cholecystectomy, the peri-duodenal 
dissection is begun 3 cm to 5 cm distal to the pylorus. The gastro-
duodenal artery is identified, and a retro-duodenal tunnel is cre-
ated above the artery. The duodenum is transected near the 
junction of the first and second portions of the duodenum. The 
duodenoileostomy is fashioned between the proximal duodenal 
stump and the previously marked ileum. The duodenoileostomy 
can be created via a handsewn or stapled technique. Next, the 
ileum is transected proximal to the duodenoileostomy, and a leak 
test is performed. The ileoileostomy is created between the previ-
ously marked distal ileum and the newly created biliopancreatic 
limb. Both unidirectional and bidirectional techniques have been 
described. The mesenteric defects at the ileoileostomy and trans-
verse colon are closed with permanent suture. The results are a 
100 cm to 150 cm alimentary limb and a 100 cm to 150 cm com-
mon channel for a combined 200 cm to 300 cm total limb length 
and an extremely long biliopancreatic limb. To perform the 
SADIS/SIPS, a loop duodenoileostomy is constructed around 
300 cm from the terminal ileum.

 Incidence and Management of Leaks After BPD/DS
BPD/DS leaks occur in the area of the gastric staple line, duode-
noileal anastomosis, and ileoileal anastomosis. Leak rates at these 
sites are 1.5%, 1.5%, and 0.1%, respectively [63]. In a more recent 
study of 566 patients over 4  years, there was a 0.7% (n  =  4 
patients) leak rate at the duodenoileal anastomosis and a 0.2% 
(n = 1 patient) leak rate from the gastric staple line [50]. Notably, 
when BPD/DS is compared to RYGB, there is a small increase in 
rate of leak [64].
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Ischemia of the duodenal stump, excessive tension on the anas-
tomosis, and aggressive dissection are similarly a concern for leak 
after BPD/DS.  With an extended medial mobilization of the 
greater curvature past the pylorus, the branches from the right 
gastroepiploic are cauterized. Care must be taken to preserve as 
much of the remaining blood supply of the duodenal stump as 
possible. Aside from the right gastroepiploic artery, the duodenal 
stump is also supplied by branches from the supraduodenal artery, 
the superior pancreaticoduodenal arteries, the gastroduodenal 
artery, and the right gastric artery. Cottam et al. described a safe 
method for dissecting and transecting the duodenum, with step- 
by- step description to protect the blood supply for the future duo-
denoileal anastomosis [65].

Leaks after BPD/DS are managed using many of the same 
tools previously described. Gastric body leaks are treated in simi-
lar manner to SG leak, with consideration for endoscopic stenting 
and injury to the duodenoileostomy. Leaks at the duodenoileal 
anastomosis can be especially difficult to control given associated 
high volume of output. Duodenal perforation or disruption of the 
anastomosis is similarly treated with placement of an omental 
patch and wide drainage. Endoscopic vacuum therapy is also a 
newer and promising method of treating duodenoileostomy leaks. 
Prognosis depends on the location of the leak as well as the 
patient’s clinical status and presentation [45, 66, 67].

 Steps to Use ICG Angiography to Test Perfusion 
During BPD/DS
ICG can be incorporated into a BPS/DS in three methods. First, 
ICG angiography will confirm perfusion of the duodenal stump 
after transection. Second, intraluminal ICG is placed in an orogas-
tric tube to assess the integrity and patency of the duodenoileal 
anastomosis. Finally, ICG cholangiogram will evaluate the biliary 
tree during a concomitant cholecystectomy. The three techniques 
are reviewed below.

ICG angiography is performed in a similar manner as previ-
ously described in the SG section. ICG is reconstituted for intra-
venous administration according to manufacturer instructions; a 
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25 mg vial of ICG is reconstituted with 10 mL of sterile water to 
create a 2.5  mg/mL solution. Three mL of the reconstituted 
2.5 mg/mL ICG solution (2.5 mg of ICG) is then given intrave-
nously after transection of the duodenum, followed by a 10 mL 
saline flush. The transected duodenum is evaluated under near- 
infrared light to evaluate perfusion. A bright or dull fluorescence 
hue is interrupted as sufficient perfusion to continue with the next 
steps in the BPD/DS procedure. The absence of fluorescence is 
considered restricted perfusion. An extended time to reevaluate 
the perfusion or resection of the duodenum is performed based on 
surgeon judgment.

 Outcomes of ICG Angiography to Determine 
Perfusion During BPD/DS
The BPD/DS is not a commonly performed procedure, and there 
are limited studies involving intraoperative ICG use during BPD/
DS or SADIS/SIPS. Currently, only one abstract mentions the use 
of ICG during a BPD/DS [27]. This study includes a combination 
of the procedures already mentioned: SG, RYGB, and BPD/
DS. Intravenous ICG was injected to assess perfusion of the tissue 
and anastomoses. Perfusion of the duodenum was evaluated in an 
unspecified number of BPD/DS procedures and deemed to be 
adequate, although decreased, in the transected duodenal stump. 
The authors do not mention any operative interventions as a result 
of the ICG angiography of the duodenal stump.

 Pearls and Pitfalls
There are a few pitfalls to consider when incorporating ICG angi-
ography into the BPD/DS or SADIS/SIPS procedures. At times, 
due to the extended dissection, the duodenal stump may appear 
dusky and the ICG angiogram will show diminished perfusion. 
The options are to the resect this portion of the duodenum or cre-
ate an anastomosis to the dusky tissue. Resection is complicated 
by the location of the pylorus and possibility of needing to convert 
to a gastroileal anastomosis or RYGB. In our experience, despite 
an ICG perfusion test with diminished blood flow, continuing 
with the duodenoileal anastomosis is a reasonable option. The 
duodenum has a concentrated submucosal vasculature that leads 
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to adequate mucosal perfusion even when the serosa appears isch-
emic. This allows for a viable duodenoileal anastomosis. The 
decision to resect or persist is often part of the learning curve of 
this procedure.

 Steps to Use Intraluminal ICG for a Leak Test After 
BPD/DS
Although it is not reported, intraluminal ICG has been used to 
evaluate for a leak at the duodenoileostomy in our practice. Like 
previously mentioned, a solution is created with 12.5 mg of ICG 
dissolved in 100 mL of sterile 0.9% normal saline. The premixed 
solution is then instilled through the orogastric tube by the anes-
thesiology team. The duodenoileal anastomosis is inspected 
with the near-infrared laser of the camera enabled. Patency of 
the anastomosis is confirmed when the ICG is observed shining 
through the wall of the duodenal bulb and across the anastomo-
sis into the lumen of small bowel (Video 7.5). The anterior and 
posterior sides of the anastomosis are evaluated for intraperito-
neal leakage of fluorescence. The sharp contrast of ICG and the 
background tissue is especially obvious under the near-infrared 
light. A positive leak occurs when bright green fluorescence is 
located outside of the lumen within the peritoneal cavity. The 
area of concern is oversewn, and a second leak test is performed. 
If the second leak test is positive, the surgeon must decide on 
another attempt at repair versus resecting and recreating the 
anastomosis.

 Outcomes of Intraluminal ICG to Determine Leak 
After BPD/DS
The benefits of using ICG as a leak test relate to the invisibility of 
ICG in white light. This allows the surgeon to toggle back and 
forth between near-infrared light and white light to isolate and 
repair a leak under direct visualization. If the leak test is negative, 
the next steps of the BPD/DS are performed while the SADI/SIPS 
procedure is complete. If a leak is positive, the tissue is repaired, 
and a second test is performed. The falciform ligament may be 
mobilized and wrapped around the anastomosis as a patch. 
External drainage is also an option after a positive leak test.

7 Use of Fluorescence Guidance in Bariatric Surgery



214

If there is a delay of contrast moving past the anastomosis and 
into the small bowel, additional time is warranted. For the BPD/
DS, the ileoileostomy is created and the mesenteric defect is 
closed. The duodenoileal anastomosis is reevaluated under near- 
infrared light. At this point, the intraluminal ICG should be pres-
ent in the small bowel to confirm a patent anastomosis without 
intraperitoneal leakage of ICG. Given the paucity of data, bariat-
ric surgery would benefit from further research about the use of 
intraluminal ICG during BPD/DS and SADI/SIPS.

 Cholecystectomy Performed During BPD/DS
The inclusion of concomitant cholecystectomy during BPD/DS 
and SADI/SIPS is controversial. The rate of biliary symptoms 
after BPD/DS is higher than after RYGB or for other primary bar-
iatric surgeries. This is attributed to the more drastic weight loss 
and aggressive malabsorption associated with a BPD/DS. Up to 
23% of patients develop biliary symptoms if the gallbladder is not 
removed at the time of BPD/DS. This risk continues for the first 
3 years after BPD/DS and peaks during the second year [68]. If 
laparoscopic cholecystectomy is performed after BPD/DS, the 
dissection of the gallbladder and cystic duct may be complicated 
by the proximity to the duodenal stump and duodenoileostomy. 
Another concern of chronic and intense inflammation includes 
damage to the duodenal stump or DI anastomosis during chole-
cystectomy. Furthermore, if choledocholithiasis occurs after 
BPD/DS or SADIS/SIPS, endoscopic retrograde cholangiopan-
creatography requires surgical assistance via laparoscopic jejunal 
access. Another option at clearing the common bile duct is laparo-
scopic or open common bile duct exploration. At last, the mesen-
teric defects should be evaluated to ensure closure at the time of 
laparoscopic cholecystectomy.

 ICG Cholangiogram
If prophylactic cholecystectomy is included in the BPD/DS, then 
ICG cholangiography can delineate the biliary system. ICG chol-
angiography during a standalone cholecystectomy is discussed in 
a previous chapter. We will review the benefits and challenges of 
ICG cholangiography as it relates to BPD/DS.
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 Steps to Use ICG Cholangiogram During BPD/DS
The benefits of ICG cholangiography compared to contrast chol-
angiogram include cheaper cost, ease of use, a shorter learning 
curve, and lack of radiation exposure to patients and staff [69]. 
For ICG cholangiogram, 25 mg of ICG is mixed with 10 mL of 
sterile water. Then 3 mL of the 2.5 mg/mL solution (5 mg ICG) is 
injected followed by 10  mL of sterile saline, approximately 
45 min before the ICG cholangiogram is performed. The ICG is 
metabolized by the liver and secreted into the bile. During the dis-
section of the hepatocystic triangle, the near-infrared light will 
delineate biliary system, to allow differentiation between the cys-
tic duct and the common bile duct. The ICG fluorescence also can 
delineate the borders of the gallbladder and liver as the gallblad-
der is dissected from the cystic plate. This technique is especially 
helpful when intrahepatic gallbladders, chronic inflammation, or 
dense layers of pericholecystic adipose tissue are encountered. 
More detail about performing an isolated ICG cholangiogram is 
included in a previous chapter.

 Pearls and Pitfalls for ICG Cholangiogram  
During BPD/DS
Using ICG cholangiography during BPD/DS is complicated for 
two reasons. First, care must be taken to prevent bile spillage dur-
ing the cholecystectomy. If bile is spilled, irrigation should be 
limited to allow for the ICG leak test to be performed in the same 
area. Second, bile is often released during creation of the duode-
noileostomy. Bile staining during any portion of the procedure 
will obscure and confuse further intraluminal leak tests. For these 
reasons, some surgeons do not use ICG for cholangiogram if there 
is interest in performing an intraluminal leak test with ICG.

 Revisional Bariatric Surgery

The number of primary bariatric procedures continues to grow as 
does the number of revisional bariatric procedures [70]. Revisional 
bariatric surgery is associated with increased morbidity and mor-
tality compared to primary bariatric surgery, with an overall com-
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plication rate as high as 10% to 50% [71]. The rate of anastomotic 
leak is also significantly higher in revisional cases [70, 71]. In a 
13-year study at a tertiary care referral center, the incidence of 
anastomotic leak after revisional surgery was 13% [71].

Indications for revisional bariatric surgery include intolerable 
adverse effects, severe nutritional deficiencies, and/or inadequate 
weight loss, [71]. The type of revisional procedure performed 
depends on the index operation and the indication for the revision. 
The range of revisional bariatric surgeries is extremely broad, but 
typical examples involve creation of a GJ. Three revisional proce-
dures will be discussed along with the potential use for intraop-
erative ICG. The more common revisional procedures that create 
a GJ are (1) removal of laparoscopic adjustable gastric band 
(LAGB) with conversion to RYGB, (2) conversion of SG to 
RYGB, and (3) revision of GJ anastomosis in a RYGB.

 Laparoscopic Adjustable Gastric Band (LAGB) 
to RYGB
The removal of LAGB and conversion to RYGB is a revisional 
bariatric surgery that is frequently performed. This revisional sur-
gery is often due to intolerance of the adjustable gastric band with 
refractory GERD, esophageal dysmotility, or failure of weight 
loss. Long-term studies show that LAGB has a notable failure rate 
of 20% to 56%. Associated complications from LAGB include 
band slippage, band erosion, esophageal and pouch dilation, and 
gastric necrosis, in addition to failure to achieve adequate weight 
loss [72]. Removal of the LAGB and conversion to RYGB can be 
performed in a single operation or as a staged procedure. The 
LAGB and port are removed at the initial procedure, and if adhe-
sions, bleeding, or manipulation of the stomach is excessive, then 
the RYGB is completed after a period of time. As a revisional 
procedure, the complication risk of a LAGB to RYGB is higher 
than that for a primary RYGB (8.6% vs. 5.5%, respectively) [73]. 
ICG may again help reduce the complication profile.

ICG may be of particular use during a removal of LAGB and 
conversion to RYGB as an intraluminal leak test. First, ICG will 
determine if there is any gastric leak after the removal of the band 
or after the takedown of the anterior fundoplication. This is espe-
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cially important if there was any concern for band erosion preop-
eratively. If a gastric leak is seen, the leak can be repaired 
primarily with oversewing or with an omental patch. In this case, 
strong consideration should be given to performing the operation 
as a staged procedure and converting to a RYGB at a later point. 
Intraluminal ICG may be employed in the same manner previ-
ously described during the conversion to a RYGB to assess the 
integrity of the GJ anastomosis.

 Sleeve Gastrectomy (SG) to Roux-en-Y Gastric Bypass 
(RYGB)
Conversion of SG to RYGB is another revisional bariatric surgery 
that creates a GJ and use of ICG may be beneficial. Indications for 
conversion of SG include insufficient weight loss, stricture of the 
sleeve stomach, and/or refractory GERD [13]. Early revisions of 
SG to RYGB may be performed to correct perioperative compli-
cations, including SG staple line leaks. SG revision to RYGB per-
formed after a year or more is often due to medically refractory 
GERD, fistula, or obstruction, including stenosis and helical twist 
of the stomach [13].

Complications after SG to RYGB include GJ anastomotic 
dehiscence, remnant staple line leaks, and surgical site infections 
(including organ space, deep, and superficial). Notably, in a 
single- institution study of SG to RYGB cases, the incidence of 
anastomotic leak at the GJ was 3.4% [13]. ICG may help reduce 
the complication rate during a conversion of SG to RYGB. For 
example, ICG is administered intravenously to help identify the 
blood supply of the sleeve stomach, particularly the left gastric 
artery. The left gastric artery is an important landmark to identify 
during the creation of a gastric pouch from a sleeve stomach, as it 
is the main blood supply to the future gastric pouch. Once identi-
fied, the gastric pouch is created by cutting across the sleeve 
below the level of the left gastric artery. Indocyanine green can 
also be injected to highlight the biliary system and edge of the 
liver during revisional bariatric surgery (Video 7.6). In the situa-
tion where the sleeve is dilated or a large redundant fundus is 
identified, the sleeve may require tailoring vertically to the angle 
of His to make an appropriate gastric pouch. This situation leaves 
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an island of stomach tissue that was previously stripped of its 
blood supply from the left gastroepiploic artery and now loses 
more blood flow generated from the left gastric artery. As such, it 
is at risk of ischemia, and an evaluation with ICG may also be 
useful in this situation in determining the need for resection 
(Video 7.7). Following the gastric pouch formation, assuming no 
ischemia concerns exist, a GJ and jejunojejunal anastomosis is 
then created. After the new GJ anastomosis is constructed, ICG is 
placed inside the stomach lumen to verify the integrity of the GJ 
anastomosis. The leak test is performed in the same method as it 
was previously explained during primary RYGB operations.

 Revision of GJ Anastomosis
Marginal ulcers are a known complication after RYGB. The rate 
of marginal ulcers ranges from 0.6% to 25% [74]. Though most 
marginal ulcers resolve with medical and endoscopic therapies, 
surgery is required for refractory marginal ulcers. Rates of reop-
eration for marginal ulcers are as high as 32% [75]. Refractory 
marginal ulcers are typically surgically corrected with a resection 
of the GJ anastomosis and jejunum with recreation of the GJ anas-
tomosis or formation of an esophagojejunostomy. Given the reop-
erative nature in a hostile, inflammatory area, the rate of 
complications from this type of surgery is considerable compared 
to primary bariatric surgery. In a small study by Chau et al., 25% 
of patients who required revisional surgery for marginal ulcers 
had a postoperative complication that required a reoperation [76]. 
Patel et  al. indicated a 5% chance of anastomotic leak [75]. In 
these high-risk anastomoses, ICG may again be beneficial when 
given intraluminally to ensure the integrity of the new GJ anasto-
mosis and potentially reduce the incidence of complications. 
Intraluminal ICG would be delivered in the same solution and 
manner as described previously in this chapter. Intravenous ICG 
can also be used to assess perfusion of the GJ (Video 7.8) and 
gastric pouch during revisional surgery (Video 7.9).

 Novel Fluorescence-Guided Gastric Calibration Tube
The Endolumik Fluorescence-Guided Gastric Calibration Tube 
(Figs. 7.1 and 7.2) is a novel single-use, fluorescence-guided cali-
bration tube indicated for use in bariatric, gastric, and esophageal 
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Fig. 7.1 The Endolumik Fluorescence-Guided Gastric Calibration Tube 
after turning on NIR lighting system, white light view

surgery to improve visualization of tube position and to serve as a 
sizing and measurement guide, for the application of suction, gas-
tric decompression/drainage of gastric fluids, and irrigation and 
leak testing [77]. This device combines the functionality of a 
nasogastric or orogastric tube, a calibration tube, and a leak test-
ing system. The device was designed to improve intraoperative 
visualization and provide surgeons with additional visual cues to 
identify anatomic structures and delineate tissue planes with the 
goal of improving the precision of surgical dissection.

The Endolumik Gastric Calibration Tube is lit using NIR spec-
trum LEDs which enable transillumination through esophagogas-
tric tissues. The tube is 80 cm long and is available in two different 
diameters: 36 and 40 French. It has a rounded tip and small side 
holes at the distal end to enable gastric decompression and/or 
 irrigation. The proximal end includes a handle with an integral 
suction regulator. An additional squeeze bulb with pressure gauge 
may be attached to the end of the regulator to perform leak testing. 
Pilot studies have been completed using the device to improve 
visualization during laparoscopic sleeve gastrectomy and laparo-
scopic gastric bypass (Figs.  7.3, 7.4 and 7.5). The three black 
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Fig. 7.2 The Endolumik Fluorescence-Guided Gastric Calibration Tube 
after turning on NIR lighting system, NIR light view

stripes at the distal end of the device enable fluorescence-guided 
measurement of up to 10 cm of length (Fig. 7.6). The device was 
FDA approved on March 3, 2023, via the 510 K pathway. It is the 
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Fig. 7.3 Use of the Endolumik Fluorescence-Guided Gastric Calibration 
Tube during gastric sleeve construction

Fig. 7.4 Fluorescence-guided gastric sleeve construction during sleeve gas-
trectomy operation using the Endolumik calibration tube

first device to be approved through the Safer Technologies 
Program (STeP) [78], a voluntary program for medical devices 
that are reasonably expected to significantly improve the safety of 
currently available treatments.
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Fig. 7.5 Fluorescence-guided gastric pouch construction during gastric 
bypass operation using the Endolumik calibration tube

Fig. 7.6 Use of the Endolumik Fluorescence-Guided Gastric Calibration 
Tube to make fluorescence-guided measurements of gastric pouch length dur-
ing gastric bypass
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 Pearls and Pitfalls

• Transillumination device which provides enhanced 
 intraoperative visualization to enable more precise surgical 
dissection.

• Combines functionality of orogastric tube, calibration tube, 
and leak testing system.

• Compatible with all NIR surgical camera systems.
• LED-powered NIR device obviates the need for ICG dye 

 injection.

 Conclusion

Bariatric surgery is a powerful tool for treating obesity and its 
associated comorbidities. Sleeve gastrectomy (SG), Roux-en-Y 
gastric bypass (RYGB), and biliopancreatic diversion with duode-
nal switch (BPD/DS) are the main primary operations. The num-
ber of revisional bariatric surgeries continues to grow and often 
involves creation of a gastrojejunostomy. ICG has emerged as a 
useful tool in assessing perfusion and the integrity of the tissue 
perfusion and anastomoses in these surgeries. Further investiga-
tion into the application of intraoperative fluorescence guidance 
will make the primary and revisional bariatric surgeries a safer 
and more effective option for patients.
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8Use of Fluorescence Guidance 
in Breast Reconstruction

Acara Turner, Luis Quiroga, 
Sebastian Brooke, and Kerri Woodberry

 Introduction

The assessment of tissue perfusion is a critical step in the plan-
ning and success of every plastic surgery procedure. Plastic sur-
geons rely on the clinical evaluation of tissue perfusion, including 
tissue color, capillary refill, and bleeding at the edge of a flap. 
Recently, several objective assessment adjuncts have been 
 developed in order to reduce complication rates of fat necrosis, 
mastectomy skin flap necrosis, and partial flap loss [1, 2]. These 
objective adjuncts utilize various surrogate markers via tissue 
oximetry measurements, ultrasound-based tools, dye-based and 
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non-dye- based angiography, or temperature as a relative measure-
ment of well-perfused tissue. While these methods are more 
sophisticated than clinical evaluation, some are superior to others. 
For example, thermography has been found to be less reliable 
than others due to multiple factors that interfere with the accuracy 
of its reading [1]. On the other hand, fluorescent angiography has 
proved to be a reliable and more accurate form of intraoperative 
perfusion assessment. Since the mid-1950s, indocyanine green 
(ICG) angiography has become a popular method to assess tissue 
perfusion with applications in multiple specialties [3]. ICG was 
first used in plastic surgery in 1999 by Still et al. who used the 
technology as a tool to assess flap perfusion in burn reconstruc-
tion. Since then, it has had multiple applications throughout the 
field including management of diabetic ulcers, assessment of flap 
perfusion, lymph flow reconstruction, and breast reconstruction, 
with experimental use in face transplant preoperative planning. 
This chapter focuses on the application of ICG in breast recon-
struction and treatment of associated lymphedema. We will dis-
cuss its use in implant-based reconstruction, autologous 
reconstruction, and postmastectomy surgical correction of lymph-
edema. More importantly, we will discuss the implications of its 
use in intraoperative decision-making, postoperative complica-
tions, patient costs, and overall patient satisfaction. Overall, the 
use of ICG has been found to reduce rates of fat necrosis and 
partial flap necrosis, facilitate early detection of lymphedema in 
breast cancer reconstruction, reduce patient costs associated with 
management of complications, and improve patient satisfaction 
[2, 4, 5]. ICG angiography is not only a cost-effective adjunct to 
breast reconstruction but also an effective tool to assess tissue per-
fusion in breast reconstruction.

 History

Indocyanine green was initially developed by Kodak during World 
War II and used as a forming layer of Technicolor films. In the 
mid-1950s, an executive of Kodak offered to help Dr. Irwin Fox 
search for a biocompatible dye that could be detected in the blood. 
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Kodak sent several dyes, including ICG, for testing. ICG showed 
a distinguished absorption of near-infrared light at 805 nm (the 
same wavelength at which the optical densities of oxygenated and 
reduced hemoglobin in blood are approximately equal). In 1955, 
ICG dye was developed for near-infrared (NIR) photography by 
the Kodak research laboratories. It was then approved for clinical 
use in 1959 by the FDA. Hynson, Westcott & Dunning, a small 
pharmaceutical company in Baltimore, developed the stable 
lyophilized form in use today. ICG had its first medical applica-
tion in 1956  in the field of cardiology. By measuring the time- 
variant dilution of ICG in whole blood, cardiac output could be 
measured, and valvular septal defects could be determined. It was 
then discovered that the dye was excreted exclusively by the liver, 
leading to his application for measuring hepatic function. In 1969, 
Kogure and co-workers attempted the first ICG angiography when 
they demonstrated infrared absorption of the canine brain vascu-
lature following intra-arterial ICG injection. Since its initial use in 
burn patients, ICG angiography has become an important tool for 
assessing tissue perfusion and lymphatics. Today, the SPY Elite 
system is the most common and accessible indocyanine green 
angiography system in the USA. It was first used in cardiac sur-
gery to assess vascular flow and transplant surgery. In 2009, 
Newman and Samsom introduced the SPY Elite system as a tool 
to assess free flap perfusion. Jones and Pestana then described its 
ability to assess both mastectomy skin flap perfusion and micro-
vascular anastomoses in autologous tissue transfer. These were 
the first of many studies that have proven its efficacy in improving 
intraoperative decision-making and reducing postoperative 
 complications.

 Mechanism of Action

Indocyanine green is an anionic, hydrophobic tricarbocyanine mol-
ecule. Immediately following IV injection, ICG rapidly binds to 
plasma proteins, especially lipoproteins with no known metabo-
lites. ICG has a short half-life of only 2.5 to 3 min as it is extracted 
rapidly by the liver without modifications and excreted into the bile 
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approximately 8  min after injection. When injected interstitially, 
ICG binds to protein and is then found in lymphatic channels. It can 
be found in the nearest draining lymph nodes within 15 min and 
reaches regional lymph nodes within 1–2 h. ICG absorbs light in 
the near-infrared region at 800 to 810 nm in blood plasma and emits 
fluorescent light at a slightly longer wavelength, with peak emis-
sion at a wavelength of 830 nm. The fluorescence imaging devices 
provide external energy as near-infrared light for the indocyanine 
green to absorb. This causes excitation of the indocyanine greens 
and emits a fluorescent light which is transferred from the field to 
an image on the monitor. At this wavelength, ICG allows visualiza-
tion of blood vessels at 2 cm depth without significant absorption 
by water, tissue, or hemoglobin. The dye is eventually taken up by 
the liver cells and secreted in the bile. The plasma fractional disap-
pearance rate is 0.5 mg/kg and is slightly higher in women than in 
men. The pharmacokinetic properties of ICG have two main bene-
fits. First, it allows a practical application of ICG in bile system 
assessment during surgery. Second and more importantly, the short 
half-life of ICG enables repeated examinations via multiple injec-
tions without reaching toxic levels, which is vital to plastic surgery 
applications. This property separates ICG from fluorescein, which 
can only be used once as it remains within the tissues.

 Indications in Plastic Surgery

The use of indocyanine green angiography in breast reconstruc-
tion has increased in the past 20 years as a useful tool to assess 
mastectomy skin and autologous tissue viability with real-time 
imaging. Complication rates associated with assessment of flap 
perfusion via clinical assessment alone highlighted the need for 
an improved means of skin flap and autologous tissue evaluation 
[1, 6]. Indocyanine green angiography in implant-based and 
autologous breast reconstruction is a useful tool that has been 
associated with decreased rates of mastectomy skin necrosis, par-
tial flap loss, and fat necrosis by guiding intraoperative decision- 
making [6]. Its use allows surgeons to excise poorly perfused 
tissue, place implants in the proper plane, and determine the 
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appropriate timeline for breast reconstruction. ICG angiography 
provides surgeons with visual evidence of poor perfusion that 
may not manifest clinically until several days postoperatively, 
thereby allowing surgeons to excise specific areas of poor tissue 
perfusion (Video 8.1). In implant-based reconstruction, ICG angi-
ography provides an objective assessment of mastectomy skin 
flap perfusion that helps determine which plane is most appropri-
ate for implant placement. This is especially important in high- 
risk patients, such as those who are smokers, those with a BMI 
greater than 30, or those who have undergone radiotherapy. In 
autologous reconstruction, ICG angiography centers around the 
assessment of autologous tissue perfusion and patency of micro-
vascular anastomoses, which has led to decreased rates of fat 
necrosis and partial flap loss, as poorly perfused tissue can be pri-
marily excised. For patients who have undergone axillary lymph 
node surgery with resultant lymphedema, ICG angiography has 
been found to outperform lymphoscintigraphy, which is currently 
the main lymphatic imaging modality [4, 7]. Lymphoscintigraphy 
does not provide the detailed characteristics or real-time dynamic 
flow needed to perform lymphatic surgery. ICG angiography eval-
uates lymphatic channels in order to determine the adequate tim-
ing of surgical intervention and guide preoperative planning and 
intraoperative performance of lymphedema surgery. Overall, 
indocyanine green angiography has become a useful tool in breast 
reconstruction that has decreased overall complication rates.

 Implant-Based Reconstruction

 Immediate Reconstruction

Immediate breast reconstruction with a direct-to-implant (DTI) 
reconstruction has the clear advantage of a single operation, 
which is offset by higher complication rates especially in the early 
postoperative period. Early complications include mastectomy 
skin necrosis, infection, delayed wound healing, and implant 
exposure—the majority of which are due to inadequate tissue per-
fusion. Having a tool for objective assessment of tissue perfusion 
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to complement clinical evaluation allows surgeons to make intra-
operative decisions based on ICG angiography findings. The use 
of ICG angiography guides two main surgical decisions:

 1. The quantity and location of mastectomy skin flap excision 
based on surface area of tissue perfusion.

 2. The feasibility of direct-to-implant reconstruction versus tis-
sue expander placement based on skin flap vascular integrity.

In immediate breast reconstruction with direct-to-implant 
reconstruction, implants may be placed in the prepectoral plane or 
in the submuscular plane with total coverage or partial coverage 
by the pectoralis major muscle, the serratus muscle, or an acellu-
lar dermal matrix. While submuscular placement has historically 
been the predominant location of implants, prepectoral placement 
has increased in popularity as patients experience less postopera-
tive pain and have lower rates of animation distortion seen in sub-
muscular placement. The use of SPY angiography allows patients 
to undergo DTI reconstruction in the prepectoral plane with lower 
rates of postoperative complications [6]. Using this tool permits 
surgeons to assess the vascular integrity of mastectomy skin flaps, 
thereby guiding intraoperative decision-making. When mastec-
tomy skin flaps display an adequate percentage of skin perfusion, 
surgeons may move forward with prepectoral implant placement. 
However, when mastectomy skin flaps display a lack of vascular 
integrity proven by SPY fluorescent imaging, prepectoral 
 placement is no longer the best option and necessitates conversion 
to submuscular implant or expander. Following movement of the 
implant, a repeated vascular assessment according to the SPY 
ELITE or SPY Portable Handheld Imager protocol can then be 
used to confirm the absence of implant-induced vascular compro-
mise. In both planes of implant placement, the use of acellular 
dermal matrix is important. Its use in the prepectoral plane pro-
vides superior pole fullness and provides adequate coverage that 
is comparable to the pectoralis major muscle coverage. In the sub-
muscular plane, the acellular dermal matrix provides lower pole 
coverage, often needed during the tissue expansion process which 
muscular coverage is inadequate [6].
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There are special considerations that the plastic surgeon should 
address when following this decision-making algorithm. They are 
based on the angiography assessment as well as patient factors. 
Cutoffs for skin perfusion values that necessitate conversion to sub-
muscular range from 25% to 45% relative perfusion. Skin with 25% 
or less relative tissue perfusion is nonviable in most patients, and 
skin with 45% relative tissue perfusion will survive in most patients. 
Therefore, a gray area exists between these values. Moyer et  al. 
studied this “gray area” and found that the use of a 33% cutoff is 
associated with a positive predictive value of removing nonviable 
skin of 88% with a negative predictive value of removing healthy 
skin of 16% [8]. These values, however, should be determined on 
an individual basis after evaluating the patient’s risk factors for 
increased mastectomy skin flap necrosis. The main risk factors that 
affect skin flap necrosis and therefore contribute to angiography 
success in predicting skin flap necrosis are smoking status, BMI, 
and mastectomy weight [9]. In patients who are smokers, have a 
BMI greater than 30, and have a mastectomy weight greater than 
800 g, rates of mastectomy skin flap necrosis are higher compared 
to nonsmokers, patients with a BMI less than 30, or patients with 
lower mastectomy weights [9]. After accounting for values of tissue 
perfusion and patient risk factors, the plastic surgeon can then 
determine an adequate amount of tissue that can be excised without 
compromising the skin envelope. SPY angiography provides both 
qualitative and quantitative assessments that allow plastic surgeons 
to make informed decisions regarding patient eligibility for DTI 
reconstruction. In doing so, it guides excision of poorly perfused 
areas and determination of the best plane of implant placement. 
When factoring in patient factors, these two surgical decisions lead 
to reduced rates of mastectomy skin flap necrosis and reduce the 
need for subsequent surgical revision.

 Tissue Expander Reconstruction

In patients who undergo immediate or delayed breast recon-
struction with tissue expanders, SPY angiography serves to 
maximize tissue expansion and allows surgeons to assess the 
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amount of initial fill of the tissue expander. In immediate breast 
reconstruction, the tissue expander can be filled to a significant 
volume—particularly with the use of ADM—which speeds the 
overall timing of expansion. The use of acellular dermal matrix 
and skin sparing mastectomies has allowed greater intraopera-
tive filling of expanders. Delayed breast reconstruction occurs 
for multiple reasons, including patient preference, need for 
radiotherapy, or inadequate tissue perfusion in the immediate 
setting. In patients who undergo tissue expander placement after 
mastectomy, the initial fill of the tissue expander is vital to skin 
flap perfusion throughout expansion. Following intraoperative 
tissue expander fill, SPY angiography may be used to assess 
skin flap perfusion [2] (Video 8.2). If the tissue is shown to have 
inadequate perfusion, saline should be removed, and the skin 
flap should be reassessed. This should be repeated until tissue 
perfusion is adequate, after which closure can take place. While 
not a requirement, SPY angiography may be used in the intraop-
erative setting to determine safe rates of tissue expander fill [9].

 Autologous Reconstruction

For patients who choose to undergo breast reconstruction but do 
not want to undergo implant-based reconstruction, autologous 
reconstruction is an alternative option. Autologous  reconstruction, 
though associated with longer operative times and length of hos-
pital stay, touts the benefits of a breast mound with a more natural 
shape and feel without the use of a foreign body. Complications of 
fat necrosis associated with autologous reconstruction can include 
either partial or complete fat necrosis. Fat necrosis after autolo-
gous breast reconstruction not only is a source of patient discom-
fort and anxiety but also leads to contour abnormalities that may 
construe the breast exam. Fat necrosis, in addition to partial and 
total flap loss, has many implications ranging from the need for 
biopsy to surgical excision.

SPY angiography in autologous breast reconstruction can be 
used to assess flap perfusion based on perforators present [5, 10]. 
When used to assess flap perfusion, the plastic surgeon should use 
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a b

Fig. 8.1 (a, b) Intraoperative mastectomy flaps before and after SPY angiog-
raphy. Areas of hypoperfusion are darker than areas of adequate perfusion

a marking pen to delineate the separation between areas of ade-
quate perfusion and areas of hypoperfusion based on angiography 
image (Fig.  8.1a, b). Following dissection of perforators, 
 dissection of the donor site flap, and microvascular anastomosis to 
the recipient site, SPY angiography can also be used prior to inset 
of the flap. At this point, trimming the areas of hypoperfusion can 
take place. Using this method has been associated with a signifi-
cant reduction of the rates of fat necrosis. While rates of partial 
flap loss have been shown to be decreased in patients who under-
went SPY angiography and subsequent flap trimming based on 
perfusion, these studies were underpowered due to low rates of 
occurrence [4]. In patients with breast cancer-related lymphedema 
(BCRL) undergoing autologous breast reconstruction with vascu-
larized inguinal lymph node transfer, SPY angiography is a useful 
tool to identify sentinel lymph nodes of the groin, identify lym-
phatic channels, and map recipient vessels. It can be used to iden-
tify the appropriate lymph node basin when undergoing autologous 
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breast reconstruction with lymph node transfer. SPY angiography 
allows surgeons to incorporate lymph nodes adjacent to the pedi-
cle during dissection. It can then be used following dissection to 
assess flap and lymph node perfusion. Finally, it can be used fol-
lowing microvascular anastomosis to assess patency [11].

Indocyanine green angiography is also useful in patients with 
previous abdominal liposuction seeking to undergo autologous 
breast reconstruction. While previous studies have shown that 
abdominal-based autologous reconstruction is feasible after lipo-
suction, it was once controversial [12]. Studies found that when 
performed, the surgeon typically used a method of perfusion assess-
ment, such as Doppler, angiography, or CT angiography in addition 
to clinical exam. Casey et al. found that by using indocyanine green 
angiography intraoperatively and resecting areas of hypoperfusion, 
rates of partial flap loss and fat necrosis reduced from 71.4% to 0% 
[12]. Of note, they found no significant difference in anastomotic 
complications or total flap loss between patients who underwent 
clinical evaluation and indocyanine green laser angiography.

Complications associated with autologous breast reconstruction 
lead to additional surgical interventions, postoperative imaging 
studies, and follow-up appointments. In a 7-year single-center ret-
rospective study of 1000 free flaps for breast reconstruction, Hembd 
et al. found that indocyanine green angiography was  independently 
associated with a decrease in the odds of fat necrosis (OR, 0.38, 
p  =  0.004) [13]. Per single incident of fat necrosis, the studied 
cohort underwent an additional 0.69 revision provisions, 1.22 imag-
ing studies, 0.77 biopsies, and 1.7 additional oncologic office visits. 
They also found an 84.9 g higher weight of resected tissue without 
indocyanine green angiography versus with indocyanine green 
angiography. Therefore, patient factors may guide the use of indo-
cyanine green angiography in breast reconstruction.

 Cost-Effectiveness

While surgeons have the ability to use SPY angiography for all 
breast reconstruction patients, it is not without cost. The cost of 
successful surgery utilizing SPY angiography is dependent on the 
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institution [9, 14]. This cost can be offset by prevention of costs 
associated with mastectomy necrosis or partial flap failure, espe-
cially in high-risk patients. Studies have shown that the use of 
SPY angiography is only cost-effective in patients who are smok-
ers, are obese, and have larger breasts [2]. The use of indocyanine 
green angiography is associated with savings of $2098.80 for 
smokers, $5162.30 for patients with a BMI of 30 or more, and 
$1892.70 for patients with mastectomy weight greater than 800 g 
[2]. Therefore, in high-risk patients undergoing implant-based 
reconstruction, SPY angiography may be a useful adjunct that not 
only reduces postoperative complications but also controls overall 
costs in this patient population. In autologous breast reconstruc-
tion, cost-utility analysis by Chatterjee et al. revealed a baseline 
cost difference of $773.66, a gain in quality-adjusted life years of 
0.22, and an incremental cost-utility ratio of $3516.64 per quality- 
adjusted life year [14]. Overall, SPY angiography is only cost- 
effective when the complication rate is 5% or greater [14]. Given 
that the overall complication rates are as high as 41% in autolo-
gous breast reconstruction, angiography will be cost-effective for 
this subset of breast reconstruction patients. Therefore, when 
determining the cost-effectiveness of SPY angiography, patient 
factors should be considered for those undergoing implant-based 
reconstruction. On the other hand, most patients undergoing SPY 
angiography for autologous reconstruction may not only reap the 
benefits of decreased complications but also experience less 
financial burden in the long run with its use.

 Use in Lymphedema Surgery for Breast 
Reconstruction Patients

The lymphatic system has three fundamental functions, including 
tissue fluid homeostasis, regulation of the immunologic response, 
and transportation of gastrointestinal lipids. Lymphedema is a 
chronic, progressive disease of the lymphatic system resulting in 
fluid imbalance and subsequent accumulation of protein-rich 
interstitial fluid. This process results in swelling, inflammation, 
and irreversible changes of the tissue that primarily affect the 
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upper and lower limbs. Lymphedema can be categorized as pri-
mary or secondary. Primary lymphedema is caused by intrinsic 
defects in the development of the lymphatic system and can occur 
at various stages of life (i.e., congenital lymphedema, lymph-
edema praecox, and lymphedema tarda). Secondary lymphedema 
is caused by extrinsic interruptions in the lymphatic system such 
as infection, malignancy, or tissue trauma. Lymph node dissection 
is the most common cause of tissue trauma resulting in secondary 
lymphedema. Of note, breast cancer-related lymphedema (BCRL) 
is the most common noninfectious secondary lymphedema in the 
United States that significantly impacts patients’ quality of life 
[15]. Therefore, the prevention and treatment of BCRL still 
remains a challenge. The likelihood of developing BCRL is 
related to the extent of therapeutic interventions ranging from 
sentinel lymph node biopsy to axillary lymph node dissection 
(ALND) and adjunct radiation. Since the introduction of sentinel 
lymph node biopsy for surgical staging in 1992 by Drs. Morton 
and Cochran, the incidence of BCRL has been reduced to 5–7% 
[16]. However, among patients undergoing axillary lymph node 
dissection (ALND), the reported incidence of BCRL is approxi-
mately 20%. The reported incidence of BCRL is even higher 
among patients undergoing both ALND and radiotherapy, ranging 
from 25% to 40% [16].

The clinical manifestations of lymphedema and the time of 
presentation are variable among patients. The most common early 
sign is extremity swelling, but occasionally patients report pain 
and recurrent cellulitis as their primary complaints. Identifying a 
patient’s stage of lymphedema begins with a thorough clinical 
examination. While various staging systems have been reported, 
the most widely accepted staging system is the International 
Society of Lymphology (ISL) staging system which grades 
lymphedema based on the clinical findings and its natural pro-
gression [17] (Table  8.1). Subclinical or stage 0 lymphedema 
refers to an early stage of dysfunctional lymph transport without 
clinical manifestations. Stage 1 is characterized by reversible 
edema either with extremity elevation or compression with or 
without pitting edema. Conversely, in stage 2, lymphedema pres-
ents as irreversible pitting edema and some tissue fibrosis, which 
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Table 8.1 International Society of Lymphology staging system. Executive 
Committee of the International Society of Lymphology. The diagnosis and 
treatment of peripheral lymphedema: 2020 Consensus Document of the Inter-
national Society of Lymphology. Lymphology 2020; 53:3

International Society of Lymphology lymphedema staging classification

Stage Description Pathophysiology Clinical features

0 Subclinical Impaired lymph 
transport

Swelling not evident

I Spontaneously 
reversible

Early lymph 
accumulation

Swelling relieved by 
limb elevation
Pitting may be present

II Not 
spontaneously 
reversible

Fat hypertrophy and 
deposition with tissue 
fibrosis

Swelling not 
improved by limb 
elevation
Pitting edema present 
with fibrosis

III Lymphostatic 
elephantiasis

Chronic lymphatic stasis 
and inflammation, 
further fibrosis and fatty 
deposition

Swelling not 
improved by limb 
elevation
Edema nonpitting and 
wooden 
hyperkeratotic and 
verrucous skin 
changes

does not improve with extremity elevation or compression. 
Finally, stage 3 designates lymphedema that has progressed to 
irreversible non-pitting edema associated with thick-wooden sub-
cutaneous tissue and hyperkeratotic and verrucous skin changes. 
Additional staging systems have been proposed including Cheng’s 
Lymphedema affected Grading System, which is based on the cir-
cumference differential between affected and unaffected limbs 
[18] (Table 8.2).

While lymphoscintigraphy has been the standard imaging 
modality for lymphedema, ICG lymphangiography has become a 
widely utilized tool in this patient population. ICG lymphangiog-
raphy is a noninvasive test that allows precise, real-time evalua-
tion of the superficial lymphatic drainage with the added advantage 
of not utilizing radioactive particles. Similar to lymphoscintigra-
phy, ICG lymphangiography permits a qualitative evaluation of 
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Table 8.2 Chang’s lymphedema grading system. Patel, KM, Lin, CY, 
Cheng, MH. A prospective evaluation of lymphedema-specific quality-of-life 
outcomes following vascularized lymph node transfer. Ann Surg Oncol. 
2015;22(7):2424–2430. Copyright © 2014 Society of Surgical Oncology

Grade Symptoms Circumferential differentiation Lymphoscintigraphy

0 Reversible <9 Partial occlusion
I Mild 10–19 Partial occlusion
II Moderate 20–29 Total occlusion
III Severe 30–39 Total occlusion
IV Very severe >40 Total occlusion

the lymphatic circulation and facilitates staging. There is evidence 
that ICG lymphangiography is more accurate at detecting early 
upper extremity lymphedema when compared to lymphoscintig-
raphy [4]. Therefore, breast cancer patients at high risk for devel-
oping BCRL may benefit from early ICG lymphangiography after 
breast surgery to facilitate early detection of lymphedema prior to 
measurable volume changes on clinical exam.

ICG lymphangiography involves injecting a fluorescent dye 
intradermally into the distal hand. An infrared light source is then 
used to stimulate the dye, and visualization is obtained using a 
camera with an infrared filter allowing dynamic evaluation of 
lymphatic flow. Flow patterns seen on ICG lymphangiography 
correlate well with various clinical stages [7]. Flow patterns can 
be classified as either linear or dermal backflow patterns, the latter 
of which includes a progression from “splash,” then “stardust,” to 
finally “diffuse” subpatterns. The linear pattern refers to a linear 
fluorescent image produced by the ICG as it travels through nor-
mally functioning superficial lymphatic collectors. This pattern is 
observed in the non-affected limb and in some mild lymphedema 
cases. In contrast, the dermal backflow pattern describes the non-
linear images produced as the ICG dye follows the pathologic 
dermal backflow of the lymphatic system, which is found in the 
more severe lymphedema cases. This backflow pattern includes a 
group of three subpatterns (splash, stardust, and diffuse) that rep-
resent the natural progression of the lymphedema. The splash pat-
tern consists of scattered areas of shining dye that changes from 
bright to faint in tortuous lymphatic channels. The stardust pattern 
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demonstrates a dimly luminous background with spotted areas of 
higher fluorescent signals as lymphatic flow decreases. In the dif-
fuse pattern, the dye is widely dispersed with no identifiable lym-
phatics. Several backflow patterns may occur at the same time. 
Therefore, the indicator of lymphatic function is based on the 
worst pattern. Recently, a “no flow” pattern was described [4]. In 
this case, the injected dye does not extend beyond the wrist and 
there is no linear or backflow pattern in the arm.

Identifying flow patterns can guide microsurgical options avail-
able. The main goal of lymphedema microsurgery is to restore drain-
age of excess interstitial fluid. This is in contrast to earlier surgical 
procedures that involved excision of the fibrotic and nonfunctional 
tissues, which are still useful for advanced- staged lymphedema. The 
main indication for lymphedema microsurgery is early stage lymph-
edema prior to adipose deposition and tissue fibrosis. The three main 
lymphatic microsurgical procedures are lymphaticovenous anasto-
mosis (LVA), vascularized lymph node transfer (VLNT), and the 
combination of microsurgical breast reconstruction with lymph 
node transfer (known as the Barcelona Cocktail) [19]. The supermi-
crosurgical LVA was first described by Koshima in 2000 and became 
popular after the introduction of new technology and indocyanine 
green lymphangiography [20]. In this procedure, several remaining 
lymphatic channels with linear flow are anastomosed to subdermal 
veins. Vascularized lymph node transfer (VLNT) was developed in 
animal studies in the 1990s. In this procedure, a lymph node bed of 
tissue vascularized by a named pedicle is transferred to a distant 
location as a free tissue transfer. This is a surgical option that allows 
restoring fluid drainage once LVA is not possible in the setting of 
absent lymphatic vessels by bringing in new healthy lymph nodes. 
Commonly used donor sites for lymph node transfer include the 
submental nodes, supraclavicular nodes, inguinal nodes, lateral tho-
racic nodes, or omentum. These are then transferred using standard 
microsurgery techniques to the affected regions as needed. 
Additionally, a vascularized lymph node transfer can be combined 
with free flap breast reconstruction using a deep inferior epigastric 
artery perforator (DIEP) flap. In this procedure, the superficial ingui-
nal lymph nodes are dissected with the DIEP flap and oriented in the 
axilla during free flap inset (Fig. 8.2).
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Fig. 8.2 Lymph node transfer of inguinal lymph nodes to the axilla during 
DIEP free flap reconstruction

 Technique

The SPY Agent Green is packaged as a sterile lyophilized green 
powder which contains 25  mg indocyanine green in a 20  ml 
single- patient use vial [21]. It contains no more than 5% sodium 
iodide. As previously mentioned, ICG is a water-soluble tricarbo-
cyanine dye reconstituted by mixing with sterile water to yield a 
2.5  mg/ml solution. The initial injection volume is dependent 
upon the planned procedure. During the procedure, additional 
doses may be used but should not exceed 2 mg/kg total dose. A 
larger dose may be required in areas of increased deposits of adi-
pose tissue. In pediatric patients, smaller doses may be used based 
on body weight and age. Of note, a number of psychiatric, neuro-
logic, and cardiac drugs are associated with increased clearance 
and should therefore be documented and communicated with 
anesthesia in order to optimize dosage. These medications include 
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phenobarbital, haloperidol, primidone, heparin, nifedipine, nitro-
furantoin, and propranolol. The mixture is shaken slowly until all 
precipitation is resolved. ICG is unstable in aqueous solution and 
once reconstituted, it must be used within 6 h. It should be dis-
carded if precipitation is noted in the vial and the precipitation 
does not dissolve with gentle shaking. Following injection, a nor-
mal saline bolus should be administered in order to minimize the 
dilution of the dye in the slow-flowing venous system. The operat-
ing room lights should then be turned down for improved visual-
ization of images.

 ICG Angiography for Breast Mastectomy Flaps

Steps for use are outlined below.

 1. Prepare and drape imaging equipment in a sterile manner.
 2. Reconstitute 25 mg of ICG in 10 ml of sterile water, yielding a 

2.5 mg/ml solution.
 3. Shake the solution gently to mix. (If precipitation is present, 

continue to shake gently until the ICG is dissolved. If precipi-
tation persists, discard the solution and prepare a new solu-
tion.)

 4. Inject 2 ml of the solution via peripheral IV.
 5. Flush with 10 cc normal saline.
 6. Turn down the operating room lights and use the imaging 

device to evaluate tissue perfusion of mastectomy flaps. Areas 
of hyperintensity have higher rates of tissue perfusion, while 
areas of hypointensity have poor tissue perfusion. 
Quantification of tissue perfusion is facilitated by percentages 
relative to the highest perfused areas displayed as an onlay 
(Fig. 8.3).

 7. Use a marking pen to demarcate areas of inadequate tissue per-
fusion.

 8. Perform surgical excision of hypoperfused areas 
 accordingly.
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c d

Fig. 8.3 ICG angiography perfusion assessment of a breast mastectomy flap 
using SPY fluorescence imaging technology (SPY Elite Fluorescence Imag-
ing System, SPY-Q tissue perfusion quantification software, NOVADAQ, 
now part of Stryker). To quantify the tissue perfusion of the flap, the surgeon 
has placed a reference marker on healthy well-perfused tissue away from and 
of the same type as the surgical area (100%), and perfusion in other areas is 
shown as a percentage relative to this reference (e.g., 44%). A contour can be 
mapped to delineate the area which is less than a selected % perfusion of the 
reference. This information can guide surgical excision of hypoperfused 
areas. Use of SPY angiography to assess perfusion of mastectomy flaps. (a) 
Mastectomy flaps prior to SPY angiography. (b) Tissue perfusion quantified 
by percentage. (c) Use of skin marker to outline area of low tissue perfusion 
prior to staples. (d) Perfusion pattern after stapling flaps

 ICG Angiography for Lymphaticovenous 
Anastomosis

Steps for use are outlined below.

 1. Prepare and drape imaging equipment in a sterile manner.
 2. Reconstitute 25 mg of ICG in 10 ml of sterile water, yielding 

a 2.5 mg/ml solution.
 3. Shake the solution gently to mix. (If precipitation is present, 

continue to shake gently until the ICG is dissolved. If pre-
cipitation persists, discard the solution and prepare a new 
solution.)
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 4. Inject 0.2  ml of ICG intradermally into web spaces of the 
distal hand (Fig. 8.4).

 5. Turn down the operating room lights and use the imaging 
device to evaluate the lymphatic flow pattern.

 6. Mark and select the linear flow pattern segment on the skin 
with a skin marker.

 7. Identify and mark “dark crossing areas” that may indicate 
crossing veins which are possible LVA locations. Injection 
0.3 ml of lymphazurin blue into the dermis several centime-
ters distal to the incision site may assist with visualization of 
the lymphatic channels.

 8. Prepare and drape the extremity.
 9. Under the microscope, make a superficial 1.5–2  cm trans-

verse incision over the selected lymphatic vessel, which is 
located in the superficial subcutaneous tissue.

 10. Incise to the deep layer of the dermis using fine dissecting 
instruments (Fig. 8.5).

 11. Once the lymphatic channel and adjacent venule have been 
identified, anastomosis is carried out via a variety of tech-
niques (Fig. 8.6).

 12. A new injection of lymphazurin blue or ICG lymphangiogra-
phy can be used to confirm the patency of LVA.

Fig. 8.4 Injection of ICG dye into webspaces of the hand
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Fig. 8.5 Microsurgical instruments utilized for lymphaticovenous anasto-
mosis

 Contraindications and Adverse Reactions

Indocyanine green can be used in adults and pediatric patients, 
except for those less than 1 month of age. Indocyanine green con-
tains sodium iodide and is contraindicated in patients with iodine 
hypersensitivity due to anaphylaxis or other allergic reactions that 
may occur. There are very few reports of anaphylactic reaction to 
ICG, with an incidence of 1 in 40,000. In patients with renal fail-
ure or uremia and those on dialysis, ICG should be used with 
caution due to reports of anaphylactoid reactions including dys-
pnea, palpitations, anxiety, nausea, edema, and hypotension. The 
clear mechanism is unknown, but patients with anaphylactoid 
reactions had higher eosinophil counts than those who did not. 
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While not a contraindication to ICG use, the SPY Agent Green 
contains iodine, and this could reduce the iodine binding capacity 
of thyroid tissue for at least a week after administration. Therefore, 
patients who are scheduled to undergo radioactive iodine uptake 
studies should not do so for at least 1 week following ICG admin-
istration. Finally, while there are no adverse events associated 

Fig. 8.6 Lymphaticovenous anastomosis techniques. (a) Y-shaped LVA. 
(b) Lambda-shaped LVA. (c) K-shaped LVA. (d) Pi-shaped LVA. 
(e) X-shaped LVA

a b

c d
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with pregnancy or breastfeeding, use of ICG in these patient pop-
ulations should be used with caution. ICG is a US FDA category 
C drug with animal studies showing an adverse effect on the fetus. 
There are no well-controlled studies in humans nor is there con-

e
Fig. 8.6 (continued)
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trolled data in human pregnancy. The small studies published 
have not reported major birth defects, miscarriage, or adverse 
maternal or fetal outcomes. Additionally, there has been no report 
of placental transfer of ICG or detectable levels of ICG in fetal 
blood or umbilical vein blood after ICG administration in the 
pregnant mother. There is currently no data on the presence of 
ICG in human milk or the effects on milk production.

Adverse reactions can be mild, moderate, or severe. Mild reac-
tions include flushing, syncope, weakness, headache, urticaria, 
anxiety, vomiting, and diaphoresis. Moderate reactions include 
edema, hypotension, erythema, wheezing, sinus tachycardia, pal-
pitations, dyspnea, and confusion. Severe reactions include ana-
phylactic shock, anaphylactoid reactions, respiratory arrest, 
cyanosis, cardiac arrest, laryngospasm, bronchospasm, and visual 
impairment. There have been reports of anaphylaxis, urticaria, 
and death with use of this product, and therefore, careful monitor-
ing is important and cardiopulmonary resuscitation equipment 
and personnel should always be available. Patients should be 
warned of the risks and told to seek medical attention if they 
develop signs of anaphylaxis such as difficulty breathing, tongue 
or throat swelling, hives, itching, flushed or pale skin, low blood 
pressure, or a weak pulse or rapid pulse [21].

 Conclusion

Since the introduction of indocyanine green (ICG) angiography to 
medical use in the mid-1950s, it has become a reliable and popu-
lar method to assess tissue perfusion. However, it was not until 
1999 that it was used in plastic surgery as a tool to assess flap 
perfusion in burn reconstruction. Since then, it has had multiple 
applications throughout plastic surgery, including the manage-
ment of diabetic ulcers, assessment of flap perfusion, lymph flow 
reconstruction, and breast reconstruction, with experimental use 
in face transplant preoperative planning. This chapter serves an 
overview of ICG in breast reconstruction encompassing mastec-
tomy flap perfusion, free flap viability, and breast cancer- 
associated lymphedema.
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ICG angiography provides surgeons with objective visual evi-
dence of poor perfusion that may not manifest clinically until sev-
eral days postoperatively. Therefore, the use of ICG has been 
found to reduce rates of mastectomy skin necrosis, partial flap 
loss, and fat necrosis by guiding intraoperative decision-making, 
reducing patient costs associated with complications manage-
ment, and improving patient satisfaction. Its short half-life enables 
repeated examinations via multiple injections without reaching 
toxic levels, vital to plastic surgery applications.

ICG lymphangiography is a noninvasive test that allows pre-
cise, real-time evaluation of superficial lymphatic drainage with-
out utilizing radioactive particles. ICG lymphography permits a 
qualitative assessment of the lymphatic circulation, facilitates its 
staging, and guides the intraoperative restoration of the lymph 
flow. Moreover, there is evidence that ICG lymphangiography is 
more accurate at detecting early upper extremity lymphedema 
when compared to lymphoscintigraphy and before measurable 
volume changes on clinical exams.

Overall, applications of ICG in plastic surgery have expanded 
over the past two decades with a focus on angiography and lym-
phangiography. In this chapter, we have focused on its use in breast 
reconstruction, which has shown to be expansive. ICG enables intra-
operative tissue assessment via direct visualization that improves 
decision-making with the goal of improving overall patient satisfac-
tion and outcomes. While it is a relatively new technology in the 
field of plastic surgery, it has shown potential for improving the 
overall operative experience and associated outcomes.
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9Use of Fluorescence 
Guidance in Plastic 
and Reconstructive Surgery: 
Skin and Muscle Flaps

Zachary A. Koenig, Cristiane M. Ueno, 
Jack J. Gelman, and Kerri Woodberry

 Introduction

Fluorescence angiography using indocyanine green is a valuable 
tool to assess flap viability, both for skin flaps and muscle flaps. 
Image-guided surgery is a technique that uses optical imaging to 
assess tissues during reconstructive surgery in plastic surgery. 
Examples of these technologies include indocyanine green (ICG) 
angiography, dynamic infrared thermography (DIRT), and photo- 
spectrometry. One of the most common methods involves the use 
of near-infrared (NIR) fluorescence imaging that requires an 
injection of a fluorescent dye that can be captured using NIR cam-
eras. ICG is the most used dye, and it has multiple indications 
including utilization to identify tissue perfusion, vessels, nerves, 
and lymphatic drainage.
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The use of image-guided technologies such as ICG angiogra-
phy allows detection of areas of poor or no blood perfusion that is 
often not clearly visible to the human eye. Its applications have 
been described in evaluation of orthopedic, trauma, military, and 
vascular injuries as well as plastic surgery reconstructions. 
Traditionally, clinical judgment has been one of the most accept-
able parameters to determine tissue viability. Other methods of 
assessment include subjective assessment of skin or tissue color, 
capillary refill, flap temperature, tissue bleeding, prick tests, 
Doppler ultrasound, and use of tactile sensation. The use of ICG 
angiography allows an objective measure of perfusion and tissue 
viability.

Images provided by NIR cameras can provide real-time infor-
mation in the operating room which is an advantage for surgical 
planning. For example, fluorescence angiography can be used for 
identification of lymphatic vessels in lymphatic anastomosis, 
identification of lymph nodes during lymph node dissection, eval-
uation of patency of a vessel anastomosis, or evaluation of tissue 
perfusion.

According to Burns  et al. (level of evidence 3), the use of 
NIR technologies intraoperatively has the potential to provide 
data that can improve intraoperative decisions about flap 
design with subsequent better outcomes [1]. In another study 
group (level of evidence 3), authors compared three technolo-
gies and their capability to “predict” tissue perfusion. Their 
findings showed that the intraoperative sensitivity for ICG 
angiography was 90.9% (95% CI: 77.5–100) with an accuracy 
of 98.6% (95% CI: 97.6–99.7), sensitivity for DIRT was 33% 
(95% CI: 11.3–64.6) with specificity of 100% (95% CI 84.9–
100) and accuracy of 80% (95% CI: 71.2–89.7), and sensitiv-
ity for photo-spectrometry was 92% (95% CI: 72.4–98.6) with 
specificity of 100% (95% CI: 98.8–100) and accuracy of 
100% (95% CI: 98.7–100) [2].

The advantages of ICG are its short half-life (3–4  min in 
healthy adults) which allows multiple runs in one single surgery 
without exceeding the maximum dosage, its efficacy in predicting 
clinical outcomes for partial or total tissue necrosis, and its evalu-
ation of maximal size of a flap with delineation between the zones 
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of poor and no perfusion [3], (level of evidence 4). The adverse 
reactions reported from ICG are uncommon and occur in 0.34% 
of patients, based on a study by Obana et al. with mild reactions 
of nausea, skin rash, and itchiness, and with very rare instances of 
anaphylactic shock (level of evidence 5) [1, 4].

Plastic surgery has benefited from systemic ICG perfusion 
angiography use in many aspects. One of its classic uses is for 
evaluation of tissue perfusion in pedicled flaps, free flaps, and per-
forator flaps. Holm et al. (level of evidence 2) described a first- 
time use of intraoperative ICG imaging in free flap tissue perfusion 
[1]. Patients were prospectively evaluated with ICG angiography 
performed intraoperatively after flap inset. Postoperatively, moni-
toring was done exclusively by clinical means without the use of 
ICG. The authors found 2/10 (20%) of complications with one 
partial and one total flap loss that had been detected intraopera-
tively by ICG imaging. The study was able to show cases of arte-
rial spasms, venous congestion, and tissue hypoperfusion with 
intraoperative ICG imaging [5]. These findings are supported by 
other studies (level of evidence 4) investigating the use of ICG 
angiography in free flap operations [3, 6, 7]. However, since then, 
other aspects of plastic surgery have also benefited from use of 
ICG perfusion angiography guidance.

 Indications: Use in Extremity Reconstruction

The use of NIR technologies in extremities, specially by consult-
ing services in anticipation of tissue coverage, allows better coor-
dination of care and preservation of tissue with subsequent 
improvement of post-reconstruction function (Figs. 9.1, 9.2, 9.3, 
and 9.4).

Dietz et  al. (level of evidence 5) described the utilization of 
SPY-Q system technology to determine tissue viability in trauma 
allowing for more thoughtful debridement, especially in orthope-
dic surgery, when preservation of certain tissues may signify 
functional preservation [1, 8]. Moreover, it allows evaluation of 
levels of amputation and perfusion of avulsed tissues and vessels 
in trauma.
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Fig. 9.1 Preoperative defect with concern for poor perfusion

As described by Green et al. (level of evidence 4), the use of 
SPY-Q system technology minimizes perfusion-related complica-
tions by allowing intraoperative modifications and revisions that 
will decrease poor tissue perfusion [1, 9]. Fluorescence angiogra-
phy allows intraoperative modifications, such as excision of distal 
flap segments with poor perfusion, angiosome or perfisome map-
ping (which is especially useful in random flaps and propeller 
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Fig. 9.2 Exposure of the underlying defect

flaps), flap inset modifications to salvage reconstruction, release 
of sutures during closure if the tissue is noted to be ischemic or 
under excess tension, and evaluation of free flap anastomosis as 
described by Lohman et  al. These intraoperative adjustments 
improve reconstructive outcomes.
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Fig. 9.3 Fluorescence angiography to identify flap regions of poor perfusion

The described decisions can be crucial in designing axial pattern 
flaps or pedicled flaps. These flaps, unlike free flaps, can be a chal-
lenge in extremity reconstruction due to the limited amount of avail-
able tissue, limited reach, and the need for advancement of tissue 
without potentially sacrificing tissue perfusion. The use of intraoper-
ative ICG assists with tissue mapping during harvest of the flap, inset-
ting of the flap, and the decision to delay a flap or add a second flap.
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Fig. 9.4 Debridement of devitalized tissue and coverage with a skin substi-
tute

 Indications: Use in Skin Flaps

Skin flaps are utilized in plastic surgery as a primary method of 
reconstruction for soft tissue defects and coverage of wounds. 
There are many types of skin flaps based primarily on the tissue 
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included in the flap or based on the source of blood supply to 
the flap.

Skin flaps may include the skin, subcutaneous fat, fascia, ten-
don, muscle, nerves, and bones. Flaps are often named based on 
the contents of the flap, such as skin flap (skin and subcutaneous 
tissue), fasciocutaneous flap (skin, subcutaneous fat, and fascia), 
myocutaneous flap (skin, subcutaneous fat, fascia, and muscle), or 
osteocutaneous flap (skin, subcutaneous fat, and bone). Flaps are 
sometimes described based on the pattern of movement of the tis-
sue, specifically whether the tissue is rotated, advanced, or trans-
posed to cover the defect. In addition, flaps can be described based 
on the pattern and source of blood supply to the flap. Random 
pattern flaps are based on blood supply through the subdermal 
plexus and do not have a named blood vessel supplying the flap, 
such as in axial patterned flaps. Flaps can be used to cover defects 
locally, regionally, and in distant locations or used as free flaps 
anywhere in the body.

One of the major challenges with skin flaps is maintaining 
adequate perfusion to tissue to ensure viability. There have been 
many methods to assess skin flaps, which includes axial pattern 
flaps and pedicled flaps, as described earlier. The use of indocya-
nine green has been a major asset to the armamentarium of tools 
used preoperatively, intraoperatively, and postoperatively to 
design and evaluate skin flaps. Random pattern flaps are designed 
based on length to width ratios typically of 2:1, and axial pat-
terned flaps are based on known anatomical regions of perfusions 
surrounding the named vessels. Although several factors contrib-
ute to complications of flap healing such as nicotine, obesity, dia-
betes, radiation, and vascular insufficiency, fluorescence 
angiography allows us to assess real-time perfusion of flaps as we 
aim to limit tissue necrosis and improve tissue survivability and, 
therefore, improve outcomes.

The use of fluorescence angiography for evaluation of skin 
flaps in breast reconstruction has been discussed in another chap-
ter. However, fluorescence angiography is also utilized for the 
evaluation of skin flaps of the head and neck, trunk, and extremi-
ties. Laser-induced fluorescence of ICG has been used by several 
studies to evaluate skin viability in skin flaps. Graham et al. laid 
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the framework for use of fluorescein as an injectable marker in 
rats to assess random flap perfusion [10]. The first human study 
using ICG angiography for evaluation of pedicled skin flap perfu-
sion was done by Still et al. (level of evidence 3), and this showed 
promising results in that wound healing was accurately predicted 
by ICG angiography [1, 11]. Another prospective study by Holm 
et al. (level of evidence 3) corroborated these findings by suggest-
ing that ICG angiography is a sensitive tool for assessing nutritive 
blood flow in pedicled skin flaps with and without an axial vessel 
[1, 5]. Other studies support the findings listed above for use of 
fluorescence angiography in pedicled skin flaps (levels of evi-
dence 3–5) [1, 12–14].

 Indications: Use in Abdominoplasty 
and Panniculectomy

Abdominoplasty and panniculectomy are two common operations 
performed by plastic surgeons for functional and cosmetic 
improvements particularly in patients with excess skin. One com-
plication of any abdominal procedure is delayed wound healing 
caused by poor circulation to the skin. Complications like wound 
dehiscence, skin necrosis, and wound infection can be related to 
decreased perfusion of the skin flap and are inherent to these sur-
gical procedures secondary to undermining of large skin flaps. 
When compounded with underlying patient comorbidities which 
affect the microcirculation, the likelihood of poor perfusion to 
localized areas of the skin during wound healing increases expo-
nentially. As adequate tissue perfusion is crucial for normal 
wound healing, a better understanding of abdominal skin perfu-
sion after these procedures may contribute to reducing wound 
healing problems (Figs. 9.5, 9.6, 9.7, and 9.8).

Standard abdominoplasty and panniculectomy can have a 
significant impact on abdominal skin perfusion. Nergård et al. 
(level of evidence 2) were the first to quantify abdominal skin 
perfusion following abdominoplasty using DIRT where they 
identified the least perfusion occurring at Hager zone II near the 
lower transverse incision line [1, 15]. Patel et al. (level of evi-
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Fig. 9.5 Intraoperative angiography used during brachioplasty

Fig. 9.6 Intraoperative angiography used during brachioplasty
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Fig. 9.7 Intraoperative image of panniculectomy, indocyanine green visible 
in overlay mode

Fig. 9.8 Intraoperative angiography shows excellent perfusion of flaps in 
fluorescence mode

dence 4) showed that ICG angiography can accurately detect 
perfusion abnormalities to decrease wound healing complica-
tions in patients  undergoing complex hernia repair with con-
comitant panniculectomy [1, 16]. Numerous other studies 
support the use of ICG angiography to identify perfusion abnor-

9 Use of Fluorescence Guidance in Plastic and Reconstructive…



268

malities in patients with risk factors such as obesity, current 
tobacco use, prior wound infection, and hypertension (levels of 
evidence 2–5) [1, 17–19].

 Technique

In our institution, we use indocyanine green (ICG) to assess 
tissue perfusion. ICG is a water-soluble dye that binds to 
plasma proteins in the blood or tissue and emits an energy in 
the NIR spectrum of 750–810 nm. It has been utilized for eval-
uation of retinal angiography, cardiovascular function, and 
hepatic clearance for over 50  years [8, 20]. The use of NIR 
fluorescence is well-known and reproducible and provides 
good diagnostic accuracy. It can be used with a handheld cam-
era or a microscope. ICG can be injected systemically (angiog-
raphy) when looking for flap, composite graft, or bone 
perfusion, or subcutaneously when looking for lymph nodes or 
lymphatic perfusion. When utilized systemically, the adminis-
tered dose range is 0.025 to 0.50 mg/kg and 0.03 to 0.25 mg/kg 
when injected subcutaneously [21] (level of evidence 3). There 
are some differences in dosages depending on indications and 
surgeon’s habits. As an example, for sentinel node mapping, 
the dosage is 25 mg ICG diluted in 5 ml of distilled water with 
doses of 0.4 to 1.2 ml; lymphography for lymphedema evalua-
tion is usually 0.1 to 0.3 ml and for evaluation of tissue perfu-
sion, the dose is 5 mg or 0.5 mg/kg [22], (level of evidence 4).

There are many laser-assisted fluorescence angiography cam-
eras, and one of the most common NIR fluorescence tools utiliz-
ing ICG is performed with SPY-Q imaging analysis software. 
SPY-Q system is an analytical software that provides quantifiable 
data that can be used preoperatively, intraoperatively, or postop-
eratively. ICG can show perfusion in tissue to a depth of 1–1.5 cm. 
In general, a dose of 7.5 mg (ICG concentration 2.5 mg/ml) is 
administered systemically, and the area of interest is visualized 
directly with the use of a handheld camera and a screen with capa-
bility of video recording.

The images provided by SPY-Q system can be analyzed with 
two techniques:
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• Relative percentage provides information about the fluores-
cence of a selected area relative to a pre-selected reference 
point that represents an ideal perfusion of 100%. In general, a 
percentage of 15–20% or less indicates poor perfusion which 
indicates higher chance of tissue necrosis.

• Absolute measurement utilizing a 255-level grayscale system 
which depends on signal intensity. The level reported ranges 
from 0 to 255 with a higher level indicating higher perfusion 
and a lower level (generally 6.0) indicating lower perfusion.

With the use of optical technologies such as ICG angiography, 
there has been significant improvement in the capacity of:

• Preoperative planning by identifying tissue viability (e.g., per-
fusion during debridement of bone, muscle perfusion before 
and during reconstruction)

• Intraoperative reconstruction by optimizing flap design
• Postoperative evaluation of areas of poor flap perfusion and 

anticipation of possible areas of subsequent tissue necrosis

 Timing of Dye Administration: Preoperative 
Considerations

Methylene blue and lymphazurin blue will interfere with imaging. 
Likewise, vasoconstrictors such as epinephrine will decrease blood 
flow and interfere with imaging. A delay of at least 2 h after admin-
istration of epinephrine is required before imaging [23], (level of 
evidence 5). Factors associated with ischemia include previous 
surgery, previous radiation treatment, current smoking, obesity, 
diabetes, vasculopathy, chronic steroid use, and thin flaps [24, 25].

 Timing of Dye Administration: Intraoperative 
Considerations

The intraoperative use of image-guided technologies such as ICG 
angiography at the time of flap design, flap elevation, flap inset, 
and final closure allows for intraoperative modifications such as 
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angiosome mapping (especially useful in random, propeller flaps), 
excision of distal flap segments with poor perfusion, flap inset 
modifications (ischemic incision closures, especially in closures 
under tension, or in cases of a skin/tissue bridge), or evaluation of 
free flap anastomoses, which will all allow for improvement in 
reconstructive surgeries.

In our institution, we have been using both SPY-PHI and SPY- 
Elite fluorescence imaging systems by Stryker/LifeCell. SPY-PHI 
refers to the “Portable Handheld Imager.” The imaging head is 
positioned prior to the anesthesiologist giving the ICG. The ICG 
(25 mg) is reconstituted with 10 ml of sterile water. This yields a 
2.5 mg/ml solution of ICG. For plastic, reconstructive, and micro-
surgery cases, the volume of ICG for images which are acquired 
through the patient’s skin is 3–4  ml [7]. ICG is administered 
through a peripheral IV and flushed with 10 ml of saline immedi-
ately prior to imaging. It is often given prior to closing in order to 
assess skin perfusion. It can also be utilized preoperatively during 
flap design, intraoperatively to assess flap perfusion prior to inset-
ting, and after completion of surgery. We will sometimes use fluo-
rescence angiography two or three times during the operation. 
Recordings are performed according to the owner’s manual for 
SPY-PHI or SPY-Elite [24, 25].

 Timing of Dye Administration: Postoperative 
Considerations

In addition to the described traditional methods for evaluation of 
tissue perfusion (physical examination, Doppler ultrasound, tactile 
feedback), technologies such as the SPY-Q system can provide 
objective data of tissue perfusion and vascular anastomosis patency 
(such as use to evaluate venous thrombosis at the anastomosis) and 
even allow evaluation of neovascularization of a flap to determine 
if a pedicled flap is ready for division and insetting [26], (level of 
evidence 4).

Our institutional experience and literature review shows that 
the use of ICG fluorescence angiography allows early detection of 
tissue with compromised vascularity and minimizes the risks of 
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postoperative partial or total necrosis, which can lead to further 
surgeries, surgical revisions, poor outcomes, and increased mor-
bidity.

 Documentation and Medical Coding

Appropriate coding and documentation are essential for reim-
bursement for fluorescence angiography. The American Medical 
Association Current Professional Terminology (CPT) Professional 
Codebook 2022 lists 15,860 as the appropriate code. CPT code 
15860 is defined as “intravenous injection of agent (e.g., fluores-
cein) to test vascular flow in flap or graft.” In this case, the agent 
is ICG. There are no additional codes for the intraoperative laser 
angiography. CPT codes 99,240 and 99,242 refer to ICG angiog-
raphy specifically for ophthalmology and are not appropriate for 
flaps elsewhere on the body [27].

According to the 2022 National Physician Fee Schedule 
Relative Value File, CPT code 15860 has a corresponding work 
relative value unit (RVU) of 1.95 and a facility total RVU of 3.14 
[28]. To best ensure reimbursement, copies of intraoperative angi-
ography images must be retained and placed in the patient’s med-
ical record.

 Conclusion

The use of image-guided surgery such as SPY-Q system in 
extremity reconstruction, not only by plastic surgeons but also by 
surgeons in associated departments such as orthopedic surgery, 
general surgery, trauma surgery, vascular surgery, and otolaryn-
gology, allows improvement in tissue salvage through reliable 
debridement, improvement in function, and better treatment plan-
ning. Such technologies are useful in all settings (preoperatively, 
intraoperatively, and postoperatively) and help facilitate decisions 
of flap design, flap assessment, and early detection of potential 
tissue necrosis, decreasing additional surgeries and morbidity. 
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Overall, the use of fluorescence angiography reduces complica-
tions and improves outcomes [29].
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 Introduction

Burn injuries are a significant global public health issue because 
of their high frequency and potentially severe physical, emotional, 
and economical effects on people, households, and communities 
[1, 2]. Burns from fire, heat, and hot substances rank fourth among 
all civilian traumatic injuries in the globe, after falls, traffic acci-
dents, and interpersonal violence [2]. According to the estimation, 
there are between 7 and 12 million people (up to 33,000 every 
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day) suffering each year from burn injuries that necessitate medi-
cal attention, cause extended absences from work or school, or 
even result in death [3]. In contrast, the incidence of burn injuries 
is higher than the combined incidence of tuberculosis and human 
immunodeficiency virus (HIV/AIDS), and it is close to the inci-
dence of all malignant neoplasms [4].

Burns result in high morbidity and cost [5]. Nonfatal burns are 
the main cause of morbidity, which includes extended hospital 
stays, disfigurement, and disability, frequently with associated 
rejection and social stigmata [2]. According to a recent study, burn 
injuries have an impact on morbidity and mortality for at least 5 to 
10 years following the injury [5]. The overall cost of hospital care 
per patient ranged from US$ 10.58 to US$ 125,597.86 [6]. The 
cost of 1% of total body surface area burned varied from US$ 2.65 
to US$ 11,245.04, and the cost of hospital care per day varied 
from US$ 24.23 to US$ 4125.50 [6].

This chapter will discuss on the knowledge of burn wound 
evaluation, various methods of burn determination, the limitation 
of burn depth determination, and a thorough review of the devel-
opment, fundamentals, and evidence base for using ICGA precise 
marking for burn wound evaluation and excision in clinical 
 practice.

 Pathophysiology of Burn Wounds

Burn wounds result from accidental injury to the human body by 
various etiologies such as heat, electricity, friction, chemicals, or 
radiation [7]. Thermal injury is reported to be the most common [8]. 
The extent of thermal injury correlates with the contact time, tem-
perature, and skin thickness of the damaged area [9]. Thermal burns 
can be produced by flames, hot objects, liquids, and steam [10].

The pathophysiology of burns can be classified into two lev-
els: local changes and systemic changes [7]. Local tissues are 
damaged when the tissue came into contact with the thermal 
source resulting in heat transfer. This induces coagulative necro-
sis, intraepidermal separation, or dermoepidermal separation 
[11]. Burns lead to systemic changes when the injury reaches 
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approximately 20% of total body surface area (TBSA) [12]. The 
consequences are significant hypovolemia and the release of 
numerous inflammatory mediators resulting in a cardiovascular 
insufficiency known as burn shock [12, 13]. Burn shock is a com-
plicated circulatory and microcirculatory failure process that 
causes generalized edema in both injured and uninjured body 
parts. Although the patient is appropriately resuscitated, the burn 
shock remains irreversible in some severe cases.

Burn wounds are categorized based on the depth of tissue 
injury, which determines the burn management to be either con-
servative or operative. Burn depth is classified into four catego-
ries: epidermal, superficial partial-thickness, deep 
partial-thickness, and full-thickness skin loss [14, 15]. Epidermal 
burns involve only the epidermis. The typical etiology is sunburn. 
The wounds appear erythematous, painful, and blanch with pres-
sure. Superficial partial-thickness burns affect the superficial part 
of the dermis, with scald burn being the most frequent etiology. 
These wounds are erythematous and tender, and blisters can 
appear up to 24 h after the injury. Deep partial-thickness burns 
involve the deep part of the dermis, where hair follicles and glan-
dular tissue are located. This kind of burn wound is not painful 
unless the burn area is pressured with significant force. These 
wounds contain variously mottled colorization from patchy white 
to red, and they were not blanched with the pressure. Finally, full- 
thickness burns, the deepest degree, involve the epidermis and all 
layers of the dermis. A diverse wound color can be observed, such 
as waxy white, leathery gray, charred, and dark black. The wound 
is dry, inelastic, and painless. It does not blanched with pressure.

There are several factors affecting the treatment of burn wounds. 
Inflammatory and anti-inflammatory medications can disturb the 
healing process [16, 17]. Inflammation is the early phase of wound 
healing. When the inflammatory mediators are released, they stim-
ulate immune signals, causing the engagement of leukocytes and 
macrophages, which primarily start the proliferation phase of 
inflammation [16]. These cytokines from the inflammatory pro-
cess activate keratinocytes and fibroblasts to migrate from the hair 
follicles to the injury area, consequently aiding wound reepitheli-
alization [18]. Thus, inflammation is vital for the success of burn 
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wound healing. Anti-inflammatory treatments can worsen the 
wound healing mechanism and prolong the healing process [17]. 
For example, conventional anti- inflammatory therapy, such as 
nonsteroidal anti-inflammatory drugs or steroids, inhibits prosta-
glandin synthesis, which inevitably impairs wound healing [19].

Infection can also impair burn wound healing [20]. The skin is 
a vital organ, which serves as a barrier to protect the external envi-
ronment, maintain body temperature and homeostasis, provide 
sensory detection, and provide metabolic and immunological sup-
port. Destruction of this vital organ damages the innate immuno-
logical response and increases the risk of infection [20]. Therefore, 
burn patients are certainly at a higher risk of infection [21]. When 
burn patients are hospitalized long enough to get infected by 
drug-resistant organisms, the infection process prolongs the hos-
pital stay, delays the wound healing, increases hospital cost, and 
increases mortality [22, 23].

Nutrition contributes to proper burn wound healing [24]. 
Minimizing the consequence of hypermetabolism and supplying 
adequate nutritional support are the main components that contrib-
ute to the appropriate wound healing process and recovery [25].

The following health factors can also impact burn severity and 
the burn recovery process: diabetes, obesity, and geriatric status. 
Diabetes mellitus significantly affects burn patients [26]. It impairs 
the body’s ability to deal with stress due to glucose- related cell, 
end-organ, and vascular damage, which deteriorates clinical out-
comes in admitted patients [27]. The hyperglycemic state injures 
the immune cells causing their function to be impaired. This dis-
tinctly leads to a greater risk of infection in diabetic patients [28], 
which is one of the lethal complications in burns [20].

Patients with excessive adiposity can also have altered physi-
ological responses in burns, thus are considered a challenge in 
burn treatment [29]. Burn patients with obesity usually have mul-
tiple comorbidities, including diabetes mellitus, hypertension, 
cardiovascular disease, and lung disease [29]. Even with a burn 
assessment tool, for example, the Lund-Browder chart, the body 
surface area can be misinterpreted due to the deviated body mass 
distribution in obesity [30].
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The elderly population possesses a unique burn characteris-
tic [31]. Most burn events accidentally occur at home, fre-
quently in a kitchen and a bathroom, owing to sluggish 
alertness, decreased reaction time, and slower mobility [32]. 
The reduction of metabolism and the fragility of the skin con-
tribute to the increased depth of burn extent, which consis-
tently elevates mortality [33].

 Burn Wound Assessment

The following is a review of current modalities available to assess 
burn wound depth. There are various techniques starting from 
simple clinical assessment and tissue biopsy to more advanced 
modalities such as thermography, ultrasound, laser Doppler imag-
ing, and ICGA [34].

 Clinical Assessment

Clinical assessment is easy, simple, and inexpensive; however, 
its accuracy has significant limitations [35]. The principle of this 
method mainly depends on a subjective evaluation of wound 
characteristics such as wound surface, capillary refill, and pain 
sensitivity [36]. Therefore, it is possible to differentiate between 
very deep and very shallow burns with decent reliability [35]. 
However, the clinical assessment is significantly less accurate 
for burns with intermediate depth, which was equal to 50–75%, 
even though this was performed by burn experts [37–40]. 
Moreover, the validity of the clinical assessment was noted to be 
unreliable [35]. Clinical evaluation of burn depth based on 
appearance can vary between surgeons [41]. The significant fac-
tors of this variation depend on differences in surgeon experi-
ence as well as the evolution of tissue damage that occurs in the 
hours following burn injury [42, 43]. For this reason, a more 
accurate burn depth assessment method is essential to aid burn 
depth evaluation.
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 Pathological Study

Although pathologic evaluation of burn tissue is considered the 
gold standard to clarify the depth of burn wounds, it is an invasive 
and time-consuming method [34, 35]. Punch biopsy has to be per-
formed on the indeterminate burn area and sent for tissue fixation 
with hematoxylin and eosin staining, which is later reported by 
the pathologist [44]. The burn depth interpretation is identified by 
the level of destruction and denaturation of cellular structures 
damaged by burns [44]. Five factors are generally described to 
clarify the depth of burn wounds, including collagen discolor-
ation, intercollagen basophilic material, endothelial cell necrosis, 
epithelial cell necrosis, and mesenchymal cell necrosis [45]. It is 
suggested that the microvascular damage indicates a partial- 
thickness burn, while collagen denaturation indicates a full- 
thickness burn [46]. Computing the most superficial patent and 
the deepest blocked vessels can also increase precision [47].

Pathologic tissue study has several great disadvantages. First, 
it is invasive to obtain a tissue biopsy, which may leave unneces-
sary scars in the superficial burn and is not practical for clinical 
application [48]. Second, pathologic assessment represents struc-
tural damage of the burn tissue rather than functional loss [44, 
49]. Furthermore, burn wounds can deteriorate post biopsy due to 
their progressive nature [49]. Third, sampling error can occur 
because the selected biopsy area may not accurately represent the 
entire burn area [47]. Finally, biopsy interpretation can be subjec-
tive and requires an experienced pathologist [44].

 Thermography

Thermography measures the temperature in a burn wound to 
determine its depth [50]. Deep burns yield less heat than the 
unburned area due to decreased blood flow to the wound surface 
[51]. The accuracy of thermography has been reported to be as 
high as 90% [52], but is limited by evaporative heat loss, granula-
tion tissue, and sensitive timing [53]. These drawbacks discourage 
the use of thermography after 72 h from onset of injury [53].
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 Ultrasound

Ultrasound has been proven to provide accurate burn assessment 
[54, 55]. Ultrasound is operated by scanning the burn wound 
structure to measure the thickness of each layer, which is divided 
into the epidermis, dermis, and subcutaneous tissue [55]. However, 
the ultrasound device requires its probe to be contacted with the 
burn wound during an assessment. This can cause pain to the 
patient. Hence, its clinical application is also restricted [55, 56].

 Laser Doppler Imaging

Laser Doppler imaging (LDI) is a promising burn diagnostic tool 
with few drawbacks. It is the sole modality approved by the 
American Food and Drug Administration (FDA) for burn depth 
evaluation [34]. Its accuracy is very high, approaching 97% with 
an excellent long-term predictive ability [57]. LDI assesses the 
tissue perfusion of a burn wound by detecting the red blood cell 
movement and illustrates the results as two-dimensional photos 
[58]. The disadvantages include the need for immobilization of 
the scanned area, a long scanning time (up to 5 min), and a limita-
tion on the depth of penetration [59]. These disadvantages limit 
the use of LDI. However, ICGA can solve some of these prob-
lems.

 Indocyanine Green Angiography (ICGA)

ICGA works by detecting vascular perfusion within the wound area 
[60, 61]. A single 0.5 mg/kg dose of indocyanine green (ICG) is 
administered intravenously to the patient and will bind to albumin 
to form a protein complex. Then, the ICGA imaging machine can 
detect the protein complex through the infrared (840–850 nm) fluo-
rescence emission [62]. Percentage of maximal perfusion was 
reported and can differentiate between superficial and deep burn 
wounds [60, 63–65]. The cut point is the value of less than 33% and 
this number represents an excellent predictive value for nonviable 
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tissue [63]. Thus, an amount of greater than 33% indicates that the 
burn wound is superficial [38, 63]. The accuracy of ICGA is remark-
ably better than the clinical evaluation to analyze the indeterminate 
burn wounds. ICGA has been reported to provide almost 100% 
accuracy in clarifying the depth indeterminate burn wounds, com-
pared to only 50% accuracy by the clinical assessment [66]. The 
number needed to treat of using ICGA was only 2 [66].

ICGA is an excellent adjunct for a burn assessment, particu-
larly in critical areas such as the face, palms, and soles [66]. ICGA 
equipment is commonly an available resource in hospitals because 
of its various applications in other fields such as neurosurgery, 
ophthalmology, general surgery, and plastic surgery [66]. 
Therefore, further use of ICGA in burn wound evaluation can be 
applicable and cost-effective [66, 67].

Nevertheless, ICGA has a few limitations. First, it requires the 
intravenous injection of ICG to the patient, which can be consid-
ered invasive [66]. Second, a patient who is allergic to iodine or 
shellfish prohibits the use of ICGA [66, 68]. Third, there can be a 
possible misinterpretation in unburned skin with intact melanin 
because melanin can absorb the wavelength detected by ICGA 
equipment which consequently mislead as a deep burn wound 
[38, 65, 69]. Thus, ICGA must be used in conjunction with clini-
cal evaluation.

Table 10.1 summarizes the advantages and disadvantages of 
important modalities of burn assessment.

 Use of Indocyanine Green Angiography for Burn 
Wound Assessment

ICGA works by detecting vascular perfusion within the wound 
area and has several preferable features for clinical applications 
compared to other modalities: results are objective and reliable, 
providing nearly 100% accuracy in the diagnosis of indeterminate 
burns, compared to only 50% accuracy of the clinical assessment 
[36, 60, 61, 66]. No tissue biopsy is required in ICGA, which 
overcomes the weakness of the pathological study [48]. 
Additionally, the ICGA does not need the probe applied to the 
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Table 10.1 A summary of the advantages and disadvantages of important 
modalities of burn assessment

Burn assessment 
modalities

Method of 
assessment Advantages Disadvantages

1.  Clinical 
assessment

A subjective 
evaluation of 
wound 
characteristics

Easy, simple, 
commonly 
used and 
cheap

Significantly less 
accurate for burns 
of intermediate 
depth

2.  Pathological 
study

Punch biopsy, 
tissue fixation, and 
hematoxylin and 
eosin staining

Gold 
standard of 
burn 
diagnosis

Invasive and 
time-consuming

3. Thermography Detection of the 
difference between 
temperatures of 
viable and 
nonviable tissue

Reported 
accuracy as 
high as 90%

Limited by 
evaporative heat 
loss, granulation 
tissue, and 
sensitive timing

4. Ultrasound Scan the burn 
wound structure 
and measure the 
thickness of each 
dermal layer

Good 
accuracy, 
noninvasive

Probe contacting 
to the burn wound, 
which could cause 
pain to the patient

5.  Laser Doppler 
imaging

Assessment of 
tissue perfusion by 
detecting the red 
blood cell 
movement and 
illustrating results 
as two- dimensional 
photos

Reported 
accuracy as 
high as 97% 
with an 
excellent 
long-term 
predicting 
ability

Requires 
immobilization of 
the scanned area, a 
long scanning time 
which could take 
as long as 5 min, 
and limited depth 
of penetration

6.  Indocyanine 
green 
angiography

Detecting vascular 
perfusion within 
the wound area

Almost 100% 
accuracy in 
diagnosing 
indeterminate 
burns

Requires 
intravenous 
injection of ICG, 
contraindicated in 
patients with 
iodine allergy

wound, unlike thermography and ultrasound [53, 55, 56]. The 
patient motion does not affect the working of ICGA which is 
superior to laser Doppler imaging [59].

ICGA illustrates real-time imaging without the need for immo-
bilization, and its depth of penetration is 2.5 cm which is suffi-
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cient for scanning the entire layer of the dermis [70]. Moreover, 
the number needed to treat of using ICGA is 2 [34]. However, 
ICGA has some disadvantages, which are the need for ICG intra-
venous injection, a contraindication with iodine allergy, and a 
short available period of an assessment (5–10 min after injection). 
However, allergy of ICGA is reported to be small [68] and 
5–10 min is considered adequate for recording the images of the 
investigated burn area [66].

 Quantitative Interpretation of Indocyanine 
Green Angiography

There was a systematic review reporting the use of ICGA to eval-
uate burn depth in 2019 [71]. This review described the develop-
ment of ICGA from animal experiments to human studies which 
eventually demonstrated it as a promising tool for assessing burn 
depth [71]. However, the review pointed out that there were two 
major pitfalls found in these previous trials, which were a lack of 
quantitative measurement when using ICGA to interpret burn 
depth and the need for a comparative study focusing on indeter-
minate burn wounds [71]. Recently, there has been one signifi-
cant study [66] that can unlock these two significant pitfalls. The 
study disclosed the quantitative assessment and the cut point pri-
marily in the indeterminate burn wounds [66, 72]. This prospec-
tive, multicentered, diagnostic trial showed that the accuracy of 
ICGA was as high as 100.0%, compared to 50.0% accuracy in 
clinical evaluation [66]. The study presented a quantitative mea-
suring method using a percentage of maximal perfusion for 
determining burn depth. Hence, the ICG angiography interpreta-
tion was precisely reproducible in the clinical setting [66]. The 
percentage of maximal perfusion can distinguish a superficial 
burn from the deep burn [60, 63–65]. As a result, the 33% was the 
appropriate cut point [66]. The result of less than 33% was 
reported to have an excellent predictive value for nonviable tissue 
[63], while the number greater than 33% indicated the burn 
wound to be superficial [38, 63].
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 Use of Indocyanine Green Angiography for Burn 
Excision

During burn excision, a decision whether to excise or not excise 
the area with indeterminate burn depth can be difficult [73]. 
Indeterminate burn wounds are defined as burn wounds that 
cannot be distinguished clinically between the superficial and 
deep second- degree burns. The accuracy of clinical assessment 
was reported to be as low as 50–75%, even performed by burn 
experts [37–40]. In some institutions, these inconclusive 
wounds are debrided to decrease the morbidity, infection, 
length of stays, and healthcare cost [73]. However, this man-
agement causes the patients to be operated on for unnecessary 
debridement. Therefore, any adjunct modality that can provide 
a more precise evaluation of indeterminate burn wounds would 
be advantageous.

Although there is considerable evidence showing the potency 
of ICGA for burn wound evaluation, the documentation on how 
to use ICGA in burn surgery is lacking [71]. There was a recent 
study that demonstrated how to use ICGA for precise wound 
marking before burn wound excision [74]. A patient was 
injected with 0.5 mg/kg of ICG (Diagnogreen Injection; Daiichi 
Sankyo Propharma, Japan). The Fluobeam 800 clinical system 
was utilized, and simultaneously the wound was evaluated by 
the operator.

The 33% criteria, which was previously reported with high 
accuracy [66], was applied [74]. The superficial second-degree 
burn appears as a bright area, while the deep second-degree burn 
appears as a dark area [63, 66]. Unlike other healthy tissue, the 
superficial burn wounds were hyperemic due to their pathophysi-
ology [75]. Consequently, the percent of maximal perfusion is 
significantly different between superficial and deep burn wounds, 
which aids the evaluation of burn wounds [76]. The junction of 
superficial and deep areas can be marked during the application 
of ICGA [74]. The ink from markers does not disturb ICGA 
interpretation [74]. Eventually, the wounds can be debrided 
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appropriately following the marking [74]. The demonstration of 
the burn wound marking and the clinical outcomes is shown in 
Video 10.1 [77].

 Association of Pathologic Tissue Evaluation, ICG 
Interpretation, and Clinical Outcomes

There is an association between pathological study, ICGA inter-
pretation criteria, and clinical outcomes. Based on a previous study 
that compared the pathological study to the ICGA objective crite-
ria [66], five parameters were used to determine pathologic tissue, 
including collagen discoloration, intercollagen basophilic sub-
stance, endothelial cell necrosis, epithelial cell necrosis, and mes-
enchymal cell necrosis [45]. If these parameters were injured 
greater than the midpoint of the dermis or deep skin adnexal struc-
tures were destroyed, this tissue was considered a deep burn wound 
and was found to be associated with the maximal perfusion of less 
than 33% in the ICGA interpretation [44, 45, 47, 61]. On the con-
trary, if these parameters were injured not greater than the mid-
point of the dermis or there was lymphocytic infiltration in the 
dermis without destroyed deep adnexal structures, this tissue was 
considered superficial burn wound and was found to be associated 
with the maximal perfusion of greater than 33% in the ICGA inter-
preting criteria [44, 45, 47, 61].

The long-term wound outcomes and ICGA interpretation cri-
teria were also investigated and yielded a 95% correction rate 
[78]. If the wound had less than 33% of maximal perfusion, the 
wound was found to be unhealed 21 days after the injury; thus, 
it should be excised [78]. If the wound had greater than 33% of 
maximal perfusion, it was found to be healed within 21  days 
after the injury [78].

The summary of the association between pathological study, 
ICGA interpretation criteria, and clinical outcomes is illustrated 
in Fig. 10.1.
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Fig. 10.1 The summary of the association between pathological study, 
ICGA interpretation criteria, and clinical outcomes

 ICGA Technique for Burns

We would like to share our technique in using ICGA in burn sur-
gery, which was supported by a prospective, multicentered, 
double- blinded, interventional one group study.

 Candidate for the Intervention

Inclusion criteria required that patients be admitted to the hospital 
with indeterminate burn wounds on any body area. They were 
older than 18 and showed no signs of hemodynamic instability 
(mean arterial pressure ≥65 mmHg, urine output of 0.5–1 mL/
kg/h, and adequate consciousness).

Exclusion criteria included an allergy to ICG and iodides, preg-
nancy, bleeding tendency, and psychiatric disorder. Patients are 
also excluded if they have comorbidities that could impair wound 
healing, such as diabetes mellitus, malnutrition, current active 
infection, immunocompromised host, obesity, old age (>65 years 
old), and anti-inflammatory medications. In addition, areas with 
indeterminate wounds with scars, moles, or tattoos were excluded.
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 Intervention

The study flow diagram is shown in Fig. 10.2. Indeterminate burn 
wounds were clinically evaluated. The definition of indeterminate 
burn wounds was second-degree burn wounds in which distin-
guishing between superficial and deep dermal extent could not be 
recognized by clinical judgment alone. Superficial partial- 

Fig. 10.2 Study flow diagram
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thickness burns involved the superficial part of the dermis; the 
wounds were erythematous and tender and usually became blis-
tered within 24  h [79]. Deep partial-thickness burns extended 
deeper into the deep part of the dermis, which contains hair folli-
cles and glandular tissue; they were not painful unless pressure is 
applied to the affected area. These wounds contained variously 
mottled colorization from patchy white to red, and they did not 
blanch with pressure [79].

ICGA precise marking was performed as shown in Video 10.2 
[80]. A single 0.5 mg/kg dose of ICG (Diagnogreen® Injection, 
Daiichi Sankyo Propharma, Japan) was injected intravenously to 
the patient. The Fluobeam® 800 clinical system was utilized. 
Figure 10.3 depicts the indocyanine green dye. Figure 10.4 illus-
trated the use of Fluobeam® 800 clinical system in a burn patient. 
The room’s lights were turned off during the procedure. The 
viewer of the machine was held approximately 30 cm perpendicu-
larly to the wound. It took 5–10 seconds after the injection for the 
image to appear on the monitor, and the illustration of ICGA on 
the monitor lasted approximately 5–10 min per single injection. 

Fig. 10.3 Indocyanine green dye. (Diagnogreen® Injection, Daiichi Sankyo 
Propharma, Japan) was injected intravenously
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Fig. 10.4 The Fluobeam® 800 clinical system
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The Fluobeam® 800 clinical system was approved by the US Food 
and Drug Administration (FDA), and its penetrating depth was 
reported to be 2.5  cm, which was adequate to evaluate the full 
thickness of the skin [62, 70].

 ICGA Objective Interpretation Criteria

Thirty-three percent of maximal perfusion was applied as a cut 
point between superficial and deep second-degree burns [60, 63–
65]. Fig.  10.5 depicts the objective interpretation of 
ICGA.  Superficial second-degree burns were defined as burns 
with maximal perfusion of more than 33% that were bright and 
diffuse, showing patency of small vessels of the subpapillary and 
dermal plexuses [38, 63]. Deep second-degree burns were defined 
as burns with maximal perfusion of less than 33% or the dark area 
yielding mottled yet diffuse fluorescence showing partial patency 
of the dermal plexus [38, 63]. As a result, the deep second-degree 
burns were methylene blue-painted to determine the area to be 
excised in the operating room.

Following the ICGA, the painted wounds, which were deemed 
to be deep burn wounds, were excised and covered with skin 
grafts. Five days following the operation, the grafted area was 
checked for wound closure. Unmarked areas, which were consid-

Fig. 10.5 How to objectively interpret ICGA. The blue arrow indicates 33% 
of maximal perfusion as a cut point between superficial and deep second- 
degree burns
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a b c

Fig. 10.6 An example of ICGA precise marking results. (a) ICGA precise 
marking, (b) excision along the marking, (c) skin graft placement

b ca

Fig. 10.7 An example of ICGA precise marking results. (a) Five days after 
the operation to confirm the complete wound closure. (b) The unmarked area 
was measured on post-burn day 21 to determine the complete wound closure 
(c) The patient wound was followed up at 2 months after the injury

ered superficial burn wounds, were covered with silver-contained 
hydrofiber (Aquacel® Ag + Extra™; Convatec, UK). On post-burn 
day 21, the unmarked region was measured to evaluate complete 
wound closure, which also confirmed the superficial nature of the 
wounds. All wounds were followed up at 2 months after the injury.

Figures 10.6, 10.7, 10.8, and 10.9 illustrate an example of 
ICGA marking accuracy. The summary of the findings is shown in 
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a b c

Fig. 10.8 Another example of ICGA precise marking results on the right 
hand. (a) ICGA precise marking, (b) excision along the marking, (c) skin 
graft placement

a b c

Fig. 10.9 Another example of ICGA precise marking results on the right 
hand. (a) Five days after the operation to confirm the complete wound clo-
sure. (b) The unmarked area was measured on post-burn day 21 to determine 
the complete wound closure (c) The patient wound was followed up at 
2 months after the injury

Table 10.2. Using ICGA precise marking, the overall rate of short- 
term complete wound closure, which included both superficial 
and deep burns, was reported to be as high as 96.7% (29/30). This 
high rate of complete wound closure was significantly higher than 
the expected rate of 80%, p  =  0.01. The long-term complete 
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Table 10.2 Summary of results

Wounds
Wound closure on Day 5 
or day 21

Wound closure at 
2 months P-value

Superficial 
group

17 18 >0.999

Deep group 12 12 >0.999
Overall 29 30 >0.999

wound closures at 2 months confirmed the short-term result and 
achieved 100% of complete wound closure. There were no sig-
nificant differences between the short-term and long-term wound 
closure rates (p > 0.999).

Post hoc analysis was conducted. In the superficial group, the 
short-term complete wound closure rate was 94.4% (17/18), while 
the long-term complete wound closure rate at 2  months was 
100.0% (18/18). There was no significant difference between 
short-term and long-term wound closures (p  >  0.999). On the 
other hand, the deep burn achieved both short-term and long-term 
complete wound closures of 100% (12/12). There was also no dif-
ference between short-term and long-term wound closures 
(p > 0.999).

 Discussion

 Interpretation

The study demonstrated that employing ICGA precise marking to 
guide indeterminate burn excision led to a remarkable rate of 
complete wound closure. In some centers, indeterminate burns 
were early excised, with deep burns to prevent infection and 
encourage early wound closure [81]. In our study that included 30 
indeterminate burns, it was found that 18 (60%) were superficial 
second-degree burns. Up to 94.4% (17/18) healed within 21 days 
without any need for excision. This demonstrates the benefit of 
ICGA in sparing tissue areas. If the wound is located in a critical 
area, such as the face, hand, sole, or joints, ICGA could signifi-
cantly save the patient’s function.
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The intervention occurred as early as 2.4 days. This clearly shows 
the advantage of employing ICGA in indeterminate burns. One of 
the obstacles found in burn excision was that the indeterminate burn 
made surgeons delay the surgery for the well-defined depth of the 
wound [82, 83]. Moreover, the debridement of indeterminate burn in 
the early phase could also result in unnecessary excision of the via-
ble tissue if the tissue was later found to be superficial burn [84]. 
Utilizing ICGA precise marking has the further benefit of allowing 
for the minimally invasive excision of indeterminate burns and the 
safe early debridement of other distinctive types of wounds, includ-
ing deep second and third burns. The skin graft could be applied 
after the excision, while the other superficial parts of the wound 
would heal in 21 days. This adequate and precise surgery not only 
helps burn patients to get cured faster but also helps them begin 
rehabilitation, recover function, and get back to work quicker [85].

The slight difference between short-term and long-term wound 
results revealed that the ICGA precise marking procedure could 
promote quicker wound healing with persistent results. Without 
using ICGA, some deep burns may recover in the short term, but 
later on could progress to unstable scars, as such the wound may 
become weak and trend to recur [86]. Consequently, this difficulty 
may require further wound dressings or even secondary surgery 
and closure with a skin graft [86, 87].

 The Appropriate Time to Perform ICGA Marking

The appropriate time for ICGA marking is important. This study per-
formed ICGA about 2.4 days following injury. First, the patients gain 
more benefits if the ICGA is performed early, and patients could have 
earlier excision than the standard treatment. Conventionally, surgeons 
need to wait for the indeterminate wound to become more distinct as 
either superficial or deep burn before making excision because the 
features of the wound (superficial or deep) become more significant 
when the wound is clinically assessed late [36]. Second, ICGA 
should be conducted on the day that the patient is sufficiently stable 
to undergo further early excision. Commonly, it was reported that the 
time of early excision was within 1–6 days [88]. The mean of 2.4 days 
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in this study was suitable in the 6-day limit [88]. Third, performing 
ICGA at a single time point in the first 5 days after burn injury is suf-
ficient to differentiate between superficial and deep burn [65]. There 
was a case series that the ICGA was conducted daily on the burn area 
for the first 5 days after burn injury [65]. It was found that the percent 
of perfusion changed over time, but the difference between superfi-
cial and deep burn was still obvious [65].

 The Importance of Adequate Measurements 
for Complete Wound Closure

This study examined complete wound closures at two time periods, 
including short-term and long-term assessments, to be appropri-
ately characterized as complete wound closure in the global stan-
dard and utilized in future analytical studies [89]. The US Food and 
Drug Administration (FDA) currently defines complete wound clo-
sure as achieving 100% epithelialization without drainage or dress-
ing requirements confirmed at two consecutive study visits at least 
2 weeks apart [89]. A literature review that studied healing rates of 
chronic wounds found that among 53 RCTs and comparative stud-
ies that assessed wound closure, 19 (35.8%) studies did not ade-
quately define complete wound closure [90]. It was suggested the 
widespread adoption of a standard complete wound closure defini-
tion would allow more robust comparisons of treatment effects 
across studies to improve the evidence base and enhance the treat-
ment decision-making process in clinical practice [91]. This study 
measured the short-term complete wound closure at 5 or 21 days 
and the long-term measurement at 2  months, which was greater 
than the minimum requirement of 2 weeks. As a result, the study 
findings were adequately defined as complete wound closure.

 Passing Through the Difficulty of How to Mark 
the Burn Wounds

The most complex challenge in the study, and one that deserves 
attention, was how to mark the burn wounds. Conventionally, the 
surgical wound or skin is marked with the commercial marking pen 
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or gentian violet [74]. However, there were a lot of obstacles if the 
conventional marking method was used to mark the burn wounds. 
First, the tip of the commercial pen was hard and could cause pain 
during the marking when the pen’s tip was pressed to the burn 
wound. Second, the commercial ink and gentian violet were easy to 
be erased when facing with the nature of the burn wound, which 
could produce secretion, and when contacting with the ointment of 
the dressing. Third, the tip of the pen may cease functioning after a 
few inches of marking because of the secretion of the wound or the 
remnant of dressing ointment obstructing the tip of the pen. These 
were obstacles to the conventional method of burn wound marking.

There were a lot of attempts to solve the pain and easy-to-erase 
problems. The majority of the available markers were purchased 
and appraised. Aside from the markers’ brands, several techniques 
of marking were also tested. A number of different brush sizes 
were sterile and examined, which might be an ideal match. Finally, 
it was discovered that using methylene blue as the ink and a sterile 
cotton bud as the painting instrument was the easiest and simplest 
technique that could be generalized throughout several hospitals. 
These two materials already are available in most hospitals.

 Generalizability

Using ICGA is simple, which makes it appropriate to be generalized. 
The 33% of maximal perfusion cut point utilized is objective inter-
pretation, which is uncomplicated to reproduce [66]. The described 
study was also among the very few studies [63, 66, 71, 76, 92], in 
which the objective criteria were applied in executing 
ICGA. Superficial and deep burn wounds are significantly different 
and simple to distinguish using ICGA [76] because the superficial 
burns tend to have a high perfusion area due to vasodilatation caused 
by an inflammatory response in the pathophysiology of burns [76, 92, 
93]. In addition, the described study only included second-degree 
burns, whose pathophysiology consisted of partial dermal injury 
where venous drainage was not significantly involved [94]. The high 
intensity in burn may not be restricted in the same way with using 
ICGA in flap reconstruction, which high perfusion could be a sign of 
venous congestion and may progress to flap necrosis [95].
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 Limitations

Some conditions limit the use of ICGA. Firstly, ICGA requires 
the injection of indocyanine green. Although the allergic rate of 
ICGA was low [68], the use of ICGA precise marking in patients 
with iodine allergies is contraindicated. Secondly, the availability 
of the ICGA investigating period is 5–10 min after injection. The 
team needs to be well prepared for this limited time of the inves-
tigation, which was found to be adequate to perform precise 
marking. If the time runs out, an additional injection with the 
similar dose could be achieved. Thirdly, ICGA is limited in some 
areas of the body. ICGA generates pictures by detecting infrared 
(840–850 nm) fluorescence emission from the complex of albu-
min and ICG [62]. Any obstacles such as hair, tattoo, and mole 
could block the interpretation of ICGA and, therefore, were 
excluded in this study. Lastly, the marking requires a short learn-
ing curve of two to three cases because of the eye-hand coordina-
tion between the real marking and the ICGA monitor. Nevertheless, 
the marking is simple, and the marking’s outcomes are worth the 
price of the practice.

Regarding the use of the ICGA, there seems to be minimal 
uncertainty in the diagnosis of remaining indeterminate burns. 
This is evidenced by the superficial burn wound that did not 
heal within 21 days, as confirmed by the ICGA. The explana-
tion might lie in the ICGA interpreted cut point. It was discov-
ered that the diagnostic of ICGA had a gray zone in indeterminate 
areas between 25% and 45% of maximal perfusion [63]. The 
use of 33% cut point was suggested to handle this problem [63] 
and was selected for this study. The 33% cut point was found to 
yield as high as 88% positive predictive value of removing non-
viable tissue and as low as 16% negative predictive value of 
removing viable tissue [63]. Furthermore, the overall rate of 
short-term complete wound closure reported was 96.7%, which 
demonstrates that this cut point delivers favorable results but is 
not flawless. Further research should explore more on the diag-
nostic criteria used in interpreting ICGA in burn to perfect this 
method.

A. Wongkietkachorn et al.



299

 Conclusion

Using ICGA precise marking to guide indeterminate burn exci-
sion resulted in an excellent rate of complete wound closure and 
an improvement in short-term and long-term wound outcomes. 
Therefore, ICGA is an effective method to aid decision-making in 
burn surgeries of the indeterminate areas. The current level of evi-
dence in using ICGA in burn excision is III. The future direction 
should pursue in the randomization of using versus not using 
ICGA in the treatment of burn.
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11Use of Fluorescence 
Guidance in Acute Care 
Surgery and Trauma

Elwin Tham, Jennifer Knight, 
and Nova Szoka

 Introduction

Fluorescence-guided surgery (FGS) is a medical imaging tech-
nique that uses a fluorescent dye or a near-infrared-emitting light 
source to identify anatomic structures during surgical procedures. 
The present chapter will describe the history and mechanism of 
action of indocyanine green (ICG) dye as well as review the use 
of fluorescence guidance in acute care surgery (ACS) and trauma 
surgery. Two of the primary applications of FGS in ACS are ICG 
cholangiography during cholecystectomy to define anatomic 
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structures and ICG angiography to evaluate bowel perfusion. In 
addition, an evolving area of use for fluorescence guidance in 
acute care surgery is in the management of wounds and soft tissue 
infections. In trauma surgery, the primary application of ICG is 
for evaluating tissue perfusion following traumatic injury; how-
ever, there are evolving applications for the assessment of other 
types of traumatic injuries. ICG dosing and administration, as 
well as coding and reimbursement, will be discussed for each 
respective procedure.

 History and Physiology of Indocyanine 
Green Dye

Originally employed for the quantitative measurement of hepatic 
and cardiac function as early as the mid-1950s, indocyanine 
green (ICG) is a nontoxic, fluorescent iodide dye with rapid 
hepatic clearance. In the initial studies, research centered around 
the measurement of serum ICG levels as a method to assess 
hepatic and cardiac function. Later studies in the 1970s expanded 
the use of ICG to the field of ophthalmology for macular hole 
surgery. Due to technological limitations, the development of 
ICG into ICG fluorescence angiography did not occur until the 
mid-1990s. With further technological advancement in the early 
2000s, the development of improved digital imaging resolution 
that paralleled film-based photography resulted in the widespread 
acceptance of ICG angiography [1]. Since then, the utility of ICG 
angiography for assessing tissue perfusion has been studied, with 
numerous ongoing studies assessing other applications of this 
compound [1].

ICG is an amphiphilic, tricarbocyanine iodide dye that can be 
reconstituted into an aqueous solution of pH 6.5 for intravenous 
injection in patients. Once injected, ICG binds to plasma proteins 
taken up by the liver and later excreted in bile. Typically, 98% of 
injected ICG is plasma protein-bound, while the remaining 2% 
remains free in the serum. Free ICG is then transported into the bile 
via the enzyme glutathione S-transferase, while bound ICG remains 
in the intravascular space for a longer period of time [2–6].

Due to its well-tolerated biopharmacological profile, ICG can be 
used in a wide variety of medical applications and has a low inci-
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dence of adverse reactions [7]. Adverse reactions from ICG are 
commonly mild, with nausea and urticaria being the most common. 
The main contraindication to ICG use is iodine allergy. Typical dos-
ing of ICG varies with the procedure, with standard vials containing 
25 mg of ICG that are reconstituted in 10 ml sterile water and each 
single milliliter containing 2.5 mg of ICG. Individual doses range in 
size from 2.5 to 15 mg. Standard dosing is far below the lethal dose 
(LD50) for this drug, which is 50–80 mg/kg [2–8].

Once injected, ICG fluorescence has high contrast and sensitiv-
ity as the near-infrared light used to measure fluorescence makes 
tissues appear more translucent allowing visualization through 
several millimeters of tissue compared to visible light wavelengths. 
This is achieved by the excitation of the molecule via an external 
laser or light source, causing it to fluoresce at near- infrared wave-
lengths (750–800 nm with a maximum peak of 832 nm) [2, 3]. The 
near-infrared camera then captures the images and reveals real-
time perfusion in the tissue assessed by quantifying the dye’s fluo-
rescence, providing objective information regarding which regions 
have the best blood supply. Real-time viewing of these images via 
video angiography also allows clinicians to make decisions imme-
diately without the need for additional studies [2, 9].

ICG is cleared by the liver at a rate of 18–24% per min. With a 
half-life of 3 to 4 min, the dye is cleared from the intravascular 
space in the first 10 to 20 min after application. The rapid clear-
ance rate allows ICG to be used for multiple injections during a 
procedure yielding significant benefits over other analogous sub-
stances. Following initial metabolism, the drug clearance rate 
slows, allowing trace amounts of ICG to remain in the plasma for 
more than an hour [2, 3, 10]. Due to ICG’s hepatic clearance and 
excretion into bile, ICG can effectively be used to visualize biliary 
anatomy in cholecystectomy [11, 12].

 Fluorescence Guidance in Acute Care Surgery

 ICG in Laparoscopic Cholecystectomy

ICG is being applied as an adjunct to many procedures due to its 
ability to improve visualization of surgical anatomy via aug-
mented reality; one such area is minimally invasive cholecystec-
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tomy [13]. In the field of acute care surgery, laparoscopic 
cholecystectomies are frequently performed. In the United States 
alone, approximately 20 million people have gallstones. Of this 
group, approximately 300,000 cholecystectomies are performed 
annually [14]. In the advanced laparoscopy era, a retrospective 
review of 217,774 cases from the National Surgical Quality 
Improvement Program (NSQIP) reported bile duct injury inci-
dence of 0.19% [15]. In addition, cholecystectomy performed on 
patients with acute cholecystitis has a higher risk of complications 
based on disease severity [16].

Many techniques can be performed to assess hepatobiliary 
anatomy during a cholecystectomy. Intraoperative cholangiogram 
(IOC) remains the historical standard of care technique for bile 
duct clarification. With an odds ratio for bile duct injury of 0.60 
(95% confidence interval = 0.52–0.70) based on a forest plot of 
the six largest population-based studies assessing IOC, the asso-
ciation between reduced risk of bile duct injury and use of IOC 
has been shown convincingly [17, 18]. IOC, however, can be dif-
ficult to interpret, is associated with higher costs, prolongs opera-
tive time by 10 to 23  minutes, and requires additional medical 
specialists and equipment. ICG fluorescence cholangiography, on 
the other hand, does not prolong operating time, uses radiation, or 
requires additional medical specialists, and cannot cause bile duct 
injury, yielding significant benefits as an adjunct for optimizing 
visualization of hepatobiliary anatomy (Fig. 11.1) [19].

ICG use for intraoperative fluorescence cholangiography as an 
adjunct to better delineate hepatobiliary anatomy (Fig.  11.2, 
Video 11.1) was first described in 2010 [20]. It was initially pro-
posed to be an alternative to traditional radiographic IOC in a 
cohort of patients that underwent elective cholecystectomy [21]. 
From that study, the authors proposed that ICG fluorescence chol-
angiography could improve visualization of hepatobiliary anat-
omy (Fig.  11.3), especially in patients who were unable to be 
cannulated for IOC [23]. A more recent study by Broderick et al. 
examined outcomes in 1389 patients who underwent laparoscopic 
cholecystectomy with (28.8%) and without (71.2%) fluorescence 
guidance and found that ICG use significantly reduced operative 
time, rate of conversion to open operation, and hospital length of 
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Fig. 11.1 ICG cholangiography during a robotic cholecystectomy, white 
light view (top image), initial near-infrared view of cystic duct (bottom left 
image), near-infrared view illuminating cystic artery (bottom right image). 
(Image source Nova Szoka MD FACS)

Fig. 11.2 ICG cholangiography during a laparoscopic cholecystectomy, 
white light view (top image), initial near-infrared view of cystic duct and 
common bile duct (bottom left image), near-infrared view illuminating cystic 
artery (bottom right image). (Image source Nova Szoka MD FACS)
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Fig. 11.3 ICG cholangiography during a robotic cholecystectomy, with 
images of cystic duct and cystic artery, shown with white light (left) and near- 
infrared light (right). Cystic artery is scarred to the liver. (Image source Nova 
Szoka MD FACS, citation [22])

stay. The ICG group also had decreased Strassburg classification 
biliary ductal injuries, decreased common bile duct injury, and 
decreased mortality [24]. Although many studies have been per-
formed to assess ICG use for elective cholecystectomy, few 
 studies address the utility and benefits of ICG use in the acute 
surgical patient population [21–26].

For laparoscopic cholecystectomy, 5  mg of ICG is typically 
injected intravenously 1 h prior to intubation in our institution to 
allow accumulation of the fluorescent dye within the hepatobili-
ary structures. In a systematic review of the optimal techniques to 
administer ICG for laparoscopic cholecystectomy, the authors 
found that patients undergoing laparoscopic hepatic or biliary 
operations received ICG doses ranging between 0.02 and 0.25 mg/
kg, typically 10 to 180  minutes prior to fluorescence imaging. 
This review found that a prolonged interval was optimal for fluo-
rescence cholangiography but could not identify specific time 
intervals for the best visualization of biliary anatomy [19, 27]. 
Regarding the timing of ICG administration, one study found that 
administration of ICG 24 h prior to cholecystectomy led to better 
discrimination of bile ducts. Despite this, administration of ICG 
24 h prior to surgery is not usually feasible, especially in the acute 
setting [27]. In another study, the authors found that a prolonged 
interval (at least 3 h) between ICG injection and intraoperative 
ICG fluorescence cholangiography resulted in better contrast 
between bile ducts and liver tissue.
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In ICG fluorescence cholangiography, the binding of ICG to 
plasma proteins allows intraoperative identification of bile duct vas-
culature. This, in combination with a short half-life, makes ICG an 
excellent contrast agent for perfusion angiography. As the fluores-
cence is visualized only under near-infrared wavelengths, a near-
infrared capable camera must be utilized. The system typically 
consists of an infrared fluorescence light source, light cable, camera 
control unit (CCU), camera head, coupler, 0° and 30° 10 mm lapa-
roscopes, and surgical display unit. At the specific wavelength emit-
ted by the light source (visible and near-infrared wavelength), 
excitation of the molecules allows for several millimeter penetra-
tion through the tissue to visualize the underlying biliary structures 
which the camera captures. Image signals captured by the camera 
are then transmitted from the laparoscope to the CCU for process-
ing, and a final image is displayed on the monitor. A button on the 
camera head can be used to toggle from visible light to near-infra-
red image, and many recent camera platforms now display an over-
lay mode that combines white light and near-infrared images [21]. 
Following the appropriate equipment setup, the laparoscopic chole-
cystectomy should be performed in a standard fashion adhering to 
principles described by Strasberg [28] with the benefit of ICG fluo-
rescence cholangiography to better visualize the biliary structures.

Although ICG fluorescence cholangiography has demonstrated 
feasibility and safety as an adjunct for identifying biliary anat-
omy, there are several challenges that surgeons commonly face. 
Due to hepatic clearance, the liver background remains a signifi-
cant problem in ICG fluorescence cholangiography. One method 
to reduce the liver background signal while maintaining CBD sig-
nal stability is to inject the ICG 24 h prior to surgery. However, 
this is not feasible for same-day surgical patients or patients with 
acute cholecystitis where early surgical intervention is preferred 
[26]. Another limitation is the inability of ICG fluorescence chol-
angiography to detect common bile duct (CBD) stones. 
Additionally, due to limited depth of penetration (approximately 
1 cm of light in the near-infrared spectrum) of ICG fluorescence 
cholangiography, patients (especially patients with obesity) with 
biliary structures that lay beneath a layer of (periductal) fat are 
more difficult to identify [26].
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The utility of ICG fluorescence cholangiography to assess bili-
ary anatomy has been studied extensively. With a goal for ICG to 
reduce bile duct injuries, the low incidence of bile duct injury 
makes the definitive determination of biliary injury risk reduction 
challenging. Additionally, comparisons between ICG fluores-
cence cholangiography and other modalities that visualize biliary 
anatomy have been assessed in multiple studies. Most notably, 
ICG utility for biliary visualization has been compared with 
IOC. In a meta-analysis comparing ICG fluorescence cholangiog-
raphy and IOC, the authors reported that ICG led to improved 
visualization of the cystic duct (CD), CBD, CD-CBD junction, 
and common hepatic duct compared to IOC [29]. ICG fluores-
cence cholangiography can also be performed in addition to IOC 
if necessary. In another study aiming to assess the clinical impact 
of ICG fluorescence cholangiography, the authors interestingly 
found that the use of ICG in the acute care surgery population did 
not decrease operative time or need for change in operative plan 
(i.e., conversion to open, subtotal cholecystectomy) compared to 
patients who did not undergo ICG fluorescence cholangiography 
(6.7% vs. 4.3%, P  =  0.468). This, however, is the first series 
 looking at the use of ICG fluorescence cholangiography specifi-
cally in an acute care surgery population [30]. Although ICG has 
demonstrated the ability to optimize hepatobiliary anatomical 
visualization in a time- and cost-effective manner in elective set-
tings, further well-powered, randomized, multicenter studies are 
necessary to determine the clinical impact of ICG use in cholecys-
tectomy for both elective and acute care surgical populations.

 ICG Dosing and Administration 
for Cholecystectomy

For use during cholecystectomy, after determining the patient has 
no contraindications to ICG such as an iodine allergy, we recom-
mend intravenously injecting 2 ml of ICG 1 h prior to starting the 
operation; this provides sufficient time for the dye to be excreted 
into the bile and enable visualization of the bile ducts. To confirm 
the identification of the cystic artery, once the critical view of 
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safety is obtained, injecting 3 ml of ICG will illuminate the vascu-
lature approximately 30–45 s after IV administration (Video 11.1).

 Coding for ICG Cholangiography

The current procedural terminology (CPT) code we use for cod-
ing ICG cholangiography is 47563.

 Indocyanine Green Use in Mesenteric Ischemia

Accounting for approximately 1 in 1000 hospital admissions [31, 
32], acute mesenteric ischemia (AMI) is a surgical emergency 
that is associated with very high in-hospital mortality rates of up 
to 63% [33]. The etiology of AMI can be classified into throm-
botic and non-thrombotic causes. Thrombotic causes include arte-
rial thromboembolism and venous thrombosis, while 
non-thrombotic causes, termed non-occlusive mesenteric 
 ischemia (NOMI), result from low flow states, i.e., hypovolemia, 
cardiogenic shock, heart failure, or drugs that cause spasm of the 
vessels [33]. In a meta-analysis assessing mortality after acute 
primary mesenteric infarction, the authors reported that patients 
with arterial mesenteric infarction or NOMI are over three times 
more likely to die during the first hospital admission than those 
with venous mesenteric infarction [31–33]. Regardless of etiol-
ogy, the lack of perfusion leads to intestinal ischemia causing 
transmural necrosis of the bowel wall, resulting in an overwhelm-
ing inflammatory response and death. Management of AMI 
includes gastrointestinal decompression, fluid resuscitation, anti-
biotics, and frequently, operative intervention. In the operating 
room, the goal of the intervention centers around assessment of 
bowel perfusion, restoration of blood flow to compromised bowel 
segments, and resection of nonviable bowel while leaving viable 
bowel intact to prevent short gut syndrome. One of the biggest 
challenges associated with surgery is the intraoperative assess-
ment of bowel viability to determine the extent of resection. 
Patients who survive the initial operative intervention often 
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Fig. 11.4 White light 
view of small intestines 
(a) and large intestines 
(b) with patchy ischemia 
(*) and necrosis (**) 
present (Image source 
Nova Szoka MD FACS 
[34])

undergo multiple and extended bowel resections, which causes up 
to 30% of surviving patients to develop short gut syndrome, 
requiring permanent parenteral nutrition [32].

Traditionally, the assessment of bowel viability is performed 
with the surgeon’s hands and eyes. The extent and severity of 
intestinal ischemia are determined through evaluation of the 
appearance of the bowel (color, distension), peristalsis, arterial 
pulsation of mesenteric arcades, and bleeding from cut surfaces. 
Bowel that appears dark compared to surrounding healthy bowel 
is presumed to be nonviable or ischemic and is often resected. 
Additionally, bowel loops that are distended with thinning of the 
bowel wall or perforated are also considered nonviable and are 
resected. In cases where the bowel is frankly necrotic, the deci-
sion to resect is obvious. However, bowel appearance does not 
definitively determine viability, i.e., “patchy,” “dusky” bowel, 
causing surgeon hesitation when deciding on resection (Fig. 11.4). 
In situations where a significant portion of the bowel has already 
been removed, the fear of causing complications associated with 
extensive bowel resections (short gut syndrome, electrolyte 
derangements, intestinal failure, undernutrition) and the lack of 
objective information in assessing bowel viability create a 
dilemma for the surgeon. Often, this results in a damage control 
approach with temporary abdominal closure with the return to the 
intensive care unit (ICU) for further resuscitation and a plan for 
second-look laparotomy in 24–48 h to reassess bowel viability. 
Second-look laparotomies have the benefit of reducing morbidity 
and mortality in select patients, though they are also associated 
with risks including enteroatmospheric fistula formation, fascial 
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Fig. 11.5 Indocyanine 
green perfusion to the 
edge of small bowel 
mesentery but not 
beyond; no perfusion is 
present to the small 
bowel serosa. (Image 
source Nova Szoka MD 
FACS [34])

Fig. 11.6 Perfusion to 
the edge of small bowel 
mesentery but not 
beyond (*); the small 
bowel serosa has no 
perfusion to either 
micro- or 
macrovasculature. 
(Image source Nova 
Szoka MD FACS [34])

retraction, and hernia formation. With that said, several tech-
niques, such as ICG fluorescence angiography, have been assessed 
to aid in the objective assessment of bowel viability (Figs. 11.5 
and 11.6, Video 11.2).

ICG fluorescence angiography involves visualization of perfu-
sion using intravenous administration of ICG, typically at doses 
of 2.5 to 7.5  mg. This is typically injected intravenously, after 
which a near-infrared camera system is utilized to assess vascular 
perfusion of the tissue. Perfusion of the bowel can typically be 
assessed approximately 45  s after ICG is injected (Figs.  11.7, 
11.8, and 11.9). Although studies have been performed to quanti-
tatively assess colonic perfusion using ICG angiography, a defini-
tive criterion stratifying fluorescence intensity with different 
levels of perfusion or bowel viability has not been defined [35]. 
However, ICG angiography, despite being a qualitative assess-
ment of bowel viability, provides the surgeon with more informa-
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Fig. 11.7 Perfusion to 
the edge of small bowel 
mesentery but not 
beyond (*) and one focal 
area of small bowel 
perfusion (**). (Image 
source Nova Szoka MD 
FACS [34])

Fig. 11.8 Non- 
perfused/ischemic colon 
(a) proximal to the 
splenic flexure and 
well-perfused colon (b) 
distal to splenic flexure. 
(Image source Nova 
Szoka MD FACS [34])

Fig. 11.9 Perfusion to 
the edge of mesentery 
but not beyond (*) 
indicating nonperfusion 
to the serosa and mucosa 
of small intestines (a) 
and large intestine (b). 
(Image source Nova 
Szoka MD FACS [34])

tion regarding microvascular tissue perfusion that is not available 
using traditional clinical assessment. In the setting of NOMI (i.e., 
small bowel obstructions (SBO), strangulated hernias, and volvu-
lus), several case reports and studies have demonstrated the utility 
of ICG fluorescence angiography as an adjunct to evaluate bowel 
viability and perfusion of anastomosis [36–42]. In a retrospective 
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analysis of 52 patients who underwent ICG fluorescence angiog-
raphy during operative intervention for AMI, the authors report 
that ICG led to a major change in operative strategy in 11.5% of 
the patients resulting in a clinically significant benefit [43]. Albeit 
a retrospective study with small sample size, ICG fluorescence 
angiography use as an adjunct to optimize visualization and 
assessment of bowel viability yields significant potential in 
improving overall patient outcomes in a significantly morbid dis-
ease. Development of a definitive criterion, such as percent of 
maximal perfusion, to assist in quantitative analysis of bowel 
viability would synergistically contribute to the utility of ICG in 
the assessment of bowel viability in AMI [44].

 Indocyanine Green Use in Small Bowel 
Obstruction

Small bowel obstructions (SBO) account for approximately 3% of 
emergency surgical admission. With significant morbidity and 
financial cost due to the recurrent nature of the disease, the etiol-
ogy of SBO ranges from adhesive disease to hernias and malig-
nancy [45]. In 2018, the American Association for the Surgery of 
Trauma (AAST) proposed a grading criteria for SBO ranging 
from grade I to V. Depending on the grading, management ranges 
from nonoperative management with gastrointestinal decompres-
sion, fluid and electrolyte resuscitation, and hypertonic contrast to 
expeditious surgery for higher grades of SBO [46, 47].

During operative intervention for SBO, assessment of bowel is 
essential to determine viability and extent of resection if indicated 
just as in mesenteric ischemia. The role of ICG in assessing bowel 
viability in SBO remains limited, with only a few case reports and 
series reporting its use [40, 48, 49]. The studies assessing the util-
ity of ICG as an adjunct to laparoscopic surgery for SBO found 
that selective use of ICG in patients with concerns about vascular 
impairment provides a direct, objective tool for assessing bowel 
viability and supports the surgeon in the intraoperative decision- 
making process. The authors reported that the technique is reli-
able in determining bowel viability, assessing both vascular inflow 

11 Use of Fluorescence Guidance in Acute Care Surgery…



320

and outflow, and permitting detection of the presence of irrevers-
ible ischemia and adequacy of venous drainage. Especially in 
laparoscopic surgery, the use of ICG overcomes limitations of 
laparoscopic assessment, which includes the lack of hand-eye 
inspection of mesenteric pulsation and a three-dimensional view 
[48–51]. ICG may also widen the proportion of procedures that 
can be completed minimally invasively by reducing the number of 
conversions due to the inability to fully assess compromised 
bowel; furthermore, it is proposed that the ability of ICG to aid in 
objective decision-making could translate into reduced medicole-
gal actions [50]. However, these studies were limited by a sample 
size of seven and 14 patients, respectively. The use of ICG for 
SBO in the emergent setting must also consider that arterial 
 perfusion may be diminished during acute SBO due to splanchnic 
hypoperfusion resulting from shock, metabolic acidosis, and sep-
sis [52]. Therefore, the decision to resect bowel in borderline vas-
cularity cases should depend not only on local bowel viability 
factors such as perfusion, pulsation, color, and peristalsis but also 
on general systemic factors such as the patient’s overall condition.

Similarly, the use of ICG in the setting of SBO for prediction 
of bowel survival [53] and development of delayed ischemic 
small bowel stricture [54] has only been reported in animal stud-
ies and case reports, respectively. Due to the limited reports and 
lack of human studies, further studies are required to define the 
role of ICG in clinical practice and establish more objective perfu-
sion thresholds to support intraoperative use in the SBO.

 ICG Dosing and Administration for Evaluation 
of Bowel Perfusion

For use to assess bowel perfusion, after determining the patient 
has no contraindications to ICG such as an iodine allergy, the 
authors recommend injecting 2 ml (5 mg) of ICG, which will illu-
minate the vasculature approximately 30–45  seconds after IV 
administration. For open operations, near-infrared cart-based 
imaging systems, such as the Stryker SPY Elite System, or hand-
held imaging systems, such as the Stryker SPY-Portable Handheld 
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Imaging (PHI) system, can be used (Video 11.2). For laparoscopic 
or robotic operations, a minimally invasive camera system capa-
ble of near-infrared imagining can be used.

 Coding for ICG Angiography

The current procedural terminology (CPT) codes that the authors’ 
use for coding ICG angiography are CPT 44799 [unlisted proce-
dure, small intestine] to evaluate the small bowel in an inpatient 
open surgery and CPT 44238 [unlisted laparoscopy procedure, 
intestine (except rectum)] to evaluate bowel in an inpatient lapa-
roscopic surgery.

 Indocyanine Green Use in Trauma

Trauma and traumatic injuries are a major cause of mortality and 
injury around the world. Injury results in over 150,000 deaths and 
over three million nonfatal injuries in the USA each year. Trauma 
is the third largest contributor to the global burden of disease 
around the world [55].

Reviewing the literature, the use of fluorescence guidance and 
ICG in trauma has been described in small case series for the 
diagnosis and treatment of various traumatic injuries of the fol-
lowing areas: ophthalmic injury [56], bowel trauma [57], and 
skin/soft tissue wounds [58]. Additionally, investigational research 
is being performed to better understand the use of contrast- 
enhanced near-infrared spectroscopy (NIRS) with indocyanine 
green (ICG) as a continuous, noninvasive bedside neuromonitor-
ing tool for patients with traumatic brain injuries [59, 60]. 
However, large prospective studies on ICG use in trauma patients 
are warranted.

After ocular contusion, indocyanine green angiography 
allowed the analysis of various degrees of choroidal vascular 
damage, even in eyes that had no abnormality revealed by fluores-
cein angiography [56]. Following abdominal injury with bowel 
trauma, ICG angiography to evaluate bowel perfusion and anasto-
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motic perfusion is described in a small case series. Specifically, 
ICG was used to evaluate the vascular perfusion in bowel seg-
ments with mesenteric lacerations and guide appropriate repair by 
assessing the viability of the anastomotic edges, as well as to 
diagnose microvascular injury in a segment of bowel that appeared 
macroscopically perfused under white light but was ischemic 
when viewed with ICG and near-infrared light.

In the setting of soft tissue wounds from high-energy mecha-
nisms like ballistic or blast injuries or low-energy crush injuries, 
the ability to determine the zone of injury and thus establish initial 
debridement can be difficult when using the naked eye alone. 
Upon initial inspection, the area surrounding a traumatic wound 
may appear viable. These wounds often require repeated 
 debridement and monitoring of the tissues to determine timing of 
reconstruction.

Fluorescence angiography has been described as a tool to 
assess skin flap necrosis in postmastectomy and breast recon-
struction [61, 62]. However, little is reported on trauma patients, 
although its application in the assessment of skin perfusion can 
provide additional information compared to standard clinical 
evaluation. A review of traumatic and reconstruction cases at 
Walter Reed National Military Medical Center over a three-year 
period found that intraoperative fluorescence angiography modi-
fied the operative plan in almost 19% of cases. These modifica-
tions were seen with extremity flap reconstructions, avulsions, 
amputations and revisions, pedicle and free flap reconstructions, 
and gastrointestinal operations [63]. Another case series by 
Kamolz et al. examined the clinical impact of ICG video angiog-
raphy to determine the extent of skin injury in a cohort of 40 
patients [58]. The various injury mechanisms included mechani-
cal crush, degloving, burn, and snakebite. Qualitative and quanti-
tative analysis of the videos and images (evaluation of ICG uptake, 
steady-state distribution, and clearance of dye-marked blood from 
the injured area), in combination with the clinical assessment, 
provided additional information regarding the vascular patency of 
injured skin and allowed for more precise treatment plans.

With regard to the available literature, some of the most com-
pelling data regarding the use of ICG and wound treatment comes 
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from recent burn research [64, 65]. In their 2019 publication, 
Wongkietkachorn et  al. conducted a prospective, multicentered, 
triple-blinded study to compare the accuracy of ICG angiography 
to that of clinical assessment of indeterminate burn wounds and 
whether said wounds were superficial second-degree versus deep 
second-degree burns. In the 30 burn sites that were assessed, the 
accuracy of ICG angiography was 100.0%, compared with 50.0% 
for clinical assessment (p < 0.001) [64]. In subsequent work, the 
same group used ICG assessment to recharacterize indeterminate 
depth burns as superficial second-degree burns or deep second- 
degree burns and mark the latter for excision; the deep second- 
degree burns were then excised in the operating room. Using ICG 
angiography for precise marking, the overall rate of short-term 
complete wound closure was 96.7%, and long-term complete 
wound closures at 2 months yielded 100.0% [65].

The following two clinical cases further demonstrate the use of 
ICG to evaluate tissue perfusion following traumatic injury. 
Figure 11.10 shows the skin of the forehead of an elderly female 
who fell while on anticoagulation. Fluorescence angiography was 
used in the operating room to assess the perfusion of her skin 
before (Fig. 11.11) and after (Fig. 11.12) the hematoma was evac-
uated. The use of fluorescence angiography in this case confirmed 
there was no need to resect the skin, and the patient made a full 
recovery with a good cosmetic result.

Morel-Lavallee lesions are an internal degloving of the super-
ficial skin and subcutaneous fat from the fascial layers. High- 

Fig. 11.10 Skin 
necrosis from a forehead 
hematoma with 
ecchymosis and 
blistering
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Fig. 11.11 Fluorescence angiography with perfusion evident to the skin on 
the eyes and but no skin perfusion above eyebrows prior to evacuation of the 
hematoma

Fig. 11.12 Fluorescence 
angiography after 
evacuation of the 
forehead hematoma with 
restoration of perfusion

energy, blunt force trauma, or crush injuries are the leading 
causes of such defects, which commonly occur in the lower 
extremities but can occur anywhere on the body. Their manage-
ment is varied and includes compression, drainage, and resec-
tion. Operative drainage and debridement are recommended for 
large lesions [66].

When debridement is required, ICG can guide the resection on 
devitalized tissue. A Morel-Lavallee lesion in a young patient 
ejected from a motor vehicle crash was managed operatively due 
to significant skin and fat necrosis present that required multiple 
operative takebacks and resections. The initial injury (Figs. 11.13 
and 11.14) can be compared to subsequent resections (Fig. 11.15) 
and the final resection that was guided with ICG fluorescence 
angiography (Figs. 11.16, 11.17, and 11.18).
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Fig. 11.13 A Morel- 
Lavallee lesion of the 
right lower extremity 
with disruption of the 
anterior skin and 
subcutaneous fat from 
the muscles of the thigh 
from the inguinal 
ligament to the knee

Fig. 11.14 A Morel- 
Lavallee lesion of the 
left lower extremity with 
disruption of the anterior 
skin and subcutaneous 
fat from the muscles of 
the thigh from the 
inguinal ligament to the 
knee
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Fig. 11.15 Further 
demarcation of a 
Morel-Lavallee lesion of 
bilateral lower 
extremities prior to the 
use of fluorescence 
angiography

Fig. 11.16 Fluorescence 
angiography of the right 
lower extremity of a 
Morel-Lavallee lesion

Fig. 11.17 Final 
resection to healthy 
tissue with the use of 
fluorescence 
angiography
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Fig. 11.18 Fluorescence 
angiography of a 
Morel-Lavallee lesion of 
the left lower extremity

 ICG Dosing and Administration for Evaluation 
of Flap Perfusion

For use to assess skin flap perfusion, after determining the patient 
has no contraindications to ICG such as an iodine allergy, the 
authors recommend injecting 2 ml of ICG, which will illuminate 
the tissue flap for approximately 30–45 s after IV administration. 
As discussed above, for open operations, near-infrared cart-based 
imaging systems (Stryker SPY Elite) or handheld imaging sys-
tems (Stryker SPY-PHI) can be used.

 Coding for ICG Evaluation of Skin and Soft Tissue

The current procedural terminology (CPT) code that the authors’ 
use for coding ICG evaluation of skin and soft tissue as an inpa-
tient procedure is CPT 15860 [intravenous injection of agent (e.g., 
fluorescein) to test vascular flow in flap or graft].
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 Fluorescence Guidance and Wound Care

Additional areas within acute care surgery where the use of fluo-
rescence guidance is being actively studied include the evaluation 
of wound depth in chronic wounds, as well as assessment of tissue 
necrosis [67, 68]. With the profound angiothrombotic effects in 
necrotizing fasciitis and necrotizing soft tissue infection, the abil-
ity of ICG fluorescence to assess perfusion may aid in establish-
ing the diagnosis and be used as an adjunct to help guide the 
extent of debridement. Although there are currently no published 
studies examining the use of ICG in necrotizing infection, there is 
an ongoing clinical trial (NCT04839302) assessing the use of ICG 
as a noninvasive modality for the diagnosis of necrotizing fasci-
itis. This study hypothesizes that ICG should demonstrate reduced 
fluorescence compared to the patient’s unaffected tissues. If ICG 
fluorescence voids are characteristic of NF, ICG use could lead to 
a more accurate diagnosis of NF, leading to improved manage-
ment and patient management outcomes.

 Conclusion

The role of ICG in acute care and trauma surgery varies depend-
ing on the operative case and the patient. With regard to laparo-
scopic cholecystectomies, ICG has proven to be a time- and 
cost-effective adjunct to delineate biliary structures, though defin-
itive benefit to prevent biliary injuries has yet to be identified. In 
the setting of mesenteric ischemia and bowel pathologies, ICG 
fluorescence video angiography yields significant potential as an 
adjunct to optimize visualization and assessment of bowel viabil-
ity compared to the human eye and decrease the need for multiple 
returns to the operating room to evaluate bowel viability. Due to 
the high variability in the assessment of viability and the impact 
of physiologic derangements in these patients, further studies are 
required to refine the utility of ICG in these settings. In the setting 
of trauma patients, many case reports have proven the utility of 
ICG for assessing tissue viability. This has been further reinforced 
by research in burn patients, which is discussed in a separate 

E. Tham et al.



329

chapter of this manual. Nevertheless, additional research with 
well-designed and appropriately powered studies is required to 
further validate the use of fluorescence guidance in the fields of 
acute care and trauma surgery.
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 Introduction

Fluorescence-guided surgery (FGS) is a medical imaging tech-
nique used to detect fluorescently labeled structures during sur-
gery. Camera systems that detect near-infrared (NIR) light not 
visible to the human eye guide can provide information about 
anatomy or tissue viability to the surgeon through real-time visu-
alization in the operating field. Indocyanine green (ICG) is the 
only NIR fluorescent agent currently approved for human use. 
ICG is a safe, water-soluble compound that received FDA 
approval in the 1950s. Despite the bright green color of the reagent 
to the human eye, its use as a contrast agent is based on its robust 
fluorescence in the NIR range. Applications for ICG in the pediat-
ric world are emerging. ICG can be used for arteriogram, veno-
gram, or general perfusion assessment of tissues such as intestinal 
perfusion before anastomosis or soft tissue pedicles or flaps dur-
ing plastic surgery. ICG is exclusively cleared by the liver and the 
bile duct and is applied in fluorescence cholangiography. When 
administered as an intradermal, ICG gets protein-bound and con-
fined to clearance via the lymphatic system, which is used to facil-
itate sentinel lymph node detection and biopsy.

 Scientific Basis

Indocyanine green (ICG) is the only NIR fluorescent agent cur-
rently approved for human use. ICG is a water-soluble, anionic, 
amphiphilic tricarbocyanine (776 Da) that rapidly binds to plasma 
proteins in the body. ICG was first produced in 1955 by Kodak 
Research Laboratories and received FDA approval for retinal 
angiography in 1959. Historically, it has been used to measure 
cardiac output and hepatic function and for retinal angiography. 
After intravenous application, ICG remains largely protein-bound 
in the intravascular space and is cleared exclusively by the liver. 
ICG allows multiple uses due to its short intravascular half-life of 
150 to 180  s. From the vasculature, ICG undergoes uptake by 
hepatocytes and hepatic clearance. The dye can then be detected 
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within minutes, peaks over the course of hours, and continues for 
over a day after typical dosing. When administered intradermally, 
ICG gets protein-bound and confined to clearance via the lym-
phatic system, which is used to facilitate sentinel lymph node 
detection and biopsy.

ICG is excited using 780–810 nm near-infrared (NIR) radia-
tion and emits fluorescence at 830–840 nm. The specific wave-
length of light emitted is visualized with a specialized camera 
system [1]. The emitted fluorescence can also be detected by a 
photodynamic eye system or SPY portable handheld imager by 
Stryker® (Kalamazoo, MI) in open operations. The da Vinci robot 
(Intuitive Surgical®, Sunnyvale, CA) is equipped with a NIR cam-
era called Firefly Mode to visualize ICG fluorescence. The half- 
life of ICG is 3–5 min. It can be injected locally (for urologic or 
lymphatic indications) or intravenously. The usual dose is 0.25–
0.5 mg/kg and can be re-dosed with caution. ICG is safe with rare 
adverse events. ICG should not be used in patients with an iodine 
or shellfish allergy given the risk for anaphylaxis. IV ICG circu-
lates in the bloodstream, is taken up by the liver, is excreted into 
the bile, and then travels into the bowel loops. ICG can offer real- 
time identification of cancer tissues, insight into intestinal viabil-
ity, and visualization of lymphatic structures and assist with fine 
dissection around biliary structures to prevent injury. Fluorescence 
visualizes ICG up to a depth of 5–10 mm deep. Structures deeper 
than 10 mm cannot be visualized with ICG alone [1]. ICG offers 
a great deal of promise for a variety of indications. In pediatric 
patients, ICG is still an emerging technology with mounting evi-
dence that will be reviewed here. A review of ICG in the pediatric 
population was published in 2021 in Frontiers in Pediatrics with 
analysis of 64 articles including a total of 664 pediatric patients 
[2]. There were no major adverse reactions reported from any of 
the studies related to ICG, and the individual studies lacked power 
due to low sample size. Additional details of some of the articles 
will be discussed here. ICG has been shown to be safe in pediatric 
patients, but more investigation is needed to evaluate the risks and 
benefits of using this technology in each operation where it may 
offer utility.
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 Side Effects and Complications

Fluorescence-guided surgery (FGS) has been used across multi-
ple fields with significantly improved outcomes and decreased 
complications. Throughout its history, ICG has maintained a high 
safety index with a favorable side effect profile and severe com-
plications are infrequent. Albeit rare, adverse reactions to ICG 
have been reported throughout the literature. These include dys-
pnea, wheezing, cough, cyanosis, headache, urticaria, nausea, 
pruritus, hypotension, cough, anxiety, laryngospasm, laryngo-
bronchospasm, pulmonary congestion, facial edema, anaphylactic 
shock, and death [3, 4]. More recently, Shafy et  al. evaluated 
intraoperative administration of ICG in 100 patients, who ranged 
in age from 5  days old to 31  years old, with a median age of 
12  years. Procedures included laparoscopic cholecystectomy, 
colorectal surgery, sagittal anorectovaginourethroplasty, transanal 
pull-through for Hirschsprung’s disease, perineal reconstruction, 
exploratory laparotomy, and renal procedures. ICG was adminis-
tered IV to all patients with a median dose of 1.1 mL (2.5 mg/mL 
ICG solution). In this cohort, they found no hemodynamic or 
respiratory alterations due to ICG usage. None of these patients 
needed treatment with an anticholinergic drug, a vasoactive drug, 
or a drug to treat bronchospasm [5]. Recent literature continues to 
describe uncommon adverse reactions such as anaphylactic shock 
to ICG [6, 7]. ICG contains sodium iodide and there are rare 
reports about anaphylaxis or urticarial reactions (1:10,000, as 
reported by the manufacturer). Iodine uptake studies should not 
be performed for a week following its use. Lastly, there is no data 
to support or contraindicate use in pregnant or nursing mothers.

Overall, the present incidence of side effects and complica-
tions of ICG in the pediatric population is low, and FGS is an asset 
to the surgeon.

 Dosing and Timing Guide for Pediatric Applications

Summary of doses and timing of indocyanine green by indication.
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Application Dose (concentration) Timing

Laparoscopic 
cholecystectomy

Children: 2.5 mg (2.5 mg/
mL)
Infants: 0.1 mg/kg mg 
(2.5 mg/mL)

Just prior to trocar 
placement to 18 h 
priora

Biliary atresia 0.5 mg/kg (2.5 mg/mL) 24 h prior to operation
Bowel viability/tissue 
perfusion

Small children: 0.05–
0.1 mg/kg (0.125–
0.25 mg/mL)
Older children: 5 mg 
(2.5 mg/mL)

Just prior to 
assessment

Hepatoblastoma 
primary

0.5 mg/kg (not specified) 4 days prior to 
procedure

Hepatoblastoma lung 
metastases

0.5 mg/kg (not specified) 24 h prior to procedure

Identification of 
pulmonary segment

0.5 mg/kg (not specified) Following ligation of 
segmental artery

Thoracic duct 0.5 mg/kg (5 mg/mL) Injection into inguinal 
lymph node 60 min 
prior

Ureter localization 2.5 mg/mL
2 mL per ureter

Cystoscopic-guided 
retrograde intraureteral 
ICG

a There is a variation in reports. Earlier injection may lead to increased fluo-
rescence of the biliary tree at time of operation

 Fluorescence-Guided Surgery Best Practices

After initial government regulatory clearances, growth of a new 
technology is industry-driven with training being peer-to-peer or 
industry-to-user, often without significant professional society 
guidance but rather with an approach driven by local or individual 
best practice principles. The intraoperative use of ICG and fluo-
rescence imaging is growing exponentially. Many variations con-
tinue to exist in how ICG is dosed and administered, and in many 
other technical aspects of its use. Numerous other issues remain, 
such as indications and contraindications for its use, whether it 
still should be considered experimental, or whether specific 
patient consent is required.
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No current consensus guidelines exist regarding a wide spec-
trum of, partly very basic, areas important for fluorescence-guided 
surgery: indications for use, ICG dose and concentration, admin-
istration route and timing, re-administration and timing, status as 
a routine versus still experimental procedure, patient education 
and consent, physician training, and other technical consider-
ations. Professional societies such as the International Society for 
Fluorescent Guided Surgery (ISFGS) should play a role helping 
to ensure that standards are established and met, and the future 
interventional procedures continue to be done with safe and effec-
tive technology or systems, also for pediatric patients. Standards 
for outcomes and data-driven applications should lead to estab-
lished best practices in the field.

 Pediatric Surgery Clinical Applications

 Hepatobiliary Surgery

Hepatobiliary surgery in pediatric patients offers the most obvi-
ous use of ICG given its excretion into bile and resultant immuno-
fluorescence of the biliary tree. Hepatobiliary surgery using ICG 
can be limited by bowel interference if given intraoperatively. 
Due to this concern, ICG is given at least 72–96 h prior to the 
hepatic procedure operation and 2 to 4 h prior to ICG fluorescence 
cholangiography (ICG-FC). This allows the biliary structures to 
strongly fluoresce without concurrent bowel fluorescence. 
ICG- FC has utility in the pediatric population for cholecystec-
tomy, Kasai portoenterostomy, and hepatic resection for hepato-
blastoma or other liver tumors. As with other uses of ICG in 
pediatric patients, the evidence is limited to mostly case series. 
We will review the current evidence and discuss techniques in 
using ICG for hepatobiliary surgery in the pediatric population.

 Laparoscopic Cholecystectomy

ICG-FC is of particular interest for use in laparoscopic chole-
cystectomy in pediatric patients. As in adult patients undergo-
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ing cholecystectomy, the major complication surgeons aim to 
avoid is common bile duct (CBD) injury. Attaining the critical 
view of safety (CVS) helps avoid error traps leading to CBD 
injury and is successful at preventing CBD injury in most cases. 
The rate of CBD injury in pediatric laparoscopic cholecystec-
tomy remains at approximately 0.5% despite widespread use of 
laparoscopy and CVS [8]. ICG-FC is of particular interest as it 
allows for visualization of the extrahepatic biliary tree includ-
ing the common hepatic duct (CHD), cystic duct, and CBD. The 
CHD and CBD are not dissected out in a routine laparoscopic 
cholecystectomy to avoid injury and devascularization. The 
penetrance of ICG up to 10 mm allows for visualization of the 
CHD and CBD without dissecting out the structures (Fig. 12.1). 
This has potential as a major adjunct in this operation for pedi-
atric patients, especially those with an anticipated difficult cho-
lecystectomy such as patients with obesity or prolonged 
symptoms.

There have been multiple case series in the literature regard-
ing the utility of ICG-FC in laparoscopic cholecystectomies in 
pediatric patients. In 2019, a case series demonstrated successful 
use of ICG-FC in five pediatric patients [9]. Another case series 
in 2019 of ICG-FC in 15 laparoscopic cholecystectomies is com-
pared to 200 cases at the same center where ICG-FC was not 
utilized [10]. The analysis demonstrated shorter operative time 
and no complications in the ICG-FC group. There were four 
complications and two bile duct injuries in the non-ICG-FC 
group. In this series, ICG was given 18  h pre-op which mini-
mized liver interference. A 2020 series compared 31 laparoscopic 
cholecystectomies using ICG-FC with 68 cases without the use 
of ICG-FC [11]. In this series, ICG was injected intraoperatively 
which led to a high amount of liver interference. However, analy-
sis still demonstrated shorter operative times, lower costs, and no 
complications associated with ICG-FC in these patients. Another 
series in 2020 demonstrated successful use in 12 cases, and a 
final series in 2021 demonstrated use in 13 cases [12, 13]. Larger 
studies of prospective randomized trials are needed to determine 
ICG-FC impact on CBD injuries in pediatric laparoscopic chole-
cystectomy.
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Fig. 12.1 Laparoscopic ICG view of the common bile duct and the cystic 
duct (arrow) reassuring the surgeon of the intraoperative biliary anatomy dur-
ing laparoscopic cholecystectomy (top image). The critical view of safety was 
achieved (middle image) and the bile duct anatomy again confirmed by ICG- 
cholangiogram (bottom picture)
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 Kasai Portoenterostomy

An exciting potential use for ICG-FC in the pediatric population 
is patients undergoing Kasai portoenterostomy (KPE) for biliary 
atresia (BA). This operation requires extensive dissection of the 
fibrous cone at the porta hepatis. For a successful biliary drainage 
into the enteric system, it is important to ensure patency of the bile 
duct at the level of transection of the porta hepatis as well as 
ensuring that exposed micro bile ducts are not inadvertently 
closed during anastomosis. ICG-FC can serve as an adjunct to 
ensure patency at the level of transection and can even identify 
hilar micro bile ductules. Use of ICG in an operation for BA does 
demonstrate background liver fluorescence as ICG is not nor-
mally excreted as in patients with a normal biliary tract (Fig. 12.2). 
In BA cases, ICG application can be useful to aid the laparoscopic 
or open cholangiogram (Fig. 12.3), for complete dissection of the 
fibrous cone of the porta hepatis, and possibly as a predictor of 
postoperative drainage if bile accumulates in a Gelfoam patch 
during preparation of the Roux limb (Fig. 12.2).

The use of ICG-FC in KPE was demonstrated in two case 
series. The first in 2015 involved five pediatric patients undergo-
ing KPE in whom ICG-FC was utilized after injection 24 h pre-op 
[14]. Serum and feces bilirubin were measured to ensure adequate 
drainage of bile into the enteric system on postoperative day 3. 
This demonstrated higher post-op normalization of bilirubin in 
the ICG-FC group compared to 35 patients without ICG use. A 
second case series in 2019 again demonstrated successful use of 
ICG-FC in ten patients undergoing KPE [15]. Data should con-
tinue to be collected with long-term follow-up in order to deter-
mine long-term patency of KPE using ICG-FC and impact on 
progression to revision or transplantation.

 Hepatic Resection

Hepatic resection for hepatoblastoma (HB) is an important use of 
ICG-FC as aggressive surgical resection of the primary tumor and 
metastases improves survival [16]. ICG-FC has been utilized in 
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Fig. 12.2 Infant with biliary atresia. Laparoscopic view of the small and 
empty gallbladder and the liver (upper left). Color-segmented fluorescence 
(CSF) mode where any extrahepatic bile would appear red, similar to the 
liver, no bile outside of the liver, vessel loop around common bile duct (upper 
right). CSF mode (left) and overlay mode (right) of the cleanly dissected liver 
surface in the area of the fibrous cone; the portal vein is retracted (middle). 
The lower image shows a Gelfoam piece (arrow), which was left in the port 
hepatic, while the jejuno-jejunostomy of the Roux limb was fashioned. Note 
the missing fluorescence in the Gelfoam. The predictive value of this finding 
remains unclear
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Fig. 12.3 Laparoscopic view of an infant with cystic biliary atresia thought 
to be a choledochal cyst on prenatal ultrasounds. Note the cirrhotic liver, the 
small and empty gallbladder, and the cyst in the porta hepatis (top). No fluo-
rescence could be seen in the gallbladder or the porta hepatic cyst, virtually 
excluding the diagnosis of choledochal cyst (middle). A formal laparoscopic 
cholangiogram showed a patent bile system from the gallbladder to the duo-
denum but did not contrast the common hepatic duct or the intrahepatic bile 
system (bottom left). A laparoscopic cholangiogram into the sorta hepatic 
cyst showed an isolated cyst not connected the the bile system (bottom right). 
An open Kasai procedure, which was successful to achieve bile drainage
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adult patients with hepatocellular carcinoma (HCC) with success-
ful results. In 2009, a study demonstrated that ICG is particularly 
useful for liver tumors as ICG is not excreted normally from HCC 
as with normal liver parenchyma leading to retained ICG in the 
tumor for days following IV administration [16]. This novel dis-
covery demonstrates the special utility of ICG in improving R0 
resection of primary and metastatic liver tumors. After successful 
use in HCC in adult patients, use was extended to assess utility in 
HB for pediatric liver resections. In 2015, a cases series of three 
pediatric patients with HB demonstrated successful use of ICG in 
detecting viable recurrent and metastatic disease [17]. Two 2019 
case series of 13 operations in one and ten operations in another 
demonstrated successful use of ICG in hepatic resections for HB 
[18, 19]. In a 2021 series, 29 patients had 25 liver resections with 
13 specimens positive for HB on pathology [20]. Twelve of 13 
were ICG-avid yielding a sensitivity of 92%. Ten lesions were 
ICG-avid with no evidence of HB yielding on specificity of 17%. 
This demonstrates the high level of false positivity utilizing ICG 
for detection of malignant tissue in the liver. Most false positives 
were due to liver inflammation or steatosis. Two other series in 
2021 demonstrated efficacy of ICG-FC in resection of HB in 19 
and 11 hepatic resections [21, 22]. ICG-FC has been utilized to 
resect several hepatoblastoma tumors with a high sensitivity and 
low specificity. This demonstrates that surgeons should be aware 
of the possibility of false positivity when utilizing this technology. 
ICG-FC is safe and sensitive in hepatic resection for HB. Larger 
prospective trials with long-term follow-up are needed to deter-
mine impact of ICG-FC on early recurrence and overall survival.

 Intestinal Resection and Anastomosis

The serum protein-bound nature of ICG lends itself to fluores-
cence angiography (ICG-FA) which can serve a useful adjunct for 
assessing intestinal viability in the operating room. ICG is admin-
istered IV and assessed with NIR fluorescence in real time. 
Surgeons often rely on gross visual assessment of color and bleed-
ing edges in addition to palpable mesenteric pulse to predict blood 
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flow to intestinal segments that may be resected or used for anas-
tomosis. ICG-FA can serve as an intraoperative tool to improve 
the accuracy in the prediction of bowel viability and preventing 
anastomotic stricture or dehiscence (Fig. 12.4).

In pediatric patients, the previous experience with ICG-FA in 
the literature is extremely limited but is promising for future use. 
Potential uses of ICG-FA in pediatric patients include malrotation 
with midgut volvulus, necrotizing enterocolitis, inflammatory 
bowel disease (IBD), Hirschsprung’s disease (HD), cloaca, and 
anorectal malformations. The existing literature includes a single 
case report of one pediatric patient with small bowel volvulus 
requiring small bowel resection [23]. In this case, ICG-FA was 
concerning for malperfusion despite a normal gross appearance. 
The patient developed a late stricture requiring reoperation. In 
2014, a swine model of mesenteric ischemia demonstrated utility 
of ICG-FA [24]. This was followed by a case series the same year 
of 24 adult patients who underwent colorectal surgery for a vari-
ety of pathologies (diverticular disease, colorectal cancer, and 
IBD) [25]. There were zero anastomotic leaks in this study after 
satisfactory analysis with intraoperative ICG-FA. The only study 
evaluating ICG-FA in pediatric colorectal surgery is a 2020 case 

Fig. 12.4 Overlay mode of SPY Portable Handheld Imaging System, a 
handheld solution for perfusion assessment of a handsewn colonic end-to-end 
anastomosis after bowel resection
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series including 13 patients to assess viability of tissue used for 
vaginal reconstruction or for bowel anastomosis [26]. Thirteen 
patients underwent operation for HD, nine patients with cloaca, 
and one patient with an anorectal malformation. The use of 
ICG- FA changed the operative plan in four patients and led to a 
decrease in leak rate from 7.4% to 3.5%.

There is great potential for ICG-guided surgery to improve 
outcomes for pediatric surgeons in colorectal surgery, esophageal 
surgery, necrotizing enterocolitis, volvulus, and tennis intestinal 
anastomoses but the data is only evolving at this time.

 Pediatric Urology Clinical Applications

FGS has also played a valuable role in pediatric urology with 
applications in ureteral identification, partial and complete 
nephrectomies, deroofing of renal cysts, and varicocelectomy. 
FGS is believed to make these procedures faster and safer with 
continued improvement over time as the application of ICG 
expands.

 Intraoperative Ureteral Identification

Intraoperative identification of the ureter can be challenging in 
complex pediatric surgery procedures such as pelvic or retroperi-
toneal masses and cysts, complex colorectal surgery, redo opera-
tions, or obesity. Ureteral identification can be more challenging 
during laparoscopic surgery. ICG offers real-time identification of 
ureter during surgery especially for laparoscopic or robotic cases. 
Intraureteral ICG has been administered for evaluation and iden-
tification of the ureters. In adults, this has been used in the setting 
of urothelial carcinoma and robotic sacrocolpopexy [27]. 
Similarly, an intraureteric ICG administration has been performed 
in pediatric patients undergoing a partial nephrectomy [28]. 
Additionally, ICG is extensively used to assess vasculature after 
administration via a peripheral IV. Thus, ICG can be valuable at 
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the time of ureteral reconstruction by allowing the identification 
of diseased areas of the ureter, which would be marked by signifi-
cant devascularization [27].

Our own protocol at the Children’s Hospital of Pittsburgh 
includes that the patient is placed in the lithotomy position. A 
pediatric urologist or surgeon performs cystoscopy and places a 5 
Fr open-tip ureteral catheter under fluoroscopy guidance. The tip 
is placed before or at the level of the renal pelvis. ICG is injected 
(2.5  mg/mL; 2  mL per ureter) and catheter clamped for the 
 duration of the operation. Fluorescence-guided detection of the 
ureter using ICG is safe and ready for use and there is no systemic 
exposure. The disadvantage is that a ureteral catheter needs to be 
placed at the start of the procedure. ICG allows to “flip the switch 
to see the ureter” at any time during the procedure (Fig. 12.5).

Fig. 12.5 A 6-year-old girl with large left retroperitoneal mass displacing 
the ureter. A ureteral catheter was placed and ICG injected. The ureter could 
be easily identified during the laparoscopic removal of the mass and spared
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 Partial Nephrectomies

A wide array of literature is published regarding the benefits of 
using FGS in pediatric and adult partial nephrectomies. ICG is 
often considered a valuable tool when challenging vascular anat-
omy is encountered. Diana et  al. performed a sizeable multi- 
institutional study evaluating robot-assisted partial nephrectomies 
in adults after administering ICG, allowing for the evaluation of 
kidney perfusion intraoperatively. Their group evaluated 318 
patients between 2010 and 2016 (with a median age of 61). This 
group performed partial nephrectomies for tumors with an aver-
age size of 30 mm, administering 2–4 mL of 2.5 mg/mL solution 
of ICG before or after renal artery clamping. They noted that the 
peak fluorescence occurred 2 min after injection. They performed 
a logistic regression analysis and found that ICG use indepen-
dently predicted achieving the trifecta (warm ischemia time 
<25 min, no positive surgical margins, and absence of Clavien- 
Dindo > two complications) [28].

Similar success has been seen extensively in the realm of pedi-
atric surgery. Because ICG allows for faster identification of intra-
operative landmarks, it facilitates accurate dissection and 
resection, resulting in shorter operating times. Over four years, 
Esposito et al. performed a laparoscopic partial nephrectomy on 
22 patients with a median age of 3.9 years for a nonfunctioning 
moiety of a duplex kidney. They prepared ICG to a concentration 
of 2.5 mg/mL and administered it via peripheral IV to identify the 
vasculature or ureteral catheter to delineate the ureter. Structures 
of interest became apparent within 30–60 s of the ICG injection. 
They administered the ICG in three phases: first, to identify ureter 
pre-op; second, to identify the vasculature; and lastly, to identify 
the avascular kidney after ligation. Overall, they found that ICG 
near-infrared laparoscopic partial nephrectomy led to shorter 
operative times [29]. In the same way, a separate group has used 
ICG to evaluate the vascular anatomy intraoperatively during a 
robot-assisted laparoscopic heminephrectomy. Herz et al. evalu-
ated and operated on six patients with a median age of 4.75, diag-
nosed with an obstructed duplex ectopic ureter, duplex ureterocele, 
or duplex kidney. Interestingly, in certain patients, they found that 
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segmental arterial mapping was more informative than a preop-
erative 3D CTA. Importantly, they noted avoidance of a critical 
complication by applying this system. They administered 
0.5–1 mL of ICG (concentration of 2.5 mg/mL) and then waited 
30–60  s, and then they activated the near-infrared fluorescence 
system [30]. Abdelhafeez et al. used ICG (administering a dose of 
1.5 mg/kg the day before surgery) in eight pediatric patients with 
a median age of three years (seven had Wilms tumor and one had 
epithelioid angiomyolipoma). They routinely found that the nor-
mal kidney had higher uptake (fluorescence) compared to the kid-
ney tumor, making the differentiation of renal tumor from normal 
kidney both easier and safer [31].

ICG allows for safer surgery because it allows for clear visual-
ization of the ureter, clearly displays the blood supply, and demar-
cates the tissues of interest, more precisely identifying the area of 
excision. Furthermore, ICG allows for identifying abnormal vas-
cular anatomy and permits early detection of iatrogenic injury. 
Interestingly, despite making surgery faster and safer, Esposito 
et al. found FGS resulted in a comparable length of stay, analge-
sia, and time to initiating feeding [29].

 Varicocele

A common intervention that employs the use of FGS is varico-
cele repair. Esposito et  al. evaluated lymphography with ICG 
(1 mg of ICG injected directly into the left testicle with the fluo-
rescence of the lymphatics becoming apparent after 20–30  s). 
They evaluated 25 patients with an average age of 13.7, whom all 
had symptomatic high-degree varicoceles associated with testic-
ular hypotrophy [32]. In a separate cohort, the same group per-
formed a Palomo varicocelectomy in 30 boys with an average 
age of 16.7. Again, the lymphatic vessels demonstrated fluores-
cence and were accordingly spared [33]. In both cohorts, there 
was no conversion to open surgery, and at the time of follow-up, 
there was neither recurrence of the varicocele nor evidence of a 
postoperative hydrocele. They also evaluated their postoperative 
complications using ICG compared to isosulfan blue based on 
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their previously published data, and they found that complica-
tions were lower in the ICG group. However, they were not sta-
tistically significant [34].

 Cyst Deroofing

Comparably, there is great utility to using ICG in renal cyst 
deroofing. Fluorescence highlights the normal renal parenchyma 
within seconds, while the avascular cyst remains nonfluorescent. 
Because of excellent visualization, significant bleeding or damage 
was prevented, especially to the renal parenchyma [35]. 
Furthermore, the postoperative complication rate was lower and 
statistically different when evaluating renal cyst deroofing with 
ICG to no ICG [34].

 Pediatric Thoracic Surgery Clinical Applications

ICG is also a valuable tool when performing thoracic surgery, 
allowing for the performance of a segmentectomy or wedge resec-
tion over a lobectomy or a more extensive resection. Sekine et al. 
evaluated the utilization of ICG for thoracoscopic segmentectomy 
in ten patients with a mean age of 72.8 with early lung cancer. To 
isolate pulmonary segments, ICG was injected directly into the 
implicated bronchioles. The target segments of the lung were then 
identified using the ICG fluorescence, obviating the intersegmen-
tal lines and planes. This is especially valuable in patients with 
emphysema, who may have anatomy with distorted segmental 
planes because of emphysematous changes. The segments were 
removed with either a stapler or electric cautery. They report that 
ICG did not shorten OR time or result in decreased blood loss 
[36]. Another group has also used ICG to evaluate the feasibility 
of using FGS to treat lung cancer. Tarumi et al. performed VATS 
segmentectomy with ICG to identify segmental fissures for lung 
cancer. However, unlike the previous group who had administered 
ICG directly into the bronchi, Tarumi et al. administered a dose of 
3 mg/kg of ICG via peripheral IV after ligating the dominant pul-
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monary arteries. They noted fluorescence within minutes and 
marked the visceral pleura with electrocautery. This allowed them 
to maintain an excellent surgical view and identify the interseg-
mental line without re-inflating the lung [37].

FGS may hold a significant benefit in treating congenital pul-
monary lesions. Shirota et  al. evaluated and treated a group of 
pediatric patients with lung cysts. The authors used a thoraco-
scopic approach to treat congenital lung cysts, employing ICG 
(administering one to five IV 0.01 to 0.02 mg/kg injections) to 
perform a segmentectomy or partial lung resection instead of a 
traditional lobectomy [38]. The ICG allowed them to visualize 
blood flow easily. This would be a valuable tool for treating small 
lesions across multiple lobes.

Another group applied FGS in the setting of a thoracoscopic 
lobectomy to treat two patients with a mean age of 15.5 months, 
one with a congenital cystic adenomatoid malformation and the 
other with pulmonary extra-lobar sequestration. ICG (0.25 mg/
mL/kg IV intraoperatively) was used to identify a plane between 
the cystic malformation and normal long parenchyma to eluci-
date the resection margins [12]. The same group also applied the 
utility of FGS in the setting of a thoracoscopic lymph node 
biopsy. Specifically, this was used in one six-year-old boy sus-
pected of lymphoma with a noted malignant 2 cm hilar lymph 
node. ICG (0.5  mg/mL/kg intraparenchymal lung injection) 
facilitated identification and subsequent removal of the patho-
logical lymph node [12].

 Lung Metastasis

In the realm of pediatric surgery, hepatoblastoma frequently 
metastasizes to the lungs. Cho et al. evaluated 22 cases of hepato-
blastoma; six of these patients had lung metastasis at the time of 
surgery, and two of these patients underwent thoracic surgery 
using ICG. ICG allowed for easy identification of the pulmonary 
lesions, given the lack of ICG uptake in normal lung tissue [21]. 
Yamamichi et al. evaluated a smaller cohort of three patients with 
hepatoblastoma: one with a primary tumor, another with a recur-
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rent tumor, and a third with a metastatic lesion to the lung. All 
patients were evaluated with ICG (administered 0.5  mg/kg IV 
three to four days before the operation). In the patient with lung 
metastases, they were able to identify multiple metastatic lesions 
by positive fluorescence, and all were completely resected. These 
fluorescence-positive lesions were found to be consistent with 
hepatoblastoma tumor cells. They were able to resect a total of 24 
nodules. Unfortunately, the patient subsequently developed recur-
rent lung metastases two months later and died of recurrent tumors 
[17]. Yoshida et al. used ICG (0.5 mg/kg the day prior to surgery) 
for lung metastasectomy of hepatoblastoma. In 16 patients (age 
range between 4 months and 11 years), they performed 61 ICG- 
assisted pulmonary metastasectomies (obtaining a total of 373 
specimens). With ICG, their sensitivity was 92.6%, specificity 
2.9%, PPV 71.4%, and NPV 13%. They noted they had 100 ICG- 
positive specimens histologically negative for tumor, noting 
changes consistent with regression of a metastatic tumor and non-
specific changes of fibrosis and hemorrhage, representing ICG 
labeling of pulmonary tissue with abnormal blood flow [39].

 Chylothorax

ICG can also be a valuable tool for evaluating the lymphatic sys-
tem. Thus, it may have additional value in evaluating patients with 
chylothoraces. Shibasaki et al. used ICG lymphography to evalu-
ate lymphatic dysfunction in patients with congenital chylothora-
ces, evaluating ten neonates with a median age of 29.5 days after 
birth and median gestation age of 35.5 weeks. They administered 
subcutaneous ICG (0.25 mg in the second interdigit regions of the 
hands and the first interdigit space of the feet). They then evalu-
ated the trunk and extremities using an infrared camera. This 
allowed them to determine normal lymphatic flow from abnormal 
or pathological lymphatic flow, grading the lymphatic dysplasia 
as mild, moderate, severe, or lymphatic hypoplasia. Images and 
videos were obtained immediately, 3–6 h after, and 24 h after ICG 
[40]. Another group shared their experience using ICG to evaluate 
a six-month-old patient with Noonan syndrome. They used ICG 
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to evaluate lymphatic flow after the patient developed bilateral 
chylothoraces after cardiac surgery. They administered 0.05 mL 
intradermally of 0.25 mg/mL of ICG to each dorsal foot, waited 
1  h, administered a dose to each hand, and waited for 20  min. 
They noted diffuse uptake into the lymphatics of bilateral lower 
extremity lymphatics and inguinal lymph nodes. However, no 
meaningful fluorescence was appreciated in the upper extremities. 
They believe the impaired visualization of abnormal drainage pat-
tern may have been secondary to the known lymphatic aberrations 
in patients with Noonan syndrome. More specifically, they believe 
they could not use this system to determine the site of leakage in 
the thoracic duct because of congenital lymphatic abnormalities 
or high cardiovascular pressures [41]. However, ICG may still 
hold value in evaluating patients with normal lymphatic anatomy 
or those patients with localized aberrant lymphatic anatomy.

Chylothoraces may occur not only after cardiac surgery but 
also after pediatric thoracic surgery. Postoperative chylothorax 
after esophageal atresia/tracheoesophageal fistula surgical repair 
is a severe complication. Another group used ICG and near- 
infrared fluorescence imaging to identify and ligate sites of chy-
lous leakage. They performed ICG-NIR in ten patients (seven 
patients had their thoracic duct evaluated at the initial operation, 
and three patients were taken back to OR after conservative man-
agement failed to treat chylothorax) after awaiting 1 h after inter- 
toe ICG injection (0.025  mg of ICG). Using this system, they 
were able to identify the thoracic duct or the site of lymphatic 
leakage in each patient, and they appropriately sutured or ligated 
the area of concern [42]. Overall, despite the potential benefits, 
given the small numbers in pediatric cases, it is difficult to strongly 
recommend FGS for thoracic surgery at present. Additional ongo-
ing research may change this in the future.

 Pediatric Liver Transplant Surgery

Hepatic necrosis is a feared complication of liver transplant sur-
gery. However, hepatic necrosis may also result in patients under-
going surgery for gastric adenocarcinoma. Lee, J.H., et  al. 
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identified 31 patients with aberrant left hepatic arteries undergo-
ing resection for gastric adenocarcinoma. The aberrant artery was 
identified in 19% preoperatively; the remainder of cases were 
found intraoperatively. They were able to appropriately preserve 
the aberrant left hepatic artery in cases where there was inade-
quate flow based on the fluorescence, thus preventing hepatic 
necrosis [43].

As discussed elsewhere, ICG cholangiography is a valuable 
tool when performing hepatobiliary surgery. Mizuno, S., et  al. 
evaluated 108 patients who underwent a living donor liver trans-
plantation. They reported that only 18 of the 108 underwent ICG 
cholangiography (0.025 mg/mL directly into the bile duct through 
a transcystic tube), and bile leakage occurred in 5.6% of the recip-
ients, strictures occurred in 13.9% of the recipients, and 2.7% of 
the donors developed a biliary leak. However, the 18 that under-
went ICG cholangiography did not develop any biliary complica-
tions in donors or recipients [44].

Quintero, J., et al. evaluated the use of ICG in the setting of 
liver failure. Pediatric acute liver failure is uncommon but results 
in death or the need for a liver transplant in 25–50% of cases. 
Indocyanine green plasma disappearance rate (ICG-PDR) may be 
used to predict the degree of liver damage. ICG-PDR was obtained 
upon admission when ALF was diagnosed, and it was repeated 
every 24 h until ALF resolution, liver transplant, or death. A lower 
ICG-PDR score translated to significant irreversible liver damage. 
The sensitivity was 92.3% and specificity was 97.1%, which are 
higher than King’s College and Clichy’s criteria. Additionally, 
PPV was 92.3%, and NPV was 97% [45].

In liver transplantation, patency of the hepatic artery, portal 
vein, and bile duct is important. Panaro, F., et al. used ICG fluo-
rescence to evaluate the degree of perfusion in six liver transplan-
tation procedures. Specifically, they aimed to evaluate the graft 
bile duct perfusion to determine the most appropriate area of duct 
transection prior to creating the anastomosis. They intravenously 
administered ICG (0.5 mg/kg) after liver transplant and revascu-
larizing the organ. In 47 s, they were able to identify and differen-
tiate the vascularized portion from the non-vascularized portion 
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of the graft bile duct, which allowed them to determine where to 
transect the duct and create the appropriate anastomosis. They 
noted anomalies in two of their six patients regarding the vascu-
larization of the bile duct, requiring them to resect the bile duct. 
By 12-month follow-up, none of the patients had any biliary 
 complications [46]. Portal vein thrombosis is another severe com-
plication that may lead to graft failure. Portal vein thrombosis is a 
severe complication after liver transplantation. Kawaguchi, Y., 
et al. report the case of a 60-year-old female who underwent a liv-
ing donor liver transplant and immediately underwent ICG 
(0.93 mg) fluorescence imaging, which demonstrated inadequate 
perfusion of segment 4. Subsequent ultrasound demonstrated a 
thrombus in the portal vein of segment 4, which they were able to 
be removed successfully [47].

Thus, ICG has a broad range of uses in the setting of liver 
transplant in addition to the evaluation of hepatic artery, portal 
vein, and bile ducts intraoperatively. ICG may be used for preop-
erative evaluation of potential surgical candidates as a dynamic 
study as opposed to other scoring systems as well as for the pre-
operative evaluation of graft, allowing surgeons to exclude grafts 
that may be high risk or ineffective. Intraoperatively, it may play 
an additional role in liver mapping, cholangiography, tumor visu-
alization, and partial liver graft evaluation. Additionally, it may 
allow for early identification of thrombosis, kinking, or changes 
in flow that would potentially prevent serious complications. 
Postoperatively, it may help predict early morbidity and mortality 
and it may also be used to assess graft function and regeneration 
[48, 49].

 Pediatric Surgical Oncology Applications

Fluorescence-guided surgery has been used with increasing fre-
quency for various applications in pediatric surgical oncology. 
ICG fluorescence can facilitate tumor identification, oncologic 
resection, margin delineation, and metastasectomy. Furthermore, 
as ICG has been documented to detect lesions as small as 
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0.062 mm, ICG fluorescence may allow for detection of lesions 
that might otherwise have been missed by preoperative imaging 
or intraoperative inspection or palpation [50].

 Primary Hepatic Tumor Resection

One of the more established applications of ICG fluorescence in 
pediatric surgical oncology is resection of primary hepatic tumors 
in children specifically hepatoblastoma and hepatocellular carci-
noma [22, 51, 52].

Intravenous injection of ICG 0.5 mg/kg is recommended 72 to 
96 h prior to hepatic tumor resection [51, 53]. Hepatic tumors are 
more cholestatic and have a decreased ability to excrete ICG rela-
tive to normal liver parenchyma. This 72- to 96-h delay allows for 
optimal visualization of the hepatic tumor with decreased back-
ground noise [18]. However, if patients are unable to receive their 
ICG injection that far in advance, a lower dose of ICG can be 
administered closer to the time of their operation (e.g., 0.2–
0.3 mg/kg of ICG 24–48 h before surgery), although there may 
still be a poor signal-to-noise ratio even with the lower dosing 
[22]. Similarly, patients with underlying liver disease, including 
liver cirrhosis as seen in biliary atresia, may retain ICG longer, 
contributing to increased background noise if ICG is administered 
too soon before an operation [54].

There are multiple reports documenting the successful use of 
ICG for resection of hepatoblastoma. ICG demonstrates excellent 
sensitivity for detecting hepatoblastoma tumors, particularly 
masses within 10 mm of the liver surface [19, 20]. In a case series 
of 11 patients undergoing hepatic resection with ICG guidance, 
ICG was 100% sensitive in identifying malignant lesions with 
high sensitivity across various histologic types (fetal hepatoblas-
toma, 100%; embryonal hepatoblastoma, 100%; mixed fetal- 
embryonal hepatoblastoma, 83%). However, specificity was low: 
seven of 16 lesions were ICG positive despite not demonstrating 
viable tumor on surgical pathology [6]. In addition, ICG may 
identify remote satellite lesions within the liver that may be too 
small for detection on preoperative cross-sectional imaging or 
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intraoperatively by palpation [22]. ICG also demonstrates effec-
tiveness for relapsed hepatoblastoma, including patients who pre-
viously underwent liver transplantation for management of 
hepatoblastoma and subsequently presented with relapse in the 
liver graft [55].

The high sensitivity and seamless integration into robotic or 
laparoscopic cameras make ICG a useful adjunct during both 
open and laparoscopic resections in children. It is particularly 
useful for laparoscopic-assisted oncologic resections, during 
which palpation of the liver surface is less feasible [52].

ICG can also be used to evaluate hepatic perfusion and delin-
eate boundaries between liver segments during hepatectomy. 
Terasawa et al. developed a technique that would allow for assess-
ment of the boundaries of tumor-bearing hepatic segments, both 
to determine a line of transection and to evaluate the perfusion of 
the preserved hepatic parenchyma [56]. After transecting the 
hepatic parenchyma and clamping the portal pedicle of the tumor-
bearing hepatic segments, 1.25 mg of ICG is administered intra-
venously. This creates a visual line of demarcation between 
non-fluorescing tumor-bearing hepatic segments that are to be 
resected and surrounding fluorescing hepatic parenchyma to be 
preserved.

 Non-hepatic Primary Tumor Resection

Until recently, most reports of fluorescent-guided resection of 
non-hepatic primary tumors were limited to case reports and 
series of adult patients. However, recent series have demonstrated 
the successful utilization of ICG as an adjunct during oncologic 
resection of non-hepatic tumors in children. Furthermore, pro-
spective trials assessing the feasibility of ICG-mediated near- 
infrared imaging for resection and identification of margins in 
pediatric neoplasms are currently underway.

Esposito et  al. utilized ICG for laparoscopic excision of 
abdominal lymphoma and robot-assisted resection of ovarian 
tumors in pediatric patients [12]. ICG was administered intrave-
nously at a dosage of 0.5 mg/mL/kg for three patients with lym-
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phoma. ICG allowed for assessment of the vascularization of the 
lymphoma tumor, helped define the level of resection in cases 
requiring mesenteric division, and was used to detect lymph nodes 
for biopsy or resection. Of the five patients with ovarian tumors, 
three were mature teratomas and two were seromucinous cystad-
enoma on pathology. Patients received an intravenous administra-
tion of ICG at a dosage of 0.5  mg/mL/kg. Within 20–30  s of 
injection, ICG allowed for delineation between the hypo- 
fluorescent ovarian tumor and normal salpinx and ovarian paren-
chyma. It also allowed for verification of perfusion to the salpinx 
and uterus following tumor resection.

In a large series of pediatric patients, Abdelhafeez et  al. 
achieved fluorescence in 46 out of 52 tumors: nine osteosarco-
mas, six neuroblastomas, six non-rhabdomyosarcoma soft tissue 
sarcomas, five rhabdomyosarcomas, three Ewing sarcomas, two 
germ cell tumors, one chondroblastoma, one solid pseudopapil-
lary neoplasm of the pancreas, one lymphoma, and one myoepi-
thelial carcinoma of the chest wall (in addition to nine 
hepatoblastomas and two hepatocellular carcinomas) [51]. The 
majority of patients received 1.5  mg/kg of ICG intravenously 
over 15 min the day prior to surgery. Near-infrared imaging dem-
onstrated an 88% sensitivity and 77% specificity rate for identi-
fying tumors. Eighty- eight percent of malignant tumors 
demonstrated fluorescence versus 23% of benign lesions. ICG 
was unable to identify two primary adrenocortical tumors 
included in this series.

Background noise from ICG uptake of surrounding organs is a 
common concern in fluorescence-guided surgery. Abdelhafeez 
et al. reported that background noise was observed in 57% of pro-
cedures, including 100% of trunk and extremity resections, 68% 
of abdominal operations, and 40% of thoracic cases [51]. Of note, 
although background noise from adjacent organs was noted in all 
open abdominal and thoracic operations, it was only seen in 45% 
and 15% of minimally invasive abdominal and thoracic resec-
tions, respectively. This suggests that optimization of ambient 
light contamination may be a strategy for mitigating the effects of 
background noise during ICG-guided resections.
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Future investigations are warranted for several areas pertaining 
to fluorescent-guided pediatric surgical oncology, including meth-
ods for mitigating background noise, evaluation of the efficacy of 
ICG-guided surgery for organ-sparing operations in cases such as 
bilateral Wilms tumors, optimizing identification of  neuroblastoma 
and sarcoma metastases, and margin delineation in local control 
operations for neuroblastoma and sarcomas.

 Pulmonary Metastasectomy for Primary Hepatic 
Tumors

Because ICG does not typically collect in normal lung tissue and 
metastatic lesions are commonly found in the periphery of the 
lung, ICG fluorescence allows for detection of very small, nonpal-
pable pulmonary metastases secondary to hepatic malignancies 
[21]. ICG is concentrated in hepatocytes and metastases from 
hepatic tumors, making it a beneficial adjunct for metastasectomy 
procedures [53]. The use of ICG for pulmonary metastasectomy 
via thoracotomy or thoracoscopy has been documented for both 
hepatoblastoma and hepatocellular carcinomas in pediatric patients 
[17]. It can detect pulmonary lesions as small as 0.062  mm in 
diameter [50]. A dose of 0.5 mg/kg of ICG administered approxi-
mately 24 h prior to surgery is generally recommended [57].

ICG is particularly helpful for thoracoscopic identification of 
metastatic lesions, where palpation is less feasible and the 
decrease in ambient light minimizes background noise compared 
to open resections [53]. Single lung ventilation with collapse of 
the affected lung should be utilized when medically feasible to 
enhance detection of lesions with ICG [21]. Given that ICG has 
less optimal penetration for lesions more than 10 mm below the 
surface of the lung, a secondary localization technique should be 
considered for deeper lesions [19]. To optimize detection of nod-
ules, contrast mode, which demonstrates ICG signal over a dark 
background, can be used initially [53]. This is followed by over-
lay mode, which demonstrates ICG signal over the white light 
image of the lung, to guide wedge resection (Fig. 12.6).
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Fig. 12.6 A 2-year-old girl with PRETEXT III metastatic hepatoblastoma to 
the lung s/p cycle 3 chemotherapy and 3 left and 2 right pulmonary nodules. 
Therapeutic goal was to reach eligibility for liver transplant. Lung mets were 
easily identified with ICG and thoracoscopic SPY technology and removed 
with clear margins by wedge resection (lower picture). Note that ICG has to be 
given at 0.5 mg/kg 24 h in advance to the procedure. SPY technology allows 
thoracoscopic detection and parenchymal-sparing complete resection (Images 
courtesy of Drs. Densmore and Mowrer, Children’s Hospital of Wisconsin)
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 Pulmonary Metastasectomy for Non-hepatic 
Tumors

ICG is also being increasingly used for pulmonary and pleural 
metastasectomy via thoracotomy or thoracoscopy for pediatric 
tumors of non-hepatic primary. Its use has been documented for 
pulmonary metastases secondary to nephroblastoma, neuroblas-
toma, chondroblastoma, and numerous sarcomas, including 
osteosarcoma, Ewing sarcoma, non-rhabdomyosarcoma soft tis-
sue sarcoma, and rhabdomyosarcoma [57]. The surgical princi-
ples are similar to those for pulmonary metastasectomy for hepatic 
primary tumors.

In comparison to metastases secondary to hepatic primary 
tumors, metastases of non-hepatic primary tumors may require 
higher doses of ICG for optimal fluorescence (e.g., 3–4 mg/kg). 
ICG dosages up to 5  mg/kg administered approximately 24  h 
prior to surgery have been reported [58]. Although this is higher 
than the dosage currently approved by the US Food and Drug 
Administration (FDA), adverse events related to ICG administra-
tion are rare [5]. A higher concentration of ICG can be used (i.e., 
5 mg/mL instead of 2.5 mg/mL) to decrease the volume of ICG 
injected [53].

In a series of 52 adult patients with a history of sarcoma who 
underwent pulmonary metastasectomy, additional lesions were 
detected with ICG in 59% of patients in the fluorescence-guided 
surgery cohort versus 25% of patients in the historical control 
cohort for whom additional lesions were detected with visual and 
tactile feedback alone (p  <  0.05). Patients in the fluorescence- 
guided surgery group also had significantly improved median 
progression-free survival and longer time to recurrence in the lung 
compared to historical controls [58].

Further investigation is warranted to evaluate the effect of 
treatment necrosis and decreased tumor viability on ICG sensitiv-
ity of pulmonary nodules. However, ICG is a promising adjunct 
for pulmonary metastasectomy.
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 Lymph Node Identification and Sentinel Lymph 
Node Biopsy

Sentinel lymph node biopsy (SLNB) is an important technique for 
staging and regional lymph node assessment of malignancy 
(Figs. 12.7 and 12.8). Although well established for many types of 

Fig. 12.7 ICG lymphangiography for sentinel lymph node biopsy for mela-
noma of the left ear using the SPY Portable Handheld Imaging System. The 
upper image shows the overlay mode and the lower image the SPY fluores-
cence mode. ICG is injected into the lesion on the upper ear. Note clear visi-
bility of the lymph vessels leading to the sentinel node of the lesion (Images 
courtesy of Dr. Marcus Malek, UPMC Children’s Hospital of Pittsburgh)
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Fig. 12.8 ICG lymphangiography for sentinel lymph node biopsy for mela-
noma of the right upper thigh using the SPY Portable Handheld Imaging Sys-
tem. The upper image shows the overlay mode and the lower image the SPY 
fluorescence mode. ICG is injected into the lesion on the upper thigh. Note 
clear visibility of the lymph vessels leading to the sentinel node of the lesion. 
The right lower image shows the fluorescence of the resected sentinel lymph 
node (Images courtesy of Dr. Marcus Malek, UPMC Children’s Hospital of 
Pittsburgh)
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adult cancer, the role for SLNB in pediatric cancers is less defined 
[59]. SLNB is currently used in pediatric cases of melanoma and 
various sarcomas, including rhabdomyosarcoma and certain soft 
tissue sarcomas [59]. Technetium lymphoscintigraphy remains 
the gold standard for SLNB, with blue dyes such as lymphazurin 
or methylene blue often used in conjunction for visual identifica-
tion of sentinel nodes. Valente et  al. found that ICG with NIR 
fluorescence imaging was safe and performed similarly to techne-
tium 99 m for SLNB in breast cancer patients [60]. ICG has also 
been used for SLNB and lymph node harvest in other adult cancer 
types, including melanoma, gynecologic cancers, and colorectal 
cancers [61–63]. It is currently unknown whether fluorescent or 
ICG lymphoscintigraphy is noninferior for SLNB or lymph node 
identification in pediatric patients. However, it can be used an 
adjunct for lymph node identification [12].

In pediatric patients, reports of ICG use for lymph node identi-
fication and SLNB have been more limited. Esposito et al. utilized 
ICG to detect a thoracic hilar lymph node for biopsy for suspected 
lymphoma [14]. A 0.5 mg/mL/kg of ICG was injected into the 
lung parenchyma intraoperatively to assist with lymph node iden-
tification [12]. In a series of pediatric patients with paratesticular 
rhabdomyosarcoma, Mansfield et al. injected 10 mg of ICG into 
the spermatic cord under either direct visualization or ultrasound 
guidance to facilitate retroperitoneal lymph node dissection [64]. 
Injection of ICG into the spermatic cord led to iliac lymph node 
avidity using near-infrared spectroscopy, with sequential spread 
along the ipsilateral para-aortic or para-caval lymph node chain. 
Recently, a case report described the use of ICG to increase lymph 
node harvest during laparoscopic Wilms nephroureterectomy 
[65]. Despite International Society of Pediatric Oncology (SIOP) 
and Children’s Oncology Group (COG) protocols requesting 
more than six lymph nodes during Wilms nephroureterectomy, 
the median number of nodes obtained during both open and mini-
mally invasive resections is approximately four. In this case 
report, 2 mL of 2.5 mg/mL ICG was injected into the normal renal 
parenchyma near the tumor in 0.5 mL aliquots. Seven hilar, supra-
hilar, pre-aortic, and para-aortic nodes subsequently demonstrated 
fluorescence, including several that would have gone undetected 
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without ICG. However, further investigation is warranted evaluat-
ing injection sites other than the renal parenchyma so as to pre-
vent violation of COG guidelines and potential upstaging of the 
tumor.

ICG lymphoscintigraphy can also be used for tumors of the 
trunk and extremities. 4 mL of ICG can be injected subcutane-
ously at a concentration of 1.25 mg/mL in four quadrants around 
the tumor intraoperatively (1 mL per quadrant) [53]. In smaller 
children, ICG is frequently visible through the skin when using a 
near-infrared imaging device. Sentinel lymph nodes are best visu-
alized using a contrast mode, whereas other modes, such as the 
color-segmented fluorescence mode, can be utilized for identifica-
tion of regions with high fluorescence intensity.

Further study is needed to evaluate the sensitivity and specific-
ity of ICG lymphoscintigraphy for various cancer types in pediat-
ric patients.

 Pediatric Plastic Surgery Applications

There has been increasing utilization of ICG in pediatric plastic 
surgery for a variety of purposes, including assessment of flap 
perfusion, evaluation of lymphedema, and management of lym-
phatic malformations. Reconstruction of congenital anomalies 
has given way to the use of ICG for several operations unique to 
pediatric patients. For instance, Hinchcliff et al. described the use 
of intraoperative laser-assisted ICG angiography for a one-year- 
old with anterior plagiocephaly [66]. The patient underwent cal-
varial reconstruction for unilateral coronal synostosis, during 
which tension during closure was encountered. ICG was safely 
utilized to verify perfusion to the anterior and posterior flaps prior 
to closure. Tomioka et al. also utilized ICG to evaluate flap perfu-
sion in a one-year-old who underwent web transplantation for 
syndactyly [67].

In a case series of 433 pediatric free tissue transfers, Upton 
et al. emphasized that technical considerations are more complex 
in pediatric transfers given technical factors such as patients’ 
diminutive vessels, as well as challenges with postoperative 
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immobilization [68]. Fried et al. described the use of ICG to ver-
ify perfusion of a free latissimus dorsi myocutaneous flap in a 
six-month-old for reconstruction of a temporal fossa defect after 
resection of a teratoma [69]. Intraoperative use of ICG in pediatric 
patients may mitigate the morbidity of flap failures or vascular 
complications requiring a return to the operating room for anasto-
motic revisions or flap repositioning [68]. Martins et al., in their 
case series of pediatric patients undergoing first-stage autologous 
total ear reconstruction, found that patients in the intraoperative 
laser-assisted ICG angiography treatment group were signifi-
cantly less likely to undergo surgical revision in comparison to the 
non-ICG group [70].

ICG can also be used for real-time imaging of lymphatic anat-
omy and flow in the case of lymphedema or lymphatic malforma-
tions. ICG can detect lymphatic channels within one to two 
centimeters of the skin surface in the absence of fascia, muscle, or 
bone overlying the channels [33, 34]. Injection of ICG can aid in 
the visualization of lymphatic channels, valves, and flow, which 
can facilitate staging and management [71, 72]. Greives et  al. 
injected 12.5 μg of ICG in 0.05 mL of saline into the dorsum of 
each hand and foot to evaluate lymphatic uptake in a 21-month- 
old with congenital lymphedema of the right hand and arm [73]. 
Imaging demonstrated normal lymphatic anatomy with decreased 
lymphatic contractile function of the right upper extremity rela-
tive to the unaffected extremities, which aided in determining 
appropriate management.

ICG can also facilitate identification, resection, and classifica-
tion of lymphatic malformations. Shirota et al. used ICG to aid 
complete resection of a lymphatic malformation in the abdominal 
wall of a 15-year-old male [74]. The patient had failed manage-
ment with sclerotherapy three times and MRI alone had failed to 
adequately determine the extent of the tumor. Kato et al. similarly 
used ICG lymphography to identify lymphatic malformations 
originating throughout the body in 20 pediatric patients ages 
11 months to 10 years [75]. They identified four classic flow pat-
terns: (1) strong detectable inflow, (2) multiple small observable 
inflows, (3) superficial lymph flow over a lesion, and (4) flow 
around a lymphatic malformation without connection to the 
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lesion. By identifying lymphatic inflow using ICG lymphography, 
surgical resection or bypass using lymphatic venous anastomosis 
can be utilized for management of lymphatic malformations [75].

 Pediatric Trauma Surgery Applications

The use of ICG in pediatric trauma surgery has been relatively 
limited despite numerous possible applications. Han et  al. used 
ICG angiography to determine skin tissue viability in 19 pediatric 
patients after acute trauma [76]. ICG dosages up to 0.5  mg/kg 
were used for each patient. In 78.9% of cases, there was discor-
dance between clinician assessment of viability and ICG angiog-
raphy. All intraoperative decisions (e.g., primary skin-sparing 
repair vs. resection with or without skin graft or flap reconstruc-
tion) were made based on ICG results with 94.7% of cases dem-
onstrating recovery without any evidence of postoperative 
necrosis. ICG may provide objective data to physicians determin-
ing skin and soft tissue viability in pediatric patients after acute 
traumatic injury. This technique has similarly been used in adult 
patients after degloving injuries to evaluate for tissue viability 
[77, 78].

Bauerly et al. further described the use of serial fluorescence 
microangiography to evaluate for progressive tissue ischemia in a 
5-year-old secondary to acute pedal compartment syndrome after 
a crush injury [79]. The authors concluded that serial microan-
giography allows for evaluation of tissue ischemia and response 
to therapy (e.g., hyperbaric therapy). It also provides objective 
data when determining level of amputation, if indicated. This data 
can be especially valuable in young pediatric patients with chal-
lenging clinical diagnoses, such as compartment syndrome, who 
may not be as readily able to explain their symptoms or to follow 
commands.

Fluorescent technology may also be a useful adjunct in the 
management of burn wounds. Pediatric burn patients have a 
higher incidence of burn wound infection compared to adults 
[80]. Up to 75% of mortality in burn patients after initial resusci-
tation is due to infection [81]. In their case series of ten pediatric 
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burn patients with 15 wounds, Farhan and Jeffery concluded that 
the MolecuLight i:X, a handheld noncontact fluorescence imag-
ing device, could detect significant bacterial burden, subclinical 
bacterial colonization, and infection in pediatric burn wounds 
both instantly and reliably [82]. This technology could mitigate 
delays in care associated with wound biopsy and cultures.4.

Although there are reports of the use of fluorescence-guided 
surgery in other aspects of adult trauma, such as evaluating bowel 
perfusion after abdominal trauma or as a neuromonitoring tool in 
traumatic brain injury patients, the pediatric data is currently 
more limited [83, 84].

 Pediatric Cardiac Surgery Applications

Many pediatric patients born with congenital heart defects require 
complex surgical reconstructions with intricate reconstruction of 
the coronary vasculature. Reconstruction of this atypical coronary 
anatomy is made increasingly complicated by the typical need for 
a staged approach that can allow for scarring of the epicardial 
anatomy between operations [85]. Fluorescence-guided surgery 
has allowed for reliable, noninvasive, and real-time intraoperative 
evaluation of the coronary anatomy.

There are reports of fluorescence-guided surgery being used in 
neonates as young as 2 days of life as adjuncts in cardiac surgery 
for a variety of congenital heart defects [86]. The successful utili-
zation of ICG has been documented for numerous purposes, 
including evaluation of coronary anatomy and arterial anastomo-
ses, assessment of shunt patency after reconstruction, assessment 
of reconstruction after pulmonary arterioplasty, evaluation of the 
aortic arch and arch anastomoses, and assessment of myocardial 
perfusion [87, 88]. ICG has also demonstrated utility in localizing 
the thoracic duct, for identifying abnormal lymphatic anatomy, 
and for the localization and management of iatrogenic abnormal 
lymphatic drainage or postoperative chylothorax. Said et  al., in 
their case series of 15 patients, found that ICG techniques were 
most useful for assessing myocardial perfusion, for localizing epi-
cardial coronary arteries (particularly in staged operations), and 
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for evaluating the patency of systemic-to-pulmonary arterial 
shunts [86]. With regard to specific procedures, Kogon et al., in 
their case series of 30 patients, found that ICG fluorescence imag-
ing demonstrated best image adequacy for Blalock-Taussig shunts 
(100%), coarctation repairs (86%), and coronary reimplantations 
(66%), versus hemi-Fontan or Fontan (40%) repairs and pulmo-
nary artery reconstructions (33%) [88].

Evaluation of deeper structures with ICG, such as pulmonary 
arterial branches, may be more difficult in the absence of addi-
tional techniques to aid with exposure. Furthermore, although 
outflow from synthetic conduits can be assessed with ICG, 
 synthetic grafts (e.g., expanded polytetrafluoroethylene [PTFE]) 
may demonstrate poor penetration of the dye [86, 88].

ICG fluorescence is a valuable adjunct in pediatric cardiac sur-
gery. It allows for safe and reliable real-time localization of com-
plex variant coronary anatomy, assessment of reconstructed 
shunts and vascular anastomoses, and evaluation of myocardial 
perfusion. This valuable data, in turn, allows surgeons to assess 
and refine their operations, to revise or perform any additional 
procedures, and to ensure improved outcomes before ever leaving 
the operating room.

 Pediatric Neurosurgery Applications

ICG fluorescence has proven to be a useful adjunct for numerous 
applications in pediatric neurosurgery. One of the most valuable 
uses of ICG videoangiography (ICG-VA) has been for intraopera-
tive evaluation of blood flow during microsurgical clipping of 
intracranial aneurysms [89, 90]. While clipping aneurysms, neu-
rosurgeons aim to completely occlude the aneurysm without leav-
ing any neck residuals [91]. However, they must also strive to 
maintain the patency and flow of any normal parent, branching, or 
perforating vessels near the lesion [92]. Wali et al. described the 
use of exoscopic 3D high-definition ICG-VA while clipping a 
12 × 13 × 7 mm aneurysm arising from the M1/M2 junction in an 
11-year-old with Alagille syndrome [91]. ICG was used to evalu-
ate cerebral flow dynamics and middle cerebral artery outflow 
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prior to clip placement. Furthermore, it demonstrated complete 
occlusion of the aneurysm without neck remnant after clip place-
ment. Similarly, Nossek et  al. utilized ICG for a 17-year-old 
patient with an enlarging mycotic aneurysm whose parent vessel 
supplied the motor cortex distal to the aneurysm [90]. ICG dem-
onstrated collateral retrograde filling of the distal parent vessel 
that intraoperatively informed and guided the surgeon’s plan for 
safe trapping and resection of the aneurysm. Traditionally, post-
operative evaluation of neck residuals or unexpected vessel occlu-
sion after microneurosurgical clipping has been evaluated with 
postoperative angiography and possible need for reoperation [92]. 
ICG-VA provides intraoperative real-time evaluation of aneurysm 
occlusion, neck remnants, and adjacent normal vessel patency, as 
well as possible clip revision, prior to leaving the operating room.

ICG-VA has also been utilized during surgical revasculariza-
tion and assessment of patients with moyamoya disease. 
Moyamoya disease is an uncommon, chronic cerebrovascular dis-
ease characterized by progressive occlusion of the supraclinoid 
internal carotid arteries resulting in formation of fine “moyam-
oya” collateral vessels at the base of the brain [93]. In children, 
this can manifest clinically as transient ischemic attacks or cere-
bral infarction [94]. Revascularization surgery, in the form of 
direct, indirect, or combined bypass, is a treatment option for 
patients with symptomatic moyamoya disease or asymptomatic 
moyamoya disease with impaired cerebral hemodynamics [95]. 
During revascularization, neurosurgeons often strive to preserve 
the middle meningeal artery (MMA) because it provides collat-
eral flow through the dura matter and its anterior branch provides 
collateral flow to the anterior cerebral artery. However, the ante-
rior branch is easily damaged during conventional frontotemporal 
craniotomy because it frequently runs through the bony tunnel in 
the lesser wing of the sphenoid bone. Tanabe et al. found that the 
MMA can frequently be visualized using ICG-VA in pediatric 
patients prior to craniotomy, which may increase the likelihood of 
its preservation. They found that visualization of the anterior 
branch with ICG is possible when the diameter of the MMA is 
greater than 1.3 mm and the sphenoid bone overlying it is less 
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than 3 mm in thickness. Hori et al. and Ambekar et al. further uti-
lized ICG to evaluate for patency of the anterior branch of the 
MMA, as well as to evaluate blood flow through a bypass, includ-
ing superior temporal artery to middle cerebral artery anastomo-
ses [93, 96]. Uchino et al. calculated the blood flow index using 
ICG intensity- time curves to assess for changes in cerebral perfu-
sion after direct bypass [97]. Uchino et al. and Horie et al. report 
changes in ICG- VA, as well as differences between adult and 
pediatric populations, that may aid in predicting postoperative 
cerebral hyperperfusion in select patient populations.

ICG is also a useful adjunct for the resection of tumors and 
complex vascular lesions. Ueba et al. used ICG and FLOW 800 to 
discriminate between arterialized draining veins and feeding 
arteries during resection of a spinal hemangioblastoma in a 
19-month-old [98]. The slope of the average signal intensity was 
steeper for feeding arteries than arterialized veins. This informa-
tion reportedly guided surgeons with intraoperative planning and 
resection, delineating the lesion and minimizing trauma to the spi-
nal cord. It also prevented inadvertent violation of the hemangio-
blastoma, which could have caused significant blood loss.

There are also reports of fluorescence-guided surgery for less 
established purposes in pediatric neurosurgery. For instance, 
Sanchez Fernandez et al. used combination of ICG and fluores-
cein during repeat surgical intervention for an 11-year-old status 
post craniotomy and evacuation of a subdural empyema with 
progressive cerebritis on MRI during the week after his initial 
surgery [99]. ICG and fluorescein demonstrated damage of corti-
cal vascularization and avascularized tissue, respectively, that 
were subsequently excised with good clinical outcomes. 
Sugimoto et  al. used ICG-VA to evaluate flow through a rare 
intracranial pial arteriovenous fistula in a three-year-old [100]. 
ICG-VA allowed for precise localization of two fistulous points 
between the M2 portion of the middle cerebral artery and a large 
varix, which were clipped with subsequent demonstration of nor-
mal flow.

ICG-VA is a useful, reliable, real-time adjunct for numerous 
procedures in pediatric neurosurgery, including clipping of aneu-
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rysms and arteriovenous malformations, surgical revasculariza-
tion with subsequent assessment of anastomoses and changes in 
cerebral hemodynamics, and resection of neoplastic and vascular 
lesions.

 Conclusions and Future Directions

Fluorescence-guided surgery (FGS) using ICG is an emerging 
technology in pediatric surgery. As hospitals are acquiring this 
new technology, there is great promise to improve outcomes for 
our patients. Predominant applications are in cancer surgery to 
facilitate complete resection or detecting metastasis in the lung, 
solid organs, or lymph nodes. ICG-guided sentinel node resection 
has the potential to replace other technologies already available 
today. ICG allows assessment of perfusion in a variety of proce-
dures where tenuous anastomoses are fashioned such as in pull- 
through procedures for patients with Hirschsprung’s disease or 
anorectal malformations, esophagectomies for esophageal atresia 
patients, or intestinal atresia or necrotizing enterocolitis. Benefits 
of applications for rare cases such as biliary atresia or choledochal 
cyst are being explored. Also for pediatric surgeons, ICG-guided 
cholangiograms should be the routine to increased safety during 
gallbladder surgery. Pediatric surgery as a surgical field with a 
particular wide spectrum harbors a multitude of potential applica-
tions for this new technology that can guide interventions. Large 
case series and randomized prospective trials are missing in the 
pediatric surgery world today in the more recent field of ICG- 
guided surgery. The pediatric surgery community needs to pro-
duce more robust data to define best practices and guidelines for 
the benefit of our small patients.
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 Introduction

Indocyanine green (ICG) has become well-established as an 
adjunct in multiple surgical fields as it augments reality to allow 
for accurate identification of anatomic structures and assessment 
of blood flow [1]. Due to the binding of indocyanine to plasma 
proteins, it is maintained in the vasculature and has become rec-
ognized as versatile tool in vascular neurosurgery. Assuring the 
integrity of tissue perfusion is the most important principle in 
neurovascular surgery [2]. The first described use of fluorescent 
visualization of cerebral blood vessels in neurovascular surgery 
was in 1967 by Feindel et al. [3], and in 1994, Wrobel et al. [4] 
described a case of ICG angiography in aneurysm surgery. 
However, it wasn’t until 2003 when Raabe et  al. [5] used 
microscope- integrated indocyanine green (M-ICG) angiography 
to assess vessel patency that neurosurgery as a field began to 
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widely investigate and adopt the technique [6]. Prior to this time, 
intraoperative digital subtraction arteriography (DSA) was 
required for assessment of cerebral blow flow [5]. Raabe et al. [5] 
demonstrated that ICG angiography was a simple method to pro-
vide real-time information on multiple phases of blood flow down 
to vessels less than 0.5 mm in diameter, thus opening the door to 
a multitude of neurosurgical applications (Fig. 13.1). The use of 
indocyanine has since broadened to other areas within neurosur-
gery with the four main uses being neurovascular, endoscopic 
endonasal approaches, ventricular surgery, and neurooncological 
procedures; this chapter will focus on the neurovascular uses of 
indocyanine green. Within neurovascular procedures ICG is com-
monly used for assessing aneurysm morphology and perforator 
vessel preservation. The ability to identify the obliteration or 
patency of vessels is also pertinent in arteriovenous malforma-
tions and dural fistula surgery.

Fig. 13.1 For the exposed operative field (left), ICG videoangiography 
(right) provides a real-time assessment of the flow through both large and 
small (recurrent artery of Heubner) vessels. LA1 left A1 segment of the ACA, 
LA2 left A2 segment of the ACA, RA1 right A1 segment of the ACA, RA2 
right A2 segment of the ACA [7]
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The use of ICG angiography has been fairly easy to integrate 
into the field of neurosurgery, largely due to the prevalence of 
microscopic surgery. Multiple companies have equipped their 
microscopes with near infrared sensitive digital cameras capable 
of viewing the ICG diffusion within the cerebral vessels [6]. With 
integration of ICG angiography into the operative microscope, 
simplicity and speed are improved.

 ICG Use in Aneurysm Repair

Aneurysm treatment depends on complete exclusion of the aneu-
rysm sac and patency of the supplying arteries. While alternative 
treatments such as coiling and stenting have made advances, 
microsurgical clipping should still be considered the durable and 
definitive treatment for intracranial aneurysms [8]. Sindou et al. 
[9] found that incomplete clipping accounts for up to 4–8% of all 
clipping cases [6]. If imaging is only completed postoperatively, 
the findings may result in repeat surgery, and studies suggest a 
2–8% rate of residual aneurysm filling and a 4–12% rate of parent 
or branching artery occlusion on postoperative angiography [2]. 
Prior to ICG, neurosurgeons had several intraoperative methods 
to assess aneurysm blood flow such as contact Doppler ultraso-
nography, blood flowmetry, and the gold standard of contrast-
enhanced (digital subtraction) angiography (DSA). Starting with 
the case series by Raabe et al. in 2003, ICG angiography has been 
studied in aneurysm clipping. ICG offers an easy, rapid, and min-
imally invasive method of allowing evaluation of complete aneu-
rysm exclusion, neck remnant, and blood flow in parent and 
perforating arteries (Fig. 13.2). Many of the studies since Raabe 
et al. [5] have compared ICG to Doppler ultrasonography or DSA 
to assess anatomy pre- and post-clipping, clip positioning, pres-
ence of aneurysm residuals, and patency of normal vessels. It is 
recommended that the surgeon use an objective intraoperative 
technique rather than relying on visual assessment alone [6].

ICG, while not without its limitations, does offer benefit over 
some of the existing methods of flow detection. DSA, which has 
been shown to have a significant impact on 7–34% of cases when 
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Fig. 13.2 Middle cerebral artery aneurysm with the neck dissected and clear 
view of the parent vessel and its two branches (a), after retraction showing the 
neck of the clipped MCA aneurysm (b), and intraoperative ICG videoangiog-
raphy showing the patency of the branches of the MCA and complete exclu-
sion of the aneurysm from the circulation (c) [10] 

used intraoperatively, is expensive, requires additional specially 
trained staff, and has a complication rate of 0.4–3.5% [7]. A min-
imum of 20 min is typically needed to set up and perform intraop-
erative DSA, a length of time that may exceed the ischemic limit 
of cerebral tissue in certain cases. Clip adjustment after DSA is 
associated with a 33% rate of stroke. Doppler ultrasonography 
exhibits good correlation with postoperative angiography and is 
inexpensive and noninvasive and does not add significant time to 
the case, but interpretation of signals is subjective, and such fac-
tors as the angle of insonation, thickness of the vessel wall, and 
investigation point may affect the outcome of the assessment  
[2, 6].

Aneurysm clipping is often completed with two doses of ICG; 
one dose being administered prior to clipping and the second to 
confirm the position of the clip and exclusion of the aneurysm. 
With an up to 42-min visualization window, no additional doses 
are needed in the pre-clipping step, and the patency of parent and 
surrounding perforating arteries can be easily assessed. However, 
a second dose is typically required for post-clipping evaluation 
due to “trapping” of the ICG in the aneurysm which could simu-
late incomplete clipping [11]. Eliava et  al. [6] demonstrated in 
their series that it takes approximately 10 min to complete aneu-
rysm clipping after ICG administration. The use of ICG also 
allowed the surgeon to quickly recognize stenosis or incomplete 
exclusion and reposition the clip accordingly. Vessels less than 
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1 mm in diameter are well assessed with the operating microscope 
and ICG allowing for the accurate assessment of perforating arter-
ies [2]. These small perforating arteries may be below the level of 
detection for DSA, and Oliveira et al. [12] showed a 1.6% rate of 
clip adjustments based on ICG detection of compromised flow 
through perforating arteries.

Despite a greater than 90% correlation with intra/postoperative 
DSA, ICG angiography cannot completely remove all risk of 
improperly placed clips [2]. Eliava et  al. [6] described a case 
where postoperative selective angiography revealed a remnant 
aneurysmal neck that was unable to be evaluated intraoperatively 
due to inability to directly view the area because of the location. 
Several other studies have demonstrated a small rate of unex-
pected neck residuals and close vessel occlusion at a rate of 4–6% 
[7, 8, 13]. In the series of 15 patients, one patient also had mild 
stenosis of the internal carotid artery that was only noted on con-
trol angiography and not on ICG angiography. Studies have dem-
onstrated clip repositioning rates of 2–38% with the use of ICG; 
part of this variation is due to the lack of standardization of ICG 
technique, potential limited experience, and varied patient groups. 
ICG angiography was noted to be crucial to case success in three 
cases where blood flow, not visible by Doppler ultrasonography, 
was visible by ICG angiography. A comparison of intraoperative 
DSA to ICG, with 100 patients in each group, by Hardesty et al. 
[14] demonstrated no reliable difference in the risk of postopera-
tive ischemia (4% vs 3%), unexpected aneurysm filling (4% vs 
2%), or parent vessel compromise (2% vs 2%).

ICG is not without its drawbacks. Mainly, the fluorescence can 
only be traced within the limits of visibility; important structures 
may be easily obscured by vessel branches, a clip, or the aneu-
rysm itself. A comparison of contrast-enhanced angiography and 
ICG by Washington et al. [7] did not favor ICG. In this study, the 
conclusion of 14.3% of cases was discordant, largely due to the 
fact that only visible vessels were assessed by ICG. Within the 
seven cases of discordance from this study, five of the cases 
underwent clip adjustment leading to complete aneurysm occlu-
sion or restoration of patency in branch vessels. No specific aneu-
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rysm characteristics were more likely to contribute to discordance 
on multivariate analysis, but there was a trend toward anterior 
communicating artery location leading to discordance on univari-
ate analysis. This finding aligns with the findings of Gruber et al. 
[15] and Dashti et al. [13] that deep-seated aneurysms are poorly 
imaged with ICG. Similarly, Roessler et al. [16] demonstrated a 
9.1% identification rate with selective angiography of small 
(<2 mm) neck aneurysm remnants and a residual 6 mm aneurysm 
following ICG. These findings suggest that DSA may still serve a 
vital role in complex aneurysms where hidden parts of the parent, 
branching, and perforating vessels and undissected portions of the 
aneurysm dome are difficult to directly visualize with ICG 
(Fig. 13.3). ICG can also be affected by calcified or atheroscle-
rotic vessels and thrombosis within the aneurysm. However, intra-
operative DSA also has its limitations with a reported 7.9% 
residual aneurysm and 4.8% rate of distal arterial branch occlu-
sion detected on postoperative DSA. Despite the aforementioned 
finding, the study of 295 patients by Roessler et al. [16] is one of 
the largest to date and also demonstrated a 9% repositioning rate 
and a 4.5% rate of incomplete clipping after ICG administration, 
findings that may not have been detected with Doppler or flowm-
etry.

The use of ICG has advanced beyond microscope integrated 
use, and in 2013 the first described use of endoscopic-ICG 
(E-ICG) use for neurovascular use was reported by Bruneau et al. 
[18]. Aneurysm clipping was performed on an unruptured anterior 
communicating artery aneurysm using a similar two bolus proto-
col and a 0° NIR-optimized endoscope. The E-ICG provided 
high-resolution, panoramic views with additional information on 
the aneurysm exclusion and parent and perforating artery patency 
that would be potentially obscured without an angled camera. In 
2014, Mielke et  al. [19] published a series of 26 patients with 
ruptured and non-ruptured aneurysms comparing M-ICG and 
E-ICG. The series showed that in 11 of 26 patients, E-ICG added 
information by increasing fluorescence time, offering different 
viewing angles and enlarged views of the vessels and aneurysms. 
An additional series by Yoshioka and Kinouchi [20] and Cho et al. 
[21] demonstrated successful use of E-ICG in aneurysm clipping. 
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Fig. 13.3 (a) Preoperative anteroposterior angiography with right internal 
carotid injection in a patient with an anterior communicating artery aneu-
rysm. (b) Indocyanine green videoangiography after clipping. There is no 
evidence of residual aneurysm. The direction of the arrow denotes the direc-
tion of the clip. Postoperative anteroposterior angiography (c, d) showed 
residual aneurysm. The patient underwent reclipping, and angiography (e) 
after reclipping showed complete obliteration of the aneurysm [17]

Cho et al. [21] specifically selected ICA-PCoA and ICA-AChA 
aneurysms due to the higher incidence of incomplete clipping and 
branch compromise (Fig. 13.4). With the use of endoscopic ICG, 
all necessary anatomic information and assessment of the clip-
ping was possible despite limited microscopic views. The main 
advantage of endoscopy is enhanced visualization, better magnifi-
cation, and dynamic vision which improves the ability to view 
less accessible regions, particularly posterior to the clip and 
beyond the direct view of the microscope. Critical to the success 
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Fig. 13.4 A 59-year-old man with an unruptured left internal carotid artery 
(ICA) anterior choroidal artery (AChA) aneurysm measuring approximately 
7  mm (case 8). (a) The AChA (thick arrow) and PCoA (thin arrow) were 
observed on medioposterior view of three-dimensional reconstructed left ICA 
angiography. (b, c) The orifice of the AChA (arrows) at the aneurysm neck 
was identified with the microscope (b) (with a magnifying view at the right 
lower side) and endoscope (c), with a hard atherosclerotic anterior aneurysm 
wall (asterisks). (d, e) After clipping, the orifice of the AChA was not visual-
ized with the microscope (d); however, it was shown to be compromised by 
the standard clip (arrow) with the endoscope (e). (f, g) A miniclip was instead 
applied, and the orifice of the AChA (arrows) was shown on microscopic 
indocyanine green angiography with no indocyanine green filling within the 
sac. (h, i) Dual-channel endoscopic indocyanine green angiography of fluo-
rescent (left panels) and visible color light (right panels) imaging also visual-
ized the intact orifice (arrows in h) and trunk proper (circles in i) of the AChA 
[21]
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of E-ICG procedures is the maintenance of a clear surgical field. 
Without a clear field, visual perception may be distorted and 
“false” vascular structures visualized.

Compared with other forms of vascular assessment, ICG angi-
ography is approximately ten times more expensive than Doppler 
ultrasonography and four times more expensive than flowmetry. 
ICG is considered a cost-effective replacement to intraoperative 
DSA. Studies comparing the cost of ICG and other standard flow 
assessments are lacking with Nishiyama et al. [22] being one of 
the few to look at per-patient cost of intraoperative imaging.

Washington et al. [7] note that a combination of ICG and DSA 
may be the most effective for maximizing the safety and efficacy 
of aneurysm surgery. Care should be taken when relying on ICG 
for aneurysms where the field of view is limited or there are com-
plex flow dynamics.

 ICG Use in Arteriovenous Malformation

The goal of surgical intervention of arteriovenous malformations 
(AVM) is the removal of the AVM nidus and complete excision. 
Microsurgical resection is the only treatment option that immedi-
ately eliminates the risk of hemorrhage from the AVM and any 
remaining residual nidus with a high chance of re-rupture. DSA 
can be used intraoperatively for assessment of AVMs, but it comes 
with increased operating time and expense. The DSA images are 
not integrated into the microscopic view like ICG and must be 
interpreted separately, diverting the surgeon’s attention away 
from the operative field.

ICG can help distinguish vessels in physiological and patho-
logical states; with arterialized veins emitting fluorescence in the 
late arterial phase. Using ICG can help the surgeon identify AVM 
arteries and veins early and plan operative steps. Deep-seated 
AVMs are somewhat troublesome for ICG as the location is not 
amenable to direct visualization; in these cases DSA is the gold 
standard, but ICG can be a helpful adjunct.
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 ICG Use in Extracranial-Intracranial Bypass

ICG has always had a leading role in bypass surgery, and use with 
neurovascular bypass was incorporated after the benefit was dem-
onstrated in coronary artery bypass. Extracranial-intracranial 
bypass plays an important role in management of complex intra-
cranial aneurysms, moyamoya disease, and cerebral ischemia. 
Early bypass graft occlusion and bypass failure are the main obsta-
cles of EC-IC bypass surgery, which leads to cerebral ischemia and 
resulting morbidity. Intraoperative assessment of bypass graft 
function can reduce complications, but techniques such as Doppler 
ultrasonography and thermal artery imaging are limited in respect 
to image quality and spatial resolution, thus limiting the ability to 
detect flow in perforating arteries. DSA is the gold standard but is 
associated with limitations as mentioned previously. Historically, 
the immediate postoperative bypass patency rate has been cited 
between 89% and 96%. Multiple factors contribute to the patency 
of the graft including graft and donor vessel diameter, atheroscle-
rotic changes in the donor vessel, cerebral blood flow demand, and 
flow direction within the bypass [23]. ICG has been reliably shown 
to detect stenosis and nonfunctioning bypasses and can help judge 
flow and anatomic relationships at the anastomotic site. Woitzik 
et al. [24] demonstrated a patency rate of EC-IC bypass of 100% 
after introducing the usage of ICG; prior to ICG the patency rate 
was less than 90%. The use of ICG localized the site of failure to 
the anastomosis and allowed for surgical revision and restored 
flow in six cases reported by Woitzik et al. [24].

While ICG can rapidly allow identification of parent and recip-
ient arteries, further advancement in the quantitative and qualita-
tive evaluation of blood flow is underway. Awano et  al. [25] 
measured ICG perfusion area to assess hemodynamic changes 
following superficial temporal artery (STA) and middle cerebral 
artery (MCA) bypass surgery in moyamoya disease and non-moy-
amoya ischemic stroke. The group showed a significant increase 
in cortical oxygen saturation in the moyamoya disease cohort 
thought to be attributable to the increase of blood flow demand 
and pressure gradient between the STA and recipient vessels [26]. 
Januszewski et  al. [23] attempted to classify the type of flow 
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through bypass grafts to predict early graft failure and need for 
intraoperative revision. The group characterized flow through the 
graft into three types: type I being robust and anterograde (early 
arterial phase), type II being delayed anterograde flow (usually 
corresponding to capillary or venous phase), and type III being 
delayed anterograde flow without continuity to the bypass site or 
no flow at all. This classification makes use of the three phases of 
ICG distribution: arterial, capillary, and combined arteriovenous 
due to the recirculation of dye. On postoperative imaging, four 
occluded grafts (11%) were found in the series, all of which were 
type II or III. Based on these findings, Januszewski recommended 
revision of most type II flow grafts as failure is not likely to be 
related to competitive flow. ICG was found to be accurate and 
comparable to DSA in this series.

 Discussion of Hyperperfusion After STA-MCA

ICG can also be of use in detecting patients who may be at risk for 
cerebral hyperperfusion. Two studies performed by Horie et  al. 
[27] and Uchino et al. [28] examined ICG intensity-time curves 
and semiquantitative analysis of ICG-video angiography 
(ICG-VA), respectively. This can be applied in both patients with 
moyamoya disease and atherosclerotic disease. A blood flow 
index, calculated on the basis of the ICG intensity-time curve, 
with an increase of greater than threefold, may be predictive of the 
occurrence of hyperperfusion. Additionally, ICG-VA and analysis 
with specialized software may allow for recognition of flow 
parameters and hemodynamic changes that may be indicative of 
transient neurologic event complications, but to date no evidence 
has shown a correlation with improved patient outcomes.

 Intraoperative Vessel Identification

Intraoperative vessel identification can also be performed with 
ICG-VA in aneurysm bypass and indirect bypass. While 
 preoperatively there are multiple modalities to assist in selection 
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of an appropriate donor vessel for EC-IC bypass, ICG can be used 
intraoperatively for mapping and preparation of the donor vessel. 
ICG-VA has also been used for selective targeting of the most 
suitable recipient artery, and this has been well-described in the 
treatment of complex MCA aneurysm. As a terminal branch of the 
MCA (M4) is preferred as a recipient vessel in this case, ICG-VA 
can detect the direction of flow and delayed or reversed filling 
time of M4 branches during arterial phase and other vascular 
structures during the capillary and venous phases. A primary and 
secondary identification protocol has been described by Esposito 
et al. [29, 30] in which delayed filling of superficial M4 branches 
during either phase demarcates the supplied cortical area and any 
artery within this area can be selected as the recipient. The sec-
ondary identification consists of a provocative temporary occlu-
sion. ICG- VA can then be repeated after anastomosis to rule out 
residual filling of the aneurysm. A “flash fluorescence” technique 
has also been described by Lawton (Fig.  13.5). This technique 
helps identify an adequate recipient artery through occlusion of 
the afferent artery and subsequent flash fluorescence with ICG of 
efferent arteries after removal of the clip. This method can reduce 
unnecessary sylvian fissure dissection and allows for anastomosis 
to be performed on the cortical surface without brain retraction. 
Transdural ICG-VA use in STA-MCA bypass has helped in delin-
eation of superficial vessel anatomy and allowed for tailoring of 
the dural incision and prevention of vessel damage during dural 
opening and microsurgical dissection.

There is also a report by Yokoyama et al. [31] of E-ICG use in 
the treatment of recurrent skull base tumors. ICA angiography 
was performed after identification of a possible branch feeding 
the tumor; this information was used as the basis for deciding 
whether to deliver intra-arterial chemotherapy [11].
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Fig. 13.5 Use of flash fluorescence technique to identify the efferent arteries 
of the aneurysm using ICG-VA. (a) Identification of candidate bypass recipi-
ent arteries among the surface M4 branches is difficult but could be improved 
using the following steps. (b) Temporary clip occlusion of the aneurysm 
inflow (afferent arteries) proximal to the aneurysm. (c) ICG-VA demonstrat-
ing initial fluorescence in uninvolved arterial branches. (d) Removal of tem-
porary clip for aneurysm reperfusion. (e) Fluorescence seen in the efferent 
arteries to identify the most suitable recipient on the cortical surface for the 
bypass [26]
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 Standard ICG Dosing

The standard dose of ICG is 0.2–0.5  mg/kg [26]. Januszewski 
et  al. [23] described a standard injection, through a peripheral 
vein, of 25 mg of ICG dissolved in 10 mL of water. Cavallo et al. 
[26] reported dissolving 25  mg in 5  mL of water and flushing 
immediately with 10 mL of normal saline. Redosing is suggested 
at 20 min to ensure adequate clearance of the tracer with the total 
cumulative dose not to exceed 5 mg/kg.

 Conclusion

Over the past decade, the use of ICG angiography in neurosurgery 
has expanded. This technique has found use in multiple aspects of 
neurosurgery and offers additional tool in the surgeon’s kit. Series 
in neurovascular bypass, aneurysm exclusion, and AVM have 
demonstrated the utility of ICG-VA. This technology may even 
help in the early recognition of postsurgical complications with 
the application of software that can analyze flow using ICG inten-
sity. ICA-VA can be time-saving in some cases and simpler to 
interpret but is limited in its ability to view deeper vessels. This 
limitation has been somewhat overcome by the introduction of 
E-ICG.  Additional studies are still needed to further determine 
when ICG is superior to other imaging methods.
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14Use of Fluorescence 
Guidance in Cardiothoracic 
Surgery

Derek Muehrcke

 Indications

The ability to accurately identify coronary artery anatomy and 
ensure patent bypass grafts is critical to surgical outcome during 
open heart surgery. Coronary artery bypass graft patency is the 
major predictor of long-term survival after coronary artery bypass 
grafting 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 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 
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flowmetry, based on principles of electromagnetic induction, can 
quantitate blood flow accurately under experimental conditions 
where it assumes laminar flow. However, in the clinical setting, 
flow values fluctuate with movement and changing hematocrit, 
and consequently, its use has been short lived [8–10]. Continuous 
wave (CW) and pulsed wave (PW) Doppler velocity measure-
ments have been used to assess intraoperative graft patency. 
Although, easy to use, continuous wave (CW) and pulsed wave 
(PW) Doppler velocity measurements are based on the principle 
of a change in Doppler velocity, detectors have no range resolu-
tion 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 ste-
nosis and graft anastomoses but does not provide real-time 
angiographic images. Thermal coronary angiography, based on 
the creation of thermal images with an infrared camera, depends 
on the temperature difference 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 stan-
dard to determine graft patency. Coronary angiography provides a 
clear multiplane visual assessment of all proximal and distal anas-
tomoses. It is however invasive, expensive, and difficult to per-
form after heart surgery without having a cardiologist and cardiac 
catheterization lab available.

Transient time flowmetry (TTFM) and intraoperative fluores-
cence imaging (IFI) are currently the two most popular methods 
of assessing intraoperative coronary artery bypass graft patency. 
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Both are relatively inexpensive and easy to perform and can pro-
vide real-time intraoperative assessment of graft patency. Below 
we will discuss both of these techniques: their methodology, cur-
rent experience, results, and limitations.

 Transit-Time Flowmetry (TTFM)

Transit-time flowmetry (Medistim AS, 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 pro-
vides an accurate measure of flow volume [13].

 Technique

The flow probes require the use of an ultrasound 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. 14.1). 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 wave-
form, the systems provide 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 val-
ues less than 5 mL/min are considered unsatisfactory, prompting 
revision [13]. When mean graft flow value 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 

14 Use of Fluorescence Guidance in Cardiothoracic Surgery



406

Fig. 14.1 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 difference in measured transit time between the 
pulses of ultrasound propagating into and against the direction of flow

of the resistance to graft flow. Generally, a PI value of more than 
5 is considered to indicate unsatisfactory graft flow [14] and revi-
sion should be considered; however, PI alone cannot be used to 
determine graft revision. DFI is expressed with the percentage of 
total graft flow which occurs during diastole. A predominant dia-
stolic flow in the graft with a DFI that is more than 50 is consid-
ered normal, similar to the native coronary blood flow [15]. A DFI 
less than 50 is cause for concern. Unfortunately, there are no 
images of graft flow produced using this technique to help vali-
date visually marginal or concerning derived values.

 Current Experience and Results

Several groups have reported the clinical usefulness 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 coronary artery bypass grafts (8%). 
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They emphasize the reliance on correct analysis of TTFM flow 
patterns to correct the abnormalities, since interpretation of the 
derived values is variable and may be inconclusive [16].

Likewise, Taggert’s group [17] 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 fluorescence 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 antegrade flow. Because 
the flow through the grafts could be visualized, no revisions were 
performed. Taggert expressed concerns that TTFM may over- 
estimate 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 measure-
ment modalities, such as electromagnetic flowmetry, which varies 
with movement and hematocrit and Doppler flowmeters, which 
vary with the angle of insonation [18, 19]. It has correctly identi-
fied occluded grafts when other tests suggested a patent 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 
misinterpreted as “flow”). TTFM can detect graft occlusion even 
when the ECG remains normal and echocardiography identifies 
normal wall motion. Jakobsen noted that only one of the five cases 
with TTFM documented graft occlusion was the graft impairment 
reflected in abnormal ECG findings [20]. Walpoth and colleagues 
describe two cases in which TTFM detected graft occlusion 
despite adequate perfusion of the graft assessed by the surgeon’s 
fingers, which was corrected on the operating room table [21].

TTFM unfortunately does not always reliably predict graft or 
anastomotic stenosis as reported by several groups. Hirotani and 
colleagues 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 measurements 
with postoperative coronary angiogram performed before hospital 
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discharge [19]. They found that mean graft flow, as measured by 
TTFM failed to predict stenosis or partially occluded grafts on 
postoperative angiograms. Jakobsen and Kjaergard reported 1.8% 
graft revision rate in a series of 280 CABG patients [20].

 Limitations

In the majority of patients with good MGF (>40 mL/min), TTFM 
reliably indicates graft patency. However, in low mean graft flow 
situations, interpretation of PI and DFI values is arbitrary, and 
there is considerable uncertainty regarding adequacy of graft 
patency. Transit-time flow measurement 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 coro-
nary artery is not very severe, flow measurement data may not be 
diagnostic.

 Intraoperative Fluorescent Imaging (IFI) System

 Principle

SPY intraoperative fluorescence imaging received FDA 510(K) 
clearance in 2005 as a system to assess graft patency after CABG 
surgery. The IFI system SPY™ (STRYKER corporation, 
Kalamazoo MI) depends on the fluorescent properties of indocya-
nine green (ICG) dye. ICG rapidly binds to the plasma proteins 
when injected intravenously and is therefore confined to the intra-
vascular 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 compromised renal 
function. The dye also has an excellent safety profile. The incident 
of allergic reactions to ICG is approximately 1 in 40,000, and it 
has been reported mainly in patients with an allergy to iodine 
[22]. The risk of allergic reactions 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 
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7.5 cm × 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 
charged couple 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 tissue. The fluorescence sequentially 
shows illumination of the graft or coronary artery lumen, a blush 
of the epicardium occurs as the dye passes through the microcir-
culation, and, finally, washout occurs as the dye enters the coro-
nary veins.

The ICG dye transmission time is dependent on various factors 
including the systemic arterial pressure, competitive native coro-
nary blood flow on the severity of native proximal coronary steno-
sis, distal coronary vascular resistance, and conduit diameter. The 
proximal target coronary artery snaring with a silastic sling facili-
tates anastomotic visualization and largely eliminates competitive 
flow [16]. Skeletonized internal thoracic artery (ITA) and radial 
artery (RA) conduit provider better visualization than pedicle 
ones. The appearance 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 and one technique we use to identify epicardial coronary 
arteries during redo bypass surgery or for intramyocardial vessel 
identification. We typically perform coronary artery bypass graft-
ing using the cardiopulmonary 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. However, the tech-
niques can easily be used with off-pump bypass grafting, with 
special attention to not allowing air down the grafts being assessed. 
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A direct handheld injection of ICG down individual vein grafts is 
used to assess each vein graft distal anastomosis and to assess 
perfusion of the heart (Video 14.1). The important internal tho-
racic artery to left anterior descending artery bypass graft is 
assessed by injection ICG dye into the heart-lung machine. 
Imaging of each graft takes only 2–3 min (Video 14.2). 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. The concentration of the ICG 
used has decreased with the newer SPY-PHI handheld cameras as 
they have improved penetration. The concentration we use is 
made up by placing 0.3 ccs (0.375  mg) of ICG (concentration 
2.5  mg/mL) into 500 ccs of normal saline (final concentration 
0.00075 mg/mL). Thirty-five ccs of this solution is mixed with 
10 ccs of heparinized blood mixed with nitroglycerine (0.38 mg) 
for direct injection down the vein grafts or free internal thoracic 
artery grafts. Ten ccs of the final mixture is injected down the vein 
graft as images are acquired, and then the graft is flushed with 
heparinized blood as a washout. Care must be taken not inject air 
down the grafts, especially when performing off-pump bypass 
grafting. The images develop instantaneously in real time. We 
specifically look for tactile flow resistance through the vein graft, 
and the ICG contrast image through the anastomosis, and the epi-
cardial 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 
factors including the diameter of the vein, the size of the anasto-
mosis, 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 are illuminated. The 
second phase is where the myocardium is illuminated, 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 flow when the cross clamp is on, as 
the in situ graft is the only source of blood flow to the heart with 
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the cross clamp on (Video 14.2). Flow through the in situ IMA 
graft is evaluated by injecting 0.8  cc of undiluted ICG dye 
(1.0 mg) into the heart-lung machine. Imaging will take 10–15 s 
to occur. There should be a brisk transition from the IMA graft 
into the left anterior descending coronary artery.

At the end of the procedure after performing the proximal 
anastomoses, all proximal anastomoses are assessed simultane-
ously by injecting 0.3 ccs of undiluted ICG (0.375 mg) into the 
central line (Video 14.3). This is followed by a 10-cc flush of nor-
mal saline. Visualization of the proximal anastomoses will take 
10–15 s 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 computer hard drive as 
well as a copy of selected screenshots which are placed into the 
patient’s chart. Repeat ICG injections can be administered at short 
intervals (after 2 or 3 min after the dye washes out) and still gener-
ate excellent image quality. Any extravasated dye from a leak at 
the anastomosis may obscure images.

The determination of a left anterior descending toe left anterior 
descending artery occlusion can be identified easily intraopera-
tively (Video 14.4). If there is no flow, then the graft can be revised 
immediately to insure a patent graft (Video 14.5). In a similar 
fashion, an occluded proximal bypass vein graft can de identified 
(Video 14.6). These grafts can also be revised immediately to 
ensure open grafts at the end of the procedure (Video 14.7).

 Peals and Pitfalls of Bypass Graft Imaging

The most important concern with intraoperative imagine using 
ICG is the concentration of the dye. We have significantly 
decreased the concentration of the dye solution with the more 
powerful handheld SPY-PHI camera. Using a too concentrated 
dye solution washes out the images and details such as kinks and 
narrowing and even twists in an anastomosis can be obscured. A 
too dilute solution will fail to identify epicardial vessels under 
scar tissue in redo bypass surgery and may not allow an intramyo-
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cardial epicardial vessel to be seen. Moreover, too dilute of a dye 
solution not show graft narrowing.

When performing a root injection of 30–60-cc ICG dye directly 
into the root through the anti-grade cardioplegia needle to evalu-
ate for epicardial vessels obscured by overlying scan tissue in 
redo procedures (Video 14.8), care must be taken not to introduce 
are into the root when doing this. When the heart is arrested, the 
dye will not be washed out, as no flush out is used, so the operator 
has much more time to find the images. The difficulty occurs 
when one has to mark the location of the illuminated vessel while 
visualizing on a camera screen, not looking at the heart. One tech-
nique we have found helpful is to use a sterile felt marking pen 
and touch dots along the illuminated vessel which can easily be 
seen on the camera screen. The surgeon then has to just connect 
the dots with a scalpel to find the subtended epicardial vessel. We 
have found attempting to draw a straight line over the obscured 
epicardial vessel while looking at the camera screen is very diffi-
cult and leads to errors in finding the surface vessels. Similar to 
operating using a video-assisted thoracoscope (VATS) screen, 
one’s movements are opposite to the images viewed. As such 
there is learning curve. When looking for buried intramyocardial 
vessels, the new SPYPHI scope appears to have deeper tissue pen-
etration and allow finding obscured vessel easier. We have no 
experience using a more concentrated solution to see if even 
deeper penetration of the images occurs facilitating identification 
of intramyocardial vessels.

Another pitfall of the intraoperative assessment of bypass 
grafts is when extravasation occurs out of a leaky distal anastomo-
sis, as the contrast is not washed away. The dye can stain the epi-
cardial surface and obscure some images as the fluorescent dye 
remains. Usually this is not a problem as the flow through the 
anastomosis is easily seen on subsequent injections.

One interesting area of ongoing study is the possibility 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 subsequently 
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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. 14.2). The additional 
flow to the anterior wall from the IMA blood supply can be quan-
titated 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 competitive flow due to a non- 
physiologic proximal coronary artery stenosis. The importance to 
competitive blood flow is unknown. The next areas of research 
will include attempting to quantitate blood flow to the  myocardium. 
It is important to realize that the intensity of the surface pixels 
may not reflect the heterogenous blood flow which occurs deeper 
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Fig. 14.2 Pixel intensity measurements approximate myocardial 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 intensity 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 quanti-
tated to 6.45 times the blood flow. The right panel shows myocardial perfu-
sion of the native vessel (blue), the improved flow with a new IMA graft (red), 
and the flow added to the anterior wall (green) [30]. Reproduced with rights: 
Mitsuo Kusano. IICG Fluorescent Imaging and navigation Surgery. Springer. 
Chap. 6 Takahashi, M, Masuda M, Miyajima K, et al. Innovative SPY Intra-
operative Imaging and Validation Technologies for Coronary Artery Bypass 
Grafting Surgery. Figure 14.3, 2016
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in the myocardium and endocardial surfaces. This will always be 
a limitation to blood flow analysis using this technique. Not to 
mention the very un-physiologic state being studied with an 
arrested heart in diastole. To truly asses changes in myocardial 
blood flow before and after bypass grafting, the heart must be 
assessed not only under similar work conditions, but all layers of 
the myocardium need to be assessed, which is not feasible during 
bypass grafting surgery.

 Validation Studies

Takahashi and associates [23] 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 anastomoses (1.4%), including 2 proxi-
mal and 2 distal, were revised because of defects detected by SPY 
images. In one case (Fig. 14.3), the SPY system revealed no blood 
flow in a radial sequential graft, although transit-time flow meter 
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 operating table. After revision, slide B 
on the right demonstrates IFI imaging showing both the aorta to 
obtuse marginal 1 graft and the sequential obtuse marginal 1 to 
obtuse marginal 2 graft the be patent. The TTFM flow increased 
from 22 mL/min top 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 surgi-
cal management in the near future. Importantly, Takahashi was 
able to demonstrate a significant flaw in TTFM analysis, that is, 
the inability to visually assess the bypass grafts. He demonstrated 
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Fig. 14.3 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; how-
ever, the flow measured on the sequential obtuse marginal 1 to obtuse mar-
ginal 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 the be patent. The TTFM flow increased 
from 22  mL/min to 55  mL/min [31]. (Reproduced with permission: Taka-
hashi, Msao, Ishikawa, Toshihiro. SPY: an innovative intra-operative imaging 
system to evaluate graft patency during off-pump coronary artery bypass 
grafting. Interactive CardioVascular and Thoracic Surgery 3 (2004) 479–483)

two cases where sequential grafts were used wherein TTFM was 
unable to identify graft closure correctly.

In another patient depicted in Fig.  14.4, an in situ internal 
mammary artery has been used as a sequential graft between the 
diagonal and the left anterior descending (LAD) artery. 
Intraoperative fluorescence imaging reveals that the sequential 
portion between the diagonal and the LAD artery is occluded 
despite the TTFM flow measuring a flow of 22  mL/min, when 
measured in the IMA to diagonal graft. The images on the right 
were taken after the graft was revised in the operating room. It 
demonstrates excellent flow through both anastomoses 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 intraoperative graft 
occlusion because of a lack of visual assessment of the graft.
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Fig. 14.4 Sequential IMA to diagonal and LAD graft. On the left the diago-
nal 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]. 
(Reproduced with permission: Takahashi, Msao, Ishikawa, Toshihiro. SPY: 
an innovative intra-operative imaging system to evaluate graft patency during 
off-pump coronary artery bypass grafting. Interactive CardioVascular and 
Thoracic Surgery 3 (2004) 479–483)

Desai and colleagues [24] 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 angi-
ography. 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. 
Patients undergoing isolated CABG with no contraindications for 
postoperative angiography were enrolled in the study. Patients 
were randomly assigned to be evaluated with either ICG angiog-
raphy (ICG) and then transit-time ultrasonic flow measurement or 
transit-time flow then ICG angiography. Interestingly, all patients 
underwent X-ray angiography on postoperative day 4. The pri-
mary end-point of the trial was to determine the sensitivity and 
specificity of the two techniques versus standard X-ray angiogra-
phy to detect graft occlusion or greater than 50% stenosis in the 
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graft or peri-anastomotic area. A total of 106 patients were 
enrolled, and X-ray angiography was performed in 46 patients. In 
total, 139 grafts were reviewed with all 3 techniques and 12 grafts 
(8.2%) were demonstrated to have greater than 50% stenosis or 
occlusion by the reference standard. The sensitivity and specific-
ity of ICG to detect greater than 50% stenosis or occlusion was 
83.3% and 100%, respectively. The sensitivity and specificity of 
transit-time ultrasonic flow measurement to detect greater than 
50% stenosis or occlusion was 25% and 98.4%, respectively. The 
p value for the overall comparison 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% to 86%, p = 0.023. The authors concluded that ICG provided 
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, Wasada and associates [25] 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 analysis, intraoperative 
transit time flowmetry, and postoperative X-ray angiography. A 
total of 507 grafts in 137 patients underwent analysis. Of all the 
IFI analyses, 379 (75%) grafts were visualized clearly up to the 
distal anastomosis. With regard to anastomosis location, anterior 
location was associated with a higher percentage of fully analyz-
able images (90%). More than 80% of images were analyzable, 
irrespective 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 ante-
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rior anastomosis location. The authors concluded that the IFI sys-
tem enabled on-site assessment of graft patency, providing both 
morphologic and functional information. They concluded that this 
technique may help reduce procedure-related, early graft failures 
in off-pump bypass patients.

 Interpretation

Several researchers have attempted to quantitate myocardial per-
fusion or graft flow using IFI. None have been able to quantitate 
myocardial blood flow reliably using the pixel intensity measure-
ments 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 quantitative analysis presumes that 
myocardial blood flow is universal through the entire thickness of 
the ventricular wall. This obviously may be not true and repre-
sents a potential inaccuracy of this methodology. Nonetheless, 
Detter et  al. [26] have shown that myocardial blood flow is 
reduced in a step-like fashion with greater degrees of coronary 
stenosis. Moreover, Yamamato [27] has shown a similar associa-
tion looking at the flow in the vessel itself, not the myocardium. 
Both attempted to assess myocardial flow by measuring peak 
pixel intensity and time to peak pixel intensity.

Detter et al. [26] attempted to quantify the blood supply to the 
heart by measuring the maximum pixel intensity of the myocar-
dium and time to maximum intensity during the myocardial phase 
of IFI imaging. They evaluated the ability of IFI to quantitatively 
assess the effect of coronary stenosis of variable severity on myo-
cardial perfusion using two separate methods. They compared the 
effect of variable coronary artery stenosis in vivo (coronary steno-
sis of 25%, 50%, 75%, and 100% flow restriction) using IFI 
 compared to the gold standard assessment using the fluorescent 
microsphere 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 
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total vessel occlusion reduced normalized background-subtracted 
peak fluorescence intensity and the slope of fluorescence intensity 
significantly. Moreover, background-subtracted peak fluorescence 
intensity and slope of fluorescence intensity (analyzed by ICG) 
demonstrated good linear correlation with fluorescent 
microsphere- derived myocardial blood flow. These quantitative 
assessments of myocardial blood flow using IFI are mostly used 
to show an increase or no change in myocardial blood flow fol-
lowing bypass grafting (Figs. 14.5 and 14.6). They concluded that 
the impairment of myocardial perfusion in response to increased 
coronary stenosis severity and total vessel occlusion can be quan-
titatively assessed by ICG and correlates well with results obtained 
by fluorescent microsphere assessment.

Ferguson et al. have also reported that the change in fluores-
cence intensity is a direct indicator of the change in the myocar-
dial perfusion using perfusion pixel analysis [28]. 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 myocardial perfusion after grafting, the native vessel stenosis is 
likely not physiologically significant despite how tight the native 
vessel stenosis appeared visually. This may help reduce the 
 incidence of early graft closure by better understanding which 
types grafts are more prone to competitive flow after they are con-
structed. Looking at 167 bypass patients with 359 grafts (53% 
arterial), all grafts were widely patent by IFI, and 24% of the arte-
rial and 22% of the saphenous vein grafts showed no regional 
myocardial perfusion change in response to bypass grafting, con-
sistent with competitive flow. In 165  in situ internal mammary 
grafts to the left anterior descending artery (>70% visual stenosis 
on preoperative angiogram), 40 had no change in regional myo-
cardial 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 per-
fusion suggesting anatomical, but nonfunctional stenosis in the 
target vessel epicardial coronary arteries. In in situ arterial grafts 
imaged, competitive flow was associated with nonfunctional ste-
nosis in the target vessel epicardial coronary artery. During the 

14 Use of Fluorescence Guidance in Cardiothoracic Surgery



420

Fig. 14.5 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 increasing degrees of vessel stenosis. (Reproduced 
with permission: Detter C, Wipper S, Russ D, If and A, Burdorf L, Thein E, 
et al. Fluorescent cardiac imaging: a novel intraoperative method for quantita-
tive assessment of myocardial perfusion during graded coronary artery steno-
sis. Circulation. 2007;116 (9):1007–14)

discussion of this paper [29], it was pointed out that the surgeon 
only finds out that graft has competitive flow after the graft has 
been performed, thereby limiting the usefulness of the technique. 
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Fig. 14.6 Background-subtracted peak fluorescence intensity (BSFI) (left) 
and slope of fluorescence intensity (SFI) (right) obtained at baseline and four 
graded coronary stenosis (25%, 50%, 75%, and 100% flow restriction) in 11 
animals (Reproduced with permission: Detter C, Wipper S, Russ D, If and A, 
Burdorf L, Thein E, et al. Fluorescent cardiac imaging: a novel intraoperative 
method for quantitative assessment of myocardial perfusion during graded 
coronary artery stenosis. Circulation. 2007;116 (9):1007–14)

Moreover, as the IFI in this study was not performed under stress, 
the physiologic importance of the epicardial stenosis may have 
been underestimated. Moreover, Sabik [29] pointed out that there 
is likely a benefit to bypassing coronary arteries without signifi-
cant 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 progress.

While some authors have found IFI helpful in evaluating steno-
sis at the anastomosis [24, 30], direct assessment of the severity of 
vessel stenosis by IFI can be limited. While the previously men-
tioned studies have illustrated that the extent of changes in ICG 
fluorescence intensity of the myocardial wall is useful, the human 
myocardium is often covered with an epicardial fat pad that limits 
ICG fluorescence imaging and therefore making analysis often 
times inaccurate.

Therefore, Yamamoto et al. [31], using an ex vivo model, stud-
ied the effect of vessel stenosis on the maximum intensity and 
time to maximum intensity in the vessels only, not the myocar-
dium. During near-infrared (NIR) angiography, the fluorescence 
intensity was calculated during pre- and post-stenosis in an artifi-
cial ex vivo circuit, using NIR angiography. They measured the 
time to maximum fluorescence intensity and the absolute maxi-
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mum intensity. They found that severe stenosis (greater than 75%) 
attenuated the increase in ICG fluorescence intensity in the vessel 
but not the time to maximum fluorescence. The conventional 
visual qualitative NIR angiographic assessment may produce a 
false result, due to the human eye not being able to perceive a dif-
ference in the intensity of the fluorescence. 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 steno-
sis at the anastomosis or not. This technique cannot detect small 
differences over time [32]. Since arterial stenosis attenuates 
increases in ICG fluorescence intensity through vessels, quantita-
tive analysis using NIR angiography could predict vessel stenosis. 
This quantitative assessment may provide a more precise evalua-
tion of vessel stenosis or graft complications, as this ex vivo study 
was able to detect vessel stenosis exceeding 75%.

 Clinical Results

The ability to reliably assess the patency of coronary 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 substantial body of evi-
dence supporting its use in CABG surgery. In 2009, cardiac sur-
geon researchers presented results from 350 patients undergoing 
CABG including SPY imaging enrolled in the VICTORIA 
Multicenter Registry. VICTORIA data showed that the complica-
tion rates, including reoperation and long length of stay, were 
50% lower than expected compared to similar patients enrolled in 
the Society of Thoracic Surgeon’s (STS) national cardiac data-
base. The STS database is one of the longest-standing and largest 
existing medical datasets that exist today [4].
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The Centers for Medicare and Medicaid 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 14.1). In today’s healthcare environment, cost sav-
ings resulting from reductions in complications are critical to 
achieving the goals of healthcare reform. Moreover, an improve-
ment in graft patency will likely lead to a reduced readmission 
rate and hospital reimbursement penalties. This represented a 
10% decrease in cost for the average CABG patient after the cost 
of the procedure was included (CMS 2009) (Table 14.2). 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 was 6–16% 
lower in 358 patients where the CABG procedure included SPY 
imaging versus the 225 cases performed without SPY.

Table 14.1 Results of a study performed by the Centers for Medicaid and 
Medicare service to determine the cost saving 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 10% hospital 
cost savings (12). These savings occurred after taking into consideration the 
cost of performing the angiography

14 Use of Fluorescence Guidance in Cardiothoracic Surgery



424

ALL CABG cases with SPY resulted in an average cost savings of 10%
for hospitals nationwide in all DRG’ s, after already taking into account
the cost of SPY

CMS Confirms Cost Impact of SPY in CABG

the SPY imaging company

CMS confirmed that CABG with SPY resulted in an average cost savings of
10% for hospitals nationwide in all DRG’ s, after already taking into account the
cost of SPY

MS-DRG # of Cases Average Length
of Stay

Average Cost*

Bypass+ CATH + MCC Cases with
SPY

88 9.82 $29,258

Bypass +CATH+MCC Cases without
SPY

10,224 11.14 $33,886

Other cardiac Procedures+ MCC
with SPY

159 6.3 $20,404

Other Cardiac Procedures + MCC
without SPY

24,640 6.52 $22,342

MS-DRG # of Cases Average Length of
Stay

Average Cost*

CABG w/o CATH Cases with SPY 60 12.82 $38,842

CABG w/o CATH Cases without SPY 17,393 13.65 $41,207

CABG w/o CATH- cases with SPY 69 8.75 $25,308

CABG w/o Cath Cases without SPY 26,934 8.7 $29,334

Table 14.2 CMS data evaluating cost of intraoperative fluorescent-guided 
imaging during coronary artery bypass grafting (CMS data)

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.

 Pitfalls

This technology had several drawbacks. First, IFI does not pro-
vide an exact graft flow quantity measurement. Quantitative graft 
flow measurement 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 
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by epicardial 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 con-
duits is a very useful and important technique for complete arte-
rial revascularization of all the coronary vascular regions. The 
technique allows direct illumination of all bypass grafts (poten-
tially difficult on the back of the heart). The entire graft often 
cannot be imaged in the same sequence by a single central injec-
tion. As a result of these drawbacks, Waseda et al. found that only 
75% of the grafts were completely visualized [25]. 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” [33] 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 surgery 
may influence graft patency, and intraoperative imaging may help 
to delineate technical from nontechnical issues. Because coronary 
angiography 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 imag-
ing. The transit-time flow is a quantitative volume-flow technique 
that cannot define the severity of graft stenosis or discriminate 
between the influence of the graft conduit and the coronary arte-
riolar bed on the mean graft flow. Intraoperative fluorescence 
imaging, which is based on the fluorescent properties of indocya-
nine green, provides a “semi-quantitative” 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 nor spe-
cific to allow identification of more subtle abnormalities. It is 
hoped that such imaging may help to reduce the occurrence of 
technical errors.
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 Pediatric Heart Surgery

One of the largest growth areas in the field of cardiac surgery 
using intraoperative fluorescent imaging is in the field of pediat-
ric/congenital surgery. Kogon [34] described his group’s experi-
ence using intraoperative indocyanine green fluorescent 
angiography in pediatric surgery. In the surgical reconstruction 
for congenital heart defects, vessel and anastomotic site patency is 
critical to success. Indocyanine green fluorescent angiography 
offers the potential for a reliable and rapid method of intraopera-
tive assessment. They used intraoperative fluorescent imaging in 
the following repairs: coronary artery reimplantation, coarctation, 
palliative shunts, and pulmonary artery reconstructions to assess 
the utility of intraoperative fluorescent imaging.

Unlike angiography, intraoperative fluorescent imaging offers 
the potential for a reliable noninvasive, inexpensive, and rapid 
method of intraoperative assessment of vessel anastomotic 
patency. For congenital heart surgery, the current methodology of 
evaluating repairs intraoperatively is transesophageal echocar-
diography.

This modality is excellent for intracardiac lesions. There is fre-
quently indirect to poor resolution of surrounding vasculature. 
The gold standard for vascular imaging is conventional angiogra-
phy, which can be performed intraoperatively using mobile fluo-
roscopy unit. However, this is cumbersome and potentially 
nephrotoxic, often requires additional sites of vascular access, and 
has not been except the routine for congenital heart surgery. 
Certain congenital heart operations involve complicated blood 
vessel reconstructions and delicate anastomosis. Thrombosis, nar-
rowing, and occlusion of vessels, particularly at the suture lines, 
often contribute to morbidity and mortality. Clearly, with these 
operations there is a particular risk for these problems, and con-
ventional imaging techniques are suboptimal.

Coronary artery implantation is required for several congenital 
heart lesions/defects and is required during the arterial switch pro-
cedure for transposition of the great vessels, during repair of 
anomalous left coronary artery from the pulmonary artery, and 
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during a Ross procedure or aortic root replacement. A widely pat-
ent coronary ostium without twisting or kinking of the proximal 
artery is critical to success, and problems can lead to myocardial 
ischemia and subsequent infarction.

Repair for coarctation of the aorta involves opening of a nar-
row area of the aorta to provide unobstructive flow from the aortic 
arch to the descending aorta. Residual ductal tissue or anasto-
motic problems can result in an aortic coarctation necessitating 
subsequent percutaneous or surgical intervention.

Placement of a palliative shunt is a common palliative opera-
tion for congenital heart disease and is typically used in patients 
with inadequate or ductal dependent pulmonary blood flow. This 
commonly takes the form of a systemic to pulmonary artery shunt 
(Blalock-Taussig shunt). Partial occlusion typically results in 
decreased peripheral oxygen saturations and hypoxemia. When 
children are shunt-dependent after surgery, relying on shunt 
patency for survival, occlusion may be life-threatening. In these 
cases, surgical or catheter-based intervention may be urgently 
required to restore patency.

Pulmonary artery reconstruction for stenosis can occur any-
where along the right ventricular outflow tract; in its most severe 
form, pulmonary atresia, the native branch and pulmonary 
branches can be severely hypoplastic or even discontinuous. 
Occasionally, major aortopulmonary collaterals contribute to pul-
monary blood flow. In these indices combination of branch or dis-
tal pulmonary artery reconstruction and unifocalization of 
collaterals is often required. Either technically challenging opera-
tions, it would be extremely adventitious to detect potential prob-
lems with vessels and anastomotic patency prior to leaving the 
operating room, voiding the need for subsequent postoperative 
cardiac catheterization, cardiac-based intervention, or surgical 
reoperation, along with the associated morbidity and mortality.

This approach has limitations; reasons for unsuccessful imag-
ing include a small incision and difficult exposure, overlying 
structures obscuring the view of the desired area, nonuniform dye 
column, over- or under-dosing of Indocyanine green dye, bleed-
ing with resultant extravasation of dye, and minimal penetrance 
through polytetrafluoroethylene (Gore-Tex) (W.  L. Gore & 
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 Associates). Although some of these difficulties have been over-
come by the increase in experience as the study progressed, others 
have not. For early successful repair such as the hemi-Fontan, 
Fontan, and pulmonary artery reconstructions, Kogon’s group 
found the inability to obtain a uniform dye column at the side of 
interest, and overlying structures obscuring the view of the desired 
area will likely provide ongoing persistent obstacles to the cases. 
In the future, there may be situations in the intensive care unit 
where the technology would be advantageous. Often after com-
plex reconstructions in neonates, the myocardium was edematous 
and cardiac function is marginal. The chest is left open intention-
ally to increase cardiac domain and allow for myocardial recov-
ery. If these patients fail to progress their accent using critical 
condition to the cardiac catheterization, they have to evaluate the 
surgical repair. This could potentially be avoided with open chest 
bedside imaging in the intensive care unit.

Kogon’s group also found adequate postoperative images 
obtained in 18 of 30 (60%) patients. Image adequacy was high as 
per Blalock- Taussig shunts (100%), coarctation repairs (86%), 
and coronary reimplantation (66%) and low for hemi-Fontan 
(0%), Fontan (40%), and pulmonary artery reconstructions (33%).

All adequate images showed vessel or anastomotic site patency, 
which corresponded to the subsequent postoperative echocardio-
grams and CT angiograms. They found that indocyanine green 
fluorescent imaging provided an additional intraoperative imag-
ing modality. It potentially will reduce the need for subsequent 
postoperative interventions, along with the associated morbidity 
and mortality.

Unfortunately, the current method of evaluation of surgical 
repair intraoperatively is limited echocardiogram, either trans-
esophageal or epicardial. Although this modality is excellent for 
some lesions, there is frequently indirect or poor resolution of 
anatomy in others. In addition, the results are often subject to mis-
interpretation due to operator dependency.

Another area in congenital heart surgery where intraoperative 
fluorescent imaging has used is for intraoperative coronary imag-
ing prior to the procedure or planning purposes [35]. A clear 
understanding of the coronary anatomy is critical during 
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 congenital heart surgery, especially when a ventriculotomy is 
planned, as the right ventricular outflow tract reconstructions and 
biventricular repairs. Typically, major epicardial coronary arteries 
are easily identified during the first-time operations. However, for 
intraoperative and re-operative surgeries, epicardial adhesions can 
obscure coronary vessels making the identification challenging.

A clear understanding of the coronary anatomy is critical in 
congenital heart surgery, especially during procedures requiring 
direct coronary manipulation, such as arterial switch operations 
for transposition of the great vessels. Further understanding of the 
coronary anatomy and course is also important when repairing 
lesions such as tetralogy of Fallot, where abnormal coronary pat-
terns can dictate operative strategy (i.e., transannular repair versus 
RV to PA conduit) and primary (non-redo) surgery; the epicardial 
vessels are easily identified by direct inspection and injury that 
could be avoided in cases requiring ventriculotomy. In the re- 
operative setting however, the ability to precisely delineate epi-
cardial coronary artery anatomy is more limited. Epicardial 
adhesions can obscure the heart surface anatomy rendering the 
epicardial coronary vessels less obvious, therefore placing them 
at high risk for injury during the ventriculotomy. Preoperative 
imaging of the coronary arteries has traditionally been accom-
plished through several modalities including echocardiography, 
angiography, and the axial images with computer tomography and 
magnetic resonance imaging. All these can provide important 
anatomical information for preoperative planning; however, each 
has limitations in its ability to precisely define coronary anatomy. 
In redo right ventricular outflow tract (RVOT) reconstruction for 
tetralogy of Fallot and double-outlet right ventricle (DORV) and 
in complex biventricular repairs requiring intracardiac baffles and 
RV-PA conduits, the surgeon may be left questioning the exact 
location of epicardial vessels despite multiple preoperative imag-
ing studies. In these cases, it is critical that the surgeon be able to 
precisely identify coronary arteries in order to avoid their injury 
when performing a ventriculotomy. To mitigate the risk of coro-
nary artery injury, intraoperative fluorescent imaging can be used 
to obtain real-time coronary artery imaging for the operative 
 planning.
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Fein’s group has described the application of intraoperative 
fluorescent imaging and congenital heart surgery to obtain real- 
time coronary artery visualization for operative planning in order 
to avoid coronary injury. They found the imaging to show the pre-
cise coronary anatomy, enabling identification of the optimal ven-
triculotomy site. Intraoperative fluorescent imaging is a safe and 
effective technique for characterizing coronary anatomy. This 
technique enhances procedural planning and helps to minimize 
the risk of coronary injury during preoperative congenital heart 
surgery. We have similarly used this technique to locate difficult 
to find intramyocardial vessels and obscured epicardial vessels in 
redo bypass surgery in adults [36].

 Conclusions

Intraoperative fluorescent imaging is a helpful technique to visu-
alize coronary artery anatomy when planning cardiac procedures, 
assessing postoperative congenital reconstructions, and to evalu-
ate bypass grafts in real time. The technique has several draw-
backs 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 myocardial 
blood flow quantification and recognize situations of competitive 
flow.
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15Use of Fluorescence Guidance 
in Urologic Surgery

David Zekan, Andrew Williams, 
Amr Elbakry, and Adam Luchey

 Introduction

Anastomoses are a vital part of urologic surgery cases, used for 
urinary diversions, ureteral reimplantation, and other upper and 
lower urinary tract reconstruction. However, a considerable com-
plication that can arise is anastomotic leak and stricture. While 
many factors have been implicated, a major cause of anastomotic 
leak and strictures is poor blood flow leading to tissue ischemia 
[1, 2]. The quality of organ perfusion is often only assessed by the 
surgeon’s impression, taking into account the active bleeding 
margin, palpable pulsation, and lack of discoloration [3, 4], which, 
unfortunately, have low predictive value for risk of anastomotic 
leakage [5]. Recent advancements have led to a promising alter-
native: SPY fluorescence imaging. SPY-ELITE and its portable 
handheld model SPY-PHI are fluorescent imaging machines that 
are able to better assess blood flow in vessels and tissue when 
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used with near-infrared fluorescent dyes [1]. Such assessment of 
perfusion is widely applicable in urologic surgery, expanding uses 
far beyond just anastomotic analysis. The most commonly used 
immunofluorescent dye is indocyanine green (ICG), most com-
monly given intravenously (IV) and active for only 150–180  s 
before being excreted into the bile [6]. The IV dose of ICG has 
very low rates of adverse side effects with only 0.05% of patients 
having mild allergic reactions [7]. With the use of ICG and SPY, 
the recommended dose is 0.02 mg/kg body weight, but this can 
vary based on intended use as outlined below [8]. ICG is water 
soluble and binds almost exclusively to plasma proteins concen-
trating the fluorescence mostly to vasculature [4]. The fluorophore 
operates within the near-infrared spectrum, absorbing light in the 
805 nm wavelength and emitting at 835 nm [4]. Most human tis-
sue is relatively transparent at these wavelengths allowing for 
visualization depth of 10–20 mm, which is generally sufficient for 
use in urologic surgery [4]. The various camera recording options 
available on the SPY systems allow for detection of even small 
perfusion deficits within tissues and anastomoses while offering 
beautifully crisp images of the organs [4]. When ICG first became 
available, it was described as a “hammer looking for a nail,” and 
its intended function was well-established in its ability to find and 
display perfusion; however, its clinical benefit and overall practi-
cality were still underreported [6]. Recently, ICG and SPY tech-
nologies have been utilized in urologic surgery in an attempt to 
improve patient outcomes and streamline surgeries [6]. Here, we 
outline the various uses of ICG and SPY technologies in urologic 
cases and specific methods for replicability.

 Ureteral Identification

Although a majority of its uses are intravenous, ICG injected ret-
rograde into the ureters also provides promise for ureteral identi-
fication. This is crucial when working in conjunction with 
colorectal and gynecologic surgery, who traditionally rely on ure-
teral stent placement for ureteral identification and prevention of 
iatrogenic ureteral injuries. However, stenting vs. no stenting 
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shows no difference in prevention of ureteral injury but aids in 
identification of an injury after it occurs. These injuries are 
increasing in incidence with use of laparoscopic and robotic tech-
nology to aid in pelvic surgeries [9]. Bilateral ureters are known 
to fluoresce green when injected intraluminally with methylene 
blue. However, studies vary with respect to reliability of fluores-
cence, reporting 50–91% visualization when viewed under NIRF 
(near-infrared fluorescence). The use of intraluminal ICG as 
described below (with injection through an open-ended ureteral 
catheter, nephrostomy tube, or both) boasts a 100% success rate 
for ureteral visualization in both colorectal and gynecologic sur-
gery [9].

 Ureteral Reconstruction

The use of ICG in upper tract reconstruction comes in two forms: 
intraluminal use of ICG to visualize ureters and areas of stricture 
and IV use to determine ureteral viability prior to reconstruction. 
Bjurlin et al. describe its IV use in robotic pyeloplasties, ureteral 
reimplants, ureterolysis, and ureteroureterostomies (UU) per the 
protocol outlined below. In all cases described (42 in total), they 
boast an overall 95.2% success rate with a 100% symptomatic 
(flank pain) and radiographic (hydroureteronephrosis) success 
rate in included cases aside from ureterolysis (71.4%), which is 
known to be less efficacious at baseline. Clavien grade 1–3 com-
plications occurred in 14.3% of patients, including transient lower 
extremity weakness (one patient), enterotomy requiring small 
bowel resection (one patient), ureteral stone requiring nephros-
tomy tube (one patient), postoperative bleed requiring surgical 
exploration (one patient), and ureteral stent migration requiring 
repositioning (two patients) [10] (Fig. 15.1).

Lee et  al. describe use of intraluminal ICG in UUs treating 
short ureteral strictures robotically in the hands of a single sur-
geon. Intraluminal injection was performed as described below, 
with injection above and below the level of stricture using a ure-
teral catheter, nephrostomy tube, or combination of the two. In a 
case series including seven patients with short mid-ureteral stric-
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Fig. 15.1 Intraluminal 
injection of ICG for 
ureteral identification 
under NIRF [11]

Fig. 15.2 Use of NIRF with IV ICG to differentiate diseased (ischemic) ure-
teral segment from healthy ureteral segment during robotic ureteral reimplan-
tation for benign uretero-anastomotic stricture [13]

tures, they demonstrate the ability to delineate disease from 
healthy ureteral segments in all patients, with mean excision 
length of 1.6 ± 0.7 cm. A single patient with dense peri-hepatic 
adhesions experienced gallbladder laceration at the time of sur-
gery, requiring robotic cholecystectomy, with no attributable 
complications to ICG administration. At follow-up (mean 
5.9  ±  1.5  months), no patient had clinical or radiographic evi-
dence of continued stricture [12]. Thus, both IV (Fig. 15.2) and 
intraluminal (Fig. 15.3) use of ICG during benign ureteral recon-
struction is feasible, and its addition to the case presents minimal, 
if any, risk to the patient. Needed are long-term studies comparing 
outcomes (persistence and recurrence of stricture) between open, 
laparoscopic, and robotic techniques for benign reconstruction 
with and without the use of ICG.
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c

Fig. 15.3 Use of NIRF 
to differentiate diseased 
from healthy ureter 
during UU [12]

15 Use of Fluorescence Guidance in Urologic Surgery



440

 Partial Nephrectomy

The use of ICG and SPY angiography for upper tract pathology 
extends beyond just pyeloplasties and UUs, also aiding in partial 
nephrectomies. Partial nephrectomy offers superior functional 
outcomes compared to radical nephrectomy in small renal masses 
[14]. To minimize ischemia to healthy tissue, SPY angiography 
can be used to properly identify hilar vessels and tumor-specific 
vasculature to be clamped before resection [15]. Furthermore, 
tumors are often well demarcated on the SPY imaging, appearing 
hypofluorescent compared to surrounding parenchyma [15]. The 
use of ICG dye allows for better localization of malignant tissue 
for more precise resections [16]. Mitsui et al. utilized ICG dye 
and fluorescent imaging to visualize the tumor margins during 
surgery and validated these margins ex  vivo. They found that 
even in complex cases, ICG allowed for easy discrimination 
between normal and cancerous tissues [16]. Their case series 
demonstrates 100% ex vivo differentiation within 60 min of ICG 
injection in 16 cases, with 14 of 16 tumors showing hypofluores-
cence in vivo. The remaining two were endophytic with overly-
ing normal parenchyma. High and low fluorescence were both 
used to rule out residual tumor, which was confirmed on patho-
logic specimens [16]. Similarly, Angell et al. describe the ability 
to achieve differential fluorescence between renal tumors and 
surrounding normal parenchyma with a test dose of ICG and then 
re-dose at the time of tumor resection. Differential fluorescence 
was achieved in 65 of 70 tumors (82%), excluding tumors that 
could not be visualized as they were completely endophytic [17]. 
While the difference in tissue fluorescence between tumors and 
normal kidney parenchyma is easily discernable, tissue fluores-
cence of the tumor itself cannot adequately determine malignant 
and benign masses [18].

The use of fluorescent imaging also allows for better postop-
erative renal function when compared to conventional methods 
[14, 19]. Borofsky et al. utilized ICG dye to visualize renal vascu-
lature during partial nephrectomy allowing them to more specifi-
cally cross-clamp distal vessels feeding the tumor (“zero 
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ischemia” partial nephrectomy), rather than conventional cross- 
clamping of the main renal artery [14]. They demonstrated suc-
cessful selective clamping in 27 of 34 patients (79.4%). While this 
method did lead to increased operating time, it also led to signifi-
cantly better postoperative kidney function with a reduction in 
glomerular filtration rate (GFR) of only 1.8% compared to 14.9% 
reduction in the renal artery cross-clamp at a mean follow-up of 
about 13 days [14]. Shao et al. found similar significant results 
with 3-month postoperative GFR decrease of 16.7% in multiple 
feeder clamping compared to 26.2% decrease in GFR for renal 
artery clamping [19]. Fluorescent imaging also allows the sur-
geon to confirm that the tumor vasculature has been restricted fol-
lowing arterial clamping by assessing the change in parameters 
produced with SPY imaging analysis (quantitatively) and the 
visual fluorescence of the tissue [14]. When all the feeders to the 
tumor are properly cross-clamped, the tumor and surrounding 
parenchyma should hypofluoresce. Overall, fluorescent imaging 
of renal vasculature during partial nephrectomies allows for a 
more directed approach for tumor resection, leading to less over-
all damage to normal kidney parenchyma and better patient out-
comes.

 Urothelial Carcinoma and Urinary Diversion

Fluorescent imaging has two main potential uses in urothelial car-
cinoma of the bladder: the first is to map out regional lymph nodes 
associated with resected masses and the other is to ensure well-
vascularized anastomoses, viable bowel, and identification of 
stricture should they occur at the anastomotic site.

Standard treatment for muscle-invasive bladder cancer 
remains radical cystectomy with pelvic lymph node dissection 
(PLND) [20]. SPY angiography may allow for quicker and 
more easy identification of SLN. ICG can be administered IV 
to visualize vasculature, but it can also be injected into the sub-
mucosa and smooth muscle to be taken up into the lymphatics 
[21]. This technique allows for easy identification of sentinel 
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lymph nodes, which require resection in all cystectomies per-
formed for malignancy [22].

Manny et al. describe the use of submucosal and detrusor ICG 
injected circumferentially with a cystoscope in 10 patients under-
going robotic radical cystectomy. Intraoperative identification of 
tumor was possible in 90% of patients using NIRF, only not 
achieved in a single patient noted to have circumferential bladder 
wall thickening, with bladder wall measuring >2 cm in thickness. 
Sentinel lymph node drainage was also identified in 90% of 
patients, all of whom had multiple areas of drainage, with bilat-
eral sentinel drainage in eight of nine patients. Importantly, of the 
three patients with node positive disease on final pathology, nodal 
fluorescence was 100% sensitive, but only 47% specific for iden-
tification of node positivity [21]. While this technique does allow 
for a quick and simple understanding of tissue, its use for extended 
lymph node dissections may be less dependable [23]. The main 
constraint of ICG in identifying lymph nodes is its ability to flow 
easily through the lymphatic vessels. One potential problem with 
high tumor burden is that vessels may become obstructed by met-
astatic disease, leading to areas of hypo-fluorescence where 
metastases are present [23]. The sensitivity for ICG and fluores-
cent dye’s use in SNL dissection ranges widely from 44% to 
100% depending on the study and for that reason should not be 
used alone for identification and resection lymph nodes [23–25]. 
Overall, fluorescent imaging of tissue lymphatics is an emerging 
field, and as more advancements in technology and surgical tech-
nique arise, its practicality and utility will become more apparent.

As often used intraoperatively by general surgeons, IV ICG 
can be utilized to visualize mesenteric vasculature in both the 
laparoscopic and open setting when performing urinary diversion, 
be it in the form of a neobladder, ileal conduit, or otherwise. The 
above group who utilized submucosa ICG for sentinel node iden-
tification also describes use of IV ICG for identification of mesen-
teric arcades when performing robotic intracorporeal diversion. 
Real-time visualization of vasculature guides stapling of the 
bowel and mesentery, and in 100% of cases (eight total), no com-
plications related to diversion ischemia were observed, including 
anastomotic stricture and stomal stenosis [21].
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Another advancing use of SPY imaging is allowing for better 
visualization and quantitative assessment of vasculature in anas-
tomoses. For instance, ureteroenteric strictures (UES) are a com-
mon consequence of radical cystectomies and any surgery 
involving ureteral diversions [1]. Various surgical techniques have 
been developed to reduce stricture, but few have led to any 
 substantial risk reduction, maintaining a complication rate of 
approximately 9% [1, 26, 27]. Ischemia is thought to be a major 
contributing factor to the development of UES. Thus, it was theo-
rized that by assessing distal perfusion at each on the anastomoses 
using SPY angiography, fewer strictures may occur [1]. Shen 
et  al. compared UES rates before (47 patients) and after (47 
patients) implementing SPY into their practice for radical cystec-
tomies. The stricture rate for patients prior to SPY implementa-
tion was 7.5%, diagnosed with either hydronephrosis, lack of 
reflux on loopogram, or Lasix renal scan showing t1/2 > 20 min. 
After implementation of SPY and ICG, 0% of cases developed 
UES over a 12-month period. Through the use of SPY’s vascula-
ture analysis, their team identified poor distal perfusion in 34.4% 
of ureters requiring a more proximal anastomosis; however, use of 
SPY did not lead to a significantly more proximal anastomosis 
[1]. Doshi et al. conducted a similar study assessing rates of stric-
ture in patients with or without the use of SPY imaging (n = 31 
and 30, respectively). They found that only 3.2% of patients 
(n = 1) developed stricture when fluorescent imaging was used, 
compared to 13% (n  =  5) with conventional methods [28]. 
Robotic-specific data is provided by Ahmadi et al., who analyzed 
179 patients who underwent robotic-assisted laparoscopic radical 
cystectomy with intracorporeal diversion. When comparing the 
132 patients in the non-ICG group to the 47  in the ICG group, 
those in the ICG group were likely to have more ureter excised 
based on concern for ischemia and were more likely to have long 
segment (>5 cm) ureteral excision. However, at 14 and 12 months 
average follow-up, respectively, no UESs were noted in the ICG 
group, compared to a per-patient stricture rate of 10.6% and per- 
ureter stricture rate of 6.6% in the non-ICG group [29]. This prac-
tice for assessing ureteral anastomoses can also be applied when 
creating a neobladder to prevent anastomotic leak.
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Bowel anastomotic leak develops in 5–19% of urinary diver-
sion cases and leads to significant increases in hospital stays, 
healthcare cost, and morbidity and mortality [2, 3, 30]. Like UES, 
they are thought to be caused by a variety of factors, one of which 
is tissue ischemia [2]. The use of fluorescent imaging may allow 
for better assessment of the vasculature to ensure healthy bowel 
prior to anastomosis, potentially leading to better outcomes. De 
Nardi et al. conducted a randomized controlled trial (n = 240) to 
assess leakage rates between patients who received intraoperative 
ICG fluorescent imaging, with those evaluated using conventional 
methods. While they did find 5% of the ICG patients (compared 
to 9% in the control) developed anastomotic leak, it did not reach 
statistical significance [2]. Interestingly, 11% of the ICG patients 
required additional resection due to poor perfusion, and none of 
these patients went on to develop anastomotic leak. Another case 
series assessed leakage rates using SPY angiography (n = 139) 
and found rates to be only 1.4%, again demonstrating that no 
patients who required additional resection (8% (n = 11)) went on 
to develop leaks [30]. While these surgeries focus on the gastroin-
testinal rather than genitourinary tract, their conclusions can still 
be extrapolated for neobladder formation and bowel anastomoses. 
Overall, the evidence regarding the clinical benefit of SPY angi-
ography for anastomoses is still conflicting; however, its use has 
minimal side effects, low cost, and no increase in operative time 
and can still providing quality assessment of tissue perfusion, 
which can be beneficial to the surgeon and the patient.

 Prostate Cancer

The utilization of SPY angiography in prostate surgery is still 
relatively new. As in urothelial cell carcinoma of the bladder, ICG 
dye can be injected directly into the prostatic tissue to visualize 
regional nodes requiring resection. One study found that fluores-
cent imaging allowed detection of lymph nodes outside of the 
standard region of excision in 18.5% of cases during prostatec-
tomy [31]. Eleven patients were injected preoperatively with 
radiotracer-tagged ICG via transrectal ultrasound. In these cases, 
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gamma camera images were fused with SPECT/CT to identify 
sentinel nodes, and a combination of imaging, laparoscopic 
gamma probe, and NIRF was used for node dissection. Fifty-five 
percent of patients had nodes identified on imaging 15 minutes 
following injection, which increased to 91% after 2 h. Of the 27 
nodes identified preoperatively, only 1 was unidentifiable 
 intraoperatively using the gamma probe and NIRF, while four 
(15%) could not be identified on NIRF alone. This was attributed 
to overlying fat, blood, and tissue, which obscured lymph nodes, 
as NIRF was reliable in the last millimeter to centimeter in areas 
where the radiotracer had weak signal on gamma probe [31]. 
Although technically complex, ICG and its combination with 
radiotracer provide promise in pelvic lymph node identification 
and dissection in adenocarcinoma of the prostate.

Another emerging use for prostatic surgery is to identify the 
landmark artery for the neurovascular bundle when conducting 
nerve-sparing prostatectomies for preservation of erectile func-
tion [32]. Visualization of the artery allows surgeons to better 
identify and avoid damage to reduce risk of damage and improve 
nerve function postoperatively. ICG utilization for landmark 
artery identification is still very new, with most publications only 
being case reports and proof of concept. However, Mangano et al. 
describe use of IV ICG in 26 consecutive patients with visualiza-
tion of the neurovascular bundle in 100% of patients. No compli-
cations related to use of ICG occurred, and in the hands of a single 
surgeon, no increased operative time was noted with addition of 
ICG [33]. Although no functional outcomes are provided in the 
above study, it provides the groundwork for further studies evalu-
ating long-term effects of increased visualization of the NVB 
using ICG. Uses of ICG in prostate cancer, and potentially benign 
prostate surgeries, abound.

 Lymphatic-Sparing Varicocelectomy

When performing varicocelectomy, be it for pain, subfertility, or 
testicular undergrowth, the concept of structural identification and 
avoidance of the testicular artery and lymphatics are paramount. 
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Such sparing reduces the risk of postoperative hydrocele pro-
foundly, which is known to be an all-too-common complication, 
particularly in pediatric patients. Esposito et al. describe use of 
intratesticularly injected ICG during laparoscopic Palomo varico-
celectomy in 25 patients, with an average age of 13.7 years. They 
report reliable illumination under NIRF of the lymphatics of the 
spermatic cord 20–30 s after injection in 100% of patients. Two or 
three lymphatics were able to be identified in all patients, allow-
ing for effective sparing. No adverse events related to ICG were 
reported, and no patient reported pain related to the testicular 
injection site. Importantly, at 18 months follow-up, no recurrence 
or persistence of varicocele occurred and no hydroceles were 
observed. This is in comparison to larger datasets showing a 
20–30% postoperative hydrocele rate in allcomers, often requir-
ing repeat surgical intervention [34].

Similarly, Fukui et al. describe a case of IV ICG use intraop-
eratively (in combination with intratesticular ICG as above) for 
identification of the gonadal artery and vein. Specifically, they 
note illumination of the artery 20–30 s following IV injection and 
illumination of the vein about 20 s following that, allowing effi-
cient division of the artery from the surrounding veins, which 
were to be ligated with the addition of very little time to the case 
[35]. Obviously, both percutaneous and IV use of ICG present 
opportunity for use in urologic cases and the above highlight uses 
in both pediatric and adult patients.

 Kidney Transplant

Healthy kidneys available for transplantation are a scarce resource. 
Sufficient organ perfusion is a main prognostic factors for proper 
allograft function and is vital to ensure proper vessel anastomosis 
intraoperatively [8]. Hypoperfusion may not be apparent intraop-
eratively with only visual inspection. While angiography, duplex 
sonography, and renal tissue oxygenation can be used to assess 
the quality of anastomosis, they have been found to be more 
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expensive, time-consuming, and less practical when compared to 
using ICG and SPY [8]. Rother et  al. quantitatively compared 
SPY fluorescent angiography to intrarenal resistance index from 
duplex sonography during kidney transplants and found that ICG 
serves as a good alternative with a more objective assessment of 
microperfusion [36]. They found that a lower intrarenal resistance 
index (RI) correlated with a significantly higher ingress (IN) and 
ingress rate (InR) (objective representations of inflow of blood to 
the organ) on SPY imaging analysis. Interestingly, these findings 
were only significant for the upper pole of the kidney and not the 
lower. However, while IN and InR are objective measurements 
from the imaging equipment (derived from the SPY’s analysis of 
the tissue), RI depends on the skill of the operator and may vary 
based on the surgeon’s experience. They went on to compare his-
tological changes of the kidney, measured by the interstitial fibro-
sis and tubular atrophy score (IFTA), to SPY analyses and found 
a significant inverse correlation between IFTA scores and IN and 
InR, showing that with decreased blood flow into the kidney, there 
was increased histological fibrosis and atrophy [36]. This study 
demonstrates how a quantitative measure derived from SPY angi-
ography and imaging correlates to microvascular changes and is a 
cheap and more accessible alternative to past methods. ICG dos-
ing is estimated to cost only $8–80 per patient, depending on how 
many doses of ICG can be given per vial [16, 18], and only 
requires a few minutes during surgery to capture high-quality, 
informative images [4]. Furthermore, given the anatomy of kid-
ney vasculature and the superficial distribution of renal arteries, 
the 10–20 mm visualization depth given by ICG and SPY is suf-
ficient to view most microvascular hypoperfusion [4]. SPY imag-
ing provides the surgeon with a real-time qualitative assessment 
of potential occlusion or problems with the graft while also pro-
viding computational analysis to further assess tissue quantita-
tively [37]. Overall, the utilization of SPY during kidney 
transplants allows for quick and easy subjective and objective 
measurement of kidney vasculature to assess intraoperative suc-
cess of the transplantation.
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 Technical Considerations

 Ureteral Identification

Efficient ureteral identification is crucial not only in urologic pro-
cedures involving its reimplantation or ligation but also in colorec-
tal and gynecologic cases, in which identification can help prevent 
iatrogenic ureteral injury. Currently, placement of open-ended 
ureteral catheters, double-J ureteral stents, and lighted ureteral 
stents is common practice for ureteral identification. However, 
these methods often only facilitate identification, as opposed to 
prevention, of ureteral injuries, particularly in laparoscopic/
robotic cases in which tactile sensation is limited. Current prac-
tices involve creating a solution of 10–25 mg ICG in sterile water 
and injecting 10  cc of this solution through a 6 Fr open-ended 
ureteral catheter advanced 3–5 cm into the ureteral orifice cysto-
scopically. Should significant resistance be met or immediate 
efflux of the injected ICG be appreciated, we recommend obtain-
ing retrograde pyelogram through the same open-ended catheter. 
If no significant ureteral stricture is visualized on retrograde 
pyelogram, a sensor wire can be used to facilitate advancement of 
the open-ended catheter to the level of the renal pelvis. ICG injec-
tion can be performed as a slow infusion over 5 min, or as a bolus. 
Maximal fluorescence can be expected between 9 and 20 min fol-
lowing injection and is known to persist for up to 3  h post- 
injection. It is likely that fluorescence continues beyond this time, 
but our experience in this area is limited. Maintaining the open- 
ended ureteral catheter after injection is not necessary but can fur-
ther facilitate ureteral identification by direct palpation. Should 
this be performed, we recommend placement of the ureteral cath-
eter into an Edelman urethral catheter [9] (Fig. 15.1).

 Ureteral Reconstruction

Ureteral reimplantation, although used for a large variety of 
pathologies within urology, has a common dreaded complication: 
anastomotic stricture. Distal ureteral ischemia, generally caused 
by compromising blood supply during skeletonization, is a con-

D. Zekan et al.



449

tributing factor to anastomotic stricture. This is further compli-
cated by a history of pelvic radiation in many instances as the 
etiology of distal stricture. Distal ureteral ischemia is also of con-
cern in the creation of urinary diversions in any context (onco-
logic or otherwise) as distal ureteral dissection is essentially 
always performed to allow adequate ureteral length for diversion 
anastomosis. The use of laparoscopic/robotic technology in 
 ureteral reimplantation is another complicating factor, as a “no 
touch technique” and meticulous tissue handling is more difficult 
without delicate tactile feedback. Thus, use of ICG in assessment 
of distal ureteral viability is becoming increasingly accepted and 
utilized in assessment of perfusion following skeletonization and 
ligation. To assess this, following distal ureteral dissection and 
ligation, 3 mL of ICG is injected intravenously followed by 10 cc 
saline with use of color-segmented fluorescence mode to provide 
a “heat map” view of the distal ureter. This can be repeated fol-
lowing anastomosis to ensure adequate perfusion. Should there be 
concern for distal ureteral ischemia on heat map, we recommend 
marking the distal most area of adequate ureteral perfusion with a 
stitch and performing proximal ligation of the ureter [1].

Intraluminal injection of ICG in the setting of benign ureteral 
strictures has also been reported for visualization of the extent of 
ureteral stricture when performing ureteroureterostomy. In this 
setting, 10 mL of 2.5 mg/mL ICG is injected via a 6 Fr open- 
ended ureteral catheter above and below the level of ureteral ste-
nosis, unless the patient also has nephrostomy tube, in which case 
5 mL is injected antegrade and 5 mL retrograde. The ureteral cath-
eter is then clamped. This allows for visualization of the healthy 
ureteral segments under NIRF vision with a robotic or laparo-
scopic camera, as these segments will fluoresce under NIRF, prior 
to transection [12].

 Partial Nephrectomy

The widely accepted gold standard for identification of tumor dur-
ing robotic-assisted laparoscopic partial nephrectomy is intraop-
erative ultrasound. However, use of ICG for tumor identification 
has been described. One advantage in this context is that ICG also 
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allows for assessment of renal artery anatomy and facilitates 
selective clamping should anatomy be conducive. In this context, 
we recommend injection of 5–7.5 mg of ICG following proximal- 
to- distal hilar dissection with use of topical papaverine if vaso-
spasm is encountered and clamping the vessel likely supplying 
the tumor with a bulldog clamp. ICG injection allows for 
 visualization of flow in both the main renal artery and vein as well 
as the tumor and adjacent parenchyma. After ensuring the area of 
planned resection (the tumor and surrounding normal paren-
chyma) is hypoperfused, it is safe to proceed with resection. 
Should persistent perfusion of the tumor and surrounding paren-
chyma be encountered, we recommend clamping of the main 
renal artery. In both cases, re-bolusing of the above dose of ICG is 
recommended following resection and removal of the bulldog 
clamp to ensure adequate reperfusion of the remaining paren-
chyma [38] (Fig. 15.4).

Similar dosing should be used in tumor differentiation using 
ICG. In this context, the kidney should be defatted and the tumor 
margin scored using electrocautery under ultrasound guidance. 
Two doses of ICG are often used in this context. One test dose 
should be given immediately when the tumor and a small amount 
of surrounding parenchyma are identified to anticipate the amount 
that should be given during tumor resection. This dose is typically 
1.25 mg but can be as small as 0.625 mg in smaller patients. After 
administration of ICG, the tumor should not fluoresce, while nor-
mal parenchyma should have adequate ICG uptake and fluoresce 

Fig. 15.4 ICG-guided selective clamping during robotic-assisted laparo-
scopic partial nephrectomy [13]
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under NIRF. Following administration and prior to clamping, the 
scored area should be confirmed adequate or rescoring performed 
if the tumor margins (areas of hypofluorescence) protrude beyond 
the area marked under ultrasound guidance. Alternating between 
the NIRF camera and white light camera at the deep margin can 
be helpful in confirming resection of all gross tumor present. The 
entire resection bed should be “green” under near-infrared cam-
era, and any area that appears to be hypoperfused should be 
resected [17] (Fig. 15.5).

 Urothelial Carcinoma and Urinary Diversion

As highlighted previously, distal ureteral viability will determine 
the fate of a urinary diversion, regardless of whether or not it 
involves a bowel segment, and can be the difference between 
long-term indwelling diversions stents secondary to anastomotic 
stricture and a naturally patent anastomosis. It is also crucial in 
the avoidance of another more acute and often more complicated 
issue: anastomotic breakdown and urine leak. However, another 
potential cause of reoperation that is often overlooked by urolo-
gists is bowel viability, whether used for an ileal conduit, Indiana 
pouch, or neobladder. Bowel ischemia in these cases can also 
cause breakdown and lead to urine/bowel leak and stomal steno-
sis. Thus, it is crucial to prove viability following division of the 
mesentery prior to ureteral anastomosis. In urothelial cell carci-
noma, ICG is not only valuable in avoidance of surgical complica-
tions but also tumor identification and sentinel node dissection.

Tumor identification is performed cystoscopically, with injec-
tion of 2 mL of 2.5 mg/mL ICG solution through an 18 Fr cysto-
scopic injection needle. This solution should target superficial 
detrusor and submucosa, to minimize risk of perforation and 
tumor spillage. Foley catheter placement is recommended follow-
ing injection to facilitate decompressor and minimize possible 
bladder injury while gaining access endoscopically. The recom-
mendation is then to perform examination of the surgical field 
every 5 min with a NIRF camera to document sentinel node drain-
age and to ensure adequate nodal dissection. The area occupied by 
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Fig. 15.5 ICG-guided renal mass resection during robotic-assisted laparo-
scopic partial nephrectomy with hypofluorescence of mass and normal perfu-
sion of renal parenchyma [13]

bladder tumor is typically identifiable in 15 min (Fig. 15.6), while 
sentinel nodes generally take 30 min to illuminate under NIRF 
(Fig. 15.7). However, complete node dissection using a traditional 
template should not be omitted [21].
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a b

Fig. 15.6 Robotic view after immediate docking of robot following intersti-
tial cystoscopic injection of tumor margins with ICG [21]

c d

Fig. 15.7 Right common iliac lymph node packet in the setting of muscle- 
invasive bladder cancer following interstitial injection of tumor margins cys-
toscopically prior to robotic-assisted laparoscopic radical cystectomy with 
pelvic lymph node dissection [21]

Mesenteric angiography can be performed similarly by intra-
venous injection of 2 mL of 2.5 mg/mL ICG. Mesenteric arteries 
should transilluminate under NIRF within 30 s, assisting in har-
vest of a well-vascularized segment for conduit or other urinary 
diversions. Similar angiography can be repeated following sta-
pling of the bowel to assess the viability of the proximal and distal 
ends of the conduit as well as the bowel anastomosis [21] 
(Figs.  15.8 and 15.9). Distal ureteral evaluation is also well 
defined and should be performed prior to spatulation and anasto-
mosis, but after transfer of the left ureter to the right side through 
a retro-mesenteric window. A similar concentration to the above 
is recommended, but 10  mL given intravenously is the recom-
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Fig. 15.8 Mesenteric angiography during creation of ileal conduit with ICG 
using NIRF to ensure preservation of mesenteric arcades (blood supply to 
conduit and anastomotic site) [21]

Fig. 15.9 NIRF-guided assessment of ileal segment used for conduit follow-
ing ICG injection during robotic-assisted laparoscopic radical cystectomy 
with ileal conduit [13]
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Fig. 15.10 Assessment of distal ureteral viability/vascularity during robotic- 
assisted laparoscopic radical cystectomy [13]

mended dose. To assess both the arterial and perfusion phases of 
the ICG, assessment of the distal ureters at 30 s and ~ 5 min is 
recommended using NIRF. In segments that do not demonstrate 
good arterial angiography, proximal transection is recommended 
prior to uretero-enteric anastomosis to minimize the risk of stric-
ture [29] (Fig. 15.10).

 Prostate Cancer

Although cancer control is of upmost importance when perform-
ing radical prostatectomy, conservation of erectile function 
 generally remains a high priority. This cannot be overlooked by 
surgeons, and novel techniques for preservation of erectile func-
tion must be explored. Injection of 1.25 mL ICG following inci-
sion of the bladder neck and dissection of the seminal vesicles 
allows for optimal visualization and sparing of the “benchmark 
artery,” which should theoretically lead to a more optimal nerve 
spare by improving hemostasis and visualization of the neurovas-
cular bundle (NVB). Importantly, use of ICG for NVB identifica-
tion has been not been shown to lengthen operative times and or 
lead to any identifiable complication in a series of 26 patients, 
eliminating possible drawbacks of its use [33].

Techniques for use of ICG in sentinel pelvic lymph node dis-
section abound. This is of particular importance for patients with 
unfavorable intermediate- or high-risk prostate cancer, in whom 
pelvic lymph node dissection is universally recommended at the 
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time of RALP. Various protocols have been shown to increase the 
yield of positive nodes. Van der Poel et al. describe use of ICG 
noncovalently bound to 99mTc-nanocolloid, a commonly used 
radioactive tracer, to create a hybrid radioactive and fluorescent 
tracer. 99mTc-Nanocoll is generated by mixing 1 mL pertechnetate 
in saline to a vial containing Nanocoll (albumin colloidal parti-
cles) and allowing for 30 minutes of incubation. 1 mL of this solu-
tion is mixed with 0.050 mL (0.250 mg) ICG (solution of 25 mg 
solid ICG in 5 mL sterile water). 0.4 mL of this solution is injected 
to the peripheral zone of the prostate 3  h preoperatively under 
transrectal ultrasound guidance and flushed with 0.7 mL saline. A 
portable gamma camera is used to confirm adequate  concentration 
within the prostate, and gamma camera images are further 
obtained at 15  min and 2  h post-injection. SPECT/CT is per-
formed at 2 h and fusion of images is performed. This allows for 
dissection in accord with imaging using a laparoscopic gamma 
probe combined with high-definition laparoscopic fluorescence 
imaging [31]. Filters allowing for this imaging in the context of a 
white light background for anatomic delineation provide an effec-
tive measure to optimize and ensure adequate lymph node dissec-
tion. Effectively, use of 99mTc-nanocolloid offers the ability to 
both use lymphoscintigraphy and single-SPECT/CT imaging for 
preoperative nodal mapping (Fig. 15.11). In the absence of 99mTc- 
nanocolloid, ICG can be used alone, with 5 mg injected transperi-
neally in the preoperative setting (Fig. 15.12).

 Lymphatic-Sparing Varicocelectomy

Laparoscopic repair of varicocele, particularly in pediatric 
patients, is an important treatment modality used to address both 
testicular hypotrophy and symptomatic varicoceles. A commonly 
used and efficacious route for repair of varicoceles is the Palomo 
technique, which boasts a success rate of >95%. However, a com-
mon complication is postoperative hydrocele, which occurs in 
20–30% of patients. Lymphatic-sparing surgery is known to 
reduce the rate of hydrocele and have better andrological out-
comes, increasing its use among surgeons. Technically, this 
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Fig. 15.11 Intraoperative sentinel lymph node detection during robotic- 
assisted laparoscopic prostatectomy following intraprostatic injection of ICG 
preoperatively using transrectal ultrasound guidance. (I) Using NIRF- 
laparoscopic D-light angiofluorescence system and (II) using da Vinci TilePro 
system [31]

involves diluting a vial of ICG (5 mg/dL) with 10 cc sterile water 
and injection of 2 cc of this solution into the body of the ipsilateral 
testicle with a 23G needle. This provides almost immediate visu-
alization of lymphatic vessels in near-infrared mode on a laparo-
scopic camera and green appearance of lymphatics under standard 
white light mode, allowing for efficient identification and ligation 
of the spermatic bundle and sparing of lymphatics [34].

Similarly, a combination of both intravenous and subcutaneous 
injection of ICG for visualization of the spermatic vessels has 
been described to ensure laparoscopic ligation of only the sper-
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Fig. 15.12 NIRF-guided lymphadenectomy following intraprostatic of ICG 
during radical prostatectomy [13]

matic veins. To perform this, ICG is dissolved in sterile water at 
2.5  mg/mL. 1  mL of this solution is injected intravenously for 
each desired angiography. The gonadal arterial flow can be visual-
ized about 20–30 s following a shot, and 20 s following that, the 
gonadal vein is observed. At this concentration and volume, mul-
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tiple angiographies can be performed during dissection with tog-
gling between white light and near-infrared fluorescence to 
optimize dissection visualization. Lymphatic drainage can be 
effectively visualized by injection of 1 mL of solution subcutane-
ously in the desired hemiscrotum prior to cut and another 1 mL 
about 10 min prior to desired visualization to allow for reliable 
visualization [35].

 Conclusion

Herein, we describe use of near-infrared technology in urologic 
surgery, oncologic and otherwise. Its use in both assessment of 
ureteral location and viability is crucial for pelvic surgeons and 
provides a method of limiting ureteral ischemia and minimizing 
risk of anastomotic strictures in urologic reconstruction. In partial 
nephrectomy, fluorescence guidance is helpful in identifying hilar 
vasculature and tumor margins and ensuring tumor and parenchy-
mal ischemia following clamping prior to resection. Direct injec-
tion of ICG is imperative in lymph node dissections for nodal 
identification in urothelial carcinoma and prostatic adenocarci-
noma. It is also being used for identification of the neurovascular 
bundle in nerve-sparing radical prostatectomy. Similarly, ICG can 
be used for lymphatic-sparing in varicocelectomy to limit the risk 
of hydrocele postoperatively. The uses of ICG in urologic surgery 
abound and will only continue to enhance surgical technique and 
further minimize risk of intra- and postoperative complications.
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16Use of Fluorescence 
Guidance in Gynecology

Lioudmila Lipetskaia, Barbara Diane Gillis, 
and Courtney Griffiths

 Introduction

Gynecological surgery in the United States comprises about 25% 
of inpatient surgical procedures for women over the last 20 years, 
with 64% classified as solely obstetric, 29% as solely gyneco-
logic, and 7% as both [1]. Up to one third of all women in the 
United States undergo hysterectomy by age 60 [2]. This massive 
surgical field is also growing with the increased incidence of 
gynecologic cancer, specifically endometrial cancer whose rates 
have steadily risen since the 1990s [3]. Endometrial cancer is 
closely linked with obesity, with approximately 57% of endome-
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trial cancers in the United States attributable to obesity [4]. 
 Therefore, gynecological surgery for both benign and oncologic 
cases will likely continue to grow.

Fluorescence-guided surgery (FGS) is on the forefront of medi-
cine with at least 85 clinical trials in the United States, and numer-
ous applications already implemented across the world [5]. 
Fluorescence-guided surgery utilizes fluorescent dye or a near-
infrared emitting light source to identify anatomic structures during 
surgical procedures. This chapter will describe uses of FGS in 
gynecologic oncology for lymphatic mapping, sentinel lymph node 
identification, and tumor margin detection, and in benign gynecol-
ogy, for the management of endometriosis and during complex pel-
vic reconstruction, as well as for improving identification of 
anatomical structures and augmenting intraoperative navigation.

 Disease-Specific Applications of Fluorescence 
Imaging

 Gynecologic Oncology

 Tumor Lymphatic Imaging in Gynecologic Cancers
Endometrial cancer (EC): Indocynanine Green (ICG) dye is clini-
cally used to monitor the lymphatic vessels and sentinel lymph 
nodes (SLN) of uterine tumors [6]. It can reduce lymphedema and 
other associated morbidities to selectively remove SLNs which 
can prevent tumor metastasis. ICG improved the detection rate of 
pelvic SLN compared to conventional dyes and may be consid-
ered as the superior technique [7]. In clinical practice, the rate of 
systematic LND further decreased after incorporating SLN map-
ping with ICG.  The National Comprehensive Cancer Network 
(NCCN) recommends fluorescent SLN mapping for endometrial 
cancer by cervical ICG injection directly [8]. The NCCN guide-
lines have approved sentinel node localization as a staging tech-
nique for EC, as grade 2B evidence. Prospective and retrospective 
clinical studies have shown that sentinel lymph node mapping 
(SLNM) combined with pathologic ultra-staging has satisfactory 
detection rate, sensitivity, and negative predictive value of SLN in 
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patients with early low-risk endometrial  carcinoma and does not 
affect progression-free and overall survival rates. However, the 
prognostic effect of SLN mapping in high-risk EC patients still 
needs to be further verified by larger studies. In the earlier ver-
sion, NCCN guidelines suggested SLN mapping should be cau-
tious for high-risk EC patients. In the latest version, it is believed 
that SLN mapping may also have a high detection rate and diag-
nostic accuracy in high-risk EC. Pelvic/para-aortic sentinel lymph 
nodes were three times more likely to be extracted than non-
SLNs, providing accurate staging for optimized postoperative 
patient management [8]. To date, no published randomized study 
has investigated the survival benefit. Therefore, although the use 
of ICG and fluorescent detection cameras is considered the most 
appropriate for obtaining the best detection rates in lymphatic 
mapping in endometrial cancer, the SLN technique still is consid-
ered as experimental (Fig. 16.1).

Imaging techniques: 1.25 mg/mL concentration, 4 mL (1 mL 
deep and 1 mL superficial), was injected into the cervix (3 and 9 
o’clock position) with 10  min waiting time before dissection. 
Alternatively, ICG can be injected into tumor directly (via hysteros-
copy) or fundally/subserosally. The latter approach increases para- 
aortic LN detection rate but decreases pelvic LN detection rate and 
can lead to intraabdominal dispersion of the dye [9] (Fig. 16.2).

Cervical cancer: Cervical cancer is not as prevalent as endome-
trial cancer, and data on SLN mapping is limited and frequently 
derived from the studies analyzing SLN detection in cases of cer-

Fig. 16.1 Endometrial cancer: right obturator sentinel lymph node regular 
light (left) and infrared light (right)
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Fig. 16.2 High-resolution image of para-aortic sentinel lymph node map-
ping for endometrial cancer during robotic LND

vix and endometrial cancer. The assumption is made that  migration 
to the pelvic nodes is similar in both cancers. With this caveat, the 
studies demonstrate the effectiveness of ICG during SLN biopsy 
using robotic, laparoscopic surgery and laparotomy, concluding 
that the method is feasible, safe, time-efficient, and seemingly 
reliable for lymphatic mapping in early-stage cervical cancer 
[10]. Two-meta-analyses concluded that in cervical and endome-
trial cancer, ICG SLN-mapping seems to be equivalent or superior 
to the conventional dyes [11, 12].

Imaging technique: No standardized technique was reported. 
Concentrations of ICG have ranged from 0.5 to 5.0 mg/mL, and 
injected volumes have varied from 0.2 to 4.0 mL. The study in 
healthy female pigs identified 250–500 μg ICG dose as optimal in 
identification of a SLN with more distinction from the surround-
ing tissues [13]. Cervix is injected in 2–4 quadrants (12, 3, 6, and 
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9 h or 3 and 9). Slow injection is recommended to prevent damage 
to lymphatic vessels. Optimal time for starting dissection is 
unclear. In the studies, the median time between injection and the 
start of dissection is approximately 30 min.

Vulvar cancer: In the vulva bilateral SLN sampling should be 
assured in central tumors only. If tumor is located at least 1 cm 
lateral to the clitoris, unilateral dissection is sufficient. A standard 
technique for dissection involves the use of double tracer (blue 
dye and Tc-99 m-labeled radiocolloid) and requires a lymphos-
cintigraphy. The use of ICG in vulvar cancer is limited as near- 
infrared (NIR) fluorescence can detect targets up to 5–8 mm deep 
[14]. A deeper target at 25 mm would be invisible by NIR fluores-
cence imaging alone; hence, majority studies combine NIR fluo-
rescence imaging with radioscintigraphy which enables 
visualization of deeper inguinal SLNs, especially in patients with 
obesity. The robotic video endoscopy inguinal lymphadenectomy 
is emerging technique for diagnosis of vulvar cancer, but so far 
only one case report with SLN mapping with ICG followed by 
systematic inguinal lymphadenectomy is described [15]. So far, 
the best results in mapping are achieved using a combination of 
ICG and technetium-99 m nanocolloid. Once overlying tissue is 
removed, as guided by radioscintigraphy, NIR fluorescence is 
used for more precise image guidance to compensate for rela-
tively poor spatial and temporal resolution of radioscintigraphy. 
Body mass index seems to be a limitation for using ICG alone as 
a tracer.

Imaging technique: Concentration of 0.5/2.5 mg/mL. A total 
of 4 mL (1 mL at 4 sites) was injected directly into the tumor 
(intracutaneously) with dissection starting in 10 min. Alternatively, 
ICG can be injected around the scar at prior excision site in case 
of cancer recurrence.

Ovarian cancer (OC): The incidence of lymph node metastases 
in early OC ranges between and 30%, and pelvic and paraaortic 
lymphadenectomy is recommended. In early ovarian cancer, 
lymph node metastases are found as isolated para-aortic nodes in 
50% of patients, as isolated pelvic nodes in 20% of patients, and 
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in both in the remaining 30% of patients [16]. The three major 
ovarian lymphatic drainage pathways (infundibulopelvic liga-
ment, the ovarian ligament, and the round ligament) explain the 
wide geography of the metastatic disease and point out to the 
potential injection sites for tracers. So far, two ongoing prospec-
tive, multicenter studies attempt to determine efficacy and safety 
of ICG in SLN mapping. Both SELLY (SLN in early-stage ovar-
ian cancer) and SENTOV ((sentinel lymph node technique in 
ovarian cancer) evaluate ICG in conjunction with Tc-99 m. The 
Tc-99 m remains trapped in the lymph nodes for a long period and 
is injected before the oophorectomy. The small ICG molecule 
migrates rapidly through lymphatic vessels and makes it difficult 
to accurately identify the first node; hence, ICG is injected after 
an ovary is removed. The preliminary data from SELLY and 
SENTOV concluded that SLN mapping in early-stage ovarian 
cancer is feasible without major intraoperative or safety concerns 
[17] [18]. The data on accuracy and detection rate of this tech-
nique is not available yet; hence, no recommendation can be given 
because this procedure still is experimental.

Imaging technique: Concentration of 1.25 mg/mL. A total of 
0.5–1 mL was injected into infundibulopelvic and ovarian liga-
ment with dissection starting almost immediately. Alternative 
injection sites are mesovarium, hilum of the ovary, and ovarian 
cortex.

 Tumor Margin Detection
Free surgical margin is the main challenge in vulvar and vaginal 
cancer surgery. In solid tumors, incomplete surgery results in high 
risk of tumor recurrence. The real-time detection of tumor mar-
gins helps achieve complete resection and decrease risk of recur-
rence. Case reports present ICG use in vulvar and vaginal cancer 
for surgical resection guidance. In the first case after primary 
incomplete resection of vulvar cancer, an intravenous ICG injec-
tion determined the free margin after resection. In the second 
case, peritumoral ICG injection 1  cm around the upper vagina 
cancer showed a clear resection margin on the final pathological 
finding after robotic colpo-hysterectomy with LND [19].
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Imaging technique: For vulvar cancer, 2 cc of diluted ICG IV 
immediately before surgery and for vaginal cancer, 2 mL peritu-
moral injection with 1 cm radius. No uterine manipulator is used, 
and a vaginal probe is inserted to develop the fornix. Techniques 
need to be validated on a large scale.

 Management of Bowel and GU Anastomosis as a Part 
of Cytoreductive Surgery
Several patient and surgical factors influence the risk of anasto-
motic leak after bowel resection during pelvic exenteration. 
Surgeons typically rely on subjective methods to identify anasto-
motic leaks such as palpation of vessels and assessment of tissue 
vitality in white light. The addition of intraoperative ICG assess-
ment of colorectal anastomoses demonstrated reduced risk of 
anastomotic leakage in treatment of GI malignancies in ten stud-
ies. In seven studies, resection of the colon or rectum was extended 
into more vital tissue if ICG detected an insufficient perfusion at 
the proposed anastomosis site. Three studies concluded that ICG 
perfusion assessment reduced the risk of anastomotic leakage sig-
nificantly. One study found no difference in anastomotic leakage 
rate between the control group and the ICG group [20]. This con-
cept was adopted in the management of anastomosis in gyneco-
logic cancers requiring wide organ resection as a part of 
cytoreduction strategy. ICG was used to evaluate perfusion of 
ileum-ileum, right and left ureter with small bowel, and colorectal 
sides of anastomosis to assess vascularity of urinary diversion 
after pelvic exenteration for gynecologic cancers (Fig. 16.3). Out 
of 15 subjects, 3 patients had postoperative complications due to 
poor perfusion of anastomosis (ureteral and ileal anastomosis 
leaks and ureteric stricture); all these cases had a suboptimal 
intraoperative ICG perfusion [21] (Fig. 16.4).

Imaging technique: IV ICG bolus before and/or after anasto-
mosis construction 0.2–0.5  mg/kg (total ranging from 0.2 to 
0.5 mg/kg). In order to achieve a more objective perfusion assess-
ment, scoring systems were developed and intraoperative pixel 
brightness analysis was performed. Unfortunately, the quantifica-
tion did not lead to a cutoff value.
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Fig. 16.3 Bricker ileal conduit uretero-enteric anastomoses demonstrating 
right ureter with optimal indocyanine green (ICG) perfusion (+++) vs. left 
ureter with poor ICG perfusion (− − -). (Bizzai et al. Indocyanine Green to 
Assess Vascularity of Ileal Conduit Anastomosis During Pelvic Exenteration 
for Recuent/Persistent Gynecological Cancer: A Pilot Study. Front Oncol. 
2021 Dec 7;11:727725. doi: 10.3389/fonc.2021.727725. PMID: 34950574; 
PMCID: PMC8691262)

 Surgical Management of Endometriosis

 Detection of Endometriotic Lesions
Endometriosis has three clinical forms: peritoneal superficial 
endometriosis, ovarian endometriosis and deeply infiltrating 
endometriosis in the rectovaginal septum [22]. Identifying endo-
metriosis lesions may be challenging due to variable appearances, 
small size, and concealed localization. ICG green highlights the 
location of endometriotic lesions as they are associated with 
increased areas of vascularization and inflammation. The endo-
metriotic lesion patterns observed during surgery are described as 
diffuse or abundant fluorescence (hypervascular pattern) in 40% 
women and poor or absent (hypovascular pattern) in 60% women 
with endometriosis. Although some studies report excellent sensi-
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a b

Fig. 16.4 Transabdominal anastomotic perfusion assessment using the SPY- 
PHI system (Stryker, USA). (a) Transabdominal perfusion assessment show-
ing well-perfused bowel. (b) Transabdominal perfusion assessment showing 
perfusion defect (Nguyen JMV et al. The use of indocyanine green fluores-
cence angiography to assess anastomotic perfusion following bowel resec-
tion in surgery for gynecologic malignancies – A report of 100 consecutive 
anastomoses. Gynecol Oncol. 2020 Aug;158 (2):402–406. Doi: 10.1016/j.
ygyno.2020.05.008. Epub 2020 May 15. PMID: 32423604)

tivity and specificity in identifying the lesions, others conclude 
that the single use of ICG shows no improvement in the detection 
of endometriosis [22]. It appears that ICG performs better in pro-
viding demarcation of deep endometriotic lesions assisting with 
more complete resection, but its diagnostic value is controversial.

Imaging technique: 0.25  mg/kg ICG i.v. with time intervals 
varying between a minimum of 5 and a maximum of about 30 min.

 Management of Bowel Involvement During Surgery 
for Endometriosis
ICG green is used to evaluate the bowel vascularization after 
endometriosis rectal shaving surgery. Separating the healthy rec-
tal tissue from the rectovaginal deep nodules aids in decision 
whether to enlarge the resection to the posterior vaginal fornix 
[23]. Deep lesion excision and rectal shaving techniques required 
for successful endometriosis treatment can jeopardize rectal wall 
integrity and lead to rectovaginal fistula formation. Visual assess-
ment of the rectal shaving area is labeled as fluoresced with the 
visual Likert-type scale. Oversewing of rectal muscularis is per-
formed if there is a concern for rectal tissue integrity (Fig. 16.5). 
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Fig. 16.5 Coagulated tissue appears dark and non-perfused in the area where 
rectal shaving was performed (Bar-Shavit Y, et all Use of indocyanine green 
in endometriosis surgery. Fertil Steril. 2018 Jun;109 (6):1136–1137. doi: 
10.1016/j.fertnstert.2018.02.113. Epub 2018 Jun 6. PMID: 29885885)
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The RCT study is underway to assess if this technique leads to 
decrease fistula formation [24]. Another study demonstrated that 
when full-thickness bowel resection is necessary for nodule exci-
sion, ICG perfusion mapping can be performed in the same man-
ner as in colorectal surgery [25].

Imaging technique: A IV bolus of 0.2 mg/kg of indocyanine 
green after dilution (2.5 mg/mL) at the end of a rectal shaving.

 Complex Pelvic Reconstructive Procedures

 Demarcating Retropubic Space Anatomy in Burch 
Colposuspension
Retropubic colposuspension is a surgical treatment which involves 
lifting the tissues near the bladder neck and proximal urethra and 
attaching them to Cooper’s ligament in attempt to treat stress uri-
nary incontinence. Procedure is traditionally performed via open 
approach and tension of the sutures attaching vagina to Cooper’s 
ligament adjusted by palpation. With advent of robotic surgery 
and lack of haptic feedback, new methods of tension adjustment 
are needed. Bladder neck can be identified by tagging on Foley 
balloon inserted into the bladder and inflated with 30 cc of ICG 
tinged medium. Foley balloon highlighted by ICG demarcates 
bladder wall from underlying vaginal tissue plain allowing for 
more precise dissection and adequate suspension suture.

Imaging technique: 100 cc of intralipid TPN solution mixed 
with 0.5  mL of ICG green (2.5  mg/mL in distilled water) and 
30 cc instilled in 18F Foley balloon inserted into the bladder [26].

 Neovagina Construction in Congenital Anomalies 
and Transgender Surgery
Patients with vaginal agenesis undergo vaginoplasty using a mold 
that had been wrapped with skin graft (McIndoe technique) or 
external traction device placed over the abdominal wall (Vecchietti 
procedure). Trans-female patients might require laparoscopic sig-
moid vaginoplasty if standard penile-scrotal flap inversion tech-
nique is not feasible. In either case, creation of neovagina is a 
highly complex surgery requiring meticulous dissection of com-
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plex anatomical spaces. ICG can be used intraoperatively in lapa-
roscopic sigmoid vaginoplasty to determine sigmoid segment 
perfusion and viability prior to committing to neovagina construc-
tion. In the study of five patients, ICG green demonstrated poor 
viability of sigmoid segment in one patient and procedure was 
aborted [27]. In another study, ICG green was helpful in identify-
ing upper urinary tract anatomy, thus guiding safer and faster dis-
section during Vecchietti procedure [28].

Imaging technique: Cystoscopic intraureteral ICG injection 
lasted 3.4 min, improving the anatomic identification of the ure-
ters, with the additional benefit of having the bladder highlighted 
in case of congenital anomaly.

 Revisions of Prior Reconstructive Surgeries
Frequently pelvic reconstructive procedures use permanent grafts 
(polypropylene mesh or Gore-Tex sutures) to increase longevity 
of the repair and prevent prolapse or incontinence recurrence. 
Although the risks of complications associated with graft use are 
low, occasionally excision of permanent materials from pelvic 
structures is required to treat graft related complications. In case 
of erosion or infections due to foreign body, it is important to 
minimize the damage to adjacent organs while dissecting implant 
away from vagina. The tissue planes are frequently distorted due 
to inflammation and scarring, and highlighting adjacent structures 
with the ICG helps to delineate the tissue planes and prevent 
injury (Fig. 16.6).

Fig. 16.6 Revision of prior pelvic reconstructive surgery complicated by 
Gore-Tex suture erosion (Parts a–c) (a) Attempt to remove Gore-Tex stitch 
eroding in vagina. Stitch is located in the area of vagina adjacent to left ure-
terovesical junction. (b) Foley balloon filled with ICG mix enhances bladder 
visualization. (c) Foley balloon manipulated with robotic instruments into the 
area of left ureterovesical junction allows to safely continue dissection avoid-
ing injury to bladder and ureter
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Imaging technique: 100 cc of intralipid TPN solution mixed 
with 0.5  mL of ICG green (2.5  mg/mL in distilled water) and 
30 cc instilled in 18F Foly balloon inserted into bladder.

 Fluorescent Angiography

 Vaginal Cuff Angiography in an Attempt to Assess 
Devascularization Due to Thermal Injury After Total 
Robotic Hysterectomy
Minimally invasive hysterectomy compares favorably to laparot-
omy in overall complication rate but is notorious for increased 
vaginal cuff dehiscence. Both energy used during colpotomy and 
suturing techniques for cuff closure were implicated in higher 
dehiscence rate [29]. Vascular perfusion plays a role in cuff heal-
ing along with other factors. Developing techniques for quantifi-
cation of thermal damage impact on perfusion can come in handy 
while we are attempting to find solutions for this problem. ICG 
angiography represents an emerging technology for real-time 
evaluation of the vaginal cuff during laparoscopic hysterectomy 
with potential to limit the incidence of vaginal cuff dehiscence 
through design of further research studies.

Imaging technique: 2.5–5 mg ICG IV bolus followed by 10 mL 
saline flash. ICG dye appeared in surgical field in 11 s. Repeated 
administration was required in 11  min. Most participants show 
fluorescence all the way to the cuff edge, but the width of thermal 
injury brim varies around the cuff. The calculation of cuff perim-
eter percentage with adequate perfusion is required to assess the 
extent of devascularized zone [30] (Fig. 16.7).

 Ovarian Artery Perfusion to Assess Ovarian Torsion

Ovarian torsion is defined as partial or complete rotation of the 
ovarian vascular pedicle and causes obstruction to venous outflow 
and arterial inflow. It presents as acute abdominal pain and 
 diagnosed during surgical exploration. The ultimate goal of sur-
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Fig. 16.7 Samples of images used for perfusion analysis (a, b) with repre-
sentative markings demonstrating adequate perfusion (c, d) at the cuff. The 
short perpendicular bars delineate transition from perfused to nonperfused 
regions. The parallel curve demonstrates areas with adequate perfusion. The 
long perpendicular bars in D delineate the total length of the closed vaginal 
cuff (Beran et al Laser Angiography with Indocyanine Green to Assess Vagi-
nal Cuff Perfusion during Total Laparoscopic Hysterectomy: A Pilot Study. J 
Minim Invasive Gynecol. 2017 Mar-Apr;24 (3):432–437. doi: 10.1016/j.
jmig.2016.12.021. Epub 2017 Jan 4. PMID: 28063908)

gery is restoration of blood flow to the ovary and ovarian preser-
vation whenever possible. Potential viability of torsed ovary is 
traditionally assessed visually by observing twisted and black-
and-blue adnexa, and decision on surgical removal needs to be 
made in real time. One study assessed feasibility of ICG use in 
diagnosis of detorsed adnexa viability. Perfusion was achieved in 
ten patients (83%) in a median time of 1 min, resulting in ovarian 
conservation. Perfusion was absent in two cases, and post- 
oophorectomy histologic necrosis was confirmed in one case [31].

Imaging technique: A loading dose of 8  cc of ICG dye was 
injected IV and untwisted ovary was observed for 10 min after 
ICG dye administration. Perfusion was defined as visualization of 
ICG dye in the involved ovary and/or fallopian tube, causing the 
structures to turn green. If no perfusion was visualized 10 min 
after the initial bolus injection, an additional 4 cc bolus of ICG 
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dye could be administered, and the ovary was observed for another 
10 min. This process could be repeated an additional three times, 
if necessary, resulting in a maximum volume of 20 cc of ICG dye.

 Fluorescence Imaging-Guided Surgical 
Navigation

 Ureter Visualization

Iatrogenic bladder injuries are the most frequent urologic injuries, 
but they are usually recognized and repaired immediately, and 
potential complications are typically minor. In contrast, 50–70% 
of iatrogenic ureteral injuries are diagnosed postoperatively with 
gynecologic surgery accounting for 52% to 82% of those injuries 
[32]. The ureter is injured in roughly 0.5–2% of all hysterecto-
mies and routine gynecologic pelvic operations [33, 34]. The lack 
of precise haptic feedback in robotic and laparoscopic surgery has 
previously been associated with increasing rates of inadvertent 
ureteral injuries across various surgical specialties [35]. Clear 
identification of the pelvic ureter can be difficult but remains 
essential to avoid inadvertent iatrogenic ureteral injury. The pre-
ventative ureteral stents placement is controversial in gynecologi-
cal surgery due to the lack of clear evidence of efficacy. 
Illuminating catheters have been designed to improve visualiza-
tion of ureters intraoperatively but did not gain popularity [36].

Injection technique: Three techniques involving NIR entail IV 
use of NIR dye, direct instillation of NIR solution into ureteral 
orifice via cystoscopy, and use of ureteral catheter with NIR prop-
erties in construction material.

 (a) 0.06 mg/kg of nerindocianine sodium administered IV. Ureter 
is imaged at 10 and 30 min post-infusion. Lower (0.042 mg/
kg) and higher (0.12 mg/kg) doses perform poorer by dimin-
ishing visualization time or decreasing the efficacy [37] 
(Fig. 16.8).

 (b) Cystoscopy is performed at the beginning of the surgery to 
insert the tip of a 6-Fr ureteral catheter and instill 8 mL of 
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Fig. 16.8 A. Intraoperative ureteral identification by nerindocianine sodium 
use via IV administration (Huh et al. Fluorescence Imaging of the Ureter in 
Minimally Invasive Pelvic Surgery. J Minim Invasive Gynecol. 2021 
Feb;28(2):332–341.e14. doi: 10.1016/j.jmig.2020.06.022. Epub 2020 Jun 29. 
PMID: 32615331)

ICG (1.25 mg/mL solution). Finally, the catheters are removed 
because the fluorescence remains in the ureters up to 6 h. This 
method can be applied retroactively if injury is suspected at 
the end of surgery. Ureteral injury is identified by observing 
extravasation of the dye after instillation (Fig. 16.9).

 (c) The ureteral catheter constructed with near-infrared dye simi-
lar to ICG embedded in its wall does not require intraopera-
tive dye administration. This technique is user- friendly and 
can be utilized by the novice surgeons with little experience 
in laparoscopic surgery [38] (Fig. 16.10).

 Fluorescent Medical Devices

By creating medical and surgical devices that fluoresce under NIR 
imaging, the number of patients benefiting from fluorescence 
assisted surgery will increase. There are a few medical device 
companies (EndoGlow, Rochester, NY.) that have been innovative 
in developing surgical devices that fluoresce under NIR imaging 
(Fig. 16.11). For instance, fluorescent imbedded rectal and vagi-
nal manipulators take the place of traditional bougies or end-to- 
end anastomosis sizers in pelvic surgeries. Pilot studies have 
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Fig. 16.9 Intraoperative ureteral identification by indocyanine green use via 
catheter infusion (Shibata R et  al. Intraoperative dyes, fluorescence and 
enhanced imaging in benign gynaecologic surgery. Cu Opin Obstet Gynecol. 
2022 Aug 1;34 (4):237–243. doi: 10.1097/GCO.0000000000000793. PMID: 
35895966)

Fig. 16.10 Intraoperative ureteral identification by indocyanine green use 
via NIR-embedded novel ureteral catheter infusion (Fujita H, et al. Use of a 
Novel Fluorescent Catheter to Locate the Ureters during Total Laparoscopic 
Hysterectomy. J Minim Invasive Gynecol. 2021 Jul;28 (7):1420–1424. doi: 
10.1016/j.jmig.2021.04.004. Epub 2021 Apr 19. PMID: 33887490)

demonstrated several benefits to the transillumination effect of 
using a fluorescent manipulator [39]. Surgeons were able to iden-
tify deep infiltrating rectal endometriosis, better recognize surgi-
cal planes in complex anatomy, and visualize relative tissue depth. 
The ability to transilluminate vaginal tissue aided in post- 
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Fig. 16.11 EndoGlow device placed into vagina to guide dissection between 
vagina and bladder (regular light view on left and infrared view on the right)

hysterectomy bladder dissections during sacrocolpopexies and 
rectopexies. An unexpected benefit was the increased communi-
cation between the attending surgeon and surgical learners 
 (fellows/residents) or surgical assists. The enhanced visualization 
allowed the surgical learner or first-assist to see and understand 
the intricacies of the dissection more easily.

The manipulator can be placed in the vagina (Fig. 16.11) or 
rectum (Fig.  16.12) to manipulate tissue and highlight tissue 
plains, therefore guiding dissection.
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Fig. 16.11 (continued)

L. Lipetskaia et al.



483

Fig. 16.12 EndoGlow device placed into rectum to guide dissection between 
rectum and closed vaginal cuff after hysterectomy (regular light view on left 
and infrared view on the right)

 Conclusion

FGS has numerous clinical applications in gynecological surgery 
from SLN mapping, anatomic visualization of ureters or tissue 
planes, and perfusion assessment of anastomoses or specific arter-
ies. These tools aid surgeons intraoperatively in real time and pro-
vide essential visual feedback that has previously been inaccessible. 
FGS continues to rapidly evolve and improve surgical care; how-
ever, further well-powered studies are needed to establish the value 
of fluorescence guidance in gynecologic surgery.
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in Fluorescence-and 
Image- Guided Surgery

Gene Yang

 Introduction

Fluorescence- and image-guided surgery are rapidly growing 
fields of research with a wide range of potential applications to 
bridge the gap between preoperative imaging and the operative 
environment. Fluorescence guidance systems have been utilized 
in many clinical applications across several disciplines to improve 
surgical outcomes, including tumor localization, anatomy identi-
fication, perfusion assessment, and lymphatic mapping [1]. Since 
the development of near-infrared fluorescent agents indocyanine 
green (ICG) and methylene blue, several additional fluorophores 
with varying fluorescence properties have been developed and 
validated for use in fluorescence guided surgery [2]. More 
recently, molecular and activatable fluorophores have emerged as 
alternatives to traditional fluorophores to expand the translation of 
this technology to additional surgical indications [3, 4].

Novel applications of several imaging technologies have pro-
vided additional methods for surgeons to make intraoperative 
image-based decision-making. A promising example is laser 
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speckle contrast imaging. Laser speckle contrast imaging (LSCI) 
is a noninvasive, real-time imaging technique that allows for 
 perfusion assessment. This technology has been applied in the 
fields of cardiology, neurology, and dermatology. Validation stud-
ies have demonstrated LSCI as a potential valuable tool for perfu-
sion assessment in laparoscopic surgery [5].

Augmented reality (AR) is another technology that is demon-
strating increasing utility in image-guided surgery. AR can aid 
surgeons in the rapid identification of subsurface targets and 
structures, reduce surgeon’s cognitive load from mentally match-
ing preoperative imaging to the operative environment, and guide 
resections with overlay of a virtual model onto the patient [6]. The 
purpose of this review is to provide an overview of the technology 
and recent developments in targeted fluorophores, LSCI, and AR.

 Fluorescence-Guided Surgery

Fluorescence-guided surgery (FGS) has developed into a vali-
dated method to augment surgeon’s ability to identify anatomic 
landmarks, localize tumors, and assess perfusion. Since the initial 
use of fluorescein in 1948 to localize intracranial neoplasms dur-
ing neurosurgery, several additional fluorescent agents have been 
used for a variety of surgical applications. ICG initially used for 
quantitative measurement of hepatic and cardiac function has 
demonstrated clinical applications for perfusion assessment, chol-
angiography, lymphography, and tumor imaging. Methylene blue 
has been evaluated for ureter, thyroid, and neuroendocrine tumor 
assessment [7]. Five-Aminolevulinic acid and its derivative are 
clinically approved for imaging of malignant gliomas and bladder 
cancer with randomized controlled phase 3 trials demonstrating 
improved resection margin and increased progression-free sur-
vival for patients in these applications [8].

Recent focus has shifted from structural and functional fluores-
cence to molecular fluorescence, with subsequent developments 
resulting in fluorophores with increased specificity. In this method, 
tumor-specific ligands are conjugated to fluorescent dye, taking 
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advantage of proven molecular probes and well-developed molec-
ular pathology to aid in lesion detection and margin assessment 
during surgery and enable molecular targeted therapy with drug 
and photo-absorber conjugates [9].

Several therapeutic monoclonal antibodies have been repur-
posed for FGS by fluorescence conjugation. Bevacizumab conju-
gated with the fluorophore IRDye800CW has been applied in 
clinical feasibility studies to target tumors that overexpress vascu-
lar endothelial growth factor. The use of bevacizumab- 
IRDye800CW during cytoreductive surgery for peritoneal 
carcinomatosis of colorectal origin demonstrated additional 
detection of malignant lesions [10]. Application in breast surgery 
has demonstrated the ability of bevacizumab-IRDye800CW to 
assess tumor-positive margin during back-table assessment after 
breast conserving surgery [11]. Similar applications in head and 
neck surgery have demonstrated the ability of cetuximab- 
IRDye800CW to assess positive tumor margins on ex vivo back- 
table imaging, and panitumumab-IRDye800CW demonstrated 
feasibility in performing both in situ tumor imaging and ex vivo 
tumor margin assessment [12, 13].

An alternative approach is the use of activatable fluorescent 
probes. Activatable fluorescent probes seek to limit background 
signal by activating fluorescence after engaging the target. 
Compared to traditional fluorescent probes, activatable probes 
typically yield higher fluorescent signal and higher tumor-to-
background fluorescence ratio. A promising example of an acti-
vatable fluorescent probe is LUM015. LUM015, a PEGylated 
cathepsin-activated fluorescent imaging probe, is currently being 
investigated for detection of breast, gastrointestinal, brain, and 
prostate cancers. Initial studies demonstrated feasibility in tumor-
specific fluorescence of sarcoma and breast cancer during ex vivo 
imaging and intraoperative detection of residual breast cancer 
[14]. Subsequent phase 2 study demonstrated improvement in 
final margin status sensitivity over standard pathology assessment 
of lumpectomy specimen. This was associated with reduced need 
for second surgery in patients who underwent intraoperative exci-
sion of fluorescence guided shaves [15].
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 Limitations to Clinical Translation

Molecular fluorescence imaging can provide additional informa-
tion that augments the ability of a surgeon to see and treat pathol-
ogy, but this technology remains in the early stages of development. 
Clinical studies consist mostly of early-phase trials conducted to 
evaluate the safety and optimal dosing of fluorescent agents and 
feasibility of intraoperative lesion detection. Further large, multi-
center, randomized controlled trials are required to evaluate the 
diagnostic accuracy of fluorescence molecular imaging and 
impact on surgical outcomes. As the field of intraoperative molec-
ular imaging matures, concurrent development of universal proto-
col for calibration and benchmarking of imaging devices to 
standardize the development and comparison of novel fluorescent 
agents will be essential [16, 17].

 Laser Speckle Contrast Imaging

LSCI has developed into a promising technology for image- 
guided surgery with current emphasis on intraoperative perfusion 
assessment. LSCI is based on the concept that tissue illuminated 
with coherent laser light backscatters in a random interference 
pattern, known as speckle pattern, onto a detector. When the 
speckle pattern is captured over an exposure time, movement of 
particles inside the tissue causes speckle pattern fluctuations 
resulting in changes in the speckle image. Fluctuations in tissue 
images due to movement of red blood cells allow for the assess-
ment of tissue perfusion. The first in vivo application of LSCI on 
visceral organ perfusion in open surgery was reported by Eriksson 
et al., demonstrating the feasibility of LSCI to measure hepatic 
microcirculation [18]. Subsequent studies with applications in 
porcine gastrointestinal tract and microvascular perfusion mea-
surements of gastric conduit during esophagectomy further dem-
onstrate the feasibility of using LSCI during gastrointestinal 
surgery [19, 20].
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More recent studies apply LSCI to the laparoscopic setting. 
Heeman et  al. demonstrated feasibility of a laparoscopic laser 
speckle contrast imaging setup to measure tissue perfusion dur-
ing colon resection [21]. Comparison study of LSCI to ICG flu-
orescence imaging in intraoperative perfusion assessment during 
laparoscopic vascular occlusion of porcine intestine, stomach, 
and kidney demonstrated precise and accurate identification of 
demarcation between perfused and non-perfused tissue with 
both LSCI and ICG imaging. LSCI demonstrated an advantage 
over ICG with time-dependent perfusion assessment. 
Discordance in demarcation identification was noted in the ICG 
imaging group when images were assessed after 5  min from 
ICG administration [22].

Other novel developments in FGS include Activ Surgical, a 
company pioneering digital surgery imaging who has developed 
ActivSight, a modular imaging device which integrates with stan-
dard laparoscopic visualization systems to provide multimodal 
advanced visual intelligence. ActivSight enables visualization of 
ICG via its ActivICG module, as well as LCSI visualization via is 
ActivPerfusion module [23, 24].

 Limitations to Clinic Translation

Several limitations remain obstacles to the clinical use of 
LSCI. Initially introduced, LSCI was a qualitative method of per-
fusion assessment. Technical advancements such as introduction 
of multi-exposure speckle imaging now allow for quantitative 
assessments [25, 26]. LSCI is sensitive to motion as unwanted 
motion can be incorporated into the measured signal. In particular 
applications, such as intra-abdominal organ perfusion assessment, 
creating the required highly controlled environment is not always 
easily amenable. Recent studies have been published on motion 
artifact correction, but the need for a universal, real-time motion 
correction algorithm remains [5].
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 Augmented Reality

AR is a technology that superimposes computer-generated objects 
onto real images and video in real time, often described on a vir-
tuality continuum between real environment (direct view of real 
environment) and virtual reality (immersion in a fully digital envi-
ronment). Recent definitions of AR platforms require the combi-
nation of real and virtual environments to be interactive in real 
time and registered in 3D [27]. The application of AR to medical 
imaging data offers several advantages. Compared to the tradi-
tional method of viewing imaging data on a separate monitor, AR 
visualization eliminates the need for physicians to mentally trans-
form imaging data onto a patient. This has broad applications 
within medicine but further profound implications for image- 
guided interventions. By using AR-guided surgery, the procedur-
alist’s attention is not divided between navigation method and the 
patient resulting in improved hand-eye coordination, accuracy, 
and time efficiency [28]. In addition, AR platforms enable 
stereoscopic/3D visualization of volumetric data to improve phy-
sician perception of imaging data to support the clinical decision- 
making process. Following is a review of current implementation 
of AR technology in surgery, as well as a brief description of the 
key technologies involved in developing AR platforms: medical 
imaging segmentation and modeling, tracking, registration, and 
visualization.

AR systems are currently best implemented during surgery 
when there is little to no movement of the real environment and 
when tissue deformation is minimal, as these use cases require 
less tracking and processing power as compared to applications 
on mobile organs where tracking and display are significantly 
more complicated. Thus, clinical application of AR systems has 
been successfully implemented in the fields of neurosurgery, 
orthopedics, and otolaryngology, including for bone dissection, 
clipping of cerebral aneurysms, microvascular decompression, 
and placement of pedicle screws [29, 30]. AR systems have 
demonstrated accurate registration (0.2–3  mm), but increased 
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operative time and potential associated financial costs have 
been reported with the use of AR systems for intraoperative 
guidance [31].

AR has been difficult to apply to abdominal surgery due to the 
amount of organ movement. Successful use cases have been 
reported for liver and pancreatic surgery, where AR has been used 
to compare the reconstructed virtual model with intraoperative 
ultrasound to identify lesions for resection [32]. Successful super-
imposed 3D representation of the patient’s hepatobiliary struc-
tures over the surgeon’s field of view has been studied during 
open liver surgery [33]. Intraoperative AR has been used to accu-
rately detect sentinel lymph node using preoperative SPECT/CT 
scan [34]. Recently, RSIP Vision, a company specializing in 
image analysis and artificial intelligence for medical imaging, has 
developed RSIP Neph, an intraoperative AR tool that assists sur-
geons during partial nephrectomy to accurately locate and resect 
intracapsular renal lesions [35].

 Image Segmentation

The datasets presented from medical imaging are large, making 
them challenging to manipulate in real time. Image segmentation 
is the processing of medical imaging to isolate regions of interest 
and generate a model to interactively visualize the area. Identifying 
the relevant anatomy has traditionally been achieved by marking 
structures either manually or semi-autonomously within each 
individual image. Although several open-source packages are 
available to facilitate this process, image segmentation remains a 
limiting factor to clinical application of AR surgical guidance. 
Significant research efforts are underway to develop generalizable 
autonomous image segmentation; however, a proven and clini-
cally accepted method is yet to be established because of similar 
contrast intensity between neighboring tissue, unclear lesion/tar-
get boundary, and variation in lesion/target shape [36].
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 Registration

The exact alignment of the virtual image to the real environment 
is crucial to the clinical application of AR platforms. Image regis-
tration is the process to determine the spatial correspondence of 
two or more image sets. In image-guided surgery, the two image 
sets are defined as a static and a moving set, and an algorithm is 
applied to determine the optimal translation that would minimize 
the difference seen between the virtual and real environment. The 
accurate alignment of both images can be achieved with a coordi-
nate of trackers, used to determine the exact position and orienta-
tion of the camera and the patient’s body. Marker-based 
registration relies on rigid calibration of markers to real objects to 
allow for precise estimation of the real object as detected by either 
an external or internal sensor. Marker-free registration exploits 
the natural features observed by the tracking device within the 
real environment. An example of this is the simultaneous localiza-
tion and mapping (SLAM) technique. More recent registration 
techniques integrate 3D surface information constructed directly 
by observing the real environment with stereoscopic cameras and 
time-of-flight depth sensors. The acquired surface can then be 
registered with a 3D model of the target [37].

Registration is complicated when the organ of interest does not 
behave as expected. This issue is particularly highlighted in gen-
eral surgery where target anatomy is not rigid and deforms in a 
dynamic manner (ex. deformations with heartbeat and respira-
tion). In addition, preoperative imaging is difficult to register to 
the real environment when attempting image-guided surgery dur-
ing minimally invasive procedures as organs shift with laparo-
scopic insufflation and physical manipulation [38].

 Limitations to Clinical Translation

Although AR application in surgery has shown great promise 
through individual specialty applications and preclinical research, 

G. Yang



495

several issues limit the clinical translation of AR systems.  Medical 
imaging continues to advance to provide more detail for preopera-
tive planning, but the amount of data to be processed to segment 
image datasets are large, and current segmentation methods are 
time intensive. Further research is needed to identify generaliz-
able segmentation methods [39].

Additional research is required to understand the challenges 
surgeons may encounter in utilizing augmented information in the 
operating room. Head-mounted displays may unintentionally 
obscure vision of the surgical field by decreasing the field of view 
or create visual clutter from the virtual model overlay. In addition, 
overlay displays may distract surgeons from the procedure. 
Surgeons may also encounter visual clutter or information over-
load where overlay outputs contain more information than the 
surgeon can meaningfully comprehend [40, 41]. Poor ergonomics 
with head-mounted displays may lead to fatigue, and virtual over-
lays may cause simulator sickness exhibited by nausea, headache, 
and vertigo [42, 43].

 Conclusion

Fluorescence- and image-guided surgery are evolving fields of 
study that have the potential to transform surgical care and 
improve patient outcomes. Development of novel targeted molec-
ular fluorophores offer the possibility of accurate and precise 
in vivo tumor localization and margin assessment to guide com-
plete resection. LSCI provides a noninvasive, real-time method to 
intraoperatively assess perfusion without the need for fluorophore 
administration. Advancements in image processing and registra-
tion are bringing surgeons closer to realizing reliable and accurate 
use of AR in the operating room. Significant barriers exist to the 
clinical translation of these technologies to the operative environ-
ment; however, these technologies remain areas of robust research, 
and the next decade will likely bring solutions which address said 
limitations and allow a larger audience to access these disruptive 
innovations.
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