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REVIEW ARTICLE

Near infrared fluorescence imaging of the urethra: a systematic review of
the literature

Mahdi Al-Tahera,b , Bob Knapenb, Manuel Barberioa, Eric Fellia, Sylvain Giouxa,c, Nicole D. Bouvyb,
Laurents P. S. Stassenb, Jacques Marescauxd and Michele Dianaa,c,d

aInstitute of Image-Guided Surgery, IHU-Strasbourg, Strasbourg, France; bDepartment of Surgery, Maastricht University Medical
Center, Maastricht, The Netherlands; cPhotonics Instrumentation for Health, ICUBE Laboratory, Strasbourg, France; dResearch Institute
Against Cancer of the Digestive System, IRCAD, Strasbourg, France

ABSTRACT
Background: Urethral injury is a dreaded complication during laparoscopic, perineal and transa-
nal surgery and is mainly a result of a failed visualization of the urethra. The aim of this system-
atic review is to provide an overview of the available literature on the near-infrared fluorescence
(NIRF) imaging technique using contrast agents for the intra-operative visualization of
the urethra.
Material and methods: A systematic review of the literature was conducted including studies
on NIRF imaging using contrast agents to visualize the urethra. All studies describing a NIRF
imaging technique and demonstrating visual findings of the urethra were included.
Results: Five studies were identified. Four studies examined indocyanine green, one of which
also studied the IRDyeVR 800BK agent and one examined the CP-IRT dye. All studies showed that
the NIRF imaging technique was feasible for an early identification of the urethra. No complica-
tions related to NIRF imaging were reported.
Conclusion: We conclude that the use of a NIRF imaging technique is feasible and that it can
contribute to prevent iatrogenic injury to the urethra. However, based on the limited available
data, no solid conclusion can yet be drawn and further translation to the clinical practice
is necessary.
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Introduction

Urethral injury is a feared complication during lap-
aroscopic, perineal and transanal surgery for uro-
logical or colorectal diseases [1,2].

The male urethra, which has a ten-fold higher risk
of injury in comparison to women, is subdivided into
an anterior and posterior part. The posterior part,
which is most commonly involved in surgical iatro-
genic urethral injuries consists of the membranous
and prostatic urethra [3].

Urethral injuries and their postoperative conse-
quences can be a source of significant morbidity [4].
In the acute phase, local tissue swelling and/or ureth-
ral disruption can cause acute urinary retention,
which can lead to hydronephrosis, acute kidney
injury, or acute renal failure if not adequately
addressed [5]. In the long run, in general, all urethral
injuries cause scar tissue formation which may lead to
fibrosis, stenosis, and/or urethral stricture formation.

Therefore, the prevention and direct recognition of
iatrogenic injury is crucial to reduce the incidence
and severity of subsequent complications [4,5].

In colorectal surgery, total mesorectal excision
(TME) is the gold standard surgical treatment for
mid-rectal and low rectal cancer [6]. However, it is
associated with specific surgical difficulties, due to the
complex anatomy and narrow pelvis, especially in
males [7,8]. Transanal TME (TaTME) is a relatively
new procedure which has been developed to over-
come these difficulties through an enhanced visualiza-
tion of the dissection plane. This could potentially
result in a more accurate distal dissection, increasing
the rate of sphincter-sparing procedures. However,
despite the advantages of this procedure, iatrogenic
urethral injury has a reported incidence of 1 to 6.7%
during TaTME procedures [9–12].

In open urethra-sparing (Madigan) prostatectomy,
surgeons must palpate the catheter to help guide the
dissection and decrease urethral injury during
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removal of the adenoma [13]. However, this tech-
nique is challenging in laparoscopic and robotic sur-
gery since the surgeon lacks tactile feedback, leading
to up to 27% of urethrotomies [14]. Therefore, recog-
nizing the structures and developing clear anatomical
planes is paramount for urethra-sparing
prostatectomies.

Thus, in order to reduce the incidence of iatro-
genic urethral injury, enhancement of the urethral
visualization is necessary.

Near-infrared fluorescence (NIRF) imaging during
laparoscopic surgery has gained an increasingly grow-
ing interest over the last decade. It has been proven
to be helpful in, among others, assessing perfusion in
colorectal surgery and highlighting the biliary tract
and ureteral anatomy [15–17]. In this review, we out-
line and investigate the currently available data on
clinical and experimental NIRF imaging of the
urethra for intraoperative recognition and conse-
quently the prevention of iatrogenic injury.

Material and methods

Search strategy

This review is performed in compliance with the
guideline from the preferred reporting items for sys-
tematic reviews and meta-analysis (PRISMA) group
[18]. The search was independently conducted by two
authors (MA, BK) on October 21, 2019. The search
strategy is described in Appendix 1. There were no
restrictions on study design. All studies, both clinical
and pre-clinical, in which near-infrared fluorescence
imaging was performed for the detection of the
urethra were included. All titles and abstracts origi-
nating from the search were screened and assessed for
eligibility. Additionally, the references of the selected
literature were reviewed for possible additional
articles. Any differences in the search were discussed
between the two authors, and consensus was reached
following a discussion. If no consensus was reached, a
third author (MB) made the decision.

Clinical trial search

A systematic search of the literature was performed in
the PubMed database, the Embase database, and the
Cochrane library. Other sources were approached for
relevant articles. These included https://clinicaltrials.
gov, https://clinicaltrialsregister.eu, and https://trial-
register.nl.

Key words, which were used to cover the subject,
included the following: urethra, near-infrared, fluores-
cence imaging, and laparoscopic surgery.

Data extraction

All relevant data from the included articles were col-
lected by two authors independently (MA, BK). Data,
such as general study information, interventions,
results, and the used dyes were collected and grouped.

Results

Figure 1 displays the PRISMA flow diagram. After
removal of the duplicates, 324 articles remained after
conducting the searches through different databases.
Out of these, 310 were excluded after the screening of
the titles and abstracts. The remaining 14 articles
were completely screened for eligibility after which a
total of five relevant articles were included in this
review. Reasons for exclusion of the remaining nine
articles are mentioned in Figure 1. In the included
articles, a total of 24 subjects (23 males and one
mouse model) were studied.

Dyes used

The included studies and their general characteristics
are summarized in Table 1. In these five studies, three
different fluorescence agents were used for urethral
visualization: four articles mention the use of indocya-
nine green (ICG), in one article the dyes studied were
IRDyeVR 800BK (LI-COR Biosciences, Lincoln, NE,
USA) and ICG, and one article described the use of
the CP-IRT dye. In each of the studies, different
methods and materials for dye administration and
urethral visualization were reported. The methods
and materials are outlined in Table 2. The dosing,
moment of application, and number of subjects were
not always specified.

In the next section, we will discuss every article
and the used dye separately.

Indocyanine green
Simone et al. [19] included a total of 12 male patients
who underwent a urethra-sparing robot-assisted sim-
ple prostatectomy (US-RASP) performed using the da
Vinci SiTM robotic surgical system (Intuitive,
Sunnyvale, CA, USA). All procedures were performed
through a transperitoneal approach. After prophylac-
tic antibiotics administration and under general anes-
thesia, an 18 French urethral catheter was inserted.

2 M. AL-TAHER ET AL.

https://clinicaltrials.gov
https://clinicaltrials.gov
https://clinicaltrialsregister.eu
https://trialregister.nl
https://trialregister.nl


The catheter was then retracted to the navicular fossa
and was filled with 50ml of ICG; the dye concentra-
tion was not further specified. NIRF imaging was per-
formed during the surgical procedure to identify the
bladder neck and to prevent any damage to the urin-
ary tract. Dissection of the paraurethral tissue in the
prostatic fossa was done under NIRF, to prevent dis-
section of the proximal urethra. In two cases in which
the urethra was damaged, NIRF imaging allowed an
immediate identification and intraoperative repair of

the injury. No intraoperative complications related to
NIRF imaging were noted. Additionally, no urethral
strictures or urinary incontinence were reported.

In a case report, Nitta et al. [20] successfully
visualized the prostatic part of the urethra with ICG
under endoscopic NIRF imaging, in a 58-year-old
man who underwent a TaTME. Before starting the
surgical procedure, a urethral catheter was inserted
over a guide wire, after which the IRIS ureteral kit
(Stryker, Kalamazoo, MI, USA) was used (a urologist

Table 1. Characteristics of the selected articles.
Authors Country Year of publication Number of subjects Contrast agent System

Simone et al. [15] Italy 2019 12 male patients ICG da Vinci SiTM

Nitta et al. [16] Japan 2019 1 male cadaver ICG IRIS ureteral kit
Barnes et al. [17] UK 2018 2 male cadavers ICG, IRDye 800BK in-house manufactured
Wang et al. [20] China 2018 NS, mice CP-IRT dye NS
Barnes et al. [19] UK 2017 8 male cadavers ICG PINPOINT

NS not specified, ICG indocyanine green, CP-IRT dye click chemistry derived peptide-dye.
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inserted the IRIS ureteral kit to guarantee safety).
ICG was then injected intra-urethrally and the urethra
was easily recognized under fluorescence imaging
during a TaTME procedure. In this study it was not
specified whether surgical dissection was needed for
the first identification of the urethra. The perineal
time of the TaTME procedure was 122min.

Barnes et al. [21] performed a TaTME in a cadaver
with NIRF imaging of the urethra using ICG. An
ICG-silicone mix (2mg of ICG was solved in 100%
1ml ethanol and mixed with 10ml transparent sili-
cone) was injected into a 10 French one-way catheter.
An in-house manufactured laparoscopic imaging sys-
tem was used, previously described by Volpi et al.
[22]. During the TaTME procedure, the membranous
urethra was clearly visible in the transanal part of the
procedure, with a signal-to-background ratio of 5.75.
After removing the catheter, no residual fluorescence
was seen, which indicated that there was no leakage
of ICG-silicone.

In another and earlier study by Barnes et al. [23],
eight cadavers were included. A PINPOINT laparo-
scopic system (Stryker, USA) was used for NIRF
imaging. When feasible, a 14 French Foley catheter
was inserted. This was successful in five cadavers. In
that group, 10ml of ICG was administered in the
catheter in a total dose of 2.5, 5, 10, 12.5, and 25mg,
respectively. In the remaining 3 cadavers, 10ml of
ICG was directly administered in the urethra. In

seven of the eight cadavers, the urethra was exposed
using a transverse or vertical perineal incision. Similar
levels of fluorescence were observed in comparison to
the cadavers with and without a catheter. In the
cadavers without a catheter, there was no ICG leaking
to the bladder. In one cadaver, the prostate was mobi-
lized during a TaTME. The urethra was clearly
delineated, and thus no perineal incision was needed.
It was not necessary to denude the urethra completely
in any of the cadavers prior to successful NIRF identi-
fication. This study showed no correlation between
the dose and the brightness of the fluorescence signal.
The urethra was easily seen through overlying
muscles to a depth of 2 to 4 cm. In addition, ICG
leakage was observed after deliberately damaging the
urethral wall. The ICG and InstillagelVR (Farco
Pharma, Cologne, Germany) were green under the
white light and could be clearly seen without the need
for NIRF imaging.

IRDyeVR 800BK. Barnes et al. [21], in the same publica-
tion describing the use of ICG, complemented the
study by testing the IRDyeVR 800BK as a NIRF fluoro-
phore, in a cadaver model of a TaTME.

A mixture made of 2.5mg of IRDyeVR 800BK mixed
with 1ml of H2O and 10ml of anaesthetic antiseptic
lubricant was injected directly into the urethra, as
previously described by the same authors [23] using
the same in-house manufactured laparoscopic imaging

Table 2. Materials and methods for the administration of the dyes.
Study Contrast agent Dosage Application moment Administration method

Simone et al. [15] ICG 50mL ICG, not further specified During the US-RASP surgery Intraurethral

Nitta et al. [16] ICG NS During a TaTME Intraurethral Indocyanine
green Injection using the
IRIS Ureteral kit

Barnes et al. [17] IRDye 800BK IRDye 800BK: 2.5mg dye mixed
with 1mL of water and 10mL
of anesthetic and
antiseptic lubricant.

During a TaTME
IRDye 800BK: prior

to dissection

IRDye 800BK was directly
infiltrated into
the urethra.

ICG ICG: 2mg of dye dissolved in 1mL
of ethanol (100%) and mixed
with 10mL of
transparent silicone.

During a TaTME
ICG: infiltrated into a 10

French one-way Foley
catheter and set for 1
week. This is not
further specified

ICG was infiltrated into a 10
French Foley catheter

Wang et al. [20] CP-IRT dye 50mM CP-IRT probes were mixed
with 200mL of PBS

At the start of non-invasive
NIRF imaging

Intravenous

Barnes et al. [19] ICG ICG was reconstituted with saline
and mixed with 10mL of
InstillagelVR . A urinary catheter
(when possible) was inserted,
and ICG was infiltrated
adjacent to the catheter in the
urethra with dose: 2.5, 5, 10,
12.5, and 25mg

NS Intraurethral and infiltrated
into the catheter

NS not specified, ICG indocyanine green, TaTME transanal total mesorectal excision, US-RASP urethra-sparing robot-assisted simple prostatectomy.
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system. The surgeons defined a clear signal, after the
incision of the perineal skin, in the location of the
urethra with overlying fat, of approximately 2 cm in
size. The signal-to-background ratio was 6.24 with the
overlying fat and 6.61 without the fat.

CP-IRT dye
Wang et al. [24] studied molecular cancer imaging by
using a renal-excreted fluorophore-peptide probe in
mice [24]. For this study, a click chemistry derived
peptide-dye (CP-IRT dye) probe was injected to target
the CD133 stem cell tumor biomarker. The fluores-
cence imaging was performed in the second near-
infrared window, which involved wavelengths between
1000 and 1700 nm (NIR-II). The CP-IRT dye was
injected intravenously, and within three minutes the
urethra was clearly visible through the intact tissue of
the mouse with NIRF imaging. The used fluorescence
imaging system was not described.

Discussion

This study presents an overview of intraoperative
enhanced visualization of the urethra via NIRF imag-
ing, possibly leading to a decreased risk of ureth-
ral damage.

Five studies reporting a fluorescence-based method
for enhanced urethral recognition were found. In four
out of five articles, the clinically available ICG was
studied. ICG is the most commonly used dye for
NIRF imaging. ICG is rapidly and exclusively excreted
into bile and is approved for clinical use in the assess-
ment of hepatic blood flow, ophthalmology and cardi-
ology. These experiences with ICG have greatly
facilitated its introduction as a NIRF fluorophore for
several surgical indications [25].

In all studies exploring the use of ICG for urethral
identification, the authors concluded that it provided
a significant improvement as compared to the stand-
ard surgical approach.

Barnes et al. [23] demonstrated that the ICG emis-
sion easily penetrates the overlying muscles on the
urethra to reach visualization up to a depth of 2 to
4 cm. This penetration depth is remarkably higher
than the fluorescence penetration depth which has
been described in other studies on intraoperative
NIRF imaging, reaching a maximum penetration of
2 cm [26]. Future studies on NIRF imaging of the
urethra should assess the reproducibility of this tech-
nique and the penetration depth of the fluores-
cence signal.

Simone et al. [19] showed that the use of ICG
provides a significant improvement in the identifi-
cation of the prostatic urethra. However, despite the
improved recognition of the prostatic urethra, in
two cases (16.6%) where a medial prostatic lobe was
present, iatrogenic injury to the urethra could not
be prevented due to the known technical challenges
of this procedure. NIRF imaging however, demon-
strated the benefit for the detection of urethral
damage introaoperatively. Consequently, NIRF
imaging with ICG may not only serve as a tool for
enhanced recognition of the urethra, but also as a
tool to recognize iatrogenic damage intraopera-
tively. Especially in cases with large lateral and/or
medial prostate lobes protruding into the bladder
neck, up to 27% of unintentional urethrotomies
were described by Wang et al. [14]. At present,
there is no prospective study evaluating NIRF imag-
ing for the reduction of uretheral injuries in com-
parison to conventional imaging, which may be the
focus of future studies.

The IRIS ureteral kit is a single use, flexible tube
containing a fiberoptic bundle that emits light
throughout its length, intended to be inserted into the
ureter to facilitate the visualization of the ureter. Nitta
et al. [20] demonstrated in a case report that it can
also be used for urethral visualization and that it did
not alter the length of the surgical procedure; the
perineal time of the TaTME procedure was 122min,
compared to a mean of 128min (±70; 15–467), as
reported by the international TaTME registry.
However, based on this study alone, it is yet not pos-
sible to conclude whether NIRF imaging significantly
influences the length of the perineal procedure. In
this study, the IRIS ureteral kit was used as it has
FDA approval to transilluminate the ureter during
open and surgical procedures. However, in this paper
the IRIS Ureteral kit was used for urethral and not
ureteral identification. It is not clarified whether the
white light led of the IRIS kit was visible as a stand-
alone device. The authors used the IRIS kit illumin-
ation in combination with ICG urethral instillation.
Importantly, tissue penetration of white light is much
lower when compared to the depth of penetration of
the NIR light.

One study explored the use of IRDyeVR 800BK and
ICG, showing a successful visualization of the urethra
[21]. The IRDyeVR 800-BK was originally developed
specifically for intraoperative NIRF visualization of
the ureters. Due to its hydrophilic nature, it is pri-
marily cleared by the kidneys and therefore it showed

MINIMALLY INVASIVE THERAPY & ALLIED TECHNOLOGIES 5



a great potential for real-time NIRF imaging of the
ureter in preclinical studies [27,28].

The authors evaluating this dye for urethral imag-
ing concluded that IRDyeVR 800BK could be a promis-
ing alternative to ICG, with a greater depth of
penetration and target to background fluorescence
when it comes down to visualizing the urethra [21].

Wang et al. [24], studied the CP-IRT dye in a
mouse model. It was not primarily used to visualize
the urethra, because the aim of the study was to test a
dye for cancer imaging. It was an interesting second-
ary finding as the urethra was visualized with the CP-
IRT dye, but no further information was provided.
Consequently, the clinical relevance of this dye is
uncertain for urethral recognition.

None of the studies reported side effects attribut-
able to the used dye or imaging system.

An open-label feasibility clinical study
(NCT03204201) using a direct instillation of ICG into
the urethra intraoperatively for low rectal cancers by
Barnes et al. [29] was terminated due to failure of the
technique. The trial involved a single intervention tak-
ing place during the patient’s operation. No data was
provided concerning the reasons for terminating
this study.

The methods used to administer the dye through
direct instillation into the urethra or through a urine
catheter, seem to be easily applicable and clinically
reproducible in all included articles exploring these
methods. However, the practicality of these methods
should be further evaluated. Since most open and lap-
aroscopic procedures in which urethral recognition is
important require the insertion of an indwelling blad-
der catheter for urine drainage [30], it would be ideal
if NIRF imaging did not interfere with the drainage
of urine. As a result, the direct injection of a dye into
the urethra with a urinary catheter in place may not
be feasible. Besides, inserting the dye into the catheter
may prevent the drainage of urine or will result in
the washout of the dye during the procedure due to
urine flow through the catheter which may result in a
decrease of the fluorescence signal during
the procedure.

Recently, our group developed a proprietary
fluorescent coating, named NICE (Near-Infrared
Coating of Equipment). This biocompatible paint
has been engineered based on poly (methyl meth-
acrylate) (PMMA) associated with a specially
designed fluorescent dye, which exhibits optical
properties rather similar to indocyanine green
(ICG), but with higher brightness and stability. The

NICE has been successfully used to coat gold fidu-
cials [31] and magnetic anastomosis devices [32]
under experimental settings. Inspired by the results
of this review, we performed a successful feasibility
study on human anatomical specimens [33]. In the
experimental setting, it was possible to visualize the
urethra using a NICE-coated indwelling urinary
catheter, during a TaTME procedure. This might
represent a good solution to be explored in clinical
practice since it does not interfere with the drainage
of urine and is completely removed from the body
after urinary catheter removal.

The use of the NIRF imaging technique for ureth-
ral recognition appears to be a new field of interest,
due to the limited amount of studies exploring this
technique. Due to the promising results found in
the studies described in this review and due to the
increasing use of NIRF imaging techniques in the
clinical practice, we expect a growing interest about
urethral NIRF imaging in the near future.

Conclusion

Near-infrared fluorescence imaging techniques show
promising results for the early recognition of the
urethra intraoperatively. However, data is too limited
to draw solid conclusions on its value for the preven-
tion of urethral injury. Future studies are required to
investigate the clinical applicability, reproducibility,
and the right composition of the dye, before conclu-
sions can be drawn.
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Appendix 1. Search 21-10-2019

(("Fluorescence"[Mesh]) OR ("Microscopy,
Fluorescence"[Mesh]) OR ((Diagnosis/Broad[filter]) AND
("Microscopy, Fluorescence"[Mesh])) OR ("Lasers,
Dye"[Mesh]) OR (Near-infrared fluorescence imaging) OR
(near-infrared) OR (near-infrared imaging) OR (fluores-
cence diagnosis) OR (fluorescence imaging) OR (near-infra-
red diagnosis) OR (NIRF imaging)) AND
(("Urethra"[Mesh]) OR ("Urethral Stricture"[Mesh]) OR
(Urethral) OR (Urethra) OR (urethral stricture)) AND
(("Laparoscopy"[Mesh]) OR ("Surgical Procedures,
Operative"[Mesh]) OR (Laparoscopic surgery) OR (surgery)
OR (laparoscopic) OR (minimal invasive surgery) OR
(operation) OR (abdominal surgery) OR (abdominal))
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