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ABSTRACT

Background and Objectives: Near-infrared fluorescence
(NIRF) of the Firefly® system has become a useful and wide-
spread technique for the visualization and detection of tumors,
sentinel lymphnodes, and vascular/anatomical structures.

Methods: Between February 1, 2017 to September 30,
2019, a total of 25 patients affected by benign and malig-
nant pathologies underwent robotic surgery by the use of
organ transillumination with the concomitant Firefly®.
We analyzed the pre-operative patients’ characteristics
(age and body mass index [BMI], previous abdominal sur-
geries and systemic disease); pre-operative diagnosis, sur-
gical procedure and approach (multiport or single site),
transilluminated organ, surgical outcomes (operating
time, incidence of intraoperative complications, and inci-
dence of conversion to other surgery); and postoperative
outcome. The surgical procedures included: four bladder
endometriosis nodules resections, one pelvic lymphade-
nectomy with ureterolysis, and 23 hysterectomies.

Results: The average operating time was 283.3 (1/- 76.9)
minutes, there were no intra-operative complications or lapa-
rotomic conversions. The average recovery days were 5.9.
There have been three grade 2 post-surgical complications,

following the Memorial Sloan Kettering Cancer Center
Surgical Secondary Events System classification. The combina-
tion of NIRF and transillumination allows a clear view of the
anatomical landmarks and the resection margins.

Conclusions: It’s likely that improvement in the anatom-
ical detail could confer a greater surgical safety with
lower percentage of intra and post-surgical complications
and sparing of safe tissue. To evaluate the validity of
these techniques in a larger number of patients and com-
pare these new surgical procedures with standard ones,
further studies are needed.

Key Words: Firefly system, Organ Transillumination,
Anatomical landmark.

INTRODUCTION

Robotic surgery may contribute to overcoming technical
limitations of standard laparoscopy thanks to its high-defi-
nition, three-dimensional vision provided by the optical
system, the seven degrees of freedom of its instruments,
the tremor-filtering mechanism, and the stability of the op-
tical platform, thereby facilitating the performance of
complex minimally invasive procedures.1,2

Firefly® has been available since 2011 as an option to the
da Vinci system. The need for a better intra-surgical view
has significantly increased the interest toward fluores-
cence imaging. Near-infrared fluorescence has become a
useful and increasingly widespread technique for the vis-
ualization and detection of tumors, sentinel lymphnodes,
and vascular/anatomical structures. Da Vinci utilizes the
near-infrared fluorescence (NIRF) technique to identify
the tracer (indocyanine green, [ICG]) in the blood/lym-
phatic system, which, once provided intravenously or via
lymphatic system, binds to plasma proteins and gets
access to the vascular system.3,4

ICG can be injected either intravenously to assess the vas-
cularization of specific tissues or “in situ” directly into vari-
ous organs to identify diseased parenchyma or to assess
the lymphatic pathways.
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The use of NIRF/ICG improves the identification of key
anatomical landmarks and pathological structures for
oncological and nononcological procedures.1,2

NIR light has a wavelength of 700 – 900 nm and it is invisi-
ble to the naked eye. This technology provides real time
imaging, which represents a fundamental guidance during
the surgical procedure.

NIR fluorescence can penetrate deeply (for a few milli-
meters) in blood and soft tissues and it is absorbed more
by biomolecules (e.g., hemoglobin or lipids) than by
water, thus allowing the identification of deeper anatomi-
cal structures.

In addition to indocyanine green, Firefly® can be utilized
along with other devices which allow organ transillumina-
tion; indeed NIRF light even captures green colored images
of selected organs, like the ureter or the bladder.5–10

In this study, we report surgical and clinical outcomes of a
retrospective cohort of 25 patients who underwent
robotic surgery with the use of organ transillumination
and concomitant FireFly® system. To our knowledge, this
is the first study published on this topic.

MATERIALS and METHODS

This is a retrospective case review of 25 patients who under-
went robotic surgery because of endometrial or cervical
cancer, uterine fibromatosis, and bladder endometriosis.

The surgical procedures, including hysterectomy, radical
hysterectomy, pelvic lymphadenectomy, bladder endo-
metriosis resection, were performed by surgeons M.R.,
S.B., A.V., and D.S., using da VinciTM Surgical Robot
(Intuitive Surgical Inc., Sunnyvale, CA, USA). The study is
exempt from Institutional Review Board approval.

We analyzed the pre-operative patients’ characteristics (age
and body mass index [BMI], parity, previous abdominal sur-
geries, and systemic disease), pre-operative diagnosis, surgi-
cal procedure and surgical approach (multiport or single–
site), transilluminated organ, surgical outcomes (operating
time, incidence of intra-operative complications, and inci-
dence of conversion to other surgery); and postoperative
outcomes such as readiness to discharge according to the
Post-Anesthetic Discharge Scoring System (PADSS), the drop
of hemoglobin, and the incidence of post-operative compli-
cations according to Memorial Sloan Kettering Cancer
Center’s Surgical Secondary Events (SSE) System. (Table 1).

SURGICAL TECHNIQUES

Hysterectomy with Vaginal Transillumination and
Firefly® System

This study included patients who underwent hysterec-
tomy for different reasons: fibromatosis, complex atypical
hyperplasia, endometrial carcinoma with or without pel-
vic, and/or paraaortic lymphadenectomy with multiport
or single port techniques.11,12

In all hysterectomy procedures, a uterine manipulator
called SecuFix (Richard Wolf) was used to make colpot-
omy easier, improve the visualization of the selected area,
and more vaginal tissue. SecuFix provides transillumina-
tion of vaginal fornixes, as it features a annular light at the
level of the disposable cap. (Figure 1)

The simultaneous activation of Firefly® allows the sur-
geon to better identify the margins of the manipulator’s
valve and, thus, the colpotomy’s borders, allowing them
to adjust the surgical cut and spare viable tissue wherever
possible.

Hysterectomy, Left Pelvic Lymphadenectomy, and
Transurethral Resection of the Bladder with
Ureters Transillumination and Firefly® System

Firefly® was also employed in 1 case of bladder carci-
noma. The patient recruited in this study, showed a blad-
der lesion of 1.5 cm on computed tomography and a left
pelvic lymph node of increased dimensions that was in
close anatomical proximity to the homolateral ureter.
After the staging procedure, the patient underwent robotic
hysterectomy and left pelvic lymphadenectomy.1,2 Before
the procedure, a Transilluminating Ureteric Stent (Rocket
URIGLOW) was placed via cystoscopy.

Table 1.
Surgical Procedures

Four arms robotics procedures 14

Single site robotic procedures 11

Hysterectomy 12

Hysterectomy and sampling of pelvic lymph nodes 1

Hysterectomy and pelvic lymphadenectomy 6

Hysterectomy, pelvic, and lombo-aortic lymphadenectomy 1

Hysterectomy, pelvic lymphadenectomy, and transurethral
resection of bladder

1

Bladder resections of endometriotic nodules 4
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Through the use of this device, the operator has been
able to safely perform the lymphadenectomy with the
Firefly® technique while observing the ureteral course;
the latter was lightened in green and was well distin-
guished (Figure 2), thus reducing the probability of an
accidental organ injury.

At the end of the gynecological procedure, the urologist
removed the bladder lesion via transurethral resection of
the bladder, which was then defined histologically as an
invasive non-papillary carcinoma G3.

Bladder Endometriosis with Bladder Trans-
Illumination and Firefly® System

Firefly® has been used on patients undergoing bladder
resection due to endometriosis.13 The cystoscopic transillu-
mination of the bladder and the simultaneous activation of
the Firefly® system has allowed surgeons to precisely iden-
tify bladder lesions. The bladder, filled up with physiologic
solution and then lightened with cystoscope light, appears
as green colored. The organ damage, on the other hand,
can be recognized as a dark area, not lightened up, whose
margins appear well defined and easily removable.

STATISTICAL ANALYSIS

The results of parametric data are expressed as a median.
Excel software (Microsoft Inc.) was used for all statistical
analyses. Confidence intervals were set at 95%.

RESULTS

From February 1, 2017 to September 30, 2019, four blad-
der endometriosis nodules resections, one pelvic lymph-
adenectomy with ureterolysis, and 23 hysterectomies (25
patients total) were performed with organ transillumina-
tion (bladder, ureter, vaginal fornix) and the Firefly®

System. All operations were performed following the
standard surgical techniques.

Twelve patients underwent hysterectomy for benign pa-
thology (11 because of fibromatosis and one because of
complex atypical hyperplasia). Eight patients underwent
hysterectomy for malignant pathology, 7 of whom had
pelvic lymphadenectomy and one with pelvic and para-
ortic lymphadenectomy. (Table 1)

Median age was 52.2 (1/- 13) years, BMI was 24.9 (1/-
3.3).

Most of the patients recruited for this study had already
undergone surgical procedures (8 previous laparotomies,
6 previous laparoscopies, 5 previous caesarean sections)

The average operating time was 283.3 (1/-76.9) mins,
There were no intra-operative complications or laparo-
tomic conversions.

Patients were considered ready to be discharged when
PADSS was > 9. This score was reached medially at day
3.6 of hospitalization (4.3 for patients with oncological
disease and 3.4 for women affected by endometriosis or
fibromatosis).

There were three grade 2 postsurgical complications
(Table 2), following the Memorial Sloan Kettering Cancer

Figure 1. A) Vaginal Fornix With Colpotransillumination B)
Vaginal Fornix With Colpotransillumination And FireFly®

System Near-infrared Fluorescence Light.

Figure 2. A) Right Ureter With Transilluminating Stent B) Right
Ureter With Transilluminating Stent And FireFly® System Near-
infrared Fluorescence Light.

Table 2.
Surgical and Post-Operative Outcomes

Operating time (Mins) 2836 76.9

Intra-operative complication 0

Conversion to laparoscopy or laparotomy 0

Hemoglobin drop (g/dl) 1.76 1.2

Postoperative complication 3

Readiness to discharge (days) 3.66 2.3
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Center’s SSE System: one abdominal wall hematoma and
two pneumonitis. One patient affected by endometrial
carcinoma developed a parietal hematoma at the site of
the left lateral trocar insertion, to be then discharged on
the eighth day; she lost 4.9 grams/deciliter (g/dl) of hemo-
globin and underwent intravenous iron therapy using fer-
ric carboxymaltose.

Two patients suffered from pneumonitis during the recov-
ery, stayed in the hospital for 10 days, and were treated
with intravenous antibiotic therapy.

Complete surgical and postoperative outcomes are sum-
marized in Table 2.

DISCUSSION

The proper identification of key anatomical structures is
mandatory to achieve successful outcomes, particularly in
complex surgical procedures.

Transillumination has been thoroughly described in lit-
erature as a clinical tool to improve anatomical visualiza-
tion, particularly to detect diverticula and bladder
endometriosis.5–10,14,15

The application of NIRF technology has been proposed
in many specialties; its major application in gynecology
is the identification of the sentinel lymph node during
the surgical staging of the endometrial or cervical carci-
noma. The advantage in identifying the sentinel lymph
node relies on the fact that lymphadenectomy has a
purely staging, non-therapeutic purpose in the treatment
of malignant uterine pathologies, therefore avoiding sys-
temic lymphadenectomy (especially in older, debili-
tated, obese patients with multiple comorbidities), and
substantially reduces intra and post-surgical complica-
tions, as well as the operative time.16–23

In our clinical practice, Firefly® and indocyanine green
have been used on a daily basis in surgeries for many
years, especially for the uterine oncologic staging, as pre-
viously outlined. It is indeed evident that the combination
of NIRF and transillumination has greatly improved surgi-
cal performances, allowing a clear view of the anatomical
landmarks and the resection margins. It is important to
recall that a better operative view may improve the surgi-
cal dissection, while sparing healthy tissue and, most
importantly, by reducing the percentage of complications
related to accidental organ injury.

In our study, there were no intra-operative complications
or laparotomic conversions. This highlights the fact that

an improvement in anatomical detail can confer greater
surgical safety, which can also be interpreted in a lower
percentage of intra and post-surgical complications while
also saving healthy tissue.

However, to confirm that the association between transillu-
mination and NIRF increases accuracy in identifying ana-
tomical structures, while improving intra- and postoperative
outcomes, further studies are necessary.

Further case-control studies will be required in the
future to verify whether there are actual advantages in
terms of anatomical structures identification, intra- and
postoperative outcomes, using the organ transillumina-
tion associated with NIRF compared to transillumination
alone.
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