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Fluorescence-guided ureteral
identification in robotic surgery
for advanced endometriosis: a
comparison of junior versus senior
surgeons
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Brooke Thigpen'?, Luis E. Delgadillo Chabolla!, Qianqing Wang>"* & Xiaoming Guan?**

Identifying the ureters in patients with advanced endometriosis and severe pelvic adhesive disease
can be challenging. Adhesiolysis along the deformed pelvic sidewall may increase the risk of prolonged
operative time and incidental ureteral injury. This study aimed to evaluate the safety and surgical
outcomes of using Indocyanine Green (ICG) under near-infrared fluorescence for intraoperative
ureteral localization and preservation during robot-assisted laparoscopic surgery (RALS) for advanced
endometriosis, comparing procedures performed by two junior surgeons to those performed by one
senior surgeon. This was a retrospective observational case series conducted by three minimally
invasive gynecologic surgeons (X.G., T.K., B.T.) at a single tertiary care center between August

2021 and January 2025. A total of 92 patients underwent RALS using ICG fluorescence; 44 surgeries
were performed by two junior surgeons, and 48 by a senior surgeon. The senior group had a higher
percentage of patients with complete cul-de-sac obliteration (56.3% vs. 18.2%, p=0.001). Our primary
surgical outcome, total operative time, was 233 min in the junior group and 348 min in the senior
group, initially showing a significant difference. However, after adjusting for factors such as history

of prior abdominal surgery, cul-de-sac obliteration, and additional procedures (resection of ovarian
remnant, bowel shaving, oophorectomy, enterolysis) using multivariable linear regression analysis, no
significant difference was observed between the two groups. Other perioperative outcomes—including
patient characteristics, estimated blood loss, length of hospital stay, and postoperative pain at weeks
1, 2, and 3—were comparable between the groups. Complication rates did not differ significantly.
Notably, there were no cases of temporary or permanent ureteral injury in either group. These findings
suggest that with ICG-assisted ureteral mapping, junior surgeons can achieve comparable surgical
outcomes to senior surgeons. ICG facilitates intraoperative ureter identification, with the potential to
enhance surgical safety by improving surgical precision and supporting the training of junior surgeons
in managing complex endometriosis.
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rASRM  Revised American Society for Reproductive Medicine
BMI Body mass index
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CD Clavien-Dindo

IQR Inter-quartile range

UTI Urinary tract infection

DIE Deep infiltrating endometriosis

Endometriosis is a common but debilitating disease, with an incidence of 10-15% in women of reproductive
agel. It is typically diagnosed and treated surgically through the excision of endometriotic lesions, primarily
to alleviate symptoms. However, in advanced-stage endometriosis and conditions such as ovarian remnant
syndrome, surgical management becomes more complex due to distorted anatomy from severe adhesions.
Notably, ureteral involvement is typically considered a manifestation of deep endometriosis, where lesions
infiltrate beyond the peritoneal surface, often involving structures such as the pelvic ureter?. Identifying the
pelvic ureter is a crucial step in endometriosis excision surgery, as endometriosis can be located anywhere in the
pelvis, increasing the risk of ureteral injuries during excision®.

Minimally invasive surgery is the preferred approach for the resection of endometriosis. The advancement
of minimally invasive techniques was significantly transformed with the introduction of the Da Vinci Surgical
System (Intuitive Surgical, Sunnyvale, CA, USA) in 2004. This system enhances surgical precision through
360-degree instrument motion, tremor control, and high-definition 3-D visualization. Recognizing its advantages,
the American College of Obstetricians and Gynecologists (ACOG) endorses robot-assisted surgery for complex
cases of endometriosis. Hiltunen et al. provided compelling evidence that this approach is effective for resecting
deep infiltrative endometriosis, particularly in cases involving the ureters, and significantly improves patient
quality of life by reducing endometriosis-related pain®.

In relation to the surgeon, resection of deep infiltrative endometriosis increases surgeon anxiety. There is a
significant correlation between surgical complexity and situational stress®. More than half of iatrogenic ureteral
injuries occur during gynecologic procedures®, with one study reporting 35 cases (1.2%) among 2927 surgeries.
Some risk factors include endometriosis, pelvic inflammatory disease, prior pelvic surgery, pelvic radiation,
and congenital anomalies’. Over the past decade, indocyanine green (ICG) dye has been increasingly used in
surgical applications such as endometriosis resection, ureteral perfusion assessment, lymph node dissection, and
colorectal procedures®’. In robotic gynecologic surgery, ICG under near-infrared fluorescence (NIRF) has been
shown to enhance real-time ureteral visualization, reduce the risk of iatrogenic injury, shorten surgical time, and
alleviate surgeon workload by decreasing both mental and physical demands'®-'".

This study investigates the feasibility of using ICG fluorescence for intraoperative ureteral identification
in complex endometriosis surgeries, with the objective of minimizing the risk of inadvertent ureteral injury.
Specifically, we focus on advanced-stage endometriosis cases to evaluate the applicability and effectiveness of
ICG fluorescence in enhancing surgical precision. Additionally, we aim to compare complication rates between
surgeons with more than ten years of experience and those with less than five years to assess the impact of
surgical expertise on clinical outcomes.

Methods

Study design

A retrospective cohort study was conducted for patients with advanced-stage endometriosis who underwent
RALS with intra-ureteral ICG dye injection. Endometriosis was staged by surgeons using the revised American
Society for Reproductive Medicine (rASRM) staging classification. Advanced-stage endometriosis was defined
as stage III (rASRM score 16-40) or stage IV (rASRM score >40). Data was securely extracted from the patient
electronic medical record. The inclusion criteria comprised patients diagnosed with rASRM stage III or IV
endometriosis who underwent RALS with intra-ureteral ICG dye injection. No specific exclusion criteria were
initially defined. Patient characteristics included age, body mass index (BMI), prior abdominal surgery, and
endometriosis stage with or without complete cul-de-sac obliteration. The total operative time (procedure
start to procedure finish—not room-in to room-out time), the estimated blood loss, conversion rates, length of
hospitalization, and post-operative pain scores were also collected. We assessed for conversion to laparotomy
or other unplanned minimally invasive surgery. Complications were classified using the Clavien-Dindo (CD)
system. All procedures were performed between 2021 and 2025 by three fellowship-trained minimally invasive
gynecologic surgeons (X.G., TK,, B.T.) using the Da Vinci XI system at Baylor College of Medicine hospital
affiliates, including Baylor St. Luke’s Medical Center and Texas Children’s Pavilion for Women. One senior
surgeon (X.G.) had more than 10 years (post-MIGS fellowship training) of gynecologic surgical experience,
while the junior surgeons (T.K., B.T.) each had less than 4 years (post-MIGS fellowship training) of experience.
The study was conducted in accordance with the Declaration of Helsinki and Health Insurance Portability
and Accountability Act (HIPAA) rules, and approved by the Institutional Review Board of Baylor College of
Medicine (approval number H-51429 and March 8, 2022).

Temporary bilateral ureteral stent placement with ICG

After the patient was prepped and draped in the usual sterile fashion, a 17F sheathed cystoscope, preloaded
with a single 5F open-ended 27 cm stent, was prepared. A solution of 25 mg of ICG diluted in 10 mL of normal
saline was attached to the Luer-lock of the stent. The cystoscope was primed, and the labia were gently parted
to identify the urethral meatus. The cystoscope was then advanced into the bladder, and both ureteral orifices
were visualized. The right ureteral orifice was identified, and the stent was advanced retrograde approximately
15 cm into the ureter. Five mL of ICG solution were then injected through the stent, which was left in place for
60 s before being withdrawn. The same process was repeated on the contralateral side: the ureteral orifice was
identified, the stent was advanced 15 cm, and ICG was injected and allowed to dwell for 60 s. Afterward, the stent
and cystoscope were removed, and all instruments were withdrawn from the urethra.
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Data analysis

Data analysis was performed using SPSS software (version 25.0; SPSS Inc., Chicago, IL, USA). Descriptive
statistics were generated. Continuous variables were tested for normality with the Kolmogorov-Smirnov test.
Variables with a normal distribution were shown as mean + standard deviation (SD), while variables with a non-
normal distribution were shown as median [inter-quartile range (IQR)]. Groups were compared by Student’s
T-test for normally distributed variables and Mann-Whitney U-test for non-normal data. Categorical variables
were reported as proportions and analyzed using Pearson’s Chi-Square test or Fisher’s Exact test, as appropriate.
Multivariable regression analyses were used to adjust for potential confounding variables. Statistical significance
was set at p<0.05.

Results

A total of 92 patients underwent RALS with ICG stent placement from August 2021 to January 2025. Among
these, 44 patients had their surgeries performed by two junior surgeons (less than four years post-MIGS
fellowship training), while 48 patients were treated by a senior surgeon (greater than 10 years post-MIGS
fellowship training).

Significant differences were observed in patients’ characteristics between the two groups (Table 1). The junior
group of patients were significantly younger than the senior group (mean age 35.57 vs. 39.29 years, p=0.005).
Additionally, more than 90% of patients in the senior group had a history of at least one abdominal surgery,
which is significantly higher than the junior group (91.7% vs. 65.9%, p=0.004). The revised American Society
for Reproductive Medicine (rASRM) endometriosis classification was used. The stage of endometriosis was
not different between the two groups (p=0.11). However, patients in the senior group had a higher rate with
complete cul-de-sac obliteration (56.3% vs. 18.2%, p=0.001).

All patients had procedures of endometriosis excision and cystoscopy; Fig. 1 shows the additional surgical
procedures performed. Procedures such as enterolysis (p==0.001), bowel shaving (p=0.01), oophorectomy
(p=0.04) and resection of ovarian remnant (p=0.001) were more frequently performed in the senior group.

Data regarding surgical outcomes appear in Table 2. The total operative time was significantly shorter in
the junior group (median: 233 min vs. 348 min, p=0.001). Since age, history of abdominal surgery, cul-de-sac
obliteration, and additional procedures (enterolysis, bowel shaving, oophorectomy, and resection of ovarian
remnant) were not consistent between the two study groups, adjustments were made for these variables. After
adjustment, no significant difference in total operative time was observed. The junior group had a shorter hospital
stay (median: 1 day vs. 2 days, p=0.001) and a higher rate of same-day discharge (45.5% vs. 18.8%, p=0.007).
However, there was no difference between the two study groups when patient characteristics were taken into
account. The estimated blood loss and post-operative pain at week 1, week 2, and week 3 were always comparable
before and after adjustment for patient characteristics. No patients required conversion to laparotomy.

The total complication rate was 6.8% (3 cases) and 12.5% (6 cases) in the junior and senior groups,
respectively, showing no significant difference (p=0.49), (Table 3). It is important to note that no cases of
temporary or permanent ureteral injury were observed in either the junior or senior surgeon groups. According
to the Clavien-Dindo system, all the patients were CD grade I or grade II. In the junior group, one patient had
hematuria, one patient had a fever, and one patient had both pneumothorax and a urinary tract infection (UTI).
In the senior group, two patients had urinary retention, two patients had a blood transfusion, one patient had
sepsis, and one patient had both a blood transfusion and sepsis.

Discussion

In recent years, there has been a growing emphasis on the surgical management of endometriosis by fellowship-
trained surgeons, including newly graduated surgeons, in addressing complex cases of deep infiltrating
endometriosis. This includes conditions such as bilateral pelvic sidewall involvement, complete obliteration
of the posterior cul-de-sac, and ovarian remnant syndrome—which can lead to ureteral torsion or difficult
visualization'®!%. The identification of ureters is crucial for safely managing advanced-stage endometriosis and
ovarian remnant syndrome. However, this task remains challenging, particularly in cases with severe adhesive
disease due to the possible alterations in anatomic location of the ureters®?’. Additionally, the excision of
endometriosis around the ureters is complicated by factors such as diminished tactile feedback during robot-

Junior Senior
Characteristic (N=44) (N=48) Pvalue
Age, years 35.57+6.84 | 39.29+5.52 | 0.005
Body mass index, kg/m? 29.31+7.47 | 29.28+6.68 | 0.98
Abdominal surgery history 29 (65.9) 44 (91.7) 0.004
Endometriosis stage 0.11
Stage IIT 8(18.2) 3(6.3)
Stage IV 36 (81.8) 45(93.8)
Complete cul-de-sac obliteration | 8 (18.2) 27 (56.3) 0.001

Table 1. Characteristics of the study participants in the 2 study groups (N=92). Values are given as mean + SD
(unpaired T-test) and N (%) (Pearson’s Chi-squared test or Fisher exact test, as appropriate). Significant values
are in bolditalics.
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Fig. 1. Additional surgical procedures performed. Values are given as N (%) and comparisons performed
using Pearson’s Chi-squared test or Fisher exact test, as appropriate.

Variables Junior (N=44) | Senior (N=48) | Pvalue | P value (adjusted)
Total operative time, min 233 [187-316] | 348 [255-460] | 0.001 0.08
Estimated blood loss, mL 100 [50-200] 150 [50-238] 0.18 0.54

Length of hospitalization, d | 1 [0-1] 2[1-3] 0.001 0.21
Same-day discharge 20 (45.5) 9 (18.8) 0.007 |0.94
Pain scale-1wk 3[3-5] 5[1-7] 0.37 0.24
Pain scale-2wk 2[1-3] 2 [1-6] 0.54 0.16
Pain scale-3wks 1[1-3] 2 [0-4] 0.86 0.82

Table 2. Surgical outcomes between the 2 study groups (N=92). Significant values are in bolditalics.

Values are given as median [inter-quartile range] (Mann-Whitney U test) and N (%) (Pearson’s Chi-squared
test). Adjustments were made for variables age, abdominal history, cul-de-sac obliteration, and additional
procedures (resection of ovarian remnant, bowel shaving, oophorectomy, enterolysis) using regression analysis.

assisted surgery?!, tissue inflammation or fibrosis, limited visualization of ureteral anatomy, and deep adhesions
to the urinary tract??. In a related study, but in performing a parametrectomy, lanieri, et.al. demonstrated a
standardized approach for comparing complications and functional outcomes. Parametrectomy, even when
performed by expert surgeons, carries a notable risk of bladder voiding deficits*.

Exacoustos et.al. strongly advocates for the routine use of preoperative sonographic mapping in cases of
suspected deep infiltrating endometriosis (DIE). Proper patient counseling based in conjunction with imaging
is not only essential for informed consent but also facilitates optimal surgical planning. This also allows for
preparation of a multi-disciplinary approach for complex cases, involving general surgeons and/or urologists®*.
Regardless of surgeon team, ureteral mapping is a paramount part in safely performing complex surgery. A
recent systematic review evaluated laparoscopic and robotic-assisted techniques for ureteral reimplantation in
the treatment of ureteral endometriosis, concluding that both approaches are safe and effective®. The integration
of NIRF with ICG dye has significantly expanded its application across various surgical procedures aiding in
precise ureteral mapping!>!>-!7. Numerous studies have demonstrated the effectiveness of ICG in facilitating
endometriosis resection, sentinel lymph node mapping, colorectal surgeries, and evaluating vascular patterns
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Junior | Senior
Complications (N=44) | (N=48) | Pvalue
Total complications | 3 (6.8) 6(12.5) |0.49
CD grade I +1I
Urinary retention | 0 2(4.2)
Hematuria 1(2.3) 0
Blood transfusion | 0 3(6.3)
Fever 1(2.3) 0
Sepsis 0 2(4.2)
Pneumothorax 1(2.3) 0
UTI 1(2.3) 0

Table 3. Intraoperative and postoperative complications in the 2 study groups (N=92). CD grade: Clavien-
Dindo classification grade. Values are given as N (%) (Fisher exact test).

in rectosigmoid endometriosis?*~?°. The use of fluorescence-guided imaging in robot-assisted ureterolysis has
shown potential to enhance procedural efficiency and safety'!.

Moreover, resecting deep infiltrative endometriosis is associated with heightened surgeon anxiety.
Surgical complexity is closely linked to situational stress and increased mental and physical demands, all of
which contribute significantly to overall workload®. This study did not, however, address differences in stress
felt between junior and senior surgeons. Our findings indicate that both groups of surgeons achieved similar
surgical outcomes with comparable complication rates. Although the senior surgeon performed more Stage IV
cases with ICG compared to the junior surgeons—likely due to patient selection—both groups exhibited similar
complication rates. Notably, the ureterolysis rates in both groups were high (junior group: 88.6% vs. senior group:
79.2%), and no instances of temporary or permanent ureteral injury were observed in either the junior or senior
surgeon groups when ICG-assisted ureteral mapping was utilized. This suggests that with ICG fluorescence for
ureteral identification, even junior surgeons were confident enough to perform complex endometriosis excision
without causing ureteral injury. These findings indicate that the implementation of ICG ureteral visualization
may help reduce junior surgeons’ anxiety and improve safety when performing complex cases.

Regarding total operative time, the median operative times were 233 min in the junior group and 348 min
in the senior group. The longer operative time in the senior group is likely due to the higher rate of patients
with complete cul-de-sac obliteration, a history of abdominal surgery, and a greater number of procedures
performed, such as enterolysis, ovarian remnant resection, oophorectomy, and bowel shaving. This was
supported by the absence of a significant difference in total operative time after adjusting for these variables,
suggesting that junior surgeons can achieve similar surgical outcomes as senior surgeons under ideal conditions.
However, we acknowledge that the inclusion of concurrent procedures (e.g., enterolysis, bowel shaving) may
act as confounding variables, as we were unable to obtain the exact console time for each individual procedure.
Therefore, using the percentage of concurrent procedures can only partially explain differences in total operative
time and cannot provide an exact measure.

Our study provides valuable insights into the use of ICG fluorescence for ureteral identification in robot-
assisted surgery for advanced endometriosis. However, several limitations should be acknowledged. First,
the retrospective nature of the study introduces several inherent limitations. These include: (1) the lack of
randomization, which may result in selection bias, as patient assignment to surgeon groups was not controlled
and could have been influenced by factors such as case complexity or surgeon availability; and (2) reliance on
existing medical records, which may lead to incomplete or inconsistent data—particularly for variables that were
not routinely or uniformly documented, such as analgesic usage. Second, our follow-up period was limited to six
weeks post-surgery, during which no adverse effects related to ICG were observed. However, the potential long-
term safety and efficacy of ICG use in endometriosis surgery remain unexplored, warranting further prospective,
long-term studies to evaluate its sustained impact on surgical outcomes and patient safety.

Despite these limitations, our study has several notable strengths. This is the first study to compare the
utilization of fluorescence-guided techniques by surgeons with different experience in RALS for advanced-
stage endometriosis cases. This real-time surgical adjunct enhances precision and safety, particularly in cases
of deep infiltrative endometriosis and severe pelvic adhesions, even for junior surgeons. A previous study
similarly reported the use of endovenous ICG as an effective tool for real-time assessment of bowel perfusion
during rectosigmoid resection in patients with deep endometriosis, thereby improving surgical precision and
anastomotic safety>’. Furthermore, our findings contribute to the growing body of evidence supporting ICG-
assisted surgery, offering a foundation for future prospective, multicenter studies to validate its widespread
clinical adoption. By sharing our experience, we aim to enhance surgical strategies and optimize patient
outcomes in the field of minimally invasive gynecologic surgery.

The integration of ICG fluorescence into surgical workflows represents a significant advancement in robot-
assisted ureterolysis, enhancing precision and minimizing risks in cases of deep-infiltrating endometriosis and
ovarian remnant syndrome. Our study found no significant differences in complication rates or operative time
between junior and senior surgeons, highlighting the potential of ICG-assisted ureteral mapping to shorten the
learning curve for graduating fellows and improve the safety of complex endometriosis surgeries, benefiting
both surgeons and patients.
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For surgeons, the immediate and enhanced visualization of ICG-dyed ureters improves spatial awareness and
supports surgical decision-making by providing real-time anatomical reference points. This capability allows
for precise identification of ureter structures and better assessment of surgical progress, reducing the risk of
complications and ensuring more accurate removal of endometriosis implants. For patients, these advancements
may lead to better surgical outcomes, shorter recovery times, and fewer complications. The combination of
improved intraoperative precision and real-time feedback could elevate the overall standard of care, enhancing
both safety and surgical efficacy in endometriosis excision procedures.

Additionally, this study highlights opportunities to enhance training protocols in endometriosis surgery. The
real-time integration of ICG fluorescence can provide trainees with a more comprehensive understanding of ureter
anatomy and surgical techniques, potentially shortening the learning curve and increasing surgical proficiency.
As highlighted by a recently published study, the integration of ICG fluorescence into surgical workflows has
shown significant potential in enhancing surgical precision and improving postoperative outcomes in pediatric
surgery, and it is recommended to establish standardized protocols and specialized training to maximize the
benefits of ICG*'. However, a limitation of our study is that all junior surgeon cases included ICG guidance, and
we do not have a direct comparison of their performance without ICG within this cohort. We agree that further
prospective, controlled studies are needed before ICG can be universally recommended as a standard training
tool.

Further large-scale, multicenter, randomized studies are needed to validate the long-term efficacy of ICG
ureteral identification and support its widespread adoption in gynecologic surgery. As surgical methodologies
evolve, continued research will be essential in refining this technique, optimizing patient outcomes, and
establishing standardized protocols to ensure the highest level of safety and efficacy in minimally invasive
gynecologic procedures.

Data availability
The data that support the findings of this study are available on reasonable request to the corresponding author.
The data are not publicly available due to privacy or ethical restrictions.
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