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ABSTRACT

A Comparison of Ovarian Loss Following Laparoscopic
versus Robotic Cystectomy As Analyzed by Artificial
Intelligence-Powered Pathology Software.

Background and Objective: To compare the area of
ovarian tissue and follicular loss in the excised cystec-
tomy specimen of endometrioma performed by laparo-
scopic or robotic technique.

Methods: Prospective observational study performed
between April 2023 to August 2023. There were 14
patients each in Laparoscopic group (LC) and Robotic
group (RC). Excised cyst wall sent was for to the patholo-
gist who was blinded to the technique used for cystec-
tomy. The pathological assessment was done by artificial
intelligence-Whole Slide Imaging (WSI) software.

Results: The age was significantly lower in LC group; the
rest of demographic results were comparable. The mean of
the median ovarian area loss [Mean Rank, LC group
(9.16 15.1); RC (8.16 12.4)] was higher in LC group. The
mean of the median total follicular loss was higher in LC
group (8.96 9.2) when compared to RC group (6.36 8.9)
and was not significant. The area of ovarian loss in bilat-
eral endometrioma was significantly higher in LC group
(mean rank 7.5) as compared to RC group (mean rank 3) -
(P5 .016) despite more cases of bilateral disease in RC

group. With increasing cyst size the LC group showed
increased median loss of follicles when compared to RC
group (strong correlation coefficient 0.347) but not statisti-
cally significant (P5 .225). AAGL (American Association of
Gynecologic Laparoscopists) score did not have any impact
on the two techniques.

Conclusion: Robotic assistance reduces the area of ovar-
ian and follicular loss during cystectomy of endome-
trioma especially in bilateral disease and increasing cyst
size. It should be considered over the laparoscopic
approach if available.

Key Words: Robotics, Endometrioma, Cystectomy, Artificial
intelligence, Laparoscopy, Ovarian loss.

INTRODUCTION

Endometrioma is one of the three phenotypes that is seen
in women suffering from endometriosis.1 It can be easily
diagnosed on an ultrasound scan as compared to superfi-
cial or deep infiltrating endometriosis. Pain or impaired
fertility are the two common reasons for surgical interven-
tion in cases presenting with endometrioma. Ovarian
endometriomas are found in 17–44% of women with en-
dometriosis.2 Laparoscopic cystectomy is the gold stand-
ard in managing these cysts rather than drainage.3

However, it is well established that there is ovarian loss
during cystectomy.4–7 Better surgical skills and techniques
can reduce ovarian loss and prevent subsequent fertility
compromise in young women.8,9

Although several studies report ovarian loss during lapa-
roscopic cystectomy (LC), and it is documented that better
surgical skills may reduce this loss, it is not known
whether robot assistance in minimal access surgical tech-
nique can reduce ovarian loss.

We aim to analyze the inadvertent ovarian loss in the
excised cyst wall obtained during endometrioma cystec-
tomy done by laparoscopy and compare it with those
done by robotic assistance. The loss was analyzed using
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the artificial intelligence-WSI (Whole Slide Imaging) both
for the loss of area of ovarian tissue and for the loss of fol-
licles by digital pathology. Whole slide scanners were
introduced in 1990. USFDA approved the use of WSI in
surgical pathology practice and its validation for intro-
duction into the surgical pathology practice is now rec-
ommended by the College of American Pathologists.
Subsequently, Philips received approval for a digital pa-
thology whole-slide scanning solution in 2017.

AIMS AND OBJECTIVES

Our objective is to compare the amount of loss of ovarian
area and follicles in the excised cystectomy specimen by
an expert pathologist using artificial intelligence and WSI
(Whole Slide Imaging) technique between the two techni-
ques of ovarian cystectomy in endometrioma (laparo-
scopic cystectomy and robotic cystectomy).

MATERIAL AND METHODS

It was a prospective observational study performed at a
tertiary care referral academic hospital. This clinical study
was approved by the Institutional Ethical Committee.

Both groups had 14 cases each through convenient sam-
pling. The study period was from April 2023 to August
2023.

The inclusion criteria were as follows:

(a) age 20–40 years

(b) regular menstrual cycles

(c) clinical and ultrasonographic finding of ovarian
endometrioma.

The exclusion criteria were as follows:

(a) any suspicion of malignant ovarian diseases

(b) recurrent disease after previous surgery for
endometriosis

(c) cases in which tissues were not well processed or not
adequate for pathological examination.

The following data was collected prospectively: age, body
mass index, parity, history of infertility, and severe dysme-
norrhea which was graded based on visual analogue
score. The visual analogue scale (VAS) is a validated, sub-
jective measure for acute and chronic pain. Scores are
based on self-reported measures of symptoms that are
recorded with a single handwritten mark placed at one

point along the length of a 10-cm line that represents a
continuum between the two ends of the scale—“no pain”
on the left end (0 cm) of the scale and the “worst pain” on
the right end of the scale (10 cm).10

SURGICAL TECHNIQUE

All surgeries were performed by a single gynecological
surgeon with the aim of performing ovarian cystectomy
along with the removal of all visible endometriotic
lesions. The surgery began with salpingo-ovariolysis.
Endometrioma content was drained. In the laparoscopy
technique (Karl Storz GmBH, Tuttlingen, Germany), a
sharp incision was made with scissors and the cleavage
plane was identified. The cyst wall was removed from the
underlying ovarian parenchyma through traction and
counter traction using one atraumatic and one traumatic
grasping forceps without the use of any electrosurgery. If
needed, after the removal of the cyst, minimal bipolar sur-
face coagulation was done using 40 watts (Force TriadTM-
Medtronic, Minneapolis, USA) to control any significant
bleeding. The robotic surgery was performed by da Vinci
j system (Intuitive Surgical Inc., Sunnyvale, CA, USA).
Three 8-mm ports were used. The optic port was at the
umbilicus. Two 8mm ports were placed laterally on either
side of the abdomen. Fenestrated bipolar was introduced
from the left side of the patient and hot shears (scissors)
from the right side. An incision was made on the most
prominent part of the cyst and the cleavage plane was
identified. The endometrioma cyst wall was stripped from
the ovarian parenchyma being held by the fenestrated
bipolar forceps and dissection was done with the hot
shears using short bursts of monopolar coagulation cur-
rent (100 watts @level 3 da Vinci j ). All patients were sur-
gically staged according to the AAGL surgical staging
system. AAGL staging allows to numerically scale the dis-
ease from a point of surgical complexity. This objective
intraoperative staging system was used with a phone app
at the end of each case. It is simple to do and avoids the
limitations of noninvasive imaging.11

After the endometriomas were removed, all other remain-
ing visible endometriotic lesions were excised and sent
for histopathological analysis. Specimens were analyzed
by a single pathologist who was blinded to the technique
used to perform the procedure. The histopathological
protocol was as follows. All specimens were grossed,
processed, adequately sectioned, stained with hematoxy-
lin and eosin staining, and scanned for digital viewing.
The number of bits taken for analysis was based on cyst
size. For�3 cm, we processed at least 3 bits. For cysts size
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>3 cm and up to 7 cm, at least 6 bits were processed. For
cysts>7 cm, additional 1 bit was processed for each extra
1 cm. The tissue sampling was done from the thickest por-
tion of the cyst wall as seen in the gross examination. 4-
mm sections from a paraffin block were prepared on glass
slides. Then the slides were scanned using the AI-based
Whole Slide Imaging [(WSI) with Philips Digital Pathology
solution (Philips Ultra Scanner; software version 1.8.4)] to
confirm the histological diagnosis of endometriosis.12

Each case was analyzed for the area of ovarian tissue inad-
vertently removed and measured using a digital scanning
technique in two dimensions. This area of ovarian tissue
was calculated in two dimensions (mm2) (Figure 1). The
follicles in excised tissue were then categorized as primor-
dial, primary, secondary, and cystic follicles by WSI criteria,
however their number, was calculated manually (Figures 2
and 3). The endometriosis cyst showed 3 layers, the inner-
most lining epithelium followed by a fibrous wall then

the adherent ovarian tissue; however, it is not always pos-
sible to exactly draw a line between these layers, and
thus the demarcation was considered arbitrarily.

STATISTICAL ANALYSIS

Descriptive data was included, and cases were classified
according to the clinical details and other lab parameters.
For our sample population, ovarian tissue loss was
recorded and compared in both the surgical techniques
adopted (robotic versus laparoscopic). Data entry was
done using M.S. Excel and was statistically analyzed using
Statistical Package for Social Sciences (SPSS Version 26)
for M.S. Windows 2010. Descriptive statistical analysis
was carried out to explore the distribution of several cate-
gorical and quantitative variables. Categorical variables
were summarized with n (%), while quantitative variables

Figure 1. Arrow indicating, area of ovarian tissue in two dimensions (mm2) in the digital slide of cyst wall tissue by Whole Slide
Imaging (WSI) for calculation of ovarian follicles.

Figure 2. Follicles (white arrow) in area calculated in Whole Slide Imaging (WSI).
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were summarized by mean 6 SD. All results were pre-
sented in tabular form. Data were analyzed using para-
metric tests such as the t test and ANOVA test and
nonparametric tests like Wilcoxon signed rank, Mann-
Whitney U, and x 2 tests. P values< .05 were considered
statistically significant.

RESULTS

Baseline characteristics

Women in the laparoscopic cystectomy (LC) group were
younger when compared to the robotic cystectomy (RC)
group. The demographic data is tabulated in Table 1. In this
study, the patients presented with the following symptoms:
severe dysmenorrhea (78.57%), heavy menstrual bleeding
(HMB, 35.71%), bloating (35.71%), dyschezia (28.57%),

dyspareunia (7.14%), and Infertility (35.71%). The symptoms
of HMB, bloating, dyschezia, and dyspareunia were similar in
both groups (P> .05). The VAS score for dysmenorrhea did
not differ between the two groups. A higher number of
patients had infertility in the LC group (70%) when compared
to patients in RC group (30%), however, this was not statisti-
cally significant (P5 .11). The intraoperative factors are seen
in Table 2. The mean AAGL score was lower in the LC group
(276 9.5) as compared to the RC group (32.66 13.5).
However, this difference was not statistically significant
(P value 5 .21).

Bilateral ovarian endometrioma was seen in 44.4% in the
LC group and 55.6% in the RC group. Average AAGL score
was 276 9.5 in LC group and 326 13.5 in RC group.
These differences were not statistically significant. The in-
advertent excision of ovarian tissue and were determined
by calculating the loss of ovarian area and the number of

Figure 3. Primordial follicle in calculated lost area of ovarian tissue.

Table 1.
Demographic Characteristics

Demographic Details LC RC P value

Mean age (years) 306 5.4 34.56 3.5 P< .05

Mean BMI (kg/m2) 23.56 3.3 24.96 3.8 P5 .29

Laterality of cyst P5 .686

Unilateral cyst 52.6% (10) 47.4% (9)

Bilateral cysts 44.4% (4) 55.6% (5)

Duration of infertility (years) P5 .115

0 (18 cases) 38.9% (7) 61.1% (11)

�3 (6 cases) 66.7% (4) 33.3% (2)

>3 (4 cases) 75% (3) 25% (1)

AAGL score 276 9.5 32.66 13.5 P5 .21
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follicles lost in the excised specimen. Three intraoperative
factors were recorded to assess the severity of the disease
and its correlation with ovarian area and follicular loss.
These were (I) history of bilateral ovarian endometrioma
(II) advanced AAGL intra-operative score (score >16;
stages 3 and 4), (III) size of cyst.

The mean rank was calculated for both groups and based
for the area of the ovarian tissue that was inadvertently
removed. In the LC group the value was more (mean rank
15.71) when compared to the RC group (mean rank 13.29).
A nonparametric test (Mean rank) was used in this analysis
as the sample size was small and ovarian loss values in our
data were skewed. Some values were also at the extreme
(outlier); hence we calculated the mean of the median area
loss. The mean of the median ovarian area loss was high in
LC group (9.16 15.1) when compared to the mean of the
median ovarian area loss in RC group (8.16 12.4). Both the
mean of the median and mean rank values showed higher
loss of ovarian area in LC group thus indicating that inadver-
tent area of ovarian tissue loss is more in LC group when
compared to excised specimens in RC group (Figure 4).

When we analyzed the follicles present in the excised
specimen the mean rank follicles was higher in LC group

(mean rank 15.21) than RC group (mean rank 13.79)
although not statistically significant (P value 5 .667).
When the mean of the median ovarian follicles were ana-
lyzed, we found it to be higher in LC group (8.96 9.2)
compared to the mean of the median ovarian follicle loss
in RC group (6.36 8.9). Both the mean of the median and
mean rank values showed higher loss of follicles in LC
group as compared to RC group.

Correlation with bilateral disease

Overall, when both groups were analyzed based on the
mean rank of follicular loss and the bilaterality of disease,
we found that the mean rank of loss was higher in bilat-
eral disease (15.22) compared to unilateral disease
(14.16).

We compared the area of ovarian loss in cases with bilat-
eral endometrioma, the ovarian loss was higher in LC
group (mean rank 7.5) as compared to RC group (mean
rank 3). This difference was statistically significant
(P5 .016). However, bilateral endometrioma was found
more in RC group (55.6%) than in LC group (44.4%)
(P value 5 .686).

Correlation with the size of cyst

When cyst size was considered as a factor for follicular
loss, the LC group showed increased median loss of fol-
licles as the cyst size increased (strong correlation coeffi-
cient 0.347) but was not statistically significant (P 5 .225)
(Figure 5). The RC group did not show increased follicu-
lar loss with increasing cyst size (correlation coefficient –
0.006), statistically not significant (P value5 .984).

Table 2.
Intraoperative Details

Operative Parameters LC Group RC Group P value

Mean operative time
(minutes)

80.96 28.7 100.36 39.9 P5 .15

Mean blood loss (ml) 83.56 41.2 78.56 46.8 P5 .76

AAGL score (�16) 27.06 9.5 32.66 13.5 P5 .21

Figure 4. Loss of ovarian tissue (AREA) depending on type of surgery in our study population.
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DISCUSSION

Laparoscopic surgery for endometrioma is widely per-
formed to reduce pain and increase spontaneous preg-
nancy.13,14 Cystectomy is recommended over drainage
and coagulation as it reduces recurrence and endometrio-
sis-associated pain.15,16 The absence of a clear cleavage
plane between the endometrioma and normal ovarian tis-
sue results in inadvertent removal of the ovarian cortex
and loss of follicles,6,7 which reduces the follicular
reserve in young women. Muzii et al demonstrated exci-
sion of normal tissue along with endometrioma wall in
>50% of cases of endometrioma cystectomy.5 In fact, 13%
severe ovarian damage (defined as the absence of follicu-
lar growth during ovarian hyperstimulation) is reported
after endometrioma cystectomy.17 The level of expertise
in endometriosis surgery is inversely correlated with the
inadvertent removal of healthy ovarian tissue along with
the capsule.18 We compared two different technologies
(laparoscopic vs robotic) by a single surgeon to see the
impact of robot assistance on the reduction of ovarian
area loss and eventually follicular loss.

Ovary being a complex endocrine organ, shows significant
changes in the lifespan of females. One is born with a cer-
tain number of follicles that slowly dwindle over several
reproductive years. There are different types of follicles in
the ovarian tissue. During histopathology analysis, the num-
ber of follicles in the ovary is usually counted manually by
experts, which is a tedious, time-consuming and intense
process and the counting can have subjective bias depend-
ing on the knowledge of the expert doing the counting.

Özkan _Inika et al in their study, for the first time, pro-
posed a method for automatically counting the follicles

of ovarian tissue. This involves filter-based segmentation
applied to whole slide Zoom histological images, based
on a convolutional neural network (CNN).

The number of follicles obtained by this method was very
close to the number of follicles manually counted by the
experts and had an accuracy level of 86.67% for primor-
dial type, 95.35% for primary follicles, 97.06% for prean-
tral, 97.69% for secondary and 100% for tertiary follicles as
compared to expert manual counting. The mean accuracy
for all types of follicles together was 95.35%.12 To our
knowledge, this is the first study comparing the two tech-
niques to assess the ovarian area and follicular loss in
endometrioma cystectomy by using artificial intelligence
(WSI) method.

No difference was noted between the laparoscopy versus
laparotomy, when normal ovarian tissue loss was studied
with endometrioma and other kinds of benign ovarian
cyst by Saeed Alborzi.19

Ovarian follicular loss is seen more commonly among
younger patients and patients with lower-stage endome-
triosis as reported by Hoon-Kyu Oh et al.20 Similar to the
finding of this group, in our study we noted more ovarian
follicular loss in LC group and a lower mean age when
compared to RC group. The AAGL score did not impact
the ovarian loss.

Our results showed increased follicular loss with increas-
ing cyst size in LC group correlating with the study by
Roman H et al, where an additional loss of 200-mm ovar-
ian parenchyma was seen with each 1-cm increase in cyst
diameter.21 However, the RC group did not show increase
in ovarian area or follicular loss with increasing cyst size.
Hence, results of our study point to the fact that there is

Figure 5. Correlation of median ovarian follicular loss with size of cyst.
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less follicular loss in RC group as compared to LC group
with increasing cyst size.

Higher ovarian loss in bilateral disease has been reported
in earlier studies.22,23 Similarly, our study showed higher
follicular loss in cystectomy for bilateral disease compared
to unilateral disease in both LC and RC groups. But when
we compared the loss between the two technologies, in
cases with bilateral disease, the follicular loss in LC group
was significantly higher when compared to mean rank
loss in RC group (mean rank 7.5 in LC and 3 in RC). This
is a significant finding of our study. There were more
cases of bilateral disease in RC group but statistically less
ovarian loss in RC group (Table 3), suggests the fact that
the use of robotic surgery can prevent excessive ovarian
loss and preserve fertility in women with compromised
ovarian reserve and bilateral disease.

The limitations of our study are a small sample size, sin-
gle surgeon, and a single center. The results of this pilot
study are over six months. These findings may not be
representative and is challenging to extrapolate to a
larger population. With our small sample size, there is a
higher risk of sampling bias and the patients included
may not be representative of the broader population.
The outliers in our study can have a disproportionate
impact on the results.

However, the strength of the study lies in the fact that
this comparison has never been published before. It can
fill gaps in existing knowledge of whether robotic tech-
nology can help surgeons to reduce ovarian area and
follicular loss. Such loss is a pathological marker of ovar-
ian functional loss seen in patients after ovarian cystec-
tomy for endometrioma. This insight can lead to
improved patient outcomes and more effective treatment
strategies influencing clinical practice and surgical man-
agement of endometrioma. Addressing this unanswered
question, creates opportunities for future research. Our
study will follow with a larger sample base at our center

and if possible a multicentric trial to see the impact of
robotic surgery on the reduction of ovarian loss in endo-
metrioma cystectomy.

CONCLUSION

Ovarian loss during endometrioma surgery is the main
concern and in this study we have explored the benefits
of a robotic platform to see if it could reduce ovarian loss.
Intuitive and wristed movements with 3D magnified
vision of a robotic platform gives an opportunity to do
precise surgery. We have analyzed ovarian loss using an
artificial intelligence-Whole Slide Imaging (WSI) software.
Overall, the follicular loss and mean area of ovarian loss
were higher in the LC group when compared to RC
group. Statistically significantly lower ovarian loss in
the RC group in cases with bilateral disease as well as
less loss with increasing cyst size, supports the fact
that robotic assistance can reduce the follicular and ovar-
ian area loss during endometrioma cystectomy. If avail-
able, robot-assisted cystectomy for maybe offered for
endometrioma surgery hoping to reduce the ovarian
loss. However, a large-scale multicentric study is recom-
mended in the future.
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