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Abstract: Endometriosis is a prevalent condition that affects millions of individuals globally, leading
to various symptoms and significant disruptions to their quality of life. However, the diagnosis of
endometriosis often encounters delays, emphasizing the pressing need for non-invasive screening.
This retrospective cross-sectional study aimed to evaluate the utility of the Endometriosis Risk
Advisor (EndoRA) mobile application in screening for endometriosis in patients with chronic pelvic
pain and/or unexplained infertility. The study consisted of 293 patients who met specific criteria:
they were English-speaking individuals with chronic pelvic pain and/or unexplained infertility,
owned smartphones, and had no prior diagnosis of endometriosis. The results demonstrated that
the EndoRA score exhibited a high sensitivity of 93.1% but a low specificity of 5.9% in detecting
endometriosis. The positive predictive value was 94.1%, while the negative predictive value was
5.0%. Although the study had limitations and potential selection bias, its findings suggest that
EndoRA can serve as a valuable screening tool for high-risk individuals, enabling them to identify
themselves as being at an increased risk for endometriosis. EndoRA’s non-invasive nature, free access,
and easy accessibility have the potential to streamline evaluation and treatment processes, thereby
empowering individuals to seek timely care and ultimately improving patient outcomes and overall
well-being.

Keywords: endometriosis; chronic pelvic pain; unexplained infertility; free Endometriosis Risk
Advisor mobile application; laparoscopic surgery; robotic surgery

1. Introduction

Endometriosis is a systemic, inflammatory, estrogen-dependent condition character-
ized by endometrial stroma and gland-like lesions outside of the uterus [1,2]. The lesions
may present as superficial peritoneal, ovarian endometrioma, and/or deep infiltrating en-
dometriosis [3]. Clinical symptoms range from asymptomatic to dysmenorrhea, dyschezia,
dyspareunia, organ dysfunction, catamenial pneumothorax, and/or infertility [4–7].

Endometriosis affects 190 to 700 million patients, including up to 80% with pelvic
pain and up to 47% seeking fertility treatment [8–11]. Endometriosis is concomitantly
present in up to 87% of patients with symptomatic uterine leiomyomas, with approximately
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700 million patients having leiomyomas during their reproductive years [11–13]. Although
pain and infertility are common concerns for patients with endometriosis, the real toll
is even greater: patients diminished quality of life, increased incidence of depression,
adverse effects on intimate relationships, higher risk of cancer, higher healthcare costs,
indirect impact on the economy through work absenteeism, and short-term and long-term
disability [14–20].

Despite these adverse sequelae of endometriosis, the average delay from symptom
onset to surgical diagnosis, which remains the gold standard, is 4–11 years [20–23]. It has
been estimated that 47% of patients with endometriosis had been seen at least five times by
a doctor prior to an endometriosis diagnosis or referral for their symptoms [8]. Varying
presentations, limited access to endometriosis specialists, and reserving surgery as a last
resort, especially in adolescents, may contribute to diagnosis delay [24–27]. Furthermore,
with improved outcomes in Assisted Reproductive Technology (ART), many reproductive
endocrinology and infertility specialists are increasingly in favor of clinical diagnosis
and medical management versus surgical diagnosis and excision before treatment for
unexplained infertility [28,29].

As minimally invasive surgery is not always accessible, the search for a non-invasive
test to screen for patients with endometriosis is needed [23,30]. Machine learning algo-
rithms, patient questionnaires, imaging techniques, and biomarkers (e.g., BCL6) have been
proposed for endometriosis screening [23,30–36].

The free Endometriosis Risk Advisor (EndoRA) mobile application (https://endometriosis.
app) (accessed on 30 June 2023) has been developed by an artificial intelligence (AI)-based
algorithm by the philanthropic organization Worldwide Endomarch (Endomarch)® and
donated to patients at risk for endometriosis as a mobile application using a series of
questions that aim to calculate the risk of endometriosis (low: <50%; moderate: 50–75%;
and high: >90%) [37,38].

The development of EndoRA underwent a meticulous and comprehensive process,
beginning with the design of questions by a team of highly experienced endometriosis
specialists. Expert evaluation and validation followed, encompassing both questions and
answers, with valuable contributions from engineers and AI specialists, resulting in an
application of great reliability and accuracy [38]. Validation procedures involved the
use of a neural network and diverse patient datasets to establish performance metrics,
prevent overfitting, and validate hyperparameters during the training process. After
several improvements and modifications, EndoRA was launched in October 2019 and has
been downloaded over 10,000 times. This free mobile application holds immense value
as a screening tool, empowering high-risk patients to self-identify their elevated risk for
endometriosis. Our report highlights its utility as an accessible and convenient screening
tool for the presence of endometriosis, potentially identifying patients with a heightened
index of suspicion and expediting the evaluation and treatment process.

2. Materials and Methods

This is a retrospective cross-sectional study from September 2019 to March 2022. The
study was approved by the West Coast IRB committee.

2.1. Subjects

In this study, we conducted a review of medical records for a total of 558 patients.
Among these individuals, we identified 293 patients who met our inclusion criteria and
were actively seeking medical care for chronic pelvic pain and/or unexplained infertility.
The study focused specifically on patients between the ages of 17 and 49 who were referred
for surgical evaluation of chronic pelvic pain and/or unexplained infertility. The inclusion
criteria encompassed English-speaking individuals with chronic pelvic pain and/or unex-
plained infertility who had access to smartphones and had not received a prior diagnosis
of endometriosis. These patients underwent video-laparoscopic surgery, either with or
without robotic assistance. The exclusion criteria consisted of patients who had previously
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been diagnosed with endometriosis through surgical and/or histopathologic means, as well
as those who were unable or unwilling to use the mobile application. Prior to their initial
consultation, eligible patients were asked to download the Endometriosis Risk Advisor
mobile application and report their scores. Comprehensive medical histories and thorough
gynecologic physical examinations were obtained from clinical visits for all patients, and
the relevant data were extracted for analysis. In this study, pelvic pain was defined as pain
experienced in the lower abdominal and pelvic regions, which encompassed symptoms
like dysmenorrhea, dyspareunia, dyschesia, and chronic pelvic pain. Infertility refers to
the inability to conceive after 12 or more cycles of unprotected intercourse for individuals
under 35 or after 6 cycles for those over 35 [39,40].

2.2. Surgical Evaluation

All surgical procedures were performed by a highly skilled minimally invasive gy-
necological surgeon who possessed expertise in treating endometriosis. The surgeon was
assisted by one or two fellows specializing in minimally invasive gynecology.

The patients consented to a combined procedure of video-laparoscopy (Stryker) with
or without robotic assistance (Intuitive) and video hysteroscopy (Stryker) to evaluate the
abdominal, pelvic, and uterine cavities, as well as to assess tubal patency. Diagnostic
hysteroscopy was conducted by instilling normal saline into the uterine cavity and eval-
uating it using a high-quality Stryker 2.9-mm rigid optic with a 3.7-mm sheath (Portage,
MI, USA) [2]. Following the removal of the hysteroscope, a HUMI uterine manipulator
(Trumbull, CT, USA) was inserted into the uterine cavity.

The abdominal cavity was entered via a video-laparoscope by creating pneumoperi-
toneum using a Verres needle under a low pressure of 0–10 mm of mercury [2]. Next,
we inserted one 5–10 mm umbilical port and one to three 5 mm lower abdominal wall
ports, depending on the extent of the pathology found [2]. The entire abdominal and
pelvic cavities were thoroughly evaluated for any obvious or suspicious lesion(s) related to
endometriosis, deep infiltrative fibrosis, or adhesions secondary to endometriosis. Special
attention was given to the peritoneal and omental surfaces, bilateral hemidiaphragm, liver,
gallbladder, stomach, small and large intestines, uterus, bilateral adnexa, and pelvic side-
walls [2]. Biopsies and resections for abdominal and pelvic pathology were collected for
histopathological evaluation using cold scissors, radiofrequency, or CO2 laser techniques.
In cases of minimal stage one endometriosis and cases with no obvious endometriosis
and/or suspicious lesions, multiple random biopsies were taken, as demonstrated in
Figure 1. These biopsies included three from the anterior cul-de-sac, three from the poste-
rior cul-de-sac, one or two from the right pelvic and abdominal side wall, and one or two
from the left pelvic and abdominal side wall. All collected tissue samples were properly
labeled according to the corresponding anatomical structures and sent to the Department
of Pathology at Stanford University Medical Center for histological evaluation. The lesions
were classified in the operating room as follows: Group one included obvious, typical
endometriosis lesions. Group two comprised atypical endometriosis lesions, such as white,
blue, or purple star-like lesions. Group three consisted of fibrotic or adhesive lesions in
patients without prior abdominal surgeries, which included all the patients in this cohort.
For the purpose of classification, there is also a group four that includes patients with fibro-
sis or adhesions resulting from prior abdominal surgery. However, none of the patients
in this cohort had undergone previous abdominal surgery, so there were no group four
samples sent to the pathology lab for these patients. During the video-laparoscopy, normal
saline or dye was injected through the HUMI uterine manipulator to assess the fallopian
tubes for tubal patency [2]. For patients with macroscopic endometriosis, clinical staging
was performed using the rASRM scoring system [41]. The patients are classified into four
groups (I–IV) based on the severity of endometriosis, with Group IV representing the most
severe cases. Surgical records and histopathology reports were collected for data extraction.
The study evaluated the screening utility of the EndoRA mobile application by comparing
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it to the gold standard of histopathology for diagnosing endometriosis in patients with
chronic pelvic pain and/or unexplained infertility.
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Figure 1. This patient presented with a primary complaint of pelvic pain. Video laparoscopic findings
did not reveal any obvious evidence of endometriosis. To rule out endometriosis and decrease the
chance of missing endometriosis, as demonstrated above, multiple biopsies were taken from the most
common sites of endometriosis away from tubes and ovaries.

2.3. The Endometriosis Risk Advisor

The free Endometriosis Risk Advisor (EndoRA) is developed by an AI-based algorithm
that categorizes patients based on their chief complaint: infertility or pain. A series of ques-
tions follows, focusing on symptomatology, family history, psychiatric history, past medical
history, fertility issues, and prior fertility testing. These questions are designed to gather
additional information based on the patients’ previous answers, with the questionnaire
dynamically adapting based on their responses. The AI-based algorithm then calculates the
risk assessment as low risk (<50%), moderate risk (50–75%), or high risk (>90%) of possibly
having endometriosis (https://endometriosis.app) (accessed on 30 June 2023).

EndoRA’s development has undergone a thorough and comprehensive process. In the
initial phase, all the questions were designed by the senior author and his team, with a com-
bined experience of over 100 years in treating patients with endometriosis. Subsequently,
a group of endometriosis experts evaluated and validated these questions. Following
that, both the questions and answers underwent evaluation and validation by a team of
experienced engineers, AI experts, and specialists to develop the application. It is important
to note that the EndoRA application has undergone validation to ensure its reliability and
accuracy [38]. The validation process encompassed medical literature up to the end of 2018,
along with other data, including inputs from endometriosis experts. The aim was to utilize
all available data to enhance the app’s accuracy. This comprehensive approach involved
collaboration with endometriosis experts, fellows, students, and individuals acknowledged
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in the acknowledgment section for their valuable contributions to the validation and re-
vision process. Patient data played a crucial role in shaping the app’s development as
well.

The application validation process involved a neural network that collected, tested,
and evaluated a diverse and representative dataset of individual patients. Performance
metrics were defined as follows: high accuracy, 90 percent or more; average accuracy, 50 to
75 percent; and low accuracy, less than 50 percent. Subsequently, the dataset was split into
training, validation, and testing sets to train the AI model, validate hyperparameters, pre-
vent overfitting, and evaluate the final performance. K-fold cross-validation was employed.
The app’s performance was compared with the expertise of highly experienced specialists
in endometriosis, reproductive endocrinology, and infertility. It was evaluated for errors
and potential mistakes, leading to several improvements and three modifications before its
final launch in October 2019. Since then, the application has been downloaded more than
10,000 times, and all the feedback received has been positive. The app has been thoroughly
checked numerous times to ensure fairness and avoid any bias or discrimination. Addi-
tionally, compliance with security and privacy measures has been achieved to protect user
data. Continuous collaboration with the experts who developed the app is maintained to
facilitate updates and ongoing improvements.

2.4. Statistical Analysis

STATA Version 17 was utilized to conduct all statistical analyses. The results were pre-
sented as numbers, percentages, and mean ± SD for quantitative and qualitative variables.
Cross-tabulations were employed to determine the sensitivity, specificity, positive predic-
tive value, and negative predictive value of EndoRA scores, with surgical histopathological
tissue diagnosis serving as the gold standard. Additionally, likelihood ratios (LR) were
used to calculate the probability of disease while adapting to varying prior probabilities
of disease in different contexts. The positive likelihood ratio was calculated as sensitivity
divided by 1-specificity, while the negative likelihood ratio was calculated as 1-sensitivity
divided by specificity. The diagnostic odds ratio (DOR) was also calculated using the fol-
lowing formula: (True Positive/False Negative)/(False Positive/True Negative). Accuracy
was also calculated as (True Positive + True Negative)/(True Positive + False Positive + True
Negative + False Negative).

3. Results

The analysis was performed on complete data from 293 patients who were referred
to our practice for surgical evaluation of chronic pelvic pain and/or unexplained infer-
tility and met the inclusion criteria of our study. The patients had an average age of
35.79 ± 0.4 years (range 17–49) and an average body mass index (BMI) of 24.16 ± 0.3 kg/cm2

(range 15.8–44.6). Surgical histopathology confirmed endometriosis in 94.2% (n = 276) of
the patients showing endometrial-like stroma and glands in their pathology report. In
confirmed cases of endometriosis, the prevalence of endometriosis in the patient population
varied across different surgical stages, with 12.7%, 34.4%, 16.7%, and 36.2% for Stages I, II,
III, and IV, respectively. Table 1 provides detailed information on the baseline characteristics
of the study population.

In this evaluation, a high-risk EndoRA score was considered positive, while a moder-
ate or low EndoRA score was considered negative. The sensitivity and specificity of the
EndoRA score were assessed in comparison to the gold standard test of surgical histopathol-
ogy. The sensitivity was calculated to be 93.1%, representing the proportion of true positive
cases identified by the EndoRA score. The specificity was calculated to be 5.9%, represent-
ing the proportion of true negative cases identified by the EndoRA score. The positive
predictive value (PPV) of the EndoRA score was calculated to be 94.1%. This indicates
the percentage of patients with high-risk EndoRA scores who were confirmed to have
positive endometriosis based on surgical histopathology. The negative predictive value
(NPV) of the EndoRA score was calculated to be 5.0%, representing the percentage of



J. Clin. Med. 2023, 12, 5234 6 of 10

patients with low or moderate-risk EndoRA scores who were confirmed to be negative for
endometriosis in surgical histopathology. The screening performance of the EndoRA score
in detecting endometriosis as compared to surgical histopathology was also analyzed in
different groups, including those with infertility, pain, and various stages of endometriosis.
Table 2 provides detailed values for the EndoRA score in each group.

Table 1. Demographic characteristics of study population.

Variable Number (%)/Mean ± SD

Age (year) 35.79 ± 0.4

BMI (kg/cm2) 24.16 ± 0.3

Nulligravida 169 (59.1)

Smoking (current or past) 18 (6.2)

Family History of Endometriosis 41 (14.0)

Pelvic Pain 233 (81.5)

Unexplained Infertility 212 (75)

Pelvic Pain and Unexplained Infertility 148 (50.5)

Endometriosis Stage (rASRM)
I 35 (12.7)
II 95 (34.4)
III 46 (16.7)
IV 100 (36.2)

BMI—Body Mass Index (weight in kg/height in cm2).

Table 2. Screening performance of the Endometriosis Risk Advisor (EndoRA) in comparison to the
gold standard, histopathology.

Total Infertility Group Pain Group Infertility and
Pain Group Stage I/II Stage III/IV

Sensitivity (%) 93.1 94.0 93.5 95.1 88.3 96.8

Specificity (%) 5.9 9.1 N/A N/A N/A 100.0

PPV (%) 94.1 95.0 94.5 95.8 86.9 100.0

NPV (%) 5.0 7.7 N/A N/A N/A 16.7

PLR 0.98 1.03 0.93 0.95 0.88 N/A

NLR 1.17 0.65 N/A N/A N/A 0.03

DOR 0.84 1.57 N/A N/A N/A N/A

Accuracy % 88.1 89.6 88.8 91.2 77.9 89.6

PPV—Positive Predictive Value; NPV—Negative Predictive Value; PLR—Positive Likelihood Ratio;
NLR—Negative Likelihood Ratio; DOR—Diagnostic Odds Ratio; N/A—could not be calculated with our data.

4. Discussion

Given the profound impact of endometriosis on both patients’ lives and society as a
whole, it is crucial to minimize the time between the onset of symptoms and diagnosis.
This can be achieved by improving patient education and ensuring timely referral to
endometriosis specialists [1,16]. However, the evaluation for endometriosis is only the
initial step. For many patients who desire future fertility or struggle with conception, as well
as those experiencing chronic pain, treatment may be necessary. By increasing awareness
and suspicion of endometriosis, physicians can expedite referrals to fertility specialists or
endometriosis specialists, consider oocyte cryopreservation at an earlier age for individuals
at higher risk of endometriosis, identify patients at greater risk for specific subtypes of
ovarian cancer, and provide tailored surveillance and preventive interventions [42]. When
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encountering patients with chronic pelvic pain and/or unexplained infertility, utilizing
the free Endometriosis Risk Advisor (EndoRA) mobile application can alert healthcare
providers to the potential presence of endometriosis and streamline the evaluation and
treatment process.

The study aimed to evaluate the utility of the EndoRA as a non-invasive screening
test for endometriosis in a high-risk population, specifically among patients experiencing
chronic pelvic pain and/or unexplained infertility. Though the EndoRA’s specificity is
low (5.9%), the high sensitivity of 93.1% will result in fewer cases of endometriosis being
missed. In our study, the EndoRA has a high PPV (94.1%) and a low NPV (5%). This reflects
the higher prevalence of endometriosis diagnosed in our referral center. In particular,
for patients with unexplained infertility, the EndoRA has a high sensitivity (94.0% for
patients with infertility and 95.1% for patients with infertility and pain). In this case,
utilizing a mobile application for endometriosis screening offers distinct advantages over
an endometrial biopsy. The application allows for self-directed screening, is free, carries
no procedural risks or discomfort, and provides instant results, making it particularly
beneficial for high-risk groups.

While our study demonstrated high sensitivity and positive predictive value for
EndoRA in detecting endometriosis, it is important to acknowledge the limitations that may
have influenced our results. One significant limitation is the presence of selection bias, as the
patients included in our study were already referred to our practice for surgical evaluation,
indicating a pre-existing consideration for surgery due to suspicion for endometriosis.
This bias may have affected the distribution of EndoRA scores, leading to a scarcity of
low-risk EndoRA scores in our study. Additionally, the high prevalence of unsuccessful
medical management of endometriosis among our patients could have influenced the
predictive values of EndoRA. It is essential to highlight that the EndoRA mobile application
is specifically designed to be useful for high-risk groups rather than the general population.

Furthermore, our findings indicate that EndoRA exhibits a higher screening value in
patients with stages III and IV endometriosis, as it was able to screen these cases with a
higher degree of accuracy (sensitivity: 96.8%, specificity: 100%, PPV: 100%) versus patients
with stages I and II endometriosis. However, further research is needed to confirm the
utility of EndoRA in broader populations at higher risk for endometriosis. Moving forward,
it is crucial to refine the screening questions within the application to enhance its ability
to identify early stages of endometriosis for earlier treatment consideration. Additionally,
exploring the use of EndoRA in practices with a lower prevalence of endometriosis will
provide valuable insights into its utility in different patient populations.

The current study focused on a specific group of patients at high risk of endometriosis,
limiting the generalizability of the findings to a broader population. However, recognizing
the importance of broader applicability, future research should explore EndoRA’s effective-
ness in a general population, including teenagers. By extending investigations to a wider
demographic, valuable insights into EndoRA’s implications and benefits can be gained.
Additionally, examining its impact on reducing diagnostic delays and providing timely
medical support for individuals beyond the high-risk group presents a promising avenue
for further research. Such efforts could significantly contribute to improving healthcare
outcomes for a diverse range of individuals.

For future research, there are several potential avenues to enhance EndoRA’s speci-
ficity. Firstly, fine-tuning the algorithms and machine learning models can be explored as
technology advances and additional relevant medical and non-medical data becomes avail-
able. Regularly incorporating and updating such data while optimizing the features used
for prediction can further enhance EndoRA’s specificity and accuracy. Continuous efforts
toward refining the models and incorporating the latest advancements in the field will be
crucial to achieving better results. Secondly, the consideration of incorporating biomarkers
or other diagnostic indicators may help strengthen the accuracy of the predictions. Lastly,
conducting further validation studies with larger and more diverse patient populations
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would also be beneficial in refining EndoRA’s specificity and ensuring its effectiveness
across different patient profiles.

Patient education, timely referral, and a shift in physician approach are essential ele-
ments for improving the care of patients with endometriosis [18]. To potentially contribute
to the standardization and democratization of care for patients with endometriosis, the
free Endometriosis Risk Advisor (EndoRA) mobile application was launched in October
2019. Since its launch, approximately 10,000 people have downloaded the application. The
Worldwide Endomarch (Endomarch®) organization has donated this application to patients
with chronic pelvic pain and/or unexplained infertility who may have endometriosis, and
some of them may not have the means for surgical and non-surgical diagnostic tests or
procedures [37].

The EndoRA application is readily available on iOS and Android smartphones, offer-
ing convenience and accessibility to users. Unlike invasive procedures such as endometrial
biopsies or blood draws, EndoRA does not pose any procedural risks. Moreover, it elimi-
nates the need for a doctor’s visit for administration, as is the case with imaging evaluations.
This aspect is particularly advantageous for regions where healthcare services, especially
specialized endometriosis specialists and diagnostic and operative video-laparoscopy, are
not easily accessible.

By empowering high-risk patients, the EndoRA mobile application may serve as
a valuable screening tool, allowing individuals to recognize their elevated risk for en-
dometriosis. It offers a non-invasive, user-friendly solution that may aid in early detection
and prompt further evaluation and treatment in high-risk groups. This free application may
be a valuable resource in guiding high-risk patients with chronic pain and/or infertility,
especially those with limited financial resources, to seek appropriate help and medical
attention.

The availability of the free EndoRA application, its provision of instant feedback, and
the absence of procedural risks may encourage patients at higher risk of endometriosis to
take a proactive approach to seeking professional evaluation sooner. It may also prompt
these patients with a higher risk of endometriosis to consider oocyte cryopreservation
or other measures to address this condition at a younger age. The high sensitivity of
EndoRA can be particularly valuable for clinicians to identify potential endometriosis in
patients with chronic pelvic pain and/or unexplained infertility. This, in turn, can expedite
referral to proper specialists for accurate diagnosis and appropriate treatment. For patients
with unexplained infertility and unsuccessful in vitro fertilization (IVF) attempts or other
measures, including but not limited to hormonal suppression, surgical evaluation and
treatment of endometriosis may be an option and may provide additional benefits within
this subgroup of patients [43].

Author Contributions: Conceptualization, C.N. (Camran Nezhat), E.A. and H.-C.C.C.; methodology,
C.N. (Camran Nezhat), E.A., H.-C.C.C. and Z.N.; software, Z.N.; validation, C.N. (Camran Nezhat);
formal analysis, C.N. (Camran Nezhat), E.A., H.-C.C.C., Z.N. and S.R.L.; investigation, C.N. (Camran
Nezhat), E.A., H.-C.C.C., Z.N. and S.R.L.; resources, C.N. (Camran Nezhat), E.A. and H.-C.C.C.; data
curation, C.N. (Camran Nezhat), E.A., H.-C.C.C. and Z.N.; writing—original draft preparation, C.N.
(Camran Nezhat), H.-C.C.C., E.A. and S.R.L.; writing—review and editing, C.N. (Camran Nezhat),
E.A., H.-C.C.C., Z.N., S.R.L. and C.N. (Ceana Nezhat); supervision, C.N. (Camran Nezhat); project
administration, C.N. (Camran Nezhat). All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the West Coast IRB committee
(Tracking ID: 20230726).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Data will be made available to the editors of the journal for review or
query upon request.



J. Clin. Med. 2023, 12, 5234 9 of 10

Acknowledgments: Shruti Agarwal (Camran Nezhat Institute, Center for Special Minimally Invasive
and Robotic Surgery, Woodside, CA; Stanford University Medical Center, Palo Alto, CA), Benjamin
Zaghi (Camran Nezhat Institute, Center for Special Minimally Invasive and Robotic Surgery, Wood-
side, CA; Stanford University Medical Center, Palo Alto, CA), Elizabeth Williamson (College of
Medicine, University of Central Florida, Orlando, FL), Farrah Khoyloo (Camran Nezhat Institute,
Center for Special Minimally Invasive and Robotic Surgery, Woodside, CA; University of Califor-
nia, Berkeley, Berkeley, CA), Kelly Baek (California Fertility Partners, Los Angeles, CA), Aimee
Eyvazzadeh (Dr. Aimee Eyvazzadeh, Inc., San Ramon, CA), Salli Tazuke (CCRM Fertility Clinic—SF,
Menlo Park, CA), Sunny Jun (CCRM Fertility Clinic—SF, Menlo Park, CA), Azadeh Nezhat (Camran
Nezhat Institute, Center for Special Minimally Invasive and Robotic Surgery, Woodside, CA; Stanford
University Medical Center, Palo Alto, CA; University of California San Francisco, San Francisco, CA),
and Farr Nezhat (Nezhat Surgery for Gynecology/Oncology, New York, NY; Weill Cornell Medical
College of Cornell University, New York, NY; NYU Long Island School of Medicine, Mineola, NY;
Minimally Invasive Gynecologic Surgery and Robotics, NYU Langone, Long Island, NY), Linda
Giudice (University of California, San Francisco), Deborah Ann Lee (Camran Nezhat Institute, Center
for Special Minimally Invasive and Robotic Surgery, Woodside, CA; Stanford University Medical
Center, Palo Alto, CA), Janelle M. Jackman (Camran Nezhat Institute, Center for Special Minimally
Invasive and Robotic Surgery, Woodside, CA). Keren Kohath (Camran Nezhat Institute, Center for
Special Minimally Invasive and Robotic Surgery, Woodside, CA). We express our gratitude to all
our patients for their invaluable contributions to this study, which have been crucial in advancing
medical knowledge and improving patient care. Their involvement has played a vital role in making
this research possible.

Conflicts of Interest: Camran, Farr, Ceana, and Azadeh Nezhat developed the EndoRA mobile
application at their own expense. They donated it for free to the Worldwide Endometriosis March
(Endomarch), benefiting patients worldwide who may have endometriosis. Other authors declare no
conflict of interest.

References
1. Nezhat, C.; Nezhat, F.; Nezhat, C. Endometriosis: Ancient Disease, Ancient Treatments. Fertil. Steril. 2012, 98, S1–S62. [CrossRef]

[PubMed]
2. Nezhat, C.R.; Nezhat, F.; Nezhat, C. Nezhat’s Operative Gynecologic Laparoscopy and Hysteroscopy, 3rd ed.; Cambridge University

Press: Cambridge, UK, 2008.
3. Nisolle, M.; Donnez, J. Peritoneal Endometriosis, Ovarian Endometriosis, and Adenomyotic Nodules of the Rectovaginal Septum

Are Three Different Entities. Fertil. Steril. 1997, 68, 585–596. [CrossRef] [PubMed]
4. Alimi, Y.; Iwanaga, J.; Loukas, M.; Tubbs, R.S. The Clinical Anatomy of Endometriosis: A Review. Cureus 2018, 10, e3361.

[CrossRef] [PubMed]
5. Foti, P.V.; Farina, R.; Palmucci, S.; Vizzini, I.A.A.; Libertini, N.; Coronella, M.; Spadola, S.; Caltabiano, R.; Iraci, M.; Basile, A.; et al.

Endometriosis: Clinical Features, MR Imaging Findings and Pathologic Correlation. Insights Imaging 2018, 9, 149–172. [CrossRef]
6. Leonardi, M.; Espada, M.; Kho, R.M.; Magrina, J.F.; Millischer, A.-E.; Savelli, L.; Condous, G. Endometriosis and the Urinary Tract:

From Diagnosis to Surgical Treatment. Diagnostics 2020, 10, 771. [CrossRef]
7. Rousset, P.; Rousset-Jablonski, C.; Alifano, M.; Mansuet-Lupo, A.; Buy, J.-N.; Revel, M.-P. Thoracic Endometriosis Syndrome: CT

and MRI Features. Clin. Radiol. 2014, 69, 323–330. [CrossRef]
8. Ellis, K.; Munro, D.; Clarke, J. Endometriosis Is Undervalued: A Call to Action. Front. Glob. Womens Health 2022, 3. [CrossRef]
9. Meuleman, C.; Vandenabeele, B.; Fieuws, S.; Spiessens, C.; Timmerman, D.; D’Hooghe, T. High Prevalence of Endometriosis in

Infertile Women with Normal Ovulation and Normospermic Partners. Fertil. Steril. 2009, 92, 68–74. [CrossRef]
10. Carter, J.E. Combined Hysteroscopic and Laparoscopic Findings in Patients with Chronic Pelvic Pain. J. Am. Assoc. Gynecol.

Laparosc. 1994, 2, 43–47. [CrossRef]
11. Nezhat, C.; Li, A.; Abed, S.; Balassiano, E.; Soliemannjad, R.; Nezhat, A.; Nezhat, C.H.; Nezhat, F. Strong Association between

Endometriosis and Symptomatic Leiomyomas. JSLS J. Soc. Laparoendosc. Surg. 2016, 20, e2016.00053. [CrossRef]
12. Lin, K.Y.-H.; Yang, C.-Y.; Lam, A.; Chang, C.Y.-Y.; Lin, W.-C. Uterine Leiomyoma Is Associated with the Risk of Developing

Endometriosis: A Nationwide Cohort Study Involving 156,195 Women. PLoS ONE 2021, 16, e0256772. [CrossRef]
13. Nicolaus, K.; Bräuer, D.; Sczesny, R.; Lehmann, T.; Diebolder, H.; Runnebaum, I.B. Unexpected Coexistent Endometriosis in

Women with Symptomatic Uterine Leiomyomas Is Independently Associated with Infertility, Nulliparity and Minor Myoma Size.
Arch. Gynecol. Obstet. 2019, 300, 103–108. [CrossRef] [PubMed]

14. Culley, L.; Law, C.; Hudson, N.; Denny, E.; Mitchell, H.; Baumgarten, M.; Raine-Fenning, N. The Social and Psychological Impact
of Endometriosis on Women’s Lives: A Critical Narrative Review. Hum. Reprod. Update 2013, 19, 625–639. [CrossRef] [PubMed]

15. Moradi, M.; Parker, M.; Sneddon, A.; Lopez, V.; Ellwood, D. Impact of Endometriosis on Women’s Lives: A Qualitative Study.
BMC Womens Health 2014, 14, 123. [CrossRef]

https://doi.org/10.1016/j.fertnstert.2012.08.001
https://www.ncbi.nlm.nih.gov/pubmed/23084567
https://doi.org/10.1016/S0015-0282(97)00191-X
https://www.ncbi.nlm.nih.gov/pubmed/9341595
https://doi.org/10.7759/cureus.3361
https://www.ncbi.nlm.nih.gov/pubmed/30510871
https://doi.org/10.1007/s13244-017-0591-0
https://doi.org/10.3390/diagnostics10100771
https://doi.org/10.1016/j.crad.2013.10.014
https://doi.org/10.3389/fgwh.2022.902371
https://doi.org/10.1016/j.fertnstert.2008.04.056
https://doi.org/10.1016/S1074-3804(05)80830-8
https://doi.org/10.4293/JSLS.2016.00053
https://doi.org/10.1371/journal.pone.0256772
https://doi.org/10.1007/s00404-019-05153-5
https://www.ncbi.nlm.nih.gov/pubmed/31006843
https://doi.org/10.1093/humupd/dmt027
https://www.ncbi.nlm.nih.gov/pubmed/23884896
https://doi.org/10.1186/1472-6874-14-123


J. Clin. Med. 2023, 12, 5234 10 of 10

16. Kvaskoff, M.; Mu, F.; Terry, K.L.; Harris, H.R.; Poole, E.M.; Farland, L.; Missmer, S.A. Endometriosis: A High-Risk Population for
Major Chronic Diseases? Hum. Reprod. Update 2015, 21, 500–516. [CrossRef]

17. Soliman, A.M.; Coyne, K.S.; Gries, K.S.; Castelli-Haley, J.; Snabes, M.C.; Surrey, E.S. The Effect of Endometriosis Symptoms on
Absenteeism and Presenteeism in the Workplace and at Home. J. Manag. Care Spec. Pharm. 2017, 23, 745–754. [CrossRef]

18. Soliman, A.M.; Surrey, E.; Bonafede, M.; Nelson, J.K.; Castelli-Haley, J. Real-World Evaluation of Direct and Indirect Economic
Burden among Endometriosis Patients in the United States. Adv. Ther. 2018, 35, 408–423. [CrossRef] [PubMed]

19. Eisenberg, V.H.; Decter, D.H.; Chodick, G.; Shalev, V.; Weil, C. Burden of Endometriosis: Infertility, Comorbidities, and Healthcare
Resource Utilization. J. Clin. Med. 2022, 11, 1133. [CrossRef]

20. Agarwal, S.K.; Chapron, C.; Giudice, L.C.; Laufer, M.R.; Leyland, N.; Missmer, S.A.; Singh, S.S.; Taylor, H.S. Clinical Diagnosis of
Endometriosis: A Call to Action. Am. J. Obstet. Gynecol. 2019, 220, 354.e1–354.e12. [CrossRef]

21. Ghai, V.; Jan, H.; Shakir, F.; Haines, P.; Kent, A. Diagnostic Delay for Superficial and Deep Endometriosis in the United Kingdom.
J. Obstet. Gynaecol. 2020, 40, 83–89. [CrossRef]

22. Husby, G.K.; Haugen, R.S.; Moen, M.H. Diagnostic Delay in Women with Pain and Endometriosis: Diagnostic Delay of
Endometriosis. Acta Obstet. Gynecol. Scand. 2003, 82, 649–653. [CrossRef] [PubMed]

23. Nisenblat, V.; Prentice, L.; Bossuyt, P.M.M.; Farquhar, C.; Hull, M.L.; Johnson, N. Combination of the Non-Invasive Tests for the
Diagnosis of Endometriosis. Cochrane Database Syst. Rev. 2016, 2016. [CrossRef] [PubMed]

24. Nakamura, T. Clinical Aspects of Adolescent Endometriosis. Endocrines 2021, 2, 301–310. [CrossRef]
25. Surrey, E.; Soliman, A.M.; Trenz, H.; Blauer-Peterson, C.; Sluis, A. Impact of Endometriosis Diagnostic Delays on Healthcare

Resource Utilization and Costs. Adv. Ther. 2020, 37, 1087–1099. [CrossRef] [PubMed]
26. Soliman, A.M.; Fuldeore, M.; Snabes, M.C. Factors Associated with Time to Endometriosis Diagnosis in the United States.

J. Womens. Health 2017, 26, 788–797. [CrossRef]
27. Ballweg, M.L. Impact of Endometriosis on Women’s Health: Comparative Historical Data Show That the Earlier the Onset, the

More Severe the Disease. Best Pract. Res. Clin. Obstet. Gynaecol. 2004, 18, 201–218. [CrossRef]
28. de Ziegler, D.; Toner, J.P. Fertility Workups: The Times They Are a-Changin’. Fertil. Steril. 2022, 118, 5–7. [CrossRef]
29. Pirtea, P.; Vulliemoz, N.; de Ziegler, D.; Ayoubi, J.M. Infertility Workup: Identifying Endometriosis. Fertil. Steril. 2022, 118, 29–33.

[CrossRef]
30. Chapron, C.; Lafay-Pillet, M.-C.; Santulli, P.; Bourdon, M.; Maignien, C.; Gaudet-Chardonnet, A.; Maitrot-Mantelet, L.;

Borghese, B.; Marcellin, L. A New Validated Screening Method for Endometriosis Diagnosis Based on Patient Questionnaires.
EClinicalMedicine 2022, 44, 101263. [CrossRef]

31. Anastasiu, C.V.; Moga, M.A.; Elena Neculau, A.; Bălan, A.; Scârneciu, I.; Dragomir, R.M.; Dull, A.-M.; Chicea, L.-M. Biomarkers for
the Noninvasive Diagnosis of Endometriosis: State of the Art and Future Perspectives. Int. J. Mol. Sci. 2020, 21, 1750. [CrossRef]
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