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ABSTRACT

Objective. This narrative review summarizes current evidence on sentinel
lymph-node (SLN) mapping in endometrial cancer (EC), focusing on tracer
performance, injection techniques, detection rates (DR), surgical approaches,
and ultrastaging. A comprehensive search of PubMed, Embase, and the Co-
chrane Library was performed (inception — 15 April 2025) using the terms
“sentinel lymph node” AND “endometrial cancer”, without year limits. Stu-
dies, guidelines, and technical reports addressing SLN mapping in EC were
screened, and data were extracted narratively according to SANRA recom-
mendations.

Results. Three tracer classes are routinely used: indocyanine green (ICG),
technetium-99m colloid, and methylene blue. Cervical ICG injection, per-
formed superficially and deeply at 3 and 9 o’clock or in four quadrants,
provides the highest bilateral detection rate (DR; approximately 93-98%),
with intraoperative re-injection increasing DR by about 5%. Hysteroscopic
and trans-myometrial routes improve para-aortic mapping but are techni-
cally more demanding and achieve lower pelvic DRs. Combining ICG with
technetium or methylene blue offers no consistent benefit over ICG alone.
Minimally invasive surgery maintains high DRs (91-95%) while reducing po-
stoperative morbidity compared with laparotomy. Serial-section ultrastaging
with cytokeratin immunohistochemistry detects an additional 3-4% of micro-
metastases or isolated tumour cells compared with routine haematoxylin-e-
osin assessment.

Conclusions. SLN biopsy provides an accurate nodal assessment while spa-
ring patients the morbidity associated with systematic lymphadenectomy. Cer-
vical ICG injection, coupled with minimally invasive surgery and meticulous
ultrastaging, currently represents the most effective and reproducible strategy
for SLN mapping in EC.
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INTRODUCTION

Endometrial cancer (EC) is the most common gy-
naecologic malignancy in high-income countries,
and its incidence continues to rise worldwide [1].
Most women present early with abnormal uterine
bleeding; a small proportion remain asymptomatic,
and some rare gynaecologic tumours that mimic
EC may instead present late with non-specific si-
gns and an elevated thrombo-embolic risk [2-5]. If
neglected, it may lead to severe anaemia requiring
blood transfusion or iron supplementation [6].
Beyond classical risk factors, dysbiosis of the gut
microbiome is emerging as a potentially modifiable
contributor to EC pathogenesis [7].

The primary treatment for EC involves surgical in-
tervention, typically comprising a total hysterec-
tomy and bilateral salpingo-oophorectomy, accom-
panied by minimal lymphadenectomy [8].
Minimally invasive surgery, including conventio-
nal laparoscopy, single-site access, and robotics,
achieves oncologic equivalence with less morbidity
in early-stage disease [9-11], allowing for successful
lymph node sampling [12, 13].

In advanced EC, multivisceral cytoreduction may
require bowel resection [14] or ureteral reimplan-
tation [15], similar to the surgical approach used
in other advanced multiorgan involvement gyna-
ecological diseases, such as endometriosis [16-21].
Because nodal metastasis is detected in only ~4%
of apparent stage-I cases, current guidelines per-
mit omission of systematic lymphadenectomy in
low-risk disease [22, 23].

Nonetheless, nodal status remains critical for adju-
vant-therapy decisions, and sentinel lymph-node
(SLN) mapping has replaced complete lymphade-
nectomy in many centres, lowering rates of lower-
limb lymphoedema [24, 25]. The most widely used
SLN mapping algorithm is the Memorial Sloan Kat-
terin algorithm [26].

Attention is now shifting to survivorship: fatigue,
insomnia, and overall quality-of-life decrements are
common after EC surgery [27, 28]. In other gynaeco-
logical cancers, such as advanced cervical carcinoma,
neoadjuvant chemotherapy after surgery has been ap-
plied, although with poor results [29]. In EC, the gold
standard, when possible, is radical surgery followed
by adjuvant therapy, which can be chemotherapy, ra-
diotherapy, or a combination of these [22].

Similarly, the accurate identification of hysteroscop-
ic criteria underscores the importance of precise di-
agnostic techniques in managing gynaecological
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pathologies [30]. This precision in the diagnostic
approach mirrors sentinel lymph node mapping for
endometrial carcinoma, where correctly identify-
ing lymph nodes is crucial. Such meticulous nodal
mapping can significantly influence therapeutic de-
cisions and surgical staging strategies, demonstrat-
ing the vital role of accuracy in improving patient
outcomes across gynaecological oncology.
Recently, TCGA-based molecular subgroups
(POLE-mutated, MMR-deficient, p53-abnormal,
NSMP) are likely to individualize the need for nodal
assessment in EC. This is because these subgroups
have distinct clinical and prognostic implications
that can guide treatment decisions, including the
necessity for lymph node dissection [31].

This narrative review critically appraises contempo-
rary evidence on SLN mapping in EC, with empha-
sis on tracer choice, injection technique, detection
rate (DR), surgical performance, and ultrastaging.

MATERIALS AND METHODS

This article is a narrative review of the existing li-
terature on the types of tracers used for SLN biop-
sy in EC. It specifically examines the effectiveness
of different tracers, analysing their impact on DR,
including the method of injection, surgical techni-
ques, and subsequent outcomes when employing
ultra-staging protocols.

An extensive literature search was conducted on
PubMed, Embase, and the Cochrane Library from
inception to April 15, 2025. Articles were searched
using the keywords “sentinel lymph node and en-
dometrial cancer”. No filter on the year of publica-
tion was applied.

For this review, we considered any human inve-
stigation that examined SLN mapping in EC. To
be eligible, a study had to focus on one or more
elements of the SLN pathway, such as the tracer
employed, the site or technique of injection, the dia-
gnostic or bilateral detection rate, the histopatholo-
gical ultrastaging protocol, or subsequent surgical
and oncological outcomes (recurrence-free or ove-
rall survival). We accepted a wide range of study
designs, including randomised or non-randomised
clinical trials, prospective or retrospective cohort
studies, case-control series, larger case series, sy-
stematic reviews or meta-analyses, and guidelines
or consensus papers from relevant societies.
Conversely, we excluded articles that dealt exclusi-
vely with systematic lymphadenectomy and offe-
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red no SLN component, or that combined EC with
other tumour sites without providing separable re-
sults, were also omitted. The selected articles were
thoroughly reviewed and evaluated to identify
studies that aligned with the goals of this review.
The narrative review was assessed according to
SANRA guidelines [32].

TRACERS AND INJECTION TECHNIQUE:
METHOD OF INJECTION FOR A SINGLE
TRACER

In EC, tracers used for SLN biopsy can be catego-
rized into three types: colorimetric, radio-nuclear,
and near-infrared dyes. Indocyanine green (ICG) is
used as a near-infrared tracer; Technetium colloid
99 (99mTc) serves as the radio-nuclear tracer; and
methylene blue (MB) is employed as the colorime-
tric tracer [33] that enables the visualization of the
lymphatic vessel path [34].

Types of tracers and method of injection for SNL

biopsy: advantages and disadvantages

- ICG is a tricarbocyanine dye that emits a fluo-
rescent signal within the near-infrared (NIR) li-
ght range. It is FDA-approved for vascular and
hepatobiliary imaging, although it is commonly
used off-label for lymphatic mapping [35]. The
pharmacokinetics of ICG show a consistent vo-
lume of distribution closely matching that of pla-
sma, with minimal tissue binding and a negligi-
ble fraction of unbound molecules in the blood
[36]. However, ICG binds significantly to plasma
proteins, particularly alpha-lipoproteins, which
restricts its extravascular distribution but does
not impede its clearance. The elimination of ICG
involves active hepatic uptake and subsequent
biliary excretion, leading to its appearance in the
feces, which turn green. The dye’s half-life ran-
ges from 2.2 to 3 minutes in healthy adults [37].
The primary advantages of ICG include its ca-
pacity for real-time lymphatic mapping, non-ra-
dioactivity, reduced risk of allergic reactions,
and the feasibility of completing the procedure
in a single surgical stage. The main limitation is
the necessity for specialized NIR imaging equi-
pment [38]. Despite its low risk of anaphylaxis
(1/42,000), ICG should be avoided in patients
with severe iodine allergies or liver failure [37].
Several ICG tracer studies for SNL biopsy in EC
describe the cervical injection route [12]. The

261

Francesco Sgalambro, Stefano Di Michele, Santo Di Stefano, et al.

injection is made in the cervix indifferently at 3
o’clock and 9 o’clock deep and superficial or in
the four quadrants of the uterine cervix [37, 39].
Different dilutions of ICG with sterile injectable
solutions are proposed. Usually, 25 mg of ICG is
diluted in 20 mL of sterile injectable solution or
25 mg of ICG in 10 mL [37]. A substantial portion
of the literature describes the use of ICG via the
hysteroscopic injection route, targeting both the
subendoemetrial area around the tumour and
the four quadrants of the uterus, tailored accor-
ding to the lesion’s extent [40]. Moreover, while
cervical ICG injection yields a higher SLN DR
than hysteroscopic endometrial injection in EC
patients [41], reinjecting ICG during the surgical
procedure can significantly enhance the DR. This
strategy aims to improve SLN mapping accuracy
and outcomes during surgery [42].

Technetium colloid 99 (99mTc) is a metastable
nuclear isomer used in SLN detection via nuclear
imaging and intraoperative gamma counters. Its
property to emit gamma rays with suitable pho-
ton energy and a short biological half-life mini-
mizes radiation exposure while allowing timely
scanning [43]. These properties make the isoto-
pe appropriate only for diagnostic applications,
not for therapeutic interventions. A gamma-de-
tecting probe identifies areas with “hot” tracer
signals during surgery. Once the general region
of elevated uptake is localized, the surgeon em-
ploys dissection techniques to visually locate the
blue (or green) dyes within the area showing
increased gamma signal activity [44]. The gam-
ma-detecting probe is then used to quantify the
signal strength of the resected SLN. It is one of
the original techniques of SLN mapping utili-
zed in managing other cancers, such as breast
and vulvar cancer. The advantage of radiolabe-
led isotopes is their ability to penetrate deeply
into tissue, which can benefit patients with EC,
where lymphatic drainage can be unpredictable
and nodal basins may contain fat [45]. Disadvan-
tages include the need for a separate injection
procedure in nuclear medicine, which means the
intervention must be performed with a different
medical team and at a different time [46]. Ra-
diocolloid injections for EC SLN biopsy are ad-
ministered hysteroscopically or via the cervical
route [47]. Typically, the hysteroscopic method is
performed a day before the surgical intervention,
targeting the subendometrial layer both around
the tumour and across the four quadrants of
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the uterus. Conversely, cervical injections occur
at the classical landmarks of 3 and 9 o’clock or
throughout the four quadrants of the uterine cer-
vix [43]. While literature extensively documents
hysteroscopy and cervical injections of techne-
tium-99m (Tc99m), only a few studies discuss the
use of TUMIR, applying Tc99m via ultrasound to
inject both the anterior and posterior parts of the
myometrium for EC SLN biopsy [48].

- Methylene blue (MB), an aromatic heterocyclic
organic compound, is a cost-effective alternative
for SNL biopsy. Though not FDA-approved, it
is often used off-label, showing equivalence to
isosulfan blue in other cancers [33]. MB reaches
lymph nodes within five minutes post-injection
and stains them within twenty-one minutes. Whi-
le economical and straightforward to administer,
MB carries risks of paradoxical methemoglobi-
nemia and serotonin syndrome, especially in pa-
tients on serotonergic medications, and is con-
traindicated in individuals with favism [49,50].
The MB colorimetric dye injections use various
routes, including cervical, hysteroscopic, and ute-
rine subserosal and combinations of trans-cervi-
cal and trans-uterine methods [49]. Typically, MB
cervical injections are administered into the four
quadrants of the cervix [51]. Hysteroscopically,
MB is injected into the four walls of the uterus
and/or around any isolated tumours or skip le-
sions [34]. While MB injections via hysteroscopy
and the cervical route are generally performed
pre-operatively, uterine subserosal MB injections
are conducted intraoperatively. Specifically, MB
is injected into eight subserosal sites during ab-
dominal surgery: the most superior parts of the
anterior and posterior midlines of the fundus,
the anterior and posterior midparts of the ute-
rus, the anterior and posterior lower parts of the
uterus, and at both cornual ends. Additionally,
injections are made into the cervicosubserosal
myometrium at the 12, 3, 6, and 9 o’clock posi-
tions, often combining subserosal and cervico-
subserosal approaches [52].

The diverse applications and combinations of these

tracers, ICG, 99mTc, and MB, illustrate their varied

utility in clinical studies, offering distinct benefits
and challenges in sentinel lymph node mapping
for EC.

Tracer injection site in EC
Injection sites for sentinel lymph node (SLN) biop-
sy in EC are typically cervical or uterine [27]. The
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tracer is directly inoculated into the cervix using a
needle [28]. Options for uterine injections include
hysteroscopic-guided administration, transvagi-
nal ultrasound-guided myometrial injection of the
radiotracer (TUMIR), or through trans-subserosal
abdominal surgery [5, 48, 52-57]. Obesity, a well-e-
stablished risk factor for EC, has been shown to
disrupt lymphatic architecture, thereby potentially
affecting lymphatic drainage and the accuracy of
sentinel lymph node mapping [58]. Moreover, con-
ditions such as polycystic ovary syndrome (PCOS),
which are characterized by hormonal imbalances
and metabolic dysregulation, may further com-
pound these alterations in lymphatic function [59].
These metabolic and endocrine factors not only in-
crease the incidence of EC but might also influence
the pattern of lymphatic spread, underscoring the
need for early, tailored diagnostic and staging stra-
tegies [60] in affected patients [61-63] (Table 1).

Tracer injection methods: pros and cons

Cervical injection has become the most favoured
technique, as it is simple and yields the highest ra-
tes of SLN detection. It is good practice to inject
the tracer slowly into the submucosa or superficial
cervical stroma to maximize lymphatic absorption
and minimize staining of deep pelvic tissues [56].
Mounting evidence suggests that cervical injection
preserves the accuracy of detection of pelvic meta-
static disease that may result from the confluence
of lymphatic pathways from different regions of the
uterus exiting the cervix through the lateral para-
meters [57]. The uterus has three lymphatic drai-
nage pathways: the upper paracervical pathway,
which is the classical pelvic pathway; the lower
paracervical pathway; and the pelvic-infundibu-
lum pathway. Some para-aortic lymph nodes are
likely reached only through lymphatics with deep
injections via this latter route. However, the accu-
racy of para-aortic mapping has not been thorou-
ghly studied or documented [55].

Differently, the hysteroscopy method of injection
for SNL biopsy in EC has been investigated in
several studies [64]; particularly, the subserosal
uterine fundus [65], myometrium [66], and suben-
dometrial layer have been explored with injection
both around the tumour if the lesion is localized
and in the four walls of the uterus. Hysteroscopic
injection offers superior lymphatic mapping at the
lumbar aortic level, although the technique can be
challenging, particularly in EC patients where nor-
mal anatomy may be altered [55]. Numerous retro-
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Table 1. Summary overview of tracer and injection site.
Tracer Injection Site Method of Injection Advantages Disadvantages
ICG Cervix Slow injection into the Easy procedure; accurate Less detection of lymphatic drainage
submucosa or superficial cervical detection of pelvic lymph from the uterine parameters.
stroma in the four quadrants of nodes; possibility of re-
the cervix or at 3 and 9 o'clock. injection during surgery.
ICG Uterus Subendometrial injection around  Enhanced lymphatic mapping Technique complexity, especially in
(hysteroscopy-guided) the tumour and in the four at the lumbar aortic level. patients with altered anatomy due to
quadrants of the uterus. endometrial cancer.
99mTc Cervix Injection at classic landmarks High detection rate of SNL Procedure must be performed a day
at 3 and 9 o'clock or in the four biopsy as a single tracer before the surgical intervention.
quadrants of the uterine cervix. without reinjection.
99mTc Uterus Injection around the tumour and Improved lymphatic mapping Procedure must be performed a day
(hysteroscopy-guided)  the four quadrants of the uterus. at the lumbar aortic level. before the surgical intervention.
99mTc TUMIR Ultrasound-guided injection into Enhances the ability to Multidisciplinary approach required;
the anterior and posterior parts perform para-aortic SNL anaesthesia necessary; potential for
of the myometrium. biopsy. complications such as transabdominal
lesions.
MB Cervix Injection into the four quadrants Inexpensive and readily Risks of paradoxical methemoglobinemia
of the uterine cervix. available. and serotonin syndrome, particularly
in patients on serotonergic psychiatric
medications; contraindicated in patients
with G6PD deficiency.
MB Uterus Injection around the tumour and Higher detection rate than Injection performed pre-operatively.
(hysteroscopy-guided) the four quadrants of the uterus cervical injection.
before surgery.
MB Uterine subserosal Injection at eight uterine Injection performed during Lacks a specific injection site; technique

subserosal sites or at the
cervicosubserosal myometrium
at four sites (12, 3,6,and 9
o'clock positions).

surgery. variability.

ICG: Indocyanine Green; MB: Methylene Blue; 99mTc: Technetium-99m; DR: Detection Rate.

spective studies and reviews have also established
hysteroscopy as the gold standard for examining
the endometrium [67]. This surgical approach has
a wide range of applications. It is especially effecti-
ve for treating benign conditions like intrauterine
adhesions [47], submucosal uterine fibroids [53],
or genitourinary syndrome [68], which can signifi-
cantly impact a patient’s quality of life and sexual
function. The importance of addressing these con-
ditions extends beyond immediate symptom re-
lief, as they often affect intimate aspects of life, un-
derscoring the need for innovative treatments that
consider overall well-being, fertility, and sexual
health [69, 70]. Hysteroscopy also serves as a va-
luable surveillance tool for patient groups such
as breast cancer survivors, offering a potentially
helpful predictive model based on hysteroscopic
findings [5].

Additionally, another method for uterine injection
is the TUMIR [48]. This procedure is conducted by
a gynaecologist ultrasound specialist in collabora-
tion with a nuclear medicine physician and invol-
ves the transabdominal injection of the radiotracer
into the anterior myometrium [48]. Leading scien-

tific societies recognize TUMIR injection for inter-
mediate /high-risk EC due to its enhanced ability
for SNL biopsy in para-aortic dissection [71]. While
TUMIR injection offers significant advantages, it
also presents drawbacks, such as the need for ana-
esthesia, the involvement of multiple specialists,
and potential complications like transabdominal
lesions during the injection process [48].

Moreover, in preventive care for EC, particularly
among postmenopausal women, hysteroscopic
sampling is often the preferred method for endo-
metrial biopsy [54] even in the presence of severe
adhesiolysis that hardens the endoscopic proce-
dures [72, 73]. This offers new insights into inter-
ventions on social media platforms, which reflect
contemporary practices and patient engagement
trends addressing the importance of increasing
prevention [74, 75]. Ultimately, office hysteroscopy
enables prompt diagnosis and, in selected cases,
treatment of intrauterine pathology before further
surgical procedures, generally without the need
for anaesthesia. Its feasibility relies on standardi-
zed minimally invasive techniques, although pro-
cedural pain remains an important determinant of
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patient tolerance and successful completion, and
the optimal pain-management strategy has yet to
be established [76-79].

DR OF SNL BIOPSY

The SNL biopsy targets the uterine lymphatic
drainage system’s initial lymph node or nodes
[80]. The DR evaluates the success of the SNL
biopsy, measuring the procedure’s ability to uni-
laterally or bilaterally identify lymph nodes posi-
tive for metastases [51]. Current research on SLN
mapping in EC is highly encouraging [47]. If the
SLN is not detected, the surgeon must perform a
systematic lymphadenectomy. Additionally, even
if the SLN is identified, any visibly enlarged lym-
ph nodes must be excised [26]. On one hand, the
DR is influenced by the surgeon’s expertise and
meticulous attention to technical details. On the
other hand, the DR of an SLN biopsy can be af-
fected by various factors, including the type of
tracer used, the injection site, surgical techniques,
and the anatomopathological analysis protocol
[26] (Table 2).

DR related to the type of tracers and the method
of injection

In many studies of SNL biopsy in EC, MB is used
either as a single dye or in combination with ra-
diocolloid [47]. Studies comparing hysteroscopic
to cervical injection of MB alone have shown a hi-
gher unilateral DR for hysteroscopic MB injections

Table 2. Overview of DR related to SLN biopsy technique.

Sentinel lymph node mapping in EC

[49]. Conversely, when MB is combined with ra-
diocolloids, cervical injections are more prevalent
than hysteroscopic injections [55]. While several
studies report no significant difference in DR
sensitivity between radiocolloid MB99m cervical
injections and hysteroscopic or TUMIR injections
[40, 48], it is crucial to note that TUMIR injections
have shown high DRs in patients with high-risk
EC but significantly lower DRs in early-risk EC
patients [48]. Furthermore, ICG, whether used alo-
ne or in combination and injected into the cervix,
has demonstrated the most effective pelvic SNL
biopsy success [81]. Re-injection of ICG during
surgery has been shown to increase DR, achieving
a peak of 98% significantly [82]. The simplicity of
performing cervical ICG injections, their reprodu-
cibility, low cost, minimal adverse reactions, and
the feasibility of re-injection during surgery have
led to a consensus in the literature that cervical
injection of ICG is the most successful method for
detecting SNL in EC [83].

DR related to surgical technique

Among the key factors in SLN mapping is the exe-
cution technique. SLN biopsy in EC can utilize
invasive methods like laparotomy and minimally
invasive techniques such as laparoscopy, robotic
surgery, single-port, or multi-site approaches [84,
85]. The benefits of minimally invasive techniques
over laparotomy include reduced postoperative
pain, better cosmetic outcomes, quicker recovery,
and decreased risk of surgical dehiscence [9]. Ad-

Tracer Injection Method Detection Rate (DR) Advantages Disadvantages
MB Cervical High Cost-effective, simple to administer. Risk of methemoglobinemia, serotonin
syndrome in some cases.
MB Hysteroscopic Lower than cervical Allows targeted injection close to Higher complexity, risk of methemo-
tumour. globinemia.
MB+99mTc Cervical Unspecified Enhanced tissue penetration due to Requires nuclear medicine facilities,
radiocolloid combination. potential radiation exposure.
ICG Cervical Up to 98% High detection rate, real-time map- Requires specialized NIR imaging
ping, minimal side effects. equipment.
ICG Hysteroscopic Lower than cervical Detailed mapping close to tumour. Requires specialized equipment, more
complex procedure.
99mTc Hysteroscopic High DR Deep tissue penetration, precise lo- Requires separate nuclear medicine
calization. procedure, radiation exposure.
99mTc Cervical Unspecified Allows for timely scanning and local- Requires nuclear medicine capabilities,
ization. radiation exposure.
99mTc TUMIR Lower in early-risk EC Enhanced ability for para-aortic dis- Involves anaesthesia, higher complexi-

section in high-risk EC. ty, requires multiple specialists.

ICG: Indocyanine Green; MB: Methylene Blue; 99mTc: Technetium-99m; TUMIR: Transvaginal Ultrasound-guided Myometrial Injection of Radiotracer.
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ditionally, these techniques mitigate complications
associated with auxiliary ports and shorten surgi-
cal times, particularly in single-site laparoscopy,
which is considered the gold standard for adnexal
pathologies and requires further evaluation for its
feasibility in lymphadenectomy or SLN biopsy
[83, 86-88]. However, non-invasive surgical tech-
niques are related to a greater surgical complexity
and learning curve [89] except for the hysterec-
tomy via vaginal natural orifice transluminal en-
doscopic surgery (VNOTES) which has shown to
have a less learning curve [87, 90]. Laparotomy re-
mains a method for SLN biopsy in EC, especially
when using 99mTc for myometrium and/or sub-
serosal injections, with DR ranging from 61% to
93% [91]. Adding MB dye to laparotomy does not
significantly alter the DR, which remains betwe-
en 63% and 89% [55, 92]. Literature indicates that
non-invasive surgical techniques are widely em-
ployed for SLN biopsy in early-stage EC, whether
using single tracers, dyes, or radiocolloids. The-
se techniques are preferred because laparoscopic
and robotic optics incorporate infrared systems
tailored for ICG, providing significant advanta-
ges with a simple switch [93]. The DR for SLN
biopsy using ICG and 99mTc through non-inva-
sive methods like laparoscopy or robotic surgery
has been investigated both with the infrared tracer
alone and in combination with 99mTc, showing
no significant differences in DR, which typically
remains between 91% and 95% [94]. Non-invasi-
ve techniques using ICG alone achieve a nearly
unilateral DR ranging from 91% to 98%, whether
in laparoscopy or robotic surgeries [95]. It is cru-
cial to emphasize that higher DRs are obtained
through non-invasive surgical performance and
ICG reinjection during the surgical procedure [96].

DR related to ultrastaging

Ultra-staging enhances the detection of mali-
gnant cells in lymph nodes removed during sur-
geries for EC. This process involves advanced
techniques such as deeper serial sectioning and
immunohistochemical (IHC) staining to unco-
ver tumour cells that are not visible with routine
Hematoxylin and Eosin (H&E) staining [97]. The
protocol for the pathological processing of SLNs
varies among institutions, including the number
of sections examined, the depth of sectioning wi-
thin the tissue block, the distance in pm between
sections, and the incorporation of IHC. Typically,
a non-sentinel lymph node examination involves
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a single H&E section along the node’s long axis,
with deeper levels or IHC applied at the patho-
logist’s discretion [98]. A typical histological exa-
mination of a non-sentinel lymph node involves
a single H&E section along the long axis of the
lymph node (intact or bisected), with deeper levels
or IHC performed at the pathologist’s discretion
[98]. The ultrasound examination for SLNs typi-
cally entails slicing along the long axis at 2 mm
intervals, inspecting all slices under a microscope,
and conducting at least one representative H&E
level; additional H&E levels or IHC studies may
be incorporated [88].

No universal guideline for the SLN ultra-staging
protocol in EC exists, but several methods were
proposed between 2011 and 2016:

* The Memorial Sloan Kettering (MSK) group
suggests an initial routine H&E evaluation, fol-
lowed by two adjacent 5 um sections (one H&E
and one AE1/AE3 cytokeratin) cut from each
paraffin block at intervals of 50 um [51, 88].
The Touhami et al. group employs six serial
sections cut at 40 um intervals examined by
H&E, with an additional section stained with
IHC (AE1/AE3 cytokeratin) between the third
and fourth levels [99].

Desai et al. analysed SLNs by sectioning the
block at 50 um intervals, staining levels 1, 3,
and 5 with H&E and levels 2 and 4 with AE1/
AE3 [100].

Raimond et al. prepared a cytological smear,
sectioned it at 3 mm intervals, and further sectio-
ned it at 200 um intervals, with H&E-negative
nodes undergoing AE1/AE3 staining [101].

The key benefit of immunohistochemical ultra-sta-
ging is its ability to detect an additional 3-4% of
SLN micrometastases and isolated tumour cells
(ITCs), the latter being less than 0.2 mm in dia-
meter, which would be missed by routine H&E
staining. The clinical relevance of ITCs is debated,
but their identification highlights ultra-staging
sensitivity [102].

Consequently, the DR is significantly improved
in studies utilizing ultra-staging protocols, regar-
dless of the tracer type or surgical technique em-
ployed [103].

DISCUSSION

There is now broad agreement that cervical ICG
injection provides the most reliable and reprodu-
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cible SLN mapping in apparent stage-I EC. Bilateral
DR consistently exceed 90%, false-negative rates are
< 5%, and the procedure virtually eliminates lower-
limb lymphoedema when compared with systematic
lymphadenectomy. Minimally invasive approaches,
including laparoscopy, robotics, and single-site sur-
gery, do not compromise oncologic safety, provided
that the SLN algorithm and ultrastaging are applied
rigorously [104].

Survival evidence: what do the data really show?
Early prospective cohorts were underpowered for
survival end-points, but recent multicentre series
provide substantive long-term data.

The most extensive propensity-matched analysis to
date utilized the Surveillance, Epidemiology, and End
Results database (6019 SLN vs 6019 lymph node dis-
section group). Nahshon ef al. found higher 1-year
overall survival in the SLN group, an advantage li-
mited to grade 1-2 endometrioid cancers, while survi-
val was equivalent in high-grade tumours, indicating
that SLN sampling does not compromise early survi-
val across disease grades [105].

In a contemporary, multicentre Italian cohort restri-
cted to high-intermediate /high-risk histotypes (n =
242; 60-month follow-up), sentinel mapping alone
yielded disease-free and overall survival curves that
were superimposable to those of complete nodal dis-
section, while halving the rates of lower-limb lym-
phoedema [106].

Taken together, these studies strongly suggest that,
when performed correctly, SLN mapping does not
compromise oncologic outcomes, even in patients
with intermediate- and high-risk EC.

Persisting controversies

Regarding paraortic mapping, hysteroscopic or TU-
MIR technetium injections improve lumbar-aortic
detection, but they add logistical complexity and ra-
diation exposure. Whether knowledge of para-aortic
status alters adjuvant-therapy decisions or survival
remains unproven [46, 48].

Retroperitoneal staging in EC has evolved from sy-
stematic para-aortic dissection to selective techniques
such as TUMIR tracer injection, yet emphasises that
robust survival data are still lacking [107].
Ultrastaging detects an additional 3-4% of microme-
tastases and isolated tumour cells; however, the pro-
gnostic significance of these findings and the need for
intensified adjuvant therapy remain a topic of debate.
Although both modern series included such patien-
ts, randomised evidence is lacking; ongoing trials
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should clarify whether SLN mapping alone suffices
in serous, clear-cell, and carcinosarcoma subtypes
(non-endometrioid, grade 3) [102, 103].

Quality of life and enhanced recovery
Patient-reported outcomes consistently favour SLN
mapping owing to shorter hospital stay, quicker
mobilisation and dramatically lower rates of chro-
nic lymphoedema. Integration of Enhanced Reco-
very After Surgery (ERAS) programmes has further
reduced fatigue and sleep disturbance during sur-
vivorship. These gains underscore the importan-
ce of balancing oncologic efficacy with functional
outcomes [108].

Italian data on minimally invasive surgery in gyna-
ecologic oncology confirm that laparoscopy com-
bined with ERAS shortens median length of stay
from 4 to 2 days in early-stage EC, without increa-
sing readmissions [109].

Future directions

Emerging genomic data, exemplified by the four
TCGA classes reviewed by Besharat et al. [110], are
set to reshape nodal surgery in EC. POLE-ultramu-
tated tumours, which carry an excellent prognosis,
may safely forgo any nodal assessment, whereas
p53-abnormal (copy-number-high) cancers could
still justify systematic para-aortic dissection and
intensified adjuvant therapy. Machine-learn-
ing models that combine radiomic features with
these molecular fingerprints are being explored
to pre-operatively assign patients to either senti-
nel-node mapping or complete lymphadenectomy.
Definitive proof will come from the prospective ran-
domised trials now comparing cervical ICG-guided
SLN biopsy with conventional lymphadenectomy
in high-risk cohorts. These trials are crucial for val-
idating a genomically tailored surgical strategy.

CONCLUSIONS

Recent revisions of the FIGO system illustrate how
EC staging has shifted from a purely anatomical,
uterus-confined framework [111] to an integrated
model that now weighs extra-uterine spread, mole-
cular subtype, host immunocompetence, and nodal
status (FIGO 2023). This broader perspective has
re-framed surgical staging: rather than removing
every pelvic and para-aortic node, the current goal
is to obtain the correct nodal information with the
least morbidity [112].
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Evidence remains mixed. Some series still report a
survival benefit for systematic lymphadenectomy
in biologically aggressive tumours. In contrast,
others demonstrate that, in low-risk disease, where
nodal positivity is as low as 0-4% and seldom exce-
eds 10% even in intermediate-risk cases, the addi-
tional risks of comprehensive dissection outweigh
any oncologic gain [113]. Against this backdrop,
sentinel-node biopsy offers a logical compromise:
it targets the first echelon nodes that truly deter-
mine stage, maintains the false-negative rate wi-
thin accepted limits, and simultaneously curtails
lymphoedema, operative time, hospital stay, and
antibiotic use [114]. Technical refinements have
made the approach increasingly robust. Superfi-
cial and deep cervical injections of ICG remain the
most reproducible route, achieving near-universal
pelvic mapping [37]. When combined with robotic
or laparoscopic optics capable of near-infrared ima-
ging, and, when required, a second intra-operative
ICG injection, detection rates routinely exceed 95s5%
[115].

Finally, meticulous ultra-staging with serial sectio-
ning and immunohistochemistry uncovers a fur-
ther 3-4% of micrometastases or isolated tumour
cells, safeguarding diagnostic accuracy without
resorting to blanket lymphadenectomy [51].

In summary, contemporary data support a para-
digm in which sentinel-node mapping, performed
with cervical ICG and comprehensive ultra-staging,
should be the default strategy for nodal evaluation
across most risk groups. Systematic lymphadenec-
tomy is increasingly reserved for selected p53-ab-
normal or grossly node-positive cases, a shift that
aligns surgical ambition with molecular risk and
patient-centred outcomes.
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INTRODUCTION

ABSTRACT

Objective. This state-of-the-art review aims to evaluate the current evidence
on the association between foetal pancreatic circumference (PC) and Gesta-
tional Diabetes Mellitus (GDM), analysing the feasibility, diagnostic perfor-
mance, and methodological consistency of this novel sonographic parameter.

Materials and Methods. A comprehensive literature search was conducted
to March 2025. Studies were included if they evaluated foetal PC via ultra-
sound in the second trimester and assessed its association with GDM. Qua-
lity was assessed using the MINORS tool. Due to the limited number and
heterogeneity of studies, data were synthesized narratively.

Results. Twenty studies were screened. Three observational studies met the
inclusion criteria. Two studies reported a significant association between in-
creased foetal PC and GDM, suggesting PC > 80" percentile as a potential
predictive threshold. Conversely, one study found no significant correla-
tion. All studies confirmed the technical feasibility and reproducibility of PC
measurement during mid-gestation. Quality assessment revealed modera-
te-to-high methodological rigour.

Conclusions. Despite preliminary results suggesting foetal PC as a promi-
sing and accessible marker for early GDM risk stratification, current evi-
dence remains inconclusive. The novelty of this approach highlights the
urgent need for standardised protocols and large-scale multicentre studies.
If validated, foetal PC could offer a reliable alternative to the oral glucose
tolerance test (OGTT), especially in settings where OGTT adherence is low
or infeasible.

[2]. GDM is associated with multiple risk factors [3],
including low pre-pregnancy physical activity, ad-

Gestational Diabetes Mellitus (GDM) is the leading ~ vanced maternal age, and a family history of diabe-
health disease in pregnant women [1], affecting ap-  tes, with pre-pregnancy overweight and obesity re-
proximately 16.5% of pregnant women worldwide  presenting a particularly significant determinant [4].
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GDM pose significant foetal complications, such as
adverse perinatal outcomes and a longer-term risk
of obesity and glucose intolerance in offspring [5].
Moreover, mothers with GDM have a high risk of
developing hypertensive disorders during pregnan-
cy and a high risk of diabetes mellitus thereafter [5].
Early identification of women at risk for GDM is
crucial for implementing timely interventions and
improving perinatal outcomes [6].

According to the 2021 Recommendation Statement
by the US Preventive Services Task Force (USPSTF)
[7], there is moderate certainty of benefit in scree-
ning for GDM at 24 weeks of gestation or later, as
it may improve maternal and foetal outcomes [8].
Actually, an Oral Glucose Tolerance Test (OGGT)
remains the gold standard for the screening and
diagnosis of GDM [9, 10].

The OGTT is the only test recommended by the
World Health Organization (WHO) [11], the Natio-
nal Institute for Health and Care Excellence (NICE)
[12], the American Diabetes Association (ADA) [13]
and the International Federation of Obstetrics and
Gynaecology (FIGO) [14].

From a clinical point of view, ultrasound remains
central in follow-up: it allows not only monitoring
growth (preventing macrosomia and guiding possi-
ble therapies such as insulin) [15], but also identifying
signs of foetal distress (via Doppler such as Umbilical
Artery Pulsatility Index or Cerebro-placental ratio)
[16] to optimise the timing of delivery [17].

Beyond growth surveillance, ultrasound Doppler
provides a haemodynamic context in GDM, with
diabetic pregnancies exhibiting higher umbilical ar-
tery resistance and thicker placentae; such evidence
supports the novel parallel exploration of foetal ul-
trasound markers, such as pancreatic circumference
(PC), for risk stratification [18].

In recent years, there has been growing interest in
utilizing ultrasound measurements of PC as a po-
tential predictive marker for GDM [19]. This appro-
ach is relatively novel, with initial studies emerging
only in the past few years, suggesting a possible
link between foetal pancreatic growth and maternal
glycaemic status.

However, the clinical application of foetal pancreatic
measurements remains under investigation, indica-
ting the need for further research to validate these
findings and establish standardized measurement
protocols.

Given the novelty of this topic in the literature and
the importance of early detection of GDM, this sta-
te-of-the-art review aims to critically evaluate the

Maria Cristina Sangiovanni, Carlo De Cicco Nardone, Roberto Montera, et al.

current evidence on the association between foetal
pancreatic size and the risk of GDM, assessing the
validity and reliability of this measurement as a pre-
dictive tool.

MATERIALS AND METHODS

Study design

This state-of-the-art review was conducted in ac-
cordance with the principles of systematic explora-
tion and synthesis, adapted to reflect the early and
limited body of literature on this emerging topic.
Given the small number of eligible studies, no me-
ta-analysis was performed at this stage, and the
emphasis was placed on a comprehensive qualita-
tive appraisal of the available evidence.

Eligibility criteria

Studies were included if they met the following cri-
teria: 1) pregnant women with singleton gestations
undergoing second-trimester foetal ultrasound; 2)
measurement of foetal PC; 3) diagnosis of GDM
as an outcome; 4) observational study design; 5)
English language; 6) full-text availability. Case re-
ports, reviews, editorials, and studies without data
on GDM were excluded.

Information sources and search strategy

A comprehensive literature search was conducted
in March 2025 using PubMed, Scopus, Web of
Science, and Embase, spanning from inception to
March 2025 (with the last research update on 28
March 2025).

The search strategy included the terms: (“foetal
pancreas” OR “foetal pancreatic circumference” OR
“foetal pancreas size”) AND (“gestational diabetes”
OR “GDM”).

Study selection

The Preferred Reporting Items for Systematic re-
views and Meta-Analyses (PRISMA) [20] guideli-
nes were used to improve the reporting of the re-
viewers. All retrieved records were imported into a
reference manager, and duplicates were removed.
Two reviewers (MCS, FP) independently screened
titles and abstracts. Full texts were then assessed
for eligibility. Discrepancies were resolved by con-
sensus.

No ethical approval or patient consent is required,
as all analyses were based on previously published
studies. The analysis is not a registered study. Re-
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viewers used the search protocol previously descri-
bed to identify the literature. The reviewers initially
screened titles, then abstracts, and later full papers.
When a paper was considered potentially relevant,
its full text was reviewed. If a study could not be
unequivocally excluded due to its title and abstract,
a discussion ensued between the two independent
reviewers. The full text of all papers not excluded
was evaluated. The number of articles excluded or
included was registered and reported in a PRISMA
flowchart [21, 22] (Figure 1).

Data collection process and data items

Data were extracted using a standardized Excel
sheet. Variables included: author, year, study de-
sign, population characteristics, gestational age
at measurement, ultrasound method, PC values,
diagnostic criteria for GDM, effect estimates, con-
founding factors, and conclusions.

Quality assessment of studies and risk of bias

The reviewers (M.C.S. and F.P.) performed a quali-
tative analysis of the studies. The Methodological
Index for Non-Randomized Studies (MINORS) [23]
was used for quality assessment of non-randomi-
zed studies. The reliability of this score has alrea-
dy been demonstrated. The simplicity of MINORS,
comprising only 12 items, makes this item readily
usable by both readers and researchers. Given that
all included studies employed non-randomised

—\
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5
v
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(n=20) " (n=13)
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W Articles assessed for Lack of Full-text articles
eligibility > excluded, (n =3)
(n=7)
l
Studies included in Duplication articles
i qualitative synthesis P excluded, (n =1)
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£
—
Figure 1. Prisma 2020 flow diagram illustrating the selection process of

studies included in the state-of-the-art review.
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observational designs, and none were structured
as classical cohort or case-control comparisons, the
MINORS tool was deemed the most suitable instru-
ment for quality assessment.

Statistical analysis

Given the limited number of included studies and
the heterogeneity of their designs and outcomes, no
formal meta-analysis was conducted. Instead, the
findings were synthesized narratively, highlighting
key similarities, differences, and methodological
considerations.

Study flow and justification for inclusion numbers
The initial search identified 20 studies. After ab-
stract screening, 13 studies were excluded. Three
studies were excluded due to a lack of full-text
access. One study was excluded as a duplication.
Thus, only three studies met the eligibility criteria
and were included in the present state-of-the-art
review, as shown in Figure 1. Due to the novelty of
the topic, the number of eligible studies is limited.
This reflects the emerging interest in using foetal
pancreas measurements to predict GDM.

RESULTS

Three observational studies investigating the rela-
tionship between PC and the risk of GDM were
included in this article.

The first study, conducted by Gilboa et al. [24], was
a prospective cross-sectional observational study
involving 91 pregnancies complicated by GDM and
34 with pregestational diabetes mellitus (PGDM).
The authors measured foetal PC using high-reso-
lution ultrasound machines (Voluson 730, E8, and
E10; GE Medical Systems) between the 19* and
38t weeks of gestation. Their findings showed that
foetal PC was significantly larger in pregnancies
complicated by GDM compared to normoglycemic
pregnancies. Additionally, the foetal PC significant-
ly correlated with estimated foetal weight (EFW),
abdominal circumference (AC), and gestational age
(Pearson correlation coefficient = 0.802, 0.762, 0.764,
p <0.001) [24].

In the study conducted by Gilboa et al. [24], Thir-
ty-four women with pregestational diabetes
Mellitus (PGDM) were also included; all were
treated with insulin, and 82.3% received therapy
via an insulin pump. In this subgroup, foetal PC
correlated significantly with abdominal circumfe-
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rence (AC), estimated foetal weight (EFW), and ge-
stational age (Pearson’s r = 0.817, 0.681, and 0.710,
respectively; all p < 0.001). When plotted against
the normal 5"-95t centile reference range, PGDM
PC values clustered around the median with wide
dispersion (r? = 0.508, p < 0.001); the weekly mean
Z-score decreased across gestation, positive until
~25 weeks and negative toward term. Notably, PC
did not correlate with the EFW centile (r = 0.156, p
= 0.446; cubic r* = 0.026, p = 0.741).

Findings reported in the article [24] suggest that
all included patients (GMD and PGDM) achieved
effective glycaemic control under multidisciplinary
follow-up in the endocrinology / maternal-foetal
medicine clinic. In fact, authors discuss that the ob-
served findings may reflect optimal pre-conception
glycaemic control in the population. Study reports
that within the GDM cohort, glycaemic control was
achieved with lifestyle measures in 14/91 (15.4%)
women, while the remaining required insulin or
oral hypoglycaemic agents; all PGDM patients
were on insulin therapy (most on pumps). Ove-
rall, the authors concluded that foetal PC could
serve as a potential early ultrasound marker for
the detection of GDM. By contrast, in women with
PGDM, foetal PC was comparable to non-diabetic
controls, and the EFW centile remained around the
median, possibly reflecting effective pre-conception
glycaemic control [24].

The second study, a retrospective cohort by Gil-
boa et al. [25], examined 195 pregnancies (24 with
GDM and 171 normoglycemic) assessed between
the 20" and 25" weeks of gestation using the same
ultrasound equipment. This study introduced per-
centile-based cut-offs and identified that a foetal
PC > 80 percentile was significantly associated
with the later diagnosis of GDM (82.4 + 14.6 in the
GDM group vs 62.8 + 7.6 in the non-GDM group;
p < 0.001 [22]).

The article reported that the foetal PC centile was
correlated positively with the EFW centile (Pear-
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son’s coefficient, 0.243; p = 0.001) [25]. Specifically,
the odds ratio for developing GDM in foetuses with
a PC = 80" percentile was approximately 5.0, and
the area under the receiver operating characteristic
curve (AUC) for GDM prediction was 0.71, indi-
cating moderate diagnostic accuracy. The authors
suggested that foetal PC could be integrated into
second-trimester screening as an early, non-invasi-
ve tool to identify pregnancies at high risk of GDM
[25].

The third study, by Guleroglu et al. [26], was a
prospective observational study involving 109
pregnant women (19 with GDM and 90 normo-
glycemic), in which foetal PC was measured at two
time points: between the 20th and 22nd weeks, and
between the 24 and 28" weeks of gestation. Unlike
the previous two studies, this study did not find a
statistically significant difference (p > 0.05) in the
median values of foetal PC between women who
developed GDM and those who did not, repor-
ting that the increase in pancreatic size observed
between 20-22 and 24-28 weeks in both groups was
interpreted as a physiological consequence of ove-
rall foetal growth, remaining comparable between
GDM and normoglycemic pregnancies at each time
point, and concluding that foetal pancreatic size
does not provide potential for early prediction of
GDM at 20-22 weeks of gestation.

The authors [26] also investigated other maternal
serum biomarkers, such as glycated albumin, sug-
gesting that while biochemical markers might offer
predictive value, foetal PC alone did not demon-
strate a clear correlation with GDM in their cohort.
A qualitative assessment of the methodological
quality of the included studies was conducted
using the Methodological Index for Non-Rando-
mized Studies (MINORS) [23]. Total scores ranged
from 11 to 13 out of 16, indicating moderate to high
quality, as shown in Table 1.

Gilboa et al. [24] obtained the highest score (13/16),
reflecting a clearly stated aim, prospective design,

Table 1.  Methodological quality assessment of the studies included in the review according to the Methodological Index for Non-Randomized Studies (MINORS).
1.Clearly 2.Inclusion of & Endpo'lnts 5. Unbiased 6. Foll?w-up 7.Lossto o Prospective
. 3. Prospective appropriate assessment period follow-up . Total
Study stated consecutive . . . calculation of
aim atients data collection to the aim of of the study appropriate less the study size Score
P the study endpoint to the aim than 5% Y
Gilboa 2 2 2 2 1 2 1 1 13
etal. (2022)
Gilboa 2 2 0 2 1 2 2 0 1
etal. (2024)
Guleroglu 2 1 2 2 1 2 1 0 1
etal. (2022)
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appropriate endpoints, and adequate follow-up.
Both Gilboa et al. [25] and Guleroglu et al. [26] recei-
ved a total score of 11/16, with limitations prima-
rily due to retrospective data collection in one case,
and the lack of prospective sample size calculation
and fully unbiased endpoint assessment in both.
Overall, the quality of the evidence was acceptable
but underlined the need for larger, standardised
prospective studies in this field. Due to the limited
number and heterogeneity of studies, no meta-a-
nalysis was performed.

DISCUSSION

The measurement of PC has emerged as a novel
ultrasonographic marker with potential application
in the early identification of pregnancies at risk for
GDM.

Regarding the diagnostic criteria for GDM, studies
adopted different thresholds, thereby reducing
comparability among studies.

Gilboa et al. [24] adopted the Israeli Society of Ob-
stetrics and Gynecology two-step approach [27]:
GDM was diagnosed by 1-h 50 g GCT = 200 mg/
D1 followed by 100 g OGTT (3 h) using Carpen-
ter-Coustan cut-offs [28] (95/180/155/140 mg/dL
at 0/60/120/180 min); PGDM was defined by a
pre-pregnancy diabetes diagnosis.

Likewise, in the study by Gilboa et al. [25], a two-
step strategy was used at 25-28 weeks (screening 50
g GCT with a 140 mg/ dL threshold, followed, if po-
sitive, by 100 g OGTT (3 h) with Carpenter-Coustan
cut-offs). In contrast, Guleroglu et al. [26] applied a
one-step 75 g OGTT (2 h) at 24-28 weeks (Interna-
tional Association of Diabetes and Pregnancy Study
Group -IADPSG- criteria [29]). This heterogeneity
in testing strategy (one- vs two-step), timing (24-28
vs 25-28 weeks), and diagnostic cut-offs is a poten-
tial source of clinical and methodological variabili-
ty when comparing associations between foetal PC
and GDM across studies.

In all three studies included in the present article
[24-26], detailed protocols were provided regar-
ding the ultrasound technique used to assess PC,
ensuring the comparability of data across cohor-
ts. The foetal pancreas is visualized as a hypere-
choic structure bordered by the stomach and spine,
enabling consistent identification.

All three studies employed 2D ultrasound to assess
foetal PC using a transverse abdominal view, with
the pancreas identified between the stomach and
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the aorta. In both 2021 and 2024 studies by Gilboa
et al. [24, 25] The foetal spine was positioned to op-
timise visualisation, and a consistent sonographic
technique was applied. The 2021 study focused on
biometric correlations, while the 2024 study eva-
luated diagnostic cut-offs, particularly the 75" and
80t percentiles, for predicting GDM.

Guleroglu et al. [26] used a similar imaging appro-
ach but with slight caudal angulation and speci-
fic spine positioning (between 3-5 or 7-9 o’clock)
to enhance visibility. Unlike the others, this study
performed measurements at two time points (20-22
and 24-28 weeks) and reported high intra-obser-
ver agreement (Kappa 0.83-0.89), underscoring the
method’s reproducibility.

Despite slight variations in technique and timing,
all studies confirmed that foetal PC can be reliably
measured in the second trimester using standard
ultrasound.

The feasibility of foetal pancreatic measurement via
ultrasound was previously demonstrated by Hata
et al., who reported that the pancreas can be consi-
stently visualised (up to 80% of cases) from 20 we-
eks of gestation onward as an echogenic, S-shaped
structure [30]. Building on this, more recent work
by Yang Li et al. [36] confirmed that the optimal
visualisation of the PC is reached between 22 and
27 weeks, highlighting the need for standardised
protocols for measurement.

A valuable technical reference on foetal pancreatic
imaging has been recently provided by Singh [31],
who described a reproducible sonographic appro-
ach using splenic vessels as anatomical landmarks.
According to the author, by positioning the foetal
spine between 3-5 or 7-9 o’clock and applying a sli-
ght caudal angulation, the pancreas can be clearly
visualized from as early as 18 weeks [31]. The use
of high-definition power Doppler further enhances
identification, highlighting the importance of stan-
dardized imaging protocols to improve reproduci-
bility and diagnostic consistency [31].

From a clinical perspective, the measurement of
foetal PC may serve as an indirect marker of foetal
exposure to maternal glycemia. In line with Peder-
sen’s hypothesis in 1920, maternal hyperglycaemia
induces foetal hyperinsulinemia, which may lead
to pB-cell hyperplasia and pancreatic enlargement
as an adaptive foetal response [32].

A key advantage of incorporating foetal PC as a
potential screening tool for GDM lies in its non-in-
vasive nature and its compatibility with routine
mid-trimester ultrasound evaluations. Currently,
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the OGTT remains the gold standard for GDM scre-
ening, despite being considered imperfect. Howe-
ver, it is increasingly being challenged for its clini-
cal practicality, reliability, and patient acceptability
[33].

A recent study by Lachmann ef al. [34], conducted
in a large UK tertiary obstetric centre, found that
12.7% of women invited for OGTT did not comple-
te testing, with 32.2% never completing the proto-
col at all. The most frequently cited barriers were
the inability to tolerate the test protocol (e.g., nau-
sea, vomiting, prolonged fasting), social or mental
health issues, and difficulty managing multiple an-
tenatal appointments. Notably, younger age, lower
socio-economic status, higher parity, and minority
ethnic background were all significantly associated
with non-completion. The authors [34] emphasise
the need for alternative methods of GDM testing
that are easier to schedule and tolerate, especially
for vulnerable populations.

In this context, foetal PC measurement offers seve-
ral practical advantages. It is non-invasive, quick,
and requires no additional maternal preparation,
unlike the OGTT, which necessitates fasting and
multiple venous blood draws over two hours. Ad-
ditionally, it can be integrated seamlessly into the
standard second-trimester anomaly scan, minimi-
zing the need for separate clinical visits and impro-
ving adherence to screening protocols, particularly
in under-resourced settings.

A detailed critical analysis of the included studies
highlights both the potential and limitations of fo-
etal PC as a marker related to GDM.

Gilboa et al. [24] conducted a prospective
cross-sectional study that provided clear sono-
graphic imaging protocols and distinct analy-
ses for GDM and PGDM subgroups. The study’s
prospective nature and detailed foetal pancreatic
measurements represent its principal strengths.
However, its cross-sectional design precludes
temporal inference, thereby limiting the ability to
draw causal conclusions. Moreover, the absence
of a prespecified sample size calculation and the
lack of multivariable adjustment for confounding
variables, such as AC, EFW, maternal body mass
index (BMI), and gestational age at scanning, re-
duce the robustness. The single-centre setting and
lack of external validation limit the generalizability
of the findings.

Gilboa et al. [25] conducted a retrospective cohort
design involving a low-risk population assessed
during routine second-trimester anatomy scans. A
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key innovation of this retrospective cohort was the
introduction of centile-based thresholds for foetal
PC. In their analyses, the 80% centile cut-off yielded
the highest sensitivity and positive predictive value
(PPV) for subsequent maternal GDM, with corre-
sponding increases in odds ratios for higher PC
centiles. This approach is clinically relevant due to
alignment with standard prenatal screening. Howe-
ver, limitations include the retrospective design, a
relatively small GDM subgroup (n =24), and a lack
of external validation. Notably, despite observing
correlations between PC and EFW centiles, the stu-
dy did not conduct analyses to isolate the indepen-
dent predictive value of PC beyond standard foetal
biometric parameters.

The prospective study by Guleroglu et al. [26] focu-
sed on assessing the reproducibility of PC measure-
ment at two clinically pertinent gestational periods
(20-22 and 24-28 weeks). This study demonstra-
ted high intra-observer reliability for PC measu-
rement, thereby reinforcing the feasibility of the
measurement. However, no significant differences
in PC were found between the GDM and control
groups (normal glucose tolerance group, NGT) at
either time point. The study’s limited sample size
(90 women with NGT and 19 women with GDM),
single-centre design, and minimal adjustment for
maternal and foetal covariates restrict statistical
power and external validity.

A central clinical question is whether an increased
foetal PC reflects a pancreas-specific enlargement
related to GDM, or instead mirrors overall foetal
macrosomia, a well-known consequence of GDM
[35].

Across all three studies, PC showed strong positive
correlations with standard growth measures. In the
study by Gilboa et al. [24], even if PC was higher in
GDM, the strong correlations with AC, EFW and
gestational age (Pearson’s r > 0.7) indicate that
larger PC may partly capture overall foetal size.
Notably, in the PGDM subgroup with glycaemic
control, PC and EFW centiles hovered around the
median, suggesting that pancreatic enlargement is
not evident when overgrowth is mitigated. Gilboa
et al. [25], likewise, higher PC centiles were linked
to subsequent GDM; however, correlations with
EFW centiles and the absence of adjustment analy-
ses leave it uncertain whether PC has predictive
value independent of overall size. Consistently,
Guleroglu et al. [26] found no between-group dif-
ferences in PC at mid-gestation, aligning with the
lack of an overgrowth signal.
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Taken together, these findings support a biologi-
cally plausible pathway whereby maternal hyper-
glycaemia in GDM induces foetal hyperinsuline-
mia, which can drive both pancreatic enlargement
and macrosomia. Thus, the observed association
between foetal PC and GDM may be partly con-
founded or mediated by foetal size. Disentangling
these mechanisms requires analyses that 1) adjust
for AC/EFW and key maternal covariates, 2) test
the incremental predictive value of PC beyond
standard biometry, and 3) explore mediation to
quantify the indirect effect through macrosomia.
Future studies should therefore aim to determine
whether foetal PC offers incremental predictive
value beyond conventional biometric parameters,
through multivariable and mediation analyses that
could clarify its role as an independent sonographic
marker of GDM.

This article presents several strengths, including
its systematic methodology, the inclusion of detai-
led ultrasound protocols, and its focus on a novel,
non-invasive parameter for early assessment of
GDM risk. The most significant limitation of this
study is the small number of studies included, whi-
ch reflects the overall scarcity of literature on this
emerging topic. In fact, three potentially relevant
studies were excluded due to the unavailability of
full-text access, which may have limited the com-
pleteness of the evidence synthesis. Moreover, two
out of the three studies were authored by the same
research group. They employed similar methodolo-
gies, further limiting the heterogeneity of the avai-
lable evidence and potentially affecting the gene-
ralizability of the findings, as results from a single
research team may reflect centre-specific practices
or population characteristics.

Methodologically, the three studies included in the
present article share a broadly similar sonographic
approach, confirming the technical feasibility and
reproducibility of PC measurement. However, dif-
ferences in study design, cohorts, sample sizes,
OGTT criteria and analytical framework may affect
interpretability and generalizability.

If future prospective studies confirm the diagno-
stic validity and reproducibility of foetal PC as a
predictive biomarker for GDM, it could represent
a paradigm shift in prenatal care, allowing earlier
and more acceptable risk stratification. This could
be especially relevant in populations where com-
pliance with OGTT is low or in settings lacking
resources for universal biochemical screening. Ne-
vertheless, further research is needed to determine
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optimal cut-off values, standardize measurement
protocols, and assess the added value of foetal PC
compared to traditional risk factors or combined
predictive models.

CONCLUSIONS

Building upon the findings of a limited number of
studies, considering the novelty of the topic, we
explored the technical methodology and clinical
implications of foetal PC measurement. The ultra-
sound assessment of foetal PC represents a promi-
sing, non-invasive indicator for early risk stratifi-
cation of GDM.

While two studies supported the predictive value
of foetal PC for GDM, one failed to demonstrate a
significant association, reflecting variability in cur-
rent findings.

Overall, the results of currently available evidence,
although suggesting a possible association between
this ultrasound parameter and GDM, are still preli-
minary and do not allow definitive conclusions due
to the limited number of included studies, metho-
dological heterogeneity, and the lack of large-scale
studies.

The study suggests the technical feasibility and
reproducibility of the measurement in the second
trimester, but highlights the need for further inve-
stigations to validate this marker and to establish
standardized measurement protocols.

It is also necessary to clarify whether PC serves as
an independent predictor with respect to standard
foetal biometric measurements, such as estimated
foetal weight and abdominal circumference.

If validated, foetal PC could serve as a practical
and patient-friendly alternative to the OGTT, par-
ticularly in settings with low screening adherence.
Its integration into routine second-trimester ultra-
sound could improve early risk stratification and
enhance prenatal care.
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INTRODUCTION

Vesicovaginal fistula (VVF) is an anomalous com-
munication between bladder and vagina, resulting

ABSTRACT

Background. Vesicovaginal fistula (VVF) is a rare occurrence in Western
countries, primarily resulting from iatrogenic injuries. Surgical repair beco-
mes necessary when conservative management fails, However, timing and
surgical approaches (vaginal, laparotomic, laparoscopic, robot-assisted) are
still under debate.

Case presentation. We aim to present two case reports with a step-by-step
description of the adopted robot-assisted surgical approach for the VVFs re-
pair, highlighting its feasibility in primary and recurrent cases, along with a
narrative literature review of previously described robot-assisted managed
VVF cases.

Conclusions. Robot-assisted VVFs surgical repair represents a state-of-the-
art treatment, combining advanced technology with surgical expertise
to achieve optimal postoperative out-comes. In our experience, it is fea-
sible, safe, effective, and represents a viable approach, especially in com-
plex cases.

in a continuous urine leakage through the vagina,
accounting for approximately 1%-4% of the ge-
nitourinary fistulas (Figure 1) [1]. The global in-
cidence of the urogenital fistula is hard to define
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Figure 1. Anatomical description of a VVF.

(A) Detailed view of the fistulous tract. (B) Ureteral catheter (yellow), serving as a reference point for accurate identification and surgical planning.

accurately. The World Health Organization (WHO)
estimates that around 50.000-100.000 women are
diagnosed worldwide with urogenital fistulae an-
nually [2]. Causes include obstetric injury, postsur-
gical sequelae, radiation therapy, inflammation/
infection, or trauma. In low-income countries,
where perinatal obstetric care is often lacking, the
most common VVF aetiology is prolonged labour.
In high-income countries, VVF is primarily due to
iatrogenic lesions after surgical procedures such as
hysterectomy or mesh placement for urinary in-
continence, with an overall incidence ranging from
0.3% to 2% [3]. VVFs can be classified as simple
or complex; the former are isolated and small (<
0.5 cm), whereas the latter include previously fai-
led fistula repairs or large-sized (= 2.5 cm) fistulas.
These last are often a result of chronic diseases or
radiotherapy [4]. VVFs related to surgical proce-
dures mostly occur within 7 to 10 days after sur-
gery. However, some reports describe symptoms
onset up to 6 weeks postoperatively [4]. Comple-
mentary to an accurate clinical investigation, cy-
stoscopy and voiding cystourethrography are cru-
cial to determine the size, number, and location of
VVFs [5]. The oldest reference about VVF comes
from the Kahun papyrus, ancient Egypt (2000 be-
fore Christ) [6]. VVF modern surgery dates to 1675,
when Johann Fatio reported the first therapeutic
success. In 1852, James Marion Sims first described
a transvaginal surgical approach, whereas in 1888,
Trendelenburg introduced the transabdominal ap-
proach [7]. In 1928, Martius introduced the concept
of the “interposition flap” a flap of adipose tissue
obtained from the labia major interposed between
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the bladder and vaginal sutures [8]. In 1942, La-
tzko described his transvaginal technique for VVF
repair, which remains a gold standard today. This
last approach involves a partial colpoclesis, where
the fistulous tract is excised, and the vaginal wall
is closed in layers without direct bladder repair.
It is particularly effective for supra-trigonal fistu-
las, ensuring high success rates while preserving
bladder capacity [9]. A transabdominal technique,
characterized by a wide cystotomy with dissection
and excision of the fistulous tract, was described by
O’Conor in 1950 [10]. Nezhat et al. were the first to
publish a case report about a laparoscopic repair
of VVF in 1994 [11]. The newest strategy to treat
such conditions is combining a robot-assisted lapa-
roscopic approach. The first report was published
in 2005 by Melamud et al. [12]. The above-mentio-
ned technique has demonstrated high healing ra-
tes (over 95%) with excellent aesthetic results [13].
However, limited evidence about long-term pro-
gnosis is yet available. Therefore, we present two
successful laparoscopic robot-assisted VVF repair
cases, one in a primary and one in a recurrent case,
with a long-term available outcome. Moreover, we
conducted a narrative literature review on laparo-
scopic robot-assisted VVFs managed cases to assess
the advantages and limits of such a technique.

CASE PRESENTATION
Case A

A 69-year-old Caucasian, nulliparous, obese wo-
man was referred to the urological unit of the “SS.
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Figure 2. Retrograde cystourethrography image.

Demonstration of a Fistulous communication between the posterior wall of urinary bladder and anterior wall of vagina. Evident appearance of contrast fluid in the vaginal cavity.

Annunziata” hospital in Cosenza (Italy) reporting
abnormal, involuntary urinary loss on the second
postoperative day after a total laparoscopic hysterec-
tomy. Retrograde urethrocystography and voiding
cystourethrography demonstrated contrast extrava-
sation from the bladder into the vaginal cavity, con-
sistent with a VVF (Figure 2). This last was of about
1 cm in size connecting the posterior wall of the
bladder with the anterior wall of the vagina, notably
situated away from the bladder trigone. Three mon-
ths after surgery, the patient underwent a robot-as-

sisted laparoscopic repair of the VVF conducted by
two highly experienced robotic surgeons (M.D.D.
and M.M.) using the robotic platform da Vinci Xi
Surgical System (Intuitive Surgical, Sunnyvale, CA,
USA). Based on the appearance of vesicovaginal
tissues, an extravesical approach has been chosen
to repair the VVF. The first step consisted into the
realization of well-defined surgical planes to effecti-
vely separate the bladder from the vagina, allowing
their separate closure (Figure 3 A,B). The favourable
tissue quality obviated the need for an intravesical

Figure 3. Schematic representation of omental flap interposition technique.

(A) Schematic representation of omental flap interposition (highlighted with a dashed yellow line) during robotic transvesical vesicovaginal fistula repair. (B) The exposed bladder
mucosa after cystotomy, the re-paired fistulous tract, the Foley catheter balloon (*), and a mono-J catheter (#) emerging from a ureteral orifice can be observed.
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Figure 4. Schematic description of Robot-assisted extravesical vesicovaginal fistula repair.

(A) The fistulous tract is easily identified using a pre-positioned catheter from the preliminary endo-scopic phase. (B) Once localized, the fistula is excised externally without a
longitudinal cystotomy, ensuring precise removal of the tract and adjacent scar tissue with adequate margins of healthy tissue. (C) Finally, the vaginal layer and bladder wall are

sutured in opposing perpendicular orientation.

approach, enabling operators to repair the fistula
without opening the bladder. This strategy is less
invasive, preserves bladder integrity, and facili-
tates a more efficient postoperative recovery. To
minimize the risk of recurrence, the vaginal and
bladder walls were sutured in a perpendicular,
opposing fashion. Following adhesiolysis from
prior surgeries, the Omentum was mobilized and
interposed between the bladder and the vagina
(Figure 4 A-C). The procedure was completed
with a hydrodistension bladder leak test, pelvic
drain placement, and a Foley bladder catheter
insertion, secured in conjunction with the urete-
ral stents. Console time was 115 min. The estima-
ted blood loss was 60 cc, and no surgical-related
complications were reported. The ureteral cathe-
ters were removed on the first postoperative day
(POD), while abdominal drainage was removed
after 48 hours. Perioperative antibiotic prophyla-
xis was administered for 5 days. The patient was
discharged home on the 4" POD with an indwel-
ling urethral catheter, which was removed after
15 days following a normal result at the voiding
cystourethrography. At the 6-month and one-ye-
ar follow-up assessment, the patient maintained
unobstructed urinary voiding patterns, without
any VVF recurrence.

Case B

A 47-year-old Caucasian, multiparous woman,
who had already received a laparoscopic treat-
ment to solve a VVF occurring after total laparoto-
mic hysterectomy with bilateral adnexectomy, was

referred nine months after the repairing surgery to
the Urologic Unit of the “SS. Annunziata” hospital
in Cosenza (Italy), reporting recurrent abnormal,
involuntary urinary loss. Retrograde urethrocy-
stography and voiding cystourethrography de-
monstrated contrast extravasation into the vagi-
nal cavity, consistent with a VVF connecting the
posterior bladder wall to the anterior vaginal wall.
The fistulous tract, measuring approximately 1.5
cm in size, was located very close to the ureteral
orifices, an area corresponding to the intertrigo-
nal bar. Two weeks later, the patient underwent a
robot-assisted laparoscopic repair of the recurrent
VVE. In this challenging case, surgeons (M.D.D.
and M.M.) considered taking advantage of the ro-
botic approach, aiming to overcome the technical
limitations of traditional laparoscopy, namely the
significant technical challenges posed by VVF dis-
section and intracorporeal suturing. The robotic
system, with its advanced Endo-Wrist instrumen-
ts, combined with a three-dimensional visualiza-
tion, improved depth perception, motion scaling,
tremor filtration, higher magnification, and an er-
gonomically favourable setup, enables procedures
even in most unfavourable scenarios. Due to the
proximity to the ureteral orifices, the considerable
size of the fistula, and the presence of retracted tis-
sues with dense fibrous adhesions, surgeons opted
for a trans vesical approach. This strategy allowed
a complete circumferential excision of the fibrous
and scar tissue around the fistula while preser-
ving both ureteral orifices. In this second case, the
Omentum was short, rigid, and firmly attached
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Figure 5. Schematic representation of urachal flap interposition technique.

(A) Robot assisted surgical setting. (B,C) Intraoperative findings showing the interposition of an urachal flap, supplemented by a peritoneal leaflet, between the bladder and

vaginal walls to ensure suture line separation and minimize the risk of fistula recurrence.

to the abdominal wall. Consequently, a urachal
flap, supplemented by a peritoneal leaflet, was
mobilized and interposed between the bladder
and vagina to effectively separate the suture lines
and reduce the risk of fistula recurrence (Figure
5). Also in this case, the procedure was concluded
with a hydrodistension bladder leak test to con-
firm bladder integrity, followed by the placement
of a pelvic drain and the insertion of a Foley cathe-
ter secured in conjunction with the ureteral stents.
Console time was 145 min. The estimated blood
loss was 80 cc, and no surgical-related complica-
tions were reported. The ureteral catheters were
removed on the 15t POD, while the abdominal
drainage was removed after 48 hours. Periopera-
tive antibiotic prophylaxis was administered for 5
days. The patient was discharged home on the 4th
POD with an indwelling urethral catheter, which
was removed after 15 days following a normal
result at the voiding cystourethrography. At the
6-month and one year follow-up assessment, the
patient maintained unobstructed urinary voiding
patterns, without any instances of VVF recurrence
detected.

DISCUSSION

VVFs as abnormal communications between the
bladder and the vagina. They carry significant mor-
bidity burden, including urinary incontinence, re-
current urinary tract infections, vaginal discharge,
and psychological distress [7]. VVFs have a rare oc-
currence in Western countries, primarily resulting
from iatrogenic injuries. Surgical repair becomes
necessary when conservative management fails,
However, timing and surgical approaches (vagi-
nal, laparotomic, laparoscopic, robot-assisted) are
still under debate. The newest strategy to treat such
conditions is combining a robot-assisted to a lapa-
roscopic approach, whom main surgical phases and
key points are listed in Table 1.

The first report was published in 2005 by Melamud
et al. [12], where, the above-mentioned technique,
has demonstrated high healing rates (over 95%) with
excellent aesthetic results [13-17], however, limited
evidence about long-term prognosis is yet available.
Aiming to describe the advantages and limits of
such a technique, we’ve realised a narrative litera-
ture review using PubMed, Scopus, Google Scholar,
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Table 1. Main phases of Robot-assisted VVF repair.
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Endoscopic phase

- Cysto-vaginoscopy; safety JJ ureteral catheter placement

- VVF tract identification via guidewire/5 Fr ureteral catheter

Robotic phase

- Port Placement and pneumoperitoneum induction: 8-mm robotic camera port 2 cm above the umbilicus using, two 8-mm robotic ports along the
pararectal lines on both sides, an 8 mm port above the left iliac crest dedicated to the Da Vinci Xi fourth arm for bladder retraction, and supplementary
5 mm and 12 mm ports for the assistant, one near the right iliac crest and another between the optic port and the right 8 mm port

- Intestinal adhesiolysis and Douglas pouch exposure

- Isolation of the vesicovaginal space, exposing the fistula tract

- Excision of the fibrotic tract tissue. One of two approaches is selected based on the degree of tissue scarring, adhesions, and the characteristics of the
fistula. For patients with complex VVF , those with altered pelvic anatomy due to previous surgeries or radiotherapy, or fistulas located in the trigonal
zone a trans vesical approach is used. This involves a monopolar longitudinal cystotomy of the posterior bladder wall for direct visualization of the
fistula tract, followed by a circumferential “tennis racket-shaped”incision around the fistula margins with monopolar robotic scissors to excise the
scarred and necrotic tissue. Alternatively, when feasible, the fistula is identified and excised using an external approach without a longitudinal cystoto-
my, ensuring precise removal of the fistulous tract with adequate margins of healthy tissue. In both methods, the excised tissue is sent for histopatho-
logical analysis

- Closure of the vaginal and bladder breach with tension free techniques. The vaginal incision is then closed transversely using a continuous 3-0 monofila-
ment synthetic absorbable suture whereas the bladder is closed longitudinally in two layers with a continuous 4-0 monofilament absorbable suture

- Bladder water-tightness test

- Interposition of Omentum or other tissue if technically feasible

- Abdominal drainage and urinary catheter

JJ: double J; VVF: Vulvo vaginal fistula; Fr: French.

and Web of Science databases from their inception
through January 2024. The following search strings
were “robotic surgery AND vesicovaginal fistula”,
“robot-assisted surgery AND vesicovaginal fistu-
la”, “robotic surgery AND vesicovaginal fistula
repair”, “robot-assisted surgery AND vesicovagi-
nal fistula repair”. English restriction was applied.
Studies that were not focused on robot-assisted
VVF management were excluded. The selection
included original research articles, clinical guide-
lines, retrospective and prospective cohort studies,
case-control studies, case reports, and expert con-
sensus statements. Three independent reviewers
(G.C,, MM, and M.D.D.) screened titles and ab-
stracts for inclusion. As a narrative review, no
formal guidelines were followed. A total of 315
results were found. After the selection process, 15
studies were included [12, 17-30], results available
on Table 2. Most of the study population was in
their forties, with a mean age of 47. The most com-
mon cause of VVF was iatrogenic injury following
surgical procedures, such as hysterectomy or mesh
placement for urinary incontinence. Most patients
underwent primary robotic VVF repair more than
12 weeks after the initial surgery. A total of 80 cases
were reported. The mean fistula size, described in
8 out of 15 studies (53.3%), was 1.49 cm. The mean
blood loss, reported and quantified in 11 out of 15
studies (73.3%), was minimal and clinically insi-
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gnificant, averaging 73.08 ml. The median opera-
tive time, specified in 11 out of 15 studies (73.3%),
was 197.27 minutes. Console time was separately
reported in only 2 out of 15 studies (13.3%), with
a mean duration of 133.75 minutes. In 13 out of
15 studies (86.7%), an interposition flaps enhanced
fistula closure and healing. The most utilized flaps
included omental flaps (6/13), sigmoid epiploicae
(1/13), colonic epiploicae (1/13), peritoneal flaps
(2/13), and amniotic allograft interposition tissue
flaps (2/13). In one study; fibrin glue was employed
as an alternative. Regarding urinary diversion de-
vices, five studies did not specify their use, one
reported the absence of any device, one utilized a
ureteral catheter, and eight employed a Double ]
stent. No major postoperative complications were
recorded. Only one study reported a minor event,
classified as Clavien-Dindo grade I. The median
follow-up duration across the included studies was
relatively short (8.68 months) and did not exceed
12 months in 12 out of 15 studies (80%). However,
long-term follow-up data from 2 out of 15 studies
(13.3%) are promising, with durations of 14.25 and
28.3 months without recurrence. The success rate
was 100% in 14 out of 15 studies (93.3%); only one
study reported two cases of failure involving com-
plex fistulas necessitating reintervention.

Since Melamund et al. first documented a ro-
bot-assisted VVF repair in 2005, the field has seen
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a growing body of evidence over the past decade
[12]. Successful VVF repair relies on several key
principles, including optimal visualization, careful
dissection, precise tissue alignment, a tension-free
and watertight closure, the use of well vascularized
tissue flaps, and adequate postoperative urinary
drainage [29, 30]. While these fundamentals remain
constant across different surgical approaches, minor
variations exist. One of the most notable changes is
the preference for a limited posterior cystotomy ra-
ther than a complete bladder bisection, which helps
in reducing surgical trauma and shortening the su-
ture line. Different strategies have been proposed
to facilitate intraoperative fistula localization. One
method involves cystoscopy illumination, where
the robotic camera light is temporarily turned off
to enhance visualization. Alternatively, a Foley or
Fogarty catheter can be inserted through the fistula
to aid identification [31]. A cost-effective approach,
described by Bora et al., involves positioning a ure-
teric catheter through the fistula tract, allowing the
scrub assistant to apply gentle traction to pinpoint
the exact site, enabling a precise incision over the
posterior bladder wall [22, 29].

Historically, VVF management involved urinary
diversion through feeding tubes, suprapubic ca-
theters, and urethral catheters, primarily to ensure
continuous drainage, prevent excessive bladder di-
stension, and reduce the risk of suture dehiscence.
In modern practice, DJ stents have become more
common for ureteral drainage, while urethral ca-
theters remain standard for bladder decompres-
sion. According to our literature review out of 15
studies 8/15 preferred DJ stents to secure ureteral
drainage. The described cases secured an empty
bladder using a urethral Foley catheter.
Multilayer closure and interposition flaps are
widely recognized as key elements in the surgi-
cal management of VVFs. While some approa-
ches advocate for a double-layer bladder closure,
others report similar success rates with a single
layer technique. A review by Miklos et al. found
no significant difference in outcomes between la-
paroscopic and robotic VVF repairs, regardless of
whether a single layer or double layer closure was
realized [32]. However, in an experimental study
on mongrel dogs, Sokol et al. demonstrated impro-
ved outcomes with a double-layer bladder closure
compared to a single-layer approach [33]. In this
scenario, our institution has consistently adopted
the double layer bladder closure to ensure a water-
tight, reinforced repair. This approach has yielded
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encouraging results that align with the existing
evidence. Tissue interposition has been considered
an effective practice in repairing VVFs. Different
techniques have been described in the available
literature. The most adopted tissues are omental/
peritoneal flaps, sigmoid epiploic, and / or amniotic
allografts. These flaps serve a dual purpose: from
one side they allow creating a physical barrier
between the bladder and vagina; at the same time,
from the other, they will enhance vascularity and
promote tissue healing. However, the necessity of
interposition flaps remains debatable, particularly
in non-radiated patients. A study by Miklos et al.
found no significant impact on cure rates with or
without flaps, concluding that the quality of the
fistula closure itself is the most critical factor for
successful outcomes. This observation holds par-
ticularly true for simple VVFs. On the other hand,
for recurrent VVF cases, evidence is conflicting. If
Miklos et al. reported that in such instances interpo-
sition grafts did not provide a clear advantage [32],
Bora et al. reported the effectiveness of sigmoid epi-
ploicae flaps, emphasizing their accessibility and
proximity to the fistula site, which can be beneficial
in specific clinical scenarios [29].

Surgical duration for robot-assisted VVF repair
varies significantly in published studies, ranging
from 95 to 305 minutes (Table 2). These differences
stem from factors such as surgeon expertise and
differences in how operative time is measured, with
some studies reporting only console time. Blood
loss during surgery is typically minimal, generally
falling between negligible levels. Postoperative ho-
spitalization is usually brief, reflecting the well-e-
stablished benefits of minimally invasive surgery,
which promotes faster recovery and reduced mor-
bidity. Reported follow-up periods are inconsistent
across studies, spanning from 3 to 28.3 months after
surgery.

Complications following robotic VVF repair have
been reported to be low. Gellhaus et al. reported a
single immediate postoperative event, classified as
Clavien grade 3, where the patient developed colo-
nic dilation requiring colonoscopic decompression
[26]. Additionally, two cases of recurrence were
identified in the same cohort [29].

Complex VVFs are defined as those larger than
3 cm, those that have failed previous repairs or
require reoperations, those with a distal margin
within 1.5 cm of the bladder neck, post radiation
fistulas, fistulas near the ureteric orifice, those with
extensive fibrosis, or those associated with a rec-
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Table 2. Literature review about robot-assisted V'VF repair cases.
n. of Age . F|stu!a Blood loss Surgl'c al Interposed Ure.thral Postoperative Mean Scces
Reference . (yrs) Dimensions (mL) duration tissue drainage complications follow-up outcome
P y (cm) time (min) method P (months) (%)
Melamund et 1 44 N/A 50 280 Fibrin glue Double-J - 4 100%
al. [12], 2005 stent (1/1)
Sundaram et 5 26-68 3.1 70 233 Omental Double-J - 6 100%
al. [17], 2006 flap stent (2/5) (5/5)
Schimpf et al. 1 41 1 Minimal 240 Perisigmoid Double-J - 3 100%
[18], 2007 fat stent (1/1)
Sears et al. 1 47 N/A Not N/A Omental Not - NR 100%
[19], 2007 measured flap specified (1/1)
Hemal et al. 3 32 1-1.5 100 127.5 Pedicled Not - 3 100%
[20], 2009 (console) peritoneal specified (3/3)
flap
Gupta etal. 12 27 2.8 88 140 Amniofix; Double-J - 6 100%
[21], 2010 (console) omentum; stent (12/12)
colonic
epiploicae;
peritoneum
Kurz et al. [22], 3 40-64 N/A N/A N/A Peritoneal Double-J - 10 100%
2012 flap stent (3/3)
Rogers et al. 2 42-51 N/A N/A N/A Omental Not - 12 100%
[23],2014 flap specified (2/2)
Dutto and 1 56 0.8 N/A N/A Pedicled Double-J - 6 100%
O'Rielly [24], colonic stent (1/1)
2013 epiploicae
Bragayrac et 4 46 15 100 117.5 Omental Double-J - 14.25 100%
al. [25],2014 flap stent (4/4)
Gellhaus et al. 10 52 N/A 52.8 249 Omental Not 1 28.3 100%
[26],2015 flap specified (10/10)
Martini et al. 1 43 N/A 50 95 / Ureteric - 6 100%
[27],2016 catheter (1/1)
Price etal. 1 66 1 50 305 Amniofix Not - 5 100%
[28],2016 specified (1/1)
Boraetal. [29], 30 43 - 50 133 Omental None - 6 93%
2016 flap; (28/30)
sigmoid
epiploicae;
peritoneum
Matei et al. 5 62 0.5 120 250 / Double-J - 12 100%
[12,30], 2017 stent (5/5)

tovaginal fistula. Although trans-vaginal repair is
minimally invasive, it poses technical challenges
for supra-trigonal VVFs, in patients with radiation
induced vaginal narrowing, or when simultaneous
ureteric reimplantation is needed. While the prone
transvaginal approach may alleviate some of the-
se issues, its complex positioning can complicate
aesthetic management. In contrast, the abdominal
approach offers a more expansive operative field,
enabling the repair of complex fistulas that may
require ureteric reimplantation or augmentation
cystoplasty, and allowing the use of interpositional
tissues such as the Omentum without compromi-
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sing vaginal length. Moreover, the advent of ro-
bot-assisted surgery has significantly reduced the
morbidity associated with open transabdominal
repairs, providing improved ergonomics, enhan-
ced suturing in the confined pelvic space, and ma-
gnified visualization for precise reconstruction of
complex fistulas [33, 34].

A key measure of success in VVF repair is the re-
storation of urinary continence. While the applica-
tion of robot-assisted techniques in VVF surgery
is expanding, current reports remain limited due
to small patient cohorts and short follow-up dura-
tions. Most studies indicate high success rates, with
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nearly all published series except one showing a
100% closure rate. However, larger studies are still
lacking, making it difficult to draw definitive con-
clusions. One of the most comprehensive analyses,
conducted by Bora et al., reported a 93% success
rate, with two cases of recurrence out of 30 pa-
tients, both involving complex fistulas [29]. These
outcomes are comparable to those observed in la-
paroscopic and open approaches, as documented
by Miklos et al., suggesting that robotic techniques
may offer similar effectiveness with the potential
benefits of minimally invasive surgery [35]. De-
spite successful anatomical closure, a subset of
patients up to 20% may continue to experience
urinary incontinence due to factors unrelated to
the fistula itself. Miklos et al. developed a predicti-
ve risk model to address this, analysing 401 VVF
cases to identify patients at higher risk for persi-
stent incontinence after surgery. This underscores
the importance of preoperative counselling, ensu-
ring patients understand the potential for residual
incontinence even after a technically successful
repair [35].

Robotic surgery combines the benefits of laparo-
scopy with stereoscopic vision and the ability to
employ wrist movements commonly used in open
surgery. Enhanced and highly magnified three-di-
mensional (3-D) high-definition (HD) vision, im-
proved dexterity, accurate depth perception with
an immersive surgical experience and enhanced
ergonomics offer surgeons advanced capabilities
and patients improved outcomes [17, 35-42]. Fur-
thermore, these technical benefits are highlighted
by its low morbidity, namely reduced blood loss,
shorter hospital stays, faster recovery times, and
superior functional and cosmetic outcomes [15].
However, based on a consensus review of existing
literature by the European Association of Urology
Robotic Urology Section (ERUS) Scientific Wor-
king Group for Reconstructive Urology, there is
no consensus recommendation for robotic VVF re-
pair. The selection of the surgical approach (i.e. va-
ginal or abdominal, laparoscopic, or with robotic
assistance), the decision to use flaps, and whether
to opt for a trans or extra-vesical approach, should
be tailored to the characteristics of the patient and
the fistula itself [34].

The results from our research encourage the adop-
tion of robot assisted VVFs repair in primary and
recurrent cases, considering its successful rate as-
sociated with short- and long-term good outcome.
Limitation from our study is the little number of
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available cases, bigger sample are needed to incre-
ase the accuracy of our results.

CONCLUSIONS

Robot-assisted VVFs surgical repair represents a
state-of-the-art treatment, combining advanced
technology with surgical expertise to achieve opti-
mal postoperative outcomes. In our experience, it
is feasible, safe, effective, and represents a viable
approach, especially in complex cases. With its in-
trinsic technique advantages, the robotic approach
allowed access to narrow spaces otherwise difficult
to reach, improving the procedure success rate and
even management of re-do VVF repair cases. On-
going advancements in robotic instrumentation,
imaging modalities, and surgical techniques hold
promise for further enhancing the safety, efficacy,
and accessibility of this approach in the manage-
ment of urogynaecology disorders.

COMPLIANCE WITH ETHICAL STANDARDS

Authors’ contribution

MM, G.Az, M.G.,, M.D.D.: Conceptualization. G.Az.,
G.A.: Data curation. G.Az.: Formal analysis, software.
MM, G.Az.: Investigation. G.Az., A.Pe,, RB, ED.M.,
A Pi.: Methodology. M.M.: Project administration,
resources, visualization. M.M., M.D.D.: Supervision.
M.M., M.D.D.: Validation. G.Az., C.B., V.Z., M.M.,,
P.Q., M.G,, M.D.D.: Writing — original draft, writing
—review & editing.

Funding
None.

Study registration
N/A.

Disclosure of interests
The authors declare that they have no conflict of
interests.

Ethical approval

For this case report, formal IRB approval is exemp-
ted, although all procedures performed were in
accordance with the ethical standards of the insti-
tutional and/or national research committee and
with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.



Robot-assisted vesicovaginal fistula repair: case reports and literature review

Informed consent
Written informed consent was obtained from all
subjects involved in the study.

Data sharing
Data are available under reasonable request to the
corresponding author.

REFERENCES

10.

11.

12.

Malik MA, Sohail M, Malik MT, Khalid N,
Akram A. Changing trends in the etiology and
management of vesicovaginal fistula. Int J Urol.
2018;25(1):25-29. doi: 10.1111 /iju.13419.
Obstetric Fistula Availablefrom: https://www.
who.int/news-room/facts-in-pictures/de-
tail / 10-facts-on-obstetric-fistula. Accessed on
February 16, 2025.

Hilton P. Vesico-vaginal fistula: new perspecti-
ves. Curr Opin Obstet Gynecol. 2001;13(5):513-
20. doi: 10.1097/00001703-200110000-00011.
Stamatakos M, Sargedi C, Stasinou T, Kontzo-
glou K. Vesicovaginal fistula: diagnosis and ma-
nagement. Indian J Surg. 2014;76(2):131-6. doi:
10.1007 /$12262-012-0787-y..

Chinthakanan O, Sirisreetreerux P, Saraluck A.
Vesicovaginal Fistulas: Prevalence, Impact, and
Management Challenges. Medicina (Kaunas).
2023;59(11):1947. doi: 10.3390 / medicina59111947.
Zacharin RE. A history of obstetric vesicovaginal
fistula. Aust N Z ] Surg. 2000;70(12):851-4. doi:
10.1046/.1440-1622.2000.01990.x.

Sims JM. On the treatment of vesico-vaginal fi-
stula. 1852. Int Urogynecol ] Pelvic Floor Dysfun-
ct. 1998;9(4):236-48. doi: 10.1007 /BF01901610.
Ghotb Sajjadi S. Hortvath O.P. Kalmdr, K. Martius
Flap: Historical and Anatomical Considerations.
Eur J Plast Surg. 2012;35:711-716. d0i:10.1007/
s00238-012-0742-y.

Latzko, W. Postoperative Vesicovaginal Fistulas:
Genesis and Therapy. Am J Sur. 1942;58:211-228.
d0i:10.1016 /50002-9610(42)90009-6.

O’conor V], Sokol JK. Vesicovaginal fistu-
la from the standpoint of the urologist. J
Urol. 1951;66(4):579-85. doi: 10.1016/S0022-
5347(17)74381-9.

Nezhat CH, Nezhat F, Nezhat C, Rottenberg H. La-
paroscopic repair of a vesicovaginal fistula: a case
report. Obstet Gynecol. 1994;83(5 Pt 2):899-901.
Melamud O, Eichel L, Turbow B, Shanberg A. La-
paroscopic vesicovaginal fistula repair with robo-

293

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Michele Di Dio, Giuseppe Azzarone, Claudio Bisegna, et al.

tic reconstruction. Urology. 2005;65(1):163-6. doi:
10.1016/j.urology.2004.09.052.

Bodner-Adler B, Hanzal E, Pablik E, Koelbl H,
Bodner K. Management of vesicovaginal fistulas
(VVFs) in women following benign gynaecologic
surgery: A systematic review and meta-analysis.
PLoS One. 2017;12(2):e0171554. doi: 10.1371/
journal.pone.0171554.

Patel VR, Thaly R, Shah K. Robotic radical
prostatectomy: outcomes of 500 cases. BJU
Int.  2007;99(5):1109-12. doi:  10.1111/j.1464-
410X.2007.06762.x.

Pick DL, Lee DI, Skarecky DW, Ahlering TE.
Anatomic guide for port placement for daVin-
ci robotic radical prostatectomy. ] Endourol.
2004;18(6):572-5. doi: 10.1089/end.2004.18.572.
Hemal AK, Eun D, Tewari A, Menon M. Nuances
in the optimum placement of ports in pelvic and
upper urinary tract surgery using the da Vinci ro-
bot. Urol Clin North Am. 2004;31(4):683-92, viii.
doi: 10.1016/j.ucl.2004.06.010.

Sundaram BM, Kalidasan G, Hemal AK. Ro-
botic repair of vesicovaginal fistula: case series
of five patients. Urology. 2006;67(5):970-3. doi:
10.1016/j.urology.2005.11.014.

Schimpf MO, Morgenstern JH, Tulikangas PK,
Wagner JR. Vesicovaginal fistula repair without
intentional cystotomy using the laparoscopic ro-
botic approach: a case report. JSLS. 2007;11(3):378-
80.

Sears CL, Schenkman N, Lockrow EG. Use
of end-to-end anastomotic sizer with occlu-
sion balloon to prevent loss of pneumoperito-
neum in robotic vesicovaginal fistula repair.
Urology. 2007;70(3):581-2. doi: 10.1016/j.urolo-
gy.2007.05.026.

Hemal AK, Sharma N, Mukherjee S. Robotic re-
pair of complex vesicouterine fistula with and
without hysterectomy. Urol Int. 2009;82(4):411-5.
doi: 10.1159/000218529.

Gupta NP, Mishra S, Hemal AK, Mishra A, Seth
A, Dogra PN. Comparative analysis of outco-
me between open and robotic surgical repair of
recurrent supra-trigonal vesico-vaginal fistula.
J Endourol. 2010;24(11):1779-82. doi: 10.1089/
end.2010.0049.

Kurz M, Horstmann M, John H. Robot-assisted
laparoscopic repair of high vesicovaginal fistulae
with peritoneal flap inlay. Eur Urol. 2012;61(1):229-
30. doi: 10.1016/j.eururo.2011.09.022.

Rogers AE, Thiel DD, Brisson TE, Petrou SP. Ro-
botic assisted laparoscopic repair of vesico-vagi-



Ital | Gynaecol Obstet 2026, 38, N.3

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

nal fistula: the extravesical approach. Can J Urol.
2012;19(5):6474-6.

Dutto L, O'Reilly B. Robotic repair of vesico-va-
ginal fistula with perisigmoid fat flap interposi-
tion: state of the art for a challenging case? Int
Urogynecol J. 2013;24(12):2029-30. doi: 10.1007 /
s00192-013-2081-3.

Bragayrac LA, Azhar RA, Fernandez G, Cabre-
ra M, Saenz E, Machuca V, et al. Robotic repair
of vesicovaginal fistulae with the transperitone-
al-transvaginal approach: a case series. Int Braz J
Urol. 2014;40(6):810-5. doi: 10.1590/51677-5538.
IBJU.2014.06.12.

Gellhaus PT, Bhandari A, Monn MF, Gardner
TA, Kanagarajah P, Reilly CE, et al. Robotic
management of genitourinary injuries from
obstetric and gynaecological operations: a mul-
ti-institutional report of outcomes. BJU Int.
2015;115(3):430-6. doi: 10.1111/bju.12785.
Martini A, Dattolo E, Frizzi J, Villari D, Paolet-
ti MC. Robotic vesico-vaginal fistula repair with
no omental flap interposition. Int Urogynecol ]J.
2016;27(8):1277-8. doi: 10.1007 /s00192-016-2989-5.
Price DT, Price TC. Robotic repair of a vesicova-
ginal fistula in an irradiated field using a dehy-
drated amniotic allograft as an interposition pa-
tch. J Robot Surg. 2016;10(1):77-80. doi: 10.1007 /
s11701-015-0546-8.

Bora GS, Singh S, Mavuduru RS, Devana SK,
Kumar S, Mete UK, et al. Robot-assisted vesi-
covaginal fistula repair: a safe and feasible tech-
nique. Int Urogynecol J. 2017;28(6):957-962. doi:
10.1007/s00192-016-3194-2.

Matei DV, Zanagnolo V, Vartolomei MD, Cri-
san N, Ferro M, Bocciolone L, et al. Robot-As-
sisted Vesico-Vaginal Fistula Repair: Our Tech-
nique and Review of the Literature. Urol Int.
2017;99(2):137-142. doi: 10.1159/000475887.
Sotelo R, Mariano MB, Garcia-Segui A, Du-
bois R, Spaliviero M, Keklikian W, et al. La-
paroscopic repair of vesicovaginal fistula.
J Urol. 2005;173(5):1615-8. doi: 10.1097/01.
ju.0000154701.97539.ef.

Miklos JR, Moore RD. Failed omental flap vesi-
covaginal fistula repair subsequently repaired
laparoscopically without an omental flap. Fema-
le Pelvic Med Reconstr Surg. 2012;18(6):372-3.
doi: 10.1097 /SPV.0b013e3182751139.

Sokol Al, Paraiso MF, Cogan SL, Bedaiwy MA,
Escobar PF, Barber MD. Prevention of vesico-
vaginal fistulas after laparoscopic hysterectomy
with electrosurgical cystotomy in female mon-

294

Robot-assisted vesicovaginal fistula repair: case reports and literature review

34.

35.

36.

37.

38.

39.

40.

41.

42.

grel dogs. Am J Obstet Gynecol. 2004;190(3):628-
33. doi: 10.1016/j.ajog.2003.09.062.

Randazzo M, Lengauer L, Rochat CH, Ploumi-
dis A, Kropfl D, Rassweiler J, et al. Best Practi-
ces in Robotic-assisted Repair of Vesicovaginal
Fistula: A Consensus Report from the European
Association of Urology Robotic Urology Section
Scientific Working Group for Reconstructi-
ve Urology. Eur Urol. 2020;78(3):432-442. doi:
10.1016/j.eururo.2020.06.029.

Miklos JR, Moore RD, Chinthakanan O. Laparo-
scopic and Robotic-assisted Vesicovaginal Fistu-
la Repair: A Systematic Review of the Literature.
J Minim Invasive Gynecol. 2015;22(5):727-36.
doi: 10.1016/j.jmig.2015.03.001.

Angioli R, Penalver M, Muzii L, Mendez L,
Mirhashemi R, Bellati F, Croce C, Panici PB. Gui-
delines of how to manage vesicovaginal fistula.
Crit Rev Oncol Hematol. 2003;48(3):295-304. doi:
10.1016/51040-8428(03)00123-9.

Leng WW, Amundsen CL, McGuire EJ. Manage-
ment of female genitourinary fistulas: transvesical
or transvaginal approach? J Urol. 1998;160(6 Pt
1):1995-9. doi: 10.1097 /00005392-199812010-00013.
Porpiglia F, Fiori C, Morra I, Ragni F Vacci-
no D, Scarpa RM. Laparoscopic vesico-vagi-
nal fistula repair: our experience and review
of the literature. Surg Laparosc Endosc Percu-
tan Tech. 2009;19(5):410-4. doi: 10.1097/SLE.
0b013e3181b7315c.

Meneses AD, Oliveira AQ, de Araujo DA, San-
tos DT, de Carvalho LY, Eulalio WMN Filho, et
al. Transabdominal and transvesical laparosco-
pic correction of vesico-vaginal fistula: 42 cases
experience. Int Braz ] Urol. 2020;46(2):296-297.
doi: 10.1590/51677-5538.1BJU.2018.0743.
Manbharlal Tilala Y, Panda S, Shankar Paul A, Ku-
mar Mohanty P, Choudhur S, Swain S. Compara-
tive Analysis Between Laparoscopic Extravesical
Repair and Laparoscopic O’Connor Repair for Su-
pratrigonal Vesicovaginal Fistula. Urol Res Pract.
2024;50(1):58-65. doi: 10.5152 / tud.2024.23147.
Jairath A, B SS, Mishra S, Ganpule A, Sabnis R,
Desai M. Robotic repair of vesicovaginal fistula -
initial experience. Int Braz J Urol. 2016;42(1):168-
9. doi: 10.1590/S1677-5538.1BJU.2014.0629.
Lecoanet P, Madanelo M, Tricard T, Mauger de
Varennes A, Haudebert C, Richard C, et al. Ro-
bot-assisted vesicovaginal fistula repair: compa-
rison of the extravesical and transvesical tech-
niques. Int Urogynecol J. 2023;34(10):2479-2485.
doi: 10.1007 /s00192-023-05565-7.



Ital | Gynaecol Obstet 2026, 38, N.3

ORIGINAL ARTICLE

Italian Journal of

Gynacology & Obstetrics

September 2026 - Vol. 38 - N. 3 - Quarterly - ISSN 2385 — 0868

Clinical outcomes among pregnancy complicated by cancer: analysis of 41 cases

Madhva Prasad ’, Anahita Chauhan, Priyanka Deshpande, Shreshta Mahanti

Department of OBGYN, Seth GS Medical College and KEM Hospital, Mumbai, India.

ARTICLE INFO

History

Received: 01 October 2025

Received in revised form: 30 November 2025
Accepted: 22 December 2025

Available online: 10 September 2026

DOI: 10.36129/jog.2026.259

Key words
Cancer-survivor; indirect maternal mortality;
high-risk pregnancy; critical care obstetrics.

*Corresponding author: Madhva Prasad,
MS, DNB, FICOG. Department of OBGYN,
St Johns Medical College Hospital, Bangalore
560097, India.

Email: madhva@gmail.com.

ORCID: 0000-0001-5507-7812

INTRODUCTION

ABSTRACT

Objective. With a rising incidence of cancer in the reproductive age group
and a rising contribution of indirect causes towards maternal mortality, the
entity of cancer in pregnancy deserves more attention. Data from India is lar-
gely limited to individual case reports. To describe the demographic details,
details regarding cancer, obstetric and neonatal outcomes among patients
with cancer in pregnancy.

Materials and Methods. A retrospective observational study was conducted
by screening delivery and MTP records for the terms “cancer”, “malignancy”
in the “risks” column to identify patients. Three years data (January 2016-De-
cember 2018) was collected. Relevant obstetric history, pregnancy course,
cancer treatment details and obstetric/neonatal outcomes were noted. Resul-

ts were tabulated. No comparison group was taken.

Results. Over a 3-year period, 41 pregnancies with cancer with an average
age of 28.7 years, majority second gravida were identified. Malignancies of
the reproductive tract (n = 11) and breast (n = 7) were the most common,
followed by other organs. Nineteen patients (46.34%) had cancer prior to pre-
gnancy. 28 patients underwent MTP and nine were preterm deliveries. Only
four patients delivered at term. Six mothers needed ICU care and there were
three mortalities.

Conclusions. Cancer in pregnancy, though rare, can pose several challenges
to the obstetrician and the oncologist. Further prospective data is needed on
the topic of cancer and pregnancy.

grave condition is cancer. What happens when the-
se two conditions — pregnancy and cancer occur

While the vast majority of pregnancies are uneven-
tful and uncomplicated, obstetricians are well-ver-
sed in dealing with medical conditions complica-
ting pregnancy such as hypertension, diabetes, etc.
However, as a rarity, some medical conditions with
grave prognosis may occur first or be noticed first
in the course of pregnancy. An example of one such

simultaneously — is the focus of this article.

Most recent cancer registries estimate that the inci-
dence of cancer has been rising over the last few de-
cades (global estimate of 14.9 million incident can-
cer cases and 8.2 million deaths in 2013) [1]. Mathur
et al. [2] have confirmed such a trend (an estimated
13 lakh patients with cancer in India). Based on an

Copyright 2026
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observation in Tunisia, Dimassi et al. [3] suggest
that cancer appears to be the most common cause
of death in women belonging to the reproductive
age group, with a recommendation that cancer in
the reproductive age group should receive more
attention.

In general, gynaecologists are looking for many
ways to prevent cancer too [4]. The contribution
of cancer of maternal mortality is quite low (only
1% in a large analysis of indirect maternal mortali-
ty) [5]. However, with the reducing prevalence of
direct causes of maternal mortality [6], due to the
robust improvement in maternal healthcare, the
proportion attributed to rare causes like cancer may
become more prominent.

Cancer with pregnancy is in itself very rare. A
study in Nepal showed a prevalence of around
1in 1,000 deliveries [7]. In the western literature,
cancer attributable maternal mortality is also very
less (around 3.16 per 100,000 live births) [8]. Most
literature pertaining to cancer and pregnancy are
in the form of case reports or very small case series
[9-13]. In this context, the objectives of the study
were to describe the demographic details, details
regarding cancer, obstetric and neonatal outcomes
among patients with cancer in pregnancy.

MATERIALS AND METHODS

This was a retrospective observational study in-
volving review of records in a tertiary care centre
located in Western urban India. The labour ward
register and the medical termination of pregnan-
cy register were screened by the investigators of
the study for the terms “cancer”, “malignancy” or
any other similar were identified and noted. The
admission papers were retrieved from the medi-
cal records department were reviewed and patient
details were noted by two investigators. All MTPs
which had been conducted in patients with ma-
lignancy, for any reason, were identified and the
indoor papers of these patients were also scruti-
nized. Data was collected for a duration of 3 years
(January 2016-December 2018). All patients with
pregnancy and cancer (immaterial of the trimester
of presentation, registration status and all types of
cancers) were included. Those who had delivered
elsewhere, those who had inadequate data or mis-
sing records were excluded.

Demographic details, obstetric history, details cour-
se of the pregnancy (terminated or continued, need
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for hospitalization, antenatal complications), de-
tails of the cancer treatment (nature of malignancy,
site, histological type, time of diagnosis, treatment
details, chemotherapy, radiotherapy, efc., relation-
ship between cancer diagnosis and pregnancy),
and the outcomes of the present pregnancy were
noted in detail. Gestational age at the time of de-
livery, the type of delivery, need for intensive care
unit admission and any attendant complications
were noted. Neonatal outcomes in terms of need
for NICU admission were noted. If there was a
mortality, the relevant details were noted with
more detail.

Statistical analysis

The results were tabulated and represented using
appropriate statistical methods of representation
using Microsoft excel. No comparison groups were
taken, and advanced statistical analysis was not re-
quired.

RESULTS

Over a 3-year period, 41 pregnancies with cancer
were identified.

Demographic details

The average age was 28.7 + 4.05 years, the youngest
being 21 years and the oldest being 40 years. Being
a tertiary care referral institute, most of the patients
were referred from a geographical location away
far from the treating institute.

Obstetric details

The gravidity distribution is shown in Table 1.
Majority of the patients were second gravida.
Among the multigravida patients (n = 35), there
were 5 patients who did not have any living issues.

Tissue of origin of the cancer
There were 11 malignancies of the reproductive
tract and remaining 30 were of other organs. The

Table 1. Distribution of parity.

Gravida status Number (%) (n=41)

Primigravida 6 (14.63%)
Gravida 2 16 (39.02%)
Gravida 3 10 (24.39%)

Gravida 4 and above 9(21.95%)
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Table 2. Tissue of origin of the cancer (n = 41). Table 3.  Time of diagnosis malignancy in relation to pregnancy.
System involved Type of malignancy Number Time of diagnosis Number (%) (n=41)
Reproductive organs Squamous cell carcinoma 4 Before pregnancy 19 (46.34%)
(n=11) cervix . .
During pregnancy 1st trimester 5(12.19%)
Adenocarcinoma cervix 2 . .
During pregnancy 2nd trimester 17 (41.46%)
Ovarian epithelial 2 . . .
During pregnancy 3rd trimester peripartum 0
Adenocarcinoma 3 .
endometrium Uterus Postpartum period 0
Breast (n=7) Adenocarcinoma Breast 7
Gastrointestinal (n = 6) Oesophagus 1 Opemtive details
(adenocarcinoma) The operative procedures that the patients (n =
Krukenberg tumour 1 11) had undergone were unilateral adnexectomy
Rectum (all 4 omentectomy (n=1), adren?lectomy (n=2), radical
adenocarcinoma) esophagectomy (n = 1), radical mastectomy (n = 3),
Endocrine (n = 5) Pancreas (adenocarcinoma) : radical resection of colon (n = 1), total thyroidec-
. tomy (n = 2) and unilateral salphingoophorectomy
Adrenal Carcinoma 1 .
(n=1). Out of these 11 patients who had undergo-
Malignant ! ne an operative procedure, 4 patients had under-
Pheochromocytoma i
gone operative procedure less than 1 year before
Thyroid (Papill 1 . .
yroid (Papillary) detection of the index pregnancy.
Thyroid (Medullary) ! Contraception history of the patients who had can-
Brain (n = 4) Oligodendroglioma 1 cer detected prior to index pregnancy.
Glioblastoma multiforme ) Among the 19 patients who were known to have
cancer prior to pregnancy, 18 were not on any con-
Hemangiopericytoma 1 p pTreg ¥ . , y
traceptive method. In one patient’s records, there
Haematological (n = 3) Acute myeloid leukaemia 1 : : :
was no mention of contraception history at all.
Chronic myeloid leukaemia 2 Treatment details of patients who were diagnosed
Soft tissue / bone (n=3) Ewing sarcoma 2 during pregnancy (n = 22).
Giant Cell Tumour 1 Eleven patients were initiated on chemo-radiothe-
r ropri n after termination of
Lung(n=1) Squamous cell carcinoma 1 apy as app OP ate‘ soon after te ation o
pregnancy (4 first trimester MTPs and 7 second
Tongue (n=1) Squamous cell carcinoma 1

details of these types of malignancies are presented
in Table 2. As a single entity, cancer of the breast
was the most common

Time of diagnosis malignancy in relation to pre-
gnancy

Out of the 44 patients, 19 (46.34%) were known to
have cancer prior to occurrence of pregnancy. 5
(12.1%) were detected during the first trimester of
pregnancy. 17 patients (41.4%) were detected in 2"
trimester. None of the patients were detected in 3™
trimester or postpartum period (Table 3).
Treatment details of patients who had cancer prior
to pregnancy (n = 19).

Out of 19 patients who had cancer prior to pre-
gnancy, 14 had received chemotherapy, 10 had
received radiotherapy and 11 had undergone an
operative procedure.
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trimester MTPs). Seven patients needed chemo-ra-
diotherapy but had to wait till the completion of
pregnancy (MTP could not be performed). Eleven
patients underwent operative procedures peri-de-
livery / peri-abortion, the distribution of which is
shown in Table 4.

Table 4.  Operative procedures performed among patients detected to have
malignancy during pregnancy (n = 11).

Operative procedures performed with

foetus-in-situ Number
Craniotomy with excision of lesion 2
Diversion Sigmoidostomy 1
Procedures done in the immediate
postpartum period Rumbey
Breast Conservation surgery 2
Sigmoidectomy 3
Bilateral salpingoophorectomy 1
Hemi-tongue resection 1
Thyroidectomy 1
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Table 5. Pregnancy outcomes (n =41).

Gestational age Details Number
Up to 12 weeks (n = 15) MTP 14
Spontaneous abortion 1
12 - 20 weeks (n=13) MTPs 13
Spontaneous abortions 0
Preterm (n =9) Preterm caesarean 6
<28 weeks: 3 Preterm vaginal 3
28-34 weeks: 4 Delivery
34-37 weeks: 2
Term (n=4) Caesarean 1

Vaginal delivery

Pregnancy outcomes (n = 41)

Pregnancy outcomes are presented in a compo-
site format in Table 5. Twenty-eight patients un-
derwent termination of pregnancy. With respect to
trimester, 15 were in the first trimester and 13 were
in the second trimester. With respect to time of de-
tection, 11 MTPs were in patients who had been
diagnosed in the index pregnancy and 17 were in
patients who had been diagnosed prior.

Thirteen patients delivered beyond period of fo-
etal viability. Of these, four patients delivered at
term and nine were preterm deliveries. All these
deliveries yielded live births. There were 13 delive-
ries, out of which one was twins. Of 14 neonates, 8
were male and 6 were females. Though 10 neonates
needed NICU admission, there were no neonatal
deaths.

Pregnancy morbidity and mortality

Number of admissions needed in antenatal period.
The number of admissions (excluding the one nee-
ded for completion of pregnancy, MTP or delivery)
were noted. Majority of the patients 31/41 (75.6%)
required only no admissions. Among the remaining
10 patients, 5 required one admission, and the remai-
ning five needed more than one admission. The ave-
rage duration of stay was calculated to be 8.87 days.
ICU care.

Six patients needed ICU care for decompensation
in the general condition. Out of these six patients,
three were in the post-delivery period.

Mortality

In this study, there were three mortalities. A brief
description of the three cases is presented below.
25-year-old G3P1L0A1 who was detected to have
Acute Myeloid Leukemia in the late 3™ trimester
of pregnancy. She underwent induction of labour
at 38 weeks of gestation and delivered live female
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child (no PPH). Post-delivery, she was started on
chemotherapy. Succumbed on day 14 of postnatal
life despite multiple blood and blood product tran-
sfusions including G-CSF injections, due to severe
bleeding diathesis.

24-year-old G2P1L1 with Ewing’s Sarcoma Fe-
mur. Deep Venous thrombosis (paraneoplastic
syndrome) occurred in antenatal period needing
anticoagulation. She went into spontaneous pre-
term labour and delivered a fresh stillbirth. Due to
persisted DIC despite therapy, operative procedure
could not be performed, and she succumbed on
day 34 of delivery.

34-year-old primigravida with sudden seizures
and unconsciousness diagnosed with large oligo-
dendroglioma. Due to raised ICP unresponsive to
medical therapy, emergency craniotomy was nee-
ded in antenatal period, wherein there was brief
recovery in GCS. Three days post-procedure she
went into spontaneous labour and delivered a live
birth. She succumbed on day 9 of delivery due to
neurological complications.

DISCUSSION

Main findings

This was a retrospective analysis of 3 years of can-
cer cases in pregnancy, and an entire range of ma-
lignancies was noted, breast cancer being the most
common one. It was surprising to note that there
were no cases of gestational trophoblastic neoplasia.

Cancer and pregnancy: a rare interplay of two
otherwise common conditions

Boussios et al. have reported nine cases of lung can-
cer in pregnancy, in an international collaborative
study [14]. Girault et al. identified only 20 cases of
brain tumours over 8 years in a single centre study
[15]. Yu et al. have reviewed the available eviden-
ce of thyroid cancer in pregnancy, have suggested
that more patient data needs to be generated [16].
Blake et al. reviewed epithelial ovarian cancers in
pregnancy and found only 105 cases over 50 years
eligible for review [17]. Rare cancers like vulval
cancers have also been reported in pregnancy [18].
The one type of cancer with a high incidence and
probably adequate literature is breast cancer [19].
Azim et al. in their article titled “Managing cancer
during pregnancy: what evidence do we have?”
have emphasized the fact that adequate data is
not available in this matter, and with further data,
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complex management issues can be looked into with
better light [20]. None of these analyses have attemp-
ted in giving any incidence/ prevalence statistics be-
cause of the inherent risk of hospital bias. The same
principle is followed in the study also, and only the
numbers (and no proportions) have been presented.

Strengths and limitations of the present study

It is hoped that this data presented here adds to the
existing pool of knowledge regarding this otherwi-
se rare topic. The authors acknowledge that, being
a retrospective observational study, despite me-
ticulous attempts at analysis, there may be some
cases which may have been missed, and this is a
drawback of this study.

Management of each case is individualized
Usually, patients are sent to high volume tertiary
care centres for obstetric care, be it delivery or for
medical abortion. In the analysis, a detailed de-
scription of each individual case and the course is
not possible due to need for brevity. In most situa-
tions, management is highly individualized and
decided on a case-to-case basis, involving a mul-
ti-disciplinary approach, following the risk-benefit
ratio principles, taking care of both maternal and
foetal well-being.

The diagnostic techniques, chemotherapy protocols
compatible with pregnancy, and decision-making
processes regarding timing of delivery and cancer
treatment, definitely need further refinement.

Cancer cervix — impact of HPV and pregnancy

In this study, there were 6 patients with cancer cer-
vix but none of them had undergone a Pap smear
during early antenatal period. The utilization of
pregnancy as a time for early diagnosis of cervical
cancer needs better clarity and consensus. The con-
cept that performing Pap smear during pregnancy
may lead to “over-diagnosis” is counteracted by the
advancing average of pregnancy world over, as no-
ted by Nygard et al. [21]. A recent meta-analysis [22]
focussed on the natural history of High-grade CIN
lesions detected during pregnancy. The results of 10
studies were reviewed and the authors concluded
that “it is worth noting that a small percentage of
high-grade CIN would progress to cervical cancer
during pregnancy”.

Fertility issues among cancer survivors
A recent review analysing the bidirectional effects
of HPV on male and female reproductive health
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highlights its influence on pregnancy outcomes and
fertility-sparing management advances. All these
sensitize us towards the importance of integrating
vaccination and fertility-preserving strategies in
preventive care. These findings should positively
impact our policy towards integrating HPV scree-
ning during pregnancy and the peripartum period
[23]. In the recently reported ETERNITY project,
36 patients with early-stage cervical cancer (stages
IB2, IB3) were treated with neoadjuvant therapy
and conization, and followed up for around 36
months. Among 6 participants seeking fertility, 5
had successful conception, highlighting that spe-
cific interventions for cancer can preserve fertility,
without increasing morbidity or mortality [24].
Similar encouraging results are observed in a sy-
stematic review of 443 early-stage cancer cervix
patients with 443 patients [25].

Contraception usage among cancer survivors

In our study, out of the 19 patients who had been
diagnosed to have cancer prior to detection of pre-
gnancy and on regular follow-up, none were on
any contraception. Out of these 19 patients, bar-
ring three patients (one was primigravidae and
two multigravidas did not have a living issue), 16
already had a living issue. This phenomenon of
non-usage of contraception among this set of can-
cer survivors, draws parallel to the non-usage of
contraception among women with high-risk me-
dical conditions [26].

Poor implementation of contraceptive advice and
lack of regular practise of referral to contraception
counselling is a trend noted among many specialist
physicians [27], and this study shows that oncolo-
gists also fall in the same bracket.

“Methods of fertility preservation after cancer treat-
ment” is a well-researched topic [28, 29]. However,
not much is known about whether fertility is preser-
ved without any intervention after cancer treatment.
Balachandren et al. [29] have reviewed the topic of
fertility and ovarian reserve after cancer diagno-
sis, and have highlighted the dearth of knowledge
about the topic.

Hypothetical patient’s thought processes such as “I
have cancer, hence, I won't conceive” and “I have cancer,
let me enjoy my life as long as I live” can paradoxically
lead to increased coital frequency, though has not
been substantiated in contemporary literature [30].
The study here, though small in size, shows that a
sizeable number of women can remain fertile after
cancer diagnosis/ treatment.
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Occurrence of pregnancy prevents optimal cancer
management

Cancer mortality is high, and there are many re-
asons for the same, which is common medical
knowledge, and rapid strides are being made in
the management of cancer [31-33]. Cancer needs
surgical, chemotherapy or radiotherapy. Diagno-
sis of pregnancy may prevent or delay the prompt
administration of appropriate cancer therapy. Even
among patients in remission, side-effects of anti-ne-
oplastic agents and pregnancy-related changes can
push patients towards life-threatening emergen-
cies [9]. In such scenarios, the valiant efforts by the
oncologist team are set aside by the occurrence of
pregnancy. Through this article, the authors would
like to highlight that pregnancy occurrence should
not be a deterrent to receiving optimal oncological
care. To prevent such a catastrophe, introduction of
the term “onco-contraception”, on similar lines to
“onco-fertility” can be considered.

CONCLUSIONS

Pregnancy with cancer presents unique challenges
to the obstetrician and the oncologist, which must
be handled with a multidisciplinary effort, vigilance
and care. Policy upgrades regarding utilization of
pregnancy as a time for cervical cancer and HPV
screening is needed. Follow-up among cancer-sur-
vivors merits consideration regarding fertility con-
cerns (both fertility preservation and contraception).
Further prospective studies on the topic of cancer
and pregnancy overlap are to be encouraged.
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ABSTRACT

Objective. This study aimed to identify novel biomarkers for gynaecological
cancers — including ovarian, cervical, and endometrial cancers — using gas
chromatography-mass spectrometry.

Materials and Methods. A case-control study was conducted with 16 Japa-
nese women as controls and 73 women diagnosed with gynaecological can-
cers. Urine and serum samples were analysed for 90 metabolites, including
amino acids, organic acids, sugars, fatty acids, and tricarboxylic acid cycle
components.

Results. Significant variations were observed in numerous metabolites
between the control group and patients with ovarian, cervical, and endome-
trial cancers. Notably, levels of glutamine, 1,5-anhydroglucitol (1,5-AG), and
lactate differed significantly according to the Kruskal-Wallis test. Receiver
operating characteristic (ROC) analysis showed that the area under the cur-
ve (AUC) values for urine and serum glutamine ranged from 0.764 to 0.895
across the three cancer types. For 1,5-AG, the AUC values were 0.852-0.896
for urine samples and 1.000 for serum samples. Lactate yielded AUC values
ranging from 0.727 to 0.924 in urine and serum samples.

Conclusions. This study demonstrated clear differences in metabolites
between controls and gynaecological cancer patients. Glutamine, 1,5-AG,
and lactate may serve as useful biomarkers for ovarian, cervical, and endo-
metrial cancers.

INTRODUCTION toms in their early stages, making timely and accu-
rate diagnosis critical for improving clinical outco-
Primary gynaecological cancers — including ova-  mes. Although conventional tumour markers are

rian, cervical, and endometrial cancers — remain a widely used for screening and monitoring, their
significant global health concern for women. These  limited sensitivity and specificity have prompted
malignancies often present with nonspecific symp-  the search for more reliable diagnostic strategies.
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Cancer cells exhibit distinct metabolic behaviour,
favouring glycolysis over oxidative phosphoryla-
tion even in oxygen-rich environments — a pheno-
menon known as the Warburg effect [1, 2]. This
metabolic reprogramming supports rapid prolife-
ration and survival by altering sugar, amino acid,
and lipid metabolic pathways [3-5]. Metabolomics
has emerged as a powerful tool to investigate these
changes, offering insights into cancer biology and
potential biomarkers.

Gas chromatography-mass spectrometry (GC/MS)
is a widely adopted analytical technique in metabo-
lomics, capable of detecting low-molecular-weight
volatile metabolites with high sensitivity and spe-
cificity [6, 7]. Although GC/MS has been applied
to explore cancer-related metabolites [8-10], com-
prehensive metabolic profiling in gynaecological
cancers remains limited.

Several studies have identified metabolites as pro-
mising biomarkers for various malignancies [11]. In
addition, molecular markers such as LICAM have
demonstrated prognostic relevance in endometrial
cancer [12]. Recent investigations have highlighted
diagnostic challenges in cervical adenocarcinoma
[13] and evaluated clinical outcomes in ovarian
cancer [14], collectively reinforcing the paradigm
shift toward individualized care in gynaecologic
oncology.

Building on these insights, the present study aimed
to identify novel metabolic biomarkers for the ear-
ly detection of ovarian, cervical, and endometrial
cancers using GC/MS-based profiling of urine and
serum specimens.

MATERIALS AND METHODS

Patients

This case-control study was approved by the In-
stitutional Review Board of Kanazawa Medical
University and conducted between 2017 and 2023.
During this period, 38 Japanese women who un-
derwent routine health examinations were scre-
ened. Of these, 22 were excluded according to
predefined criteria, and 16 women without gynae-
cological abnormalities were ultimately selected as
controls. In addition, 73 Japanese women with hi-
stologically confirmed gynaecological cancers who
subsequently underwent surgical treatment were
enrolled after providing written informed consent.
The cancer cohort included patients with ovarian
cancer (n = 23; high-grade serous, clear cell, muci-
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nous, and endometrioid carcinomas), cervical can-
cer (n = 23; squamous cell carcinoma and adeno-
carcinoma), and endometrial cancer (n = 27; FIGO
grades 1-3).

Matching criteria

Controls (healthy women) and cases (ovarian,
cervical, and endometrial cancers) were matched
based on some parameters. The mean age of the
control group was 48.1 years (SD = 6.4), which
overlapped with the case groups. No significant
differences in BMI were observed between groups,
minimizing the influence of obesity-related meta-
bolic variations. The proportions of nulliparous and
parous women were balanced, and the prevalence
of smoking was comparable between groups.

Exclusion criteria

Controls: individuals with metabolic disorders, re-
cent infections, or medication use that could affect
metabolite profiles were excluded. Cases: patients
undergoing active treatment, with prior chemothe-
rapy or radiotherapy, or with compromised sample
integrity (e.g., haemolysis or contamination) were
excluded.

Specimen collection and handling

Fasting morning urine (15 mL) and venous blood (5
mL) samples were collected from each participant.
Blood samples were centrifuged at 1,800 rpm for
3 minutes at 4 °C, and both serum and urine sam-
ples were aliquoted and stored at -80 °C within 2
hours of collection. Sample integrity was assessed
by evaluating haemolysis and measuring total pro-
tein concentrations.

Quality control measures

Histopathological diagnoses were independent-
ly confirmed by two board-certified pathologists.
Sample processing protocols were standardized to
minimize batch effects. Clinical data — including
age, BMI, tumour histology, disease stage, and
laboratory parameters — were systematically ex-
tracted from electronic medical records. All analyti-
cal procedures were conducted in a blinded fashion
to ensure objectivity.

Gas chromatography-mass spectrometry

GC/MS analysis was performed using a JMS-K9
instrument (JEOL, Tokyo, Japan), which enables
sensitive and precise detection of trace componen-
ts in complex biological samples. Urine and serum
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metabolites — including amino acids, organic acids,
sugars, fatty acids, and tricarboxylic acid (TCA)
cycle-related compounds — were separated by gas
chromatography and identified by mass spectro-
metry. Urine metabolites were normalized to crea-
tinine levels, and serum metabolites were corrected
using internal standards.

Statistical analysis

A total of 90 metabolites were examined: 28 amino
acids, 24 organic acids, 15 sugars, 15 fatty acids,
and 8 TCA cycle-related compounds (Table 1).
Comparisons between controls and cancer patien-
ts were performed using the Mann-Whitney U test
and the Kruskal-Wallis test. Receiver operating cha-
racteristic (ROC) curve analyses were conducted
with EZR (version 1.68; Saitama Medical Center,
Jichi Medical University, Japan) to assess the dia-
gnostic performance of selected metabolites. For
each metabolite, the area under the curve (AUC)
was calculated, and optimal cutoff values were de-
termined using the Youden Index. The statistical
significance of AUCs was evaluated with DeLong’s
method, and P-values were adjusted for multiple
testing using the Benjamini-Hochberg procedure to
control the false discovery rate. All other statistical
analyses were performed with GraphPad Prism 9
(version 9.2.0; GraphPad Software, San Diego, CA,
USA). A P-value < 0.05 was considered statistically
significant.

RESULTS

The clinical characteristics of the participants” urine
and serum samples are summarized in Table 2 and
Table 3, respectively. Cervical cancer was more pre-
valent among multiparous women, whereas endo-
metrial cancer was more common among nullipa-
rous individuals. Additionally, diabetes was more
frequently observed in patients with endometrial
cancer.

Due to missing urine samples, the final analysis
included 16 controls, 11 ovarian cancer patien-
ts, 6 cervical cancer patients, and 19 endometrial
cancer patients. Serum sample loss was minimal,
with samples available from 16 controls, 23 ovarian
cancer patients, 23 cervical cancer patients, and 27
endometrial cancer patients.

A total of 90 metabolites were analysed in urine
and serum samples from both control and cancer
groups. Significant differences in metabolite levels
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Table 1.  List of analysed metabolites.
Amino acids
1 Alanine 11 Homoserine 21 Lysine 1
2 Glycine 1 12 Aspartate 22 Glutamine
3 Sarcosine 13 Methionine 23 Tyrosine 1
4 Valine 14 Pyroglutamate 24 Histidine
5 Leucine 15 4-Hydroxyproline 25 Lysine 2
6 Proline 16 Phenylalanine 1 26 Tyrosine 2
7 Isoleucine 17 Ornithine 27 B-Alanine
8 Glycine 2 18 Glutamate 28 Dimethylglycine
9 Serine 19 Phenylalanine 2
10  Threonine 20 Asparagine
Organic acids
1 Glycolate 11 Phenyllactic acid 21 Hypoxanthine
2 3HP 12 Glycerol 3-phosphate 22 Urate
3 Cresol 13 Vitamin C 23 Pseudouridine
4 3HIB 14 Phthalic acid 24 Xanthine
5 2HIV 15 2-ketoisocaproate
6 3HIV 16 2-hydroxyisobutyrate
7 Urea 17 3AIB
8 Phosphate 18 4-Deoxytetronic acid
9 Glutarate 19 3-Deoxytetronic acid
10 Erythronate 20 2-Deoxytetronic acid
Sugars

1 Erythritol 11 Arabinose
2 Arabitol 12 Fucose
3 Fructose 13 Sucrose
4 Glucose1 14 Lactose
5 Mannitol 15 1,5-Anhydroglucitol
6  Chiro-inositol
7 Glucose2
8 Epi-inositol
9  Myo-inositol
10 Ribose

Fatty acids
1 Glycerol 11 C16:0
2 Adipate 12 ci16:1
3 Suberate 13 C18:0
4 Sebacate 14 c18:1
5 C12DC:1 15 C18:2
6 C6:0
7 c8:0
8 C10:0
9 C12:0
10 C14:.0

TCA cycle
1 Lactate
2 2HB
3 Pyruvate
4 3HB
5 Succinate
6 Fumarate
7 Malate
8 Citrate

3HP: 3-hydroxypropionic acid; 3HIB: 3-hydroxyisobutyric acid; 2HIV:
2-hydroxyisovaleric acid; 3HIV: 3-hydroxy 3-methylbutyrate; 3AIB: 3-aminoisobutyric
acid; 2HB: 2-hydroxybutyric acid; 3HB: 3-hydroxybutyric acid; C6:0: Caproic acid;
C8:0: Octanoic acid; C10:0: Decanoic acid; C12:0: Lauric acid; C14:0: Myristic acid;
C16:0: Palmitic acid; C16:1: Palmitoleic acid; C18:0: Stearic acid; C18:1: Oleic acid;
C18:2: Linoleic acid.
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Table 2. Participant characteristics (urine cohort).

Metabolite biomarkers in gynaecological cancer

Variables (urine) Control (n=16) Ovarian cancer (n=11)

Cervical cancer (n = 8)

Endometrial cancer (n = 19)

Age, mean (SD) 48.1 (6.4) 53.8(17.6)
Age, range 38-59 31-84
BMI, median 213 20.3
Parity

Nulliparous, 0 0 5

Multiparous, 1-4 16 6
Smoking status

Non-smoker 12 10

Smoker 4 1
Diabetes mellitus

No 16 10

Yes 0 1

Diagnostic pathology
Ovarian cancer
Clear cellca (n=3)
Mucinous ca (n=2)
Cervical cancer

Endometrial cancer

High grade serous ca (n = 6)

54.9(17.6)
36-82
204

Squamous cell ca (n=2)
Cervical adenoca (n =6)

56.3(13.7)
29-74
24.8

11

Endometrioid ca G1 (n=10)
Endometrioid ca G2 (n=7)
Endometrioid ca G3 (n = 29)

SD: standard deviation; BMI: Body mass index; Ca: carcinoma.

Table 3.  Participant characteristics (serum cohort).

Variables (serum) Control (n=16) Ovarian cancer (n = 23)

Cervical cancer (n =23)

Endometrial cancer (n =27)

Age, mean (SD) 48.1 (6.4) 57.1(16.4)
Age, range 38-59 31-84
BMI, median 21.3 209
Parity

Nulliparous, 0 0 9

Multiparous, 1 -4 16 14
Smoking status

Non-smoker 12 22

Smoker 4 1
Diabetes mellitus

No 16 18

Yes 0 5

Diagnostic pathology
QOvarian cancer Clear cellca (n=6)
Mucinous ca (n = 3)

Endometrial ca (n =2)

Cervical cancer

Endometrial cancer

High grade serous ca (n =12)

53.5(15.8)
31-82
21.0

21

Squamous cell ca (n =13)

Cervical adenoca (n = 10)

55.9(14.1)
29-75
24.2

10
17

25

20

Endometrioid ca G1 (n =15)
Endometrioid ca G2 (n =10)
Endometrioid ca G3 (n=2)

SD: standard deviation; BMI: Body mass index; Ca: carcinoma.
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Table 4.  Metabolite levels in controls and patients with gynaecological cancer.

Hiroaki Takagi, Chunhua Zhang, Sumire Shimada, et al.

Metabolites Control vs Ovarian cancer Control vs Cervical cancer Control vs Endometrial cancer

Amino acids

Urine-Glutamine 0.0003*** 0.0007%*** < 0.0007****

Serum-Glutamine < 0.0007**** 0.0023** 0.0035**
Organic acids

Urine-PLA 0.0004*** 0.0066** 0.0009***

Serum-PLA 0.0007*** 0.0695 0.0327*
Sugars

Urine-1,5-AG 0.0007*** 0.0005*** < 0.0007****

Serum-1,5-AG < 0.00071**** < 0.00071**** < 0.00071****
Fatty acids

Urine-C14:0 < 0.00071**** 0.0002*** < 0.0007%***

Serum-C14:0 0.0094** 0.0086** 0.0076**

Urine-C18:2 0.0002*** 0.0002%*** 0.0005***

Serum-C18:2 < 0.0007**** 0.0134* 0.0003***
TCA related

Urine-Lactate 0.0501 0.0028** < 0.0007****

Serum-Lactate < 0.0007**** < 0.0007**** < 0.0007****

PLA: phenyllactic acid; 1,5-AG: 1,5-anhydroglucitol; C14:0: myristic acid; C18:2: linoleic acid. Statistical significance was assessed using the Mann-Whitney U test. Asterisks

indicate significance levels: p < 0.05 *, p < 0.01**, p < 0.001***, p < 0.0007 ****,

were observed between cancer patients and con-
trols. Glutamine was consistently elevated in both
urine and serum across all cancer types. As shown
in Table 4, phenyllactic acid (PLA), 1,5-anhydro-
glucitol (1,5-AG), myristic acid (C14:0), and linoleic
acid (C18:2) also exhibited notable changes. Lacta-
te was elevated in serum for all cancers, while urine
lactate was increased in cervical and endometrial
cancers, with only a borderline trend in ovarian can-
cer. These results suggest that these metabolites may
serve as useful biomarkers for gynaecological cancers.
Among the metabolites examined, glutamine, 1,5-AG,
and lactate showed statistically significant differences
according to the Kruskal-Wallis test (Figure 1).
Urine glutamine levels were significantly higher
in patients with ovarian (p = 0.0080), cervical (p =
0.0142), and endometrial cancer (p = 0.0015) com-
pared with controls. Serum glutamine levels were
elevated in ovarian cancer (p < 0.0001) and cervical
cancer (p = 0.0322). In endometrial cancer, levels
showed a slight increase, but this was not statisti-
cally significant (p = 0.0504). ROC analysis revealed
AUC values for urine and serum glutamine of 0.838
and 0.891 (ovarian), 0.895 and 0.783 (cervical), and
0.841 and 0.764 (endometrial), respectively.

For 1,5-AG, urine levels were significantly higher
in patients with cervical (p = 0.0020) and endome-

trial cancer (p = 0.0001), but no significant diffe-
rence was observed in ovarian cancer patients (p
=0.1233). Serum 1,5-AG levels showed significant
differences across all cancer types (p < 0.0001). The
corresponding AUC values for urine and serum
1,5-AG were 0.852 and 1.000 (ovarian), 0.879 and
1.000 (cervical), and 0.896 and 1.000 (endometrial),
respectively.

Similarly, urine lactate levels were significantly ele-
vated in patients with cervical (p = 0.0300) and en-
dometrial cancer (p = 0.0004), but not in those with
ovarian cancer (p = 0.2407). Serum lactate levels
differed significantly among all cancer types, with
P-values of < 0.0001, 0.0002, and 0.0001, respectively.
AUC values for urine and serum lactate were 0.727
and 0.902 (ovarian), 0.867 and 0.859 (cervical), and
0.891 and 0.924 (endometrial), respectively.
Collectively, these findings (Table 5) underscore the
diagnostic potential of glutamine, 1,5-AG, and lacta-
te as promising biomarkers for the early detection of
ovarian, cervical, and endometrial cancers.

DISCUSSION

Metabolic reprogramming has emerged as a hal-
Imark of gynaecological cancers, reflecting the
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Figure 1. Comparative analysis of urine and serum metabolites in patients with gynaecological cancer.

(A) Glutamine: comparison of urine glutamine levels between the control (n = 16) and ovarian cancer (n = 11) groups; p = 0.0080. Comparison of urine glutamine levels between
the control (n = 16) and cervical cancer (n = 8) groups; p = 0.0142. Comparison of urine glutamine levels between the control (n = 16) and endometrial cancer (n = 19) groups; p
=0.0015. Comparison of serum glutamine levels between the control (n = 16) and ovarian cancer (n = 23) groups; p < 0.0001. Comparison of serum glutamine levels between the
control (n = 16) and cervical cancer (n = 23) groups; p = 0.0322. Comparison of serum glutamine levels between the control (n = 16) and endometrial cancer (n = 27) groups; p =
0.0504. (B) 1,5-Anhydroglucitol: comparison of urine 1,5-anhydroglucitol levels between the control (n = 16) and ovarian cancer (n = 11) groups; p = 0.1233. Comparison of urine
1,5-anhydroglucitol levels between the control (n = 16) and cervical cancer (n = 8) groups; p = 0.0020. Comparison of urine 1,5-anhydroglucitol levels between the control (n = 16)
and endometrial cancer (n = 19) groups; p = 0.0001. Comparison of serum 1,5-anhydroglucitol levels between the control (n = 16) and ovarian cancer (n = 23) groups; p < 0.0001.
Comparison of serum 1,5-anhydroglucitol levels between the control (n = 16) and cervical cancer (n = 23) groups; p < 0.0001. Comparison of serum 1,5-anhydroglucitol levels between
the control (n = 16) and endometrial cancer (n = 27) groups; p < 0.0001. (C) Lactate: comparison of urine lactate levels between the control (n = 16) and ovarian cancer (n = 11) groups;
p = 0.2407. Comparison of urine lactate levels between the control (n = 16) and cervical cancer (n = 8) groups; p = 0.0300. Comparison of urine lactate levels between the control (n =
16) and endometrial cancer (n = 19) groups; p = 0.0004. Comparison of serum lactate levels between the control (n = 16) and ovarian cancer (n = 23) groups; p < 0.0001. Comparison
of serum lactate levels between the control (n = 16) and cervical cancer (n = 23) groups; p = 0.0002. Comparison of serum lactate levels between the control (n = 16) and endometrial
cancer (n = 27) groups; p = 0.0001.

Table 5. Diagnostic performance of urine and serum metabolites in gynaecological cancers based on roc analysis.

Cancer type Sample AUC 95%(Cl Cut-off point Sensitivity (%) Specificity (%)
Glutamine
Ovarian Cancer Urine 0.838 0.688 - 0.988 >0.014 72.73 93.75
Serum 0.891 0.792 -0.991 > 0415 78.26 93.75
Cervical Cancer Urine 0.895 0.747 - 1.000 >0.010 87.50 93.75
Serum 0.783 0.637-0.928 > 0.449 52.17 93.75
Endometrial Cancer Urine 0.841 0.723 - 0.957 >0.0002 73.68 93.75
Serum 0.764 0.617-0.911 >0.397 55.56 93.75

1,5-Anhydroglucitol

Ovarian Cancer Urine 0.852 0.690 - 1.000 >0.0003 100.0 81.25
Serum 1.000 1.000 - 1.000 >0.016 100.0 100.0
Cervical Cancer Urine 0.879 0.722 - 1.000 > 0.005 87.50 81.25
Serum 1.000 1.000 - 1.000 >0.017 100.0 100.0
Endometrial Cancer Urine 0.896 0.791 - 1.000 >0.001 94.74 81.25
Serum 1.000 1.000 - 1.000 >0.001 100.0 100.0
Lactate
Ovarian Cancer Urine 0.727 0.501 - 0.954 > 0.083 72.73 81.25
Serum 0.902 0.811-0.993 >2.602 73.91 100.0
Cervical Cancer Urine 0.867 0.724 - 1.000 >0.059 100.0 68.75
Serum 0.859 0.745-0.973 >1.128 78.26 81.25
Endometrial Cancer Urine 0.891 0.787 - 0.996 > 0.063 89.47 75.00
Serum 0.924 0.847 - 1.000 >1.141 92.59 81.25

AUC: Area Under the Curve; Cl: Confidence Interval.

308



Metabolite biomarkers in gynaecological cancer

unique bioenergetic and biosynthetic demands
of tumour cells. In this study, we performed com-
prehensive metabolomic profiling of urine and se-
rum samples to explore their diagnostic potential.
Among the 90 metabolites analysed, glutamine,
1,5-AG, and lactate exhibited significant alterations
between healthy controls and cancer patients, im-
plicating their involvement in tumour-associated
metabolic pathways.

Glutamine, a conditionally essential amino acid,
plays a central role in maintaining redox balance
and supporting anabolic processes in cancer cells
[15-22]. In our cohort, both urine and serum glu-
tamine levels were significantly altered in cancer
patients compared with controls, with the most
pronounced differences observed in ovarian cancer,
where glutamine dependence is well established
[19-21]. Elevated expression of SNAT1, a glutami-
ne transporter, has been linked to poor prognosis
in cervical cancer. In endometrial cancer, glutami-
ne-driven metabolism promotes tumour growth
and inhibits autophagy. These findings underscore
glutamine’s pivotal role in tumour progression and
its potential as a therapeutic target in gynaecologi-
cal cancers.

1,5-AG, a glucose-like polyol that reflects short-
term glycaemic control, competes with glucose
for renal reabsorption. In this study, both urinary
and serum levels of 1,5-AG were significantly al-
tered in cancer patients, although urinary levels
in ovarian cancer did not differ significantly from
controls. Previous studies have reported inconsi-
stent associations between 1,5-AG and cancer risk,
including its predictive value for cancer mortality
and an inverse relationship with pancreatic cancer
[23-25]. Our findings suggest a positive association
with gynaecological cancers, even after excluding
patients with diabetes. These discrepancies may
reflect tumour-specific metabolic adaptations and
warrant further investigation in larger, more diver-
se cohorts.

Lactate, a key byproduct of aerobic glycolysis,
contributes to tumour progression by modulating
immune responses, promoting angiogenesis, and
facilitating metastasis [26-29]. In our study, ele-
vated lactate levels were observed in both urine
and serum samples from patients with cervical
and endometrial cancers, consistent with previous
reports of increased lactate production in ovarian
cancer cells [30-32]. High plasma lactate has also
been associated with cervical lesion severity, poor
survival in head and neck cancers [33], and enhan-
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ced proliferation in endometrial cancer as revea-
led by NMR-based metabolomics [34]. Metabolic
studies in cervical cancer further support the roles
of lactate and glutamine in tumour progression
[35]. These findings suggest that elevated lactate
levels may reflect enhanced glycolytic activity and
mitochondrial reprogramming in gynaecological
cancers.

Beyond metabolic profiling, clinical parameters
also influence prognosis. Vizza et al. [36] demon-
strated that vaginal cuff length in low-risk endo-
metrial cancer surgery correlates with survival and
recurrence. Perrone et al. [37] emphasized the thera-
peutic relevance of targeting the BRAF pathway in
low-grade serous ovarian cancer. D’Oria et al. [38]
provided an updated overview of systemic phar-
macotherapy for recurrent cervical cancer. These
studies highlight the importance of integrating me-
tabolic, molecular, and surgical factors to improve
prognostic accuracy and support personalized ma-
nagement in gynaecological cancers.

ROC analysis revealed high AUC values for glu-
tamine, 1,5-AG, and lactate, indicating strong di-
scriminatory power between cancer patients and
healthy individuals. These results support their
potential utility as non-invasive biomarkers for
early detection.

This study has several limitations. First, the rela-
tively small sample size limits the generalizability
of our findings. Second, sample subdivision and
repeated GC/MS analyses may have introduced
minor variability. Third, the study population con-
sisted exclusively of Japanese women, which may
limit applicability to other ethnic groups. Finally,
the cross-sectional design precludes assessment
of longitudinal metabolic changes during disease
progression or treatment. Larger, multicentre pro-
spective studies are needed to validate these findin-
gs and enhance diagnostic robustness.

CONCLUSIONS

In conclusion, the metabolites glutamine, 1,5-AG,
and lactate exhibited significant alterations in both
urine and serum samples from patients with gy-
naecological cancers. Supported by ROC analysis
with high AUC values, these metabolites reflect key
aspects of cancer metabolism and hold promise as
robust non-invasive biomarkers for early detection
and prognostic assessment in gynaecological can-
cers.
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INTRODUCTION

ABSTRACT

Objective. The study provides an insight on the effect of letrozole and letro-
zole-metformin combination on the formation of mature follicle, ovulation,
endometrial thickness and pregnancy rates in anovulatory polycystic ovary
syndrome (PCOS) infertile women.

Materials and Methods. A prospective randomised controlled study con-
ducted at Ridge IVF Centre, Delhi from May 2024-April 2025. 120 women of
ages 21-40 years affected by PCOS and trying naturally for conception were
included. Patients were randomly selected into 2 groups: Group A (letrozole
and metformin) and Group B (letrozole only).

Metformin 500 mg twice daily was added from day 1 of cycle. Letrozole 2.5
mg BD was started from day 2/3 of menstrual cycle. Follicular monitoring
was done from day 10 by transvaginal sonography and once a mature follicle
of size > 18 mm is seen on TVS, injection. hCG 10,000 IU was given. Once
ovulation was documented, couple was advised for alternate day intercourse
and luteal phase support was given for 14 days. Pregnancy confirmation was
done by S.B8hCG after 14 days.

Results. The study showed that the formation of mature follicle was more in
letrozole-metformin group and ovulation rate was higher in letrozole only
group. The endometrial thickness on the day of the trigger was comparable
in both groups. The clinical pregnancy was slightly higher in combination
group, but not statistically significant.

Conclusions. Adding metformin to letrozole does insignificant improve-
ment in ovulation patterns in PCOS anovulatory women.

medical condition affecting women of reproductive
age group. It is one of the causes for anovulatory

Polycystic ovary syndrome (PCOS) is the most  female infertility. PCOS is a heterogeneous disorder
common endocrinological disorder affecting 4-12%  with a combination of genetic, reproductive and
of women [1-2]. It has been the most controversial metabolic characteristics. These women are at risk
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of Type 2 diabetes mellitus (DM) and cardiovascu-

lar disease.

According to 2003 Rotterdam Consensus revised

diagnostic criteria, at least two of the following is

required for the diagnosis of PCOS:

1. oligo or anovulation, or both, that is, menstrual
disturbance;

. clinical or biochemical signs, or both, of hype-
randrogenism;

. PCO on ultrasound and exclusion of other ae-
tiologies of menstrual disturbance and hyperan-
drogenism (such as congenital adrenal hyper-
plasia, androgen-secreting tumours, Cushing’s
syndrome) [3].

A recent update to guidelines in view of advance-

ment in ultrasound technology and resolution, state

that the diagnostic criteria for ultrasound PCO mor-
phology is either 20 or more follicles per ovary or
increased ovarian volume, over 10 mL, when using

a transvaginal ultrasound scan [4].

Insulin resistance is a very common feature of

PCOS, owing to either genetic propensity or obe-

sity [5]. It is not a diagnostic feature of this disorder.

In PCOS, hyperinsulinemia can induce androgen

production and decrease the levels of sex hormo-

ne binding globulin. A high level of androgen le-
vels affects the oocytes growth and causes atresia
of follicles. PCOS is responsible for about 80% of
anovulatory infertility [6]. Women with insulin
resistance have increased prevalence of hirsutism

than women with non-insulin-resistant PCOS [7].

These women are more likely to develop resistance

to ovulation induction treatment.

Lifestyle modification including weight loss and

exercise reduces central fat, improves insulin sen-

sitivity, reduces testosterone levels and restoring
ovulation in overweight, infertile women with

PCOS [7].

Metformin is the member of the biguanide family

that has been used for the treatment of T2DM.

Metformin works by improving the insulin sen-

sitivity of peripheral tissues [8], which results in

a reduction of circulating insulin levels. The main

side effects associated with metformin treatment

are the gastrointestinal symptoms of nausea, diar-
rhoea, flatulence, bloating, anorexia, metallic taste
and abdominal pain, causing reluctance in its use

over a prolong period [9].

Within the ovary, metformin has a direct impact on

cells to reduce excessive steroidogenesis and folli-

culogenesis [9]. It reduces theca cell proliferation,
decreases androgen production, reduces pituitary
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luteinizing hormone and increase sex hormone bin-
ding globulin by the liver and promotes ovulation.
Letrozole is a nonsteroidal reversible and compe-
titive aromatase inhibitor. Letrozole has a half-life
of about 45 hours [10]. It has a central effect on the
pituitary-hypothalamic axis by releasing it from
estrogen negative feedback and a local ovarian effect
by blocking androgen conversion to estrogen, with
the concomitant accumulation of androgens inside
the ovary, augmenting the follicular FSH receptor
expression, and promoting folliculogenesis [11].
This study provides an insight on the effect of le-
trozole and letrozole-metformin combination on
anovulatory PCOS infertile women in ovulation
and pregnancy.

MATERIALS AND METHODS

Study site

The study was a prospective randomised control-
led study conducted in Department of Assisted Re-
production at Ridge IVF centre, New Delhi from
May 2024-April 2025. The approval was taken from
the ethics committee on board for the study.

Inclusion criteria

Women of all ages (21-40 years) who were affected
by PCOS according to Rotterdam criteria with nor-
mal hysterosalpingogram and were trying natural-
ly for conception were included.

Exclusion criteria

Patients with hormonal disorder like hyperprolacti-
nemia, hypo or hyperthyroidism or diabetes, en-
dometriosis, uterine fibroid, male factor infertility
were excluded from study.

All patients were admitted through OPD after com-
plete evaluation with history, examination, investi-
gation and verbal informed consent for inclusion
in the study. Blood for Insulin Postprandial is sent
1 %2 hours after meals on first visit along with other
investigations.

Patients were selected randomly into 2 groups:
Group A (letrozole and metformin) and Group B
(letrozole only). Letrozole and metformin was ad-
ministered as oral preparations.

In Group A, tablet metformin 500 mg twice daily
with meals starting from day 1 of cycle was added
and continued for three months and continued
even after conception till first 3 months of pregnan-
cy. Patients were followed for 3 months to evaluate
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for pregnancy in both the groups. Oral ovulogen
letrozole 2.5 mg BD was started from day 2/3 of
menstrual cycle after spontaneous or withdrawal
bleeding in both groups. Follicular monitoring was
done from day 10 and follicle growth was moni-
tored by transvaginal sonography (TVS). Once a
mature follicle of size > 18 mm was seen, injection
hCG 10,000 IU was given as a trigger. Once folli-
cular rupture was documented, couple was advi-
sed for alternate day intercourse and luteal phase
support was given with dydrogesterone 10 mg BD
for 14 days. Pregnancy confirmation was done by
estimating the S.8hCG concentration in the blood
after 14 days and doubling of the S.8hCG after 48
hours. The clinical pregnancy was established by
the presence of gestational sac by ultrasonography
performed at 6-7 weeks of pregnancy.

Treatment was repeated for 3 months if the patient
fails to ovulate or achieve pregnancy.

The primary outcomes were assessed as documen-
tation of mature follicle (> 18mm) and documenta-
tion of ovulation (ovulation rate).

The secondary outcomes were assessed as measu-
rement of ovarian volume, hormonal profile on day
2 (S.FSH, S.LH, S.E2), endometrial thickness on day
of hCG trigger and clinical pregnancy rate.

Statistical analysis

The collected data was entered in Microsoft Excel
and then analysed and statistically evaluated
using SPSS-25 version. Normality of each variable
was assessed by using the Kolmogorov-Smirnov
test. Quantitative data was expressed by mean,
standard deviation and difference between me-
ans of two group were tested by Unpaired t test
or Mann-Whitney U test. Qualitative data were
expressed in percentage and difference between
percentage of two group were tested by chi square
test or Fisher exact test. P-value less than 0.05 was
considered statistically significant.

RESULTS

The baseline characteristics of participants in both
groups were largely comparable (Table 1). The
mean age was similar in Group A (30.13 + 3.21 ye-
ars) and Group B (30.22 + 3.25 years). The mean
BMI was slightly higher in Group A (27.68 + 4.78
kg/m?) compared to Group B (26.22 + 4.12 kg /m?),
though this difference was not statistically signifi-
cant (p = 0.07). In terms of type of infertility, pri-
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Table 1. Data comparing the baseline characteristics between Group A and
Group B.
Group A Group B
(letrozole-metformin) (letrozole) P-value
(n=60) (n=60)
Mean age in years 30.13 +£3.21 30.22+3.25 0.88
Mean BMI (kg/m?) 27.68 £4.78 26.22+4.12 0.07
Type of infertility
Primary 46(76.7%) 48(80.0%) 0.65
Secondary 14(23.3%) 12(20.0%)
Cycle
Irregular 34 (56.7%) 11 (18.3%) <0.001
Regular 26 (43.3%) 49 (81.7%) <0.001

BMI: body mass index; n: number of participants. Data are presented as mean +
standard deviation (SD) or n %.

Table 2. Data comparing the other parameters between Group A and
Group

Group A Group B
(letrozole-metformin) (letrozole) P-value
(n=60) (n=60)

RT ovary VOL (ml) 9.83+148 6.76+1.94 <0.001
LT ovary VOL (ml) 9.24£1.07 6.86£2.01 <0.001
S.AMH (ng/ml) 8.12+3.42 6.13+2.44 0.001

S.FSH 6.50 £ 1.29 6.02+1.61 0.05

S.LH 740+3.19 6.31+£4.17 0.01

S.E2 4327 £17.42 36.65+13.07 0.02
Insulin PP (uU/ml) 67.98 +27.23 26.92+15.62 <0.001

Endometrial thick- 8.83 +1.65 880+121 092

ness (mm)

RT: right; LT: left; VOL: volume; AMH: anti mullerian hormone; LH: luteinizing
hormone; E2: estradiol; PP: postprandial; n: number of participants. Data are
presented as mean + standard deviation (SD).

mary infertility was predominant in both groups:
76.7% in Group A and 80.0% in Group B.
However, a significant difference was observed in
menstrual cycle regularity. 56.7% of Group A had
irregular cycles compared to only 18.3% in Group
B, and regular cycles were more common in Group
B with statistical difference < 0.001 (Table 1).

In Table 2, comparison of hormonal and ul-
trasonographic parameters were done. Right
ovarian volume was significantly higher in
Group A (9.83 £ 1.48 ml) compared to Group B
(6.76 £ 1.94 ml), and similarly, the left ovarian vo-
lume was also greater in Group A (9.24 + 1.07 ml
vs 6.86 £ 2.01 ml) with statistically significant
(p <0.001) (Figure 1).

Serum AMH levels were high in Group A
(8.12 £ 3.42 ng/ml) as compared to Group B
(6.13 + 2.44 ng /ml). Baseline Serum FSH was mar-
ginally higher in Group A (6.50 + 1.29) than in
Group B (6.02 + 1.61), with borderline significance
(p = 0.05). Serum LH levels were significantly hi-
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Table 3. Data comparing clinical hirsutism between Group A and Group B.

.. Group A Group B
Clinical .
hirsutism (letrozole-metformin) (letrozole) P-value
(n=60) (n=60)
Absent 35 (58.3%) 50 (83.3%) <0.01
Present 25 (41.7%) 10 (16.7%)

Table 4. Data comparing different outcome between Group A and Group B.

Group A Group B
(letrozole-metformin) (letrozole)  P-value
(n=60) (n=60)
Mature follicle 0.01
No 7(11.7%) 0
Yes 53(88.3%) 60
Ovulation 0.002
No 18(30.0%) 4(6.7%)
Yes 42(70.0%) 56(93.3%)
S.BhCG 0.07
Negative 36(60.0%) 45(75.0%)
Positive 24(40.0%) 15(25.0%)
Clinical pregnancy 0.07
No 36(60.0%) 46(76.7%)
Yes 24(40.0%) 14(23.3%)

Endometrial thickness (mm) between Group A and
Group B

8.85 8.83
8.8

8.8
8.7

Endometrial thickness (mm)

mGroup A (n=60) ® Group B (n=60)

Figure 3. Insulin post prandial.

gher in Group A (7.40 + 3.19) compared to Group B
(6.31+4.17) (p = 0.01) (Figure 2) and serum estradiol
(E2) levels were also higher in Group A (43.27 + 17.42
vs 36.65 + 13.07).

A striking difference was observed in postprandial
insulin levels, which were markedly elevated in
Group A (67.98 +27.23 uU/ml) compared to Group
B (26.92 £ 15.62 yU/ml), showing a highly signifi-
cant difference (p < 0.001) (Figure 3).

Endometrial thickness on the trigger day was com-
parable between both groups (8.83 + 1.65 mm in
Group A vs 8.80 + 1.21 mm in Group B (Figure 4).

Figure 4. Endometrial thickness on the trigger day.

The comparison of clinical hirsutism between
Group A and Group B (Table 3) showed a higher
proportion of individuals experienced clinical hir-
sutism in Group A (41.7%), compared to just 16.7%
in Group B.

In Table 4, clinical outcomes to ovulation induction
was compared. A higher proportion of individuals
in Group B (100%) had mature follicles compared
to Group A (88.3%). Still, it was found that Group
B (93.3%) achieved higher ovulation compared to
Group A (70%), with a P-value of 0.002. In terms of
pregnancy, Group A had a higher percentage of po-
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sitive S.phCG results (40.0%), compared to Group
B (25.0%), and higher clinical pregnancy rate (40%
vs 23.3%) but not statistically significant.

DISCUSSION

PCOS is the most prevalent endocrine disorder in
the reproductive age of women. In these patients,
medications such as clomiphene citrate, letrozole
and metformin are used to induce ovulation and
overcome infertility [12].

Clomiphene citrate binds to estrogen receptors for
prolonged periods i.e. weeks (2 weeks) rather than
hours as with natural estrogen. This extended bin-
ding ultimately depletes estrogen receptors’ concen-
trations by interfering with the normal process estro-
gen receptors’ replenishment and may be responsible
for the peripheral antiestrogenic effect of clomiphene
citrate on the endometrium and cervix [13].
Compared to CC, letrozole is cleared from circula-
tion more rapidly due to shorter half-life; associa-
ted with monofollicular growth and thicker endo-
metrium. Letrozole is devoid of any antiestrogenic
peripheral actions and has no impact on the endo-
metrial receptivity and cervical mucous quality [14].
Metformin, an insulin sensitizer may be used alo-
ne or in concert with other medications such as
clomiphene citrate, letrozole it has been shown to
increase the ovulatory response to clomiphene ci-
trate in patients who were previously clomiphene
resistant [15].

In our study, demographic parameters i.e. age, BMI,
type of infertility was comparable in both groups.
The only significant demographic character was
menstrual cycle regularity. As women were selected
randomly in the study, cycles were more irregular
in letrozole-metformin group, but cycle regularity
is not the sole criterion for metformin use [4]. A stu-
dy also has reported similar age, BMI and duration
of infertility distribution in both groups [16].

In Group A, patients had higher insulin PP, day 2
S.FSH, S. LH, S.E2 and S.AMH levels. The clinical
hirsutism was also higher in metformin-letrozole
group.

When ovulation parameters were compared, it was
found that group B participants had higher achie-
vement of formation of mature follicle than Group
A, and ovulation rate was higher. In a different
study no significant differences between the letro-
zole and the metformin-letrozole groups regarding
ovulation rate, number of patients with growing
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follicle, number of follicles > 18 at day 12, number
of ruptured follicles after 48 hours of injection of
hCG, serum E2, parity, clinical presentation, period
of infertility, FSH, LH were found [16].

In our study, clinical pregnancy rate was slightly
higher in Group A, but not statistically significant.
A retrospective study on 268 women undergoing
ovulation induction/IUI in 2012-2016 has found
that the addition of metformin to Letrozole does
not improve follicular recruitment or pregnancy ra-
tes in OI/IUI cycles in infertile PCOS women [17].
Liu et al. revealed a pregnancy rate of 57.9% in le-
trozole in addition to metformin gathering and just
46.8% in patients who got letrozole alone [18].

In our study the endometrial thickness was com-
parable in both groups (8.83 vs 8.80). A study by
Morad et al. found superior endometrial thickness
with letrozole than clomiphene citrate showing
CC antiestrogenic effects [19]. A significant impro-
vement in endometrial thickness in metformin-le-
trozole group was found in other work [16]. On
other hand, EL-Gharib et al. found non-significant
change between endometrial thickness in both le-
trozole and letrozole metformin groups, like our
study results [20].

The risk of gestational diabetes in pregnancy is
high in PCOS especially androgenic PCOS. The
hormonal and metabolic profile of hyperandroge-
nic PCOS patients includes insulin resistance, and
an elevated androgen levels both of which are risk
factors for the development of GDM. Women with
PCOS are at further risk of obstetric complications
including hypertensive disorders, preterm birth,
induction of labour and caesarean delivery [21]. Si-
milarly in IVF conceived pregnancies risk of GDM
is high as many females have significant risk factors
for GDM, such as advanced maternal age, obesity,
multiple pregnancies and PCOS, suggesting a po-
tential relationship between GDM and ART [22].

Limitations

The study involved a smaller number of partici-
pants. In clinical situations, individual treatment
dosages varied, and it was not fully considered in
our study. The study’s limited duration prevented
a thorough examination of longer-term outcomes.

CONCLUSIONS

PCOS is a complex disorder that requires a com-
prehensive approach to management, addressing
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both reproductive and metabolic concerns. While
multiple treatment options are available for PCOS, a
combination of lifestyle changes, medication, and, in
some cases, surgical interventions, may be necessary
to address the diverse manifestations of the disorder.
Only letrozole 2.5 mg BD given from day 2 for ovula-
tion induction and performing follicular monitoring
is the standard protocol in PCOS from our research,
as adding metformin to letrozole does insignificant
improvement in ovulation patterns in PCOS anovu-
latory women. The ovulation rate was slightly higher
in letrozole group. Similarly, pregnancy rates were
also insignificant in both groups.
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INTRODUCTION

ABSTRACT

Background. Several studies have yielded conflicting results regarding the
potential link between previous abortion and placenta accreta spectrum
(PAS), contributing to ongoing controversy on the matter. To address this di-
screpancy, we conducted a meta-analysis to elucidate the association betwe-
en previous abortion and the risk of PAS.

Methods. To examine the association between prior abortion and PAS, we sy-
stematically searched major databases, including PubMed (Medline), Web of
Science, and Scopus. A random-effects model was used for the meta-analysis,
and study quality was evaluated using the Newcastle-Ottawa Scale (NOS).

Results. The final analysis included five cohort studies and six case-control
studies with a total population of 115,422 participants. We examined the as-
sociation between previous abortion and the risk of PAS based on crude and
adjusted studies. The association between previous abortion and the risk of
PAS in crude studies was 1.62 (95%CI 1.46-1.77; I> = 17.8%). In adjusted stu-
dies, the association was 2.37 (95%CI 1.62-3.12; I> = 79.5%). Substantial hete-
rogeneity was observed in studies using adjusted analyses, while minimal
heterogeneity was found in studies reporting crude estimates.

Conclusions. This meta-analysis reported that prior abortion is a risk factor
for PAS. Given these significant implications, healthcare providers should
incorporate PAS risk assessment into pre-abortion evaluations and carefully
consider the choice of termination method.

invasion), Placenta increta (penetration of tropho-
blastic tissue into the uterine muscle), Placenta

Placenta accreta spectrum (PAS) is characterized by percreta (transmural invasion extending beyond
pathological placental implantation, classified into  the uterus to adjacent organs) [1]. The underlying
three progressive stages: Placenta accreta (abnor-  pathophysiology of PAS is primarily related to de-
mal adherence of villi to the myometrium without fective decidualization of the basal decidua, whi-
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ch allows excessive and uncontrolled trophoblastic
invasion into the myometrium. Prior endometrial
injury or uterine scarring can disrupt the normal
placental-uterine interface, predisposing affected
women to abnormal placental adherence. A me-
ta-analysis reported the prevalence of PAS between
0.01% to 0.1% of deliveries [2]. This disorder is rapi-
dly increasing worldwide due to the rising trend of
caesarean deliveries [3]. Epidemiologic data indica-
te a strong association between prior caesarean de-
livery and PAS risk. In a systematic review, the in-
cidence of PAS increased from approximately 0.3%
in women with one previous caesarean to 6.74%
in women with five or more caesareans [4]. Other
cohort data suggest PAS rates rising from around
0.03% to 2.8% with increasing caesarean number,
highlighting the dose-response relationship betwe-
en surgical scarring and abnormal placentation [5].
PAS disorder represents a critical obstetric compli-
cation with potentially life-threatening maternal
consequences, including severe haemorrhage and
organ damage [6]. Its significance lies in the incre-
ase in maternal and foetal mortality [7]. PAS is a
leading cause of severe postpartum haemorrhage,
frequently resulting in life-threatening maternal
haemorrhage that often requires massive blood
transfusion and emergency peripartum hysterec-
tomy. This condition significantly contributes to
both severe maternal morbidity and mortality [8].
Some risk factors that increase the risk of PAS in-
clude multiple pregnancies, obesity, in vitro fertili-
zation (IVF), maternal age, smoking and previous
caesarean sections [9, 10]. Previous abortion has
also been suggested as a potential risk factor for
PAS, as it may cause varying degrees of endome-
trial damage depending on the type and frequency
of abortion. Induced abortion, particularly when
associated with surgical curettage, may directly
injure the endometrium and impair subsequent
decidual regeneration. In contrast, spontaneous
abortion may exert different effects depending on
gestational age and the need for uterine interven-
tion, while recurrent abortions may result in cumu-
lative endometrial injury and uterine scarring [9].
Several epidemiological studies have reported
that women with a history of prior pregnancy
loss or abortion, especially when associated with
endometrial injury from uterine procedures such
as dilatation and curettage, are at increased risk
of abnormal placentation including PAS in sub-
sequent pregnancies. For example, a recent syste-
matic review and metaanalysis found a significant
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association between prior abortion and PAS (OR
1.65; 95%CI 1.43-1.92) [11], and a large case-control
study in Iran demonstrated a positive link between
previous abortion and PAS outcomes [12]. Identi-
tying responsible factors is crucial as it allows for
early interventions to improve perinatal outcomes
and reduce associated morbidity and mortality
[13]. Several observational studies have reported a
significant association between previous abortion
and the risk of PAS [14, 15], whereas other studies
have failed to demonstrate such a relationship. The-
se inconsistent findings across the literature have
contributed to ongoing controversy regarding the
role of prior abortion in the development of PAS.
Epidemiologic studies have also suggested that
women with a history of foetal loss may be at in-
creased risk of abnormal placentation, including
placenta previa and PAS, in subsequent pregnan-
cies, further supporting the biological plausibility
of this association [16, 17].

To date, only one meta-analysis has examined the
association between prior abortion and the risk of
PAS. This meta-analysis, which included six studies
published up to February 2017, found no significant
increase in the risk of abnormally invasive placenta
associated with previous abortion [18]. However,
this study had several important limitations, inclu-
ding the small number of included studies, heteroge-
neity in the definition and classification of abortion,
and insufficient differentiation between induced and
spontaneous abortions. Furthermore, in recent ye-
ars, additional epidemiological studies with larger
sample sizes and improved study designs have been
published, which were not incorporated into the
previous meta-analysis. These developments may
substantially influence the pooled risk estimates.
Therefore, given the rising incidence of PAS and
the need for up-to-date and robust evidence to in-
form clinical practice, an updated meta-analysis
incorporating newly published studies, addres-
sing heterogeneity, and more carefully evaluating
abortion types is warranted. The present study was
conducted to fulfil this need.

MATERIALS AND METHODS

This meta-analysis was conducted in strict accor-
dance with the 2020 PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines, ensuring comprehensive reporting of all
methodological processes and results. We followed
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PECO framework for performing this study: Popu-
lation — pregnant women; Exposure - Women with
previous abortion; Comparison — women without
previous abortion; Outcome — risk of PAS.

Inclusion and exclusion criteria

We included primary studies that assessed the
association between previous spontaneous abor-
tion and the risk of PAS, encompassing observa-
tional studies such as cohort, case-control, and
cross-sectional studies. Studies with inadequate
data for outcome measurement were excluded.
Additionally, we excluded letters to the editor, case
reports, case series, systematic reviews, as well as
in vitro and animal studies.

Information sources and search

PubMed (Medline), Web of Science, and Scopus
were systematically searched up to March 30, 2024,
using combinations of keywords: (morbidly adhe-
rent placenta OR placenta accreta OR placenta in-
creta OR placenta percreta OR abnormally invasive
placenta) AND (previous abortion OR previous mi-
scarriage OR history of miscarriage OR history of
abortion OR prior miscarriage OR prior abortion)
(Supplement 1). Additionally, reference lists were
examined to identify additional sources.

Study selection

We employed the Population, Exposure, Compa-
rison, and Outcome (PECO) model to select eligi-
ble studies. The Population consisted of pregnant
women, the Exposure was previous abortion, and
the Comparison was made with non-previous abor-
tion. The Outcome of interest was PAS. Two inve-
stigators (E.J. and S.A.) independently screened all
titles and abstracts, and subsequently reviewed the
full texts that were deemed definitely or possibly
eligible. Any disagreements between the two au-
thors were resolved through discussion.

Data extraction

Data extraction was performed using Stata softwa-
re (version 13.0), capturing the following variables
from each included study: first author, publication
year, study design, diagnostic criteria, study po-
pulation characteristics, maternal age distribution,
and adjusted confounding variables.

Methodological quality
Study quality was assessed using the modified
Newcastle-Ottawa Scale (NOS) for observational
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studies [19]. This instrument evaluates three do-
mains: 1) participant selection criteria, 2) compa-
rability between PAS and non-PAS groups, and 3)
outcome assessment methodology. Based on the
standard NOS scoring system (range 0-9), we clas-
sified studies scoring 7-9 as high quality and those
scoring < 6 as low quality.

Heterogeneity and reporting biases

To evaluate heterogeneity among studies, we utili-
zed the chi-square test [20] and the Pstatistic. An I?
statistic greater than 50% was considered indicative
of high heterogeneity [21]. Additionally, regression
tests, including Egger’s and Begg’s [22] were em-
ployed to examine publication bias.

Summary measures

Primary outcomes were analysed as dichotomous
variables (PAS vs non-PAS groups), with effects
estimated as odds ratios (ORs) and corresponding
95% confidence intervals. All analyses employed
a DerSimonian-Laird random-effects model to ac-
count for between-study heterogeneity [23]. Stati-
stical significance was defined as p < 0.05 using
two-tailed tests, with all computations performed
in Stata/Version 13.0 (StataCorp LP, Texas, USA).

RESULTS

Description of studies

Our systematic search identified 439 potentially
relevant records through initial screening. After
title / abstract review and evaluation of 17 full-text
articles until March 30, 2024 (Figure 1), 11 studies

Identification

Records identified through Additional recodes identified
database searching (n = 148) through other sources (n=291)

I I
v

Screening

Duplicates removed (n = 83)

|

}

| Records screened (n = 356) Records excluded (n = 339)

Full-text articles excluded, with

reasons (n = 6) [Review (n=1) and no
inclusion criteria (n=5)]

Eligibility l

Full-text articles assessed for

eligibility (n=17)

|

Included

’ Studies included in qualitative synthesis (n = 6) ‘
| Studies included in quantitative synthesis (meta-analysis) (n = 11) ‘
Figure 1. Flowchart of the process selection of the studies.
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Table 1.  Characteristics of the included studies in the present meta-analysis.
Mean of . .
. Diagnosis . . . q
15t author, year Design Sample maternal criteria Abortion type Estimate  Adjustment Quality
age (Year)
Eshkoli, Cohort 34,869 Not reported Clinical and Recurrent OR Crude/ High
2013 [14] histopathological abortions Adjusted
reports
Sun, Cohort 75,773 Not reported Not reported Previous OR Crude/ High
2023 [15] abortion Adjusted
Tadayon, Case-control 739 Case: 32.8, Surgeon's Previous OR Crude High
2022 [28] Control: 28.7 confirmation abortion
during
delivery and
histopathological
findings
Moeini, Case-control 513 Case: 32.6, By second- or Previous OR Crude High
2021 [30] Control:31.6 third-month abortion
ultrasonography
and confirmed by
a perinatologist
Ogawa, 2022 [26] Cohort 2,253 Not reported Obstetricians, History of RR Crude/ High
such as difficult miscarriage Adjusted
piecemeal
manual removal
of the placenta
Parra-Herran, Case-control 61 Case: 35.0, Histopathologic History of OR Crude High
2016 [29] Control: 34.4 diagnosis miscarriage
Alchalabi, Cohort 81 Case: 34.7, Ultrasonography History of OR Crude High
2014 [25] Control: 31.1 miscarriage
Klar, 2013 [27] Case-control 483 Case: 3247, Histopathologic Previous OR Crude/ High
Control: 31.39 confirmation abortion Adjusted
Wu, 2005 [17] Case-control 450 Not reported Histopathologic Previous OR Crude High
confirmation abortion
Elbery, 2020 [24] Cohort 33 31.33 Ultrasonography Previous OR Crude Low
and histological abortion
diagnosis
Kamara, 2013 [16]  Case-control 167 Not reported Clinical and Previous OR Crude High
histological miscarriage
diagnosis

Variables controlled: study [14] - year of birth, maternal age, recurrent abortions, second-trimester vaginal bleeding, previous CD, placenta previa; study [15] - pre-pregnancy
BMI, maternal age, mode of delivery, parity; study [22]: year of birth, maternal age, parity, history of miscarriage, conception method, previous caesarean, smoking; study [27] -
previous abortions, previous curettages, previous caesarean sections, maternal age, parity, gravity, smoking.

met our inclusion criteria. The excluded studies
(n = 6) comprised one systematic review and five
articles failing eligibility requirements. The final
analysis included five cohort studies [14, 15, 24-
26] and six case-control studies [16, 17, 27-30], all
published in English, encompassing a total popu-
lation of 115,422 participants (Table 1). The total
number of included cases was 3,381 participants.

Effects of exposure

Figure 2 presents the meta-analysis results eva-
luating the association between prior abortion and
PAS risk, stratified by crude and adjusted analyses.
Crude analyses demonstrated a statistically signifi-
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cant increased risk of PAS (OR = 1.62; 95%CI 1.46-
1.77), with low heterogeneity (I* = 17.8%). Adju-
sted analyses revealed a stronger association (OR
=2.37; 95%CI 1.62-3.12), though with substantial
heterogeneity (I* = 79.5%). Heterogeneity was mar-
kedly higher in adjusted studies compared to crude
analyses (Figure 2). Notably, Ogawa et al. provided
stratified results, reporting both crude and adjusted
estimates for women with 1-2 prior abortions and
> 3 prior abortions [26].

Subgroup analysis
We stratified crude analyses by study design to
evaluate the association between prior abortion
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-
*
*
NOTE: Weights are fram random effects analysis’

Study %

ID OR (95% CI) Weight
Crude |

Eshkoli, 2013 * 212 (1.32, 3.41) 221
Sun, 2023 F 5.17 (2.98, 8.97) 0.28
Tadayon, 2022 . 1.70 (1.16, 2.50) 5.10
Moeini, 2021 . 1.60 (1.08, 2.37) 5.46
Ogawa, 2022 . 1.73 (1.57, 1.91) 35.07
Ogawa, 2022 * 1.45 (1.31, 1.60) 39.41
Parra-Herran, 2016 1.83 (0.58, 5.83) 0.36
Alchalabi, 2014 ; 263 (0.96, 7.20) 0.26
Klar, 2013 . 1.68 (1.14, 2.48) 510
Wu, 2005 . 1.53 (0.99, 2.36) 4.89
Elbery, 2020 I= 22.76 (1.10,470.10) 0.00
Kamara, 2013 * 1.49 (0.74, 3.02) 1.87
Subtotal (I-squared =17.8%, p = 0.270) 1.62 (1.46, 1.77) 100.00
Adjusted

Sun, 2023 . 3.01 (1.70, 5.34) 10.53
Eshkoli, 2013 * 1.51 (0.91, 2.50) 20.89
Ogawa, 2022 3.61 (2.93, 4.45) 21.31
Ogawa, 2022 2.38 (1.93, 2.94) 24.24
Klar, 2013 1.70 (1.19, 2.42) 23.03
Subtotal (l-squared = 79.5%, p = 0.001) 2.37 (1.62, 3.12) 100.00

T 1
-470 0

470

Figure 2.

Begg's funnel plot with pseudo 95% confidence limits

log[OR previous abortion]
/

5 1
s.e. of: log[OR previous abortion]

Figure 3. Funnel plot of previous abortion and risk of placenta accreta
spectrum (PAS).accreta spectrum (PAS).

and PAS risk. The association between previous
abortion and the risk of PAS in cohort studies was
significant [2.15 (95%CI 1.74, 2.57; I>= 82.2%)]. In
case-control studies, the association was significant
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[1.64 (95%CI 1.35, 1.92; I*= 0.0%)]. The heterogenei-
ty was substantially higher in cohort studies com-
pared to case-control designs.

Publication bias

Publication bias was evaluated using Begg’s rank
correlation test (p = 0.323) and Egger’s linear re-
gression test (p = 0.143). Both tests indicated no
statistically significant evidence of publication bias
among the included studies (Figure 3).

Quality of the studies

Quality assessment using the NOS demonstrated
that all included studies except one met our pre-de-
fined threshold for high methodological quality (sco-
res > 7), with detailed scoring presented in Table 2.

DISCUSSION

The meta-analysis demonstrates a consistent asso-
ciation between prior abortion and increased PAS
risk. While substantial heterogeneity was detected
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Table 2.

Score of quality of studies based on the Newcastle Ottawa Scale (NOS).
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First author, year Selection Comparability Exposure Total quality score
Eshkoli, 2013 4 2 2 8
Sun, 2023 3 2 3 8
Tadayon, 2022 3 1 3 7
Moeini, 2021 4 1 2 7
Ogawa, 2022 4 2 3 9

Parra-Herran, 2016
Alchalabi, 2014
Klar, 2013
Wu, 2005
Elbery, 2020

Kamara, 2013

Low quality (< 7 points); High quality (> 7 points).

in adjusted analyses, crude estimates demonstra-
ted remarkable consistency across studies, sug-
gesting that variability in covariate adjustment
approaches may contribute to between-study
differences.

Only a meta-analysis has been conducted regarding
the association between prior abortion and the risk
of PAS, and the authors included six studies in Pub-
Med and Scopus published through February 2017.
The findings indicate that previous abortion did not
significantly increase the risk of abnormally invasive
placenta (OR 1.36; 95%CI 0.84-2.20) [18]. While com-
prehensive searches were performed in PubMed and
Scopus, the exclusion of Web of Science may have
introduced selection bias. These methodological
constraints should be considered when interpreting
the findings. In the present meta-analysis, PubMed
(Medline), Web of Science, and Scopus were syste-
matically searched with 11 studies.

Studies have shown that women with a history of
foetal loss are at a higher risk of abnormal placen-
tation. An et al., based on a multivariable logistic
regression model, reported an association between
increased occurrence of placenta percreta and a hi-
gher number of previous miscarriages [31]. While
our meta-analysis identified a significant associa-
tion, these findings contrast with a Japanese cohort
study [32]. PAS disorders may develop following
any iatrogenic or spontaneous endometrial injury
that disrupts the decidua basalis [33]. Uterine cu-
rettage, as a fundamental technique for induced
abortion, can lead to endometrial damage [34]. It
should be noted, however, that combining medi-
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cal and surgical abortions may dilute the observed
effect if the mechanism is primarily one of mecha-
nical trauma.

Multiple theories have been proposed to explain
the mechanism of PAS. It’s possible that mechanical
factors such as primary defects in the decidua due
to trauma from surgery or biological factors such
as abnormal uterine decidual response to tropho-
blast infiltration, or a combination of both, may be
involved [35]. In PAS, invading trophoblast cells
penetrate deep into the uterine wall, becoming
hypertrophic and increasing in number, while lar-
ge trophoblast cells with multiple nuclei decrease
[34]. Previously, it was thought that a fundamen-
tal defect in trophoblast biological function led to
excessive invasion beyond the physiological atta-
chment zone of the endometrium to the myome-
trium. The current hypothesis suggests that a defect
at the junction of the endometrium-myometrium,
possibly due to previous surgeries, prevents proper
decidualization of the endometrium, allowing for
abnormal trophoblast invasion [8].

The heterogeneity between the results could be due
to the fact that the studies included in this meta-a-
nalysis did not specify the type of abortion (medi-
cal versus surgical).

This meta-analysis had several limitations: 1) He-
terogeneity concerns. Considerable heterogeneity
was observed among adjusted studies (I* = 79.5%).
However, interpretation requires caution, as the
Q-test has limited power with few studies; 2) Una-
djusted confounding. Some included studies did
not fully account for potential confounders (e.g.,
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prior caesarean delivery, maternal age), which may
introduce residual information bias. However, the-
re is a risk that the association found is driven by
the correlation between abortion history and mul-
tiparty / prior caesareans rather than abortion itself;
3) Lack of abortion-type stratification: subgroup
analysis by abortion method (surgical vs medical)
was not possible due to insufficient reporting in
primary studies; 4) We did not use other electronic
databases such as Cochrane Library and Embase in
this study, which is a limitation of the present stu-
dy. Despite these limitations, our findings, based on
115,422 participants across 11 studies, consistently
demonstrate that previous abortion is associated
with an increased risk of PAS.

CONCLUSIONS

This meta-analysis reported that prior abortion is a
risk factor for PAS. These findings suggest clinicians
should incorporate PAS risk assessment into abortion
counselling, particularly for patients with additional
risk factors (e.g., multiparity, advanced maternal age).
Procedure selection may benefit from considering
potential differential effects on endometrial integri-
ty. Although endometrial injury may influence PAS
risk, the current evidence does not allow definitive
recommendations regarding the abortion procedure.
Further research is required to clarify whether the
method of abortion affects endometrial integrity and
subsequent PAS risk.
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INTRODUCTION

Retained products of conception (RPOC) is defi-
ned as placental or trophoblastic tissue retained in
the uterine cavity after a pregnancy. RPOC can be

ABSTRACT

Objective. Retained Products of Conception (RPOC) can be highly vascula-
rized, increasing the risk of severe or life-threatening haemorrhage during
surgery. Identification of high-risk cases is crucial to minimize complications.
The aim of this study was to assess single-step Ultrasound-Guided Hystero-
scopy (UGHys), a minimally invasive technique combining ultrasound and
hysteroscopic guidance for highly vascularized RPOC.

Materials and Methods. We conducted a retrospective study at Careggi Ho-
spital in 2024 on the obstetric population hospitalized for delivery or mi-
scarriage to identify cases of RPOC. Transvaginal ultrasound (TVUS) with
Doppler, performed according to International Endometrial Tumor Analysis
(IETA) criteria, was used to stratify patients by bleeding risk. Low-risk cases
were managed conservatively with TVUS follow-up, whereas high-risk cases
underwent UGHys removal. The primary outcome was procedural success,
defined as complete removal without bleeding.

Results. Among 3,944 screened patients, 62 surgical RPOC were included
(1.57%), of whom 6 (9.67%) were classified as high-risk. Mean gestational age
at termination was higher in the high-risk group (9.67 + 2.84 vs 6.94 + 1.79
weeks; p = 0.034), a difference that was also clinically relevant. All high-ri-
sk cases were successfully treated with UGHys. No intra- or post-operative
complications occurred, all patients were discharged the same day, and no
repeat hysteroscopy was required.

Conclusions. UGHys appears to be a safe and effective single-step technique
for managing highly vascularized RPOC, achieving complete removal avoi-
ding complications and preserving fertility. RPOC following pregnancies
beyond nine weeks or with prolonged persistence are more likely to show
high vascularity and therefore warrant careful assessment.

highly vascularized, resembling an arteriovenous
malformation (AVM) [1-3]. Accurate identifica-
tion of a highly vascularized RPOC is crucial, as
an improper surgical approach could result in li-
fe-threatening haemorrhage. RPOC can complicate
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pregnancies, regardless of gestational age, type of
delivery, spontaneous or induced abortion [4-7].
Currently, there are no established diagnostic cri-
teria or standardized therapeutic protocols for the
management of highly vascularized RPOC. Tran-
svaginal ultrasound (TVUS) plays a key role in dia-
gnosis and the presence of an endometrial tissue,
thickened endometrium, irregular myometrial-en-
dometrial interface, complex endometrial fluid or
an echogenic focus without apparent mass are so-
nographic findings that may indicate RPOC [8-11].
Recently, an ultrasonographic endometrial thick-
ness of > 15 mm, measured two weeks after pri-
mary treatment, has been proposed as a diagnostic
criterion for RPOC after abortion [12]. Additionally,
the use of colour Doppler imaging is crucial for
diagnosis. An echogenic, well-vascularized intra-
cavitary lesion detected after a miscarriage or de-
livery, is suggestive of retained tissue [13]. Further-
more, Kamaya et al., classified RPOC using colour
Doppler into three types, ranging from type 0 (no
vascularization) to type 3, where the endometrial
vascularity is greater than that in the myometrium
[1]. Other authors have also referred to these va-
scularized areas as “marked vascularity” (MV) or
“enhanced myometrial vascularity” (EMV) [14-16].
In the last two decades, hysteroscopy has proven to
be an effective treatment for RPOC and to be supe-
rior to dilation and curettage (D&C) for its removal
due to the achievement of a higher rate of complete
treatment, reduction of the incidence of intraute-
rine adhesions (IUAs) and improving pregnancy
rates [4, 17-20]. Office hysteroscopy is feasible for
patients with RPOCs < 30mm and absent or mini-
mal vascularization on Doppler TVUS [21].

The main unresolved issue concerns determining the
most effective approach to treating women at high-ri-
sk of bleeding, particularly in cases where Doppler
TVUS reveals highly vascularized RPOC resembling
an AVM, a condition variably described in the lite-
rature as “type 3 vascularization”, “EMV” or “MV”.
A two-step hysteroscopy procedure has been pro-
posed for the management of complex RPOC:s (i.e.
highly vascularized). In those studies, operative
hysteroscopies were performed on patients who
had preoperative TVUS done by external provi-
ders, with or without the use of colour Doppler
flow. As a result, proper selection of women truly
at high-risk of bleeding was not guaranteed [4, 22].
Recently, Dewilde et al. proposed an algorithm for
the management of cases with enhanced myome-
trial vascularity [23].
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In these patients, the goal is not only to achieve
complete removal of RPOC while minimizing the
risk of excessive bleeding, and preserve the structu-
ral and functional integrity of the uterine cavity
and endometrium, so optimizing future pregnancy
outcomes. To achieve this, we propose a single-step
hysteroscopy combined with ultrasound for the
management of highly vascularized RPOC.

MATERIALS AND METHODS

The present retrospective, single-centre study, re-
cruited patients diagnosed with RPOC from Ja-
nuary 1% to December 315 2024, at the Department
of Obstetrics and Gynecology of Careggi Hospital
in Florence. 3,103 vaginal or caesarean deliveries,
325 medical and 69 surgical abortions, 307 medical
and 140 surgical terminations of pregnancy were
recorded, resulting in a total of 3,944 patients. All
data were obtained from existing patient files and
electronic medical records, consistent with the re-
trospective study design. In our routine clinical
practice, a gynaecological examination with TVUS
is performed one month after caesarean or vaginal
delivery and two weeks after spontaneous or in-
duced abortion.

In case of RPOC diagnosis, patients were managed
according to the protocol outlined in the flowchart
shown in Figure 1.

Patients diagnosed with RPOC underwent TVUS
examination using a Voluson S10 Expert (GE Heal-
thcare, Milwaukee, WI) equipped with a 2.9 to 9.7

RPOC

level TVUS (CS1-2) 1° level TVUS (CS3-4)

Suspected High-risk

/\: level TVUS (IETA)

Expectant

management 4——— Low-risk | Confirm High-risk |
Surgical management
(UGHys)
Figure 1. Protocol for the Management of Retained Products of Concep-

tion (RPOC).
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Figure 2. High-risk RPOC case. (a) RPOC with evident interruption of the endometrial-myometrial junction. (b) RPOC on colour Doppler imaging showing
vascularization with a dominant vessel crossing the disrupted endometrial-myometrial junction.

MHz endocavitary probe. All sonographic and co-
lour Doppler second-look examinations were con-
ducted by two investigators (M.E.C. and M.G.).
The examination began with the assessment of
uterine position and measurements. Following
the visualization of the ovaries, the uterine cavi-
ty was evaluated using the terms and definitions
established by the International Endometrial Tu-
mor Analysis (IETA) group [24]. RPOC vascularity
was assessed using the colour Doppler box, which
included the endometrium and the surrounding
myometrium, with frequencies at least 5.0 MHz
and pulse repetition frequency between 0.3 and
0.9 kHz. Amount of blood was scored (CS1-CS4)
using the International Ovarian Tumor Analyses
(IOTA), as applied to ovarian masses [25]. No spe-
cific peak systolic velocity cut-off was applied to
identify highly vascularized RPOC, although ve-
locities exceeding 60 cm /s were considered highly
suspicious. The typical TVUS appearance of RPOC
was described according to the recommendations
of the IETA group. Therefore, a characteristic
RPOC was considered as an endometrial lesion
arising from the endometrium, with non-uniform
echogenicity (mixed echogenicity, with greater
hyperechogenic component), irregular edges and
interrupted endometrial-myometrial junction.
Colour Doppler assessment, using a pulse repe-
tition frequency 0.6-0.9 kHz, had to include the
endometrium and the underlying myometrium.
The presence of a dominant vessel crossing the
interrupted endometrial-myometrial junction was
a typical finding (Figure 2). No specific endome-
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trial thickness cut-off has been shown to reliably
distinguish the presence or absence of RPOC.
Patients with minimal or no vascularization (colour
score 1 or 2) were classified as low risk for bleeding.
RPOCs measuring < 30 mm, with CS 1 or 2 on Dop-
pler TVUS and without bleeding, were primarily
managed conservatively with TVUS follow-up until
complete resolution. Cases of increased vasculariza-
tion (CS3-4) had a second-look TVUS performed by
a senior sonographer to confirm the suspicion of hi-
ghly-risk RPOC, quantifying the size and displaying
anastomotic vessels using colour Doppler score.
High-risk RPOC was defined according to IETA
criteria as follows:

1. persistence of trophoblastic tissue on follow-up
scans, regardless of quantity;

presence of still “active” tissue, characterized by
marked vascularity on colour Doppler;
identification of one or more dominant invasive
vessels crossing the endo-myometrial junction
and penetrating into the myometrium.

2.

3.

Study registration and ethical standards

All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the institutional and / or natio-
nal research committee and with the 1964 Helsinki
declaration and its later amendments or compa-
rable ethical standards. This study was approved
by the Regional Ethical Committee (CEAVC 10189,
amendment 16 May 2018, 2018-017, CINECA
10189). Written informed consent was obtained
from all participants.
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Statistical analysis

Patient characteristics were analysed using Fisher’s
exact test or Chi-squared test, as appropriate (IBM
SPSS Statistics for Windows, Version 22.0. Armonk,
NY: IBM Corp.). The difference between groups
was assessed using an independent samples t-test
with unequal variances (Welch's t-test). A P-value <
0.05 was considered statistically significant. Becau-
se this was a retrospective study, all eligible cases
within the study period were included to maximize
statistical power; therefore, no a priori power cal-
culation was performed.

Ultrasound-guided hysteroscopy (UGHys) for hi-
gh-risk retained products of conception

High-risk RPOC cases were managed with ope-
rative hysteroscopy under ultrasound guidance
(UGHys), a minimally invasive approach that is
recommended and routinely implemented in our
institution as part of standard clinical practice, in
operation room under general anaesthesia.
ATVUS was repeated before starting hysteroscopy,
with an empty bladder to confirm the presence of
high-risk RPOC and the exact site of the dominant
vessel (point of adhesion of the retained tissue).
The ultrasound machine was positioned to the ri-
ght of the patient. Subsequently, the bladder was
filled with 120 mL of saline solution to facilitate
transabdominal ultrasound window during hyste-
roscopic procedure. The hysteroscopy procedure
was conducted under ultrasound guidance with
strictly communication between the hysterosco-
pist and the sonographer. During cervical dilatation
with Hegar instruments, ultrasound guidance hel-
ped avoiding high-risk RPOC to prevent bleeding.

Figure 3. Hysteroscopic vision of a retained products of conception.
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A 26Fr resectoscope with an angled loop is intro-
duced and used in a “cold” (non-activated) mode
to grasp and remove the retained tissue from the
opposite side of the trophoblastic adhesion zone,
functioning similarly to a curette (Figure 3). In the
area of adhesions and high-risk of bleeding, ultra-
sound identified endometrial-myometrial junction
interruption with vascular invasion. The surgeon
carefully removed the tissue to minimize the risk
of haemorrhage. In cases of bulky RPOC or mild
bleeding, where the hysteroscopic visualization
was compromised, ultrasound guidance was es-
sential for accurately directing the resectoscope
loop toward the retained tissue. Bleeding naturally
resolved after complete removal of RPOC. In pre-
sence of vessel haemorrhage, ultrasound guided
hysteroscopist to identify the source of bleeding for
selected coagulation (Figure 4).

The complete removal of RPOC was confirmed by
hysteroscopic visualization of empty uterine cavity
and absence of retained tissue by TVUS.

The operative room was equipped for major ble-
eding including intrauterine balloon catheters.
RPOC tissue was sent for pathological examination.
TVUS at 15 days postoperatively, confirmed the
absence of intrauterine remnants and assessed the
improvement of sonographic findings, particularly
the partial restoration of the endometrial-myome-
trial junction.

RESULTS

A total of 62 (1.57% of cases) RPOC surgical pro-
cedures were performed, 42 hysteroscopies and 20

Figure 4. Vessel previously attached to the RPOC, bleeding if touched.
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D&C. The 62 patients were stratified into two risk
groups: low-bleeding-risk (56 patients, 90.33%) and
high-bleeding-risk (6 patients, 9.67%).

The main demographic and ultrasonographic cha-
racteristics of the patients are reported in Table 1.
The majority of RPOC cases occurred after medi-
cal termination of pregnancy (39 cases, 62.9%), fol-
lowed by vaginal delivery (17 cases, 27.4%), caesa-
rean section (5 cases, 8.1%) and surgical termination
of pregnancy (1 case, 1.6%) (Table 2). No cases of
high-bleeding-risk RPOC were observed following
caesarean delivery or surgical termination of pre-
gnancy. The interval between the delivery and the
surgical intervention was 9.78 weeks (SD £ 11.1) in
the low-risk group and 8.14 weeks (SD + 1.6) in the
high-risk group. Conversely, the interval between
early pregnancy loss and surgery was 4.27 weeks
(SD £3.0) in the low-risk group and 11.57 weeks (SD
+7.9) in the high-risk group. The high-risk group
showed a significantly higher mean gestational age
at the time of first-trimester pregnancy termination
compared to the low-risk group (9.67 weeks vs 6.94
weeks; p = 0.034).

Regarding symptoms, vaginal bleeding was the
most frequently reported, occurring in 3 of the 6 pa-
tients in the high-bleeding-risk group (50%) and in
18 of the 56 patients in the low-bleeding-risk group
(32.1%, p = 0.034). Notably, two of the six high-risk
patients presented to the emergency department due
to bleeding.

The six high-bleeding-risk RPOCs were managed
using UGHys procedure. One patient had the uteri-
ne cavity completely filled and obscured by the retai-
ned placental tissue. Two patients were bleeding at
the time of hysteroscopy, so the visualization of the
uterine cavity and the retained tissue was limited.
After the complete removal of the retained tissue, no
major bleeding was observed, and the Foley catheter
was never required. Intraoperative blood loss was
measured in all cases and ranged from 20 to 120 mL,
as recorded in the graduated collection bag. The flu-
id deficit during the procedure was also monitored
and never exceeded 400 mL.

All patients classified as high-risk of bleeding, had hi-
stological analysis response of chorionic villi associated
with a decidual flap, along with necrotic-ischemic or
inflammatory-haemorrhagic changes. The mean size
of placental remnants was 33.3 mm (range: 19-55 mm).
Notably, none of the patients classified in the high-risk
group had documented coagulation disorders.

All patients were admitted and discharged on the same
day. None required a second hysteroscopic procedure
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Table 1. Demographic and sonographic data of patients with RPOC.
RPOC low-risk RPOC high-risk p-value
(n=56) (n=6)
Age (yrs, mean) 354 333 0.33
(range 27-47) (range 22-40)
BMI (mean) 23.1 23.5 0.55
(range 18-32) (range 21-27)

Smoke (n of patients) 7 (12.5%) 3 (50%) 0.045
n of previous 2.78 (SD + 1.44) 2.33(SD + 1.75) 0.54
pregnancies
n of previous 1.28 (SD +£0.97) 0.83 (SD +0.75) 0.23

deliveries
Conception by ART 5 (8.9%) 1 (16.66%) >0.9
(n of patients)
Previous caesarean 17 (30.3%) 0 (%) 0.18
section (n of patients)
Previous intrauterine 23 (41%) 2(33.33%) >0.9
curettage (n of
patients)
Previous 2(3.5%) 0 (%) >0.9
myomectomy
(n of patients)
Interval between term  9.78 (SD + 11.1) 8.14(SD £ 1.6) 0.57
pregnancy to surgery
(weeks)
Interval between early 4.27 (SD +3) 11.57 (SD £7.9) 0.162
pregnancy to surgery
(weeks)
RPOC thickness on 19.03 (9-47) 24.6 (11-46)
TVUS (mm)
Colour Doppler score CS1=36 cs1=/ <0.001
(n of patients) CS2=18 cs2=/
CS3=2 CS3=2
CS4=/ CS4=4
RPOC size 24.7 (5-60) 33.33(19-55)

histopathology (mm)

n: number; BMI: body mass index; ART: assisted reproductive technology.

Table 2.  Early and term pregnancy with low and high-risk RPOC.

RPOC RPOC

low-risk high-risk T‘::/a; n P-value
(n=56) (n=6) ?
Gestational age after 385 39.9 0.055
term pregnancy (SD +2.6) (SD+0.4)
(weeks)

Vaginal delivery 15 2 17 (27.4) 0.7
Caesarean section 5 0 5(8.1) 0.4
Gestational age after 6.94 9.67 0.034

early pregnancy (SD+1.79) (SD+2.84)

termination (weeks)
Medical pregnancy 35 4 39 (62.9) 0.8
termination
Surgical pregnancy 1 0 1(1.6) 0.7
termination
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for complete removal of retained tissue. The ultra-
sound control at fifteen days after the procedure
confirm complete removal of the retained tissue
in all cases and a partial restore endo-myometrial
junction.

DISCUSSION

Main findings

A key challenge in the diagnosis and management
of RPOC patients concerns the accurate interpreta-
tion of ultrasound findings, particularly the asses-
sment of colour Doppler. As an intrauterine lesion,
RPOC should be describe with the terms and de-
finitions of the International Endometrial Tumor
Analysis (IETA) terminology [24]. Therefore, a cha-
racteristic retained products of conception should
be described as an endometrial lesion arising from
the endometrium, with non-uniform echogenicity
(mixed echogenicity, with greater hyperechogenic
component), irregular edges and interrupted un-
derlying endometrial-myometrial junction. Colour
Doppler assessment, using a pulse repetition fre-
quency 0.6-0.9 kHz, should include both the en-
dometrium and the underlying myometrium. The
most critical clinical indicator and sonographic pat-
tern is bleeding and / or persistence of an endome-
trial lesion over time, that remains attached to and
infiltrates the underlying myometrium. Accurate
use of TVUS and Doppler requires specific skills,
therefore, all cases of suspected or highly vascula-
rized RPOCs should be referred for a second-level
evaluation by an experienced sonographer.

Our analysis identified a statistically significant
higher risk of developing highly vascularized
RPOC in later gestational ages compared to earlier
gestational ages (mean gestational age: 9.67 weeks
vs 6.94 weeks; P-value 0.034), an association that
has not been previously reported in the scientific
literature. This increased risk may be linked to the
physiologic remodelling of maternal spiral arte-
ries, which regulate uteroplacental blood inflow
into the intervillous space. Prior to 8 weeks of ge-
station, these arteries remain largely occluded by
trophoblast plugs and from tortuous, non-perfused
networks, resulting in limited placental perfusion.
Beginning around 9 weeks, recanalization of the
spiral arteries initiates from the placental periphery
— a process typically completed by 12 weeks — le-
ading to progressive increases in vascularization
and blood flow within the placental bed [26, 27].
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Therefore, caution is recommended when mana-
ging RPOC after first-trimester termination beyond
9 weeks’ gestation.

Another notable observation concerns the interval
between early pregnancy termination and subse-
quent surgery. The interval between the end of
early pregnancy and surgery differed between the
low- and high-risk groups, suggesting that pro-
longed persistence of the lesion may represent a
significant risk factor for the development of in-
creased vascularization. The presence of retained
tissue beyond 9 weeks’ gestation — thus following
the onset of spiral artery remodelling — is associa-
ted with inevitable villous necrosis over time. As
hypothesized by Borell, this necrosis may contribu-
te to the formation of a fistulous circuit, resulting
in arterial-to-venous shunting and ultimately to the
development of a highly vascularized RPOC [28].
Expectant management is not recommended in
high-risk RPOC patients, particularly in patients
experiencing vaginal bleeding (observed in 50%
of our cohort). A prolonged follow-up — extended
over several months — increase patient anxiety, the
risk of infection, delay of conception and follow-up
drop-out; in fact, expectant management of patients
with highly vascularized RPOCs remains questio-
nable due to its high failure rate [29, 30].

In high-bleeding-risk RPOC, the integrated appro-
ach offered by Ultrasound-Guided Hysteroscopy
(UGHys) enhances procedural safety. Compared
with conventional blind dilation and curettage
(D&C), UGHys provides direct visualization of
the uterine cavity and real-time ultrasound mo-
nitoring, reducing the risk of uterine perforation,
particularly relevant in postpartum uteri, which are
structurally softened and more vulnerable to injury.
Ultrasound guidance also improves the accuracy of
resectoscope navigation, allows identification of the
bleeding vessel with colour Doppler, and facilitates
the complete removal of placental remnants, even
in bulky or actively bleeding RPOC with limited
endoscopic visibility. Manual vacuum aspiration
(MVA) is also considered a method for managing
RPOC; however, as a blind technique, it may be
less suitable in highly vascularized or bleeding ca-
ses. These aspects make UGHys a safer and more
controlled option than both blind D&C and MVA
in high-risk cases. An additional strength of our
study is the educational value of ultrasound gui-
dance during operative hysteroscopy. Real-time
imaging can support trainees, including residents
in obstetrics and gynaecology, by improving their
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understanding of uterine anatomy, vascular pat-
terns, and procedural steps. This aligns with the
growing role of digital visual resources in gynae-
cologic training and may enhance learning effecti-
veness and procedural safety [31]. UGHys is a safe
procedure that avoids emergency procedures such
as D&C, embolization or hysterectomy. It preser-
ves the morphological and functional integrity of
the uterus, thereby its potential to support future
pregnancies.

Strengths and limitations

The main strength of our study lies in the systema-
tic application of International Endometrial Tumor
Analysis (IETA), terminology to describe RPOC ul-
trasound features, together with standardized Dop-
pler assessment. Moreover, we provide new evi-
dence linking later gestational age and prolonged
persistence of retained tissue with a higher risk of
developing highly vascularized RPOC. Long-term
follow-up was not part of the study design, as per
the hospital-approved protocol; however, at the 15-
30-day ultrasound control, an intact uterine cavity
and cessation of bleeding were documented in all
cases. The main limitations are its retrospective,
single-centre design and the limited number of hi-
gh-risk cases, which reduces the statistical strength
of subgroup analyses.

CONCLUSIONS

To our knowledge, this is the first study recommen-
ding the use of International Endometrial Tumor
Analysis (IETA) terminology to describe RPOC on
TVUS and suggesting that later gestational age and
prolonged lesion persistence are significant risk
factors for developing highly vascularized RPOC.
UGHYys appears to be a safe and effective treatment
option in these patients, with the potential to pre-
serve reproductive outcomes.
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INTRODUCTION

ABSTRACT

Objective. To assess the effect of neoadjuvant chemotherapy (NACT) on pa-
thological tumour burden in the primary tumour site and metastatic regions
in patients with advanced epithelial ovarian cancer (EOC).

Materials and Methods. This retrospective study included FIGO stage III-IV
EOC patients who underwent either primary debulking surgery (PDS) or
NACT followed by interval debulking surgery (IDS). Tumour involvement
in the ovaries (primary site) and other anatomical locations (metastatic sites)
was recorded separately. Pre-treatment CA-125 levels and postoperative pa-
thological findings were compared between groups.

Results. Seventy-six patients were evaluated (36 NACT+IDS, 40 PDS).
Pre-treatment CA-125 levels were significantly higher in the NACT group.
Although direct quantitative measurement of tumour burden was not perfor-
med, NACT-treated patients showed a marked decrease in CA-125 levels and
a clinically evident reduction in tumour volume at IDS. Pathological asses-
sment revealed lower tumour involvement in the ovaries after NACT, whe-
reas metastatic site involvement remained comparable between the groups.

Conclusions. NACT may reduce primary tumour burden and facilitate
cytoreductive surgery; however, its effect on metastatic regions appears li-
mited. These findings support the possibility that biological heterogeneity
may contribute to regional differences in chemotherapy response. Given the
retrospective design, limited sample size, and absence of standardized histo-
pathologic response scoring or molecular profiling, prospective multicentre
studies incorporating detailed molecular characterization are required to bet-
ter elucidate NACT response patterns in EOC.

advanced-stage OC have shown limited improve-
ment over the past decade.

Ovarian cancer (OC) is the fifth leading cause of =~ For FIGO stage III-IV patients, primary debulking
cancer-related death among women [1]. Despite ~ surgery (PDS) is the standard initial treatment.
advances in treatment, five-year survival rates for ~ Since the 2012 NCCN guideline recommended
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neoadjuvant chemotherapy (NACT) with inter-
val debulking surgery (IDS) for high-risk surgical
candidates, the use of NACT has increased [2-5].
NACT reduces surgical morbidity and improves
optimal cytoreduction rates; however, randomized
trials have not shown a clear advantage of NACT
over PDS in progression-free or overall survival [2,
6-8].

Only a limited number of studies have evaluated the
pathological response to NACT in epithelial ovarian
cancer (EOC). These studies have employed various
histopathologic assessment tools, such as patholo-
gical complete response (pCR) and chemotherapy
response scoring (CRS), and have shown improved
outcomes in patients achieving pCR. Nevertheless,
PCR rates in EOC remain low, generally ranging
from 0% to 4-14% [6, 8-11]. Accurate pCR assessment
is difficult because IDS often requires extensive tis-
sue removal. Moreover, no comprehensive study has
compared NACT response between the primary tu-
mour and different metastatic sites.

EOC exhibits biological and genetic heterogeneity,
supported by its ability to spread through hemato-
genous, lymphatic, and direct invasion pathways.
This heterogeneity may contribute to regional va-
riations in chemotherapy response. Recent studies
highlighting promising results with inhibitors
targeting the BRAF and MEK pathways [12] and
the established roles of BRCA1/2 mutations and
homologous recombination deficiency (HRD) in
mediating chemotherapy sensitivity [13], under-
score the growing importance of tumour biology
in guiding therapeutic decision-making.

Given that diverse metastatic pathways may reflect
underlying molecular heterogeneity, which could
influence regional chemotherapy response, this
study aimed to evaluate the pathological effects
of NACT separately in the primary tumor and in
distinct metastatic sites.

PATIENTS AND METHODS

This retrospective study included patients with
advanced-stage EOC who were treated at the De-
partment of Obstetrics and Gynecology, Hacettepe
University, between 01/01/2009 and 01/05/2017.
Patients with a diagnosis of FIGO stage III-IV EOC
were included in the study. The diagnosis was con-
firmed by biopsy, cytological evaluation, or histo-
pathological examination of surgical specimens.
Patients with non-epithelial ovarian tumours, in-
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complete clinical data, unavailable pathology speci-
mens, or those whose initial surgery or pathological
evaluation had been performed at another institu-
tion were excluded.

Patients were divided into two groups: those who
underwent interval debulking surgery (IDS) after
neoadjuvant chemotherapy (NACT), and tho-
se who underwent primary debulking surgery
(PDS). NACT consisted of paclitaxel plus carbo-
platin administered every three weeks according
to standard protocols. Most patients received three
cycles; however, four or more cycles were given
when clinically indicated.

All surgical specimens were evaluated by gynaeco-
logic pathologists. The ovaries and fallopian tubes
were considered the primary tumour site. Metasta-
tic sites included the omentum, peritoneal surfaces,
pelvic and paraaortic lymph nodes, peritoneal im-
plants, and solid organ metastases. For each anato-
mical region, tumour involvement was recorded as
present or absent. No quantitative scoring system
was used; assessment was based on tumour posi-
tivity in the primary site and in metastatic regions.
Clinical, laboratory, surgical, and pathological data
were retrieved retrospectively from the hospital’s
electronic medical record system. The study was
approved by the Hacettepe University Faculty
of Medicine Clinical Research Ethics Committee
(Date: 16/05/2017, Approval No:GO 17/456-44).
Owing to the retrospective design, additional in-
formed consent was not required; all data were
anonymized and evaluated in accordance with the
principles of the Declaration of Helsinki. Demo-
graphic characteristics, CA-125 levels at diagnosis,
surgical findings, and pathological outcomes were
compared between groups. Tumour involvement
in the primary and metastatic sites was analysed
separately for both groups.

Statistical analysis

Statistical analyses were performed using SPSS
software (IBM SPSS Statistics for Windows, Version
23.0; IBM Corp., Armonk, NY, USA). The normality
of distribution was assessed with the Kolmogoro-
v-Smirnov test. Numerical variables with normal
distribution were presented as mean + standard
deviation, whereas non-normally distributed va-
riables were presented as median (min-max). Ca-
tegorical variables were expressed as frequencies
and percentages.

The Mann-Whitney U test was used for compa-
risons of non-normally distributed numerical va-
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Table 1. Demographic characteristics of patients in the NACT-IDS and PDS
groups.
Characteristic Study Group Control Group
Age (median) 60 55.5
Menopausal status
Perimenopausal 9 9
Postmenopausal 27 31
CA-125 at diagnosis (median) 1,387 301.5
CA-125 at diagnosis (mean) 2,881.21 783.69
Number of NACT cycles
3 cycles 28 0
4 or more cycles 8 0

Table 2. Histological subtypes in patients undergoing NACT-IDS versus
PDS.

. . Pearson
Histological Type = NACT Group PDS Group Chi-Square
Serous carcinoma 32 (88.9%) 25 (62.5%) 0.008
Other histologies 4(11.1%) 15 (37.5%) 0.008

Table 3. CA-125 levels at diagnosis in NACT-IDS and PDS groups.

CA-125 NACT-IDS PDS P-value
Minimum 152 7
Maximum 19,716 4,575

Median 1,387 301.50 <0.001

Table 4. Pre- and post-NACT CA-125 levels in the NACT-IDS group.

CA-125 At diagnosis Post-NACT P-value
Minimum 152 4
Maximum 19,716 2,464
Median 1,387 335 <0.001
Table 5. CA-125 levels before debulking surgery in NACT-IDS versus PDS
groups.
CA-125 Post-NACT PDS P-value
Minimum 4 7
Maximum 2,464 4,575
Median 335 301.50 <0.001

riables. The Wilcoxon signed-rank test was applied
for paired non-normally distributed variables. Pe-
arson’s chi-square test or Fisher’s exact chi-square
test was used for comparisons of categorical va-
riables, as appropriate.

RESULTS

Between 01/01/2009 and 01/05/2017, data from
383 patients who underwent surgery for OC at
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our institution were identified through the patho-
logy database. Of the 52 patients who had recei-
ved neoadjuvant chemotherapy (NACT), 16 were
excluded because IDS could not be completed or
relevant data were unavailable. The study group
(NACT-IDS) consisted of 36 patients, and the con-
trol group included 40 patients who underwent
primary debulking surgery (PDS).

The demographic characteristics of the patients
are presented in Table 1. The median CA-125 level
at diagnosis was 1,387 in the NACT-IDS group
and 301.5 in the PDS group. CA-125 levels were si-
gnificantly higher in the NACT group (p < 0.001).
Among the patients receiving NACT, 8 received
four or more cycles, while 28 received three cycles;
no patient received fewer than three cycles. All
patients were treated with a paclitaxel-carboplatin
regimen.

Based on the final pathological evaluation, histo-
logic diagnoses were categorized as serous epithe-
lial carcinoma or other histologic subtypes. In the
NACT-IDS group, 32 patients (88.9%) had serous
histology, and 4 patients (11.1%) had non-serous
tumours. In the PDS group, 25 patients (62.5%)
had serous histology, and 15 patients (37.5%) had
other histologic subtypes. Serous tumors were
more frequent in the NACT group, and this dif-
ference was statistically significant (p = 0.008)
(Table 2).

CA-125 values for the NACT-IDS and PDS groups
are presented in Tables 3, 4, and 5. At diagnosis,
CA-125 levels were significantly higher in the
NACT-IDS group compared with the PDS group
(p < 0.001). In the NACT group, CA-125 levels
measured after completion of chemotherapy were
significantly lower than the baseline diagnostic
values (p < 0.001). When preoperative CA-125 le-
vels were compared, the NACT-IDS group had
significantly lower values than the PDS group (p
< 0.001).

Tumour involvement in the ovaries, omentum, pe-
ritoneum, and retroperitoneal lymph nodes was
assessed in both groups (Table 6). Among the 36
patients in the NACT-IDS group, ovarian invol-
vement was present in 20 patients (55.6%) and
absent in 16 patients (44.4%). In the PDS group,
ovarian involvement was observed in 37 of 40
patients (92.5%), while 3 patients (7.5%) had no
ovarian disease. Ovarian involvement was signi-
ficantly lower in the NACT-IDS group (p < 0.001).
There were no statistically significant differences
between the two groups regarding tumour invol-
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Table 6. Histological subtypes in patients undergoing NACT-IDS versus
PDS.

Histological Anat?mlcal NACT PDSGroup  P-value
Type Site Group
Ovarian mass Positive 20 (55.6%) 37 (92.5%) <0.001
Negative 16 (44.4%) 3(7.5%) <0.001
Omental mass Positive 23 (63.9%) 17 (42.5%) 0.062
Negative 13 (36.1%) 23 (57.5%) 0.062
Peritoneal Positive 28 (77.8%) 23 (57.5%) 0.06
mass Negative 8(22.2%) 17 (42.5%) 0.06
Pelvic lymph Positive 9 (25%) 1(27.5%) 0.805
node Negative 27 (75%) 29 (72.5%) 0.805
Paraaortic Positive 12 (33.3%) 12 (30%) 0.755
lymph node Negative 24 (66.7%) 28 (70%) 0.755

vement of the peritoneum, omentum, pelvic lym-
ph nodes, or paraaortic lymph nodes (Table 6).

DISCUSSION

In this study, we evaluated the effect of neoadju-
vant chemotherapy (NACT) on the primary tu-
mour and metastatic sites in EOC. Although NACT
substantially reduced overall tumour burden, our
findings indicate that it did not achieve complete
pathological response in most metastatic regions.
Previous studies have shown that NACT reduces
postoperative morbidity without compromising
survival and offers surgical advantages such as
reduced blood loss, shorter operative time and ho-
spitalization, and higher rates of optimal cytore-
duction [14-16]. These benefits have largely been at-
tributed to a decrease in tumour burden. Although
we did not directly quantify tumour burden in our
cohort, intraoperative assessments during interval
debulking surgery revealed a notable reduction
in tumour volume compared with initial surgical
biopsies. In addition, CA-125 levels demonstrated a
significant decline after NACT, further supporting
its effect on tumour burden reduction.

The number of studies evaluating the pathologi-
cal response to NACT in EOC is limited. Existing
reports have used various scoring systems, inclu-
ding pathological complete response (pCR) and
chemotherapy response scoring (CRS), to assess
treatment response [2-5, 7, 9, 14]. Although pCR
has been associated with improved prognosis, pCR
rates in OC remain low, typically ranging between
0% and 4-14% [2-8, 10, 17]. Consistent with prior li-
terature, no cases of pCR were observed in our stu-
dy. This finding may be attributable to chemothe-
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rapy resistance arising from underlying biological
heterogeneity.

To date, no comprehensive study has directly com-
pared the response to NACT at the primary tumour
site versus different metastatic regions. In our analy-
sis, ovarian involvement was significantly lower in
the NACT group, suggesting a more pronounced
response in the primary tumour site. Although bio-
logical or vascular differences in the primary tu-
mour region may contribute to this finding, further
molecular and histopathological investigations are
needed to clarify the underlying mechanisms.

In 2015, Bohm et al. introduced a chemotherapy re-
sponse score (CRS) to evaluate treatment response
in omental implants, demonstrating that higher
CRS scores were associated with improved pro-
gression-free and overall survival. They also sug-
gested that chemotherapy sensitivity may be more
prognostically relevant than the extent of cytore-
duction [17]. However, that study did not extensi-
vely evaluate response patterns across the primary
tumour and all metastatic sites. In our study, while
the primary tumour demonstrated a more favou-
rable response to NACT, persistent tumour positi-
vity in metastatic regions indicates that assessing
pathological response in each site separately may
have clinical relevance. Given the capacity of EOC
to metastasize through multiple pathways, diffe-
rent genetic variants may emerge in distinct meta-
static locations, potentially contributing to varied
levels of chemotherapy resistance. Indeed, recent
studies highlight the roles of BRCA1/2 mutations
and homologous recombination deficiency (HRD)
in shaping chemotherapy sensitivity and may help
explain regional differences in treatment respon-
se [13]. Similarly, molecular investigations of the
BRAF and MEK pathways offer additional insight
into resistance mechanisms observed in certain me-
tastatic areas [12].

Sokolenko et al. examined tumour tissue before and
after NACT in BRCAl-mutated patients and repor-
ted that, in 11 of 17 cases, post-treatment residual
tumour consisted predominantly of cells retaining
BRCA function [18]. The authors suggested that this
pattern reflects clonal selection of BRCA-proficient,
chemotherapy-resistant cells rather than acquisi-
tion of new mutations [18]. This finding implies
that continuing platinum-based therapy in tumours
that have developed resistance may yield limited
benefit. As cancer treatment is a dynamic process,
adapting therapeutic strategies according to biolo-
gical response may improve long-term outcomes.
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While NACT in our study did not achieve complete
response in all tumour regions, this should not be
viewed solely as treatment failure. Instead, early
identification of chemotherapy resistance may offer
an opportunity to modify treatment regimens and
guide the development of more effective persona-
lized therapies.

CONCLUSIONS

Our study demonstrates that although neoadjuvant
chemotherapy (NACT) leads to a marked reduction
in overall tumour burden, its effect on metastatic
sites appears limited. Given its retrospective desi-
gn, small sample size, and the absence of long-term
follow-up and survival data, these findings should
be interpreted with caution. Furthermore, the lack
of detailed histopathologic response scoring and
molecular profiling restricts a more comprehensive
evaluation of the biological response to NACT.

To better understand the clinical relevance of the
differing response patterns observed in primary
and metastatic tumour sites, prospective multi-
centre studies incorporating molecular biomarkers
(including BRCA /HRD status and other genetic
alterations) and standardized histopathologic re-
sponse scoring are needed. Such studies may help
identify mechanisms of chemotherapy resistance at
an earlier stage and contribute to the development
of personalized treatment strategies, facilitating
timely integration of emerging targeted therapies.
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INTRODUCTION

ABSTRACT

Objective. Infertility and fertility treatments are associated with substantial
mental health burdens, yet systematic evidence on prevalence, correlates, and
interventions across global contexts remains fragmented. The objective is to
systematically review mental health outcomes, including prevalence of de-
pression, anxiety, stress, and quality of life impairments, alongside correlates
and effects of psychosocial interventions in individuals undergoing infertility
evaluation and fertility treatments.

Methods. Systematic extraction from 38 diverse studies (cross-sectional n =
17, prospective cohorts n = 6, RCTs n = 4, others), spanning low / middle-inco-
me (e.g., Iran n = 6, India n = 3) and high-income countries, assessing standar-
dized outcomes via DASS, FertiQoL, GHQ-28, MINI, and others in clinic-ba-
sed samples (n = total > 30,000).

Results. Clinically significant depression (40-60%) and anxiety (40-75%) pre-
vailed, with infertility-specific stress in 80-92%; women exceeded men (39%
vs 15% MDD). Emotional/ relational QoL domains scored lowest. Correlates
included female gender, childlessness, low SES, stigma, and poor sleep (OR =
9-16). RCTs showed hope therapy reduced depression (AMD =-3.1, p < 0.001)
and ACT improved FertiQoL (AMD = 14.8, p < 0.001). Pre-treatment depres-
sion lowered treatment initiation (OR = 0.55) and live birth odds (aOR = 0.83);
emotional QoL predicted pregnancy (+2.4% /unit).

Conclusions. High mental health morbidity underscores need for routine screening
and scalable interventions like ACT /hope therapy to enhance both psychological
well-being and reproductive success, particularly in high-burden LMIC settings.

sequences. Epidemiological estimates suggest
that around 10-15% of reproductive-age couples

Infertility is a major global public health concern ~ worldwide experience infertility, with rates of-

with profound psychological and social con-

ten higher in low- and middle-income countries
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where infectious, environmental, and health-sys-
tem factors compound reproductive risk [1, 2]. Be-
yond biomedical implications, infertility threatens
core social roles related to parenthood, marriage,
and family continuity, particularly in pronatalist
cultures where childbearing is strongly linked to
social status, marital stability, and economic se-
curity. A literature review synthesizes data from
32 low-bias studies involving 124,556 women, re-
porting a pooled prevalence of infertility at 46.25%
(95%C1 37.73-54.77) and primary infertility at 51.5%
(95%CI 32.74-70.26), though these figures reflect
clinic-based samples rather than population-level
lifetime rates [1]. The cited WHO foundation aligns
with broader global assessments, such as lifetime
prevalence near 17.5% (1 in 6 people), with compa-
rable rates across income levels but elevated bur-
dens in low-resource settings due to untreated STIs
and poor care access [3].

Infertility and its treatment are closely associated
with elevated rates of common mental disorders,
especially depression, anxiety, and stress-related
conditions. Clinic-based studies consistently report
that approximately 40-60% of women undergoing
infertility evaluation or assisted reproductive tech-
nologies (ART) meet criteria for clinically signifi-
cant depressive or anxiety symptoms, substantially
exceeding rates in the general population or fertile
controls [4]. Infertility-specific stress, encompassing
personal, marital, and social domains, is even more
pervasive, affecting 80-90% of patients in several
cohorts, with personal and marital distress typical-
ly exceeding social stress [5]. Men are also affected,
though prevalence estimates are generally lower;
in mixed-gender samples, major depressive disor-
der is observed in roughly 15-30% of male partners
during treatment episodes [6].

Multiple, interacting mechanisms contribute to this
heightened mental health burden. At the individual
level, the chronic uncertainty of not conceiving, re-
peated treatment failures, and invasive procedures
contribute to sustained emotional strain, fear, and
hopelessness. Biological and iatrogenic factors such
as hormonal stimulation, physical side effects of
treatment, and sleep disruption may further exac-
erbate vulnerability to mood and anxiety disorders.
Relationally, infertility can strain couple dynamics,
diminishing partner support and increasing con-
flict over finances, sexual intimacy, and treatment
decisions; in some settings, women report neglect,
emotional abuse, or violence from partners and
in-laws in the context of childlessness [7]. Socially,
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stigma, blame (often directed at women even when
male factor infertility is present), and community
scrutiny intensify shame and isolation, particularly
in societies where motherhood is central to female
identity and social value [8].

Socioeconomic and structural determinants play
a critical role in shaping mental health outcomes
in this population. Low income, unemployment,
rural residence, and lower educational attainment
are repeatedly associated with higher levels of de-
pression, anxiety, and poorer quality of life among
infertile individuals. In many countries, high
out-of-pocket costs for fertility treatment create
additional financial stress, with couples sometimes
incurring substantial debt or sacrificing other basic
needs to pursue ART [9]. Conversely, some studies
indicate that higher education and better econom-
ic resources are not uniformly protective, as more
educated women in resource-intense ART settings
may experience heightened performance pressure,
perfectionism, and awareness of prognostic un-
certainty, which can drive anxiety. For instance, a
study analysed 1,420 Spanish university students
and found that academic perfectionism positively
correlates with better grades but negatively affects
well-being dimensions (e.g., personal growth, life
satisfaction), with women showing compromised
well-being across all areas. In resource-intense,
high-demand settings like medicine (3 =-0.461 for
degree demand mediating perfectionism-well-be-
ing link), perfectionism exacerbates mental health
risks, including higher suicidal thoughts in women
(M =29.99 vs non-suicidal, t =-7.66, p < 0.001) [10].
Importantly, mental health is not only a conse-
quence but may also influence treatment engage-
ment and reproductive outcomes. Depressive
symptoms have been associated with lower like-
lihood of initiating or continuing recommended
fertility treatment, potentially due to reduced mo-
tivation, pessimistic expectations, or difficulties in
navigating complex care pathways [11]. Pre-exist-
ing depression and anxiety, as well as the use of
certain psychotropic medications, have been linked
in some studies to modestly reduced odds of preg-
nancy and live birth and to higher miscarriage risk,
although findings differ by drug class and clinical
context [12]. At the same time, better emotional
quality of life prior to embryo transfer and high-
er resilience appear to predict more favourable
pregnancy outcomes, suggesting bidirectional re-
lationships between psychological well-being and
fertility treatment success.
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In response to this substantial burden, a range of
psychosocial interventions has been developed and
evaluated for people with infertility. Group-based
hope-oriented counselling, mindfulness-based cog-
nitive approaches, and acceptance and commitment
therapy have shown clinically meaningful reduc-
tions in depression and stress and improvements
in fertility-related quality of life among women and
couples undergoing or recovering from fertility
treatment. However, despite high levels of distress,
mental health service utilization remains low; only a
minority of highly distressed patients report receiv-
ing information about, or engaging with, specialized
psychological support in fertility settings. This gap
underscores the need for integrated models of care
that incorporate routine psychological assessment,
early identification of high-risk individuals, and ac-
cessible, evidence-based psychosocial interventions
alongside medical treatment for infertility.

MATERIALS AND METHODS

Study design and reporting standards

This study was designed as a systematic review
of observational and interventional studies exami-
ning mental health outcomes among individuals
and couples who experienced infertility and / or un-
derwent fertility treatment. The review followed
the Preferred Reporting Items for Systematic Re-
views (PRISMA) guidelines and was conducted
according to a protocol defined a priority [13, 14].
The protocol specified the review question, eligi-
bility criteria, search strategy, methods for study
selection, data extraction, risk of bias assessment,
and data synthesis. Figure 1 represents the PRISMA
diagram for the selected studies.

Eligibility Criteria

Eligibility criteria were structured using the PICOS
framework [15, 16]. The population included wo-
men, men, or couples with primary or secondary
infertility, or those who underwent any fertility
treatment, including medical management, ovula-
tion induction, intrauterine insemination, IVF, or
ICSI, as well as relevant comparison groups such
as fertile controls or general population samples
where available. The exposures and interventions
of interest encompassed Infertility or fertility tre-
atment as exposures in observational studies and
psychosocial or psychological interventions (e.g.
cognitivebehavioural therapy, mindfulnessbased
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Figure 1. PRISMA diagram for selection of inclusion studies (n = 40).

interventions, acceptance and commitment therapy,
hopeoriented or group counselling, infertilityfocu-
sed psychoeducation) in interventional studies.

Information sources and search strategy

A comprehensive search strategy was implemented
across major electronic databases, including Pub-
Med, Google Scholar, Web of Science, Scopus, and
Cochrane, from database inception from 2015 to
2025. The search used a combination of controlled
vocabulary (e.g. MeSH, Emtree) and freetext terms
related to infertility and mental health.

Core concepts included “infertility”, “subfertility”,
“assisted reproductive technology”, “IVE”, and
“IUI"”, combined with terms such as “mental he-
alth”, “depression”, “anxiety”, “stress”, “psychia-
tric”, “common mental disorders”, “distress”,
“quality of life”, “FertiQoL”, and “psychological
intervention” using Boolean operators (“AND” /
“OR”) as appropriate. Search strategies were tailo-
red to each database’s indexing system and were
refined iteratively. Reference lists of all included
articles and relevant systematic reviews were hand-
searched to identify additional studies. Where ap-

plicable, grey literature sources (e.g. trial registries)
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were also explored, and all search dates and strate-
gies were documented in detail.

Study selection

The study selection process was conducted in two
stages by two independent reviewers to reduce
selection bias. First, titles and abstracts retrieved
from the searches were screened against the pre-
defined eligibility criteria to identify potentially
relevant records. Second, fulltext articles of all po-
tentially eligible studies were obtained and asses-
sed independently by the same reviewers for final
inclusion. Reasons for exclusion at the fulltext sta-
ge (e.g. ineligible population, design, or outcomes)
were systematically recorded. The overall selection
process was summarized in a PRISMA flow dia-
gram, showing the number of records identified,
screened, excluded, and included.

Data extraction and management

Data extraction was carried out independently by
two reviewers using a standardized, piloted data
extraction form. Extracted variables included study
identifiers (authors, year, country), study design,
setting, sample size, sampling method, participant
characteristics (e.g. age, sex, type and duration of
infertility, treatment type, socioeconomic indica-
tors), details of comparison groups where relevant,
mental health and qualityoflife instruments.

Quality assessment

Methodological quality of the included studies
was evaluated independently by two reviewers.
The Joanna Briggs Institute (JBI) Critical Appraisal
Checklist examine the quality assessment [16]. Re-
presentativeness, sampling methods, measurement
validity, response rates, and data analysis were
used in evaluating the studies. The studies were
classified into these three levels of risk: low, mo-
derate and high bias using these criteria. A score
was assigned on the low risk of bias, moderate risk
of bias, and high risk of bias and the papers were
scored and categorised into these levels: low risk
of bias when the score was 7 or higher, moderate
risk of bias when the score was 4 to 6, and high
risk of bias when the score was lower than 4. Some
studies when they pointed out to the existence of
bias, the meta-analysis did not incorporate them.

Data synthesis
Given the anticipated heterogeneity in study de-
sign, populations, and measurement instruments,
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a narrative synthesis approach was applied. Fin-
dings were organized according to mental health
outcomes (e.g., depression, anxiety, stress, quality
of life). Correlates were synthesized across studies
to highlight consistent associations and gaps. Whe-
re available, effect sizes, prevalence estimates, and
mean scores were summarized. Subgroup analyses
(e.g., fertility treatment type, cultural context, so-
ciodemographic factors) were highlighted to pro-
vide contextual interpretation.

RESULTS

Study characteristics

Studies spanned diverse global regions, with he-
avy representation from low- and middle-income
countries including Pakistan (n = 3), India (n = 3),
Iran (n = 6), Bangladesh (n = 2), and Ethiopia (n
= 2), alongside higher-income settings in Canada
(n =2), USA (n=4), Sweden (n = 2), and others.
Most employed cross-sectional designs (n = 17),
capturing point-in-time mental health snapshots
in infertility clinics, while prospective cohorts (n
= 6) tracked changes over treatment periods up
to 18 months, and register-based cohorts (n = 2)
leveraged national data for long-term outcomes
spanning 10 years. Randomized controlled trials
(n = 4) evaluated interventions like hope therapy
and mindfulness-based cognitive therapy, with
sample sizes ranging from 54 to 60 participants.
Table 1 shows the characteristics of populations
included in this study.

Population demographics

Participants were predominantly women (85-95%
in most studies), with mean ages typically 29-35
years across clinic samples; older cohorts (mean
35-41 years) appeared in IVF-specific studies. In-
fertility durations averaged 4-7 years, with pri-
mary infertility more common (60-80%); many
were nulliparous or childless (50-78%), married
(85-95%), and from urban settings, though rural
participants featured prominently in South Asian
and African studies. Socioeconomic profiles vari-
ed: high unemployment among women (55-96%),
low household incomes (< $5,000/year equiva-
lents), and lower education (high school or less in
40-70%), particularly in LMIC contexts: higher-in-
come, college-educated samples prevailed in US/
European studies. Table 1 provided the detailed
of these populations.



Mental health outcomes and women undergoing fertility treatments

Saima Bilal, Syed Muhammad Yousaf Farooq, Muhammad Farrukh Asif, et al.

Table 1. Basic characteristics of included studies (n = 40).
Reference Author(s)/Year Country ; tu.d y Sarpple Population Characteristics Aims/Objectives
esign Size
[17] Raguzetal, 2014 Canada Prospective 1296 Mothers postpartum, primiparous To assess mental health
cohort and multiparous, diverse outcomes of mothers who
backgrounds conceived using fertility
treatment
18] Saleem S et Pakistan Cross-Sectional 169 Women with primary infertility, To examine attachment styles,
al./2019 aged 19-45, married =1 year social support, and mental health
in infertile women
[19] Prasad et al. India Cross-sectional 186 Infertile women undergoing first ~ To assess psychological distress,
(2017) IVF cycle; Mean age: 31.35 yrs; quality of life, and mental health
Mean infertility duration: 7.38 yrs; in women undergoing ART.
Majority had family income <Rs.
500,000/year.
[20] Yusuf L. (2016) Pakistan Case-Control 200 Females with female-factor To find the prevalence of
Study infertility (cases) vs fertile females depression, anxiety, and stress
accompanying patients (controls). ~ among females suffering from
Mean age ~20-30 years. Excluded infertility.
those with pre-existing mental
health issues and male-factor
infertility.
[21] Rahimi et al. Iran Randomized 60 Women with failed IVF cycles, To determine the effects of
(2021) Controlled Trial minimum education of junior high  hope-oriented group counseling
school, living in Tabriz. Excluded on mental health (primary) and
those with psychiatric problems, quality of life (secondary) in
chronic physical diseases, or recent  infertile women with failed IVF
severe psychological crises. cycles.
[22] Holley et al. United States  Prospective 174 Heterosexual couples; Mean age Examine prevalence and
(2015) cohort study W=36.4, M=37.8; 70% White; predictors of MDD during fertility
67% college graduates; Mean treatment
infertility=2.4 years
[23] Cesta etal. Sweden Nationwide 23,557 Nulliparous women undergoing Investigate associations
(2016) register-based first fresh IVF cycle; mean age ~33; between depression, anxiety,
cohort study Swedish national sample antidepressants before IVF and
cycle outcomes (pregnancy, live
birth, miscarriage)
[24] Patel A. et al. India Cross-sectional 300 Women diagnosed with primary To estimate the prevalence of
(2016) Study infertility. Age range 20-49 yrs infertility-specific stress and
(median 29). 62% rural, 55% identify its predictors in women
joint families, 64% unemployed. with primary infertility.
Excluded secondary infertility.
[25] Bakhtiyar K. et al. Iran Matched Case- 720 Infertile women and fertile controls To investigate the impact of
(2019) Control Study matched for age, education, and infertility on women's quality
duration of marriage. Excluded of life.
those with psychological problems,
recent stressful events, or
substance use.
[26] Pasch et al. USA Prospective 352 Heterosexual couples; first fertility ~ To Determine extent of clinical
(2016) longitudinal clinic visit; no previous IVF; average distress. 2. Mental health service
cohort study age mid-30s; predominantly white, (MHS) use and clinic information
highly educated, high income. provision. 3. Assess if MHS was
targeted to the most distressed.
[27] Wu et al. (2020) Taiwan Prospective 686 Infertile women undergoing IVF; To investigate the association
longitudinal mean age 35.7; excluded those between QoL (measured before
cohort study with mental disorders or recent embryo transfer) and IVF
major trauma. pregnancy outcomes.
[28] Alametal. (2018) Bangladesh  Cross-sectional 112 married Women attending infertility To investigate the psychological
study infertile outpatient clinic; mean age 28.5 impacts (depression, anxiety)
women years; mean infertility duration 4.46 of infertility among married
years. women.
[29] Alosaimi et al. Saudi Arabia  Cross-sectional 406 Infertile men and women To measure the rate of psychiatric
(2015) observational attending clinics; mean age disorders in infertile men and
study women 31.5, men 35.4; high women seeking treatment.
unemployment in women (68%).
[30] Crawford et al. USA Prospective 416 New female infertility patients; ~ To determine if screening positive

observational
study

(2017)

mean age 35.1; predominantly
Caucasian (80%), highly educated
(86% college degree+).

for depression is correlated with
pursuing infertility treatment.
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Population Characteristics

Aims/Objectives

E—
Reference Author(s)/Year Country Stu.d Y Sarpple
Design Size
[31] Pedro et al. Denmark 10-year 1009 women
(2019) longitudinal
register-based
cohort study
[32] Gordon & Canada & USA Cross-sectional 92
Balsom (2020) online survey
[33] Patel et al. (2018) India Cross-sectional 81
dyadic study
[34] Khan et al. (2019) Pakistan Case-control 60
study
[35] Catalao et al. Ethiopia Population- 1026
(2020) based cohort
study
[36] Shargh et al. Iran Randomized 60 women (30
(2016) controlled trial intervention,
30 control)
371 Jiang & Yang China Cross-sectional 4,245
(2022) survey (CLDS
2018)
[38] Keenan & 10 European  Longitudinal 19,928
Grundy (2019) Countries (SHARE waves
(e.g., Sweden, 1-2)
France, Italy)
[39] Namdar et al. Iran Cross-sectional 146
(2017)
[40] Sezgin et al. Turkey Cross-sectional 100
(2016)
[41] Zivaridelavar et al. Iran Prospective 63
(2016) Cohort
[42] Hosseinpanahi et Iran Randomized 54
al. (2020) Controlled Trial
[43] Roberts et al. India Mixed-Method 74
(2020) Cross-Sectional
[44] Vikstrom et al. Sweden Cross-Sectional 470
(2015)
[45] Hasan et al. Bangladesh  Cross-Sectional 300
(2023)

Women initiating ART treatment;
mean age 31.8; mean infertility
duration 3.45 years.

Women (20-45 yrs) whose fertility
treatments were suspended due

to COVID-19; mean age 34.2; mean

TTC 36 months

Distressed infertile couples
undergoing IUl; mean infertility
duration 4 years

Married women (20-40 yrs);

infertile group from hospital gynae

departments, fertile group from
community

Rural women in 3rd trimester;

followed for 6.5 years; high fertility,

low contraceptive use setting

Infertile women (20-45 yrs); mean
infertility duration 4-7 years;
low education level (53.33%

elementary)

Women of childbearing age (15-49

yrs, mean 41.1); 94.4% married;
79.3% rural Hukou; mean births:
1.79

Adults aged 50-79 years; 11%
childless; 11% men & 15% women
had early first birth (<23/<20 yrs)

Mean age: 29.4 £ 5.2 yrs; Mean
marriage duration: 6.6 + 0.5 yrs;
39.7% with academic education;
15.8% from rural areas

Urban; Mean age ~30 yrs; 74%

employed; Mean marriage duration

infertile: 9.3 yrs, fertile: 6.4 yrs

Fertile women undergoing ART
due to male factor infertility; Mean
age: 29.17 yrs; Mean infertility
duration: 5.84 yrs

Infertile couples; Mean age
(women): 30.9 yrs; Mean infertility
duration: 2.7 yrs

Low-income women from Mumbai
slums with infertility; Mean age:
26.7 yrs; Mean marriage duration:
7.7 yrs

Women 20-23 years post-IVF
treatment; Mean age at follow-up:
>45 yrs for majority

Infertile women receiving
treatment in Dhaka; Mean age:
>30 yrs for majority; 69.3% primary
infertility

To explore if infertility-related
stress predicts a first redeemed
prescription of antidepressants

after ART.

To examine the psychological

impact of treatment suspensions

and identify psychosocial
predictors

To compare illness cognitions
(helplessness, acceptance,

benefits), anxiety, and depression

between men and women in
infertile couples

To compare levels of depression,

anxiety, and stress between
infertile and fertile women

To examine impact of poor

mental health on unmet need for

contraception and fertility rate

To determine effectiveness of
Mindfulness-Based Cognitive
Therapy (MBCT) on marital
satisfaction and general health

To examine the impact of
fertility (number of births)
on the physical and mental
health of Chinese women of

childbearing age and confirm the

"motherhood health penalty".

To investigate associations

between fertility history (timing,

parity) and changes in a range
of physical and mental health
indicators in older adults.

To determine the general health

and QOL of infertile women
and identify affecting socio-
demographic conditions.

To compare psychiatric
symptoms, disability, and QOL
between infertile and fertile
urban women in Turkey.

To evaluate the effect of the ART

process on the mental health
of fertile women (with male
factor infertility) before and

after ovarian stimulation/oocyte

retrieval.

To determine the effect of ACT-

based counseling on mental
health and quality of life in
infertile couples.

To assess mental health and
stigma among low-income
women with infertility in a

pronatalist culture.

To assess long-term mental
health in women post-IVF and
compare outcomes based on

parenthood status.

To assess mental health and
quality of life among infertile
women in Bangladesh and
identify influencing factors.
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Reference Author(s)/Year

Country

Study
Design

Sample
Size

Population Characteristics

Aims/Objectives

[46] Sohbati et al.
(2021)

[47] Teklemicheal et

al. (2022)

[48] Wang et al.
(2023)

[49] Lietal. (2019)

[50] Setswe &

Roomaney

(2025)

[51] Moutzouroulia et

al. (2025)

[52] Kamisli et al.
(2021)

[53] Evans-Hoeker et

al. (2018)

[54] Huang et al.
(2019)

[55] Haham et al.
(2021)

[56] Yokota et al.

(2022)

Iran

Ethiopia

China

China

South Africa

Greece

Turkey

USA

Taiwan

Canada

Japan

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Prospective
Cohort
(Secondary
Analysis of
RCTs)

Cross-
sectional

Cross-
sectional

Cross-
sectional

300

96

1712

498

210

128

70

1,65

97 women

181

254

Infertile women (female factor);
Mean age: 29.16 + 5.81 yrs; Majority
had high school education (52%);
65% had relatively favorable
economic status

Infertile women (non-IVF
treatment); Mean age: 31.5 +
5.9 yrs; 78.1% childless; 68.8%
housewives; 53.1% secondary

infertility

Infertile women undergoing ART;
Mean age: 32.1 + 4.59 yrs; 65.3%
with junior college degree or
above; 48.8% aged 30-35 yrs

Infertile women undergoing IVF-
ET; Mean age: 32.19 yrs; All from
Northeast China

Patients seeking fertility treatment
in Cape Town; Predominantly
female (79.5%), married/cohabiting
(96.2%), higher-income, well-
educated; Mean age not reported.

Women undergoing first IVF/ICSI/
Ul treatment; Mean age: 41.5
yrs; Majority married (88.3%),
employed (81.3%), university-

educated (53.9%).

Women diagnosed with infertility
applying for IVF; Mean age: ~31-33
yrs; Mean infertility duration: 6.1
yrs; 60% unemployed; 41.4% high
school graduates

Infertile couples (female partners
with PCOS or unexplained
infertility); Mean female age: ~30.7
yrs; Mean male age: ~33.0 yrs;
5.96% of women and 2.28% of
men had active major depression
(MD); 5.72% of women used
antidepressants.

Women with primary infertility
undergoing IVF; Mean age: 35.7
yrs; Mean infertility duration:
51.5 mos; 63.5% had received
repeated IVF treatment.

Women whose fertility
treatments (IVF, FET, IUl, ovulation
induction) were suspended due
to COVID-19; Mean age: 37.7 yrs;
70% had no children; 93% had
a partner; 61% reported above-
average income.

Japanese women undergoing

infertility treatment; mean age

35.9 yrs; married; no children;
primary infertility only

To determine psychological well-
being (PWB) and its relationship
with demographic factors
and fertility history in infertile
women.

To determine the prevalence of
infertility-related psychological
stress and its demographic-
clinical correlates in Ethiopian
women.

To investigate the incidence
and risk factors of anxiety and
depression in infertile women
undergoing fertility treatment.

To evaluate fertility quality of
life (QoL) and examine whether
resilience moderates the
relationship between infertility-
related stress and fertility QoL.

To investigate the predictors
(demographic, clinical,
psychosocial) of psychosocial
well-being among fertility
patients.

To explore the impact of
infertility and IVF on women's
mental health and quality of life.

To determine the levels of
hopelessness, anxiety, and
depression and their relationship
with socio-demographic
characteristics in women
applying for infertility treatment.

To determine if maternal major
depression (MD), antidepressant
use, or paternal MD are
associated with pregnancy
outcomes after non-IVF fertility
treatments.

To investigate the status of
emotional distress (anxiety,
depression) and sleep
quality, and examine factors
predicting sleep disturbances
in women during the hormonal
stimulation phase of IVF.

To investigate patients' views
and emotional reactions to
the suspension of fertility
treatments during the
COVID-19 pandemic and
identify factors affecting
psychological distress.

To examine the association
between infertility stigma
and anxiety, depression, and
psychological distress using a
validated scale.
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Fertility treatment types

Treatments encompassed a spectrum from non-I-
VF options like ovulation induction (OI), timed
intercourse, and intrauterine insemination (IUT) to
advanced ART including IVE ICSI, and frozen em-
bryo transfer (FET). IVF/ICSI dominated ART-fo-
cused studies (n = 12), often first-cycle or with prior
failures; non-IVF treatments appeared in ovulation
drug/surgery cohorts and general clinic attende-
es. Some studies compared infertile groups to fer-
tile controls without specifying treatments, while
others examined pre-ART histories or post-treat-
ment follow-up (e.g., 20-23 years post-IVF).

Mental health outcomes assessed

Core outcomes included depression (n = 29 stu-
dies), anxiety (n = 26), and stress (general, n = 14;
infertility-specific, n = 8), with prevalence rates
often 40-60% for depression/anxiety and 70-90%
for stress. Quality of life measures (n = 15) targe-
ted fertility-specific (FertiQoL), general (SF-12/36,
WHOQOL-BREF), or multidimensional domains
(emotional, relational, physical); broader psychia-
tric screening (n = 5) covered 18+ disorders via
MINI or SCL-90. Less common variables were
parenting morale, hopelessness, suicidality, sleep
quality, resilience, stigma, coping styles, marital
satisfaction, and antidepressant prescriptions as
proxies for incident mental health needs. Table 2
represents the main finding of studies included in
this work.

Measurement Instruments

Validated scales dominated: Depression via EPDS,
CES-D, PHQ-9, BDI, HAM-D; anxiety via STAI,
HAM-A, BAI, GAD-7; stress via DASS-21/42, PSS,
COMPI-FPSS. QoL used FertiQoL (core / treatment
subscales), SF-12 /36 (MCS/PCS), WHOQOL-BREF;
general health via GHQ-28 (somatic, anxiety/de-
pression subscales), MINI, SRQ-20. Fertility-spe-
cific tools included FPI (stress), Fertility-QoL, ICQ
(illness cognitions); others like Ryff PWB, PHQ-15
(somatic), PSQI (sleep), and study-specific stigma/
support measures supplemented core assessments.

Key findings on prevalence and patterns

High prevalence characterized findings: 30-60%
met psychiatric disorder criteria; infertility-speci-
fic stress affected 80-92%, with personal > mari-
tal/social domains; QoL lowest in emotional / re-
lational areas. Infertile groups showed 2-5x higher
mean depression/anxiety / stress scores vs controls;
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women > men in distress; childless/unsuccessful
outcomes linked to persistent elevations even deca-
des post-treatment. Paradoxes emerged: some fer-
tile comparisons showed higher social QoL; high
parity / childbirth in non-infertile cohorts worsened
later-life mental health.

Correlates and predictors

Demographic: Female gender, older age (>35), chil-
dlessness, primary infertility, longer infertility /
marriage duration (4-7+ years), low SES (income,
education, rural), unemployment/homemaking.
Clinical: Female/ mixed infertility factors, prior
failures/abortions, somatic symptoms, poor sle-
ep, non-SSRI antidepressants, PCOS /unexplained
diagnoses. Psychosocial: Insecure attachment, low
support/stigma/violence, maladaptive coping
(avoidance, wishful thinking), high personal / mari-
tal stress, low resilience/acceptance, hopelessness.
Protective: Higher education/income (mixed), em-
ployment (contextual), secure attachment, partner
support, interventions.

Intervention effects

RCTs (n = 4) reported significant post-interven-
tion reductions: hope therapy lowered depression
(AMD = -3.1, p < 0.001), stress (-1.7, p = 0.018);
MBCT improved GHQ mental health (p = 0.002),
marital satisfaction (p = 0.043); ACT counselling bo-
osted FertiQoL (AMD = 14.8, p <0.001), GHQ (-8.4,
p < 0.001). Effects held for couples, with baseline
distress predicting greater gains; anxiety changes
were smaller / non-significant in some trials. Service
utilization remained low (11-21%), with untargeted
info provision despite 40-75% clinical distress rates.

Reproductive outcome links

Pre-treatment depression/anxiety slightly redu-
ced pregnancy/live birth odds (AOR = 0.83-0.86);
non-SSRI use raised miscarriage risk (RR = 1.87).
Higher emotional QoL pre-transfer boosted on-
going pregnancy/live birth probabilities (2.4-2.6%
per unit); depression screens halved treatment ini-
tiation odds (OR = 0.55). Male partner depression
lowered conception (RR = 0.44); infertility stress
predicted later antidepressants (OR = 1.80-2.85).

Risk of bias

The risk of bias across the included studies was
generally low to moderate, with several studies
employing validated assessment tools and standar-
dized protocols enhancing internal validity. Howe-
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Table 3.  Risk of bias in included studies (n=40).

Mental health outcomes and women undergoing fertility treatments

Author(s)/ Sample Sample Sample Subjects Ascefrtalnmfnt Mfe ahs uremenlt Response Total Risk
Year representativeness technique size settings LT N A of bias
health health
Raguzetal., 1 1 1 1 1 1 Low
2014
Saleem S et 1 1 1 1 1 1 Low
al./2019
Prasad et al. 1 1 1 1 1 1 Low
(2017)
Yusuf L. (2016) 1 1 1 1 1 1 Low
Rahimi et al. 1 1 1 1 1 1 Low
(2021)
Holley et al. 1 1 1 1 1 1 Low
(2015)
Cestaetal. 1 1 1 0 1 1 Low
(2016)
Patel A.etal. 1 1 1 1 1 0 Moderate
(2016)
Bakhtiyar K. et 1 1 1 1 1 1 Low
al. (2019)
Pasch et al. 1 1 1 1 1 1 Low
(2016)
Wu etal. 1 1 1 1 1 0 Moderate
(2020)
Alam et al. 1 1 1 1 1 1 Low
(2018)
Alosaimi et al. 1 1 1 1 1 0 Low
(2015)
Crawford et al. 1 1 1 1 1 0 Low
(2017)
Pedro et al. 1 1 1 1 1 1 Low
(2019)
Gordon & 1 1 1 1 1 1 Low
Balsom (2020)
Patel et al. 1 1 1 1 1 1 Low
(2018)
Khan et al. 1 1 1 1 1 1 Low
(2019)
Catalao et al. 1 1 1 1 1 0 Low
(2020)
Shargh et al. 1 1 1 1 1 1 Low
(2016)
Jiang &Yang 1 1 1 1 1 0 Low
(2022)
Keenan & 1 1 1 1 1 1 Low
Grundy (2019)
Namdar et al. 1 1 1 1 1 1 Low
(2017)
Sezgin et al. 1 1 1 1 1 1 Low
(2016)
—
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E—
. Ascertainment Measurement . . .
Author(s)/ Sample Sample Sample Subjects Statistical Response Total Risk
. : . 4 of Mental of the Mental X X
Year representativeness technique size  settings health health analysis rate Score of bias
Zivaridelavar 1 1 1 1 1 1 1 1 8 Low
etal. (2016)
Hosseinpanahi 1 1 1 1 1 1 1 1 8 Low
etal. (2020)
Roberts et al. 1 1 1 1 1 1 1 1 8 Low
(2020)
Vikstrom et al. 1 1 1 1 1 1 1 1 8 Low
(2015)
Hasan et al. 1 1 1 1 1 1 1 1 8 Low
(2023)
Sohbati et al. 1 1 1 1 1 1 1 1 8 Low
(2021)
Teklemicheal 1 1 1 1 1 1 1 1 8 Low
etal. (2022)
Wang et al. 1 1 1 1 1 1 1 1 8 Low
(2023)
Lietal. (2019) 1 1 1 1 1 1 1 1 8 Low
Setswe & 1 1 1 1 1 1 1 1 8 Low
Roomaney
(2025)
Moutzouroulia 1 1 1 1 1 1 1 1 8 Low
etal. (2025)
Kamish et al. 1 1 1 1 1 1 1 1 8 Low
(2021)
Evans-Hoeker 1 1 1 1 1 1 1 1 8 Low
etal. (2018)
Huang et al. 1 1 1 1 1 1 1 1 8 Low
(2019)
Marom Haham 1 1 1 1 1 1 1 1 8 Low
etal. (2021)
Yokota et al. 1 1 1 1 1 1 1 1 8 Low
(2022)

ver, heterogeneity was notable due to variability in
study designs, populations, psychological outcome
measures (e.g., DASS-21, MINI, HAM-D), and fol-
low-up durations. Some studies were limited by
smaller sample sizes, lack of blinding, and potential
selection biases, particularly in non-randomized or
cross-sectional designs. Reporting bias may have
arisen from underreporting of negative findings or
inconsistent use of cut-off thresholds for psychiatric
diagnoses. These factors should be carefully conside-
red when interpreting pooled prevalence estimates
and intervention effects, as they may contribute to
variability and limit generalizability. Table 3 shows
the score of risk of biasness. Future research adopting
rigorous randomized controlled trial methodologies
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with standardized mental health assessments is nee-
ded to reduce bias and strengthen evidence quality.

DISCUSSION

Current prevalence estimates of depression (40-
60%), anxiety (40-75%), and stress (80-92%) align
with prior systematic reviews reporting pooled
rates of 26-33% for depression and 23-38% for
anxiety among infertile women undergoing IVF,
though point estimates here reach 60% in LMIC cli-
nic samples using clinical thresholds like HAM-D
or MINI. Elevated stress levels mirror Gameiro et
al.’s 2015 review of psychosocial adjustment du-
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ring fertility treatment, where 50-80% experience
clinically significant infertility-related distress,
particularly personal and marital subtypes on
COMPI-FPSS [57]. Unlike earlier Western-focu-
sed syntheses, this review highlights higher rates in
South Asian and Middle Eastern cohorts (e.g., 79%
depression in Pakistani case-controls), consistent
with cultural pronatalism amplifying stigma as no-
ted in Kiani ef al.’s 2014 qualitative synthesis [58].
Postpartum and long-term outcomes (e.g., elevated
depression 20 years post-IVF in childless women)
converge with Vikstrom et al. 2015 and registry stu-
dies like Cesta 2016, affirming persistent vulnerabi-
lity absent parenthood [44]. Modest adverse asso-
ciations between pre-treatment depression/anxiety
and live birth (AOR 0.83) align with Klonoff-Cohen
et al.’s 2001 meta-analysis, though non-SSRI miscar-
riage risks (RR 1.87) exceed SSRI-neutral findings
in US cohorts [59].

Sociodemographic predictors female gender, older
age, primary infertility, low SES replicate meta-a-
nalyses like Luk and Loke 2015 linking unemploy-
ment and rurality to doubled odds of distress in
Asian samples [60]. Psychosocial factors like in-
secure attachment, stigma, and low support pre-
dict higher DASS scores, paralleling Gameiro and
Finnigan’s 2017 model where relational strain me-
diates 30-50% of infertility distress variance [61].
The observed reduction in depressive symptoms is
consistent with Frederiksen et al. (2015), who found
that psychosocial interventions significantly redu-
ced depressive symptoms, although the pooled ef-
fect was attenuated after adjustment for publication
bias [62]. Low utilization (11-21%) despite 50-75%
clinical need echoes Pasch 2016 and Boivin et al.’s
2011 survey, where only 20% of distressed patients
receive targeted support [63].

This review’s geographic diversity strengthens
generalizability beyond Eurocentric syntheses by
incorporating LMIC data absent in many prior
overviews (64). Heterogeneity in designs, mea-
sures (e.g., DASS vs MINI), and thresholds limits
pooled estimates, mirroring critiques of earlier re-
views where variable cutoffs inflate prevalence by
10-20% [65]. Findings underscore routine screening
(e.g., PROMIS Depression, FertiQoL) and targeted
interventions in high-burden settings, prioritizing
couples with relational strain or childlessness to
optimize mental health and reproductive success
[66]. Future research should standardize outcomes
and test scalability of brief therapies like ACT in
resource-limited clinics.
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CONCLUSIONS

This systematic review confirms high prevalence of
mental health disturbances including depression
(40-60%), anxiety (40-75%), and infertility-specific
stress (80-92%) among individuals with inferti-
lity and during fertility treatments, with women
showing greater vulnerability than men across
global contexts. Emotional and relational quali-
ty-of-life domains are most impaired, driven by so-
ciodemographic (childlessness, low SES, older age)
and psychosocial correlates (stigma, poor support,
sleep disturbance; OR = 9-16), while pre-treatment
depression reduces treatment initiation (OR = 0.55)
and live birth odds (AOR = 0.83). Psychosocial inter-
ventions such as hope therapy (depression AMD =
-3.1, p<0.001) and ACT counselling (FertiQoL AMD
=14.8, p < 0.001) offer significant, scalable benefits,
yet service utilization remains low (11-21%) despite
widespread need. Routine screening with valida-
ted tools (DASS-21, FertiQoL) and targeted inter-
ventions are essential in fertility clinics to mitigate
distress, curb dropout, and enhance reproductive
success, particularly in LMICs where cultural fac-
tors amplify burden. Future efforts should prioritize
standardized measures, paternal pathways, and po-
licy integration of multidisciplinary care to address
this bidirectional mental health-fertility challenge.
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