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Thai Journal of Obstetrics and Gynaecology
November 2026, Vol. 34, No. 6, pp. 425-426.

EDITORIAL

Intriguing Review and Topics in Sixth Issue of Thai Journal
of Obstetrics and Gynaecology 2026

Vorapong Phupong, M.D., FRTCOG.*

* Editor in Chief, Thai J Obstet Gynaecol, The Royal Thai College of Obstetricians and Gynaecologists

This sixth issue of Thai Journal of Obstetrics and Gynaecology 2026 contains many interesting articles.
The special article is “Selective fetal growth restriction in monochorionic twin pregnancy: A practical framework
for intervention” The authors reviewed selective fetal growth restriction in monochorionic twin pregnancy in the
aspect of diagnosis, pathophysiology, classification and natural history, surveillance and timing of delivery, and
management options and the evidence.

This issue also contains six original articles.

Mueangchang performed a prospective diagnostic accuracy study to evaluate the diagnostic accuracy
of an artificial intelligence (Al)-assisted colposcopy imaging system for detecting cervical precancerous lesions
(CIN2+ and CIN1+) compared with conventional colposcopy. The results revealed Al-assisted colposcopy
demonstrated less diagnostic performance for CIN2+ compared with conventional colposcopy but comparable
performance for CIN1+®.

Uatrongjit performed a three-arm randomized, placebo-controlled trial to compare the analgesic efficacy
of 2% lidocaine gel, 10% lidocaine spray, and placebo during office-based endometrial sampling. The results
showed neither topical 2% lidocaine gel nor 10% lidocaine spray significantly reduced pain compared with
placebo during endometrial sampling®.

Gonzalezrubio-Altamar et al performed a retrospective cohort study to evaluate the prognostic performance
of the FullPIERS (full Pre-eclampsia Integrated Estimate of RiSk) model in predicting severe maternal and
perinatal complications in patients with severe preeclampsia. They found a FullPIERS-estimated probability
> 1% was associated with an 11-fold higher risk of severe maternal complications [odds ratio 11.09, 95%
confidence interval 3.87, 31.72] (sensitivity 55%, specificity 90.08%, positive predictive value 45.83%, negative
predictive value 92.91%)®.

Phontham et al performed a double-blind, randomized, placebo-controlled trial to study the efficacy of
curcumin for preventing postoperative bowel ileus after total abdominal hysterectomy for benign gynecologic
surgery. They found the incidence of ileus symptoms in the intervention group was shown to be significantly
lower when compared to the control group®. The results were similar to other interventions such as oral ginger
powder and metoclopramide® 7).

Sangsitong et al performed a diagnostic predictive model study to develop prediction score for positive
surgical margins after loop electrosurgical excision procedure (LEEP) in women with high-grade cervical
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intraepithelial neoplasia. The results showed at a cutoff score of = 4, the model yielded a sensitivity of 83.18%,
specificity of 58%, positive predictive value of 67.9%, and negative predictive value of 76.3%®.

Triniti et al performed a randomized controlled trial to compare early cesarean scar morphology between
three-layer anatomical uterine closure and conventional two-layer closure, using the residual- to-adjacent
myometrial thickness ratio (RMT/AMT) at 6 weeks postpartum. They found three-layer anatomical uterine closure
was associated with a higher RMT/AMT ratio and lower niche depth and niche depth/AMT ratio at 6 weeks
postpartum than conventional two-layer closure®.

Finally, the 415t Annual Meeting of the Royal Thai Colleague of Obstetricians and Gynecologists (RTCOG)
already held from October 27-30, 2026 at the Dusit Thani Pattaya Hotel, Chonburi Province, Thailand. The theme
of the meeting is “Women’s Health in a Changing World.” This meeting was successful with 1,400 delegates.
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SPECIAL ARTICLE

Selective Fetal Growth Restriction in Monochorionic Twin
Pregnancy: A Practical Framework for Intervention

Nisarat Phithakwatchara, M.D.*,
Katika Nawapun, M.D.*,
Kanokwaroon Watananirun, M.D.*,
Tanchanok Auwattanamongkol, M.D.*,
Sriwipa Kaewsrinual, M.D.*,

Sommai Viboonchart, M.D.*,

Suparat Jaingam, M.D.”,

Tuangsit Wataganara, M.D.*

* Siriraj Fetal Therapy Center, Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, Faculty of
Medicine Siriraj Hospital, Mahidol University, Thailand

ABSTRACT

Selective fetal growth restriction (sFGR) complicates 10-15% of monochorionic twin
pregnancies. Because the twins share one placenta connected by vascular anastomoses, the
smaller twin depends on its co-twin, and the death of one twin puts the survivor at risk of death
and brain injury. sFGR is therefore not simply fetal growth restriction with an extra fetus. This review
provides a practical framework for clinicians. Diagnosis should rely on the Delphi consensus criteria
and twin-appropriate growth standards. The Gratacos classification, based on umbilical artery
Doppler of the smaller twin, separates three clinical behaviors: type | is usually low risk, type Il is
usually severe and type Il is unpredictable. Onset before or after 24 weeks adds information about
placental anatomy and the likelihood of twin anemia-polycythemia sequence. The three management
options are expectant management, fetoscopic laser coagulation of the anastomoses and selective
reduction. None is free of risk. Expectant management is preferred for type I. In types Il and I,
laser increases the loss of the smaller twin but may protect the larger twin, while selective reduction
prolongs pregnancy and improves intact survival of the larger twin in selected cases. We suggest
considering intervention when demise of the smaller twin appears imminent, particularly before
viability. When sFGR coexists with twin-twin transfusion syndrome, laser treats the transfusion
imbalance but not the unequal placental share. Counseling should begin by agreeing with parents
on the outcome they most wish to protect.

Keywords: selective fetal growth restriction, monochorionic twins, umbilical artery Doppler,
fetoscopic laser surgery, selective reduction, twin-twin transfusion syndrome.
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Introduction

When we hear the term fetal growth restriction
(FGR), we usually think of one small fetus. In a singleton
pregnancy, management balances the risk of fetal death
against the complications of prematurity. Selective FGR
(sFGR) in monochorionic (MC) twins is a different
physiological situation: two fetuses share one placenta,
and that shared placenta changes almost everything.

sFGR affects 10-15% of MC diamniotic
pregnancies-?. The shared circulation produces two
broad groups of complications. Imbalance of intertwin
blood flow causes twin-twin transfusion syndrome
(TTTS), twin anemia-polycythemia sequence (TAPS)
and twin reversed arterial perfusion sequence.
Dependence, where the wellbeing of one twin directly
affects the other, is the mechanism of sFGR. If one MC
twin dies, the survivor faces about a 15% risk of death
and a 26% risk of neurological impairment, compared
with 3% and 2% in dichorionic (DC) twins®. In DC twins,
each fetus has its own placenta, so sFGR behaves
much like singleton FGR, and the main dilemma is when
to deliver without harming the normally grown co-twin
through prematurity®. This review therefore focuses on
MC twins.

In MC sFGR, doing nothing may allow the smaller
twin to deteriorate and die, and that death may also
harm the apparently healthy twin. Intervening too early,
however, introduces its own risks, often at a gestational
age when delivery is not an option. The challenge is not
only to diagnose sFGR, but to decide when it is safe to
keep watching and when intervention should be
considered. Drawing on current evidence and our
experience at the Siriraj Fetal Therapy Center, this
review offers a practical framework for that decision and
for counseling families.

428 Thai J Obstet Gynaecol

Diagnosis

Twins should not be treated as two singletons
in one uterus. Twin growth follows singleton growth
until about 28—-30 weeks and then slows, so singleton
charts label many healthy twins as growth restricted
in the third trimester®. Chorionicity-specific twin charts
reduce this overdiagnosis without missing twins at risk
of stillbirth®. Our group has gone a step further with
a conditional, customized standard for twin growth
trajectory. It uses linear mixed-effects models adjusted
for maternal characteristics, fetal sex and chorionicity,
and calculates the expected estimated fetal weight
(EFW) from the fetus’s own earlier measurement®.
Each twin thus serves as its own reference, which
helps separate physiological slowing from true
placental insufficiency.

Size alone is not enough to diagnose sFGR. A
modest weight difference is common in MC twins, and
a small twin may be constitutionally small. What raises
concern is the combination of small size, intertwin
discordance and evidence of placental insufficiency.
The international Delphi consensus, now adopted by
the International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG), defines sFGR in MC twins
by a solitary criterion or by contributory criteria® 9. The
solitary criterion is an EFW of one twin below the 3™
centile. Otherwise, at least two of four contributory
criteria are required: an EFW of one twin below the
10th centile, an abdominal circumference of one twin
below the 10" centile, an EFW discordance of 25% or
more, and an umbilical artery pulsatility index of the
smaller twin above the 95" centile. EFW discordance
is calculated as the difference between the two EFWs
divided by the EFW of the larger twin.

In MC twins, sFGR must be distinguished from

VOL. 34, NO. 6, NOVEMBER 2026



the other complications of the shared circulation,
because their treatment differs. TTTS is defined by
amniotic fluid discordance, with oligohydramnios in the
donor and polyhydramnios in the recipient, and is
staged by the Quintero system(®. In isolated sFGR,
fluid may be reduced around the small twin, but
polyhydramnios is absent around the larger twin. TAPS
is defined by a large intertwin difference in hemoglobin
without fluid discordance and is diagnosed antenatally
by a difference in middle cerebral artery peak systolic
velocity (MCA-PSV) above 0.5 multiples of the median
(MoM)™, Asin any small fetus, structural, chromosomal
and infectious causes should also be considered,
particularly when growth restriction begins very early.

Pathophysiology

Two placental features govern MC sFGR. The
first is unequal placental sharing. The smaller twin is
allotted a smaller placental territory, and the degree of
birthweight discordance correlates with the degree of
unequal sharing!™. The second is the network of
intertwin vascular anastomoses: arterio-arterial (AA),
veno-venous and unidirectional arterio-venous
connections. These allow blood from the larger twin’s
territory to reach the smaller twin. This partly
compensates for the small territory, which is why many
growth-restricted MC twins survive far longer than a
singleton with the same Doppler findings would® 13,

A helpful image is two islands joined by bridges.
The bridges support the smaller twin, but they also
expose each twin to events in the other. If the smaller
twin becomes bradycardic or dies, blood can shift
rapidly from the larger twin into the low-resistance
circulation of its co-twin. The larger twin then suffers
acute hypotension and hypoperfusion, which can
cause its death or ischemic brain injury® ™. Large-
diameter AA anastomoses are particularly important.
They are present in most placentas with intermittent
absent or reversed umbilical artery flow, they are
thought to produce that intermittent Doppler pattern,
and they allow sudden, large intertwin transfusions(*.
Both twins also undergo cardiovascular remodeling.
The smaller twin adapts to high placental resistance

VOL. 34, NO. 6, NOVEMBER 2026

and hypoxemia. The larger twin perfuses part of its
co-twin’s placental territory and may develop volume
and pressure loading; hypertrophic, cardiomyopathy-
like changes have been reported, particularly in type
Il disease!"®. Our recent work on cardiovascular and
hemodynamic adaptation in MC twins with sFGR adds
to this evidence!®.

Classification and natural history

Once sFGR is diagnosed, the next step is
classification. The Gratacds system is simple, because
it is based on the end-diastolic flow in the umbilical
artery of the smaller twin™. In type |, end-diastolic
flow is positive. In type Il, it is persistently absent or
reversed. Intype lll, absent and reversed end-diastolic
flow appear intermittently, in a cyclical pattern within
the same recording, best seen with the sample volume
near the placental cord insertion. The easiest way to
remember the three types is by how they behave: type
I is usually low risk, type Il is usually severe and type
Il is unpredictable. The type can change, so it should
be reassessed at every visit.

Type | has an excellent prognosis. Survival
exceeds 95%, intrauterine death of the smaller twin
occurs in only 2—4%, and most pregnancies reach
34-36 weeks" ¥, Type Il behaves like severe early-
onset singleton FGR, with a predictable sequence of
arterial and then venous Doppler deterioration. Without
intervention, up to 60% of smaller twins may die, and
neurological injury in the larger twin has been reported
in about 13%(719, Type Ill creates a particularly
uncomfortable situation. The smaller twin may look
stable for weeks, yet carries a 10—20% risk of sudden
death that Doppler cannot predict, and 15-30% of
larger twins develop brain injury. These events
are attributed to acute transfusion across large AA
anastomoses. Reassuring Doppler today therefore
does not guarantee safety tomorrow, which is why
counseling in type Il is so difficult.

Within type II, outcomes vary widely. Signs of
cardiovascular decompensation in the smaller twin,
namely an MCA-PSV of 1.5 MoM or more, a persistently
absent or reversed a-wave in the ductus venosus (DV),
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or both, define type llb and indicate a high risk of
imminent demise. Pregnancies without these signs
are classified as type lla. In 177 pregnancies with
stage Il TTTS and type Il growth restriction of the
donor, donor survival after laser was 71.2% in type
lla but only 41.9% in type [Ib®0,

Gestational age at onset provides a
complementary view. Early-onset sFGR, diagnosed
before 24 weeks, is mainly caused by markedly
unequal sharing with large anastomoses and tends
to be more severe®®' 22 Because delivery is not an
option before viability, fetal intervention is most
relevant in this group. Late-onset sFGR, diagnosed
at 24 weeks or later, usually arises in a more equally
shared placenta with small anastomoses and is
driven by chronic transfusion imbalance; about one-
third of cases are associated with TAPS®@). New
growth discordance after 24 weeks in previously
concordant MC twins should therefore prompt
measurement of MCA-PSV in both twins.

Surveillance and timing of delivery

Accurate first-trimester determination of
chorionicity is the foundation of care. Uncomplicated
MC twins are scanned every 2 weeks from 16
weeks. Each scan assesses biometry with EFW
discordance, the deepest vertical pocket in each
sac and umbilical artery Doppler, with MCA-PSV
added from 20 weeks to screen for TAPS®).

Once sFGR is diagnosed, the intensity of
surveillance follows the Doppler type and its trend.
In type I, weekly ultrasound and Doppler are
usually sufficient, and delivery is planned at 34—-36
weeks® 8, Types Il and Il need closer monitoring,
typically Doppler once or twice weekly with growth
assessment every 2 weeks, and delivery is planned
at 32-34 weeks unless deterioration occurs
earlier® ®_ Each examination should include
umbilical artery, MCA and DV Doppler in the smaller
twin; MCA-PSV, amniotic fluid and, where indicated,
cardiac function in the larger twin.

No single measurement is decisive. Rising
EFW discordance, slowing growth of the smaller
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twin and a sequence of worsening Doppler findings
across serial scans carry far more weight than any
one value. Greater discordance and abnormal
umbilical artery Doppler at diagnosis are associated
with adverse outcome, but predicting the course of
an individual pregnancy remains imperfect®.
Management of sFGR is not one-number medicine;
it is trajectory medicine. When preterm delivery is
anticipated, antenatal corticosteroids and, before
32 weeks, magnesium sulfate for neuroprotection
should be given. Cesarean delivery is often preferred
intypes Il and lll, because the smaller twin tolerates
labor poorly and acute intrapartum transfusion can
occur.

Management options and the evidence

Three strategies are available, and each
protects something at a cost. Expectant management
preserves the possibility that both twins survive, but
accepts the risk of spontaneous death of the smaller
twin. Selective reduction sacrifices the smaller twin to
protect the larger one. Fetoscopic laser coagulation of
the anastomoses attempts to save both, but it removes
the compensatory flow the smaller twin receives
through the shared circulation. This is a classic fetal
therapy problem: there is no zero-risk option.

In MC twins, intracardiac potassium chloride
cannot be used for selective reduction, because its
effects would cross to the co-twin. Complete occlusion
of the target twin’s cord vessels is required, most often
by radiofrequency ablation or bipolar cord coagulation.
Both techniques disconnect the surviving twin from
the hemodynamic consequences of a spontaneous
death; co-twin survival is generally 80—-90%, and the
main complications are preterm prelabor rupture of
membranes and preterm birth('®24, Whether selective
reduction is acceptable or legal differs between
countries, cultures and religions, and this must be
respected in counseling.

Laser surgery for sFGR follows the same
principle as in TTTS. The anastomoses along the
vascular equator are coagulated, and the Solomon
technique joins the coagulation points with a
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continuous line, functionally dichorionizing the
placenta®. In terms of the island analogy, the laser
does not change the islands; it closes the bridges,
and each fetus must then survive on its own territory.
This explains both the strength and the weakness of
laser in sFGR. The procedure is also technically
harder than in TTTS. Without polyhydramnios there
is little operating space, the vascular equator may
be difficult to see, and type Il placentas often contain
large atypical AA anastomoses®®,

A systematic review that analyzed outcomes
by type and management illustrates these trade-
offs@¥. In type | under expectant management,
intrauterine death occurred in fewer than 5% of
smaller and larger twins, whereas laser was followed
by death of the smaller twin in about one-third.
Expectant management is therefore preferred in type
I; intervening only because of size discordance is not
justified, and sometimes the best fetal intervention
is careful observation. In types Il and Il under
expectant management, the smaller twin died in
about 21% of cases, and the larger twin in 15% (type
II) and 8% (type IlIl). After laser, death of the smaller
twin rose to about 82% in type Il and 60% in type llI,
but in type Ill, death of the larger twin was around
7%. After selective reduction in type Il, the larger twin
died in about 5% of cases. Laser thus increases the
loss of the smaller twin but may protect the larger
twin from ischemic events. In type lll, selective
reduction appeared to carry a lower risk to the co-
twin than laser, probably reflecting the technical
difficulties described above.

A recent international multicenter cohort of
246 MC pregnancies with type Il or Ill sFGR added
another perspective®”. About one-quarter of the
pregnancies underwent selective reduction and
three-quarters were managed expectantly. Live birth
of the larger twin at 32 weeks or later was achieved
in 75% after selective reduction compared with 46%
after expectant management. The difference was
most marked in type Il (73% vs 26%), and intact
survival followed the same pattern. In selected cases,
therefore, selective reduction can prolong pregnancy
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and improve the chance of a healthy larger twin. The
study was not randomized, and patient selection
strongly influences these figures. It does not mean
that selective reduction should be offered to every
type Il or lll pregnancy. A randomized comparison of
intervention and expectant management in early-
onset sFGR is currently being explored for
feasibility©®.

When to intervene: a practical framework

The central question is when to intervene. Not
simply because a fetus is small, and not automatically
because the pregnancy is type Il or Ill. The principle
we use is to intervene when the risk of fetal demise
has become high enough that continuing the shared
circulation is more dangerous than the procedure. In
simple terms, intervention should be considered when
death of the smaller twin appears imminent.

In our practice, type | sFGR is managed
expectantly with weekly surveillance and delivery at
34-36 weeks. Types lla and lll are also managed
expectantly at first, with Doppler twice weekly and
delivery at 32—34 weeks. Progression to type IIb, with
an MCA-PSV of 1.5 MoM or more, an absent or
reversed DV a-wave, or both, signals that demise may
be imminent®, Before 24 weeks, when delivery
cannot rescue either twin, this is the point at which
we discuss intervention to protect the larger twin.
After viability, delivery becomes the main alternative,
weighing the risks of prematurity for both twins.
(Fig. 1)

This is a framework, not an automatic
algorithm. Defining “imminent” requires judgment
and integrates gestational age, the progression of
umbilical artery Doppler, DV and MCA findings,
the evolution of growth discordance and the
pattern across serial scans. Placental location and
whether laser is technically feasible also matter,
as do local expertise and legal context. Above all,
the parents’ wishes and priorities shape the final
decision. The question is not only “Can we
intervene?” but ‘At this point, is intervention safer
than waiting?”
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Monochorionic diamniotic twins with sSFGR
Delphi consensus: EFW < 3rd centile, or 2 2 of 4 contributory criteria

Classify by umbilical artery Doppler of the smaller twin
Reassess type at every visit « note onset < 24 vs = 24 weeks
|
s : : y
Type | Typell Typellll
!\J\J\J\j\j\ M\[\j\ A
Positive end-diastolic flow Persistently absent or reversed Intermittent absent or reversed
end-diastolic flow end-diastolic flow (cyclical)
Usually low risk Usually severe __Unpredictable )
! D e } |
Expectant management Typella Type llb Expectant, intensive
Ultrasound and Doppler weekly de?o‘:nsége;ﬁs:;m - 5"“"*”9; ;W:MoM Doppler twice weekly
Deliver at3¢-36weeks E ; w‘“ o(s"'] o lDeIhrera‘t 32-34 weeks
Intervention not indicated Doppler twice weekly reversed DV a-wave Risk Prcj'v:‘ bs;ngr! dea_fb and !argerf
for discordance alone - i g wi in injury: intervention
Deliver 32-34 wk Delise may be imminent individualized after i

|8 — e

Consider fetal intervention Consider delivery
to protect the larger twin Balance prematurity of
Selective reduction (RFA or both twins against risk
bipolar cord coagulation) of single fetal demise
or fetoscopic laser Corticosteroids; MgS0,
(feasibllity, placental location) before 32 weeks

i Late-onset sFGR (= 24 weeks) i
- New or rising discordance in previously concordant twins: |
I 1
: }

(O T T e i e e e e i e v
' sFGR coexisting with TTTS !
! Laser treats the transfusion imbalance, not the unequal placental share; i
measure MCA-PSV in both twins to exclude TAPS E ]

high pre-laser discordance predicts persistent sFGR

Intervene when continuing the shared circulation is more dangerous than the procedure
Individualize: gestational age - Doppler trajectory on serial scans - placental anatomy and technical feasibility
local expertise and legal context « the outcome the parents most wish to protect

Fig. 2. Practical framework for the classification and management of selective fetal growth restriction (sFGR)
in monochorionic diamniotic twins. sFGR is classified by the umbilical artery Doppler pattern of the smaller twin
(schematic waveforms). Type | is managed expectantly. Types lla and lll receive intensive surveillance. Progression
to type IIb (dashed arrow), defined by a middle cerebral artery peak systolic velocity (MCA-PSV) of 1.5 multiples
of the median (MoM) or more and/or an absent or reversed ductus venosus (DV) a-wave, signals imminent
demise. Before 24 weeks, fetal intervention is then considered; after viability, delivery is considered. Delivery
timings are suggested in the absence of earlier indications.

RFA: radiofrequency ablation, TAPS: twin anemia-polycythemia sequence, TTTS: twin-twin transfusion syndrome.

sFGR coexisting with TTTS are we treating? The two processes overlap, but they
In clinical practice, sFGR often accompanies are not the same. Laser is the established treatment

TTTS, usually affecting the donor; reported for TTTS and corrects the transfusion imbalance, but

prevalence ranges from about 28% to 65% of TTTS it cannot give the smaller fetus more placental territory.

cases®.Consider a pregnancy that presents at 16 Laser can close the abnormal vascular bridges, but

weeks with 30% weight discordance and concordant it cannot redistribute the land.

amniotic fluid, suggesting unequal placental sharing. A meta-analysis of five studies including 1710

By 20 weeks it meets the criteria for Quintero stage MC twin pregnancies treated by laser for TTTS
Il TTTS together with type Il sSFGR. Which disease confirmed that coexisting sFGR worsens the
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prognosis®®. Fetal loss was 20.9% with sFGR
compared with 14.4% without it, an odds ratio of about
1.6, and the excess was borne mainly by the donor.
In donors, fetal loss rose from 16% to 26% and
neurological morbidity from 6% to 12%, whereas
recipients were affected only slightly. sFGR is therefore
an independent risk factor that should be included in
pre-operative counseling.

The course after technically successful laser is
not uniform. In a series of 97 TTTS pregnancies with
coexisting sFGR, about 35% showed resolution of
sFGR, 35% had persistent sFGR and 30% had single
or double fetal demise®?. Weight discordance before
the onset of TTTS predicted this course. It averaged
about 9% where sFGR resolved, compared with 23%
where it persisted and 24% where demise occurred,
and each 1% increase in discordance reduced the
odds of catch-up growth by about 7%. A large early
discordance indicates that the problem did not arise
from TTTS alone but from unequal placental sharing.
Such a smaller twin is less likely to catch up after laser,
and close surveillance must continue until delivery. A
successful laser procedure is not the end point but a
transition to the next phase of care: laser treats the
vascular communication; it does not create new
placenta.

Conclusion

sFGR in MC twins is defined by small size,
discordance and placental insufficiency together,
judged against twin-appropriate standards. The
umbilical artery Doppler type of the smaller twin and
the timing of onset guide prognosis and surveillance.
Expectant management is appropriate for type | and
for many pregnancies with type Il and Il disease.
Intervention, by selective reduction or laser, should
be considered when demise of the smaller twin
appears imminent, particularly before viability. When
sFGR coexists with TTTS, laser cures the transfusion
imbalance but not the unequal placental share.

Three principles summarize the approach.
Maximize outcomes through early diagnosis, correct
classification, close monitoring and timely intervention.
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Minimize risk, remembering that deterioration of one
twin endangers the other. Individualize care according
to gestational age, Doppler trajectory, placental
anatomy, technical feasibility, local expertise and,
above all, what matters most to the family. In MC twins,
we never care for one fetus in isolation; every decision
must consider both lives.
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GYNAECOLOGY

Diagnostic Accuracy of Al-Assisted Colposcopy for
Detection of Cervical Precancerous Lesions at
Buddhachinaraj Hospital

Monwanee Mueangchang, M.D.*

* Department of Obstetrics and Gynecology, Buddhachinaraj Phitsanulok Hospital, Phitsanulok, Thailand

ABSTRACT

Objectives: To evaluate the diagnostic accuracy of an artificial intelligence (Al)-assisted colposcopy
imaging system for detecting cervical precancerous lesions (cervical intraepithelial neoplasia
(CIN)) CIN2+ and CIN1+ compared with conventional colposcopy.

Materials and Methods: This prospective diagnostic accuracy study included women aged 25-60
years who had abnormal human papillomavirus (HPV) screening results requiring colposcopic
evaluation at Buddhachinaraj Phitsanulok Hospital. The primary outcome was the diagnostic
accuracy of Al-assisted versus conventional colposcopy for detecting CIN2+ lesions; the
secondary outcome was diagnostic accuracy for detecting CIN1+ lesions. A total of 165
women underwent colposcopy. Histopathological findings from cervical biopsies served as
the reference standard. Diagnostic performance was assessed using sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), accuracy, and the area
under the receiver operating characteristic curve (AUROC).

Results: The mean age of participants was 39.5 + 8.3 years. Histopathological examination
identified CIN1 in 50.3% and CIN2+ lesions in 41.8% of participants. For CIN2+, Al-assisted
colposcopy had an accuracy of 69.1%, sensitivity of 26.1%, specificity of 100%, PPV of
100%, and NPV of 65.3%, whereas conventional colposcopy had an accuracy of 77.6%,
sensitivity of 50.7%, specificity of 96.9%, PPV of 92.1%, and NPV of 73.2%. The AUROC
was 0.630 for Al-assisted colposcopy and 0.738 for conventional colposcopy. For CIN1+,
Al-assisted colposcopy demonstrated an accuracy of 84.8%, sensitivity of 84.9%, specificity
of 84.6%, PPV of 98.5%, and NPV of 32.4%, compared with 88.5%, 88.8%, 84.6%, 98.5%,
and 39.3%, respectively, for conventional colposcopy. The AUROC values were 0.847 and
0.867 for Al-assisted and conventional colposcopy, respectively.

Conclusion: Al-assisted colposcopy demonstrated less diagnostic performance for CIN2+
compared with conventional colposcopy but comparable performance for CIN1+. Al-assisted
colposcopy should therefore be considered an adjunct to, rather than a replacement for,
conventional colposcopic assessment in clinical practice.

Keywords: cervical cancer screening, artificial intelligence, diagnostic accuracy, colposcopy.

436 Thai J Obstet Gynaecol VOL. 34, NO. 6, NOVEMBER 2026



Correspondence to: Monwanee Mueangchang, M.D., Department of Obstetrics and Gynecology,
Buddhachinaraj Phitsanulok Hospital, Phitsanulok, Thailand. E-mail: monwanee@gmail.com

Received: 4 July 2026, Revised: 15 September 2026, Accepted: 22 September 2026

ANt lun1sIdaderasnisadadnaasiinuagnaalialavnlailgqga
a o o [ ©
seAug drvsunisasiauisaalsanaunzisatinuagn vaelsaneiuia

WNETUTIT

o N 4
NUIU L NDIT N
UNARED

IngilszaeA; Lﬁéﬂmﬁumwuﬂuﬁﬂunvjaﬁ@@”ﬂﬂ@diwymmmMmfﬂf/ﬁ%’ﬂzyzyvﬂizﬁyj (Artificial Intel-
ligence; Al-assisted colposcopy) lunisagaanisaalsanaunzifanuagn Wieuiunisdesnaesaealalatluyy
NIFTFI

Saauazisns: maAnmildumAnsuuylien luasseny 25-60 il Fluanisazasansesids human
papillomavirus Antniuasidevedlsdnsunisamanealalatl o IramenurannaTusT Wenslan naawsvan
YONNITANET AD mﬁjmﬁuﬂm;uuJjuﬁmmmm'@mﬁ’@m@@ZﬂﬂZﬂﬂﬁ?%ﬂzyfyvﬂmﬁyj weuiuasallalatiyy
N1z lunmeaamseelzaneuNzINLNNAgNTTA cervical intraepithelial neoplasia grade 2 33411 darmadng
784 A9 mm;uu,;L/uzhhm’)mm@mfaf;/fmn'@um?\iﬂﬁnm@nwﬁm cervical intraepithelial neoplasia grade 1 ?71477]
ﬁg?’zﬁviwm?ﬁnw’m%wm 165 mefilAsumensaanaalialal Tma”l%’ﬂ/@mm@wwwmﬁ?wm@7n°§m§@7jmm@n
i msg N Ussilullsz@nsnimnisiiadedediaoinla, muauniz, Ameansaluavan, Amensal
NARL, m’lilgﬂﬁ@\? (accuracy) Lm;‘,’ﬁumﬁni’ri/\/ receiver operating characteristic (ROC)

wamsAnE: egadresgitrsannsinm ity 39.5 + 8.3 il namsaan1anenFanemy CINT faeas 50.3
uaznusaelsn CINZ Full Seeas 41.8 7/@0»;3’4?77?’%7/1%7434@ fﬁ)ﬁ/mm'@mﬁ@mmfﬂmZﬁ;f/?/"l%’ﬂzyzyvﬂizﬁyjﬁoﬂ
msaamseslsa CIN 2 31/ Arrmaugnsies, Aawla, Avauanmag, Amennsaluauan, Awensaluaay fesas
69.1, 26.1,100, 100, 65.3 Auaady luanuziinealualailuuuaimegudamaugndas, paaula, Avrwsumz, A1
WeINTOIRALIAN, AMWEINTONAAL FREIAL 77.6, 50.7, 96.9, 92.1, 73.2 ANNANAL uazAILIAN I ROC 98917
m’mnﬁmﬁﬂfyfyvﬂﬁﬁyju@:Lmummijw 79 0.630 uaz 0.738 Amsunizazaaun CINT 3uly nrsdendasna
Zﬂﬂfﬂffﬁﬂ(yfy’)ﬂié’ﬁwj‘lfﬁﬂ AAANGNARN, AN 19, ATINAUNIE, ATWEINTDIALIN, ANENNTAINAAL FoEas

VOL. 34, NO. 6, NOVEMBER 2026 Mueangchang M. Diagnostic Accuracy of Al-Assisted Colposcopy for Detection of ~ 437
Cervical Precancerous Lesions at Buddhachinaraj Hospital



84.8, 84.9, 84.6, 98.5, 32.4 \ipiffauiiguriuasalalatluuuninsgiu S9lA7 88.5, 88.8, 84.6, 98.5, 39.3 A

AL 4AazANUNIANTIN ROC 189n17889naaiitliyay10/ss A uazu ULNIATTIN AB 0.847 LA 0.867 AMNAIAL

agil: msdesnaeveealtalatluuusinsginulunisatads CIN2 Iuly AlssAniningandnisdeenaeeiilgtiyg

szawgaag ustlsz@nsninlunisnsaana CINT 3uly laiuansieriu Asd nrsdeanasvaealtalatlyl4ilyg

vsehng Aagldsunisiiatsasniluareedetaeiasunisszildudaenealalatuuuninggiu sanndrnag ldnaunu

maazaanealitalalinegizeonay lunajiaas

ALY NemsaRAnnsasNNLnaAgn, Toyatlszang, Avuunue1un173d94e, n17dednaeessIatinuagn

Introduction

According to global cancer statistics in 2020,
cervical cancer was the fourth most common
cancer among women worldwide, accounting for
approximately 660,000 new cases and 350,000
deaths annually®™. In Thailand, cervical cancer is
currently the second most common cancer among
women, with approximately 5,866 new cases and
4,576 deaths reported each year®. The primary
etiological factor for cervical cancer is persistent
infection with human papillomavirus (HPV), a
common sexually transmitted infection that affects
the skin and mucosal surfaces, including the
genital tract and oropharynx. Although most HPV
infections are transient and cleared spontaneously
by the immune system, persistent infection with
high-risk HPV genotypes may lead to the
development of cervical precancerous lesions and,
eventually, cervical cancer®.

Cervical cancer screening plays a pivotal
role in reducing both the incidence and mortality
of cervical cancer. Screening recommendations
have been established by several organizations,
including the United States Preventive Services
Task Force (USPSTF) and the American Cancer
Society (ACS). Screening strategies are tailored
according to age, clinical history, and individual
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risk factors. Importantly, women who have received
HPV vaccination are still advised to undergo
routine cervical cancer screening because
currently available vaccines do not protect against
all oncogenic HPV types®. Early detection of
cervical precancerous lesions through routine
screening facilitates timely intervention and
substantially reduces the risk of progression to
invasive cancer®.

Histopathological examination of cervical
biopsy specimens remains the reference standard
for confirming cervical precancerous and malignant
lesions. Colposcopy is an essential diagnostic
procedure that enables detailed visualization of
the cervical epithelium following the application of
acetic acid to highlight abnormal areas. This
procedure plays a crucial role in identifying biopsy
sites and guiding treatment decisions. Despite its
clinical utility, access to colposcopy services and
trained specialists remains limited in many regions,
particularly in low-resource and remote settings.
Previous studies have shown that anxiety and
depression are common among women with
abnormal cervical cancer screening results who
are referred for colposcopy® ®. The median
colposcopy waiting time was 11.87 days, with
94.59% of patients with low-grade lesions
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undergoing colposcopy within 6 weeks and 77.55%
of patients with high-grade lesions undergoing
colposcopy within 2 weeks. The main factor
associated with waiting times that did not meet
recommended standards was the default rate”.
Therefore, the development of accessible and
effective diagnostic technologies that can be
operated by personnel with basic training may be
important for improving the early detection of
cervical precancerous lesions and cervical
cancer®1_ Such technologies may also help
reduce anxiety and referral delays among patients
with normal or low-grade findings, particularly
those living outside the referral center.

Artificial intelligence (Al) has emerged as a
promising technology for enhancing the detection
and diagnosis of cervical precancerous lesions.
Al-based image analysis systems can process
colposcopic images and assist clinicians in
identifying suspicious lesions efficiently. These
systems may facilitate the detection of high-grade
lesions, improve biopsy-site selection, and support
diagnostic decision-making. Furthermore, Al-
assisted colposcopy has the potential to expand
cervical cancer screening and diagnostic services
in underserved areas where access to advanced
medical equipment and specialized expertise is
limited. Consequently, Al technologies may
contribute to earlier detection and potentially
reduce the burden of advanced cervical cancer
and disease-related mortality("-'®. However, most
studies evaluating the efficacy of Al-assisted
colposcopy to date have been retrospective'.
Prospective evaluation of diagnostic accuracy is
therefore important for determining the clinical
utility of this emerging technology and assessing
its potential integration into cervical cancer
prevention and management programs.

The objective of this study was to evaluate
the diagnostic accuracy of an Al-assisted
colposcopy imaging system for detecting cervical
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precancerous lesions (cervical intraepithelial
neoplasia grade 2 (CIN2) + and CIN1+) compared
with conventional colposcopy.

Materials and Methods
Study design and participants

This prospective diagnostic accuracy study
was conducted at Buddhachinaraj Phitsanulok
Hospital, Thailand, between November 2024 and
November 2025. The study was approved by the
Institutional Review Board of Buddhachinaraj
Phitsanulok Hospital (Approval No. HREC 142-
2567). The study population consisted of women
aged 25—-60 years who underwent cervical cancer
screening using HPV testing in Phitsanulok
Province and were subsequently referred for
colposcopic evaluation. Eligible participants
included women with HPV type 16, HPV type 18,
or other high-risk HPV infections accompanied by
cytological abnormalities requiring further
colposcopic investigation. Patients were excluded
if they had a previous history of cervical
precancerous lesions, pregnancy, prior cervical
treatment or cervical surgery, poor or inadequate
colposcopic image quality, inadequate visualization
of the cervix during examination, or visual findings
suggestive of low-grade squamous intraepithelial
lesion (LSIL) or high-grade squamous intraepithelial
lesion (HSIL) without histopathological confirmation.

Sample size calculation

The sample size was determined based on
the precision of the area under the receiver
operating characteristic curve (AUC), following the
approach described by Hajian-Tilaki™. A pilot
study of 30 participants was conducted to obtain
a preliminary estimate of the diagnostic performance
of Al-assisted colposcopy. The ordinal Al diagnostic
categories were used to construct the receiver
operating characteristic (ROC) curve, yielding an
estimated AUC of 0.776. The sample size
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calculation assumed a two-sided 95% confidence
level and a desired precision corresponding to a
95% confidence interval half-width of approximately
0.075. Because the numbers of participants with
and without CIN2+ were not expected to be equal,
the variance of the AUC was estimated using the
Hanley—McNeil approximation®, which allows the
numbers of diseased and non-diseased participants
to be incorporated separately. This approach is
appropriate when estimating the precision of an
AUC and accounting for the ratio of controls to
cases. For an expected AUC of 0.776, the quantities
and were 0.634 and 0.678, respectively. The
variance of the AUC was estimated as

ANE L — ALFCT) + dmyg — LG — AUCT) + (mg — 161 — ALCY)

g

Varl AUC)

where n1 and n0 denote the numbers of participants
with CIN2+ and < CIN2, respectively. With 69
CIN2+ and 96 CIN1/normal participants (n = 165),
the estimated variance was approximately 0.00144,
corresponding to a standard error of approximately
0.038. The resulting half-width of the 95%
confidence interval was approximately 0.075.
Therefore, a total sample of 165 participants
provided an anticipated precision of approximately
+ 0.075 around the estimated AUC of 0.776.

Study procedures

1. Patient recruitment

Women with positive HPV screening results
who met the eligibility criteria were invited to
participate in the study. Written informed consent
was obtained from all participants before enroliment.

2. Colposcopic examination

All participants underwent conventional
colposcopy performed by one gynecologic
oncologist. The cervix was initially inspected under
low-power magnification (5x to 10x) for visible
abnormalities. Normal saline was then applied
using a sprayer, and excess fluid was removed to
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permit assessment of the cervical surface and
vascular patterns. A green filter and higher
magnification (15x) were used to enhance
visualization of the blood vessels. A 5% acetic acid
solution was liberally applied to the cervix using a
cotton-tipped swab or sprayer and allowed to act
for 1 minute. A Dr. Cervicam C20 portable
colposcope was used to capture colposcopic
images, and acetic acid was reapplied every 2-3
minutes during the examination and immediately
before conventional colposcopic assessment. The
cervix was carefully examined for abnormal
epithelial changes and suspicious lesions. At least
one targeted cervical biopsy was obtained from
the most abnormal area identified, preferably
closest to the squamocolumnar junction. Specimens
were immediately placed in 10% formalin. Random
biopsies at the 6- and 12-o’clock positions were
performed when no abnormal lesion was identified.
Endocervical curettage (ECC) was performed
when the ectocervix showed no abnormality,
cytology indicated a glandular lesion, the
transformation zone was type 3, or colposcopy was
unsatisfactory.

Al-assisted image analysis

The Dr. Cervicam C20 portable colposcope
and CerviCARE Al (NTL Healthcare, Korea)
comprise a commercial Al-assisted colposcopy
system. The system captures high-resolution
cervical images (13 megapixels/2K resolution) and
processes them using a histogram-equalization
algorithm and predefined image-recognition
methods to assist in identifying cervical lesions.
The system categorizes tissue risk levels as
normal, atypical, or high-risk to support clinical
triage and treatment decisions.

Histopathological assessment

Histopathological specimens were reviewed
independently by three experienced pathologists.
The final pathological diagnosis was determined
by agreement between at least two of the three
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pathologists and was used as the reference
standard for evaluating diagnostic performance.
3. Follow-up
Participants received follow-up care
according to standard clinical protocols. Treatment
recommendations were based on histopathological
findings and current clinical practice guidelines.

Study instruments

The study utilized three primary tools:

1. Demographic and clinical information
were collected, including age, reproductive
history, HPV testing results, cytological findings,
colposcopic impressions, histopathological
diagnoses, and biopsy results.

2. The Al-assisted colposcopy system
analyzed cervical images and highlighted areas
suspected of containing lesions. Diagnostic
outputs were generated using image-recognition
algorithms designed to detect abnormal cervical
epithelial changes.

3. Histopathological assessment of
cervical biopsy specimens served as the
reference standard for diagnostic confirmation.

Data collection

Clinical information was collected through
participant interviews and review of medical
records. Cytology, HPV testing, and
histopathological results were obtained from the
hospital pathology database. Colposcopic
findings and Al-generated assessments were
automatically recorded by the system and
subsequently verified by the research team.

Statistical analysis

Statistical analyses were performed using
R. Descriptive statistics were used to summarize
participant characteristics. Categorical variables
were presented as frequencies and percentages,
whereas continuous variables were summarized
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as means and standard deviations (SD).
Diagnostic performance was evaluated using
accuracy, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV),
and the area under the receiver operating
characteristic curve (AUROC). Histopathological
diagnosis was used as the reference standard
for all analyses.

Results
Participant characteristics

A total of 165 women were included in the
study. The mean age was 39.5 + 8.3 years. The
largest age group was 30-39 years (37.0%),
followed by 40—-49 years (33.3%). Most participants
had a parity of 1-2 (60.0%), while 23.6% were
nulliparous.

Regarding obstetric history, 64.2% of
participants had experienced at least one vaginal
delivery, whereas 12.1% had a history of cesarean
section. Nearly half of the participants (44.2%)
reported no contraceptive use, while 33.9% used
hormonal contraception and 16.4% had undergone
permanent sterilization.

Most participants were non-smokers
(90.3%), and 92.7% reported no history of sexually
transmitted diseases. Only 3.0% reported prior
HPYV vaccination. Self-collected HPV testing was
the most common screening method (58.8%),
followed by primary HPV testing (23.6%) and co-
testing (17.6%).

Among HPV risk groups, HPV type 16
infection was the most prevalent (35.8%), followed
by other high-risk HPV types (32.7%), multiple
HPV infections (21.2%), and HPV type 18 infection
(10.83%). The mean age at first sexual intercourse
was 19.3 + 3.6 years, and the median number of
lifetime sexual partners was 2.

Histopathological examination revealed
normal findings in 7.9% of participants, CIN1 in
50.3%, and CIN2+ lesions in 41.8% (Table 1).
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Table 1. Baseline characteristics of the participants (n = 165).

Characteristics

n (%) or mean = SD

Age (years)
Age group (years)
<30
30-39
40-49
=50
Parity
0
1-2
23
Delivery history
Nulliparous
Any vaginal delivery
Cesarean section
Contraception
Self HPV
HPV testing
Co-testing
HPV risk groups
HPV 16
HPV 18
Other high-risk HPV
Multiple HPV types
Age at first sexual intercourse (years)
Median number of lifetime sexual partners
Comorbidity
None
Any comorbidity
Histopathology
Normal
CIN1
CIN2+ (CIN2, CING, AIS)

39.5+8.3

21 (12.7)
61 (37.0)
55 (33.3)
28 (17.0)

39 (23.6)
99 (60.0)
27 (16.4)

39 (23.6)
106 (64.2)
20 (12.1)

97 (58.8)
39 (23.6)
29 (17.6)

59 (35.8)

17 (10.3)

54 (32.7)

35 (21.2)

19.3+3.6
2

147 (89.1)
18 (10.9)

13 (79)
83 (50.3)
69 (41.8)

SD: standard deviation, HPV: human papillomavirus, CIN: cervical intraepithelial neoplasia
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Diagnostic performance for detection of CIN2+
lesion

For high-grade lesions (CIN2+), Al-assisted
colposcopy demonstrated an accuracy of 69.1%,
sensitivity of 26.1%, specificity of 100%, PPV of
100%, and NPV of 65.3%. Conventional colposcopy
demonstrated an accuracy of 77.6%, sensitivity of

50.7%, specificity of 96.9%, PPV of 92.1%, and
NPV of 73.2% (Table 2). The AUROC was 0.630
for Al-assisted colposcopy and 0.738 for
conventional colposcopy, indicating moderate
discriminative ability, with conventional colposcopy
showing better discrimination for CIN2+ lesions
(Table 3).

Table 2. Diagnostic performance of Al-assisted and conventional colposcopy for detecting CIN2+ pathology.

Colposcopy method / result

CIN2+ pathology

Normal/CIN1 pathology

Al-assisted: CIN2+
Al-assisted: < CIN2
Conventional: CIN2+

Conventional: < CIN2

18 0
51 96
35 3
34 93

Al: artificial intelligence, CIN: cervical intraepithelial neoplasia

Table 3. Comparison of the diagnostic performance of Al-assisted and conventional colposcopy for detecting

CIN2+ lesions.

Parameter

Al-assisted colposcopy

Conventional colposcopy

Sensitivity (%)
Specificity (%)
PPV (%)

NPV (%)
Accuracy (%)

AUROC

26.1 50.7
100 96.9
100 92.1
65.3 73.2
69.1 776
0.630 0.738

Al: artificial intelligence, CIN: cervical intraepithelial neoplasia, PPV: positive predictive value, NPV: negative predictive value, AUROC: area

under the receiver operating characteristic curve

Diagnostic performance for detection of CIN1+
lesion

For the detection of any cervical intraepithelial
neoplasia (CIN1+), Al-assisted colposcopy achieved
an overall diagnostic accuracy of 84.8%, with a
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sensitivity of 84.9%, specificity of 84.6%, PPV of
98.5%, and NPV of 32.4%. Conventional colposcopy
demonstrated a slightly higher diagnostic accuracy of
88.5%, with a sensitivity of 88.8%, specificity of
84.6%, PPV of 98.5%, and NPV of 39.3% (Table 4,5).
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Table 4. Diagnostic performance of Al-assisted and conventional colposcopy for detecting CIN1+ lesions (n =

165).

Colposcopy method / result CIN1+ pathology Normal pathology Total
Al-assisted: CIN1+ 129 2 131
Al-assisted: normal 23 1 34
Conventional: CIN1+ 135 2 137
Conventional: normal 17 11 28

Al: artificial intelligence, CIN: cervical intraepithelial neoplasia

Table 5. Comparison of the diagnostic performance of Al-assisted and conventional colposcopy for detecting

CIN1+ lesions.

Parameter

Al-assisted colposcopy

Conventional colposcopy

Sensitivity (%)
Specificity (%)
PPV (%)

NPV (%)
Accuracy (%)

AUROC

84.9 88.8
84.6 84.6
98.5 98.5
32.4 39.3
84.8 88.5
0.847 0.867

Al: artificial intelligence, PPV: positive predictive value, NPV: negative predictive value, AUROC: area under the receiver operating characteristic

curve

Comparison between Al-assisted and conventional
colposcopy

Overall, conventional colposcopy showed
slightly higher diagnostic performance than Al-
assisted colposcopy. For CIN2+, conventional
colposcopy also outperformed Al-assisted colposcopy
in sensitivity (50.7% vs 26.1%) and AUROC (0.738
vs 0.630), although Al-assisted colposcopy
demonstrated higher specificity (100% vs 96.9%). For
CIN1+, conventional colposcopy had higher sensitivity
than Al-assisted colposcopy (88.8% vs 84.9%), while
specificity was identical (84.6% for both). The PPV
was 98.5% for both approaches, whereas the NPV
was 39.3% for conventional colposcopy and 32.4%
for Al-assisted colposcopy. The AUROC values were
0.867 for conventional colposcopy and 0.847 for Al-
assisted colposcopy, indicating good discrimination
for CIN1+ with both methods.
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Discussion

Conventional colposcopy remains a cornerstone
in the evaluation and management of women with
abnormal cervical cancer screening results. However,
recent advances in Al have highlighted its potential
role in the diagnosis and management of cervical
precancerous lesions. In the present study, Al-assisted
colposcopy demonstrated an accuracy of 69.1%,
sensitivity of 26.1%, specificity of 100%, PPV of 100%,
and NPV of 65.3% for CIN2+, whereas conventional
colposcopy achieved an accuracy of 77.6%, sensitivity
of 50.7%, specificity of 96.9%, PPV of 92.1%, and
NPV of 73.2%. The AUROC values were 0.630 and
0.738 for Al-assisted and conventional colposcopy,
respectively, indicating lower discriminatory ability for
CIN2+ than for CIN1+. These findings differ from a
recent meta-analysis reporting that Al-assisted
colposcopy may achieve diagnostic performance
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comparable to or superior to conventional
colposcopy™®. The plausible explanation for the lower
performance of the Al system in the present study is
the limited number of images captured at different
stages of the examination. In this study, approximately
two or three images were obtained, which may have
provided insufficient information for Al-based
assessment. Ogunlaja et al™®), reported capturing at
least five images, including a pre-acetic acid image
and four post-acetic acid images at 60, 90, 120, and
150 seconds. In addition, variations in image exposure
or brightness, blur, specular reflection, blood, or
mucus may mimic acetowhite changes or obscure
abnormal lesions, thereby reducing diagnostic
accuracy®. An autofocus camera with standardized
image acquisition may improve consistency. A recently
updated Al system using 48-megapixel/4K resolution
(Dr. Cervicam C20 and CerviCARE Al, NTL Healthcare,
Korea) has been reported to provide more satisfactory
results". Because Al-assisted colposcopy was newly
established at our hospital, operator familiarity with
the device and image-acquisition workflow may also
have influenced performance. Furthermore, complete
visualization of the cervix by an experienced
colposcopist may improve image selection and Al
assessment™). The findings are nevertheless within
the range reported in previous study. Zimmer-
Stelmach et al™®, who applied a convolutional neural
network (CNN)-based algorithm, reported an accuracy
of 60.4%, sensitivity of 66.7%, and specificity of
46.7%, which were lower than those of experienced
colposcopists. The authors suggested that Al-assisted
colposcopy may reduce subjective interpretation and
interobserver variability while maintaining acceptable
diagnostic performance(™®.

Recent evidence from a systematic review and
meta-analysis by Liu et al' demonstrated that Al-
assisted colposcopy can achieve diagnostic
performance comparable to, and in some settings
superior to, conventional colposcopy for detecting and
classifying CIN2+ lesions. However, diagnostic
performance varies substantially according to
algorithm architecture, training datasets, image
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quality, and validation methods('> '®. More advanced
Al models incorporating lesion classification,
automated acetowhite lesion segmentation, and
multimodal data integration may improve diagnostic
accuracy®@® 29, Integration of clinical information,
including HPV genotype, cytology findings, and
molecular biomarkers, may provide a more
comprehensive assessment of patient risk and
enhance screening effectiveness, particularly in
resource-limited settings®® 2. Hou et al™ also
reported that Al-based systems may reduce workload,
decrease dependence on highly specialized personnel,
and reduce subjective bias in clinical interpretation.
Portable Al-assisted colposcopy devices may further
expand access to diagnostic services in underserved
areas. Nurmaini et al® demonstrated that mobile Al-
assisted cervicography systems can provide real-time
image interpretation, supporting their potential use in
remote screening settings.

For the secondary outcome, Al-assisted
colposcopy demonstrated an overall diagnostic
accuracy of 84.8%, sensitivity of 84.9%, and specificity
of 84.6% for detecting CIN1+. These findings were
broadly comparable to conventional colposcopy, which
achieved an accuracy of 88.5%, sensitivity of 88.8%,
and specificity of 84.6%. The AUROC values were
0.847 for Al-assisted colposcopy and 0.867 for
conventional colposcopy, indicating good
discriminatory ability for both approaches. Our
findings are consistent with those reported by Talathi
et al®, who demonstrated that the Smart Scope® Al
system achieved both sensitivity and specificity of
83.3%, while conventional colposcopy showed the
same sensitivity but lower specificity of 50%. The
authors concluded that Al-assisted screening could
serve as an effective triage tool in primary healthcare
settings where colposcopy services are unavailable.
Similarly, a systematic review by Takahashi et al®
highlighted the growing role of Al-assisted colposcopy
in cervical cancer screening and diagnosis.

Several studies have also demonstrated the
potential educational value of Al-assisted colposcopy.
Cho et al® reported that deep-learning algorithms
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may support less-experienced clinicians in identifying
cervical neoplasms on colposcopic images. Similarly,
Wu et al® suggested that Al may improve diagnostic
accuracy and biopsy efficiency among junior
colposcopists. Furthermore, Xue et al®* developed
the colposcopic artificial intelligence auxiliary
diagnostic system (CAIADS), which demonstrated
higher accuracy than conventional colposcopy (82.2%
vs 65.9%) and improved identification of optimal
biopsy locations.

Accurate differentiation between CIN1 and
CIN2+ lesions, including CIN2, CIN3, adenocarcinoma
in situ (AlS), and invasive cervical cancer, is essential
for clinical management. Mascarenhas et al®®
developed an Al model using multiple image frames
obtained throughout the colposcopic examination,
including native, acetic acid-enhanced, Lugol’s iodine-
enhanced, and post-manipulation images. Their model
achieved a sensitivity of 99.7%, specificity of 98.6%,
PPV of 97.8%, and NPV of 99.8%. Although our study
demonstrated excellent specificity and PPV for CIN2+,
the relatively low sensitivity suggests that future Al
models may benefit from incorporating additional
image frames and more sophisticated image-
processing techniques. The International Agency for
Research on Cancer (IARC) has also emphasized the
need for standardized, high-quality image databases
to facilitate the development, training, and validation
of machine-learning and deep-learning algorithms for
cervical lesion detection®®),

Despite these promising findings, several
challenges remain. Variability in Al algorithms,
differences in image-acquisition protocols, image
quality, and the need for external validation across
diverse populations may affect the generalizability of
study findings. In addition, the low sensitivity observed
for CIN2+ in the present study limits the suitability of
the evaluated Al system as a stand-alone diagnostic
tool. Al should therefore be considered an adjunctive
technology rather than a replacement for clinical
judgment, with physician expertise remaining
essential for interpretation, biopsy decisions, and
clinical management.
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Implications

The findings of this study have several potential
clinical and public health implications. Al-assisted
colposcopy showed good diagnostic performance for
CIN1+ and may therefore have potential as an
adjunctive tool in cervical cancer screening and triage.
In low-resource settings where access to experienced
colposcopists is limited, portable Al-assisted systems
may support image interpretation, standardize
assessment, and potentially reduce dependence on
specialist availability. However, the relatively low
sensitivity for CIN2+ observed in this study indicates
that the evaluated Al system should not currently
replace conventional colposcopy or histopathological
confirmation. Al-assisted systems may also have
educational value for junior clinicians by supporting
lesion recognition and biopsy-site selection. Future
integration of Al with HPV genotyping, cytology, and
other clinical or molecular information may improve
risk stratification and help optimize cervical cancer
screening pathways.

Strengths and limitations

The principal strengths of this study included
its prospective design, which allowed standardized
data collection in a real-world clinical setting, and the
head-to-head evaluation of Al-assisted and
conventional colposcopy in the same participants.
Histopathological diagnosis was used as the reference
standard, strengthening the validity of the diagnostic
accuracy assessment. Several limitations should also
be considered. First, the study was conducted in a
referral population consisting predominantly of women
with abnormal cervical screening results, which may
introduce selection bias and limit generalizability to
the general screening population. Second, the
relatively small sample size may have reduced the
precision of estimates, particularly for CIN2+. Third,
variations in Al algorithms, image-acquisition
protocols, image quality, and device specifications
may limit reproducibility across clinical settings.
Fourth, the Al-assisted colposcopy system had only
recently been introduced at our hospital, and limited
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operator familiarity may have affected image
acquisition and system performance. Finally, the study
was conducted at a single center and included
assessment by one gynecologic oncologist; therefore,
external validation in larger, multicenter populations
and evaluation by multiple clinicians are warranted
before widespread implementation.

Conclusion

Al-assisted colposcopy demonstrated less
diagnostic performance for CIN2+ compared with
conventional colposcopy. However, it had a comparable
performance for CIN1+ detection. Al-assisted
colposcopy should therefore be considered an adjunct
to, rather than a replacement for, conventional
colposcopic assessment in clinical practice. Further
improvements in Al algorithms, standardized image
acquisition, and multimodal data integration, together
with external validation in larger and more diverse
populations, are needed before widespread clinical
implementation.
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ABSTRACT

Objectives: To compare the analgesic efficacy of 2% lidocaine gel, 10% lidocaine spray, and
placebo during office-based endometrial sampling.

Materials and Methods: This three-arm randomized, placebo-controlled trial at Nakornping
Hospital (Feb—Sep 2025) compared 2% lidocaine gel, 10% lidocaine spray, and placebo in
women aged = 35 undergoing endometrial sampling. Pain was evaluated using a 10-cm
visual analog scale (VAS) across five procedural steps, both participants and operators’
satisfaction were assessed via a 5-point Likert scale. Statistical analyses were performed
using analysis of variance and multivariable linear regression.

Results: The study enrolled 115 women, randomized into three groups: 2% lidocaine gel (n = 37),
10% lidocaine spray (n = 39), and placebo (n = 39). Baseline characteristics were comparable,
except for prior vaginal delivery history. Median pain scores at procedural points P3 — P5
(Endocell insertion, aspiration, and 10-minute recovery) were 12 (interquartile range (IQR)
5, 15), 13 (IQR 10, 17), and 11 (IQR 7, 17), respectively, with no statistically significant
difference among the three groups (p = 0.611). Subgroup analysis showed that women aged
35 — 50 years (n = 73) experienced significantly lower pain with 2% lidocaine gel compared
to 10% spray (p = 0.004). Participants and operators’ satisfaction were similar across groups.
No adverse events were reported.

Conclusion: In this study, neither topical 2% lidocaine gel nor 10% lidocaine spray significantly
reduced pain compared with placebo during endometrial sampling. A post-hoc subgroup
analysis among women aged 35 — 50 years showed lower pain scores with lidocaine gel
than with lidocaine spray; however, neither intervention differed significantly from placebo.
This exploratory finding requires confirmation in an adequately powered study. Both agents
were well tolerated, with no reported adverse events or complications.

Keywords: Endometrial sampling, lidocaine gel, lidocaine spray, pain control, randomized controlled
trial
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Introduction

Endometrial sampling is a common diagnostic
procedure performed for histopathological evaluation
in various gynecologic conditions, including abnormal
uterine bleeding, postmenopausal bleeding,
abnormal cytology, and infertility assessment(" 2.
Itis a simple, quick, safe, and cost-effective method
that can be performed in an outpatient setting and
provides diagnostic accuracy comparable to dilation
and curettage® 4. The Endocell device, a flexible,
single-use, sterile suction catheter with a diameter
of 3.1 mm, has been widely adopted for this
purpose due to its convenience and high diagnostic
reliability® ©.

Despite these advantages, pain during
endometrial sampling remains a major concern,
potentially affecting patient satisfaction and
compliance with future procedures® 7 8. The pain
primarily arises from cervical traction, uterine
manipulation, and endometrial aspiration. The cervix
and lower uterine segment are innervated by
parasympathetic fibers from the Frankenhauser
plexus [S2 — S4], while the uterine fundus is supplied
by sympathetic nerves, suggesting that topical
anesthesia may relieve pain mainly at the cervical
level™.

Various analgesic strategies have been
investigated to mitigate procedural distress, including
oral nonsteroidal antiinflammatory drugs (NSAIDs),
paracervical blocks, and topical anesthetics.
However, a standardized, evidence-based guideline
for pain management during endometrial sampling
has yet to be established® 9. Patients frequently
report moderate discomfort, with mean pain scores
ranging from 4.6 to 6.9 on a 10-point visual analog
scale (VAS) when no anesthesia is used®.

Among available analgesic strategies, 2%
lidocaine gel and 10% lidocaine spray have been
investigated because of their ease of application and
favorable safety profiles. Several randomized
controlled trials have reported reductions in
procedural pain with topical lidocaine gel or spray
during endometrial sampling® 7 12-19),
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The study found that cervical 2% lidocaine gel
effectively relieves pain during Pipelle sampling®.
A previous study(™ confirmed its efficacy, highlighting
its dual benefits of anesthesia and lubrication, with
a rapid onset occurring within three minutes(® 2,

Clinical trials have shown significant
reductions in pain scores in participants receiving
10% lidocaine spray during office-based
sampling®™. Two studies!"'® further highlight its
rapid onset (1-2 minutes), making it highly effective
for immediate mucosal anesthesia during minor
gynecologic procedures such as intrauterine device
(IUD) insertion and hysteroscopy(419,

While these topical agents are widely utilized,
previous assessments, including meta-analyses®1%
have yielded inconsistent findings regarding their
overall efficacy® % 19, Lidocaine gel demonstrates
fewer infections than lidocaine spray.

Given the lack of consensus on the optimal
analgesic approach, this randomized controlled trial
was designed to compare the effectiveness of 2%
lidocaine gel, 10% lidocaine spray, and placebo in
reducing procedural pain during endometrial
sampling among women at the Gynecologic
Outpatient Department.

Materials and Methods

This three-arm randomized, single-blinded,
placebo-controlled trial was conducted at the
Gynecologic Outpatient Clinic, Nakornping Hospital,
Chiang Mai, Thailand, between February and
September 2025. The study protocol was approved
by the Nakornping Hospital Ethics Committee for
Research Involving Human Subjects and prospectively
registered with the Thai Clinical Trials Registry (TCTR
ID: TOTR2025916008). The trial adhered to the
standards of the International Committee of Medical
Journal Editors (ICMJE) and the World Health
Organization (WHO) trial registration requirements .

The sample size was estimated based on
previous studies>™, Assuming a statistical power
of 80%, a type | error (o) of 0.05, and a two-tailed
one-way analysis of variance (ANOVA) model using

Uatrongjit N. Pain Control during Endometrial Sampling: A three-arm randomized 451
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G*Power version 3.1.9, a minimum of 32 participants
per group was required. Accounting for a 10%
potential dropout rate, the final target sample size
was 35 participants per group, yielding a total of 105
participants.

Women aged = 35 years who required
endometrial sampling for diagnostic purposes,
including abnormal uterine bleeding, postmenopausal
bleeding, abnormal cervical cytology, or infertility
assessment, were eligible for participation. Women
were excluded if they had confirmed or suspected
pregnancy, known hypersensitivity to lidocaine or
other amide-type local anesthetics, active cervical
or pelvic infection, cervical stenosis or uterine
distortion precluding cannula insertion, inability to
understand or use the VAS, a history of seizure
disorder, or significant cardiovascular, hepatic, or
renal disease.

Written informed consent was obtained from
all participants before enrollment. Eligible participants
were randomly assigned in a 1:1:1 ratio to receive
2% lidocaine gel, 10% lidocaine spray, or placebo
using a computer-generated randomization
sequence prepared by the researcher. Allocation
concealment was maintained using sequentially
numbered, opaque, sealed envelopes, which were
opened by the physician performing the procedure
only after participant enroliment. This was a single-
blind study in which the participants were blinded to
treatment allocation, whereas the physician
performing the procedure and the assistant were
not blinded to the assigned intervention. Group 1:
2% lidocaine gel, 3 mL applied directly to the
ectocervix and endocervical canal, group 2: 10%
lidocaine spray, 5 puffs applied to the same area,
and group 3: K-Y gel, 3 mL of non-anesthetic
lubricant gel. All procedures were performed by
trained gynecology staff or supervised intern
physicians following a standardized protocol (five
procedural points, P1 - P5).

1. Participants were placed in the lithotomy
position. (P1)

2. A bivalve speculum was inserted to

452 Thai J Obstet Gynaecol

visualize the cervix. (P2)

3. The assigned study agent was applied to
the cervix, followed by a 3-minute waiting period to
allow for anesthetic effect. The Endocell catheter
was introduced through the cervical canal. Cervical
traction with a tenaculum was performed only when
necessary. (P3)

4. Endometrial sampling was performed
using an Endocell suction device (3.1 mm, flexible,
sterile, single-use catheter). The catheter was
advanced to the uterine fundus and withdrawn
toward the internal os with continuous manual
suction to obtain endometrial tissue. (P4)

5. The device and speculum were removed,
hemostasis was assessed, and participants were
observed for 10 minutes after the procedure. (P5)

Pain intensity was self-reported by participants
using a 10-cm VAS, ranging from 0 (“no pain”) to 10
(“worstimaginable pain”). A research assistant asked
participants to rate their pain and recorded the
scores at five predefined time points (P1 — P5). The
same standardized sampling technique was used
across all three groups.

Results

A total of 117 women were assessed for
eligibility, of whom 115 participants met the inclusion
criteria and were enrolled in the study. Two participants
discontinued the procedure and were excluded from
the final analysis, resulting in 115 participants being
included: 37, 39, 39 in each group (2% lidocaine gel,
10% lidocaine spray, and placebo) (Fig.1.).

All procedures were completed successfully
without any intraoperative or postoperative
complications. No adverse drug reactions or allergic
responses were observed in any of the participants.

The demographic and clinical characteristics
of participants were comparable among the three
groups, with no statistically significant differences
observed in age, menopausal status, body mass
index, or other baseline variables, except for the
history of previous vaginal delivery, which differed
significantly between groups (Table 1).
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Table 1. Clinical data and characteristics of the participants and procedure (n = 115).

[

Assessed and randomized for
eligible (n=117)

]

!

v

3

Allocated to receive
Lidocaine gel (n=38)

Allocated to receive
Lidocaine spray {n=40}

4

Allocated to receive
Placebo (n=39)

-
Discontinued procedure Discentinued procedure
due to cervical stenosis due to cervical stenasis Procedure (n=38)
{n=1) (n=1)
D 1 ]
Analyzed (n=37) Analyzed (n=39) Analyzed (n=39)

Fig. 1. The flowchart of participants during the study period.

Characteristics Lidocaine gel Lidocaine spray Placebo p value
(n=37) (n=39) (n=39)
Age 50.86 + 10.49 48.38 + 8.41 51.00 + 8.37 0.368
Body mass index 26.46 +5.79 26.45 +5.79 26.19 +5.27 0.965
Time of procedure Median (Q1-Q3) 5(3, 5) 5(3,7) 5(3, 5) 0.326
Menopausal status 0.966
Premenopausal 27 (73.0) 28 (71.8) 27 (69.2)
Postmenopausal 10 (27.0) 11 (28.2) 12 (30.8)
Gravidity 0.166
Nulliparous 10 (27.0) 4 (10.3) 6 (15.4)
Multiparous 27 (73.0) 35 (89.7) 33 (84.6)
Previous vaginal birth 0.017
Yes 22 (59.5) 31 (79.5) 19 (48.7)
No 15 (4.5) 8(20.5) 20 (51.3)
Marital status 0.656
Single 4(10.8) 1(2.6) 4(10.3)
Marriage 30 (81.1) 34 (87.2) 31 (79.5)
Divorced 3(8.1) 4 (10.3) 4 (10.3)
Underlying Medical condition 0.601
Yes 17 (46.0) 22 (56.4) 18 (46.2)
No 20 (54.1) 17 (43.6) 21 (53.9)
History of drug allergy 0.765
Yes 3(8.1) 2(5.1) 4(10.3)
No 34 (91.9) 37 (94.9) 35 (89.7)
Difficulty of procedure 0.185
Easy 27 (73.0) 25 (64.1) 19 (48.7)
Moderate 5(18.5) 10 (25.6) 14 (35.9)
Difficult 5(13.5) 4 (10.3) 6 (15.4)
Operator 0.926
Internist 4 (10.8) 3(7.7) 4 (10.3)
Gynecologist 33(89.2) 36 (92.3) 35 (89.7)
Indication of procedure 0.412
Menorrhagia 21 (56.8) 27 (69.2) 25 (64.1)
Postmenopausal bleeding 9 (24.3) 10 (25.6) 11 (28.2)
Other 7 (18.9) 2(5.1) 3(7.7)

Data are presented as mean + standard deviation, median (interquartile range; min-max), or n (%)
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After adjusting for history of vaginal delivery,
procedure duration, procedural difficulty, and
operator, neither 2% lidocaine gel nor 10% lidocaine
spray showed a significant association with pain
reduction compared with placebo. The adjusted
coefficient for lidocaine gel was —0.27 (95% C1 0.95,
0.42, p = 0.447), and for lidocaine spray was 0.18
(95% C10.22, 0.88, p = 0.617) (Table 2).

These results indicated that topical lidocaine
provided no significant benefit in pain control
during endometrial sampling.

Pain intensity was evaluated using the visual
analog scale (VAS) at five procedural points (P1
— P5). The median (interquartile range) pain
scores for each group are shown in Table 3 and
Fig.2.

Table 2. Adjusted 3 co-efficient controlled by history of vaginal birth, time of procedure, difficulty of procedure

and operator.

Analgesia Pain score 95% CI p value
Placebo Reference
Lidocaine gel -0.27 -0.95, 0.42 0.447
Lidocaine spray 0.18 -0.22,0.88 0.617
Cl: confidence interval
Table 3. Pain score and overall pain score between groups.

Pain score median Lidocaine gel Lidocaine spray Placebo p value
(IQR, min-max) (n=37) (n=39) (n=39)

P1 0(0,0) 0(0,0) 0(0,0) 0215
P2 0(0,2) 2 (0, 3) 1(0,3) 0.388
P3 4(2,5) 5(3, 5) 3(2,5) 0.412
P4 6 (3, 8) 6 (4, 8) 6(4,9) 0.735
P5 1(0,3) 2(0,3) 1(0,4) 0.529
Overall pain (P3-P5) 12 (5, 15) 13 (10, 17) 11(7,17) 0.611

IQR: interquartile range

2 i
[ ]
] L

Plaoebo
I 1 ] A P2
. - . e
. Fs

Fig. 2. Box plots of procedure pain scores by group.

There were no statistically significant differences
in pain scores among the three groups: 2% lidocaine
gel, 10% lidocaine spray, and placebo—at any
procedural step (P1—P5) (p > 0.05 for all comparisons).

454 Thai J Obstet Gynaecol

Median pain scores were low during the initial
steps (P1 — P2) across all groups, increased
notably during endometrial aspiration (P4), and
declined there after (P5). The highest pain scores
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were consistently observed at P4, corresponding
to the insertion and aspiration phases of the
procedure.

The overall pain score, calculated as the sum

of P3 — P5, also showed no significant difference

among the three groups (p = 0.611).
Participants and operators’ satisfaction

(5-point Likert scale) are detailed in Table 4.

Table 4. Satisfactory of participants and operators between groups.

Satisfactory scale Lidocaine gel Lidocaine spray Placebo p value
mean = SD (n=37) (n=39) (n=39)
Patient 4.29 £0.85 4.41 £0.82 4.18 £ 1.00 0.537
Operator 4.27 £0.87 4.26 £ 0.85 4.18 £ 0.94 0.890

SD: standard deviation

The mean (+ standard deviation) satisfaction
scores were high across all groups, indicating a
generally positive experience with the procedure.
Among participants, mean satisfaction scores were
4.29 + 0.85 in the 2% lidocaine gel group, 4.41 + 0.82
in the 10% lidocaine spray group, and 4.18 + 1.00 in
the placebo group, with no statistically significant
difference observed among groups (p = 0.537).

Similarly, operators’ satisfaction scores were
4.27 + 0.87, 4.26 + 0.85, and 4.18 + 0.94 in the 2%
lidocaine gel, 10% lidocaine spray, and placebo groups,
respectively, with no significant difference (p = 0.890).
These results suggested that both participants and
operators were generally satisfied with the procedure,
and the use of topical lidocaine, either gel or spray,

did not significantly.

When stratified by age, a statistically significant
difference in overall pain scores was identified among
women aged 35 — 50 years (p = 0.027), whereas no
significant difference was observed among those aged
> 50 years (p = 0.138). Within the younger subgroup,
participants who received 2% lidocaine gel reported
significantly lower overall pain scores compared with
those who received 10% lidocaine spray (p = 0.004),
suggesting a possible age-related variation in analgesic
response.

No statistically significant differences in pain
scores were found when stratified by procedural
difficulty, menopausal status or history of vaginal
delivery (Table 5).

Table 5. Overall pain score divided by subgroup of characteristics data.

Lidocaine spray Placebo p value
(n=39) (n=39)

Factors Lidocaine gel
median (IQR, min-max) (n=37)
Age
35 - 50 11 (4, 12; 1-15) **
> 50 16.5 (13, 20; 2-26)

Difficulty of procedure
Easy
Moderate
Difficult
Menopausal status
Premenopausal
Postmenopausal
History of vaginal birth
Yes

No

11 (3, 15; 1-26)
12 (11, 17; 5-25)
13 (13, 14; 12-20)

11 (3, 13; 1-26)
16.5 (13, 20; 5-25)

12.5 (8, 17; 1-25)
12 (3, 13; 2-26)

14.5 (10, 18; 1-24) ** 10.5 (6.5, 15.5; 2-28) 0.027
10 (10, 14; 5-23) 15.0 (7, 17;3-25) 0.138
13 (10, 17; 1-21) 11 (6, 15; 2-24) 0.438

12.5 (10, 17; 5-24) 10.5(7, 17; 3-28) 0.764
13 (9, 16.5; 8-17) 16 (7, 17; 6-20) 0.944
14 (9, 175; 1-24) 11 (6, 16; 2-28) 0.111
10 (10, 15; 8-23) 14.5 (8.5, 18.5; 2-25) 0.147
13 (10, 17;1-24) 11 (4, 15; 2-24) 0.346

12 (6.5, 16.5; 4-18) 13.5 (8.5, 17; 4-28) 0.291

** In the post-hoc subgroup analysis of women aged 35 — 50 years, pain scores differed among the three groups (overall p = 0.027). Scores were lower with lidocaine gel than with
lidocaine spray (p = 0.004), but neither differed significantly from placebo (p = 0.405 and 0.176, respectively).

IQR: interquartile range
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Fig. 3. Overall pain scores (sum of P3 — P5)
stratified by age and treatment group. The analysis

among women aged 35 — 50 years was post-hoc and
exploratory.

Fig. 3. Box plots of overall pain scores by age group.

Discussion

This study found that topical lidocaine gel or
spray offered no significant analgesic advantage over
placebo for the general population. However,
subgroup analysis revealed a significant, age-
dependent benefit, with 2% lidocaine gel providing
superior pain relief in women aged 35 — 50, but not
in those over 50.

These results reinforce the consensus that
surface anesthesia cannot adequately penetrate the
deep uterine and cervical nerve pathways involved in
the procedure. Consequently, topical lidocaine is
insufficient for pain management. Optimal pain control
likely requires a multimodal strategy incorporating
systemic or paracervical interventions.

Consistent with existing literature® 2, 2%
lidocaine gel failed to provide significant pain
alleviation during endometrial sampling. This lack of
efficacy is likely attributable to the physiological nature
of the procedure; pain is primarily driven by uterine
cramping and endometrial manipulation. These
represent visceral nociceptive stimuli that topical
anesthetics cannot effectively penetrate or block® ®.
Similarly, 10% lidocaine spray demonstrated limited
analgesic utility®* -4 potentially due to its superficial
tissue penetration and brief contact time, both of which
are insufficient to suppress deeper pain signals
associated with uterine contractions>®. Notably, our
findings are supported by Tueman and Wongluecha
(2026), who demonstrated that multimodal analgesia,
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specifically combining lidocaine gel with oral NSAIDs,
offers superior pain management compared to
monotherapy™. Significant age-related variations in
analgesic response were observed(®, suggesting that
participant age is a key determinant of topical
anesthetic efficacy. These findings underscore the
necessity of considering age-specific profiles when
selecting anesthetic formulations to optimize pain
management outcomes during endometrial sampling.
While both topical interventions proved safe and well-
tolerated, they offer minimal clinical benefit when used
in isolation. Consequently, future research should
focus on multimodal pain control strategies to optimize
patient comfort during office-based gynecological
procedures.

This study has several strengths, including its
randomized, single-blind, placebo-controlled design,
which minimized potential bias, and the assessment
of pain at five distinct procedural stages. The inclusion
of satisfaction ratings from both participants and
operators, together with the absence of observed
adverse events, allowed a broader evaluation of the
clinical acceptability of the interventions.

Several limitations should be acknowledged.
This single-center study may have limited
generalizability and may have been underpowered to
detect small between-group differences. As it was not
designed as an equivalence or non-inferiority trial, the
nonsignificant findings should not be interpreted as
evidence of equivalence. The post-hoc, non-
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prespecified finding among women aged 35 — 50 years
is exploratory and requires confirmation in a larger
study. Finally, catheter-insertion depth, tissue quantity,
and histopathological adequacy were not prospectively
assessed and should be included in future studies.

Conclusion

In the present study, no statistically significant
reduction in pain was detected with topical 2%
lidocaine gel or 10% lidocaine spray compared with
placebo during endometrial sampling. These findings
should not be interpreted as demonstrating
equivalence, as the study was not designed as an
equivalence or non-inferiority trial. In a post-hoc
subgroup analysis of women aged 35 — 50 years,
lidocaine gel was associated with lower pain scores
than lidocaine spray; however, neither intervention
differed significantly from placebo. This exploratory
finding requires confirmation in an adequately
powered study.
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ABSTRACT

Objectives: To evaluate the prognostic performance of the FUllPIERS (full Pre-eclampsia Integrated
Estimate of RiSk) model in predicting severe maternal and perinatal complications using
diagnostic performance measures such as sensitivity, specificity, and area under the receiver
operating characteristic (ROC) curve in patients with severe preeclampsia treated at Clinica
Maternidad Rafael Calvo of Cartagena, Colombia, between 2022 and 2023.

Materials and Methods: A retrospective cohort study was conducted using medical records of
women diagnosed with severe preeclampsia between January 2022 and December 2023.
The study population consisted of pregnant women with a gestational age > 20 weeks who
were treated at a public second-level healthcare institution. The independent variable was
the score obtained from the FullPIERS model, while the dependent variables corresponded
to the occurrence of two composite outcomes. A severe maternal complication was defined
as the occurrence of at least one of the following: placental abruption, eclampsia, hemolysis,
elevated liver enzymes and low platelets (HELLP) syndrome, stillbirth, admission to the
intensive care unit, or maternal death. A perinatal complication was defined as the occurrence
of at least one of the following: intrauterine growth restriction, admission to the neonatal
intensive care unit, or neonatal death. The follow-up period for outcome identification was
up to 48 hours after hospital admission, according to the original definition of the model.

Results: A total of 151 women with severe preeclampsia were included, of whom 47.8% developed
maternal and/or perinatal complications. A severe maternal complication occurred in 20
women (13.2%) — intensive care unit admission in 11 (7.3%), HELLP syndrome in 9 (6.0%),
stillbirth in 3 (2.0%), placental abruption in 2 (1.3%) and eclampsia in 2 (1.3%), with no
maternal deaths — and a perinatal complication occurred in 64 neonates (42.4%), mainly
admission to the neonatal intensive care unit (35.8%) and intrauterine growth restriction
(13.9%). A FullPIERS-estimated probability > 1% was associated with an 11-fold higher risk
of severe maternal complications [odds ratio 11.09, 95% confidence interval 3.87, 31.72]
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(sensitivity 55%, specificity 90.08%, PPV 45.83%, NPV 92.91%). The ROC curve showed
an area under the curve of 0.781 for the prediction of severe maternal complications, whereas
perinatal complications did not show statistically significant differences.

Conclusion: The FullPIERS model is useful for predicting severe maternal complications in women
with severe preeclampsia. However, it was not designed to predict perinatal outcomes;
therefore, related results should be interpreted as exploratory analyses rather than as

evidence of the model’s predictive capacity.
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Introduction

Preeclampsia is a progressive multisystem
disorder that affects between 2% and 8% of
pregnancies and represents one of the leading
causes of maternal and fetal morbidity and mortality,
with rates approaching 100 cases per 100,000 live
births in developing countries™. According to the
World Health Organization (WHO), 25% of cases
occur in Latin America and the Caribbean, and nearly
95% of maternal deaths occur in low- and middle-
income countries, most of which are potentially
preventable®. In Colombia, it ranks as the leading
cause of maternal mortality, with a ratio of 42 per
100,000 live births®. In Cartagena (Bolivar),
hypertensive disorders account for 70.9% of these
events®.

Severe complications include hemolysis,
elevated liver enzymes and low platelets (HELLP)
syndrome, stroke, eclampsia, and renal dysfunction,
and may also result in fetal death, preterm birth, and
cerebral palsy®?. In order to optimize risk stratification,
the full preeclampsia Integrated Estimate of Risk
(FUllPIERS) model was developed to predict severe
maternal complications within 48 hours after hospital
admission using clinical variables such as gestational
age, chest pain or dyspnea, oxygen saturation,
platelet count, creatinine, and transaminases.
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Therefore, its use is not appropriate for predicting
adverse fetal or neonatal outcomes®9.

This model was developed and validated by
Von Dadelszen et al in 201109 with the aim of
predicting severe maternal complications". The
model was derived from a prospective, multicenter
cohort of 2,023 women with preeclampsia admitted
to tertiary obstetric centers in Canada, New Zealand,
Australia and the United Kingdom, and estimates the
probability of a composite adverse maternal outcome
— maternal death or serious central nervous system,
cardiorespiratory, hematological, hepatic or renal
morbidity — occurring within 48 hours of admission.
The final logistic equation includes six variables that
are routinely available at the bedside: gestational age
at eligibility, chest pain or dyspnea, oxygen saturation,
platelet count, serum creatinine and aspartate
aminotransferase. In the derivation cohort the model
showed an area under the receiver operating
characteristic curve of 0.88 (95% confidence interval
0.84, 0.92), and subsequent temporal and external
validations have reproduced areas under the curve
of between 0.70 and 0.83, including cohorts from
low- and middle-income countries®™, It is currently
used in internationally recognized referral hospitals,
such as Hospital Clinic of Barcelona, where it forms
part of the hypertension and pregnancy protocol to
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assess the risk of maternal complications in patients
with severe preeclampsia‘™®. Studies such as that of
Cézarez-Avalos et al have evaluated the predictive
performance for the occurrence of severe maternal
complications using a 5% cut-off point of the
FullPIERS score().

However, although the model has undergone
external validation, it has not been specifically
evaluated in the local population. In this context, the
high prevalence of hypertensive disorders of
pregnancy in the Colombian Caribbean, where these
disorders account for 70.9% of all cases of extreme
maternal morbidity reported in Cartagena®*, makes
it relevant to assess its prognostic performance in
this specific clinical setting, given the potential
influence of population and healthcare variations on
its performance. Therefore, the aim of this study was
to evaluate the prognostic performance of the
FullPIERS model as a predictor of severe maternal
complications in women with severe preeclampsia
treated at Clinica Maternidad Rafael Calvo in
Cartagena, Colombia, during the period 2022—-2023,
with the main outcome being the occurrence of a
severe maternal complication within 48 hours of
hospital admission, as defined below.

Materials and Methods

A single-center retrospective cohort study was
conducted at E.S.E. Clinica Maternidad Rafael Calvo
(CMRC) in Cartagena between January 2022 and
December 2023. CMRC is a public second-level
referral maternity hospital that cares mainly for
women affiliated with the subsidized regime of the
Colombian health system in the department of
Bolivar. Women with = 20 weeks of gestation
diagnosed with severe preeclampsia according to the
criteria of the American College of Obstetricians and
Gynecologists (ACOG) were included. Severe
preeclampsia was defined as a systolic blood
pressure = 160 mmHg and/or a diastolic blood
pressure = 110 mmHg, or a systolic blood pressure
> 140 mmHg and/or a diastolic blood pressure > 90
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mmHg on two occasions at least 4 hours apart,
accompanied by at least one feature suggestive of
end-organ damage: thrombocytopenia (platelet count
< 100,000 x 10°/L), impaired liver function
(transaminase levels more than twice the upper limit
of normal), severe persistent right upper quadrant or
epigastric pain with no alternative explanation, renal
insufficiency (serum creatinine > 1.1 mg/dL or
doubling of the serum creatinine concentration in the
absence of other renal disease), pulmonary edema,
new-onset headache unresponsive to treatment, or
visual symptoms.

A total of 165 women admitted with a diagnosis
of severe preeclampsia (ICD-10 code O14.1) during
the study period were identified as the source
population. The sample size required was calculated
with Episet software v1.2.02 for the estimation of a
single proportion in a finite population of 165 women,
assuming an expected proportion of adverse maternal
outcome of 50% (the most conservative scenario), a
95% confidence level and an absolute precision of
0.02, which yielded a required sample of 151 women.
The clinical records of all 165 women were then
reviewed against the eligibility criteria and 14 were
excluded: 5 because the diagnosis of preeclampsia
had been made in the postpartum period, 3 because
the record did not contain the data needed to compute
the FullPIERS score or to ascertain the outcomes, 3
because delivery had taken place outside the
institution, and 3 because of pre-existing chronic
hypertension. The remaining 151 women, representing
91.5% of the source population and matching the
calculated sample size, constituted the study sample
(Fig. 1). Women aged 14-45 years with pregnancies
between 21 and 42 weeks of gestation and complete
medical records allowing calculation of the FullPIERS
score were included. Patients with multiple
pregnancies, chronic hypertension, or a history of
hepatic, renal, pulmonary, or autoimmune diseases
were excluded, as were women in whom preeclampsia
was diagnosed in the postpartum period and women
who delivered outside the institution.
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Women admitted to CMRC with a diagnosis of severe
preeclampsia (ICD-10 code 014.1)
between January 2022 and December 2023

n = 165
Excluded (n = 14)
- Postpartum diagnosis of preeclampsia (n = 5)

» | - Insufficient data in the record (n = 3)
- Delivery outside the institution (n = 3)
- Chronic hypertension (n = 3)
v
Records analysed
n=151

|

At least one maternal No maternal or
and/or perinatal perinatal
complication complication
n=72 n=79
Severe maternal Perinatal
complication complication
n=20 n =64

Fig. 1. Flow chart of the selection of the study population.

Sociodemographic variables such as age and
nationality were collected, as well as maternal variables
including gestational age, determined by first-trimester
ultrasound or by the recorded last menstrual period.
Obstetric history variables included number of previous
pregnancies, parity, previous cesarean sections, body
mass index (BMI), systolic and diastolic blood pressure,
and oxygen saturation.

Paraclinical variables included platelet count,
serum creatinine, and transaminases obtained from
laboratory tests performed at hospital admission or
within the first 24 hours of hospitalization. The following
maternal variables were also recorded: mode of
delivery, placental abruption, eclampsia, HELLP
syndrome, stillbirth, intensive care unit (ICU) admission,
and maternal death within 48 hours of admission.
Perinatal variables recorded were intrauterine growth
restriction, admission to the neonatal intensive care
unit (NICU), and neonatal death within the first 48 hours
of life.

The primary outcome was the occurrence of a
severe maternal complication within 48 hours of
hospital admission, defined as a composite of at least
one of the following: placental abruption, eclampsia,
HELLP syndrome, stillbirth, admission to the ICU, or
maternal death. The secondary outcome was the
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occurrence of a perinatal complication, defined as a
composite of at least one of the following: intrauterine
growth restriction, admission to the NICU, or neonatal
death within the first 48 hours of life. Throughout the
manuscript, the term “severe maternal complication”
refers exclusively to this composite maternal outcome
and is not used interchangeably with individual
maternal variables such as mode of delivery. Stillbirth
was included in the maternal composite as pre-
specified in the study protocol; this differs from the
composite used in the original FUllPIERS derivation
study and is addressed in the limitations section.
Maternal risk was estimated using the FUllPIERS
model through the calculator available at the University
of British Columbia‘®. The calculation was performed
using the clinical and paraclinical information recorded
at admission or within the first 24 hours of hospitalization.
Treating physicians did not have access to the model
score. The estimated probability was first analyzed as
a continuous variable; the optimal cut-off point (= 1%)
was subsequently identified from the receiver operating
characteristic (ROC) curve using the Youden index.
Data were obtained from medical records coded
as ICD-10 O14.1, consolidated in Microsoft Excel, and
cleaned to exclude incomplete records. Only patients
who strictly met the previously defined inclusion and
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exclusion criteria were included. Qualitative variables
were presented as absolute and relative frequencies,
and quantitative variables according to their distribution.
The distribution of continuous variables was assessed
with the Kolmogorov—Smirnov test; normally distributed
variables were summarized as mean and standard
deviation, and non-normally distributed variables as
median and interquartile range (IQR). Bivariate
analysis was performed using Chi-square, Fisher’s
exact test, and the Mann—-Whitney U test. The
association between the probability of complications
estimated by the FullPIERS model and outcomes was
evaluated using multiple logistic regression as a
prognostic prediction approach to obtain adjusted odds
ratios (OR) and 95% confidence intervals (Cl) (p < 0.05)
(®_ Model performance was assessed using ROC
curve analysis, area under the curve (AUC), sensitivity,
specificity, and optimal cut-off point determined by the
Youden index. All analyses were performed with R
version 4.3.2.

The study was approved by the Research Ethics
Committee of the University of Cartagena (Act No. 008
of 09/06/2024) and by the Ethics and Research
Committee of Clinica Maternidad Rafael Calvo (Act
CIMA-06092024), in accordance with the ethical
principles established in the Declaration of Helsinki of
the World Medical Association (current version, 2024).
The study was classified as minimal risk according to
Resolution 008430 of 1993 of the Colombian Ministry

of Health, as it used existing clinical records and
ensured the confidentiality of information.

Results

A total of 151 women with severe preeclampsia
aged between 14 and 43 years were included between
2022 and 2023. Most patients were Colombian
(134/151; 88.7%), while 17 (11.3%) were Venezuelan.
Overall, 64.2% were multiparous and 35.8% nulliparous.
Among multiparous women, 71.5% had no history of
hypertensive disorders of pregnancy, and 32.5% had
a previous cesarean section.

The mean gestational age at diagnosis was 36.4
weeks (range 25.2—41.1). The median systolic blood
pressure was 160 mmHg (range 120—220) and the
median diastolic blood pressure was 79 mmHg (range
61-140); the median peripheral oxygen saturation was
99% (range 96—100) and the median body mass index
was 30.6 kg/m? (range 19.7—-64). Dyspnea was reported
by 0.7% of the women and chest pain by 1.3%.
Cesarean section was the route of delivery in 82.8%
of the cases and vaginal delivery in 17.2%.

A severe maternal complication occurred in 20
of the 151 women (13.2%) and a perinatal complication
in 64 neonates (42.4%); overall, 72 women (47.8%)
presented at least one maternal and/or perinatal
complication. No maternal or neonatal deaths were
recorded within the first 48 hours. The components of
both composite outcomes are shown in Table 1.

Table 1. Frequency of the components of the composite maternal and perinatal outcomes (n = 151).

Outcome

n (%)

Severe maternal complication (composite)
Intensive care unit admission
HELLP syndrome
Stillbirth
Placental abruption
Eclampsia
Maternal death

Perinatal complication (composite)
Neonatal intensive care unit admission
Intrauterine growth restriction

Neonatal death

20 (13.2)
11 (7.3)
9 (6.0)
3(2.0)
2(13
2(13
0(0.0)

64 (42.4)

)
)

54 (35.8)
21(13.9)
0(0.0)

Percentages were calculated over the 151 women included. The components of each composite are not mutually exclusive, so their sum exceeds the number of women with the composite

outcome.
HELLP: hemolysis, elevated liver enzymes and low platelet count.
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When comparing the groups with and without
severe maternal complications, significant differences
were observed. Women who developed a severe
maternal complication had a lower platelet count
[median 166 x 10%/uL (IQR 142, 236) vs 249 x 103/uL
(IQR 199, 299), p < 0.001], a higher AST level [40.5
U/L (IQR 27.3, 155) vs 22 U/L (IQR 17.5, 30), p = 0.01],
a higher ALT level [39 U/L (IQR 15.8, 120) vs 15 U/L

(IQR 12, 24.5), p =0.02] and a higher serum creatinine
level [0.90 mg/dL (IQR 0.71, 0.95) vs 0.67 mg/dL (IQR
0.56, 0.80), p < 0.001] than women without a severe
maternal complication. No significant differences were
found for age, nationality, gestational age, oxygen
saturation, body mass index, history of hypertensive
disorders of pregnancy, nulliparity, dyspnea or chest
pain (Table 2).

Table 2. Association between sociodemographic and clinical factors and severe maternal complications.

Independent variables Maternal complication — No Maternal complication — Yes p value
Age* 26 (215, 32) 28.5 (22.8, 33.3) 0.379
Nationality 0.84
Colombian 116 (88.5%) 18 (90%)
Venezuelan 15 (11.5%) 2 (10%)
Gestational age* 36.5 (35.1, 38.5) 36.2 (31.8, 38.1) 0.09
O, saturation* 99 (98, 99) 99 (98, 99) 0.96
BMI* 29.7 (26.4, 33.5) 30.9 (26.1, 33.1) 0.64
Platelet count (x10°)* 249 (199, 299) 166 (142, 236) <0.001
AST* 22 (17.5, 30) 40.5 (27.3, 155) 0.01
ALT* 15 (12, 24.5) 39 (15.8, 120) 0.02
Creatinine* 0.67 (0.56, 0.80) 0.90 (0.71, 0.95) <0.001
Previous HDP history 0.48
Yes 36 (27.5%) 7 (35%)
No 95 (72.5%) 13 (65%)
Nulliparity 0.56
Yes 48 (36.6%) 6 (30%)
No 83 (63.4%) 14 (70%)
Dyspnea 1.00
Yes 1 (0.8%) 0 (0%)
No 130 (99.2%) 20 (100%)
Chest pain 1.00
Yes 2 (1.5%) 0 (0%)
No 129 (98.5%) 20 (100%)

Values are expressed as median (interquartile range).

BMI: body mass index, AST: aspartate aminotransferase, ALT: alanine aminotransferase, HDP: hypertensive disorders of pregnancy.

Regarding perinatal outcomes, no significant
differences were found in clinical and sociodemographic
characteristics, except for gestational age, which was
lower in the group with complications [34.5 weeks
(IQR 32, 35.5) vs 38 weeks (IQR 36.4, 39), p < 0.001],
and peripheral oxygen saturation (p = 0.03), although
the median value of the latter was identical in both
groups (Table 3). The probability of a severe maternal
complication estimated by the FullPIERS model was

464 Thai J Obstet Gynaecol

significantly higher among women who developed a
severe maternal complication, but did not differ
significantly according to the occurrence of perinatal
complications (Table 4).

In the logistic regression model, an estimated
probability >1% was associated with an eleven-fold
increase in the odds of a severe maternal complication
compared with a probability <1% [OR 11.09 (95% CI
3.87-31.72), p < 0.001] (Table 5).
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Table 3. Association between sociodemographic and clinical factors and perinatal complications.

Independent variables Perinatal complication — No Perinatal complication —Yes p value
Age* 25 (21, 31) 275 (22, 33.3) 0.22
Nationality 0.25
Colombian 75 (86.2%) 59 (92.2%)
Venezuelan 12 (13.8%) 5 (7.8%)
Gestational age* 38 (36.4, 39) 34.5 (32, 35.5) < 0.001
O, saturation* 99 (98, 99) 99 (98, 99) 0.03
BMI* 29.7 (26.4, 33.5) 30.1 (26.2, 33.5) 0.72
Platelet count (x103)* 241 (189, 287) 244 (189, 304) 0.68
AST* 22 (175, 30.5) 25 (18, 34.5) 0.29
ALT* 17 (12, 25) 17 (12, 26.3) 0.68
Creatinine* 0.70 (0.57,0.82) 0.69 (0.59, 0.80) 0.73
Previous HDP history 0.77
Yes 24 (27.6%) 19 (29.7%)
No 63 (72.4%) 45 (70.3%)
Nulliparity 0.09
Yes 36 (41.4%) 18 (28.1%)
No 51 (58.6%) 46 (71.9%)
Dyspnea 0.42
Yes 0 (0%) 1 (1.6%)
No 87 (100%) 63 (98.4%)
Chest pain 0.17
Yes 0 (0%) 2 (3.1%)
No 87 (100%) 62 (96.9%)

Values are expressed as median (interquartile range).
BMI: body mass index, AST: aspartate aminotransferase, ALT: alanine aminotransferase, HDP: hypertensive disorders of pregnancy.

Table 4. FullPIERS-estimated probability of an adverse maternal outcome (%) according to the occurrence of

severe maternal and perinatal complications.

Outcome FullPIERS probability (%) FullPIERS probability (%) p value
- Without complication —With complication

Severe maternal complication (n = 131 vs 20) 0.30 (0.10, 0.55) 1.00 (0.37, 1.78) 0.02

Perinatal complication (n = 87 vs 64) 0.30 (0.15, 0.60) 0.40 (0.20, 0.70) 0.06

Values are the probability of an adverse maternal outcome within 48 hours of admission estimated by the FullPIERS model, expressed as a percentage and reported as median

(interquartile range). Groups were compared with the Mann—Whitney U test.

Table 5. Logistic regression model for the association between a FullPIERS-estimated probability = 1% and

severe maternal complications.

Predictor B SE z OR (95% Cl) p value

FUullPIERS = 1% vs < 1% 2.41 0.567 4.24 11.09 (3.87, 31.72) < 0.001

B: regression coefficient, SE: standard error, OR: odds ratio, Cl: confidence interval.
Dependent variable: occurrence of a severe maternal complication within 48 hours of hospital admission.
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The ROC curve of the FUllPIERS model for the
prediction of severe maternal complications (Fig. 2) showed
an area under the curve (AUC) of 0.781 with an optimal

100 4

75 A

Sensitivity
o
o

25

cut-off value =1% (sensitivity 55%, specificity 90.08%,
positive predictive value (PPV) 45.83%, negative predictive
value (NPV) 92.91%) and a Youden index of 0.45.

50 75 100
1 - Specificity

Fig. 2. ROC curve of the FUllPIERS model for the prediction of severe maternal complications.

ROC: receiver operating characteristic

Discussion

The present study found that severe
preeclampsia occurred more frequently in young
women, multigravidas, and those with overweight, a
profile that may reflect potential selection bias and
could limit the generalizability of the findings to the
broader population. Although nulliparity is often
described as a risk factor, the higher proportion of
multigravidas in this cohort is consistent, albeit
heterogeneously, with findings from studies conducted
in Latin American populations, suggesting
epidemiological variability depending on the healthcare
context.

A substantial proportion of pregnancies ended
at gestational ages below term, reflecting obstetric
decisions aimed at protecting maternal health in the
context of severe preeclampsia. The median
gestational age observed among patients with
perinatal complications was comparable to that
reported by Boutot et al™. In this context, adverse
perinatal outcomes identified in this population, such
as intrauterine growth restriction and neonatal
intensive care unit admission, occurred in the setting
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of lower gestational age at birth.

Laboratory parameters showed consistent
associations with maternal complications, including
thrombocytopenia, elevated transaminases, and
increased creatinine levels, markers that reflect
endothelial damage and progressive organ dysfunction
and reinforce the clinical importance of their
monitoring. These findings are consistent with the
pathophysiological basis of the FullPIERS model
described by Von Dadelszen et al'?, as well as with
the findings of Almeida et al, who reported predictive
capacity for the early identification of severe maternal
complications in patients with preeclampsia™®. The
frequency of HELLP syndrome observed in this study
is comparable to that reported in other Latin American
studies, where progression to eclampsia or hemolysis
has been documented®,

Regarding the analysis of the FUllPIERS model,
an estimated probability > 1%, identified as the optimal
cut-off through ROC analysis, was associated with a
higher likelihood of severe maternal complications,
with an adjusted odds ratio of approximately 11. The
model demonstrated adequate discriminatory
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performance (AUC 0.781), consistent with the original
validation study9.

External studies, such as that by Payne et al,
have reported comparable performance in early-onset
preeclampsia, supporting the reproducibility of the
model®?. In line with the existing literature, the model
showed limited ability to predict perinatal outcomes,
likely influenced by gestational age at delivery and
clinical decisions regarding pregnancy termination,
which may introduce an intervention bias.

Our findings are also consistent with reports
from other settings with a high burden of hypertensive
disorders of pregnancy. In a Thai cohort of 200 women
with severe preeclampsia, Kampruan et al reported
acute renal failure in 4.0%, pulmonary edema in 2.0%,
neurological complications in 5.0% and a cesarean
section rate of 57.5%, together with preterm birth in
45.0%, low birth weight in 47.0% and neonatal
resuscitation in 19.0%?". The frequencies of maternal
complications observed in our cohort were of a
comparable order of magnitude, whereas our
caesarean section rate (82.8%) was considerably
higher, cesarean which probably reflects local
obstetric practice and the referral profile of our
institution rather than a difference in disease severity.
Phianpiset et al, in turn, showed that severe
preeclampsia diagnosed before 34 weeks of gestation
accounted for 15.9% of severe preeclamptic women
and was associated with a markedly higher rate of
admission to the neonatal intensive care unit (37.1%
vs 1.1%) and with a lower mean birth weight®?. This
observation is directly relevant to our results, since
the perinatal complications identified in our cohort
were concentrated in pregnancies delivered at earlier
gestational ages, and it supports our interpretation
that gestational age at delivery, rather than the
FullPIERS probability, is the main determinant of
adverse perinatal outcomes in severe preeclampsia.

This study has limitations. First, its retrospective,
single-center design means that the analysis
depended on the completeness and accuracy of
routinely collected clinical records, so that only
associations, and not causal relationships, can be
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established. Second, the sample size was small, and
the number of events was low (20 severe maternal
complications), which limited the precision of the
estimates, as reflected in the width of the confidence
interval of the odds ratio, and precluded a more
extensive multivariable adjustment. Third, the optimal
cut-off point (= 1%) was derived from the same dataset
using the Youden index, so the reported sensitivity
and specificity are likely to be optimistic and require
confirmation in an independent sample; thresholds of
5% and 30% have been used in other validation
studies. Fourth, stillbirth was included in the composite
maternal outcome as pre-specified in the study
protocol, whereas the original FUllPIERS composite
comprises only maternal death and serious maternal
morbidity, which may have attenuated the observed
performance of the model. Finally, our results come
from a single public second-level maternity hospital
in the Colombian Caribbean and should not be
extrapolated to other populations without further
validation. The main strength of the study is that, to
our knowledge, this is the first evaluation of the
FullPIERS model in the Colombian Caribbean and
one of the few carried out in a second-level public
hospital of a middle-income country — precisely the
setting in which the model would be most useful for
triage and timely referral, and in which external
validation data remain scarce®.

Conclusion

The FullPIERS model demonstrated adequate
ability to discriminate and detect severe maternal
complications in cases of severe preeclampsia. A
cut-off point = 1% was associated with a significant
increase in risk (OR 11.09, 95% CI 3.87, 31.72). In
addition, laboratory markers such as a decreased
platelet count, elevated AST/ALT levels, and increased
creatinine were associated with a higher frequency of
complications, supporting their clinical relevance.

However, the model did not demonstrate utility
in predicting perinatal outcomes, likely due to the
influence of factors such as gestational age and
obstetric decision-making. Therefore, its application
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should primarily focus on maternal risk assessment
and be complemented with clinical criteria in decision-
making related to perinatal management.
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The Efficacy of Curcumin for Preventing Postoperative
Bowel ileus after Total Abdominal Hysterectomy for Benign
Gynecologic Surgery: A randomized controlled trial
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* Department of Obstetrics and Gynecology, Khon Kaen Hospital, Khon Kaen, Thailand

ABSTRACT

Objectives: To study the efficacy of curcumin for preventing postoperative bowel ileus after total
abdominal hysterectomy for benign gynecologic surgery.

Materials and Methods: A double-blind, randomized, placebo-controlled trial was conducted in
women who underwent benign gynecologic abdominal hysterectomy. Randomization was
carried out to two groups post-surgery. The intervention group received one capsule of
curcumin 500 mg, and the control group received one capsule of an identical placebo four
times a day (6.00 am. 12.00 am. 5.00 pm. 10.00 pm.) until 72 hours after the operation. The
primary outcome was ileus symptoms measured by the I-FEED score, while the secondary
outcomes were time to first flatus, time to first defecation, additional antiemetic drugs, stomach
pain, and diarrhea.

Results: From November 2025 to July 2026, 56 participants were enrolled. The incidence of ileus
symptoms in the intervention group was shown to be significantly lower when compared to
the control group (4 (14.3%) vs 14 (50%), relative risk 0.29, 95% confidence interval 0.11,
0.74, p =0.01). Time to first flatus, time to first defecation, additional antiemetic drug, stomach
pain, and diarrhea showed no significant differences between groups, and there were no
serious adverse effects reported.

Conclusion: Curcumin intake following benign gynecologic abdominal hysterectomy significantly
reduced postoperative bowel ileus.

Keywords: curcumin, total abdominal hysterectomy, postoperative ileus, ileus symptoms, I-FEED
score.

Correspondence to: Siraphatson Phontham, M.D., Department of Obstetrics and Gynecology, Khon Kaen
Hospital, Khon Kaen, Thailand. E-mail: siraphatson.pho@gmail.com

Received: 29 September 2026, Revised: 24 October 2026, Accepted: 30 October 2026

470 Thai J Obstet Gynaecol VOL. 34, NO. 6, NOVEMBER 2026



nsanwlszansninreasaiudulunisilasnunitzarldluinaauvaniguas
1 "% ¥ -2} = Al 7 1 [~ 1 aa
m:—rmmm/mgynmmmwm’lugr.loamm%w?w’l%mzw: NISNAABIULLFNAN

NANAILAN

aa o

ASNARS WASTTN, YNIA BNATIAIL
UnAnsa

@ s o o= = a e o ° ;o o e
Ingiszada: WaAnmlse@nininaesaiudulunistesiuniozanldluindeuluaniendniseisauagnni
wiiavlugiaenFinanlalduzis
o el =2 4911 | ! d’d U =) o ] [~ e 2 d’ Y o
JaauasIan1g: NsAnsididunimaassLuugnndnguaiuax Ingiszanssang g agvaanigniunas
1 o Y v d’ o~ d’ 1 1 =3 ¥ v 4 a o 3 1 U 1% ] 1
sinungnnsniieaiasanisanesoilulausde nagidrsandaalagnuiiaiu 2 ngu Tngldnisgu ngu
naaavlaiLLlssyaiuiuuatios 500 Aaaniu lududnlUnainsei165 1981 6.00 4., 12.00 1., 17.00 1. 4ae 22.00
u. iGN lvaludusiely auiduseidealiaundiazasy 72 $aluavaseisin uaslunguaauaulaiuslseniuen
waan lugaanduanaiy uadnsvan As nazanldluinaeulnanienainiseingn uadnsses [Aun seeeinan
WASHNAARUINNITLEIANATINGN F2IAIIAIRIFAAUINNIINNEIGAAI92ATININ N7TBeuAAW A AN
81n191lamiavLFnaut uazensaenas
NANITANSI: AINABUNGAINIEN 2568 TNNINGIAN 2569 FNMIUE1TTINTTEAIINA 56 A Ingnwd7 tszming
ngunaaesillasuLlseurdutudgUanisnfyeseinisar ldknaeulvaniguasnissinsindnguauaNe g9l
WEAATYNNADR (4 (14.3%) vs 14 (50%), relative risk 0.29, 95% confidence interval 0.11, 0.74, p = 0.01) agiwls
AN HAAWETEN LA 52190 MAINFTARUENN1TNEANATILTN TSULIA AN IFTARUANNTONEGAANTEATIN TN
mrreguiAdulda iy aniransiassinuaunl uazeininiemad [inumauana e NGEd1ATY
lamunadaiAesidusiusiun2suslsemuadiudulunisdneiil
agil: sduduaInInaan el dluindeulvaniemasnisadauagnyadonilylduzies e Ay eais

ArdALY: 1uTY, Msrhdauagnnuiindies, nazanldluiadeuluanemainiaiiga, aansanldluiaaaulig,
I-FEED score

VOL. 34, NO. 6, NOVEMBER 2026 Phontham S, et al. The Efficacy of Curcumin for Preventing Postoperative 471
Bowel ileus after Total Abdominal Hysterectomy for Benign
Gynecologic Surgery: A randomized controlled trial



Introduction

Globally, hysterectomy for benign diseases is
the most common gynecological surgery. The rate of
hysterectomy in Thailand ranges between 6.1 and 8.6
per 1,000 women of all ages, based on data from
Siriraj Hospital in Bangkok™. The most common
complications of hysterectomy include infection,
venous thromboembolic disease, injury to the
genitourinary and gastrointestinal tracts, urinary
incontinence, and intestinal ileus®,

Postoperative bowel ileus refers to a disruption
in normal gastrointestinal motility that occurs following
surgery. Clinically, it presents as an inability to tolerate
oral intake accompanied by abdominal bloating,
resulting from impaired intestinal propulsion without
signs of mechanical obstruction®. The characteristics
of postoperative ileus include nausea, vomiting,
abdominal bloating, difficulty resuming oral intake, and
delayed return of bowel function such as passage of
gas and stool. This condition has been associated
with slower postoperative recovery, higher rates of
complications, and extended hospitalization®.
However, the cause and mechanism of postoperative
ileus are incompletely understood. The autonomic
nervous system significantly influences bowel
movement. While parasympathetic activity enhances
gut motility, sympathetic activity suppresses it.
Following surgery, sympathetic nervous activity can
contribute to reduced gastrointestinal movement.
Additionally, certain hormones and neurotransmitters
such as nitric oxide, calcitonin gene-related peptide,
and corticotropin-releasing factors are believed to play
arole in its onset®.

Curcumin (C,,H,O,) is a yellow crystalline
polyphenol derived from the rhizome of turmeric
(Curcuma longa L.). It offers neuroprotective benefits
by influencing the gut-brain axis, partly through
stimulating the vagus nerve, especially under
conditions of inflammation or oxidative stress, which
leads to the release of acetylcholine (ACh) that
activates muscarinic receptors on smooth muscle cells
in the gut®. This action helps to coordinate the
contraction and relaxation of the muscles, facilitating
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the movement of food through the digestive tract, and
results in the stimulation of gut motility. Furthermore,
curcumin can modulate gut motility via inflammation
reduction, such as decreased serum levels of
serotonin (5-HT), vasoactive intestinal peptide (VIP),
and substance P (SP), neurotransmitters involved in
gut motility regulation”. Some studies have
demonstrated that curcumin can increase beneficial
gut bacteria such as Bifidobacterium, Lactobacillus,
and Akkermansia muciniphila, contributing to
improved gut motility® 9. Some studies show that
curcumin can decrease the activation of p38 mitogen-
activated protein kinase (MAPK) and myosin light
chain kinase (MLCK), enzymes involved in
inflammation and gut motility regulation(?.

Based on the aforementioned, curcumin is
considered a simple and cost-effective alternative
treatment for promoting the recovery of bowel function
after surgery. Previous clinical studies have
demonstrated its potential benefits in participants with
gastrointestinal disorders. Wozniak et al™ reported
that oral curcumin reduced the Irritable Bowel
Syndrome Symptom Severity Score (IBS-SSS) in
participants with irritable bowel syndrome. Similarly,
Lopresti et al™ found that curcumin supplementation
was associated with a significantly greater reduction
in the total Gastrointestinal Symptom Rating Scale
(GSRS) score among adults with self-reported
digestive complaints.

However, evidence supporting the use of
curcumin in the perioperative setting remains limited.
Agarwal et al® conducted a randomized controlled
trial (RCT) and found that curcumin significantly
reduced postoperative pain and fatigue in participants
undergoing laparoscopic cholecystectomy. Similarly,
Phoolcharoen et al™ reported significantly lower
median visual analog scale (VAS) pain scores in
participants receiving curcuminoids than in the control
group following laparoscopic gynecologic surgery.
Although these studies suggest potential benefits of
curcumin in postoperative recovery, evidence
regarding its effects on postoperative gastrointestinal
symptoms and bowel function remains limited.
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Therefore, this study aimed to investigate
whether curcumin can reduce bowel ileus in patients
undergoing total abdominal hysterectomy for benign
gynecologic conditions.

Materials and Methods

The double-blind, randomized, placebo-
controlled trial was conducted at the Department of
Obstetrics and Gynecology, Khon Kaen Hospital. Data
were collected from November 2025 to July 2026.
Before the commencement of the research, it was
reviewed and approved by the Khon Kaen Hospital
Institute Review Board in Human Research.

This study included participants who were aged
18 years or older who underwent hysterectomy for
benign gynecologic surgery (total abdominal
hysterectomy, TAH, with or without adnexal surgery)
and could communicate in the Thai language.
Participants were excluded if they had a history of
curcumin allergy, gastrointestinal diseases such as
gastroesophageal reflux diseases, carminative drugs
used within 48 hours before surgery, diabetes mellitus,
anticoagulant use such as aspirin, clopidogrel, or
warfarin, intraoperative visceral organ injury, or had an
indication to restrict food intake within 24 hours after
surgery.

Sample size determination in this study was
based on a comparison of two independent proportions.
The sample size calculation was based on a pilot study
(15 participants per group) with a 10% dropout rate;
the power of the test was 80%, o level of 0.05. Thus,
56 participants (28 in each group) were required.

The curcumin capsules used in this study were
obtained commercially, with a strength of 500 mg per
capsule. The capsules administered to the intervention
group contained yellow turmeric powder and were
enclosed in opaque white capsules. Participants in the
control group received placebo capsules containing
500 mg of cornstarch, which were prepared by a
pharmacist using aseptic techniques and enclosed in
opaque white capsules. The placebo capsules were
identical to the curcumin capsules in color and size,
making them visually indistinguishable from the outside.
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On the day of admission, the participants were
informed about the study and were asked to provide
written consent. After benign gynecologic surgery,
randomization was carried out in sequence using a
computer-generated program. Group A was designated
as the intervention group (curcumin), while group B
was assigned as the control group (placebo).
Allocation concealment was conducted by using
sealed opaque envelopes. The opaque envelopes
were sequentially labeled and contained 12 capsules
of curcumin or placebo (identical in size, shape, and
color). The participants and investigators were blinded
to the randomization process. The participants
received the same preoperative evaluation and
management, including routine hematological,
biochemical, and other diagnostic investigations such
as complete blood count (CBC), blood urea nitrogen
(BUN), creatinine (Cr), electrolytes, urinalysis (UA),
Chest X-ray (CXR), electrocardiogram (EKG) 12
leads, ultrasound, shortening pubic hair, vaginal
douche, and Foley catheter before undergoing
surgery. Participants were not allowed to consume
any food after midnight the day before surgery and
received intravenous hydration with Ringer’s lactate
solution at a rate of 100-120 mL/hr. Prophylaxis
embolization was allowed a Caprini score (low
molecular weight heparin or intermittent pneumatic
compression). All participants underwent the same
anesthetic technique, consisting of standard general
anesthesia administered by an anesthesiologist. The
participants received prophylactic intravenous
antibiotics at the time of induction of anesthesia,
consisting of cefazolin 2 g or clindamycin 900 mg in
participants with a penicillin allergy. The surgery was
performed by gynecologists at Khon Kaen Hospital
using the same standard surgical procedure and
standard equipment in a single operating room. The
types of incisions used were low midline, Pfannenstiel,
and Maylard incisions, depending on the participant’s
condition. Following the operation, treatment allocation
was determined in consecutive order by the attending
physicians. The envelopes containing curcumin
capsules or placebo were opened by an uninformed
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nurse at the ward. The participants in the intervention
group (group A) received 500 mg curcumin capsules
4 times/day, at 6.00 am, 12.00 am, 5.00 pm, and 10.00
pm on the next day when the step diet started and
continued for 72 hours after the operation. The control
group (group B) received placebo at the same time.
The time was counted by the central digital clock in
the gynecologic ward. All participants received the
same postoperative protocol, including standard pain
management with an opioid agent (intravenous
morphine 2 mg for participants weighing less than 50
kg or 3 mg for those weighing 50 kg or more) every
4 hours for the first 24 hours after surgery, followed
by as-needed administration every 4 hours on the
following day, with a maximum dose of 18 mg/day.
Other standard analgesic medications included
paracetamol (500 mg), one tablet orally every 6 hours
around the clock, which was administered on
postoperative days 1 and 2. Nonsteroidal anti-
inflammatory drugs (NSAIDs), specifically ibuprofen
(400 mg), one tablet orally after meals, were
administered on postoperative days 1 and 2, except
in participants with severe dyspepsia, chronic kidney
disease, or NSAID allergy. Antiemetic medication,
specifically metoclopramide (10 mg intravenously),
was administered as needed every 8 hours on
postoperative day 1, with a maximum dose of 30 mg/
day. Additional antiemetic medications requested by
participants on postoperative day 2 and 3 were
recorded as additional antiemetic medication use,
which was included as a secondary outcome. The
postoperative protocol was prepared for all participants
using the same physician’s standardized postoperative
orders. Intravenous fluids were administered during
the first 24 hours after surgery at the maintenance
rate calculated using the Holliday—Segar formula.
Early ambulation on the day after surgery was
performed. The urinary catheter was removed on the
first postoperative morning. The postoperative feeding
regimen (30—60 mL of water, clear liquids, and a soft
diet) was allowed on the first postoperative day or as
tolerated by the participants, and a regular diet was
started on the second postoperative day. After
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participants regained consciousness, their outcomes
were collected, and symptoms were reported to the
ward staff (doctors or nurses), and then recorded in
the medical records. The primary outcome was the
presence of ileus symptoms, defined as a moderate-
to-severe score on the I-FEED scoring system, which
was calculated at 72 hours after surgery by doctors
or nurses at the ward. The secondary outcomes
included the time to first flatus after surgery, time to
first defecation after surgery, use of additional
antiemetic drugs, epigastric pain, and diarrhea. These
outcomes were recorded in the morning on
postoperative days 1, 2, and 3. If a participant did not
pass stool before hospital discharge, a follow-up
phone call was made within 3 days after discharge
to assess defecation. The standard time was set by
the central digital clock in the gynecologic ward.
Adverse effects of curcumin, including epigastric
discomfort, bloating, skin rash, or diarrhea, were
observed by doctors or nurses. If an adverse effect
occurred, the doctor assessed the symptoms and
provided appropriate treatment, and the symptoms
were closely observed until they improved. The
participants could be discharged when they had
stable vital signs without fever for at least 24 hours,
could tolerate a solid diet, had normal urination and
passage of flatus, had no vaginal bleeding or
abdominal pain, experienced no surgical
complications, and were able to walk independently.

Data were analyzed using the R statistical
software, version 4.6.0. For comparisons of the
differences in continuous variables between the two
groups, the normality of data distribution was
assessed using the Shapiro—Wilk test. Based on the
distribution of the data, either student’s t-test or the
Wilcoxon rank-sum test was used, as appropriate,
and data were presented as mean with standard
deviation or median with interquartile range.
Categorical variables were analyzed via the Pearson’s
chi-square test or Fisher’s exact test and presented
as percentages. The Kaplan-Meier curve illustrated
the difference in time to first flatus and time to first
defecation between the curcumin group and the
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control group, as determined by the Peto & Peto test.
A p value < 0.05 was considered statistically
significant.

Based on the ethical principles of research
aimed at protecting human rights, security, and
human dignity, this proposal was approved by the
Khon Kaen Hospital Institute Review Board in Human
Research (KEF68032), and the study was registered
atthe Thai Clinical Trials Registry (TCTR20260220002).

Results
From November 2025 to July 2026, 56

participants who underwent hysterectomy via
benign gynecologic surgery were enrolled and
randomly assigned to one of two groups at a ratio
of 1:1. There were no dropouts in this study. Twenty-
eight participants each from the two groups were
analyzed (Fig.1). Baseline characteristics showed
no statistically significant difference between the
two groups in terms of age, body mass index,
previous abdominal surgery, preoperative bowel
preparation, type of operation, skin incision,
abdominal adhesion, duration of operation, and
estimated blood loss (Table 1).

Enrollment

’ Assessed for eligibility (n=65) ‘

Excluded (n=9)

Randomized (n=56)

Taking anticoagulant = 1

Diabetes mellitus = 7

Rectal tear = 1

Received allocated intervention (n=28)

Discontinued intervention (n=0)

Allocation l
Allocated to intervention (n=28)
l Follow-Up l

Allocated to control (n=28)

Received allocated to control (n=28)

Discontinued to control (n=0)

Analyzed for primary outcome (n=28)

Analyzed for primary outcome (n=28)

] ‘ Analysis !

Fig. 1. Consort flow diagram

Table 1. Demographic characteristics.

Intervention group Control group p value
(n=28) (n=28)

Age (years), mean + SD 46.9 +7.6 472+9.5 0.906
BMI (kg/m?), mean + SD 24.4+3.9 244 +42 0.976
Previous abdominal surgery, n (%) 24.4 (4.2) 22 (78.6) 0.153
Preoperative bowel preparation, n (%) 7 (25) 14 (50) 0.098
Operation, n (%) 0.775

TAH with salpingectomy 10 (35.7) 8 (28.6)

TAH with salpingo-oophorectomy 18 (64.3) 20 (71.4)
Skin incision, n (%) 0.106

Low midline 9 (32.1) 16 (57.1)

Pfannenstiel 18 (64.3) 12 (42.9)

Maylard 1(3.6) 0 (0)
Abdominal adhesion, n (%) 6 (21.4) 9(32.1) 0.546
Operative time (min), mean + SD 103.9 + 38.5 118.5 + 36.8 0.151
EBL (ml), median (IQR) 100 (50,200) 175 (95,225) 0.105
Time from surgery close to start of intervention (hours), mean + SD 172+ 1.8 16.5+2.2 0.2

SD: standard deviation, IQR: interquartile range, BMI: body mass index, EBL: estimated blood loss, TAH: total abdominal hysterectomy BMI: body mass index
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The ileus symptoms were categorized by the
I-FEED scoring system. Moderate symptoms (score
3-5) and severe symptoms (score > 6) were defined
as postoperative ileus, and those in the intervention
group were revealed to be significantly lower when
compared to the control group. The incidence of ileus
symptoms in the intervention group was 4 (14.3%),
and in the control group was 14 (50%) (relative risk
(RR) 0.29, 95% confidence interval (Cl) 0.11, 0.74, p
= 0.01) (Table 2). In addition, time to first flatus was
36 = 12.6 hours and 35.7 + 12.5 hours in the curcumin
group and the control group, respectively. The mean

Table 2. Outcomes.

difference was 0.39 hours (95%CI -6.39, 7.10). Time
to first defecation was 66.3 + 27.8 hours and 68.8 +
16.6 hours in the curcumin group and the control
group, respectively. The mean difference was -2.53
hours (95%CI -14.87, 9.82). No significant difference
was observed in time to first flatus and time to first
defecation; Kaplan-Meier curves of time to first flatus
and time to first defecation were analyzed as time-to-
event (Figs. 2 and 3). Furthermore, additional
antiemetic drugs, stomach pain, and diarrhea were
not significantly different between groups (Table 2).
There were no serious adverse effects reported.

Intervention group Control group RR mean difference 95% CI p value

Primary outcome

lleus symptoms, n (%) 4 (14.3) 14 (50) 0.29 0.11,0.74 0.01
Secondary outcomes

Time to first flatus (min), mean + SD 36 +12.6 35.7+125 0.36 -6.39, 7.10 0.916

Time to first defecation (min), mean + SD 66.3 + 27.8 68.8 + 16.6 -2.53 -14.87,9.82 0.682

Additional antiemetic drugs, n (%) 9(32.1) 10 (35.7) 1.000

Stomach pain, n (%) 1(3.6) 3(10.7) 0.611

SD: standard deviation, Cl: confidence interval

1.00
5 075
3
8 050
°
8 025

0.00

Curcumin

— Placebo

Peto & Peto test
p-value = 0.941

0 12 24 36 48 60 72
Time to first flatus (hours)
Number at risk
reum :| 28 28 24 13 5 1 Q
Placebo{ 28 28 23 14 5 1 Q
0 12 24 36 48 60 72

Time to first flatus (hours)

Fig. 2. Time to first flatus (hours)
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24

36 48
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Fig. 3. Time to first defecation (hours)

Discussion

This double-blind, randomized, placebo-
controlled trial aimed to evaluate the efficacy of
curcumin for reducing postoperative bowel ileus after
benign gynecologic surgery. The study revealed that
the incidence of ileus symptoms in the intervention
group was significantly lower when compared to the
control group (4 (14.3%) vs. 14 (50%), RR 0.29, 95%ClI
0.11, 0.74, p = 0.01). This supported the theory that
curcumin could promote the recovery of bowel function
after surgery and reduce postoperative ileus. The
findings in this study were consistent with several
previous studies. Wozniak et al™ conducted a
randomized trial in participants who were diagnosed
with irritable bowel syndrome. They found that, in the
intervention group, taking curcumin orally at a dose
of 600 mg once daily during a meal for a 12-week
period showed a statistically and significantly lower
score for irritable bowel syndrome symptom severity
(IBS-SSS) compared to the control group.
Correspondingly, Lopresti et al® studied adults with
self-reported digestive complaints. The intervention
group received 500 mg of curcumin extract, and the
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control group received placebo. They found that
curcumin was associated with a significantly greater
reduction in the gastrointestinal symptom rating scale
(GSRS) total score compared to the placebo. In both
previous studies, as in the present study, curcumin
was a simple intervention with minimal risk and
potential clinical benefits in improving gastrointestinal
symptoms. In this study, oral curcumin was administered
at a dose of 500 mg four times daily, corresponding
to a total daily dose of 2,000 mg. Postoperative bowel
ileus was assessed at 72 hours after surgery, and the
incidence of postoperative bowel ileus was significantly
reduced in the curcumin group compared with the
control group. These findings are consistent with those
of Agarwal et al®™, who administered curcumin at a
dose of 500 mg every 6 hours, also corresponding to
a total daily dose of 2,000 mg. In their study,
participants receiving curcumin demonstrated
significantly lower pain scores and reduced
postoperative fatigue on postoperative day 3
compared with the control group. Taken together, these
findings suggest that a total curcumin dose of 2,000
mg/day may have beneficial effects on postoperative
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recovery, including gastrointestinal function, pain, and
postoperative fatigue.

In addition, oral curcumin was administered at
a dose of 2,000 mg/day in this study, and no adverse
events were observed, including pruritus, bloating,
epigastric discomfort, or diarrhea. These findings
support the favorable safety profile of curcumin at the
dose used in this study. However, previous evidence
has reported adverse effects at higher or varying
doses. A systematic review by Hewlings and Kalman
et al®® found that some negative side effects have
been reported. Seven subjects receiving 500-12,000
mg in a dose-response study and followed for 72 hours
experienced diarrhea, headache, rash, and yellow
stool. Therefore, the absence of adverse events in the
current study may be related, at least in part, to the
dose and duration of curcumin administration.
Nevertheless, differences in study design, sample
size, dosing regimen, and duration of follow-up should
be considered when comparing safety outcomes
across studies.

In addition, this study found that the number of
participants requiring additional antiemetic medication
was lower in the curcumin group than in the placebo
group (9 (32.1%) vs 10 (35.7%), p = 1.000). Similarly,
the incidence of stomach pain was lower in the
curcumin group than in the placebo group (1 (3.6%)
vs 3 (10.7%), p = 0.611). Although these differences
did not reach statistical significance, the observed
trends may suggest a potential benefit of postoperative
curcumin in alleviating mild gastrointestinal discomfort
or symptoms that may not be severe enough to
warrant a specific diagnosis but could still affect
postoperative recovery. However, the relatively low
incidence of these outcomes may have limited the
ability of the study to detect clinically meaningful
differences.

No statistically significant differences were
observed between the two groups in terms of time to
first flatus, time to first defecation after surgery, or
diarrhea. Time to first flatus and time to first defecation
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are subjective clinical outcomes because they rely on
participants’ observation and reporting to determine
the recovery of gastrointestinal function. Therefore,
these measures may be subject to reporting variability
and may have limited the ability to detect differences
between the groups. Furthermore, no cases of
diarrhea were observed in either group. This finding
may be explained by the relatively low incidence of
postoperative diarrhea, particularly in participants who
undergo preoperative fasting and have limited oral
intake during the perioperative period.

The strengths of this study included its
randomized controlled design and the absence of
dropouts. The limitations of this study included the
time to first flatus and time to first defecation being
based on participant reports, which may have
introduced some subjectivity in assessing bowel
function recovery, as well as participants receiving
meals according to the hospital’s routine schedule
rather than according to the time elapsed after surgery.
This may have affected the assessment of time to first
flatus and time to first defecation.

Conclusion

In summary, curcumin intake following total
abdominal hysterectomy in benign gynecologic
conditions showed significantly lower incidences of
ileus symptoms. There were no serious adverse effects
reported, supporting the safe and effective use of
curcumin in postoperative care.
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The New Scoring System for Predicting Positive Surgical
Margins of High-grade Cervical Intraepithelial Neoplasia
after Loop Electrosurgical Excision Procedure
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ABSTRACT

Objectives: To develop prediction score for positive surgical margins after loop electrosurgical
excision procedure (LEEP) in women with high-grade cervical intraepithelial neoplasia.

Materials and Methods: A diagnostic predictive model study was conducted during January 2025
to December 2026. Medical records of women with histologically confirmed cervical
intraepithelial neoplasia 2/3 who underwent primary LEEP at HRH Princess Maha Chakri
Sirindhorn Medical Center were reviewed between January 2017 and December 2023.
Independent predictors identified by multivariable logistic regression were converted into a
risk score based on regression coefficients. Model performance was assessed using area
under the curve (AUC), calibration belt, and bootstrap internal validation.

Results: A total of 207 women were included. Four independent predictors were incorporated into
the final model: endocervical gland involvement, transformation zone type, high-grade
cytology, and cone depth. The total score ranged from 0 to 7. At a cutoff score of > 4, the
model yielded a sensitivity of 83.18%, specificity of 58%, positive predictive value of 67.9%,
and negative predictive value of 76.3%. The model showed acceptable discrimination with
AUC of 0.739 (95% confidence interval 0.672-0.807), with satisfactory calibration and good
internal validity following bootstrap validation.

Conclusion: The prediction model can assist clinicians in estimating positive margin risk and
optimizing surgical planning.

Keywords: cervical intraepithelial neoplasia, loop electrosurgical excision procedure, positive
surgical margin, prediction model.
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Introduction

Cervical cancer remains the fourth most
common cancer among women worldwide™, with an
estimated 661,021 new cases and 348,189 deaths
reported in 2022. Despite substantial reductions in
disease burden following the implementation of
cervical cancer screening programs, cervical cancer
continues to represent a major public health problem,
particularly in low- and middle-income countries®. In
Thailand, cervical cancer remains one of the leading
malignancies among women®, highlighting the
importance of effective screening and timely treatment
of cervical precancerous lesions®.

High-grade cervical intraepithelial neoplasia
grades 2 and 3 (CIN2/3) are well-established
precursor lesions with significant malignant potential
if left untreated. American Society for Colposcopy and
Cervical Pathology recommend excisional treatment
for most women with histologically confirmed high-
grade squamous intraepithelial lesion, particularly
when the transformation zone is not fully visualized,
endocervical involvement is suspected, or invasive
disease cannot be excluded®. Loop electrosurgical
excision procedure (LEEP) has become the most
widely used excisional treatment because it is
effective, minimally invasive, cost-effective, and can
be performed safely in an outpatient setting®. In
addition to providing definitive treatment, LEEP allows
histopathological evaluation of the excised specimen,
including assessment of surgical margin status, which
is an important predictor of treatment success.

Positive surgical margins after LEEP have
consistently been associated with an increased risk
of residual or recurrent cervical intraepithelial
neoplasia, persistent high-risk human papillomavirus
infection, repeat excisional procedures, and
subsequent hysterectomy in selected patients®. A
previous Thai study evaluating hysterectomy
specimens after LEEP or cold-knife conization
demonstrated that residual disease remained an
important finding following excisional treatment,
highlighting the importance of adequate lesion
removal and subsequent surveillance®. Although not
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all women with positive margins develop recurrent
disease, margin status remains one of the strongest
pathological predictors guiding postoperative
surveillance and further management® . Several
clinical and pathological factors associated with
positive surgical margins have been reported,
including advanced age, menopausal status,
abnormal cervical cytology, extensive lesion
involvement, transformation zone type, endocervical
gland involvement, lesion extension into the
endocervical canal, and inadequate cone depth("4.
Based on these predictors, Zhu et al developed a
clinical scoring system to estimate the risk of positive
margins after cervical excision(®. However, their
model incorporated endocervical curettage (ECC)
findings, a procedure not routinely performed in all
women undergoing LEEP, thereby limiting its
applicability in routine clinical practice. Furthermore,
the model has not been externally validated in Thai
women, whose clinical characteristics and treatment
practices may differ from those of the original study
population.

To date, no clinical prediction model has been
developed specifically for the Thai population to
estimate the risk of positive surgical margins following
LEEP. Therefore, this study aimed to develop and
internally validate a simple clinical prediction score,
using routinely available variables, to predict positive
surgical margins after LEEP in women with high-grade
cervical intraepithelial neoplasia (CIN2/3). Additionally,
we evaluated its diagnostic performance.

Materials and Methods

This diagnostic predictive model study was
conducted at Her Royal Highness Princess Maha
Chakri Sirindhorn Medical Center, Faculty of Medicine,
Srinakharinwirot University, Thailand. Medical records
of women who underwent LEEP between January
2017 and December 2023 were reviewed. The study
protocol was approved by the Institutional Ethics
Committee of Srinakharinwirot University (Approval
No. SWUEC-673062) and was registered on the Thai
Clinical Trials Registry (TCTR20250801001).



Women aged 18 years or older with histologically
confirmed cervical intraepithelial neoplasia grade 2
or grade 3 (CIN2/3) who underwent their first LEEP
and had all required data in medical record were
eligible for inclusion. Patients were excluded if they
had a previous diagnosis of invasive cervical cancer
or other malignancies, invasive carcinoma identified
on the final LEEP specimen, pregnancy at the time
of treatment, or incomplete pathological reports that
precluded evaluation of surgical margin status.
Demographic and clinical data were retrieved
from medical records. The collected variables included
age, parity, menopausal status, preoperative cervical
cytology, transformation zone (TZ) type, satisfactory
colposcopy, lesion quadrant involvement, cone depth,
pathological margin status and endocervical gland
involvement. Cervical cytology was categorized as
low-grade group (atypical squamous cells of
undetermined significance (ASC-US), low-grade
squamous intraepithelial lesion (LSIL), atypical
glandular cells, not otherwise specified (AGC-NOS))
or high-grade group (atypical squamous cells, cannot
exclude HSIL (ASC-H), high-grade squamous
intraepithelial lesion (HSIL), atypical glandular cells,
favor neoplasia (AGC-FN)), adenocarcinoma,
squamous cell carcinoma) according to the Bethesda
System(®, The transformation zone was classified as
type 1, type 2, or type 3 according to the International
Federation for Cervical Pathology and Colposcopy
(IFCPC) nomenclature!". Endocervical gland
involvement was determined from histopathological
examination of pre-LEEP cervical biopsy. Cone depth
was obtained from the final pathology report. Because
the pathological measurement was performed after
formalin fixation, the reported cone depth was
adjusted for potential tissue shrinkage by adding 15%
to the measured value. The adjusted cone depth was
used in the statistical analysis and prediction model®.
The primary outcome was the presence of a
positive surgical margin after LEEP. A positive margin
was defined as the presence of CIN involving either
the ectocervical or endocervical or deep resection
margin on the final histopathological report. A negative

margin was defined as the absence of dysplastic
epithelium at all surgical margins.

The sample size calculation was based on the
area under the receiver operating characteristic curve
(AUC) from a previous predictive index. The study by
Zhu et al reported an AUC of 0.769 for predicting
margin positivity. We hypothesized that our newly
developed index would demonstrate superior
predictive performance, with an anticipated AUC of
0.88. Given the observed ratio of positive to negative
surgical margins (1:3) at Her Royal Highness Princess
Maha Chakri Sirindhorn Medical Center, the sample
size was calculated using the MedCalc online tool for
ROC curve analysis(19). With a two-sided alpha error
of 5% (o = 0.05) and a statistical power of 80%, the
minimum required sample size was determined to be
196 participants. Accounting for an estimated 5% rate
of incomplete data, the total required sample size was
adjusted to 207 participants, comprising 155 patients
in the negative margin group and 52 patients in the
positive margin group. Continuous variables were
summarized as mean =+ standard deviation (SD) and
compared using the independent student’s t-test.
Categorical variables were expressed as frequencies
and percentages and compared using the chi-square
test or Fisher’'s exact test, as appropriate. Variables
with p < 0.20 in the univariable analysis were included
in the multivariable logistic regression model to identify
independent predictors of positive surgical margins.
Adjusted odds ratio (aOR) with 95% confidence
intervals (Cls) were reported.

A clinical prediction score was subsequently
developed based on the final multivariable logistic
regression model. The regression coefficient of each
independent predictor was divided by the smallest
coefficient in the model and rounded to the nearest
integer to generate an assigned score for practical
clinical use (final model). The total score was
calculated by summing the assigned scores of all
predictors. The predictive performances of the original
regression model (original model) and the simplified
prediction score model (final model) were then
compared using the area under the receiver operating
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characteristic curve (AUC). As there were no missing
data among the variables included in the analysis, no
imputation was required.

The discriminative ability of the prediction
model was assessed using the AUC with a 95% CI.
The cutoff score was selected by examining the
receiver operating characteristic (ROC) curve and
identifying the threshold that provided an appropriate
balance between sensitivity and specificity. Calibration
was evaluated using the calibration belt, and internal
validation was performed using 1,000 bootstrap
resampling. The diagnostic performance of different
cutoff values was assessed by calculating sensitivity,
specificity, positive predictive value (PPV), and
negative predictive value (NPV). All statistical
analyses were performed using Stata version 14

(StataCorp LP, College Station, TX, USA). A two-sided
p value of < 0.05 was considered statistically
significant.

Results

A total of 237 women with histologically
confirmed CIN 2/3 who underwent LEEP between
January 2017 and December 2023 were initially
identified. After applying the exclusion criteria, 30
women were excluded: 27 with invasive cervical
cancer identified on final histopathology and 3 with a
history of prior malignancy. The remaining 207 women
were included in the final analysis (Fig. 1). Among the
207 eligible women, 107 (51.7%) had positive surgical
margins, whereas 100 (48.3%) had negative surgical
margins following LEEP.

Women diagnosed with CIN
203 and underwent LEEP

(n=237)

Excluded

(n=30)

report cervical

Pathological l Prior malignancy
cancer (n=27) (n=3)

Enrolled (n=207)

Positive margins (n=107)

Megative margins (n=100)

Fig. 1. Consort flow diagram.

CIN: cervical intraepithelial neoplasia, LEEP: loop electrosurgical excision procedure

The baseline demographic and
clinicopathological characteristics of the study
population are summarized in Table 1. Compared
with women with negative surgical margins, those
with positive surgical margins were older (40.47
+ 9.92 vs 37.42 + 8.66 years, p = 0.019), had a
lower mean cone depth (7.08 + 2.67 vs 8.79 =
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3.49 mm, p < 0.001), and were more likely to have
high-grade cytology, endocervical gland
involvement, and a non-type 1 (type 2 or 3)
transformation zone. Conversely, parity,
menopausal status, satisfactory colposcopy, and
lesion quadrant involvement were not significantly
different between the two groups.



Table 1. Demographic characteristics of the patients.

Clinical characteristics Positive margin (n = 107) Negative margin p value
Age (years), mean + SD 40.47 +9.92 37.42 + 8.66 0.019
Parity, n (%) 0.155
0 22 (48.89) 23 (51.11)
1 30 (42.25) 41 (57.75)
2 39 (62.9) 23 (37.1)
3 13 (59.09) 9 (40.91)
4 2(33.33) 4 (66.67)
5 1 (100) 0 (0)
Menopausal status, n (%) 0.147
Pre-menopause 93 (50) 93 (50)
Post-menopause 14 (66.67) 7 (33.33)
Cone depth (mm), mean = SD 708 £ 2.67 8.79 + 3.49
Cytology, n (%) < 0.001
Low grade 16 (30.19) 37 (69.81)
High grade 91 (59.09) 63 (40.91)
Endocervical gland involvement, n (%) < 0.001
Yes 88 (61.11) 56 (38.89)
No 19 (30.16) 44 (69.84)
Satisfactory colposcopy, n (%) 0.085
Yes 93 (49.73) 94 (50.27)
No 14 (70) 6 (30)
Type of transformation zone, n (%) 0.001
Type 1 70 (44.59) 87 (55.41)
Type 2 24 (77.42) 7 (22.58)
Type 3 13 (68.42) 6 (31.58)
Quadrant of lesion, n (%) 0.182
No lesson 11 (45.83) 13 (54.17)
1 38 (44.19) 48 (55.81)
2 32 (55.17) 26 (44.83)
3 14 (70) 6 (30)
4 12 (63.16) 7 (36.84)

SD: standard deviation

Multivariable logistic regression analysis
identified four factors independently associated with
positive surgical margins after LEEP: endocervical
gland involvement on pre-LEEP biopsy (aOR 2.98,
95% CI 1.504, 5.914), non-type 1(type 2 or 3) versus
type 1 transformation zone (aOR 3.13, 95% CI 1.484,
6.609), high-grade versus low-grade cytology (aOR
2.402, 95% CI 1.166, 4.945), and cone depth < 7.21
versus > 721 mm (aOR 2.06, 95% CI 1.124, 3.784).
Based on the regression coefficients, assigned scores
were 2, 2, 2, and 1 point, respectively, yielding a total

score ranging from 0 to 7 points (Table 2). The optimal
cone depth cutoff of 721 mm was based on the study
by Srijarusith and Rodpenper, which recommended
this depth to achieve a higher likelihood of negative
surgical margins(*®. The original model demonstrated
an AUC of 0.747 (95% CI1 0.681, 0.814), while the final
simplified model achieved an AUC of 0.739 (95% CI
0.672, 0.807), with no statistically significant difference
between the two (p = 0.114). Thus, the predictive
performance of the final model was comparable to
that of the original model (Fig. 2).
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Table 2. Multivariable analysis and assigned score.

Predictive variable Adjusted odds ratio 95%Cl p value Coefficient Assigned score
Endocervical gland involvement on pre-LEEP biopsy: 2.98 1.504-5.914 0.002 1.092832 2
Yes vs No
Type of transformation zone: non-Type 1 vs type 1 3.13 1.484-6.609 0.003 1.14184 2
Cytology: high grade vs low grade 2.402 1.166-4.945 0.017 0.8761978
Cone depth < 7.21 vs 27.21 mm* 2.06 1.124-3.784 0.019 0.7239634 1

*Appropriate cone depth was at least 7.21 mm. to achieve negative margin
Cl: confidence intervals, LEEP: loop electrosurgical excision procedure

100+

0.75+

Sansilivity
o
3

0.254

Q.00

—e— Final model AUC: 0,734
—+— DOriginal model AUC: 0.747
— Refarence

0.50
1 - spicificity

0.00 0.25

.75

1,00

Fig. 2. Compare performance between original model and final model.
AUC: area under the curve

The diagnostic performance of the prediction
score at different cutoff values is shown in Table 3. An
optimal cutoff score of 4 yielded a sensitivity of
83.18%, specificity of 58.0%, positive predictive value
of 67.9%, and negative predictive value of 76.3%. This
cutoff was selected based on the optimal balance
between sensitivity and specificity on the ROC curve,
as well as the overall diagnostic accuracy of the model.
The prediction model demonstrated acceptable

discrimination, with an apparent AUC of 0.739 (95%
Cl10.672,0.807) (Fig. 3). After internal validation using
1,000 bootstrap resamples, the corrected AUC was
0.732 (95% CI 0.669, 0.803). The calibration belt
showed no significant evidence of model miscalibration
(p = 0.535), no observed data deviating above or
below the bisector, and maintaining a narrow and
consistent width across the entire predicted risk
spectrum (Fig. 4).

Table 3. The diagnostic performance of the prediction score.

Cut-off point Sensitivity Specificity Positive predictive value Negative predictive value

>0 100.00% 0.00% 51.6% -

>1 99.07% 7.00% 53.3% 87.5%
=2 95.33% 19.00% 55.7% 79.2%
>3 87.85% 46.00% 63.5% 78.0%
>4 83.18% 58.00% 67.9% 76.3%
=5 58.88% 76.00% 72.4% 63.3%
>6 23.36% 91.00% 73.5% 52.6%
=7 14.95% 97.00% 84.2% 51.6%

* Optimal cut-off point
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Fig. 4. The calibration belt.

Discussion

This study identified a combination of clinical,
cervical cytology, cervical pathology, and procedural
factors associated with positive surgical margins after
LEEP. The resulting prediction model demonstrated
acceptable discriminatory performance, suggesting
that combining these routinely available factors may
help identify women at increased risk of margin
involvement. Achieving negative surgical margins
remains clinically important because positive margins
have consistently been associated with an increased
risk of residual and recurrent cervical intraepithelial
neoplasia®. Although not all women with positive
margins develop recurrent disease, identifying factors
associated with margin positivity may improve

Sangsitong N, et al. Prediction Score for Positive Margins after LEEP

understanding of incomplete excision and inform
future development of prediction tools that can be
applied before or during the procedure™.

Several prediction models for positive surgical
margins have previously been proposed. Compared
with the previously proposed model by Zhu et al®®),
our model does not require routine endocervical
curettage (ECC). This may facilitate its application in
settings where ECC is not routinely performed before
LEEP, as the prediction score can be calculated
without requiring additional ECC findings. This feature
may improve the practical applicability of the model
within our clinical setting. Notably, all predictors in our
proposed model can be determined prior to or during
the LEEP procedure.
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The positive margin rate in our study was higher than
that reported in previous Thai studies. Champawong
et al® reported a positive margin rate of 24.8% after
LEEP, whereas Tanompongchat et al®" reported
margin involvement in 35.3% of women undergoing
LEEP, which was consistent with prior institutional
records. This elevated rate may partly reflect
differences in temporal and geographical settings, as
well as our institution’s role as a tertiary care center
receiving complex referral cases from diverse regions.
Despite the difference in margin positivity, the factors
identified in our model were broadly consistent with
previous reports'3 4. 22) Endocervical gland
involvement, transformation zone characteristics,
high-grade cytology, and inadequate excision depth
have all been associated with positive margin after
excision. In our cohort, a type 2 transformation zone
was significantly associated with margin positivity
when compared with a type 1 transformation zone
(aOR 3.59, 95% CI 1.35, 9.57, p = 0.011), whereas a
type 3 transformation zone showed no significant
association (aOR 1.95, 95% C1 0.66, 5.80, p = 0.228).
This finding contrasts with previous studies that
identified type 3 transformation zones as a primary
risk factor®®, which may be attributed to the small
number of participants with a type 3 transformation
zone in our study. Consequently, the final model
categorized transformation zones as type 1 versus
non-type 1 (types 2 or 3).

An important potential application of the model
relates to cone depth. Although actual cone depth
was measured from the final pathological specimen
in this study, the 7.21-mm threshold may serve as a
practical reference for procedural planning. Surgeons
could consider this threshold when selecting an
appropriate loop size before LEEP and could measure
the excised specimen immediately after the procedure.
If the achieved depth is < 7.21 mm, particularly in
women with a higher predicted risk based on the other
model components, additional excision may be
considered intraoperatively. This approach allows the
scoring system to guide real-time decision-making
during the pre- and intraoperative phases, rather than
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relying solely on postoperative pathological evaluation.
The strengths of this study included, to our knowledge,
the development of the first clinical prediction score
for positive surgical margins after LEEP derived from
a Thai population, the use of routinely available
variables, and assessment of both discrimination and
calibration. Internal validation using bootstrap
resamples yielded a corrected AUC of 0.732, close to
the apparent AUC of 0.739. Several limitations should
be acknowledged. First, the retrospective, single-
center design may limit the generalizability of our
findings and introduced selection bias. Second,
external validation was not performed, and long-term
clinical outcomes, such as residual or recurrent
disease, were unavailable. Third, the model is unable
to predict site-specific margin positivity, namely
ectocervical, endocervical, or deep surgical margins.
Furthermore, this model is not applicable to the ‘see-
and-treat’approach, as pre-procedure histopathological
confirmation of CIN 2/3 is required. Future prospective
multicenter studies should externally validate the
model. Incorporating additional predictors, such as
high-risk human papillomavirus genotype or
persistence, should be considered in future research.
Furthermore, site-specific margin prediction would
necessitate three distinct models requiring a
significantly larger study population.

Conclusion

The prediction model comprising endocervical
gland involvement, transformation zone type, cervical
cytology, and cone depth can assist clinicians in
estimating positive margin risk and optimizing surgical
planning. It is user-friendly for routine clinical practice
and demonstrates acceptable predictive performance
and calibration.
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Three-Layer Anatomical Uterine Closure versus
Conventional Two-Layer Closure for Early Cesarean Scar
Sonographic Morphology: A randomized controlled trial

Angkharn Triniti, M.D.*,
Piangrutai Riratanapong, M.D.*

* Department of Obstetrics and Gynecology, Surin Hospital, Surin, Thailand

ABSTRACT

Objectives: To compare early cesarean scar morphology between three-layer anatomical uterine
closure and conventional two-layer closure, using the residual-to-adjacent myometrial
thickness ratio (RMT/AMT) at 6 weeks postpartum as the primary outcome.

Materials and Methods: In this randomized controlled trial, 60 women undergoing primary cesarean
delivery were assigned 1:1 to either a conventional two-layer group or a three-layer anatomical
closure group, with randomization stratified by elective or emergency cesarean delivery.
Transvaginal ultrasound was performed at 6 weeks postpartum by a blinded examiner. The
primary outcome was the RMT/AMT ratio. Secondary outcomes included residual myometrial
thickness, adjacent myometrial thickness, niche depth, niche length, niche depth/AMT ratio,
niche presence, operative time, and estimated blood loss.

Results: All 60 participants received the allocated intervention, and sonographic outcomes were
available for 56 participants (28 per group). The median RMT/AMT ratio was higher with
three-layer anatomical closure than with conventional two-layer closure (0.800 [interquartile
range, IQR 0.716, 1.000] vs 0.708 [IQR 0.604, 0.783], p = 0.007). Median niche depth was
lower (2.4 [IQR 0, 3.1]vs 3.2 [IQR 2.55, 4.4] mm, p = 0.017), as was the median niche depth/
AMT ratio (0.173 [IQR 0, 0.227] vs 0.234 [IQR 0.142, 0.318], p = 0.045). Median operative
time was longer in the three-layer group (37 [IQR 33, 43] vs 33 [IQR 30, 36] minutes, p =
0.035), whereas estimated blood loss did not differ significantly between groups.

Conclusion: Three-layer anatomical uterine closure was associated with a higher RMT/AMT ratio
and lower niche depth and niche depth/AMT ratio at 6 weeks postpartum than conventional
two-layer closure. Operative time was slightly longer with the three-layer technique, whereas
estimated blood loss did not differ significantly between groups. Longer-term studies are
needed to determine the clinical significance of these early sonographic differences.

Keywords: cesarean delivery, uterine closure, three-layer closure, cesarean scar niche, residual
myometrial thickness.
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Introduction

As cesarean delivery rates continue to rise
worldwide!, increasing attention has been directed
toward the potential long-term reproductive and
obstetric consequences of cesarean delivery®. The
uterine closure technique is a modifiable surgical
factor that may influence subsequent cesarean scar
healing. Previous randomized evidence summarized
in a meta-analysis has shown that different closure
techniques, particularly single- versus double-layer
closure, may result in differences in residual
myometrial thickness®.

Histological studies have shown that cesarean
scar healing may result in incomplete restoration of
normal myometrial architecture and fibrotic
remodeling®. Molecular and ultrastructural studies
have further demonstrated increased collagen
content and disruption of normal myometrial
ultrastructure in cesarean scar tissue®. Postoperative
scar morphology can be assessed noninvasively by
transvaginal ultrasonography. Standardized
sonographic evaluation includes measurement of
residual myometrial thickness (RMT) at the scar site
and adjacent myometrial thickness (AMT), together
with other scar dimensions®. The RMT/AMT ratio
provides a relative measure of myometrial restoration
and has been used as an index of cesarean scar
healing®®).

Previous studies have evaluated several
technical aspects of uterine closure, including layer
number, locking versus non-locking sutures, and
endometrial inclusion or exclusion® 819 These
findings suggest that scar morphology may be
influenced by multiple aspects of the closure
technique rather than layer number alone. Bujold and
Romero incorporated these principles into a three-
layer anatomical closure strategy that combines
endometrial exclusion, non-locking parallel sutures
for deep and bulk myometrial approximation, and
restoration of the superficial myometrial and serosal
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contour™. Importantly, this approach represents an
integrated anatomical closure strategy rather than
simply the addition of a third suture layer to
conventional two-layer closure.

Randomized evidence evaluating this three-
layer anatomical closure strategy with standardized
early postpartum sonographic assessment remains
limited. Therefore, this study compared three-layer
anatomical uterine closure with conventional two-
layer closure. The 6-week assessment was selected
because it corresponds to routine postpartum follow-
up and follows substantial uterine involution, allowing
for the evaluation of early scar morphology. The
primary objective was to compare the RMT/AMT ratio
at 6 weeks postpartum, while secondary objectives
included the assessment of other sonographic and
surgical outcomes.

Materials and Methods
Study design and setting

This prospective randomized controlled trial
was conducted at Surin Hospital, Thailand. Participants
were recruited between January and April 2026, and
follow-up was completed in May 2026. The study
compared three-layer anatomical uterine closure with
conventional two-layer closure in women undergoing
primary cesarean delivery. The study protocol was
approved by the Institutional Ethics Committee of
Surin Hospital (approval no. 122/2568). Written
informed consent was obtained from all participants
before enroliment. This study was registered with the
Thai Clinical Trials Registry (TCTR20260629004).

Participants
Inclusion criteria comprised maternal age of at
least 18 years, singleton pregnancy at 37 weeks or
later, and primary cesarean delivery through a low
transverse uterine incision. Both elective and
emergency cesarean deliveries were included.
Women were excluded if they had a previous
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cesarean delivery or other uterine surgery, a known
uterine anomaly, placenta previa, placenta accreta
spectrum, chorioamnionitis, or intraoperative findings
identified before opening the allocation envelope that
precluded standardized performance of either study
closure technique, such as severe hemorrhage or
extension of the uterine incision.

Randomization and allocation concealment

Participants were randomly assigned in a 1:1
ratio to either a conventional two-layer closure group
or a three-layer anatomical closure group. Cesarean
delivery was classified as elective or emergency
before randomization according to the clinical
indication and timing of surgery. Randomization was
stratified by this classification using separate
computer-generated permuted-block sequences with
a block size of four within each stratum.

The allocation sequence was prepared by an
independent investigator who was not involved in
participant recruitment, surgery, or outcome
assessment. Group assignments were placed in
sequentially numbered, opaque, sealed envelopes.
Each envelope was opened intraoperatively after
delivery of the fetus and placenta, and immediately
before uterine closure.

Surgical techniques

All cesarean deliveries were performed through
a low transverse uterine incision. Polyglactin 910
(Vicryl®) sutures were used for uterine closure in all
cases. Uterine closures were performed by three staff
obstetrician-gynecologists with 18, 11, and 5 years of
surgical experience in cesarean delivery, respectively.
Before initiation of the study, all surgeons were trained
and standardized in both closure techniques according
to the study protocol and were required to perform the
allocated technique as specified.

Conventional two-layer closure

In the conventional group, the uterine incision
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was closed using the routine two-layer technique at
our institution. The first layer consisted of a continuous
locking suture incorporating the endometrium and a
large proportion of the myometrium, followed by a
continuous non-locking imbricating second layer
incorporating the remaining myometrium and serosa.
Double-layer uterine closure has been evaluated
extensively in randomized trials and systematic
reviews® 8. A locked first layer followed by an
imbricating second layer has been reported as a
commonly preferred two-layer technique in clinical
practice(',

Three-layer anatomical closure

In the three-layer anatomical closure group,
hysterotomy was closed according to the anatomical
principles described by Bujold and Romero. The
first layer approximated the deep myometrial edges
immediately adjacent to the decidual-myometrial
junction while excluding the endometrial surface from
the suture line. A continuous non-locking 1-0
polyglactin 910 suture was placed parallel to the
uterine incision using closely spaced bites to achieve
accurate tissue approximation without excessive
tension.

The second layer reapproximated the bulk of
the myometrium using a second continuous non-
locking 1-0 polyglactin 910 suture placed parallel to
the incision.

The third layer reapproximated the remaining
superficial myometrium and overlying serosa using
a continuous 2-0 polyglactin 910 suture, restoring
the seromuscular contour of the uterine incision
without a separate closure of the visceral peritoneum
(Fig. 1).

Based on the aforementioned, the three-layer
anatomical closure differed from the conventional
two-layer technique not only in the number of layers,
but also in endometrial inclusion/exclusion, first-layer
locking, suture orientation, and layer-specific
reconstruction of the uterine wall.
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Fig. 1. Three-layer anatomical uterine closure technique. Representative intraoperative photograph and schematic
diagrams illustrating the sequential steps of the three-layer anatomical closure. (A) Approximation of the deep
myometrial edges immediately adjacent to the decidual-myometrial junction, with exclusion of the endometrial
surface from the suture line, using a continuous non-locking suture placed parallel to the uterine incision. (B)
Reapproximation of the bulk of the myometrium using a second continuous non-locking parallel suture. (C)
Approximation of the remaining superficial myometrium and serosa using a continuous 2-0 suture to restore the
seromuscular contour of the uterine incision without a separate closure of the visceral peritoneum.

Outcome assessment

Participants were scheduled for a postpartum
follow-up visit at 6 weeks, during which cesarean scar
morphology was assessed by transvaginal ultrasound.

Sonographic assessment

Transvaginal ultrasonography was performed
using a Voluson S8 ultrasound system (GE HealthCare)
with an E8C-RS micro-convex transvaginal probe
(4.2-10.0 MHz), without contrast enhancement. The
cesarean scar was initially identified in the sagittal
plane, after which the probe was swept laterally across
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the scar to identify the sagittal section showing the
largest visible niche, on which standardized scar
measurements were subsequently obtained in
accordance with previously described criteria®.
Niche depth was defined as the vertical
distance from the endometrial surface to the deepest
point of the scar indentation. Residual myometrial
thickness (RMT) was measured from the deepest
point of the indentation to the uterine serosal surface
at the same location. Adjacent myometrial thickness
(AMT) was measured in the adjacent myometrium.
Niche length was measured as the maximum
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longitudinal length of the indentation in the selected
sagittal section. The residual-to-adjacent myometrial
thickness ratio (RMT/AMT) and the niche depth-to-

adjacent myometrial thickness ratio (niche depth/
AMT) were calculated from these measurements
(Fig. 2).

Fig. 2. Sonographic assessment of cesarean scar morphology. Representative transvaginal ultrasound image
and corresponding schematic illustration in a sagittal plane through the cesarean scar. The measurements
shown are residual myometrial thickness (a), adjacent myometrial thickness (b), niche depth (c), and niche

length (d).

A niche was defined as an indentation at
the cesarean scar site with a depth of at least 2
mm. For continuous analyses, niche depth was
recorded as the measured indentation depth,
including values below 2 mm, and was recorded
as 0 mm when no indentation was visible. The
niche depth/AMT ratio was calculated using the
corresponding measured niche depth and AMT
for all participants with evaluable ultrasound
measurements.

When no visible scar indentation was
identified, niche depth and length were recorded
as 0 mm, and RMT was measured at the thinnest
myometrial point corresponding to the cesarean
scar site. When more than one indentation was
present, measurements were obtained from the
largest defect identified during systematic lateral
sweeping of the scar.

All ultrasound assessments were performed
by a single examiner who was blinded to treatment
allocation. The examiner did not have access to
the randomization list, allocation envelopes,
operative notes, or details of the uterine closure
technique at the time of assessment.
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Primary and secondary outcomes

The primary outcome was the RMT/AMT ratio
at 6 weeks postpartum. Secondary outcomes included
the other sonographic measurements described
above, as well as surgical outcomes comprising
operative time and estimated blood loss. Operative
time was defined as the interval from skin incision to
completion of skin closure.

Sample size calculation

The sample size was calculated based on the
primary outcome, the RMT/AMT ratio at 6 weeks
postpartum. Based on preliminary data from 20
participants at our study center, which were not
included in the final analysis, the mean RMT/AMT ratio
was 0.78 + 0.17 in the conventional two-layer group
and 0.90 + 0.11 in the three-layer anatomical closure
group. These observed values corresponded to a mean
difference of 0.12 and were used for the sample size
calculation. With a two-sided alpha of 0.05 and 80%
power, 23 evaluable participants were required per
group. Allowing for an anticipated 20% loss to follow-up,
the target sample size was increased to 30 participants
per group, for a total of 60 participants.
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Statistical analysis

Continuous variables were assessed for
normality using histograms, Q—-Q plots, and the
Shapiro—Wilk test. Normally distributed variables
were presented as means with standard deviations
and compared using Welch’s independent samples
t-test. Non-normally distributed variables were
presented as medians with interquartile ranges (IQR)
and compared using the Mann—-Whitney U test.
Categorical variables were presented as numbers
and percentages, and compared using Fisher’s exact
test, as appropriate. Niche presence was reported
as a risk ratio with a 95% confidence interval.

Analyses were performed according to the
intention-to-treat principle. Baseline characteristics
and surgical outcomes were analyzed according to
the randomized groups using all available data.
Sonographic outcomes were analyzed using an
available-case approach among participants with
evaluable 6-week ultrasound measurements, with
no imputation for missing data.

A p value of less than 0.05 was considered
statistically significant. Statistical analyses were
performed using Stata software, version 16.1
(StataCorp, College Station, TX, USA).

Results

A total of 60 women were randomized, with
30 assigned to the conventional two-layer uterine
closure group and 30 to the three-layer anatomical
closure group. All participants received the
allocated intervention, with no crossover or
protocol deviations after randomization. At the
6-week postpartum follow-up, two participants in
each group did not undergo transvaginal ultrasound
assessment. Consequently, sonographic outcomes
were available for 56 participants and were
analyzed using an available case approach, with
28 participants included in each group. Participant
enrollment, allocation, follow-up, and analysis are
summarized in the CONSORT flow diagram
(Fig. 3).

Assess for eligibility (n=75)

> | « Did not meet inclusion criteria (n=6)]

Excluded (n=15)

 Decline to participate (n=9)

Randomized (n=60)

A 4

Allocated to conventional
two-layer uterine closure (n=30)

A 4

Lost to follow up at 6 week
postpartum visit (n=2)
 Did not attend postpartum follow up visit
« Transvaginal ultrasound not perform

A 4

Analyzed for baseline
characteristics and surgical
outcomes (n=30)

v
Analyzed for sonographics
outcomes (n=28)

A4

Allocated to three-layer
anatomical uterine closure (n=30)

A 4

Lost to follow up at 6 week
postpartum visit (n=2)
« Did not attend postpartum follow up visit
« Transvaginal ultrasound not perform

A 4

Analyzed for baseline
characteristics and surgical
outcomes (n=30)

A 4

Analyzed for sonographics
outcomes (n=28)

Fig. 3. CONSORT flow diagram.
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Baseline characteristics are presented in
Table 1. Maternal age, body mass index, parity,
gestational age at delivery, cesarean urgency,
indications for cesarean delivery, and birth weight
were generally comparable between groups.

The sonographic and surgical outcomes
are summarized in Table 2. Sonographic outcomes
were available for 56 participants, with 28 women
in each group. The median RMT/AMT ratio was
higher in the three-layer anatomical closure group
than in the conventional two-layer group (0.800
[IQR 0.716, 1.000] vs 0.708 [IQR 0.604, 0.783],
p = 0.007).

Median niche depth was lower in the three-
layer anatomical closure group (2.4 [IQR 0, 3.1]
vs 3.2 [IQR 2.55, 4.4] mm, p = 0.017). A niche

Table 1. Baseline characteristics.

was identified in 22 of 28 women (78.6%) in the
conventional two-layer group and 17 of 28 women
(60.7%) in the three-layer anatomical closure
group (risk ratio 0.77, 95% CI 0.54, 1.10, p =
0.245). The median niche depth/AMT ratio was
also lower in the three-layer anatomical closure
group (0.173[IQR 0, 0.227] vs 0.234 [IQR 0.142,
0.318], p = 0.045). RMT, AMT, and niche length
did not differ significantly between groups.
Surgical outcomes were available for all 60
randomized participants. The median operative
time was 37 minutes (IQR 33, 43) in the three-
layer anatomical closure group and 33 minutes
(IQR 30, 36) in the conventional two-layer group
(p = 0.035). Estimated blood loss did not differ
significantly between groups (p = 0.248).

Characteristic Conventional two-layer  Three-layer anatomical p value
(n=30) (n=30)
Maternal age (years) 30.97 + 5.21 31.30 + 4.07 0.783
Maternal BMI (kg/m2) 29.59 (25.64, 34.58) 29.44 (24.46, 31.24) 0.506
Nulliparous, n (%) 22 (73.3) 23 (76.7) 1.000
Gestational age at delivery (weeks) 38.21 (37.71, 39.00) 38.21 (37.86, 38.86) 0.755
Cesarean delivery urgency, n (%) 1.000
Elective 14 (46.7) 15 (50.0)
Emergency 16 (53.3) 15 (50.0)
Indication for cesarean delivery, n (%) 0.426
Cephalopelvic disproportion 16 (53.3) 12 (40.0)
Cesarean delivery on maternal request 7 (23.3) 12 (40.0)
Premature rupture of membranes 1(3.3) 3 (10.0)
Breech presentation 3(10.0) 2 (6.7)
Non-reassuring fetal status 3(10.0) 1(3.3)
Birth weight (grams) 3,177 + 498 3,073 + 357 0.358

Data are presented as mean + standard deviation, median (interquartile range), or number (percentage).

Normally distributed continuous variables were compared using Welch’s independent-samples t-test, non-normally distributed continuous

variables using the Mann-Whitney U test, and categorical variables using Fisher’s exact test.

BMI: body mass index
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Table 2. Sonographic and surgical outcomes.

Outcome Conventional Three-layer anatomical p value
(n =30)

Sonographic outcomes, n = 28 per group

RMT (mm) 9.95 + 2.57 10.91 £ 2.42 0.158
AMT (mm) 13.76 + 2.46 13.33 + 2.96 0.558
RMT/AMT ratio 0.708 (0.604, 0.783) 0.800 (0.716, 1.000) 0.007
Niche depth (mm) 3.2 (2.55, 4.4) 2.4 (0, 3.1) 0.017
Niche length (mm) 4.75 (3.55, 6.05) 3.7 (0, 5.75) 0.351
Niche depth/AMT ratio 0.234 (0.142, 0.318) 0.173 (0, 0.227) 0.045
Niche present, n (%) 22 (78.6) 17 (60.7) 0.245
Surgical outcomes, n = 30 per group

Operative time (min) 33 (30, 36) 37 (33, 43) 0.035
Estimated blood loss (mL) 400 (300, 400) 400 (300, 500) 0.248

Data are presented as mean + standard deviation, median (interquartile range), or number (percentage).
Normally distributed continuous outcomes were compared using Welch’s independent-samples t-test, and non-normally distributed continuous outcomes were

compared using the Mann—Whitney U test.
Niche presence was compared using Fisher’s exact test.

RMT: residual myometrial thickness, AMT: adjacent myometrial thickness, IQR: interquartile range

Discussion

In this randomized controlled trial, three-layer
anatomical uterine closure was associated with a
higher RMT/AMT ratio at 6 weeks postpartum
compared with conventional two-layer closure. This
finding suggests more favorable myometrial restoration
at the cesarean scar site. The lower niche depth and
niche depth/AMT ratio in the three-layer group further
support this interpretation. However, the clinical
significance of these early sonographic differences
remains uncertain. Regarding surgical outcomes,
operative time was modestly longer with the three-
layer technique, whereas estimated blood loss did not
differ significantly between groups.

Much of the previous research on uterine
closure focused on comparisons between single- and
double-layer techniques, with inconsistent findings
regarding cesarean scar morphology® 314,
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Subsequent studies increasingly examined specific
technical aspects of uterine closure. A randomized
trial reported greater residual myometrial thickness
and a higher healing ratio with unlocked double-layer
closure excluding the decidua compared with locked
single-layer closure, whereas similar benefits were
not demonstrated with locked double-layer closure
including the decidua®. More recent studies have
explored endometrium-free closure(™® and parallel-
layer suturing®®, further suggesting that scar
morphology may be influenced by specific technical
aspects of uterine closure rather than layer number
alone.

The three-layer anatomical closure technique
described by Bujold and Romero integrates
endometrial exclusion, non-locking parallel sutures
for deep and bulk myometrial approximation, and
restoration of the superficial seromuscular contour,
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However, randomized evidence concerning the
evaluation of this specific technique remains limited.
Although a previous randomized trial reported similarly
favorable sonographic scar outcomes, it evaluated a
different layer-specific uterine closure technique®.
To the best of the authors’ knowledge, the present
study is the first randomized controlled trial to directly
compare this three-layer anatomical technique with
conventional two-layer closure. Because multiple
technical components differed between groups, the
observed findings should be interpreted as the effect
of the overall closure strategy rather than any
individual component.

This study has several strengths. The
randomized design and concealed allocation reduced
the risk of selection bias, while standardized surgical
techniques promoted consistency across procedures.
Sonographic assessments were performed by a single
examiner blinded to treatment allocation. Restricting
enroliment to women undergoing primary cesarean
delivery also reduced heterogeneity related to
previous uterine surgery.

In addition to its strengths, several limitations
should be considered. First, sonographic assessment
at 6 weeks postpartum reflects early rather than
mature scar morphology. Although previous studies
have shown correlations between measurements at
6 weeks and 6 months, scar characteristics may
continue to change during postpartum remodeling"”
'8, Therefore, the observed differences may not
necessarily persist over time, and longer-term follow-
up is needed. Second, labor stage and cervical
dilatation at cesarean delivery were not recorded
separately. These factors may influence lower uterine
segment anatomy and the location of the uterine
incision, potentially affecting subsequent scar
morphology('® 29, Although randomization was
stratified by elective or emergency cesarean delivery,
this classification may not fully capture differences in
labor progression between participants. Third,
additional focal repair or hemostatic sutures were not
recorded systematically. These additional sutures may
have influenced local tissue approximation and
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subsequent scar morphology, independently of the
allocated closure technique. Furthermore, potential
surgeon-specific effects were not formally evaluated.
Although all surgeons underwent technique
standardization and performed both procedures,
variations in surgical execution could not be excluded
as potential influences on scar morphology.

Conclusion

Three-layer anatomical uterine closure was
associated with a higher RMT/AMT ratio and lower
niche depth and niche depth/AMT ratio at 6 weeks
postpartum compared with conventional two-layer
closure. Operative time was slightly longer with the
three-layer technique, whereas estimated blood loss
did not differ significantly between groups. Longer-
term studies are needed to determine whether these
early sonographic differences persist and translate
into clinically meaningful outcomes.
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