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Objective

Cold coagulation, although less commonly used today, offers a less invasive alternative to excisional procedures for 
high-grade cervical intraepithelial neoplasia (CIN). This study evaluated post-treatment cytologic and virologic nega-
tivity rates among reproductive-age women with high-grade CIN.

Methods

This retrospective study analyzed the medical records of 151 reproductive-age women diagnosed with CIN2 or 3 who 
were treated with cold coagulation at a single tertiary referral hospital between January 2010 and April 2022. Effica-
cy was assessed using follow-up liquid-based cytology and human papillomavirus (HPV) tests performed 3 months to 
3 years after treatment. Statistical analyses included odds ratios and a univariate Cox proportional hazards model to 
evaluate treatment outcomes and failure rates.

Results

At 6 months, cytologic negativity was achieved in 66.7% of patients and virologic negativity in 50.0%; these rates 
increased to 81.3% and 70.0%, respectively, by 3 years. Treatment failure occurred in 26.5% of patients. However, no 
significant differences in negative test rates were observed between CIN2 and CIN3 or between HPV16/18 and other 
high-risk HPV types. Persistent disease occurred in 25.8% of patients, whereas recurrence was observed in 2.6%. Mini-
mal complications were reported and no cases of progression to cervical cancer were identified.

Conclusion

Cold coagulation demonstrated moderate post-treatment cytologic and virologic negativity rates with minimal imme-
diate complications in this retrospective cohort. However, given the substantial rate of persistent disease and the non-
standard role of ablative treatment in settings where excision is available, these findings should be interpreted with 
caution.

Keywords: Cryosurgery; Cervical intraepithelial neoplasia; Human papillomavirus; Treatment outcome; Women of 
childbearing age

Original Article
Obstet Gynecol Sci 2026;69(3):235-243
https://doi.org/10.5468/ogs.25375
eISSN 2287-8580

Young Tae Kim has been an Editorial Board of Obstetrics & Gynecology Science; however, he is not involved in the peer reviewer selection, evaluation, or decision process of this 
article. Otherwise, no other potential conflicts of interest relevant to this article were reported.

Articles published in Obstet Gynecol Sci are open-access, distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Copyright © 2026 Korean Society of Obstetrics and Gynecology 

Received: 2025.10.01.   Revised: 2026.03.16.   Accepted: 2026.04.12.
Corresponding author: Eun Ji Nam, MD, PhD
Department of Obstetrics and Gynecology, Institute of Women’s Life Medical Science, Yonsei University College of Medicine, 50-1 Yonsei-
ro, Seodaemun-gu, Seoul 03722, Korea
E-mail: nahmej6@yuhs.ac
https://orcid.org/0000-0003-0189-3560

http://crossmark.crossref.org/dialog/?doi=10.5468/ogs.25375&domain=pdf&date_stamp=2026-05-15


www.ogscience.org236

Vol. 69, No. 3, 2026

Introduction

Cervical cancer ranks as the fourth most common cancer and 
the fourth leading cause of cancer-related mortality among 
women worldwide [1]. Nearly all cases of cervical cancer and 
its precursor lesions are attributable to persistent infection 
with carcinogenic, or high-risk, human papillomavirus (HPV) 
genotypes [2]. Consequently, primary strategies for prevent-
ing cervical cancer include creening methods such as cytol-
ogy and HPV testing, followed by colposcopy and biopsy of 
suspicious lesions. Additionally, treatment of cervical lesions 
involve es excision or ablation of the cervical transformation 
zone when a biopsy confirms cervical intraepithelial neo-
plasia (CIN) grades 2 or 3 [3]. Treatment of high-grade CIN, 
including CIN2 and 3, often involves the loop electrosurgi-
cal excision procedure (LEEP), which is widely performed as 
both a diagnostic and therapeutic method because it allows 
definitive histologic evaluation of the excised specimen [4]. 
However, a substantial proportion of patients requiring treat-
ment for CIN are women of reproductive age. Several stud-
ies have reported that LEEP is associated with an increased 
risk of preterm delivery and low birth weight in subsequent 
pregnancies [5-7]. Therefore, less invasive approaches such 
as cold coagulation have been considered for selected repro-
ductive-age women with high-grade CIN, although poten-
tial reproductive benefits were not directly evaluated in the 
present study. Cold coagulation has demonstrated favorable 
treatment outcomes and may offer practical advantages, par-
ticularly in resource-limited settings [8,9]. Previous studies of 
cold coagulation primarily relied on conventional Papanico-
laou smear results. In contemporary clinical practice, howev-
er, post-treatment surveillance of high-grade CIN increasingly 
relies on HPV-based testing, with or without cytology [10]. 
Accordingly, this study analyzed post-treatment cytologic and 
virologic negativity rates among reproductive-age women 
undergoing cold coagulation for high-grade CIN.

Materials and methods

This retrospective study included 151 reproductive-age wom-
en aged 19-45 years with punch biopsy-confirmed CIN2 or 
CIN3 who underwent cold coagulation at a single tertiary 
referral hospital between January 2010 and April 2022. Pa-
tients with CIN1, those outside the eligible age range, and 

those without post-treatment follow-up were excluded. Of 
the 2,418 patients initially reviewed, 151 met the inclusion 
criteria (Fig. 1). Collected variables included age, body mass 
index (BMI), gravidity, parity, smoking status, immunosup-
pression or autoimmune disease, pre-treatment biopsy re-
sults, endocervical involvement when endocervical curettage 
was performed, cytology, HPV status, follow-up test results, 
additional treatment, recurrence, and progression to cervical 
cancer. Patients were stratified according to initial CIN grade 
(CIN2 vs. CIN3) and HPV type (HPV16/18 vs. other high-risk 
HPV types).

Cold coagulation was performed using a WiSAP Coagula-
tor (WiSAP, Munich, Germany) with a pointed thermo-probe 
(Model 6008) set at 100°C. Each application lasted approx-
imately 20-30 seconds and overlapping applications were 
applied as needed to cover the entire transformation zone or 
visible lesion. The procedures were performed by clinicians 

Patients with CIN who received cold coagulation 
from January 2010 to April 2022 (n=2,418)

Patients with high grade CIN of reproductive age 
who received cold coagulation from January 2010  

to April 2022 (n=151)

CIN2 (n=107) CIN3 (n=44)

          Exclude patients with
•  Age <19 or >45
•  CIN1
•  Others
	    (n=2,267)

Fig. 1. Flowchart illustrating the patient selection process for re
productive-age women with high-grade cervical intraepithelial 
neoplasia (CIN).
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in the colposcopy clinic using the same institutional device 
settings and a generally standardized procedural approach 
throughout the study period.

HPV testing was performed using the cobas® 4800 HPV 
Test (Roche Molecular Systems, Pleasanton, CA, USA), which 
reports HPV16 and HPV18 individually and 12 other high-risk 
HPV types as a pooled result.

Cold coagulation was considered only for patients deemed 
suitable for ablative treatment after clinicopathologic evalua-
tion. Eligibility generally required satisfactory colposcopy with 
complete visualization of the squamocolumnar junction and 
lesion margins, no suspicion of invasive carcinoma or glan-
dular disease on cytology or colposcopy, and no indication 
for immediate diagnostic excision. Patients with suspected 
invasive disease, unsatisfactory colposcopy, or lesions extend-
ing into the endocervical canal were not considered suitable 
candidates. In patients with CIN3 on punch biopsy, cold co-
agulation was reserved for carefully selected cases in which 
the lesion was fully visible and invasive disease was consid-
ered unlikely based on pre-treatment evaluation. The treat-
ment modality was selected at the discretion of the treating 
clinician based on the biopsy result, colposcopic impression, 
lesion extent, and endocervical assessment.

Patients were scheduled for follow-up at 3, 6, and 12 
months after treatment. Follow-up included clinical examina-
tion, liquid-based cytology, and colposcopy, with HPV testing 
performed at the clinician’s discretion. Patients with abnor-
mal cytology and/or positive HPV results underwent further 
evaluation and additional treatment, if indicated.

Post-treatment cytologic negativity was defined as normal 
cytology at follow-up and virologic negativity was defined as 
the absence of detectable high-risk HPV at each follow-up 
time point. Because serial HPV testing at uniform intervals 
was not available for all patients, sustained HPV-negative 
conversion could not be used as a primary endpoint. Per-
sistent disease was defined as abnormal cytology or positive 
HPV at 6 months and recurrence was defined as biopsy-con-
firmed CIN2 or higher after an initially normal post-treatment 
cytology result. Treatment failure was defined as abnormal 
cytology or positive HPV within 6 months after treatment; 
atypical squamous cells of undetermined significance (ASCUS) 
or low-grade squamous intraepithelial lesions (LSIL) with a 
negative HPV test were not considered treatment failure.

Statistical analyses were conducted using SPSS Statistics 
for Windows, Version 26.0 (IBM SPSS Inc., Chicago, IL, USA). 

Continuous variables that followed a normal distribution 
were analyzed using Student’s t-test. Categorical variables 
were evaluated using Pearson’s chi-square test or Fisher’s 
exact test, as appropriate. To assess the impact of variables 
on treatment failure, univariate Cox proportional hazards 
regression analysis was performed. A P-value <0.05 was con-
sidered statistically significant.

Table 1. Demographic and clinicopathologic characteristics of pa
tients (n=151)

Characteristic Value

Age (yr) 28.8±4.9

BMI (kg/m2) 20.8±2.9 

Gravidity 0

Parity 0

Current smoking 25 (16.6)

Immunodeficiency disorders or autoimmune disease 4 (2.6)

Initial colposcopic findings

Normal 5 (3.3)

Grade 1 131 (86.8)

Grade 2 15 (9.9)

Initial liquid cytology

Negative 2 (1.3)

ASCUS 78 (51.7)

LSIL 34 (22.5)

HSIL 37 (24.5)

Initial HPV test

Negative 6 (4.0)

Positive 145 (96.0)

Low risk HPV

High-risk HPV 145 (96.0)

HPV 16 and 18 49 (32.4)

HPV, other high-risk types 96 (63.6)

CDB

CIN2 107 (70.9)

CIN3 44 (29.1)

Endocervical involvement 2 (1.3)

Values are presented as mean±standard deviation or median or 
number (%).
BMI, body mass index; ASCUS, atypical squamous cells of undeter-
mined significance; LSIL, low-grade squamous intraepithelial lesion; 
HSIL, high-grade squamous intraepithelial lesion; HPV, human pap-
illomavirus; CDB, colposcopy-directed biopsy; CIN, cervical intraepi-
thelial neoplasia.
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Results

1. Overall study population
In this cohort of 151 patients, the mean age was 28.8±4.9 
years, and the mean BMI was 20.8±2.9 kg/m2 (Table 1). The 
median gravidity and parity were both 0. Current smoking 
was reported in 16.6% (n=25) of patients and 2.6% (n=4) 
had immunodeficiency disorders or autoimmune diseases. 
Initial colposcopic findings showed that most patients had 
grade 1 lesions (86.8%). Liquid-based cytology results in-
dicated that 1.3% (n=2) of patients had negative results, 
51.7% (n=78) had ASCUS, 22.5% (n=34) had LSIL, and 
24.5% (n=37) had high-grade squamous intraepithelial 
lesions (HSIL). Initial HPV testing showed that 4.0% (n=6) 
of patients were HPV-negative, whereas 96.0% (n=145) 
tested positive for high-risk HPV types; 32.4% (n=49) had 
HPV16/18, and 63.6% (n=96) had other high-risk HPV types. 
Initial colposcopy-directed biopsy (CDB) results showed that 
70.9% (n=107) had CIN2 and 29.1% (n=44) had CIN3. 
Endocervical involvement was present in 1.3% (n=2) of pa-
tients.

2. �Cytologic and virologic negativity during the 
follow-up period

Cytologic and virologic negativity rates during the follow-up pe-
riod were documented for the cohort of 151 patients (Table 2).  
The proportion of patients achieving cytologic negativity, 
defined as negative liquid-based cytology results, gradually 

increased from 58.5% (n=79) at 3 months to 66.7% (n=62) 
at 6 months, 76.1% (n=83) at 12 months, 81.8% (n=54) at  
2 years, and 81.3% (n=26) at 3 years. Similarly, virologic neg-
ativity, defined as the absence of detectable HPV, increased 
from 49.6% (n=67) at 3 months to 70.0% (n=21) at 3 years.

3. �Negative test rates stratified by initial CIN grade 
and HPV status

To assess variables influencing negative test rates, we an-
alyzed the cohort of 151 patients at the 3- and 6-month 
follow-up time points. A negative test result was defined as 
normal cytology with a negative HPV test, including cases of 
ASCUS or LSIL with a negative HPV result.

At 3 months, 66.7% (90/135) of patients achieved a neg-
ative test result, with patients with CIN2 showing a 66.3% 
(61/92) negative test rate and those with CIN3 showing a 
67.4% (29/43) rate (Table 3). At 6 months, the negative test 
rate increased slightly to 69.9% (65/93), with CIN2 patients 
demonstrating a 72.5% (50/69) negative test rate compared 
with 62.5% (15/24) among CIN3 patients. Adjusted odds 
ratios that accounted for potential confounders, including 
age, gravidity, parity, smoking status, and immunodeficiency 
or autoimmune disease, showed no significant differences in 
negative test rates between patients with CIN2 and CIN3.

Stratification by HPV status showed that HPV-negative patients 
had an 80.0% (4/5) negative test rate at 3 months (Table 4),  
which was higher than the 71.1% (32/45) rate among pa-
tients with HPV 16/18 and the 63.5% (54/85) rate among 

Table 2. Post-treatment cytologic and virologic negativity rates

Initial 3 months f/u 6 months f/u 12 months f/u 2 years f/u 3 years f/u

Cytologic negativity results

Negative 2 (1.3) 79 (58.5) 62 (66.7) 83 (76.1) 54 (81.8) 26 (81.3)

ASCUS 78 (51.7) 28 (20.7) 16 (17.2) 14 (12.8) 8 (12.1) 3 (9.4)

LSIL 34 (22.5) 23 (17.0) 11 (11.8) 11 (10.1) 4 (6.1) 1 (3.1)

HSIL 37 (24.5) 5 (3.7) 4 (4.3) 1 (0.9) 2 (6.2)

Total 151 135 93 109 66 32

Virologic negativity results

Negative 6 (4.0) 67 (49.6) 41 (50.0) 67 (62.6) 41 (64.1) 21 (70.0)

Positive 145 (96.0) 68 (50.4) 41 (50.0) 40 (37.4) 23 (35.9) 9 (30.0)

Total 151 135 82 107 64 30

Values are presented as number (%). Percentages may not total 100 because of rounding.
f/u, follow-up; ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade 
squamous intraepithelial lesion.
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those with other high-risk HPV types. At 6 months, HPV-neg-
ative patients had a 100.0% (2/2) negative test rate. In com-
parison, patients with HPV 16/18 had a negative test rate 
of 72.0% (18/25), and those with other high-risk HPV types 
had a rate of 68.2% (45/66). Adjusted odds ratios showed 
no significant differences among the HPV groups (P=0.478 
at 3 months and P=0.706 at 6 months) after adjustment for 
potential confounders, including initial CDB results.

4. Treatment failure
Treatment failure was defined as persistent abnormal cy-
tology or a positive HPV test at 6 months after treatment. 
However, cases of ASCUS and LSIL with a negative HPV test 
were not classified as treatment failures. Overall, 40 patients 
were classified as treatment failures at 6 months after treat-
ment. The demographic and clinicopathologic characteristics 
of these patients are presented in Supplemental Table 1. A 
univariate Cox proportional hazards regression model was 
used to assess potential predictors of treatment failure and 
yielded no statistically significant associations (Supplemental 
Table 2). Gravidity (hazard ratio [HR], 0.713; P=0.612), parity 
(HR, 1.575; P=0.604), current smoking status (HR, 1.147; 
P=0.837), and the presence of immunosuppression or auto-

immune disease (HR, 1.306; P=0.799) were not associated 
with treatment failure. Initial colposcopic findings (normal, 
grade 1, or grade 2) were not significant predictors of treat-
ment failure (P>0.122). HPV status, regardless of genotype, 
was also not associated with treatment failure (P>0.834). 
Additionally, initial CIN grade (CIN2 vs. CIN3) and endocer-
vical involvement were not statistically significant predictors 
(P>0.268).

5. Disease outcomes and additional treatment
The median follow-up duration was 24.3 months (range, 
2.6-90.7 months). During the treatment period, the only 
complication related to cold coagulation was vaginal spot-
ting in one patient, which resolved after 1 day of vaginal roll-
gauze packing.

Persistent disease was defined as persistent abnormal cytol-
ogy or a positive HPV test at 6 months after initial treatment. 
In addition, cases in which patients had normal cytology af-
ter cold coagulation but were subsequently diagnosed with 
CIN2 or higher on punch biopsy were classified as disease 
recurrence.

Persistent disease was identified in 25.8% of patients 
(n=39), of whom 20 underwent additional treatment-13 

Table 3. Post-treatment negativity rates at 3 and 6 months following cold coagulation, stratified by initial CDB result (n=151)

Intervals
Negative test rate Adjusted ORa  

(95% CI)All patients CIN2 CIN3

3 months 90/135 (66.7) 61/92 (66.3) 29/43 (67.4) 1.15 (0.51-2.61)

6 months 65/93 (69.9) 50/69 (72.5) 15/24 (62.5) 1.63 (0.56-4.75)

Values are presented as number (%) unless otherwise indicated.
CDB, colposcopy-directed biopsy; CIN, cervical intraepithelial neoplasia; OR, odds ratio; CI, confidence interval; HPV, human papillomavirus.
aThe reported odds ratios compare the likelihood of achieving a negative test result between patients with CIN2 and those with CIN3. The odds 
ratios were adjusted for potential confounders, including age, gravidity, parity, smoking status, immunodeficiency or autoimmune disease, and 
HPV status.

Table 4. Post-treatment negativity rates at 3 and 6 months following cold coagulation, stratified by HPV status (n=151)

Intervals
Negative test 

Adjusted ORa  
(95% CI)All patients HPV negative

HPV positive  
(HPV 16, 18)

HPV positive (other 
high-risk HPV)

3 months 90/135 (66.7) 4/5 (80.0) 32/45 (71.1) 54/85 (63.5) 1.35 (0.59-3.06)

6 months 65/93 (69.9) 2/2 (100.0) 18/25 (72.0) 45/66 (68.2) 1.60 (0.55-4.68)

Values are presented as number (%) unless otherwise indicated.
HPV, human papillomavirus; OR, odds ratio; CI, confidence interval.
aThe reported odds ratios compare the likelihood of achieving a negative test result between patients with HPV 16/18 and those with other 
high-risk HPV types. The odds ratios were adjusted for potential confounders, including age, gravidity, parity, smoking status, immunodeficiency  
or autoimmune disease, and initial colposcopy-directed biopsy results.
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received cold coagulation, eight underwent LEEP, and one 
received laser ablation (Table 5). One patient underwent both 
cold coagulation and LEEP and another received sequential 
cold coagulation followed by laser ablation. Among patients 
with persistent disease, 14 did not undergo further treatment 
for various reasons, including referral to another institution, 
loss to follow-up, pregnancy, or conservative management of 
minor cytologic abnormalities that were confirmed as chronic 
nonspecific inflammation or CIN1 on CDB.

Disease recurrence occurred in 2.6% of patients (n=4), 
with a mean time to recurrence of 13.7 months. Three of 
these patients received additional treatment (two with cold 
coagulation and one with LEEP). One patient diagnosed with 
CIN2 at 30.9 months after treatment had negative cytology 
but persistent HPV positivity and nonspecific inflammation 
on repeated colposcopy-directed biopsies, prompting contin-
ued surveillance.

Of the 151 patients, 128 (84.8%) did not receive additional 
treatment. The remaining 23 patients (15.2%) received addi
tional treatment, including cold coagulation in 15 patients 
(9.9%), LEEP in nine patients (6.0%), and laser ablation in 
one patient (0.7%). The mean time to additional treatment 
was 7.1 months (range, 3.3-23.3 months). No cases of pro-
gression to cervical cancer were observed during the study 
period.

Discussion

In this cohort, cytologic and virologic negativity rates im-
proved over time after cold coagulation but remained lower 
than those reported in several previous studies. No significant 
predictors of treatment failure were identified in the univari-
ate analysis.

Persistent disease occurred in 25.8% of patients and 
15.2% ultimately required additional treatment. Although 
most patients did not require retreatment, these findings 
indicate that disease persistence and recurrence remain clini-
cally relevant after cold coagulation.

Previous studies evaluating the effectiveness of cold co-
agulation have reported cytologic negativity rates of 97% 
among patients with CIN3 at the first follow-up visit and an 
overall negative test rate of 95.7% among patients with CIN 
1-3 after 1 year [11,12]. Studies assessing virologic outcomes 
have shown that, among patients with high-grade CIN, HPV 
was undetectable in 81.8% at 6 months and 83.3% at 18 
months of follow-up [13]. Additionally, a meta-analysis eval-
uating the efficacy of cold coagulation reported a negative 
test rate of 95% (95% confidence interval, 92-98%) for 
high-grade CIN; procedure-related adverse events were rare, 
and fertility was not impaired [9]. However, these studies, 
including the present study, acknowledge that estimates of 
negative test rates may be biased because of frequent loss 
to follow-up, which may result in underestimation or over-
estimation of the true negative test rates. In a comparative 
analysis, a retrospective cohort study evaluated negative test 
rates in patients with high-grade CIN treated with cold coag-
ulation versus large loop excision of the transformation zone 
(LLETZ) [14]. At 6 months after treatment, the negative test 
rates were 91.6% for cold coagulation and 97.1% for LLETZ 
(P=0.02). By 12 months, the negative test rates converged to 
96.5% for cold coagulation and 97.3% for LLETZ (P=0.76).

In this study, the observed cytologic and virologic negativity 
rates were 76.1% and 62.6%, respectively, at 1 year, increas-
ing to 81.8% and 64.1% at 2 years and reaching 81.3% 
and 70.0% at 3 years. These rates were lower than those 
previously reported. Several factors may explain the lower 
negativity rates observed in our cohort, including substantial 
loss to follow-up, restriction of the study population to re-
productive-age patients with high-grade CIN, and the use of 
more sensitive contemporary HPV assays.

With respect to risk factors for treatment failure, previous 

Table 5. Disease persistence, recurrence, and additional treatment 
details (n=151)

Disease outcome

Persistent disease 39 (25.8)

Recurrence 4 (2.6)

Mean duration until recurrence (months) 13.7 (3.3-30.9)

Progression to cervical cancer

Additional treatment details

No additional treatment 128 (84.8)

Additional treatmenta 23 (15.2)

Cold coagulation 15 (9.9)

LEEP 9 (6.0)

Laser ablation 1 (0.7)

Mean duration until additional treatment (months) 7.1 (3.3-23.3)

Values are presented as number (%) or mean (range).
LEEP, loop electrosurgical excision procedure.
aOne patient underwent both cold coagulation and LEEP and another 
underwent sequential cold coagulation followed by laser ablation.
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studies have identified endocervical crypt involvement and 
multiparity as being associated with an increased risk of fail-
ure. However, our analysis did not demonstrate significant 
associations between treatment failure and variables such as 
gravidity, parity, current smoking status, immunosuppression 
or autoimmune disease, initial colposcopic findings, HPV 
status, or initial CIN grade [15,16]. Only two patients had 
endocervical involvement and neither experienced treatment 
failure, suggesting that the small sample size may have limit-
ed the ability to detect statistically significant associations.

In the present cohort, post-treatment cytologic and virolog-
ic negativity rates were lower than those reported in several 
previous studies, and persistent disease was observed in 
25.8% of patients. These findings suggest that cold coagu-
lation should be interpreted with caution and should not be 
considered interchangeable with excisional treatment in rou-
tine practice. This consideration is particularly important for 
patients with CIN3, for whom excisional treatment is gener-
ally preferred because it provides a histologic specimen and 
allows margin assessment. Therefore, our findings should 
not be interpreted as supporting cold coagulation as a stan-
dard first-line treatment for all patients with high-grade CIN, 
but rather as observational outcomes from selected cases 
in which invasive disease was considered unlikely based on 
pre-treatment evaluation. Although cold coagulation has 
been less commonly used in recent years, previous studies 
have suggested that it may offer certain advantages as a less 
invasive alternative to excisional procedures such as LEEP, 
particularly with respect to subsequent obstetric outcomes 
and procedure-related burden. Excisional procedures such as 
LEEP have been associated with higher rates of spontaneous 
preterm birth and first-trimester miscarriage in subsequent 
pregnancies compared with cold coagulation [17]. The rel-
atively limited disruption of deep cervical stromal tissue by 
cold coagulation may contribute to these findings [18]. How-
ever, these potential benefits should be interpreted with cau-
tion in the context of our study, given the moderate cytologic 
and virologic negativity rates observed in our cohort, the 
absence of histologic margin assessment, and the lack of di-
rectly evaluated reproductive or obstetric outcomes. In addi-
tion, although cold coagulation has been reported to have a 
low failure rate in the treatment of subclinical HPV infection 
[19], the fertility-preserving implications of this procedure in 
our study remain indirect and should not be considered de-
finitively demonstrated.

Despite the demonstrated effectiveness of cold coagula-
tion, the occurrence of persistent disease and recurrence 
after treatment presents ongoing challenges in the manage-
ment of CIN. The absence of identifiable risk factors for these 
outcomes underscores the need for further research to iden-
tify biomarkers that may enable more targeted treatment 
strategies. These findings highlight the importance of careful 
follow-up and the potential need for additional interventions 
to achieve optimal outcomes. Moreover, recent proposals to 
use cold coagulation in conjunction with LEEP for hemostatic 
purposes or to treat residual dysplastic cells suggest potential 
innovative applications of this treatment modality [20,21]. 
Further investigation into the role of cold coagulation within 
treatment protocols is warranted and may contribute to ad-
vances in patient care and management.

This study has several important limitations, including its 
retrospective design, single-center setting, and relatively 
small sample size. A major limitation is the substantial loss 
to follow-up over time. Based on the available data, fol-
low-up completeness declined markedly during the study 
period, raising concerns about attrition bias and limiting the 
representativeness of the analyzed cohort. Because loss to 
follow-up in retrospective observational studies is unlikely 
to be random, the reported post-treatment cytologic and 
virologic negativity rates may have been either overestimated 
or underestimated. Furthermore, the denominators differed 
between cytology and HPV testing at each follow-up time 
point, which further complicates direct longitudinal inter-
pretation. We also acknowledge that a single negative HPV 
test does not necessarily indicate durable virologic clearance; 
therefore, our outcome definitions should be interpreted as 
time point-specific post-treatment negativity rather than as 
evidence of definitive cure. Finally, because ablative treat-
ment is inherently operator dependent, inter-operator or 
temporal variability in technique may have influenced treat-
ment outcomes over the extended study period. Another 
important limitation is the potential for selection bias. Be-
cause this study included only patients who underwent cold 
coagulation, the cohort likely represents a selected subgroup 
considered suitable for ablative treatment in clinical practice. 
Patients with smaller lesions, more favorable colposcopic 
findings, lower suspicion of occult invasion, or better antici-
pated follow-up adherence may have been preferentially se-
lected for cold coagulation, which may have influenced both 
the observed outcome rates and the generalizability of the 
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findings.
Nonetheless, this study is distinguished by its specific focus 

on women of reproductive age, a population that frequently 
encounters HPV infection and is at considerable risk for high-
grade CIN. This focus provides important insights into treat-
ment outcomes within this subgroup. In contrast to previous 
research, which primarily relied on conventional assessment 
methods, this investigation incorporated liquid-based cytol-
ogy and HPV genotyping for follow-up evaluation. These di-
agnostic approaches enhance the precision and reliability of 
post-treatment outcome monitoring and offer a more com-
prehensive and contemporary perspective on the role of cold 
coagulation in the management of high-grade CIN within 
current clinical practice.

In conclusion, cold coagulation demonstrated moderate 
post-treatment cytologic and virologic negativity rates with 
minimal immediate complications in this retrospective cohort. 
However, given the relatively high rate of persistent disease, 
the lack of histologic margin assessment, and the nonstan-
dard role of ablative treatment in settings where excisional 
treatment is available, these findings should be interpreted 
with caution. Cold coagulation may be considered only in 
carefully selected patients after thorough exclusion of inva-
sive disease and with close follow-up, rather than as a rou-
tine first-line treatment for all reproductive-age women with 
high-grade CIN.

Conflict of interest

The authors have no financial or other interests relevant to 
this article to declare.

Ethical approval 

The Institutional Review Board of Yonsei University Health 
System, Severance Hospital, approved this study (Protocol 
number: 4-2023-1386, dated December 13, 2023), and in-
formed consent was waived.

Patient consent

The need for informed consent was waived as patient infor-

mation was anonymized, and the study does not include any 
data that may identify the patients.

Funding information

None.

References

  1.	Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 
I, Jemal A, et al. Global cancer statistics 2020: GLOB-
OCAN estimates of incidence and mortality worldwide  
for 36 cancers in 185 countries. CA Cancer J Clin 2021; 
71:209-49.

  2.	Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wa-
cholder S. Human papillomavirus and cervical cancer. 
Lancet 2007;370:890-907.

  3.	Castle PE, Murokora D, Perez C, Alvarez M, Quek SC, 
Campbell C. Treatment of cervical intraepithelial lesions. 
Int J Gynaecol Obstet 2017;138 Suppl 1:20-5.

  4.	Duesing N, Schwarz J, Choschzick M, Jaenicke F, Gieseking 
F, Issa R, et al. Assessment of cervical intraepithelial neo-
plasia (CIN) with colposcopic biopsy and efficacy of loop 
electrosurgical excision procedure (LEEP). Arch Gynecol 
Obstet 2012;286:1549-54.

  5.	Samson SL, Bentley JR, Fahey TJ, McKay DJ, Gill GH. 
The effect of loop electrosurgical excision procedure on 
future pregnancy outcome. Obstet Gynecol 2005;105: 
325-32.

  6.	El-Bastawissi AY, Becker TM, Daling JR. Effect of cervical 
carcinoma in situ and its management on pregnancy 
outcome. Obstet Gynecol 1999;93:207-12.

  7.	Jin G, LanLan Z, Li C, Dan Z. Pregnancy outcome follow-
ing loop electrosurgical excision procedure (LEEP) a sys-
tematic review and meta-analysis. Arch Gynecol Obstet 
2014;289:85-99.

  8.	McCarthy CM, Ramphul M, Madden M, Hickey K. The 
use and success of cold coagulation for the treatment of 
high grade squamous cervical intra-epithelial neoplasia: 
a retrospective review. Eur J Obstet Gynecol Reprod Biol 
2016;203:225-8.

  9.	Dolman L, Sauvaget C, Muwonge R, Sankaranarayanan 
R. Meta-analysis of the efficacy of cold coagulation as a 



www.ogscience.org 243

Ki Eun Seon, et al. Cold coagulation in reproductive women

treatment method for cervical intraepithelial neoplasia: a 
systematic review. BJOG 2014;121:929-42.

10.	Perkins RB, Guido RS, Castle PE, Chelmow D, Einstein 
MH, Garcia F, et al. 2019 ASCCP risk-based management  
consensus guidelines for abnormal cervical cancer screen
ing tests and cancer precursors. J Low Genit Tract Dis 
2020;24:102-31.

11.	Gordon HK, Duncan ID. Effective destruction of cervical 
intraepithelial neoplasia (CIN) 3 at 100 degrees C using 
the Semm cold coagulator: 14 years experience. Br J Ob-
stet Gynaecol 1991;98:14-20.

12.	Parry-Smith W, Underwood M, De Bellis-Ayres S, Bangs 
L, Redman CW, Panikkar J. Success rate of cold coagu-
lation for the treatment of cervical intraepithelial neo-
plasia: a retrospective analysis of a series of cases. J Low 
Genit Tract Dis 2015;19:17-21.

13.	Tadesse WG, Oni AAA, Hickey KPW. Effectiveness of 
cold coagulation in treating high-grade cervical intraep-
ithelial neoplasia: the human papillomavirus evidence of 
cure. J Obstet Gynaecol 2019;39:965-8.

14.	Papoutsis D, Underwood M, Parry-Smith W, Panikkar 
J. Comparison of cure rates in women treated with 
cold-coagulation versus LLETZ cervical treatment for 
CIN2-3 on pretreatment cervical punch biopsies: a ret-
rospective cohort study. Arch Gynecol Obstet 2017;295: 
979-86.

15.	Papoutsis D, Underwood M, Parry-Smith W, Tzavara C. 
Endocervical crypt involvement by high-grade cervical 
intraepithelial neoplasia and its association with high-
grade histopathological recurrence after cervical excision 

in women with negative excision margins: a systematic 
review and meta-analysis. Arch Gynecol Obstet 2024; 
309:939-48.

16.	Papoutsis D, Underwood M, Parry-Smith W, Panikkar 
J. Risk factors for treatment failure following cold co-
agulation cervical treatment for CIN pathology: a co-
hort-based study. Arch Gynecol Obstet 2015;292:1329-
37.

17.	Papoutsis D, Underwood M, Parry-Smith W, Panikkar J. 
Early and late pregnancy outcomes in women treated 
with cold-coagulation versus LLETZ cervical treatment for  
cervical intraepithelial neoplasia; a retrospective cohort 
study. Arch Gynecol Obstet 2018;297:1015-25.

18.	Papoutsis D, Williams J, Underwood M, Parry-Smith W. 
Healing pattern of the cervical stroma following cold co-
agulation treatment for cervical intraepithelial neoplasia: 
a case report. Oncol Lett 2022;23:81.

19.	Mohanty KC, Lowe JW. Cold coagulation therapy in the 
treatment of histologically diagnosed subclinical human 
papilloma virus (HPV) infection of the cervix. Br J Clin 
Pract 1991;45:102-4.

20.	Allam M, Paterson A, Thomson A, Ray B, Rajagopalan C, 
Sarkar G. Large loop excision and cold coagulation for 
management of cervical intraepithelial neoplasia. Int J 
Gynaecol Obstet 2005;88:38-43.

21.	Kim HS, Kwon JE, Kim JH, Kim A, Lee NR, Kim M, et al. 
Efficacy of loop electrosurgical excision procedure with 
cold coagulation for treating cervical intraepithelial neo
plasia: a two center cohort study. Obstet Gynecol Sci 
2017;60:200-6.



www.ogscience.org

Ki Eun Seon, et al. Cold coagulation in reproductive women

Supplemental Table 1. Demographic and clinicopathologic characteristics of patients with treatment failure within 6 months (n=40)

Characteristic Value

Age (yr) 27.75±5.1

BMI (kg/m²) 21.0±2.8 

Gravidity 0

Parity 0

Current smoking 4 (10.0)

Immunodeficiency disorders or autoimmune disease 1 (2.5)

Initial colposcopic findings

Normal 2 (5.0)

Grade 1 32 (80.0)

Grade 2 6 (15.0)

Initial liquid cytology

Negative

ASCUS 19 (47.5)

LSIL 8 (20.0)

HSIL 13 (32.5)

Initial HPV test

Negative 1 (2.5)

Positive 39 (97.5)

Low risk HPV

High risk HPV 39 (97.5)

HPV 16, 18 12 (30.0)

HPV other high-risk type 27 (67.5)

CDB

CIN2 26 (65.0)

CIN3 14 (35.0)

Endocervical involvement

Values are presented as mean±standard deviation or median or number (%).
BMI, body mass index; ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, 
high-grade squamous intraepithelial lesion; HPV, human papillomavirus; CDB, colposcopy-directed biopsy; CIN, cervical intraepithelial neoplasia.
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Supplemental Table 2. Univariable Cox proportional hazards regression analysis for treatment failure

Characteristic HR (95% CI)

Gravidity

0 Reference

≥1 0.713 (0.19-2.63)

Parity

0 Reference

≥1 1.575 (0.28-8.77)

Current smoking

No Reference

Yes 1.147 (0.31-4.23)

Immunodeficiency disorders or autoimmune disease

No Reference

Yes 1.306 (0.17-10.28)

Initial colposcopic findings

Normal Reference

Grade 1 0.304 (0.07-1.37)

Grade 2 0.493 (0.09-2.60)

Initial HPV test

Negative Reference

Positive, HPV 16, 18 0.863 (0.09-7.97)

Positive, HPV other high-risk type 0.793 (0.09-6.97)

CDB

CIN2 Reference

CIN3 0.657 (0.31-1.38)

Endocervical involvement

No Reference

Yes 0.903 (0.10-7.94)

HR, hazard ratio; CI, confidence interval; HPV, human papillomavirus; CDB, colposcopy-directed biopsy; CIN, cervical intraepithelial neoplasia.


