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Objective
To evaluate the efficacy of loop electrosurgical excision procedure (LEEP) combined with cold coagulation for treating
cervical intraepithelial neoplasia (CIN).

Methods

We reviewed clinic-pathologic data of 498 patients treated with LEEP alone (n=354), and LEEP combined with cold
coagulation (n=144) between January 2000 and December 2011. After LEEP, we followed up all patients by using
Papanicolaou smear and human papillomavirus (HPV) test, and evaluated abnormal cervical cytology-free interval and high-
risk HPV infection-free interval. Moreover, we investigated independent factors affecting abnormal cervical cytology or high-
risk HPV infection after LEEP.

Results

Abnormal cervical cytology-free interval was longer in patients treated with LEEP combined with cold coagulation
than in those treated with LEEP alone (mean, 92.4 vs. 84.4 months; P=0.01), and patients treated with LEEP combined
with cold coagulation also showed longer high-risk HPV infection-free interval than those treated with LEEP alone
(mean, 87.6 vs. 59.1 months; P=0.01). Moreover, CIN 3 and cold coagulation were factors affecting abnormal cervical
cytology after LEEP (adjusted hazard ratios, 1.90 and 0.61; 95% confidence intervals, 1.27 to 2.84 and 0.39 to 0.96),
and CIN 3, positive deep cervical margin and cold coagulation were also factors affecting high-risk HPV infection after
LEEP (adjusted hazard ratios, 2.07, 4.11, and 0.64; 95% confidence intervals, 1.38 to 3.08, 1.63 to 10.39, and 0.43 to 0.96).
When we performed subgroup analyses for patients with CIN 2 or CIN 3, the result were similar.

Conclusion
LEEP combined with cold coagulation may be more effective for treating CIN than LEEP alone. Moreover, cold
coagulation may decrease the risk of potential of recurrence after LEEP.

Keywords: Cervical intraepithelial neoplasia; Cold coagulation; Loop electrosurgical excisional procedure

Received: 2016.5.31. Revised: 2016.8.30. Accepted: 2016.10.5.
Corresponding author: Yong Beom Kim

Department of Obstetrics and Gynecology, Seoul National University
Bundang Hospital, 82 Gumi-ro 173beon-gil, Bundang-gu, Seongnam
13620, Korea

Tel: +82-31-787-7253 Fax: +82-31-787-4054

E-mail: ybkimlh@snubh.org
http://orcid.org/0000-0001-6557-1937

Introduction

Cervical intraepithelial neoplasia (CIN) is a precancerous le-
sion, which can be treated effectively before the transition
to cervical cancer [1]. In particular, excisional procedures in-
cluding loop electrosurgical excision procedure (LEEP) is well
known for the diagnosis and treatment of CIN [1,2]. More-
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over, ablative methods such as laser ablation, cryotherapy and
cold coagulation are also known to be effective for treating
CIN [3]. Among them, cold coagulation has been used to de-
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stroy an abnormal transformation zone, and thereby to treat
non-invasive cervical lesions since 1996 [4]. Although cold
coagulation has some advantages such as less pain requiring
minimal analgesia, short time for treatment and rare compli-
cations [5], it is not used widely anymore since the introduc-
tion of LEEP providing histologic information.

However, the resection margin status after LEEP is still im-
portant because residual dysplastic cells can increase the risk
of disease recurrence and progression to invasive cancer [6-
10]. Thus, repeated conization is considered whenever resec-
tion margin of specimen is positive after LEEP for obtaining
specimen without residual dysplastic cells [11]. Nevertheless,
repeated conization is discouraged for young women who
want pregnancy because it increase the risk of preterm birth
[12,13], and for women who show no residual cervix because
repeated conization increases post-procedure complications
such as vesicovaginal fistula [14].

Thus, LEEP combined with cold coagulation has been sug-
gested for treating CIN more effectively in previous studies
[15,16]. In these studies, cold coagulation was expected to
eliminate residual dysplastic cells on the resection margin after
LEEP if present [17]. In the current study, we also performed
a two center cohort study to compare the efficacy between
LEEP combined with cold coagulation and LEEP alone for
treating CIN and reducing the risk of abnormal cervical cytol-
ogy or high-risk HPV infection after the treatment.

Method and material

1. Study design

We collected clinico-pathologic data of patients who under-
went LEEP at Seoul National University Hospital and Seoul
National University Bundang Hospital between January 2000
and December 2011. The current study was approved by the
Institutional Review Board in advance. We included patients
as following: those with CIN on punch biopsy or suspicious
lesion which cannot be excluded by colposcopy; those who
underwent LEEP combined with cold coagulation or LEEP
alone. However, we excluded patients who underwent re-
peated conization or hysterectomy within one year, and those
diagnosed with invasive cervical cancer on final pathologic
reports.
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2. Cold coagulation

In the current study, cold coagulation was performed to
minimize hemorrhagic complications after LEEP. In detail, we
used the cone probe of a Semm Cold Coagulator (Wisap,
Sauerlach, Germany). The probe was heated to 120°C, and
then applied for about 20 seconds immediately after LEEP. For
patients who showed bleeding again within one month, cold
coagulation was applied repetitively for controlling bleeding
completely. After LEEP combined with cold coagulation or
LEEP alone, we followed up all patients by using Papanicolaou
smear and human papillomavirus (HPV) test, and evaluated
abnormal cervical cytology-free interval and high-risk HPV
infection-free interval after the treatment.

3. Statistical analysis

We compared clinico-pathologic characteristics between
patients treated with LEEP combined cold coagulation, and
those treated with LEEP alone using chi-square or Fisher’s
exact test. We compared abnormal cervical cytology-free
interval and high-risk HPV infection-free interval between
the two treatments using Kaplan-Meier analysis with the
log-rank test. Moreover, we investigated independent fac-
tors affecting abnormal cervical cytology or high-risk HPV
infection after LEEP, using Cox’s proportional hazard analysis
including hazard ratio (HR) and 95% confidence interval (ClI).
For these analyses, we used IBM SPSS ver. 21.0 (IBM Corp.,
Armonk, NY, USA), and a P<0.05 was considered statistically
significant.

Results

Among a total of 498 patients, 354 underwent LEEP alone
while 144 received LEEP combined with cold coagulation.
Table 1 shows clinico-pathologic characteristics of all patients.
LEEP combined with cold coagulation was performed more
frequently in patient with low-grade CIN, compared with
those treated with LEEP alone. However, there were no dif-
ferences in age and resection margin status between the two
groups. Abnormal cervical cytology-free interval was longer
in patients treated with LEEP combined with cold coagulation
than in those treated with LEEP alone (mean, 92.4 vs. 84.4
months; P=0.01), and patients treated with LEEP combined
with cold coagulation also showed longer high-risk HPV-free
interval than those treated with LEEP alone (mean, 87.6 vs.
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Table 1. Clinico-pathologic characteristics

LEEP combined with

Characteristics cold coagulation LE(EF::;;]e P-value
(n=144) -

Age (yr) 0.17
<40 57 (39.6) 165 (46.6)
>40 87 (60.4) 189 (53.4)

Indication of LEEP <0.01
Abnormal cytology or high-risk HPV infection 51(35.4) 85 (24)
CIN 1 on punch biopsy 23 (16) 8(2.3)
CIN 2 on punch biopsy 21(14.6) 89 (25.1)
CIN 3 on punch biopsy 49 (34) 172 (48.6)

Final histology <0.01
Chronic cervicitis 42 (29.2) 3(0.8)
CIN1 19(13.2) 40(11.3)
CIN 2 24.(16.6) 70 (19.8)
CIN3 59 (41) 241 (68.1)

Exocervical margin 0.26
Positive 11(7.6) 40 (11.3)
Negative 133(92.4) 314 (88.7)

Endocervical margin 0.45
Positive 24 (17.9) 70(19.8)
Negative 120 (82.1) 284 (80.2)

Deep cervical margin 1.00
Positive 2(1.4) 6(1.7)
Negative 142 (98.6) 348 (98.3)

Values are presented as number (%).

LEEP, loop electrosurgical excision procedure; HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia.

59.1 months; P=0.01) (Fig. 1A). When we performed sub-
group analyses for patients with CIN 2 or CIN 3, abnormal
cervical cytology-free interval was also longer in patients
treated with LEEP combined with cold coagulation than in
those treated with LEEP alone (mean, 92.3 vs. 76.7 months;
P=0.01), and patients treated with LEEP combined with cold
coagulation also showed longer high-risk HPV-free interval
than those treated with LEEP alone (mean, 87.8 vs. 54.7
months; P<0.01) (Fig. 1B).

When we investigated factors affecting abnormal cervical
cytology after LEEP, CIN 3 and cold coagulation were mean-
ingful in the univariate (HRs, 1.56 and 0.75; 95% Cls, 1.08
to 2.26 and 0.49 to 0.85), and the multivariate analyses (ad-
justed HRs, 1.90 and 0.61; 95% Cls, 1.27 to 2.84 and 0.39
t0 0.96) (Table 2). For only patients with CIN 2 or CIN3, cold
coagulation were the only factor affecting abnormal cervical
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cytology after LEEP in the univariate analysis (HR, 0.52; 95%
Cl, 0.31 t0 0.91), whereas CIN 3 and cold coagulation were
significant in the multivariate analysis (adjusted HRs, 1.65
and 0.55; 95% Cls, 1.03 to 2.64 and 0.31 to 0.96) (Table 2).

Furthermore, CIN 3, positive deep cervical margin and cold
coagulation were factors affecting high-risk HPV infection
after LEEP in the univariate (HRs, 1.51, 3.36 and 0.82; 95%
Cls, 1.06 to 2.16, 1.37 to 8.24, and 0.56 to 0.79), and the
multivariate analyses (adjusted HRs, 2.07, 4.11, and 0.64;
95% Cls, 1.38 to 3.08, 1.63 to 10.39, and 0.43 to 0.96)
(Table 3). For patients with CIN 2 or CIN 3, CIN 3 and cold
coagulation were significant in the univariate analysis (HRs,
1.89 and 0.75; 95% Cls, 1.24 to 2.89 and 0.46 to 0.92),
whereas CIN 3, positive deep cervical margin and cold co-
agulation were factors affecting high-risk HPV infection after
LEEP in the multivariate analysis (adjusted HRs, 2.25, 2.78,
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Fig. 1. Comparison of abnormal cervical cytology-free interval and high-risk human papillomavirus infection-free interval between loop electro-
surgical excision procedure (LEEP) combined with cold coagulation and LEEP alone in (A) all patients and (B) patient with cervical intraepithelial

neoplasia 2 or 3.

and 0.59; 95% Cls, 1.45 to 3.51, 1.15t0 6.71, and 0.56 to
0.990) (Table 3).

Discussion

In the current study, we found that cold coagulation increased
abnormal cervical cytology-free interval and high-risk HPV
infection-free interval, and it played a role as a factor reduc-
ing abnormal cervical cytology or high-risk HPV infection after
LEEP. These results suggest that cold coagulation may contrib-
ute to the removal of residual dysplastic cells in patients with
CIN who received LEEP. However, there are some limitations as
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follows in the current study. First, a small number of patients
led to few number of histologic recurrence after LEEP, which
decreased statistical power for obtaining these results. It is the
reason why we used abnormal cervical cytology-free interval
and high-risk HPV infection-free interval as a clinical outcome
because abnormal cervical cytology or high-risk HPV infection
occurred more frequently after LEEP than histologic recur-
rence. Second, LEEP combined with cold coagulation was
used in patients with relatively low-grade CIN, compared with
those treated with LEEP alone. In particular, some patients
with abnormal cervical cytology or high-risk HPV infection
were also included because colposcopic finding could not rule
out CIN. This fact can act as a bias in this setting including a
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Table 2. Cox's proportional hazard analysis for factors affecting abnormal cervical cytology after loop electrosurgical excision procedure

Univariate Multivariate
Characteristics
HR 95% ClI P-value Adjusted HR 95% ClI P-value

All patients

Age >40 yr 1.23 0.84-1.79 0.29 1.22 0.84-1.80 0.30

CIN3 1.56 1.08-2.26 0.02 1.90 1.27-2.84 <0.01

Positive exocervical margin 1.60 0.93-2.75 0.09 1.46 0.84-2.55 0.18

Positive endocervical margin 0.98 0.61-1.57 092 1.07 0.65-1.76 0.80

Positive deep cervical margin 1.80 0.57-5.67 0.32 2.00 0.61-6.58 0.26

Cold coagulation 0.75 0.49-0.85 0.01 0.61 0.39-0.96 0.03
Patients with CIN 2 or CIN 3

Age >40 yr 1.16 0.76-1.79 0.49 1.14 0.74-1.77 0.56

CIN 3 1.54 0.97-2.45 0.06 1.65 1.03-2.64 0.04

Positive exocervical margin 0.76 0.44-1.31 0.32 0.69 0.39-1.21 0.19

Positive endocervical margin 0.93 0.56-1.53 0.77 0.95 0.57-1.59 0.85

Positive deep cervical margin 1.53 0.56-4.17 0.41 1.65 0.57-4.76 0.36

Cold coagulation 0.52 0.31-0.91 0.01 0.55 0.31-0.96 0.03

HR, hazard ratio; Cl, confidence interval; CIN, cervical intraepithelial neoplasia.

Table 3. Cox’s proportional hazard analysis for factors affecting high-risk human papillomavirus infection after loop electrosurgical exci-

sion procedure

Univariate Multivariate
Characteristics
HR 95% ClI P-value Adjusted HR 95% ClI P-value

All patients

Age >40 yr 1.36 0.94-1.98 0.10 1.39 0.95-2.03 0.09

CIN3 1.51 1.06-2.16 0.02 2.07 1.38-3.08 <0.01

Positive exocervical margin 1.10 0.61-1.99 0.76 0.98 0.53-1.80 0.95

Positive endocervical margin 1.45 0.95-2.21 0.09 1.71 1.10-2.68 0.18

Positive deep cervical margin 3.36 1.37-8.24 <0.01 4.11 1.63-10.39 <0.01

Cold coagulation 0.82 0.56-0.79 0.01 0.64 0.43-0.96 0.03
Patients with CIN 2 or CIN 3

Age >40 yr 1.32 0.97-1.99 0.19 1.36 0.89-2.08 0.16

CIN3 1.89 1.24-2.89 <0.01 2.25 1.45-3.51 <0.01

Positive exocervical margin 0.87 0.49-1.57 0.65 0.96 0.53-1.75 0.89

Positive endocervical margin 1.25 0.79-1.96 0.34 1.39 0.84-2.22 0.17

Positive deep cervical margin 2.02 0.98-4.63 0.06 2.78 1.15-6.71 0.02

Cold coagulation 0.75 0.46-0.92 <0.01 0.59 0.56-0.99 0.04

HR, hazard ratio; Cl, confidence interval; CIN, cervical intraepithelial neoplasia.

small number of patients. Third, we could not evaluated the
disadvantage of cold coagulation such as cervical stenosis due
to the retrospective design.

However, the finding that CIN 3 was a factor affecting ab-
normal cervical cytology or high-risk HPV infection after LEEP
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is meaningful in the current study. The similar result was re-
ported in previous studies [16,18]. It means that patients with
high-grade CIN may have more chance of high-risk HPV in-
fection, and subsequent cellular dysplasia. Moreover, positive
resection margin increased the risk of high-risk HPV infection
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after LEEP, whereas it was not related with the increased risk
of abnormal cervical cytology. In spite of few evidences sup-
porting this finding, we could explain it as follows.

In the current study, we applied cold coagulation for con-
trolling bleeding after LEEP like a previous study [16]. The
reason is that the incidence of complicated bleeding may
be 1% in patients treated with LEEP combined with cold
coagulation, whereas it occurs 2% to 2.6% after LEEP alone
[3,16,19]. Thus, it is possible that the application time of the
probe heated to 120°C was not enough to kill cells infected
with high-risk HPV, although most of residual dysplastic cells
were removed during cold coagulation after LEEP. Thus, posi-
tive resection margin has more chance to include hidden cells
infected with high-risk HPV after cold coagulation, and this
hypothesis can be indirectly supported by a previous study
where post-treatment HPV test was more useful during the
follow-up after cervical conization than a Pap smear [20].

In literature review, cold coagulation after LEEP has been
also reported to decrease the risk of abnormal cervical cytol-
ogy, supporting the results from the current study. Previous
studies showed that the risk of abnormal cervical cytology
was about 1% and 4.2% to 16.7% at 6 and 12 months
after LEEP combined with cold coagulation. Nevertheless, it
increased 2.6% to 7.6% and 9.3% to 10.3% at 6 and 12
months after LEEP alone [16,17,21]. These findings empha-
size that cold coagulation may decrease the risk of abnormal
cervical cytology effectively after LEEP.

In conclusion, the current study suggests that cold co-
agulation after LEEP may be effective to decrease abnormal
cervical cytology and high-risk HPV infection in comparison
with LEEP alone. Moreover, cold coagulation can give an
additional advantage that it is efficient to control bleeding
after LEEP easily. However, the effect of cold coagulation for
reducing the risk of histologic recurrence should be further
investigated in large-scale prospective cohort studies in the
future.
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