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Objective
To compare the diagnostic accuracy of a handheld colposcope (Gynocular) versus a standard colposcope in women
with abnormal cervical cytology or visual Inspection with acetic acid positivity.

Methods
This crossover randomized clinical trial was conducted in Pondicherry, India, and included 230 women who were
referred for colposcopy. Swede scores were calculated using both colposcopes, and a cervical biopsy was performed
from the most visually abnormal areas. Swede scores were compared with the histopathological diagnosis, which was
used as the reference standard. The level of agreement between the two colposcopes was calculated using Kappa (k)
statistics.

Results

The level of agreement of Swede scores between the standard and Gynocular colposcopes was 62.56%, and the k
statistic was 0.43 (P<0.001). Cervical intraepithelial neoplasia (CIN) 2+ (CIN 2, CIN 3, CIN 3+) was diagnosed in 40 (17.4%)
women. There were no significant differences between the two colposcopes in terms of sensitivity, specificity, or
predictive value for detecting CIN 2+ lesions.

Conclusion

The diagnostic accuracy of Gynocular colposcopy was similar to that of standard colposcopy for detecting CIN 2+
lesions. Gynocular colposcopes showed a good level of agreement with standard colposcopes when the Swede score
was used.
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Introduction

Cervical cancer is a major public health problem in low- and
middle-income countries (LMICs). Of the estimated 342,000
deaths from cervical cancer every year, around 90% occur in
LMICs [1,2]. The World Health Organization adopted a glob-
al strategy to eliminate cervical cancer by 2030 [3]. Effective
cervical cancer screening is important to achieve this goal.
Colposcopic evaluation is an important step in the diagno-
sis and management of pre-invasive lesions in women with
abnormal cervical cancer screening results. Portable colpo-
scopes, such as Gynocular colposcopes, were developed to
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provide healthcare personnel with a low-cost, handheld,

Received: 2023.04.05. Revised: 2023.05.19. Accepted: 2023.05.31.
Corresponding author: Murali Subbaiah, MD

Department of Obstetrics and Gynaecology, Jipmer Hospital,
Jipmer Campus, Pondicherry 605006, India

E-mail: muralidraiims@gmail.com
https://orcid.org/0000-0001-9627-7765

Atrticles 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 © 2023 Korean Society of Obstetrics and Gynecology

www.ogscience.org


http://crossmark.crossref.org/dialog/?doi=10.5468/ogs.23089&domain=pdf&date_stamp=2023-07-15

Obstetrics & Gynecology Science

Sowmiya Jayabalan, et al. Gynocular versus standard colposcope

battery-driven colposcope that enables colposcopy in any
setting, including mobile camps and outreach screening pro-
grams [4-6]. Very few studies have compared the diagnostic
accuracy of a Gynocular colposcope with that of a standard
colposcope [4,7,8]. A recent meta-analysis of portable col-
poscopes emphasized the need for more studies [9]. In this
study, we aimed to compare the diagnostic accuracy of the
Gynocular and standard colposcopes in detecting cervical
intraepithelial neoplasia (CIN) 2+ (CIN 2, CIN 3, CIN 3+) le-
sions.

Materials and methods

This crossover randomized controlled trial was conducted at
the Department of Obstetrics and Gynecology, Jawaharlal
Institute of Postgraduate Medical Education and Research,
Pondicherry, India. The study enrollment period was from
January 2020 to March 2021. This study was approved by
the Institutional Ethics Committee and registered under the
Clinical Trials Registry-India (CTRI/2019/12/022584). In India,
visual inspection with acetic acid (VIA) is the most common
method of cervical cancer screening, especially in primary
health centers, whereas medical college hospitals generally
use Pap smears for screening. The VIA is a simple test used
in many low-resource countries. Health workers in primary
healthcare centers are trained to perform this test, and the
results are immediately available. Freshly prepared 4% acetic
acid was applied to the cervix by health workers after the in-
sertion of a sterile Cusco self-retaining vaginal speculum. The
results were recorded after 1 minute of illumination. The test
result was labeled as VIA positive if there was a well-defined,
dense acetowhite area with a regular margin in the transfor-
mation zone.

Women referred to our colposcopy clinic with abnormal
cervical cytology findings or positive VIA reports were includ-
ed in this study. The exclusion criteria included pregnancy
and ongoing vaginal bleeding. Women who agreed to par-
ticipate in the study and provided informed consent were
randomized into two groups: Gynocular and standard col-
poscopy. Block randomization with varying block sizes gen-
erated using a computer was used to randomize the patients
in the study arms at a ratio of 1:1. Sequentially numbered,
opaque, sealed envelope allocations were used for conceal-
ment. All colposcopies were performed by a single specialist
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consultant trained in colposcopy. Women allocated to the
Gynocular and standard colposcopy groups first underwent
colposcopy with the Gynocular (Gynius AB, Stockholm,
Sweden) and standard colposcopes (Leisegang Optik, Berlin,
Germany), respectively. The Swede score was calculated and
the most visually abnormal area was recorded [4]. The Swede
score considers five characteristics, namely the density of
acetic acid uptake, type of margin, size of the lesion, uptake
of iodine, and characteristics of blood vessels. Scores of 0, 1,
and 2 were assigned to each characteristic. Swede scores of
>5 indicated probable CIN 2+ (CIN 2, CIN 3, CIN 3+) lesions
[4].

A cervical biopsy was not performed during the first col-
poscopic examination. After a 2-week interval, the patients
returned for a follow-up at the colposcopy clinic. During the
second visit, the alternative method of colposcopy was per-
formed. The details of earlier colposcopic findings and Swede
scores were not revealed to the investigator performing the
colposcopy. During the second colposcopy, the Swede score
was calculated again, and the most visually abnormal area
was noted. Two or more cervical biopsies were obtained from
visually abnormal areas for histopathological examination in
all women. A single random biopsy was obtained from trans-
formation zone if the colposcopy results were normal.

Colposcopic diagnosis, according to the Swede score
(Swede score of >5), was compared to histopathological di-
agnosis, which is considered the gold standard in diagnosing
CIN lesions. The histopathological diagnosis of CIN 2+ (CIN
2, CIN 3, CIN 3+) was used as the reference standard in this
study. The degree of agreement between the two colposcop-
ic techniques was compared with gold standard biopsy re-
sults.

1. Statistical analysis
For the sample size calculation, the sensitivity for identify-
ing CIN 2+ was assumed to be 91% using the standard
colposcope and 86% using the Gynocular colposcope. The
non-inferiority margin for the difference between the two
colposcopes was defined as 5%. For an alpha value of 5%
and power of 80%, the total sample size was calculated to
be 230 (Sealed Envelope Ltd., London, UK). Assuming 10%
dropout rate, total sample size was recalculated as 250.
Categorical variables are expressed as frequencies and per-
centages. Continuous variables are expressed as means and
standard deviations or medians with ranges based on the
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distribution of data. All the statistical analyses were carried
out at a 5% level of significance, and P-values <0.05 were
considered statistically significant. The diagnostic accuracy
was assessed using sensitivity, specificity, and predictive val-
ues with corresponding 95% confidence interval (Cl). Kappa
(k) statistics were used to compare the level of agreement
between Gynocular and standard colposcopy. The software
used for analysis was SPSS version 22.0 (IBM Corp, Armonk,
NY, USA).

Results

Three hundred women were assessed for eligibility and 251
were included in the study (Fig. 1). The baseline patient

characteristics are shown in Table 1. The mean age standard
deviation was 43.51£10.8 years. Most of the study popula-
tion was referred to the colposcopy clinic because of VIA
positivity, n=163 (70.8%). Sixty-seven women (29.1%) were
referred due to abnormal Pap smear results.

All women underwent a cervical biopsy, irrespective of the
Swede score, during the second colposcopy. Cervical biopsy
results were normal in 181 women (78.7%) and we identi-
fied CIN 1 lesions in nine women (3.9%) and CIN 2+ lesions
in 40 women (17.4%). Of these 40 women with CIN 2+, 10
(4.3%) had invasive cervical cancer.

The level of agreement of Swede scores between the
standard and Gynocular colposcopes was 62.56%, and the
K statistic was 0.43 (P<0.001), indicating a good level of
agreement. There was no significant difference between the

Assessed for eligibility (n=300)

Excluded (n=50):

\ 4

-Did not meet the inclusion criteria

Randomized (n=251)

Allocated to gynocular
colposcope (n=125)

Lost to follow up: (n=10)

\

Allocated to standard
colposcope (n=115)

Allocated to standard colposcope
(n=126)

Lost to follow up: (n=11)

\ 4

Allocated to gynocular
Allocated to gynocular colposcope
(n=115)

Analysis

Fig. 1. Consort flow diagram.
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Table 1. Baseline characteristics of study population

Value (n=230)

Patient characteristic

Age (yr) 43.51+£10.8

Parity
0 4(1.7)
1 11(4.7)
2 118 (51.0)
3 68 (29.0)
4 21(9.0)
5 5(2.0)
6 2(0.8)
7 1(0.4)

Post-menopausal 60 (26.0)

Indication for colposcopy

Visual inspection with acetic acid positive 163 (70.8)

Abnormal cervical cytology 67(29.1)
Low-grade squamous intraepithelial lesion 14 (6.1)
Atypical squamous cells of undetermined significance 14 (6.1)
High-grade squamous intraepithelial lesion 25(10.9)
Atypical squamous cells- cannot rule out HSIL 14 (6.1)

Values are presented as meanzstandard deviation or number (%).
HSIL, high-grade squamous intraepithelial lesion.
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—&— Swede score gynocular colposcope ROC area: 0.9427
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Fig. 2. Receiver operating characteristic curves comparing both colposcopes in identifying women with CIN 2+ lesions. CIN, cervical in-
traepithelial neoplasia.

Gynocular and standard colposcopes in identifying women The sensitivity, specificity, positive predictive value (PPV),
with Swede scores of >5. The area under the curve (AUC) for  and negative predictive value (NPV) of Gynocular colposcopy
detecting CIN 2+ lesions was similar for both colposcopes, as  to detect CIN 2+ were 75% (95% Cl, 58.8% to 87.3%),
shown in the AUC-receiver operating characteristic curve (Fig. 2). 96.8% (95% Cl, 93.3% 10 98.8%), 83.3% (95% Cl, 67.2%
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Table 2. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of gynocular colposcope to detect CIN

2+ lesions for different cut-off levels of Swede score

Swede score Sensitivity (95% Cl)

Specificity (95% Cl)

PPV (95% CI) NPV (95% CI)

>5 75.0 (58.8 10 87.3) 96.8 (93.310 98.8) 83.3(67.21093.6) 94.8 (90.7 t0 97.5)
>6 67.5(50.9 to 81.4) 98.9 (96.2 t0 99.9) 93.1(77.21099.2) 93.5(89.2 t0 96.5)
>7 52.5(36.1 10 68.5) 99.5(97.1 t0 100.0) 95.5(77.2 10 99.9) 90.9 (86.1 t0 94.4)
>8 45.0(29.3t061.5) 99.5(97.1 to 100.0) 94.7 (74.0 t0 99.9) 89.6 (84.6 t0 93.3)
>9 37.5(22.7t054.2) 100.0 (98.1 to 100.0) 100.0(78.22 to 100.0) 88.4(83.31092.3)
10 27.5(14.6t043.9) 100.0 (98.1 to 100.0) 100.0 (71.52 to 100.0) 86.8 (81.5t090.9)

CIN, cervical intraepithelial neoplasia; Cl, confidence interval.

Table 3. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of standard colposcope to detect CIN

2+ lesions for different cut-off levels of Swede score

Swede score Sensitivity (95% CI)

Specificity (95% Cl)

PPV (95% CI) NPV (95% CI)

78.0(62.41t089.4
81.6 (65.71092.3

95.8(91.81098.2
95.3(91.3t097.8
94.4(90.2t097.2

>5 80.0 (64.4 t0 90.9) 95.3(91.21097.8)
>6 77.5(61.5t0 89.2) 96.3(92.6 t0 98.5)
>7 72.5(56.1 t0 85.4) 97.95 (94.7 t0 99.4)
>8 70.0 (53.5 t0 83.4) 98.4 (95.5 10 99.7)
>9 65.0 (48.3 t0 79.4) 98.9(96.2 t0 99.9)
10 35.0(20.6t0 51.7) 100.0 (98.1 to 100)

)
( )
87.9(71.8 10 96.6)
90.3(74.2 10 98.0)
92.9(76.5t099.1)
100.0 (76.8 to 100)

93.1(88.6 10 96.2

)
( )
( )
94.0 (89.7 0 96.8)
( )
88.0 (82.9 10 92.0)

CIN, cervical intraepithelial neoplasia; Cl, confidence interval.

t0 93.6%), and 94.8% (95% Cl, 90.7% to 97.5%), re-
spectively, for Swede scores of >5. Standard colposcopy
had a sensitivity, specificity, PPV, and NPV of 80.0% (95%
Cl, 64.4% to 90.9%), 95.3% (95% Cl, 91.2% to 97.8%),
78.0% (95% Cl, 62.4% to 89.4%), and 95.8% (95% Cl,
91.8% to 98.2%), respectively, to detect CIN 2+ for Swede
scores of >5 (Tables 2, 3).

The difference in sensitivity observed between the two
techniques was found to be 5% (95% Cl, 2.2% to 7.7%),
suggesting that Gynocular colposcopy was non-inferior to
the standard colposcope.

Discussion

This crossover randomized controlled study compared the
diagnostic accuracy of handheld Gynocular and standard
colposcopy in detecting CIN 2+ lesions. There were no sig-
nificant differences between the two colposcopes in terms of
their sensitivity, specificity, or predictive value. The correlation
of the Swede scores between the two colposcopes was also
similar, with a k coefficient of 0.43, indicating a good level of
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agreement.

The diagnostic performance of both colposcopes was very
good, with both colposcopes having a specificity of >95%
at Swede scores of >5. The Gynocular colposcope, which is
portable, has the added advantage of being low cost and
battery-driven, thus enabling colposcopy in outreach screen-
ing programs.

Several handheld, rechargeable colposcopes, such as Gy-
nocular colposcopes, have been developed in recent years
[4,10-15]. These portable colposcopes may be especially
useful in LMICs, where access to stationary colposcopes is
limited. The Gynocular colposcope is a hand-held monocular
colposcope and has been compared with the standard colpo-
scope in few studies [4,7,8,13]. Kallner et al. [8] conducted
a crossover randomized controlled study to evaluate the di-
agnostic accuracy of Gynocular and standard colposcopy in
detecting CIN in 126 women. Both the colposcopes showed
a high agreement in Swede scores. There were no signifi-
cant differences in the sensitivity and specificity for different
Swede scores in Gynocular or standard colposcopy in detect-
ing CIN 2+ lesions. Another crossover randomized clinical
trial compared these two colposcopes in 540 VIA-positive
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women [7]. This study also showed a significant level of
agreement of Swede scores between the two colposcopes.
A crossover, randomized study evaluated the performance of
trained nurses in detecting cervical lesions using a stationary
colposcope or Gynocular colposcope as compared to doctors
[13]. The Swede scores obtained by nurses and doctors us-
ing the Gynocular and stationary colposcopes showed high
agreement, and there was no difference in detecting cervical
lesions in biopsies.

Earlier studies that compared Gynocular and standard col-
poscopes had several limitations. In these studies, cervical bi-
opsies were not performed in all women, resulting in partial
verification bias [9]. In our study, this partial verification bias
was eliminated by performing cervical biopsies on all wom-
en. Informed consent was obtained from all participants, and
the study was approved by the institutional ethics commit-
tee. Moreover, in our study, at least 2 cervical biopsies were
performed in all women to minimize misclassification [4,9].
Another merit of our study was that the investigator was
blinded to earlier colposcopic findings. This was possible be-
cause there was 14 days gap between the two colposcopic
examinations. All colposcopic examinations were performed
by a single experienced investigator, thus eliminating in-
ter-observer bias.

The main limitation of our study was its relatively small
sample size. Another limitation was that almost 8% of wom-
en were lost to follow up after the first colposcopy and had
to be excluded from the study.

The diagnostic accuracy of Gynocular colposcopes is similar
to that of standard colposcopes in the detection of CIN 2+
lesions. Gynocular colposcopes have a good level of agree-
ment with standard colposcopes when the Swede score is
used and can be used as an alternative to standard colpo-
scopes in low-resource settings.
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