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h Abstract
This study aimed to determine if criterion
standard colposcopy could be provided by a pocket-sized
battery-driven colposcope, the Gynocular.
Materials and Methods. The study was a randomized,
crossover, pilot clinical trial for evaluating agreement of
diagnosis of cervical lesions by colposcopy using a standard
colposcope and a pocket-sized battery-driven colposcope,
the Gynocular, in 69 women positive for visual inspection
with acetic acid. Swede scores were used at the time of colposcopy and compared with the final histological diagnosis
after directed cervical biopsy. To test the level of agreement
between the colposcopy and Gynocular, we calculated the
percentage agreement and the J statistic. We calculated
the detection rates of cervical lesions of the Gynocular and
a standard colposcope using biopsy results as criterion standards. All included patients also underwent a Pap smear.
Results. The level of agreement of Swede score between
the Gynocular and colposcope was 70.1% and the J statistic
was 0.65 (p G .001). Biopsy identified 4 women (6.7%) with
cervical intraepithelial neoplasia 1 (CIN 1) and 1 woman
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(1.7%) with CIN 2; 2 women (3.4%) had CIN 3, and 2 women
had invasive cervical cancer (CIN 3+). Pap smear detected
2 women (3.1%) with CIN 1 but did not identify any highgrade cervical lesion. Cervicitis was present in 17 (27.4%)
of the Pap smears and in 34 (57.6%) of the biopsies.
Conclusions. The study shows that in visual inspection
with acetic acidYpositive women, a battery-driven, pocketsized colposcope has a significant level of agreement with
stationary colposcopy in assessing cervical lesions. h
Key Words: cervical cancer, colposcopy, cervical lesions,
cytology, biopsy, Swede score, Gynocular
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ervical cancer is the second most common cancer in
women both in incidence and mortality, with cancer deaths in women worldwide corresponding to more
than 300,000 deaths in 2007 [1]. More than 90% of
the cases occurred in low- and middle-income countries
where access to cervical cancer screening with the Pap
smear or liquid-based cytology is limited [1, 2]. Visual
inspection with acetic acid (VIA) and Lugol’s iodine are
a suggested alternative in low-resource settings [1, 3, 4].
In industrialized countries, approximately 75% of women
undergo screening, whereas in the developing world, only
5% participate in organized screening programs [1, 5].
Success in early cervical cancer detection is attributed
to cytology screening and subsequent colposcopy with
directed biopsies and treatment [6].
Colposcopy has the role of ruling out invasive cancer,
to determine selection of sites for biopsies and eligibility
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for treatment [6]. Moreover, the standard of care for
patients with an abnormal screening test result is colposcopy [6]. The magnified view and strong illumination
enables the examiner to visually discriminate abnormal
from healthy tissues and to obtain the best representing
biopsy sites for further pathological investigation [6, 7].
The colposcope provides magnification ranging from 5
to 40; however, the magnification suggested for cervical
examination is 5 to 15 [7]. Colposcopes are, however,
large, heavy, and expensive stationary machines, which
are confined to settings with electrical grids.
In low-resource settings, VIA and simple 2 to 4
magnification (VIAM) were developed to possible improve
VIA in detecting cervical lesions. However, VIAM was not
up to the standards of a colposcope [8, 9], and in a large
multicenter trial, it was concluded that low-level magnification did not improve the test performance of VIA and
no benefit was found of VIAM [10]. The Gynocular was
developed to provide health care personnel with a low
cost, hand-held, battery-driven colposcope that enables
colposcopy in any setting. This study describes a clinical
pilot trial comparing the agreement of standard colposcopy and the Gynocular in assessing cervical lesions in
women with positive VIA result.

MATERIALS AND METHODS
The study was a randomized, crossover, pilot clinical
trial for evaluating agreement of diagnosis of cervical
lesion by colposcopy using a standard colposcope (MedGyn AL-102, MedGyn products Inc.) and a pocket-sized
battery-driven colposcope, the Gynocular (Gynius AB,
Stockholm, Sweden) in women positive for VIA at opportunistic screening. Two of the investigators (J.N., R.M.)
screened 350 women for cervical lesions by using VIA
as a screening method. Of them, 14 women (4%) had a
positive VIA result; 55 VIA-positive women were detected
by VIA screening before the study period. Their telephone numbers were kept, and they were re-called during
the pilot study period for colposcopy. The screening was
performed at tertiary care teaching hospital’s cervical
cancer screening clinic at the Department of Obstetrics
and Gynecology, Mbarara Hospital, Uganda. In total, 69
VIA–positive women were included in the study.
The result of the VIA test was recorded as positive when
there were sharp, distinct, well-defined, dense acetowhite
areas, with or without raised margins, close to the squamocolumnar junction in the transformation zone. Women
were asked to participate in the study as they came for
their scheduled appointment for colposcopy. Inclusion
criteria were women who were identified as VIA positive,

had no ongoing vaginal bleeding, had their last gynecological examination at least 1 week before, were aged
between 18 and 55 years, were not pregnant, were able
to understand written and oral information, and were
mentally capable to provide informed consent. Exclusion criteria were that all inclusion criteria were fulfilled.
Informed consent was required before participation
and duly noted in patient charts. The women were also
offered to be tested for HIV. Women who chose not to
participate in the study underwent standard colposcopy.
All women in the study were examined by 1 of the 2
specialists in obstetrics and gynecology (J.N., R.M.).
Colposcopy was performed using a standard colposcope.
The Gynocular was either mounted on a camera monopod or handheld during the examination at the discretion of the gynecologist. Women were randomly allocated
in a 1:1 ratio to start the examination with either colposcopy or Gynocular inspection of the cervix. All women
were examined with both colposcope and the Gynocular,
by 1 examiner in a crossover design, to assess the performance of agreement between the colposcope and the
Gynocular. The crossover design was chosen to reduce
possible observer variability [6].
Using the Swede score, each of 5 colposcopic variables
(acetowhiteness, margins plus surface, vessel pattern, lesion
size, and iodine staining) was given a score of 0, 1, or 2
points [11, 12]. The examination was performed in a
standard lithotomy position in a gynecological chair using
a self-holding speculum. The examination started with
inspection of cervical vessel patterns with colposcope or
Gynocular according to randomization. Then, a Pap smear
was taken, and the cervix was swabbed with 4% acetic
acid for 1 minute, followed by an examination by colposcope or Gynocular rendered by randomization. The
examiner scored the cervix for the first 4 Swede score
variables (acetowhiteness, margins plus surface, vessel
pattern, and lesion size). After each examination, the 4
Swede score variables were given by the examiner and
recorded by the study coordinator. The examiner then
switched instruments and examined the cervix again and
recorded the new 4 Swede score variables. Subsequently,
the cervix was stained with 5% Lugol’s iodine solution,
and the examiner scored the Swede score’s fifth variable
(iodine staining) with both instruments according to the
initial randomization. The described study design was
chosen to reduce possible examiner bias. The examination
was finalized with one or more biopsy specimens taken
from areas of suspected cervical lesions. Punch biopsies
of the cervix were performed in all participants with Swede
score greater than 0 (n = 62).
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The specimens were analyzed at the histopathology
laboratory of Multisystem Laboratories, Kampala, Uganda.
The final diagnosis was the histopathology result and
reported using the cervical intraepithelial neoplasia (CIN)
system or other histopathological diagnosis in case of
such finding. Women with lesions grade CIN 2 or higher
underwent a loop electrical excision procedure. Women
with CIN 1 lesions were given the choice of being treated
directly or a follow-up appointment after 6 months.
Women with invasive cancers were referred for treatment by
surgery or radiotherapy.
The study was approved by the local ethics committees of Mbarara University of Science and Technology
Institutional Review Committee (Dnr MUIRC 1/7) the
Uganda National Council of Science and Technology as
well as the Stockholm Regional Ethical Review Board.
The Gynocular
The Gynocular is a pocket-size monocular colposcope
with 5 to 12 magnification, LED illumination, green
filter, and rechargeable battery and can be mounted on a
camera tripod (see Figure 1 and Table 1). Optics, resolution, and illumination are comparable with a colposcope (see Table 2). The Gynocular is approved as an
investigational product by the Swedish National Drug
Authority as a noninvasive medical diagnostic class I
tool. The Gynocular has been developed by Gynius AB,
Stockholm, Sweden.
Statistical Analysis. Data were entered into MS Excel
and exported to Stata version 11 (College Station, TX)
for analysis. The baseline patient characteristics were
summarized using means and frequencies (see Table 2).
To test the level of agreement between the colposcopy
and Gynocular, we calculated the percentage agreement

Figure 1. The Gynocular.
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Table 1. Technical Characteristics of the Gynocular and
the Colposcope
Gynocular
Focal distance, (mm)
Magnification,
Field of view, mm
Resolution, lines
per mm
Light source
Green filter
Weight, g
Energy source

Colposcope

300 mm
5
40
25

8
30
40

275 mm
12
20
60

LED
Yes
420
Rechargeable battery

4.3
50
30

7
32
40

11
21
42

Halogen bulb
Yes
8,000
Electrical grid

and the J statistic (see Figure 2). A J statistic greater
than 0.75 indicates excellent agreement beyond that
explained by chance alone, and J between 0.40 and 0.75
indicates intermediate to good agreement [13]. Lesions
Table 2. Patient Baseline Characteristics and Number
of Lesions
Patient characteristic
Age, mean (range), y
HIV status, n (%)
Negative
Positive
Unknown
No. abortions, n (%)
None
1
2
3
4
Missing
Parity, n (%)
0
1
2
3
4
5
6
7
98
Missing
Cervicitis on Pap smear, n (%)
Present
Absent
Cervicitis on biopsy, n (%)
Present
Absent
Lesion on Pap smear, n (%)
CIN 0
CIN 1
CIN 2
CIN 3
Lesion on biopsy, n (%)
CIN 0
CIN 1
CIN 2
CIN 3
CIN 3+

34.8 (19Y56)
33 (49.3)
29 (43.3)
5 (7.4)
48 (71.6)
7 (10.4)
7 (10.4)
1 (1.5)
1 (1.5)
3 (4.6)
7 (10.5)
6 (8.9)
5 (7.5)
8 (11.9)
14 (20.9)
6 (8.9)
4 (5.9)
10 (14.9)
4 (5.8)
3 (4.4)
17 (27.4)
45 (72.6)
34 (57.6)
25 (42.4)
57 (96.9)
2 (3.1)
0 (0)
0 (0)
52 (84.7)
4 (6.7)
1 (1.7)
2 (3.4)
2 (3.4)

CIN indicates cervical intraepithelial neoplasia.
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seen by the Gynocular and the colposcope were classified using Swede scores with the methodology as
described by Strander et al. [11]. Swede scores of 5 or
greater were considered abnormal. We calculated detection rates of CIN 1, CIN 2, CIN 3, CIN 3+, and cervicitis
and compared the detection rate with the obtained
Swede score (see Table 3) because the number of cases
were too small to calculate sensitivity or specificity.

Table 3. The Swede Scores for Women With CIN 1 or
Higher Grade
CIN classification

n

Swede score

CIN
CIN
CIN
CIN
CIN
CIN

3
1
1
2
1
1

2
5
7
5
7
9

1
1
2
3
3+
3+

CIN indicates cervical intraepithelial neoplasia.

RESULTS
A total of 69 VIA-positive women were included in the
study. Baseline characteristics are shown in Table 2. We
found that 29 women (43.3%) were HIV positive. Most
women never had an abortion (48, 71.6%), and parity
was high. Cervicitis was present in 17 Pap smears
(27.4%) and in 34 biopsies (57.6%). Pap smear detected
2 women (3.1%) with CIN 1 but did not identify any
high-grade cervical lesion (see Table 2). There was no
correlation between HIV-positive result and biopsyconfirmed cervicitis (W2 test of association, p = 0.7).
Biopsy identified 4 women (6.7%) with CIN 1 and
1 woman (1.7%) woman with CIN 2; 2 women had CIN
3 (3.4%), and 2 women had invasive cervical cancer
(CIN 3+) (see Table 2).
The level of agreement of Swede score between the
Gynocular and colposcope was 70.1%, and the J statistic
was 0.65 (p G .001), indicating that the level of agreement
observed between the 2 colposcopes was beyond chance

Figure 2. Agreement between gynocular and colposcope (n = 67).
Visual representation of the agreement between the colposcope
and gynocular. The dots on the line show scores where colposcopy and gynocular have perfect agreement. The points off the
line, both above and below the line, are measurements where the
2 measures do not agree, and 1 dot may represent more than
1 measurement.

alone (see Figure 1). A cross tabulation of Swede scores
(data not shown) on the colposcope versus Gynocular
showed perfect agreement in 47 of the 67 measurements
(70.1% agreement). In 11 cases (16.5%), the Gynocular
scored lower than the colposcope, and the opposite
happened in 9 cases (13.4%), but these differences were
not statistically significant.
All cases of CIN 2 to 3+ had a Swede score of greater
than 5, with no difference using the Gynocular or the
colposcope. There was only 1 case of CIN 2 and had a
Swede score of 7. There were 2 cases of CIN 3, and each
of them had a Swede score of 5. There were 2 cases of
CIN 3+, and they had Swede scores of 7 and 9 (see Table 3).

DISCUSSION
This prospective clinical study compared the assessment
of cervical lesions by a pocket-sized colposcope with a
standard colposcope to determine if criterion standard
colposcopy could be provided by the pocket-sized colposcope. Moreover, this is the first time Swede score has
been used to evaluate cervical lesions in women with
positive VIA result in a low-resource setting. The main
findings were that there was a significant level of agreement of Swede score between the Gynocular and the
colposcope and that the Gynocular and the colposcope
to the same extent detected high-grade cervical lesions
in VIA-positive women.
The limitation of the study that is a study on investigational minicolposcope that has not been clinically tested before; thus, we have no other studies to compare our
results with. Another limitation is that multiple biopsies
were not performed as to reduce the risk of bleeding
in patients from a low-resource setting. However, a Pap
smear was also performed in all patients, as an additional
detection method of cervical lesions.
The Swede score system was chosen to investigate the
performance of the Gynocular compared with a standard
colposcope because the Swede score reliably detected
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high-grade lesions when a trained colposcopist examined
women who were referred for colposcopic examination
owing to atypical cytology, abnormal bleeding, or visualized suspected neoplasia [11, 12, 14]. Furthermore, a
low (e4) Swede score indicates that a biopsy is not
needed [11, 12, 14]. Thus, a Swede score between 5
and 7 should lead to directed biopsies to exclude CIN
2+ [11, 12, 14].
Our study population consisted entirely of VIApositive women. In recent meta-analysis of VIA, the
authors identified 57 studies and chose 26 of these for
the primary analysis. In these, histological examination
was performed on all women (to eliminate verification
bias), and the results showed 80% sensitivity and 92%
specificity for VIA [15]. Thus, to further reduce the risk
of verification bias, we performed biopsies on all women
with Swede score of 0 or greater and took a Pap smear.
To our surprise, of the 69 VIA-positive women, only 5 of
them had a high-grade cervical lesion. It is possible,
if multiple biopsy specimens were taken, more cases
of high-grade lesion might have been detected. Pap
smear detected none of the cervical lesions CIN 1 to 3+,
and histological diagnosis showed cervicitis in 57.6%
of the VIA-positive women. Similar findings of high
rates of cervicitis in VIA-positive women verified by
biopsy were shown by Davis-Dao et al. [16] in a lowresource setting in El Salvador and found to influence
the results of both VIA and colposcopy. However, our
findings might implicate the need of larger studies evaluating the sensitivity of Pap smear and colposcopy in lowresource settings.
Swede score has been suggested to possibly have a
valuable use in disease prevention among resourcepoor settings where cytological screening is absent [12].
Our pilot data show that Swede score may be a useful
method to distinguish which VIA-positive women would
benefit from a biopsy and/or treatment. This needs,
however, to be confirmed in larger clinical trials where
VIA-positive women should be investigated by colposcopy using Swede score, HPV DNA testing, liquid-based
cytology, and biopsy when Swede score cuts of greater
than 5 [15].
In this study, 2 expert investigators performed all
examinations, which positively influenced the internal
validity of our results, yet the generalizability remains
undetermined. However, given that the technical specifications of the minicolposcope is equal or superior to
stationary colposcopes, we do not believe that the device
would negatively influence detection rates of cervical
lesions when used in combination with acetic acid and

&
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iodine solution. Specificity and sensitivity of colposcopic
examinations, like most diagnostic procedures, is probably more closely related to colposcopy experience in
general [6, 7].
In many regional and national health care settings,
accesses to colposcopy is limited to specialized clinics
and shared by a number of doctors, which limits their
experience with performing colposcopy [7]. This may
result in prolonged time-to-diagnosis because patients
must wait for appointments and also additional costs to
the patients and health care system because the patient
needs to be brought to a stationary colposcope [17, 18].
It is common that the patient has to wait for weeks for
a scheduled appointment, resulting in increased anxiety
[19]. Thus a low-cost, portable colposcope, which does
not require an electric grid, has many advantages in
industrialized and developing countries alike. The even
further simplified VIAM prototype had lower sensitivity
rates for cervical lesions in women with abnormal cytological findings as compared with the colposcope [8, 9].

CONCLUSIONS
The present study shows that in VIA-positive women, a
portable, battery-driven, pocket-sized colposcope, which
does not require an electric grid, shows a significant
level of agreement with stationary colposcopy in assessing
cervical lesions.
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