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Background: Visual inspection after application of acetic acid (VIA) and Lugol’s iodine
(VILI) is a cervical cancer (CC) screening approach that has recently been adopted in low- and
middle-income countries (LMIC). Innovative technologies allow the acquisition of consecutive
cervical images of VIA and VILI using a smartphone application. The aim of this study was
to evaluate the quality of smartphone images in order to assess the feasibility and usability of
a mobile application for CC screening in LMIC.

Methods: Between May and November 2015, women aged 30-65 years were recruited in a
CC screening campaign in Madagascar. Human papillomavirus-positive women were invited
to undergo VIA/VILI assessment. Pictures of their cervix were taken using a Samsung Galaxy
S5 with an application called “Exam”, which was designed to obtain high-quality images and
to classify them in the following sequence: native, VIA, VILI and posttreatment. Experts in
colposcopy were asked to evaluate if the quality of the pictures was sufficient to establish the
diagnosis and to assess sharpness, focus and zoom.

Results: The application use was simple and intuitive, and 208 pictures were automatically
classified and recorded in the patient’s file. The quality was judged as adequate for diagnosis
in 93.3% of cases. The interobserver agreement was k¥ =0.45 (0.23-0.58), corresponding to a
moderate agreement on the common scale of kappa values.

Conclusion: This smartphone application allows the acquisition of good quality images for
VIA/VILI diagnosis. The classification of images in a patient database makes them accessible
to on- and off-site experts, and allows continuous clinical education. Smartphone applications
may offer an alternative to colposcopy for CC screening in LMIC.

Keywords: visual approach, cervical cancer screening, human papillomavirus, HPV, smart-
phone, mobile health

Introduction

Approximately 85% of cervical cancer (CC) cases worldwide occur in low- and
middle-income countries (LMIC),! mainly due to the lack of efficient primary and
secondary prevention programs.>* The CC incidence in sub-Saharan Africa is approxi-
mately 31.5 per 100,000 women, accompanied by a mortality rate of approximately
17.9 per 100,000 women, which makes CC the most common cancer and the most
common cause of cancer-related death among African women.* The recommended
screening approach in LMIC for CC is visual inspection of the cervix after the applica-
tion of acetic acid (VIA), which has been approved by the World Health Organization,
and is often followed by the application of Lugol’s iodine (VILI).> Visual inspection
methods are simple, inexpensive and require minimal infrastructure, allowing patients
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to be screened and treated within the same-day session.®
Nevertheless, the diagnosis made with this method remains
subjective as its quality is affected by intrapersonal limita-
tions, such as the experience and the training degree of the
examiner, as well as external factors, such as the lighting
conditions and the woman’s cervical anatomy.

Monitoring the quality of a health program ensures the
systems’ optimization and maximizes the benefit of the
target population. Quality control activities for CC screen-
ing include the implementation of accuracy verification
systems directed toward optimization of the screening tests’
performance. In many LMIC, human resources may not be
readily available, particularly if health facilities are located
in remote, hard-to-reach areas.’

In this context, the development of an image-based system
that could assist clinicians in the diagnosis of cervical pre-
cancer may represent an important step toward the improve-
ment of bare eye-based visual inspection screening techniques.
As colposcopes are expensive, electricity dependent and need
high maintenance, several alternatives, such as smartphone-
based technologies, have been developed. A project outlining
the feasibility of VIA/VILI to replace colposcopy has been
previously published.® The smartphone-based approach
opens up new possibilities, thanks to its accessibility, user-
friendly interfaces and high-definition cameras to picture the
cervix.” Moreover, sharing images with long-distance experts
in real time allows health care providers to obtain advice
and to improve their work’s quality. The use of smartphone
applications as a tool to minimize the diagnosis subjectivity
has been experienced in other medical fields, such as that
of dermatology for the detection of skin melanoma.!’"'> By
offering a quality control system, the use of images taken
with a smartphone may support the CC screening process.'?

The aim of this study was to evaluate the quality of
smartphone images taken during a CC screening campaign
in LMIC in order to assess the feasibility and usability of
a mobile health (m-health) application for CC screening
in LMIC.

Methods

Study design and enrollment

This study took place between May and November 2015 at
the Saint Damien Health Care Center, Ambanja, Madagascar.
This town, with a population of more than 33,000 inhabitants,
is located in the northern region of Madagascar. Since 2010,
the Saint Damien Health Care Center has periodically run
routine human papillomavirus (HPV)-based CC screening
campaigns recruiting 1,000 women each year.

Criteria for inclusion in the study were women aged
30-65 years and able to comply with the study protocol.
Exclusion criteria were pregnancy beyond 20 weeks and
former conisation or hysterectomy. All eligible women were
asked to sign a written informed consent form before taking
part in the study. Ethical approval was obtained from the
Malagasy National Commission for the Ethics of Science and
Technology and from the Ethical Cantonal Board of Geneva,
Switzerland (CER: 14-071. Registered as a Clinical Trial
- NCT02693379). A total of 784 women were recruited in
the study. Self-collected vaginal samples were promptly ana-
lyzed for HPV with the GeneXpert machine (GeneXpert®*IV
Cepheid, 2015; Sunnyvale, CA, USA), and the results were
given to the participants on the same day.

The sample size was determined based on the hypothesis
that the quality of smartphone images would be considered
good in 85% of the cases, with a two-tailed oo =0.05 and
1-B =0.80. Taking into consideration a population size of
approximately 33,000 inhabitants and that three to four images
would be taken for each women, we set the total sample size to
200 images. Thus, 56 patients fulfilling inclusion criteria were
invited to participate in the smartphone study. They benefited
from VIA/VILI assessment and further evaluation with the
smartphone application, allowing the capture of 208 photos.
The flowchart of the study is represented in Figure 1.

“Exam”, an m-Health application

Pictures of the cervix were taken with a Samsung Galaxy S5
(Samsung, Seoul, South Korea) using an application named
“Exam”. It is an android application specifically designed
to obtain high-quality images by the Signal Processing
Laboratory of the Swiss Federal Institute of Technology
in Lausanne, Switzerland. This application’s functioning
is based on the fact that the changes of the cervical surface
induced by the application of acetic acid and Lugol’s iodine
can be captured by inexpensive smartphone cameras simply
by recording multiple sequential images of the cervix imme-
diately after the application of each solution. The image
capture, featured extraction and classification methods are
implemented to run directly on an Android smartphone, using
the Software Development Kit made available by Google to
develop Android applications.

Data collection and image capture

Consecutive images were captured for the respectively
included patients without any selection or exclusion criteria.
Patients were positioned in lithotomic position, the speculum
was inserted and vaginal discharge was removed with a dry
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Inclusion criteria: age 30-65 years
and written informed consent signed
before participation

Exclusion criteria: pregnancy beyond
> 20 weeks, former consation or
hysterectomy

y

Women screened for HPV 16—-18-HR
n=784

o HPV-negative women
n=570

y

HPV-positive women
n=214

R No participation to the study
n=158 VIA/VILI assessment

A

Colposcopy with “Exam” application

n=56
Crash of the application, exclusion of
2 images: 1 native, 1 VILI, registered
under the wrong name
A
208 images:

55 natives, 56 VIA, 55 VILI,
16 posttreatment, 26 extra pictures

Figure | Study flowchart.
Abbreviations: HPV, human papillomavirus; HR, high risk; VIA, visual inspection after
application of acetic acid; VILI, visual inspection after application of Lugol’s iodine.

or saline solution-soaked cotton swab. The smartphone was
held up at a 15 cm distance from the vulva using a tripod,
whose position could be modified on three axes—height,
depth and rotation—in order to ensure its maximum stability
and to allow the acquisition of the best possible images in
terms of quality. The tripod could be inclined in order to be
as close as possible to the cervix (at a minimum distance of
~1.5 cm from the speculum). Figure 2 illustrates the main
components of the device, including the gynecological table,
mobile phone and tripod.

Prior to each examination, the tripod was placed and
adjusted in front of the patient. The patient’s examination
was then registered in the “Exam” application.

Once the patient record was created, the cervical images
were acquired in a precise sequence: native, VIA, VILI
and posttreatment whenever this was performed. The flash

Figure 2 Device including the gynecological table, smartphone and tripod.

was set as on, and the zoom button on the left of the screen
allowed us to zoom in between 1.39 and 1.69 times during
the procedure. A target in the center of the screen allowed
us to focus on the cervix with the intent of standardizing the
exam. Figure 3 illustrates the different steps as they appear
on the smartphone’s screen.

The first, native picture of the cervix was taken. Then the
application left us some time to apply acid acetic and capture
the VIA picture. In the same method, after Lugol’s iodine was
applied, the VILI picture was taken. Finally, Exam proposed
to take a picture once treatment was performed, otherwise it
allowed the user to close the program. Furthermore, it offered
the possibility at each step to either take an extra photo
(“picture more”) or retake the same photo (“replace a picture”).
If necessary, the tripod could be repositioned and adjusted
between each step. The pictures were automatically saved and
classified in the patient’s file by date and type (native, VIA,
VILI, posttreatment). Written comments could be added to
each patient’s visual file. Finally, the biopsy site was marked
on the VIA picture with a cross mark. The VIA picture could
also be viewed without the marked biopsy site.

All the pictures collected by the smartphone application
were sent to a central database. For security and privacy,
data transfer to the central database was accomplished using
an encrypted key. Authentication was required to access the
patients’ file, and only the caregivers who received accredita-
tion with a personal identifier and password could log into
the smartphone application or the respective database. Access
to patient data was only possible after scanning a bar code
unique for each patient or by entering the patient’s identifica-
tion number and the date of the VIA/VILI assessment. This
ensured patients’ information to be protected.
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Apply acetic acid. Once VIA is done, click on the
button and continue to take the VIA picture
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Apply Lugol’s iodine. Once VILI is done, click on
the button and continue to take the VILI picture

(72}
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(3]

If no treatment is necessary, click No and
the application will close down. If treatment is
recommended, treat and click Continue
to take the posttreatment photo

Patients

240718 768.3C
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261018 1192:3¢

WI01E 119530

Continug

261018 1200

261018 12123

CE—
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Each patient’s image file is saved and can be
retrieved by using the date of primary screening,
the patient’s number of inclusion in the screening

campaign and the patient’s first of last name

:W1018 1228

21016 12263

Figure 3 Images’ acquisition flowchart.
Abbreviations: VIA, visual inspection after application of acetic acid; VILI, visual inspection after application of Lugol’s iodine.

Pictures’ q ual ity evaluation and statistical of them). For each photo, they had to determine whether the

analysis quality of the three images allowed the diagnosis according
The pictures’ quality was assessed independently by three  to the following criteria:

expert gynecologists in colposcopy (more than 10 years’ — Diagnostic utility, depending on how helpful the image
experience and more than 200 colposcopies per year for each was for the treatment decision making
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— Sharpness, determining the amount of detail one image
could convey, with absence of blurring

— Focus, defined as the sharpness on the cervix

— Zoom, characterized as the presence of the cervix in the
middle of the picture, occupying at least one-third of the
picture’s surface

For each criterion, the answer was binary: satisfying or
not (score 1 or 0, respectively).

A global score (sum of the four criteria) was then calculated
for each picture based on the fulfillment of these four criteria.
The indicator for judging the results of the co-assessment was
the interrater agreement for the images’ quality.

What defines a good picture is the content of the picture,
evaluated by diagnostic utility and sharpness, and techni-
cal characteristics assessed by focus and zoom. Thus, we
judged each photo to be of good quality whenever at least
two criteria were fulfilled. We then calculated the consensus
when at least two physicians obtained the same score. Thus,
kappa (k) values were calculated for each physician in order
to estimate the agreement between the physician’s evaluation
and that of the consensus.

Statistical analyses were run with a statistical software
package (Stata statistical software: release 14; StataCorp.
College Station, TX, USA).

Results

Photo quality evaluation and interrater
agreement

A total of 208 photos were evaluated by three physicians,
resulting in 624 evaluations. All criteria were fulfilled in the
majority of pictures. The aspect fulfilled in most cases was
the focus (89.1%), followed by the diagnostic utility (83.7%),
the sharpness (77.7%) and the zoom (73.7%). These results
are reported in Table 1.

According to the consensus, 194/208 images (93.27%)
were judged as being of good quality, sufficient for diagnosis,
while only 14/208 (6.73%) were judged to be of poor quality
(Table 2).

Table | Pictures fulfilling the four quality criteria of a total of 624

Table 2 Evaluation of photo quality (two or more of the following
criteria fulfilled: focus diagnostic utility, sharpness and zoom)

Good quality photos Poor quality photos

n (%) n (%)
Rater | 177 (85.1) 31 (14.9)
Rater 2 176 (84.6) 32 (15.4)
Rater 3 206 (99.0) 2(1.0)
Consensus 194 (93.3) 14 (6.7)

The agreement between each physician and the consensus
concerning the picture quality as calculated with the x value,
ranged from a minimum of 0.23 to a maximum of 0.58. The
overall agreement obtained with light’s correction for K was
0.45, corresponding to a “moderate agreement” on the com-
mon scale of k¥ values (Table 3).

Feasibility of the application

Among the images taken by the application, there were
55 natives, 56 VIA, 55 VILI, 16 posttreatment and 26 extra
pictures. Due to a sudden crash of Exam during the clinical
visit, two pictures (1 native, 1 VILI) were registered under the
wrong name and were therefore excluded from the analysis.
All pictures were saved in the phone’s memory card and
classified by date and type (native, VIA, VILI, posttreatment
and extra) in the patient’s image file, thus creating a database
for both on- and off-site patient information retrieval.

For each examination, since the examiner could choose
to replace a picture or to take an extra picture if he/she was
disappointed with the first picture, a mean of 4.8 photographs
was necessary in order to obtain satisfying images. Once the
pictures were saved on the computer, they were classified
in the same way as they were on the smartphone: by the
patient’s identification number, by the date of the VIA/VILI
assessment and by the picture type.

Discussion

The major asset of this m-Health application for CC screening
is the quality of the images for VIA/VILI diagnosis. The phy-
sicians judged most cervical images to be of good quality and
thus capable of guiding them throughout the decision-making

Table 3 Agreement and kappa values between each rater and

evaluations
the consensus
Sharpness Focus Zoom Diagnostic
n (%) n (%) n (%) utility Obtained Expected X Standard  P-value
n (%) agreement agreement error
(%) (%)

Rater | 143 (68.8) 184 (88.5) 149 (71.6) 150 (72.1)
Rater 2 I51 (72.6) 166 (79.8) 116 (55.8) 166 (79.8) Rater I 91.83 80.37 0.58  0.06 <0.001
Rater 3 191 (91.8) 206 (99.0) 195 (93.8) 206 (99.0) Rater 2 90.38 79.96 052  0.06 <0.001
Total 485 (77.7) 556 (89.1) 460 (73.7) 522 (83.7) Rater 3 94.23 92.44 0.23  0.05 <0.001
International Journal of Women’s Health 2017:9 submit your manuscript 459
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process that requires them to promptly opt for a clinical
management pathway. The capture of high-quality digital
images of the cervix allows health care providers to save
the patient’s image and to retrieve it once the examination
is completed. This practical retrieval of information can be
used to empower frontline workers to become more effec-
tive through virtual and dynamic training. Moreover, this
smartphone application allows the physician to eventually
seek another expert’s opinion either on- or off-site, thus ful-
filling the purpose of helping make the diagnostic and, more
importantly, clinical management decision. By comparing
the diagnoses of health care providers and their supervisor(s),
this co-assessment approach ensures quality control of the
screening and treatment decision-making process.

Furthermore, this m-Health application is able to easily
classify the photos, which facilitates their retrieval while
guaranteeing the correct match between the image file and
the patient’s identity. The application generates a picture
database containing the images of all patients who underwent
VIA/VILI assessment, while guaranteeing the absence of data
loss. The images are automatically classified in the sequence
of native, VIA, VILI and posttreatment, which corresponds
to the order in which these colposcopy steps are taken in the
everyday practice, thereby respecting the sequential logic of
the original examination. Due to the smartphone efficiency
and ease of handling, the database is readily accessible,
regardless of the presence of the computer. The application
saves all images on the smartphone’s memory card, which
makes them easily transferable onto a computer using a
USB cable allowing, therefore, to quickly create a backup
database.

This smartphone application currently has some limita-
tions that need to be addressed. Throughout the visit, the
application does not allow the user to go back and forth
between the different images if the sequence is not yet com-
plete, thus possibly reducing the added benefit to the clinical
decision. The proposed solution is to add a “gallery” icon on
the screen that would allow the examiner to compare side
by side the photos acquired during the ongoing procedure.
This aspect is currently being evaluated by the Federal
Institute of Technology located in Lausanne, Switzerland.
The incorporation of a green light is also under discussion
for future updates.

Although some manipulations are acceptable, the tripod
requires more handling than expected in order to capture the
cervix from the best possible angle. The limited freedom of
movement can be explained by the localization of the tripod
between the patient’s legs, which is intrinsically a narrow

space that allows limited amplitude of movements. This
aspect could be improved through increasing experience,
which would allow health care providers to become progres-
sively more familiar with the practice of smartphone-based
visual inspection techniques.

As a consequence of the prohibitive cost of colposcopes
(US$10,000-$20,000), VIA is performed with a simple
headlamp in most resource-limited settings.'* Nevertheless,
the performance of naked eye VIA as a CC screening tool is
far from optimal. Such limitation translates into high screen
positivity rates that are likely due to inadequate training and
that inevitably lead to high overtreatment rates. By providing
an efficient and practical quality control system, the smart-
phone-based VIA approach circumvents the main issues that
limit the naked eye VIA’s efficacy. A previous study showed
that the overall agreement between the diagnoses’ quality
obtained from live colposcopic visualization and static digital
imaging of the cervix was 43.0% corresponding to a moderate
agreement."” Hence, further improvement of the application
is imperative in order to optimize its performance as a CC
screening tool. The ultimate aim is to replace the colposcope-
based pelvic examination with a smartphone-based one, thus
extending CC screening to those resource-constrained areas
who have no access to a standard colposcope and who are
likely to suffer the most from the consequence of reduced
access to health care.

Conclusion

The use of a smartphone application that allows the acquisi-
tion of images during the pelvic examination is feasible in
LMIC. The Exam application is able to capture high-quality
images and is an efficient method for storing the patients’
data. As the overall pictures’ quality was judged as good,
this smartphone-based approach can potentially be inte-
grated in the context of CC screening and, in the long run,
could offer an alternative to colposcopy for CC screening in
LMIC. Further studies are needed to evaluate the quality of
the images, including VIA/VILI assessment in the treatment
decision making.

Disclosure
The authors report no conflicts of interest in this work.
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