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ABSTRACT 
 
Cervical cancer is the leading cause of cancer death for women in low resource settings, often affecting the most 
economically disenfranchised segment of the population.  The key challenge with cervical cancer is the lack of an 
effective screening program for many of the at-risk, difficult-to-reach women.  Outreach programs that utilize mobile 
clinics to increase access to screening and care in Baja California have been developed.  However, many barriers such 
as quality assurance, efficient referral remained a challenge in this region.  Visualization-based co-tests together with 
cytology (Pap smears) as a primary screen have been proposed.  Here, the mobile colposcope of the enhanced visual 
assessment (EVA) is used to capture an image immediately following a Pap smear.  EVA images were reviewed by 
expert colposcopists.  Initial or preliminary data from pilot services showed that Pap false positives and Pap false 
negatives maybe reduced by expert review of EVA images.  This suggests that reviewing of EVA images may be 
instrumental in catching inaccurate Pap results, thereby improving care. Thus, there is a need to further explore the 
benefits of using EVA as additional information when conducting Pap smear screenings. 
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1. INTRODUCTION 
 
Cervical cancer is the leading cause of cancer death for women in low-resource settings1.  The most common type of 
cervical cancer takes approximately 20 years to develop from an initial infection by the human papilloma virus (HPV), 
through cervical dysplasia (precursor lesions), to mature cancers that put the patient’s life at risk2.  Over the last 50 
years, Organization for Economic Cooperation and Development (OECD) nations have implemented national 
screening programs based on the Pap smear and more recently screening for human papilloma virus (HPV) infection, 
followed by colposcopy and colposcopically-guided biopsy, and have greatly reduced the risk posed by cervical 
cancer3.  In this pathway of care, patients with a positive biopsy results are then referred to treatment with either an 
ablative or excisional therapy.   
 
In most low-income countries, this pathway of care is non-existent given the few resources available to the health 
system.  However, many middle-income countries have attempted to emulate the pathway of care offered by OECD 
nations, albeit with mixed success.  Pap screening is offered in several clinics around the Tijuana region, as well as in 
mobile clinics that are part of outreach programs.  Patients with an abnormal Pap screen come to a Tijuana clinic, 
where colposcopy and biopsy services are available.  Because there are limited colposcopy services for the 
underserved, uninsured populations in Tijuana, is only one colposcopy clinic in Tijuana, and the prevalence of cervical 
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dysplasia in this region are some of the highest in the world4, there is a tremendous need to make screening more 
efficient. Also, it is essential to address the barriers patients and health systems faced to receive and provide timely 
and effective screening and treatment for cervical cancer. Efficient screening can reduce the number of patients 
referred to the clinic and reduce the patient backlog. 
 
To address the need to promote efficient and quick referral and to reduce the patient backlog in Tijuana and many 
other many middle-income health systems, the enhanced visual assessment (EVA) system was developed5.  The EVA 
system (Fig. 1) consists of a mobile colposcope built around a smartphone, a smartphone app, and an online image 
portal that stores de-identified patient images for annotation and documentation.  To date, the EVA system has been 
used in 17 countries.  However, for many health systems, some questions remain regarding how it should be integrated 
into the pathway of care. 
 
This paper presents preliminary results of a novel implementation of the EVA system in the pathway of care in Baja 
California, when it is used as a screening co-test along with Pap smears.  Examples of how images recorded using 
EVA can be used for quality assurance / quality improvement (QA/QI) of the images are discussed, focusing on 
catching Pap false positives and Pap false negatives.  Finally, an overview is given of new features that are being 
developed into the app, and how they can be used to adapt the current pathway of care. 
 

 
Fig. 1: The EVA system, consisting of a mobile colposcope built around a smartphone, an internet-connected app 
controlling image acquisition, and an online image portal storing the images for documentation and analysis. 
 
 

2. METHODS 
 
2.A. EVA system specifications 
The EVA system (MobileODT, Israel) consists of a mobile colposcope built around a smartphone, together with a 
smartphone app, and an online image portal.  In this study, mobile colposcope v2.3 was used, which included a 2nd 
generation Moto G (Motorola) smartphone, a case made of medical grade plastic, a telescopic lens, and a cool white 
LED for illuminating the cervix.  The app controlling image capture and upload was the CervDx app (MobileODT) 
that ran on Android v5.1.  Images captured with the mobile colposcope were uploaded to the online image portal for 
further review through a wireless connection  
 
2.B. Outreach program 
EVA systems were deployed through a cervical cancer screening outreach program by Fronteras Unidas Pro-Salud.  
In the deployment, EVA was used as a primary screen co-test, together with cytology, augmenting the standard of 
care (Fig. 2).  The mobile clinics were part of a cervical cancer screening outreach program to underserved areas in 
suburban Tijuana.  Altogether, two EVA systems were deployed in the mobile clinics.  The clinicians in the mobile 
clinics included both medical students and nurses.  Colposcopy experts trained them initially. 
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2.C. Screening methodology 
Patients were screened for cervical cancer both by cytology (Pap smears) and visualization (EVA).  During screening, 
data was collected as follows:  First, a speculum was inserted into the vagina.  Cytology samples were acquired 
routinely using spatulas, following the standard of care.  Next, acetic acid was applied to the cervix using a cervical 
swab.  After two minutes, the acetic acid highlights cervical dysplasia by the acetowhitening process, in which suspect 
areas turn white.  At that point, the EVA system was used to capture cervical images. 
 

 
Fig 2: Standard of care for cervical cancer detection and treatment in Baja California (black) with experimental EVA 
primary screen co-test (red). 
 
Following the screening tests, cytology specimen were processed according to the standard of care.  Expert 
colposcopists reviewed EVA images to determine if the cervix is abnormal or not.  Patients who had abnormal 
screening test results with either modality were called for a follow up visit at a Level 4 colposcopy clinic in Tijuana, 
Baja California, which offered colposcopy and biopsy services, as well as therapy (loop electrical excision procedure, 
LEEP) when necessary (Fig. 2).   
 

3. RESULTS AND DISCUSSION 
 
To date, the screening program implementing cytology-EVA co-test is still ongoing, and hence results presented in 
this section are only preliminary.  Overall, the biggest impact of EVA images made an impact on QA/QI of the Pap 
results.  Specifically, review of EVA images allowed for early referral of suspicious patients that were not necessarily 
detected.  Because the EVA image is so similar to what clinicians see during the follow on colposcopy in the Tijuana 
clinic, expert reviewers hope that EVA can be used as an additional triage to reduce a fraction of the patients that 
come in for the follow up colposcopy.  This suggests that there are benefits to every party.  First, the clinical workload 
in the colposcopy clinic, which is the bottleneck in care, has been reduced.  Second, the costs associated with an 
unnecessary procedure are eliminated.  And third, Pap-positive, EVA-negative patients will get more appropriate care. 
 
An additional benefit came when expert reviewers evaluated a sample of the Pap negative results.  Here, EVA images 
from 59 patients were evaluated, and of those 59, three EVA images were recalled back for review.  While the Pap 
results are processed, an abnormal or suspicious image detected can be reviewed remotely by an expert colposcopist 
to determine if an expedited referral to an experienced colposcopist is necessary. Even if the Pap result is negative, a 
suspicious EVA image could provide additional valuable information to evaluate and if appropriate treat a patient with 
a lesion. Much like the Pap positive analysis, here again the EVA image and follow up colposcopy image were similar.  
However, in contrast to catching false positive Pap results, catching false negative Pap results is much more beneficial 
for the health system, as it will need to devote less resources, time, and money to a missed cancer diagnosis.  And for 
the patient, catching a false negative early can mean effective and timely treatment that could literally save her life. 
 
In terms of QA/QI, the training level of the clinician who captured the EVA image greatly influenced the ability of 
the expert reviewer to adequately conduct the triage.  An example of such images is shown in Fig. 3.  Fig. 3A shows 
a poor quality image that suffers from what appears to be defocus and possible motion artifacts and/or blur.  The image 
in Fig. 3B, captured by an expert colposcopist, shows a much sharper view of the cervix.  The implications on the 
image reviewer’s ability to triage are significant, and this suggests that better EVA training is needed. 
 
Future work will involve synchronous review and consultation by the multiple clinicians.  An example of the proposed 
clinical workflow is shown in Fig. 4.  Features enabling synchronous review and consultation are currently being 
developed and integrated into the CervDx app, and should begin clinical testing in the next year. 
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    (A)      (B) 
Fig. 3: Comparison of colposcopy images acquired using EVA by a medical student (A) and expert colposcopist (B). 
 

(A)  

(B)  
Fig. 4: (A) Proposed implementation of consultation feature at the primary screen.  (B) Proposed new pathway of care 
integrating synchronous consultation features on the CervDx app. 
 

4. CONCLUSION 
 
In conclusion, initial testing of the EVA system at the point of primary screen yielded promising results.  EVA images 
captured as a co-test together with Pap are beginning to provide valuable information to promote timely referrals and 
potentially catch false positives and false negative Pap results.  This has the potential to yield savings to the clinician, 
patient, and health system as whole.  Future developments will enable EVA review in real time at the point of care. 
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