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High-resolution microendoscopy: a point-of-care diagnostic 
for cervical dysplasia in low-resource settings 
Benjamin D. Granta, José H.T.G. Fregnanif, Júlio C. Possati Resendeg, 
Cristovam Scapulatempo-Netoh,i, Graziela M. Matsushitai, 
Edmundo C. Mauadg, Timothy Quanga, Mark H. Stolerc, Philip E. Castled,e, 
Kathleen M. Schmelerb and Rebecca R. Richards-Kortuma 

Cervical cancer is the third leading cause of cancer-related 
death among women in low-to-middle income countries. 
Pap testing and pathological services are difficult to 
implement under these settings. Alternative techniques for 
the diagnosis of cervical precancer in these settings are 
needed to reduce the burden of the disease. The objective 
of this study was to evaluate the diagnostic accuracy of a 
low-cost, high-resolution microendoscope imaging system 
in identifying precancerous lesions of the cervix in vivo. A  
retrospective study of 59 patients undergoing colposcopy 
for an abnormal Pap test was performed at Hospital de 
Câncer de Barretos in Brazil. All patients underwent 
colposcopy as per standard of care, and acetowhite lesions 
were recorded. High-resolution microendoscopy (HRME) 
images were obtained from one colposcopically normal 
region and from all lesions observed on colposcopy. 
Biopsies of abnormal areas were obtained and reviewed by 
three independent, blinded pathologists and compared with 
HRME findings. The mean nuclear area and the median 
nuclear eccentricity were calculated from HRME images 
acquired from each site. A diagnostic algorithm to 
distinguish histopathologically diagnosed cervical 
intraepithelial neoplasias of grade 2 or more severe lesions 
(high grade) from less severe lesions (low grade) was 
developed using these parameters. A test of trend was used 
to analyze the relationship between HRME positivity and 
severity of histopathogical diagnosis. Fisher’s exact test 
was used to analyze differences in HRME positivity between 
high-grade and low-grade lesions. Evaluable images were 
obtained from 108 of 143 discrete sites. Of these, 71 sites 
were colposcopically normal or low grade according to 
histopathology and 37 were diagnosed as high grade on the 
basis of histopathology. Using the mean nuclear area and 

Introduction 
There are more than 520 000 new cases of cervical cancer 
and 265 000 cervical cancer-related deaths annually 
(Torre et al., 2015). More than 85% of cases of and deaths 
due to cervical cancer occur in low-income and middle-

income countries, where cervical cancer is the third 
leading cause of cancer-related death among women 
(Torre et al., 2015). Cervical cancer incidence and mor-

tality rates are much lower in high-resource settings 

the median nuclear eccentricity, HRME images from 59 
colposcopically abnormal sites were classified as high 
grade or low grade with 92% sensitivity and 77% specificity 
compared with histopathological findings. Increasing HRME 
positivity showed a significant trend with increasing severity 
of diagnosis (Ptrend < 0.001). We found a strong association 
(P < 0.001) between HRME positivity and a 
histopathological diagnosis of cervical intraepithelial 
neoplasia of grade 2 or higher. HRME demonstrated an 
accurate in-situ diagnosis of high-grade dysplasia. In low-
resource settings in which colposcopy and histopathology 
services are severely limited or unavailable, HRME may 
provide a low-cost, accurate method for diagnosis of 
cervical precancer without the need for biopsy, allowing for 
a single ‘screen-and-treat’ approach. European Journal of 
Cancer Prevention 26:63–70 Copyright © 2016 
Wolters Kluwer Health, Inc. All rights reserved. 

European Journal of Cancer Prevention 2017, 26:63–70 

Keywords: cervical cancer, cervical intraepithelial neoplasia, 
early detection of cancer 

aDepartment of Bioengineering, Rice University, bDepartment of Gynecologic 
Oncology and Reproductive Medicine, The University of Texas, MD Anderson 
Cancer Center, Houston, Texas, cDepartment of Pathology, University of Virginia 
School of Medicine, Charlottesville , dGlobal Coalition against Cervical Cancer, 
Arlington, Virginia, eDepartment of Epidemiology and Population Health, Albert 
Einstein College of Medicine, Bronx, New York, USA, fCenter for the Researcher 
Support, gDepartment of Cancer Prevention, hMolecular Oncology Research 
Center and iDepartment of Pathology, Pio XII Foundation, Barretos Cancer 
Hospital, Barretos, Brazil 

Correspondence to Rebecca R. Richards-Kortum, PhD, 6500 Main Street, 
Houston, Texas 77030, USA 
Tel: + 1 713 348 5869; e-mail: rkortum@rice.edu 

Received 9 July 2015 Accepted 5 November 2015 

because of the implementation of organized screening 
programs based on Pap and/or HPV testing, diagnosis by 
colposcopy and biopsy, and timely treatment of cervical 
precancer and early-stage cancer. However, many low-
income and middle-income countries have been unable 
to implement such screening programs because of 
the high cost of the necessary infrastructure and the lack 
of qualified personnel (Wright and Kuhn, 2012; 
López-Gómez et al., 2013). Screening programs are also 

0959-8278 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved. DOI: 10.1097/CEJ.0000000000000219 

Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved. 

mailto:rkortum@rice.edu


64 European Journal of Cancer Prevention 2017, Vol 26 No 1 

hampered by loss to follow-up of screen-positive women, 
who do not receive accurate diagnosis and timely treat-
ment. As a result, many women still die needlessly from 
cervical cancer. 

The World Health Organization (WHO) recently 
recommended alternative screening strategies for HPV 
DNA or visual inspection with acetic acid (VIA) and 
screen-and-treat (S&T) protocols, in which traditional 
programs based on Pap testing and diagnosis have not 
been implemented (WHO, 2013). However, like Pap 
testing, both VIA and HPV testing have limited specifi-
cities – that is, the vast majority of screen-positive women 
do not have cervical precancer or cancer. HPV detection 
cannot distinguish between benign high-risk HPV 
infections destined to resolve and those associated with 
the development of preinvasive and invasive cancer. In a 
study of 31 343 women screened with VIA in India, VIA 
had a positive predictive value of only 9.2% for high-
grade cervical precancer or cancer (Sankaranarayanan 
et al., 2007). In a subsequent study, Sankaranarayanan 
et al. (2009) randomized 131 746 women in rural India to 
receive either a single lifetime screening test (i.e. cytol-
ogy, VIA or HPV testing) or standard of care (cervical 
cancer health education). Both VIA and HPV testing 
were associated with low positive predictive values: 7.4% 
for VIA and 11.3% for HPV testing (Sankaranarayanan 
et al., 2009). Therefore, using only HPV or VIA screening 
would lead to substantial overtreatment. 

Thus, there is an important need for affordable tools to 
enable accurate, real-time diagnosis of cervical precancer 
and early invasive cancer in screen-positive women in 
low-resource settings. In an attempt to better detect early 
cervical neoplasia at the point of care in screen-positive 
women, flexible fiberoptic microscopes have been 
developed to provide real-time images of the morpholo-

gic features of the neoplasias in vivo. High-resolution 
optical techniques can image tissue with subcellular 
resolution to evaluate changes in epithelial morphology 
(Thekkek and Richards-Kortum, 2008). We developed a 
high-resolution microendoscope (HRME) capable of 
imaging epithelial cells in vivo (Muldoon et al., 2007; 
Pierce et al., 2011). The HRME utilizes a small (1 mm) 
fiberoptic probe placed in direct contact with the cervical 
epithelium, allowing real-time imaging of the underlying 
tissue. Utilizing the exogenous contrast agent proflavine, 
nuclear features including area, shape, and spacing can be 
observed in real time without the need for biopsy. 

Pilot studies of this technology have demonstrated the 
potential to discriminate between neoplastic and non-
neoplastic tissue in a variety of organ sites, including the 
esophagus (Pierce et al., 2011; Thekkek et al., 2012; Shin 
et al., 2015), the oral cavity (Muldoon et al., 2012; Pierce 
et al., 2012b; Miles et al., 2015), the colon (Parikh et al., 
2015), and the cervix (Pierce et al., 2012a; Quinn et al., 
2012). In this pilot study in Barretos, Brazil, we evaluate 

the diagnostic accuracy of the HRME imaging system in 
identifying precancerous lesions of the cervix in vivo. 

Methods 
Study overview 
The National Committee for Ethics in Research 
(CONEP) of Brazil and the Institutional Review Boards 
from Hospital de Câncer de Barretos (Barretos, Brazil), 
MD Anderson Cancer Center, and Rice University 
(Houston, Texas, USA) reviewed and approved this 
study. Female patients residing in the state of São Paulo, 
Brazil, were eligible to participate if they had been 
referred to Hospital de Câncer de Barretos for colposcopy 
because of a subset of abnormal Pap tests. Eligible 
referral Pap tests included low-grade squamous intra-
epithelial lesions, high-grade squamous intraepithelial 
lesions (HSILs), atypical squamous cells – cannot 
exclude HSIL (ASC-H), and atypical glandular cells. A 
Pap diagnosis of atypical squamous cells of undetermined 
significance was generally insufficient for inclusion, 
unless the patient had a previous, more severe Pap 
diagnosis. Exclusion criteria included women who were 
pregnant, had had a hysterectomy, or were nursing. 

High-resolution microendoscope 
The HRME is a battery-powered, fiberoptic fluorescence 
microscope. The design of the system has been descri-
bed in detail previously (Muldoon et al., 2007; Pierce 
et al., 2011). The device is approved only for investiga-
tional use. An image of the system is provided in Fig. 1. 
The system is designed to image the cervical epithelium 
following topical application of proflavine, a fluorescent 
contrast agent that stains cell nuclei. Proflavine has a 
history of safe clinical use as a topical antiseptic 
(Wainwright, 2001), although its use as a contrast agent is 
investigational. Proflavine has a peak excitation wave-
length of 445 nm and a peak emission wavelength of 
510 nm. The HRME system provides excitation light to 
the tissue through a blue LED, with a center wavelength 
of 455 nm. The light is collimated, filtered, and directed 
into a 1.0-mm-diameter flexible fiberoptic bundle con-
taining 30 000 individual fibers. The proflavine dye is 
applied topically to stain epithelial cell nuclei, and the 
fiber bundle is placed in gentle contact with the tissue 
site to be imaged. Proflavine fluorescence is then cap-
tured by the same fiberoptic bundle, filtered, and 
focused onto a battery-powered charge-coupled device 
sensor. The image is displayed in real-time on a laptop 
computer, which also controls image acquisition. The 
charge-coupled device captures video at 10 frames/s. 

Study procedure 
After consenting to participate in the study, each woman 
was first interviewed by a trained healthcare professional 
to obtain basic demographic information. All women 
underwent a urine-based pregnancy test before pro-
ceeding with the study. Next, routine colposcopy with 
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Fig. 1 

Picture of the high-resolution microendoscope (HRME) system (Quinn 
et al., 2012). 

5% acetic acid was performed to identify acetowhite 
lesions on the cervix. If acetowhite lesions were identi-
fied, 0.01% proflavine in sterile water was applied to the 
cervix using a spray bottle. The cervix was wiped with a 
cotton swab to ensure even distribution of proflavine. 
The clinician then applied 5% Lugol’s iodine to the 
cervix, and any lesion that excluded iodine staining was 
noted. Finally, 0.01% proflavine was re-applied to ensure 
a strong fluorescence signal. The clinician then placed 
the distal tip of the fiber probe in gentle contact with 
each suspicious region identified during colposcopy and 
acquired a 2 s video from each site. The clinician also 
placed the HRME probe and acquired videos from a site 
that appeared by colposcopy to be normal squamous 
epithelium. The entire imaging procedure lasted less 
than 10 min. After HRME imaging was performed, a 
biopsy was obtained from each suspicious site and sub-
mitted for histopathological diagnosis. 

Each biopsy was examined by two pathologists at 
Hospital de Câncer de Barretos, referred to in this 
manuscript as the clinical pathologists. All biopsies were 
also independently reviewed by a study pathologist at the 

University of Virginia. Samples were classified as normal, 
inflammation, cervical intraepithelial neoplasia (CIN) 
grade 1 (CIN1), CIN grade 2 (CIN2), CIN grade 3 
(CIN3) or cancer on the basis of standard criteria (Richart, 
1973). All pathologists were blinded to the HRME ima-

ges and to the other pathologists’ diagnoses. The two 
clinical pathologists came to a consensus diagnosis in any 
case in which their initial diagnoses disagreed. In cases in 
which the clinical pathologists’ and study pathologists’ 
diagnoses did not agree, the samples were classified as 
the more severely neoplastic diagnosis. 

Data analysis 
A researcher blinded to the histopathologic diagnosis 
selected the highest quality frame from each video with 
respect to clarity of focus. Sites were excluded from 
further analysis if more than 50% of the HRME image in 
the highest quality frame was out of focus or obscured by 
debris at the probe tip. The remaining images were 
analyzed using a custom Matlab 2012b script, designed to 
segment individual nuclei in each image and to quantify 
nuclear area and eccentricity. Briefly, the program first 
finds the outline of the fiber bundle and removes signal 
outside its boundary. Next, the image is Gaussian-filtered 
to remove image artifacts due to the outline of individual 
fiber cores in the image. After the Gaussian filter is 
applied, a top-hat filter is used to reduce background and 
increase contrast between nuclei and the background. 
This new image is used to automatically select a region of 
interest (ROI). The ROI is calculated automatically by 
first selecting the entire area inside the fiber boundary. 
Next, areas of the image that are too dimly lit, saturated, 
or homogeneous are removed from the ROI. After the 
final ROI is determined, a binary threshold is applied to 
segment individual nuclei from the background. The 
threshold value is chosen automatically by Otsu’s method 
(Otsu, 1979). The nuclear-to-cytoplasmic ratio, the mean 
and median nuclear area, the SDs of the nuclear area, the 
median perimeter, and the median eccentricity are cal-
culated and recorded for each image. 

A test of trend (Cuzick, 1985) was used to examine the 
relationship between HRME categorizing the lesion as 
positive (CIN2 + ) and severity of histopathologic diag-
nosis by the study pathologists. Fisher’s exact test was 
used to test for differences in HRME positivity for CIN2 
or more severe diagnoses (CIN2 + ) versus < CIN2 
diagnoses. Sensitivity, specificity, and odds ratios (ORs) 
with 95% confidence intervals (95% CIs) were calculated 
for HRME detection of CIN2 + and CIN3 or more 
severe diagnoses (CIN3 + ). P-values of less than 0.05 
were considered statistically significant. 

Results 
A total of 59 patients were enrolled in the study between 
17 June 2013 and 21 June 2013. All patients successfully 
underwent HRME imaging without any adverse event. 
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The median age was 34 years (range: 18–67 years). 
Referral Pap tests showed: atypical squamous cells of 
undetermined significance (n = 1, 1.7%), low-grade 
squamous intraepithelial lesion (n = 7, 11.9%), HSIL 
(n = 20, 33.9%), ASC-H (n = 29, 49.2%), and atypical 
glandular cells (n = 2, 3.4%). HRME images were 
obtained from 84 colposcopically abnormal sites and 59 
colposcopically normal sites. Fifty-nine of the 84 col-
poscopically abnormal sites imaged and biopsied were 
adequate for evaluation. Forty-nine of the 59 colposco-
pically normal sites imaged passed quality control review. 
Table 1 summarizes the colposcopic impression and 
consensus histologic diagnosis for the sites imaged with 
the HRME that passed quality control review. 

Table 2 summarizes the agreement between the clinical 
and study pathologists for the sites with images passing 
quality control review. For 75% of these sites, the diag-
noses provided by the clinical and study pathologists 
were identical. In cases in which the diagnosis differed, 
they did not disagree by more than one degree; for 
example, CIN2 versus CIN3. 

Figure 2 shows representative HRME images for each 
histologic diagnosis, progressing from a normal squamous 
epithelium in Fig. 2a to CIN3 in Fig. 2f. The figure 
illustrates the changes seen in underlying nuclear size, 
shape, and crowding. Whereas normal tissue shows small, 
well-spaced uniform nuclei, high-grade dysplasia features 
large, crowded, irregularly shaped nuclei. In some cases, 
HRME images of CIN3 and cancer show prominent 
vessels (Fig. 2f). In this study, vessels were present in 
three of the 24 cases of CIN3 or cancer and were not 
present in any other histological classification. 

We evaluated the ability of each quantitative nuclear 
feature to discriminate between < CIN2 and CIN2 + . 
Two parameters – the mean nuclear area and the median 
nuclear eccentricity – provided the clearest delineation 
between neoplastic and non-neoplastic sites. Eccentricity 
is a measure of the circularity of an object; the higher the 
eccentricity the less circular the object is. As cells pro-
gress from low-grade to high-grade disease, their eccen-
tricity and mean nuclear area both increase (Drezek et al., 
2003). Figure 3 shows a scatter plot graph of median 
nuclear eccentricity versus mean nuclear area for the 108 
sites passing quality control. Using these two parameters, 

we were able to separate the 59 biopsied sites into 
< CIN2 and CIN2 + populations, with a sensitivity of 
92% (34/37, 95% CI = 78.1–98.2%) and a specificity of 
77% (17/22, 95% CI = 54.6–92.1%). The OR, as a mea-

sure of association and accuracy of HRME with CIN2 + , 
was 38.5 (95% CI = 8.2–181). There was a significant 
trend of increasing HRME positivity with increasing 
severity of diagnosis (Ptrend < 0.001), and HRME posi-
tivity was strongly associated with a CIN2 + diagnosis 
(P < 0.001). Using the same cutoff to separate biopsied 
sites into < CIN3 and CIN3 + results in a sensitivity of 
96% (23/24, 95% CI = 78.8–99.3%) and a specificity of 
54% (19/35, 95% CI = 36.7–71.2%). The OR for CIN3 + 
was 27.3 (95% CI = 3.3–225). 

Figure 3 also shows the value of these parameters for the 
49 colposcopically normal sites. All but three colposco-
pically normal sites were classified as non-neoplastic. 
Table 1 lists the fraction of sites that were classified as 
neoplastic according to these HRME parameters by col-
poscopic impression and histologic diagnosis, where 
available. All of the sites diagnosed as cancers and 95% of 
the sites diagnosed as CIN3 were correctly classified as 
neoplastic on the basis of HRME images. Only 6% of 
colposcopically normal sites were classified as HRME 
positive. 

We also explored whether the fraction of sites classified 
as neoplastic was related to interobserver agreement 
between the clinical and study pathologists. Figure 4 
shows a bar graph of the fraction of sites classified as 
neoplastic by the HRME versus the histologic diagnosis 
of the pathologists. In cases in which the clinical and 
study pathologists both provided a diagnosis of CIN1, 
only 29% of the samples were classified as neoplastic on 
the basis of the HRME image. In contrast, in cases in 
which the pathologists provided differing diagnoses of 
CIN1 or CIN2, 67% of the samples were classified as 
neoplastic by HRME imaging. Similarly, in cases in 
which the clinical and study pathologists both provided a 
diagnosis of CIN2, 90% of the samples were classified as 
neoplastic on the basis of the HRME image. In contrast, 
in cases in which the pathologists provided differing 
diagnoses of CIN2 or CIN3, 100% of the samples were 
classified as neoplastic by HRME imaging. Thus, if 
either the clinical or study pathologist classified the 

Table 1 Fraction of sites classified as positive by HRME image analysis versus colposcopic impression and histologic diagnosis 

Colposcopic impression Histologic diagnosis Number of sites measured passing QC review Number of sites HRME positive % HRME positive 

Normal 
Abnormal 
Abnormal 
Abnormal 
Abnormal 
Abnormal 

NA 
Normal/inflammation 

CIN1 
CIN2 
CIN3 
Cancer 

49 
8 

14 
13 
21 
3 

3 
2 
3 

11 
20 
3 

6 
25 
21 
85 
95 
100 

The HRME system was used to collect images from 108 sites in 59 patients referred to Hospital de Câncer de Barretos between 17 June 2013 and 21 June 2013 on the 
basis of an abnormal Pap test. The colposcopic impression, histopathologic diagnosis, and HRME diagnosis are reported for each site passing quality control. 
CIN, cervical intraepithelial neoplasia; HRME, high-resolution microendoscope; QC, quality control. 
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Table 2 Comparison of the histologic diagnosis made by the clinical pathologists and the study pathologist for all 59 colposcopically 
abnormal sites 

Study pathologist 

Clinical pathologists Negative CIN1 CIN2 CIN3 Cancer Total 

Negative 8 1 0 0 0 9 
25% HRME + 0% HRME + 

CIN1 6 7 3 0  0  16  
17% HRME + 29% HRME + 67% HRME + 

CIN2 0 0 10 2 0  12  
90% HRME + 100% HRME + 

CIN3 0 0 2 17 0  19  
100% HRME + 94% HRME + 

Cancer 0 0 0 1 2 3 
100% HRME + 100% HRME + 

Total 14 8 15 20 2 59 

The clinical pathologists were the two pathologists working at Hospital de Câncer de Barretos and the study pathologist refers to a blinded third pathologist at the 
University of Virginia. The bold text in the boxes along the diagonal indicates cases in which the clinical and study pathologists agreed exactly on the histologic diagnosis. In 
each category, the fraction of sites that was classified as neoplastic based on features of the HRME image is indicated. 
CIN, cervical intraepithelial neoplasia; HRME, high-resolution microendoscope. 

Fig. 2 

100 μm 

100 μm 100 μm 100 μm 

100 μm100 μm 

(a) (b) (c) 

(d) (e) (f) 

Representative HRME images of the cervical epithelium stained with proflavine and Lugol’s iodine. (a) HRME image of a colposcopically normal site 
shows round, small, evenly spaced nuclei. (b–f) HRME images of colposcopically abnormal sites. (b) HRME image of a site with a histologic diagnosis 
of inflammation, characterized by evenly spaced, small, crowded nuclei. (c) HRME image of a site with a histologic diagnosis of CIN1, with slightly 
enlarged, evenly spaced nuclei. (d) HRME image of a site with a histologic diagnosis of CIN2 with enlarged, crowded, pleomorphic nuclei. (e) HRME 
image with a histologic diagnosis of CIN3 showing similar features to CIN2, with more pronounced nuclear crowding and pleomorphism. (f) HRME 
image of a second site diagnosed as CIN3 with very prominent vessels visible. CIN, cervical intraepithelial neoplasia; HRME, high-resolution 
microendoscope. 

biopsy as high grade, the HRME diagnosis was more 
likely to be positive. 

Discussion 
This pilot study demonstrates the ability to use para-
meters derived from HRME images to objectively dis-
criminate between non-neoplastic and neoplastic cervical 

tissue with a low false-negative and false-positive rate. 
Two of the three sites that were falsely classified as 
negative on the basis of HRME image parameters had a 
histologic diagnosis of CIN2, a less reproducible and 
reliable diagnosis than CIN3 (Carreon et al., 2007). One 
additional possible cause for the false negatives in this 
study is imperfect correlation between the imaged 
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Fig. 3 

HRME classification by median eccentricity 
and mean nuclear area 
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Scatter plot of the mean nuclear area versus the median nuclear 
eccentricity calculated from HRME images for each site. The gold 
standard histologic diagnosis for colposcopically abnormal sites that 
were biopsied is indicated by the marker shown in the legend. The gold 
standard histologic diagnosis is defined as the more severe diagnosis 
between the clinical pathologists’ consensus diagnosis and the study 
pathologist’s diagnosis. The black line was selected to maximize 
accuracy for separation of neoplastic (CIN2 + ) and non-neoplastic 
(< CIN2 – i.e. normal, inflammation, CIN1) sites. CIN, cervical 
intraepithelial neoplasia; HRME, high-resolution microendoscope. 

Fig. 4 

HRME positivity vs. study and clinical pathologists’ 
histopathologic diagnosis
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Bar graph depicting the percentage of sites classified as neoplastic on 
the basis of features of the HRME image versus clinical and study 
pathologists’ histologic diagnosis. CIN, cervical intraepithelial neoplasia; 
HRME, high-resolution microendoscope. 

location and the biopsy location. In the future, mosaick-

ing could be implemented to acquire HRME images 
from a larger field of view in the ROI, reducing the 
chance of missing focal lesions (Bedard et al., 2012). All 
four of the sites (100%) classified as CIN2 by one 
pathologist and CIN3 by another pathologist were clas-
sified as neoplastic according to the HRME algorithm. 
However, when the clinical and study pathologists 

agreed on a CIN2 diagnosis, the HRME-based algorithm 
was falsely negative for one of 10 sites (10%); when they 
disagreed between a diagnosis of CIN1 and CIN2, one of 
three (33%) samples was falsely classified as negative. 
These results suggest that the HRME-based algorithm 
may identify nuclear changes present in more advanced 
CIN2 cases; however, a larger study is necessary to vali-
date this finding. 

The sensitivity and specificity reported here are for the 
59 sites that were colposcopically abnormal – that is, the 
subset of sites exhibiting acetowhitening. In a VIA 
screen-and-treat program, all 59 of these sites would be 
treated, including the 22 sites that were histologically 
non-neoplastic. Only five of these 22 (23%) sites were 
falsely classified as positive by HRME image analysis. 
Thus, in this study, the HRME would reduce over-
treatment compared with that when using VIA by 77%. It 
is not possible to determine if the images from colpos-
copically normal locations that were classified as abnor-
mal by HRME are truly falsely positive because these 
sites were not biopsied. These results support the con-
cept that HRME image parameters could be used to 
improve the specificity of screen-and-treat programs by 
quantitatively identifying nuclear features associated 
with neoplasia, without requiring a biopsy and pathology 
services. 

The 92% sensitivity and 77% specificity of the algorithm 
based on HRME image parameters reported here com-

pare favorably with a previous study that our group per-
formed in China (sensitivity = 100% and specificity = 
67%; Pierce et al., 2012a). In the previous study, the 
authors used the nuclear-to-cytoplasmic ratio to dis-
criminate between neoplastic and non-neoplastic sites. 
The majority of the false-positive sites (17/19, 89%) in 
the China study were sites with underlying chronic 
inflammation. One concern was that in low-resource 
settings, the higher rates of inflammation would lead to 
lower HRME-based specificity. Indeed, using only the 
nuclear-to-cytoplasmic ratio to classify the images 
acquired in the current study resulted in a sensitivity of 
76% and a specificity of 45%. We found that utilizing the 
mean nuclear area and the median eccentricity helped 
reduce the number of false positives. We hypothesize 
that these parameters are less susceptible to change due 
to inflammation than the nuclear-to-cytoplasmic ratio, as 
inflammation can lead to an increase in the nuclear-to-
cytoplasmic ratio due to nuclear crowding. Conversely, 
nuclear area remains small and nuclei do not exhibit 
significant pleomorphism. The addition and utilization of 
these parameters helped improve both sensitivity and 
specificity in this study population; however, more data 
are needed to validate inclusion of this parameter in 
HRME image classification. 

Although the results of this study are encouraging, there 
are limitations. Only 59 women were included in this 
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pilot study. A larger prospective study is necessary to 
validate the algorithm. In addition, lesions that are not 
visible by VIA will be missed by this modality. 
Furthermore, the HRME images from 30% of the sites 
that were biopsied did not pass quality control. This 
would result in an unacceptably high proportion of 
patients not receiving a diagnosis by HRME. To elim-

inate this problem, the software in future iterations of the 
device will provide feedback to the user to indicate 
whether an in-focus image was acquired. If the image is 
out of focus, the user will be prompted to acquire another 
image until an image of sufficient quality is obtained. 
After an image of sufficient quality is obtained, it will be 
analyzed immediately to provide an objective classifica-
tion of the underlying tissue as low-grade or high-grade. 
The end user will not be required to interpret the mean 
nuclear area and median eccentricity but will instead 
receive a direct diagnosis of ‘high grade’ or ‘not high 
grade’ from the software. This automated software has 
been developed and will be validated in a future study. 
The HRME system costs approximately $5000 and the 
cost of the reagents is negligible. We are currently testing 
versions of the device that cost under $2000 to better 
facilitate their use in low-resource settings. 

Further evaluation of the HRME modality in a large 
prospective study is ongoing. Our results suggest that 
HRME imaging may provide a low-cost, accurate, point-
of-care alternative to colposcopy and directed cervical 
biopsies for the diagnosis of cervical dysplasia in lower-
resource settings in which there is often a lack of colpo-
scopy and pathology services. Some settings may not 
accept a screen-and-treat strategy because of concerns of 
overtreatment and yet lack the diagnostic capacity to 
provide a biopsy-proven diagnosis. In these settings, we 
envision the technology being used in conjunction with 
VIA or HPV DNA screening. Women who screen posi-
tive would then be evaluated with the HRME for 
immediate treatment if indicated, thereby reducing los-
ses to follow-up. 
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