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Introduction: Direct visual inspection for cervical cancer screening remains controversial,
whereas colposcopy-biopsy is considered the gold standard for diagnosis of preneoplastic
cervical lesions.
Objectives: To determine the rates of cervical intraepithelial neoplasia grade 2 or more and
of false positives for colposcopy and direct visual inspection.
Materials and methods: Women aged 25-59 underwent direct visual inspection with acetic
acid (VIA), Lugol’s iodine (VIA-VILI), and colposcopy. Punch biopsies were obtained for all
positive tests. Using histology as the gold standard, detection and false positive rates were
compared for VIA, VIA-VILI, and colposcopy (two thresholds). Sensitivity and false positive
ratios with the corresponding 95% confidence intervals were estimated.
Results: We included 5,011 women in the analysis and we obtained 602 biopsies. Positivity
rates for colposcopy high-grade and low-grade diagnosis were 1.6% and 10.8%. Positivity
rates for VIA and VIA-VILI were 7.4% and 9.9%. VIA showed a significantly lower detection
rate than colposcopy with low-grade diagnosis as the threshold (SR=0.72; 95% CI 0.57-0.91),
and significantly lower false positive rate (FPR=0.70; 95% CI 0.65-0.76). No differences
between VIA-VILI and colposcopy low-grade threshold were observed. VIA and VIA-VILI
showed significantly higher detection and false positive rates than colposcopy high-grade
threshold. Sensitivity rates for visual inspection decreased with age and false positive rates
increased. For all age groups, false positive rates for VIA and VIA-VILI were significantly
higher than colposcopy.
Conclusions: Detection rates for VIA-VILI similar to colposcopy low-grade threshold
represent a chance to reduce cervical cancer mortality through see-and-treat approaches
among women with limited access to health care. Lower detection rates suggest reviewing
high-grade colposcopy findings as the threshold for biopsy in certain settings.
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Introducción. La inspección visual directa para la tamización del cáncer cervical sigue
siendo controversial, mientras que la colposcopia y la biopsia siguen considerándose como
métodos de referencia para diagnosticar lesiones cervicales precancerosas.
Objetivo. Determinar las tasas de detección de neoplasia intraepitelial cervical de grado 2
y de los falsos positivos en la colposcopia y la inspección visual directa.
Materiales y métodos. Se seleccionaron mujeres de 25 a 59 años sometidas a citología
convencional, inspección visual directa con ácido acético y disolución de Lugol y
colposcopia. Se practicó biopsia en todas las pruebas positivas. Utilizando la histología
como el medio de verificación de referencia, se compararon las tasas de detección y de
falsos positivos de cada prueba. Se estimaron las razones de sensibilidad y de falsos
positivos con los correspondientes intervalos de confianza.
Resultados. Se incluyeron 5.011 mujeres. Las colposcopias positivas de alto y bajo
grado correspondieron a 1,6 y 10,8 %, respectivamente. La inspección visual directa con
ácido acético y solución yodada de Lugol fue positiva en 7,4 y 9,9 %, respectivamente.
La inspección visual directa con ácido acético tuvo tasas de detección y falsos positivos
significativamente menores que la coloscopia con umbral de bajo grado (razón de
sensibilidad: 0,72; IC95% 0,57-0,91; razón de falsos positivos: 0,70; CI95% 0,65-0,76); no
hubo diferencias entre la inspección visual directa con solución yodada de Lugol y la
colposcopia con dicho umbral. Las tasas de detección y de falsos positivos de los dos tipos
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de inspección visual fueron significativamente más altas que las de la colposcopia con el
umbral de alto grado. Las tasas de detección de la inspección visual disminuyeron con la
edad y las de falsos positivos aumentaron.
Conclusiones: Las tasas de detección similares para la inspección visual directa con
ácido acético o con solución yodada de Lugol y la colposcopia con umbral de bajo grado
representan una oportunidad para reducir la mortalidad por cáncer de cuello uterino
cuando el acceso a los servicios de salud es limitado. Las tasas de detección más bajas
para la colposcopia con umbral de alto grado sugieren la necesidad de revisar dicho
umbral en ciertos entornos.
Palabras clave: neoplasias del cuello uterino; tamizaje masivo; sensibilidad y
especificidad; colposcopia; Colombia.

Cervical cancer persists as a relevant cause of cancer mortality among
women from developing countries where 83.1% of cases and 85.5% of
deaths occur (1). From 2007 to 2011, 4,462 cases and 1,861 deaths due to
this cancer per year were estimated in Colombia and it remains a leading
cause of cancer mortality among women (2).
Cervical cytology has been the main strategy for cervical cancer early
detection. After the introduction of massive screening, a reduction of invasive
cervical cancer incidence and mortality was observed in most developed
countries (3); conversely, conventional cytology has not reduced cervical
cancer mortality in the majority of developing nations. Cytology is a highly
specific technique, however, it is only moderately sensitive (about 50%) (4);
therefore, cytology-based screening programs require frequent examinations
and multiple visits to healthcare centers in order to complete the entire
process for screening, diagnosis, and treatment of cervical intraepithelial
neoplasia (CIN). The above mentioned factors, combined with limited access
to healthcare services, have been cited as the main restraints on successful
cervical cancer screening in low- and middle-income countries (5).
Alternative approaches have been evaluated as a means of improving
screening performance. HPV tests have demonstrated high sensitivity
(about 90%) but no impact on the number of visits for follow-up of screened
women with positive results (4,5). Recently, a new generation of HPV tests
has been developed to provide rapid results allowing for the possibility
of conducting immediate treatment of preneoplastic lesions (6); however,
strategies for immediate triage to select women for treatment during the
same visit are still under elucidation.
Direct visual inspection with acetic acid (VIA) or Lugol’s iodine (VILI)
has been evaluated in several studies in developing countries (7). The
main advantage of VIA and VILI is the immediate report that allows for
treatment of preneoplastic lesions during the same visit thereby reducing
the difficulties for follow-up of screened women with positive results. VIA
and VILI have been compared with conventional cytology and HPV tests
showing higher sensitivity than the former but lower than the latter (4,7).
Moreover, the evaluation of VIA with magnification lenses (VIAM) has
revealed no improvement in sensitivity or specificity compared with nakedeye visual inspection (8).
On the other hand, colposcopy provides a potent magnified visual evaluation
of the cervix with the help of acetic acid and Lugol’s iodine. The use of colposcopy
for the diagnosis of cervical lesions and the orientation of cervical biopsies
is widely accepted and studies of diagnostic accuracy in this field generally
apply colposcopy (and oriented biopsy) as the reference standard. However,
colposcopy as a screening test has reported only moderate proficiency (8;9).
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The aim of our study was to compare the data on colposcopy and direct
visual inspection proficiency as screening tools in see-and-treat scenarios for
CIN2-3 or cancer detection in a Latin American population.
Materials and methods
A diagnostic accuracy study was conducted with 5,011 women from three
low-income districts in Bogotá, Colombia. The protocol was approved by the
Ethical Committee at the Instituto Nacional de Cancerología of Colombia.
The detailed methodology has been described elsewhere (10). Women
were consecutively recruited at primary care centers. In one visit, each
woman underwent consecutive conventional cytology, VIA, VILI, and
colposcopy. Both VIA and VILI had the same provider, a nurse, who had
taken a one-week training course. Colposcopy was performed by expert
gynecologists from the Hospital de San José. Interpreters for conventional
cytology, VIA-VILI, and colposcopy were blinded from each other and punch
biopsies were obtained independently for any positive VIA, VIA-VILI or
colposcopy (Reid index ≥1) results. If cytology reported a high-grade lesion
(high-grade squamous intraepithelial lesion, HSIL) or more, and the visual
techniques were negative, the patient underwent a second colposcopy.
Positive VIA corresponded to acetowhite growths or definite lesions close
to the squamocolumnar junction. Positive VILI corresponded to yellow nonuptake iodine areas close to the squamocolumnar junction. For comparative
purposes, we defined two colposcopy thresholds: Low-grade CIN and highgrade CIN diagnoses (Reid index: 0-2 and 3-8, respectively) (10).
Based on the independent collection of histological samples for any
positive visual technique, the biopsy was assumed to be the gold standard.
Excluding colposcopy from the gold standard induces a verification bias
since only screened women with positive results underwent biopsy and, thus,
neither sensitivity nor specificity could be directly estimated for comparative
purposes. To tackle this problem, we compared detection rates and false
positive rates conducting the analysis according to Sullivan (table 1) (11).
The detection rate (DR) corresponds to the joint probability for the test
and the gold standard to be positive (DR = P(Y=1, D=1)), false positives
correspond to the joint probability for the test to be positive and the gold
standard to be negative (FP = P(D=0,Y=1)), and the disease prevalence
Table 1. Framework for screening tests analysis
Biopsy
Positive (D=1)

Negative (D=0)

Test A negative
(YA=0)

Test A positive
(YA=1)

Test A negative
(YA=0)

Test A positive
(YA=1)

Test B negative (YB=0)

?

b

?

f

Test B positive (YB=1)

c

d

g

h

To compare colposcopy with direct visual inspection we did not assume colposcopy as the
gold standard; consequently, we solved the verification bias by comparing detection and
false positive rates between the two techniques according to Sullivan (11). Detection rates
correspond to the product of multiplying test sensitivity by the prevalence of disease and
false-positive rates correspond to the proportion of false-positive results multiplied by the
complement of disease prevalence.
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corresponds to the probability for the gold standard to be positive (P(D=1)).
Therefore, the DR for a given test (A or B) corresponds to the product
of multiplying its sensitivity by the prevalence of the disease (DRA =
((b+d)/(c+d+b+?)) * ((c+d+b+?)/N) in table 1), FP for a given test (A or
B) corresponds to its proportion of false positive results multiplied by the
complement of the disease prevalence (FPA = ((f+h)/(g+h+f+?))*((g+h+f+?)/N)
in table 1). Since our study had a parallel design, the prevalence of the
disease was the same for all tests allowing for direct comparison.
Accordingly, we compared colposcopy with VIA and VIA-VILI by
determining sensitivity ratios (SR=DRVIA/DRColpo and SR=DRVIA-VILI/DRColpo)
and false positive ratios (FPR=FPVIA/FPColpo and FPR=FPVIA-VILI/FPColpo).
A comparison of VIA and VIA-VILI had already been reported estimating
sensitivity and specificity for both tests when using colposcopy and biopsy as
the gold standard (10). The biopsy was considered positive with a report of
CIN grade 2 or more.
The variance for sensitivity ratios and false positive ratios was estimated,
and the corresponding 95% confidence intervals reported: Var (log SR) =
(DRA + DRB - 2SR)/(N DRA* DRB) Var (log FPR) = (FPA + FPB - 2FPR)/(N FPA*
FPB), where SR corresponds to the joint probability for both tests and the
gold standard to be positive (P (YA = YB =1, D=1)), and FPR corresponds to
the joint probability for both tests to be positive and the gold standard to be
negative (P(YA=YB=1,D=0)). The analysis was carried out with Stata 13.0™.
Results
In total, 54 women were excluded for various reasons (12) and 4,957
underwent screening from whom 602 biopsies were obtained (figure 1). The
average age was 39.2 years (range: 25-59). Positivity rates for colposcopy
were 1.6% when using the high-grade CIN threshold, and 10.8% for the
low-grade CIN threshold. Positivity rates for VIA and VIA-VILI were 7.4% and
9.9%, respectively.
VIA revealed a significantly lower detection rate than colposcopy lowgrade CIN threshold (SR 0.72, 95%CI: 0.57-0.91) and simultaneously
reported a significantly lower false-positive rate (FPR 0.70, 95%CI 0.65-0.76)
(table 2). No significant differences between VIA-VILI and colposcopy were
observed when using this colposcopy threshold.
Using the high-grade CIN threshold for colposcopy, both VIA and VIA-VILI
showed significantly higher detection and false positive rates (table 2). Detection
rate for VIA-VILI was twice the correspondent detection rate for colposcopy and
its false positives were eight times higher than those for colposcopy.
Sensitivity rates for VIA and VIA-VILI decreased with age (figure 2).
Between ages 25 and 49, VIA-VILI showed higher sensitivity rates than VIA
alone when compared to colposcopy but without significant differences. Both
tests had significantly higher detection rates than colposcopy between ages
30-39 (SRVIA/Colpo2.4, CI95%: 1.3-4.2; and SRVIA-VILI/Colpo2.8, CI95%: 1.5-5.0). No
major changes with age were observed for sensitivity rates when using the
low-grade CIN colposcopy threshold.
The false positive rates for VIA and VIA-VILI increased with age, being
particularly high over age 50 (figure 2). For all age groups, the VIA and VIAVILI probability of false positives was significantly higher than colposcopy.
Between ages 30-59, VIA-VILI revealed higher sensitivity rates than VIA alone
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Women 25-59
(n=4,957)

All tests negative

All tests positive

VIA, VILI, or
colposcopy*

464

VIA

2

VILI

27

Colposcopy**

109

4,355

602
Test

Colposcopy LG

Colposcopy HG+

VIA

VIA-VILI

Positive women

454

80

368

493

Figure 1. Study flow chart
VIA: Visual inspection with acetic acid; VILI: Visual inspection with Lugol iodine; LG: Low grade; HG: High grade
* VIA and VILI 45; VIA and colposcopy 4; VILI and colposcopy 103; VIA, VILI, and colposcopy 312; colposcopic
evaluation without previous screening report
** Initial colposcopic evaluation negative with a second colposcopic evaluation after low-grade lesion reported
on conventional cytology. They were included to integrate the histopathology evaluation in the gold standard
without considering them for assessment of colposcopy detection or false positive rates. The figure describes
specific test positivity.

Table 2. Detection and false positive rates contrasting VIA, VIA-VILI, and colposcopy

Colposcopy low grade threshold
VIA/Colposcopy
VIA-VILI/Colposcopy
Colposcopy low grade threshold
VIA/Colposcopy
VIA-VILI/Colposcopy

SR

95% Cl

FPr

95% Cl

0.72
0.92

0.57-0.91
0.75-1.12

0.70
0.96

0.65-0.76
0.91-1.01

1.57
2.00

1.10-2.23
1.41-2.83

5.75
7.88

4.46-7.41
6.12-10.13

VIA: Visual inspection with acetic acid; VILI: Visual inspection with Lugol iodine; SR: Sensitivity ratio;
FPR: False positive ratio

when compared with colposcopy but without significant differences. For the
low-grade colposcopy threshold no major changes with age were observed;
nevertheless, VIA had a significantly lower false-positive rate than colposcopy
in all age groups.
Discussion
Several studies have evaluated alternatives to conventional cytology
attempting to improve the performance of screening programs in developing
countries and the accuracy of cervical cancer screening tests is currently
a topic of major discussion. In addition, low access to regular healthcare
is observed as one of the major restraints for such settings inducing low
69

Visual techniques for cervical cancer screening

Biomédica 2019;39:65-74

A. Sensitivity rates
4
VIA/Colposcopy LG
VIA-VILI/Colposcopy LG

Sensitivity rate

3

VIA/Colposcopy HG
VIA-VILI/Colposcopy HG

2

1

0
25-29

30-39

40-49

50-59

40-49

50-59

Age

B. False positive rates
20
VIA/Colposcopy LG

False positive rate

VIA-VILI/Colposcopy LG

15

VIA/Colposcopy HG
VIA-VILI/Colposcopy HG

10

5

0
25-29

30-39

Age

Figure 2. Sensitivity ratios and false positive ratios according to age group
VIA: Visual inspection with acetic acid; VILI: Visual inspection with Lugol iodine; LG: Low grade; HG: High grade

screening adherence and follow-up of screened women with positive results;
accordingly, see-and-treat approaches have been proposed as a promising
alternative to reduce cervical cancer mortality in low-income regions (8).
Colposcopy and directed biopsy are considered the gold standard for
CIN diagnosis. High specificity is the principal advantage of colposcopy and
guidance for the diagnostic biopsy is frequently highlighted as the principal
role of colposcopy; moreover, earlier data revealed an 83-84% agreement for
CIN2+ diagnosis between colposcopy guided biopsies and loop excision (12).
Although direct visual inspection for cervical cancer screening uses the
same technical principles as colposcopy, it is still controversial. The main
concerns about VIA and VILI are their low specificity and reliability (7). Indeed,
several studies have shown significantly lower specificity for direct visual
inspection than for conventional cytology but, simultaneously, they have
demonstrated a similar or higher sensitivity (particularly for VILI) (7).
Taking into account the advantages and restraints of visual screening
techniques means that careful application is paramount in areas where
high cervical cancer risk and low access to healthcare services sustains its
greatest suitability, spaced out from areas with proper access to healthcare
where women can seek screening, diagnosis, and treatment in several visits
(10). Hence, the availability of immediate results allowing for immediate
treatment, the low cost, and the implementation feasibility of visual screening
in the former scenarios stress the need for an unbiased appraisal.
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Our study is one of the first to compare colposcopy, VIA, and VILI in Latin
America where many areas lack the necessary infrastructure and resources
to maintain an organized screening program based on Pap-smear (several
visits). The results show higher detection rates for VIA and VIA-VILI over
colposcopy when the high-grade CIN colposcopic diagnosis is used as the
positive threshold but the difference disappears if the threshold for colposcopy
is changed to low-grade CIN diagnosis; for this latter cutoff point, colposcopy
detects more CIN2+ than VIA alone.
These data revealed a lack of correlation between high-grade colposcopic
appearance and CIN2+ diagnosis. The use of colposcopy without the
guidance of a previous test (screening) has been debatable. Blinded
colposcopies have shown lower accuracy than diagnostic colposcopies
after a positive screening test (8,13,14). In addition, previous reports have
demonstrated that colposcopy sensitivity increases considerably when
taking additional biopsies to those guided by the colposcopic appearance
of high-grade CIN (15,16). The detection of CIN2+ increases up to 37%
when additional biopsies are obtained (15,17) and this increase has been
demonstrated to be determined by the number of biopsies, regardless of the
provider. The reason for the expanded detection is apparently related to the
small size of several CIN2+ lesions because a correlation between falsenegative colposcopy and thinner lesions has been observed (14,18-20).
The present study results corroborate the high specificity of colposcopy
but this goes together with a lower detection rate suggesting that colposcopy
diagnosis (low-grade or high-grade) merits careful review as the basis for
orienting biopsies. These findings highlight the limitations of visual techniques
for screening purposes (with or without magnification), but they also reveal to
some extent the need for improving CIN diagnostic methods.
VIA-VILI reproduces the colposcopic procedure (without magnification) and
certain studies have shown no gain when adding magnification to direct visual
inspection with acetic acid (8). However, colposcopy provides considerably
more detailed information on the cervical epithelium leading to more precise
CIN diagnoses as demonstrated by its lower false positive rates. Furthermore, a
meta-analysis showed a high correlation between direct VIA or VILI (higher for
VILI) and colposcopy used as the gold standard (7) confirming our results where
VIA-VILI had no significant differences with colposcopy low-grade threshold.
On the other hand, the false positive rates showed an opposite tendency with
higher values for VIA and VIA-VILI when compared to colposcopy high-grade
CIN threshold but, again, the difference disappeared for the low-grade threshold
highlighting the fact that the accuracy of VIA-VILI was equivalent to colposcopy
low-grade CIN threshold for both detection and false positive rates.
The analysis according to age groups showed no major changes in
sensitivity and false positive rates for colposcopy low-grade CIN threshold.
Conversely, for the high-grade CIN threshold, colposcopy proved to be more
specific across age groups than either VIA or VIA-VILI because there were no
differences in detection rates but false positive rates were significantly higher.
This latter observation is particularly relevant in postmenopausal women
(over age 50) and the variation was greater for VIA alone since the detection
rates for ages 40 and over significantly decreased. Previous studies on visual
inspection have found lower positive rates in postmenopausal women due to
the characteristics of the transformation zone for this age group (7-10); the
addition of high false positive rates might suggest a contraindication for direct
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visual inspection among women over fifty. A higher false positive rate induces
higher overtreatment in see-and-treat scenarios; yet, overtreatment with
ablative methods do have a low rate of side effects (21).
Additional limitations of visual screening are low reproducibility and lack
of experience in everyday settings. The existing information shows extensive
worldwide variation for direct visual inspection among studies (7), which
indicates that the training level, the experience in carrying out the tests, and the
regular evaluation of providers are key components for these techniques as it
would be for colposcopic screening. Furthermore, in Latin America, colposcopy
is provided only by trained gynecologists, a resource scarcely available in areas
with low access to health care; however, nurse colposcopy extends over many
developed and developing countries. Additionally, accuracy of colposcopy and
visual inspection has been shown to be similar when delivered by nurses or
physicians but dependent upon the level of training and expertise (22,23).
Despite the aforementioned restraints, a clinical trial revealed a reduction
in cervical cancer mortality of around 37% using VIA and immediate treatment
(same visit) (21), but this reduction could not be reproduced in a second trial
where the treatment was provided during a subsequent visit after colposcopic
evaluation thus resulting in a lower treatment rate (24). In a second study,
only HPV tests achieved a significant reduction in cervical cancer mortality
demonstrating the relevance of highly sensitive tests in which only a few
contacts for the target population are expected. Concordantly, economic
evaluations for developing countries have reported better cost-effectiveness
ratios for screening and treatment in one visit, as well as a progressive reduction
in screening proficiency when the number of visits is incremented (25).
VIA, and particularly VIA-VILI, have proven higher sensitivity than cytology (7).
In this sense, our study showed they have similar detection rates than colposcopy
using the low-grade diagnosis as the threshold, which opens a window for the
use of these techniques as screening methods in the context of see-and-treat
approaches aimed at reducing the number of visits. Accordingly, if rapid HPV
tests capable of producing immediate results were available, both techniques
used as reflex or triage tests for immediate treatment represent the chance for
reducing cervical cancer mortality for underserved women where see-and-treat is
a more suitable approach than screening programs based on multiple visits.
Although cervical cancer screening studies in developing countries
frequently have a verification bias, a proper analysis could lead to accurate
comparisons between screening alternatives avoiding underutilization of
available data. Visual techniques could help reducing cervical cancer mortality
by decreasing the number of visits between screening and treatment. In this
context, VIA-VILI and colposcopy with low-grade threshold were equivalent
and reported acceptable proficiency for screening purposes.

References
1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. GLOBOCAN 2012 v2.0,
Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 10. Lyon, France:
International Agency for Research on Cancer; 2013. Accesed on: March 12, 2017. Available
from: http://globocan.iarc.fr.
2. Pardo C, Cendales R. Incidencia, mortalidad y prevalencia estimada por cáncer en
Colombia, 2007-2011. Bogotá: Instituto Nacional de Cancerología; 2015. p. 37.
3. Parkin DM, Bray F. The burden of HPV-related cancers. Vaccine. 2006;24(Suppl.3):S311-S3/25. https://doi.org/10.1016/j.vaccine.2006.05.111

72

Biomédica 2019;39:65-74

Visual techniques for cervical cancer screening

4. Cuzick J, Clavel C, Petry KU, Meijer CJ, Hoyer H, Ratnam S, et al. Overview of the
European and North American studies on HPV testing in primary cervical cancer screening.
Int J Cancer. 2006;119:1095-101. https://doi.org/10.1002/ijc.21955
5. Murillo R, Almonte M, Pereira A, Ferrer E, Gamboa OA, Jerónimo J, et al.
Cervical cancer screening programs in Latin America and the Caribbean. Vaccine.
2008;26(Suppl.11):L37-48. https://doi.org/10.1016/j.vaccine.2008.06.013
6. Qiao YL, Sellors JW, Eder PS, Bao YP, Lim JM, Zhao FH, et al. A new HPV-DNA test for
cervical-cancer screening in developing regions: A cross-sectional study of clinical accuracy
in rural China. Lancet Oncol. 2008;9:929-36. https://doi.org/10.1016/S1470-2045(08)70210-9
7. Arbyn M, Sankaranarayanan R, Muwonge R, Keita N, Dolo A, Mbalawa CG, et al. Pooled
analysis of the accuracy of five cervical cancer screening tests assessed in eleven studies in
Africa and India. Int J Cancer. 2008;123:153-60. https://doi.org/10.1002/ijc.23489
8. Denny L, Quinn M, Sankaranarayanan R. Screening for cervical cancer in developing
countries. Vaccine. 2006;24(Suppl.3):S71-7. https://doi.org/10.1016/j.vaccine.2006.05.121
9. Cantor SB, Cárdenas-Turanzas M, Cox DD, Atkinson EN, Nogueras-González GM, Beck
JR, et al. Accuracy of colposcopy in the diagnostic setting compared with the screening setting.
Obstet Gynecol. 2008;111:7-14. https://doi.org/10.1097/01.AOG.0000295870.67752.b4
10. Murillo R, Luna J, Gamboa Ó, Osorio E, Bonilla J, Cendales R. Cervical cancer screening
with naked-eye visual inspection in Colombia. Int J Gynaecol Obstet. 2010;109:230-4. https://
doi.org/10.1016/j.ijgo.2010.01.019
11. Sullivan-Pepe M. The statistical evaluation of medical test for classification and prediction.
Oxford Statistical Science Series No. 28. New York: Oxford University Press; 2003. p. 178-210.
12. Ihonor AO, Cheung WY, Freites ON. A comparative study of the assessment of cervical
intraepithelial neoplasia in women having large loop excision of the transformation zone. J
Obstet Gynaecol. 1999;19:169-71. https://doi.org/10.1080/01443619965534
13. Cagle AJ, Hu SY, Sellors JW, Bao YP, Lim JM, Li SM, et al. Use of an expanded gold
standard to estimate the accuracy of colposcopy and visual inspection with acetic acid. Int J
Cancer. 2010;126:156-61. https://doi.org/10.1002/ijc.24719
14. Cox JT, Schiffman M, Solomon D. Prospective follow-up suggests similar risk of
subsequent cervical intraepithelial neoplasia grade 2 or 3 among women with cervical
intraepithelial neoplasia grade 1 or negative colposcopy and directed biopsy. Am J Obstet
Gynecol. 2003;188:1406-12. https://doi.org/10.1067/mob.2003.461
15. Gage JC, Hanson VW, Abbey K, Dippery S, Gardner S, Kubota J, et al. Number of
cervical biopsies and sensitivity of colposcopy. Obstet Gynecol. 2006;108:264-72. https://doi.
org/10.1097/01.AOG.0000220505.18525.85
16. Pretorius RG, Zhang WH, Belinson JL, Huang MN, Wu LY, Zhang X, et al.
Colposcopically directed biopsy, random cervical biopsy, and endocervical curettage
in the diagnosis of cervical intraepithelial neoplasia II or worse. Am J Obstet Gynecol.
2004;191:430-4. https://doi.org/10.1016/j.ajog.2004.02.065
17. Jerónimo J, Schiffman M. Colposcopy at a crossroads. Am J Obstet Gynecol.
2006;195:349-53. https://doi.org/10.1016/j.ajog.2006.01.091
18. Underwood M, Arbyn M, Parry-Smith W, De Bellis-Ayres S, Todd R, Redman CW, et al.
Accuracy of colposcopy-directed punch biopsies: A systematic review and meta-analysis.
BJOG. 2012;119:1293-301. https://doi.org/10.1111/j.1471-0528.2012.03444.x
19. Moss EL, Hadden P, Douce G, Jones PW, Arbyn M, Redman CW. Is the colposcopically
directed punch biopsy a reliable diagnostic test in women with minor cytological lesions? J
Low Genit Tract Dis. 2012;16:421-6. https://doi.org/10.1097/LGT.0b013e318250acf3
20. Yang B, Pretorius RG, Belinson JL, Zhang X, Burchette R, Qiao YL. False negative
colposcopy is associated with thinner cervical intraepithelial neoplasia 2 and 3. Gynecol
Oncol. 2008;110:32-6. https://doi.org/10.1016/j.ygyno.2008.03.003
21. Sankaranarayanan R, Esmy PO, Rajkumar R, Muwonge R, Swaminathan R,
Shanthakumari S, et al. Effect of visual screening on cervical cancer incidence and mortality
in Tamil Nadu, India: A cluster-randomised trial. Lancet. 2007;370:398-406. https://doi.
org/10.1016/S0140-6736(07)61195-7
22. Kilic G, England J, Borahay M, Pedraza D, Freeman D, Snyder R, et al. Accuracy of
physician and nurse practitioner colposcopy to effect improved surveillance of cervical
cancer. Eur J Gynaecol Oncol. 2012;33:183-6.

73

Biomédica 2019;39:65-74

Visual techniques for cervical cancer screening

23. Sherigar B, Dalal A, Durdi G, Pujar Y, Dhumale H. Cervical cancer screening by visual
inspection with acetic acid--interobserver variability between nurse and physician. Asian Pac
J Cancer Prev. 2010;11:619-22.
24. Sankaranarayanan R, Nene BM, Shastri SS, Jayant K, Muwonge R, Budukh AM, et al.
HPV screening for cervical cancer in rural India. N Engl J Med. 2009;360:1385-94. https://doi.
org/10.1056/NEJMoa0808516
25. Goldie SJ, Gaffikin L, Goldhaber-Fiebert JD, Gordillo-Tobar A, Levin C, Mahe C, et al.
Cost-effectiveness of cervical-cancer screening in five developing countries. N Engl J Med.
2005;353:2158-68. https://doi.org/10.1056/NEJMsa044278

74

