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Objective：The conventional Papanicolaou smear seems to be more accurate for detecting a high-grade squamous 
intraepithelial lesion (HSIL) than a low-grade squamous intraepithelial lesion (LSIL). The purpose of this study was to 

investigate false-negative results of conventional Pap smear cytology in women with cervical conization. 

Methods：This study was performed in Gynecologic Oncology Clinic of the Department of Obstetrics and Gynecology 
at Dankook University Medical Center from July 1, 1994 to December 31, 2004. 260 women from age 22 to 75 years had 

undergone conventional Papanicolaou cervical cytologic test and cervical conization. Conization was performed using 

‘cold-knife cone' method or ‘large electrosurgical excision procedure (LEEP) cone' method. The cervical cytology were 
studied in comparison with histology of conization specimens.

Results：Of the 260 histologic diagnoses, there were 41 (15.8%) diagnoses of chronic cervicitis, 8 (3.1%) of CIN 1, 18 

(6.9%) of CIN 2, 150 (57.7%) of CIN 3, 38 (14.6%) of SCC, 2 (0.8%) of AIS, 1 (0.4%) of ACC, and 2 (0.8%) of ASC. 
Pap cytology showed sensitivity of 97.9-98.2%, specificity of 4.9-6.7%, and false-negative rate of 1.8-2.2% according to 

the variables. 

Conclusion：Significantly false-negative rate of Pap cytology in women with conization was very low. And so, 
conventional Pap cytology is still clinically efficient for screening high-grade cervical lesions with adequate sampling 

technique. 
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INTRODUCTION

  Cancer of the cervix uteri is the second most 
common cancer among women worldwide, with an 
estimated 493,000 new cases and 274,000 deaths in 
2002.1 Some 83% of the cases occur in developing 
countries, where cervical cancer accounts for 15% of 
female cancers, with a risk before age 65 of 1.5%, 

while in developed countries it  accounts for only 
3.6% of new cancers, with a cumulative risk (ages 
0-64) of 0.8%.1 The highest incidence rates are 
observed in sub-Saharan Africa, Melanesia, Latin 
America and the Caribbean, South Central Asia, and 
South East Asia.2

  Mortality rates are substantially lower than 
incidence. Worldwide, the ratio of mortality to in-
cidence is 55%. Survival rates vary between regions. 
Because of cervical cancer affects relatively young 
women, it is an important cause of lost years of life 
in the developing world.2 Yang et al.3 found that it 
was responsible for 2.7 million (age-weighted) years 
of life lost worldwide in 2000 and it is the biggest 
single cause of years of life lost from cancer in de-
veloping world. But uniquely, cervical cancer re-
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mains eminently preventable. The key to prevention 
is the timely identification and management of pre-
cancerous lesions through accessible and affordable 
screening programs.4

  Traditional cervical screening methods are con-
ventional Papanicolaou smear cytology and the pel-
vic examination. Since Dr. George Papanicolaou in-
troduced this test for cervical cancer in 1939, the 
mortality rate for cervical squamous cell carcinoma 
in the United States decreased by 70-75% between 
1955 and 1992. Today over 50 million tests are con-
ducted annually in the United States.5 But un-
fortunately, this method contains numerous inherent 
opportunities for error leading to an acceptably high 
false negative rate. Many researchers have reported 
a false negative rate from 6% to 55%.6-10 The issue 
of false negative Pap smears was drawn to public 
attention in 1987 following a series of invetigative 
reports in the Wall Street Journal (November 2, 
1987:1, 20; December 29, 1987: 17). Linder and 
Zahniser11 summarized that the consequences of this 
and subsequent reports include the implementation of 
the Clinical Laboratory Improvement Amendments 
of 1988,12 an erosion in Public confidence in the Pap 
smear, an unprecedented liability crisis for those who 
practice cervical cytology,13 a dramatic increase in 
the percentage of cases designated ‘atypical squ-
amous cells of undetermined significance (ASCUS)’ 
as cytopathologists attempt to protect themselves 
from potential liability,14 overuse of colposcopy and 
cervical biopsy in treating women with ASCUS 
Pap,15 and the application of new technology to Pap 
testing. Researchers have shown that false negative 
errors-53-90% of total false negative errors are due 
to sampling and preparation rather than interpretation 
errors.8,10

  In February 1999, a report from AHCPR (the 
Agency for Health Care Policy and Research) in 
the US admitted that estimates of the sensitivity of 
conventional Pap screening are not as high as pre-
viously reported.16 The report mentioned that, 
based on the few studies that avoided severe bias-
es, conventional Pap smear cytology showed sensi-
tivity of 51% and specificity of 98%. Furthermore, 
the report stated that the conventional Pap test is 
more accurate when an high-grade squamous intra-

epithelial lesion (HSIL) threshold is used, with the 
goal of detecting a high-grade lesion, than when 
lower thresholds, such as a low-grade squamous in-
traepithelial lesion (LSIL) or ASCUS, are used, 
with the goal of detecting low or high-grade 
dysplasia.
  Conization of the cervix is both a diagnostic and 
therapeutic procedure and has the advantage over 
ablative therapies of providing tissue for further 
evaluation to rule out invasive cancer. Conization is 
indicated for diagnosis in women with HSIL based 
on a Pap test under the various conditions.17 The pur-
pose of this study was to investigate false-negative 
results of conventional Pap smear cytology in wom-
en with cervical conization in order to estimate diag-
nostic efficacy of conventional Pap smear cytology 
for detecting a high-grade lesion of the cervix. 

MATERIALS AND METHODS

    1. Study design

  The study design was a retrospective, university 
hospital-based design in which the false-negative re-
sults of conventional Pap smear cytology were to be 
evaluated in women who received cervical 
conization. This study was performed in the 
Gynecologic Oncology Clinic of the Department of 
Obstetrics and Gynecology at Dankook University 
Medical Center from July 1, 1994 to December 31, 
2004. Conventional Pap smear test was compared 
with a reference standard, the histologic diagnosis by 
conization biopsy. The main outcome measures are 
the rate of correspondence, sensitivity, specificity, 
and false-negative rate of Pap smear cytology rela-
tive to the histologic diagnosis. 
  260 women had undergone conventional Papanico-
laou cervical cytologic test and cervical conization. 
Conization was indicated under the following con-
ditions: 1) Limits of the lesion could not be vi-
sualized with colposcopy, 2) The squamocolumnar 
junction (SCJ) was not seen at colposcopy, 3) There 
was a lack of correlation between cytology, biopsy, 
and colposcopy results.
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Fig. 1. Preferred procedure for obtaining a Papanicolaou 
smear. ① Expose the entire cervix including trans-
formation zone through the speculum, as much as 
possible. ② Rotate Ayre type spatula 360oC twice. ③
Rotate Endocervical cytobrush 180-360oC softly. ④
Spread cells in spatula on the upper half area of the slide,
and roll brush over the lower half area of the same slide.

    2. Specimen collection for conventional 
Papanicolaou smear cytology

  The cervical sample was taken in the usual way 
by the physician using a combination of plastic spat-
ula and endocervical brush (cytobrush). Following 
collection according to the guidelines, the collection 
device was spread on the surface of the slide as 
evenly and thinly as possible (Fig. 1).18 Immediately 
the slide was fixed in 95% ethyl alcohol solution. 
The slide and a case report form containing the pa-
tient's identification number, initials and medical his-
tory were sent to the pathology laboratory.

    3. Papanicolaou cytology slide preparation 
and evaluation

  The slides were prepared with the laboratory's rou-
tine Papanicolaou staining method, and evaluated ac-
cording to The Bethesda System (TBS 1991, 1994, 
2001) criteria. In brief, specimens that are not within 
normal limits can contain changes deemed either as 
benign cellular changes, or as cells that are con-
sistent with an epithelial cell abnormality. The latter 
category includes precancerous cells that are con-
sistent with low-grade squamous intraepithelial le-
sion (LSIL), high-grade squamous intraepithelial le-
sion (HSIL) or squamous cell carcinoma (SCC), or 
cells that are atypical but cannot be categorized as 
intraepithelial lesion. These atypical cells are usually 
referred to by their acronyms, ASCUS (atypical squ-
amous cells of undetermined significance) and 

AGUS (atypical glandular cells of undetermined sig-
nificance). Pap slides were initially screened by cyto-
technologists, and finally confirmed by a pathologist. 
False-negative cases were re-interpreted by a 
pathologist.

    4. Conization

  Conization was performed using ‘cold-knife cone’ 
method or ‘large electrosurgical excision procedure 
(LEEP) cone’ method after Schiller test at operating 
room. The biopsy specimen was fixed in 10% 
buffered formalin, paraffin embedded, and prepared 
as conventional histopathologic slides stained with 
hematoxylin and eosin. The biopsies were interpreted 
and diagnosed using a combined reporting system, 
including TBS and CIN (cervical intraepithelial 
neoplasia) designations by a pathologist.

    5. Data analysis

  The cytologic diagnoses of conventional Pap 
smear test were compared with the histologic diag-
noses by conization. Comparisons were performed 
using standard cross-table analyses.

RESULTS

  The 260 women had undergone conventional 
Papanicolaou cervical cytologic test and cervical 
conization. The mean age was 43.9 years (ranging 
from 22 to 75 years). The mean gravidity was  4.3 
(from 0 to 18) and the mean parity was 2.5 (from 
0 to 10). The mean number of  abortion was 1.8 
(from 0 to 12) and the mean number of living child 
was 2.4 (from 0 to 9).
  On histology of the 260 cervical conization 
specimens, there were 41 (15.8%) cases of chronic 
cervicitis, 8 (3.1%) of CIN 1, 18 (6.9%) of CIN 2, 
150 (57.7%) of CIN 3, 38 (14.6%) of SCC, 2 (0.8%) 
of AIS, 1 (0.4%) of ACC, and 2 (0.8%) of ASC in 
the histologic series.
  On Pap cytology, there were 6 (2.3%) cases of 
negative, 40 (15.4%) of ASCUS, 24 (9.2%) of LSIL, 
158 (60.8%) of HSIL, 29 (11.2%) of SCC, and 3 
(1.2%) of AGUS (Table 1). Table 1 showed correla-
tion between cervical cytologic diagnoses and histo-
logic diagnoses. Thirty eight histologic diagnoses of 
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Table 1. Correlation between cervical cytologic diagnoses and histologic diagnoses

Cytologic
diagnosis

Histologic diagnosis
Total

CC CIN 1 CIN 2 CIN 3 SCC AIS ACC ASC

Negative
ASCUS*
LSIL†

HSIL‡

SCC
AGUS§

2
11

4
22

2
0

1
2
2
2
0
1

1
1
8
8
0
0

1
21
10

105
13

0

1
4
0

20
13
0

0
1
0
1
0
0

0
0
0
0
0
1

0
0
0
0
1
1

6
40
24

158
29
3

Total 41 8 18 150 38 2 1 2 260

*atypical squamous cells of undetermined significance, †low-grade squamous intraepithelial lesion, ‡high-grade squamous in-
traepithelial lesion, §atypical glandular cells of undetermined significance

Table 2. False-negative results of cervical cytologic diagnoses*

Item
Histologic diagnosis

Total
CIN 1 CIN 2 CIN 3 SCC

No. of cases
No. of FNC†

FNR‡ (%)

 7
 1
14.3

18
 1
 5.6

150
  1
  0.7

38
 1
 2.6

213
  4
  1.9

*include ASCUS and exclude AGUS, CC, AIS, ACC, and ASC, †false negative cases, ‡false negative rate 

SCC included 1 of negative, 4 of ASCUS, 20 of 
HSIL, and 13 of SCC, in the cytologic diagnosis. 
Eight histologic diagnoses of CIN 1 included 1 of 
negative, 2 of ASCUS, 2 of LSIL, 2 of HSIL, and 
1 of AGUS, in the cytologic diagnosis. When 
ASCUS and AGUS were excluded, Pap smear cytol-
ogy showed 2 true-negative, 4 false-negative, 28 
false-positive, and 183 true-positive, in the histology 
comparison study. Diagnostic accuracy of Pap smear 
cytology showed sensitivity of 97.9% (183/187), 
specificity of 6.7% (2/30), positive predictive value 
of 86.7% (183/211), negative predictive value of 
33.3% (2/6), false positive rate of 93.3% (28/30), 
and false-negative rate of 2.1% (4/187). When 
ASCUS and AGUS were included, Pap smear cytol-
ogy showed 2 true-negative, 4 false-negative, 39 
false-positive, and 215 true-positive, in the histology 
comparison study. Diagnostic accuracy of Pap smear 
cytology showed sensitivity of 98.2% (215/219), 

specificity of 4.9% (2/41), positive predictive value 
of 84.6% (215/254), negative predictive value of 
33.3% (2/6), false positive rate of 95.1% (39/41), 
and false-negative rate of 1.8% (4/219).
  Table 2 showed false-negative results of cervical 
cytologic diagnoses especially in squamous cell ab-
normal lesions of the cervix. When ASCUS was in-
cluded and benign lesion or glandular lesions 
(AGUS, AIS, ACC, and ASC) were excluded, there 
were 4 cases of false-negative diagnosis. False-neg-
ative rate showed 14.3% in CIN 1, 5.6% in CIN 2, 
0.7% in CIN 3, and 2.6% in SCC. Overall false-neg-
ative rate was 1.9%. The cause of 4 false-negative 
cases revealed sampling errors. When ASCUS and 
benign lesion or glandular lesions (AGUS, AIS, ACC, 
and ASC) were excluded, there were 4 cases of 
false-negative diagnosis. False-negative rate showed 
20.0% in CIN 1, 5.9% in CIN 2, 0.8% in CIN 3, and 
2.9% in SCC. Overall false-negative rate was 2.2%.
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DISCUSSION

  Conization of the cervix plays an important role 
in the management of CIN. Before the availability 
of colposcopy, conization was the standard method 
of evaluating an abnormal Pap test result. Conization 
is both a diagnostic and therapeutic procedure and 
has the advantage over ablative therapies of 
providing tissue for further evaluation to rule out 
invasive cervical cancer. Conization is indicated for 
diagnosis in women with HSIL based on a Pap test 
under the various conditions.17

  The data of this study are consistent with results 
of other studies.16,19,20 Pairwuiti19 reported that 
false-negative rate showed 2.8% in CIS and 1.2% in 
SCC. Kim, et al20 reported that false-negative rate 
showed 12.3% in LSIL, 4.8% in HSIL, and 2.1% in 
SCC. A report from AHCPR16 showed the meta- 
analysis data from the 84 studies of conventional Pap 
tests. It reported that the summary effectiveness 
scores ranged from 1.03 (95% confidence interval 
[CI]; 0.78 to 1.14) for ASCUS/CIN 1 to 1.29 (95% 
CI; 1.08 to 1.50) for HSIL/CIN 2-3. Also the report 
mentioned that although the effectiveness score for 
each threshold was relatively low, better discrim-
ination was seen with higher cytological and histo-
logical threshold.
  Traditional cervical screening methods are pelvic 
examination and conventional Pap smear cytology. 
However, Pap smear cytology alone has the 
limitations of relatively low sensitivity and a high 
false negative rate. In February 1999, a report from 
AHCPR in the US admitted that estimates of the 
sensitivity of conventional Pap screening are not as 
high as previously reported.16 Inherent drawbacks in 
Pap smear cytology can lead to inaccurate diagnoses 
of cervical lesions. Pap smear cytology is completely 
reliant upon exfoliated cell samples. Errors may 
occur in the process of sampling, preparation, and 
interpretation. Researchers have shown that sampling 
and preparation errors form the major contribution 
to the high false negative rate. While an average 
sample obtained during a Pap smear test will contain 
between 300,000 to 500,000 cells, abnormal cells 
may not be present on the slide in any case of the 
following: 1) the lesions don't exfoliate abnormal 

cells, 2) the exfoliated cells are trapped beneath a 
barrier, 3) the lesions exist in tissue below the 
surface where they are unavailable for exfoliation, 4) 
the abnormal cells may simply be missed by the 
collecting device, or 5) the collecting device 
retrieves an accurate sampling but it may transfer 
only normal cells to the slide.21 Some researchers 
reported that more than 80% of the cell sample is 
thrown away with the sampling device into the trash 
at the doctor's office, and that the remaining sample 
on the slide may not necessarily represent the 
condition of the cervix. Sherman et al22 reported that 
intensive research re-screening studies, in contract, 
have suggested that as many as 50-90% of false 
negatives may be due to the limitations of vigilance 
and recognition in conventional screening and that 
computer assisted screening can further minimize 
this source of error.
  The ThinPrep Pap Test (Cytyc Corporation, 
Boxborough, MA) is a liquid-based cell collection 
method that was approved by the United States Food 
and Drug Administration (FDA) as a replacement for 
the conventional Pap smear test for cervical cancer 
screening in May, 1996.
  In August 1998, The American College of 
Obstetricians and Gynecologists Committee on 
Gynecologic Practice issued a committee opinion, 
“New Pap Test screening Techniques.” The report 
concludes, “These new techniques improve the sensi-
tivity of cervical cytology and reduce, but do not 
eliminate false negative Pap test.” In February 1999, 
a report from AHCPR16 admits that estimates of sen-
sitivity of conventional Pap screening are not as high 
as previously reported. They also mentioned that few 
studies of the new technologies used histology or 
colposcopy as a reference standard or allowed esti-
mates of both sensitivity and specificity. They state 
that “Although it is clear that both thin-layer cytol-
ogy and computerized re-screening technologies pro-
vide an improvement in effectiveness at higher cost, 
the imprecision in estimates of effectiveness makes 
drawing conclusions about the relative cost-effective-
ness of  thin-layer cytology and computerized 
re-screening technologies problematic.” In March 
2000, The International Consensus Conference on the 
Fight Against Cervical Cancer, IAC Task Force 3 
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Summary24 concludes that there have been no 
well-controlled, randomized, prospective clinical tri-
als comparing liquid-based systems with conven-
tional cervical cytology, and until this evidence is 
available, the conventional Pap smear should remain 
the international standard of care for the diagnosis 
of cervical cancer precursors in cancer screening 
programs. In July 2003, Abulafia, et al25 mentioned 
that ThinPrep cytology was reported as normal in 
93.5% of cases of normal conventional Pap smears 
in the evaluation study of 24 English-language 
articles. They reported that the remaining 6.5% of 
ThinPrep slides were classified as follows: atypical, 
4.55%; LSIL, 1.56%; HSIL, 0.36%; invasive cancer, 
0.007%.
  Squamous cancer of the cervix accounts for 
approximately 80-85% of invasive cervical cancer 
cases. Adenocarcinoma, which accounts for another 
10-15%, may be increasing in incidence. Cervical 
cytology may also be less sensitive for adenocarcino-
ma. Therefore cervical cancer prevention requires 
eradication of pre-cancerous lesion known as CIN. 
Liquid-based cytology seems to be superior to 
conventional Pap cytology because of sample 
adequacy for detecting pre-cancerous lesions of the 
cervix. The central purpose of cervical cancer 
screening is the detection and management of 
high-grade lesions, particularly CIN 3 (severe 
dysplasia and carcinoma in situ). The data in this 
study revealed that false-negative rate of the 
squamous cell abnormalities showed 5.6% (1/18) in 
CIN 2, 0.7% (1/150) in CIN 3, and 2.6% (1/38) in 
SCC. Overall false-negative rate in high-grade 
lesions (CIN 2 or worse) showed 1.5% (3/206) 
(Table 2). The results of this study indicate that 
false-negative rate of Pap cytology in women with 
conization was significantly very low. And so, these 
data are thought to confirm the accuracy of the 
conventional Pap cytology for diagnosing high-grade 
cervical lesions as well as liquid-based cytology.
  Because of inherent drawbacks in Pap smear 
cytology, many kinds of ancillary or adjunctive tests 
including liquid-based cytology for cervical cancer 
screening were developed in order to increase the 
sensitivity and decrease the false-negative rate4,18 
In-vivo adjunctive tests assess the cervix directly. 

Visual tests such as colposcopy, speculoscopy, and 
cervicography evaluate the cervix for the presence of 
identifiable abnormalities, and are not dependent on 
exfoliation. In these tests diseased areas of the 
cervix, including areas of dysplasia, have larger 
nuclei than normal cervical cells. As a result, they 
have a higher N/C (nuclear：cytoplasmic) ratio. 
These cells will not allow light to pass through as 
well as normal cells do, and the underlying vascular 
layer is not seen. Thus the absence of color or 
whitening is seen, while the normal tissue appears 
pink. Pap smear cytology and visual tests are 
sensitive to different properties of cervical lesions, 
and so these two tests are theoretically additive from 
the viewpoint of cellular pathophysiology.21 Soler 
and Blumenthal4 reported three current trends toward 
improving cervical cancer screening: the first is to 
improve the test qualities of cytology-based screening 
(liquid-based cytology and computerized analysis of 
Papanicolaou test), the second is to improve the test 
qualities through various combinations of parallel or 
sequential tests, and the third is the possibility to 
make use of advances in digital and spectroscopic 
techniques.4,18

  The data from this study demonstrate that 
false-negative rate of Pap cytology in women with 
conization was very low. And so, conventional Pap 
cytology is still clinically efficient for screening 
high-grade cervical lesions with adequate sampling 
technique.
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=초록=

자궁경부 원추절제술 여성에서 평가한 자궁경부 Papanicolaou

세포진 검사의 위음성에 관한 연구

박 충 학

단국대학교 의과대학 산부인과학교실

목적：이 연구의 목적은 자궁경부의 고등급 병변이 의심되어 자궁경부 원추절제술을 시행 받은 여성에서 자궁

경부 Papanicolaou 세포진 검사의 위음성을 조사하는 것이다.

연구 방법：1994년 7월 1일부터 2004년 12월 31일까지 냉도식(cold-knife cone)이나 루프환상투열요법

(LEEP cone)으로 자궁경부 원추절제술을 시행 받은 260명의 환자를 대상으로 원추절제술 전에 시행한 자궁경

부 Papanicolaou 세포진 검사와 최종 조직학적 진단을 비교하였다. 

결과：원추절제술 260예의 조직학적 진단은 만성 자궁경부염 15.8%, CIN 1 3.1%, CIN 2 6.9%, CIN 3 

57.7%, SCC 14.6%, AIS 0.8%, ACC 0.4%, 그리고 ASC 0.8%를 보였다. 편평세포 질환에서 기준에 따라 

자궁경부 Papanicolaou 세포진 검사의 민감도는 97.9-98.2%이고, 특이도는 4.9-6.7%이며, 위음성률은 

1.8-2.2%였다. 

결론：편평세포 질환을 진단하는 자궁경부 Papanicolaou 세포진 검사의 위음성률은 대단히 낮았다. 그러므로 

sampling에 보다 신중을 기한다면 자궁경부 Papanicolaou 세포진 검사가 자궁경부의 고등급 병변을 선별검

진함에 있어서 여전히 임상적으로 유효하다고 판단된다.

중심단어：자궁경부 Papanicolaou 세포진 검사, 고등급 병변, 원추절제술, 위음성률, 진단적 유효성
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