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Background: Cervical cytology for uterine cervical cancer screening has transitioned from con-
ventional smear (CS) to liquid-based cytology (LBC), which has many advantages. The aim of this 
study was to compare the proportion of unsatisfactory specimens from CS versus LBC at multiple 
institutions including general hospitals and commercial laboratories. Methods: Each participating 
institution provided a minimum of 500 Papanicolaou (Pap) test results for analysis. Pap tests were 
classified according to the participating institution (commercial laboratory or general hospital) and 
the processing method (CS, ThinPrep, SurePath, or CellPrep). The causes of unsatisfactory results 
were classified as technical problems, scant cellularity, or complete obscuring factors. Results: A 
total of 38,956 Pap test results from eight general hospitals and three commercial laboratories were 
analyzed. The mean unsatisfactory rate of LBC was significantly lower than that of CS (1.26% 
and 3.31%, p = .018). In the LBC method, samples from general hospitals had lower unsatisfactory 
rates than those from commercial laboratories (0.65% vs 2.89%, p = .006). The reasons for unsat-
isfactory results were heterogeneous in CS. On the other hand, 66.2% of unsatisfactory results in 
LBC were due to the scant cellularity. Conclusions: Unsatisfactory rate of cervical cancer screening 
test results varies according to the institution and the processing method. LBC has a significantly 
lower unsatisfactory rate than CS. 
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Cervical cytology, known as Papaniolaou (Pap) test, was first 
introduced in Korea in the late 1950s and has since played an 
important role in the early detection of uterine cervical cancer.1 
Conventional smear (CS) is widely used for uterine cancer screen-
ing owing to its low cost and easy application. Liquid-based 
cytology (LBC) was developed in the early 2000s and has recently 
been increasingly used in Korea. Several LBC systems are com-
mercially available in Korea, such as ThinPrep (Cytyc Corp., 
Boxborough, MA, USA), BD SurePath (BD Diagnostics, Burl-
ington, NC, USA), and CellPrep (Biodyne, Seongnam, Korea). 

In LBC, the sample is prepared by rinsing the sampling tool 
in liquid-based medium to make a cell suspension. The cell sus-
pension is then used to prepare a slide with an evenly-distributed 
monolayer sheet of cells. LBC is being marketed on the basis of 
its advantages, such as low unsatisfactory rates, increased sensi-
tivity in detecting cervical precancerous lesions, standardized and 
automated preparations, fast screening, availability of ancillary 
tests including a human papillomavirus DNA test, and facilita-
tion of computer-assisted screening.2 

A number of studies have compared the performance of LBC 
versus CS; however, the results have been conflicting. Some meta-
analyses report that LBC has lower unsatisfactory rates and better 
performance in terms of sensitivity, specificity, and overall accu-
racy compared with CS.3-5 Other studies report no evidence that 
LBC reduces unsatisfactory rates or detects high-grade lesions 
more accurately compared with CS.6-8 An independent review also 
showed no significant difference between the two methods.9

Both CS and LBC are approved in Korea by the national cancer 
screening program as screening tests for uterine cervical cancer. 
However, there have been little data verifying the use of LBC in 
Korea, and no studies comparing the unsatisfactory rates of LBC 
versus that of CS in the country. To evaluate and compare the 
domestic use of CS and LBC, we compared the proportion of 
unsatisfactory tests from CS versus LBC at multiple Korean insti-
tutions including general hospitals and commercial laboratories.

MATERIALS AND METHODS

This study spanned a 6-month period from July 2014 to Janu-
ary 2015. Each participating institution provided a minimum 
of 500 Pap test results for analysis. The Pap tests were classified 
according to the participating institution (commercial laboratory 
or general hospital) and by the processing method (CS, ThinPrep, 
SurePath, or CellPrep). The specimens were evaluated by cyto-
technologists at each given institution during their routine 
screening work. When an unsatisfactory result was found, the 

cause was evaluated using a checklist. Unsatisfactory slides were 
then reviewed and confirmed by cytopathologists. 

The causes of unsatisfactory results were classified as either 
technical problems, scant cellularity, or complete obscuring fac-
tors,10 and subdivided as shown in Table 1. Technical problems 
referred to cases of patchy cellularity, a halo effect, and/or thick 
preparations in which obscuring factors such as blood, bacteria, 
mucus, gel, and inflammation were not present.10 Patchy cellu-
larity referred to cases in which clear spaces formed on a slide 
owing to irregular loss of cells.10 Halo effect referred to cases in 
which a rim of cells formed on the periphery of a slide, leaving 
an empty space in the center.10 Thick preparation referred to 
cases in which the cellular details were obscured in > 75% of 
the slide because of aggregation of squamous epithelial cells.10 
The Bethesda 2001 criteria were applied to evaluate cellularity. 
Regardless of the processing method, an adequate sample was 
defined as an estimated minimum of 5,000 well-preserved and 
well-visualized squamous epithelial cells.11 Cases in which > 75% 
of the cells were obscured were classified as unsatisfactory,11 
with the exception of cases with any abnormal cells.

Statistical analysis was performed with the SPSS statistical 
software package ver. 16.0 (SPSS Inc., Chicago, IL, USA), by using 
paired t tests and analysis of variance (ANOVA). Significance 
was defined as p < .05. 

RESULTS

We analyzed a total of 38,956 Pap test results from eight 
general hospitals (32,890 cases, 84.4%) and three commercial 
laboratories (6,066 cases, 15.6%). Total Pap test consisted of 
15,872 (general hospital, 13,299; commercial laboratory, 2,573) 

Table 1. Categorization of unsatisfactory samples according to the 
cause

Cause

Technical problems
Patch cellularity
Halo effect
Thick preparation

Scant cellularity
Scant cells in a clean background
Scant cells in a bloody background
Scant cells in a background of gel/inflammation/bacteria/mucus

Obscuring factors
Blood
Inflammation
Bacteria
Gel
Mucus
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cases of CS (40.7%) and 23,084 (general hospital, 19,591; com-
mercial laboratory, 3,493) cases of LBC (59.3%). LBC consisted 
of 5,309 cases of ThinPrep (23.0%), 15,868 cases of SurePath 
(68.7%), and 1,907 cases of CellPrep (8.3%) (Table 2). Each insti-
tution used CS in parallel with one type of LBC, with the excep-
tion of one general hospital that did not provide any CS data. 
The participating institutions provided data on the number of 
unsatisfactory samples and the total numbers of CS and LBC 
samples in the 6-month period. Unsatisfactory rates were calcu-
lated from the data and are shown in Table 3. The unsatisfacto-
ry rate of CS had a wide range of distribution from 0.1% to 
11.2%, whereas that of LBC was between 0.0% and 4.4%. The 
mean unsatisfactory rates for CS and LBC were 3.31% and 
1.26%, respectively (Table 4), showing that LBC had a signifi-
cantly lower unsatisfactory rate than CS (p = .017). 

The unsatisfactory rates were then analyzed according to the 
participating institution: either commercial laboratory or general 
hospital (Table 4). In commercial laboratories, the unsatisfactory 
rates of CS ranged from 2.91% to 11.16% (mean, 6.04%), 
whereas those of LBC ranged from 1.63% to 4.37% (mean, 
2.89%). In general hospitals, the unsatisfactory rates of CS ranged 

from 0.14% to 5.20% (mean, 2.14%), whereas those of LBC 
ranged from 0% to 1.80% (mean, 0.65%). Regardless of the 
processing method, the general hospital group had a significantly 
lower unsatisfactory rate than the commercial laboratory group 
(p = .006). 

For the preparation of LBC, six institutions used ThinPrep, 
three used SurePath, and two used CellPrep. The unsatisfactory 
rates were analyzed according to the three LBC products used. 
The unsatisfactory rate for ThinPrep, which was used in most 
institutions, ranged from 0.1% to 4.4%, with a mean rate of 
1.6%. The unsatisfactory rate for SurePath ranged from 0.0% 
to 0.8%, with a mean rate of 0.3%. Between the two institu-
tions that used CellPrep, one reported an unsatisfactory rate of 
1.6% whereas the other reported 1.8%; the mean unsatisfactory 
rate of CellPrep was 1.7%. Although SurePath (0.3%) had a 
lower mean unsatisfactory rate than ThinPrep (1.6%) or Cell-
Prep (1.7%), ANOVA revealed no statistically significant dif-
ference among the three groups.

The causes of unsatisfactory results were heterogeneous in CS 
(Table 5). The most common reason was scant cellularity on a 
clean background, which was observed in 90 out of 287 unsat-
isfactory cases of CS (31.4%). The second most common reason 
was obscuring due to inflammation (84 cases, 29.3%). A con-
siderable proportion of unsatisfactory cases showed scant cellu-
larity on a background of gel/inflammation/blood/mucus (GIBM; 
32 cases). Inflammation was the most common obscuring factor, 
occurring in 84 cases; while the other factors (blood, bacteria, 
gel, and mucus) occurred in a minority of cases. Within the cat-

Table 2. Composition of the samples

Method
General
hospital

Commercial
laboratory

Total 

Liquid-based cytology 19,591 3,493 23,084 (59.3)
Conventional smear 13,299 2,573 15,872 (40.7)
Total 32,890 (84.4) 6,066 (15.6) 38,856 (100)

Values are presented as number (%).

Table 3. Unsatisfactory rate (%) of each participating institution

Method

Institution No.a

Total1 2 3 4 5 6 7 8 9 10 11

SurePath SurePath CellPrep ThinPrep ThinPrep ThinPrep SurePath ThinPrep ThinPrep ThinPrep CellPrep

LBC 0/500
(0.0)

22/2,856
(0.8)

9/500
(1.8)

9/539
(1.7)

1/1,457
(0.1)

1/384
(0.3)

1/12,512
(0.0)

5/843
(0.6)

55/1,258
(4.4)

22/828
(2.7)

23/1,407
(1.6)

148/23,084
(0.6)

CS 4/531
(0.8)

51/1,155
(4.4)

26/500
(5.2)

23/658
(3.5)

19/2,975
(0.6)

16/4,670
(0.3)

4/2,810
(0.1)

No data 77/690
(11.2)

24/826
(2.9)

43/1,057
(4.1)

287/15,872
(1.8)

Values are presented as number (%).
LBC, liquid-based cytology; CS, conventional smear. 
a1 to 8, general hospitals; 9 to 11, commercial laboratories.

Table 4. Comparison of unsatisfactory sample rate according to the processing method and institution

Method

Unsatisfactory sample rate 

p-value
Institution

p-value
GH CL

LBC 1.26 ± 1.36 .017 0.65 ± 0.73 2.89 ± 1.38 .006
CS 3.31 ± 3.33 2.14 ± 2.15 6.04 ± 4.47 .088

Values are presented as mean ± standard deviation.
GH, general hospital; CL, commercial laboratory; LBC, liquid-based cytology; CS, conventional smear.
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egory of technical problems, unsatisfactory cases due to a thick 
preparation had the largest proportion (24 cases). 

Among 148 unsatisfactory LBC cases, 98 (66.2%) were due 
to scant cellularity. Of note, all of the unsatisfactory cases with 
SurePath were due to scant cellularity. Of the remaining unsat-
isfactory LBC cases, 26 (17.6%) were due to obscuring factors 
and 24 (16.3%) were due to technical problems. Within the 
scant cellularity category, most cases (69 cases, 46.6%) were on a 
clean background, analogous to CS cases. However, only seven 
LBC cases (4.7%) showed scant cellularity on a GIBM back-
ground, whereas a considerable proportion of CS cases with 
scant cellularity had a GIBM background. The number and 
proportion of unsatisfactory LBC cases with obscuring factors 
(26 cases, 17.6%) were much smaller than those of CS cases 
(112 cases, 39%). There was no unsatisfactory LBC case due to 
obscuring by gel or mucus. Obscuring inflammation, which 
was the second most common cause of unsatisfactory results in 
CS (84 cases, 29.3%), was much less prevalent in LBC cases (15 
cases, 10.1%). Within the technical problem category, 18 out 
of 24 cases were due to a halo effect, 17 of which were reported 
in ThinPrep cases. 

There was no statistically significant difference in the unsat-
isfactory rate according to processing method (CS vs LBC) (Table 
5). The causes of unsatisfactory results in CS cases were thick 
preparation, scant cellularity on a clean or GIBM background, 
and obscuring inflammation. The causes of unsatisfactory results 
in LBC samples were scant cellularity on a clean or bloody back-
ground, halo effect, and obscuring inflammation. Of note, no 
LBC samples were reported as unsatisfactory due to obscuring by 

gel or mucus; however, we were unable to verify this statistically. 
 

DISCUSSION

Estimating the unsatisfactory rate and overall accuracy of 
uterine cervical cancer screening tests can help in determining 
the optimal screening frequency, a management plan for abnormal 
results, and the need to apply new methods or conduct further 
studies.5 A low unsatisfactory rate can decrease the chance of 
patient revisit, thereby lowering the overall cost of the screening 
program.12 Studies have shown that a substantial fraction of false-
negative Pap test results are in fact unsatisfactory results,13,14 
and false-negative results can lead to worse conditions than do 
false-positive results. Therefore, a low unsatisfactory rate is con-
sidered an important checkpoint before adopting a particular 
testing protocol into a large-scale screening program. In countries 
with nationalized health-care systems, such as England, cervical 
cancer screening programs have switched from CS to LBC methods, 
and a striking subsequent reduction in the proportion of unsat-
isfactory slides has been reported.9,12 The Korean guideline for 
cervical cancer screening was established by the National Cervical 
Cancer Screening Guideline Development Committee and pub-
lished in 2015.15 One of the key questions forwarded by the 
committee was regarding the accuracy and insufficient sample 
rate of LBC compared with CS.15 The results of the present study 
show that the unsatisfactory rate is significantly lower for LBC 
than for CS, in line with the results of previous studies.3,16-19 
Considering that the performance of LBC was not inferior to 
that of CS in published papers from Korea,5 the lower unsatis-
factory rate of LBC makes it a better screening test tool than 
CS. The current published Korean guideline for cervical cancer 
screening allows the use of both CS and LBC as screening tests.15

In Korea, > 60% of cervical cancer screening tests conducted 
by primary health-care units are analyzed in commercial labora-
tories.1,20 However, in most of the existing literature comparing 
CS and LBC, the specimens were analyzed in university hospi-
tals.5 Thus, the present study included three commercial labo-
ratories among the 11 participating institutions. LBC had signifi-
cantly lower unsatisfactory rates in the general hospital group 
than in the commercial laboratory group. In the case of CS, the 
general hospital group had lower unsatisfactory rates than the 
commercial laboratory group, although the difference was not 
statistically significant. Considering that many parts of the sam-
ple-processing procedure are standardized for LBC, the differ-
ence in unsatisfactory rate between commercial laboratories and 
general hospitals is believed to be due to differences in patient 

Table 5. Comparison of unsatisfactory samples in CS versus LBC

Category CS LBC p-value

Technical problems
Patchy 13 (4.5) 4 (2.7) .06
Halo 3 (1.1) 18 (12.2) .14
Thick 24 (8.4) 2 (1.4) .17

Scant cellularity
Clean 90 (31.4) 69 (46.6) .39
Bloody 13 (4.5) 22 (14.9) .15
GIBMa 32 (11.2) 7 (4.7) .32

Obscuring factors
Blood 15 (5.2) 10 (6.8) .44
Inflammation 84 (29.3) 15 (10.1) .09
Bacteria 5 (1.7) 1 (0.7) -
Gel 2 (0.7) 0 -
Mucus 6 (2.1) 0 -

Total 287 (100) 148 (100)

Values are presented as number (%).
CS, conventional smear; LBC, liquid-based cytology. 
aScant cells in a background of gel/inflammation/bacteria/mucus.
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characteristics. In general hospitals, patients who have been diag-
nosed as having atypical squamous cells of undetermined sig-
nificance or higher cytologic atypia at their first screening are 
often referred to pathologists and reexamined. A precondition 
exists that there must be no atypical cells in a sample judged to 
be unsatisfactory; thus, the high fraction of patients with cyto-
logic atypia likely contributes to the lower unsatisfactory rate in 
general hospitals than in commercial laboratories. 

In terms of the particular LBC product used, six of the 11 
participating institutions used ThinPrep, three used SurePath, 
and two used CellPrep. There was no significant difference in 
unsatisfactory rates for tests conducted using the three different 
LBC products, although SurePath tended to have a lower unsat-
isfactory rate compared to ThinPrep and CellPrep, which were 
similar to one another. These results are in line with a previous 
study showing that SurePath has a lower unsatisfactory rate 
than ThinPrep.21,22 Of note, one confounding variable could be 
that all three institutions using SurePath were general hospitals.

The analysis revealed that in CS, unsatisfactory test results 
were caused by a variety of factors, whereas in LBC, two-thirds 
of unsatisfactory samples were caused by scant cellularity. This 
is consistent with a previous study concluding that LBC elimi-
nates most sources of unsatisfactory tests with the exception of 
scant cellularity, which is the main reason for unsatisfactory 
LBC tests.23 In particular, obscuring factors, which were the 
cause of a large proportion of the unsatisfactory CS test results, 
were found to be less frequent in the LBC method. It is note-
worthy that we found no unsatisfactory LBC cases caused by gel 
or mucus obscuration. With regard to the technical problems, 
many unsatisfactory CS samples were caused by a thick smear, 
whereas those in LBC were caused by a halo effect. Of note, 17 
of the 18 unsatisfactory samples caused by a halo effect were 
reported by institutions that used ThinPrep; the halo effect of 
ThinPrep is confirmed by another study.24 However, there were no 
significant differences in causes of unsatisfactory results between 
CS and LBC. 

In this study, we did not use the split-sample method in 
which a given sample is divided and processed using both CS and 
LBC to compare results. The processing method was chosen at 
the discretion of the patient and clinician, who were unaware of 
the study. We assumed that random assignment was made, 
though there may indeed have been selection bias. Furthermore, 
the study was conducted with data from various institutions, 
and although we provided guidance on determining unsatisfac-
tory results and their causes, the possibility of interobserver 
variability cannot be ruled out. The lack of epidemiological 

data is also a limitation of this study. In a multicenter study 
analyzing the effects of transitioning from CS to LBC on unsat-
isfactory Pap test results, an increased relative risk of unsatisfac-
tory result was reported in women aged 50 years or older after 
transition to LBC.25 A study of randomized clinical trials in 
Europe reported that there is a greater decrease in unsatisfactory 
results with LBC than with CS in younger women, and that 
this effect decreases with age.19 However, in young women with 
obscuring elements, LBC seemed to have little or no effect on 
cervical atrophy and the consequent low cellularity problem.25 
Furthermore, in comparison with the large number of cervical 
cancer screening tests analyzed in commercial laboratories, our 
commercial laboratory group was small. Therefore, there is a 
limitation in that the results of this study may not accurately 
reflect the situation in Korea. Given that the commercial labo-
ratory group tended to show a higher rate of unsatisfactory 
results than the general hospital group, the overall unsatisfactory 
rate of cervical cancer screening test may be higher than that 
presented in this study. 

In summary, the unsatisfactory rate of uterine cervical Pap 
smear results was lower for LBC than for CS. Regardless of the 
processing method, lower rates of unsatisfactory results were 
observed in the general hospital group than in the commercial 
laboratory group. Furthermore, we confirmed the effect of using 
each of the three most common LBC products. Although Sure-
Path tended to show a lower unsatisfactory rate than did Thin-
Prep or CellPrep, there was no statistically significant difference. 
The causes of the unsatisfactory results were heterogeneous in 
CS, whereas most (two-third) of the unsatisfactory LBC were 
due to scant cellularity. 

We compared the unsatisfactory rates of CS and LBC for 
uterine cervical cancer screening tests in Korea through a cross-
sectional study of approximately 39,000 Pap test results ob-
tained during a 6-month period from 11 different institutions 
including both general hospitals and commercial laboratories. 
Our results suggest that LBC is the preferred method in Korea, 
and this was verified by comparing the unsatisfactory rates of 
Pap test results. This study provides the basic data necessary for 
evidence-based decision making in health-care policies such as 
the national cancer screening project.
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