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Background: Due to the high number of women affected by cervical cancer and the importance of an early 
diagnosis, combined with the frequent incidence of false‑negative Papanicolaou (Pap) smear screening 
results for this disease, several studies have been conducted in recent years in order to find better tests. 
Liquid‑based cytology (LBC) tests, including the liquid‑based thin layer method, have demonstrated the 
highest potential for reducing false‑negative cases and improved sample quality. This study aimed to compare 
the strength of the Pap smear test with fluid cytology and conventional tests in detecting cervical dysplasia.
Materials and Methods: This descriptive‑analytic study was conducted on 366 women who attended private 
laboratories for a Pap smear. The Pap smear sampling was conducted simultaneously using two methods: 
conventional Pap (CP) smear and LBC), from the cervix.
Results: The mean age of the participants was 32 ± 8.8 years. Diagnostic results of endocervical cells, 
epithelial cells, vaginitis cells, and metaplastia were consistent with both conventional and liquid cytology 
smears, and the kappa coefficient was determined to be significant (P < 0.001).  In total, 40.5% of diagnostic 
cases indicated bacterial inflammation 80.3% of the diagnoses in both methods were P1 and 3.9% of cases 
diagnosed were P2, the overall diagnostic consistency was 83.9% between the two sampling methods. The 
inflammation diagnosis was 40.5% and this was consistent in both methods of LBC and CP. There was one 
case of a false‑negative diagnosis in the LBC method and 14 cases in the CP method.
Conclusion: Results showed that the LBC may improve the sample’s quality and reduce the number of 
unsatisfactory cases more than with the CP method.
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INTRODUCTION

Cancer is the disease of the century and the leading 
cause of death around the world resulting in 13% of 
all causes of death in 2008. Cervical cancer is the 

second highest cause of cancer‑related mortality 
in women,[1,2] and more than 80% of new cervical 
cancer cases occur in developing and under developed 
countries.[3] The progression of this fetal cancer is slow 
with the precancerous period of 10–20 years. The 
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only sign of this cancer in the early stages is the loss 
of abnormal cells[4] and clinical signs of the disease 
appear only after cancer has reached advanced stages, 
with low survival rate.[5] Conversely, this cancer in 
precancerous conditions is completely curable.[5]

All of these issues have suggested the importance of 
cancer screening endeavors,[4,5] and screening with 
conventional Papanicolaou (CP) has reduced the 
mortality by 70%.[3,4] The sensitivity of this screening 
procedure is 5–60% and reaches 80% at best.[4,6] On 
the other hand, it is also associated with a significant 
number of false‑negative cases (20–50%).[5‑7] In 
1996, liquid‑based cytology (LBC) method was 
developed hoping to overcome the disadvantages 
of the previous method expecting to have good 
features such as high sensitivity, sample adequacy, 
and faster sample preparation,[8‑11] according to the 
literature, the LBC method decreased the rate of 
inadequate smears,[12‑20] however, studies conducted 
in Iran have not confirmed this conclusion.[12] Some 
papers have reported no differences between the 
sensitivity of these two methods,[13‑24] while others 
and especially national studies have supported LBC 
as having a higher sensitivity.[25,26] There is also 
confusion with regard to the negative and positive 
prediction values of these methods is not clearly 
demonstrated.[20,23]

According to the World Health Organization’s annual 
report, this cancer currently results in 581 deaths per 
year in Iran.[27‑29] Given the importance of cervical 
cancer screening, the need to find the best screening 
method for detection of the disease, and discrepancies 
in results and sensitivity of CP and LBC environments 
in previous studies, this study has been designed to 
compare these two methods.

This study will help to identify the most optimal way 
for screening cervical cancer, and through adoption 
of appropriate policies, the mortality rate of this fetal 
cancer could be significantly reduced.

MATERIALS AND METHODS

In this descriptive‑analytic study, women who 
visited obstetrics and gynecology laboratories for a 
Papanicolaou (Pap) smear test were enrolled. All of the 
women had attended private laboratories for their Pap 
smear test due to the lack of LBC methods available 
in the governmental facilities. Pap smear samples 
were collected by two expert gynecologists using both 
techniques with specialized; spatula, cotton swabs, 
and endocervical brush from the cervical region, 
simultaneously. Exclusion criteria were pregnancy, 
hysterectomy, women who had received medication 

for cervical intraepithelial cancer treatment over the 
last 5 years.

At the time of the Pap smear sample collection, both 
CP and LBC methods were used to take samples 
from the cervix of each of the women simultaneously. 
In the CP method, the samples were taken from 
the exocervix and at the junction of the squamous 
and cylindrical tissues, using a special spatula; and 
sampling was performed using a cotton swab from 
the endocervical region. Samples were immediately 
transferred onto a glass slide and fixed with fixator 
solutions and transferred to the laboratory after they 
were completely fixed and dry. Then, the samples were 
stained by a qualified technician using Pap staining 
methods. A cervicovaginal cytology pathologist 
evaluated the processed slides.

LBC samples were coded and delivered to the pathologist 
anonymously and without prior knowledge of the CP 
results. The LBC was performed according to a liquid 
prep procedure, in which the back‑end of the endocervical 
brush was placed into tight fitting standard vials 
containing standard specimen preservative solution (Ilia 
tec kimia sahand co.ltd) and sent to the laboratory. 
Next, approximately 2–4 ml of cleaning solution was 
poured in a 15–20 ml centrifuge tube labeled with the 
patient’s name. After gentle mixing by an electrical 
shaker, the resulting solution was added to a centrifuge 
tube containing a cleaning solution. They were then 
coded and centrifuged in a vertical position for 10 min 
in 1000 ml of the solution at an ambient temperature. 
In the next step, the supernatant was removed, and 
a clean napkin was used to wipe the tube opening. 
Following dehydration, approximately 0.3–0.5 ml of 
cellular base solution was added to the sample tubes, 
mixed by a shaker for about 10 s, and 50 µL of the final 
yield was removed by laboratory sampler and placed 
on the slide surface in a circular manner. The prepared 
slides remained at ambient temperature until they were 
completely dry, then a qualified laboratory technician 
performed all the Pap standard staining. Next, an 
expert pathologist studied the stained slides. Finally, the 
prepared slides based on both techniques were classified 
according to Pap standard classification, and the rate 
of unsatisfactory results, inflammation, along with the 
presence of endocervical and metaplastic cells, were 
studied and compared between both groups.

Statistical analysis
Data were analyzed using  SPSS (ver. 15) software 
package (SPSS Inc., Chicago, Illinois, USA). P < 0.05 
was considered as significance level. The difference 
between the groups was determined by a Chi‑square 
test. A kappa contingency coefficient was also used 
to determine consistency between the two methods.
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RESULTS

A total of 366 subjects participated in the study. The 
mean age of the participants was 32 ± 8.8 years. 81.1% 
of study subjects were living in urban areas, (n = 297 
and 69, respectively). Based on the results represented 
in Table 1, most of the consistency was observed in the 
diagnosis of atrophic cells. Overall, 28.7% of the test 
results were negative in both techniques, while 20.8% 
were positive [Table 2]. There was 49.5% consistency 
between the two methods, and the kappa contingency 
coefficient was 0.13, which was significant (P < 0.001).

Table 2 shows a comparison of the diagnostic results 
of epithelial cells in LBC and CP, 7.7% of cases were 
negative and 81.7% cases were positive, using both 
methods. There was 89.4% consistency between the 
two methods, and a kappa contingency coefficient 
was 0.53 (P < 0.001). According to the results listed in 
Table 3, 92.1% of cases were negative and 3.3% cases 
were positive in both methods, in addition, there was 
95.4% consistency between the two methods and a 
kappa contingency coefficient was 0.56 (P < 0.001). 
Table 3 shows that 98.4% of cases were negative and 
0.3% cases were positive in both methods. There was 
98.7% consistency between the two methods, and a 
kappa contingency coefficient was 0.28 (P < 0.001) 
in 91.3% of cases, while the sample condition was 
determined to be normal using both techniques.

There were 25 cases of Candida with LBC and 11 cases 
with a CP. Moreover, Trichomonas vaginalis was 
observed in 4 cases with LBC and in 5 cases with CP. 
Overall, 94.9% of cases produced the same diagnosis 
by both methods [Table 4]. Table 5 shows a comparison 
of inflammation results using LBC and CP.

Based on Table 6, 80.3% of the diagnoses in both 
methods were P1 and 3.9% of cases diagnosed were P2, 
the overall diagnostic consistency was 83.9% between 
the two sampling methods. Based on the above data, 
using LBC 2 mild, 1 moderate, and 1 inappropriate 
case were diagnosed, while CP resulted in 60 cases 
of mild, 7 cases of moderate, 26 cases of severe, and 
14 inappropriate cases were diagnosed, while only in the 
69.7% of normal cases was agreement found between 
the two methods. Repeated Pap smears were carried 
out for inappropriate cases of sampling, but due to the 
lack of three consecutive positive cases of dysplasia, 
there were no indications for a biopsy [Table 7].

DISCUSSION

For the 1st time, the results of this study showed that 
the highest agreement of positive results was observed 
in the detection of epithelial and atrophic cells. The 

detection of endocervical and epithelial cells were 
49.5% and 89.4% of cases, respectively; and the results 
of both methods were consistent. In addition, in the 
diagnosis of atrophic and metaplastic cells, there was 
consistency between the two methods in 95.4% and 
98.7% of cases, respectively (P < 0.001). In a study 
conducted by Yousefi et al., the rate of CP samples 

Table 1: Comparison of positive cases in both liquid and 
conventional Papanicolaou cytology
Test Method, n (%)

LBC CP Kappa P value
Endocervical cell+ 244 (66.7) 93 (25.4) 0.13 0.001
Epithelial cell+ 324 (88.5) 313 (85.5) 0.53 <0.001
Atrophic+ 27 (7.4) 14 (3.8) 0.56 <0.001
Metaplastic+ 3 (0.8) 4 (1.1) 0.28 <0.001
CP: Conventional Papanicolaou, LBC: Liquid‑based cytology

Table 2: Comparison of diagnostic results of endocervical cells 
and epithelial cell in both liquid cytology and conventional 
Papanicolaou smears
Cytology Common method, n (%)

Negative Positive Total
Endocervical cell

Negative 105 (28.7) 17 (4.6) 122 (33.3)
Positive 168 (45.9) 76 (20.8) 244 (66.7)
Total 273 (74.6) 93 (25.4) 366 (100)

Epithelial cell
Negative 28 (7.7) 14 (3.8) 42 (11.5)
Positive 25 (6.8) 299 (81.7) 324 (88.5)
Total 53 (14.5) 313 (85.5) 366 (100)

CP: Conventional Papanicolaou, LBC: Liquid‑based cytology

Table 3: Comparison of diagnostic results of atrophic cells and 
metaplastic in liquid cytology and conventional Papanicolaou 
smears
LBC CP, n (%)

Negative Positive Total
Atrophic

Negative 337 (92.1) 2 (0.5) 339 (92.6)
Positive 15 (4.1) 12 (3.3) 27 (7.4)
Total 352 (96.2) 14 (3.8) 366 (100)

Metaplastic
Negative 360 (98.4) 3 (0.8) 363 (99.2)
Positive 2 (0.5) 1 (0.3) 3 (0.8)
Total 362 (98.9) 4 (1.1) 366 (100)

CP: Conventional Papanicolaou, LBC: Liquid‑based cytology

Table 4: Comparison of observed organisms in liquid cytology 
and conventional Papanicolaou smears
LBC CP, n (%)

Normal Candida Trichomonas Total
Normal 334 (91.3) 2 (0.5) 1 (0.3) 337 (92.1)
Candida 16 (4.4) 9 (2.5) 0 (0) 25 (6.8)
Trichomonas 0 (0) 0 (0) 4 (1.1) 4 (1.1)
Total 350 (95.6) 11 (3) 5 (1.4) 366 (100)
CP: Conventional Papanicolaou, LBC: Liquid‑based cytology
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without the endocervical cells was 33.4% and 76.9% 
in the LBC method. The smears without inflammation 
in both the CP and LBC methods were 26.7% and 
59.9%, respectively. The lack of endocervical cells 
and inflammation were considered as a part of the 
unsatisfactory smears statistics.[7]

Several studies have compared CP and LBC, in 
which the majority reported a more significant 
benefit for LBC than with the CP. This is in terms 
of sample adequacy and appropriateness, detection 
of malignancies and premalignant lesions.[30,31] In a 
study by Kirschner et al., CP and LBC were compared 
for the screening of cervical cancer, and their results 
showed that the cervical samples containing atypical 
or suspicious malignant cells were 40% and 23.3%, 
respectively, and they were higher in LBC than in 
the CP method.[32]

A study by Limaye et al. indicated that the detection 
of intraepithelial squamous lesions in LBC compared 
with CP was 160% (1.3% vs. 3.4%) higher.[31] The 
results of this study showed that the condition of 
samples was normal in 91.3% of cases, and 25 cases 
of Candida were observed in the LBC method, 

compared with 11 cases in the CP. Furthermore, 
4 cases of trichomonas were detected in LBC and 
5 cases in CP. The overall consistency between the 
two methods in terms of the detected cases was 94.9%. 
The inflammation diagnosis was 40.5% and this was 
consistent in both methods of LBC and CP. In 80.3% of 
the diagnoses, it was P1 using both methods and 3.9% 
were P2; while in 83.9% of the cases the detection rate 
was identical. The P2 class in LBC was lower than with 
the CP. Yousefi et al. in a comparison study of the two 
cytology methods found that in Pap system the CP 
and LBC methods were identical in 78.6% of cases. 
Maximum similarity was observed in Class 1 with 
93.4%, and the lowest similarity was found in Class 2, 
with 60% consistency in the detection parameter.[7]

Based on the results of the current study, hemorrhagic 
detection was mild in 2 cases, moderate in 1 case, 
and unsatisfactory in 1 case (method LBC), whereas 
60 cases of mild, 7 cases of moderate, and 26 cases 
of severe were found (method CP), and CP detected 
14 cases of unsatisfactory hemorrhagia. There is only 
69.7% consistency between these two methods. There 
were 14 cases of cell loss and 26 cases of hemorrhagia 
that made the sampling inappropriate in CP method. 
LBC was evaluated to be more satisfactory than a 
CP. The presence of unsatisfactory slides is an issue 
that physicians and their patients interface in the 
widespread cellular pathology of the cervix. In fact, 
these cases are considered uninterruptable in the 
pathology study. An extensive review of the literature 
revealed that cervical cancer screening using the 
LBC method led to a reduction in the number of 
unsatisfactory cases.[33] This was demonstrated in 
Leman’s study where these cases occurred in 9.7% 
of CP and 2% in the LBC method.[34] Whereas, a 
study conducted in Turkey reported lower numbers 
of unsatisfactory cases with LBC (0.1%) than with 
CP (1.7%).[35] In a study by Zafari et al., the number 
of inadequate smears in the CP technique was 
11 cases (9.2%) and in the thin layer technique there 
were 5 cases (4.2%), while inadequate cases due to lower 
cellularity in the CP constituted 10 cases (8.3%) and in 
the thin layer there were 2 cases (1.7%) (P = 0.008).[36] 
There were 0.1% and 1.7% inadequate smear cases in 
the LBC method and CP, respectively, in the Tuncer 

Table 5: Comparison of inflammation results in liquid cytology 
and conventional Papanicolaou smears
LBC CP, n (%)

Negative +1 +2 +3 +4 Total
Negative 36 (9.8) 41 (11.2) 3 (0.8) 11 (3) 1 (0.3) 92 (25.1)
1+ 10 (2.7) 33 (9) 6 (1.6) 32 (8.7) 9 (2.5) 90 (24.6)
2+ 3 (0.8) 5 (1.4) 5 (1.4) 21 (5.7) 5 (1.4) 39 (10.7)
3+ 7 (1.9) 4 (1.1) 5 (1.4) 5 (13.7) 48 (13.1) 114 (31.1)
4+ 1 (0.3) 1 (0.3) 0 (0) 5 (1.4) 24 (6.6) 31 (8.5)
Total 57 (15.6) 84 (23) 19 (5.2) 119 (32.5) 87 (23.8) 366 (100)
CP: Conventional Papanicolaou, LBC: Liquid‑based cytology

Table 6: Comparison of neoplastic findings in both liquid and 
conventional Papanicolaou cytology
LBC CP, n (%)

Normal P1 P2 Total

P1
15 (4.1) 294 (80.3) 42 (11.5) 351 (95.9)

P2
0 (0) 1 (0.3) 14 (3.9) 14 (4.2)

Total 15 (4.1) 295 (80.6) 56 (15.4) 366 (100)
CP: Conventional Papanicolaou, LBC: Liquid‑based cytology

Table 7: Comparison of hemorrhagic results in liquid cytology and conventional Papanicolaou smears
LBC CP, n (%)

Normal Low Moderate Sever Inappropriate Total
Normal 255 (69.7) 60 (16.4) 7 (1.9) 26 (7.1) 14 (3.8) 362 (98.9)
Low 2 (0.5) 0 0 0 0 2 (0.5)
Moderate 1 (0.3) 0 0 0 0 1 (0.3)
Inappropriate 1 (0.3) 0 0 0 0 1 (0.3)
Total 259 (70.8) 60 (16.4) 7 (1.9) 26 (7.1) 14 (3.8) 366 (100)
CP: Conventional Papanicolaou, LBC: Liquid‑based cytology
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et al. study.[35] However, in the Kirschner et al. study, 
these cases were 2.3% and 0.3%, respectively;[32] 
which is consistent with the current study findings. 
The LBC method reduced the number of inadequate 
cases, and its prevalence was 9.1% in the CP method, 
which reduced to 1.6% using the LBC method.[37] 
The results of Yousefi et al. showed that inadequate 
cases were 1 case (0.3%) with CP and 14 cases (1%) 
with the LBC method.[7] Moreover, Hodgson et al. 
investigated the possibility of replacing CP with the 
LBC method and found that replacement of the CP 
method led to a significant increase in the detection of 
low‑grade squamous intraepithelial lesion (LSIL) and 
high‑grade squamous intraepithelial lesion (HSIL), 
but it also resulted in an approximately 50% increase 
in the number of inadequate samples,[38] which is not 
consistent with the current study’s results. When the 
pathological test involved a spread slide study, the 
results indicated Class 1 of the cervix and endocervical 
response, the test could be considered normal, without 
any signs of abnormalities, and it is expected that 
no undesirable issues would happen before the next 
screening test in about 1–3 years. If abnormal cells 
are observed in the pathology response report, based 
on the degree of abnormality of cells, an appropriate 
intervention is necessary.[39] However, if the pathology 
report contains inadequate results that are of concern 
to the patient and their physician, it is recommended 
that a Pap smear is repeated immediately, and if three 
consecutive positive samples of dysplastic changes 
occur, then a colposcopy and biopsy is necessary. In the 
current study, a repeated Pap smear for inadequate 
slides was carried out, but due to the lack of three 
consecutive positive dysplastic changes there were 
no indications for a biopsy. One of the causes of 
inadequate samples was the presence of confounding 
factors such as blood cells, inflammatory cells, or an 
insufficient number of cells on the cell spread slides, 
or the slide contained a thick layer of cells. Improper 
transfer of cells after their removal, exudate, necrotic 
materials, and improper smear fixation are some of 
other factors.[40]

The next issue that should be considered is the time 
required to study and interpreting the smear slides by 
the cytotechnologists. In various studies, the average 
time for the CP method was 4.6 min and 3 min in 
the LBC technique.[41] Another problem that must 
be considered is the cytologist’s behavior during the 
cell‑wide review. In CP methods, the break time is 
more extensive than when the cell is prepared using 
the LBC method.[42,43] There are conflicting conclusions 
in previous meta‑analysis about LBC, so in five 
different meta‑analysis only two found higher LSIL 
and HSIL detection in the liquid‑based technique than 
in cytology, which were conducted by Klinkhamer 

et al.[44] and Bernstein et al.[30] The sensitivity and 
thin prep characteristics were higher than cytology 
in a meta‑analysis conducted by Abulafia,[43] while 
in studies by Davey et al.[40] and Arbyn et al.,[22] 
the diagnostic accuracy of both tests was identical. 
However, the overall conclusion of these studies is 
that even if the diagnostic accuracy of the two tests are 
equivalent, the advantages of the liquid base methods 
are: The remaining solution can be used for human 
papillomavirus testing, reading LBC slides is easier 
and faster, automatic reading of slides is possible, 
the number of inadequate smears is lower, and this 
method is more economical and cost effective. The LBC 
technique was better for LSIL and  ASCUS detection, 
and detecting atypical glandular cells is improved 
with the use of the LBC test. The overall sensitivity 
of the cytology tests for the detection of glandular 
neoplasia is lower than in squamous cell neoplasia 
(50–70% vs. 30–87%).

Limitation
In one case, we suspected preneoplastic lesions, but 
after repeating the test 3 times, and due to the absence 
of three consecutive positive tests, biopsy was not 
conducted.

CONCLUSION

Results showed that the LBC method may improve the 
sample’s quality and reduce the number of unsatisfactory 
cases more than the conventional CP method.
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