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Background: In the intraoperative consultation of ovarian tumors, the histological diagnosis of fro-

zen sections (FS) of large tumors is frequently difficult because of the limited number of tumor

samples. The application of imprint cytology (IC), in which samples are obtained from wide areas of

the tumors, is useful for intraoperative consultation. However, the useful aspects of IC have not

been clearly defined. The present study is a detailed comparison of IC and FS that clearly defines

the useful aspects of IC.

Methods: Fifty-five cases of ovarian tumors that were examined using both IC and FS were eval-

uated. The histological diagnoses consisted of benign (16), borderline (6), and malignancy (33). All

of the malignant tumors consisted of various types of carcinoma.

Results: Benignity and malignancy were accurately diagnosed by both IC and FS. In the borderline

group, the diagnostic accuracy of IC was very low (1/6: 16.6%) compared with FS (4/6: 66.6%).

The diagnostic accuracy including benign, borderline, and malignant groups was 90.9% (50/55) for

IC and 96.3% (53/55) for FS. Concerning the diagnosis of the types of carcinoma, the overall diag-

nostic accuracy of IC (25/31: 80.6%) was greater than that of FS (21/31: 67.7%), especially for the

diagnosis of clear cell carcinoma (IC, 100%; FS, 80%) and mixed carcinoma (IC, 66.6%; FS, 16.6%).

Conclusion: The useful aspects of IC in the intraoperative consultation are the diagnosis of benig-

nity or malignancy and the accuracy of diagnosing clear cell carcinoma and mixed carcinoma.
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1 | INTRODUCTION

For the intraoperative consultation of ovarian tumors, obtaining a precise

evaluation of the gross morphology is important. Chen et al. described

the relation between gross morphology and various ovarian diseases.1

Even if the gross morphology is precisely evaluated in ovarian tumors,

the intraoperative diagnosis depends on the histological evaluation of fro-

zen sections.1,2 However, the histological diagnosis of frozen sections of

large ovarian tumors is frequently difficult because of the limited number

of tumor samples. In contrast, diagnosis using imprint cytology, in which

samples are obtained from wide areas of tumors, is useful for the intrao-

perative consultation of ovarian tumors. Thus, in an intraoperative consul-

tation, the application of both imprint cytology and histological diagnosis

of frozen sections has been recommended for ovarian tumors.3–5

*These results were presented in part at the 32nd World Congress of the

International Federation of Biomedical Laboratory Science, Kobe, 2016, and

the study received the Good Poster Award.
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Although the application of imprint or scrape cytology for the intrao-

perative consultation of ovarian tumors has been reported,3–11 only the

study of Michael et al. compared the intraoperative consultation of cytol-

ogy and frozen sections of ovarian tumors.6 In their study, the diagnostic

accuracy of cytology was better than that of frozen sections, but a com-

parison of the cytology and frozen sections in each of the examined

cases was not performed. Thus, in the present study, a detailed compari-

son of the cytology and frozen sections in the intraoperative consultation

of ovarian tumors was performed, and the useful aspects of cytology in

the intraoperative consultation of ovarian tumors were clearly defined.

2 | MATERIALS AND METHODS

Among the patients undergoing surgery for an ovarian tumor between

June 1, 2013, and September 30, 2015, at Juntendo University Nerima

Hospital, 55 patients who had both imprint cytology and histological

diagnoses of frozen sections were selected. Samples for imprint cytology

were obtained from several parts of the tumors presenting different

gross morphology, and the samples underwent to Papanicolaou staining.

Samples for frozen sections were obtained from a few areas of the

tumors and processed in a conventional manner to produce frozen sec-

tions, and the tissue sections were stained with hematoxylin-eosin (H.E.).

Surgical resection tissues fixed in 10% formalin were routinely

processed for light microscopy, and the histological diagnosis of the tis-

sue sections was made by H.E. staining. When the histological diagno-

sis was difficult, immunostaining was also performed. The histological

diagnosis of an ovarian tumor was established according to a newly

published WHO classification.12 The classification of mixed carcinoma

in the ovary was not included in the WHO classification, but a previ-

ously published study of the imprint cytology of ovarian tumors

described mixed carcinoma of the ovary; therefore, in the present

study, the classification of mixed carcinoma was adopted.

The histological diagnoses of the surgical resections were divided

into a benign group (16 cases), a borderline group (6 cases), and a

malignant group (33 cases). The benign group consisted of fibrothe-

coma (5 cases), mucinous cystadenoma (4 cases), mature teratoma (2

cases), struma ovarii (2 cases), endometriotic cyst (1 case), serous cysta-

denofibroma (1 case), and fibrothecoma plus serous cystadenoma (1

case). The cases belonging to the malignant group were diagnosed as

various types of carcinoma, including serous carcinoma (5 cases), muci-

nous carcinoma (3 cases), endometrioid carcinoma (7 cases), clear cell

carcinoma (10 cases), mixed carcinoma (6 cases), undifferentiated carci-

noma (1 case), and metastatic adenocarcinoma (1 case). Based on the

histological diagnosis of the surgical resections, the accuracy of intrao-

perative imprint cytology was evaluated, and the accuracy of imprint

cytology and frozen sections was compared.

The present study is a retrospective study. The surgeons obtained

written informed consent for performing the cytological and histologi-

cal examinations from all patients when they underwent operation. The

approval for assessing the patient demographic data was not obtained

from the patients, therefore personal information from each of the

patients was not included in the manuscript. The informed consent

form and procedure were approved by the Research Ethics Committee

of Juntendo University Nerima Hospital.

3 | RESULTS

The benignity and malignancy were diagnosed entirely by both imprint

cytology and frozen tissue sections of the benign and malignant groups

(Table 1). For the borderline group, the diagnostic accuracy of imprint

cytology was very low (1/6: 16.6%) compared with that of frozen sec-

tions (4/6: 66.6%) (Table 1). In the 3 cases with seromucinous border-

line tumors, an accurate diagnosis was not achieved by imprint

cytology (Table 2), with under-diagnoses in 2 cases (Case Bord3 and

Bord4) and an over-diagnosis in 1 case (Case Bord5). The diagnostic

accuracy including benign, borderline, and malignant groups was 90.9%

(50/55) for imprint cytology and 96.3% (53/55) for frozen sections.

Concerning the diagnosis of the different types of carcinoma, serous

carcinoma (Table 2, Figure 1) and endometrioid carcinoma (Table 2, Fig-

ure 2) were diagnosed with the same accuracy using imprint cytology

and frozen sections: serous carcinoma, imprint cytology (3/5, 60%) com-

pared to frozen sections (3/5, 60%) and endometrioid carcinoma, imprint

cytology (6/7, 86%) compared to frozen sections (6/7, 86%). In mucinous

carcinoma, the diagnostic accuracy of frozen sections (3/3, 100%) was

greater than that of imprint cytology (2/3, 66.6%) (Table 2, Figure 3). In

contrast, the diagnostic accuracy of imprint cytology was greater than

that of frozen sections for clear cell carcinoma (Table 2, Figure 4: imprint

cytology, 10/10, 100%; frozen sections, 8/10, 80%) and mixed carci-

noma (Table 2: imprint cytology, 4/6, 66.6%; frozen sections, 1/6,

16.6%). For the overall accuracy of the diagnoses of the abovementioned

carcinomas, imprint cytology (25/31, 80.6%) was more accurate than fro-

zen sections (21/31, 67.7%).

TABLE 1 Intraoperative accuracy of imprint cytology and frozen sections in 55 cases of benign, borderline and malignant tumors diagnosed
by surgical resection tissues

Group (No. of cases)
Diagnosis of imprint
cytology (No. of cases)

Histological diagnosis of frozen
sections (No. of cases)

Benignity (16 cases) Benignity (16 cases) Benignity (16 cases)

Borderline (6 cases) Benignity (3 cases) Benignity (1 case)

Borderline (1 case) Borderline (4 cases)

Malignancy (2 cases) Malignancy (1 case)

Malignancy (33 cases) Malignancy (33 cases) Malignancy (33 cases)
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TABLE 2 Comparison among diagnosis of intraoperative imprint cytology, intraoperative frozen sections, and surgical resection tissues in 55
cases of ovarian tumors

Case No.
Diagnosis of
imprint cytology

Histological diagnosis of
frozen sections

Histological diagnosis of
surgical resections

B1 Fibroma Thecoma Fibrothecoma

B2 Fibroma Thecoma Fibrothecoma

B3 Thecoma Fibrothecoma Fibrothecoma

B4 Fibroma Fibroma Fibrothecoma

B5 Thecoma Fibrothecoma Fibrothecoma

B6 Thecoma Fibrothecoma 1
Serous cystadenoma

Fibrothecoma 1serous
cystadenoma

B7 Mucinous cystadenoma Mucinous cystadenoma Mucinous cystadenoma

B8 Mucinous cystadenoma Mucinous cystadenoma Mucinous cystadenoma

B9 Mucinous cystadenoma Seromucinous cystadenoma Mucinous cystadenoma

B10 Benign mucinous tumor Mucinous cystadenoma Mucinous cystadenoma

B11 Benign serous tumor Serous cystadenofibroma Serous cystadenofibroma

B12 Mature teratoma Mature teratoma Mature teratoma

B13 Mature teratoma Mature teratoma Mature teratoma

B14 Cystic lesion Endometriotic cyst Endometriotic cyst

B15 Struma ovarii Struma ovarii Struma ovarii

B16 Struma ovarii Struma ovarii Struma ovarii

Bord1 Serous borderline tumor Serous borderline tumor Serous borderline tumor

Bord2 Mucinous cystadenoma Mucinous borderline
tumor

Mucinous borderline tumor

Bord3 Adenofibroma Mucinous cystadenoma Seromucinous borderline
Tumor

Bord4 Benign serous tumor Seromucinous borderline tumor Seromucinous borderline tumor

Bord5 Endometrioid carcinoma Mucinous carcinoma Seromucinous borderlime
tumor

Bord6 Clear cell carcinoma
1mucinous carcinoma

Seromucinous borderline tumor Endometroid borderline tumor �
clear cell and seromucinous borderline tumors

SC1 Serous carcinoma Serous carcinoma Serous carcinoma

SC2 Serous carcinoma 1mucinous carcinoma Serous carcinoma Serous carcinoma

SC3 Serous carcinoma Endometrioid carcinoma Serous carcinoma

SC4 Serous carcinoma 1endometrioid carcinoma Serous carcinoma 1endometrioid carcinoma Serous carcinoma

SC5 Serous carcinoma Serous carcinoma Serous carcinoma

EC1 Endometrioid carcinoma Endometrioid carcinoma Endometrioid carcinoma

EC2 Endometrioid carcinoma Endometrioid carcinoma Endometrioid carcinoma

EC3 Endometrioid carcinoma Endometrioid carcinoma Endometrioid carcinoma

EC4 Endometrioid carcinoma Endometrioid carcinoma Endometrioid carcinoma

EC5 Endometrioid carcinoma Endometrioid carcinoma Endometrioid carcinoma

EC6 Endometrioid carcinoma Endometrioid carcinoma Endometrioid carcinoma

EC7 Serous carcinoma Poorly differentiated
carcinoma

Endometrioid carcinoma

(Continues)
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4 | DISCUSSION

Concerning the use of imprint cytology in intraoperative consultation

of ovarian epithelial tumors, Nagai et al. examined the imprint cytology

of 354 consecutive surgical specimens, and reported that the accuracy

of intraoperative imprint cytology was 87.1% for benign, 30% for bor-

derline, and 83.6% for malignant tumors.9 They concluded that imprint

cytology was significantly useful for the diagnosis of malignancy based

TABLE 2 (Continued)

Case No.
Diagnosis of
imprint cytology

Histological diagnosis of
frozen sections

Histological diagnosis of
surgical resections

MC1 Endometrioid carcinoma Mucinous carcinoma Mucinous carcinoma

MC2 Mucinous carcinoma Mucinous carcinoma Mucinous carcinoma

MC3 Mucinous carcinoma Mucinous carcinoma Mucinous carcinoma

CCC1 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC2 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC3 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC4 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC5 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC6 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC7 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC8 Clear cell carcinoma Clear cell carcinoma Clear cell carcinoma

CCC9 Clear cell carcinoma Serous carcinoma Clear cell carcinoma

CCC10 Clear cell carcinoma Metastatic adenocarcinoma Clear cell carcinoma

Mix1 Mixed carcinoma:
Endometrioid>Clear

Endometrioid carcinoma Mixed carcinoma:
Endometrioid>Clear

Mix2 Mixed carcinoma:
Serous>Endometrioid

Endometrioid carcinoma Mixed carcinoma
Serous>Endometrioid

Mix3 Clear cell carcinoma Endometrioid carcinoma Mixed carcinoma:
Clear> Serous >
Endometrioid

Mix4 Mixed carcinoma:
Endometrioid and Serous

Endometrioid carcinoma Mixed carcinoma:
Endometrioid and Clear

Mix5 Mixed carcinoma:
Endometrioid and Serous

Endometrioid carcinoma Mixed carcinoma:
Serous>Endometrioid

Mix6 Mixed carcinoma:
Endometrioid and Clear

Mixed carcinoma:
Endometrioid and Clear

Mixed carcinoma:
Endometrioid>Clear

Other1 Poorly diff. carcinoma Serous carcinoma Undiff. Carcinoma

Other2 Metastatic carcinoma Metastatic carcinoma Metastatic carcinoma

FIGURE 1 Imprint cytology of serous carcinoma (Case SC1). Note the papillary structure of high cellular epithelium (A), cuboidal epithelial
cells with moderate to severe cellular atypia (B) and psammoma bodies (C). (Papanicolaou stain; A, 3100, B, 3200, C, 3400) [Color figure
can be viewed at wileyonlinelibrary.com]
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on the operating characteristic curves.9 Thereafter, Khunamornpong

and Siriaunkgul examined the scrape cytology of 131 cases of ovar-

ian non-neoplastic lesions and tumors, and their accuracy was 95%

for benign, 47% for borderline, and 98% for malignant tumors.10 No

misdiagnosis was observed in the benign and malignant categories.10

The present study obtained results similar to those of the above-

mentioned studies; both benign lesions and malignant tumors were

accurately diagnosed by imprint cytology in intraoperative consulta-

tion. In addition, statistical analyses were not conducted in the pres-

ent study due to our experiences in previously published studies

that included statistical analyses,13–15 because all patients in both

the benign and malignant groups were diagnosed by imprint cytol-

ogy and frozen sections.

The intraoperative accuracy of imprint cytology in diagnosing bor-

derline tumors was low in the present study. The intraoperative diag-

nosis of borderline tumors by cytology is difficult because of the

admixture of benign and borderline areas in the same tumor, and the

evaluation of stromal invasion was not possible by cytology.1,3,11 How-

ever, Kushima studied scrape or imprint cytology for intraoperative

consultation in 6 cases that were under-diagnoses from the histological

evaluation of frozen sections.11 Among them, 3 cases (3/6, 50%) were

diagnosed as borderline tumors by cytology and 2 of the 3 cases had a

borderline area >30%.11 His study suggested that borderline tumors

could be more accurately diagnosed by intraoperative cytology when

the borderline malignant areas are a main component of the tumor. In

the recently published WHO report, the classification of ovarian

tumors now includes a seromucinous borderline tumor.12 The seromu-

cinous borderline tumor can be subdivided into endocervical-type

mucinous borderline tumor, and mixed-epithelial papillary cystadeno-

mas of borderline malignancy of Mullerian type. The squamous domi-

nance of mixed-epithelial papillary cystadenomas of borderline

malignancy of Mullerian type was described by Nagai et al. and two of

the authors of the present study (D.O. and T.M) were the co-authors

of that article.16 According to our experience with mixed-epithelial pap-

illary cystadenomas of borderline malignancy of Mullerian type, we per-

formed the first trial of intraoperative cytology diagnosis of

seromucinous borderline tumors in the present study. Subsequently,

endocervical-type mucinous borderline tumors were under-diagnosed,

and a mixed-epithelial papillary cystadenomas of borderline malignancy

of Mullerian type was over-diagnosed. The present study involved

a small number of cases of seromucinous borderline tumors. An

intraoperative cytological study with a larger number of cases of

FIGURE 2 Imprint cytology of endometrioid carcinoma (Case EC1). Note the thick-layered cell clusters consisting of high cellular epithelial
cells and a necrotic background (A), as well as squamous metaplasia (indicated by an arrow) and marked cellular atypia (B). (Papanicolaou
stain; A, 3100, B, 3400) [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 Imprint cytology of mucinous carcinoma (Case MC2). Note the thick-layered cell clusters consisting of columnar epithelial cells
with moderate to severe cellular atypia (A) and mucinous pooling in the cytoplasm of atypical epithelial cells (B). (Papanicolaou stain;
A, 3200, B, 3400) [Color figure can be viewed at wileyonlinelibrary.com]
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seromucinous borderline tumors is needed to examine the application

of cytology to borderline tumor diagnosis.

Michael et al. performed a comparative study of intraoperative

cytology and frozen sections in 63 cases and reported that cytology

was slightly better than frozen sections.6 In contrast, in the present

study, the histological diagnosis of frozen sections was slightly bet-

ter than that of cytology. This difference may have been due to the

different methods used to obtain cytological materials. Michael et al.

used a combination of imprint cytology (40 cases), fine-needle

aspiration cytology (38 cases), and scrapes (5 cases).6 FNAC and

scrapes are superior to imprints,6 and this combination of methods

may have led to their conclusion that cytology was better than

frozen sections.

The comparison of intraoperative cytology and frozen sections

in the present study indicates that imprint cytology is superior to

frozen sections in diagnosing the histological types of carcinoma,

such as clear cell carcinoma and mixed carcinoma. Overall, nearly

85% of malignant ovarian tumors are epithelial,1 which contributes

to the superiority of imprint cytology for the diagnosis of these

tumors.

In conclusion, the useful aspects of imprint cytology in intraopera-

tive consultation are the diagnosis of benignity or malignancy and the

accuracy of diagnosing clear cell carcinoma and mixed carcinoma. In

contrast, imprint cytology is difficult to use for the diagnosis of seromu-

cinous borderline tumors.

ACKNOWLEDGMENT

The authors thank Mr. Mrozek (Medical English Service, Kyoto,

Japan) for the English language revision of this article.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest.

ORCID

Toshiharu Matsumoto MD http://orcid.org/0000-0003-0523-3850

REFERENCES

[1] Chen EY, Lee KR, Nucci MR. Intraoperative evaluation of ovarian

tumors. In Crum CP, Nucci MR, Lee KR, eds. Diagnostic Gynecologic

and Obstetric Pathology. 2nd ed. Philadelphia: Elsevier Saunders;

2011:800–817.

[2] Baker P, Oliva E. A practical approach to intraoperative consulta-

tion in gynecological pathology. Int J Gynecol Pathol. 2008;27:

353–365.

[3] Silverberg S. Female genital tract. In Intraoperative consultation. A

guide to smears, imprints, & frozen sections. Nochomovitz L, Sidawy

M, Silverberg S, Jannotta F, Schwartz A, eds. Chicago: ASCP Press;

1989:24–41 p.

[4] Souka S, Kamel M, Rocca M, et al. The combined use of cytological

imprint and frozen section in the intraoperative diagnosis of ovarian

tumors. Int J Gynecol Obstet. 1990;31:43–46.

FIGURE 4 Imprint cytology and histology of clear cell carcinoma (Case CCC1). Note the sheet-like arrangement of epithelial cells with clear
cytoplasm and moderate cellular atypia (A and B) and stromal hyalinization (C, indicated by an arrow) in imprint cytology. (Papanicolaou
stain; A, 3200, B, 3400, C, 3400). (D) Solid sheets composed of cells with clear cytoplasm surrounded by stromal hyalinization histologi-
cally. (HE stain, 3400) [Color figure can be viewed at wileyonlinelibrary.com]

AZAMI ET AL. | 33

http://orcid.org/0000-0003-0523-3850
http://wileyonlinelibrary.com


[5] Santǐn CA, Sica A, Melesi S, et al. Contribution of intraoperative

cytology to the diagnosis of ovarian lesions. Acta Cytologica. 2011;

55:85–91.

[6] Michael CW, Lawrence WD, Bedrossian CWM. Intraoperative con-

sultation in ovarian lesions: A comparison between cytology and

frozen section. Diag Cytopathol. 1996;15:387–394.

[7] Kanahara T, Hirokawa M, Shimizu M, et al. Imprint cytology of ovarian

mucinous and serous tumors. J Jpn Soc Clin Cytol. 1998;37:577–582.

[8] Shimizu K, Ogura S, Murata M, et al. A study of imprint smear

cytology during surgery of mucinous cystic tumor of ovary -A spe-

cial reference to borderline malignancy. J Jpn Soc Clin Cytol. 1998;

37:583–590.

[9] Nagai Y, Tanaka N, Horiuchi F, et al. Diagnostic accuracy of intrao-

perative imprint cytology in ovarian epithelial tumors. Int J Gynecol

Obstet. 2001;72:159–164.

[10] Khunamornpong S, Siriaunkgul S. Scrape cytology of the ovaries:

Potential role in intraoperative consultation of ovarian lesions. Diag

Cytopathol. 2003;28:250–257.

[11] Kushima M. Problems in the pathological diagnosis and intraopera-

tive rapid diagnosis of mucinous tumor of the ovary. Showa Univ J

Med Sci. 2013;25:1–7.

[12] Longacre TA, Wells M, Seidman JD, et al. Tumours of the ovary. In

WHO Classification of tumours of female reproductive organs. Kur-

man RJ, Carcangiu ML, Herrington CS, Young RH, eds. Lyon; IARC

Press; 2014. 11–86 p.

[13] Matsumoto T, Yoshimine T, Shimouchi K, et al. The liver in systemic

lupus erythematosus: Pathological analysis of 52 cases and review

of Japanese Autopsy Registry Data. Hum Pathol. 1992;23:1151–
1158.

[14] Matsumoto T, Fujii T, Yabe M, et al. MIB-1 and p53 immunohisto-

chemistry for differentiating pilocytic astrocytomas and astrocyto-

mas from anaplastic astrocytomas and glioblastomas in children and

young adults. Histopathology. 1998;33:446–452.

[15] Akamatsu M, Matsumoto T, Oka K, et al. c-erbB-2 oncoprotein

expression related to chemoradioresistance in esophageal squamous

cell carcinoma. Int J Radiation Oncology Biol Phys. 2003;57:1323–
1327.

[16] Nagai Y, Kishimoto T, Nikaido T, et al. Squamous predominance in

mixed-epithelial papillary cystadenomas of borderline malignancy of

mullerian type arising in endometriotic cysts. A study of four cases.

Am J Surg Pathol. 2003;27:242–247.

How to cite this article: Azami S, Aoki Y, Iino M, et al. Useful

aspects of diagnosis of imprint cytology in intraoperative

consultation of ovarian tumors: comparison between imprint

cytology and frozen sections. Diagnostic Cytopathology.

2018;46:28-34. https://doi.org/10.1002/dc.23844

34 | AZAMI ET AL.

https://doi.org/10.1002/dc.23844

