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Abstract
Background Accuracy of intraoperative frozen section diagnosis is extremely important in the evaluation
of ovarian tumors so that suitable surgical procedures can be chosen.

Methods This retrospective diagnostic accuracy study was conducted in the Department of Obstetrics
and Gynecology, Emam Hossein Hospital. The case records of patients with ovarian mass who
underwent surgery and intraoperatively frozen section assessments between September 2006 and
December 2014 were analyzed. Demographic and clinical data, operative details, frozen section and �nal
histopathology Examination (HPE) were reviewed from the medical records.

Results one hundred and ninety three patients with ovarian masses undergoing surgery and frozen
section were included. The frozen section diagnoses were benign in 155 (80.31%), borderline in 10
(5.18%), and malignant in 28 (14.51%), whereas the �nal diagnosis was benign in 154 (79.80%),
borderline in 9 (4.66%), and malignant in 30 (15.54%). The overall accuracy of intra-operative frozen
section diagnosis was 98.9%. The sensitivity for frozen section diagnosis was 100% for benign, 89% for
borderline and 93.3% for malignant category, whereas the speci�city was 97%, 99%, and 100%,
respectively. There were 3 cases with discordance between the frozen section diagnoses and the �nal
diagnoses, all of which were under diagnosed by frozen section.

Conclusion Frozen section was found to be accurate and useful in the intraoperative assessment of
patients with ovarian neoplasm. The results may help to determine the type and extent of surgery.

Introduction
Ovarian neoplasms are a signi�cant cause of female morbidity and mortality (1). Ovarian malignancy
accounts for nearly 25% of gynécological cancers and 50% of all deaths from female genital cancers (2).
It is one of the top 10 cancers in the US with an estimated 22,530 new cases and 13980 deaths in 2019
(3).

Ovarian tumor is frequently diagnosed in females of all ages, including reproductive age groups. Such
women have about 10% need for surgery and about 13 to 21% were diagnosed with malignant ovarian
tumor in those who underwent surgery (4). Malignancy diagnosis is generally simple, but in some cases it
may be hard to differentiate between the ovarian origin of the malignant tumor or metastases from other
areas (5, 6). In order to determine the extent of the procedure, it is essential to know the intraoperative
condition of the tumor. Furthermore, it is important to distinguish between malignant and benign
pathology before and during surgery to ensure optimal management of the patient with an adnexal mass.
In case of doubt about the condition of malignancy prior to surgery, or in patients in whom the existence
of malignancy prior to surgery is unsure, assessment of the frozen section may provide additional data
during surgery (7). Since 1891, this method has been known but studies on its diagnostic accuracy were
performed just two decades ago (8). Frozen section is commonly used for intraoperative assessment of
patients with ovarian tumors in order to provide instructions for effective surgical administration. The
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intraoperative records of frozen tissue taken during surgery are appealing, because the diagnosis can be
provided intraoperatively. Such a diagnosis can notify the surgeon not only of the malignant nature of the
ovarian lesion, but also of the potential for metastasis (9). Diagnostic problems can arise especially in
mucinous and borderline tumors due to technical limitations (2). In order to obtain accurate results and to
reduce the number of deferred cases, effective interaction between clinicians and pathologists is needed
(10).

Preoperative imaging and tumor markers have only limited value in differentiating between benign,
borderline and malignant categories (11). Intraoperative frozen section examination can enable the gyne-
ocology team to decide on the type of surgery to be performed in patients with ovarian tumors, especially
when there is a concern about fertility. It provides for a single optimum operating staging technique where
indicated and, if not necessary, also for a non-staging procedure. Therefore, the current study was aimed
at measuring the diagnostic accuracy of the intraoperative frozen section as a piece of evidence to be
used by surgeons to determine the surgical course of benign and malignant tumors.

Materials And Methods

Study design and patients
This retrospective diagnostic accuracy study was conducted in the Department of Obstetrics and
Gynecology, Emam Hossein Hospital, ShahidBeheshti University of Medical Sciences, after being
approved by the ethics committee. The case records of patients with ovarian mass who underwent
surgery and intraoperatively frozen section assessments between September 2006 and December 2014
were analyzed in this study.

Procedures
Demographic, operative details, frozen section and �nal histopathology Examination (HPE) were reviewed
from the medical records. The request for an intraoperative frozen section was based on an individual
attending gynecologist following a preoperative assessment, including clinical history and examination,
biomarkers and radiological imaging.

In our hospital, we have frozen section service for suspected ovarian cancer cases. The GynOncology
surgical team informs the laboratory in advance of the need for frozen section. The specimen, once
removed, is transported by a hospital porter direct to the laboratory and handed over to the laboratory
staff. The pathologist assigned for frozen section inspects the specimen and, after describing it, takes
representative pieces of tissue for frozen section analysis. These are then processed and, after hand
staining, are given to the duty pathologist for reporting. The average time taken for the entire procedure
(after specimen being received) was approximately 15 minutes. The frozen section diagnosis was
deferred when there were some suspicious pathologic features of borderline or malignant tumor which
were considered not de�nitely diagnostic. After the frozen section diagnosis was reported, the ovarian
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specimens were �xed in 10% formalin overnight and sampled for routine histologic sections. The
histologic diagnosis of ovarian lesions was based on the WHO Classi�cation (12).

Frozen section diagnoses were compared to the �nal histologic diagnoses in each case, which were
considered as the gold standard. The diagnoses were categorized as benign, borderline and malignant.
Agreement of both frozen section and �nal diagnoses was considered when both diagnoses were
identical or were within the same subgroup of malignancy (i.e. epithelial, sex cord-stromal, germ cell, and
metastatic).

Statistical analysis
All data analyzed using STATA software Version 15 (STATA Corp, College Station, Texas). Descriptive
study was used to summarize the demographic characteristics of the women. Diagnostic parameters
including accuracy, sensitivity, speci�city, positive and negative predictive values of frozen section for the
diagnosis were calculated. The details of all cases with discordant diagnosis between frozen section and
�nal HPE were reviewed.

Results
A total of 193 cases of ovarian tumors were examined by intraoperative frozen section and �nal HPE in
this study. The mean age was 45 ± 6 years and 46.7% of them were postmenopausal. The majority of
patients of ovarian cancers (70%) were preoperatively categorized as stage I disease.

Three cases fell in the discordant category, while 190 cases showed same results on frozen section as
well as on permanent section diagnosis. Out of these cases of ovarian tumor, 155 were benign, 10
borderline, and 28 malignant tumors after intraoperative frozen section evaluation (Table 1). Among 155
cases of benign tumors reported by intraoperative frozen section, 154 were con�rmed in the �nal HPE.
One case con�rmed borderline mucinous tumor in the �nal HPE. Furthermore, among 10 cases of
borderline tumors, 2 cases were underreported in the intraoperative frozen section evaluation, and
con�rmed to be malignant endometrioid and mucinous lesions at the �nal HPE. In comparison, all 38
cases of malignant tumors during frozen section evaluation were con�rmed malignant at the �nal HPE
(Table 1). The overall accuracy of intraoperative frozen section diagnosis was 98.9%. The sensitivity of
frozen section diagnosis was 100% for benign, 89% for borderline and 93.3% for malignant category,
whereas the speci�city was 97%, 99%, and 100%, respectively. The positive predictive value was 99% for
benign, 80% for borderline, and 100% for malignant group, and the negative predictive values were 100%,
for all categories (Table 2). Again, there were 3 cases with discordance between the frozen section
diagnoses and the �nal HPE, all of which were under-diagnosed by frozen. Two cases were under
diagnosed as benign and borderline mucinous tumor by frozen section, while one case was diagnosed as
borderline epithelial tumor by frozen section and ultimately malignant endometrioid by �nal HPE
(Table 3).
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Table 1
Comparison between Frozen Section diagnosis and �nal

histopathology Examination (n = 193).

Frozen Section Final Histopathology Examination

Benign Borderline Malignant Total

Benign 154 1 0 155

Borderline 0 8 2 10

Malignant 0 0 28 28

Total 154 9 30 193

Table 2
Diagnostic Value of Intraoperative Frozen Section reporting as
Benign, Borderline and Malignant Lesions in compared to �nal

histopathology Examination

Diagnostic Value Benign Borderline Malignant

Sensitivity % 100 89 93.3

Speci�city % 97 99 100

PPV % 99 80 100

NPV % 100 100 100

PPV: Positive Predictive Value, NPV: Negative Predictive Value
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Table 3
Pathologic and clinical characteristics of three cases with discordant diagnosis between frozen section

and �nal histopathology Examination

Characteristics Case 1 Case 2 Case 3

Age (year) 43 33 60

Size-sonography
(mm)

53 × 42 84 × 48 150

Size-Macroscopy
(mm)

60 × 40 × 20 75 × 55 × 25 170

Frozen Section Benign mucinous
tumor

Borderline epithelial
tumor

Borderline mucinous
tumor

Final HPE Borderline mucinous
tumor

Malignant endometrioid
tumor

Malignant mucinous
tumor

HPE: histopathology Examination; mm: millimeter

Discussion
We performed a diagnostic accuracy study on the accuracy of frozen section diagnosis in the
assessment of the adnexal mass. Final histopathologic diagnosis used as the gold standard. The
diagnostic accuracy indices were estimated for frozen section. In the present study, the overall accuracy
of frozen section diagnosis of ovarian masses was 98.9%.

The high precision of the frozen section helps gyn-oncologists make reasonable intraoperative decisions
and thus in the vast majority of benign cases prevent unnecessary morbidity of the procedure. The
accuracy of the frozen section for ovarian tumors varies across different institutions. Subbian et al.
found an overall accuracy of 84.2% in a study involving 135 cases of ovarian tumors (13). Several
studies have shown that frozen section diagnosis of ovarian tumors is a robust technique with overall
accuracy ranging from 71.9–97% (10, 14). In this study, the overall accuracy of the frozen section
diagnosis by intraoperative ovarian mass was 98.9%, which is consistent with previous reports (90–97%)
(1, 6, 15–18).

The sensitivity of frozen section to a benign tumor from our observation was 100%. Previous studies also
reported a high sensitivity ranging from 92.8% − 100% (10, 11, 19–21). In the present study, one
borderline tumor was diagnosed as benign by frozen section and that was mucinous tumor. Five
borderline tumors, diagnosed as benign on the frozen section, were reported in a tertiary center experience
by (21). Several explanations have been given for the relative inaccuracy of the frozen section in the
diagnosis of borderline tumors. There may be just a few focal points of frank malignancy in a large
borderline tumor which may require a large number of frozen section samples for diagnosis. This is quite
labor intensive and typically beyond most laboratory abilities (22). It is remarkable that for borderline
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tumor diagnosis, most studies have reported low sensitivity values. Given the low accuracy rate for
borderline ovarian tumors, care and attention are required to develop this �eld (10, 11, 13, 14, 18). Md
Arshad et al. observed that the borderline tumor sensitivity was 76.2% (21). Subbian et al., on the other
hand, recorded the lowest borderline tumor sensitivity (31.2%), especially in the mucinous classi�cation
(13). In a review of 60 patients of ovarian tumors by (11), frozen section had low sensitivity (75%) and
PPV (50%) for borderline tumors. In a further retrospective study of 282 cases, the sensitivity of the frozen
section to borderline tumors was 95.8% and the speci�city 97.6% (23). For the borderline category, they
found the lowest positive predictive value (79.3%), all with epithelium of mucinous type. Our results
showed 89% for sensitivity and 80% for positive predictive value, which were in range of similar studies.
In the present study, three discordant cases were identi�ed during diagnosis; two cases were incorrectly
diagnosed as borderline epithelial tumor and borderline mucinous tumor using a frozen section. The �rst
was a malignant endometrioid tumor, and the second was a malignant mucinous tumor of Final HPE.
Mucinous tumors are usually large with a heterogeneous component including benign, borderline and
malignant constituents in the same tumor, making diagnosis di�cult (18, 21, 24). In addition, Gultekin et
al. suggested that the size of the tumor, the presence of a solid component and preoperative CA 125
levels may have an impact on diagnosis (25). However, Palakkan et al. found that there was no
statistically signi�cant association between raised CA 125 level and ovarian malignancy (11).

Most studies typically reported a sensitivity of 71–100% for the detection of malignancies by frozen
section, and a speci�city ranging from 96–100% (11, 19, 21, 23, 26, 27). In our study, the sensitivity of
malignant ovarian tumor detection was 93.3% and the speci�city was 100%, re�ecting that the frozen
section examination was highly sensitive and speci�c to ovarian malignancy. It is very important to
correctly detect malignant ovarian tumors, as it determines the type of surgery that should be performed.
A study by (28) indicated that, if the pathologist manager had under-specialty training in gynecological
pathology, prevention of sampling errors and misinterpretation, along with effective communication
could be ensured. If a frozen section is required during surgery, the Gyne-oncology team should be able to
communicate preoperatively with the anesthetist and pathologist. A detailed clinical history and
intraoperative observations should be communicated to the pathologist as they may help the pathologist
to get the correct diagnosis, especially in problematic cases. Despite advances in histological and
molecular techniques, frozen section evidently remains an effective tool to be considered during
operational procedures.

Frozen section procedure could reduce the possibilities of doing incomplete surgery for benign tumors
(oophorectomy or cystectomy) or radical surgery for malignant conditions, in a majority of patients.
Frozen section is sometimes referred to as intraoperative consultation, as its practice usually involves a
liaison between the surgeon and gynecological pathologist, rather than the mere provision of a
histological diagnosis. Accuracy of frozen section depends on a number of factors such as the number
of specimens processed, number of slices of specimen analyzed and nature of tissue. Of note is that the
report of benign histology on frozen section is only a report of that percentage of tissue analyzed.18
Therefore, intraoperative frozen section is necessary, both as a quick histologic diagnosis and as a guide
for the surgeons in planning an appropriate management.
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Besides the nature of the tumor affecting frozen section examination, frozen artifact may also cause
misinterpretation of frozen section. The ovarian tumor that was sent to the laboratory is preferably frozen
in liquid nitrogen. It is important that the tissue be frozen as soon as possible to prevent ice crystal
formation resulting in artifact and poor morphological preservation of the tissue, rendering poor slide
quality and di�culty to obtain a diagnosis. Another factor that may contribute to misinterpretation is the
presence of necrosis. A tumor that has become necrotic following torsion might have limited tissue
available for frozen section evaluation.

The strength of this study was the fact that all slides from both frozen section and �nal HPE for all the
unmatched cases were traced and reevaluated by the pathologist to determine the possible reason for
any difference in the result or interpretation. However, several limitations were identi�ed in this study.
Firstly, the sample size was limited. Secondly, we did not have all the data on the progress of the patients
after the intraoperative frozen section and surgery. Thirdly, the cost effectiveness of intraoperative frozen
section was not assessed in our study. Finally, if another blinded pathologist was recruited to determine
the reasons for the mismatch, this might decrease our study bias.

Conclusion
In conclusion, we found a high sensitivity and speci�city of the frozen section for the rapid diagnosis of
ovarian tumors and for the determination of their malignant potential. Therefore, it should always be
used when the preoperative diagnosis is not speci�c to the extent of the surgical resection. However,
under-diagnosis may arise in borderline and malignant tumors, in particular those of mucinous histology,
which may be minimized by increased sampling in the frozen section.
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