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Background: Frozen sections prepared during medical thoracoscopy (MT) have precise diagnostic ability 
in pleural pathology and may assist in decision-making before pleurodesis. The present study evaluated the 
diagnostic sensitivity of frozen sections from flex-rigid MT, and further evaluated clinical parameters for 
their association with a discrepancy between frozen sections and permanent paraffin sections.
Methods: This retrospective study evaluated 172 patients who underwent flex-rigid MT between February 
2017 and November 2019 at Incheon Saint Mary’s Hospital.
Results: Of the 172 patients, 85 were pathologically diagnosed with malignancy based on permanent 
paraffin sections. An accurate diagnosis by fresh frozen section was feasible in 88.2% of the cases compared 
to the permanent paraffin sections. Among the 85 patients, 75 had malignancies in frozen sections, while 
10 patients showed otherwise. In the 85 malignant cases, age, sex, the volume of effusion, thoracoscopic 
findings, as well as the final pathological diagnosis (lung vs. non-lung origin) were included in univariate 
analysis for an association with non-malignant frozen section results. High adhesion grade and malignancy 
other than lung cancer were significant factors associated with frozen section negative cases in a multivariable 
analysis.
Conclusions: Taking fresh frozen sections during MT using a flex-rigid bronchoscope is a useful 
diagnostic modality with reliable sensitivity for malignancy. However, if the pre-procedural diagnosis is likely 
to be a malignancy other than lung cancer, and if severe adhesions are present in the pleural cavity, the final 
pathological confirmation should be determined based on permanent paraffin sections, not only on fresh 
frozen sections.

Keywords: Frozen section; malignancy; pleura; thoracoscopy

Submitted Apr 30, 2020. Accepted for publication Sep 02, 2020.

doi: 10.21037/jtd-20-1809

View this article at: http://dx.doi.org/10.21037/jtd-20-1809

7173

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-20-1809


7165Journal of Thoracic Disease, Vol 12, No 12 December 2020

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(12):7164-7173 | http://dx.doi.org/10.21037/jtd-20-1809

Introduction

Cases of malignancy are often accompanied by pleural 
effusion, and the use of medical thoracoscopy (MT) by 
respiratory physicians has been increasingly allowing more 
accurate evaluation (1-3). This diagnostic modality has 
the strength of acquiring pathological samples from the 
pleural cavity under direct visualization by the operator 
(2-6). Pathological confirmation of pleural malignancy to 
identify cases that require and are appropriate for pleural 
intervention is an important focus of MT (7,8). Until 
now, no consensus has been made on the pathological 
confirmation of pleural malignancy during MT (2,7-9). 
Frozen sectioning is often used by thoracic surgeons to 
more rapidly confirm a pleural malignancy during the 
procedure, but few medical thoracoscopists utilize this 
approach. The sensitivity of malignancy by frozen sectioning 
in patients with a pleural disease has been evaluated in two 
studies (10,11). Fielding et al. found that frozen sectioning 
performed during MT assisted in decision-making before 
pleurodesis (11), and Karpathiou et al. reported that frozen 
sectioning has a highly precise diagnostic ability in pleural 
pathology (10). Despite the usefulness of frozen sections, 
some cases have involved contradictory results between 
fresh frozen sections and the final pathological findings. 
The previous studies have commented that the limitation 
in sampling of pathologic samples may have been associated 
with pathological disagreement between frozen sections and 
final pathological diagnosis using MT. However, we believe 
that more detailed analysis accounting other important 
parameters is necessary.

MT has traditionally been performed using a conventional 
rigid thoracoscope, but more recently flex-rigid MT has been 
used as a diagnostic modality, with increased ease of use (12). 
The ability of flex-rigid MT to aid in the diagnosis of pleural 
disease has been compared with rigid-thoracoscopy (12). 
In the study by Rahman et al., the diagnostic yield of rigid 
thoracoscopy is 92.7% (2). In comparison with flex-rigid 
thoracoscopy, the diagnostic yield for rigid thoracoscopy was 
noted to be superior in the study by Yap et al. (12). However, 
more clinical data are necessary (3). More specifically, no data 
have been reported on the usefulness of frozen sectioning 
performed during flex-rigid MT.

The present study evaluated the sensitivity of the 
diagnosis using frozen sectioning during flex-rigid MT, and 
further evaluated the clinical parameters associated with 
discrepancy between frozen sections and permanent paraffin 
sections. We present the following article in accordance 

with the STARD reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-1809).

Methods

Patient selection

In this retrospective study, we screened 212 patients who 
underwent MT between February 2017 and November 
2019 at Incheon Saint Mary’s Hospital, the Catholic 
University of Korea. All cases were performed with flex-
rigid MT, and we included 172 patients who underwent 
frozen biopsy (Figure 1). We excluded 40 patients who did 
not undergo frozen biopsy, as they were already diagnosed 
with malignant pleural effusion before the procedure. 

Procedure

Flex-rigid MT (LTF-240; Olympus, Tokyo, Japan) was 
performed under conscious sedation using midazolam and 
fentanyl. The detailed information of forcep used during 
MT is as follows: FB-221D; Olympus, Tokyo, Japan, 
size 1.9 mm. The day before MT, a pleural catheter was 
inserted to determine whether the lung would expand after 
pleural effusion was sufficiently drained. Four respiratory 
physicians performed MT following the assigned procedure 
schedules. After a preliminary inspection of the pleura, 
biopsies were performed from the sites of interest under 
direct visualization by the operators using flexible biopsy 
forceps. The samples were sent for frozen sectioning (at 
least 5 samples were collected). While waiting for the 
results, more specimens were acquired from multiple 
sites. After reviewing the frozen sections, the pathologist 
confirmed whether the lesion was malignant or benign. If 
the frozen section was proven to be malignant, pleurodesis 
was performed by insufflating talc before placing a chest 
tube in the pleural cavity. When the frozen section result 
was inconclusive and required permanent sections for 
a definitive diagnosis or did not favor malignancy, we 
categorized these cases as favoring benign disease and did 
not perform talc pleurodesis. Chest X-rays were taken 
immediately after the procedure and the following morning 
to decide whether to remove the chest tube.

Pathological confirmation

Frozen sectioning
Each sample was embedded in a Cryometrix and frozen 
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at −25 ℃ using the Leica-CM 1950 (Leica Biosystems, 
Heidelberg, Germany) cryostat. Samples were cut into 
5-µm-thick sections, treated with 95% alcohol, and stained 
with hematoxylin and eosin. A pathologist read the frozen 

sections, and in a few cases, a second opinion was queried 
before notifying the operators of the result. After the frozen 
section diagnosis (FSD), the specimens were immersed in 
10% neutral formalin to prepare the permanent paraffin 

Figure 1 Pathological findings of patients who had discrepant results between fresh frozen sections and the final paraffin diagnosis. 
(A,B) Patient No. 2 who was finally diagnosed with metastatic lung adenocarcinoma: (A) fresh frozen section (hematoxylin and eosin 
staining; magnification, ×100); (B) final paraffin section (hematoxylin and eosin staining; magnification, ×100). (C,D,E,F) Patient No. 8 
who was finally diagnosed with malignant mesothelioma: (C) fresh frozen section (hematoxylin and eosin staining; magnification, ×100); 
(D) final paraffin section (hematoxylin and eosin staining; magnification, ×40); (E) final paraffin section (hematoxylin and eosin staining; 
magnification, ×100); (F) final paraffin section (calretinin staining; magnification, ×100). Atypical cells (A, black arrow) are present, but 
are not diagnostic for malignancy. The glandular tumor cells (B, black arrow) invaded the fibrotic layer. The fresh frozen section shows 
mesothelial hyperplasia (C, black arrow) and glandular formation. Paraffin sections (D,E) show more diagnostic findings: epithelioid 
mesothelial cell proliferation invading the surrounding fibrosis. Calretinin stain was positive (F).
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section. All paraffin-embedded permanent sections were 
examined to evaluate the accuracy of the FSD. 

Paraffin sectioning
Additional tissues were analyzed by routine hematoxylin 
and eosin staining. A pathologist read the paraffin section, 
and in a few cases, a second opinion was queried to a peer 
pathologist before submitting the final pathological report. 
The original frozen sections were analyzed and compared 
to conventional formalin-fixed paraffin-embedded tissue 
sections. If frozen sections and paraffin tissue sections 
disagreed, a pulmonologist and a pathologist (ES.P.) 
reviewed the sections. 

Clinical data

Patients’ data including age, sex, underlying disease, and 
radiologic findings were acquired from the electronic 
medical records. 

Definitions of the thoracoscopic findings

Evaluation of the clinical characteristics and thoracoscopic 
results yielded the following findings with regard to the 
pleural cavity. A pleural nodule was defined as a small round 
or irregularly shaped pleural lesion <3 cm in the longest 
diameter. If the longest diameter was >3 cm, the lesion was 
categorized as a pleural mass. Pleural thickening refers to a 
smooth, uninterrupted diffusely thickened fibrotic pleura, 
which prevents visualization of the pleural fat and muscle 
below. Fibrotic pleura tissue was difficult to tear apart from 
other tissue layers. Plaque-like lesions were localized, flat, 
and well-circumscribed areas of thin pleural thickening. 
A diffuse infiltration was defined as a diffuse and active 
permeation of the pleura by a tumor or inflammation 
without forming a nodule or mass.

An adhesion was defined as an abnormal union between 
visceral and parietal pleura with newly developed fibrous 
tissue. Adhesion grades were determined according to 
the following categories: Grade 0) no adhesions, the 
whole pleural cavity can be visually confirmed; Grade 1) 
approximately 80% of the pleural cavity can be visualized 
after adhesiolysis; Grade 2), 50% of the pleural space can 
be visualized after adhesiolysis; and Grade 3), <50% of the 
pleural space can be thoracoscopically observed even after 
attempting adhesiolysis.

Statistical analysis

All statistical analyses were performed using the SPSS 
software (ver. 20.0; SPSS Inc., Chicago, IL, USA). 
Continuous data are presented as means with ranges. 
The chi-square test was used to analyze the categorical 
parameters. Continuous variables were analyzed using 
Student’s t-test or the Mann-Whitney test, depending on 
the normality of the data distribution. A logistic regression 
analysis was used to evaluate the association with a false-
negative FSD (later confirmed as malignant from paraffin 
sections). Age, sex, and factors significant in the univariate 
analysis were entered into multivariate analysis. A P value 
<0.05 was considered significant. 

Ethics statement

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Because this was a 
retrospective study, no consent was needed from the patients. 
The Institutional Review Board of the Catholic University 
of Korea approved the study protocol in December 2019 
(OC19RISI0180). 

Results

Patient clinical characteristics

In total, 172 patients were evaluated in this study. Table 1 lists 
their clinical characteristics. The mean age was 69.1 years,  
and 108 (62.8%) patients were male; 94 (54.7%) patients 
were smokers, 32 (18.6%) had a history of previous 
malignancy, and 16 (9.3%) had a history of prior pulmonary 
tuberculosis. In terms of pre-procedural diagnosis, lung 
cancer comprised 38.4% of all cases, but the proportion 
of lung cancer increased to 45.9% after pathological 
confirmation. In addition, 80 (46.5%) patients underwent 
the talc pleurodesis during thoracoscopy. 

The mean duration of the procedure was 60.3 min, and 
the mean number of tissue samples acquired during a single 
MT was 18.1. 

Patients with a final diagnosis of malignancy

Table 2 lists the clinical characteristics along with the 
initial radiological findings and thoracoscopic findings of 
85 patients with a final diagnosis of malignancy. Patients 
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were categorized into two groups depending on whether 
the frozen section had malignant tissues. Among the 85 
patients, 75 were malignant on frozen sections, while 10 
patients showed otherwise. No significant differences were 
observed between the two groups in terms of age, sex, 
history of malignancy or tuberculosis, or initial radiological 
findings. The group with non-malignant frozen sections 
had a significantly higher mean number of tissues sampled 
(P<0.001), and tended to have a longer procedural time 
(P=0.050). Regarding the proportion of patients who 
underwent talc pleurodesis during the procedure, it was 
significantly higher in the frozen malignant group compared 
to the frozen section negative group (93.3% vs. 30.0%, 
P<0.001). 

The frozen section negative group included six cases 
of lung cancer, two of mesothelioma, and two non-lung 
originating malignancy cases. The proportion of lung 
cancer was significantly lower in the frozen section negative 
group than in the frozen section malignant group (60.0% 
vs. 97.3%, P=0.031). 

Clinically significant thoracoscopic findings were 
compared between the groups. The frozen section negative 
group had a significantly lower proportion of pleural 
nodules (<3 cm) and a higher proportion of high-grade 
adhesions (grade 2–3) compared to the frozen section 
malignant cases (60.0% vs. 89.3%, P=0.012 and 80.0% 
vs. 41.3%, P=0.021, respectively). Other findings, such as 
pleural mass, pleural thickening, plaque-like lesions, and 
diffuse infiltration, did not differ significantly between the 
groups. 

Sensitivity of the frozen sections

When compared to permanent paraffin sections, an accurate 
diagnosis by a fresh frozen section was feasible in 94.2% 
of cases. The sensitivity of the method was 88.2%, and 
specificity was 100.0%. The positive predictive value was 
100.0%, and the negative predictive value was 89.7%.

Association with a non-malignant result from frozen 
sections in patients with a final diagnosis of malignancy

The clinical parameters were evaluated in the 85 patients 
with a final diagnosis of malignancy to investigate the 
association with non-malignant frozen section results  
(Table 3). Age, sex, volume of effusion, thoracoscopic 
findings such as pleural nodules, plaque-like lesions, 

Table 1 Clinical characteristic of the study patients 

Characteristic Data (n=172)

Age (mean ± SD) 69.1±12.9

Male sex 108 (62.8)

Smoking status 

Current 24 (14.0)

Former 70 (40.7)

Never 78 (45.3)

Previous malignancy 32 (18.6)

Known previous tuberculosis 16 (9.3)

Radiologic finding

Effusion site

Neither/Rt./Lt./Bilat. 7 (4.1)/88 (51.5)/ 
61 (35.7)/15 (8.8)

Effusion amount 

<25%/25–50%/>50% of hemithorax 
on CXR

63 (36.8)/71 
(41.5)/37 (21.6)

Suspected diagnosis before 
thoracoscopy

Lung cancer (including previously 
confirmed cases)

66 (38.4)

Mesothelioma 6 (3.5)

Other malignancy 29 (16.9)

Tuberculosis 51 (29.7)

Undiagnosed cytology negative effusion 21 (12.2)

Procedure duration (minutes) (mean ± SD) 60.3±12.8

Number of tissue samples acquired 18.1±7.2

Talc pleurodesis performed during 
thoracoscopy

80 (46.5)

Final diagnosis with thoracoscopic 
biopsy

Lung cancer 79 (45.9)

Mesothelioma 4 (2.3)

Other cancer* 2 (1.2)

Tuberculosis 32 (18.6)

Other benign 53 (30.8)

Undiagnosed (needs further evaluation) 2 (1.2)

*, one peritoneal origin cancer and one clear renal cell cancer. 
Bilat, bilateral; CXR, chest X-ray; Lt, left; Rt, right; SD, standard 
deviation.
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adhesion grade, and diffuse infiltration of pleura, as well 
as the final pathological diagnosis (lung vs. non-lung 
origin) were included in the univariate analysis. Absence of 
pleural nodules, adhesion grade, and final pathology were 
all significant in the univariate analysis and entered in the 
multivariate analysis along with age and sex. Multivariate 
analysis revealed that high adhesion grade, and malignancy 
other than lung cancer, were significant factors associated 
with frozen section negative cases [hazard ratio (HR) 
13.187, 95% CI, 1.161–149.720, P=0.037; HR 0.013, 95% 

CI 0.001–0.181, P=0.001, respectively].

Cases of non-malignant fresh frozen biopsy results

Table 4 and Figure 1 present the non-malignant fresh frozen 
biopsy results later confirmed as pleural malignancy by 
the paraffin sections. The disagreement between frozen 
section and final paraffin section diagnoses was due to a 
sampling error in eight cases and an interpretation error 
in three cases. One case involved both a sampling and an 

Table 2 Comparison of clinical characteristics between frozen biopsy negative versus positive malignant cases 

Frozen/Permanent (+/+) (n=75) Frozen/Permanent (–/+) (n=10) P value

Age 70.1±10.6 72.7±12.2 0.867

Male sex 40 (53.3%) 4 (40.0%) 0.428

Previous malignancy 16 (21.3%) 2 (20.0%) 0.923

Known previous tuberculosis 8 (10.7%) 0 (0.0%) 0.278

Radiologic finding 

Effusion site (neither/Rt./Lt./bilateral) 1 (1.3%)/34 (45.3%)/ 
36 (48.0%)/4 (5.3%)

0 (0.0%)/3 (33.3%)/ 
6 (66.7%)/0 (0.0%)

0.700

Effusion amount 

<25%/25–50%/>50% of hemithorax on 
CXR

20 (26.6%)/32 (42.7%)/ 
23 (30.7%)

1 (11.1%)/5 (55.6%)/ 
3 (33.3%)

0.771

Pulmonary mass or nodules 57 (76.0%) 6 (66.7%) 0.541

Mediastinal lymphadenopathy 48 (64.0%) 5 (55.6%) 0.620

Number of tissue samples acquired 16.2±5.8 25.3±8.1 <0.001

Procedural time (minutes) 58.5±12.5 67.6±15.4 0.050

Intraprocedural talc pleurodesis 70 (93.3%) 3 (30.0%) <0.001

Final diagnosis with thoracoscopic biopsy 0.031

Lung cancer 73 (97.3%) 6 (60.0%)

Mesothelioma 2 (2.7%) 2 (20.0%)

Other malignancy* 0 (0.0%) 2 (20.0%)

Thoracoscopic findings

Pleural nodule (<3 cm) 67 (89.3%) 6 (60.0%) 0.012

Pleural mass (>3 cm) 16 (21.3%) 2 (20.0%) 0.923

Pleural thickening 60 (80.0%) 10 (100%) 0.119

Plaque-like lesion 46 (61.3%) 5 (50.0%) 0.492

Diffuse infiltration 44 (58.7%) 3 (30.0%) 0.087

Adhesion grade, grade (0–1/2–3) 44 (58.7%)/31 (41.3%) 2 (20.0%)/8 (80.0%) 0.021

*, one peritoneal origin cancer and one clear renal cell carcinoma. CXR, chest X-ray; Lt, left; Rt, right.
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interpretation error. Most of the sampling errors were due 
to severe fibrosis and low cellularity in the tissue samples. 
Three cases involving an interpretation error yielded the 
following findings from the frozen section diagnosis: one 
case with severe fibrosis, one case with both severe fibrosis 
and atypical mesothelial cells, and one case with findings 
suggestive of small cell lung cancer. The frozen sections of 
the malignant mesothelioma cases revealed only mesothelial 
hyperplasia, which was insufficient for a diagnosis of 
malignancy. However, the final paraffin sections revealed 

proliferating mesothelial cells invading surrounding tissues, 
which were confirmed as malignant mesothelioma after 
calretinin staining. 

Discussion

The present study evaluated the sensitivity of frozen 
sectioning performed during flex-rigid MT, and further 
assessed the clinical factors associated with discrepancy 
between frozen and permanent paraffin sections. The 

Table 4 Patients with malignancy who were proven to have nonmalignant frozen section results 

Patient number Age Sex Frozen section diagnosis Final paraffin section diagnosis Disagreement due to

1 81 F Atypical mesothelial cells. No 
tissue invasion

Malignant mesothelioma, epithelioid type Sampling error 

2 82 F Severe fibrosis, low cellularity Metastatic adenocarcinoma from lung Sampling error

3 64 F Severe fibrosis Primary peritoneal carcinoma Sampling and 
interpretation error

4 78 F Severe fibrosis, low cellularity Metastatic adenocarcinoma from lung Sampling error

5 83 M Severe fibrosis, low cellularity Metastatic adenocarcinoma from lung Sampling error 

6 71 M Severe fibrosis, low cellularity Metastatic clear cell renal cell carcinoma Sampling error 

7 45 F Severe fibrosis, low cellularity Metastatic adenocarcinoma from lung Sampling error 

8 75 M Severe fibrosis, atypical 
mesothelial cell. Fat invasion

Malignant mesothelioma, epithelioid type Interpretation error

9 64 M Atypical cells in the 
background of inflammation

Metastatic combined small cell 
carcinoma with large cell neuroendocrine 
carcinoma

Interpretation error

10 84 F Severe fibrosis, low cellularity Metastatic adenocarcinoma from lung Sampling error

Table 3 Association analysis for false negative frozen biopsy [permanent biopsy consistent with malignancy (n=85)]

Clinical parameters
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age 1.024 (0.961–1.091) 0.465 1.018 (0.941–1.102) 0.650

Male sex 1.714 (0.447–6.573) 0.432 0.282 (0.041–1.952) 0.200

Pleural nodule (<3 cm) 0.179 (0.042–0.773) 0.021 2.555 (0.406–16.103) 0.318

Plaque like lesion 0.630 (0.168–2.369) 0.495 – –

Adhesion grade (2–3 vs. 0–1) 5.677 (1.128–28.580) 0.035 13.187 (1.161–149.720) 0.037

Diffuse infiltration 0.302 (0.072–1.260) 0.100 – –

Effusion amount (>50% vs. <50% hemithorax) 2.909 (0.342–24.749) 0.328 – –

Lung cancer vs. other cancers 0.041 (0.006–0.272) 0.001 0.013 (0.001–0.181) 0.001

CI, confidence interval.
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findings provide useful information for MT operators 
with regard to acquiring a better pathological sample and 
performing later pleurodesis.

Medical thoracoscopists generally rely on macroscopic 
appearance for pathological diagnosis; few use frozen 
sectioning for this purpose (9). However, fresh frozen 
sections can assist with the final pathological diagnosis by 
enabling confirmation of malignancy and the decision to 
undergo further intervention via thoracoscopy during the 
procedure. This may shorten the time necessary for the 
pathological confirmation and reduce the necessity for a 
second pleural intervention, while also reducing the length 
of hospital stay. 

Some previous studies have evaluated the usefulness of 
taking a fresh frozen section during thoracoscopy (10,11). 
Fielding et al. found that taking frozen sections during MT 
contributes to easier decision-making before pleurodesis (11),  
but their study population was relatively small. Karpathiou 
et al. also reported that frozen sections are a highly 
precise diagnostic modality in pleural pathology, based 
on an analysis of 156 frozen sections evaluated during 
MT and video-assisted thoracoscopic surgery (10). Our 
study included 172 MT cases that used only a flex-rigid 
thoracoscope and flexible forceps, so it has strengths in 
terms of both the number and homogeneous features of the 
study population. Furthermore, we have shown that among 
the malignant cases, frozen section results assisted the 
decision to perform talc pleurodesis during thoracoscopy, 
with significantly higher proportion of performance in the 
frozen malignant cases than in the frozen negative cases 
(93.3% vs. 30.0%).

Our results yielded some novel findings regarding flex-
rigid thoracoscopes and fresh frozen sectioning during MT. 
First, we found that the flex-rigid thoracoscope is a reliable 
tool for diagnosing pleural disease. Yap et al. reported that 
the flex-rigid thoracoscope may have limitations in terms of 
acquiring a large amount of tissue from fibrotic pleura despite 
diagnostic yields comparable to rigid thoracoscopy (12).  
In the present study, many of the included cases were 
accompanied by significant fibrotic lesions, such as pleural 
thickening and adhesions in the pleural cavity, but only two 
cases required surgical exploration for further pathological 
confirmation. If the pre-procedural findings suggested a 
high possibility of malignancy and the frozen section results 
were non-malignant, we tried to acquire as many tissue 
samples as possible from multiple sites at various tissues 
levels for the paraffin histological diagnosis. Therefore, 

the limitation of the flex-rigid thoracoscope due to fibrotic 
pleura can be overcome by acquiring many tissue samples 
from multiple sites in the pleural cavity. 

Second, we identified which clinical parameters were 
associated with the pathological discrepancy. The 10 cases 
diagnosed as non-malignant from frozen sections but 
later confirmed to be malignant were more likely to be 
accompanied by complex adhesions in the pleural cavity 
and were less likely to be lung cancer. Moderate-to-severe 
adhesions may have limited the visual field in the pleural 
cavity, thus making it more difficult to discover pleural 
nodules or pleural thickening, which would have suggested 
a pleural malignancy (10). 

It is unknown why malignancy other than lung cancer 
was more likely to be frozen section negative. Of the 
10 cases, two were mesothelioma. The diagnosis of 
mesothelioma often requires a large number of pathological 
samples involving different layers of pleural tissue, because 
microscopic confirmation of tumor cells invading fat tissue, 
muscle tissue, or lung parenchyma is necessary (13,14). This 
discrepancy was also observed in the study conducted by 
Fielding et al. in which incorrect identification as benign in 
the malignant group was due to sampling from superficial 
benign tissues overlying malignant deposits (11). We believe 
that deeper frozen section biopsies should be performed 
when mesothelioma is suspected. In addition, the calretinin 
stain not performed in the frozen section could have 
contributed to the discrepancy in diagnosis of malignant 
mesothelioma. The immune staining helped diagnose 
malignant mesothelioma in the permanent paraffin section, 
which supports its necessity in a more accurate pathologic 
diagnosis.

The other two cases were metastatic lesions from primary 
peritoneal cancer and clear cell renal cell carcinoma. These 
two diseases were difficult to diagnose using only frozen 
sections; pathological assessment using a small number of 
samples is difficult, so surgical biopsy is usually preferred 
(15,16). If the pre-thoracoscopy diagnosis is likely to be a 
malignancy other than lung cancer, more emphasis should 
be put on the permanent final paraffin histological diagnosis 
using a large number of tissue samples. 

This study had some limitations. First, it had a 
retrospective design. However, the study patients underwent 
MT following the same preplanned protocol, and the cases 
were consecutively enrolled for evaluation. Second, this was 
a single-center study and the demographic features of our 
study patients may differ from other centers.
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In conclusion, fresh frozen sectioning during MT using 
flex-rigid bronchoscopy was a useful diagnostic modality 
with reliable sensitivity for malignancy. However, if the pre-
procedural diagnosis is likely to be a malignancy other than 
lung cancer, and severe adhesions are present in the pleural 
cavity, the final pathological confirmation should be decided 
based on permanent paraffin sections, not only on fresh 
frozen sections.
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