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ABSTRACT
Background: Cervical Mediastinoscopy (CM) is the most important invasive method in mediastinal
lymph node staging. Lymph nodes dissected via CM can either be sent to frozen section (FS) for
analysis allowing thoracotomy to be performed on the same session, or to paraffin section (PS) where
thoracotomy is performed as a separate session (as a separate operation). This study compares the falsenegative ratio of mediastinoscopic FS and PS analysis.
Materials and Methods: 454 patients with primary lung cancer who have undergone CM between
January 2003 and December 2005 have been retrospectively analysed. This study evaluates whether FS
analysis increases the false-negative rate of lymph node biopsies.
Results: 160 cases from the PS group and 113 cases from the FS group were included in the study. The
mean age of the patients was 56.4 years (range 28-77 years). There were 260 men and 13 women. In the
PS group, mean thoracotomy time after CM was 9.9 days. False negativity of CM in the PS and the FS
groups was found to be 9.2% and 8%, respectively.
Conclusion: There was no statistically significant difference in terms of false negativity between FS
and PS in mediastinal staging (p = 0.598).
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Introduction
The most important criteria in determining treatment
modality and disease prognosis in lung cancer without
distant metastasis is, the state of the mediastinal lymph
nodes [1-2]. Cervical mediastinoscopy (CM) accepted as
the gold standard method for invasive mediastinal staging. CM has 78% specificity, 100% sensitivity and 91%
negative predictive value (NPV) in mediastinal staging
[3]. The biggest disadvantage of CM is, the procedure’s
false negativity rate. In previous studies this rate has
been found to be 1-10% [4]. Non-surgical treatment is
the primary modality for patients determined to have
positive mediastinal lymph nodes (pN2) using CM [5,6].
Appropriate mediastinal staging reduces the number of
patients undergoing unnecessary thoracotomy. Indications for CM are defined as; lymph node greater than 1
cm on computed tomography (CT), positive mediastinal
and/or hilar lymph node on Positron Emission Tomography-Computed Tomography (PET-CT), central or large
peripheral tumor and a histology of adenocarcinoma [7].
The aim of this study is to evaluate whether there is a
significant difference between the false- negativity rates
of frozen section (FS) and paraffin section (PS) methods
in CM lymph node staging in patients diagnosed with
primary lung cancer without distant metastasis.

Materials and Methods
454 patients diagnosed with primary lung cancer undergone CM or thoracotomy on the same or different
sessions were retrospectively recorded between January 2003 - December 2005 in Yedikule Chest Diseases
and Thoracic Surgery Education and Research Hospital. All of the patients were diagnosed and clinically
staged with radiological and broncological procedures.
Patients without mediastinal lymph node metastasis
(pN0), were surgically treated with a lobectomy on the
same session or at least on one of the next sessions. The
sampled lymph nodes were staged with The American
Joint Committee on Cancer (AJCC) staging system revised in 2009, as recommended by Mauntain [8]. The
decision whether thoracotomy should be made on the
same session or a different session was made by the surgeons. All of the patients who were treated in our clinic
gave informed consent by signing a statement allowing
the use of their data for clinical trials. The study was
approved by the local institutional review board (202032

240-01) and was conducted in accordance with the principles of the Declaration of Helsinki.
In FS group, lymph nodes were sent to the pathology laboratory without fixation. Lymph nodes were
analysed by both imprinting and by freezing methods
making 1 or 2 slices. Frozen section results were reported after an average of 25 minutes. In PS group, the
lymph nodes sent by fixed in formaldehyde then added
to paraffin blocks by pathologists and were analysed after being dissected into at least 3 slices. Both FS group
and PS group, the specimens were evaluated by 3 pathologists who were specialized in lung cancer in our
clinic. Immunohistochemical staining was not used in
any of the patients. The patients that were found to be
pN0 on the FS analysis were treated with thoracotomy
on the same session, while patients who were found to
be pN0 with PS were treated with thoracotomy after a
mean of 9.9 days. The patients diagnosed as pN2 and/
or pN3 in the opposite mediastinum were referred to
oncology departments for adjuvant or neoadjuvant therapy. European Society of Thoracic Surgeons (ESTS)
guideline published in 2004 was taken as reference in
intraoperative mediastinal staging methods due to the
differing preferences of the surgeons whether to perform systemic mediastinal lymph node dissection or a
biopsy of lymph nodes solely in thoracotomy. Hence, it
was obligatory to sample at least 3 mediastinal lymph
nodes with one being the subcarinal (number 7) station
in the lobe’s drainage pathway [9]. The standard cervical mediastinoscopy method was used in the study.
Video-assisted mediastinoscopic lymphadenectomy
(VAMLA) or videomediastinscopy methods were not
used during the study time in those years.
55 patients (12 PS, 43 FS) were excluded from the
study because they couldn’t be intraoperatively staged
so their false negativity in CM couldn’t be analysed.
59 patients were excluded from the study for receiving
neoadjuvant therapy. 24 patients although reported as
pN0 in CM, were either operated on in another clinic
or refused surgical treatment, 33 cases who could only
be surgically explored during thoracotomy due to tumor
size and local invasion, were excluded from the study.
9 cases were excluded from the study due to complications (haemorrhage, severe arrhythmia, etc.) that
occurred during CM causing insufficient mediastinal
lymph node sampling and 1 case was excluded from
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the study because of peroperative exitus. According to
these criteria, a total of 181 patients were excluded from
the study, and a total of 273 patients, of whom 160 were
from the PS group and 113 were from the FS group
were included in the study.

Statistical Analysis
The data were entered in the Statistical Package for the
Social Sciences (SPSS 23.0 version for Windows; SPSS
Inc., Chicago, Illinois, United States). Age; gender; pN
status; has been analyzed. Student-t test was used in
comparison of false negativity, sensitivity, specificity
and negative predictive value results values between
groups. Pearson’s chi-square test was used for the analysis of qualitative variations. p < 0.05 value was considered statistically significant.

Results

56.4 years (range 28-77 years). There were 260 men and
13 women. In the PS group, mean thoracotomy time after CM was 9.9 days. The CM sampling was reported as
pN0 in 120 of 160 patients (75%) and 40 patients (25%)
were reported as pN2-3. These patients were referred to
the oncology department for adjuvant or neoadjuvant
treatment. Among the patients who have undergone thoracotomy, 27 patients (22.5%) who could not be diagnosed with invasive or non-invasive techniques prior to
thoracotomy, were diagnosed as pN2 even though they
were not expected to have single or multiple station
positivity. Out of these 27 pN2 patients, 11 (6.8%) were
missed due to false negativity of CM, even though their
lymph node stations could be easily accessed (2R-2L4R-7). The sensitivity, specificity, NPV and false negativity ratio of CM procedure with PS was recorded as
82.2%, 100%, 90.8%, and 9.2% respectively (Table 1).

The mean age of the patients included in the study was
Table 1. FS and PS group false negativity, sensitivity and specificity, negative predictive value results.
Method

Number of
patients

FS
113
PS
160
P value

CM pN0 CM pN2-N3
75
120

38
40
0.120

Thoracotomy pN2 (4R-7)
Sensitivity % Specificity % NPV %
False %
8
9.2
0.598

88
82.2

100
100

92
90.8

Abbrev.; FS: frozen section, PS: paraffin section, NPV: negative predictive, CM: cervical mediastinoscopy

75 of the 113 patients (64.4%) in the FS group were
found to be pN0. 38 (33.6%) patients were reported as
pN2-3 in CM and these patients were referred to Oncology Department for adjuvant or neoadjuvant treatment. Among all the patients who have undergone
thoracotomy, 18 (24%) who could not be diagnosed
via invasive or non-invasive techniques prior to thoracotomy, were diagnosed as pN2. 6 of the 18 patients
(5.3%) were missed because of the false negativity of
CM, although the lymph node stations were accessible

with CM (2R-2L-4R-4L-7). The sensitivity, specificity,
NPV and false negativity ratio of CM procedure with
FS was recorded as 88%, 100%, 92%, and 8% respectively (Table 1).
Among patients who have undergone thoracotomy
and diagnosed as pN2 in lymph node station number 7,
4 patients (4/6- 33%) were from the FS group and 9 patients (9/11- 81.8%) from the PS group. In both groups,
2 patients were found to be 4R false negative (2/6- 33%
in the FS group, 2/11- 18% in the PS group) (Table 2).

Table 2. PS and FS false negativity in lymph node stations.
pN2 diagnosed in thoracotomy following PS
Lymph node station
(Number of Patients)
4R
2
7
9
4R+7
11

pN2 diagnosed in thoracotomy following FS
(Number of Patients)
2
4
6

Abbrev.; 4R: right lower paratracheal lymph node, 7: subcarinal lymph node, FS: frozen section, PS: paraffin section
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Discussion
Mediastinal lymph node involving is the most important
factor in defining the prognosis in lung cancer. 15-26%
of the patients are found to be pN2 during thoracotomy
in patients initially diagnosed as pN0 with invasive and
non-invasive techniques. This group has the best survival rate among the pN2’s. The treatment suggested to
these patients is achieving the negative surgical margin
(R0) followed by adjuvant therapy. 5 year survival rate
is around 30% [10]. In our study, although not expected
in thoracotomy, we found pN2 in 22-24% of the cases,
which is similar to the results in published literature.
In literature, false negativity in CM is between
1-10%. The highest false negativity is found in subcarinal lymph nodes, and less frequently in the 4R station.
Lamaire et al. have recorded a diagnosis of pN2 during
mediastinoscopy as 23%, and the false negativity ratio
as 5.5% [11]. The false negativity ratio between PS and
FS in our study was recorded less than 10% as in literature, and there was no statistically significant difference. Most frequent false negativity in both groups was
seen in subcarinal lymph nodes.
The advantages of FS analysis include patients undergoing anesthesia only once, same session thoracotomy option and one time hospitalization which causes
cost reduction. In a study where patients’ opinions were
taken, the result was that patients want to undergo CM
thoracotomy on the same session. The disadvantage of
FS analysis is, since it is a peroperative procedure, one
slice is excised unless more is needed, and this could be
a problem in identifying metastasis. Also, dysmorphology may occur due to the freezing of the piece. However, studies have shown that this is not a disadvantage.
Moreover, the slice excised for analysis, even if only
imprinting method is used, has found to be advantageous to that of FS because it saves time and there is
more sample area to be analysed and also their false
negativity ratio is similar. On the other hand in paraffin section analysis is made through three slices, unless
more is needed, which is advantageous in identifying
metastasis. However, studies have shown that there is
no significant difference compared to FS analysis [12].
Our study had a few limitations of note. First, this
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was a single-center study based on a relatively small
number of patients. Second, the patients underwent
operations performed by several surgeons. Third, videomediastinoscopy wasn’t used. Fourth, pathological
examinations performed several pathologists. Fifth, our
conclusions are based on a retrospective analysis of patient data. Accordingly, further researches into prospective designed studies are suggested.
In conclusion, mediastinal staging is one of the most
important prognostic factors in non-small cell lung cancer patients. Mediastinal staging also provides a therapeutic strategy for patients. The cervical mediastinoscopy is still considered the gold standard in mediastinal
staging. In this study, we investigated whether the FS
method increases the false negativity of cervical mediastinoscopy compared to the PS method. We could not
find any difference between the two groups. FS is a safe
method for evaluating CM results.
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