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ABSTRACT

Aim: The aim of this study is to observe what has changed in the
indications and outcomes of cervical mediastinoscopy (CM) as a
result of advancements in the technology and diagnostic methods
over the years.

Material and Method: A total of 1071 patients, diagnosed with pri-
mary non small cell lung cancer (NSCLC) were evaluated retrospec-
tively. CM was indicated in 454 patients (Group 1) out of 610 NSCLC
patients between years 2003-2005, whereas 261 patients (Group 2)
out of 461 NSCLC patients between years 2017-2019. After exclu-
sions, 195 patients in Group 1 and 194 patients in Group 2 underwent
surgery. We compared two groups in terms of CM indications, detec-
tion of clinic multiple N2, N3 and single-station cN2 disease with CM,
unexpected pathologic (p)N2 ratios and false negativity of CM.

Results: There were 454 of 610 patients (74.4%) in Group 1 and
261 of 461 patients (56.6%) in Group 2 were indicated with CM
(p<0.001). While 78 patients (17.2%) in Group 1 were diagnosed
with multiple clinics N2, N3 with CM, 4 patients (1.5%) in Group 2
(p<0.001). Single-station cN2 was detected in 18 patients (4%) in
Group 1 and 27 patients (10.3%) in Group 2 (p=0.001). While 45
patients (23.1%) had unexpected pN2 in Group 1, it was found in
18 patients (9.3%) in Group 2 (p<0.001). False negativity found in
17 patients (8.7%) in Group 1, whereas 8 patients (4.1%) in Group
2 (0.065). A statistically significant difference was found between
the groups in terms of CM indications, diagnosis of clinic multiple
N2, cN3, single-station cN2 and detection of unexpected pN2.

Conclusion: Over the years, as a result of advancements in tech-
nology and minimally invasive techniques, cervical mediastinoscopy
indications, clinical multiple N2, cN3 disease detection with CM,
unexpected pN2 detection in surgery and false negativity ratios of
CM have decreased.
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OZET

Amac: Bu calismanin amaci, yillar icinde teknoloji ve tani yén-
temlerinde yasanan gelismeler sonucunda servikal mediasti-
noskopi (MK) endikasyon ve sonuglarinda nelerin degistigini
gbzlemlemektir.

Materyal ve Metot: Primer kliclik hiicreli disi akciger kanseri
(KHDAK) tanisi alan toplam 1071 hasta retrospektif olarak deger-
lendirildi. MK endikasyonu, 2003-2005 yillari arasinda 610 KHDAK
hastasinin 454’Gne (Grup 1), 2017-2019 yillani arasinda 461
KHDAK hastasindan 261’ine (Grup 2) kondu. Calismadan cikarilan
hastalar sonrasinda, Grup 1’de 195 hasta ve Grup 2’de 194 hasta
ameliyat edildi. MK endikasyonlari, MK ile klinik multipl N2, N3, tek
istasyon klinik N2 tespiti, beklenmedik patolojik (p)N2 oranlari ve
MK’nin yanlis negatifligi acisindan iki grup karsilastirildl.

Bulgular: Grup 1’de 610 hastanin 454°(iine (%74,4), Grup 2’deki
461 hastanin 261’ine (%56,6) MK endikasyonu kondu (p<0,001).
Grup 1°de 78 hastada (%17,2) MK ile multipl klinik N2 ve N3 tanisi
konulurken, Grup 2’de 4 hastaya (%1,5) bu tani kondu (p<0,001).
Grup 1’de 18 hastada (%4), Grup 2’de 27 hastada (%10,3) klinik tek
istasyon N2 tespit edildi (p=0,001). Grup 1’de 45 hastada (%23,1)
beklenmeyen pN2 bulunurken, Grup 2’de 18 hastada (%9,3) bu-
lundu (p<0,001). Grup 1°de 17 hastada (%8, 7) yalanci negatiflik bu-
lunurken, Grup 2’de ise 8 hastada (%4,1) yanlis negatiflik bulundu
(0,065). MK endikasyonlari, multipl N2, N3, tek istasyon klinik N2
tanisi ve beklenmedik pN2 saptanmasi agisindan gruplar arasinda
istatistiksel olarak anlamli fark bulundu.

Sonug: Yillar icinde, teknolojideki ve minimal invaziv tekniklerde-
ki gelismeler sonucunda, servikal mediastinoskopi endikasyonlari,
MK ile klinik multipl N2, N3 hastalik tespiti, cerrahide beklenmedik
PN2 tespiti ve MK’nin yanlis negatiflik oranlan azalmistir.

Anahtar kelimeler: servikal mediastinoskopi; yanhs negatiflik; mediastinal
evreleme; beklenmeyen N2
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Introduction

The current staging system in lung cancer includes
tumor size (T), regional lymph node metastasis (N),
and distant metastasis (M). Treatment of lung can-
cer is determined according to tumor stages'. In the
absence of distant metastasis, one of the most im-
portant prognostic factors is lymph node metastasis.
Radiological methods, minimally invasive and inva-
sive techniques are used for preoperative mediastinal
staging. Ipsilateral multiple mediastinal lymph node
metastases (multiple N2) and contralateral medi-
astinal lymph node metastasis (N3) do not benefit
from surgery in non-small cell lung cancer (NSCLC)
patients*’. Therefore, preoperative evaluation of
mediastinal lymph nodes is crucial and prevents un-
necessary thoracotomies. With the advancements of
technology, positron emission tomography-comput-
ed tomography (PET-CT) has started to take an im-
portant place in the non-invasive staging of mediasti-
nal lymph nodes*. Cervical staging mediastinoscopy
(CM) is an invasive gold standard method for medi-
astinal staging’. Recently, endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-
TBNA) and transesophageal ultrasound-guided fine
needle aspiration (EUS-FNA) have become the first
choice for mediastinal staging in many centers due
to their minimally invasive nature’s advantages®. The
indications for CM appear to be decreasing with the
introduction of minimally invasive and non-invasive
techniques in medaistinal staging’. In addition, with
the use of minimally invasive techniques, preopera-
tive staging algorithms have begun to change in recent
guidelines®. However, the effects of recent technolog-
ical advancements regarding mediastinal staging on
CM outcomes and indications are unknown.

The purpose of this study was to evaluate whether the
CM indications and the outcomes have differed with
the advancement of technology and new mediastinal
staging algorithms over the years in NSCLC patients.

Materials and Methods

Out of 610 NSCLC patients, 454 patients (Group
1) had indications for CM between the years 2003—
2005 and out of 461 patients, 261 patients (Group 2)
had indications for CM between 2017-2019. These
patients were evaluated retrospectively. In group 1,
indications for CM were determined by contrast
computed tomography (CT). CM was performed

in cases with mediastinal lymph nodes larger than 1
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cm in CT evaluation. In Group 2, mediastinal stag-
ing was performed as suggested by current guidelines
of European Society of Thoracic Surgeons (ESTS)’.
According to the latest algorithm recommendations,
EBUS/EUS should be considered as the first choice
in cases with mediastinal lymph nodes larger than
1 cm on CT with positive PET-CT findings since
EBUS is minimally invasive and has a similar sensitiv-
ity to CM. If clinically NO (cNO) disease is detect-
ed with EBUS, the result should be confirmed with
video-assisted mediastinoscopic lymphadenectomy
(VAMLA) or CM. Even in the absence of radiologi-
cal evidence, invasive mediastinal staging methods
are recommended in central tumors with suspected
hilar lymph node positivity (N1), adenocarcinoma
histology and tumors larger than 3 cm. We used this
algorithm for mediastinal staging in Group 2.

The technique of CM involved a standard cervical
incision where the layers were passed, the pretra-
cheal fascia was dissected and the mediastinoscope
was inserted. The paratracheal area was reached with
blunt dissections towards the carina, and the upper
(2R and 2L) and lower paratracheal lymph nodes
(4R and 4L) and subcarinal lymph nodes (7) were
routinely explored. All stations were examined and
visible lymph nodes were sampled. ESTS recommen-
dations were taken into consideration for the num-
ber of lymph node stations sampled in CM', They
recommend for an appropriate mediastinal staging
with CM, at least one sample from the lower para-
tracheal station and one from the subcarinal station
and, if present, a sample from the upper paratrache-
al lymph node (s). The sampled lymph nodes were
staged according to The American Joint Committee
on Cancer (AJCC) staging system, as recommended
by Mountain''. While patients with single-station
cN2 disease detected in CM were referred to neoad-
juvant therapy, patients with multiple N2 and cN3
diseases were referred for adjuvant therapy to the
oncology clinics. Regarding patients with cNO dis-
ease, those with resectable tumors and fit for thoracic
surgery were operated on. During the operation, we
perform systematic mediastinal lymph node dissec-
tion for mediastinal staging. All mediastinal lymph
node stations from 5 to 9 and hilar lymph nodes
(stations 10 and 11) were dissected en bloc, not
sampled. Recently we perform lobe specific lymph
node dissection in early stage NSCLC as suggested
by ESTS'. Therefore, at least 3 mediastinal lymph
nodes were dissected in the drainage path of the lobe
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with the requirement of one lymph node being from
the subcarinal (number 7) station. Resected materi-
als and lymph nodes were assessed histopathological-
ly by the experienced pathologists. False negativity
was accepted as the detection of tumor metastasis in
the pathological examination in at least one of the
mediastinal lymph node stations (2R, 2L, 4R, 4L,
7) that can be reached by CM. Since the aorticopul-
monary and paraaortic (station 5-6) stations can be
reached with extended mediastinoscopy, the metas-
tases of these regions were not considered to be false
negatives of CM. Also paraesophageal and inferior
ligament lymph node (station 8-9) metastases were
not considered to be false negatives of CM since CM
can not reach those stations also. Unexpected N2
was defined as tumor involvement in any mediastinal
lymph node (Station 2-4-5-6-7-8-9) on pathological
examination, despite finding cNO with CM.

Inclusion and Exclusion Criteria

A total of 1071 patients diagnosed NSCLC in the
present study (Group 1; n=610, Group 2; n=461). In
Group 1,454 (74.4%) patients had indications for CM
whereas 261 (56.6%) patients had indications for CM
in Group 2. Since neoadjuvant treatment positively af-
fected false negativity and unexpected N2 ratios, these
patients were excluded from the present study [(Group
1; 60 patients (Although 42 of them reported ¢NO, for
a subject of a different study they underwent neoadju-
vant treatment, 18 patients due to ¢<N2, Group 2; 27
patients due to ¢N2). Patients who refused operation
or those operated in some other hospital were excluded

Table 1. Exclusion criteria

(Group 1; n=24, Group 2; n=3). As a result of major
complications/exitus during CM (major hemorrhage
causing the procedure to end and/or requiring a thora-
cotomy or sternotomy) patients who could not have ef-
fective mediastinal lymph node sampling were exclud-
ed (Group 1; 8 major complications, 1 perioperative
exitus, Group 2; 1 major complication). During sur-
gery 33 patients in Group 1, considered inoperable due
to tumor invasion into the surrounding tissues and re-
mained in the exploration stage, were excluded. There
were no patients who remained in the exploration
stage in Group 2. Patients with insufficient intraopera-
tive lymph node dissection (have not sampled at least 3
N2 stations in the drainage path of the lobe) were also
excluded since the false negativity of CM could not be
evaluated (Group 1; n=55, Group 2; n=32). A total
of 244 patients [(Group 1; n=181 (74.2%), Group
2; n=63 (25.8%)] were excluded and 471 patients
[(Group 1; n=273 (57.9%), Group 2; n=198 (42.1%)]
were included to the study (Table 1).

The study was approved by our Institutional Review
Board and was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

Statistical Analysis

The demographic characteristics of the patients and
the collected data were entered from IBM® SPSS® (the
Statistical Package for the Social Sciences) Statistics
entered into version 25. Variables were character-
ized by using average, maximum and minimum val-
ues. Percentage values were used for qualitative vari-
ables. Normal distributions were reported as mean +

Exclusion details Group 1, N (%) Group 2, N (%) Total, N (%)
Total non-small cell lung cancer patients 610 (56.9%) 461 (43.1%) 1071
CM indicated patients 454 (74.4%) 261 (56.6%) 715 (66.7%)
Neoadjuvant treatment — subject of a different study 42 (9.2%) 0 (0%) 42 (5.8%)
Neoadjuvant treatment because of cN2 18 (3.9%) 27 (10.3%) 45 (6.3%)
Operated in some other hospital or refused surgical treatment 24 (5.3%) 3(1.1%) 27 (3.7%)
Major complications/exitus during CM 9(1.2%) 1(0.4%) 10 (1.4%)
Remained in exploration stage during thoracotomy 33 (7.2%) 0 (0%) 33 (4.6%)
Intraoperative insufficient lymph node sampling 55 (12.1%) 32 (12.2%) 87 (12.1%)
Total excluded patients 181 (39.8%) 63 (24.1%) 244 (34.1%)
Total included to the study 273 (60.2%) 198 (75.9%) 471 (65.9%)

CM, cervical mediastinoscopy; cN2, clinic N2; N, number.
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SD and Student’s t-test was used for comparison of
groups. Pearson’s chi-square was used for the analysis
of qualitative variables, Fisher’s exact test was used if
the group was small (<5). Nonparametric continu-
ous variables were recorded as median and ranged
distribution and they were compared by using Mann-
Whitney U tests. p<0.05 was accepted as statistically
significant.

Results

The mean age of the patients who underwent CM
was 58.847.2 (range 28-80 years). The mean age in
Group 1 was 56.4+7.5 (range 28-77 years), whereas
it was 61.2+7.3 (range 40-80 years) in Group 2. The
majority of the patients were men (n=681, 95.2%).
In Group 1, there were 441 male patients (97.1%),
whereas 240 patients (91.9%) were male in Group
2. There was no significant difference between the
groups in terms of age and gender (Table 2). There
were a total of 1071 patients diagnosed with NSCLC
in both groups. Four hundred and fifty-four (74.4%)
of 610 NSCLC cases in Group 1 and 261 (56.6%)
of 461 NSCLC cases in Group 2 had indications for
CM. CM indication was found significantly higher in
Group 1 (p<0.001). Major complications developed
in 9 patients (2%) in Group 1, while in one patient
(0.4%) in Group 2. There were no significant differ-
ences in terms of major complications between the
groups (p=0.103). Eighteen patients were detected
as single-station ¢cN2 (4%) in Group 1, whereas 27

Table 2. Demographic and pathological features of the patients
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patients (10.3%) in Group 2. This difference was
found statically significant (p=0.001). Clinic mul-
tiple N2 and cN3 were found in 78 patients (17.2%)
in Group 1 while in only 4 patients (1.5%) in Group
2. This difference between groups was found to be sig-
nificant (p<0.001). After referring cN2, cN3 patients
to the oncology clinics, 389 ¢<NO patients remained
and underwent surgery (Group 1; n=195, 42.9%,
Group 2; n=194, 74.3%).

Despite current diagnostic and interventional meth-
ods, unexpected pN2 was detected in 45 patients
(23.1%) in the postoperative pathology reports in
Group 1, whereas in 18 patients (9.3%) in Group
2. The difference between groups was significant in
regards to unexpected pN2 ratios (p<0.001). False
negative pN2 was detected in 17 patients (8.7%) in
Group 1 and 8 patients (4.1%) in Group 2. There
was a trend toward significance differences between
groups in terms of false negativity (p=0.065). The
most frequent false negativity was detected at station
7 in both groups. False negativity of station 7 was de-
tected in 13 (6.6%) patients in Group 1, and 6 (3%)
patients in Group 2. False negativity of 4R was de-
tected in 4 patients (2%) in Group 1, whereas in 2
patients (1%) in Group 2. There was no statistically
significant difference between the groups in terms
of false negativity for stations 7 and 4R (Station 7;
p=0.102, Station 4R; p=0.685). Demographic and
pathological features of the patients are all listed in
Table 2.

Variables Total, (n=715) Group 1, (n=454) Group 2, (n=261) p value
Gender, n (%)
Male 681 (95.2%) 441 (97.1%) 240 (91.9%) 1.000
Female 34 (4.8%) 13 (2.9%) 21(8.1%)
Age, years + SD 58.8+7.2 56.4+7.5 61.2+7.3 0.457
Indication of CM, n (%) 715/1071 (66.8%) 454/610 (74.4%) 261/461 (56.6%) <0.001
Major complications, n (%) 10 (1.4%) 9 (2%) 1(0.4%) 0.103
Neoadjuvant treatment because of cN2, n (%) 45 (6.3%) 18 (4%) 27 (10.3%) 0.001
Clinic multiple N2-N3, n (%) 82 (11.4%) 78 (17.2%) 4 (1.5%) <0.001
Patients underwent resection*, n (%) 389 (54.4%) 195 (42.9%) 194 (74.3%)
— Unexpected pN2, n (%) 63 (16.2%) 45 (23.1%) 18 (9.3%) <0.001
— False negative, n (%) 25 (6.4%) 17 (8.7%) 8 (4.1%) 0.065
— Station 7, n (%) 19 (4.9%) 13 (6.6%) 6 (3%) 0.102
— Station 4R, n (%) 6 (1.5%) 4 (2%) 2 (1%) 0.685

CM, cervical mediastinoscopy; n, number; N, node; cN2, clinic N2; N2-N3, clinic N2, N3; pN2, pathological N2; SD, standard deviation.

* Anatomic lung resection which was at least a lobectomy and mediastinal lymph node dissection.
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According to the findings of the present study, the sen-
sitivity, specificity, negative predictive value (NPV)
of CM in Group 1 was found to be 84.8%, 100% and
91.2% respectively, whereas it was 60%, 100% and
96.2% in Group 2 (Table 3).

Discussion

The clinical stage in lung cancer is not always the same
as the pathological stage. Therefore, appropriate me-
diastinal staging is very important in determining the
treatment strategy to be selected. For this purpose,
radiological imaging methods as non-invasive proce-
dures, fiberoptic bronchoscopy, EBUS/EUS as mini-
mally invasive, and CM as invasive techniques are used
by physicians. Although CM is a gold standard tech-
nique for mediastinal staging, indications of CM ap-
pear to be decreasing with the advancement of imaging
methods and minimally invasive techniques™.

Since the first application of CM in the 1950s, its use
gradually increased and it became available in most
thoracic surgery clinics in the 1970s'*. According to
Martin et al.’®, the indications for CM between 1986
and 1992 was 16% and between 1993 and 2001 this rate
reached 32%. As seen in the literature, after CM became
popular in the mediastinal staging of lung cancer, refer-
ral to CM appears to increase in the early years. In the
present study, it is remarkable that Group 1's CM indi-
cations are excessive (Group 1, CM indication 74.4%).
CM has been performed in our clinic since the 1990s.
The thoracic surgery team is highly experienced in this
regard. We think the reason for the excess ratio is because
we adhere firmly to the indications of CM. In a multi-
center retrospective study conducted in the USA, 9749
patients from 163 centers were examined, and in 2006,
the number of patients requiring CM was found to be
14.6% and it decreased to 11.4% in 2010. In conclusion
they stated, with advances in minimally invasive proce-
dures and imaging, mediastinoscopy usage has declined
significantly”. Similar to the literature findings, there was
a significant decrease in CM indication in Group 2, as
EBUS was successfully applied in many centers.

Table 3. CM sensitivity, specificity, NPV

Groups Sensitivity Specificity (NPV)
1 84.8% 100% 91.2%
2 60% 100% 96.2%

CM, cervical mediastinoscopy; NPV, negative predictive value
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The success of mediastinal staging has significantly in-
creased with the introduction of PET-CT, at 75% pos-
itive predictive value (PPV) and 99% negative predic-
tive value (NPV)*. PET-CT has begun to be actively
used in public hospitals in Turkey since the second half
of 2004Y. However, because PET-CT could not be
used in our patient population before 2005, PET-CT
imaging was not performed in Group 1 patients. CM
maintains its importance in mediastinal staging with
its 76-85% sensitivity, 100% specificity, 82-92% neg-
ative predictive value (NPV) rates and very low rates in
morbidity (1.07%) and mortality (0.05%)*. While the
NPV rates of CM in the literature were 81% in the ear-
ly 2000s, rates have increased significantly after 2010
and reached 95%*"*%. NPV rates of CM have increased
in the present study over the years in accordance with
the literature.

EBUS has similar diagnostic staging values as CM with
80% sensitivity, 100% specificity and 90.5% NPV>.
Recent guidelines have reported combined EBUS/
EUS should be used as a first line mediastinal staging
method as it does not require general anesthesia, it is
minimally invasive and can access the posterior cari-
nal, inferior mediastinal and hilar regions®. Although
PET-CT and EBUS/EUS have been included in the
2006 staging guidelines of ESTS, EBUS/EUS has
begun to be used in public hospitals after 2008 in
Turkey?*. Therefore, EBUS/EUS procedure could not

be used in Group 1 patients for mediastinal staging.

There is a significant difference between Group 1 and
Group 2 in terms of indications for CM over the years.
This is probably due to the introduction of PET-CT
and EBUS/EUS in mediastinal staging. It seems that,
as a result of the non-invasive detection of clinical mul-
tiple N2 and N3 patients, CM was no longer required
in Group 2 patients. This is probably the reason why
unexpected N2 patients were significantly reduced
in Group 2, as they were diagnosed preoperatively.
Despite the detection of ¢NO by non-invasive and
invasive staging techniques, the detection of unex-
pected pN2 during thoracotomy has been reported to
be between 15-32% in literature™. Unexpected pN2
patients in Group 2 were below the literature results
with 9.3%. This low rate is likely due to the success-
ful use of preoperative invasive and minimally inva-
sive mediastinal staging techniques, as seen from the
increased detection of single-station cN2 diseases in
Group 2. Recent studies stated that patient selection
for CM with guided PET-CT findings had better re-
sults than routinely performed CM?*. We think that



the detection of ¢N2 patients with CM in Group 2
has increased due to the selection of more specific pa-
tient groups that are candidates for cN2 with the PET-
CT guideline. In addition, the detection of more <N2
patients with CM may be explained by the increased
skills of surgeons over the years, as evidenced by the
decreases of major complications. Although there was
no significant difference between the 2 groups in terms
of false negativity, this difference exhibited a trend to-
ward significance. We think that the detection of more
single-station cN2 patients with CM led to a decrease
in false negativity in Group 2. Lemaire A et al.*” ob-
served a 5.5% false negative ratio similar to our find-
ings in Group 2 (4.1%).

In the present study, the false negativity ratio in Group
1 was found to be 8.7%. Luke WP et al.”® reported their
false negative ratios as 8.8% and years later in another
study, Hammoud ZT et al.” reported their false nega-
tive ratios as 8%. These results were similar to our re-
sults. Consistent with the literature, the most common
false negativity in both groups occurred in the subcari-
nal lymph node station and less frequently in the right
lower paratracheal station®. The subcarinal region is a
large area and CM can not reach every part hence CM
is unable to sample posterior carinal regions. In addi-
tion, this area is surrounded by many important vessels,
and damage to them can cause life-threatening bleed-
ing. This risk may prevent adequate sampling®. All this
may explain the high false negative ratios of the sub-
carinal lymph node.

The present study has some limitations. In both groups,
we did not specify our clinical stages retrospectively
before CM. Although the reduction in CM rates and
pN2 detection rates in surgery was explained by the ad-
vancement in PET-CT and other minimally invasive
staging methods, we did not include our clinic’s PET-
CT, EBUS/EUS sensitivity and specitivity rates in the
present study. Despite all this, we believe that this his-
torical cross-sectional study well demonstrated chang-
es in CM over the years with a large patient series.

In conclusion, cervical mediastinoscopy is still the gold
standard of mediastinal staging with high sensitivity,
specificity and negative predictive values even though
there is a decrease in its indications over the years due
to the advancement of technology and minimally inva-
sive techniques. In the last 12 years, detection of clinic
multiple N2 and ¢N3 disease with CM, unexpected
pN2 detection in surgery and false negative rates of

CM have decreased.
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