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Dear members of the scientific world,

The Turkish Society of Thoracic Surgery is taking a big step. We are attempting to sign on an e-journal, the 

“Current Thoracic Surgery”, that will help us make a name for ourselves at the international scientific plat-

form, and make an important contribution to our society in the near future.

Thoracic Surgery has become a scientific field that has found its place in today’s medicine. Increased knowledge 

parallel to the development of technology has enabled the continuous production of information. We believe 

that, we need to have scientists who really produce technology rather than using the technology produced by 

others. Although the country is located in a difficult socio-politic region, it should be our priority to pay importan-

ce to research and development and to produce scientific work no matter what is essential. And we believe that 

the Turkish thoracic surgeons are ready for this task. The dynamic members of our society proceed significantly.

We provide up-to-date information, we discuss and share them by organizing congresses, scientific me-

etings and various activities. As well said in the idiom “Words fly away, writings remain”, is a sine qua non 

philosophical principle to write down the findings of the scientific investigations. Many national and inter-

national scientific works from our country have been published in the literature in recent years.

Besides the official journal being published together with the Turkish Society of Cardiovascular Surgery, 

the “Turkish Journal of Thoracic and Cardiovascular Surgery”, which is indexed by SCI-E, there was a need 

for a journal to be able to publish the increasing number of articles. A rigorous work was undertaken to 

fulfill this need and here we present you the first issue of our electronic journal that the preparations have 

been underway for about a year. We will try to make this journal a precious work with your academic and 

scientific contributions, and we will share the pride together. 

It is Turkish scientists’ responsibility to produce a lot higher quality work to reveal their presence in the 

scientific literature. As stated in the Turkish idiom “Craft is subject to compliment”, appreciation of the sci-

entific efforts is one of the primary goals of medical specialty societies.  I am grateful to my colleagues and 

esteemed members of executive committee for their contributions to this first issue of the journal.  I wish 

good luck and best of success to all. 

Hereby, I wish a peaceful new year to all our esteemed members of the Turkish Society of Thoracic Surgery 

and colleagues.

Best regards,

Levent Elbeyli, MD, Professor of Thoracic Surgery

President, Turkish Society of Thoracic Surgery

Editorial 
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Dear Colleagues,

It is an honor for me to present you the first issue of Current Thoracic Surgery which will be a periodical, 

peer-reviewed and open access e- journal belonging to the Turkish Society of Thoracic Surgery. 

The Current Thoracic Surgery will publish articles in branches of general thoracic surgery, thoracic disea-

ses and thoracic surgery anesthesia, three times annually.

The Current Thoracic Surgery is dedicated to publish clinical research articles, clinical analysis articles, la-

boratory and experimental studies, editorials, invited current reviews, case reports, interesting images 

and “How to Do It” papers. Being a peer-reviewed journal, the manuscripts sent will be evaluated by con-

sultants and should be appropriate for the current version of common rules indicated for biomedical ma-

nuscripts as defined by the International Committee of Medical Journal Editors.

Manuscripts have to be submitted through the online system for TUBİTAK ULAKBİM DergiPark at http://

dergipark.gov.tr/currthoracsurg. You will be guided for uploading of the files in a few steps.

The principle aim is the exchange of knowledge by providing freely available articles on journal web site. 

I want to remind you that currently the journal has not been indexed in any national or international 

indexes. However beginning from the first issue we will suggest the journal to several indexes which are 

important for the visibility of the journal. 

I wish you all the best in your studies in this upcoming year.

Berkant Özpolat, MD, Professor of Thoracic Surgery

Editor-in Chief

Editorial 
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ABSTRACT

Background: Cryotherapy is an actual treatment and diagnostic method in many fields of medicine. We 

aimed to evaluate the acute histopathological effects of cryotherapy application on lung tissue. 

Materials and Methods: In this study 10 male rabbits were used. After providing single lung ventilation of 

the rabbits, clamshell incision was performed for exploration. Four different cryotherapy applications were 

performed to determine the different histopathologic changes on atelectatic and ventilated lung, also the 

difference between one versus two-cycle applications.  After all applications, firstly, air leak was checked, 

then specimens were taken to analyze the acute histopathologic effects. 

Results: After cryotherapy application, no air leak was detected on ventilated rabbit lung with a pressure of 

30 cmH2O. There was no bleeding from lung tissue, but macroscopic parenchymal hematoma developed. 

The depth of necrosis in lung tissue was evaluated with histopathological analysis. In all samples, alveolar 

edema and congestion were observed but there was no statistical difference between the depth of necrosis 

regarding with different cryotherapy applications. 

Conclusions: This study indicated that different applications of cryotherapy on lung parenchyma is a safe 

method and do not affect the depth of necrosis in a statistically significant degree. 

Keywords: Experimental model; lung; cryotherapy; air leak



Introduction 

Cryotherapy is a method which has a usage for many 
organs and diseases especially for malignancies. For 
medically or surgically inoperable patients with lung 
cancer, cryotherapy is used sporadically. Recently, 
transbronchial cryobiopsies are getting more common 
in the diagnosis of interstitial lung diseases. 

In this study, we aimed to evaluate air leak and acute 
histopathological effects on lung caused by the therapy, 
to guide how to use cryotherapy and adapt this method 
to a surgical approach.

Materials and Methods

Ten male rabbits weighing 944-1386 grams were used 
and the study was approved by the "Local Ethics Com-
mittee of Animal Experiments" of our hospital.

For the application, a carbon dioxide cryoprobe 
which provides a temperature around -40 C° at the 
probe tip was used. As the probe used for application on 
human was large for rabbit lung, a probe with a 3 mm 
tip diameter was obtained (Figure 1).

Figure 1. The probe with a 3 mm tip diameter for the applica-
tion on rabbit lung.

Experimental Study Method

The induction of anesthesia was provided with ket-
amine (10 mg/kg) and xylazine (3 mg/kg) via 24 gauge 
cannula which was placed to lateral ear vein of the rab-
bit. After removal of the hair from the surgical site with 
cervical incision trachea was dissected, a transverse tra-
cheotomy was done and intubation was provided with a 
3 or 3.5 mm diameter endotracheal tube (Figure 2). 

Figure 2. Intubation via cervical tracheotomy

Animals were connected to mechanical ventilator 
(Servo 900 C, Siemens, Sweden). Following intubation, 
cisatracurium was used (0.5 mg/kg) intravenously for 
muscle paralysis. The continuity of anesthesia was se-
cured with ketamine and xylazine bolus infusions. The 
animals were ventilated with a beginning 10 cmH2O air-
way pressure in pressure control mode. In order to pro-
vide exposure to both hemithorax, a clamshell incision 
was used, and by pushing the intubation tube forward to 
right main bronchus single lung ventilation was achieved. 
First application was performed on the atelectatic lung’s 
one lobe for a cycle (every cycle contains a freezing pe-
riod of 20 seconds and a slow thawing period after) and 
two cycles to another lobe superficially (Figure 3).

Figure 3. The macroscopic view of the hematoma on venti-
lated lung after cryo application.

After the thawing finished completely, thoracic cav-
ity was filled with saline solution in order to check air 
leak and both lungs were ventilated with an increasing 
airway pressure 5 cmH20 gradually up to 30 cmH20 in 
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every 5 minutes. The same procedure was performed on 
ventilated right lung, to different lobes, as one and two 
cycles respectively. To summarize, one cycle cryother-
apy was performed for one lobe of the atelectatic left 
lung (method 1), and two cycles for other lobe (method 
2). On the other hand, for ventilated right lung one and 
two cycle therapies were performed for different lobes 
(method 3 and method 4 respectively). After air leak 
check out, lobes were resected for histopathological ex-
amination. Animals were sacrificed with high dose in-
travenous potassium-chloride. The resected lobes were 
fixed in 10% formalin solution.. 

Histopathological research

Four-micron sections straight to the cryotherapy appli-
cation sites were obtained and they were stained with 
hematoxylin eosin. All the specimens were evaluated by 
a blinded histopathological examination. The parenchy-
mal injury was evaluated with ocular micrometer mea-
suring the depth of coagulation necrosis.

Statistical method

Because a few number of animals were used for the 
study, “two-factor analysis of variance” was used. Sta-
tistical analysis was performed using SPSS 10.0 (SPSS 
Inc., Chicago, IL, USA) for windows and p values less 
than 0.05 were considered significant.

Results

In all specimens’, after histopathological evaluation, 
coagulation necrosis with various levels, alveolar con-
gestion, edema and intraalveolar hemorrhage were ob-
served (Figure 4).

Figure 4. Alveolar congestion, edema and intraalveolar 
hemorrhage (hematoxylin-eosin).

The level of coagulation necrosis were evaluated on 
tissue samples with ocular micrometers (Table 1).

Table 1. The mean value of necrosis on the lung after 
cryotherapy applications

Application Method 1 Method 2 Method 3 Method 4

Mean tissue 
necrosis 
(micron)

1931.3 1931.3 1581.6 1764.5

Air leak was not detected in any of the methods 
tough airway pressure was increased up to 30 cmH2O. 
Hemorrhage, from lung parenchyma to the pleural cav-
ity was not seen macroscopically. Only a limited hema-
toma was observed in the application site. 

Medium values of coagulation necrosis in atelectatic 
left lung was more than it was in the ventilated right 
lung. There was not any statistical difference between 
methods although the lowest value of coagulation ne-
crosis was observed in method 3 ("one-cycle" applica-
tion on ventilated lung).

Discussion
Application of cryotherapy on lung is still controversial 
although it has a both experimental and routine clinical 
application area on many organs such as prostate, kid-
ney and liver [1-5]. Due to the specialty of lung tissue, 
there are two important points to be kept in mind. One 
is whether the application will cause air leak or not and 
the other is the histopathological depth of necrosis on 
alveolar structure? Permpongkosol et al. demonstrated 
the different histopathological effects of same cryother-
apy protocol on kidney, liver and lung [6].

At the study of Çakan et al. comparing non-ana-
tomic pulmonary resection via ligasure and harmonic 
scalpel, the maximum depth of necrosis was 731.5 mi-
cron, whereas at our study there were differences when 
cryotherapy was applied on parenchymal surface versus 
other methods and depth of necrosis was ranging be-
tween 1581-1931 microns [7].

Unlike other solid organs, there are two different 
options for pulmonary applications. In our study, with 
one lung ventilation when cryotherapy applied to both 
ventilated and non-ventilated lung tissue, the depth of 
necrosis on alveolar tissue and air leak were analysed 
separately. In addition, the safety of one or two cycles 
of cryotherapy applications were researched. 
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In the study of Izumi et al. comparing one and two 
cycles of cryotherapy on normal lung tissue in a porcine 
model, there was a significant air leak and hemorrhage 
detected additionally at the area of the lesion tripled 
with two cycles of cryoablation versus one cycle [8].

Wang et al. obtained successful results with computed 
tomography guided percutaneous cryotherapy, on patients 
with one or more masses that failed with previous thera-
pies (radiation therapy, chemotherapy and /or surgery) or 
had nonresectable central lung cancer [9]. They inserted 
cryoprobes although the lung was ventilated and per-
formed the therapy. By 6 months 86% of the treated areas 
were stable or smaller than the original tumor [10]. Pneu-
mothorax due to the procedure occurred in 12% of the pa-
tients and only a few of them required tube thoracostomy. 

Nowadays, in thoracic applications, cryotherapy is 
mostly used in endobronchial tumors. It is a treatment 
option for patients with an airway obstruction, alterna-
tive to laser, diathermia, photodynamic therapy and stent 
applications [10-16]. Cryotherapy with minimal compli-
cation ratios were reported to be a good tolerated method 
by Maiwant et al. [17-18]. Moorjani et al. indicated that 
in none of the cases, bronchial perforation or mortality 
was seen and highlighted the priority of the method [19].

One another usage of cryotherapy is transbron-
chial cryobiopsy. Although surgical biopsy is still the 
gold standard for diagnosis of interstitial lung diseases, 
transbronchial cryobiopsy is getting more common with 
satisfactory results [20-23]. Pneumothorax and bleed-
ing are the most common complications [21]. Bleeding 
could be effectively managed in endoscopy unit as re-
ported by Hagmeyer et al. [22]. 

When cryotherapy is applied directly to the paren-
chymal surface of lung, it causes pulmonary edema and 
hemorrhage. For this reason, Izumi et al. applied cryo-
ablation for the treatment of experimentally created air 
leaks. Their study demonstrated that another potential 
application of cryotherapy was the control of air leak 
from dissected raw lung surfaces during lung resection 
[24]. In our study, cryotherapy probe was not applied 
inside the parenchymal tissue but on the lung surface 
and similarly no air leak was detected but only an intra-
parenchymal hematoma has occurred.

In this study, cryotherapy which comes to order 
nowadays with its application for cancer treatment, is 
demonstrated to be effective causing pulmonary hema-
toma and vascular thrombosis when used superficially 
and there was no statistical differences between differ-
ent methods of applications. In conclusion, we are in the 
opinion that according to our results further studies are 
needed to investigate usage of cryotherapy.
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ABSTRACT

Background: The gold standard of treatment for non-small cell lung cancer (NSCLC) is anatomic 

pulmonary resection. Wider resection methods may be preferred due to the size or anatomic location of 

the tumor. One method of choice is bilobectomy due of the anatomy of the right lung.

Materials and Methods: This study retrospectively analyzed 93 patients who were diagnosed with 

NSCLC and had bilobectomy, complete resection, and mediastinal lymph node dissection at our center 

between January 2005 and April 2013. 

Results: Forty-seven patients underwent superior bilobectomy (sBL), and 46 patients underwent 

inferior bilobectomy (iBL). Bilobectomy was performed due to fissure invasion in 51 (58.1%) patients, 

internal or external bronchial tumor invasion in 31 (33.3%) patients, external bronchial lymph node 

invasion in six (6.4%) patients, and vascular invasion in two (2.2%) patients. The bronchial invasion-

based indications were significantly higher in the iBL group compared to the fissure invasion-based 

indications in the sBL group (P < 0.001). 

Conclusions: Bilobectomy leads to a substantial amount of parenchymal loss in the right lung, but it 

is a procedure that should be performed under the necessary conditions. It is obvious that performing 

bilobectomy under proper indications would result in good outcomes for lung cancer patients. 
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Introduction
The gold standard of treatment for non-small cell lung 
cancer (NSCLC) is anatomic pulmonary resection [1,2]. 
Wider resection methods may be preferred due to the 
size or anatomic location of the tumor. One method 
of choice because of the anatomy of the right lung is 
bilobectomy.  Bilobectomy is the term used when the 
middle lobe lobectomy added upper or lower lobectomy 
in addition to the right and it was first performed by 
Churchill in 1933 [3]. Mid-upper lobectomy is called to 
bilobectomy superior or upper, mid-lower lobectomy is 
called to inferior or lower bilobectomy [2,3]. The pres-
ent study analyzed patients who underwent bilobecto-
my due to non-small cell lung carcinoma at our center, 
and the outcome of the patients were investigated.

Materials and Methods
This study retrospectively analyzed the patients who 
were diagnosed with non-small cell lung cancer and 
had bilobectomy, complete resection, and mediastinal 
lymph node dissection at our center between January 
2005 and April 2013. We declare that the study was 
performed in accordance with the ethical standards laid 
down in the Helsinki Declaration of 1975, as revised in 
1983. The patients who had a bilobectomy due to benign 
pathology and the patients who had undergone a sleeve 
resection were excluded from the study. Data was ret-
rospectively collected from the patient files. The param-
eters analyzed included gender, age, bilobectomy type, 
neoadjuvant therapy, histopathological type, pathologi-
cal stage, postoperative complications, mortality, reason 
for bilobectomy, and stump closure techniques (stapler 
vs primary). Pathological staging was done according 
to the seventh TNM staging system. In the presence of 
mediastinal lymphadenopathy, EBUS, mediastinoscopy 
and/or VATS were used for staging. All patients were 
intubated with a double-lumen intubation tube. Com-
plete systematic mediastinal lymph node dissection was 
added to the bilobectomy procedure that was performed 
after posterolateral thoracotomy in all patients.

Statistical Methods
The data was analyzed using the Statistical Package for 
the Social Sciences (SPSS) 20 software. The quantitative 
data was analyzed using the Kolmogorov-Smirnov test 
for the compatibility with normal distribution, and para-
metric methods were used to analyze the variables with 
normal distribution and homogeneous variations, and 
non-parametric methods were used to analyze the vari-
ables without normal distribution and homogeneous vari-
ations. Two independent groups were compared using the 

independent t-test and the Mann-Whitney U-test. After the 
main factor was controlled for quantitative data, the cor-
relations of the variables with each other were analyzed 
using the partial correlation test, and the categorical data 
was compared using Pearson’s chi-square test. The effects 
of the factors on mortality and lifetime were analyzed us-
ing the Kaplan-Meier method (product-limit method), and 
the effects of prognostic variables on lifetime according 
to the main factor were measures using the Cox regres-
sion analysis. Quantitative data were expressed in mean ± 
std. (standard deviation) and median ± IQR values in the 
tables. Categorical data were expressed in number (n) and 
percentage (%). The data were analyzed at the 95% con-
fidence interval and P < 0.05 was considered significant.

Results
Among 93 patients, who had bilobectomy with the di-
agnosis of NSCLC, 81 (76%) were male and 12 (24%) 
were female, with a mean age of 60 ± 10.5 (range: 23-
79 years). Forty-seven patients underwent superior bi-
lobectomy (sBL), and 46 patients underwent inferior bi-
lobectomy (iBL) (Table 1). Based on histopathological 
type, 57 (61.3%) patients were in the squamous cell car-
cinoma, 28 (30.1%) patients were in the adenocarcino-
ma, and eight (8.6%) patients were in the other NSCLC 
group. Patients’ pathological stage were IA in 15, IB in 
26, IIA in 15, IIB in 18 and III3A in 19 cases.

The patients underwent bilobectomy due to four rea-
sons under the categories of internal or external bron-
chial tumor invasion, fissure invasion, external bronchial 
metastatic lymph node invasion, and vascular invasion. 
Bilobectomy was performed due to fissure invasion in 
54 (58.1%) patients, internal or external bronchial tu-
mor invasion in 31 (33.3%) patients, external bronchial 
lymph node invasion in six (6.4%) patients, and vascu-
lar invasion in two (2.2%) patients. In the iBL group, 
bilobectomy was performed due to internal and external 
bronchial tumor invasion in 29 patients and fissure inva-
sion in 11 patients, and these figures were the opposite 
of those in the sBL group. In the sBL group, 43 patients 
were operated due to fissure invasion, whereas the inter-
nal and external bronchial tumor invasion was limited to 
two patients. The bronchial invasion-based indications 
were significantly higher in the iBL group compared to 
the fissure invasion-based indications in the sBL group (P 
< 0.001). Among those who underwent bilobectomy due 
to bronchial invasion, 21 patients had intermediary bron-
chus invasion and ten patients had middle lobe bronchus 
invasion. Among those who underwent bilobectomy due 
to fissure invasion, 43 patients had minor fissure inva-
sion, and 11 patients had bilobectomy due to tumor inva-
sion in the middle lobe by invading the major fissure.

7

Samancılar et al.
Bilobectomy in non-small cell lung carcinoma

© Current Thoracic Surgery. All rights reserved.



The mean drainage time was 9.3 ± 7.4 (range: 3-52) 
days in the overall group. The mean drainage time was 8.3 
days in the sBL group compared to 10.3 days in the iBL 
group, and there was no statistically significant difference 
between the groups (P = 0.163). When the drainage times 
were compared considering bilobectomy indication, the 
mean time was 9.1 days due to bronchial causes, 8.8 days 
due to fissure-related causes, 15.2 days due to lymph node 
invasion, and 8.5 days due to vascular causes (P = 0.248). 

Forty (43%) patients from the study group devel-
oped postoperative complications. The distribution was 
as follows; prolonged air leak (PAL) in 22 (23.6%) pa-
tients, atelectasis requiring bronchoscopy in four (4.3%) 
patients, cardiac arrhythmia in three (3.2%) patients, 
bronchopleural fistula in three (3.2%) patients, pneumo-
nia in two (2.1%) patients, empyema in two (2.1%) pa-
tients, subcutaneous emphysema in two (2.1%) patients, 
pulmonary thromboembolism in two (2.1%) patients, 
and chylothorax in one (1.1%) patient. Re-thoracotomy 

was performed in four patients, as completion to sleeve 
resection in two patients, and fistula repair in one pa-
tient who developed bronchopleural fistula, and duc-
tus ligation in one patient who developed chylothorax. 
Two patients died within the first postoperative month 
(2.1%). Pneumoperitoneum was performed in three of 
22 patients who developed PAL. There were no com-
plications in the remaining 53 patients. The bronchus 
closure was completed using a stapler in two and by 
suturing in one of three patients who developed bron-
chopleural fistula, whereas two patients had sBL and the 
other patient had iBL. Eighteen patients from the sBL 
group and 22 patients from the iBL group developed 
complications, and there was a balanced distribution 
between the groups (P = 0.533). Fourteen patients from 
the iBL group had PAL compared to eight patients from 
the sBL group (P = 0.128). When the development of 
complications was compared considering bilobectomy 
indication; complications were developed in 16 patients 
who had bilobectomy due to bronchial causes, 19 pa-
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Table 1. Demographics - patient distribution
sBL (n=47) iBL (n=46) Total P-value

Bilobectomy indi-
cation

Bronchial 2 29 31
< 0.001

Fissure invasion 43 11 54
Lymphatic 1 5 6 0.086
Vascular 1 1 2 0.988

N status
N0 35 28 63 0.161

0.034N1 9 6 15 0.423
N2 3 12 15 0.010

Histopathology
Adenocarcinoma 19 9 28 0.028

0.083SCC 24 33 57 0.041
Other 4 4 8 0.975

Complication

PAL 8 14 22 0.128

0.353

Pneumonia 0 2 2 0.242
Empyema 0 2 2 0.242

BPF 2 1 3 0.570
Atelectasis 1 3 4 0.361
Arrhythmia 2 1 3 0.570
Chylothorax 0 1 1 0.309

PTE 2 0 2 0.157
SE 0 2 2 0.242

Sex
Male 40 41 81

0.759
Female 7 5 12

Age 61.1 / years 58.9 / years //years 0.590
Drainage time 8.3 / days 10.3 / days 0.163

sBL: superior bilobectomy; iBL: inferior bilobectomy, N: lymph node station, SCC: squamous cell carcinoma, PAL: prolonged air leak, BPF: bronc-
hopleural fistula, PTE: pulmonary thromboembolism, SE: subcutaneous emphysema



tients who were operated due to fissure crossing, three 
of the patients who were surgically treated due to lym-
phatic etiology, and two patients who had bilobectomy 
due to vascular causes, and there was no statistically 
significant difference between the groups (P = 0.168). 

The mean duration of follow-up of the patients was 
45.8 months (range: 1-117 months), and 56% of the pa-
tients are alive. Intraoperative mortality was not observed 
in the study group, but two patients died from operation-
related complications within the first thirty postoperative 
days and considered as early mortality. For this reason, the 
survival calculations were made on 91 patients. As calcu-
lated using the Kaplan-Meier survival analysis, the me-
dian survival of 91 patients was 40 months and the three-
year and five-year survival rates were 64.3% and 59.6%, 
respectively. When survival was analyzed considering the 
bilobectomy type, the median survival time was 37 and 41 
months for superior and inferior bilobectomy, respective-
ly, and there was no statistically significant difference in 
between (P = 0.324) (Figure 1). The median survival time 
was 37, 38, and 49 months for the patients diagnosed with 
adenocarcinoma, squamous cell carcinoma, and other 
NSCLC, respectively, and the five-year survival rate was 

57.1%, 58.3%, and 75%, respectively (P = 0.687) (Table 
2). When the survival of the overall group was analyzed 
considering lymph node (N) status, the median survival 
was 49 months in N0, 41 months in N1, and 33 months in 
N2, and the five-year survival rates were 65.9%, 47.7%, 
and 45.7%, respectively; there was no statistically signifi-
cant difference between the groups (P = 0.236). 

Figure 1. Survival of patients according to type of resection

Discussion

Bilobectomy was first performed in 1933, and the lim-
ited number of studies conducted afterwards [3,5-6]. 
Inferior bilobectomy was more frequent in the early 
studies conducted on this matter, whereas superior bi-
lobectomy has increased in number over time. The rate 
of inferior bilobectomy was 65% in the series of Keller 
et al. [4], 86% in the series of Deneuville et al. [6], 84% 

in the series of Massard et al. [1], 82% in the series of 
Carbognani et al. [1], and 62% in the series of Kim et 
al. [7], whereas superior bilobectomy was performed by 
Icard et al. [2] at a rate of 52% in their series and simi-
larly, at a rate of 52% by Galetta et al. [4] in their series. 
The numbers of iBL and sBL were close in our series, 
and sBL was performed in 47 (50.5%) patients and iBL 
was performed in 46 (49.5%) patients. 
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Table 2. Survival rate of the patients according to resection type, histopathology and n-status
n Mean Survival / Months Five years survival rates (%) P-value

Patients 91 40 59.6
Type of bilobectomy
          Superior
          Inferior

46
45

37
41

60.4
54.4

0.324

Histopathological type
          Adenocarcinoma
          SCC
          Other

28
55
8

37
38
49

57.1
58.3
75

0.687

N status
          N0
          N1
          N2

62
14
15

49
41
33

65.9
47.7
45.7

0.236

SCC: squamous cell carcinoma
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Among the most important issues that may occur af-
ter bilobectomy is the diameter mismatch between lung 
and pleural cavity, and the pleural and pulmonary com-
plications caused by the remaining lung tissue not being 
able to fill the thoracic cavity [2,9]. In the literature, the 
ratio of post-bilobectomy complications varied between 
35% and 49% [1,4,6], which is consistent with the ratio 
(43%) in our series. Several studies have demonstrated 
that pulmonary complications are more common in the 
iBL group [1,2,6]. This is attributed to the higher number 
of lung segments resected in iBL [2]. In the present study, 
the number of pulmonary complications were higher, but 
there were no statistical differences between two groups. 

One of the most important pulmonary complications 
that may develop after surgical resection is prolonged 
air leak in non-small cell lung cancer. The study by 
Keller et al. stated that the limit for prolonged air leak 
was 14 days and reported that three patients developed 
prolonged air leak [5]. Deneuville et al. [6] reported 
prolonged air leak in ten (6.8%) patients, Kim et al. [8] 
reported prolonged air leak in eight (9%) patients, Mas-
sard et al. [1] reported prolonged air leak in 18 (16%) 
patients, and Galetta et al. [4] reported prolonged air 
leak in 22 (15.1%) patients. In the present study, the 
limit for prolonged air leak was seven days and 22 
(23.6%) patients developed PAL. In the study by Mas-
sard et al. [1] a higher percentage of prolonged air leak 
was found in the sBL group, but did not provide any sta-
tistical information on this matter. In the present study, 
prolonged air leak was more common in the iBL group, 
however there was no statistically significant difference 
between the groups (P = 0.128). 

Bronchopleural fistula is among the major and unde-
sired complications that may develop after pulmonary re-
sections [10]. The rate of incidence for bronchopleural fis-
tula after bilobectomy varied between 0.6% and 8% [4,6]. 
This rate was 3% in our series. In the study by Vester et 
al. [11] consisting of a pulmonary resection series of 2000 
diseases, nine of the patients who had bilobectomy devel-
oped BPF and the bronchial stump was closed by using 
sutures in all of these patients. In our series, three patients 
developed BPF and the bronchial stump was closed by us-
ing a stapler in two patients and by sutures in one patient. 
In the study by Deneuville et al. [6], all of 13 patients with 
BPF were from the inferior bilobectomy group, whereas 
the superior bilobectomy was performed on two patients 
and inferior bilobectomy was performed on one of the pa-
tients developing BPF in our series.

The mortality rate within the first thirty postopera-
tive days varies from 0.97% to 6.1% in various series 
[1,2,5,6,8,12]. Icard et al. [2] reported that mortality 
varied from 3.5% to 6.1% within the first thirty postop-
erative days in their first series published and highlight-
ed that the mortality within the first thirty postoperative 
days reduced over time. In the same study, Icard et al. 
[2] stated that the postoperative mortality of bilobecto-
mies were not statistically different from lobectomies 
and significantly lower than pneumonectomies, based 
on his own experience. In our series, two (2.1%) pa-
tients died within the first 30 postoperative days due to 
pulmonary thromboembolism.

The literature review revealed that the five-year 
survival rate varied between 26% and 58% in patients 
undergoing bilobectomy for non-small cell lung can-
cer [1,2,4,6,8]. In our series, the median survival of the 
overall group was 40 months, and the five-year survival 
was 59.6%. The study by Galetta et al. [4] found that the 
five-year survival rate was 43% and 76.2% in patients 
who had superior and inferior bilobectomy, respec-
tively, and reported a significant difference between the 
groups. In the present study, the five-year survival rate 
was 60.4% in patients from the superior bilobectomy 
group and 54.4% in the patients from the inferior bi-
lobectomy group. There is no significant difference be-
tween these two groups.

The bilobectomy series in the literature revealed that, 
the five-year survival rate varied from 34% to 74.5% in 
N0 disease and this rate varied between 8% and 40% in 
N2 disease [2,4,8]. The study by Kim et al. [8] showed 
that the five-year survival rates were 62%, 35%, and 8% 
in N0, N1, and N2 disease, respectively, which was sig-
nificant. In the present study, the median survival and 
five-year survival rates were 49 months and 65.9% in 
N0 disease, 41 months and 47.7% in N1 disease, and 
33 months and 45.7% in N2 disease, respectively, and 
there was no statistically significant difference between 
the groups despite the reduced values. 

As a conclusion bilobectomy leads to a substantial 
amount of parenchymal loss in the right lung, but it is a 
procedure that should be performed under the necessary 
conditions. The present study demonstrated that both 
inferior and superior bilobectomy can be performed at 
acceptable rates. It is obvious that performing bilobec-
tomy under proper indications would result in good out-
comes for lung cancer patients.
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ABSTRACT

Background: Tumor size is one of the major prognostic determinants of non-small cell lung cancer (NSCLC). 

In the present study, we evaluated the effect of tumor size on survival in pN0M0 NSCLC patients. 

Materials and Methods: Between 1994 and 2013, 1975 NSCLC patients underwent surgery in our 

center. The study included 774 NSCLC patients with pathological stage N0M0, and these patients were 

divided into 8 groups according to tumor diameter, as follows, Group 1: 0-10 mm, Group 2: 11-20 mm, 

Group 3: 21-30 mm, Group 4: 31-40 mm, Group 5: 41-50 mm, Group 6: 51-60 mm, Group 7: 61-70 

mm, and Group 8: > 70 mm. We aimed to evaluate the prognostic effect of tumor size on overall survival 

and to determine a cut-off point for tumor size.

Results: The 5 year overall survival rate for groups 1 to 8 were 85.6%, 81.3%, 68.6%, 62.2%, 55%, 

54.2%, 54.3%, and 45.6%, respectively. The mean follow-up time was 43.8 months. In multivariate 

analysis, age, tumor size, and surgical resection type had an independent prognostic value on survival.

Conclusions: Tumor size is an independent prognostic factor for pN0M0 NSCLC patients. A tumor size 

of 4 cm was found to be the most suitable cut-off point for survival which may be of help in decision-

making for adjuvant chemotherapy.

Keywords: Non-small cell lung cancer; tumor size; survival



Introduction

Tumor size is one of the major prognostic determinants 
of non-small cell lung cancer. In the Eighth edition of 
the TNM Classification of Lung Cancer, IASLC recom-
mended to sub classify T1 into T1a (≤1 cm), T1b (>1 to 
≤2 cm), and T1c (>2 to ≤3 cm); T2 into T2a (>3 to ≤4 
cm) and T2b (>4 to ≤5 cm); and reclassify T3 tumors 
as >5 cm to ≤7 cm and T4 tumors as >7 cm. Tumor 
size is a well-established prognostic factor. The statisti-
cal analysis was performed in a cohort of patients with 
pN0M0R0, pN0M0Rx, pNxM0R0 and cN0M0 diseas-
es. The T descriptors within the same group were ana-
lyzed separately. There is a complex set of analysis and 
comparisons [1]. The best subset of patients to study the 
effect of tumor size on survival is pN0M0 group. By 
using this group, the confounding effect of nodal me-
tastasis is removed. Another important issue is when to 
give adjuvant therapy in pN0 patients. In this study, we 
aimed to evaluate the effect of tumor size on survival in 
NSCLC patients with pathological stage N0M0. 

Materials and Methods

This is a retrospective single center study. Between 1994 
and 2013, 1975 non-small cell lung cancer patients un-
derwent surgery in Ankara University School of Medi-
cine Thoracic Surgery Department.  We only included 
pN0M0 NSCLC patients. Patients with lymph node 
metastases, those without lymph node examination or 
without appropriate staging information and those with 
metastasis were excluded. The data of age, sex, tumor 
diameter, tumor histology, resection type, pathological 
T stage and overall survival (time between surgery and 
death) were recorded from the medical files. We declare 
that the study was performed in accordance with the 
ethical standards laid down in the Helsinki Declaration 
of 1975, as revised in 1983. The patients were divided 
into 8 groups according to tumor diameter, as follows, 
Group 1: 0-10 mm, Group 2: 11-20 mm, Group 3: 21-30 
mm, Group 4: 31-40 mm, Group 5: 41-50 mm, Group 
6: 51-60 mm, Group 7: 61-70 mm, and Group 8: >70 
mm. We used Kaplan-Meier method with log-rank test 
for univariate analysis and Cox regression analysis (for-
ward stepwise) for multivariate survival analysis. SPSS 
version 15.0 was used for statistical analysis. The statis-
tical significance level of P was determined as ≤ 0.05.

Results
The analysis included 774 patients (87.2% male) with a 
mean age of 60.4 years (33-84 years).

The distribution of the patients according to tumor 
size was as follows, Group 1: 24 (3.1%), Group 2: 119 
(15.4%), Group 3: 178 (23%), Group 4: 140 (18.1%), 
Group 5: 110 (14.2%), Group 6: 83 (10.8%), Group 
7: 50 (6.4%), and Group 8: 70 (9%) patients. The tu-
mor types of the patients were adenocarcinoma [374 
(48.3%)], squamous cell carcinoma [393 (50.78%)] and 
other cell types [7 (0.9%)]. Of the patients, 522 (67.4%) 
underwent lobectomy, 162 (20.9%) pneumonectomy 
and 90 (11.63%) sublobar resection. The characteristics 
of the patients are summarized in Table 1.

Table 1. Patient characteristics
Variable Number (%)
Age (years)
   ≤65 535 (69.1)
   >65 239 (30.8)
Sex
   Female 99 (12.8)
   Male 675 (87.2)
Tumor diameter group
    1 24 (3.1)
    2 119 (15.4)
    3 178 (23)
    4 140 (18.1)
    5 110 (14.2)
    6 83 (10.8)
    7 50 (6.4)
    8 70 (9)
Histology
    Adenocarcinoma 374 (48.3)
    Squamous cell carcinoma 393 (50.7)
    Other 7 (0.9)
Resection type
     Lobectomy 522 (67.4)
     Pneumonectomy 162 (20.9)
     Sublobar 90 (11.6)
Pathological T stage
     T1a 126 (16.2)
     T1b 145 (18.7)
     T2a 238 (30.7)
     T2b 113 (14.6)
     T3 130 (16.8)
     T4 22 (2.8)
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The 5 year overall survival rate for groups 1 to 8 were 
85.6%, 81.3%, 68.6%, 62.2%, 55%, 54.2%, 54.3%, and 
45.6%, respectively (Figure 1). Mean follow-up time 
was 43.8 months and median follow-up time was 43 
months. Pairwise comparison between the groups for 
survival showed that survival was significantly lon-
ger in Group 2 than that in Group 3 (P = 0.036); the 
other pairwise comparisons revealed no significant dif-
ference; Group 1 vs. Group 2 (P = 0.853), Group 3 vs. 
Group 4 (P = 0.206), Group 4 vs. Group 5 (P = 0.088), 
Group 5 vs. Group 6 (P = 0.698), Group 6 vs. Group 7 (P 
= 0.387), and Group 7 vs. Group 8 (P = 0.305). In multi-
variate analysis, age, tumor diameter and resection type 
were found to be independent prognostic factors. Using 
Group 1 as reference, hazard ratios showed an increased 
risk for mortality, significance beginning with Group 5. 
As seen in Table 2 Group 3 has 1.429 and Group 4 has 
2.144 times increased risk for mortality over Group 1 
which are found statistically insignificant (P = 0.409, P = 
0.079) but Group 5, 6, 7 and 8 have 2.910, 2.841, 2.753, 
3.878 times increased risk for mortality over Group 1 
and all of them are statistically significant (P = 0.015, P 
= 0.019, P = 0.027, P = 0.002 respectively). For resec-
tion types while pneumonectomy and lobectomy have 
a smiliar risk for mortality (HR = 1.045, P = 0.781), 
sublobar resection has 2.711 times increased risk for 
mortality over lobectomy (P = 0.000). We also classi-
fied patients in two groups according to tumor diameter 
as Group 1: ≤4 cm and Group 2: >4 cm, and found that 
the survival difference between the two groups was sta-
tistically significant (P = 0.000) (Figure 2). 

Figure 1. Survival according to tumor diameter groups

Table 2. Multivariate analysis of age, tumor groups and 
resection types

Hazard ratios  (%95 CI) P-value
Age 0.043
Group 1 1 (reference)
Group 2 0.927 (0.381-2.255) 0.868
Group 3 1.429 (0.612-3.333) 0.409
Group 4 2.144 (0.915-5.024) 0.079
Group 5 2.910 (1.234-6.860) 0.015
Group 6 2.841 (1.187-6.799) 0.019
Group 7 2.753 (1.121-6.758) 0.027
Group 8 3.878 (1.620-9.284) 0.002
Lobectomy 1 (reference)
Pneumonectomy 1.045 (0.767-1.423) 0.781
Sublobar resection 2.711 (1.946-3.778) 0.000

Figure 2. Survival according to tumor diameter (≤4 cm / >4 cm) 

Discussion
Tumor size has an important effect on prognosis espe-
cially for node negative tumors [2]. In the Eight Edition 
of IASLC TNM Lung Cancer Staging Project, Rami 
Porta et al. [1] reported that 5 year survival rates of p 
N0M0 NSCLC patients with a tumor size 0.1-1 cm, 1.1-
2 cm, 2.1-3 cm, 3.1-4 cm, 4.1-5 cm, 5.1-6 cm, 6.1-7 
cm were 91%, 86%, 81%, 73%, 66%, 63%, and 58% 
respectively. Although we found a lower survival rates 
in the present study, we observed a similar decreasing 
trend with increasing tumor size.

In our study, survival was significantly longer in 
Group 2 in comparison to that in Group 3 (P = 0.036). 
This is the 2 cm cut-off point which is used for sublobar 
resection [3,4]. Our study also showed that sublobar re-
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section has a negative effect on survival compared with 
lobectomy in multivariate analysis (P = 0.000). These 
two findings cannot be combined in this study, but it 
seems that they are important for selecting surgical pro-
cedure also for early stage lung cancer.

In multivariate analysis, age, tumor size and surgi-
cal resection type have independent prognostic value on 
survival. When Group 1 was used as reference, we ob-
served that, beginning with group 5 (41-50 mm), hazard 
ratios showed a significant increasing trend, and also 
survival difference between the groups with a tumor 
size ≤4cm and >4 cm was significant, showing that a tu-
mor size of 4 cm seems to be a critical threshold. In the 
earlier series [5,6]  this critical threshold was reported to 
be 5 cm but in the eight edition of TNM Rami Porta et 
al. [1]  found 3 cm as the most significant cut-off point 
for T descriptor. Zhang et al. [7] studied similar patient 
groups and found similar results in multivariate analy-
sis. This finding may show that adjuvant chemotherapy 
may be beneficial in pN0M0 NSCLC patients with tu-
mors greater than 4 cm in size [8-10].

There are some limitations for this study. First as a 
prognostic factor on N0M0 patients, tumor extension is 
not excluded in this study, so it may be a confounding 
factor on survival analysis. Second, information on ad-
juvant chemotherapy was not available for this study.

In conclusion, for pN0M0 NSCLC patients, tumor size 
is an independent prognostic factor. As in the new TNM 
classification 1 cm increments in tumor size show a good 
correlation with survival. A tumor size of 4 cm is a sig-
nificant cut-off point for survival which may help in giving 
adjuvant chemotherapy decision for N0M0 patients.
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ABSTRACT

Background: Pulmonary sequestration is defined as nonfunctional lung tissue without a normal 

tracheobronchial tree that is supplied by an aberrant systemic artery. The awareness of the preoperative 

diagnosis could be very crucial for the safety of the operation. 

Materials and Methods: We retrospectively reviewed the records of 16 patients who underwent resection 

for pulmonary sequestration between 2006-2016. Nine of 16 cases (56%) were female, and the mean age of 

the patients was 38.5 ± 9.9 years. Fiberoptic bronchoscopy and standard computed thorax tomography were 

performed for diagnostic work-up in all cases. The patients were divided into 2 groups based on the presence 

(Group A) or abscence (Group B) of the preoperative diagnosis. 

Results: The most common presenting symptoms were cough and expectoration. Preoperative diagnosis 

of the sequestration was obtained in only 5 patients (31%). Bronchiectasis was the most common cause of 

false diagnosis, followed by hydatid disease, malignancy, and aspergillosis. Left-sided and intrapulmonary 

locations were dominant with 12 (75%) and 13 (81%) cases, respectively. Lobectomy was the most common 

type of surgical resection (75%) and thoracic aorta was the source of aberrant artery in 87% of the patients. 

Patients in group A were younger. Though intralobar and extralobar types were equally distributed in both 

groups, all cases in group B had intralobar type. The mean operation time, blood loss, the amount of drainage, 

and the hospital stay were all insignificantly longer in group B patients. Five of the 6 morbidities occured in 

group B patients, but the difference was not statistically significant. No mortality occured. 

Conclusions: Surgical resection provides definitive management, and is usually reserved for the patients 

with symptoms. Facilities for a definitive diagnosis should be performed in every case, because, although 

insignificant, the rate of morbidity is higher in the patients without a definitive diagnosis. Further studies 

concerning of more patients are required to obtain more comprehensive results.    

Keywords: Pulmonary sequestration; lobectomy; diagnosis; bronchiectasis



Introduction
Pulmonary sequestration (PS) is defined as nonfunc-
tional lung tissue without a normal tracheobronchial 
tree that is supplied by an aberrant systemic artery [1]. 
It accounts for 0.15-6.4% of all congenital pulmonary 
malformations [2]. Despite the development of new di-
agnostic tools like computed tomographic angiography 
or digital subtraction angiography, the rate of incorrect 
diagnosis of PS has been reported to be nearly 60% [3]. 
The correct diagnosis of PS before surgery provides the 
surgeon to plan the operation, and prevents the unpre-
dictable hemorrhage from the aberrant artery. Failure to 
diagnose and treat this condition adequately can lead to 
reccurent pneumonia and even severe hemoptysis. Sur-
gical resection provides definitive management and is 
usually reserved for patients with symptoms.  
Materials and Methods
We retrospectively reviewed the records of 16 patients 
who underwent resection for PS at our hospital between 
2006-2016. A thorough physical examination was per-
formed, and the signs and symptom of the all patients 
were recorded. We declare that the study was performed 
in accordance with the ethical standards laid down in 
the Helsinki Declaration of 1975, as revised in 1983.  

All cases had chest X-ray, compturized thorax to-
mography (CT), routine blood chemistry analysis, and 
pulmonary function tests. 

CT-guided transthoracic aspiration biopsy and indi-
rect hemagglutination tests were performed for solid and 
cystic lesions, respectively. A positron emission tomogra-
phy was performed in case of the suspicion for malignan-
cy. Computer tomographic angiography was performed 
in cases when PS suspicion was quite high. To evaluate 
the endobronchial anatomy fiberoptic bronchoscopy was 
performed in all cases. A wedge resection or biopsy from 
the lesion was performed for for patients. Sputum culture 
and antibiogram tests directed to appropriate antibiotics. 

All surgical procedures, either thoracotomy or vid-
eo-assisted thoracic surgery (VATS), were performed 
under single lung ventilation in a posterolateral posi-
tion. As for thoracotomy, serratus anterior muscle spar-
ing tecnique was preferred.  A utility incision and a 10 
mm incision for camera port were used for VATS ap-
proach. The aberrant artery to the sequestered lobe was 
dissected carefully, and was either sutured ligated or cut 
with a stapling device. All cases stayed in the intensive 
care unit at the day of the operation, and the pain man-
agement was achived by patient controlled analgesia.

The patients were divided into 2 groups based on the 
presence (Group A) or abscence (Group B) of the pre-

operative diagnosis. Group A consisted of 6 cases with 
definite diagnosis, and group B without diagnosis(ten 
cases). Statistical analysis was performed on patients’ 
age, gender, symptom, lesion localization, arterial sup-
ply, type of resection, operation time, amount of blood 
loss, amount of drainage, drainage time, hospital stay, 
and complications. The data are expressed as mean 
values ± standard deviation or percentage. Mann Whit-
ney U and Ki square tests were used for comparing the 
groups. Data were analysed using Microsoft Excel 2010 
(Microsoft Corp., Redmond, WA, USA) and SPSS ver-
sion 20.0 software (SPSS,Inc., Chicago, IL, USA).
Results
Nine of 16 (56%) cases were female, and the mean age of 
the patients was 38.5 ± 9.9 (range 22-56). The most com-
mon presenting symptoms were cough and expectoration. 
Left-sided and intrapulmonary locations were dominant 
with 12 (75%) and 13 (81%) cases, respectively. Lobec-
tomy was the most common surgical type of resection 
with 12 patients (75%), and one of them was performed 
via VATS approach. Except for 2 cases, all sequestered 
lung tissue were supplied by thoracic aorta. The mean 
operation time was 148.25 ± 39.86 min, and was longer 
in the patients undegoing lobectomy. The clinical charac-
teristics of the patients were given in Table 1.

For diagnostic work-up, fiberoptic bronchoscopy and 
standard computed thorax tomography were performed 
in all cases. Additional diagnostic tools were listed in 
Table 2. Preoperative diagnosis of PS was reached in 
only 5 patients (31%). Bronchiectasis was the most 
common false diagnosis which was followed by hydatid 
disease, malignancy, and aspergillosis (Figure 1).

The patients in group A were younger than group B. 
Though intralobar and extralobar types were disributed 
equally between the groups, all cases in group B had 
intralobar type. The mean operation time, blood loss, 
the amount of drainage, and the hospital stay were all 
longer in group B, compared to group A. None of the 
differences between these 2 groups reached significance 
due to small number of patients in the groups (Table 3).

Six of 16 patients (37.5%) developed complications 
after the operation. The most severe complication was 
bronchopleural fistula seen after left lower lobectomy. 
The patient was treated with tube thoracostomy and fis-
tula was closed on 12th day of the operation. Other com-
plications included hemmorhage requiring thoracotomy, 
pleural effusion necessitating drainage with pleurocan 
(8-10F, B. Braun, Melsungen, Germany), and wound 
infection treated by antibiotics. Five of the 6 morbidity 
occured in group B patients, but the difference was not 
statistically significant. No mortality occured. 
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Table 1. Clinical characteristics of all patients
Variables n (%)
Age 38.5
Sex 
         Female
         Male

9 (56%)
7 (44%)

Symptoms
         Cough
         Expectoration
         Hemoptysis
         Chest pain
         Pneumonia
         Asymptomatic

12 (%75)
9 (%56)
2 (%13)
1 (%6)
3 (%19)
4 (%25)

Localisation 
         Left Lower lobe
         Right Lower lobe

12 (75%)
4 (25%)

Sequestration type
         Intralobar 
         Extralobar 

13 (81%)
3 (19%)

Surgical approach
         Lobectomy
         Wedge resection
         Segmentectomy

12 (75%)
3 (19%)
1 (6%)

Feeding artery
         Thoracal Aorta
         Abdominal Aorta        

14 (87%)
2 (13%)

Operation time (min) 148.25
Blood loss (mL) 223.43
Amount of drainage (mL) 388.43
Drainage time (days) 3.8
Hospital stay  (days) 6
Morbidity
         Bronchopleural fistula
         Hemorrhage
         Pneumonia
         Empyema
         Pleural effusion
         Wound infection

6 patients (37%)
1
1
1
1
1
1

Table 2. Diagnostic tools performed for all patients
Diagnostic methods n (%)
CT-guided TTIA 4 (25%)
Serology (Indirect hemagglutination) 2 (12.5%)
PET-CT 2 (12.5%)
Fiberoptic bronchoscopy 16 (100%)
CT angiography 3 (19%)
Intraoperative frozen section analysis 4 (25%)

Figure 1. Distribution of preoperative diagnosis

Table 3. The comparison of clinical features of patients 
with definite preoperative diagnosis and without diagnosis. 

Group A Group B P
Age 34.8 40.7 0.18
Localisation 
         Left lower lobe
         Right lower lobe

5
1

7
3

0.50

Sequestration type
         Intralobar 
         Extralobar 

3
3

10
0

0.12

Feeding artery
         Thoracal aorta
         Abdominal aorta

6
0

8
2

0.37

Operation time (min.) 133.3 157.2 0.36
Blood loss (mL) 148.3 268.5 0.42
Amount of drainage (mL) 344 415 0.41
Drainage time (days) 3.1 4.2 0.82
Hospital stay  (days) 5.6 6.2 0.87
Morbidity 1 5 0.21

Discussion
PS is a rare congenital malformation of the lower re-
spiratory tract which is characterized by a solitary non-
functioning mass of lung tissue lacking communication 
with the tracheobronchial tree and arterial blood from the 
systemic circulation instead of the pulmonary circulation 
[4]. Though it is first reported by Huber in 1877, Pryce 
named it as sequestration in 1946 [5]. PSs are divided 
into two subgroups: intralobar pulmonary sequestration 
(ILS) and extralobar pulmonary sequestration (ELS). ILS 
is the more common form and is contained within the 
normal lung parenchyma, while ELS is separated from 
the normal lung and has its own visceral pleura [6].

The diagnosis of PS was reached in only 5 (31%) 
of patients. The high rate of bronhiectasis and other in-
fectious diseases like hydatid disease and aspergillosis 
in our country, and the possibility of malignancy in 2 
cases might be the reasons for this relatively low rate of 
preoperative diagnosis. Moreover one case underwent 
resection due to massive hemoptysis. 
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The ability of clearly identifying the aberrant artery 
to the sequestered lung tissue made the digital subtrac-
tion angiography to be the gold standard for the diag-
nosis of pulmonary sequestration [7]. Nevertheless it is 
an invasive and radiation-associated procedure that re-
quires hospitalization. In recent years, safer alternatives 
to digital subtraction angiography, including CT angi-
ography and magnetic resonance imaging (MRI) have 
proved to be equally effective and less invasive imaging 
techniques [8]. We performed CT angiography in 5 cas-
es, and identified the aberrant artery to the sequestered 
lung parenchyma (Figure 2). The clinical findings and 
thorax CT’s of these cases were strongly suggestive for 
PS. Though the source of the aberrant artery may be 
any systemic artery, but in more than 80% of the cases, 
thoracic aorta is the origin [9,10]. Moreover finding of 
anomalous systemic arterial supply to basal segments of 
the lung does not always indicate PS [11]. Sometimes 
these aberrant arteries develop aneurysmatic dilatation, 
and cause severe hemoptysis and hemothorax [12-14].

 

Figure 2. Thorax CT and CT angiography demonstrating 4 
cm opacity in the left lower lobe (IPS) and feeding artery 
from the descending aorta.

In a recent study, Sun et al. [9] reported that the defin-
itive diagnosis rate of PS before the surgery was 27 out 
of 72 cases (37.5%). CT angiography was performed in 
all 27 cases, and 3 of them underwent digital subtraction 
angiography (DSA) as well. All 5 ELS patients were not 
diagnosed with PS before surgery in that series. One of 
the largest series in the literature was reported by Wei 
et al. [3]. The total number of patients with incorrect di-
agnosis was 713 of 2625 cases (27%). Unlike our series 
the main CT appearances of these patients were mass 
lesions (49%) and cystic lesions (28%).  The rate of 
misdiagnosis of PS as pulmonary cyst and lung cancer 
were 36.19% and 21.04%, respectively. Contrary to our 
series (37%) only 15% of patients of that series misdi-
agnosed as PS. Another recent study from our country 
reported that only 4 of 11 cases (36%) had the diagnosis 
of PS, very similar to our results [15]. Contrary to this 
study, Gezer et al. [1] reported a very low rate (about 
10%) of correct diagnosis. They attributed this low rate 
of correct diagnosis to the study period which was from 
1982 to 2006. The authors stressed that CT was not 
available in the earlier period of the study.

Despite the many studies with low rates of correct 
diagnosis of PS in the literature, Kestenholz et al. [16] 
reported 100% of correct diagnosis with 14 cases. The 
authors stated that the feeding artery was shown with 
CT scan, and additionally 3 cases had angiography and 
one had MRI-angiography. Halkic et al. [17] reported 
one of the highest rate (about 80%) of correct diagnosis. 
They performed angiography in 20 of 26 patients who 
had chest X-rays evoking the diagnosis of PS. 

In addition to series, there are many case reports of PS 
in the literature. In those case reports the clinical picture 
of PS may mimic many diseases, such as hydatid disease, 
mediastinal mass or even malignacy [18,19]. More inter-
estingly, there are some case reports in which adenocarci-
noma was detected in the sequestered lobe [20].

The usual treatment is lobectomy or segmentectomy 
for ILS, wedge resection and for ELS. The surgical ap-
proach extends from open thoracotomy to minimal inva-
sive procedures like VATS or robotic lobectomy. During 
the resection, the initial step is to identify the aberrant ar-
tery which is often localised in the pulmonary ligament 
(Figure 3). The dissection and finding the aberrant artery 
is usually challenging because of the adhesions and fi-
brotic tissue that developed due to previous infections. 
It is prudent to search for the aberrant artery otherwise 
inadvertent injury and massive hemorrhage might be un-
avoidable. Saxxena et al. [21] suggested embolization of 
the aberrant artery to avoid a catastrophy. 

 

Figure 3. The operative view demonstrating ELS and 
division of the feeding artery originating from the de-
scending aorta.

As a conclusion, the diagnosis of sequestration might 
sometimes be very difficult due to its rareness and inappro-
priate diagnostic methods. It should be kept in mind that, 
thorax CT’s of the young adults, especially with symp-
toms of infectious states, should be carefully checked for 
a possible aberrant artery to the lung tissue. If neccessary, 
CT angiography should be performed to define the pos-
sible source of the feeding artery. Despite the difficulties 
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such as adhesions and inflammation, which might cause 
challenges in finding the feeding artery and other hilar 
structures, surgical resection whether performed by open 
thoracotomy or minimal invasive approach is quite safe 
in experienced thoracic centres. Facilities for a definitive 
diagnosis should be performed in every case, because, 
although insignificant, the rate of morbidity is higher in 
patients without a definitive diagnosis. Our study con-
sisted of less number of patients, and was retrospective in 
nature. These two points are the weakness of this study. 
Further studies concerning of more patients are required 
to obtain more comprehensive results.    
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ABSTRACT

Background: The main subtypes of chest wall deformities are pectus excavatum (PE) and pectus 
carinatum (PC). Although these are not life threatening diseases, some functional or physico-social 
disabilities due to the abnormal chest wall structure require treatment. The main stem of the treatment is 
surgical correction. Since the beginning of the 20th century various surgical techniques were introduced. 
In the last few decades some minimally invasive surgical techniques were also described. In the English 
literature many reports suggest that the vast majority of these abnormalities are PE. But in most of the 
reports patient groups consist of hospital admissions. The real frequency of this group of disease is 
controversial.

Materials and Methods: In this report, a wide field study was designed to find the real frequency of the 
chest wall diseases. Total of 25117 children between 6-11 years of age were visited in the elementary 
schools  of  Kahramanmaraş. The team members were a thoracic surgeon, a pulmonologist and a 
pediatrician.

Results: A careful physical examination revealed that a total of 255 patients had different degrees of 
chest wall deformity. We found that PC (90.58%) was the most frequent type of deformity in contrast 
with the previous reports suggesting PE as the most frequent type. In our results only 5.49% of the 
patients had PE and 3.93% of the patients had mixed type PE+PC. The most frequent ECG abnormality 
seen in 49 cases (19% of cases with deformity) was a negative T wave on V1 derivation and a biphasic 
T wave configuration on V1-V2 derivations. 8 patients (3.13%) had concomitant scoliosis and 6 patients 
(%2.35) had different degrees of cardiomegaly.

Conclusions: The real frequency of chest wall deformities is an enigma. When PE patients themselves 
or their family notice the abnormality, they may consider it as a big health problem and admit to a 
healthcare unit. But in contrast, PC patients mostly do not care about this disorder until adolescence, so 
admission rate is less then PE. We suggest that the real frequency of the chest wall deformities may be 
found only by widespread field studies. Moreover, we found more accompanying cardiac disorders in 
PC group, and this type of screening may allow early diagnosis of some cardiac diseases. 

Keywords: Chest wall deformity; pectus carinatum; pectus excavatum



Introduction

Chest wall deformities are a group of diseases changing 
the symmetric structure of the chest wall [1]. Most of 
these deformities do neither threat life nor lead a func-
tional disorder. The classification by Willital offers 11 
sub-branches for chest wall deformities which consists 
of pectus excavatum (PE) (4 subtypes), pectus carinatum 
(PC) (4 subtypes), mixed type, chest wall aplasia/hypo-
plasia and sternal cleft [2] (Table 1). The most frequent 
type of chest wall deformities is PE which consists of 
nearly 90% of the whole group [3]. 

In our study a definite population of otherwise healthy 
school children is screened to define the prevalence of chest 
wall deformities, to compare these data with the literatüre 
and children with deformity were invited to our hospital to 
make additional tests and the definitive treatment. 

Table 1. Willital classification for congenital chest wall deformities
Type      (%) Description
Type 1   (45) Symmetrical funnel chest otherwise normal 

thorax
Type 2   (15) Asymmetrical funnel chest otherwise normal 

thorax
Type 3   (22) Symmetrical funnel chest and platythorax
Type 4    (8) Asymmetrical funnel chest and platythorax
Type 5    (2) Symmetrical pigeon chest, otherwise normal 

thorax
Type 6    (1) Asymmetrical pigeon chest otherwise normal 

thorax
Type 7    (2) Symmetrical pigeon chest and platythorax
Type 8    (1) Asymmetrical pigeon chest and platythorax
Type 9    (2) Combination of funnel chest and pigeon chest
Type 10  (1) Aplasia of the ribs
Type 11  (1) Manubrium - sternal cleft

Materials and Methods

An ethics committee approval and required permis-
sion was obtained from the Turkish Ministry of Health 
Kahramanmaraş Health Administration. A screening 
team consisting of a thoracic surgeon, a pulmonologist 
and a pediatrician was established. Screening was per-
formed by visiting children in predefined elementary 
schools. The children identified with a chest wall defor-
mity, were invited to hospital with his/her family. This 
group had undergone additional tests to clarify if a surgi-
cal treatment was indicated. Results were classified and 
compared with recent studies. 

Results

A total of 25117 students between 6-11 years (mean 
8.54) were included. The 56.9% of children were girls 
and 43.1% were boys. A total of 255 (1, 01%) individuals 
with a chest wall deformity were invited to hospital for 
further evaluation. These were classified according to the 
type of deformity and additional tests were performed. 
Results were compared with recent studies. 

231 of 255 cases (90.58%) had PC, 14 had PE (5.49%) 
and 10 had mixed PE+PC deformity (Table 2). 

Table 2. Summary of the results
Age 6-11 (mean 8.54) M/F ratio
Gender
   Male
   Female

n
10.869
14.248

(%)
43.1
56.9

PC 3.2
PE 1.0
PE+PC 1.5

Deformity      n                (%) Frequency(%)
PC 231 90.58 0.92
PE 14 5.49 0.055
PE + PC 10 3.93 0.039
Total 255 100 1.01

128 cases had an abnormal electrocardiogram (ECG) 
record. The most frequent ECG abnormality seen in 49 
cases (19% of cases with deformity) was a negative T 
wave on V1 derivation and a biphasic T wave configura-
tion on V1-V2 derivations. 8 patients (3.13%) had con-
comitant scoliosis. 6 patients (2.35%) had different de-
grees of cardiomegaly (Table 3).

Table 3. Distribution of accompanying pathologies
Deformity Scoliosis Cardiomegaly ECG changes

 n n (%) n (%) n (%)
PC 231 7 (3.03) 6 (2.59) 118  (51.08)

PE 14 1 (7.14) - 6  (42.8)
PE+PC 10 - - 4 (40)
Total 255 8 (3.13) 6 (2.35) 128 (50.19)

Discussion

A morphologic classification which is defined as “Willi-
tal Classification”, is generally used for classifying chest 
wall deformities [2]. When abnormalities such as Pen-
talogy of Cantrell, sternal cleft and Poland’s Syndrome 
which make only 3.4% are excluded, chest wall defor-
mity mostly refers to pectus deformities and especially 
pectus excavatum (PE) with a frequency of more than 
90% in the literatüre [4]. 
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Pectus Excavatum

Pektus excavatum, or “Funnel chest”, is the most fre-
quent type of chest wall deformity. It is the depression 
of the anterior chest wall in a symmetric or asymmetric 
manner due to abnormal growth of sternum and / or cos-
tal cartilage. In a report by Robiscek and colleagues, it 
is stated that this deformity is seen in 0.32% of all births 
by 9 times more in males [5]. Matos et al. stated that 
while the percentage reported was changing between 
different authors, its incidence was 0.1% by a male/fe-
male ratio of 3.3 [6]. Nuss et al. reported male / female 
ratio as 4 in their series of 148 cases [7]. Yüksel et al. 
reported that PE was seen 1 per 300-400 live births [8]. 
Brochhausen et al. reported an incidence of 0.1-0.8% 
and a male/female ratio between 2 and 9 [4]. 

In this study, we have found that PE consists only 
in 5,49% of all chest wall deformities, and its ratio in 
general population was 0.05%. Male / female ratio was 
found to be equal. When compared to previous two oth-
er studies made in Turkey, our data was similar with the 
report by Yücesan et al. who had found PC incidence 
higher [9]. But the other report by Esme et al. a states a 
higher PE incidence [10]. Groetsky et al. also reported a 
higher PC incidence than PE in Argentina [11]. 

Robiscek et al. stated that PE was a recessively trans-
mitting disease, but Jarowski et al. reported that although 
40% of the cases had a family history, it was not possible 
to introduce a strict relation to genetics [5,12]. Wu et al. 
reported that the disease was a recessive genetic disease 
and 40% of the cases had a family history of chest wall 
deformity, besides they defined a mutation on GAL3ST4 
gene [13]. In the etiopathogenesis of PE, intrauterine 
compression, rickets, pulmonary restriction and insuffi-
ciency in osteogenesis or chondrogenesis were the con-
sidered theories [14]. In our study, a positive family his-
tory was present in only 2 PE cases (14.2%). 

According to Robiscek et al. a majority of patients suf-
fered from decreased effort capacity, decreased mobility, 
chest pain, palpitation and recurrent pulmonary infections 
[5]. Matos et al. reported that majority of the cases were as-
ymptomatic until adolescence but suffered from decrease 
in effort capacity and dyspnea [6]. Nuss et al. stated that 

exercise intolerance, recurrent pulmonary infections and 
symptoms of asthma were present in these patients [7].  
Johnson et al. defined the most frequent symptoms in PE 
as decreased capacity of exercise and chest pain [15]. 

On the other hand Oezcan et al. evaluated 18 pa-
tients who had a pectus index greater than 3 with echo-
cardiography and cardiac magnetic resonance imag-
ing, and found the most frequent concomitant cardiac 
pathologies as pericardial effusion, a left-sided cardiac 
shift and tricuspid valve prolapse [6]. In our study the 
most frequent symptoms in PE were cosmetic discom-
fort in 5 (35.7%), chest pain in 2 (14.8%) and dyspnea 
in 2 (14.8%) patients.  

Nuss et al. found 5 Marfan Syndrome and 2 Ehlers 
Danlos Syndrome in a series of 127 PE patients [7]. Also 
Robiscek et al. reported that scoliosis, mitral valve dis-
ease and Marfan Syndrome might accompany PE [5]. 
Töpper et al. showed an increase in ejection fraction of 
the right ventricle following the surgical correction of 
PE in a prospective study [17].  In our study one patient 
had an accompanying scoliosis and 3 of the patients had 
negative T wave on anterior chest derivations on ECG. 

In physical examination, the typical pectus posture is 
seen, which is, thin and tall children with a symmetric or 
asymmetric sternal depression, depressed shoulders, an 
increase in thoracic kyphosis and a relative bump on the 
abdomen. Accompanying pathologies such as scoliosis, 
asymmetric scapula, shift of cardiac apex beat, cardiac 
murmur, tachycardia, and arrhythmia may be present [4]. 

The degree of depression, location of the mediasti-
nal organs and accompanying scoliosis are evaluated by 
chest x-ray and computed tomography. The pectus index 
defined by Haller et al. in 1987 is the ratio of transverse 
to antero-posterior dimension of chest wall on the most 
distinct depression. It is used for determining the degree 
of the deformity and surgical indication in PE. According 
to this index, a value lower than 2.56 is defined as normal, 
while higher than 3.25 suggests surgical correction. This 
index has replaced the old index defined by Welch in 1980, 
which suggested estimating the distance between vertebra 
and sternum in lateral chest x-ray [18] (Figure 1).
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Figure 1. A computed tomography showing the calculation of 
Haller index (a/b)

The management of PE is on a wide range from 
observation by follow up to surgical treatment or non-
surgical treatments like silicone or vacuum therapy. The 
minor deformity which doesn’t lead to physiologic or 
psychological problems may be observed and followed 
up until the adolescence. Jarozewski and colleagues 
have defined surgical indications in PE [12] (Table 4).

Table 4. Criteria for surgical referral
Symptomatic
Progression of the deformity
Paradoxical movement of the chest wall with deep inspiration
Computed tomography with severity index >3.0
Cardiac compression or displacement
Pulmonary compression
Abnormal pulmonary function tests showing significant 
restrictive disease
Mitral valve prolapse
Any cardiac pathology secondary to compression of the heart
Significant body image disturbance
History of failed previous repair
Abnormal cardiopulmonary testing

Zang et al. defined surgical indications for pec-
tus correction in a series of 639 cases as, Haller index 
bigger then 3.25, restrictive or obstructive pattern in 
respiratory function tests, valve prolapse on ECG or 
echocardiography, presence of a  progressive and symp-
tomatic deformity, physicosocial problems due to ab-
normal body structure, recurrence in patients underwent 
previous surgery [19]. Historically the first successful 
surgery for PE was reported by Meyer in 1911 followed 
by reports defining different techniques until the devel-
opment of minimally invasive techniques we use today. 

The milestone in PE surgery is the report by Ravitch 
describing his new technique and giving the results of 8 
cases. In subject report Ravitch had classified surgical 
indications in main three topics; cosmetic, orthopedic 
and physiologic. His technique was consisting of a ver-
tical incision on sternum, subperichondrial total resec-
tion of deformed cartilages, the resection of intercostal 
bands, resection of the xiphoid process, sternal osteot-
omy and a substernal transverse Kirschner wire place-
ment between the remaining costae [20]. This technique 
was applied with some modifications in the following 
years. The sternal turnover technique defined by Wada 
in 1960 was used until 1970 on 271 cases but it was then 
left due to high complication rate [21].

In 1978, Robiscek have modified the technique of 
Ravitch by using a marlex mesh. In this technique after 
the mobilization of the sternum a transverse osteotomy 
is made, parasternal costal cartilages were resected and 
then a marlex mesh is laid behind the sternum between 
the ends of the resected costa for chest wall stabiliza-
tion [22]. Also Robiscek et al. determined the surgical 
indications as: i) This surgery may be performed in any 
age, ii) Morbidity must be kept in minimal and must 
not be prolonged, iii) No mortality is allowed, iv) The 
anatomic result must be perfect [5]. 

Gurkok et al. defined a new technique for PE correc-
tion which an absorbable plaque is placed with polymer 
screws on the point of osteotomy but the main disad-
vantage of this technique is high costs [23,24]. 

The minimally invasive technique in PE correction 
was defined by Donald Nuss in 1998 on 50 patients. 
This technique is called by his name as “Nuss Proce-
dure” [7]. In this procedure, while the cosmetic results, 
pain control and the days of hospital stay is more fa-
vorable then open surgical techniques, some serious 
complications such as pneumothorax, pleural effusion, 
cardiac injury and dislocation of the bar may be seen 
[25,26]. In our study, surgical PE correction with Nuss 
procedure was offered to 9 patients who had cosmetic 
problems and physical symptoms. 

Pectus Carinatum

According to the majority of the literatüre, it is a more 
rare deformity when compared with PE with a preva-
lence of 0.06-0.09% [27]. But, Goretsky et al. reported 
that it was seen more than PE in Argentina [11]. It is 
more frequent in males [27]. Robiscek and colleagues 
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reported male / female ratio as 4 in 2010 [28]. Fonkal-
srud reported a 6 fold male incidence [29]. The etiology 
is not clear like PE, but the most common view is the 
abnormal development of costal cartilages [30]. In our 
study, in contrast with the literature, the vast majority 
of the deformities were PC (90.5%). We think that the 
main cause of this difference is because the notification 
of PE is easier by the children themselves or by their 
families and it is thought to be a severe condition, so 
the hospital admissions are much more than PC.  As a 
result, the hospital incidence of PE is greater than PC.  

PC is also classified as symmetric or asymmetric 
due to the place of the sternal protrusion. As PE, Mar-
fan syndrome, homocystinuria, Prune belly syndrome, 
Morquio syndrome and mitral valve prolapse may ac-
company PC, too [28]. Coelho et al. reported 16.4% 
accompanying asthma and chronic bronchitis and in al-
most whole patients kyphosis in different degrees [27]. 
Robiscek et al. reported that one third of the patients 
had a family history while Park et al. reported that 25% 
of patients said that a chest wall deformity was present 
in the family [28, 30]. In our study the incidence of PC 
was 0.91% of all the study population. Male / female 
ratio was 3.2 which was similar to the literature. But 
when family history is questioned, a positive history ra-
tio of 3.03% was found and this was really low when 
compared to the literature. We think the cause of this 
low ratio may be due to mild deformities which are not 
defined as an abnormality by the people. 

Coelho et al. reported that palpitation and dyspnea 
triggered by effort were the symptoms of PC. Also these 
patients avoided activities such swimming or other sports 
which might expose their deformity [27]. Fonkalsrud 
reported that symptoms in PC rarely came out in early 
childhood, mostly they began in adolescence and the most 
frequent ones were dyspnea, exercise intolerance and ex-
ersize associated wheezing. But the most disturbing state 
is the cosmetic one for an adolescent [29]. In our study the 
most frequent symptoms were found as dyspnea, palpita-
tion and exercise intolerance, too. In 7 patient with PK 
(3.03%) accompanying scoliosis and in 6 patients (2.59%) 
different degrees of cardiomegaly was found.  

There is limited experience with using supportive 
materials and chest compressors for the treatment of PC. 
For surgical treatment, Robiscek and Ravitch defined 
costochondral resection and sternotomy technique. In 

this technique, whether a unilateral deformity is present, 
it is important to make bilateral cartilage resections for 
preventing recurrence [11]. In the report by Robiscek in 
2011, the below listed points were emphasized in mod-
ern PC surgery. The technique must be easy and feasible 
for fast application, must not require permanent foreign 
material in the body, must not lead to severe complica-
tions, must have a perfect cosmetic and functional re-
sult, must not require long and frequent postoperative 
control and must not require re-intervention. 

The minimally invasive technique was defined by 
Abramson in 2008. In his report 40 cases were evalu-
ated in terms of effectiveness. In this technique, the bar 
was introduced subcutaneously through bilateral inci-
sions on the chest wall. 

Minimally invasive technique in PC is used in the 
chondrogladiolar subtype. According to this report, the 
advantages of this minimally invasive technique are 
listed as [31], lack of incisions in the anterior thoracic 
region, avoiding scars and the presence of keloid forma-
tion, short surgery time and minimal blood loss, short 
hospitalization and recovery time, improvements in the 
thoracic contour because of correction of the protrusion 
and widening of base of both hemithorax without los-
ing elasticity in the thoracic cage, very good long term 
results without recurrences.

The metal bar designed by Yuksel et al. was used in 18 
cases with the technique defined by Abramson and they 
had very satisfactory results (32). In our study, consider-
ing the degree of the deformity and the present symptoms 
47 patients (20.3%) were offered a surgical correction. 

In conclusion, we think that for calculating the 
real incidence of chest wall deformities in the popula-
tion, widespread screening studies must be designed at 
schools, military camps and colleges instead of counting 
hospital admissions. In our study, in contrast with the 
literature, 90% of the deformities were found to be PC. 
The “family history” definition is a subjective data and 
families also must be included in screening programs. 
Moreover, we found more accompanying cardiac disor-
der in PC group, and this type of screening may allow 
early diagnosis of some cardiac diseases.
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ABSTRACT

Germ cell tumors arise from errors occurring during the migration of embryonic stem cells to the 

gonads. They constitute 10-15% of malignant mediastinal tumors. Thirty-nine years old male patient 

was admitted with shortness of breath and gynecomastia. Positron emission tomography / Computed 

tomography (PET/CT) showed hypermetabolic mediastinal mass in the anterior mediastinum. Serum 

tumor markers were elevated. Mixed germ cell tumor was diagnosed via transthoracic tru-cut biopsy. 

After three cycles of systemic cisplatin, etoposide and bleomycin treatment, PET/CT showed a 

decreased metabolic activity but an increase in the size of mass. "Growing teratoma syndrome" was 

diagnosed. The excision of the mass was performed via a median sternotomy. Then autologous stem 

cell transplantation was performed. Patients was presented as a successful example of a multimodality 

treatment of a primary mediastinal germ cell tumor with GTS.

Keywords: Germ cell tumor; mediastinal mass; growing teratoma syndrome; surgery



Introduction

Germ cell tumors are originated from the remnants of go-
nadal pluripotent cells during the embryological migra-
tion. Extragonadal germ cell tumors involve 75% of the 
mediastinal masses. More than 80% of mediastinal germ 
cell tumors are benign [1,2]. The "Growing teratoma syn-
drome" (GTS) is a rare condition which is seen in nonsem-
inomatous germ cell tumors (NSGCT). Sometimes, the 
tumor growing is observed during or after a chemotherapy 
and named as GTS. It was first described in 1982 by Logo-
thetis et al. and occurs in %2-7 of all NSGCT [3]. They de-
fined three criteria which are, normalization of the serum 
tumor markers, an increase in the diameter of the mass and 
presence of mature teratoma in the resected specimen [3].

In this case report we report the PET/CT findings a 
patient with GTS, and his successful treatment after a 
multidisciplinary planning.

Case Report

A thirty nine-years old male patient presented with bi-
lateral gynecomastia and dyspnea for two months. On 
physical examination, decreased breath sounds on the 
left hemithorax, bilateral gynecomastia were observed. 
Genital examination was normal. Chest x-ray and tho-
racic computed tomography (CT) showed 17x8 cm mass 
covering the whole anterior mediastinum and pushing 
the heart to the right. The mass included micro calcifica-
tions and invaded vascular structures and pericardium. 
Positron emission tomography/Computed tomography 
(PET/CT) reported high metabolic activity in the hetero-
geneous mass lesion (SUVmax: 17.8) (Figure 1). 

Figure 1. PET/CT demonstrating hypermetabolic anterior 
mediastinal mass

There was also a hypermetabolic nodule in the left 
pleural space and a non-metabolic left pleural effusion. 
Testicular ultrasound was normal. Serum AFP level was 
3000 IU/dl (0-9 ng/mL), ß-hCG level was 555 IU/dl (0-
2.67 mIU/mL). Pathologic diagnose was “mixed germ 
cell tumor” by CT guided tru-cut biopsy. The TNM 
classification was stage II. Three cycles of chemothera-
py involving cisplatin, etoposide and bleomycin (BEP) 
therapy were applied. After the chemotherapy, patient 
was re-evaluated for treatment. PET/CT reported de-
creased metabolic activity (SUVmax: 5.5) but the tumor 
size increased to 21x9 cm (Figure 2).

Figure 2. PET/CT demonstrating that the diameters of the ante-
rior mediastinal mass increased but metabolic activity decreased. 

The AFP level was 14 ng/mL. The diagnosis of 
the overall examination was "Growing teratoma syn-
drome". Mediastinal mass was excised totally by me-
dian sternotomy. Macroscopic tumor size was 23 x 17 
cm (Figure 3a). Pathological examination was reported 
as immature teratoma. Immature teratoma component 
originated from primitive mesoderm was 1-2%. Tumor 
included a necrotic area of %30-40 (Figure 3b).

Figure 3. The pathologic findings of the resected tumor. a-
The macroscopic view of mass, and b-histopathological view 
of immature teratoma (hematoxylin-eosin x 4).
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Post-operative AFP level decreased to 9.3 ng/mL 
and ß-hCG remained within normal limits. After high-
dose chemotherapy contains isophosphomide, carbo-
platin and etoposide, autologous stem cell transplanta-
tion (ASCT) was performed. The patient has been in the 
remission for two years.

Discussion

Although mediastinal tumors are often asymptomatic, 
some symptoms such as chest pain, dyspnea, cough, 
and fever may occur. Symptoms are related the com-
pression to vascular structures, airways and esophagus 
[1,2]. Teratomas can secrete hormones leading paraneo-
plastic syndromes as seen in this case.

Determination of a mediastinal mass with radiologi-
cal methods and elevation of serum AFP and ß-hCG may 
be enough for the diagnosis of NSGCT. Pathological ex-
amination provides an accurate diagnoses by revealing 
if an immature component exists. A tomography guided 
fine-needle biopsy or core biopsy can give a minimal in-
vasive and successful diagnostic result. If this procedure 
is inadequate, it may be performed via a cervical medias-
tinoscopy, anterior mediastinotomy or thoracoscopy [4].

Mediastinal germ cell tumors frequently uptake FDG 
and PET/CT is used for staging and monitoring the meta-
bolic response to chemotherapy, and also residue or recur-
rence of the tumor [5,6]. In this case the PET/CT was an 
essential tool for the diagnosis of GTS, showing a high 
metabolic activity and heterogeneity. After induction che-
motherapy, the second PET/CT showed a decrease in the 
metabolic activity even though the diameters of the mass 
increased. The morphological and metabolic response mis-
match findings supported the mixed nature of the mass [6].

The standard treatment of germ cell tumor must con-
tain platinum-based regimen. The most common com-
bination regimens are BEP (bleomycin etoposide, and 
cisplatin) and VIP (Isofosfamide, Etoposide, and Cis-
platin) [7-9]. After three or four cycles of chemotherapy 
in case of full response, the patient must be followed 
without drugs. After chemotherapy, although tumor 
markers return to normal range, the mass grows up. In 
the presence of residual tumor or GTS surgical resec-
tion are proposed by most authors. [10-12] Sometimes 
the patient with GTS may refer in a bad condition and 
urgent operation may be necessary [10].

Sarkaria et al. [7] reported good prognostic factors 
in a series of 43% mixing type of totally 56 NSGCT 
patients as, R0 surgical resection after standard BEP 
chemotherapy, postoperative pathology demonstrates 
necrosis instead of teratoma, descending tumor marker 
levels after chemotherapy and prior stage I-II.

Walsh et al. [13] reported that an additional radical 
surgical resection to the initial standard or intensive 
chemotherapy after recurrence, increased the survey. 
Rodney et al. [14] suggested 3 poor prognostic factors 
as, serum ß-hCG level greater than 1,000 mIU/mL at 
diagnosis, presence of extra mediastinal disease and 
any mixed and single histologic diagnosis other than 
ectodermal sinus tumors. Accordingly in our case final 
pathological examination was reported as immature 
teratoma which is a prognostic factor.

Autologous stem cell transplantation following 
high-dose chemotherapy is defined as a treatment op-
tion for selected patients [8,15,16]. Bone marrow is 
affected by chemotherapy and regains the functions 
with ASCT. Bokemeyer et al [15] reported that accord-
ing to "International Germ Cell Tumor Group Consen-
sus Classification” the patients in the middle and poor 
prognosis groups benefit from high-dose chemotherapy 
and ASCT as a first treatment, instead of the standard 
treatment and the survey increases by %15. In this case, 
surgical excision followed by VIP chemotherapy and 
pathologic examination showed immature teratoma in-
cluding 30%-40% necrosis. Although tumor markers 
and FDG uptake decreased the mass included more than 
1% viable tumor cells so the high risk patient went to 
high-dose chemotherapy, and autologous ASCT.

In conclusion, we present this case as PET/CT find-
ings of GTS was interesting, besides the patient was 
treated a successful instance of planning and treatment 
with medical oncology, thoracic surgery, hematology, 
and nuclear medicine clinics, i.e. multidisciplinary.

Declaration of conflicting interests

The author declared no conflicts of interest with respect 
to the authorship and/or publication of this article. 

Funding

The author received no financial support for the research 
and/or authorship of this article.

30 © Current Thoracic Surgery. All rights reserved.

Current Thoracic Surgery-Volume 1 Number 1  p: 28-31



References

1. Hainsworth JD, Greco FA.  Nonseminomatous malig-
nant germ cell tumors of the mediastinum. In: Shields 
TW, Locicero J, Reed CE, Feins RH, editors. General 
Thoracic Surgery. Philadelphia: Wolters Kluwer Lip-
pincott Williams&Wilkins; 2009. p. 2403-9.

2. Kang CH, Kim YT, Jheon SH, Sang S, Sung S, 
Kim JH. Surgical treatment of malignant mediasti-
nal nonseminomatous germ cell tumor. Ann Thorac 
Surg 2008; 85:379-84.

3. Logothetis CJ, Samuels ML, Trindade A, Johnson 
DE. The growing teratoma syndrome. Cancer 1982; 
50:1629-35.

4. Shinagare AB, Jagannathan JP, Ramaiya NH, Hall 
MN, Van den Abbeele AD. Adult extra gonadal germ 
cell tumors. Am J Roentgen 2010; 195: 274-80.

5. Rankin S. 18F-2-Fluoro-2-deoxy-d-glucose PET/
CT in mediastinal masses. Cancer Imaging. 2010; 
10(1A): S156-S160. 

6. Agatsuma T, Koizumi T, Kubo K, Saito G, Kondo  
R, Yoshida K, et al. Mediastinal growing teratoma 
syndrome successfully treated by multiple modality 
therapies. Intern Med 2011; 50: 607-10.

7. Sarkaria IS, Bains MS, Sood S, Sima CS, Reuter 
VE, Flores RM, et al. Resection of primary me-
diastinal non-seminamatous germ cell tumors: A 
28-years’ experience at Memorial Sloan-Kettering 
Cancer Center. J Thorac Oncol 2011; 6: 1236-41.

8. Date H, Kiura K, Ueoka H, Tabata M, Hotta K, Ka-
tayama H, et al. Induction chemotherapy, surgical 
resection, and high-dose chemotherapy for medias-
tinal nonseminamatous germ-cell tumor. J Thorac 
Cardiovasc Surg 2003; 130: 1205-6.

9. Iyoda A, Hiroshima K, Yusa T, Toyozaki T, Fujisawa T, 
Ohwada H. The primary mediastinal growing teratoma 
syndrome. Anticancer Res 2000: 20(5C): 3723-6.

10. Kesler KA, Patel JB, Kruter LE, Birdas TJ, Rieger 
KM, Okeroke IC, et al. The ‘‘growing teratoma syn-
drome’’ in primary mediastinal nonseminomatous 
germ cell tumors: Criteria based on current Prac-
tice. J Thorac Cardiovasc Surg 2012; 144: 438-43.

11. Li-Tzong Chen, Cheng-Lung Chen, and Wei-Shou 
Hwang. The growing teratoma syndrome. A case of 
primary mediastinal nonseminomatous germ cell 
tumor treated with chemotherapy and Radiothera-
py. Chest 1990; 98: 231-3.

12. Tongaonkar HB, Desmane VH, Dalal AV, Kulkarni 
JN, Kamat MR. Growing teratoma syndrome. J 
Surg Oncol 1994; 55: 56-60.

13. Walsh GL, Taylor GD, Nesbitt JC, Amato RJ. Inten-
sive chemotherapy and radical resections for prima-
ry nonseminomatous mediastinal germ cell tumors. 
Ann Thorac Surg 2000; 69: 337-44.

14. Rodney AJ, Tannir NM, Siefker-Radtke AO, Liu P, 
Walsh GL, Millikan RE, et al. Survival outcomes 
for men with mediastinal germ-cell tumors: The 
university of Texas M.D Anderson Cancer Center 
experience. Urol Oncol 2012; 30: 879-85.

15. Bokemeyer C, Schleucher N, Metzner B, Thomas 
M,Rick O,Schmoll H-J, et al. First-line sequen-
tial high-dose VIP chemotherapy with autologous 
transplantation for patient with primary mediastinal 
nonseminamatous germ cell tumours a prospective 
trial. British J Cancer 2003; 89: 29-35.

16. Kuwano H, Tsuchiya T, Murayama T, Sano A, 
Nagayama K, Yoshida Y, et al. Outcomes of com-
bined modality therapy for patients with stage III 
or IV mediastinal malignant germ cell tumors. Surg 
Today 2014; 44: 499-504.

31© Current Thoracic Surgery. All rights reserved.

Öz et al.
Primary mediastinal germ cell tumor



Expectoration of a tumor tissue: metastatic endobronchial leiomyosarcoma 
treated with endoscopy

1Department of Thoracic Surgery, School of Medicine, Namık Kemal University, Tekirdağ, Turkey
2Department of Allergy-Immunology, School of Medicine, Koç University Hospital, İstanbul, Turkey
3Department of Chest Disease, İstanbul School of Medicine, İstanbul University, İstanbul, Turkey
4Department of Thoracic Surgery, İstanbul School of Medicine, İstanbul University, İstanbul, Turkey

Case Report

Corresponding Authora: Serkan Kaya, MD. Department of Thoracic Surgery, School of Medicine, Namık Kemal University, 
Tekirdağ, Turkey. 
E-mail: serkankaya@gmail.com

Received 29.03.2016 accepted 31.05.2016

© Current Thoracic Surgery. All rights reserved.

Current Thoracic Surgery

Serkan Kaya1a, Leyla Pur Yigit2, Mustafa Erelel3, Alper Toker4

32

To cite this article: Kaya S, Pur Yiğit L, Erelel M, Toker A. Expectoration of a tumor tissue: metastatic endobronchial leiomyosarcoma treated with 
endoscopy. Curr Thorac Surg 2016;1(1):32-34.

ABSTRACT

A 57-year-old male patient was admitted to our department with symptoms of dyspnea and hemoptysis, 

followed by a spontaneous expectoration of a small piece of solid tissue. He had two operations 13 and 

3 years ago for perineal leiomyosarcoma and was on intermittent chemotherapy regimen until last year. 

Computerized chest tomography revealed an endotracheal mass with multiple metastatic nodular lesions 

at both lung fields. The pathologic examination of the expectorated tissue was found to be consistent 

with the metastasis of leiomyosarcoma. Solid polypoid endotracheal lesion adherent to the anterolateral 

wall and obstructing 70% of trachea was excised with the rigid bronchoscopy and argon laser. 

Keywords: Endotracheal; hemoptysis; dyspnea; leiomyosarcoma; bronchoscopy



Introduction

Leiomyosarcoma is an uncommon malignancy usually 
arising in the uterus or in the retroperitoneum which 
tends to metastasize to the lungs and liver. The trachea 
is rarely affected and tumor expectoration is an unusual 
presentation. In unusual circumstances bronchoscopy 
reveals an endobronchial polypoid lesion without in-
volvement of the bronchial wall. These lesions could 
be excised by a rigid bronchoscopy. As they tend to be 
refractory to either chemotherapy or radiotherapy resec-
tion is needed immediately for palliation [1-5]. 

In this case report we present the successful treat-
ment of a rare case of expectorated metastatic leimyosar-
comas excised with rigid bronchoscopy and argon laser.

Case Report 

A 57-year-old male patient was admitted to our depart-
ment with symptoms of dyspnea and spontaneous ex-
pectoration of a small piece of solid tissue. He had two 
operations for perineal leimyosarcomas thirteen and 
three years ago and was on intermittent chemotherapy 
treatment with imatinib mesylate until last year, which 
was discontinued because of his intolerance. Two years 
ago parenchymal lung metastases were detected but 
they were steady without progression. His vital signs 
were normal. Physical examination revealed dimin-
ished breathing sounds in the both lower lung area and 
an incisional scar on his perineal region. He was un-
able to perform pulmonary function tests. His blood 
chemistry and hematologic studies were normal. Chest 
X-ray revealed multiple nodules in both lungs but com-
puterized chest tomography revealed an endotracheal 
mass with multiple metastatic nodular lesions at both 
lungs (Figure 1). These findings were confirmed with 
a virtual bronchoscopy. The pathologic examination of 
the expectorated tissue was found to be metastasis of 
leiomyosarcoma. The specimen’s immunohistochemi-
cal stains for actin, vimentin, were positive but desmin, 
keratin, S100, and CD34 were negative. 

Fiberoptic bronchoscopy under local anesthesia re-
vealed a large, white, glistening endotracheal lesion 
arising from the left anterolateral wall and obstructing 
%70 percent of the trachea (Figure 2a). With general 
anesthesia, a rigid bronchoscopy was performed and the 
lesion was successfully excised and argon coagulation 
was applied for hemostasis (Figure 2b). The specimen 
showed the identical pathology with the previous ex-

pectorated tissue. The patient had no complications, has 
recovered from is symptoms and was discharged from 
our clinic the next day. Two weeks after treatment, tra-
chea was confirmed to be normal.

Figure 1. Computerized chest tomography of the patient.

Figure 2. Fiberoptic bronchoscopy showing endotracheal tu-
mor (a); after surgical resection and argon therapy (b).

Discussion 

Primary neoplasms of the trachea are rare, in contrast to 
the larynx and the bronchial tree. Most common types 
of secondary tracheal tumors are infiltrating esophageal 
and thyroid cancers, or infiltrating lymph node metas-
tasis [1]. Many variants of pulmonary metastasis could 
not be noticed with almost all kinds of malignant neo-
plasms. Extrapulmonary sources of endotracheal metas-
tasis are very less common than pulmonary metastasis. 
Malignant neoplasms which could make metastasis 
to trachea are breast, colorectal, and renal neoplasms 
[2-3]. Metastatic leiomyosarcoma occasionally is seen 
with gross endobronchial extension without invasion of 
the bronchial wall. These patients have major airway 
obstruction and partial or total atelectasis of the lung 
[4]. Gynecologic leiomyosarcoma are uncommon ma-
lignancies. Although pulmonary metastases are fre-
quent complications, endobronchial metastases are rare 
[5]. However, we have only two metastatic tracheal 
neoplasm patients (other one was colorectal metastasis 
to trachea) from 1997 on our department and working 
as a specific clinic as thoracic surgery. We performed a 
pubmed research with the key words of endotracheal, 
hemoptysis, dyspnea and leiomyosarcoma. We have 
found only 2 endobronchial - not endotracheal - metas-
tasis of leiomyosarcoma [4,5].  We performed an endo-
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tracheal treatment on this lesion and a tracheal approach 
for palliation using both fiberoptic and rigid bronchos-
copy. We did not achieve a complete treatment since 
there were also pulmonary nodules but palliated and 
helped him breathing well and have a comfortable life. 
We believe that metastatic scan should be done carefully 
all over the body periodically; and should be taken care 
of immediately. Pulmonary metastases of leiomyosar-
coma that he had, were uncountable number of nodules 
on both lung fields. The patient refused a chemotherapy 
treatment but nodule was excised and he is still doing 
well now for 12 months.

As a conclusion, the patients who had leiomyosarco-
ma neoplasms should be evaluated for endotracheal me-
tastasis in case of acute airway obstruction. These lesions 
could be resected safely by endotracheal approach. 
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ABSTRACT

Catamenial pneumothorax (CP) is a type of recurrent pneumothorax that occurs during menstrual periods in 

women. CP is a special type of pneumothorax related with the menstrual period and the treatment consists 

of both medical and surgical methods.  First line of surgical treatment is exploration of thorax via VATS and 

revealing the pathophysiological factors of CP. Despite the surgical treatment techniques, a postoperative 

recurrence rate of CP is 30%. We present a recurrent pneumothorax case who had 5 pneumothorax episodes 

and diagnosed as CP. A left VATS apical wedge resection and pleurectomy was performed and oral 

contraceptive was administered. and she did not have a recurrent pneumothorax episode for last 2 years.

Key Words: Pneumothorax; catamenial pneumothorax; endometriosis



Introduction

Catamenial pneumothorax (CP) which is derived from 
the Greek word catamenial meaning monthly. CP is 
a type of recurrent pneumothorax that occurs during 
menstrual periods in women of breeding age [1]. CP is 
a pneumothorax that starts within a time period of 24 
hours before and 72 hours after the onset of a menstrual 
period [2]. The mean age of patients with CP is 35 years 
(range 15-54) [3]. It should be noted that thorax is the 
most common site of extra-pelvic endometriosis which 
is believed to be the primary etiological factor in CP. 

We present a recurrent pneumothorax case who had 
5 pneumothorax episodes and one of them is during the 
postoperative period, diagnosed as CP.

Case Report

A 28-year-old female patient presented to our hospital's 
emergency department with the chief complaint of left 
sided chest pain. Patient's history revealed that the pain 
started abruptly 4 hours before her admission and is ag-
gravated by inspiration. Her history also revealed that 
she was in her menstrual period. She mentioned that she 
had similar left sided chest pain started during menstru-
al cycles twice last year. She admitted to other hospitals 
for these episodes and was treated with nasal oxygen 
inhalation therapy. This episode of pneumothorax was 
considered as the first episode because we couldn’t ob-
tain her past medical record. Physical examination re-
vealed diminished left apical lung auscultation sounds. 
Left sided spontaneous pneumothorax was found in 
posterior-anterior (PA) chest x-ray (Figure 1).

Figure 1. Postero-anterior chest x-ray of the patient in emer-
gency service

Patient was hospitalized and nasal oxygen was ad-
ministered at 3 lt/min. Her pleuritic chest pain dimin-
ished and lung auscultation sounds were normal on 
follow-up. PA chest x-ray control revealed left lung was 
completely expanded and no pneumothorax was found. 
She was discharged on her fourth day. Her control exam-
ination 1 week later was normal. She re-admitted to our 
outpatient clinics approximately 3 months after her first 
admission with similar complaints. Her history revealed 
that her complaints started during menstrual period. 
Physical examination revealed diminished left apical 
lung auscultation sounds. Left sided recurrent spontane-
ous pneumothorax was found in PA chest x-ray. She was 
hospitalized again and left VATS apical wedge resection 
and left apical pleurectomy was performed. Neither dia-
phragmatic pores nor lesions compatible with thoracic 
endometriosis in left hemi-thorax were found during 
the operation. Multiple biopsies from the parietal pleura 
of the left hemi-thorax were performed in order to find 
thoracic endometriosis. Pathologic examination did not 
reveal endometriosis. Apical wedge resection material 
was also examined by pathology department and re-
ported as bullous emphysema. Air drainage has stopped 
at the fourth postoperative day. Physical examination 
and the PA chest x-ray was normal. Thoracic drain was 
removed at the same day. Patient was consulted to the 
gynecology clinics and oral contraceptive including 2 
mg of dienogest was administered. She was discharged 
at the fifth postoperative day. Her control examination 1 
week later was normal (Figure 2).

Figure 2.  Post-operative postero-anterior chest x-ray of the 
patient 1 week later 
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She re-admitted to our hospital's emergency depart-
ment clinics approximately 2 months after her first admis-
sion with same complaints. Her medical history revealed 
that she stopped taking the oral contraceptives willingly 
because she was planning for pregnancy. Physical exami-
nation revealed diminished left apical lung auscultation 
sounds. Left sided recurrent spontaneous pneumothorax 
was found in PA chest x-ray. Patient was hospitalized and 
nasal oxygen was administered at 3lt/min. Patient was 
consulted to the gynecology clinics and was administered 
oral contraceptives including 2 mg of cyproterone acetate 
and 0,035 mg of ethinyl estradiol. Physical examination 
and the PA chest x-ray at the fourth day of hospitalization 
was normal. She was discharged at the same day. Oral 
contraceptive therapy continued for 6 months because of 
recurrent pneumothorax. The patient is in her follow-up 
period for almost 2 years and she did not have a recurrent 
pneumothorax episode.

Discussion
CP is a special type of pneumothorax related with the 
menstrual period that can only be seen in women be-
cause of its pathophysiological mechanism and is usu-
ally misdiagnosed. There are two etiological factors 
that are blamed in the pathophysiology of CP. First one 
is thoracic endometriosis and the second is single or 
multiple diaphragmatic pores. Our patient was infertile 
which supported the diagnosis of endometriosis but we 
could not find any endometrial tissue within the thorax 
or pores on the diaphragm during the videothoracoscop-
ic examination. Pathological examination of the pleural 
biopsies that were obtained during the surgery did not 
reveal any endometriosis or diaphragmatic pores despite 
the fact that diaphragmatic pores can be seen in 23-88% 
of the patients and endometriosis usually accompanies 
with these pores [4]. The treatment of CP consists of 
both medical and surgical treatment.  First line of sur-
gical treatment is exploration of thorax via VATS and 
revealing the pathophysiological factors of CP. It con-
sists of wedge resection of lung parenchyma that in-
cludes the endometriotic tissue and pleurectomy for 
pleural endometriosis.  Diaphragmatic defects should 
be sutured if present and if there are numerous pores 
that cannot be repaired by suturing, surgeon should per-
form partial or total diaphragmatic resection and recon-
struction. Despite these surgical treatment techniques 
postoperative recurrence rates of CP is 30% [5]. Our 
patient had a recurrent episode of CP 2 months after 
surgery despite that she had undergone videothoraco-
scopic apical wedge resection and apical pleurectomy. 
Because of high incidences of postoperative recurrence, 
medical treatment should be combined with the surgi-

cal treatment. Gonadotropic hormone analogues should 
be administered to the patients for 3-6 months in order 
to allow the pleurodesis to take effect [6]. Our patient 
had a recurrent episode of CP after she stopped taking 
her medical treatment that only lasted for a month. This 
shows the importance of medical treatment in CP. Our 
patient had no recurrences for 2 years after she com-
pleted her medical treatment that lasted 6 months. It is 
tenable that the combination of medical with surgical 
treatment prevents recurrences in CP. But proper his-
tory taking as in our case prevents unnecessary surgical 
procedures and helps in selecting the optimum medical 
treatment strategy. 

In conclusion, CP causes recurrences even after the 
surgery. Medical treatment is successful in preventing 
the recurrences. Physicians should question that if the 
patients are taking their medical treatment regularly be-
fore deciding that the surgical treatment failed in recur-
rent pneumothorax.
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ABSTRACT

Bronchopleural fistula (BPF) represents a pathological communication between any part of bronchial 

tree and the pleural space. Mostly it is a rare yet serious complication of different pulmonary conditions 

like certain infections, trauma, malignancy and/or surgery, going along with significant mortality 

reported to be as high as 58%. Diagnosis of BPF is mostly done by evaluating these three data: clinical 

appearance, bronchoscopy and CT scan. The treatment of BPF may initially differ according to the time 

of appearance as well as clinical presentation. As most BPF goes along with empyema, it is, obviously, 

necessary to deal with it. This is most commonly achieved with a chest tube. Conservative management 

of BPF can be achieved using a significant variety of materials and methods with reportedly moderate 

to excellent results in the treatment of etiologically and sizably different BPF. Methyl-2-cyanoacrylate, 

fibrin sealant together with spongy calf bone, polidocanol - hydroxypolyethoxidodecane, amplatzer 

device, silver nitrate, stenting and endobronchial valves have all been employed in bronchoscopic 

treatment of a BPF. There is no evidence based guideline for its management, either surgically or 

endoscopically. The treatment of choice is always in the hands of the physician, preferably armed with 

the current knowledge and capacity of utilizing it. 

Keywords: Bronchopleural fistula; bronchial fistula; bronchoscopy; pleural disease; empyema; surgery



Introduction

BPF represents a pathological communication between 
any part of bronchial tree and the pleural space. Al-
though it could appear even idiopathic, mostly it is a 
rare yet serious complication of different pulmonary 
conditions like certain infections, trauma, malignancy 
and/or surgery, going along with significant mortality, 
which is reported to be as high as 58% [1].

BPF is thought to be most frequent after surgery [2], 
having a published overall incidence of 4.4%  after ma-
jor anatomical resections [3], being as high as 20% after 
pneumonectomy [4].  Predisposing factors for develop-
ment of BPF may be: immunosuppression, neoadjuvant 
tumor therapy, presence of pulmonary infection in the 
time of surgery and active smoking. Also surgical tech-
nique may have certain importance on avoiding it [5].

Also it is well known that certain surgical procedures, 
such as right sided pneumonectomy or right lower lobec-
tomy, go along with increased risk for developing BPF.

Modern radio- and chemotherapy therapies for lung 
cancer as well as necrotic lung infections may add signifi-
cantly to overall morbidity from BPF. Furthermore, some 
other conditions, like ARDS, or even Boerhaave Syn-
drome could also be responsible for it BPF development.

Surgical BPF can be generally classified according 
to the time of occurrence as “early” if it occurs in up 
to 7 days after surgery, “intermediate” if it appears in 
the time between 8 and 30 days following surgery and, 
finally, “late” after that period [6].

Diagnosis of BPF is mostly done by evaluating these 
three data: clinical appearance, bronchoscopy and CT scan. 
Rarely additional procedures like instillation of methylene 
blue and its visualisation in the chest tube can be needed.

Treatment

The treatment of BPF may initially differ according to 
the time of appearance as well as clinical presentation. 
If it appears acute, especially with life threatening con-
ditions like flooding of the contralateral lung and respi-
ratory insufficiency, the measures must be taken to clear 
the airway paths and to decompress involved hemitho-
rax with a chest tube.  

As most BPF goes along with empyema, it is, obvi-
ously, necessary to deal with it. This is most commonly 
achieved with a chest tube. Moreover it is often required 
to treat debilitation and multiple comorbidities, which 
often accompanies BPF.  

Accepting that each of the procedures has its own 
benefits and misfits, surgical repair has had historically 
bigger role in handling “surgical” BPF, especially with 
“earlies”, up to 7th postoperative day. Different surgi-
cal procedures have been involved in dealing with this 
problem: rethoracotomy with bronchial stump closure 
and covering with some of the thoracic wall muscles or 
omentum, sternotomy with the same idea, thoracoplasty 
either staged or not, fenestration or simple chest tube as a 
long term therapy. Some of these procedures being rather 
aggressive are not well tolerated by all BPF patients.

Conservative management of BPF can be achieved us-
ing a significant variety of materials and methods that could 
be employed with reportedly moderate to excellent results 
in the treatment of etiologically and sizably different BPF.

Bronchoscopic Treatment of Bronchopleural Fistula

The first two reported successful bronchoscopic man-
agement of BPF were published back in 1977 by two 
independent groups, Ratliff et al. [7] and Hartmann et 
al. [8] respectively. Both of them described their single 
case of peripheral BPF successfully closed using a ster-
ilized fishing weight to block previously identified (sub)
segmental bronchus in the first and using tissue glue, 
methyl-2-cyanoacrylate, and simply filling up segmen-
tal bronchi of a right upper lobe in the second case. 

Almost twenty years later, the same material, meth-
yl-2-cyanoacrylate, was successfully employed in clos-
ing up of 10 out of 12 central BPF up to 0.5 cm [9]. The 
glue firms after 10 seconds, so it was relatively easy to 
keep it in situ. Apart from them, other groups have also 
successfully treated this problem in a similar way with 
different success rates and published their experiences 
as case reports [10-12].

Another landmark study describing a novel tech-
nique for closing central BPF dates back in 1998 [13]. 
Hollaus et al. employed either only fibrin sealant, for 
the BPF 3 mm or less, or together with spongy calf 
bone, which was stuck in the fistula minimizing the 
orifice and preventing dislocation of the fibrin glue into 
the pleural cavity . The overall rate of successful fistula 
closure was 35.6%. Fistulas bigger than 8mm were not 
considered for endoscopic closure.

Varoli et al. in 1998 [14] published their study de-
scribing another method in closing central BPF. They 
successfully treated 23 out of 35 consecutive patients 
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with central postresectional BPF with multiple and 
repeatedly submucosal injections of polidocanol - hy-
droxypolyethoxidodecane (Aethoxysklerol Kreussler) 
on the margins of the fistula. In contrast to other meth-
ods, they managed to close fistula up to 10mm diameter.  

The next big step in bronchoscopic handling of both 
central and peripheral BPF was made in 2008 with an arti-
cle published by Kramer et al. [15]. They used Amplatzer 
device (AD) to close 5 mm large central postresectional 
BPF in two of their patients. Amplatzer device has been 
developed and used mostly either for treatment of con-
genital heart disorders or, in case of the vascular plug, 
endovascular catheter embolization of abnormal vascular 
communication. Both are easily applicable and available 
in different sizes. ASD-occluder has a central waist from 
4-40 mm and disks on both sides of it, which are at least 
10mm larger. Amplatzer vascular plug is available in siz-
es from 4-16 mm, but in at least three different shapes. 
While the size of the vascular plug is suitable for most 
working channels of modern fiberoptic bronchoscopes 
and thus could be easily delivered under optical guid-
ance, ASD-occluder could be challenging. A larger case 
series was published later on, again by the same group 
[16].  They first introduced a guide wire through the fis-
tula using bronchoscope. After bronchography to evalu-
ate the shape and length of the fistula, they introduced 
a delivery sheath over the wire through the defect, than 
AD on the same fashion, positioning it at the end under 
bronchoscopic guidance by extruding the central waist 
in the defect, both of the disks laying on the opposite 
sides of it. Nine out of ten of the patients in their cohort 
have been successfully treated with this technique, the 
only one unsuccessful case was due to a failed anchoring 
of the device and it’s falling into the pleural cavity. The 
same group published their results with vascular plug 
device, having five out five successful treatments [17]. 
Meanwhile there is a raising published evidence in terms 
of case reports supporting this method in the treatment 
of central BPF [18-20]. The largest successfully healed 
fistula was 12 mm in diameter. Our own experience how-
ever showed only limited success, having only two out of 
four BPF fistula completely closed without involvement 
of some additional procedure (Figures 1-3).

Figure 1. Peripheral BPF leading to lingula bronchus

Figure 2. Introduction of the vascular plug (amplatzer) 

device through the flexible bronchoscope

Figure 3. Successful occlusion of the BPF
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Silver nitrate has been also employed as a tool for 
closing central BPF. In 2013 Boudaya et al. [6] published 
their series consisting of 17 patients treated with local 
application of silver nitrate. This application has had to 
be repeated until the fistula was closed. 16 patients was 
healed, the largest fistula was 9mm in diameter.

Endoscopic stenting as a solution for central BPF 
was promoted in 2001 by Watanabe et al. [21]. They 
used Dumon stents to cover central BPF after right up-
per lobectomy and failed attempt to close it surgically. 
From that point on there have been numerous case re-
ports during past years with this particular type of stent 
having the same result, but also with some others, hav-
ing different results. Koh et al. [22] successfully treated 
20 mm large BPF after right upper lobe resection with 
the Dumon stent. Self-expandable metallic customized 
stent was employed as a temporary solution in treatment 
of seven post-pneumonectomy fistulas, the largest hav-
ing a diameter of 12 mm [23]. The air leak ceased in 
all patients, in 43% of them surgery was successfully 
delayed, however overall mortality was 57%. Andreetti 
et al. [24] published their experience in management of 
post-pneumonectomy BPF. In their series of six patients 
having BPF up to 11 mm, but no empyema, they suc-
cessfully treated all six of them by placing full covered 
self-expandable nitinol stents. The stents were removed 
after 71-123 days with completely cured BPF.   

Another material frequently being employed in the 
treatment of BPF is endobronchial valves. The first suc-
cessful case was published by Snell et al. in 2005 [25]. 
They closed a large peripheral BPF with a one-way 
valve, by positioning it in small segmental bronchi that 
was proved to be connected with the fistula. After that 
first report, other similar case reports with the same re-
sults were published [26,27]. In 2015 two series with 
valves were published. First study evaluated retrospec-
tively the treatment of 21 patients, 19 of whom had pe-
ripheral BPF. None of those 19 patients tolerated wa-
ter seal drainage system or even the ambulatory pleural 
drainage system well. 15 of 19 had prolonged air leak 
one week after treatment and 11 had it longer than two 
or more weeks. Two patients with central BPF had post-
pneumonectomy fistula and were treated with the com-
bination of a stent and a valve, one of them successfully, 
and the other unsuccessfully, followed by surgery [28]. 
The second study retrospectively enrolled 14 patients 
treated for peripheral BPF with overall success in six pa-

tients in the “medical group” (50%) and for eight in the 
“surgical group” (62.5%). Median time for air leak ces-
sation in days for both groups was around 15 days [29]. 

Conclusion

As a conclusion, bronchopleural fistula is very serious com-
plication of many medical conditions, however most fre-
quently after surgery. There is no evidence based guideline 
for its management, either surgically or endoscopically. 

Apart from the surgical management, which is more 
common given the relative higher frequency of the sur-
gical patients among affected population with BPF, en-
doscopic management offers some benefits that should 
not be ignored. Not only it is less invasive, but in some 
occasions even more efficient than surgery. Avoiding 
the single anecdotal experience of endoscopic closing 
of either central or peripheral BPF with plethora of dif-
ferent materials and methods such as: blood clot, gel 
foam, antibiotics or cellulose without adequate pub-
lished confirmation from other investigators later on, 
above mentioned endoscopic strategies have confirmed 
themselves as valid options in the treatment of BPF. 
Still not all are equally convenient for all types of BPF.

Central BPF, clearly visualized and measurable could 
be treated according to its diameter and location. Certain-
ly proximal central BPF, like one after pneumonectomy 
or right upper lobe resection, with a diameter larger than 
10 mm, reduces possibilities to stenting or placing AD. 
Left sided lobar BPF as well as BPF of the lower lobes 
on the right, especially if big, may be not amenable for 
stenting, thus leaving AD as the only method of choice.

Smaller BPF, regardless of the position, may involve 
other relatively successful tools like silver nitrate or 
polidocanol - hydroxypolyethoxidodecane, later being 
challenging, given the fact that, although published as a 
cohort, it has never been proven by other investigators 
but only one, unlike silver nitrate, stents or AD.

For the centrally located BPF smaller than 5 mm in 
diameter, the solid options can be either methyl-2-cya-
noacrylate or amplatzer vascular plug and for the small-
est fistulas even fibrin glue with or without calf bones.

Peripheral BPF are often treated by existing chest 
tube either only with suction/no suction combination 
or installation of certain chemicals or materials. Endo-
scopic treatment may be efficient as well, in the first 
place with endobronchial valves. However even this op-
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tion does not offer a very good efficacy when compared 
to its risks. Another tool for treatment of peripheral BPF 
may be amplatzer vascular plug, though once epithe-
lized, it is not removable anymore. 

The treatment of choice is always in the hands of the 
physician, preferably armed with the current knowledge 
and capacity of utilizing it. 
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ABSTRACT

In the last decade endobronchial ultrasound with real-time guided needle aspiration (EBUS-NA) has 

been recognized worldwide as a tool with remarkable impact on routine clinical practice. In the present 

review article, we focus on specific disease-related features of EBUS-NA, including diagnosis and 

staging of thoracic malignancies, sarcoidosis, tuberculosis and its role in the evaluation of isolated 

enlarged mediastinal lymph nodes. We also address some less common conditions and discuss emerging 

and future developments in EBUS technique. 

Keywords: Interventional ultrasonography; bronchoscopy; mediastinum; neoplasms; thoracic disease; 

sarcoidosis; tuberculosis

Endobronchial ultrasound: a guide to mediastinal disorders



Introduction

The mediastinum is an important anatomic region, 
which contains many vital structures and represents one 
of the main areas of interest for the Pulmonologist and 
the Thoracic Surgeon. 

Several disease processes can affect different medi-
astinal structures where prompt and accurate diagnosis 
has a direct impact on treatment and prognosis. In the 
last decade, convex probe endobronchial ultrasound (CP-
EBUS) with real-time guided needle aspiration (NA) has 
been accepted worldwide as a valuable tool with tremen-
dous impact on routine clinical practice [1-3] (Figure 
1). The equipment can be introduced into the airway or 
in the esophagus as an alternative mediastinal transport 
pathway as far as the left suprarenal gland [4-7]. The in-
vasiveness of the procedure is much lower than concur-
rent techniques and EBUS-NA is feasible on outpatient 
basis under local anesthetic and moderate sedation [8]. 
A high diagnostic yield and very low complication rate 
contribute to establish EBUS-NA as the first-choice diag-
nostic tool in numerous mediastinal disorders [9].

Figure 1.  EBUS guided puncture of a mediastinal lymph node

EBUS-NA is most often used in lung cancer staging, 
for definitive tissue diagnosis in central malignant lesions 
or for diagnosis of other tumors with its origin or spread 
into the mediastinum. The obtained specimens can be pro-
cessed for immunocytochemistry and DNA analysis [10]. 
Additionally, EBUS-NA provides useful diagnostic sam-
ples, including microbiology, for many benign diseases. 
B-mode and Doppler technique support the selection of 
the best biopsy spot, or in certain cases, provide comple-
mentary data for alternative diagnosis [11-14] (Figure 2).

Figure 2. Assessment of mediastinal lymph nodes Doppler 
vascular pattern

The CP-EBUS instrument and NA technique were 
already described in detail in countless previous pub-
lications [15]. Therefore, in this article, we focus on 
specific disease-related features of CP-EBUS, includ-
ing diagnosis and staging of thoracic malignancies, sar-
coidosis, tuberculosis and its role in the evaluation of 
isolated enlarged mediastinal lymph nodes. We also ad-
dress some less common conditions and discuss emerg-
ing developments in CP-EBUS technique.

Lung Cancer Diagnosis 

The standard approach to lung cancer diagnosis com-
prises non-invasive imaging tests followed by invasive 
procedures such as flexible bronchoscopy or CT-guided 
transthoracic needle aspiration (CT-TTNA). The se-
lected technique should offer maximum information 
regarding diagnosis (and staging) with minimum risk 
to the patient. Flexible bronchoscopy has a high diag-
nostic yield for endobronchial tumors but for peripheral 
and extraluminal lesions its sensitivity is rather low [16]. 
Also, CT-TTNA carries a significant risk of complica-
tions especially in central and small lung or mediastinal 
lesions. In the past, some patients would remain without 
a definitive diagnosis despite extensive work-up and had 
to undergo surgical biopsy, not always suitable for those 
with advanced disease or significant comorbidities. 

In the last few years, real-time EBUS-NA proved to 
be an important option to overcome this situation, and 
diagnose lung cancer in patients with centrally located 
tumors. Tournoy et al. [17] reported a sensitivity of 84% 
and Nakajima et al. [18] obtained 94.1% sensitivity and 
94.3% diagnostic accuracy for EBUS-NA in the diag-
nosis of central lung lesions not visible during routine 
bronchoscopy. EUS-NA has also been used to diagnose 
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lung tumors abutting the esophagus [19].The choice be-
tween EBUS and EUS depends on the availability of 
equipment, expertise and the location of the suspicious 
lesion. In an observational study, combined CP-EBUS 
with CP-EUS-B (transesophageal endobronchial ultra-
sound) after failure of conventional techniques, provid-
ed a definitive diagnosis in 106 of 121 cases (87.6%) 
[20]. Dincer et al. [21] even demonstrated that it is 
feasible and safe to perform EBUS-NA or EUS-NA in 
≥10mm lesions not adjacent to the tracheobronchial tree 
or the esophagus. Of mention, this should be tried only 
by highly trained operators since there is the potential 
for reduced yield and higher complications compared to 
the puncture of abutting lesions.  

With endosonography there is also the potential of pro-
viding diagnosis and mediastinal staging in the same pro-
cedure. It is mandatory that the central tumor is sampled 
after all lymph nodes are punctured, to avoid needle con-
tamination. In other cases, if the primary lesion cannot be 
easily assessed, tissue may be acquired from highly suspi-
cious metastatic lymph nodes to diagnose lung cancer. 

In 2015, a randomized controlled trial by Navani et 
al. [22] have shown that EBUS-NA as the initial inves-
tigation in diagnosis of suspected lung cancer lesions 
reduces the time to treatment decision, compared with 
flexible bronchoscopy or CT-TTNA. 

Of mention, linear EBUS does not replace conven-
tional techniques since its size, angulation and image 
quality do not allow a correct and complete inspection 
of the airways. Most physicians still use EBUS and the 
flexible bronchoscope as complementary tools in the 
same diagnostic procedure.    

Lung Cancer Staging 

The most common indication for EBUS-NA is lung 
cancer staging. Identification of metastatic lymph nodes 
is critical and influences treatment and prognosis. Im-
aging methods are not sufficiently sensitive to detect 
lymph node metastasis and in most cases a minimally 
invasive staging has to be performed.  Recently, Ong et 
al. [23] have shown in N0 PET-CT patients a high false-
negative rate detected by EBUS-NA. In a retrospective 
cohort of 15,316 patients with lung cancer, Ost et al. 
[24] concluded that when lymph node staging does not 
meet the international standard guidelines with medias-
tinal sampling first, patients undergo more diagnostic 
tests (some unnecessary) with greater morbidity.

Most guidelines recommend endosonography as the 

initial sampling method for mediastinal lymph node 
staging [1,25-27]. This is due to the fact that several sys-
tematic reviews and meta-analysis showed that EBUS-
TBNA has a high pooled sensitivity (88-93%) [26,28-
30]. Diagnostic accuracy is at least equivalent to cervical 
mediastinoscopy in the evaluation of mediastinal lymph 
node metastasis in lung cancer [31-32]. In a controlled 
trial, Yasufuku el al. [32] proved that there were no dif-
ferences between CP-EBUS and mediastinoscopy re-
garding N stage (EBUS sensitivity, diagnostic yield and 
negative predictive value were 81%, 93% and 91% and 
mediastinoscopy 79%, 93% and 90% respectively). 

Of notice, some EBUS-NA studies showed limita-
tions regarding its negative predictive value (NPV). This 
means that a negative result should be further confirmed 
by other invasive methods especially if the pre-test prob-
ability is high [29,30]. Dooms et al. [33] showed that en-
dosonography has an inadequate sensitivity to detect N1 
disease in lung cancer (sensitivity of 38% was increased 
to 73% by adding mediastinoscopy). The risk of false-
negative cases is higher if there is: a central tumor, pri-
mary tumor is ≥3cm, suspected N2 disease by PET-CT, 
proven N1 disease or tumor restaging following chemo-
therapy [1]. Staging by CP-EBUS plus EUS followed 
by surgical staging (in case of N0) compared to surgical 
staging alone resulted in higher sensitivity and avoided 
unnecessary thoracotomies [34,35].

Only in selected cases mediastinoscopy may be 
omitted and these negative cases should be subjected to 
follow-up [36]. 

Another important point regarding lung cancer staging 
is that all lymph node stations should be systematically 
investigated because targeted biopsy (guided by chest CT 
and/or PET scan) may downstage the patient [2]. Further 
studies are ongoing to test this hypothesis. Recent guide-
lines advise that at least three different mediastinal nodal 
stations (4R, 4L, 7) should be sampled in NSCLC patients 
with an abnormal mediastinum by CT or PET-CT [1].

Since EBUS-NA cannot assess all mediastinal stations 
it is recommended to be combined with EUS-NA for com-
plete nodal staging [1]. One of the possible advantages of 
the EBUS scope is that it is officially approved in Europe 
to use in the upper digestive track. So, in a single proce-
dure, with the same equipment, the operator can perform 
CP-EBUS and EUS-B [5,6,37] accessing most medias-
tinal and hilar lymph node stations (except station 5 and 
6), improving diagnostic yield,  decreasing the negative 
predictive value and reducing costs [1,38]. The drawback 
is that EBUS plus EUS-B may increase procedure time, 



need prolonged sedation protocols, add complexity to the 
exam and require dedicated skills and training.   

The available scientific data suggest that CP-EBUS 
should be undertaken first, followed by EUS-B [39] because 
adding EBUS to EUS increases accuracy (from 86.5% to 
97.3%) and the opposite did not increase yield or sensitivity.

Since a single dedicated needle is used, N3 stations 
should be punctured first, followed by N2 and finally N1, 
to avoid upstaging. Each lymph node should be punctured 
at least 3 times [15] for cytological characterization and 
eventually molecular analysis (e.g. EGFR, ALK) [40].

An additional indication for CP-EBUS/EUS may be 
the detection and puncture of lung cancer metastases in 
the left adrenal gland. In a retrospective study by Crom-
bag et al. [7] the CP-EBUS scope allowed the identifi-
cation and transgastric puncture of this anatomic struc-
ture in the majority of lung cancer patients with signs of 
malignant involvement.  Prospective data is needed to 
access feasibility and safety.

Lung Cancer Restaging 

Selected studies have addressed the issue of restaging the 
mediastinum by endosonography. To downstage disease, 
stage III NSCLC patients may be submitted to neoadju-
vant chemoradiotherapy.  It is of utmost importance to 
identify the responders since they are able to benefit from 
subsequent surgery. Herth et al. [41] published the first 
EBUS-NA restaging study in lung cancer with an overall 
sensitivity of 76% and NPV of 20%. Other retrospective 
studies confirmed the lower sensitivity and NPV of EBUS 
mediastinal restaging compared to staging [42,43]. In 
2015, a prospective trial combined CP-EBUS and EUS 
with a single echoendoscope for NSCLC restaging had 
an overall sensitivity, accuracy and NPV of 67%, 81% 
and 73%, respectively [4]. In view of these data, guide-
lines suggest that initial restaging may be performed by 
EBUS-TBNA and/or EUS-(B)-FNA for detection of per-
sistent nodal disease but, if negative, subsequent surgical 
staging is indicated before radical surgery is attempted 
(grade C recommendation) [1].

Diagnosis of Extrathoracic Cancer 

Patients with extrathoracic tumors may develop in-
creased mediastinal or hilar lymph nodes. In most cases, 
there is the need to acquire material for correct diagnosis 
and staging. Different scenarios may occur: metastatic 
dissemination of the extrathoracic cancer, second ma-
lignancy, sarcoid-like reaction, reactive lymph nodes or 

benign disease (e.g. tuberculosis, sarcoidosis). Various 
authors reported the utility of EBUS-NA for differen-
tial diagnosis in patients with a previous extrathoracic 
malignancy [44-46]. A meta-analysis with 533 patients 
concluded that EBUS-NA has 85.6% diagnostic accu-
racy to detect mediastinal lymph node metastases of ex-
trathoracic malignancies and 16% probability to have 
a negative result (these cases should be confirmed by 
more invasive methods) [47].

Lymphoma 

In contrast with high diagnostic yield in lung cancer 
staging, diagnosis of lymphoma by EBUS-NA is some-
what less reliable [48]. The reason may lie in subop-
timal size of biopsy specimens, obtained by dedicated 
21G and 22G needles. A small observational study with 
22G needles on 25 patients reported sensitivity, speci-
ficity, positive predictive value (PPV) and negative pre-
dictive value (NPV) of 90.9%, 100%, 100% and 92.6%, 
respectively [49]. In one case, additional mediastinos-
copy was performed for further subtyping. Steinfort et 
al. reported 76% sensitivity with 22G needle, but surgi-
cal biopsy to define the subtype was required in 4 pa-
tients, which decreases the specificity of EBUS-NA for 
definitive diagnosis to 57% [50].

Rapid on-site evaluation of specimen is helpful to 
allocate more material to ancillary studies [48,51]. In 
suspicious cases, further sampling is needed to acquire 
enough material for immunophenotyping by flow cy-
tometry and fluorescence in situ hybridization (FISH), 
which provide the basis for non-Hodgkin lymphoma 
(NHL) subclassification.

EBUS-NA provided diagnosis in 100% of relapsed 
lymphoma cases and an accurate alternative diagnosis 
in 97% of patients from the same group [52]. Sensitiv-
ity for subtyping to high-grade NHL, low-grade NHL 
and Hodgkin lymphoma in relapsed and de novo diag-
nosed patients was 90%, 100% and 79% respectively 
[52]. Grosu et al. were able to establish the diagnosis 
and subtype the lymphoma in 67% of new diagnosed 
patients and in 81% of relapsed lymphoma patients by 
EBUS-NA using 22G needle [53].

In conclusion, EBUS-NA may be used as an initial pro-
cedure for patients with suspected mediastinal lymphoma 
and may decrease the need for more invasive approaches 
[48,54,55]. Sensitivity for final diagnosis and subtyping 
varies, but is more reliable for relapsed than newly diag-
nosed patients [52,55,56].  Although EBUS-NA can reli-
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ably provide alternative diagnosis, negative results do not 
completely exclude lymphoma [48,52,57,58 ].

Sarcoidosis 

Most patients referred for evaluation of suspected pul-
monary sarcoidosis present stage I or II disease, with in-
creased lymphadenopaties. Flexible bronchoscopy with 
transbronchial lung biopsies (TBLB), endobronchial bi-
opsies and non-guided needle aspiration have been the 
traditional method for diagnosis, when there is an indi-
cation for tissue confirmation. These sampling methods 
may be associated with adverse events such as bleeding 
or pneumothorax, especially in non-experienced hands. 
Instead, the detection of non-caseating granulomas can 
be easily and safely obtained by CP-EBUS or EUS in 
mediastinal and hilar lymph nodes (Figure 3).

Figure 3. Non-caseating granuloma obtained by EBUS-NA 
in a patient with sarcoidosis

A randomized controlled trial published by Tremblay et 
al. [59] showed that EBUS-NA in patients with sarcoidosis 
is able to improve the diagnostic sensitivity in 22% com-
pared to conventional TBNA. Another study [60], proved 
the enhanced diagnostic yield of EBUS/EUS (80%) versus 
bronchoscopy (53%) in sarcoidosis, although this trial did 
not include conventional TBNA. In 2014, Gupta et al. [61] 
demonstrated that individually EBUS-NA has the highest 
diagnostic yield (74.5%) and it is even better when com-
bined with TBLB (90.9%) but the diagnostic yield of non-
guided TBNA plus endobronchial biopsies and TBLB al-
lows comparable results (85.5%, P > 0.05).  In conclusion, 
EBUS/EUS may be the procedure of choice to diagnose 
sarcoidosis stage I and II, however those who do not have 
this equipment can still get a high diagnostic yield by com-
bining the conventional techniques.

Tuberculosis

Intrathoracic tuberculosis lymphadenitis is a frequent 

companion of pulmonary tuberculosis and may as well 
represent a form of extrapulmonary tuberculosis on its 
own. The sputum smear for acid-fast bacilli and micro-
biological culture are still the mainstay of diagnosis, es-
pecially in the era of multi-drug resistant tuberculosis 
[62]. However, negative sputum, especially in the ab-
sence of pulmonary involvement represents a diagnostic 
challenge. Prompt histological diagnosis and isolation 
of tuberculosis bacilli was successfully achieved with 
19G needles during standard TBNA procedure in HIV 
positive and negative patients with 83-87% sensitivity 
and 100% specificity [63,64]. EBUS-NA has an advan-
tage of precise targeting the affected lymph nodes, but 
at the same time the disadvantage of thinner, 21G and 
22G dedicated needles. Recent meta-analyses reported 
80% pooled sensitivity and 100% specificity [65,66]. In 
all studies, 22G needles were used, except in Navani et 
al. where a combination of 21G and 22G needles had a 
sensitivity of 94% [67]. The culture and smear positive 
rates were 54% and 30% respectively [66]. Although 
the mycobacterium culture has a lower diagnostic yield 
than cytopathologic investigation, improves overall 
sensitivity from 72.7% to 95.4% [68]. The same ap-
plies to polymerase chain reaction of Mycobacterium 
tuberculosis from EBUS-NA samples, which increases 
diagnostic yield in addition to cytopathology and mi-
crobiology [69].

Isolated Enlarged Lymph Nodes 

Mediastinal or hilar lymphadenopathy is a relatively 
common finding on chest CT-scans performed for various 
reasons. The term isolated mediastinal and hilar lymph-
adenopathy (IMHL) is defined as at least one enlarged 
lymph node in the mediastinum or hilus without evidence 
of lung nodule or mass or extrathoracic malignancy. The 
main diagnostic goal is to recognize a treatable condition 
like a granulomatous disorder (e.g. tuberculosis, sarcoid-
osis) or malignancy (e.g. lymphoma, metastasis or rare 
lymphoproliferative disorders) and to exclude patients 
with reactive lymph nodes associated with many chronic 
diseases (e.g. heart failure, bronchiectasis, chronic bron-
chitis, interstitial lung diseases, etc.) [70-74].

Although mediastinoscopy was a standard diagnos-
tic procedure, recent the REMEDY clinical trial dem-
onstrated, that EBUS-NA may be recommended as a 
first line investigation for IMHL [75]. EBUS-NA had 
92% sensitivity and 40% negative predictive value for 
a treatable condition and spared mediastinoscopy in 
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87% of patients [75]. Moreover, the study also proved 
cost-effectiveness of such approach. EBUS-NA was also 
more accurate and cost-effective in comparison to classi-
cal TBNA [76]. However, the REMEDY trial, although 
prospective, found only 5% of patients with reactive 
lymphadenopathy, which might reflect some kind of pre-
selection of patients referred to diagnostic work up [75]. 

Another single-center study found a much higher 
prevalence (48%) of reactive lymph nodes [77]. The pres-
ence of symptoms was not a reliable predictive factor for 
differentiation between reactive and pathological IMHL. 
EBUS-NA had an overall diagnostic accuracy and NPV of 
91% and 84.2% respectively [77]. Therefore, the authors 
recommend surveillance, rather than further invasive pro-
cedures in the low risk group of older patients with comor-
bidities and with maximum lymph node diameter below 
20mm, where the NPV may reach 93.8% [77].

Mediastinal Cysts

Mediastinal cysts may be classified as bronchogenic, 
pericardial, or enteric, depending on their lining epithe-
lium. They are often punctured because of diagnostic 
uncertainty, although they have characteristic anechoic 
Doppler negative appearance on ultrasound examina-
tion [78] (Figure 4). EBUS guided real-time aspiration 
can be a therapeutic alternative to surgical resection 
[79,80]. Complications were reported in 16.1% of pa-
tients after EBUS-NA of the cyst, mostly as an infection 
[78,81]. Pericardial cysts are sometimes connected with 
pericardial sack and an infectious pericarditis might 
arise, either after intentional or accidental puncture [82, 
83]. The use of prophylactic antibiotic should be con-
sidered before cyst puncture.

Figure 4. Anechoic Doppler negative mediastinal cyst

Future of CP-EBUS 

CP-EBUS technique and applications are still under 
further development. New imaging techniques such as 

elastography may complement the procedure by better 
selection of the biopsy spot, which can result in more 
effective and less invasive diagnostic of mediastinal le-
sions and lung cancer staging [84-86] (Figure 5).

Figure 5. Elastography in a malignant lymph node

Novel 19G EBUS-NA needles were introduced and 
may further enhance the diagnostic yield, especially in 
detection and subtyping of lymphomas (Figure 6).

New EBUS bronchoscopes with higher resolution 
and smaller size of ultrasonic probe will reach deeper 
into the bronchial tree and into the upper lobes.

Combined CP-EBUS plus EUS-B procedure will be-
come standard of care for lung cancer mediastinal stag-
ing in most interventional units.

Figure 6. Histological material obtained with a dedicated 
19G EBUS needle

Intra-tumoral delivery of cytostatic drugs by trans-
bronchial guided needle injection may improve local 
control of recurrent central airway and mediastinal can-
cers, reducing doses and side effects [87-89].

There are also several none-conventional indications 
where CP-EBUS could occasionally be used, for instance 
the diagnosis of pulmonary embolism in patients with 
contraindication for intravenous contrast agent and for 
detection of non-thrombotic endovascular lesions [90].
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Conclusion
As a conclusion, CP-EBUS resulted from the effort of 
innumerous investigators that believed that ultrasound 
imaging could be accomplished in the airways. 

EBUS-NA and EUS-B-NA are now recommended as 
the first procedures for NSCLC lymph node staging. The 
technique has also clinical impact for lung cancer diagnosis 
and restaging of thoracic and extrathoracic malignancies. 

In benign diseases, such as tuberculosis and sarcoid-
osis stage I/II EBUS-NA proved its added value by in-
creasing diagnostic yield. 

The international scientific community is still pur-
suing optimal performance as further studies are per-
formed and new indications are tested. Structured learn-
ing programs and supervised training are essential to 
appropriately disseminate CP-EBUS.
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