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Amaç: Bu çalışmada trakeal sleeve pnömonektomi (TSP) 
uyguladığımız olgulara ait sonuçlar incelendi.

Çalışma planı: Ocak 2000 ile Temmuz 2009 tarihleri 
arasında küçük hücreli dışı akciğer kanseri nedeni ile 13 
erkek hastaya (ort. yaş 52; dağılım 40-65 yıl) kliniğimizde 
TSP uygulandı. Hastalar yaş, cinsiyet, histopatolojik mua-
yeneleri ve evreleri ile adjuvan tedaviler, ameliyat sonrası 
komplikasyonlar ve sağkalım açısından geriye dönük ola-
rak incelendi. Hastaların ortalama ve beş yıllık sağkalım-
ları Kaplan-Meier yöntemi ile hesaplandı.

Bul gu lar: On üç hastanın 11’ine sağ, ikisine sol TSP 
uygulandı. Histopatolojik tanı, 11 hastada skuamöz hüc-
reli karsinom, bir hastada adenokarsinom ve bir hastada 
adeno-skuamöz karsinom idi. Tümör, lenf nodu metastazı 
evrelemeleri bir hastada evre IIB, bir hastada evre IIIA 
ve 11 hastada evre IIIB idi. Dört hastada ameliyat sonrası 
komplikasyon görüldü ve bunların ikisi anastomoz ile 
ilişkili idi. Biri ameliyat sonrası dönemde olmak üzere 
takip süresince toplam üç hasta kaybedildi. Ortalam sağ-
kalım süresi ve beş yıllık sağkalım oranları sırasıyla 87 
ay ve %77 idi.

Sonuç: Trakeal sleeve pnömonektomi karinaya invaze 
veya yakın komşu olan akciğer kanseri tedavisinde önemli 
bir yöntemdir. Göğüs cerrahisindeki gelişmelerle morbidi-
te ve mortalitesi azalmış olup bugün için standart pnömo-
nektomininkine yakındır. Mediastinal lenf nodu tutulumu 
bir kontrendikasyon olmalıdır. Bunun tek istisnası, en blok 
rezeksiyonun mümkün olduğu subkarinal lenf nodu tutu-
lumudur.
Anah tar söz cük ler: Karina rezeksiyonu; küçük hücreli dışı 
akciğer kanseri; trakeal sleeve pnömonektomi; trakeobronşiyal 
anastomoz.

Background:In this study, we evaluated the results of our 
tracheal sleeve pneumonectomy (TSP) cases.

Methods: Thirteen male patients (mean age 52; range 40 
to 65 years) with non-small cell lung cancer underwent 
TSP in our clinic between January 2000 and July 2009. 
The patients were evaluated for age, sex, histopathological 
examinations and stages, adjuvant therapies, postoperative 
complications and survival retrospectively. The mean and 
five-year survivals of patients were analyzed with Kaplan-
Meier method.

Results:Eleven right and two left TSPs were performed 
in 13 patients. The histopathological diagnoses were 
squamous cell carcinoma in 11 patients, adenocarcinoma 
in one patient and adeno-squamous carcinoma in one 
patient. The tumor-node-metastasis staging was stage IIB 
in one patient, stage IIIA in one patient and stage IIIB in 
11 patients. Four patients had complications after the sur-
gery, and two of these were anastomosis-related. A total 
of three patients died during follow-up, one of them in the 
postoperative period. The mean survival and the five-year 
survival rate were 87 months and 77%, respectively.

Conclusion:Tracheal sleeve pneumonectomy is an important 
modality in the treatment of lung cancer that has invaded or 
is in close proximity with the carina. With improvements 
in the thoracic surgery, the morbidity and mortality of TSP 
have improved and are currently close to the standard pneu-
monectomy. Mediastinal lymph node involvement should be 
a contraindication. The only exception for this is subcarinal 
lymph node involvement, where en block resection is possible.
Key words: Carina resection; non-small cell lung cancer; 
tracheal sleeve pneumonectomy; tracheobronchial anasto-
mosis.
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Tracheal sleeve pneumonectomy (TSP) is an aggressive 
surgical procedure which is applied for the resection of 
lung cancer invading lung, tracheobronchial angle, cari-
na or lower end of trachea. The airway is reconstructed 
with anastomosis of the opposite main bronchus and 
lower end of the trachea. In 1950, Abbott[1] published that 
he had performed resection of the carina, lower trachea 
and contralateral bronchus with right pneumonectomy, 
which was the first right TSP. From this date, TSP was 
performed with high morbidity and mortality rates by 
some surgeons.[2,3] However, although improvements 
in surgical techniques and anesthesia have brought the 
results of those operations to a reasonable level, TSP is 
still seen as one of the most challenging procedures of 
thoracic surgery. In this study, we evaluated the results of 
13 TSP cases and discussed the results of recent studies.

PATIENTS AND METHODS
Thirteen male patients (mean age 52; range 40 to 65 
years) with non-small cell lung cancer underwent 11 
right and two left TSP between January 2000 and July 
2009 in Thoracic Surgery Clinic. All patients preopera-
tively underwent radiological investigations including 
chest X-ray and thoracic computed tomography (CT) 
(Fig 1). Diagnostic biopsies were taken and the neces-
sity and feasibility of TSP were evaluated by fiber-optic 
bronchoscopies (FOB). For all patients, the respiratory 
sufficiency for resection was evaluated by measure-
ment of forced expiratory volume in 1 second (FEV1) 
and diffusing capacity of the lung for carbon-monoxide 
(DLCO). For patients whose FEV1 and DLCO measures 
were borderline, maximum oxygen consumption dur-
ing exercise (VO2-max) and postoperative FEV1 were 
measured. In addition, all patients were assessed with 
complete blood count, analyses of blood chemistry and 
coagulation parameters, and complete urine analysis. 
Cardiac status was routinely assessed with ECG and 
cardiology consultation was requested for patients older 
than 55-years and other patients if any pathology was 
suspected. All patients underwent an anesthesia clinic 
examination preoperatively. Mediastinal lymph node 
status was evaluated with mediastinoscopy (n=10) or 
PET-CT (n=5).

The patients were taken to the operating room and 
intubated with double lumen endobronchial tubes in 
order to achieve single lung ventilation.

For right TSP; a posterolateral thoracotomy through 
the 5th intercostal space was performed. The carina was 
mobilized after azygos vein division (Fig 2a). The right 
lung was resected together with the carina as a single 
piece. The continuity of ventilation was provided with 
an endobronchial tube which was placed into the left 
main bronchus through the operative field (Fig 2b). 

Frozen section examination of the bronchial and trache-
al surgical margins was made. While the anastomosis of 
the trachea and left main bronchus was made with inter-
rupted suture technique on the membranous side and 
continuous suture technique on the cartilage side in the 
first cases, the anastomosis was later made with continu-
ous technique using 3/0 monofilament absorbable suture 
material on all sides as a rule (Fig 2c). After completion 
of the anastomosis, the line was embedded in saline and 
air leak check under 30-40 cm-H2O pressure was per-
formed. The anastomosis line was embedded into peri-
cardial fat pad or thymic remnant. A rigid bronchoscopy 
or FOB through endobronchial tube was performed for 
checking of anastomosis and bronchial toilet.

For left TSP; a right thoracotomy was performed 
first. The tracheal lower end and right main bronchus 
were divided and the carina was left on the left main 
bronchus. After frozen section examination of the bron-
chial and tracheal surgical margins, the trachea and 
right main bronchus were anastomozed with the same 
technique described for the right TSP. After closing the 
right thoracotomy, the patient was turned and the left 
lung was resected together with the carina through a left 
posterolateral thoracotomy.

The patients were followed in intensive care unit for 
72 hours. All patients had expectorant agents, incentive 
spirometry and chest physiotherapy in order to prevent 
secretion retention. The patients who had secretion 
retention despite those applications underwent FOB for 
bronchial toilet. In addition, the patients underwent FOB 
on the 7th postoperative day for anastomosis line check. 
The patients without any complication were discharged 
on the 15th postoperative day.

After discharge, patients were followed up in out-
patient clinic for the first time on the 20th day and once 
every three months for the rest of the first year and twice 
a year for the following years.

The records of those patients were re-evaluated for 
age, sex, histopathological examinations and stages, 
adjuvant therapies, postoperative complications and 
survival. The mean and five-year survivals of patients 
were analyzed with Kaplan-Meier statistics method. 
The obtained data were discussed and compared with 
the literature.

RESULTS
The histopathological diagnoses were squamous cell 
cancer in 11 patients, adenocarcinoma in one and adeno-
squamous cancer in one.

Postoperative tumor node metastasis (TNM) stag-
ing was stage 2B in one patient, stage 3A in one and 
stage 3B in 11. There was residual tumor on bronchial 
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surgical margins in two patients. One of these patients 
was lost on the 6th postoperative day and the other who 
had adjuvant chemotherapy presented with local recur-
rence on the 4th postoperative year and is still alive after 
chemotherapy and radio-surgery.

Four patients (31%) had complications after surgery, 
and three patients (13%) were lost during follow-up. 
One patient had infection of incision. His infection 
was resolved in the early period but he also had pleural 
empyema on the 3rd postoperative year, the etiology 
was unknown in this patients. He underwent thoraco-
myoplasty and is still alive without any problem on the 
10th postoperative year. One patient had anastomosis 
leak on the first postoperative day and underwent revi-
sion. One patient had esophago-pleural fistula on the 6th 
postoperative month. He had endoesophageal clipping 
of the fistula opening and is still under follow-up in the 
10th postoperative month. One patient died of anastomo-
sis dehiscence notified on the 6th postoperative day, one 
due to respiratory failure on the 70th postoperative day 
and one due to cardiologic problems on the 3rd postop-
erative month.

All patients, except two who were lost on the 6th 
and 70th postoperative days had adjuvant therapies. Of 
those, two had chemo-radiotherapy and nine had che-
motherapy.

One right TSP patient with bronchial surgical margin 
positivity presented with local recurrence on the 39th 
postoperative month. He had chemotherapy and radio 
surgery and is under follow-up on the 54th postoperative 
month.

The follow-up times of living patients are between 
10 and 112 months. Mean and five-year survival calcu-
lated by the Kaplan-Meier method are 87 months and 77 
percent respectively. The data of the patients are sum-
marized in table 1.

DISCUSSION
Patients with lung cancer invading the proximal main 
bronchus, carina and distal thoracic trachea may benefit 
from the TSP operation including ipsilateral pneumonec-
tomy, carina resection and anastomosis of trachea and 
opposite bronchus.[4] However, that operation has been 
seen as unfavorable due to potential morbidity, mortality 

Table 1. Summary of tracheal sleeve pneumonectomy cases

No Age/sex Operation Mediastinal Histopathology Stage Adjuvant Follow-up
  side evaluation   therapy

1 47/M Right M Squamous cell T4N0M0/IIIB ChT 3rd year: empyema, 
    carcinoma   thoracomyoplasty
       9 year-4 month: ADf
2 50/M Right M Squamous cell T4N2M0/IIIB  6th day: anastomosis
    carcinoma Surgical margin (+) – dehiscence and exitus
3 52/M Right M Squamous cell T4N1M0/IIIB ChT 5 year-4 month ADf
    carcinoma
4 40/M Right M Adenocarcinoma T4N0M0/IIIB ChT 5 year-2 month ADf
5 58/M Right M Squamous cell T4N1M0/IIIB ChT 3rd month: exitus due to
    carcinoma   cardiologic problem
6 40/M Right M Squamous cel T4N1M0/IIIB RT+ChT 39th month: local recurrence;
    carcinoma Surgical margin (+)  ChT, radio surgery 
       4 year-6 month ADf
7 62/M Right P+M Squamous cell T4N2M0/IIIB – 70th day: exitus due to
    carcinoma   respiratory failure
8 65/M Right P+M Squamous cell T4N2M0/IIIB ChT 1st day: anastomosis leakage,
    carcinoma   revision. 2 year-2 month ADf
9 44/M Right M Squamous cell T4N0M0/IIIB ChT 20th month ADf
    carcinoma
10 42/M Left M Adeno-squamous T3N0M0/IIB ChT 18th month ADf
    carcinoma
11 64/M Right P Squamous cell T4N0M0/IIIB ChT 17th month ADf
    carcinoma
12 53/M Right P Squamous cell T3N2M0/IIIA ChT 6th month: esophago-pleural
    carcinoma   fistula, endoscopic clipping 
       of fistula. 10th month ADf
13 59/M Left P Squamous cell T4N0M0/IIIB ChT+RT 10th month ADf
    carcinoma
ADf: Alive and disease free; ChT: Chemotherapy; M: Mediastinoscopy; P: PET/CT; RT: Radiotherapy.
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and uncertain long-term survival.[5] Furthermore, the 
staging of tumors invading the carina as T4 (stage IIIB) 
raised questions about the advantage of the operation in 
those patients.[6]

The first series of TSP had operative mortality rates 
as high as 29-40%.[3,7-9] However, with improvements in 
anesthesia, surgical techniques and postoperative care 
subsequent studies gave better results. The operative 
mortalities of the studies in the last decade are between 
4% and 16% and are generally related to pulmonary 
complications (Table 2).[6,10-17] Those results are close 

to the 6% (range 5-15%) mortality of classical pneu-
monectomy.[16,17] Dartevelle et al.[4] reported a 40% 
five-year survival in a series of 55 patients. That rate 
was given as 42% in 60 patients by Mitchell et al.,[10] 
and 26.5% in 65 patients by Regnard et al.[6] Regnard 
et al.[6] concluded this lower survival rate was due to 
higher N2 disease numbers in the study. Rea et al.[11] 
reported a 56.5% five-year survival in N0 disease. Many 
authors accept the N2 disease as a contraindication to 
advanced surgical interventions such as TSP. Dartevelle 
et al.[4] published no long-term survival after TSP in N2 

Fig. 1. Thoracic computed tomography of patient no 5 in the table 1: A tumor invading proxi-
mal right main bronchus and lower end of trachea.

Table 2. The literature of the new millennium about tracheal sleeve pneumonectomy (some includes also carina 
resections)

 Five-year survival for

Autors Number of 30 day mortality Postoperative anastomotic Overall N0-N1 disease
 patients (%) complication rate (%) (%) (%)

Rea et al.[13] 49 6.1 4 27.5 56-17
de Perrot et al.[16] 119 7.6 10 44 53
Macchiarini et al.[15] 50 4 16 51 –
Regnart et al.[6] 65 7.7 15.4 26.5 38
Roviaro et al.[17] 53 7.5 2 33.4 –
Porhanov et al.[14] 231 16 25.1 27.4 32
Mitchell et al.[12] 60 15 16.6 42 51-32
Current study 13 7.6 15.3 77 –
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disease. Mitchell et al.[10] and Porhanov et al.[12] reported 
five-year survivals of 12% and 7.5% respectively in N2 
disease. We also accept N2 disease as a contraindication 
to TSP but subcarinal lymph node involvement is the 
unique exception when an en bloc resection is possible.[4] 
We had four N2 cases in our study. One was referred to 
our clinic with complete obstruction of the right main 
bronchus, severe stenosis of the left main bronchus 
and severe shortness of breath. We could not procure a 
bronchial stent. We urgently operated on the patient to 
be able to give a survival chance. However, despite a 6 
cm tracheobronchial resection, surgical margins could 
not be cleared from microscopic tumor and the patient 
was lost on the 6th postoperative day due to anastomotic 
dehiscence. This was our unique operative mortality. 
One had paratracheal lymph node involvement which 
could not be detected preoperatively the patient died 
on the 70th postoperative day. One had pulmonary liga-
ment lymph node positivity, which again could not be 
detected preoperatively and had esophago-pleural fis-
tula on the 6th postoperative month. One had subcarinal 
lymph node positivity and is free of disease on the 3rd 
postoperative year.

The continuity of ventilation is an important point 
of TSP procedure. High frequency jet ventilation is an 
optimal modality for ventilation of the opposite lung 
during the operation.[6] It provides the opportunity of 
ventilation through a small tube. In case of lack or insuf-
ficiency of jet ventilation, the ventilation could be per-
formed through a conventional endotracheal tube from 
the operative field.[6] We use this method in TSP and 
tracheal surgery since we did not have the opportunity 
of jet ventilation in our hospital and did not experience 
any difficulty or problem with the method. The “Apneic 
hyper-oxygenation technique” is another method used 
by some centers in TSP surgery anesthesia.[13]

Although there is a consensus on the use of right 
thoracotomy in right TSP, the route in left TSP is a 
matter of discussion because the aortic arch limits 
exposure of the carina. While some authors prefer con-
secutive bilateral thoracotomies, others prefer median 
sternotomy plus left thoracotomy. Porhanov et al.[12] 
first divided the pulmonary veins and pulmonary liga-
ment through a left sided VATS and then performed 
the resection and anastomosis via median sternotomy. 
We used consecutive bilateral thoracotomies in left 
TSP patients.

In conclusion, TSP is an important modality in thera-
py for lung cancer invading the proximal main bronchus, 
carina and distal thoracic trachea. With improvements 
in anesthesia, surgical techniques and postoperative 
care the morbidity and mortality of TSP have improved 
and are closer to those of standard pneumonectomy 

Fig. 2. Intraoperative view from same patient. (a) Invasion of ca-
rina region. (b) Ventilation of the left lung from operation field 
after removal of carina and right lung. (c) Ended tracheobronchial 
anastomosis.

(a)

(b)

(c)
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today. Paratracheal lymph node involvement should be 
a contraindication but surgery should be considered for 
subcarinal lymph node involvement when en bloc resec-
tion can be possible.
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