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           Introduction 

 Pneumonectomy is performed for lung tumors that are 
 centrally located and preclude sleeve resection with a clear 
margin, separate primary tumors in the ipsilateral upper and 
lower lobes, or invasive infections unresponsive to long-term 
antibiotic therapy with signifi cant parenchymal destruction 
and/or massive hemoptysis. Carinal pneumonectomy for 
tumors involving the carina or proximal mainstem bronchus 
and extrapleural pneumonectomy for malignant mesotheli-
oma are addressed elsewhere in this volume. Pneumonectomy 
was performed in only 6 % (n = 1,132) of the 18,800 patients 
who underwent lung resection for cancer in the Society of 
Thoracic Surgeons (STS) database from 2002 to 2008 
(Kozower et al.  2010 ). From 2002 to 2007, 1,267 patients 
over 18 years of age underwent pneumonectomy for both 
benign and malignant disease. Of these procedures, 74 % 
were de novo standard pneumonectomies, with 36.1 % per-
formed on the right side, 46.8 % on the left, and 17.1 % with 
no laterality noted (Shapiro et al.  2010 ). The morbidity rate 
for pneumonectomy was 30.4 %, with a 5.6 % mortality rate. 

 Preoperative evaluation for pneumonectomy involves 
testing to predict respiratory function and perioperative risk 
after removal of a whole lung. Basic pulmonary function 
tests include spirometry, lung diffusion of carbon monoxide 
(D lco ), and arterial blood gas levels. Predicted postopera-
tive FEV 1  (forced expiratory volume in the fi rst second of 

 expiration) and D lco  greater than 40 % establishes 
 acceptable risk for lung resection without further testing. 
Results below this level prompt more rigorous determina-
tions of adequate pulmonary function after pneumonectomy. 
Nuclear lung perfusion studies quantify differential function 
between the left and right lungs. Cardiopulmonary exercise 
testing determines the combined cardiac and respiratory 
reserve by measuring the maximum oxygen uptake (V o  2 max). 
Lower values of V o  2 max have been correlated with higher 
mortality and complication risk after lung resection. 
Patients with a V o  2 max greater than 15–20 μg/kg/min can 
generally tolerate a pneumonectomy, whereas those with a 
V o  2 max between 10 and 15 μg/kg/min have increased risks 
(Colice et al.  2007 ). 

 The most common perioperative complications are listed 
in Table  14.1 . Postpneumonectomy pulmonary edema or 
acute lung injury has been documented in 4–8 % of pneumo-
nectomy patients (Dulu et al.  2006 ; Ruffi ni et al.  2001 ).

   Independent risk factors for developing perioperative 
complications are age greater than 65 years, male sex, pneu-
monectomy for benign disease, and congestive heart failure. 
Current smoking, right-sided pneumonectomy, and neoadju-
vant radiation therapy have been problems in some reports 
but were not signifi cant using data from the STS general tho-
racic database. Unfortunately, outcomes based on pulmonary 
function were not predicted from this database because of 
missing spirometry data. 

 Pneumonectomy traditionally has been performed by tho-
racotomy, but minimally invasive approaches are gaining 
popularity at specialized centers and are discussed in Chap. 
  15    . After adequate attainment of single-lung ventilation, the 
fi rst step in any pneumonectomy is ensuring the feasibility of 
complete (R0) resection and the absence of occult metastatic 
disease in the ipsilateral chest. The pleura is opened to expose 
the hilar bronchovascular anatomy to confi rm operability, and 
the need for intrapericardial vascular division is determined.
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   Table 14.1    Complications after pneumonectomy in 1,267 patients in 
the STS general thoracic surgery database from 2002 to 2007   

 Complication  Incidence (%) 

 Atrial arrhythmia  20.2 
 Reintubation  5.6 
 Pneumonia  4.6 
 Adult respiratory distress syndrome  3.1 
 Tracheostomy  2.5 
 Ventilator support >48 h  2.1 
 Sepsis  1.7 
 Reoperation for bleeding  1.5 
 Ventricular arrhythmia  1.0 
 Bronchopleural fi stula  0.8 
 Pulmonary embolus  0.8 
 Myocardial infarction  0.8 
 Central neurologic event  0.6 
 Empyema  0.6 

  Data from Shapiro et al. ( 2010 )  

  Figure 14.2 

  Any lymph nodes visualized are dissected and sent for pathologic 
 analysis. If intrapericardial dissection is necessary, the pericardium is 
opened on the hilar side of the phrenic nerve and extended from the 
pericardial refl ection from the inferior vein to the pericardial refl ection 
at the superior portion of the pulmonary artery ( PA ). The inferior 
 pulmonary vein ( PV ) is dissected circumferentially       

  Figure 14.1 

  A muscle-sparing posterolateral thoracotomy is performed in the fi fth 
intercostal space. Division or shingling of the posterior sixth rib allows 
optimal spreading of the ribs (see Chap.   2    ). The chest is explored 
 thoroughly for metastatic disease and confi rmation that hilar dissection 
is possible with grossly clear margins either within or outside the 
 pericardium. The inferior pulmonary ligament is divided       
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Figure 14.2

Figure 14.1
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  Figure 14.4 

  The superior pulmonary vein is dissected circumferentially, and a ves-
sel loop is passed if desired to help facilitate ligation. The inferior and 
superior pulmonary veins are ligated and divided with either transfi xing 

sutures and scissors or cutting staplers. Circumferential dissection of 
the main pulmonary artery is performed, and a vessel loop is passed 
twice to allow occlusion of the pulmonary artery       

  Figure 14.3 

  A vessel loop or tie may be passed if desired       
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Figure 14.4

Figure 14.3
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  Figure 14.6 

  The mainstem bronchus is dissected from the proximal stump of the 
pulmonary artery, vagus nerve, and esophagus on either side until the 
contralateral mainstem bronchus is palpated, indicating dissection to 
the carina. Any subcarinal or tracheobronchial lymph nodes encoun-
tered are dissected and sent for permanent section. The mainstem bron-
chus is retracted out of the hilum gently to allow placement of a stapler 
or bronchus clamp as fl ush to the carina as possible. The anesthesiolo-
gist withdraws the bronchial lumen of the double-lumen endotracheal 

tube into the trachea prior to clamping the bronchus if it was positioned 
in the ipsilateral bronchus. If desired, a bronchoscope may be passed 
through the endotracheal tube to check the length of the stump while 
confi rming that there is no issue with ventilation to the contralateral 
lung prior to division. Routine lymph node dissection is performed after 
bronchial closure. The lung is passed off the table for histologic or cul-
ture analysis       

  Figure 14.5 

  After the pulmonary artery is occluded for approximately 1 min, 
hemodynamic and respiratory stability are confi rmed. The artery is 
then ligated and divided with a transfi xing suture or vascular stapler       
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Figure 14.6

Figure 14.5
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  Figure 14.7 

  ( a ,  b ) The bronchial stump is covered further with a pedicled pleural, 
pericardial, or muscle fl ap (usually intercostal ( a ) or serratus anterior 
( b ) if its healing may be compromised by neoadjuvant or adjuvant 
 therapy, infl ammation, or infection       
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             Conclusion 

 Thoracotomy pneumonectomy is a low-mortality procedure 
for removing cancer or infection. Anatomic dissection of the 
bronchovascular structures of the hilum may be performed 
extra- or intrapericardially to obtain a clear margin. Almost 
one third of patients who undergo pneumonectomy have a 
postoperative complication that is predominantly cardiore-
spiratory in nature. If parenchyma-sparing sleeve resection 
can be performed, this should take precedence over 
pneumonectomy. 

 Postpneumonectomy pleural space drainage remains con-
troversial with regard to presence, duration, and system. 
Proponents believe drainage should be used (1) to monitor 
blood loss, (2) to equalize intrathoracic pressure changes, (3) 
to prevent postpneumonectomy pulmonary edema, and (4) to 
allow drainage of microbial organisms if there was pleural 
infection or contamination during pneumonectomy 
(Deslauriers and Gregoire  1999 ; Mattioli et al.  2008 ; Pecora 
 1973 ; Shah et al.  2002 ; Walker  2002 ; Weissberg  2002 ). A 
balanced drainage system meets all these requirements. 
Challengers do not subscribe to any or all of the aforemen-
tioned reasons and may choose to not leave any drainage 
tubes without a proven complication. The thoracotomy is 
closed in layers, and the pleural space will fi ll with fl uid 
gradually. Mild subcutaneous emphysema may develop as 
the air inside the pleural cavity is displaced by pleural fl uid. 
However, suspicion of bronchial stump leakage should be 
triggered by fl orid subcutaneous emphysema. Although not 
proven conclusively, adequate pain control after thoracot-
omy pneumonectomy may reduce the incidence of compli-
cations (Ballantyne et al.  1998 ; Bauer et al.  2007 ; De Cosmo 
et al.  2009 ; Hazelrigg et al.  2002 ; Liu and Wu  2007 ).     
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