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Statement of Intent 
 
 In this project, I was under the supervision of Dr. Alex Little in the Department of 
Surgery at the University of Arizona Medical Center. The goals of this paper are to explore the 
different surgical techniques for Non-Small Cell Lung Cancer and to assess the longevity of 
patient wellness. The technique of this study was to collect peer-reviewed journal articles and 
aggregate the extracted information into a series of data sets, which where then further analyzed.   



Abstract 
 
In this paper, several papers involving sleeve pneumonectomy, sleeve lobectomy, and 

bronchovascular sleeve resection were aggregated and analyzed by comparing gender, type of 
tumor, chemotherapy, side of the tumor, peri-operation complications, recurrence rate, and 
survival rate. 203 patients were female, while 1047 patients were male. Pneumonectomy and 
lobectomy share common complications such as cardiac issues, pleural effusion, empyema, 
anastomotic leakage, and laryngeal nerve palsy. With lobectomy, there were additional 
complications during surgery such as deterioration of the pulmonary vein, pneumonia, and heart 
disease. For sleeve resection, there were prolonged air leaks, nerve palsy, several cases of atrial 
fibrillation, and bronchial stenosis. Sleeve resection had an 11.94% recurrence rate, and 
lobectomy had a 21.10% recurrence rate. The five-year survival rate is 36.53%, 40.94%, and 
42.95% for sleeve pneumonectomy, sleeve lobectomy, and sleeve resection respectfully. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 
 
Overview 
 

Lung cancer is a result of a tumor, a mass of cells, caused by uncontrolled cell growth 
that occurs in the lung. The malignant tumor, also known as a carcinoma, begins its growth in 
epithelial lung cells. Epithelial cells are among the four types of tissues, and have the function of 
absorption, secretion, protection, and transport. In the context of the lungs, epithelial cells mainly 
function for diffusion of gases such as carbon dioxide and oxygen. Therefore, complications in 
the structure of these cells, will affect their functionality. If left untreated, the unregulated growth 
can spread via metastasis into nearby cells and even other organs. In a worldwide consensus, 
among both men and women, lung cancer is the leading cause of cancer-related deaths. Since 
2008, nearly 1.4 million deaths occur annually. Overtime, several methods of treatment have 
been considered, but in order to fully understand the dysfunction of the cancerous lung tissue and 
the treatments to abate it, it is important to know the normal structure and function of the lungs. 
(21) 
 
Anatomy of the Lungs 
  
The human body consists of two lungs, one on each side. With reference to Figure 1, the lung on 
the right side is divided into three sections, or lobes; while the lung on the left side is divided into 
two lobes. As air enters through the nose, it goes through the trachea. The trachea functions like 
a windpipe and at its end it will divide into two tubular structures, bronchi. Each bronchus goes 
into the lung and further divides into branch-like structures called bronchioles. Bronchioles are 
numerous in number and at the end of one is a small air sac called an alveoli. The alveoli have 
small blood vessels that run through. The oxygen entering the respiratory system diffuses 
through the alveoli and enters the blood stream so that the oxygen can go through the 
cardiovascular system and be delivered to the rest of the body (9).  
 
Metastasis  
 
 Lung cancers begin in the epithelial cells that border the bronchi, bronchioles, or alveoli. 
In the pre-cancerous stages of the lungs, genes may cause the cells in the lungs to grow faster. If 
a doctor were to look with a microscope at these cells, there would not be a tumor or mass of 
cells yet. However, the cells may appear disfigured or abnormal in shape. As the cancer 
progresses, cancerous cells secrete certain chemicals that result in new blood vessels to form, 
angiogenesis. Interestingly, these blood vessels actually supply the cancers cells so that they can 
continue to grow to the point that it can be seen on an X-ray and other imaging tests. Metastasis 
occurs when the cancerous cells deviate from the tumor and spread throughout the body. 
Metastasis will not necessarily be seen on the imaging test until it worsens to such a degree. (21) 
 
 
 
 



Lymphatic System 
 
 There are numerous ways that lung cancer can metastasize, all of which encompass the 
lymphatic system. The lymphatic system contains our immune cells, and old red blood cells, and 
other waste products that get cleaned up. The lymph is the fluid in these vessels that contain the 
excess fluid from the circulatory system and waste from body tissues as well as immune system 
cells. The lymph is carried through the lymphatic vessels and carry the lymph away from the 
lungs. These lymphatic vessels connect small cluster of immune system cells called lymph 
nodes. Lung cancer has the potential to spread through the lymph, lymphatic vessels, and lymph 
nodes. Since the lymph nodes are spread throughout the body, if the biopsy results show that 
there has indeed been cancerous cells in the lymph nodes, then metastasis to other organs is more 
likely. This is quite important, because the staging and thereby the treatment depends on whether 
or not lymph nodes in the mediastinum are affected or not. (21) 
 
Types of Lung Cancer 
 
 In general, there are two main types of lung cancer. There is small cell lung cancer 
(SCLC) and non-small cell lung cancer. The treatment is very different for the two types, and in 
this study we will only focus on Non-small cell lung cancer (NSCLC), which encompasses 85-
90% of lung cancer cases. Even within this type of cancer, there are three main subcategories 
based on differences in the physical size and shape as well as the chemical composition. 25-35% 
of lung cancers are squamous cell carcinomas, 40% are adenocarcinoma, and 10-15% of lung 
cancers are large cell carcinoma. Squamous cell carcinoma is often found in heavy smokers. 
While squamous cell carcinoma is found in the middle portion of the lungs and within the flat 
squamous cells that border the bronchus, adenocarcinoma is found in the outer portion of the 
lung in mucous cells. Adenocarcinoma is slower in its growth to other portions of the body. 
Large cell carcinoma, however, is a much faster growing cancer and therefore has only a small 
amount of time to detect it before complications cause difficulties in treatment. (21) 
 
Staging 
 
 The staging is based on three main categories according to the American Joint Committee 
on Cancer (AJCC), and it is called TNM staging. T is the size of the primary tumor and if it has 
grown to nearby areas. T0 indicates that there is not evidence for a primary tumor. Tis is such 
that the cancer is only on the surface layer of cells and has not penetrated through the deeper 
layers. T1 is the tumor is smaller than 3cm and does not affect the bronchus. T2 is if the tumor is 
between 3-7cm and the main bronchus is affected but not yet the carina. It is also possible that 
the visceral pleura is affected, or the tumor is now clogging the airways but not to the point of a 
collapsed lung or pneumonia. For T3, it is possible that the tumor is larger than 7cm, the tumor 
has involved the chest wall or the pericardium, and the main bronchus is affected. It can also be 
within 2cm from the carina, or if the lung is collapsed or pneumonia. It is also possible that 
multiple tumors are within the same lobe. T4 is when the tumor has grown into the mediastinum, 
vessels, trachea, backbone, esophagus, or carina. There are also multiple tumors in different 
lobes. N indicates how far it has spread into the lymph nodes. N0 indicates the lymph nodes are 
not affected. N1, lymph nodes of the lung or near the lung are affected and are on the same side 



as the main tumor. N2 is when the lymph nodes near the carina have been affected, but the 
tumors are still on the same side of the main tumor. N3 is when the lymph nodes near the 
collarbone or lymph nodes near the lungs such as hilar or mediastinal lymph nodes on the other 
side of the main tumor are affected. M indicates the level of metastasis. M0 indicates absence of 
metastasis. M1a is such that the other lung is affected, or cancerous cells are found in the fluid 
surrounding the lung, or fluid around the heart. M1b is when the cancerous cells have 
metastasized to lymph nodes in other organs. (5) 
 
Tests 
 Depending on the staging, there are various options for treatment. One of which is 
surgery. Typically, Positron Emission Tomography (PET) and CT scan are used to indicate 
whether or not surgery can cure a localized disease. However, if the mediastinal lymph node is 
affected, then mediastinoscopy is used to get a sample the node. The patient must also have an 
adequate respiratory reserve in order to be a candidate for surgery, which is tested via pulmonary 
function tests; blood tests are also used. (8) 
 Another type of treatment involves chemotherapy. For NSCLC, adjuvant chemotherapy 
is often used, because it is chemotherapy after curative surgery in to better the prognosis. If the 
cancer has spread beyond the benefits of surgery, then chemotherapy will be used. (8) 
 
History and Causes 
 
 (YHQ�WKRXJK��LQ�WRGD\¶V�ZRUOG�OXQJ�FDQFHU�LV�D�OHDGLQJ�WKUHDW�WR�SHRSOH¶V�KHDOWK��
historically lung cancer was not common before the popularity of cigarettes and smoking. It 
ZDVQ¶W�XQWLO�������WKDW�LW�ZDV�QRWLFHG�DV�D�GLVHDVH��$FFRUGLQJ�WR�DXWRSV\�UHSRUWV� malignant lung 
WXPRUV�ZHUH�RQO\�VHHQ�LQ����RI�UHSRUWV�RI�FDQFHU��+RZHYHU��E\�HDUO\�����¶V����-15% of cancer 
UHSRUWV�ZHUH�PDOLJQDQW��,W�ZDVQ¶W�XQWLO�������ZKHQ�'U��)UWL]�/LFNLQW�VWDWHG�WKH�FRUUHODWLRQ�
between lung cancer and smoking. Radon gas is found to be another carcinogen for lung cancer. 
,Q�WKH�����¶V��PDQ\�PLQHUV�IURP�WKH�2UH�0RXQWDLQV�KDG�OXQJ�FDQFHU��GXH�WKH�PLQHV�FRQWDLQLQJ�
XUDQDQLXP��7KH�XUDQLXP�DOVR�FDPH�ZLWK�UDGRQ�JDV��,W�ZDVQ¶W�XQWLO�����¶V�WKDW�UDGRQ�ZDV�
officially named a cause of lung cancer. In the year 1933, the first pneumonectomy was 
completed successfully. 6LQFH�WKH�����¶V�SDOOLDWLYH�UDGLRWKHUDS\�KDV�EHHQ�XVHG to decrease the 
suffering of the patient rather than curative approaches��DQG�LQ�WKH�����¶V�UDGLFDO�UDGLRWKHUDS\�
was used for those with earlier stages of cancer or if they were not candidates for surgery. It 
ZDVQ¶W�XQWLO�������WKDW�WKH�QH[W�VWHS�ZDV�WDNHQ�IRU�DFFHOHUDWLRQ�UDGLRWKHUDS\��,Q�WKH�����¶V��
however, chemotherapy routine was made successful. (8) Through these factors, surgical 
technique and patient longevity can be further analyzed.  
 
Types of Surgery 
 
Pneumonectomy is the removal of the entire lung. Lobectomy is the removal of one of the lobes 
of the lung. Sleeve lobectomy not only is the removal of a lobe, but part of the bronchus is 
removed as well. Then the two open ends of the bronchus fuse together. (16) Bronchovascular 
sleeve resection is when the tumor is invading the pulmonary artery. Therefore, the pulmonary 
artery and bronchus are removed proximally and distally within a margin that ensures the 
absence of a tumor. The bronchus and pulmonary artery must be reconstructed by an 
anastomosis so that the ends can fuse together by using sutures and clamps to reduce blood 



flowing through the surgical site. Bronchoscopy is used to ensure the integrity of the 
anastomosis. (1) 
 
 
The Study 
  
 In this paper, several peer-reviewed journal articles were aggregated and collectively put 
into different categories of data. Among these categories were gender, type of tumor, 
chemotherapy, side of the tumor, peri-operation complications, recurrence rate, and survival rate. 
It is the goal to see through these factors, which operation has been most successful for patients 
overtime, and to see how future methods of surgery can be improved upon for Non-Small Cell 
Lung Cancer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Discussion 
 
 It has been analyzed the benefits and harms for several surgical treatments of Non-small 
cell Lung Cancer (NSCLC) by comparing pneumonectomy, lobectomy, and bronchial sleeve 
resection. Several factors were studied including gender, type of cancer, chemotherapy, location 
of tumor, recurrence, reoperation, and survival within five years. Overall, the studies conclude 
that five year survival rate is higher with bronchial sleeve resection than sleeve lobectomy and 
sleeve pneumonectomy respectfully. However, the bronchial sleeve resection and lobectomy had 
more complication and recurrence rate than sleeve pneumonectomy. All tables and analysis of 
the data collected are from an aggregate of scientific journal articles (2, 4, 6, 7, 10, 11, 13, 14, 
15, 17, 18, 20, 22). 
  Among the three types of surgeries in this study, there were significantly more male 
patients than female patients. This could be due to a variety of reasons, such as social behavior, 
lifestyle, and genetics. In a study done by the World Health Organization (WHO) in 1998, there 
were significantly more male smokers than female smokers among each nation. In total, 47.9% 
of men are smokers, while 12.4% of females are smokers (3). Therefore, almost four times as 
many smokers were male (3). Likewise, in our study, 203 patients were female, while 1047 
patients were male, refer to table 1. As mentioned earlier in this paper, smoking is one of the 
main causes of lung cancer, and there are more male than female smokers. Therefore, one 
possible reason for more male patients than female patients is due to smoking trends. However, it 
is important to note, that the majority of the articles in this study did not record patient smoking 
history and were not included in this study. 
  In this paper, only NSCLC was taken into consideration. For all three surgery types, 
squamous cell carcinoma was the most frequent, refer to table 2. For both lobectomy and 
resection, there were more adenocarcinoma cases than for large cell carcinoma. While for 
pneumonectomy, there were more large-cell carcinoma cases than there were for 
adenocarcinoma. This is interesting, since most common cases of cancer are adenocarcinomas. 
However, squamous cell carcinomas are more related to heavy smokers, so it is possible that 
once again the majority of patients could have been exposed to cigarette smoke or were smokers 
themselves. It is also possible that since adenocarcinomas are slower growing than squamous cell 
carcinomas, then squamous cell carcinoma cases had more growth and therefore more noticeable 
to require surgery. From table 3, it can be shown that for sleeve pneumonectomy many patients 
underwent adjuvant therapy. While bronchial sleeve resection, most patients did radiotherapy. 
For sleeve lobectomy, patients did a wide range of treatments, but not including radiotherapy. As 
in table 4, it can be shown that there are a wide range of possible locations for tumor locations, 
and therefore provides a difficulty in assessing a correlation of significance.  
 One of the most important factors to consider in comparing sleeve resection to other 
surgical procedures are the complications that occur during surgery as well after the surgery. 
Different papers had different number of patients within each category of procedure. Therefore, 
rather than observing the number of patients with complications, it is important to notice the 
number of types of complications. In reference to table 5, pneumonectomy had slightly fewer 
types of complications than did lobectomy. It can be seen that pneumonectomy and lobectomy 
share common complications such as cardiac issues, pleural effusion, empyema, anastomotic 
leakage, and laryngeal nerve palsy. With lobectomy, there were additional complications during 
surgery such as deterioration of the pulmonary vein, pneumonia, and heart disease. For sleeve 
resection, there were prolonged air leaks, nerve palsy, several cases of atrial fibrillation, and 



bronchial stenosis. Another factor that is important to compare is the rate of recurrence between 
the three operations, which can be referenced in table 7. Sleeve resection had an 11.94% 
recurrence rate, and lobectomy had a 21.10% recurrence rate. There were not any reported 
recurrences in pneumonectomy. This presents one of the benefits of pneumonectomy, because if 
the lung is removed, then it is uncommon for it to reoccur, or for there to be cancerous tissue 
around the original site unless metastasis was severe. However, one of the harms is that 
removing a lung reduces capacity for breathing and the ability to do certain activities (1). 
Therefore, the survival rate between the three surgical procedures is another factor to be looked 
at. In table 6, the five-year survival rate is 36.53%, 40.94%, and 42.95% for sleeve 
pneumonectomy, sleeve lobectomy, and sleeve resection respectfully. Therefore, a patient 
undergoing bronchial sleeve resection has a greater outcome of survival than a patient with 
sleeve pneumonectomy. A large part of this may be due to a significant decreased lung capacity 
and the ability to respiratory work. By decreasing the amount of lung tissue, the gas exchange 
decreases, and therefore less oxygen is going through the circulatory system and being delivered 
to the tissues (9). These oxygen-demanding tissues will not be able to function close to their 
optimal. Therefore, the patient is vulnerable to pathologies and eventually death. Bronchial 
sleeve resection has the highest survival rate, even though it prone to more recurrences. Sleeve 
lobectomy, expectedly, has a survival rate between the other two procedures, however it is closer 
to bronchial sleeve resection than pneumonectomy. Although, pneumonectomy has much lower 
recurrence rate, patients may not be able to do many moderate level activities and may need a 
respirator to aid in breathing for a long time. Therefore, between sleeve lobectomy and bronchial 
sleeve resection, bronchial sleeve resection is the procedure that provides greater longevity, less 
lung tissue is removed, and a lower rate of recurrence and therefore the better prognosis for 
patients. If complications arise from bronchial sleeve resection, it most likely is due to the fusing 
of the tissue in the anastomosis (1). Given the results of this study, not only is important to 
improve the current method of bronchial sleeve resection, but to also improve post-surgery 
WUHDWPHQW��7KH�UHPRYDO�RI�DQ\�DPRXQW�RI�OXQJ�WLVVXH�ZLOO�XQGRXEWHGO\�LPSDFW�WKH�SDWLHQW¶V�KHDOWK 
but can be necessary. Therefore, we should study the quality of life post-surgery and then with 
that information seek treatments to care for the patients afterwards. If the patient was a smoker, 
then provide rehabilitation services post-surgery. If no known carcinogen can be identified, then 
the patient can be provided with instructional ways in healthy dietary habits, exercise, and stress 
management. These accommodations and studies are necessary in order to lessen the 
complications and increase survival rate. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Figure 1: Anatomy and Physiology of Lungs (9)  
 
 
 
 
 
 
 
 
 
 
 

  



Table 1: Gender and Type of Surgery 
  Female Male 

 Sleeve Pneumonectomy 19 159 
 Sleeve Lobectomy 54 514 
 Bronchial Sleeve Resection 130 374 
 *This table compares the number of surgeries between males and females.  

 
 
Table 2: Type of Tumor and Type of Surgery 

   
  Adenocarcinoma 

Squamous Cell 
Carcinoma 

Large Cell 
Carcinoma Other 

Sleeve Pneumonectomy 17 258 45 28 
Sleeve Lobectomy 136 558 10 18 
Bronchial Sleeve 
Resection 88 175 10 86 
*This table demonstrates the different types of tumors and   

  how they were surgically treated among the three studied procedures. 
  

 
Table 3: Chemotherapy and Type of 
Surgery 

     Radiotherapy Induction Adjuvant Neoadjuvant 

Sleeve Pneumonectomy NA NA 
most 
adjuvant NA 

Sleeve Lobectomy NA 6 68 43 
Bronchial Sleeve Resection 36 NA NA NA 
*In addition to these different types of surgeries, there were in some   

 cases alternative treatments done as well. 
   

      
Table 4: Side of Tumor and Type of Surgery 
Sleeve Pneumonectomy 103R, 15UL, 2ML, 16LL, 67L, 35UL, 20LL 
Sleeve Lobectomy 174R, 94L, 6 RUL + RML, 4 LUL + S6 segmentectomy, 
   5 LLL + lingulectomy, 128 RUL, 19 LUL, 10 LLL, 3 RML+ LL 
Bronchial Sleeve 
Resection LUL 38, 9 RUL, 6LL+ML and 14 UL+ML, 102L, 177R  
*This table demonstrates the range of possible locations of the tumor.  
LUL= left upper lobe, LLL= left lower lobe, ML= middle lobe, LUL= left upper lobe 
R= right, UL= upper lobe, L= left, LL=left lobe, RUL= right upper lobe 

 
 
* These tables included data from an aggregate of scientific journal articles (2, 4, 6, 7, 10, 11, 13, 
14, 15, 17, 18, 20, 22) 



 
 
 
 
 
 
 
 
 
 

Table 5: Peri-op Complications           
Sleeve Pneumonectomy  7 cardiac, 6 ARDS, 3 pneumonia, 2 pleural effusion, 7 bronchial stump, 
   1 secretion, 2 empyema, 3 postop bleeding, 4 kidney, 4 GI,   
   4 laryngeal nerve palsy, 6 neurological, 1 wound infection,   
  5 arrhythmia, 3 respiratory failure, 2 anastomotic failure,   
   2 hemorrhage, 7 empyeme, 5 severe anastomotic leakage, 2 exitus   
Sleeve Lobectomy  4 cardiac, 1 pneumonia, 4 pleural effusion, 6 secretion, 2 empyema   
  2 postop bleeding, 1 laryngeal nerve palsy, 1 neurological, 12 air leakage, 
  8 anastomatic leakage, 1 bronchial stenosis, 1 pulmonary embolism,   
  1 lung necrosis, 10 early anastomatic complications, 

 
  

    9 bronchial stenosis, with endoscop dilation and stent insertion and, 
   pneumonectomy in 2 patients or laser therapy in 1 patient   

  
1 actute deteriotation with amssive pulmonary vein and releived by 
pneumonectomy, 

    2 patients with pneumonia, heart disease,  
 

  
  peripheral vascular disease, diabetes mellitus 25 patients    
Bronchial Sleeve Resection 5 prolonged air leak, 2 laryngeal nerve palsy, 1 phrenic nerve palsy,   
   2 hemothorax, 1 mediastinal emphysema, 3 pneumonia,   
  1 atelectasis, 8 atrial fib, 1 ARDS, 2 sepsis, 1 heart failure,   
    2 post-pneumo syndrome, 1 bronchial stenosis, 

 
  

  41% normal chest reentgenogram, lesion in main bronchus   
    18%, atelectasis, penymonia, air trapping 41%, average FEV 2.5L/s, 
    one patient dehiscence of bronchial anastomosis 12 days post-op RUL 
  treated with superior bilobectomy       
*This table provides a list of al the complications that were listed among all the studies between pneumonectomy,  
lobectomy, and bronchial sleeve resection.  

     
 
 
* These tables included data from an aggregate of scientific journal articles (2, 4, 6, 7, 10, 11, 13, 
14, 15, 17, 18, 20, 22) 
 
 
 



 
 
 
Table 6: 5 Year Survival Rate Among Surgical Procedures 

 Sleeve Pneumonectomy 137/319 42.94670846 
 Sleeve Lobectomy 208/508 40.94488189 
 Bronchial Sleeve Resection 80/219 36.52968037 
 *This table provides the survival rate percentages 
 within five years post-surgery as well as the ratio of patients that 

survived. 
 
 
 
Table 7: Recurrence between Different Surgical Procedures 

  
      Sleeve Pneumonectomy NA 

    Sleeve Lobectomy 21.10% 
    Bronchial Sleeve Resection 11.94% 
    *This table provides the percentage of recurrences in the different types of surgical procedures.  

Sleeve Pneumonectomy did not have any recorded recurrences.  
   

* These tables included data from an aggregate of scientific journal articles (2, 4, 6, 7, 10, 11, 13, 
14, 15, 17, 18, 20, 22) 
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