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Abstract
Objective  Destroyed lung is whole lung destruction secondary to chronic or recurrent lung infections. This clinical con-
dition can result in irreversible changes in the lung parenchyma. In this study, we aimed to evaluate patients undergoing 
pneumonectomy with a diagnosis of lung destruction in terms of surgical technique, post-operative morbidity and mortality, 
and long-term outcomes.
Methods  A total of 32 patients that underwent pneumonectomy due to a destroyed lung between 2005 and 2017 were ret-
rospectively reviewed. Age, gender, presenting symptoms, etiologies, localization of the destruction, pre-operative medical 
history, pre- and post-operative respiratory function tests, intraoperative complications and bleeding volume, morbidity and 
mortality, length of hospital stay, and long-term follow-up outcomes were reviewed for each patient.
Results  The study included 32 patients with a mean age of 31.7 ± 10.8 years. All the patients presented with persistent cough, 
whereas sputum production was presented by 25, hemoptysis by 18, and chest pain by 11 patients. The underlying primary 
diseases included nonspecific bronchiectasis in 20 (62.5%), tuberculosis in 9 (28.1%), left pulmonary hypoplasia accompanied 
by Bochdalek hernia in 2 (6.2%), and aspiration of a foreign body lodged in the left main bronchus in 1 (3.1%) patient. Mean 
operative time was 220.6 ± 40.2 min and mean perioperative bleeding was 450.9 ± 225.7 ml. Post-operative complications 
occurred in 14.2% of the patients, most commonly including atelectasis associated with stasis of secretions and wound site 
infection. Mean post-operative hospital stay was 11.8 ± 2.8 days and mean follow-up period was 35.5 ± 28.3 months. A 
significant clinical improvement was observed in 81.2% of the patients post-operatively.
Conclusions  Favorable long-term outcomes were obtained in our patients through careful patient selection and appropriate 
pre-operative work-up and surgical technique.
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Introduction

Destroyed lung is defined as whole lung destruction second-
ary to chronic or recurrent lung infections. This term also 
refers to a radiological impression characterized by diffuse 
opacity and large cavitary images in the lung. Destroyed 
lung is mostly caused by tuberculosis, followed by bronchi-
ectasis and sequelae of necrotizing pneumonia [1]. Since 
destroyed lung mostly results from tuberculosis, it is more 
commonly seen in countries with underdeveloped health 
systems [2]. On the other hand, the underlying chronic sup-
purative diseases such as bronchiectasis and tuberculosis do 
not only affect the quality of life of the patients but also 
may lead to life-threatening complications including massive 
hemoptysis, empyema, secondary fungal infections, septice-
mia, and pulmonary–systemic shunting [3].
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Pneumonectomy for destroyed lung is the only treatment 
method that enables symptomatic healing and cure, although 
it leads to surgical difficulties and post-operative compli-
cations [3–5]. Moreover, surgical resection does not only 
reduce the respiratory symptoms but also leads to a signifi-
cant improvement in the quality of life of the patients [4]. 
However, pneumonectomy for destroyed lung is a challeng-
ing and critical procedure for thoracic surgeons. Neverthe-
less, the accumulating knowledge on lung function, anatomy, 
and advanced surgical techniques have led to a significant 
reduction in perioperative morbidity and mortality rates in 
patients with destroyed lung [6, 7].

The aim of this study was to evaluate patients undergo-
ing pneumonectomy with a diagnosis of lung destruction in 
terms of surgical technique, post-operative morbidity and 
mortality, and long-term outcomes.

Methods

Study design

The retrospective study included 32 patients that underwent 
pneumonectomy due to a destroyed lung at the Thoracic Sur-
gery clinic in Van Yuzuncu Yil University Medical School, 
and Van Training and Research Hospital between 2005 and 
2017. Age, gender, presenting symptoms, etiologies, locali-
zation of the destruction, medical history, pre- and post-
operative respiratory function tests, intraoperative com-
plications and bleeding volume, morbidity and mortality, 
length of hospital stay, and long-term follow-up outcomes 
were reviewed for each patient. Pre-operative biochemical 
and hematological tests followed by bronchoscopic brush-
ing, pleural lavage cytology, and microbiological examina-
tion were performed in all the patients except for those who 
underwent emergency surgery. A tuberculin skin test (TST) 
and an acid-fast bacillus (AFB) stain in sputum were per-
formed to rule out tuberculosis. A positive AFB result was 
considered a contraindication for surgery but no positive 
result was obtained in any patient.

Pre-operative chest radiography and chest computed 
tomography (CT) was performed in each patient (Fig. 1). 
A destroyed lung was diagnosed based on the radiographic 
evidence of irreversible parenchymal destruction, cavita-
tion, fibrosis, diffuse pleural thickening, and presence of 
adhesions. Moreover, the CT examination was performed 
to evaluate the compatibility of the patients with regard to 
adhesions and scar formation, and also to determine the 
potential risks.

Following the radiographic diagnosis of the patients, a 
decision of pneumonectomy was made based on several 
conditions including recurrent infection resistant to medical 
treatment, chronic cough and sputum production, a history 

of frequent hospitalization, massive hemoptysis, and reduced 
daily-life activity.

Pre-operative respiratory function tests included arte-
rial blood gas test, forced expiratory volume in 1 s (FEV1), 
forced vital capacity (FVC), 6-min walk test (6-MWT), and 
stairs climbing test. In adult patients, a decision of pneumo-
nectomy was made based on a pre-operative FEV1 value 
of 2 L or more, or after evaluating the contributing func-
tion and the respiratory capacity of the affected lung using 
a ventilation/perfusion (V/Q) lung scan. Respiratory func-
tion tests were also performed in four children who were 
relatively older and could cooperate well. The remaining 
four children were evaluated using an exercise tolerance 
test. The 6MWT was conducted in one of the hospital cor-
ridors. Arterial oxygen saturation (SaO2) was measured pre- 
and post-operatively using finger pulse oximeters and the 
measurements were recorded at 30-s intervals. All the four 
patients completed the 6MWT and the lowest SaO2 value 
recorded throughout the test was 96.5%. During the 6MWT, 
a desaturation of 2% or higher was considered to indicate a 
risk status.

An electrocardiogram (ECG) was performed in each 
patient. Additionally, an echocardiogram was performed in 
each adult patient to measure the cardiac reserve and pulmo-
nary artery pressure. A routine consultation was made with 
the cardiology and chest disease departments and with other 
departments as needed.

In the patients that underwent elective surgery, respira-
tory physiotherapy was performed for the 10 days before the 
surgery to improve the respiratory values of the patients and 

Fig. 1   Pre-operative tomography image
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to achieve postural drainage. Purulent sputum volume was 
reduced by programmed postural drainage and active physi-
otherapy. The patients were given a high-energy, high-pro-
tein, and vitamin-supplemented diet. An antibiotic therapy 
(depending on the antibiogram in patients with a positive 
culture antibiogram) and expectorant therapy were admin-
istered for 2 weeks prior to the surgery. Each patient was 
informed about the surgical procedure, risks, and complica-
tions, and signed a written informed consent prior to the pro-
cedure. The study was accepted by local ethics committee 
(16.08.2011/27) with waiver of individual patient consent.

Surgical technique

Prior to thoracotomy, the tracheobronchial tree was cleansed 
using bronchoscopy with bronchoalveolar lavage (BAL) and 
aspiration, and care was taken to minimize the risk of intra-
operative bronchial contamination.

All the surgical procedures were performed under gen-
eral anesthesia with the patient placed in the lateral decu-
bitus position. In older children (n = 4) and adults (n = 24), 
a double-lumen endotracheal tube was used to avoid the 
spillage of the infected material into the contralateral bron-
chus. The younger children (n = 4) were intubated using a 
single-lumen tube and were repeatedly aspirated intraop-
eratively. The standard posterolateral thoracotomy approach 
was performed in all the patients. In most patients (n = 24), 
pneumonectomy was performed in the intrapleural plane 
since the patients had severe pleural and pleuroparenchy-
mal adhesions. In the remaining patients, due to the adhe-
sions, extrapleural pneumonectomy was performed in five 
and intrapericardial pneumonectomy was performed in three 
patients.

Following the initiation of the surgery, the bronchus was 
cut open and the bronchial stump was made using three rows 
of 2/0 polyglactin (Vicryl®) absorbable suture “continuous 
horizontal matrix + over and over continuous suture + sin-
gle U shape suture”. To prevent fistula development and fix 
the suture line, the stump was covered with adjacent tissues 
such as mediastinal pleura and pericardial fat pad. In four 
patients, lung volume was reduced by rib resection and the 
stump was reinforced with an intercostal muscle flap. After 
the surgery, a chest tube was inserted into the pleural space 
in all the patients.

All the patients except for 4 patients were extubated in 
the operating room. Following the surgery, the patients were 
transferred to the intensive care unit and were followed up 
for the first 24 h. After the 24-h follow-up period, patients 
with stable vital signs were transferred to the general ward. 
The chest tube was clamped intermittently to maintain medi-
astinal stability and the tube was removed if the drainage 
volume was 300 ml or less within the first 24 h. Post-oper-
ative follow-up was performed using chest radiography and 

CT if needed at months 1, 3, 6, and 12, and every 12 months 
afterwards.

Results

The study included 32 patients (22 men and 10 women) who 
were operatively treated due to a destroyed lung between 
2005 and 2017. The patients included 8 child patients and 
had a mean age of 31.7 ± 10.8 (range 12–52) years.

The underlying primary diseases included nonspecific 
bronchiectasia in 20 (62.5%), tuberculosis in 9 (28.1%), left 
pulmonary hypoplasia accompanied by Bochdalek hernia 
in 2 (6.2%), and aspiration of a foreign body lodged in the 
left main bronchus in 1 (3.1%) patient. Table 1 presents the 
clinical characteristics of the patients.

All the patients presented with persistent cough during 
admission, whereas sputum production was presented by 
25 (78%), hemoptysis by 18 (56.2%), and chest pain by 
11 (34.3%) patients. Duration of symptoms ranged from 3 
to 23 years. Signs of chronic infection were present in 13 
(40.6%) patients. All the patients had a history of frequent 
medical visits due to chronic inflammatory symptoms 
and 17 patients had a history of frequent hospitalization. 

Table 1   Clinical characteristics of the patients

Fev1 forced expiratory volume in 1 s, FVC forced vital capacity

Variables (N = 32)

Age 31.7 (12–52)
Gender
 Male 22 (68.7%)
 Female 10 (31.2%)

Side
 Left 26 (81.2)
 Right 6 (18.7%)

Etiology
 Bronchiectasis 20 (62.5%)
 Tuberculosis 9 (28.1%)
 Bochdalek hernia 2 (6.2%)
 Foreign body aspiration 1 (3.1%)

Symptom
 Cough 32 (100%)
 Sputum expectoration 25 (78%)
 Hemoptysis 18 (56.2%)
 Chest pain 11 (34.3%)

Pulmonary function (pre-operative)
 FEV1 (L) 1.52 ± 0.06
 FEV1 (%) 54% (42–70)
 FVC (L) 1.61 ± 0.26
 FVC (%) 57% (46–67)
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Table 2 presents the year-based distribution of the medical 
histories of the patients.

Pre-operative respiratory function tests and arterial 
blood gas test were performed in 4 child patients and 
21 adult patients. Patients with bronchiectasis showed 
restrictive pattern and the patients with tuberculosis 
showed obstructive pattern. Mean pre-operative FEV1 
was 1.52 ± 0.06 (range 0.66–2.43) L/s and 54% (range 
42–70%) of the predicted FEV1, while mean pre-opera-
tive FVC value was 1.61 ± 0.26 (range 1.2–2.2) L/s and 
57% (range 46–67%) of the predicted value. Due to the 
negative effect of thoracotomy on pulmonary function in 
the early post-operative period, the pre-operative FEV1 
value in our study was reduced by almost 19% (range 
15–20%) at post-operative month 1. A V/Q scintigraphy 
was performed in 13 adult patients. The contribution of 
the affected lung to perfusion was remarkably low (mean 
5.3%; range 2.8–6.8%).

Elective surgery was performed in 29 patients who were 
hospitalized and received respiratory physiotherapy for 10 
days before the surgery. Sputum analysis and acid-fast bacil-
lus (AFB) testing were performed by bronchoscopic brush-
ing and peritoneal lavage cytology. Among the patients with 
a history of tuberculosis, only those who were confirmed to 
have sputum smear negative for AFB underwent surgery. 
Of the nine patients who were diagnosed with tuberculosis-
destroyed lung, three patients were accompanied by empy-
ema. The empyema was drained with a chest tube and the 
intrathoracic space was washed with povidone-iodine solu-
tion every day and these patients underwent surgery after 
they were confirmed with a negative pleural fluid culture. 
The most common pathogens isolated from the patients with 
a destroyed lung associated with bronchiectasis were Strep-
tococcus pneumoniae, followed by Klebsiella pneumoniae 
and Pseudomonas aeruginosa. All the pneumonectomies 
were performed after the administration of appropriate anti-
biotic therapies and sufficient expectoration. However, three 
patients that had a tuberculosis-destroyed lung underwent 
emergency surgery due to massive hemoptysis.

Pneumonectomy was applied to the left side in 26 (81.2%) 
and to the right side in 6 (18.7%) patients. Seventeen patients 
had partial pleural adhesions, 11 patients had complete pleu-
ral adhesions, and 4 patients had no pleural adhesions. Pneu-
monectomy was performed in the extrapleural plane in five 
patients due to severe adhesions and division of hilar vessels 
was performed intrapericardially in 3 patients. Mean opera-
tive time was 220.6 ± 40.2 (range 190–370) min and mean 

perioperative bleeding was 450.9 ± 225.7 (range 280–1450) 
ml. No intraoperative complication occurred in any patient.

Post-operative complications were considered as those 
occurring within 30 days post-operatively. The complica-
tions occurred in 14.2% of the patients, including atelec-
tasis associated with stasis of secretions in 7 and wound 
site infection in 6 patients. A patient with tuberculosis who 
underwent right pneumonectomy developed bronchopleural 
fistula (BPF) on post-operative day 6. The patient died as a 
result of sepsis and respiratory failure secondary to pneumo-
nia in the follow-up period. Accordingly, overall mortality 
rate was 3.1% and mean post-operative hospital stay was 
11.8 ± 2.8 days in our series.

The follow-up chest radiographs and CT scans indicated a 
mediastinal shift to the opposite side and marked herniation 
of the remaining lung (Fig. 1). All the patients were followed 
up radiographically and clinically in the post-operative 
period (Fig. 2). On the other hand, although the FEV1 value 
decreased by 19% at post-operative month 1, a significant 
improvement was observed in the inflammatory symptoms 
and the quality of life in 81.2% of the patients. Moreover, 
all the child patients showed a significant improvement in 
the respiratory symptoms as well as complete recovery over 
the long-term follow-up. There was no improvement in the 
symptoms in 5 (15.6%) patients. Although there were no 
abnormal radiological findings out of expected changes in 

Table 2   Treatment period of 32 patients by years

Period (years) < 1 1–3 3–5 5–8 8 >
Patients (number) 3 11 8 6 4

Fig. 2   Post-operative X-ray
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chest radiographs, three patients had the symptoms such as 
a cough and sputum expectoration due to secondary changes 
related with pneumonectomy. Other two patients who were 
operated with the diagnosis of the destroyed lung related 
to bronchiectasis had symptoms and radiological findings 
of minimally localized bronchiectasis in the remaining 
contralateral lung. However, the severity and frequency 
of symptoms were less in the post-operative period. Mean 
follow-up period was 35.5 ± 28.3 (range 9–180) months. 
Table 3 presents the intra- and post-operative outcomes of 
the patients.

Discussion

Destroyed lung, which results from pulmonary infectious 
diseases and is characterized by diffuse lung destruction, is 
more commonly seen in developing countries. Moreover, 
it is also characterized by absent perfusion and ventilation 
caused by benign inflammatory lung diseases [4, 8]. The 
most common cause of destroyed lung is tuberculosis, fol-
lowed by other chronic lung infections including bronchiec-
tasis, chronic interstitial pneumonia, organized pneumonia, 
and aspergilloma [9, 10]. However, in our study, the most 
common cause of destroyed lung was nonspecific bronchi-
ectasis, followed by tuberculosis.

Bronchiectasis, which is mostly caused by airflow 
obstruction, can be caused by numerous factors. In our 
child patients, bronchiectasis was mostly caused by frequent 
exposure to pulmonary infections and inadequate medical 
treatment. Moreover, most of the patients had a history of 
insufficient and irregular antibiotic use. Literature indicates 
that enlarged lymph nodes following pulmonary infections 
or narrowing secondary to thickening of the bronchial lumen 
increase the progression of the bronchiectasis with pneu-
monia and destruction, and may result in total pulmonary 
bronchiectasis [11–13]. The same situation has been shown 
to occur in children with tuberculosis [14]. Meaningfully, 
whole lung bronchiectasis can also result from foreign body 
aspirations over the long term, as in one of our patients.

The primary aim in the surgical treatment of destroyed 
lung is to resolve the life-threatening complications caused 
by the disease and to improve the overall quality of life of 
the patients [4]. Of note, patients with a destroyed lung have 
a higher risk of developing life-threatening complications 
including massive hemoptysis, empyema, secondary fungal 
infections, septicemia, amyloidosis, pulmonary-systemic 
shunting, and pulmonary hypertension [1]. Therefore, sur-
gery is highly essential in patients with a destroyed lung for 
the prevention of these complications and the improvement 
of the quality of life of the patients. Among the surgical 
techniques performed to date, pneumonectomy has been 
shown to be the most rapid and effective method for the 
treatment of serious complications [8, 9, 15]. Additionally, 
pneumonectomy is the only treatment method that enables 
symptomatic healing in patients with destroyed lung despite 
all the surgical difficulties and potential complications [3] 
and pneumonectomy is absolutely indicated in patients with 
massive hemoptysis, recurrent infections, and multidrug-
resistant tuberculosis [5]. However, bronchiectasia rarely 
leads to massive hemoptysis and mostly leads to moderate 
hemoptysis. In our study, three patients that developed mas-
sive hemoptysis were operated under emergency conditions 
and all of them had a tuberculosis-destroyed lung.

In our patients, the left lung was affected in 26 (81.2%) 
and the right lung in 6 (18.7%) patients. Similar to our study, 
the other patient series reported that the left lung was more 
commonly affected than the right lung in patients with the 
destroyed lung [8, 9]. This difference could be attributed 
to several reasons. The left main bronchus is anatomically 
longer and approximately 15% narrower than the right one, 
the peribronchial space is limited by its proximity to the 
aorta and is more likely to be obstructed by the enlargement 
of adjacent lymph nodes, and the left main bronchus has a 
more horizontal course compared to the right main bron-
chus, which may have an effect on the drainage of secretions.

Pneumonectomy for an inflammatory lung disease is 
regarded as a high-risk procedure since it leads to techni-
cal difficulties and a relatively higher risk of post-operative 

Table 3   Operative and post-operative results of the patients

Variables (N = 32)

Operation
 Pneumonectomy 24 (75%)
 Extrapleural pneumonectomy 5 (15.6%)
 Intrapericardial pneumonectomy 3 (9.3%)

Pleural adhesion
 Partial 17 (53.1%)
 Complete 11 (34.3%)
 None 4 (12.5%)

Operation duration (min) 220.6 ± 40.2
Blood lost (ml) 450.9 ± 225.7
Intraoperative complication 0 (0%)
Post-operative complication
 Atelectasis 7 (21.8%)
 Wound infection 6 (18.7%)
 Atrial fibrillation 1 (3.1%)
 Pneumonia 1 (3.1%)
 Bronchopleural fistula 1 (3.1%)

Hospital stay (days) 11.8 ± 2.8
Mortality 1 (3.1%)
Follow-up period (months) 35.5 ± 28.3
Cure rate (%) 81.2%
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complications [16]. Major technical difficulties that com-
plicate resection include anatomical ambiguity of the 
structures, dense pleural adhesions, and perihilar fibrous 
thickening. In addition, lymph node enlargement around 
the vascular structures, which occurs secondary to recur-
rent infections, and its difficult anatomical dissection may 
lead to massive bleeding.

Pneumonectomy has been associated with high mortal-
ity and high frequencies of post-pneumonectomy empy-
ema and BPF [16]. In addition, pneumonectomy has been 
associated with high risk of complications in the settings 
of tuberculosis, right localization, positive sputum culture, 
pre-operative coexistence of empyema, pleuropneumonec-
tomy, intraoperative pleural contamination, and aspergil-
loma [1]. In our study, one patient who underwent right 
pneumonectomy developed BPF and died in the follow-up 
period.

Minimizing sputum production through the elimination 
of underlying infections prior to surgery does not only maxi-
mize the nutritional status of the patient but also minimizes 
the chance of intraoperative spillage and decreases the risk 
of post-operative BPF and post-pneumonectomy empyema. 
Moreover, using an appropriate closure technique for the 
bronchial stump and fixing it by adjacent tissues decreases 
the risk of BPF. In our study, the bronchial stump was closed 
manually using three rows of 2/0 polyglactin absorbable 
suture and was covered by adjacent tissue. Nevertheless, 
despite our sensitivity in stump closure, one patient devel-
oped BPF, which could be attributed to predisposing factors 
such as right localization and history of tuberculosis.

The rate of operative mortality in inflammatory lung dis-
eases has been reported to vary between 4 and 8.5% [16, 
17]. In our series, this rate was 3.1%. One patient who had 
a destroyed lung secondary to tuberculosis underwent right 
pneumonectomy and developed BPF. The patient developed 
pneumonia and empyema, and died of respiratory failure in 
the follow-up period.

Patients with destroyed lung can present with obstruc-
tive, restrictive, or mixed respiratory dysfunction [18]. In 
our study, a restrictive pattern was indicated by the respira-
tory function tests, particularly in patients with bronchiec-
tasis. This finding could be associated with the diffuse lung 
damage along bronchopulmonary segments. Several stud-
ies indicated that the functional-respiratory parameters were 
affected negatively within the first 3 months after lung resec-
tion. On the contrary, some other studies demonstrated that 
exercise tolerance improved at an earlier stage and complete 
healing was achieved in the patients [19]. Due to the nega-
tive effects of thoracotomy such as early period pain, the 
mean FEV1 value was lower in the post-operative 1st month. 
The symptoms improved significantly beginning from month 
1, and patient satisfaction (81.2%) was remarkably high at 
post-operative month 6.

Pneumonectomy, though a risky intervention, provides 
favorable outcomes in patients with destroyed lung, leading 
to a significant improvement in the symptomatic and respira-
tory functions. Moreover, it also leads to better oxygena-
tion by avoiding shunting after blocking the blood flow into 
the nonfunctional lung. In our series, most of the patients 
(62.5%) had a destroyed lung associated with bronchiecta-
sis and also had a history of frequent hospitalization due to 
recurrent lung infections. In these patients, pneumonectomy 
led to a significant improvement both in the quality of life 
and the functional-respiratory symptoms of the patients.

Conclusion

Insufficient antibiotic use and inadequate follow-up in 
patients with tuberculosis and lung infections form a basis 
for destroyed lung. A destroyed lung refers to a nonfunc-
tional lung. Our results indicated that pneumonectomy led 
to a significant improvement both in the quality of life and 
the functional-respiratory symptoms in the patients whose 
respiratory reserve could tolerate the surgery. Moreover, 
pneumonectomy can be useful for the prevention of poten-
tial complications.
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