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Indications for completion pneumonectomy (CP)

There are three groups of indications for CP: (I) CP after 
previous surgery for lung cancer (LC); (II) CP after previous 
surgery for multidrug-resistant (MDR) and extensively-
resistant (XDR) tuberculosis (TB); (III) CP as the treatment 
option for complications of previous surgery. Each of these 
indication groups has a completely different rationale, the 
evidence about some aspects within each indication group is 
still scarce.

LC (local recurrence, new primary)

CP is reported in up to 4% of patients with loco-regional 
recurrence or new primaries (1). In order to correctly 
understand the role of CP in patients with LC, some 
uncertainties appearing throughout the literature, mostly 
related to definition and differences in the reported 
incidence, should be clarified.

In some studies, postoperative local recurrence relates 
only to the region of the bronchial stump, ipsilateral 
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hilum and mediastinum (2). The other reports extend this 
definition to ipsilateral lung and contralateral N1 and N2 
nodes as well (3). In some reports, there is no clear definition. 
These inconsistencies affect not only the reported incidence 
of local recurrence, but the reported proportion of CP as a 
treatment option as well. Some of the possible explanations 
can be obtained from the analysis of seven studies of 
resectable LC, each including more than 300 patients, most 
of them appropriately addressing the initial cancer stage  
(4-10). The wide range of the incidence of the local 
recurrence in these studies (8–24%) can be explained by 
the applied methodology: in the study reporting only 
8% of initial local recurrence, patients with simultaneous 
locoregional and distant recurrences were reported as 
distant recurrences only. Furthermore, in additional two 
of these studies, only patients with stage I were included, 
causing the lowest local recurrence rate among these seven 
studies. That is why the true local recurrence rate seems to 
be closer to 13–24%, as reported in the remaining studies 
without the described methodological bias. 

Surgical considerations

This type of surgery is indicated in case of LC recurrence 
or new primary after previous surgery for LC or other, 
non-cancer related pathology, mostly infections (TB, 
bronchiectasis, abscess), frequently years before the planned 
redo surgery. This operation may be indicated either after 
lobectomy/bilobectomy, or even after sublobar resection, 
depending on the recurrence localization. 

Survival

According to data from 10 studies with a sufficient sample 
size (2,11-19), 5-year survival was under 30% in four 
studies, in additional three studies it was 30–40%, whilst 
in three studies it was over 40% (44%, 44.5%, and 57%). 
Studies reporting survival worse than 25% included a quite 
high number of patients with stage III (up to 66%). 

As expected, the evidence shows a clear trend of 
correlation between local recurrence and increasing initial 
cancer stage, mostly due to the greater likelihood of 
lympho-vascular invasion (7). However, one of the most 
challenging findings in this area arise from the studies 
demonstrating that survival after recurrence may be 
independent of the stage of the original cancer, but depends 
rather on the location of the recurrence and of the post-
recurrence treatment (20). These findings should not be 

so surprising, because stage I primary tumors, still carry a 
4–19% risk of developing local recurrences after surgery (8), 
(21,22). The usual explanation is understaging, that occurs 
in around one-third of stage I patients, mostly because 
of the difficulty to detect lymph node infiltration by the 
tumour (23). Understaging may lead to suboptimal extent 
of the resection, increased recurrence rate and subsequent 
need for CP. 

In a multi centric study on 165 patients, the 5-year 
survival for squamous and adenocarcinoma was 48.9% 
and 23.9%, respectively (24). Although a trend of a worse 
prognosis of recurrent adenocarcinoma vs. squamous cell 
carcinoma was reported, this aspect is still not sufficiently 
evidence based.

Concerning prognostic significance of the interval 
between the two surgeries, according to rare studies with more 
than 50 patients, it seems that survival is better if the interval 
is longer, but again without statistical significance (35.4% 
vs. 54.6% 5-year survival for intervals <2 and >2 years,  
respectively) (1). Some opposite trends come from studies 
on smaller patient groups (25). 

Related to survival differences between LC recurrence 
and new primaries, the literature data vary between no 
survival differences (38% vs. 41%) (26), through slightly 
(44.6% vs. 29.2%) (1) to significantly better survival for 
second primaries, with only 10% of the patients with a 
recurrent carcinoma surviving 21 months (19). The same 
survival trend was confirmed by some other studies (12). 
The cause of such a difference in the reported data is 
inconsistent inclusion criteria. 

OpMb, OpMt

The main drawback that has traditionally been attributed to 
CP is the high operative morbidity. However, as operative 
mortality was rarely reported to exceed 12%, with operative 
morbidity being <40%, these complication rates seem to be 
comparable with those after standard pneumonectomy (27).

The reported rate of bronchopleural fistula (BPF) is 
7.0–13.3% in the majority of the series. Even in the biggest 
series, either no significant risk factors were identified, or 
some of them were identified only by univariate analysis, 
like for example, predicted-postoperative (ppo) forced 
expiratory volume in 1 second (FEV1) <50% (24). Many 
reports, including our experience, are strongly in favor 
of bronchial stump protection, especially for right-sided 
operations. The current evidence is not big enough to 
reliably recommend manual vs. stapler closure of the 
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bronchus. Currently, mechanical staplers seem to be the 
preferred technique by most surgeons, depending on 
countries and technical facilities.

One of the risks that are not to be neglected in patients 
undergoing a CP is the risk of intraoperative death, 
occurring in around 5.3%. Injury of the great vessels or 
heart, usually due to major pleural or pericardial adhesions 
after the first surgery are reported as the main causes of 
death (28). To avoid such incidents, we advocate early 
opening of the pericardium, rather than dissection around 
shortened vessels surrounded by thickened tissue.

Preoperative work up

Apart from the adherence to the well-established criteria 
for functional operability and meticulous high-resolution 
CT and positron emission tomography (PET)-CT analysis, 
endoscopic assessment of the local disease spread is the key-
point for completeness of the resection and complications 
prevention. One should be aware of a possible submucosal 
disease spread proximal to the level of the visible 
endobronchial tumour. The main bronchus may be invaded 
at the level of the planned transection, or even proximal. 
In borderline cases, a bronchial biopsy from these sites 

is mandatory. Extraluminal compression to the bronchus 
near the planned level of the bronchus cut, should be also 
seriously taken into account, even in presence of the normal 
mucosa. Although a completion sleeve pneumonectomy 
may be an alternative for such a scenario, one should be 
aware that the mobility of the left main bronchus may be 
reduced due to severe tissue reaction after previous adjuvant 
or neoadjuvant chemo- or chemo/radiation therapy, thus 
highly increasing the risk of anastomosis insufficiency. 
For this reason, a preoperative bronchoscopy should be 
done either by the operating surgeon or by experienced 
bronchoscopist with endoscopic photos or video-clips 
whenever possible. An example of CP after previous chemo-
radiation treatment is presented on Figure 1.

Adjuvant therapy

The patient’s fitness for eventual subsequent adjuvant 
treatment is very important in this patient group. Quite a 
high proportion of patients with CP (almost a half of them) 
can be safely exposed to this kind of treatment (25). Despite 
favorable results of five largest adjuvant chemotherapy trials 
with a confirmed survival benefit at 5 years (29-31), it is 
still unclear whether such a treatment would be appropriate 

Figure 1 CP for LC recurrence. (A) LC relapse histologically confirmed 20 months after the right lower lobectomy with adjuvant chemo-
radiation therapy (Adeno Ca); (B) PET-CT confirming the local recurrence as the only recurrence site; CP with omentum interposition; 
uneventful postop. course; (C) contralateral metastasis 8 months after the second operation; (D) PA radiography after removal of the 
metastasis. CP, completion pneumonectomy; LC, lung cancer; PET, positron emission tomography; PA, posteroanterior.
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after re-do surgery as well.

Surgical alternatives to CP

CP, it is not the only surgical option for re-do surgery in 
LC patients. A possible alternative to CP after sublobar 
resection may be a rest-lobectomy of the recurrent tumour-
bearing lobe. Not infrequently, this option requires some 
of the broncho- or vasculoplastic procedures. Similarly, an 
alternative to CP after lobectomy may be a wedge/anatomic 
segmental resection. Segmental resection may be technically 
more demanding in this situation. For both alternatives, 
the main problems relate to the postoperative air leak and 
unclear oncological benefit. The only study specifically 
addressing the postoperative air leak after redo surgery 
by comparing the efficacy of Tacho-Seal vs. traditional 
aerostasis procedures (stapling, suture), revealed some 
interesting findings outside the primary study endpoints: 
despite the clear reduction of air leak (4.7 vs. 10.0 days), 
earlier chest tube removal and shorter hospital stay in favor 
of the Tacho-Seal group, the frequency of postoperative 
atrial fibrillation was higher in this group. Similar results 
were also reported by other authors, explaining it as 
coincidental finding (32). These reports confirm that major 
cardiac rhythm impairments may affect patients with air leak 
in the first postoperative days, despite the use of efficient 
surgical sealants. Indeed, atrial fibrillation is one of the most 
common clinical complications in non-cardiac thoracic 
surgery (33-35), and its frequency is statistically increased in 
redo surgery. These findings should be taken into account 
when deciding between CP and possible alternatives, even 
if technically feasible, especially in patients with preexisting 
cardiorespiratory comorbidity.

Alternative nonsurgical treatment options

The complexity and some unclear oncological aspects of 
CP impose the need to seriously consider the possible 
alternative nonsurgical treatment. Although the combined 
radio-/chemotherapy is a promising option for patients 
with a post-surgical recurrence, as shown in the single-
centre study of Takenaka et al. (36), studies comparing 
repeat surgery with radio-/chemotherapy or with radiation 
therapy alone are missing. Furthermore, favoring 
alternative treatment by comparing survival of patients 
with postoperative recurrence with survival of patients 
with newly diagnosed non-small cell lung cancer (NSCLC) 
treated with radiation therapy only or with combined 

radio-/chemotherapy, is methodologically debatable (37). 
In addition to these considerations, in patients treated 
by stereotactic radiation therapy (STRT) pathological 
diagnosis is not obtained and treatment evaluation is 
difficult because of the inevitable inflammatory response 
and fibrosis (38,39). That is why radiation treatment 
currently remains an alternative treatment for functionally 
inoperable patients with postoperative LC recurrence, or 
for patients with technically nonresectable tumours.

Disease relapse after surgery for MDR/XDR  
lung TB

Patients requiring a CP constitute quite a small part of 
patients undergoing surgery for the lung TB. In these 
patients, CP represents the only potentially curative option 
after the failure of previous surgery. Each year an estimated 
500,000 MDR-TB cases develop worldwide, only 7% being 
diagnosed and treated (40). Apart from the former Soviet 
Union, having the highest rates of MDR- and XDR-TB in 
the world, reports that appeared after the surveillance study 
of XDR-TB in 2006, demonstrated high rates in the WHO 
European Region as well (41).

Rationale for CP in patients with TB 

A rationale behind the need for CP for TB is a quite limited 
treatment success rate for MDR- and XDR-TB. Based on 
the analysis of 33 cohort studies with over 8,000 cases of 
MDR-TB, an overall treatment success rate was 62% (42). 
As for XDR-TB, a 38–57% success rate was reported in 
human immunodeficiency virus (HIV)-negative persons, 
1-year mortality being 81–98% in HIV-positive patients 
(43-45). Furthermore, redo surgery may be indicated not 
only for disease caused by M tuberculosis, but also for those 
caused by environmental mycobacteria (EM). These include 
M avium complex, M xenopi, and Mycobacterium kansasii, as 
well as M abscessus, Mycobacterium fortuitum, and M chelonae. 
The incidence of this type of infection is increasing (46).

Reports that preoperatively sputum-negative patients 
often have positive cultures in resected lung tissue (27–
100%), additionally explain the need for subsequent redo 
surgery (47,48). 

Based on 18 case series studies, including 964 drug-
resistant TB patients (895 MDR/69 XDR) (49), reoperation 
rates for persistent or recurrent TB were low, with the 
exception of one study in which 11% required reoperation 
for persistent disease (50).
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Reports about CP as a type of surgery vary between 
not analysing it separately from the entire number of 
pneumonectomies, through presenting it as percentage of 
performed pneumonectomies, like 2/59 (3.4%) (51) or 4/94 
(4.3%) (52) to reports dealing with CP either as the only 
analysed cohort (53) or as a substantial proportion (37.4%) 
of pneumonectomies like in a French national survey (54). 
Despite these limitations, several lessons have been learned. 

Indications for CP

Indications for CP in patients with MDR/XDR-TB are 
similar to those for primary resectional surgery. Redo 
surgery is needed for chronic, persistent disease, with failure 
to thrive, persistent localized cavitary disease or destroyed 
lung, persistent sputum positivity, hemoptysis, BPF, and 
bronchial stenosis. An example of CP after previous 
lobectomy is presented on Figure 2.

As for the patients with EM, due to the indolent disease 
course, many of them become severely debilitated. Most of 

these patients are unable to work, posing significant socio-
economic burdens. The analysis of 26 CP for chronic MB 
disease supports such a statement—77% of the patients 
were below their ideal body weight, and 77% had anemia 
as well. Despite aggressive nutritional supplementation, the 
average preoperative albumin level could not be higher than 
3.1 g/dL (53). 

Preoperative work up

Before offering a CP as a treatment option, one should 
check whether the patient underwent an appropriate 
chemotherapy after the initial surgery. According to 
current recommendations, for culture-positive patients at 
time of initial surgery, 4–6 months of therapy after culture 
conversion is recommended, provided TB was drug-
susceptible; for patients with MDR-TB at least 18 months 
of therapy after culture conversion, whilst in case of XDR-
TB, at least 24 months of therapy is recommended after the 
culture conversion. For patients that were culture-negative 

Figure 2 CP for MDR-TB recurrence after right upper lobectomy. (A) PA radiography before the first surgery, right upper lobectomy, after 
2 years of AT therapy for MDR-TB; (B,C,D) disease recurrence 4 years after the first surgery—indication for CP; (E) PA radiography after 
CP. CP, completion pneumonectomy; MDR, multidrug-resistant; TB, tuberculosis; PA, posteroanterior; AT, antituberculous.
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at the time of surgery, at least four months of therapy after 
surgery if TB was drug-susceptible and 6–8 months of 
therapy after surgery for MDR/XDR-TB (55). Of course, 
in many patients requiring a CP, it is not possible to fulfill 
these recommendations because of rapidly progressive 
disease and patient deterioration. However, even in this 
situation, absence of progressive disease in the contralateral 
lung is mandatory. 

Unlike a general consensus about TB drug therapy, data 
regarding optimal drug treatment for EM are still lacking, 
making surgical decisions more difficult. The usual duration 
of therapy is 2 years, because of the reported increased risk 
of relapse after shorter regimens (56).

Before subjecting a patient to CP, a bronchoscopic 
biopsy of bronchial mucosa, aimed to exclude TB, is  
mandatory (57). The existence of TB at the level of bronchial 
mucosa is a contraindication for surgery, as it may predispose 

to the development of BPF (58). Bronchial stenosis, often 
combined with a TB destroyed lung, should be clearly 
distinguished from TB of the bronchus (59); however, it does 
not constitute an obstacle for pneumonectomy, as presented 
on Figure 3.

Operative technique

CP for TB may be technically even more difficult than 
CP for malignant disease. The main problems relate to 
difficulties in peribronchial and intrapericardial dissection 
due to adhesions between the pericardium and blood vessels. 
Related to the bronchial closure technique, the practice 
varies widely, no firm evidence based recommendations 
can be given, with the exception of the broad consensus 
about the need of bronchial stump coverage. There are 
also reports about the change of the technique with 

Figure 3 TB destroyed lung with cicatritial stenosis of the left main bronchus. (A) PA radiography 22 months after AT therapy for drug 
sensitive TB; (B) CT aspect showing a destroyed lung; (C) operative view-cicatritial stenosis of the left main bronchus; (D) operative 
specimen-pleuropneumonectomy. TB, tuberculosis; PA, posteroanterior; AT, antituberculous.

A

C

B

D
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accumulating experience, like switching from stapled 
bronchial closure, to a tailored suture closure (53).

Survival 

Rare papers report on long-term survival after pneumonectomy 
for TB, including a CP, but without a separate analysis. In 
the study of Ashour, OpMt was zero after 12–124 months of 
follow-up of 24 patients with pneumonectomy for TB (60). 
In a group of patients with preoperative empyema, Shiraishi 
reported a 5-year survival of 83% during up to18.8-year 
follow-up (61). In one additional study by Kim et al. 5- 
and 10-year survival rates were 94%±3% and 88%±4%, 
respectively (52).

Among the 17 long-term survivors in the aforementioned 
series of Sherwood et al. (53), sputum conversion or 
discontinuation of medications was achieved in 14 (82%).

OpMb, OpMt

Pneumonectomy for inflammatory lung disease, especially 
lung TB, is a high-risk procedure and several authors 
recommend it to be avoided whenever possible (62). Wide 
range of complication rate is reported depending on patient 
group characteristics, ranging from 23% to 63% morbidity 
and 0% to 25% mortality. In the French national study, 
dealing with a high number of CP for TB, OpMt was also 
high (22.15%), with OpMb being higher for CP vs. standard 
pneumonectomy: 62.5% vs. 47.3% (P=0.008) (54). Such a 
high mortality was attributed to emergency operations in 
this series, being the only independent prognostic factor of 
operative mortality.

The 4.0–8.5% operative mortality of pneumonectomy 
for inflammatory lung disease seems to mirror the situations 
in most of the centers.

Despite a discrepancy regarding operative mortality, 
most of the authors agree that morbidity remains high, 
postpneumonectomy empyema being the major problem. 
The reported incidence of empyema ranges from 5% to 
32% (63,64).

In a biggest series with CP for EMB, operative mortality 
and morbidity were 23% and 46%, respectively (53). 

Complications of previous surgery

In addition to the sufficiently evidence based indication for 
CP in patients with persistent air leak or BPF after previous 

lung resection, here we focus to the role of CP in two 
additional situations: (I) lung torquation after previous lung 
resection; (II) CP after previous pleural empyema.

Lung torquation after previous lung resection

The reported incidence of the lung torquation is 0.2–0.3% 
after thoracotomies (65). CP as a treatment option is more 
frequently considered after left-sided lobectomies, because 
85% of all postoperative torquations were reported after 
the right upper lobectomy (66), usually with middle lobe 
torquation and middle lobectomy as a valuable option, 
without the need for CP. 

The evidence about this topic is scarce, in form of 
case reports or rare case series. The only systematic 
review of this topic, that included 109 patients from 91 
studies showed that presenting symptoms, either acute 
or indolent, are not typical and the diagnosis is suspected 
based on radiological findings (67). If the progressive lung 
consolidation is identified on the chest X-ray, thoracic 
CT and/or bronchoscopy is the next step. If CT shows 
bronchial or vascular malposition or if bronchoscopy shows 
narrow or distorted bronchus orifice, lung torquation is 
highly suspected.

Differential diagnosis includes pneumonia and lung 
gangrene. As both diseases are characterized by arterial or 
venous obstruction, lung gangrene may mimic the lung 
torquation.

Concerning treatment, two options are available—
detorquation (repositioning) of the affected lobe or lung 
and the lung resection. Major arguments against reposition 
are embolism from the obstructed pulmonary vein (68) and 
releasing of inflammatory mediators from the affected lung 
segment (69), leading to acute respiratory distress syndrome 
(ARDS) and possibly multiorgan dysfunction. However, 
several reports of successful reposition suggest that the 
preserved arterial flow is the key-factor (70,71). It can be 
assessed by intraoperative ultrasound, if available. Some 
authors suggest that detorquation may be considered only if 
the torquation is recognized the first day of onset (72).

One should not hesitate with CP (or lobectomy on 
the right side, if possible) if the affected lung appears as 
swollen, airless, with blue-black hemorrhagic surface. 
Resection may be direct (without detorsion) or indirect 
(resection with detorsion). Indirect resection is technically 
easier, but severe reported complications like ARDS, and 
an extensive systemic circulation embolism should not be 
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neglected. Some authors suggest (73) a direct resection to 
avoid a reperfusion insult. An example of indirect resection 
is presented on Figure 4.

CP after previous pleural empyema

The need for CP after previous empyema represents a major 
surgical challenge. The postoperative pleural empyema 
is more frequent than pleural empyema complicating the 
natural course of LC, being 0.1% to 0.3% (74). 

Surgical treatment of LC after previous pleural 
empyema has been rarely reported (75,76). In a series on 
12 pneumonectomies after empyema, OpMb was 33% with 
no mortality (77). There are two groups of indications for 
CP after pleural empyema: (I) new or recurrent LC after 
previous lung resection that was subsequently complicated 
by empyema, as presented on Figure 5; (II) in patients in 
whom it is not possible to achieve the lung expansion after 
lobectomy, independently of indication, as presented on 
Figure 6.

In patients with the first group of indications, the 

surgical strategy may be twofold: the first comprises 
conservative treatment of empyema, usually by prolonged 
chest tube aspiration (or, rarely, repeated thoracocenthesis), 
followed by CP after healing of empyema and pleural space 
obliteration. The second approach includes upfront surgery 
with intraoperative and postoperative repeated (in 3–4 days 
intervals) tamponade of the postpneumonectomy cavity 
with povidone iodine gauzes, or by performing repeated 
tamponade with specially designed vacuum-system (VAC). 

In patients with the second group of indications, the 
second approach is the only available option, given the 
impossibility of the lung expansion. 

The key-point of the first surgical approach is whether 
and how long it may be justified to postpone surgery 
until full control of infection and empyema. According to 
rare reports, this period was 2 weeks to 1 month, rarely 
longer. The evidence is not strong enough to answer this 
question. We incline to believe that such an approach may 
be justified in presence of the true putrid empyema and 
septic condition of the patient, obviating the possibility of 
upfront surgery.

Figure 4 CP for lung torquation after the left upper lobectomy. (A) On the day of the operation; (B) postoperative day 1; (C) on the day of 
the second operation, postoperative day 4; (D) at discharge after the left CP. CP, completion pneumonectomy.
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