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ABSTRACT

Background: There are limited data in the literature regarding the early and long-term results of surgery 
in non-cystic fibrosis bronchiectasis. The aim of this study is to contribute to literature with clear 
analysis of early postoperative complications and to determine the rate of postoperative complications 
in non-cystic fibrosis bronchiectasis.

Materials and Methods: One hundred two patients with non-cystic fibrosis bronchiectasis who 
underwent surgical resection participated in the study between April 2012 and November 2019 at 
Çukurova University. Patients were contacted by phone and scheduled for a face-to-face interview. For 
five patients who died during the postoperative period, mandatory information was collected through 
family members or from retrospective assessment of their medical records. 

Results: Of the 102 patients, 47 (46.1%) were male and 55 (53.9%) were female, with an average age 
of 38.8 ± 14.0 years. The indication for surgery was hemoptysis in 16 (15.7%), recurrent pulmonary 
infections in 74 (72.5%), and suspicion of malignant transformation in 12 (11.8%) patients. The mean 
follow-up period was 71.4 ± 28 months. The early postoperative complication rate was 21.5% with 
no intraoperative fatality and a 4.9% mortality rate with long-term follow-up. The most common 
postoperative complications were surgical site infection and hemorrhage. The type of bronchiectasis 
(varicose bronchiectasis), lower forced vital capacity (FVC) and the diffusing capacity of the lung for 
carbon monoxide (DLCO) in the perioperative period were identified as risk factors for the development 
of postoperative complications. Long-term mortality was also higher in individuals who had early 
postoperative complications.

Conclusion: With low mortality and morbidity rates, surgical interventions in non-cystic fibrosis 
bronchiectasis remains a feasible choice in selected cases.

Keywords: non-cystic fibrosis bronchiectasis, bronchiectasis, surgery, postoperative complications, 
risk factors
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Introduction

Bronchiectasis is a chronic lung illness marked by a vi-
cious cycle of airway infection and inflammation that 
results in irreversible structural damage to the small air-
ways and occasionally the surrounding lung tissue [1]. 
Although pulmonary rehabilitation, proper immuniza-
tion, and microbial eradication therapy are the most sig-
nificant treatments for bronchiectasis, alternative exper-
imental treatment options and surgery are also useful in 
certain circumstances. The goal of surgical bronchiec-
tasis therapy is to interrupt the vicious loop of bronchi-
ectasis by removing non-functional lung segments and 
preventing contamination of surrounding lung zones. 
The most prevalent grounds for surgery are recurrent 
infections with persistent symptoms such as productive 
cough, purulent sputum, and hemoptysis [2,3].

The prevalence of bronchiectasis has been estimated 
at 53-566/100,000 population as the prevalence increas-
es with age and the female gender [4-8]. The age-adjust-
ed mortality rate for bronchiectasis has been reported 
at 1437.7/100,000 population [7]. Several longitudinal 
studies have described up to a 30% mortality at 1-year 
follow-up after suffering an exacerbation, particularly 
in the presence of chronic obstructive pulmonary dis-
ease [9-11]. Surgical therapies for adult patients with 
bronchiectasis are not recommended, with the excep-
tion of individuals with localized illness and a high 
exacerbation frequency, even if all other elements of 
their bronchiectasis therapy have been optimized [12]. 
Operative mortality with curative surgery, on the other 
hand, is nearly 0%-1.4%, and the risk of postoperative 
complications is roughly 15%-16.2% [2,13]. Moreover, 
71.5% of the adult population who underwent surgery 
reported complete symptom relief, whereas 20.2% re-
ported a reduction in preoperative symptoms [2].

There is limited data in the literature regarding the 
early and long-term results of surgery in non-cystic 
bronchiectasis. The aim of this study is to contribute to 
the literature with clear analysis of early postoperative 
complications and to determine the rate of postoperative 
complications associated with surgery of non-cystic fi-
brosis bronchiectasis. The secondary outcomes include 
the indications for the surgical decision, the long-term 
symptoms after surgery, and long-term mortality after 
non-cystic fibrosis bronchiectasis surgery.

Materials and Methods

Study design and data collection 

This research is a cross-sectional study and includes 
a retrospective review of medical records with the ap-
proval of the ethical committee of Çukurova University. 
Between April 2012 and November 2019, 102 patients 
with non-cystic fibrosis bronchiectasis who underwent 
surgical resection participated in the study. All of the 
patients who had regular follow-up and who had been 
recorded in the medical records of Çukurova Universi-
ty, Faculty of Medicine, Balcali Hospital were contact-
ed by phone and scheduled for a face-to-face interview. 
For five patients who died during the postoperative peri-
od, mandatory information was collected through fam-
ily members or from retrospective assessment of their 
medical records. Each participant had pathologically 
verified bronchiectasis. 

This study consisted of two-phases: face-to-face in-
terview and retrospective analysis of medical records. 
Sociodemographic characteristics (age, gender, occu-
pation, and comorbidities) and changes in respiratory 
symptoms compared to the preoperative period were 
evaluated for each participant who was interviewed 
face to face after receiving informed consent. Retro-
spective data were gathered by using questions posed 
during face-to-face interviews as well as records from 
hospitals and health systems. 

Preoperative evaluation 

Each participant’s preoperative examination included 
complete sociodemographic data and symptom analy-
sis, as well as imaging modalities (high resolution com-
puted tomography) to determine the number of affected 
lobes and a full pulmonary function test. 

Pulmonary function tests (PFTs) were performed by 
using a calibrated Sensor Medics V-Max 20 Spirom-
eter (Jaeger MS-PFT Analyser Unit, Wiasys Healthcare 
GmbH, Höchberg, Germany). The patients had not re-
ceived any oral or inhaled short-acting beta-2 agonists 
within 8 hours of testing. Baseline forced expiratory 
volume in the first second (FEV1) and forced vital ca-
pacity (FVC) were measured three times, and the best of 
the three measurements was recorded. Total lung capac-
ity was measured using the helium dilution technique 
(Jaeger MS-PFT Analyser Unit, Wiasys Healthcare 
GmbH). The diffusing capacity of the lung for carbon 
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monoxide (DLCO) was measured by using the single 
breath method. The results are presented as the percent-
ages of predicted values.

Surgical procedures 

Each surgery was performed after single-lung ventila-
tion was established through a double-lumen endotra-
cheal tube. A thoracotomy was performed on 87 pa-
tients, and 15 patients were treated by video-assisted 
thoracoscopic surgery. 

Postoperative treatment and follow-up 

Following the procedure, each participant in the trial 
was visited daily, and appropriate diagnostic tests and 
management of early postoperative complications were 
applied.

Definitions of postoperative complications

The European perioperative clinical outcome defini-
tions were used in the diagnosis of postoperative com-
plications [14]. Early postoperative complications are 
defined as those observed until discharge and late post-
operative complications are defined as those detected 
during follow-up visits. 

Statistical Analysis

SPSS 22 program (IBM Corp., Armonk, NY, USA) was 
used in the analysis of the data. Data are presented as 
number, percentage, arithmetic mean, standard devia-
tion, median, interquartile range. Kolmogorov Smirnov 
test was used as the normal distribution test. Parametric 
tests were preferred in the analysis of normally distrib-
uted data, and non-parametric tests were preferred in 
the analysis of non-normally distributed and categori-
cal data. Mann Whitney U test, t test, Chi-square test, 
Binary logistic regression test, Cox regression test were 
used in the analysis. Binary logistic regression analysis 
was used to estimate the risk of developing complica-
tions and Cox regression analysis was used to estimate 
the mortality risk. A value of p < 0.05 was considered 
statistically significant.

Results

The 102 patients included 47 (46.1%) males and 55 
(53.9%) females, with an average age of 38.8 ± 14.0 
years. Prior to surgery, all patients had had a productive 
cough for 12.3 ± 3.2 months.

The indication for surgery was hemoptysis in 16 
(15.7%), recurrent pulmonary infections in 74 (72.5%), 
and suspicion of malignant transformation in 12 
(11.8%) of the patients. The mean follow-up period was 
71.4 ± 28 months (median: 66 months; min: 0, max: 119 
months). The average sputum quantity expectorated per 
day was 85.6 ± 57 mL. Of note, 76 (74.2%) patients had 
had at least one hemoptysis episode in their life. 

A total of 116 surgical procedures were applied to 
the 102 patients. Bilateral surgery was performed in two 
patients. The surgery was thoracotomy in 87 (85.3%) 
patients and video-assisted thoracoscopic surgery in 15 
(14.7%) patients. Specifically, 10 (9.8%) of the surger-
ies were pneumonectomy, 67 (65.7%) were lobectomy, 
12 (11.8%) were bilobectomy, 23 (22.5%) were seg-
mentectomy, and 4 (3.9%) had wedge resection. The 
most common surgery was left lower lobectomy (n = 
30, 29.4%). The most common type of segmentectomy 
was lingulectomy (n = 14, 13.7%). 

There was no intraoperative mortality. Perioperative 
complications were seen in 22 (21.5%) patients. One 
patient died due to respiratory failure during the early 
postoperative period (postoperative day 3). Five (4.9%) 
patients died during long-term follow-up. Sociodemo-
graphic characteristics and perioperative results of the 
patients are given in table 1.

When examining the frequencies of complications, 
long-term ex status, and improvement in symptoms 
were examined according to the surgical procedure uti-
lized (laparoscopic/thoracotomy), there were no signifi-
cant differences (Table 2).

The logistic regression model established to pre-
dict the development of complications was significant 
(Omnibus test p = 0.016). The dependent variable of 
the model is the presence of complications and the in-
dependent variables are the technique used in the treat-
ment (reference category: thoracotomy) and the type of 
bronchiectasis (reference category: cylindrical type). 
Among the variables included in the model, the risk of 
developing complications in the presence of varicose 
bronchiectasis, in which the type of bronchiectasis is 
important, was 8.44 times higher than in cylindrical 
bronchiectasis (Table 3).
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Table 2. Postoperative complications according to surgery technique.
Surgical Technique (column %)

Postoperative complication Thoracotomy n=87 Thoracoscopy n=15 p
 (-) 76(77.0) 13(86.7) 0.514
 (+) 20(23.0) 2(13.3)
Postoperative complication
  Hemorrhage 5(25.0) 0(0)
  Pneumonia 3(15.0) 0(0)
  Surgical site infection 6(30.0) 0(0)
  Atelectasis 2(10.0) 1(50.0) 0.247
  Respiratory failure 2(10.0) 0(0)
  Prolonged air leak 1(5.0) 1(50.0))
  Exitus due to respiratory failure 1(5.0) 0(0)
Exitus in follow-up period
 (-) 82(94.3) 15(100.0) 0.444
 (+) 5(5.7) 0(0.0)
Improvement in symptoms
  (+) 69(79.3) 12(80.0) 0.629
  (-) 18(20.7) 3(20.0)

Table 1. Sociodemographic and disease-related characteristics.
Gender n %
Female 55 53.9
Male 47 46.1
Surgery technique
Thoracotomy 87 85.3
VATS 15 14.7
Surgical indication
Hemoptysis 16 15.7
Recurrent infection 74 72.5
Suspicion of malignancy 12 11.8
Bronchiectasis type
Cystic 61 59.8
Varicose 21 20.6
Cylindrical 20 19.6
Complications 
None 80 78.4
Any complications 22 21.6
Early postoperative complications
Hemorrhage 5 4.9
Pneumonia 3 2.9
Surgical site infection 6 5.9
Atelectasis 3 2.9
Respiratory failure 2 2.0
Prolonged air leak 2 2.0
Exitus due to respiratory failure 1 1.0
Number of bronchiectacic lobes
1 40 39.2
2 41 40.2
3 14 13.7
4 6 5.9
5 1 1.0
Improvement in symptoms
(+) 81 79.4
(-) 21 20.6
Exitus in follow-up period
(-) 97 95.1
(+) 5 4.9
Total 102 100.0
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The preoperative PFTs were obstructive in 33 
(32.4%), restrictive in 21 (20.6%), and normal in 48 
(47.1%) patients. When comparing the PFT values  ac-
cording to the postoperative complication, the FVC and 
DLCO values were significantly lower in the patients 
who had developed complications (Table 4).

In the Cox regression analysis performed to evaluate 
the factors affecting long-term survival, the technique used 
was not important for survival, but the development of 
complications was important. Specifically, the risk of mor-
tality in the later period was 13.92 times higher in patients 
who had developed complications compared with patients 
who had not developed complications (Table 5, Figure 1).

Figure 1. Survival function by presence of complications.

Discussion

Early postoperative complications after non-cystic fi-
brosis bronchiectasis surgery were found in 21.5% of 

our patients, with no intraoperative fatality and 4.9% 
mortality in the long-term follow-up. The most common 
postoperative complications were surgical site infection 
and hemorrhage. The type of bronchiectasis (varicose 
bronchiectasis) and lower FVC and DLCO values in the 
perioperative period were identified as risk factors for 
the development of postoperative complications. Long-
term mortality was also higher in individuals who had 
had early postoperative complications.

Surgical site infection and hemorrhage were the 
most prevalent early postoperative complications. A 
previous study comparing surgical and conservative 
treatment strategies in bronchiectasis revealed an early 
postoperative complication rate as 33.5%; the complica-
tions were mild in 64% of the cases [15]. An older study 
with a high mortality rate showed 27.4% of the patients 
had postoperative complications [16]. In another study 
dealing with unilateral bronchiectasis cases, there were 
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Table 3. Estimation of postoperative complications in Logistic Regression Analysis.

OR 95% CI for OR pb SE Lower Upper
Surgery technique 
thoracotomy vs thoracoscopy 0.696 2.006 0.397 10.141 0.400

Bronchiectasis type 0.031
varicose vs cylindirical 2.133 8.441 1.048 67.957 0.045
cystic vs cylindirical 0.636 1.889 0.157 22.748 0.616

Table 5. Cox Regression Analysis for estimation of mortality.

B Sig. O.R.
95,0% CI for Exp(B)

Upper
Surgical technique -13.00 0.988 0.00 0.000 .
Postoperative complications 2.63 0.019 13.92 1.556 124.63

Table 4. Comparison of PFTs according to postoperative complications.
Postoperative complications
(-) (+)
X±S.S. Median (IQR) X±S.S. Median (IQR) p

FEV1 L 2.28±0.75 2.23(0.86) 2.13±1.06 2.08(1.77) 0.434
FEV1 74.70±18.88 76.25(28.9) 64.42±25.68 62.50(45,0) 0.105
FVC L 3.04±0.93 2.92(1.19) 2.90±1.23 2.72(1.89) 0.427
FVC 83.18±17.79 81.35(24.20) 73.82±23.82 70.35(35.20) 0.046
FEV1/FVC 75.96±11.95 77.57(16.67) 71.37±12.42 71.68(17.63) 0.118
DLCO 77.05±15.26 78.00(24) 66.86±19.24 67.00(28) 0.017
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postoperative complications in 15% of patients; the 
most common was bleeding [13]. Operative morbidity 
was seen in 11% of patients, with 3.5% experiencing 
serious and 7.5% experiencing mild complications [17]. 
A Portuguese study concluded that the postoperative 
complication rate including temporary broncho-pleural 
fistulae, hemorrhage, and atrial arrhythmias was 15% 
[18]. In a study with an average hospitalization period 
of 8.5 days, the morbidity rate was 16%, including pro-
longed air leaks, expansion defects, and wound infec-
tions [19]. A more recent study determined that the inci-
dence of postoperative complications was 14.6% [20]. 
A comprehensive study revealed postoperative compli-
cations in 19.6% of the participants; these complica-
tions included sputum retention, postoperative air leak 
for more than 2 weeks, empyema, pneumonia, broncho-
pleural, atelectasis, postoperative bleeding, and respira-
tory insufficiency that required mechanical ventilation 
[21]. A recent study in Europe detected complications 
including atelectasis (15%), pleural effusion (21%), or 
prolonged air leak (21%) in 53% of the patients with 
bronchiectasis [22]. In a study dealing with surgery of 
a destroyed lung lobe, the postoperative mortality rate 
was 10.6% [23]. In a recent study with a large number 
of patients, postoperative complications (most com-
monly wound infections, atelectasis, and prolonged air 
leak) were observed in 9.7% of patients [24]. A large 
study from China reported a postoperative complication 
rate of 16.2% [25]. The data from the present study are 
compatible with the literature.

This study revealed no intraoperative fatality and a 
4.9% mortality rate in the long-term follow-up. A very 
old study showed an early postoperative mortality rate 
of 3.1% and an overall postoperative mortality rate of 
3.5%, possibly due to underdeveloped surgical tech-
niques [16]. As time has passed, new studies have re-
vealed better results of surgery in bronchiectasis. In a 
small study, patients with unilateral bronchiectasis had 
no intraoperative death and no late deaths [13]. In 1982, 
Annest et al [26] reported late deaths in 8% of patients, 
attributable to pulmonary causes. Three studies from 
Turkey showed a 1%-1.7% operative mortality rate in 
surgical treatment of bronchiectasis [17,19,20]. In a 
study conducted in a series of 790 patients, there was no 
intraoperative mortality, while the postoperative mor-
tality rate was 1.1%. The reasons of death were mainly 

pneumonia, pulmonary embolism, and acute respiratory 
distress syndrome [25]. A study of 90 patients from Ger-
many showed no operative mortality in the first 30 days 
after surgery [21]. A recent study revealed that 3.3% of 
the participants had died due to postoperative complica-
tions, namely due to acute myocardial infarction [22]. 
Another recent study showed a 90-day mortality rate of 
0% [24]. Both intraoperative and postoperative mortal-
ity in the present study are within tolerable limits and 
are consistent with the literature. Based on these find-
ings, it can be concluded that surgery can be a preferred 
therapeutic option for non-cystic fibrosis bronchiectasis 
under certain circumstances.

In the present study, varicose bronchiectasis and 
lower FVC and DLCO values in the perioperative pe-
riod were identified as risk factors for the development 
of postoperative complications, and long-term mortality 
was higher in individuals who had developed early post-
operative complications. A study evaluating risk factors 
of postoperative results showed that complete resection 
independently predicted a symptom-free outcome, an 
FEV1 of less than 60% of the predicted value predicted 
an incomplete resection, and preoperative antibiotic ther-
apy independently predicted postoperative complications 
[20]. Another study showed that complete recovery was 
rarely achieved in patients with Pseudomonas aeruginosa 
infection and obstructive airway disease, but the number 
of patients was very small. Moreover, neither FEV 1 nor 
FVC alone was of use for predicting the outcome of sur-
gery while the FEV1/FVC ratio was significant in predic-
tion of cure [13]. In a previous study, logistic regression 
extracted the type of bronchiectasis (cylindrical), the ex-
istence of sinusitis, and the type of resection (complete/
incomplete) for prognostic discrimination with statisti-
cal significance [21]. A large study from China showed 
that only a preoperative FEV1 of < 50% was associated 
with postoperative complications in univariate analyses. 
Multivariate analysis found no factors that were signifi-
cantly associated with postoperative complications. The 
same study revealed that preoperative renal failure was 
associated with an elevated risk of postoperative death. 
The logistic regression analysis of a large study showed 
that tuberculous bronchiectasis, the type of bronchiec-
tasis (saccular versus others), and the type of resection 
(incomplete or complete) were three independent fac-
tors associated with a poor surgical outcome [25]. There 
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have only been a few studies about surgery in non-cystic 
fibrosis bronchiectasis. Of course, it is challenging to 
identify risk factors with such limited data. Nevertheless, 
researchers have identified various risk factors, and our 
findings have added to the literature in this regard.

In the present study, nearly three quarters of the patients 
with non-cystic fibrosis bronchiectasis who underwent 
surgical resection had improved symptoms. An older study 
showed 71% improved symptoms after surgical interven-
tion of bronchiectasis [16]. In a Turkish study, after surgi-
cal treatment, 82.5% of patients were free of symptoms 
and the remaining 17.5% had a reduction in preoperative 
symptoms [20]. In a study conducted with a limited num-
ber of patients and in which patients with unilateral bron-
chiectasis were evaluated, 72.5% reported complete recov-
ery, while 27.2% showed improvement in symptoms [13]. 
In another study from Turkey, the pulmonary symptoms 
disappeared in 66.9% of the patients after surgery, and 
only 3.6% of patients had persistent or worsened symp-
toms [17]. A recent study showed 67% of patients con-
sidered their own health as “excellent” after surgery, 30% 
as “good,” and 3% reported “no change” [22]. A detailed 
study showed that 60.5% of the patients were asymptom-
atic, 14.1% had improved symptoms, and 14.8% showed 
no improvement or worsened conditions [25]. The data 
from the present study is consistent with the literature and 
reinforces the effectiveness of surgery on symptom relief. 

Although the study was done in Turkey, one of the 
nations where tuberculosis is rampant and bronchiectasis 
is relatively common, the study’s main limitation is the 
small number of patients from a single center. Because 
the research was carried out at a tertiary health care insti-
tution, the individuals admitted are frequently advanced 
cases who have had trouble receiving treatment at other 
health centers. This might explain why the postoperative 
morbidity was somewhat greater than predicted.

Despite breakthroughs in preventative measures, 
medical therapy, and follow-up, surgery, with its low 
mortality and morbidity rates, remains a viable option 
for the treatment of non-cystic fibrosis bronchiectasis 
in selected individuals. This option meets the patients’ 
clinical and social expectations. 
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