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At the beginning of the 19th century, Laennec first described 
permanent dilatation of the 2nd - 6th division of bronchi as 
bronchiectasis.[1] Since then, the incidence of bronchiectasis in 
children aged 0 - 14 years has varied widely from 0.5 to 1 500 
per 100 000 child-years.[2] This variance was related to different 
populations studied, the astuteness of the physician in suspecting the 
diagnosis and the availability of diagnostic modalities such as high-
resolution computed tomography (HRCT) scans. With approved 
access to diagnostic modalities, early diagnosis, appropriate use 
of antimicrobial therapy and preventive strategies, there has been 
a decline in the overall incidence of the disease worldwide.[3] In 
developing countries, the incidence of bronchiectasis remains high 
and continues to be a major cause of morbidity (9.4 - 24.6%) and 
mortality (0 - 8.3%).[4,5] In South Africa (SA), the burden of disease 
is still unknown.[6,7]

The gold standard for defining bronchiectasis is the anatomical 
visualisation of the typical radiological changes of cystic dilatation 
of the bronchi. In patients without the characteristic cystic dilatation 
on chest radiographs, an HRCT scan is a reliable non-invasive 
method for assessing the degree of bronchial wall dilatation. The 
morphological characteristics of these changes can be classified into 
cylindrical, varicose or saccular, according to Reid’s criteria.[8] In 

developed countries, cystic fibrosis (CF) is the most common cause 
of childhood bronchiectasis, while in developing countries, recurrent 
or persistent pneumonia secondary to Staphylococcus aureus, 
Bordetella pertussis measles or undetected foreign body aspiration 
is a common cause.[9-11] In KwaZulu-Natal, where tuberculosis (TB) 
and HIV infection are endemic, there is a greater risk for developing 
bronchiectasis secondary to these aetiological agents.

Early detection and appropriate medical treatment with 
antimicrobials, physiotherapy (postural drainage) and nutritional 
supplementation help with the prevention of disease progression. 
The administration of vaccines, chemoprophylaxis, avoidance of 
tobacco smoke, nutritional support (vitamins and trace elements), 
adequate adherence to antiretroviral and antituberculosis therapy 
and regular follow-up should prevent the development of advanced 
disease.[12] Acute exacerbations with community-acquired pathogens 
commonly occur in patients with bronchiectasis, and timely 
appropriate therapy for these infections reduces progression of 
disease. Prime indications for pulmonary resection in cases of 
bronchiectasis are the presence of chronic cough with excessive 
purulent sputum and haemoptysis. Both conditions are associated 
with an increased likelihood of spread to unaffected regions of 
the lung. Pneumonectomy, lobectomy or segmentectomy are all 
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commonly performed with the aim of removal of diseased lung and 
improvement of quality of life.

Postoperative complication rates for bronchopleural fistula with 
associated empyema are seen in 9.1% of cases.[3] Reduced lung 
volumes with rib crowding have been reported on postoperative 
chest radiographs.

The surgical management of bronchiectasis in children from 
developing countries has not been adequately described and its role 
in management remains controversial.[13,14] We therefore undertook 
a retrospective review of all children with bronchiectasis who 
underwent pulmonary resection at a central referral hospital over an 
11-year period to evaluate the clinical presentation, surgical methods 
and outcomes.

Methods
This retrospective descriptive study included all children (<13 
years old) who underwent pulmonary resection for bronchiectasis 
at the Department of Cardiothoracic Surgery, Inkosi Albert Luthuli 
Central Hospital (IALCH), from 1 January 2004 to 31 December 
2014. This is the only public health service unit for children and 
adults living in the provinces of KwaZulu-Natal and Eastern Cape. 
The department has 72 general beds, 8 high-care unit (HCU) beds 
and 8 intensive care unit (ICU) beds.

Records of all patients seen at IALCH are kept electronically 
and data were extracted from these records. Patients were entered 
into the study from the operative surgical register, taking age 
and diagnosis of bronchiectasis during the study period into 
account. Demographic data (age, sex, nutritional status, immune 
status (HIV/CD4 count/viral load) and clinical presentation were 
captured onto an Excel spreadsheet (Microsoft Corp., USA). The 
aetiology of bronchiectasis was determined by assessment of risk 
factors, microbiological findings on sputum and bronchoalveolar 
aspirate cultures, bronchoscopic findings before surgery, and 
intraoperative and histological findings. The diagnosis of 
pulmonary TB was based mainly on clinical evaluation and features 
on the chest radiograph and HRCT scan, and on microbiological 
and/or histological results, if available.

Posteroanterior and lateral chest radiographs and HRCT scans 
were evaluated to confirm the diagnosis, to determine the extent, 
localisation and morphology of the bronchiectasis and to exclude a 
foreign body. Figs 1 and 2 show the chest radiographs and HRCT 
scans of individual patients with post-TB and post-foreign body 
bronchiectasis, respectively. The diagnosis of bronchiectasis was 
confirmed in all patients on HRCT scans of the chest, with a 
bronchoarterial ratio >0.8 and lack of bronchial tapering.[2] From 
2004 to 2009, pulmonary function results were not captured on the 
electronic record system and subsequent lung function values were 
not analysed owing to lack of records on technical accuracy. The 
haematological (full blood count (FBC)/erythrocyte sedimentation 
rate (ESR)) and biochemical laboratory results (albumin) were 
collated onto the Excel spreadsheet.

Standard medical treatment included a 6-month course of anti-
TB therapy before surgery for all patients with a suspected diagnosis 
of TB, antiretroviral treatment where indicated, antibiotic therapy, 
physiotherapy, bronchodilators, nutritional support and repeated 
bronchoscopy for drainage. Indications for surgical treatment 
included localised disease on HRCT scan, chronic sputum 
production, recurrent chest infection and massive or recurrent 
minor haemoptysis. Intraoperative surgical care included a rigid 
bronchoscopy for lung toilet and locating the site of bleeding in 
all patients. Lung resections were undertaken via a posterolateral 
thoracotomy and whenever possible a muscle-sparing thoracotomy. 

The chest cavity was entered via the fourth or fifth intercostal 
space. A bronchial blocker was used for lung isolation to prevent 
spillage of infected secretions to the contralateral lung and the 
anaesthesiologist practised frequent bronchial toilet.

Complete resection was defined as resection of all affected 
segments. Excessive bronchial dissection was avoided during 
surgery. The bronchial stump was closed manually by using 
interrupted Vicryl sutures. The stump was tested for air leaks 
and covered with mediastinal pleura. A single chest drain was 
inserted for cases of pneumonectomy and two chest drains for 
lobectomy or bilobectomy. In bilateral disease, the area with more 
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Fig.  1. Post-tuberculosis bronchiectasis. (A) Chest radiograph showing a 
shrunken cavitated left lung. (B) High-resolution computed tomography scan 
showing shrunken cystic bronchiectasis of the left lung, with hyperinflation of 
the right lung.
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extensive bronchiectasis, mycetoma or more pus at bronchoscopy 
was removed first. The second resection was undertaken after full 
recovery in 1 - 4 months after the first. Postoperative bronchoscopy 
with suctioning to dryness was performed. 

All resected specimens were submitted for histopathological 
examination. Postoperative management included monitoring of 
all patients in paediatric HCUs for at least 48 hours, pain control, 
intensive chest physiotherapy, administration of antibiotics and 
early mobilisation. After discharge, patients were followed up every 
month for the first 3 months and thereafter every 6 months in our 
outpatient clinic, where their residual disease was assessed.

For study purposes, surgical indications, types of operation and 
postsurgical complications were recorded. 

Statistical analysis
Data were entered on SPSS version 23 (IBM Corp., USA). Descriptive 
statistical analysis of the data (means, standard deviations, ranges, 
frequencies and percentages) was conducted prior to the χ2 test of 
association between categorical variables; p<0.05 was considered 
statistically significant.

Ethical approval
Ethical approval was granted by the Biomedical Research Ethics 
Committee of the University of KwaZulu-Natal (ref. no. BE032/17). 
Confidentiality was assured by password protection on all patient 
information files.

Results
Eighty-eight patients with operative bronchiectasis were identified 
over the 11-year study period (2004 - 2014). The mean age of 
the study participants was 8.2 (range 2 - 13) years. There were 
more female (n=53) than male patients in the study cohort, with 
a female:male ratio of 3:2. There were 39 HIV-positive children 
(44.3%), 39 HIV-negative children (44.3%) and in 10 cases the 
HIV status was not determined (11.3 %). Of the HIV-positive 
patients, 28 had their CD4 count assessed (71.8%), with a mean 
of 817 (range 134 - 2 034) cells/µL. Only 25 HIV-positive children 
received antiretrovirals; these were not administered to any of the 
HIV-positive children during the early part of the study, as all had 
undetected HIV viral loads. HIV viral load tests of the remaining 
untreated HIV-positive patients were not performed.

Clinical TB was the most common causative agent identified 
in the cohort (n=68; 77.2%), with 60 patients (68.1%) completing 
treatment before surgery and 8 (9.0%) receiving treatment during 
the current admission. HIV-associated recurrent opportunistic 
infections (n=39; 44.3%) were also commonly seen (Haemophilus 
influenzae, Streptococcus pneumoniae, Moraxella catarrhalis and 
Candida albicans). Foreign body inhalation and recurrent bacterial 
infection were seen in 9 (10.2%) and 7 (7.9%) patients, respectively 
(Table 1). All patients were symptomatic on presentation for surgery, 
with recurrent chest infection (n=45; 51.1%) and chronic sputum 
production (n=37; 42.0%) being the most frequent symptoms. 
Children rarely presented with haemoptysis (n=5; 5.6%) (Table 1).

The mean Hb for all enrolled patients was 11.5 (range 7.9 - 15.2) g/dL. 
The mean ESR level was 27.04 (range 8 - 152) mm/h, with 7 cases 
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Fig.  2. Post-foreign body bronchiectasis. (A) Chest radiograph showing a 
shrunken right middle lobe and right lower lobe. (B) High-resolution computed 
tomography scan showing tubular bronchiectasis of the right middle lobe and 
right lower lobe.

Table 1. Demographics, clinical characteristics, aetiology 
and indications for surgery for bronchiectasis
Variable n (%)
Demographics

Female 53 (60.2)
Clinical characteristics

Recurrent chest infection 45 (51.1)
Chronic sputum production 37 (42)
Haemoptysis 5 (5.6)
Chronic foreign body retained with chronic 
non-productive cough

1 (1.1)

Aetiology*
Tuberculosis 68 (7.2)
Foreign body 9 (10.2)
Bacteria pneumonia 7 (7.9)
HIV-associated bronchiectasis 39 (44.3)

Indications for surgery  
Recurrent chest infection 45 (55.1)
Chronic sputum production 37 (42) 
Massive haemoptysis 4 (4.5)
Recurrent minor haemoptysis 1 (1.1)
Chronic foreign body retained with chronic 
non-productive cough

1 (1.1)

*More than one diagnosis for aetiology, as tuberculosis occurred among 
HIV-infected individuals.
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having levels >100 mm/h, 43 between 30 and 100 mm/h and 30 with 
levels <30 mm/h. The mean serum albumin was 41.7 (range 27 - 50) 
g/dL, with only 2 patients having levels <30 g/dL.

All patients underwent chest radiography. Preoperative chest 
radiography showed left-sided disease in 40 (45.4%) and right-
sided disease in 28 (31.8%). The disease was unilateral in 68 
(77.2%) and bilateral in 20 (22.7%) patients. Typical features of 
advanced bronchiectasis with atelectasis (n=53; 60.2%), fibrosis 
(n=44; 49.4%) and compensatory hyperinflation (n=37; 41.6%) 
were seen. Postoperative chest radiography confirmed reduced lung 
volumes and rib crowding, without any complications.

The diagnosis of bronchiectasis was confirmed in all patients after 
an HRCT scan of the chest. Presurgical HRCT scans confirmed 
multilobar disease in 40 patients (45.4%) – 16 in the left lung, 11 in 
the right lung and 13 in both lungs. Bilobar disease was seen in 24 
patients (27.2%) – 9 in the left lung, 8 in the right lung and 7 in both 
lungs. Single-lobe disease was seen in 24 patients (27.2%), with the 
left lower lobe involved in 13 cases, 1 each in the left upper lobe and 
lingual segment, 4 in the right middle lobe, 3 in the right lower lobe 
and 2 in the right upper lobe. In total, the most common sites involved 
were the left lower lobe in 57 (64.7%), left upper lobe in 35 (39.7%) 
and right middle lobe in 36 (40.9%) (Table  2). The morphological 
appearance of the disease was described after HRCT scans in 44 
patients (50.0%), with saccular disease seen in 35 (39.7%), of whom 20 
had fibrocavitational disease, 7 (7.9%) cylindrical disease and 2 (2.2%) 
varicose disease (Table  2). Partial aerated segmental bronchiectasis 
and partial central aeration were seen in 8 and 2 patients, respectively, 
while pleural disease was seen in 8.

All patients underwent rigid bronchoscopy and bronchoalveolar 
lavage preoperatively. Bronchoscopy findings were: pus in 46 cases 

(left main bronchus (n=27; 30.6%), right main bronchus (n=24; 
27.2%), right lobe (n=10; 11.4%), left lobe (n=4; 4.5%), right upper 
lobe (n=2; 2.2%) and left upper lobe (n=2; 2.2%)), mucoid secretions 
in 14 cases (15.9%), foreign bodies in 5 (5.7%), blood in 3 (3.4%) 
and clear secretions in 19 (21.6%). The bronchoalveolar lavage 
cultures were positive for bacteria in 27 patients (30.6%) and fungi 
in 5 patients.[5.6] H. influenzae was seen in 16 patients (18.1%), 
S. pneumoniae in 8 (9.0%), C. albicans in 4 (4.5%) and Mycobacterium 
tuberculosis in 2 (2.2%), while single cases of M. catarrhalis and yeast 
(1.1%) were also observed (Table 3). All patients had good-quality 
bronchoalveolar lavage samples, with minimal epithelial cells and 
significant leucocytes.

The indication for pulmonary resection was recurrent chest 
infection in 45 patients (51.1%), chronic sputum production in 
37 (42.0%), massive haemoptysis in 4 (4.5%), recurrent minor 
haemoptysis in 1 patient (1.1%) and chronic foreign body retained 
with chronic non-productive cough in 1 (1.1%) (Table 1).

Thoracotomy was performed in all patients – 33 (37.5%) 
underwent a pneumonectomy, 30 (34.0%) a lobectomy, 13 (14.7%) 
a bilobectomy, 8 (9.0%) a lobectomy and segmentectomy, 2 bilateral 
resection and 2 completion pneumonectomy (Table  4). Seventy 
patients (79.5%) underwent a complete resection and 18 (20.4%) 
incomplete resection. Of the 35 patients in whom pneumonectomies 
were performed, the left lung (n=22) was resected more commonly 
than the right lung (n=13). Lobectomy was performed in 51 patients, 
with a single lobe in 30 (19 predominantly in the left lower lobe) and 
2 lobes in 21 patients (12 in the right middle lobe and right lower 
lobe, 8 in the left lower lobe and lingual segments, and 1 in the right 
upper lobe and right lower lobe).

In all 88 patients bronchiectasis was confirmed on histological 
examination; 84 had chronic non-active disease, 3 had active 
infection and 1 had TB. Histology confirmed fibrocavitational 
disease in 20 (22.7%), cystic or saccular disease in 15 (17.0%) and 
cylindrical tubular disease in 7 (7.9%).

Seventy-five patients were asymptomatic postoperatively, 13 had 
complications, 7 persistent pneumonia, 2 atelectasis and 1 each 
empyema and superficial wound infection (Table 4), while 2 children 
(2.2%), 1 with brain death secondary to intraoperative hypoxia 
(day 5) and 1 with sepsis (day 9), died. Seventy of the 75 asymptomatic 
patients had undergone complete resection, while 18 had residual 
disease. At 1 month postoperatively, 84 patients (95.4%) were seen; 

Table 2. Radiological determined sites and morphology of 
bronchiectasis before surgery
Variable n (%)
Affected lobe

Left lower lobe 57 (64.7)
Left upper lobe 35 (39.7)
Middle lobe 36 (40.9)
Right lower lobe 30 (34)
Lingula 28 (31.8)
Right upper lobe 23 (26.1)
Left lower lobe and lingula 8 (8.9)
Right lower and middle lobe 12 (13.6)

Lobes
Multilobar 40 (45.4)
Bilobar 24 (27.2)
Unilobar 24 (27.2)

Affected side
Left lung 40 (45.4)
Right lung 28 (31.8)
Right and left lungs 20 (22.7)
Unilateral 68 (77.2)
Bilateral 20 (22.7)

Morphology
Saccular* 35 (39.7)
Cylindrical 7 (7.9)
Varicose 2 (2.2)
Nonspecific 44 (50)

*Fibrocavitational disease, n=20.

Table 3. Pathogens isolated from bronchoalveolar lavage 
before surgery
Pathogen n (%)
Bacterial isolates

Haemophilus influenzae 16 (18.1)
Streptococcus pneumoniae 8 (9.0)
Moraxella catarrhalis 1 (1.1)
Negative 61 (69.3)
Not reported 2 (2.2)

Tuberculosis culture
Mycobacterium tuberculosis 2 (2.2)
Negative 83 (94.3)
Not reported 3 (3.4)

Fungi culture
Candida albicans 4 (4.5)
Yeast 1 (1.1)
Negative 64 (72.7)
Not tested 19 (21.3)
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9  (10.2%) with persistent residual disease (mainly HIV-infected 
children (n=7; 77.7%)). There was no difference between HIV-
positive and HIV-negative children with regard to their presentation, 
aetiology and complications of surgery. At 6-month follow-up, 46 
(52.2%) were healthy and the remainder were lost to follow-up. 

Discussion
Surgical therapy for advanced bronchiectasis appears to be beneficial 
and safe in improving quality of life. In our study, 80% of children 
underwent complete primary surgical resection. At 1-month 
postoperative follow-up, 85% were asymptomatic despite extensive 
involvement of the lungs. Our complication rate of 14.8% and 
mortality rate of 2.2% were similar to those seen in the literature 
from developed countries, where surgery has been used to remove 
all bronchiectatic tissue and preserve lung parenchyma.[4,5] Surgery 
is useful to remove localised disease not controlled by medical 
treatment, treat haemoptysis and avoid cardiorespiratory restriction.[14,15] 
Surgery in HIV-infected patients was not associated with worse 
outcomes than in non-HIV-infected patients; therefore, surgery is 
not contraindicated.

In our experience, pneumonectomy appeared to be safe, even 
though there have been reports of it being a high-risk technical 
procedure with postoperative complications.[16,17] Surgery for 
bilateral bronchiectasis was rarely performed in our cohort, but also 
produced satisfactory results.[18,19] Indications for surgery in children 
with bronchiectasis have not been clearly established. In cases of TB 
and in HIV-endemic areas, persistent lung damage after treatment 
is often an indication for surgery.[13] Irregular adherence to therapy, 
lack of follow-up and poor socioeconomic status lead to progressive 
advanced disease. Sanderson et al.[20] showed better outcomes with 
surgical than medical treatment. There are, however, no randomised 
controlled trials assessing outcomes in patients who failed medical 
treatment and consequently had surgical resection than in those who 
continued with medical treatment.[21]

In our study, the most frequent cause of bronchiectasis was 
recurrent or persistent lung infection, similar to other studies 
from developing countries, but different to the developed world, 
where CF is the dominant cause.[9,10] As CF was considered to be 
uncommon in the African population during the study period, 
routine testing for CF was not instituted. Furthermore, once a 
specific diagnosis was suggested or confirmed, other investigations, 
particularly for primary immune deficiency, were not performed. 
TB, HIV-associated opportunistic infections, lymphoid interstitial 
pneumonitis, postinfectious causes (H. influenzae, S. pneumoniae, 
S. aureus, B. pertussis measles) and foreign bodies are the common 
causes of bronchiectasis in developing countries. [11,22] We reviewed 
the limited data on viruses seen in our patients and were unable 

to detect a specific indication with regard to adenovirus. The high 
incidence of pulmonary TB (77.2%) and HIV infection (43.8%) makes 
preventive strategies for these illnesses imperative. The diseases often 
co-exist, increasing the risk for development of bronchiectasis.[6,23] 
Pulmonary TB produces bronchiectasis by bronchial obstruction 
secondary to an enlarged node or by distortion of segmental bronchi 
adjacent to a healing cavity.[24] In cases of bronchiectasis, co-infection 
with H. influenzae was most commonly a bacterial pathogen isolated 
from bronchoalveolar lavage, seen more frequently among HIV-
infected children – similar to that seen in the literature.[2,6] Unilateral 
left lung involvement, especially the basal portion of the left lower 
lobe, was the most frequent site of disease. This could be due to the 
greater difficulty of drainage of the left main bronchi for the left lung 
and gravity-dependent retention of infected secretions.[24] Similar to 
other studies and based on HRCT scans, the usual morphological 
appearance of bronchiectasis in our cohort was the saccular type 
with atelectasis.[25]

Study limitations
The main limitation of the study is that it was performed at one 
centre. There are, however, very few cardiothoracic departments in 
SA and the study unit provides all cardiothoracic surgery services 
for 3 million children in KwaZulu-Natal. The retrospective nature 
of the study is also of concern, but the standardised electronic 
record-keeping system minimised the impact findings from lost 
data. Furthermore, it is recognised that the aetiology described is 
exclusively related to operative bronchiectasis. The lack of lung 
function results and long-term follow-up makes determining the 
improvement in quality of life difficult to assess objectively.

Conclusion
Although children from developing countries present late with 
advanced-stage bronchiectasis for surgery, pulmonary resection 
appears to be associated with a low morbidity and mortality. 
Pneumonectomy, to achieve complete resection for extensive disease, 
is a safe procedure, with minimal complications. Surgery in HIV-
infected patients with bronchiectasis was not associated with worse 
outcomes than in non-HIV-infected patients and it is therefore not 
contraindicated. All bronchiectatic lobes or segments should be 
removed for optimum control of symptoms. The effective prevention 
and control of TB and HIV would be important strategies to reduce 
the burden of bronchiectasis among children in most developing 
countries, including SA.

We recommend that caregivers of children with bronchiectasis 
should be educated to report persistent symptoms early. Timely 
referral to a paediatric pulmonologist (if available) is strongly 
advised to define a specific aetiological diagnosis, institute adequate 

Table 4. Distribution of bronchiectasis and type of surgery performed (N=88) 
Distribution of disease n (%) Type of surgery n (%)
Entire side of lung 68 (77.2) Pneumonectomy 33 (37.5)

Left lung 40 (45.4) Left 20 (22.7)
Right lung 28 (31.8) Right 13 (14.7)

Residual surgical bronchiectasis 2 (2.2) Completion pneumonectomy 2 (2.2)
Lobar bronchiectasis 51 (57.9) Lobectomy 51 (57.9)

Single lobe 30 (34.0) Lobectomy 30 (34.0)
Left lower lobe (most common) 19 (21.5) Left lower lobe (most common) 19 (21.5)

Bilobar 13 (14.7) Bilobectomy 13 (14.7)
Lobar and segmental 8 (9.09) Lobectomy and segmental resection 8 (9.0)

Bilateral 20 (22.7) Bilateral resection 2 (2.2)
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appropriate treatment and arrange close follow-up. Preventive 
measures, i.e. reducing exposure to risk factors such as smoking 
or chemoprophylaxis, would help to reduce progression. Referral 
to a cardiothoracic surgeon is essential for those in whom medical 
therapy is not successful.
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