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1  |  INTRODUC TION

Chronic pulmonary aspergillosis (CPA) is an heterogonous, debili-
tating and slowly progressive lung infection that commonly compli-
cates chronic cavitary lung disease, notably pulmonary tuberculosis 
(PTB).1 CPA complicates over 1.2 million cases of PTB, with a 15% 

annual mortality rate.2 However, the true burden of CPA in Africa, a 
continent with a high burden of PTB, is unknown. Findings from two 
epidemiological studies from Africa suggest a prevalence of PTB-
associated CPA to range between 8.7% and 13.7%.3,4 Therefore, 
PTB may be the most important driver of the burden of CPA in 
Africa.
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Abstract
Chronic pulmonary aspergillosis (CPA) is an emerging fungal infectious disease of pub-
lic health importance. We conducted a systematic review of studies reporting the 
outcomes of patients with CPA managed surgically in Africa. A search of Medline, 
Embase, Web of Science, Google Scholar and African Journals Online was conducted 
to identify studies indexed from inception to June 2021 that examined surgical man-
agement of CPA in Africa. All articles that presented primary data, including case re-
ports and case series, were included. We excluded review articles. A total of 891 
cases (557 males (62.5%), mean age 39.3  years) extracted from 27 eligible studies 
published between 1976 and 2020 from 11 African countries were included. Morocco 
(524, 59%) and Senegal (99, 11%) contributed the majority of cases. Active or previ-
ous pulmonary tuberculosis was reported in 677 (76.0%) cases. Haemoptysis was re-
ported in 682 (76.5%) cases. Lobectomy (either unilateral or bilateral, n = 493, 55.3%), 
pneumonectomy (n = 154, 17.3%) and segmentectomy (n = 117, 13.1%) were the most 
frequently performed surgical procedures. Thirty (4.9%) cases from South Africa re-
ceived bronchial artery embolisation. Empyema (n = 59, 27.4%), significant haemor-
rhage (n = 38, 173.7%), incomplete lung expansion (n = 26, 12.1%) and prolonged air 
leak (n = 24, 11.2%) were the most frequent complications. Overall, 45 (5.1%) patients 
died. The causes of death included respiratory failure (n = 14), bacterial superinfec-
tion/sepsis (n = 10), severe haemorrhage (n = 5), cardiopulmonary arrest (n = 3) and 
complications of chronic obstructive pulmonary disease (n = 3). The cause of death 
was either unknown or unspecified in 9 cases. We conclude that surgical treatment 
had very low mortality rates and maybe considered as first-line management option 
in centres with experience and expertise in Africa.

K E Y W O R D S
Africa, pulmonary aspergilloma, surgical management

www.wileyonlinelibrary.com/journal/myc
mailto:﻿
https://orcid.org/0000-0003-4515-8517
https://orcid.org/0000-0002-5270-3539
mailto:drbongomin@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fmyc.13359&domain=pdf&date_stamp=2021-08-15


2  |    BONGOMIN et al.

The radiological phenotypes of CPA include 1) Aspergillus 
nodule—characterised by a single or multiple nodules which are 
often found incidentally on chest imaging for other indications, 
2) simple aspergilloma, previously termed “surgical aspergilloma”, 
describes a single, well-circumscribed cavity with a fungal ball (as-
pergilloma), 3) chronic cavitary pulmonary aspergillosis (CCPA) is 
characterised by expansion of existing and creation of new cav-
ities with or without an aspergilloma, and 4) chronic fibrosing 
pulmonary aspergillosis (CFPA) which is a late-stage disease and 
often a complication of CCPA with extensive pleuro-parenchymal 
fibrosis.1

Much as a majority of patients with CPA are managed medically 
with long-term antifungal therapy, surgical management is indicated 
for patients with Aspergillus nodules and in those with simple asper-
gilloma with curative intent.5-7 Patients with CCPA or CFPA with life-
threatening haemoptysis and those who fail medical treatment due 
to intolerance or multi-class antifungal resistance may also benefit 
from surgical interventions.5,7

In the past few decades, several case reports and case series 
on surgical management of CPA in Africa have been published.8-14 
Given the limited access to and availability of essential antifungal 
agents for the management of CPA in Africa, it is important that 
outcomes of surgically managed CPA patients are evaluated to in-
form clinicians on the surgical management of CPA and outcomes 
in Africa. In this study, therefore, we sought to systematically re-
view and summarise outcomes of all published cases of CPA man-
aged surgically in Africa.

2  |  METHODS

2.1  |  Study design

This study was performed according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) statement.15 
We registered the protocol on PROSPERO (CRD42021238648) as 
part of a large systematic review to evaluate underlying risk factors 
and comorbidities in patients with CPA.

2.2  |  Data sources and search strategy

Using the following Medical Subject Headings (MeSH) terms: 
“chronic pulmonary aspergillosis,” “CPA,” “simple aspergilloma,” “pul-
monary aspergilloma,” “lung aspergilloma,” “pulmonary mycetoma,” 
“lung mycetoma,” “simple aspergilloma,” “complex aspergilloma,” 
and “Africa”, we searched all studies published from inception to 
June 2021 in Embase, Medline, Google Scholar and African Journals 
Online databases. In addition, manual literature search of all the 
references of the included articles was performed to find relevant 
studies. The search was limited to human studies, and no language 
restriction was applied.

2.3  |  Inclusion and exclusion criteria

We included all primary data from cross-sectional studies, cohort 
studies, case-control studies, retrospective studies, single case re-
ports and case series. Review articles were excluded.

2.4  |  Data extraction

The studies found through databases that were duplicates were 
removed using the Healthcare Database Advanced Search (HDAS) 
programme (National Institute of Clinical Excellence). Records 
were initially screened by title and abstract by two independ-
ent reviewers (R. O and F.B) to exclude those not related to the 
current study. The full text of potentially eligible records was re-
trieved and examined. Any discrepancies were resolved by con-
sensus by RK and JBB.

We extracted data on study location (country), study period, 
clinical presentation, demographics, surgical procedure, underlying 
conditions, outcomes and follow-up. We used Excel spreadsheet to 
summarise the extracted data. In reports where patients had both 
medical and surgical interventions presented, only details of patients 
managed surgically were extracted.

2.5  |  Risk of bias assessment

With regard to risk of bias assessment, we did not judge the study 
quality given the number of case reports and small case series.

3  |  RESULTS

3.1  |  Study selection

The database search retrieved 376 citations. We then removed 
duplicates and remained with 108 citations from which relevant 
studies were selected for the review. Their potential relevance was 
examined using a title and abstract screening to remove studies that 
were clearly not related to the topic. Sixty-one citations were ex-
cluded as irrelevant to the subject. The full papers of the remaining 
48 citations were assessed to select those that included data about 
the surgical management of CPA in Africa. These criteria excluded 
21studies and left 27 studies that were included in the final analysis 
(Figure 1).

3.2  |  Characteristics of studies reviewed

A summary of all the 27 eligible studies published between 1976 and 
2020 from 11 countries that were included in the systematic review 
is provided in Table 1. Of these, seven studies (25.9%) were from 
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South Africa, five (18.5%) from Morocco, four (14.8%) from Senegal, 
with Cameroon, Ethiopia and Nigeria having two studies each (7.7%). 
The study designs were retrospective in 16 studies (59.3%) and pro-
spective cohort in 5 studies (18.5%) with the rest being case series 
(n = 4, 14.8%) or case reports (n = 2, 7.4%).

3.3  |  Clinical features of cases of CPA managed 
surgically in Africa

A total of 891 cases of CPA were managed surgically in Africa be-
tween 1976 and 2019. Most of the patients were male (n  =  557, 
62.5%), and the mean age was 39.3  years. The distribution of the 
total number of cases of CPA managed surgically in Africa is shown 
in Figure 2. Notably, 434 (54%) and 99 (12%) of the total cases were 
from Morocco and Senegal, respectively.

The main presenting complaint was haemoptysis that was either 
severe or recurrent in 682 cases (76.5%), Figure 2. Cough without 
haemoptysis (20.0%), difficulty in breathing (14.7%) and chest pain 
(13.1%) were also frequent (Figure 3). The documented underlying 
comorbidities/risk factors were active or healed PTB in 677 patients 
(76.0%), cigarette smoking (n = 57, 6.4%), diabetes mellitus (n = 18, 
2.0%), bronchiectasis (n  =  47, 5.3%), human immunodeficiency 
virus infection (n = 8, 0.9%), chronic obstructive pulmonary disease 

(COPD) (n = 4, 0.4%), lung abscess (n = 9, 1.0%), air cyst (n = 4, 0.4%) 
and pyopneumothorax (n = 2, 0.2%). Malignancy and pulmonary fi-
brosis were documented in one patient (0.1%) each.

The diagnosis of CPA was made either radiologically in 27 studies 
(100%) and/or histopathological (n = 10, 37.0%) and/or microbiolog-
ically/serologically (n = 7, 25.9%)

3.4  |  Surgical procedures performed for CPA cases 
in Africa

Lobectomy (either unilateral or bilateral, n = 493, 55.3%), pneumo-
nectomy (n = 154, 17.3%) and segmentectomy (n = 117, 13.1%) were 
the most frequently performed surgical procedures. All bronchial 
artery embolisation (BAE) procedures (30, 4.9%) were performed 
in studies from South Africa alone. Other modalities performed 
included wedge resection, cavernostomy, decortication, endobron-
chial valve placement and thoracoplasty, either as a single procedure 
or combined depending on the patients’ condition (Table 2).

3.5  |  Outcomes of CPA cases surgically managed 
in Africa

A total of 215 complications were reported. Empyema (n  =  59, 
27.4%), significant haemorrhage (n = 38, 173.7%), incomplete lung 
expansion (n  =  26, 12.1%) and prolonged air leak (n  =  24, 11.2%) 
were the most frequent complications. Other infectious complica-
tions reported included pneumonia, suppuration and wound in-
fections. Rare complications that were observed included wound 
dehiscence, bronchopleural fistula, chylothorax, haemothorax, pro-
fuse pleurisy, pulmonary effusion and acute lung oedema (Table 2).

Overall, 45 (5.1%) patients died during or following surgery. The 
causes of death included respiratory failure (n = 14), bacterial super-
infection/sepsis (n = 10), severe haemorrhage (n = 5), cardiopulmo-
nary arrest (n = 3) and complications of COPD (n = 3). The cause of 
death was either unknown or unspecified in 9 cases. On follow-up, 
haemostasis was reportedly achieved in most of the patients. 
Recurrence of haemoptysis was reported in 4 patients in Morocco16 
and a high but unspecified rate of recurrence in patients who un-
derwent BAE in South Africa.17 Significant recovery was achieved in 
the rest of the other studies during medium-term follow-up of up to 
four years.11,12,16

4  |  DISCUSSION

The frequency of CPA in Africa is increasing, mainly secondary 
to active or healed PTB and mostly reported in case reports or 
series.37 Oral itraconazole (400mg daily for at least 6 months) is 
the first-line therapy. However, a comprehensive management 
approach requires a combination of close monitoring, as well 
as medical (usually oral antifungals), radiological and surgical 

F I G U R E  1  Distribution of chronic pulmonary aspergillosis cases 
managed surgically in Africa. (Grey—no data available)
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interventions. Gerstl and colleagues reported the first success-
ful surgical management of CPA in a 33-year-old housewife who 
presented with recurrent haemoptysis at the Uncas-on-Thames 

Sanatorium, Norwich, Connecticut on 3 November 1943.38 Since 
then, several cases series and large studies have been published on 
the surgical management of CPA.5,9,10,39-41 In this study, reviewing 

F I G U R E  2  Presenting complaints 
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891 cases of CPA managed surgically in Africa, post-operative 
mortality rate was about 5%. However, long-term follow-up data 
are generally lacking. Nevertheless, this is the largest review of 
cases of CPA managed surgically in the literature.

Data from a global centre of excellence for the management of 
CPA suggest that about 5% of patients with CPA, especially those 
with simple aspergilloma require a surgical intervention for defini-
tive management of CPA, obviating the need for long-term antifun-
gal treatment.42 About half of patients who fail antifungal therapy 
may also require surgical interventions.5 In a cross-sectional study by 
Oladele and colleagues in Nigeria, 77.8% (14 of 18) of patients who 
had CPA had aspergilloma.4 Meanwhile in Uganda, a community-
based study by Page and colleagues showed that 15 (3.8%) of the 
398 patients with healed tuberculosis had a fungal ball.3 In this 
study, 9 (64.3%) of the 14 patients with a confirmed diagnosis of CPA 
had a fungal ball. Therefore, aspergilloma is a common presentation 
of CPA in African populations.

CPA presents with prominent respiratory and systemic symp-
toms, including chronic productive cough, haemoptysis, chest pain 
and weight loss.1 Haemoptysis is a life-threatening symptom, re-
sulting from rupture of bronchial vessels due to enlarging cavities 

or oscillating aspergillomas. In the current study, over two-third 
of patients presented with haemoptysis which were recurrent or 
massive in most instances. Therefore, most patients with CPA in 
Africa, a continent with limited access to essential antifungals, 
may benefit from surgical interventions as first-line management 
option. Haemoptysis and chronic productive cough are very im-
portant features of CPA. In fact, among a cohort of patients with 
CPA in Uganda, the combination of raised Aspergillus-specific IgG, 
chronic cough or haemoptysis and chest radiography cavitation 
had sensitivity and specificity of 85.7% and 99.6%, respectively, 
for the diagnosis of CPA.3

In the present study, 3.4% of the patients benefited from BAE. 
This rate is comparable to a previous report among CPA patients 
in the United Kingdom where 4.4% of patients with CPA required 
BAE.42 In the UK study, 22% (2 of 9) patients who had BAE also re-
quired surgery for uncontrolled haemoptysis. Therefore, BAE alone 
may be inadequate in the management of torrential bronchial hae-
moptysis. BAE is indicated in CPA patients with haemoptysis who 
are not suitable for surgery.43 Particularly, those with poor lung 
functions or unfit for surgery.

From the current study, the most commonly performed surgical 
procedures were lobectomy (in 55.3% of cases), pneumonectomy 
(17.3%) and segmentectomy (13.1%). Our findings are consistent 
with experience reported by Farid and colleagues (2013)7 at the 
National Aspergillosis Centre (NAC), Manchester, UK. The proce-
dures included lobectomy (50%), pneumonectomy (10%), sublobar 
resection (27%), decortication (7%), segmentectomy (3%), thoraco-
plasty (3%), bullectomy and pleurectomy (3%), and lung transplan-
tation (6%) for associated disease. In the same centre (NAC), a 
follow-up study by Setianingrum and colleagues (2020),5 the most 
commonly performed surgical procedures were lobectomy (64%), 
wedge resection (28%), segmentectomy (4.9%), pneumonectomy 
(4.9%) and decortication (3.3%).

Post-operative complications are common following surgical 
resections of CPA.7 The main complications include prolonged air 
leak, respiratory failure and infectious complications.7 Relapse of 
CPA occurs in 25%–40% of patients following surgical interven-
tions.5,7 Compared to patients with simple aspergilloma, those with 
complex aspergilloma (CCPA) have higher rates of post-operative 
recurrence—in one study, this was 75%.7 Peri-operative antifungal 
therapy with agents such as amphotericin B and the oral triazoles 
and pleural decontamination with taurolidine 2% during surgery sig-
nificantly reduces post-operative complications and relapse.5,7

5  |  CONCLUSIONS

We report the first comprehensive review of CPA cases managed 
surgically in Africa. In the selected studies, surgical treatment had 
excellent outcomes with very low mortality rates. Post-operative 
complications were observed in 17% of the patients. Therefore, 
surgical management may be considered as first-line management 
option for CPA patients in Africa in centres with experience and 

TA B L E  2  Surgical procedures performed in patients with 
aspergilloma and complications

Surgical procedure* (N = 891) Frequency %

Lobectomy 493 55.3

Pneumonectomy 154 17.3

Segmentectomy 117 13.1

Wedge resection 78 8.8

Bronchial artery embolisation 30 3.4

Cavernostomy 27 3.0

Thoracoplasty 4 0.4

Decortication 1 0.1

Endobronchial valves 1 0.1

Complications (N = 215)

Empyema 59 27.4

Bleeding 38 17.7

Incomplete lung expansion 26 12.1

Prolonged air leak 24 11.2

Pneumonia 18 8.4

Wound infection 16 7.4

Respiratory failure 11 5.1

Suppuration 8 3.7

Bronchial fistula 7 3.3

Pleural effusion 3 1.4

Profuse pleurisy 3 1.4

Haemothorax 1 0.5

Acute lung oedema 1 0.5

*Patients were treated with either a single or a combination of multiple 
surgical procedures.
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expertise. However, combining both surgical and antifungal treat-
ment may further improve treatment outcomes/ success.
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