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Introduction

Central airway obstructive infections (CAOI) are interesting 

and problematic illnesses that have unusual clinical, 

radiological, and morphological presentations. They 

may be caused by common or rare pathogens. Individual 

immune status and comorbid conditions may allow similar 

infectious pathogens to cause disease states, which have a 
unique clinical presentation; unusual anatomic distributions, 
morphological appearances, and outcomes. To this date, 
there is no comprehensive review addressing this clinical 
entity, and the medical literature mainly consists of case 
reports and cases series, which prompted us to write this 
paper on CAOI. In this article, we focus on the central 
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airway infections causing obstruction and warranting 
bronchoscopic diagnosis and therapeutic intervention. 
The PubMed and Embase databases were searched from 
1990 to 2016 to identify case reports and case series of 
central airway infections causing obstruction. We excluded 
cases of bronchitis or tracheitis caused by common viral 
or bacterial pathogens that are usually treated medically 
without any invasive intervention. We also excluded cases 
of endobronchial tuberculosis (EBTB), as this condition is 
not uncommon and is considered outside the scope of this 
paper. We also excluded pediatric cases under the age of 18. 
A total of 337 cases of central airway infections diagnosed 
with bronchoscopy were reported, of which 237 had  
individual case reports and 100 were in case series. 
We herein provided an overview of the microbiologic, 
pathologic, radiologic, and bronchoscopic characteristics 
of infections affecting central airways. We focused on the 
bronchoscopic modalities that were used to treat CAOIs, 
such as rigid bronchoscopy, balloon bronchoplasty, 
endobronchial laser therapy, cryotherapy, and airway 
stenting. Additionally, we reported on the immune status of 
patients and management outcomes.

Epidemiology

There is no epidemiological data that specifies the 
prevalence, racial or geographical distribution, and age 
or gender predominance of CAOI. Case reports and case 
series from reviews of specific pathogens, which causes 
CAOIs indicate that the immune status of the host plays 
a crucial role. In one review by Tasci et al. on aspergillosis 
causing central airway infections, 16 out of 20 reported 
patients were on immunosuppressive therapy (1). The 
prevalence of CAOI is expected to increase as the fields of 
transplant medicine and oncology evolve and particularly 
with the rapid growth of interventional pulmonology 
(IP). Tables 1-3 outline case reports of CAOIs who have 
undergone bronchoscopic management in the last 26 years. 
Gender, age, immune status of hosts, the location of specific 
infection, bronchoscopic view, diagnostic and treatment 
modalities with outcomes are summarized.

Diagnosis

The d iagnos i s  o f  CAOI can  be  cha l lenging .  An 
understanding of a patient’s past medical history, clinical 
presentation, systemic signs of infection, radiologic and 
microbiologic evidence of infection, and bronchoscopy 

based modalities must all be assimilated. Procedural 
skil ls  may include bronchoalveolar lavage (BAL), 
bronchial washings, protected brush, endobronchial and 
transbronchial biopsy as well as macroscopic evaluation of 
lesions. Some cases of CAOI develop at the site of previous 
disease, anastomosis sites or places where previously inhaled 
foreign bodies were located. Dicpinigaitis et al. described 
actinomycosis in a patient with a history of possible chicken 
bone aspiration. Poor dental hygiene associated with a bony 
foreign body in the right bronchus intermedius (RBI) caused 
90% obstruction (43). In another case, Pornsuriyasak et al. 
described pseudomembranous tracheobronchitis caused 
by Aspergillus species (spp.) at the site of previous tracheal 
stenosis, which had been caused by previous tuberculosis 
(TB) (4). CAOI can also mimic endobronchial malignancy. 
In these cases, bronchoscopy with biopsy is indicated for 
differentiation (44,45).

Clinical presentation

There are no unique clinical symptoms that can distinguish 
CAOI from other respiratory infections or airway 
obstruction secondary to other etiology such as malignancy. 
Dyspnea, cough, fever, and hemoptysis are almost universal 
presenting signs. Hoarseness and wheezing may indicate 
large airway involvement with possible obstruction. Suresh 
et al. reported a case of endobronchial mucormycosis in 
the left mainstem bronchus (LMB) causing left vocal cord 
paresis by affecting the left recurrent laryngeal nerve (46).  
Postobstruct ive pneumonia i s  not  an uncommon 
presentation. Rare presentations can be challenging to 
diagnose, and therefore a high clinical suspicion is required. 
A cough with expectoration of fungal casts taking the form 
of the bronchial tree has been observed in fungal obstructing 
diseases (47). Hemoptysis, although a common presenting 
symptom of CAOIs, could be a result of broncholiths in the 
tracheobronchial tree (48), or vascular invasion (47).

In patients with acquired immune deficiency syndrome 
(AIDS), the respiratory symptoms may appear after 
antiretroviral therapy (ART) as a result of immune 
reconstitution syndrome. Kim et al. described a case of an 
endobronchial polypoid mass caused by Mycobacterium 
avium complex (MAC) and occluding the lingular bronchus 
lumen (49).

Microbiology

CAOIs can be caused by the full spectrum of bacterial, 
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viral, fungal and parasitic pathogens. In contrast to other 
common respiratory tract infections with highly virulent 
pathogens causes bronchitis or pneumonia, the host 
immune status in CAOIs is usually compromised, and even 
common respiratory tract colonizers or saprophytes can 
cause serious illness. Microbiological tests differ for each 
group of pathogens. In all cases, routine blood work, human 
immunodeficiency virus (HIV) status, blood and sputum 
cultures require examination. Bronchoscopic specimen 
including biopsy should be sent for histopathological 
analysis, cytology, histochemical staining and fungal/
mycobacterial stains. BAL and bronchial wash for fungal, 
bacterial, mycobacterial and viral cultures should also be 
obtained. Specific testing, which may include polymerize 
chain reaction (PCR) for viral or mycobacterial pathogens, 
may be needed if the clinical suspicion is high. 

Radiology

Chest radiography (CXR) is universal for patients 
presenting with most respiratory symptoms and is the first 
step in the radiologic workup. CXR findings are not specific 
and may be helpful if lobar atelectasis or unilateral lung 
collapses are seen and indicate main stem bronchial, lobar or 
segmental bronchi obstruction. Pulmonary infiltrates may 
be suggestive of major airway involvement depending on 
suspected pathology. Lee et al. showed that in 121 patients 
with EBTB, the CXR showed parenchymal infiltration in 
58.7% and loss of volume in 34.8% (50). In another study 
by Qingliang et al., only one out of 22 patients diagnosed 
with EBTB had a normal chest radiograph (51). 

Chest computed tomography (CT) is more informative 
to localize the abnormality and to assess the severity of 
obstruction. Chest CT findings of “tree in bud,” focal 
consolidation with “halo sign,” and many centrilobular 
small nodules may all be indirect signs of tracheobronchial 
involvement with infection. The chest CT may show 
endobronchial or tracheal mass with luminal narrowing, mural 
thickening, intramural air, and even fistula formation (52).  
Airway obstruction caused by broncholithiasis or a 
foreign body with surrounding granulation tissue, due 
to superimposed infection can be visible on chest CT 
imaging. Chest CT is more specific for endobronchial 
actinomycosis as it can show proximal obstructive calcified 
endobronchial lesions caused by actinomycosis associated 
with broncholithiasis (43,53,54). Chest CT can be a useful 
tool prior to bronchoscopic intervention as it can delineate 
the extent of disease in central airways, give information 

about the degree of obstruction, and show the presence or 
absence of fistulae (55).

Pathology

Many patients with CAOI present with the same clinical, 
radiologic and bronchoscopic findings and tissue sampling 
is routinely needed to confirm the specific diagnosis. In this 
paper, we present the CAOI cases by infectious etiology, and 
we grouped them into fungal, bacterial, viral and parasitic 
infections. Fungal infections are usually diagnosed using 
various techniques such as histopathological examination, 
silver stains, tissue cultures, Periodic Acid-Schiff (PAS), or 
mucus carmin (56-59). Bacterial and viral CAOI are usually 
diagnosed using real-time PCR, monoclonal antibodies, 
immunohistochemical staining, gram stain, Ziehl-Neelsen 
stain and other available tests (40,60). 

Bronchoscopy

The role of bronchoscopy is invaluable for the diagnosis 
of CAOI, however its role in CAOI management and 
post-treatment surveillance in not well defined. Clinical 
presentation and imaging are essential for the diagnosis 
of airway obstruction but bronchoscopy is frequently 
required to obtain specific diagnosis through direct airway 
inspection, and tissue sampling using endobronchial 
biopsy, brush, fine needle aspiration and bronchial washing 
(51,61). Immunocompromised patients may present 
with nonspecific respiratory symptoms, and routine 
bronchoscopy of these patients may help in the diagnosis of 
endobronchial disease. In the study by Calpe et al., seventy 
bronchoscopies were performed on 59 HIV patients with 
respiratory symptoms. Pulmonary TB was diagnosed in 
25 patients, six of whom were found to have EBTB (62). 
Other bronchoscopic techniques such as balloon radial 
endobronchial ultrasound (R-EBUS) can help to identify 
the extent of the endobronchial lesions, the invasion 
depth and the involvement of surrounding structures such 
as mediastinal vasculature. Using advanced diagnostic 
bronchoscopy techniques can help the proceduralist 
in planning the diagnostic as well as the therapeutic 
procedure and prevent serious complications such as 
airway perforation or life-threatening bleeding (57,63). In 
the case described by Handa et al. utilizing bronchoscopy 
with narrow band imaging (NBI) showed opaque vessels in 
bronchial subepithelium in the ulcerative lesion. The biopsy 
of that area revealed Cryptococcus neoformans (64). 
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Bronchoscopic findings in fungal CAOI

Denning et  al .  classif ied airway aspergil losis into 
four distinct types: pseudomembranous aspergillus 
tracheobronchitis (ATB), ulcerative ATB, obstructing 

and invasive ATB (65). The endobronchial appearance of 
infection can present with by wall edema, pseudomembranes, 
necrotizing pseudomembranous lesions, ulcerative lesions, 
whitish or yellowish plaques, endoluminal masses and 
vegetations (Figure 1) (57,58,66-73). Mucor and Rhizopus are 
the most commonly reported pathogens of mucormycosis. 
The endoscopic appearance most commonly seen are mucoid 
plugs, yellowish or whitish in color, endobronchial mass 
or polypoid lesions, white cheese like masses, plaques, and 
areas of necrosis (18,46,59,74-78). In patients with airway 
cryptococcal infections, the bronchoscopic appearance 
has been reported as whitish or yellowish masses, mucous 
plugs, red or white thrush-like plaques, mucosal granularity, 
white granulation tissue, elevated ulcerated lesions, and 
polypoid masses (Figure 2) (6,44,64,79-81). Endobronchial 
histoplasmosis disease is rare but submucosal grayish 
nodules, ulcers, vesicular lesions as well as masses have been 
described (82-85). Endobronchial disease with stenosis 
due to fibrosing mediastinitis has also been reported (86). 
Coccidioides immitis usually presents as a pulmonary disease, 
and endobronchial disease is rare. Two mechanisms of 
endotracheal and endobronchial disease described by Polesky 

Left

Anterior

Figure 1 Flexible and rigid bronchoscopy. (A) Arrow showing the Aspergillus pseudomembranous tracheobronchitis involving the distal 
trachea and causing severe obstruction of the right main stem (arrow); (B) severely obstructed right upper lobe; (C) balloon dilation of 
right main stem; (D) mechanical Debulking of the right main stem obstructive lesion; (E) patent right main stem at the end of the initial 
bronchoscopic intervention; (F) the right secondary silicone Y stent is shown in place. Courtesy of Dr. Harris.

Figure 2 Cryptococcal infection. Bronchoscopy showed an 
exophytic mass arising from the posterior tracheal wall just beneath 
the vocal cords (21).
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D E F
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include direct invasion of airways and erosion into the 
airways from lymph nodes, but the latter is less common (87). 
Endobronchial involvement can be seen as an obstructing 
mass, sessile nodular lesions, granular lesions, hyperemic 
patches and as cobblestoned mucosal involvement (87-89). 
Other fungal infections such Penicillium marneffei and 
Fusarium can cause endobronchial disease that may appear 
as whitish endobronchial masses, large whitish cauliflower 
necrotic lesion, large polypoid lesions, and granulomatous 
nodules (2,90-93). 

Bronchoscopic findings in bacterial CAOI

Mycobacterium TB is well known to cause endobronchial 
diseases. The incidence of EBTB has been reported to be 
from 4.1% to as high as 20% of TB patients (50,94). 

In contrast to EBTB, endobronchial disease caused by 
non-tuberculous mycobacteria (NTM) is rare. Awareness 
and early diagnosis using bronchoscopic techniques are 
important.

Most endobronchial NTM infections have been reported 
to be caused by MAC and Mycobacterium kansasii. In 
cases of MAC, the bronchoscopic appearance varies and 
can present as polypoid lesions (34,95-100), endobronchial 
masses, multiple nodular lesions (101), ulcerative lesions 
with bronchial strictures (102,103), caseating endobronchial 
lesions (104) and as white-yellow irregular mucosal lesions. 
Mycobacterium kansasii has been reported as endobronchial 
masses, sessile polypoid lesions, mass with ulcerations and 
nodular lesions (31,105-109). Actinomycosis has been reported 
in the central airways and can be associated with foreign 
body and broncholiths. The endobronchial appearance has 
been described as white and yellow exophytic masses, large 
broncholith conglomerates and even circumferential ulcerative 
lesions (43,48,110,111). Other bacterial infections, such as 
Nocardia can present with endobronchial disease and may 
present as obstructing tumor-like masses, polypoid lesions, 
white friable lesions, white ulcerative lesions and necrotic 
endobronchial masses (112-116). 

Klebsiella rhinoscleromatis has also been reported 
to cause tracheobronchial disease and were previously 
described as diffuse polypoid lesions, subglottic tracheal 
tumor—like mass, or mucosal hypertrophy depending on 
the stage of granulomatous inflammation (36,37,117,118). 

Staphylococcus aureus and epidermidis have rarely been 
reported to cause isolated central airway obstruction (CAO) 
(119-121). Corynebacterium central airway infection has 
rarely been reported. Only three cases of major airway 

infection caused by Corynebacterium spp. were described 
in the literature. They presented as mild airway erythema, 
circumferential ulcerations, pseudomembranous plaque-like 
lesions, and severe obstruction of the trachea (28,29,122).

Bronchoscopic findings in viral CAOI

Cytomegalovirus (CMV) has been reported to cause CAO. 
Naber et al. reported a case series of three patients with 
CMV central airway disease. All presented as endobronchial 
polypoid lesions (40). Imoto et al. reported CMV tracheal 
disease presenting as an exophytic mass with almost complete 
obstruction of the distal trachea (123). CMV bronchitis 
can also be seen as mucosal edema and ulcerations (124).  
Aventura reported a case of CMV endobronchial infection in 
a bilateral lung transplant patient presenting as granulation 
tissue at the site of the left main bronchus stent (39).  
Herpes simplex virus (HSV) infection localized to the 
respiratory tract and especially tracheobronchial tree is also 
not common. Both HSV I and HSV II have been reported 
to cause central airway disease. It is usually discovered 
during bronchoscopic examination done for evaluation of 
respiratory symptoms in immunocompromised patients. 
In one study by Ben-Izhak, herpetic tracheitis was found 
in three out of 56 patients who underwent tracheostomy 
after prolonged intubation (125). Endobronchial findings 
of central airway disease caused by HSV include fungating 
and endobronchial masses, polypoid lesions, mucosal 
irregularities, and ulcerations causing airway stenosis. 
Necrotic and vesicular blistering lesions have also been 
identified (60,126-132). The clinical significance of 
herpetic tracheobronchial disease is unknown as these 
patients tend to be critically ill with a high overall 
morbidity and mortality. Similar to HSV, central airway 
disease caused by varicella zoster virus (VZV) can occur in 
immunocompromised and in immunocompetent patients 
and is usually seen with varicella pneumonia. A report 
of 24 patients with varicella central airway infection by 
Inokuchi et al. showed a male predominance (19 males and 
5 females), and age range of 24 to 60 years. Two patients 
were immunocompromised and only one patient died (133).

Bronchoscopic findings in parasitic CAOI

Parasitic CAOIs are extremely rare, and there are a few 
isolated case reports. There is a lack of experience with 
parasitic CAOIs. Findings are usually incidental during 
bronchoscopy. Zhang et al. described a case of tracheal leech 
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infection. The patient underwent an evaluation for long-
standing dyspnea and hemoptysis. A 5-cm living leech was 
removed by rigid bronchoscopy. The leech was surrounded 
by granulation tissue (42). Visceral leishmaniasis with 
pulmonary involvement and endobronchial disease was 
described by Kotsifas et al. in immunocompetent patient 
who presented with a cough and hemoptysis. Bronchoscopy 
showed mucosal  polypoid lesions and biopsy was 
consistent with leishmania infection (134). A case report of 
Strongyloides stercoralis causing CAO resulted in death from 
hemoptysis. Bronchoscopy described yellowish mucosa with 
multiple nodules with partial obstruction of the airway (135).  
Lophomonas blattarum is a protozoan that causes infection 
mainly in immunocompromised hosts (136). Zeng et al. 
reported a case of Lophomonas blattarum in a patient 
with chronic obstructive pulmonary disease (COPD) who 
presented with frequent exacerbations without response 
to treatment. Lophomonas blattarum was diagnosed by 
bronchoscopy. Macroscopic diffuse swelling, congestion of 
bronchial mucosa, and purulent secretions were seen (137). 
These case reports suggest that bronchoscopy may be a 
useful diagnostic modality for the treatment of resistant 
respiratory symptoms when parasitic infection is in the 
differential diagnosis.

Management

Medical management

The treatment of CAOI depends on bronchoscopic 
findings, laboratory results, and the disease severity. 
Central airway infections have a propensity to affect the 
immunocompromised hosts. Broad-spectrum antibiotic 
coverage is usually required with antibacterial, and 
sometimes antifungal or antiviral agents. In addition 
to establishing a specific diagnosis, bronchoscopic 
interventions may be indicated to relieve airway obstructive 
symptoms. Treatment of tracheobronchial fungal diseases 
with long term antifungals (Amphotericin B and its lipid 
formulations) is most commonly used in critically ill 
patients (1). Voriconazole, posaconazole, and itraconazole 
are used when oral therapy is appropriate for long-term 
treatment. Fluconazole can be used as maintenance therapy 
for cryptococcal disease and coccidioidomycosis. 

CAOI caused by NTM is usually treated with a 
macrolide, ethambutol, and rifampicin or rifabutin. Some 
case reports describe quadruple therapy with the addition 
of amikacin (100,138,139). Actinomycosis usually responds 

to penicillin therapy. The most commonly used antibiotics 
for central airway actinomycosis are intravenous (IV) or 
oral penicillin, amoxicillin/clavulanic acid, or amoxicillin 
(43,48,54,140,141). 

The treatment of choice for nocardial disease is 
trimethoprim-sulfamethoxazole (TMP-SMX), but 
minocycline and imipenem have also been successful (142). 
HSV and VZV tracheitis and endobronchial diseases have 
been conventionally treated with acyclovir and valacyclovir 
(60,127,128,130). Endobronchial CMV infection is usually 
treated with ganciclovir (39,123,124).

Surgical management 

Surgical treatment has been commonly pursued in 
patients with mucormycosis, actinomycosis, endobronchial 
aspergillosis, and nocardial infection. Indications for surgical 
management include failed medical and bronchoscopic 
treatment, massive hemoptysis or the concern of massive 
hemoptysis after bronchoscopic intervention due to 
the angioinvasive nature of some infections, tracheal 
obstructions due to mass lesions and inability to ventilate 
the patient (7,75,110,115,129,143-149). In these latter 
cases, tracheal resection with removal of the mass and 
tracheostomy placement was necessary (150). 

Timely surgical management may be curative and should 
be considered in patients with delayed or partial response 
to medical treatment, or in patients with a high risk of life-
threatening hemoptysis. 

Bronchoscopic management

Therapeutic bronchoscopy for CAOI is not clearly 
delineated in the literature, and it is mainly found as 
scattered case reports and series. The airway management 
of CAOI is essentially similar to cases of malignant airway 
obstructions and consist of endobronchial debulking, 
balloon bronchoplasty, endobronchial laser therapy, argon 
plasma coagulation, cryotherapy and airway stent placement 
(151-153). Both flexible and rigid bronchoscopies can be 
used to treat CAOI. Other techniques such as removing 
endobronchial lesions using the grasping forceps, baskets 
and snares have been reported. 

In Tables 1-3, we present cases of CAOI that were treated 
bronchoscopically, and we described the types of infection, 
locations, bronchoscopic findings and reported outcomes of 
these patients. 
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Outcomes

The outcomes of patients who have undergone bronchoscopic 
intervention to treat CAOIs depend on multiple factors. 
These include the overall condition of patient, severity of 
symptoms, immune status, specific infection type and location 
of infection, degree of airway obstruction, and the response 
to medical treatment. Whether the type of bronchoscopy 
procedure affects outcome remains to be determined. Most 
reported deaths were in the immunocompromised patients 
with aspergillosis. Favorable outcomes were observed in 
patients with clinical and radiological improvement on follow-
up visits, improvement or resolution of bronchoscopic findings 
during follow-up repeat bronchoscopies, and improvement 
of obstruction as measured by spirometry. Tables 1-3 detail 
reported outcomes in patients who underwent bronchoscopic 
intervention for CAOI. 

Conclusions

Central airway infections causing obstruction are probably 
rare. Awareness of their existence and the possibility of 
bronchoscopic intervention for rapid relief of obstructive 
symptoms or treatment of persistent airway obstruction are 
important. This article supports the notion that bronchoscopic 
intervention for CAOI is feasible and similar to interventions 
for CAO related to other etiologies such as malignant and 
benign diseases. The literature lacks data about the safety, 
effectiveness, and outcomes of CAOI treated by bronchoscopic 
intervention compared to medical therapy alone or with 
surgical management. Given the unknown epidemiology of 
CAOI, conducting prospective studies is challenging, and it is 
currently reasonable to extrapolate data from managing CAO 
caused by noninfectious etiology to treat patients with CAOI.
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