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CASE REPORT

Pulmonary mucormycosis—a case series
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Abstract
Pulmonary mucormycosis (PM) is a rare disease. Literature about the surgical management of PM in India is sparse. Recently, 
there has been a surge in the number of cases of mucormycosis in association with the coronavirus disease 2019 (COVID-19) 
pandemic, igniting the interest in PM. Hence, we endeavoured to analyse our surgical experience in treating PM prior to the 
pandemic, in a tertiary care centre, to provide insight into this disease. Data of 10 adult patients with isolated PM, who under-
went surgery between the years 2009 and 2020, and maintained in our departmental database, were retrieved and analysed.
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Introduction

Mucormycosis is a rare but life-threatening opportunistic 
mycosis, which usually affects immunocompromised indi-
viduals. It is caused by broad aseptate fungi belonging to the 
subphylum Mucoromycotina, order Mucorales [1]. Recently, 
this pathogen has come under intense focus, due to its asso-
ciation with the coronavirus disease 2019 (COVID-19) pan-
demic [2]. The lung is the third most frequently involved site 
after rhino-orbito-cerebral and cutaneous involvements [3]. 
Pulmonary mucormycosis (PM) is known for its aggressive 
clinical course with a mortality rate approaching 55% with 
medical management alone [4]. A combination of prompt 
diagnosis, appropriate medical therapy and early aggres-
sive surgical intervention could reduce the mortality to 25% 
[3, 4]. The surgeries described for PM include lobectomy, 
wedge resection and pneumonectomy [4]. Only a few such 
surgically managed cases have been reported from India 

prior to the pandemic [5–9]. Now since this rare entity has 
ignited the interest of the world, we found a need to review 
our past surgical experience with PM in our tertiary care 
centre.

Description of cases

The protocols followed for pre-operative workup, antifungal 
therapy and surgical management, which were common to 
all cases, are presented below.

Pre‑operative workup

Patients with a clinical, radiological, microbiological or 
pathological suspicion of localised PM were advised sur-
gery, if they were fit for surgery. Baseline blood tests were 
done to identify comorbidities. The chest x-ray and contrast-
enhanced computed tomogram (CECT) helped to diagnose 
and characterise the lesion, and to ascertain the condition of 
the rest of the lung, which helped in deciding the possibility 
and the extent of the surgery. On CECT, PM appears as an 
intra-cavitatory mass with the reverse halo sign, also known 
as the atoll sign (Fig. 1a), which is defined as central ground 
glass opacity, surrounded by denser crescent-shaped sliver 
of pulmonary consolidation forming more than three-fourths 
of a circle or a complete ring of at least 2 mm thickness, and 
at times, with an air-fluid level (Fig. 1b). Other pathologies 
like an aspergilloma or a cavitating neoplasm can mimic 
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it radiologically (Fig. 1c, d). A microbiological study of 
the sputum was done to identify any superadded bacterial 
infection and to rule out active tuberculosis. All patients 
underwent pulmonary function test (PFT) to help decide 
the feasibility of the planned resection. Bronchoscopy was 
done to study the bronchial anatomy, intra-bronchial spread 
and any associated incidental endobronchial pathology and 
to rule out active tuberculosis (TB). Broncho-alveolar lav-
age (BAL) cultures and trans-bronchial lung biopsy (TBLB) 
were done in all patients. The pre-operative management 
included nutritional buildup, cessation of smoking, control 
of diabetes mellitus, blood transfusions if the haemoglobin 
level was less than 9 gm%, treatment of any other comor-
bidities if any, and intensive physiotherapy. Any steroid or 
immunosuppressant medication was tapered down to the 
lowest dosage possible.

Antifungal protocol

Intravenous amphotericin B was the commonly used anti-
fungal agent. It was started pre-operatively, if mucormyco-
sis was diagnosed in BAL or TBLB. During amphotericin 
B therapy, the patients were kept sufficiently hydrated and 
the renal functions were monitored twice a week. After the 
surgery, amphotericin B was continued for 2 more weeks, 
concurrently with 6 weeks of oral posaconazole. Further 
continuation of antifungals was decided by assessing clini-
cal improvement, C-reactive protein levels and radiological 
findings.

Criteria for surgical management

Only patients with PM localised to a single lobe were 
advised surgery. The surgery was expedited without any 
delay, if the PM was localised to a single lobe on diagnosis. 
Patients with extensive multi-lobar or bilateral disease were 
started on amphotericin B and were reassessed with weekly 
computed tomography (CT). If and when the disease got 
localised to a resectable level, surgery was undertaken. If the 
disease did not get localised, even after a cumulative dose of 
4 g of amphotericin, they were discharged on posaconazole 
and were advised to follow up every month to assess the 
disease with a CT. The institutional protocol for surgical 
procedure and post-operative management of lobectomy has 
been reported in our previous publication [10]. Patients were 
asked to follow up at 6 months and then at yearly intervals.

Patient details

There were a total of 10 adult patients who underwent lung 
resection for isolated PM. The average age was 44 years 
(range—20 to 56). The male to female ratio was 2.3:1. The 
right lower lobe (RLL) was most commonly involved in 4 
(40%) patients, followed by the right upper lobe in 2 (20%), 
left upper lobe in 2 (20%) and left lower and middle lobes 
in 1 (10%) patient each. Most of the patients, 6 (60%), had 
presented with intermittent haemoptysis. Other commonly 

Fig. 1  a CT of a patient with 
PM showing atoll sign (arrow). 
b Chest radiograph of the same 
patient showing right lower 
lobe lesion with air-fluid level 
(arrow). c Fungal ball with air 
crescent sign (arrow) mimicking 
an aspergilloma. d Cavitatory 
lesion (arrow) mimicking a 
malignancy. CT, computed 
tomography; PM, pulmonary 
mucormycosis
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reported symptoms were cough in 2 (20%) patients and 
fever in 2 (20%) patients. The average duration of symptoms 
was 21 months (range—1 to 120). Anaemia was the most 
common comorbidity seen in 6 (60%) patients. The other 
common comorbidities were diabetes mellitus in 5 (50%) 
patients, hypoproteinemia in 3 (30%) and chronic kidney 
disease (CKD) in 3 (30%) patients. Two patients had previ-
ous history of tuberculosis. Three (30%) patients were on 
steroids. Out of the three, one was a renal allograft recipient, 
one had CKD due to IgA nephropathy and one had pyo-
derma gangrenosum. The average duration of steroid intake 
was 3.3 months (range—2 to 6 months). The renal allograft 
recipient had received his transplant 1 month earlier and 
was also on immunosuppressive therapy with tacrolimus for 
1 month. One patient had history of prior resection of a con-
tra-lateral lobe for mucormycosis in a different centre. The 
mean haemoglobin level of the patients was 10.5 ± 2.2 g/dl. 
The average serum creatinine level was 1.23 ± 0.7 mg/dl. 
The mean serum albumin was 3.5 ± 0.6 g/dl. The average 
forced expiratory volume in the first second (FEV1) was 
2.29 l. Bronchoscopy revealed normal bronchial anatomy 
in all and an occasional minimal traction-induced distor-
tion. BAL cultures grew Rhizopus spp. (mucormycosis) 
in 4 (40%) and Klebsiella pneumonia in 2 (20%) patients. 
Other organisms encountered were Haemophilus influenza, 
Acinetobactor baumani and Morganella morgagni in one 

patient each. TBLB histopathology revealed mucormycosis 
in 4 (40%) patients. Three out of these 4 patients had grown 
fungus in their BAL cultures also. Overall, of the 5 (50%) 
patients diagnosed pre-operatively, 3 had evidence of mucor, 
both in BAL and in TBLB, and the other 2 had evidence 
either in BAL or in TBLB. Lobectomy by a thoracotomy 
was done in all the patients. The average operative time 
was 162 ± 45 min. The mean intra-operative blood loss was 
324 ± 88 ml. Post-operative tissue cultures grew Rhizopus 
spp. in 5 (50%) patients (Fig. 2a, b). In addition, one patient 
grew Mycobacterium fortitium and another grew Klebsiella 
pneumonia. Histopathology confirmed the diagnosis in all 
the patients. Tissue or angio invasion was seen in all of the 
patients (Fig. 2c, d). There were 3 (30%) post-operative com-
plications and a single (10%) in-hospital mortality. The com-
plications were prolonged air leak in 2 (20%) and empyema 
in 1 (10%) patient. The mean post-operative hospital stay 
was 9.8 days (range—5 to 30). The mean follow-up in our 
series was 2.5 years (range 1–8 years). There was one late 
death. Two patients on follow-up developed disseminated 
mucormycosis after about 1 year.

Discussion

Our series of patients is one of the largest single-cen-
tre surgical experiences from India. Epidemiologi-
cal studies from India are largely single-centre expe-
riences, and hence, the real incidence of the disease is 

Fig. 2  a Direct microscopy 
from tissue with calcoflour 
white fluorescence stain show-
ing broad aseptate hyphae 
(40 ×). b Lactophenol cot-
ton blue preparation showing 
Rhizopus sporangiophore (black 
arrow), rhizoids (red star), 
sporangium and spores (red 
arrows) (40 ×). c Photomicro-
graph displaying broad aseptate 
fungal hyphae (star) in the wall 
of a necrotic vessel, periodic 
acid-Schiff (PAS) (40 ×). d 
Photomicrograph displaying 
broad aseptate fungal hyphae 
(star) in the wall of a necrotic 
vessel, Gomori methenamine 
silver (GMS) (40 ×)
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not clearly known. The largest single-centre experience 
was from Mayo Clinic, which reported 35 cases over a 
period of 15 years, and included patients managed medi-
cally and surgically [11]. The characteristics of patients 
who required surgical management in India are largely 
unknown. Our study could provide an insight into this 
rare disease which has resurfaced in large numbers now. 
The average age of the patient (44 years) and the sex ratio 
(2.3:1) were comparable to other studies [3, 4, 12]. The 
most commonly involved lobe was the right lower lobe, 
in contrast to other diseases by fungi like aspergillus spe-
cies, which primarily involve the upper lobes [10]. This 
was because aspergillus infections or infestations often 
developed in pre-existent tubercular cavities, which are 
more common in the upper lobes [13]. The conidia (mito-
spores) of Mucorales probably preferentially settled down 
in the right lower lobe upon inhalation, since its bronchus 
is in line with the trachea and has more of zone 3 ventila-
tion, and due to the effect of gravity [14, 15]. In healthy 
individuals, these spores are eliminated by phagocytes 
in the lungs and the respiratory tract [16, 17]. Hypergly-
caemia and acidosis are known to impair chemotaxis and 
the killing activity of phagocytic cells by impairing its 
oxidative and non-oxidative mechanisms of phagocyto-
sis [16, 17]. Corticosteroids impair migration, ingestion, 
and phagolysosome fusion in human macrophages. This 
explains the high incidence of mucormycosis in diabetics 
and in patients on steroids. However, the exact molecular 
mechanism that causes attenuation of phagocytic func-
tion in patients with hyperglycaemia, ketoacidosis or ster-
oids is not well understood. In our study, 5 (50%) patients 
had diabetes mellitus and 3 (30%) patients were on ster-
oids. Anaemia was common in our cohort, which was not 
observed in other studies. This may be because of the 
long-standing haemoptysis, the higher incidence of CKD 
(30%) or the chronic disease itself. Three patients had neu-
tropenia (< 1500 cells/mm3), including one renal allograft 
recipient on immunosuppressive therapy. The reasons for 
neutropenia in the other two patients were not clear. Liter-
ature reports neutropenia as a risk factor for mucormycosis 
in patients on immunosuppressive agents or cancer chemo-
therapy [14]. Neutrophils also act in a way similar to that 
of macrophages to combat fungal invasion [18]. Classi-
cally, the duration of symptoms in mucormycosis was sup-
posed to be very short (< 6 months) [14], but our patients 
were symptomatic for an average of 21 months (range—1 
to 120). This was probably because of the association of 
PM with TB in our series in 2 (20%) patients, aspergil-
losis in 1 (10%) patient and both in another 2 (20%) of 
patients. Aspergilloma and TB have chronic courses and 
these patients might have developed superadded mucormy-
cosis only recently. If patients with aspergilloma and TB 
were excluded, the average duration of symptoms in our 

cohort was only 5 months. Haematological malignancies 
and solid organ transplants, like kidney and lung trans-
plants, are other common risk factors quoted in other stud-
ies [4, 11], but our study had only one patient who was a 
renal allograft recipient. BAL cultures and TBLB had low 
positivity (40% each) for fungus. This might be because 
of sampling error, due to delayed plating or fragmenta-
tion of the fungal elements during tissue processing for 
biopsy [19]. Rhizopus spp. were the most common fungus 
isolated both pre-operatively (40%) and post-operatively 
(50%), as in other studies [3]. Pre-operative initiation of 
antifungal agents healed areas of minor fungal involve-
ment in other parts of the lungs, localising the disease 
to the worst affected lobe with refractory disease, thus 
enabling a safe and complete resection, as demonstrated 
in one patient (Fig. 3a, b). Two patients developed acute 
kidney injury due to the amphotericin B and were man-
aged successfully with increased hydration and adjustment 
of the dose. Posaconazole, an orally broad-spectrum tria-
zole, is the only drug of this class that appears to possess 
potent activity against Mucorales. However, long-term use 
of this drug could lead to gastro-intestinal disturbances 
and cause various drug interactions. One of our operated 
patients, who had previously undergone a lingulectomy 
in a different centre for mucormycosis, presented to us 
12 months later, with right upper lobe mucormycosis. This 
patient had been treated with amphotericin B for 2 months 
and posaconazole for 6 months after the first surgery. 
This could suggest that even with appropriate antifungal 
therapy, mucormycosis is notorious for recurrence and 
dissemination. All our patients underwent a lobectomy 
to remove the entire diseased lobe. Since mucormycosis 
is invasive, it is paramount to remove the whole lobe to 
avoid leaving behind infected lung tissue and to prevent 
dissemination. Post-operative tissue biopsy was confirma-
tive in all patients while the post-operative cultures were 
positive only in 50%. Out of the 5 (50%) patients who 
received pre-operative antifungal therapy, only one patient 
grew mucormycetes in the post-operative culture. The 
single mortality was due to refractory fungal and bacte-
rial septicaemia. This patient had multiple comorbidities 
like anaemia, diabetes mellitus and pyoderma gangreno-
sum, for which she was on long-term steroid therapy. The 
post-surgical mortality of 10% and morbidity of 30% are 
higher than those for other fungal pulmonary involve-
ments like aspergilloma, since aspergillus involvement is 
infrequently invasive [10]. It was observed that if a patient 
had chronic steroid intake or hypoproteinemia as a risk 
factor, it resulted definitely (100%) in an adverse surgi-
cal outcome (post-operative complication or in-hospital 
mortality) (Table 1). This suggests that steroids have to be 
tapered to the lowest acceptable dose, and stopped if possi-
ble, prior to surgery. This might not be feasible in allograft 
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recipients. Chronic steroid intake and hypoproteinemia 
lead to poor bronchial stump, pulmonary and wound heal-
ings, resulting in complications like prolonged air leak, 
empyema and surgical site infections. Patients who had 
an acute infection (< 3 months) and lower lobar involve-
ment had a higher (80%) chance of developing an adverse 
outcome after surgery (Table 1). Aggressive disease would 
have presented early and might have poorer outcomes as 
seen in patients with shorter duration of pre-operative 
symptoms. Lower lobes were commonly involved, and 
hence, the number of complications was also higher in that 
anatomical subset. Patients with diabetes mellitus or CKD 
had a 60–70% chance of an adverse outcome (Table 1). It 
is common knowledge that poor glycaemic control in the 
peri-operative period results in poor outcomes after any 
surgery [20]. There was an unrelated late mortality, 3 years 

after surgery, due to COVID-19. The major limitation of 
our study was the inadequate follow-up.

Conclusion

PM is rare and it is life-threatening, unless aggressive 
management is undertaken. A combination of medical and 
surgical management yields best results. Diabetes mellitus 
and chronic steroid intake are the common risk factors for 
acquiring PM. Optimisation of pre-operative risk factors 
like diabetes mellitus, steroid intake and hypoproteine-
mia would improve outcomes after surgery. Increasing 
incidence of mucormycosis due to the current pandemic 
makes this study important.
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Table 1  Relationship between risk factors and surgical outcomes

Acute infection*—duration of symptoms < 3 months

Risk factor (n) Post-operative 
complications

In-
hospital 
mortality

Chronic steroid intake (3) 2 (67%) 1 (33%)
Hypoproteinemia (3) 3 (100%) 0
Acute infection* (5) 3 (60%) 1 (20%)
Lower lobe involvement (5) 3 (60%) 1 (20%)
Diabetes mellitus (5) 2 (40%) 1 (20%)
Chronic kidney disease (3) 2 (67%) 0
Associated bacterial infection (6) 2 (33%) 1 (17%)
Anaemia (6) 2 (33%) 1 (17%)
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