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Abstract 
Introduction: Fungal pneumonia is a major cause of morbidity and mortality in immunocompromised patients with hematological diseases. 

This study is aimed to evaluate the feasibility and outcome of computed tomography (CT) guided lung biopsy or fine needle aspiration 

cytology (FNAC) in the diagnosis of fungal pneumonia in patients with hematological diseases.  

Methodology: Seven hundred and seventy six consecutive patients with febrile neutropenia were evaluated prospectively over the period of 

three years. Patients with suspected fungal pneumonia, based on typical CT scan findings, were considered for lung biopsy.  

Results: Of the 776 patients evaluated for fever, 235 (30.3%) showed CT scan findings consistent with fungal pneumonia. Of the 235 

patients, CT-guided lung biopsy/FNAC was recommended for 178 patients but could be performed in only 34 (19.1%) patients. Fungal 

pneumonia was proven in 15 (44%) out of 34 patients (aspergillus in 12; mucormycosis in 3 patients). Lung biopsies could not be performed 

for a number of reasons. These included thrombocytopenia,  nodules being too small, infection improving with empiric treatment and patient 

recovering clinically, and the patient being too sick to undergo intervention. The median absolute neutrophil count (ANC) of patients at the 

time of lung biopsy was 0.41x109/l in patients whose lung biopsy/FNAC showed fungal pneumonia, compared to 2.10x109/l in patients 

whose biopsy/FNAC showed necrotizing pneumonitis.  

Conclusion: CT-guided lung biopsy/FNAC can allow the definitive diagnosis of fungal pneumonia in selected patients with various 

hematological diseases and should be attempted whenever clinically indicated and radiologically feasible. 
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Introduction 
The incidence of invasive fungal infections (IFI) in 

patients with hematological diseases is increasing as a 

consequence of high-dose chemotherapy and bone 

marrow transplant procedures, and is a major cause of 

morbidity and mortality. Moreover, treatment of 

fungal infections in such immunocompromised 

patients is especially costly in resource-poor and 

developing countries. Definitive treatment can be 

guided by tissue diagnosis, thereby avoiding empirical 

treatment in all patients. Though the diagnosis is often 

difficult, an early and accurate histopathological 

diagnosis is important for initiating treatment [1-5]. 

Aspergillosis frequently manifests as invasive 

pulmonary disease, accounting for 50-60% of all cases 

[2,5]. Proof of invasive aspergillosis requires either 

histology showing hyphae from fine needle aspiration 

cytology (FNAC), a biopsy with evidence of tissue 

damage, or a positive culture from a site that is 

normally sterile; otherwise, it is considered as a 

probable or possible infection [6]. Histological 

confirmation of the type of fungal infection, whether 

aspergillus or mucor, is important because mucor does 

not respond to azoles or echinocandins. CT-guided 

percutaneous lung biopsy/FNAC can help to 

distinguish these, allowing specific diagnosis and 

treatment [1-5]. This prospective study aimed to 

evaluate the feasibility of CT-guided lung 

biopsy/FNAC and the pattern of incidence of fungal 

infection in patients with hematological diseases 

admitted to the hematology wards of the All India 

Institute of Medical Sciences.. 

 

Methodology 
This prospective study was conducted by the 

Department of Hematology in collaboration with the 

Departments of Radiology, Pathology and 

Microbiology, after approval from the ethics 
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committee of the institute. Seven hundred and seventy 

six consecutive patients with febrile neutropenia were 

evaluated prospectively over the period of three years, 

between July 2008 and August 2011. The tests 

routinely performed to evaluate febrile neutropenia 

included a complete hemogram with peripheral 

smears, liver and kidney function tests, and sputum, 

blood and urine cultures. Initial baseline chest 

radiographs were performed in all cases. Patients 

received treatment, including antibiotics and 

antifungals, per the standard of care for the 

management of febrile neutropenia in patients with 

hematological diseases. CT scans were performed as a 

part of the workup for febrile neutropenia. All CT 

scans were reviewed by a senior radiologist for 

evidence of fungal infection, which included the 

presence of nodule(s) and/or consolidations with or 

without ground glass opacities, a halo sign, and an air 

cresent sign. Inclusion criteria were 

immunocompromised patients with acute leukemia, 

lymphoma or aplastic anemia with a thoracic CT scan 

suggesting the focus of infection. Patients who were 

hemodynamically unstable and in whom platelet 

counts could not be maintained at over 50x109/l inspite 

of platelet transfusions were excluded. 

 Patients were on antibacterial and empirical 

antifungal therapy at the time of their lung biopsies. 

Written informed consent was obtained prior to the 

procedure. Platelet count, prothrombin time (PT), and 

activated partial thromboplastin time (APTT) were 

determined one day before the procedure. 

Thrombocytopenic patients received platelet 

transfusions before the procedure, at the discretion of 

the clinical team, with the aim of maintaining a 

platelet count of more than 50x109/l. CT-guided lung 

biopsy was performed by a radiologist in the CT suite. 

Decisions for patient positioning, aspiration versus 

biopsy, and the size of the needle required were made 

on a case-by-case basis by the radiologist, based on 

size and location of the lesion in the lungs. All 

procedures were performed under CT guidance using 

an 18-20 gauge coaxial biopsy needle after local 

anesthesia with 1% lidocaine. After the biopsy, 

patients were routinely observed for two hours, and 

chest radiographs were obtained to exclude 

complications, particularly pneumothorax.  

 

Statistical analysis 

The primary purpose of the study was to evaluate 

the feasibility of lung biopsy in patients with various 

haematological diseases. The secondary purposes were 

to determine the outcome in terms of yield, and to 

determine the complications related to the procedure. 

Statistical analysis included a t-test for assessing the 

difference in continuous values between the two 

groups; a chi-square test was used to assess the 

difference in categorical values between the two 

groups. A p-value < 0.05 was considered statistically 

significant.. 

 

Results 
A total of 776 patients were evaluated for fever, 

and a CT scan was used to identify evidence for 

pneumonia (Table 1). Two hundred and thirty five 

patients (30.3%) showed CT scan evidence of fungal 

pneumonia, majority of whom had or were being 

treated for acute myeloid leukemia (AML) (36.08%), 

followed by acute lymphoblastic leukemia (24.6%) 

and aplastic anemia (20.8%).  

Of the 235 patients with CT evidence of fungal 

pneumonia, CT-guided lung biopsy/FNAC was 

planned for 178 patients based on the size and location 

of the lesions, but it was feasible in only 34 (19.1%) 

patients; in 57 patients, intervention was not 

considered because nodules were too small or 

unfavorably located for a lung biopsy. Lesions located 

near major vessels, hilum, and lung fissures were 

generally avoided at the radiologist’s discretion. 

Fifteen (44.1%) out of the 34 patients who underwent 

the biopsy/FNAC were found to have fungal 

pneumonia on histopathological examination of the 

specimen. The diagnostic yield (biopsy or FNAC 

showing fungus) was found to be 10/16 (62.5%) if the 

lesions were nodules, and 5/18 (27.7%) when the 

lesions were consolidations, though the type of lesion 

was not specific for predicting the outcome (p = 0.15). 

Ten (66.6%) out of the 15 patients with fungal 

pneumonia had ground-glass opacity (GGO) on the 

CT scan (Table 2), and out of the 19 patients who had 

necrotizing pneumonitis, five had GGO (p = 0.04, chi-

square test). No significance was found when the 

delay in conducting the lung biopsy was compared 

with a positive yield (histopathological evidence of 

fungal pneumonia) versus a negative yield (biopsy 

showing necrotizing pneumonitis) (p = 0.37, t-test).  

The median absolute neutrophil count (ANC) of 

patients at the time of the lung biopsy was 0.41x109/l 

in patients whose lung biopsy/FNAC showed fungal 

pneumonia, compared to 2.10x109/l in patients whose 

biopsy/FNAC showed necrotizing pneumonitis (p  

0.001, Mann Whitney test).  

Three patients had mucormycosis; of these, two 

patients had aplastic anemia and one patient had AML.  
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Two of the patients with mucormycosis were on 

empiric therapy with voriconazole, which was 

changed to amphotericin and resulted in complete 

recovery. The third patient, a case of aplastic anemia, 

developed mucormycosis following allogeneic 

peripheral blood stem cell transplantation. In 12 

patients, Aspergillus was proven as the cause of 

pneumonia. The clinical manifestations in these 

patients varied from asymptomatic pulmonary nodules 

to large consolidations occluding major vessels. In 19 

cases, the biopsy/FNAC showed necrotizing 

pneumonia probably due to either inadequate sampling 

where the biopsy missed the affected tissue or it had 

healed by the time biopsy was performed and only 

necrotic tissue remained. The median duration of the 

delay in performing a biopsy was 8.2 days (range 0-

21), mostly because of thrombocytopenia. The most 

common complication related to CT-guided lung 

biopsy/FNAC was chest pain (11 patients). Three 

patients developed mild pneumothorax, and none 

required chest tube insertion. The reasons for not 

being able to perform interventions are listed in Table 

3. Eight patients underwent a CT scan guided FNAC, 

as lesions were too small for biopsy, and the risk of 

complications was higher. Three of these eight patients 

showed fungal pneumonia (one patient had 

mucormycosis and two patients had aspergillus 

pneumonia). 

Table 1. Distribution of patients according to hematological diseases, with suspected fungal pneumonia in each subgroup 

Diseases Number of patients Suspected fungal infection (%) 

Acute myeloid leukemia (AML) 280 101 (42.97) 

Acute lymphoblastic leukemia (ALL) 191 59 (25.10) 

Aplastic anemia (AA) 162 46 (19.57) 

Acute promyelocytic leukemia (APML) 31 8 (3.40) 

Myelodysplastic syndrome (MDS) 30 6 (2.55) 

Chronic lymphocytic leukemia (CLL) 24 6 (2.55) 

Multiple Myeloma (MM) 20 5 (2.12) 

Non Hodgkins lymphoma (NHL) 19 2 (0.85) 

Hairy cell leukemia (HCL) 11 2 (0.85) 

Idiopathic myelofibrosis (IMF) 8 0 

Total 776 235 (30.28) 

 

 

Table 2. Comparison of yield in the two groups showing nodules or consolidations on CT scan 

Biopsy results Nodules (p<0.05)* Consolidation (p<0.05)* 

Fungal pneumonia (n=15) 10 (66.6%) 5 (33.3%) 

Necrotizing pneumonitis (n=19) 6 (31.6%) 13 (68.4%) 

*chi-square test 

 

 

Table 3. Reasons for not being able to perform lung biopsy in patients with suspected fungal pneumonia 

Reasons  Number of patients (n=144) 

Thrombocytopenia not responding to platelet transfusion 75 (52.1%) 

Patient too sick to undergo intervention 24 (16.6%) 

Infection improved and patient recovered by the time CT biopsy was due 22 (15.3%) 

Coagulopathy 12 (8.3%) 

Consent not available for lung biopsy 11 (7.6%) 
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Discussion 

The incidence of IFI is increasing in patients with 

hematological diseases due to the use of high-dose 

chemotherapy and bone marrow transplant procedures 

[1,3,7]. Mortality is usually very high, particularly in 

patients with prolonged neutropenia [6,8]. The 

diagnosis is difficult in neutropenic patients because 

blood cultures are often negative and the diagnosis can 

only be characterized as probable. In these patients, a 

CT chest scan is very useful to identify probable 

pulmonary aspergillosis by detecting the presence of a 

halo sign or air crescent sign, which are characteristic 

of fungal infections [2,3]. As these patients also have 

severe thrombocytopenia, it may be necessary to wait 

for platelet counts to increase (> 50x109/l) before 

attempting invasive procedures. The Invasive Fungal 

Infection Cooperative Group of the EORTC and the 

Mycoses Study Group of the US National Institute of 

Allergy and Infectious Diseases (IFICG/MSG) require 

histopathological or cytopathological demonstration of 

hyphae with associated tissue damage, or a positive 

culture in a sample collected from a normally sterile 

site that is clinically or radiologically infected, as 

proof for invasive aspergillosis [6]. 

 The feasibility of lung biopsies and the outcome 

of such interventions in 235 patients with suspected 

fungal pneumonia was evaluated at our institute. Only 

34 (14.4%) patients could undergo the procedure. Of 

these patients, Aspergillus spp. was detected in 12 and 

mucormycosis was confirmed in 3 patients. This 

resulted in therapy change in two patients with 

mucormycosis who had been receiving voriconazole; a 

timely change to amphotericin resulted in a favourable 

outcome. Biopsies/FNACs in 19 patients did not 

reveal any pathogen. The diagnostic yield in this study 

was 44.1%. FNAC was performed in eight patients in 

whom the lesions were too small to be biopsied. 

The median duration of delay in performing the 

procedure was 8.2 days (range 1-21 days), and the 

most common reason for delay was refractory 

thrombocytopenia.  A delay in performing the lung 

biopsy did not have a significant effect on the yield 

(the result of a biopsied specimen), suggesting that 

interventions should be performed even if delayed 

because of the patient`s initial poor clinico-

hematological condition. The median ANC of patients 

in whom biopsy revealed a fungus was significantly 

lower (0.41x109/l, range 0.20-1.40x109/l) than in those 

patients whose biopsy showed necrotizing 

pneumonitis (2.10x109/l, range 0.24-4.62x109/l) (p  

0.001), suggesting that yield is increased when ANC is 

lower, and with recovery of counts, the yield may 

decrease. Neutropenia is a risk factor for fungal 

pneumonia [6], and neutrophil recovery is associated 

with recovery from fungal pneumonia [9]. In a study 

by Nosari et al. [5], despite the delay (median of 15 

days), the biopsy showed a diagnostic result in a large 

number of cases (76.4%), and allowed aspergillosis 

and mucormycosis to be discriminated. This histologic 

discrimination is very important because fungi of the 

mucorales order are usually resistant to azoles and 

echinocandins; only amphotericin B can be used for 

treatment of such cases. Unfortunately, radiologic 

signs alone are not able to discriminate between 

different fungal species [9,10]. Aspergillus is a 

common saprophyte; a positive culture from 

bronchalveolar lavage is not a proof of infection. 

Hence, the gold standard is mycologic and/or 

histologic evidence of tissue invasion. Mucormycosis 

infection is often underestimated because the clinical 

pictures of this infection and aspergillosis are similar.  

A major advantage of lung biopsy/FNAC is that it 

provides an immediate diagnosis and usually does not 

have serious adverse effects. Pneumothorax and 

pulmonary hemorrhage, however, can occur. In the 

present study, there were no major complications 

related to the lung biopsy/FNAC. Small pneumothorax 

developed in three patients (8.8%) and did not require 

chest tube insertion. Eleven patients had chest pain 

related to the procedure, which was adequately 

controlled with analgesics. None of the patients had 

any bleeding complications.  In a study by Shi et al. 

[3], the CT-guided lung biopsy was found to be an 

effective and safe method for the diagnosis of 

pulmonary fungal infection in patients with 

hematological diseases. Kallenberg et al. [4] also 

evaluated the diagnostic efficacy and safety of CT–

guided transthoracic needle biopsy retrospectively in 

patients with hematologic malignancies, which led to 

changes in antimicrobial therapy for eight of the 22 

(36.4%) patients, and was safe for patients with 

hematologic malignancies, causing minimal morbidity. 

Gupta et al. [11] also concluded that CT-guided lung 

biopsies provide a specific diagnosis in a majority of 

patients with hematologic malignancies, leading to 

therapeutic changes. With newer advances in 

diagnostic methods, various polymerase chain 

reaction-based molecular tests and antibody and 

antigen tests are being used for the diagnosis of IFI. 

The Galactomannan antigen test, which has a 90–

100% specificity and 80–100% sensitivity in 

neutropenic patients is also being increasingly used 

[1]. 
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Pneumonia remains a leading cause of death in 

immunocompromised patients with hematological 

diseases. As the lung biopsy is safe and effective in 

diagnosing the pathogen causing pneumonia, every 

attempt should be made to prove the fungal etiology in 

suspected cases [1,12]. In this prospective study, 

during follow-up of the patients who underwent lung 

biopsies, four patients with proven Aspergillus 

pneumonia died, and two deaths occurred in patients 

whose biopsies showed necrotizing pneumonitis. The 

causes of deaths were persistent neutropenia with 

sepsis in five cases, and leukemia relapse in one case. 

All three patients with mucormycosis recovered. 

Though a prospective study, the limitations of the 

present study included a small number of patients who 

could undergo biopsy, probably resulting in a low 

yield. Also, the galactomannan test was not used in 

this study 

 

Conclusion 
CT-guided lung biopsy seems to be a safe and 

effective procedure in patients with hematological 

diseases, if the coagulation parameters are normal or 

corrected prior to the procedure. Though the yield is 

less compared to the number of patients suspected of 

fungal pneumonia, it can differentiate aspergillosis 

from mucormycosis, and can guide specific therapy. A 

CT-guided biopsy should be considered, even if it has 

been delayed because of poor general condition or 

refractory thrombocytopenia.. 
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