
Abstract 

‘Tree-in-bud’ (TIB) appearance in computed tomography (CT)
chest is most commonly a manifestation of infection. We here
describe an unusual cause of TIB during the COVID-19 pandemic.
A young male patient who had a history of fever, cough, and respi-
ratory distress presented in the emergency department. As these
symptoms matched with coronavirus infection, the COVID-19 test
was done, which was found negative. He was then moved to the
intensive care unit where he developed severe acute respiratory
distress syndrome and was put on mechanical ventilation.

Further workup did not reveal any source of infection, as all
his cultures were negative, but his CT chest showed a tree-in-bud
appearance. After obtaining a detailed history from his friends, the
patient was found a chronic abuser of inhaled cocaine and treated
with intravenous steroids. Subsequently, he was weaned from the
ventilator and discharged from the intensive care unit after becom-
ing asymptomatic.

Introduction

The ‘tree-in-bud’ (TIB) pattern is commonly seen in multiple
respiratory disorders in computed tomography (CT) chest scans.
Recognizing this crucial radiological sign is essential for a proper
diagnosis. This pattern is shown when remote airways are clogged
with pus or fluid with peribronchial inflammation [1]. These air-
ways are well delineated by CT scanning, which gives a tree-like
pattern. A bud-like pattern can be seen when respiratory bronchi-
oles and alveolar ducts are swollen. That is why it is named ‘tree-
in-bud.’ It had initially been identified in Mycobacterial
Tuberculosis endobronchial spread. It was further recognized in
several conditions such as aspiration, atypical mycobacterial
infections, pneumonia, low-grade adenocarcinoma, immune defi-
ciencies, etc. Recognition of this CT sign’s pathophysiology and
etiology is crucial for making a proper and prompt diagnosis [1].

Here, we report a rare case of ‘tree-in-bud’ appearance in CT
chest in a patient presented during the COVID-19 pandemic and
was later diagnosed as cocaine-induced lung injury (crack lung). 

Case Report

A 25-year-old male patient presented in the emergency depart-
ment with complaints of fever, difficulty in breathing at rest, and
cough with expectoration of blood for two days. The patient was a
smoker for the past five years with no history of contact with tuber-
culous patients. On examination, the patient was irritable with res-
piratory rate 40 /min, heart rate: 130/min, BP: 155/90 mm Hg, and
oxygen saturation 90% on room air. Auscultation revealed bilateral
coarse crepitations in the middle and lower zones. Since he present-
ed at the time of COVID-19 pandemic, reverse transcription-poly-
merase chain reaction (RT-PCR) was done, which was negative.
Chest X-ray of the patient showed bilateral diffuse, opacities in the
middle and lower zone (Figure 1). Electrocardiography and 2D
echo showed a normal result.

Initial blood counts, including the differential count, coagula-
tion profile, liver function test, and renal function tests were in
normal limits. Laboratory studies showed a white blood count of
10.2 x 103 /μl with serum eosinophils 5.4 % (ref (2-8%), absolute
eosinophil count: 0.55 x 103 cells/ µl). Because of the increase in
oxygen requirement and respiratory acidosis, the patient was intu-
bated and mechanically ventilated as per lung protection strategy
(tidal volume 6 ml/kg, plateau pressure <30 cm H2O). His sputum
for acid-fast bacilli and cultures were sterile. A bronchoscopy was
performed with bronchoalveolar lavage (BAL) to investigate pos-
sible infection (mycosis, SARS-COV-2, bacteria, viruses, etc.).
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But there was no growth or any microorganism seen. All the other
cultures (blood, urine and tracheal) and microscopic investigations
were also sterile. Serial procalcitonin values were also within the
normal range. His condition was not improving even after the
administration of intravenous broad-spectrum antibiotics. Arterial
blood gas (ABG) showed a picture of severe acute respiratory dis-
tress syndrome (ARDS) with an arterial PaO2 (partial pressure of
oxygen)/FIO2 (the fraction of inspired oxygen) ratio of 80 mm Hg.
The contrast-enhanced CT of the chest revealed bilateral lower
lobe consolidation with numerous ‘tree-in-bud’ nodules (Figure 2)
in both lungs, which usually suggest active infective etiology. But
in the present case, we did not find any source of infection. On dis-
cussion with his friends, we found that the patient used to smoke
crack cocaine occasionally. He inhaled cocaine 48 h before pre-
senting to these symptoms.

Because of the crack lung, intravenous methylprednisolone 50
mg every six hourly was administered. After one day of starting
methylprednisolone, the patient’s oxygenation and respiratory aci-
dosis improved. He improved clinically, and the chest became
clear. Subsequently, the patient’s trachea was extubated on day two
after starting steroids, which was tapered gradually. At the time of
extubation, his chest X-ray was normal. After extubation, he
admitted that he had smoked crack cocaine.

Discussion

‘Tree-in-bud’ appearance in CT chest is most commonly a
manifestation of infection [2]. Miller et al. in their study on 166
cases with TIB opacities found its causes as respiratory infections
(72%) with mycobacteria (39%), bacteria (27%), viruses (3%), or
multiple organisms (4%) and aspiration (25%) [1]. But in our
patient, we found no evidence of infection. But later, he was diag-
nosed with a case of non-infective pathology of inhaled crack
cocaine.

Cocaine is an alkaloid that is naturally available and extracted
from the leaf of the Erythroxylon coca plant. It is one of the com-
monly abused drugs in the United States, with around 1.5 million
active drug users [3]. There are four forms of cocaine available:
hydrochloride salt, ‘freebase,’ crack, and ‘bazuco.’ The toxic
effects of cocaine depend on the route, dose, and frequency of
administration and particulate size [4]. Crack is the most effective
and addictive type of cocaine, and because of its euphoric effects,
smoking is the preferred method for drug users. Smoke cocaine
gets absorbed across the mucosal membranes and lungs. Nasal
insufflation of cocaine has a strong toxic impact on the lungs and
causes a wide range of complications, including interstitial pneu-
monitis, fibrosis, pulmonary hypertension, and alveolar hemor-
rhage [5]. Many patients present with pulmonary involvement, and
the differential diagnosis includes acute and chronic eosinophilic
pneumonia, Churg-Strauss granulomatosis, viral pneumonia, para-
sitic eosinophilic pneumonia, drug-induced eosinophilic pneumo-
nia [6]. Patients with cocaine-induced eosinophilic pneumonitis
may have pulmonary eosinophilia in BAL. Bronchial eosinophils
count was not reported in our case. Peripheral eosinophilia may be
present in 40% of these patients [6]. In the present case, the serum
eosinophils count was within a normal range. 

The common presenting symptoms of crack cocaine abuse are
shortness of breath, fever, and hemoptysis. All these findings are
mostly present in infective pathology. In the absence of any suspi-
cion of infection, cocaine-induced lung injury (crack lung) can be
considered as a differential diagnosis in these patients. The exact

pathogenesis of hemoptysis in crack cocaine abuse is unclear.
Current theories include vasoconstriction-mediated hypoxic alveo-
lar epithelial or capillary endothelial cell damage and direct cyto-
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Figure 1. Chest X-ray of the patient showed acute respiratory dis-
tress syndrome (bilateral diffuse, opacities in the middle and
lower zone).

Figure 2. Computed tomography of the chest in the pulmonary
window revealed centrilobular nodules with ‘tree-in-bud’
appearance.
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toxic effects of substances ingested with cocaine [7]. In the case
presented above, the differential diagnosis of the presenting com-
plaints includes aspiration pneumonia, congestive cardiac failure,
viral pneumonitis, and bacterial pneumonitis, but all these differ-
ential diagnoses have been ruled out in our case [8]. Rapid
improvement after the administration of methylprednisolone sug-
gests that steroids can be used to manage cocaine-induced lung
injury. We administered broad-spectrum antibiotics for the infec-
tion, but ARDS did not resolve. 

Conclusions 

Although the ‘tree-in-bud’ appearance in CT chest is most
commonly a diagnosis of an infective cause, it can rarely be found
in a non-infective pathology like in the present case of cocaine-
induced lung injury. One should use his clinical judgment and
obtain a detailed history to reach an exact diagnosis. If the cause is
uncertain, before confirming the diagnosis of cocaine-induced
lung injury, all the other differential diagnoses should be ruled out.

Rapid improvement following the administration of steroids,
as in this case, indicates that it can be used in the management of
cocaine-induced lung injury. 
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