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Cocaine is a powerful central nervous system stimulant extracted from the leaves of
Erythroxylon coca, a native plant of the Andean and Amazon regions in South America.
Cocaine has multiple effects on the lungs, both acute and chronic. Effects of cocaine
to the lungs depend on the route of administration (oral, nasal, intravenous), dose size,
frequency of exposure, and presence of associated substances like heroin, talc or marijuana.
These effects include barotrauma; airway injury; asthma; pulmonary edema; pulmonary
hemorrhage; “crack lung”, eosinophilic lung disease; bronchiolitis obliterans, organized
pneumonia, interstitial lung disease; pulmonary hypertension; emphysema; both infectious
and aspiration pneumonias; and tumors. The most commonly encountered respiratory
symptoms include cough productive of dark sputum (carbonaceous material), chest pain,
dyspnea, hemoptysis, wheezing, and exacerbation of asthma.
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Introduction
Cocaine is an alkaloid found in the leaves of Erythroxylon coca,
commonly known as coca. Erythroxylon coca is a native plant of
the Andean and Amazon regions in South America. In the mid-19th
century the inhabitants of the Andes chewed the leaves to ward off
fatigue, hunger and thirst, to enhance endurance, and to promote a
sense of wellbeing. Cocaine was used as a local anesthetic in eye,
ear and throat surgery.1 Cocaine is a powerful central nervous
system stimulant and has very complex activity, both through
central and peripheral pathways. The local anesthetic properties of
cocaine derive from its ability to stabilize cell membranes and block
neuronal sodium channels. It also has potent sympathomimetic and
central nervous system stimulant effects due to interference with the
reuptake of catecholamines and serotonin thereby preventing nervous
transmission.2,3 Cocaine is sold on the street, mixed with similarlooking substances like lidocaine, talcum powder or sugar. Cocaine
is generally consumed in freebase form or smoked as “crack”. It
can be absorbed via intranasal, intravenous or vaginal routes in the
hydrochloride form or by massaging the gums in coca paste form
(prepared using solvents like kerosene and gasoline). It can be smoked
either in pipes or cigarettes.1 Cocaine hydrochloride is a heat-labile
fine white powder that can be inhaled nasally or injected intravenously
but cannot be smoked. Freebase, a lipid-soluble, heat-stable, form
that can be smoked is produced from cocaine hydrochloride. When
Cocaine hydrochloride is boiled in water and baking soda, it forms a
precipitate which is filtered or extracted with ether or alcohol into an
irregular crystal which is the freebase form. The free base form looks
like a rock thus commonly called the rock. When the rock is heated, it
makes a characteristic “crack” sound thus it is also known as crack.4–7
“Crack lung” refers to a syndrome of diffuse alveolar damage and
hemorrhagic alveolitis that occurs within 48 hours of crack cocaine
use. It is characterized by acute respiratory symptoms like shortness
of breath or cough. Crack lung is associated with diffuse alveolar
hemorrhage or occasionally eosinophilia on bronchoscopy. Diffuse
alveolar damage and hyaline membrane formation is commonly
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found in biopsy or autopsy specimens of cocaine users who present
with crack lung.8–10 In this article, we discuss the common effects
of cocaine to the lungs and emphasize on the need for a thorough
history in the diagnosis of the effects of cocaine to the lungs. Most of
the patients present with common signs and symptoms that could be
found in other medical conditions, but the key to the correct diagnosis
is in a thorough history.

Effects of cocaine on the lungs
The pulmonary effects of cocaine could be acute or chronic. Effects
of cocaine on the lungs depend on the route of administration (oral,
nasal, intravenous), dose size, frequency of exposure, and presence
of associated substances like heroin, talc or marijuana. Cocaine
causes multiple types of injury to the lungs as noted on (Table 1). The
combustion product of cocaine is relatively small in size and so can
migrate to the alveoli within a short period of time. Cocaine use causes
damage in the entire airway from the bronchus to the alveolar region
of the lung. The main symptoms that cause cocaine users to present
to the emergency rooms are cardiopulmonary symptoms. Cough,
wheezing and dyspnea are the most common complaints.11 Dark
sputum is very particular in these patients. The dark sputum is due to
massive quantities of carbon pigments which are also often found in
the bronchoalveolar lavage (BAL) of patients with a history of crack
cocaine abuse. Many addicts collect this black material and re-smoke
it with more crack. The inhalation of these impurities lead to extensive
accumulation of large amounts of intracellular (macrophages) and
extracellular carbon pigment.12 Stridors from edema of the arytenoids,
epiglottis, and vocal cords have been reported after use of free-base
cocaine.13 In many cocaine users with lung symptoms, radiologic
examination demonstrate patchy alveolar infiltrates affecting the upper
and lower lobes of both lungs.14 Fourteen to twenty five percent of
patients who present to the emergency department in urban hospitals
with non-traumatic chest pain have detectable levels of cocaine or
cocaine metabolites in the urine and 6% will have enzymatic evidence
of myocardial infarction.15,16
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Table 1 Commonly encountered lung injuries and symptoms in cocaine users
Commonly encountered lung injury

Commonly
encountered symptoms

Pneumothorax pneumopericardium, or
subcutaneous emphysema

Cough with carbonaceous
sputum

Airway damage

Chest pain

Asthma Exacerbation and Bronchospasms in
Non asthmatics

Shortness of breath

Bronchiolitis Obliterans with Organized
Pneumonia and Bronchiolitis

Hemoptysis

Pulmonary Edema

Fever

Pulmonary Emphysema

Wheezing

Hemoptysis and Pulmonary Hemorrhage
Hypersensitivity Pneumonitis and Alveolitis
Infection and Aspiration Pneumonia
Pulmonary Hypertension

Asthma exacerbation and bronchospasms in nonasthmatics
Cocaine use causes asthma exacerbation in patients with asthma.
Cocaine use, whether in the form of smoking or nasal inhalation is
well known to precipitate bronchospasm and wheezing, especially
in patients with a previous history of asthma. Smoking or inhaling
cocaine precipitates bronchospasm in both asthmatics and nonasthmatic users. In one study, cocaine was shown to precipitate
bronchospasm and thus wheezing in 32% of habitual crack users.27 In
fact, wheezing has been reported in 32% of habitual crack users during
the period of use. Smoked cocaine causes acute bronchoconstriction,
with an onset within 3 minutes of use and duration of at least 15
minutes in healthy individuals with no history of asthma. Cocaine
users have increase in airway resistance.28 Smoked cocaine base,
but not systemically administered cocaine hydrochloride, provokes
acute bronchoconstriction that is probably mediated by local airway
irritation. This could account for reports of crack-induced wheezing
even in non-asthmatic users.28 Bronchospasm caused by cocaine use
can be very severe and can progress to respiratory failure and death
especially in people who already have asthma.29,30

Bronchiolitis obliterans and organized pneumonia

Tumors

Pneumothorax,
pneumopericardium
subcutaneous emphysema
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and

The use of crack cocaine may lead to pneumothorax,
pneumomediastinum, or subcutaneous emphysema.14 These
complication are all thought to be related to barotrauma to the lungs
of crack cocaine smokers.17 Pneumothorax and pneumomediastinum
are commonly related to cocaine inhalation or smoking, in the
freebase or crack forms.2,18–22 Barotrauma is a result of coughing or
intense Valsalva’s maneuver intentionally performed to heighten the
effect of the drug. Valsalva’s maneuver leads to a sudden increase
in intrabronchial and intra-alveolar pressure with subsequent
alveolar rupture and air penetration in the pulmonary interstitium.17
The free air can dissect the peribronchial connective tissue in the
mediastinum, pericardium, pleural cavity and subcutaneous tissues,
resulting in pneumopericardiumand subcutaneous emphysema.22,23
Other mechanisms explaining the barotrauma include: deep
inhalation followed by mouth-to-mouth positive pressure applied
by an accomplice.17,24 Also, the long term injection of contaminated
substances results in inflammation and sclerosis of the veins. Once
the peripheral veins are no longer accessible because of sclerosis,
intravenous users aim at either the internal jugular vein or the
subclavian vein. This can be complicated by laceration of the lung
apex leading to Pneumothorax.25

Respiratory failure with bronchiolitis obliterans and organized
pneumonia has been reported in free base cocaine users. These
findings were documented at open lung biopsies of young crack
cocaine smokers.17,31 Lung biopsies of these patients reveal areas of
fibroblastic plugs occupying at the terminal bronchioles and alveolar
spaces. Cocaine inhalation stimulates interstitial fibrosis in the airways
and metaplastic bronchiolar epithelium. The bronchioles of cocaine
users develop thick muscles leading to a very aggressive and distinct
form of diffuse lung disease.32 Interstitial pneumonitis or interstitial
fibrosis has been reported in 38% of autopsies of patients with a
positive toxicology test for cocaine.33 Interstitial fibrosis progresses
to the development of respiratory insufficiency with a significant
mortality rate.

Pulmonary edema
Pulmonary edema has been reported in both intravenous cocaine
users and crack cocaine smoking. In fact, pulmonary edema has
been demonstrated in 77%-85% of cocaine-related deaths in autopsy
series.33,34 Pulmonary edema in cocaine users may be due to damaged
pulmonary capillary endothelium with increased permeability or
it may be cardiogenic in nature.35 Cocaine use cause myocardial
infarction, arrhythmias, congestive heart failure and endocarditis.
These may be contributing factors to the development of pulmonary
edema in cocaine users.36

Airway damage

Pulmonary emphysema

Mucosal damage is common in patients who inhale cocaine.
Habitual nasal inhalation of cocaine may cause mucosal lesions from
the nasal orifices, nasal wall, sinuses, turbinates, and palate. Lesions
to the nose and upper airways may extend to the perichondrium,
with ischemic necrosis and destruction of the septal cartilage or
lateral nasal wall.26 Chemical byproducts transported in the smoke of
freebase cocaine or intra-tracheal combustion of highly inflammable
solvents used in the production process of freebase cocaine can cause
thermal injury and consequently tracheal stenosis.

Pulmonary emphysema in cocaine users is characterized by
destruction of the alveolar wall as well as permanent enlargement
of airspaces distal to the terminal bronchioles. About 2%-4% of
intravenous drug abusers have upper lobe predominant emphysema.
These findings are typically found in young males who use intravenous
drugs.37,38 Severe bilateral upper lobes peripheral bullous changes
have been reported. Lung biopsy specimens demonstrate intra and
extravascular foreign bodies, thrombosis, and areas of inflammation
adjacent to the emphysematous bullae.39
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Hemoptysis and pulmonary hemorrhage
Within the last decade, alveolar hemorrhage has been described
as a complication of cocaine use.17,18,40–42 Hemoptysis has been
reported in 6%-26% of crack users. The use of freebase cocaine can
lead to diffuse alveolar hemorrhage with hemoptysis and massive
life threatening bleeding that may require surgery.40 Pulmonary
hemorrhage may be due to rupture of bronchial or tracheal submucosal
blood vessels, or from injury to the alveolar-capillary membrane.27,28
Bouchi J et al.43 suggested that cocaine triggers alveolar hemorrhage
by direct damage to the pulmonary vasoconstriction and alveolar
cells.43 Cocaine induced thrombocytopenia has also been suggested
as a possible mechanism of alveolar hemorrhage.17 Occult pulmonary
hemorrhage is very common in asymptomatic cocaine smokers. This
is a common finding in patients who die from an overdose of either
cocaine or heroin.8,17,44 Bailey et al.33 reviewed lung histopathology
results from 52 autopsies with positive toxicology tests for cocaine
from the medical examiner’s offices in Dallas and Austin, TX. They
found acute hemorrhage in 58% of the biopsies, chronic hemorrhage
in 40%, interstitial pneumonitis/fibrosis, 38% congestion, 88% and
intra-alveolar edema, 77%. There were no significant differences in
the changes found based on the method of use.33 Murrey et al.34 found
occult lung hemorrhage at autopsy of about 30% of people who died
suddenly from cocaine overdose.34

Hypersensitivity pneumonitis and alveolitis
Cocaine inhalation can lead to pneumonitis and interstitial
fibrosis.33 Pulmonary and peripheral eosinophilia are common
findings after inhalation of cocaine.8,17,45 Lung tissue specimens
obtained from patients with crack lung reveal both interstitial and
alveolar infiltration of eosinophils, with deposition of IgE and
alveolar hemorrhage. Acute lung injury and diffuse alveolar damage
involving all lung regions has been frequently reported.46,47 Bailey et
al.33 found pneumonitis with the thickening of alveolar sputum, and
infiltrates of neutrophils, macrophages, lymphocytes and eosinophils.
Pulmonary fibrosis was also noted with the presence of pneumocystis
hyperplasia type II.33 Bronchial alveolar lavage (BAL) of patients
with cocaine induced hypersensitivity pneumonitis usually have
pulmonary eosinophilia and up to 40% of peripheral eosinophilia.45
Eosinophilic “empyema” associated with eosinophilic pneumonitis
secondary to crack cocaine smoking has also been reported in the
setting of peripheral eosinophilia and eosinophilia in pleural fluid.48
High levels of vascular endothelial growth factor, a leak mediator that
is present in eosinophils, and increased levels of interleukins (IL-5,
-6, and -8) have been identified in the pleural fluid. These findings
suggest a potential role in the development of the effusion.48,49

Pulmonary hypertension
Pulmonary hypertension has been reported in cocaine users, but
the mechanism is still unclear. Vascular abnormalities have been
reported in the absence of foreign particle embolization in crack
cocaine users. Medial hypertrophy of both small and medium-sized
pulmonary arteries has been demonstrated in up to 20% of autopsies
of victims of cocaine-related death.34 This may be the mechanism
responsible for pulmonary hypertension. Crack cocaine users may
develop pulmonary infarction secondary to severe local vascular
spasm and in situ thrombosis.50 The vasoconstrictive effect on the
pulmonary vasculature can mimic pulmonary embolism in a crack
cocaine smoker who presents with chest pain. Intense pulmonary
artery vasospasm may provoke a misleading high-probability
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ventilation-perfusion lung scan.51 Pulmonary hypertension may also
be related to alveolar hemorrhage.52

Infectious and aspiration pneumonia
Smoking Crack cocaine damage alveolar macrophages and
thus severely limits their ability to kill bacteria and to prevent
tumor cell growth. Septic pulmonary embolism and communityacquired pneumonia are among the most common pulmonary
complications seen in intravenous drug abusers (23.5% and 19.6%
of cases, respectively.53 Cocaine users may develop altered mental
status ranging from psychosis to coma thus increasing their risk for
aspiration pneumonia.

Tumors
Cocaine smoking just like tobacco and marijuana has been found
to produce a carcinogenic effect on the bronchial epithelium. Chronic
irritation with repeated vasoconstriction and chronic inflammation from
irritants and solvents could be contributing factors.54 Histopathologic
abnormalities such as basal cell hyperplasia, stratification, increased
nuclear-cytoplasmic ratio, and squamous cell metaplasia are more
frequently found in the lungs of individuals who smoke crack cocaine.
Cocaine use appears to lead to fewer significant bronchial mucosal
alterations than marijuana or tobacco when smoked alone and does
not add to the changes associated with marijuana. When smoked
together with tobacco, however, cocaine appears to augment the
bronchial injury caused by tobacco smoking.55

Conclusion
Illicit drug use is in the rise and cocaine use is no exception.
Very few studies have been conducted on the effects of cocaine to
the lung. Based on these few reports and available studies; cocaine
has potentially devastating effects on the lungs. A thorough history is
indispensable to the diagnosis and management of cocaine induced
lung injury. Lung imaging of patients with damage due to cocaine
use are largely nonspecific. Most of the findings could also be
attributed to other causes, making a thorough history of cocaine use
the most powerful tool in the diagnosis and consequently appropriate
management.
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