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Abstract

Context Increasing rates of opioid abuse, particularly fenta-
nyl, may lead to more presentations of unusual effects of opi-
oid toxicity. Diffuse alveolar hemorrhage is a rare complica-
tion of fentanyl overdose.

Case Details A 45-year-old male presented in hypoxic respi-
ratory failure secondary to diffuse alveolar hemorrhage requir-
ing intubation. Comprehensive drug screening detected fenta-
nyl without exposure to cocaine. Further history upon the
patient’s recovery revealed exposure to snorted fentanyl pow-
der immediately prior to presentation.

Discussion Diffuse alveolar hemorrhage is a potential, though
rare, presentation of opioid intoxication.

Conclusions Recognition of less common complications of
opioid abuse such as diffuse alveolar hemorrhage is important
in proper management of overdoses.

This work has not previously been reported or presented.
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Introduction

Fentanyl is a synthetic opioid of the phenylpiperidine class
[1]. The analgesic effect of fentanyl occurs primarily via the
mu,-receptor, while fentanyl-induced respiratory depression
is mediated by the mu,-receptor [1]. The most common pre-
scription form, the transdermal patch, is easily manipulated to
extract active drug so that it can be consumed intravenously,
nasally, orally, or by smoking [2, 3]. Toxicity from fentanyl
includes centrally mediated respiratory depression, complica-
tions related to the method of ingestion, and infections [4].
Pulmonary hemorrhage associated with use of fentanyl and
synthetic fentanyl analogues has been reported rarely in the
literature, and the mechanism and risk factors for this presen-
tation are not known [5, 6]. The rate of fentanyl abuse rapidly
escalated in the early 2000s, and therefore, this manifestation
of fentanyl toxicity may become more common [5, 6]. We
present a novel case of diffuse alveolar hemorrhage secondary
to nasal insufflation of fentanyl powder.

Case

A 45-year-old male with coronary artery disease, gambling
addiction, and polysubstance abuse with prior use of cocaine,
anabolic steroids, and alcohol, had a witnessed that he col-
lapsed while playing video lottery terminals at a casino. Initial
vital signs taken by emergency medical services (EMS) 6 min
after loss of consciousness were pulse rate 142 bpm, pulse
oximetry 60 %, respiratory rate 6/min, temperature 36.9 °C,
and blood pressure 40/0 mmHg. Glasgow Coma Score was
3/15. EMS attempted bag mask ventilation at a respiratory rate
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of 15/min with an improvement of oxygen saturation to 72 %
and blood pressure to 218/149 mmHg. Frank blood was visu-
alized in both nares and the oropharynx. His pupils were sym-
metric, 2 mm, and non-reactive. He was cool, diaphoretic, and
mottled in his extremities. At 33 min, on-scene intubation was
performed for hypoxic respiratory failure using ketamine and
succinylcholine. Post-intubation, pulse oximetry increased to
85 on 100 % Fi02, pulse rate was 102 bpm, and blood pres-
sure was 192/107 mmHg. A bottle containing green powder
was found in the patient’s personal belongings.

Vitals signs upon arrival to the emergency department at
1 h were pulse rate 100 bpm, pulse oximetry 87 %, blood
pressure 154/90 mmHg, and GCS 3 T. Arterial blood gas
obtained in the emergency department while intubated on
100 % FiO2 showed pH 7.01, PaCO, 77 mmHg, PaO,
75 mmHg, and bicarbonate 19 mmol/L. An electrocardiogram
demonstrated long-standing, unchanged anteroseptal ST seg-
ment elevation. Complete blood count, electrolytes, and cre-
atinine were within normal range. The initial high-sensitivity
troponin was 14 ng/L, a repeat level drawn at 3 h peaked at
183 ng/L and decreased to 83 ng/L at 6 h (normal range 0—
14 ng/L). Acetaminophen and salicylates were undetectable,
and ethanol level was 10 mg/dL. Portable chest X-ray (CXR)
demonstrated bilateral infiltrates. Chest computed tomogra-
phy (CT) demonstrated diffuse ground glass opacities involv-
ing all lobes with peripheral sparing and mediastinal emphy-
sema (Fig. 1).

The patient received piperacillin-tazobactam and van-
comycin as empiric therapy for pneumosepsis and
acetylsalicylic acid and heparin for a potential acute
coronary syndrome. The patient did not receive nalox-
one. He was admitted to the intensive care unit. A
transthoracic echocardiogram obtained on day 2 of ad-
mission demonstrated normal left ventricular function
and a mildly dilated right ventricle with borderline re-
duction in right ventricular systolic function. Ongoing

Fig. 1 Computed tomography of the chest obtained on day 1 of the
patient’s admission demonstrates diffuse, bilateral ground glass
opacities and pneumomediastinum
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suction of blood via the endotracheal tube continued
past 12 h post initial presentation. Bronchoscopy was
performed on day 2 of admission. Frank blood was seen
throughout the airway, and gross blood was returned on
bronchoalveolar lavage from the right upper lobe. No
focal source or upper airway trauma was identified on
direct visualization. Autoimmune panel including anti-
glomerular basement membrane antibody, anti-
neutrophil cytoplasmic antibody, and anti-nuclear anti-
body was negative. Urinalysis did not demonstrate casts
or dysmorphic red blood cells. Gram stain and culture
of blood and bronchoalveolar lavage were negative, and
antibiotics were discontinued (Table 1).

Comprehensive urine drug screen (UDS) via gas
chromatography-mass spectrometry (GC-MS) was performed
on urine obtained on presentation to the emergency depart-
ment. Results are summarized in Table 2. Of note is that fen-
tanyl was not administered for therapeutic use at any point in
his hospitalization. GC-MS analysis of the green powder from
the patient’s belongings identified fentanyl, quetiapine, and
caffeine. In light of these results, the patient’s urine GC-MS
results were reviewed again; neither quetiapine nor caffeine
was detected.

By day 4 of admission, suction of blood via the
patient’s endotracheal tube had subsided, and his oxy-
genation had improved. He was successfully extubated.
At that time, further history was obtained. His home
medications included only venlafaxine and naproxen.
He denied cocaine use in 8§ months prior to admission.
He admitted to snorting fentanyl powder weekly for the
previous 6 months. On the day of his presentation, he
had snorted crushed green fentanyl tablets 2 to 3 h prior
to his collapse. He was gradually titrated off supplemen-
tal oxygen and was on room air prior to his discharge
on day 6. Follow-up CXR and pulmonary function tests
obtained 6 weeks post discharge were normal.

Table 1  Results of serologic testing from the case patient
Variable Reference Result
range, adults
Acetaminophen (pg/mL) 10-30 0
Ethanol (mg/dL) 0 10
Salicylates (mgdL) 15-30 0
Anti-nuclear antibody Negative Negative
Anti-neutrophil cytoplasmic antibody Negative Negative
Anti-myeloperoxidase antibody (AI) <0.1 <0.1
Anti-PR3 antibody (Al) <0.1 <0.1
Anti-glomerular antibody Negative Negative
HIV serology Negative Negative
Blood culture No growth No growth
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Table 2 Gas chromatography-mass spectrometry analysis of the pa-
tient’s urine and the green powder found in the patient’s personal
belongings

Compound Detected Administered in hospital
Urine
Caffeine No No
Cannabinoids Yes No
Cocaine No No
Fentanyl Yes No
Ketamine Yes Yes
Lidocaine Yes Yes
Midazolam Yes Yes
Norvenlafaxine Yes Home medication
Propofol Yes Yes
Quetiapine No No
Ranitidine Yes Yes
Green powder
Caffeine Yes
Cocaine No
Fentanyl Yes
Quetiapine Yes
Discussion

The case describes a patient with hypoxic respiratory failure
secondary to diffuse alveolar hemorrhage in the context of
intranasal fentanyl use. Diffuse alveolar hemorrhage is a sub-
group of pulmonary hemorrhage that originates from alveolar
capillaries and is diagnosed by bronchoscopy [7]. The differ-
ential diagnosis for diffuse alveolar hemorrhage is broad and
includes small vessel vasculitis, connective tissue disease, in-
fection, and crack cocaine abuse [7].

In our patient, diffuse alveolar hemorrhage was confirmed
on bronchoscopy. Analysis of the green powder found with
the patient was positive for fentanyl, and the patient admitted
to intranasal administration of this powder 1 to 2 h prior to his
collapse. The temporal association of the onset of symptoms
after insufflation of fentanyl, and the exclusion of other etiol-
ogies of diffuse alveolar hemorrhage, supports fentanyl as the
underlying cause of the patient’s pulmonary hemorrhage.

Pulmonary hemorrhage secondary to fentanyl overdose has
been reported sparingly in the literature. Pulmonary hemor-
rhage was reported with insufflation of butyrfentanyl, a fenta-
nyl analogue with no clinical applications, in a 16-year-old
male who presented with hypoxic respiratory failure and re-
quired intubation [8]. Autopsy of a 36-year-old male who died
from acute respiratory distress syndrome after an overdose of
intravenous fentanyl demonstrated tracheobronchial conges-
tion, non-cardiogenic pulmonary edema, and diffuse pulmo-
nary hemorrhage [9]. A Swedish case series of nine autopsies
performed in patients who had died in the context of recent

fentanyl abuse demonstrated pulmonary congestion in five
patients and hemosiderin-laden macrophages from the lung
in three patients [10]. The relationship between fentanyl con-
sumption and alveolar hemorrhage in this series is complicat-
ed by the high frequency of co-ingestants such as amphet-
amines [10]. Similarly, a Russian autopsy series of patients
who overdosed on 3-methylfentanyl, a synthetic fentanyl an-
alogue, found that nearly 60 % of patients had evidence of
pulmonary edema and 18 % had alveolar hemorrhage [11].
Diffuse alveolar hemorrhage appears to be a class effect of
opioids as it has also been reported in morphine, codeine,
and heroin poisonings [12].

The mechanism of pulmonary hemorrhage secondary to
opioid use is not known. It is independent of the route of
opioid ingestion and so is not likely to be a direct toxic effect
[13]. There may be a link between the development of
noncardiogenic pulmonary edema (NCPE) and diffuse alveo-
lar hemorrhage, as autopsies have found evidence of subclin-
ical pulmonary hemorrhage in the lungs of patients who died
from NCPE due to opioid toxicity without overt hemoptysis
[9, 14]. It is possible that diffuse alveolar hemorrhage is a
manifestation of severe endothelial dysfunction that is more
commonly associated with NCPE in opioid toxicity.

Pulmonary hemorrhage is commonly reported with co-
caine and crack cocaine abuse, with up to 5.7 % of abusers
reporting hemoptysis associated with use [15]. Evidence of
acute and chronic diffuse alveolar hemorrhage was found in
over half of patients who died of cocaine overdose in one
autopsy series, including cases where pulmonary hemorrhage
was not clinically apparent [14, 15]. Diffuse alveolar hemor-
rhage was found in the absence of pulmonary infarction, sug-
gesting that infarction-reperfusion injury is not the primary
mechanism [14, 15]. Studies have implicated anoxic endothe-
lial dysfunction and alveolar-capillary membrane injury as
potential mechanisms [16]. In our patient, the result of the
urine comprehensive drug analysis by GC-MS was negative
for cocaine, implying a lack of exposure to cocaine for several
days prior to his loss of consciousness.

Factors which limit our ability to definitively identify
fentanyl as the causative agent of the case patient’s alve-
olar hemorrhage include the detection of caffeine and
quetiapine in the powder that the patient snorted prior to
presentation. It is possible that the patient’s presentation
could be explained by one of these substances. However,
neither substance has been previously linked to pulmonary
hemorrhage in the literature and was identified within the
patient’s urine GC-MS, suggesting that they were not sub-
stantially absorbed. These substances may have been pres-
ent in the patient’s urine in amounts below the detection
limit of our institution’s GC-MS method. In addition, it is
possible that an additional adulterant may have been pres-
ent in the green tablets that was not identified by the GC-
MS analysis and may have been responsible for the
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patient’s diffuse alveolar hemorrhage. The GC-MS method
used at our institution cannot make quantitative determina-
tion about the amount of substance within a particular
sample.

Rates of opioid abuse increased rapidly worldwide from
the early 1990s, followed by a recent plateau beginning in
2013 coinciding with a reduction in opioid prescription avail-
ability [5, 6]. More than three quarters of pharmaceutical over-
doses in 2010 in the USA were attributed to opioids [5].
Opioid-related mortality in Ontario, Canada, doubled from
1991 to 2007 with a concurrent fivefold increase in fentanyl
prescription rates [5]. The most commonly available formula-
tion of fentanyl is transdermal patches intended for patients
with chronic pain [3]. Extraction of fentanyl from transdermal
patches for intravenous, oral, inhaled, or insufflated use is
commonly reported by abusers [2, 3]. Non-pharmacologic
grade fentanyl powder has been illegally synthesized and dis-
tributed in eastern Europe during a recent epidemic of fentanyl
abuse [2].

A 20-fold increase in deaths and overdoses related to
the use of illegally synthesized fentanyl tablets from an
unknown source has been reported in Alberta, Canada,
where the patient lives and presented, in the recent year
[17, 18]. The Canadian Center on Substance Abuse
(CSA) and the Calgary Police Service believe that fen-
tanyl powder is being produced illegally overseas, most
likely in China, and smuggled into western Canada. A
portion of the fentanyl powder is incorporated into other
street drugs such as heroin, while some is dyed green
and pressed into tablets by organized-crime groups in
Canada and sold as OxyContin. These pills are known
as “greenies” or “green beans” [18]. This description of
non-pharmacologically produced fentanyl tablets is com-
patible with the substance found in the patient’s belong-
ings. Physicians must be familiar with the potential
manifestations and complications of opioid toxicity as
abuse rates are at epidemic proportions and methods
of use have expanded.

Conclusion

Opioid toxicity leading to respiratory failure is commonly
associated with central nervous system mediated respiratory
depression and classically with non-cardiogenic pulmonary
edema. Diffuse pulmonary hemorrhage has rarely been report-
ed with opioid overdose and to the best of our knowledge,
only once before with fentanyl. Recognition of this complica-
tion is important in light of the ongoing fentanyl abuse
epidemic.
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