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SUMMARY
A man in his late 40s with no known past medical 
history was unresponsive for an unknown period of 
time. Crushed pills and white residue were found on 
a nearby table. On presentation he was obtunded and 
unresponsive to verbal commands but withdrawing 
to painful stimuli. The initial urine drug screen was 
negative, but a urine fentanyl screen was subsequently 
positive with a level of 137.3 ng/mL. MRI of the brain 
showed reduced diffusivity and fluid attenuated 
inversion recovery (FLAIR) hyperintensity symmetrically 
in the bilateral supratentorial white matter, cerebellum 
and globus pallidus. Alternative diagnoses such as 
infection were considered, but ultimately the history 
and workup led to a diagnosis of fentanyl- induced 
leukoencephalopathy. Three days after admission the 
patient became able to track, respond to voice and 
follow basic one- step commands. The patient does not 
recall the mechanism of inhalation. While there are case 
reports of heroin- induced leukoencephalopathy following 
inhaled heroin use and many routes of fentanyl, this is 
the first reported case of a similar phenomenon due to 
fentanyl inhalation.

BACKGROUND
Toxic leukoencephalopathy (TLE) is an acute or 
chronic neurologic syndrome due to exposure to 
insults or toxins, resulting in damage to the cerebral 
white matter.1 The broader term ‘leukoencephalop-
athy’ refers to disorders of the white matter of the 
brain. The diagnosis of TLE involves clinical symp-
toms of white matter dysfunction that correlate 
with neuroradiologic white matter abnormalities. 
MRI is the preferred diagnostic modality as it offers 
better depiction of the brain parenchyma than 
CT. Characteristically, T2- weighted and diffusion- 
weighted imaging findings show diffusely increased 
signal intensities within the white matter.2 In 
patients with extensive toxin exposure, the amount 
of radiographic involvement is variable.

An extensive and diverse variety of signs and 
symptoms have been described. The most obvious 
clinical manifestations are neurological and 
behavioural changes, ranging from a mild confusion 
to stupor, coma and death.1

There have been numerous insults and toxins 
identified including chemotherapeutic agents such 
as carmustine and methotrexate, immunosup-
pressive drugs such as ciclosporin and tacrolimus, 
environmental toxins such as carbon monoxide, 
and drugs of misuse such as alcohol, cocaine 
and heroin.3 Glue, toluene and other volatile 

compounds that are inhaled have been reported to 
cause TLE.4–6

Prognosis and recovery generally depend on 
the degree of white matter injury; some patients 
recover fully while others may experience progres-
sive decline.7 The mechanism of TLE is unclear but 
there are several proposals including endothelial 
injury, myelin sheath degradation or a combination 
of the two.1

In the context of this case with crushed pills and 
white residue reported, heroin- induced leukoen-
cephalopathy also known as ‘chasing the dragon’ 
was considered. The inhalation of heroin vapours 
can lead to TLE.8 9 It is thought that the vapours 
lead to vacuolar degeneration of deep white matter. 
Numerous cases have been reported in the litera-
ture.10 This is the first case report known to docu-
ment TLE secondary to fentanyl inhalation.

CASE PRESENTATION
A previously healthy man in his late 40s with no 
significant past medical history was found unre-
sponsive for an unknown period of time in his hotel 
room while attending a work conference. Uniden-
tified crushed pills and a white residue were found 
on the table of his hotel room. The white powder 
was visible around his mouth. His only reported 
medications were sildenafil and vitamin D. On 
initial assessment his Glasgow Coma Scale was 10, 
he had dried vomitus around his mouth and scant 
red blood on his lips, but was protecting his airway. 
Emergency Medical Services administered naloxone 
without effect.

On hospital arrival, the patient was afebrile 
(36.7°C) with blood pressure 116/93 mmHg, 
heart rate 99 bpm, respiratory rate 38/min, with 
an oxygen saturation of 93% on a non- rebreather 
mask (15–20 L/min oxygen flow rate). Physical 
examination revealed scant dried blood on lips but 
no evidence of blood in the oral cavity. Pulmonary 
examination showed tachypnoea without signs of 
increased work of breathing and clear lung sounds. 
Neurologically, the patient’s level of consciousness 
was obtunded. He was non- verbal, not answering 
orientation questions and not following commands. 
Pupils were 4–5 mm bilaterally and reactive to light 
and there was no blink to threat bilaterally (CN 
II). His gaze was conjugate, oculocephalic reflex 
intact, and bilateral corneal reflexes intact (CN III, 
IV, VI). His face appeared symmetrical. He with-
drew to pain in the bilateral lower extremities but 
not the upper extremities. He had diffusely brisk 
reflexes and increased tone in the bilateral upper 
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extremities. He resisted manual manipulation of the bilateral 
upper extremities and briefly raised both arms antigravity. The 
bilateral lower extremities were withdrawn briskly to light touch. 
Babinski reflex was absent bilaterally as the great toes showed no 
movement. Sensation, coordination and gait were deferred as 
the patient was not following commands.

INVESTIGATIONS
CT head without contrast showed symmetrical hypodensities in 
the posterior bilateral cerebellar hemispheres, bilateral globus 
pallidus and questionably in the pons (figure 1), and toxic or 
metabolic injury were provided as the most likely diagnoses. 
A chest radiograph showed diffuse bilateral patchy bi- basilar 
ground glass opacities. Bedside point- of- care ultrasound showed 
no pericardial effusion, normal left ventricular function, no 
mitral or aortic insufficiency and the inferior vena cava was non- 
distended with appropriate inspiratory collapse. An ECG showed 
sinus tachycardia, left anterior fascicular block and prolonged 
QT interval (QTc 524 ms). Select admission laboratory results 
are shown in table 1. A respiratory viral panel (COVID- 19, 
influenza A/B, RSV) was negative. Urine microscopy showed 
one white cell and two red cells with no bacteria, and a standard 
urine drug screen (amphetamine, barbiturates, benzodiazepines, 
cocaine, opiates, cannabinoids, methadone, oxycodone) was 
negative as were serum acetaminophen, ethanol and salicylate 
levels. Urine fentanyl (a separate non- facility test that returned 

6 days later) was raised to 137.3 ng/mL (positive cut- off 1.0 ng/
mL). No prior labs were available for baseline comparison as the 
patient was otherwise healthy with little prior contact with the 
healthcare system.

A routine electroencephalogram (EEG) with a duration of 
25 min showed frontal intermittent rhythmic delta activity 
(FIRDA) and no epileptiform abnormalities (figure 2).

MRI of the brain with and without intravenous contrast 
showed symmetrical confluent reduced diffusivity and FLAIR 
hyperintensity in the supratentorial white matter with sparing 
of subcortical U- fibres, symmetrically in the bilateral globus pall-
idus and symmetrically in the posterior cerebellar hemisphere 
folia, involving the cerebellar cortex and adjacent white matter. 
Small foci of susceptibility and post- contrast enhancement were 
seen in the affected portions of the cerebellar hemispheres. The 
cerebral cortical grey matter, internal capsules, hippocampi 
and brainstem were normal. Magnetic resonance angiography 
(MRA) of the brain was normal. Based on the MRI and MRA 
findings, a toxic or metabolic process remained the leading diag-
nostic consideration (figures 3–6).

A repeat routine EEG with a duration of 21 min again revealed 
FIRDA and no epileptiform abnormalities. After 18 days, 
although the history and MRI findings supported a diagnosis of 
fentanyl- induced leukoencephalopathy, he continued to remain 
bedbound, tube feed dependent, and require restraints due to 
poor safety. At that time he had a thrombocytosis with plate-
lets 946 (normal 150–400 ×109/L), which had gradually risen 
from his initial platelet count of 252 on admission. Given his 
uncertain prognosis and unexplained thrombocytosis, a lumbar 
puncture was performed to complete a robust work- up and rule 
out an infectious aetiology. Cerebrospinal fluid (CSF) laboratory 
analysis is shown in table 2.

DIFFERENTIAL DIAGNOSIS
In this case drug toxicity was considered the most likely diag-
nosis from early in the work- up. The crushed pills and residue 
found in the patient’s hotel room, the neurological examination 
and the radiology findings, when considered in aggregate, were 
highly suggestive of a drug toxicity. In general, toxic encephalop-
athy should be considered when brain imaging shows symmetric 
abnormalities involving the deep grey nuclei, white matter and 
cerebellum. However, there are numerous neurotoxins and each 
can present with a variety of imaging manifestations.

‘Chasing the dragon’ leukoencephalopathy can occur with 
inhalation of heroin smoke and has a well described symmetrical 

Figure 1 Axial CT images of the brain without intravenous contrast showing symmetrical abnormal hypodensity in the bilateral globus pallidus 
(small arrows) and posterior cerebellar hemispheres (hash tags) corresponding to regions of reduced diffusivity and FLAIR hyperintensity on 
subsequent brain MRI. Apparent hypodensity in the pons (large arrow) was suspicious for an additional site of involvement but had no correlate on 
subsequent MRI and proved to be an artefact. Conversely, abnormality of the bilateral centrum semiovale (asterisks) was not appreciated on the CT 
scan and was only evident on subsequent MRI.

Table 1 Select admission laboratory values

Test Patient values Reference range

Creatinine 2.37 0.70–1.30 mg/dL

Blood urea nitrogen 43 6–20 mg/dL

Bicarbonate 17 21–32 mmol/L

Total bilirubin 2.9 0.3–1.2 mg/dL

Alkaline phosphatase 41 53–128 U/L

AST 115 ≤39 U/L

ALT 76 ≤ 52 U/L

Creatine kinase 4269 43–349 U/L

Lactic acid 5.5 ≤2.0 mmol/L

High sensitivity troponin 0 hour 11 201 ≤100 ng/L

High sensitivity troponin 2 hour 11 660 ≤100 ng/L

Ammonia 51 <72 μmol/L

Urine fentanyl 137.3 <1 ng/mL

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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pattern of diffusion and FLAIR signal abnormalities involving 
the bilateral globus pallidus, cerebellum and supratentorial white 
matter,11 which fits closely with the imaging findings seen in our 
patient.

Cerebellar, Hippocampal and Basal Nuclei Transient Edema 
with Restricted diffusion (CHANTER) syndrome has been 
reported as a common pattern of toxic brain injury with a 
number of illicit drugs and shares some features with the case 
presented here, with the notable exception that the hippocampi 
were spared in our patient.12

Other toxicities including carbon monoxide and cyanide 
can result in bilateral globus pallidus injury. However, the 

symmetrical white matter and cerebellar injury seen in our case 
would be atypical for carbon monoxide.

Ischaemic injury can be difficult to disentangle from opiate 
toxicities as the two can overlap in imaging appearance and 
hypoxia is a frequent complication accompanying opiate- related 
respiratory suppression.13 It is possible that brain hypoxia may 
have a synergistic effect with direct toxin- mediated metabolic 
injury. Adult hypoxic brain injury, such as from cardiac arrest 
or near- drowning, will most commonly present with ischaemic 
(DWI) changes in both the cerebral cortical grey matter and deep 
grey nuclei, and possibly with a parasagittal or watershed distri-
bution. In this patient the lack of cerebral cortical involvement 
and absence of a watershed pattern made isolated hypoxic brain 
injury unlikely.

Other vascular aetiologies (e.g., posterior reversible enceph-
alopathy syndrome), infectious aetiologies (e.g., viral menin-
gitis and rhombencephalitis), metabolic diseases (e.g., Leigh 
syndrome, pantothenate kinase- associated neurodegenera-
tion), demyelinating disease (e.g., osmotic demyelination) and 
prion disease (e.g., Creutzfeldt- Jakob disease) can also result 

Figure 2 Frontal intermittent rhythmic delta activity (FIRDA) indicative of a moderate encephalopathy, non- specific as to aetiology. No seizures or 
epileptiform discharges. FIRDA is seen in toxic or metabolic encephalopathies, degenerative diseases and deep midline structural abnormalities.

Figure 3 Axial trace diffusion weighted images (top row) and 
corresponding apparent diffusion coefficient maps (bottom row) of the 
brain showing symmetrical confluent reduced diffusivity throughout the 
bilateral centrum semiovale (asterisks), globus pallidus (arrows) and 
posterior cerebellar hemispheres (hash tags).

Figure 4 Coronal T2 fluid attenuation inversion recovery images 
showing symmetrical hyperintense signal abnormality in the bilateral 
centrum semiovale (thick arrows), globus pallidus (asterisks) and 
cerebellar cortex/folia (hash tag). Note the distinct sparing of subcortical 
U- fibres (thin arrows).
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in symmetrical imaging abnormalities in the deep grey nuclei. 
However, these were all considered unlikely given the other 
features of the patient’s presentation.

Lumbar puncture with elevated protein was thought to be 
secondary to known CNS insult rather than a sign of a separate 
acute process. Raised CSF red blood cells are consistent with a 
traumatic tap.

Infectious aetiologies were considered given the onset of fever; 
however, such an acute change in cognition in the context of the 
patient’s history as well as the absence of laboratory abnormali-
ties made an infectious process unlikely.

Over the course of his admission, sequelae of TLE and likely 
opioid withdrawal were symptomatically managed. Opioid with-
drawal was a possibility given the patient’s fever, tachycardia and 
agitation that improved with opioids. There was no objective 
evidence to suggest the patient was taking other opioids prior 
to admission given a negative urine drug screen on admission 
and a lack of track marks to suggest intravenous drug use. Non- 
convulsive status epilepticus was considered as a potential aeti-
ology of the patient’s symptoms given persistent encephalopathy 
and raised creatine kinase; however, two EEGs excluded this 
possibility.

TREATMENT
In the emergency department, given the patient’s urinary incon-
tinence, elevated lactate and cognitive impairment, he received 
two doses of 2 mg lorazepam due to initial concern for seizure. 

He had escalating oxygen requirements requiring up to 20 L/min 
on a non- rebreather mask. He also received 3 L of intravenous 
fluid for his acute kidney injury and concern for rhabdomy-
olysis. Based on his chest radiograph findings, he was started on 
ceftriaxone and azithromycin. In the absence of ST elevations 
or depressions on ECG, the patient’s elevated troponins were 
attributed to a non- ST elevation myocardial infarction type II.

The patient was initially admitted to the medical intensive care 
unit for toxic metabolic encephalopathy of unclear aetiology and 
acute respiratory failure. In a few hours the patient was weaned 
to a 2 L nasal cannula and soon after to room air. He received 
opioids, antipsychotic medications (haloperidol, olanzapine) 
and benzodiazepines (lorazepam) to manage agitation, pain and 
suspected opioid withdrawal. A nasogastric tube was placed and 
tube feeds were initiated.

Supplements such as coenzyme Q10, vitamin E and vitamin 
C have anecdotally been shown to benefit some patients with 
heroin- induced spongiform leukoencephalopathy.14–19 Empirical 
antioxidant therapy with coenzyme Q10 was considered, but 
unfortunately could not be crushed to be administered through 
the nasogastric tube. The patient completed a course of antibi-
otics for a presumed aspiration pneumonia.

OUTCOME AND FOLLOW-UP
After 26 days the patient was discharged from the hospital to 
a skilled nursing facility. At the time of discharge the patient 
was oriented to self, place and general date. He was able to 

Figure 5 Coronal (left) and axial (right) maximum intensity projection MR angiogram images of the brain showing normal flow- related 
enhancement throughout the major intracranial arteries.

Figure 6 Coronal T1- weighted turbo field echo images acquired prior to (A) and following intravenous contrast administration (B) show thin linear 
branching foci of enhancement in the affected region of the left cerebellum (arrow) with corresponding hypointensity on susceptibility- weighted 
imaging (C, large arrow), favoured to represent dilated veins.
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communicate with simple sentences and was actively partic-
ipating in physical and occupational therapy. After another 
month of inpatient rehabilation the patient was able to perform 
all activities of daily life independently and was discharged to 
home with outpatient physical and occupational therapy. He 
reported that his voice sounded a little muffled and felt like he 
had to strain. He saw otolaryngology as an outpatient who noted 
a consistent dysphonia with their examination showing a right 
true vocal fold hypomobility and bilateral atrophy resulting in a 
small but persistent glottic fap. He underwent voice therapy and 
had subjective improvement in his voice. Otolaryngology noted 
improvement in the vibratory capacity of his vocal cords and 
improvement in his supraglottic function. He also participated 
in rehabilitation psychology to reduce feelings of distress. Less 
than a year from his hospitalisation he had returned to work full- 
time without accommodations. He is without neurological defi-
cits. His expressive and receptive language functions are normal, 
thought process linear, and content within normal limits. Repeat 
imaging was not performed.

DISCUSSION
Fentanyl and its analogues are extremely strong synthetic opioids 
with 50–100 times more potency than morphine.20 Fentanyl can 
be smoked, injected subcutaneously or intravenously, swallowed 
or sniffed. Overdose deaths from fentanyl outnumber deaths 
from other illicit substances, including methamphetamines and 
cocaine.21 Fentanyl typically has a short duration of action and 
rapid onset of effect. Importantly, fentanyl can be contaminated 
with emerging substances such as xylazine.22

Cases have described opioid intoxications including heroin, 
morphine and methadone resulting in acute TLE and delayed 
post- hypoxic leukoencephalopathy, distinct pathologies.23 24 
Previous case reports have shown that opiates, mostly heroin, 
may lead to TLE. There have been prior reports of fentanyl- 
induced TLE. One report describes TLE following an overdose 
of fentanyl- contaminated fake oxycodone,25 while other cases 
involved the use of a fentanyl patch.26–28 There are also cases 
noted after oral ingestion of patches, intravenous or unknown 
routes of ingestion.29–32 Our case is the first to describe inhala-
tional use of fentanyl causing TLE.

The pathophysiology of TLE is unclear, but several proposed 
mechanisms of injury to white matter exist including hypox-
aemia, direct toxin damage to the myelin sheath or the capillary 
endothelium.1 Neuropathology has shown spongiform degen-
eration as evidenced by vacuolar changes. The degree of white 
matter vacuoles corresponds to the hyperintensities seen on DWI 
imaging.8 With regard to opioids, their lipophilicity, particularly 
fentanyl, allows for penetration of the blood–brain barrier.33 
Furthermore, inhalation may be the fastest of all the routes as 
it has high bioavailability, bypassing first- pass metabolism by the 
liver.34 Based on the varied routes of access all resulting in the 
same pathology, this toxicity may have more to do with the drug 
class itself than the route of entry.

In our patient the initial urine drug screen was negative for 
opioids. A specialised fentanyl test was required to obtain the 
diagnosis. This case report is unique in that it describes inha-
lation of fentanyl causing damage to deep white matter and 
bilateral cerebellum without significant cortical involvement on 
MRI. EEG should be employed in TLE primarily for ruling out 
non- convulsive status epilepticus. Other white matter disorders 
such as posterior reversible encephalopathy syndrome (PRES) 
have a higher probability of seizures compared with TLE.35 
Pathophysiological mechanisms such as white matter oedema 
versus demyelination or axonal injury are theorised as affecting 
EEGs differently but, overall, there is limited research and clin-
ical evidence about what diagnostic and prognostic information 
it can provide.36 37

This case can help inform future clinicians to be watchful for 
other toxins that may not be initially identified on screening 

Patient’s perspective

“Well, honestly, I don’t recall much. When I came to I saw that 
I was in the hospital and was being attended to. From what 
I can remember early on is that my recovery was miraculous. 
Early on it was looking like I would need 24 hour care after 
being discharged but I focused and worked hard in my therapy 
session and was determined not to leave the hospital only to 
be checked into a group facility for ongoing care. It’s been 6 
months now and I am back at home, working and feeling strong 
and healthy. I have regrets often about what I did to myself, my 
wife, and my family. I’m grateful to all the doctors, nurses, and 
EMTs that saved my life and the therapists that got me back to a 
functioning member of society.”

Learning points

 ► Toxic leukoencephalopathy (TLE) is a non- specific 
encephalopathy syndrome caused by a variety of toxic 
aetiologies resulting in damage to the cerebral white matter.

 ► On MRI, symmetrical diffusion restriction in the bilateral 
cerebellar hemispheres, deep grey nuclei, hippocampi and 
supratentorial white matter should raise consideration for 
opioid toxicity.

 ► While heroin has been the principal opiate associated with 
TLE, this case highlights the importance of recognising other 
opiates such as fentanyl as potentially causative.

 ► Fentanyl is not routinely tested on all urinary drug tests; thus, 
providers need to be suspicious of its presence and to work 
with their local laboratories to have it added to the standard 
drug testing platforms.

Table 2 Cerebral spinal fluid analysis

Test Patient values Reference range

CSF appearance Clear

CSF colour Slight haemolysis

Specific gravity 1.006

White blood cells <1 cell/mm3 0–5 mm3

Red blood cells 963 cell/mm3 <1/mm3

Neutrophil % 31% 0–6%

Lymphocyte % 49% 40–80%

Monocyte % 20% 15–45%

Glucose % 59% 40–70%

Lactate dehydrogenase 25 U/L

Protein 85 mg/dL 14–45 mg/dL

Albumin 43 mg/dL 0–35 mg/dL

Albumin index oli ratio 12.8 0.0–9.0

IgG index ratio 0.55 0.28–0.66

IgG albumin ratio 0.15 0.09–0.25

Oligoclonal bands 0

CSF, cerebrospinal fluid.
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tests. Furthermore, this case illustrates the need for inclusion of 
fentanyl in routine urine drug screens for earlier identification 
and appropriate management.

X Christopher O Eden @chrisoeden
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