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Advancements in Case Studies

Introduction: Toxic encephalopathy is damage to the brain after toxin exposure with different toxins
damaging different areas of the brain. Toxins can be occupational or illicit drugs. This case report
illustrates the importance of meta-analysis for the evolving care of patients who use multiple illicit
drugs. We explore the pathophysiology and address changes in imaging to the brain with MDMA and
marijuana use. Discordant physical exam and imaging results are discussed. This case is unique with
patient presentation, combination illicit drug use, and imaging findings.

Case Description: We present a case where chronic use of MDMA and marijuana present symptoms of
encephalopathy, but do not match with imaging, symptom, and testing for single methamphetamine use.
Conclusion: Additional testing and research is needed to determine the effects of combination illicit
drug use, specifically marijuana and MDMA to appropriately map areas of damage in the brain. In a
patient presenting with symptoms of encephalopathy, with chronic use of both MDMA and marijuana,
confounding results are found on symptom review, physical exam, and imaging studies. Further study is
warranted to determine the combined effects of illicit drugs on damage to the brain.
Keywords: Case report; Toxic encephalopathy; Marijuana; MDMA; Ataxia

Abbreviations: ADTE=Acute Diffuse Toxic Encephalopathy; CTE=Chronic Toxic Encephalopathy;
MDMA=3,4-Methylenedioxymethamphetamine;
EEG=Electroencephalography;
CT=Computed
Tomography; MRI=Magnetic Resonance Imaging; PET=Positron Emission Tomography; MRS=Magnetic
Resonance Spectroscopy; fMRI=Functional Magnetic Resonance Imaging; SPECT=Single-Photon
Emission Computed Tomography; HIV=Human Immunodeficiency Virus; SARS Cov-2 NAA=Severe Acute
Respiratory Syndrome Coronavirus 2 Nucleic Acid Amplification; MDA=Methylenedioxyamphetamine;
THC=Tetrahydrocannabinol; DNA=Deoxyribonucleic Acid

Introduction

Toxic encephalopathy is a brain dysfunction secondary to toxin exposure [1]. Toxin
exposure is dose-dependent with longer duration of exposure leading to higher probability
of permanent consequences [2]. Symptoms present as symmetrical or non-focal, similar
to metabolic encephalopathy [2]. Due to the limited ability for the nervous system to
heal compared to other organs, damage often leads to long term effects. Acute vs chronic
exposure can lead to different presentations of symptoms depending on the toxin. Toxins also
prevent delaying of senescence in aging by decreasing functional reserves [2]. While toxic
encephalopathy typically occurs in occupations with use of organic solvents, it is also seen
with illicit drug use [2]. ADTE is rapid onset over days or weeks of global cerebral dysfunction
often associated with decreased levels of consciousness. CTE is slower onset over months
or years with different levels of cognitive impairment. CTE is graded I-III or 1, 2A, and 3
depending on symptoms. I, 1, and 2A have changes in memory, mood and concentration. II
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and 2B have attention and memory deficits that are measurable,
learning deficits, and diminished psychomotor function. III and
3 have neurological deficits with associated changes in imaging,
specifically brain atrophy or lack of other neurological etiology. The
main treatment for CTE is removal of the offending toxin with little
reversal of brain damage depending on grade of CTE [2]. Cocaine,
amphetamines, including methamphetamine, MDMA, and amyl or
butyl nitrites are the most abused psychoactive drugs, also known
as “uppers.” Each drug and combination of drugs have different
degrees of risk for encephalopathy. Risk for encephalopathy
increases with comorbid environmental toxins and nutritional
deficiency.

When evaluating a patient for toxic encephalopathy it is
important to elicit a thorough history including living situation,
occupational history, substance use, travel and hobbies. Exposure
to toxins can occur in any aspect of life. A head-to-toe physical exam
following a critical history will further narrow down the differential
diagnosis for a patient experiencing toxic encephalopathy.
Some toxins may be tested for in blood or urine, include but are
not limited to lead, mercury, methamphetamine, and MDMA.
Objective lab studies can be applied to neurological deficits using
neurobehavioral testing. Non-specific diffuse slowing on EEG can
help support a diagnosis of toxic encephalopathy. CT and MRI and
functional imaging such as PET, MRS, fMRI, and SPECT can further
help in the diagnosis of toxic encephalopathy particularly in CTE. In
ADTE, MRI shows damage in bilateral basal ganglia or diffuse areas
of edema [2]. In CTE, MRI has nonspecific changes with slight brain
atrophy [2].
The following case report describes a patient with chronic
use of MDMA and marijuana presenting with symptoms of
encephalopathy.

Case Narrative

A 61-year-old man with current and chronic tobacco and
marijuana use with chronic low back pain presented to the
emergency department for “problems walking” for 3 weeks. Two
months prior to admission, he aggravated his chronic low back
pain while lifting his Kawasaki motorcycle. He mentions a dislike
for seeking medical attention when in pain, and instead uses
marijuana to help with his lower back pain. However, after lifting
the motorcycle, his pain was not alleviated by marijuana, and a
friend offered pills to help with the pain. He did not ask what the
pills were. The pills eased his pain, gave him more energy, made
him feel “productive”, and enabled him to move heavy objects in
his garage.

One week prior to admission, he presented to an outside
emergency department for a wobbly gait and possible
cerebrovascular accident after losing his balance and falling to the
ground. He was unable to get up for approximately 15 minutes
after which he was able to stand up without assistance. MRI was
negative for acute strokes but showed bilateral cingulate gyrus
swelling. Repeat brain MRI with and without contrast as well as
lumbar puncture were ordered but the patient left against medical
Adv Case Stud
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advice. Urine drug screen also resulted positive for amphetamine,
cannabinoids, and ecstasy with negative erythrocyte sedimentation
rate and C-reactive protein.

On admission to our hospital, the patient presented with
difficulty walking and balancing. He has been using a cane, but
still finds walking and staying balanced difficult. He continued
to take the same unknown pills since the injury from lifting his
motorcycle and had consumed a total of 20 pills. The patient denied
taking any other medications or drugs besides marijuana and the
unknown pill. When asked if the friend who supplied the pills might
use illicit drugs, the patient responded “yes, he does.” Review of
systems positive for some “cracking” with neck movement but no
pain and usually chronic low back pain but none today and negative
for headaches, fever, chills, neck stiffness, visual changes, nausea,
vomiting, bowel or bladder dysfunction, numbness, weakness,
hallucinations, memory problems, personality changes, and no
other pain.
Physical exam was unremarkable aside from mild hip flexor
weakness and severe truncal/gait ataxia without nystagmus or
extremity ataxia. Labs for Treponema pallidum, HIV, vitamin B9,
vitamin B12, Sars Cov-2 NAA, complete blood count, and complete
chemistry panel were unremarkable. Toxicology screen was
positive for amphetamine and methamphetamine. MDA/MDMA
was negative. CT and MRI were performed shown in Figure 1&2.
The treatment plan consisted of counseling the patient with the
info that damage to the brain is permanent and further damage will
only be prevented with cessation of the unidentified pills. Referrals
were made for occupational and physical therapy to adjust to new
levels and ways of activities of daily living. The expected outcome is
for the patient to stop taking the unidentified pills and participate
in occupational and physical therapy. He will have long-term
neurocognitive deficits, but deficits will not increase rapidly. The
patient was lost to follow up (Table 1).

Figure 1: CT with contrast showing bilateral symmetric
medial frontal cortical lesions with rim enhancement.
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Figure 2: T1 FSE + GAD showing bilateral symmetric medial frontal cortical lesions with rim enhancement.
Table 1: Timeline of patient’s clinical course.
Date

Summary

Diagnostic Testing

Interventions

April 2021

Patient aggravates his chronic low back pain
while working on his motorcycle.

n/a

n/a

May 2021

Patient presents to outside emergency
department for a wobbly gait and possible
cerebrovascular accident after losing his
balance and falling to the ground.

June 2021

Patient presents to our hospital, with difficulty
walking and balancing. He continued to take the
unknown pills he began taking from a friend
since the injury from lifting his motorcycle and
had consumed a total of 20 pills. The patient
denied taking any other medications or drugs
besides marijuana and the unknown pill.

Discussion

MRI was negative for acute strokes but
showed bilateral cingulate gyrus swelling.
Repeat brain MRI with and without contrast
as well as lumbar puncture were ordered
but the patient left against medical advice.
Urine drug screen also resulted positive for
amphetamine, cannabinoids, and ecstasy
with negative erythrocyte sedimentation
rate and C-reactive protein.
Labs for Treponema pallidum, HIV, vitamin
B9, vitamin B12, Sars Cov-2 NAA, complete
blood count, and complete chemistry
panel were unremarkable. Toxicology
screen was positive for amphetamine and
methamphetamine. MDA/MDMA was
negative. CT and MRI were performed with
bilateral symmetric medial frontal cortical
lesions with rim enhancement.

The degree of encephalopathy related to toxic exposure is
dose and duration dependent [2]. Individual drugs have different
effects than combination of drugs and even different batches of
the same drug can cause different effects due to impurities found
in illicit drugs that are unregulated. The general pathophysiology
for drug-induced neurotoxicity is lowered antioxidants, increased
excitotoxicity, and reduced energy production.
The patient has a history of chronic marijuana and subacute
MDMA use. Repeated and prolonged use of these drugs can cause
far reaching health issues, specifically encephalopathy with MDMA
Adv Case Stud

Patient left against medical advice
and no interventions were made.

The patient was counseled that
damage to the brain is permanent
and further damage will only be
prevented with cessation of the
unidentified pills.
Referrals were made for
occupational and physical therapy
to adjust to new levels and ways of
activities of daily living.

use. Dopamine is involved in the pleasure and reward centers of the
brain [3]. He phenethylamines which include methamphetamine,
MDA and MDMA work to increase dopamine in the brain [4]. MDMA
use is usually chronic due to sense of euphoria followed by a calm
feeling after use [5]. Long term use is associated with brain damage
mainly on the striatum and amygdala [6]. Marijuana specifically
THC acts through cannabinoid receptors also stimulating the
pleasure centers of the brain by indirectly increasing dopamine
through inhibiting GABAergic receptors [7]. Marijuana specifically
THC has been shown to cause changes in the hippocampus affecting
learning and memory [8]. MDMA can lead to nerve cell and terminal
degeneration most likely from globally reduced glucose metabolism
Copyright © Stephen Howell
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in the brain [9]. THC in marijuana has been shown to induce
apoptosis in cortical neurons by releasing cytochrome C, cleaving
DNA repair enzymes, and activating caspase-3 [10].
Toxic encephalopathy usually causes symmetric and
widespread damage to the deep gray nuclei and cerebral cortex
[11]. MDMA damage is seen in the occipital cortex and globi pallidi
with necrosis from prolonged vasospasm [12]. Marijuana damage
on imaging is found with decreased cerebral blood flow to all lobes
with the mechanisms of vasospasm and vasculitis [12].

The patient’s presentation of mild proximal lower extremity
weakness and severe truncal/gait ataxia without extremity ataxia
or nystagmus indicates that his ataxia is not cerebellar but frontal.
He has “poor truncal mobility, impaired postural responses, and
falls after the slightest perturbation [that] make walking impossible
even though simple leg movements may still be possible while
seated or supine [13]. Frontal gait syndrome is defined by one of
these features on initial presentation due to damage to the frontal
cortex [13]. The patient most likely has frontal gait syndrome
due to damage of his frontal cortex from chronic marijuana and
subacute MDMA use. CT and MRI show bilateral symmetric medial
frontal cortical lesions with rim enhancement seen in Figure 1&2
confirming damage to the frontal cortex. MDMA use is known
to damage the medial frontal cortex [14]. Finally, marijuana use
was found to have hypoactivity of the medial frontal cortex with
a reduction in gray matter in the medial temporal cortex with
long-term use suggesting an additive effect on frontal cortex
degeneration [15,16].

Conclusion

Imaging findings with patient endorsed drug use and positive
urine drug screens combined with physical exam findings of truncal
ataxia and ataxic gait in the absence of extremity ataxia or nystagmus
are consistent with changes in brain structure and chronic vascular
damage to the frontal cortex from MDMA use. In addition, overlying
chronic marijuana most likely compounded damage to the
prefrontal cortex by MDMA use and added a generalized decrease
in matter in all lobes. It is important to distinguish ataxia with
thorough history, physical and appropriate studies. The variability
in toxicology results between the outside hospital and that seen
in our department are likely due to a combination of variability of
concentration within the pills, as well as cross-reactivity between
detected substances in the urine toxicology screen. The patient
unfortunately was lost for any follow up testing. Additional studies
determining the effects of combination drug use, specifically
marijuana and an additional illicit drug will need to be performed
to appropriately map areas of damage in the brain especially with
increasing rates of marijuana use in young adults [17].
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