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ARTICLE INFO ABSTRACT

Keywords: Introduction: Opioids are widely used for pain management, and increased intracranial pressure
Toxic leukoencephalopathy (ICP) has been evidenced in some cases. We reported a patient with severe cerebral edema after
Opioids

initiating methadone and its complete resolution upon discontinuing the medication. Addition-
ally, a review of the literature is made.

Case report: A 53-year-old woman patient with a history of systemic lupus erythematosus
developed mechanic chronic lower back pain, refractory to conventional treatments. She pre-
sented improvement with oxycodone. She withdrew this medication due to a lack of supplies in
her country (Colombia) and showed withdrawal symptoms. She consulted the emergency
department, where oral methadone was started and symptom control was achieved. Three days
after admission, she presented intense headaches and emesis. A brain CT scan was performed in
which severe cerebral edema was appreciated. Methadone was discontinued, and neurological
symptoms quickly disappeared. A follow-up brain CT scan was performed later, finding full
resolution of the edema.

Conclusion: A case of severe cerebral edema associated with the initiation of oral methadone and
its rapid resolution without neurological sequelae after its withdrawal is presented, clinicians
must be attentive to this adverse event.

Oxycodone
Opioid withdrawal
Withdrawal syndrome

1. Introduction

The effects of opioids on intracranial pressure (ICP) have been controversial for a long time [1]. Opioids are generally considered
safe, and their use, mainly morphine and fentanyl’s, has been accepted for several decades for neurosurgical patients [2]. However,
isolated cases of increased ICP have been reported with fentanyl [3], morphine [4], sufentanil [5], codeine [6], alfentanil [], and
heroin [7], among others [8]. Clinicians are even cautioned to consider opioids a contributing factor in refractory intracranial hy-
pertension [9].
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The cause of opioids-associated increase in ICP is unknown. Both morphine and fentanyl can increase ICP and concomitantly
decrease both mean arterial pressure and cerebral perfusion pressure without a significant effect on the difference in arteriovenous
oxygen content or mean middle cerebral artery flow velocity [10], which suggests that other mechanisms, in addition to the activation
of the vasodilator cascade, are involved.

Otherwise, in recent years there have been several studies and case reports that describe a probably new clinical condition related
to opioid use known as opioid-induced toxic leukoencephalopathy. This condition is characterized by a diverse range of neuro-
behavioral symptoms, including altered mental status, psychomotor changes, seizures, and even coma, typically with spared language
capabilities. While these symptoms may not readily indicate an underlying cause, they have become a subject of growing interest and
concern within the medical community due to their association with opioid use [11-13]. Opioid-induced toxic leukoencephalopathy is
relevant as it falls within the spectrum of potential neurological complications associated with opioid medications.

Opioids, including commonly used medications like morphine and fentanyl, have been deemed safe for the management of pain,
even for neurosurgical patients. Nevertheless, the medical community has noted sporadic cases of increased ICP associated with
various opioids, sparking concerns about their potential implications. In recent years, there has been growing interest in understanding
the intricate relationship between opioid use and neurological complications. The rationale for this study stems from the increasing
recognition of adverse events related to opioid medications, such as methadone, and the need to shed light on atypical presentations.
Amid, and as a contribution to, this evolving landscape, we present a compelling case report of a patient who experienced severe
cerebral edema linked to oral methadone usage that fell within these spectra. Additionally, an unstructured literature review of cases of
neurotoxicity associated with methadone use was made.

2. Case presentation

A 53-year-old woman from Cali, Colombia, was admitted for symptoms of oxycodone withdrawal four days earlier (anxiety, ir-
ritability, restlessness, and generalized muscle aches). The reason for the withdrawal was not voluntary and was due to the lack of
availability of the drug in Colombia.

The patient had a history of systemic lupus erythematosus (SLE), which began when she was 28 years old, with joint, mucocu-
taneous, hematological (cytopenia), hepatic and renal involvement (type III lupus nephritis), in addition to the presence of antinuclear
antibodies (ANAs) and positive anti-dsDNA in high titers and complement consumption. She received oral corticosteroids, intravenous
cyclophosphamide for six months, and then azathioprine for 18 months. Corticosteroids were gradually tapered and then withdrawn.
The patient was in complete remission until now. Six years earlier, she had started experiencing low back pain associated with multiple
episodes of lumbar disc disease, refractory to conventional treatments, including physical therapy, infiltrations, and different anal-
gesics. For this reason, for the past six years, she had been taking 20 mg of oxycodone tablets three times a day without interruption.

Upon physical examination, the patient’s vital signs were: blood pressure 110/72 mmHg, pulse rate 74 beats/min, temperature
36.7 °C, Oy saturation 94%, at FiO5 21%. The head and neck were normal. There were no abnormal findings on the cardiopulmonary or
abdominal examination. The skin was normal. No joint inflammatory signs were found. The neurological examination was regular,
fundus ophthalmological examination was normal. Laboratories were normal, including liver and kidney function tests. Antinuclear

Fig. 1a. Initial non-enhanced cranial CT with generalized effacement of cerebral sulci and cerebellar folia, diminished ventricular spaces, and no
evidence of herniation. Fig. 1b: Follow-up CT evidencing complete resolution of the cerebral edema.
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antibodies and anti-DNA antibodies were negative. Complement C3 and C4 levels were normal.

The patient was admitted, and 500 mg of intravenous paracetamol every 6 hours and 10 mg of oral methadone every 8 hours were
started. Improvement in symptoms related to opioid withdrawal with reasonable pain control was observed.

Three days after admission, the patient began to complain of intense headache, blurred vision, and intractable vomiting, adding a
generalized tonic-clonic seizure that lasted approximately 4 min with postictal drowsiness for several hours.

Upon the onset of these new symptoms, a comprehensive diagnostic workup was initiated. Brain CT scans were performed using a
multidetector scanner with a slice thickness of 5 mm, enabling visualization of severe cerebral edema characterized by brain sulcal
effacement and diminished ventricular space, with no apparent intracranial cause (Fig. 1a). She was transferred to the intensive care
unit; methadone was suspended, and 8 mg of intravenous dexamethasone every 8 hours for two days were started. Neurological
symptoms quickly disappeared. A follow-up brain CT scan was performed 72 hours after the initial scan, finding retrieval of the
ventricles and brain sulci (Fig. 1b). Additionally, a contrasted cerebral magnetic resonance imaging (MRI) was performed usinga 1.5 T
scanner. The MRI protocol involved T1-weighted, T2-weighted, fluid-attenuated inversion recovery (FLAIR), diffusion-weighted im-
aging (DWI), and contrast-enhanced T1-weighted sequences. This MRI evaluation served to rule out any structural brain damage and
provide a more detailed assessment of the patient’s neurological condition. These diagnostic procedures were conducted under
standard radiological protocols, and the images were interpreted by experienced neuroradiologists, ensuring the accuracy and reli-
ability of the findings. (Fig. 2).

Laboratory tests performed during the neurological episode were normal (Hb: 15.1 gr/L, white blood cell count: 6810/mm3,
neutrophils: 3960/mm3, lymphocytes: 1920/mm3, monocytes: 600/mm3, platelets: 328,000/mm3, BUN: 19 mg/dL and creatinine:
0.7 mg/dL, AST: 22 Ul/mL, ALT: 29 Ul/mL, TSH: 1.41 mIU/L, FT4: 1.23 ng/dL, calcium: 9.56 mg/dL, phosphorus: 3.67 mg/dL,
vitamin B12: 723 ng/mL, C3: 125.39 mg/dL, C4: 19.24 mg/dL and low anti-dsDNA levels). Also, a complete evaluation for thyroid
disorders, HIV, hepatitis, and other infectious and metabolic sources was negative.

The patient was prescribed 20 mcg/hour of buprenorphine patches with good tolerance and therapeutic response. At discharge, ten
days after admission, she was asymptomatic.

3. Discussion

We present the case of a patient with chronic low back pain and a long history of opioid use, who consulted because of withdrawal-
related symptoms managed with methadone, and who later developed acute cerebral edema [14]. Although our patient did not present
the classical manifestations and typical patterns of opioid-related toxic leukoencephalopathy associated with methadone use, such as
hyperintensities of the brain white matter with diffusion restriction [15], there have been other reports of opioid intoxication that
manifested with brain edema like this case [11,13,16-19].

The strengths of this case are based on the observation of how, after taking a medication such as oral methadone, a clinical picture
of cerebral edema is triggered. When the drug is withdrawn, an improvement occurs. All of the above make it a probable adverse drug
reaction according to Naranjo’s scale (>5) [20]. Paraclinical and neuroimaging studies are also highlighted to demonstrate these
changes. Our patient presented laboratory, imaging, and other diagnostic studies within normal limits, consistent with some reports
where a similar case was evidenced [15,16,21-23], making it a complex condition to diagnose opportunely. Additionally, some au-
thors suggest that a CT scan early in the disease process may not provide meaningful information [13].

We reviewed the literature in the online database of PubMed, published between January 2000 and January 2023. MeSH terms
were used: "Toxic leukoencephalopathy,” 'methadone intoxication,” brain edema,’ and ’adverse events.” These terms were linked to
the Boolean connectors. Only articles published in English or Spanish were included. The relevant references from the reports for our
review were manually searched. The inclusion criteria were articles describing methadone abuse or intoxication, subsequently
developing some form of neurotoxicity, also used Naranjo’s score [20] for selecting the articles indicated in Table 1 with a score of 4
points. The exclusion criteria included studies not describing neurotoxicity associated with methadone use. Citations, abstracts, and
full-text articles were reviewed. We selected nine papers (Table 1). shows the reported cases of methadone-induced encephalopathy,
including ours.

The literature mentions that the p-opioid agonist methadone is used in opioid detoxification and treatment of moderate to severe
pain [24]. Its use has been associated with inflammatory processes in the central nervous system, particularly in the cerebellum,

Fig. 2. Several levels of cerebral magnetic resonance without significant pathological findings and resolution of initial cerebral edema.
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Table 1
Cases reported of methadone-induced encephalopathy.
No. Age Sex  Brain images Management Outcome Ref.
1 9 M Standard CT, (MRI), symmetric T2-signal A 5-day course of pulse steroids (IV The patient was discharged home (16)
abnormalities in the cerebellum and solumedrol 30mg/kg/d). after a 10-day hospital stay.
posterior limbs of the internal capsules. Clinically asymptomatic.
2 65 F (MRI), extensive and symmetric signal- N/A In the following month, the 21)
intensity abnormalities in the deep white patient slowly recovered.
matter of both cerebral hemispheres.
3 49 M (MRI), subtle areas of high-signal Naloxone, flumazenil, mechanical Three months later, cognitive (22)
intensity in the white matter of the right  ventilation, and hemodynamic support. impairment and neurological
cerebellar hemisphere. symptoms were fully resolved.
4 15 F (MRYI), diffuse non-enhancing T2 Mechanical ventilation and hemodynamic Died shortly thereafter because of  (19)
hyperintensities and restricted diffusion support. irreversible cerebral edema.
in the white matter of both hemispheres.
5 34 M (MRI), bilateral parasagittal white matter ~ Treated in intensive care for the first eight Upper moderate disability with 31
changes cranial to the ventricles with a days and remained at the department of the ability to perform some
“string-of-beads” appearance on T2. internal medicine for the next seven days. previous activities.
6 49 F (MRI), bilateral diffuse white matter Mechanical ventilation and hemodynamic She regained normal function of (23)
changes, more pronounced in the frontal  support, needed to be fed through a feeding  her proximal muscle groups but
and parietal lobes. tube. kept her hands and feet dystonic.
7 3 F (MRI), significant bilateral diffuse 30 ml/kg of fluid, mechanical ventilation Improved neurologically, had a7
cerebellar swelling and edema. and hemodynamic support, intravenous mild spastic diplegia and residual
acyclovir, erythromycin, ceftriaxone, and dystonia, and required
amoxicillin for possible mobilization with assistance.
meningoencephalitis.
8 54 F (MRI), hyperintense signal changes inthe = Mechanical ventilation and hemodynamic She died shortly after the (15)
supratentorial white matter, corpus support; antibiotic and corticosteroid. admission.
callosum, and pons with some small
vacuoles and mild diffusion restriction
9 3 M (MRI), Bilateral and symmetric Mechanical ventilation and hemodynamic Residual ataxia, which resolved in 29)
hypodensity of the cerebellar support; naloxone and methylprednisolone 4 weeks.
hemispheres and pons, acute (30/kg/day) for three days were
hydrocephalus. administered.
10 53 F (CT), severe cerebral edema Treated at the intensive care unit, Total recovery, no sequelae or Our
characterized by brain sulcal effacement methadone was suspended, and 8 mg of neurological alterations. patient

and diminished ventricular space.

intravenous dexamethasone was started
every 8 hours for two days.

Abbreviations: F, female; M, male; N/A, Not available; Ref, Reference; MRI, Magnetic Resonance Imaging; CT, Computed tomography.

although generalized forms in the brain have been reported [25]. An encephalopathic effect due to acute use has also been reported
with high-dose intravenous administration [26]. Brain damage is chronic and slow [27]. In addition, patients with methadone-induced
encephalopathy present with imaging findings that generally involve the cerebellum or basal ganglia [28], while our patient presented
with generalized cerebral edema. Additionally, despite the lack of a consensus in treating these patients, according to existing evi-
dence, some reports describe an adequate improvement with corticosteroid therapy [11,16,29], as presented in this article.

Although delayed neurological effects of methadone use are known, acute effects are atypical, and encephalopathy and extrapy-
ramidal effects have been found in methadone intoxication [30]. The occurrence of severe cerebral edema associated with the initi-
ation of oral methadone in our patient raises questions about the potential underlying mechanisms. While the exact pathophysiology
remains unclear, it is essential to consider some potential factors. Methadone is a synthetic opioid that interacts with p-opioid re-
ceptors, and its use has been associated with inflammatory processes within the central nervous system, particularly in the cerebellum,
although more generalized forms of brain involvement have been reported [25]. The patient presented with generalized cerebral
edema; a manifestation not commonly observed following oral methadone administration. Other potential causes of cerebral edema
were meticulously excluded, including SLE activity itself, which was inactive in our patient. The rapid onset of cerebral edema upon
the introduction of the drug and its swift resolution following withdrawal without subsequent neurological sequelae suggest a direct
relationship between oral methadone use and this adverse event. However, further research is warranted to elucidate the precise
mechanisms at play. The management of the cerebral edema in our patient involved the discontinuation of methadone and the
administration of intravenous dexamethasone. These interventions led to a prompt resolution of neurological symptoms. While our
case’s management aligns with some existing evidence suggesting the effectiveness of corticosteroid therapy [11,16,29], the specific
therapeutic approach to methadone-induced cerebral edema remains a topic of debate within the medical community.

In the case presented, acute cerebral edema is described, which is not frequent after the intake of oral methadone. Other causes of
cerebral edema were also ruled out, and when the medication was discontinued, the patient presented symptomatic and neuroimaging
improvement. Our case is atypical; cerebral edema occurs rapidly with oral administration of the drug and presents a rapid resolution
upon withdrawal without leaving subsequent neurological sequelae.

It’s important to acknowledge the limitations of this study. Firstly, being a single-case report, its findings may not be universally
applicable. Secondly, the exact mechanisms behind cerebral edema related to oral methadone use remain speculative, and treatment
approaches lack consensus. Thirdly, both the association of the neurological condition with the use of methadone related to time and
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the clinical improvement with the withdrawal of the medication, are the conditions that allow us to make the inference of an adverse
event. There is no specific method to determine this association. Additionally, there may be a possible publication bias regarding the
exclusive use of PubMed to conduct our review of the literature and the period from 2000 to 2023. Despite these limitations, this case
highlights potential risks associated with opioid medications and the complexities of managing patients with atypical presentations.

4. Conclusion

This case report presents a unique instance of severe cerebral edema associated with the initiation of oral methadone, emphasizing
the importance of clinical vigilance when prescribing opioid medications. The patient’s prompt recovery upon methadone discon-
tinuation and dexamethasone administration highlights a potential management approach for similar cases. Our findings emphasize
the importance of heightened vigilance among clinicians when prescribing and monitoring opioid medications, including methadone
when patients present with unexplained neurological symptoms.
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