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Abstract
Acute toxic leukoencephalopathy (ATL) and delayed post-hypoxic leukoencephalopathy 
(DPHL) are two possible adverse entities related to opioid intoxication (OI), each having a dis-
tinct clinical course. While ATL shows a monophasic course with gradual neurological dete-
rioration, DPHL has a distinct biphasic course. We report a case of ATL along with a case of 
DPHL happening in young male patients with OI, including their clinical courses as well as 
imaging characteristics with comparable time intervals. Initially, both leukoencephalopathies 
typically show magnetic resonance imaging findings with confluent and symmetric white 
matter (WM) abnormalities in the periventricular regions on T2 and fluid-attenuated inversion 
recovery images along with restricted diffusion on diffusion-weighted imaging. The DPHL 
patient however also presented with WM cystic substance loss in the deterioration phase, 
several weeks after hospital admission, which was previously described in a case of DPHL. In-
terestingly, similar WM changes have recently been observed in virus-associated necrotizing 
disseminated acute leukoencephalopathy in patients with coronavirus disease 2019 which 
may suggest a common pathophysiological mechanism. Knowing the distinct imaging fea-
tures of ATL and DPHL along with their typical clinical courses can provide a faster and more 
reliable differentiation between these two entities.
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Introduction

Opioid intoxication (OI) may lead to neurotoxic effects with possible long-lasting or 
even permanent neurological impairments. It has been shown that opioid-related neuro-
logical deficits are accompanied by brain magnetic resonance imaging (MRI) abnormal-
ities [1].

Two previously reported adverse OI-associated entities are acute toxic leukoencepha-
lopathy (ATL) and delayed post-hypoxic leukoencephalopathy (DPHL). ATL can be related to 
various toxic etiologies other than OI and is characterized by an abrupt start, while neuro-
logical symptoms may vary, depending on the degree and extent of brain injury [2]. Brain MRI 
typically shows white matter (WM) abnormalities of the periventricular region and centrum 
semiovale, which are confluent and symmetric on T2 and fluid-attenuated inversion recovery 
(FLAIR) images and with restricted diffusion (RD) on diffusion-weighted imaging (DWI) 
[2–4]. Due to its extremely variable clinical presentation, as well as potentially reversible 
nature, ATL is considered underdiagnosed.

DPHL is an infrequent cause of hypoxia-induced WM injury, characterized by a 
biphasic course where an acute hypoxic episode is followed by a recovery period and 
subsequent deterioration phase (DP), marked by neuropsychiatric symptoms [5]. The 
recovery period lasts between 1 and 4 weeks, during which the patient usually reaches 
the baseline neurological status. As in the case of ATL, a similar imaging pattern on brain 
MRI is visible on T2, FLAIR, and DWI images in the periventricular WM and centrum semi-
ovale, but with progression of WM involvement in relation to DP development [6, 7]. We 
present 2 cases of opioid-induced leukoencephalopathies, more specifically a case of ATL 
and a case of DPHL, together with the corresponding clinical characteristics and MRI 
findings.

Case Report/Case Presentation

The first patient, a 30-year-old male sought acute medical assistance at the psychi-
atric department following 3 days of altered behavior. The patient had a prior history of 
paranoia, symptoms of depression and anxiety, as well as a known drug addiction, 
involving amphetamine, cocaine, fentanyl, ecstasy, fantasy, benzodiazepine, and cannabis, 
according to previous medical records. The patient and his partner informed that the 
patient consumed ecstasy, amphetamine, cannabis, and alcohol 3 days prior to admission, 
whereafter he started to behave gradually more unusual over the following days. Agitation, 
growing confusion, as well as impaired concentration and short-term memory, were 
reported. The patient did not agree to have a drug-test at admission. Neurological exam-
ination was normal as well as routine blood test. One day after admission, due to newly 
appearing signs of apraxia, the patient was transferred to the neurology department 
(ND), and a head computed tomography was performed which was unremarkable. Cere-
brospinal fluid analysis showed normal results. Antipsychotic treatment had no effect, 
and apraxia along with agitation and memory impairment persisted. Brain MRI obtained 
8 days after admission (AA), showed significant bilateral confluent and symmetric supra-
tentorial WM abnormalities of high signal on T2, FLAIR, and DWI images, but without 
corresponding low apparent diffusion coefficient values (shown in Fig. 1a). A diagnosis 
of ATL was postulated, and no further treatment was offered at the ND, therefore the 
patient was moved to the neurorehabilitation unit. During the following months the 
patient showed gradual clinical improvement, but still with a degree of impaired short-
term memory, concentration, and abstract thinking. On the follow-up brain MRI 7 weeks 
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AA there was minimal regression of T2 and FLAIR WM changes, without DWI abnormal-
ities (shown in Fig. 1b).

The second patient, a 24-year-old male was admitted to the emergency department 
after being discovered unconscious with bradypnea, signs of poor circulation and Glasgow 
Coma Scale 7–8. The patient had a history of substance abuse the past 5 years and traces of 
methadone, morphine, cocaine, benzodiazepines, amphetamine, and cannabis were 
detected in an urine drug-test. Head computed tomography showed no abnormalities, and 
routine blood test, as well as cerebrospinal fluid analyses, were normal. The patient was 
taken to the intensive care unit and sedated. Sedation stopped on day 4 AA, and upon awak-
ening, the patient showed significant cognitive and physical impairments and was trans-
ferred to the ND. Brain MRI done 10 days AA showed extensive bilateral symmetric changes 
in the centrum semiovale, deep and periventricular WM of increased signal on T2, FLAIR, 
and DWI images and low apparent diffusion coefficient values denoting RD (shown in 
Fig.  2a). Over the next few weeks, the patient gradually improved, consequently being 
moved to the neurorehabilitation unit. Five weeks AA, the patient became agitated along 
with signs of impaired short-term memory and extrapyramidal symptoms. A follow-up 
brain MRI made 7 weeks AA showed progression of WM involvement on T2 and FLAIR 
images with newly appearing small areas of WM cystic substance loss (CSL) in relation to 
a part of the changes that showed RD on the previous brain MRI, while RD was not detectable 
anymore (shown in Fig. 2b). The patient was readmitted to the ND, where a gradual clinical 
improvement occurred over the following weeks. The last follow-up brain MRI done 10 
weeks AA, presented moderate regression of WM lesions without CSL progression (shown 
in Fig. 2c). At the time of discharge, 4 months AA, the patient almost returned to his near 
habitual level of function. The clinical course along with MRI findings led to a conclusive 
diagnosis of DPHL.

a

b

Fig. 1. Serial MRI of the brain with T2, FLAIR, and DWI (b) 1,000 images as well as ADC maps presented from 
left to right columns performed on 1 week (a) and 7 weeks (b) AA. AA, after admission; ADC, apparent diffu-
sion coefficient.
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Discussion/Conclusion

In seldom cases, OI related to heroin, morphine or methadone abuse leads to leuko-
encephalopathy, which can manifest as ATL or DPHL [1]. However, both entities are not 
exclusively related to OI. Exposure to different toxic substances can induce ATL, and 
DPHL is also related to overdoses of benzodiazepines and/or barbiturates, carbon monoxide 
poisoning, strangulation, and cardiopulmonary arrest [2, 8]. While the initial imaging 
features of ATL and DPHL appear similar, showing confluent changes throughout the 
supratentorial WM with U-fibers preservation, a different evolution of WM changes was 
noted when comparing follow-up brain MRI examinations of our 2 patients done at almost 
the same time points [9]. This is most likely related to the proposed distinct pathophysi-
ological mechanisms of ATL and DPHL. ATL has a monophasic course related to toxin 

a

b

c

Fig. 2. Serial MRI with T2, FLAIR, and DWI (b) 1,000 images along with ADC maps shown from left to right 
columns acquired on 1 week (a), 7 weeks (b), and 10 weeks (c) AA. Areas of WM high signal on DWI images 
with corresponding low ADC values indicating RD are detectable on the brain MRI made 1 week AA (black 
arrows). The T2 and FLAIR images done 7 weeks AA, during the period when the patient developed new 
neuropsychiatric symptoms, show progression in extent of WM involvement as well as new small areas of 
CSL (white arrows). ADC, apparent diffusion coefficient; CSL, cystic substance loss.
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exposure, where a pathophysiological mechanism of direct toxin injury to the myelin 
sheath has been suggested [2]. Our ATL patient had gradual clinical improvement, while 
there were minimal changes in appearances of WM abnormalities on T2 and FLAIR images 
on the follow-up brain MRI, which is in concordance with previously described partial 
regression and persistence of WM abnormalities over a longer period of time in OI ATL 
[3, 10]. Our DPHL patient reached the DP in week 5 AA, which was accompanied by 
progression of WM changes on T2 and FLAIR images on the follow-up brain MRI done in week 
7 AA, a previously described imaging feature of DPHL. The proposed underlying mechanisms 
of the DP in DPHL might be hypoxia-related myelin-sheath damage due to inappropriate 
myelin secretion or impaired oligodendroglial function [8]. The expected turnover rate of 
myelin-related proteins is between 19 and 23 days, and the DP onset was previously reported 
to be between 2 and 5 weeks, which would be in line with the appearance of the DP in our 
DPHL patient [5].

Detection of areas with WM CSL on follow-up brain MRI in a DPHL patient, done in 
relation to the DP, has been described before [6]. Therefore, we suggest that the appearance 
of symmetric and bilateral CSL in the periventricular WM and centrum semiovale, in 
patients with a history of drug abuse and a clinical course typical for DPHL, represent a 
hallmark of late DPHL-related WM changes. Interestingly, presence of WM CSL on follow-
up brain MRI appearing in areas with RD on the initial brain MRI, was also recently described 
in patients affected by coronavirus disease 2019 that developed virus-associated necro-
tizing disseminated acute leukoencephalopathy (VANDAL) [11]. As CSL changes in DPHL 
and VANDAL are visible in the same areas that are affected by internal watershed infarcts, 
a common underlying mechanism that involves endothelial injury or disfunction as well as 
thrombotic microangiopathy could be postulated. On the other hand, our DPHL patient 
nearly fully recovered at discharge, while patients with VANDAL showed poor functional 
outcomes.

In conclusion, distinct imaging features in relation to the clinical course are crucial in 
the differentiation between ATL and DPHL, as well as when ATL and DPHL are compared 
to other metabolic or toxic leukoencephalopathies. The development of CSL in patients 
with VANDAL, as in DPHL, indicates a possible shared pathophysiological mechanism of 
WM injury.
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