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Abstract

Background:

Toxic and metabolic encephalopathies represent a diverse group of reversible neurological disorders arising from
systemic metabolic derangements, organ dysfunction, or exposure to neurotoxins.

Clinical presentation is often nonspecific, making neuroimaging-particularly MRI-crucial for early detection and
differentiation.

Methods:

This retrospective study conducted at JJM Medical College (January-April 2025) included 12 patients diagnosed
with toxic or metabolic encephalopathy. Patients with trauma,

infection, neoplasm, or incomplete imaging were excluded. MRI was performed using a 1.5T Philips Achieva
scanner with standard sequences (T1, T2, FLAIR, DWI, ADC, SWI) and contrast when indicated; MR
spectroscopy was performed in selected cases. Imaging findings were analyzed for lesion distribution, symmetry,
and diffusion characteristics and correlated with clinical and laboratory data.

Results:

Twelve representative cases demonstrated distinct MRI patterns: hepatic encephalopathy (globus pallidus T1
hyperintensity), uremic encephalopathy (“lentiform fork sign”), snakebite toxicity (bilateral basal ganglia
changes), Wernicke’s encephalopathy (medial thalamic lesions), hyperammonemic encephalopathy (cingulate
and insular diffusion restriction), hypoglycemic encephalopathy (occipital involvement), posterior reversible
encephalopathy syndrome (parieto- occipital vasogenic edema), hypoxic-ischemic encephalopathy (neonatal
periventricular restriction), cytotoxic lesions of the corpus callosum (CLOCCs), osmotic demyelination syndrome
(pontine “trident sign”), uremic leukoencephalopathy (periventricular restriction), and hypoparathyroid
encephalopathy (basal ganglia and white matter calcifications).

Conclusion:

A pattern-based MRI approach, integrated with clinical and biochemical data, enables early recognition of toxic
and metabolic encephalopathies, guiding prompt treatment and improving neurological outcomes.

Keywords: Metabolic encephalopathy, Toxic encephalopathy, Hepatic encephalopathy, Neuroimaging,
Wernicke’s encephalopathy,

Introduction

Toxic and metabolic encephalopathies comprise a nutritional  deficiencies [1,2]. Their clinical
diverse group of brain disorders resulting from presentation ranges from mild confusion to seizures,
systemic metabolic disturbances, including organ coma, and potentially permanent neurological deficits. L
failure, toxin exposure, electrolyte abnormalities, and Because these manifestations are often nonspecific, $
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establishing an early etiological diagnosis in acute care
settings can be challenging

[1-3]. Magnetic resonance imaging (MRI) plays a
pivotal role in evaluation, as it can identify
characteristic injury patterns across the cortex, deep
gray nuclei, white matter, and posterior fossa.
Moreover, MRI assessment of diffusion and vascular
abnormalities helps narrow the differential diagnosis,
directly influencing the urgency of laboratory
investigations and guiding timely treatment decisions
[4-6].

Several reproducible MRI phenotypes are associated
with  toxic-metabolic insults. Chronic hepatic
encephalopathy  typically =~ demonstrates  T1
hyperintensity of the bilateral globus pallidus due to
manganese deposition, often accompanied by white
matter signal alterations [7]. Uremic encephalopathy
frequently involves the basal ganglia and
periventricular white matter, sometimes presenting
with the classic “lentiform fork sign” [7-9]. Thiamine
deficiency, as seen in Wernicke’s encephalopathy,
preferentially affects the medial thalami, mammillary
bodies, and periaqueductal gray on FLAIR/T2 and
DWI sequences; when suspected, rapid empiric
treatment is imperative [10,11]. Hyperammonemic
encephalopathy commonly targets the cingulate and
insular cortices with diffusion restriction, whereas
hypoglycemia tends to injure the parieto-occipital
cortex, producing gyriform diffusion abnormalities—
patterns that help differentiate metabolic injury from
hypoxic-ischemic encephalopathy [12-15].

Other important conditions include posterior
reversible  encephalopathy syndrome (PRES),
characterized by posterior subcortical vasogenic
edema; osmotic demyelination syndrome (ODS),
marked by central pontine “trident/omega” changes
following rapid sodium correction; cytotoxic lesions
of the corpus callosum (CLOCCs); and a range of
toxic  leukoencephalopathies  associated  with
medications, environmental toxins, and uremia [16-
18]. In India, region-specific health burdens—such as
snake envenomation, malnutrition, alcohol-related
thiamine deficiency, and untreated renal or hepatic
disease—further broaden the spectrum of imaging
findings and heighten the relevance of MRI pattern
recognition for rapid triage and targeted management
[19-23].
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This retrospective case series from JIJM Medical
College examines 12 patients with toxic and metabolic
encephalopathies, correlating their MRI patterns with
clinical and laboratory parameters . The study
highlights a pattern-based MRI approach that
expedites diagnosis and enhances the potential for
neurological recovery by emphasizing consistent
imaging  signatures  across hepatic, uremic,
hyperammonemic, hypoglycemic, and Wernicke’s

encephalopathies, as well as PRES, osmotic
demyelination, CLOCCs, neonatal HIE, toxic
leukoencephalopathy, and hypoparathyroid

encephalopathy [22-30].
Materials And Methods:

This retrospective study conducted at JJM Medical
College (January-April 2025) included 12 patients
diagnosed with toxic or metabolic encephalopathy.
Patients with trauma, infection, neoplasm, or
incomplete imaging were excluded. MRI was
performed using a 1.5T Philips Achieva scanner with
standard sequences [T1, T2, Fluid-Attenuated
Inversion Recovery (FLAIR), Diffusion-Weighted
Imaging (DWI), Apparent Diffusion Coefficient
(ADC), Gradient Recalled Echo (GRE)] and contrast
when indicated; MR spectroscopy was performed in
selected cases.

Imaging findings were analyzed for lesion
distribution, symmetry, and diffusion characteristics
and correlated with clinical and laboratory data.

Results:
Case 1:

A 40-year-old male with a long-standing history of
chronic alcohol use presented with altered sensorium
and involuntary movements. An initial non-contrast
CT scan showed no acute abnormalities. Subsequent
MRI demonstrated symmetrical T1 hyperintensities in
the bilateral globus pallidus (Fig. 1A & 1B) along with
T2/FLAIR hyperintensity involving the corticospinal
tracts (Fig. 1C & 1D). These imaging findings were
characteristic of chronic hepatic _encephalopathy
[1,2]. Abdominal ultrasonography (Fig. 2) further
supported the diagnosis, revealing features of cirrhosis
and portal hypertension.
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Figure 1: MRI Findings in Hepatic Encephalopathy. Fig. 1A & 1B: Axial and coronal T1-weighted
images showing symmetrical hyperintensities in the bilateral globus pallidus. Fig. 1C & 1D: Axial FLAIR
images demonstrating hyperintensity along the corticospinal tracts

Figure 2: Ultrasound images show coarsened hepatic echotexture, irregular surface margins, and peri-
hepatic ascites—findings suggestive of chronic liver parenchymal disease.

Case 2:
A 30-year-old male presented with seizures and altered sensorium. MRI of the brain showed T2- weighted and

FLAIR hyperintensity in the periventricular white matter extending into the external and internal capsules
around the lentiform nucleus (Fig. 3). This configuration formed the classic “lentiform fork sign,”
characteristic of uremic toxic encephalopathy [1]. Renal function tests revealed elevated urea and creatinine
levels, confirming metabolic encephalopathy secondary to uremia.
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Figure 3: Axial T2-weighted and FLAIR images demonstrate hyperintensity in the periventricular white
matter, extending into the external and internal capsules surrounding the lentiform nucleus, producing
the characteristic “lentiform fork sign” typical of uremic encephalopathy.

investigation Result Unit Normal
Urea (Serum) 738 mg/dL 7-20 mg/dL
Creatinine (Serum) 22 mg/dL 0.6-1.3 mg/dL

A similar presentation was observed in a 50-year-old male who also reported altered sensorium. Laboratory
investigations revealed elevated serum creatinine (6.2 mg/dL) and urea (116 mg/dL). MRI of the brain showed
symmetrical T2/FLAIR hyperintensity with corresponding T1 hypointensity involving the bilateral caudate and
lentiform nuclei (Fig. 4), again forming the “lentiform fork sign” and confirming uremic encephalopathy.

Figure 4: MRI images demonstrate symmetrical T2/FLAIR hyperintensity with corresponding T1
hypointensity in the bilateral caudate and lentiform nuclei, producing the characteristic “lentiform fork
sign,” indicative of uremic encephalopathy.
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Case 3:

A 6-year-old male presented with altered sensorium two days after a cobra bite. MRI of the brain demonstrated
symmetrical T2-weighted and FLAIR hyperintensities involving the bilateral caudate nuclei and putamina (Fig.
5). There was no diffusion restriction on DWI and no susceptibility blooming on GRE sequences. This pattern is
characteristic of snakebite-induced toxic encephalopathy [3].

Figure 5: Axial FLAIR and T2-weighted images showing bilateral symmetrical hyperintensities in the
caudate nuclei and putamina.

Case 4:

A 45-year-old patient with a history of chronic alcoholism presented with confusion and ataxia. MRI of the brain
revealed symmetrical T2-weighted and FLAIR hyperintensities involving the bilateral medial thalami and regions
adjacent to the third ventricle (Fig. 6). Laboratory evaluation showed reduced serum thiamine levels.

These imaging findings are characteristic of Wernicke’s encephalopathy, which classically involves the medial
thalami, mammillary bodies, hypothalamus, tectal plate, peri-aqueductal gray matter, and putamina [1].

Figure 6: Axial T2-weighted and FLAIR images demonstrate symmetrical hyperintensities in the
bilateral medial thalami and regions adjacent to the third ventricle, consistent with Wernicke’s
encephalopathy.

Case 5:

A 56-year-old male presented with altered mental status and disorientation. Laboratory evaluation revealed
elevated serum ammonia levels. MRI of the brain showed bilateral and symmetrical diffusion restriction %:
predominantly involving the insular and cingulate gyri, with sparing of the occipital lobes (Fig. 7A & 7B). Subtle =y
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FLAIR hyperintensities were observed in the same regions (Fig. 7C), and GRE sequences showed no
susceptibility blooming (Fig. 7D).

These imaging features are characteristic of hyperammonemic encephalopathy. MR spectroscopy, when
performed, may demonstrate an elevated glutamate—glutamine peak between 2.1 and 2.4 ppm, further supporting
the metabolic etiology [1].

Figure 7: Fig. 7A & 7B: Axial DWI and ADC images showing bilateral, symmetrical diffusion restriction
involving the insular and cingulate gyri with occipital sparing. Fig. 7C: Corresponding FLAIR image
demonstrating hyperintensity in the same regions. Fig. 7D: GRE sequence showing no susceptibility
blooming. These findings are consistent with hyperammonemic encephalopathy.

PARAMETER RESULT REFERENCE

Serum ammonia 87 micromol/L 15-45 micromol/L

Case 6:

A 38-year-old insulin-dependent male presented to the emergency department with altered mental status and loss
of consciousness. On arrival, his blood glucose level was critically low at 28 mg/dL. Axial FLAIR MRI images
showed symmetrical hyperintensities in the bilateral occipital lobes (Fig. 8), with corresponding diffusion
restriction on DWI and ADC sequences.

These imaging features are characteristic of hypoglycemic encephalopathy, which typically presents with
symmetrical T2/FLAIR hyperintensities and marked diffusion restriction, predominantly affecting the cortical
gyri of the parieto-occipital and temporal lobes. Basal ganglia involvement may be seen but is associated with
poorer prognosis, while the thalami, white matter, and cerebellum are usually spared [2].
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Figure 8: Axial FLAIR MRI shows symmetrical hyperintensities in the bilateral occipital lobes.
Corresponding DWI and ADC images demonstrate diffusion restriction in the same regions, consistent
with hypoglycemic encephalopathy.

Case 7:

A 29-year-old primigravida at 32 weeks of gestation presented with sudden-onset seizures and visual
disturbances. Her blood pressure on admission was 190/100 mmHg. MRI of the brain revealed T2-weighted and
FLAIR hyperintensities in the bilateral occipital and posterior parietal lobes (Fig. 9). Diffusion-weighted imaging
showed no significant diffusion restriction, consistent with vasogenic edema, and GRE sequences demonstrated
no evidence of hemorrhage. These imaging features are characteristic of posterior reversible encephalopathy
syndrome (PRES)[1].

Figure 9: Axial T2-weighted and FLAIR images show symmetrical hyperintensities in the bilateral
occipital and posterior parietal lobes, consistent with posterior reversible encephalopathy syndrome
(PRES).
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Case 8:

A full-term male neonate was delivered via emergency cesarean section due to prolonged labor and fetal
bradycardia. Within the first 12 hours of life, the infant developed hypotonia and seizures.

Laboratory studies revealed metabolic acidosis and elevated lactate levels. MRI performed on day 4 of life showed
diffusion restriction in the bilateral periventricular and supraventricular regions (Fig. 10), with corresponding
subtle hyperintensity on FLAIR sequences. These imaging findings are consistent with hypoxic-ischemic
encephalopathy.

Figure 10: Axial DWI and ADC images demonstrate diffusion restriction in the bilateral periventricular
and supraventricular regions. Corresponding FLAIR images show subtle hyperintensity in the same
areas, consistent with hypoxic-ischemic encephalopathy.

[)

oo

©
Ay

© 2025 IJMSCR. All Rights Reserved



Dr. Lavisha Khandelwal et al International Journal of Medical Science and Current Research (IJMSCR)

Case 9:

An 11-month-old infant presented to the emergency department with generalized seizures and lethargy. MRI of
the brain demonstrated restricted diffusion involving the splenium and genu of the corpus callosum (Fig. 11).
There was no evidence of hemorrhage or post-contrast enhancement.

These imaging findings are characteristic of cytotoxic lesions of the corpus callosum (CLOCCsS), a transient
phenomenon often associated with metabolic or infectious encephalopathy.

Figure 11: Axial DWI images demonstrate restricted diffusion in the splenium and genu of the corpus
callosum, consistent with cytotoxic lesions of the corpus callosum (CLOCCs).e

Case 10:

A 50-year-old female presented with altered sensorium. On admission, her serum sodium level was 110 mmol/L.
Following rapid correction of hyponatremia to 135 mmol/L, she developed dysarthria and fluctuating
consciousness.

MRI of the brain revealed T2-weighted and FLAIR hyperintensity in the central pons with relative sparing of
peripheral pontine fibers, producing the characteristic “trident-shaped” appearance (Fig. 12). There was no
diffusion restriction, susceptibility blooming on GRE sequences, or contrast enhancement [2].

These findings are consistent with osmotic demyelination syndrome, commonly occurring after rapid correction
of hyponatremia, reflecting the susceptibility of pontine oligodendrocytes to abrupt osmotic shifts.
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Figure 12: Axial T2-weighted and FLAIR images demonstrate central pontine hyperintensity with
sparing of peripheral fibers, producing the characteristic “trident sign,” consistent with osmotic
demyelination syndrome.

Case 11:

A 46-year-old male with chronic kidney disease, who had missed multiple dialysis sessions, presented with
progressive confusion, slurred speech, and decreased responsiveness over 48 hours. Laboratory investigations
revealed markedly elevated serum urea and creatinine levels.

MRI of the brain showed diffuse, bilateral, and symmetrical diffusion restriction in the periventricular and
supraventricular white matter (Fig. 13), with corresponding subtle FLAIR hyperintensity.

These findings are consistent with acute toxic leukoencephalopathy, likely secondary to uremic toxin
accumulation due to renal failure. Other common causes of acute leukoencephalopathy include chemotherapeutic
agents (e.g., methotrexate), opioid toxicity (e.g., heroin), carbon monoxide poisoning, and immunosuppressive
medications (e.g., cyclosporine, tacrolimus). These conditions typically produce bilateral, symmetrical white
matter changes on MRI, often with diffusion restriction, and may be reversible with prompt recognition and
management.

Figure 13: Axial DWI and ADC images demonstrate bilateral, symmetrical diffusion restriction in the
periventricular and supraventricular white matter. Corresponding FLAIR images show subtle
hyperintensity in the same regions, consistent with acute toxic/uremic leukoencephalopathy.
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Case 12: A 45-year-old female presented with altered sensorium. Non-contrast CT of the brain demonstrated
bilateral, symmetrical hyperdensities (HU: 70) in the caudate nuclei, globus pallidus, and putamen (lentiform
nuclei) (Fig. 14). MRI revealed corresponding bilateral, symmetrical T1 hyperintensities in the basal ganglia,
with susceptibility blooming on GRE sequences. No diffusion restriction was observed on DWI. These imaging
findings are consistent with hypoparathyroid encephalopathy.

Figure 14: Non-contrast CT brain shows bilateral, symmetrical hyperdensities in the caudate nuclei,
globus pallidus, and putamen (lentiform nuclei). Axial T1-weighted MRI images demonstrate
corresponding bilateral, symmetrical hyperintensities in the basal ganglia with susceptibility blooming on
GRE sequences, consistent with hypoparathyroid encephalopathy.

Discussion:

Toxic and metabolic encephalopathies constitute a
broad spectrum of neurologic disorders characterized
by global cerebral dysfunction, commonly presenting
as altered mental status, confusion, or acute delirium.
These conditions are frequently encountered in
emergency and critical care settings and often pose
significant diagnostic challenges due to nonspecific
clinical presentations. Early recognition is crucial, as
many of these disorders are potentially reversible with
timely, targeted intervention.

The central nervous system (CNS) is particularly
vulnerable to metabolic disturbances and circulating
toxins due to its high metabolic demands and limited
energy reserves. Even brief biochemical imbalances or
toxin exposure can result in widespread cerebral
dysfunction. While clinical features alone may be
insufficient  for  etiology-specific  diagnosis,

© 2025 IJMSCR. All Rights Reserved

neuroimaging— especially MRI—plays a central role
in narrowing the differential diagnosis, guiding further
evaluation, and providing prognostic information.
Characteristic imaging features include bilateral and
symmetric lesions, diffusion restriction, minimal or
absent mass effect, and lack of contrast enhancement.
Diffusion-weighted imaging (DWI) is especially
sensitive for detecting early cytotoxic injury.

The distribution and pattern of abnormalities often
reflect underlying pathophysiology. When interpreted
alongside clinical and laboratory data, these patterns
can help identify specific causes. Key neuroimaging
patterns include:

Basal Ganglia and/or Thalamic Involvement

The basal ganglia and thalami are highly metabolically ¢y
active, making them susceptible to cytotoxic injury. LM

Involvement often indicates severe metabolic

<
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disturbance and is associated with poor prognosis.
Three sub-patterns are recognized:

1. Pattern A —T2/FLAIR hyperintensity: Wernicke’s
encephalopathy, methanol and carbon monoxide

poisoning, uremic encephalopathy, vigabatrin
toxicity.

2. Pattern B — T2 hypointensity: Chronic toluene
toxicity,  hypoparathyroidism, and  other

parathyroid disorders.

3. Pattern C — T1 hyperintensity: Chronic hepatic
encephalopathy, total parenteral nutrition-
associated encephalopathy, diabetic striatopathy
(typically unilateral).

Dentate Nuclei Involvement

Bilateral lesions in the cerebellar dentate nuclei
suggest specific toxic exposures, most notably
metronidazole toxicityand methyl bromide poisoning.
These lesions are potentially reversible with early
cessation of the offending agent.

Prominent Cortical Gray Matter Involvement

Extensive cortical involvement with diffusion
restriction is seen in hypoglycemic encephalopathy,

hypoxic-ischemic injury, and hyperammonemic
encephalopathy. This pattern typically indicates
advanced injury and is associated with higher
morbidity.

Symmetric  Periventricular ~ White = Matter

Involvement with Gray Matter Sparing

Classic for acute toxic leukoencephalopathy (ATL),
this pattern reflects intramyelinic edema rather than
true demyelination. Etiologies include chemotherapy
agents (methotrexate, 5-FU), immunosuppressants,
and illicit drug use (e.g., heroin inhalation). Prognosis
is generally favorable and reversible upon removal of
the offending agent.

Corticospinal Tract Involvement

Lesions along the corticospinal tracts, including
internal  capsules and  brainstem,  suggest
mitochondrial disorders (e.g., Leigh syndrome),
inherited leukodystrophies, or vitamin B12 deficiency.
In B12 deficiency, cervical spine MRI shows the
characteristic “inverted V” sign on T2- weighted
imaging due to dorsal and lateral column involvement
(Fig. 15).

Figure 15: Axial T2- weighted MRI images of the cervical spinal cord demonstrating the characteristic
“inverted V” sign (arrow) in the dorsal and lateral columns. This pattern is indicative of subacute combined
degenerations of the spinal cord commonly seen in vitamin B12 (cobalamin) deficiency.

INVERTED “V” SIGN

© 2025 IJMSCR. All Rights Reserved
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Figure 16: Sagittal T1 weighted MRI images of the corpus callosum showing selective involvement of the
middle layers, producing the characteristic “sandwich sign” (arrow).

This pattern is typically seen in Marchiafava- Bignami disease.

Figure 17: Axial T2 weighted and FLAIR MRI images of the pons demonstrating the classic “trident
sign”, characterised by central pontine hyperintensity with relative sparing of the peripheral pontine
fibres. This finding is diagnostic of central pontine myelinolysis, typically secondary to rapid correction
of severe hyponatremia.

Corpus Callosum Involvement

Splenial lesions are observed in Marchiafava-Bignami
disease, alcohol-related  encephalopathy, and
antiepileptic drug toxicity. In Marchiafava-Bignami
disease, selective involvement of the middle corpus
callosum layers produces the “sandwich sign” on
imaging (Fig. 16). Reversibility depends on etiology
and clinical status.

Asymmetric  White
Demyelinating Pattern

Matter Lesions In A
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While classic in primary demyelinating disorders,
asymmetric white matter lesions can occur in
metabolic leukodystrophies such as
adrenoleukodystrophy ~ and  Krabbe  disease.
Differentiation requires careful evaluation of onset,
progression, and metabolic profiles.

Parieto-Occipital Subcortical Vasogenic Edema

Characteristic of posterior reversible encephalopathy ~

syndrome (PRES), triggered by severe hypertension,
renal failure, eclampsia, or cytotoxic medications.



MRI shows vasogenic edema in parieto-occipital
subcortical white matter, which is usually reversible
with timely intervention.

Central Pontine Involvement

Central pontine myelinolysis (CPM), a form of
osmotic demyelination, arises from rapid correction of
severe hyponatremia. Risk factors include serum
sodium <115 mmol/L or correction >12 mmol/ L/day.
MRI shows a symmetrical, well-demarcated, trident-
shaped lesion in the central pons, sparing peripheral
fibers and corticospinal tracts (Fig. 17).

Radiologic features are often nonspecific and can
overlap across etiologies. Integration of MRI patterns
with clinical history, laboratory data (metabolic
panels, liver/kidney function, serum ammonia,
toxicology screens), and electrophysiologic studies is
essential. This multidisciplinary, pattern-based
approach enhances diagnostic accuracy, guides timely
initiation of etiology-specific treatment, and informs
prognosis. Certain imaging patterns, such as white
matter sparing with intramyelinic edema, are more
likely reversible, whereas deep gray matter cytotoxic
injuryusually indicates poorer outcomes.

Conclusion:

Toxic and metabolic encephalopathies remain
diagnostically challenging due to their nonspecific
clinical presentations and considerable overlap in
neuroimaging appearances. However, recognition of
characteristic MRI patterns—particularly — when
correlated with clinical context, metabolic profiles,
and relevant exposure history—provides a powerful
and efficient diagnostic framework.

Early identification of these imaging signatures allows
clinicians to initiate timely, etiology-specific
treatment, which is critical for preventing irreversible
neurological injury. Importantly, several of these
conditions demonstrate substantial potential for
reversibility when promptly addressed. A systematic,
pattern-based approach that integrates imaging with
multidisciplinary clinical assessment therefore plays a
key role in improving patient outcomes in both
emergency and critical care settings.
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