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Neuroimaging in Patients with Abnormal Blood Glucose Levels
G. Bathla, B. Policeni, and A. Agarwal

ABSTRACT

SUMMARY: Smooth neuronal functioning requires an uninterrupted supply of energy that is provided by glucose under normal
physiologic conditions. Significant variations in plasma glucose levels, be it hypoglycemia or hyperglycemia, can present with myriad
clinical manifestations and may mimic stroke. At times, the diagnosis is either not apparent or not clinically suspected. Imaging can
suggest the diagnosis in unsuspected cases and can help in the assessment of the extent of neuronal damage in known cases, making
it vital for the neuroradiologist to be aware of both common and atypical neuroimaging findings in hypoglycemia and
hyperglycemia.

ABBREVIATIONS: GABA � gamma aminobutyric acid; HC-HB � hemichorea-hemiballismus; NIDDM � non–insulin-dependent diabetes mellitus; NKHG � non-
ketotic hyperglycemia

The brain relies heavily on a continuous supply of glucose for

optimal function. Because the neurons have a high metabolic

rate and can neither generate nor store significant amounts of

glucose, a rapid decline in plasma glucose can jeopardize neuronal

homeostasis over a period of minutes.1

Relatively stable plasma glucose levels are therefore essential for

survival and are maintained through a highly complex network of

enzymes, hormones, and signaling mechanisms, with insulin playing

a dominant role.1 Enterically absorbed glucose is transported by the

portal circulation to the liver, which is the primary organ involved in

glucose homeostasis. Here, excess glucose is converted to glycogen

and stored for subsequent use. A drop in plasma glucose level triggers

a fall in plasma insulin levels, increased glucagon secretion, glycogen-

olysis, and gluconeogenesis (primarily in the liver) and helps to re-

store plasma glucose levels whenever needed.1

Uptake of glucose in most cells (except liver and brain) is de-

pendent on insulin and is mediated through glucose transporters

or occurs through a sodium-glucose co-transport mechanism

(small bowel and renal tubules).2 Neuronal uptake of glucose is

independent of insulin and is mediated through glucose trans-

porter 1. Absorbed glucose is then metabolized to carbon dioxide,

thereby generating adenosine triphosphate in a process that is

heavily oxygen-dependent. Under anaerobic conditions, how-

ever, glucose can only be metabolized to produce lactic acid, a

process that is not only energy-inefficient but also leads to meta-

bolic acidosis.2

Physiologic variations in plasma glucose levels occur during

sleep, postprandial states, and as part of circadian rhythm.3 Ab-

normal variations in plasma glucose levels may occur in neonates,

diabetics, and patients with insulin-secreting tumors, sepsis, Ad-

dison disease, and hepatic or renal failure.4-7

Significant variations in glucose levels are often symptomatic.

Hyperglycemic patients may present with HC-HB, weakness, hy-

potonia, pyramidal tract signs, and seizures.8-10 Similar findings

may occur in hypoglycemic patients, who can additionally present

with chorea, ataxia, paresis, aphasia, and coma.8,11-13 Neonates

with hypoglycemia may show a constellation of symptoms that

are usually nonspecific and include poor feeding, lip smacking,

eye rolling, and seizures.4,14

In emergency settings, it is not uncommon for these symp-

toms be diagnosed and treated initially as stroke. Imaging in such

cases can play a vital role by suggesting the correct diagnosis and

ensuring early treatment. This is vital because delayed diagnosis

affects morbidity and mortality.

In acute settings, these patients invariably undergo an

NCCT of the head initially. It may be occasionally useful but is

often nondiagnostic. MR imaging is the study of choice in these

cases and is often used to determine diagnosis and prognosis.

As mentioned above, patients with hyperglycemia can present

with various movement disorders. However, well-established
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neuroimaging findings are only described in patients with NKHG

who have either HC-HB or seizures. At times, patients with ke-

totic hyperglycemia can also present with movement disorder,

though these cases lack any well-described imaging correlate.9

Similarly, adults and neonates with significant hypoglycemia

can have varying symptoms. However, these are often a conse-

quence of diffuse parenchymal involvement, and findings on im-

aging are often not correlated with specific symptoms, as seen

with hyperglycemia. A notable exception to this is the develop-

ment of hemiplegia in a subset of adult hypoglycemic patients that

correlates with involvement of the contralateral internal

capsule.15

The following discussion concentrates on hyperglycemic and

hypoglycemic conditions that have well-established neuroimag-

ing findings. In hyperglycemic patients, these conditions include

HC-HB and seizures. This is followed by a review of imaging

findings in neonatal and adult hypoglycemia, in which extensive

involvement often precludes correlation with specific symptoms.

Hemichorea-Hemiballismus in Non-Ketotic
Hyperglycemia
HC-HB refers to an involuntary, nonrhythmic, and poorly pat-

terned movement disorder that involves one side of the body.16,17

It most commonly results from a vascular insult involving the

contralateral basal ganglia.16-18 NKHG is the second most com-

mon cause for such presentation.16 Occasionally, HC-HB may

result from neoplastic or infective conditions involving the

brain.17,19

HC-HB in association with hyperglycemia is well recognized.8

It has been predominantly reported in elderly patients with

NIDDM and is more common in Asians.17,18,20

Patients present with acute onset of HC-HB, which is often

unilateral but may be generalized.8,20 The abnormal movements

may be continuous or intermittent and disappear during sleep.8,21

Laboratory findings confirm poorly controlled diabetes with

raised blood glucose and HbA1C levels and absence of blood and

urinary ketones. The serum osmolality is often elevated.19 Cor-

rection of underlying hyperglycemia is usually curative, leading to

rapid cessation of abnormal movements within hours to a few

days.8,18 Occasionally, however, symptoms may persist for

months and require additional suppressant therapy.8

The abnormal movements are thought to be secondary to re-

duced cerebral perfusion, presumably caused by hyperviscosity

secondary to hyperglycemia.16,19 This is supported by recent ob-

servations that raised plasma glucose levels directly correlate with

cerebral hypoperfusion.22 Ensuing anaerobic metabolism leads to

depletion of GABA, which is used as a metabolite to generate

energy.19 Because GABA is an inhibitory neurotransmitter, its

depletion causes increased thalamocortical drive, resulting in

HC-HB.16

The pathogenesis of the imaging findings in these patients is

controversial and is further compounded by variable histopathol-

ogy results from different studies.8,16 Focal hemorrhage and cal-

cification were initially proposed to explain the imaging pattern

on CT and MR imaging. However, these are not consistent fea-

tures on histopathology studies.8 The imaging patterns on MR

imaging and resolution of findings on follow-up imaging in most

cases also do not favor hemorrhage or calcification as a common

finding.16 Some authors have reported the presence of gliotic tis-

sue with abundant gemistocytes (a form of reactive astrocytes),

which may account for the T1 shortening on MR imaging. These

usually appear during acute injury and can persist for years.16,21

These astrocytes can accumulate manganese after periods of brief

ischemia, which presumably results from a combination of un-

derlying hyperviscosity and chronic vascular disease.8,16,23,24 This

is supported by similar signal changes in animals and humans

after episodes of transient, nonlethal ischemia, unrelated to

hyperglycemia.25

The gemistocyte theory does not explain the changes seen on

NCCT, leading some authors to speculate that the findings on CT,

MR imaging, and associated HC-HB may reflect different patho-

logic mechanisms running in parallel.21 It is possible that the

pathogenesis of imaging findings in NKHG is more complex, and

transient ischemia may not be the only factor. Hyperglycemia is

known to cause endothelial dysfunction and increased oxidative

stress in ischemic brain tissue.26 These may also contribute to

changes seen on imaging, though their precise role is yet to be

established.

NCCT often reveals abnormal hyperattenuation, predomi-

nantly involving the putamen contralateral to the symptomatic

side (Fig 1). The caudate and globus pallidus may be involved.19

Patients with ballism may show bilateral abnormalities that can be

asymmetric. There is no surrounding edema or mass effect.8 Fol-

low-up imaging may show resolution of changes after correction

of hyperglycemia.19 Occasionally, the initial scan may be

normal.8,19

On NCCT, the findings are fairly characteristic in the appro-

priate context, though a similar appearance may occur with hem-

orrhage or asymmetric calcifications.19 Patients receiving intra-

arterial reperfusion therapy for stroke can also show transient

hyperattenuation of the lentiform and insular cortex secondary to

interstitial contrast extravasation.27 Finally, because the hyper-

densities in diabetic patients with HC-HB may resolve slowly or

persist for years,28 these may reflect previous hyperglycemia-in-

duced injury.

FIG 1. Axial NCCT image reveals asymmetric hyperattenuation in-
volving the lentiform and caudate nuclei bilaterally, more pro-
nounced on the left side.
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MR imaging may also reveal abnormal putaminal signal with

or without involvement of the caudate and globus pallidus.8 As

with CT, changes may be bilateral.19 Sporadic cases with isolated

involvement of subthalamic nuclei have been reported.17 The in-

volved regions show T1 shortening.29 The signal changes on

T2WI are variable, and the lesions may manifest either T2 short-

ening or prolongation (Figs 2 and 3).17,19 Restricted diffusion and

signal loss on gradient-echo images have been reported occasion-

ally.19,30,31 Some authors have reported abnormal mineral depo-

sition in the affected regions on susceptibility-weighted MR im-

aging.16 Additionally, dilated vessels over the affected side have

been reported and are presumed to reflect underlying ischemia.29

Data are limited on 1H-MR spectroscopy findings, with the

reported cases showing reduction of NAA/Cr ratio, elevation of

Cho/Cr ratio, and presence of a lactate peak.8,23 Similarly, sporadic

case reports of SPECT show hypoperfusion within the basal ganglia,

corresponding to the symptomatic side.19

The imaging findings are usually

reversible, though they lag behind

clinical improvement. Occasionally,

the abnormalities persist and have

been reported up to 6 years after the

initial presentation.28

Besides HC-HB, T1 shortening of the

basal ganglia may occur with chronic

liver disease, manganese deposition,

neurofibromatosis type 1, and calcifica-

tions.32 However, a quick review of the

patient chart usually excludes most of

these considerations.

Seizures in Non-Ketotic
Hyperglycemia
Seizures are relatively common in pa-

tients with NKHG. 33 These are often fo-

cal, with the most common subtype be-

ing focal motor seizure with or without

secondary generalization.34-36 Less fre-

quently, occipital lobe seizures or epi-

lepsia partialis continua may also oc-

cur.10,33,35 MR imaging in these patients

may show areas of transient T2 prolon-

gation, which are thought to be second-

ary to the ictus and may be seen with

seizures unrelated to hyperglycemia.

However, some authors have reported

subcortical areas of T2 shortening in a

subset of patients with NKHG, which of-

ten correlate with localization of ictal fo-

cus on EEG studies and regress after nor-

malization of hyperglycemia.37 Therefore,

these are more likely to be related to the

underlying hyperglycemic state.

As with HC-HB, these patients also

show evidence of poorly controlled dia-

betes and underlying hyperosmolality.10

The HbA1C is often elevated, attesting

to long-term hyperglycemia.33,34 In

some cases, the seizures may be the first presentation and uncover

underlying diabetes.34,35

Similar to HC-HB, correction of underlying hyperglycemia is

curative.10,33 Anti-epileptic drugs are often not required because

the seizures respond promptly to correction of hyperglycemia.35

Occasional cases may require short-term phenobarbital or val-

proic acid.35 Phenytoin is avoided because it worsens glycemic

control and can aggravate seizures.34

A predilection for occipital lobe involvement exists.34,36 Pa-

tients often present with visual symptoms such as blurring, field

defects, and hallucinations. The parietal, temporal, and perirolan-

dic cortex also may be involved.33,37

It is unclear how hyperglycemia precipitates seizures. Elevated

blood glucose levels have a pro-convulsant effect and reduce sei-

zure threshold.34-36 As pointed out earlier, a hyperglycemic state

also induces cellular anaerobic metabolism and depletes GABA,

which is an inhibitory neurotransmitter.35 The presence of con-

FIG 2. Axial noncontrast T1WI in a patient with HC-HB reveals T1 shortening in the left lentiform.
T2WI at the same level (B) reveals mild T2 prolongation.

FIG 3. Axial T1WI (A) and T2WI (B) at the level of basal ganglia reveal T1 and T2 shortening involving
the right corpus striatum.
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current ketoacidosis is thought to offer some protection against

seizures because ketone bodies can serve as substrate for GABA

generation.36

The reason for subcortical T2 shortening on imaging is also

unclear. Postulated mechanisms include mineral deposition and

ischemia.33,34,38 A hypointense signal on the gradient-echo image

would support free radical accumulation.33

NCCT is often negative, though rare cases with both HC-HB

and seizures may show basal ganglia hyperattenuation.38,39 On

MR imaging, the involved regions are usually isointense on T1WI

but may show focal T2 prolongation in the cortex and T2 short-

ening in the underlying WM.33-35 Similar hypointense subcortical

signal is also noted on gradient-echo images.33 Associated cortical

swelling is often appreciable on T2WI/ FLAIR images. Transiently

reduced ADC values and focal cortical or leptomeningeal en-

hancement may occur.33,35 These findings often completely re-

solve over a period of months, though some cases show focal

gliosis.33

Sporadic reports of 1H-MR spectroscopy have described re-

duced NAA in the involved regions.38 There are few case reports

of ictal hyperperfusion in the involved regions on technetium

Tc99m hexamethylpropyleneamine oxime SPECT imaging, in

contrast to HC-HB in a similar subgroup of patients, which shows

hypoperfusion.19,34,38

Besides NKHG, subcortical T2 shortening may also be seen in

viral encephalitis, meningitis, hypoxic insult, and Moyamoya dis-

ease.33 Overlying leptomeningeal enhancement, if present, would

add metastasis, sarcoidosis, and lymphoma to the list of differen-

tial considerations. However, a known hyperglycemic state and

supportive EEG findings may help to clinch the diagnosis.

Neonatal Hypoglycemia
Transient hypoglycemia is relatively common in neonates as they

transition from intrauterine to extrauterine environment.5 The

incidence of neonatal hypoglycemia is not clearly defined because

there is no absolute consensus on the exact blood glucose value to

define hypoglycemia.4 The plasma glucose level used to define

hypoglycemia varies between 25– 46 mg/dL in different studies,

though most researchers agree that a level �36 mg/dL within first

2–3 hours after birth requires intervention.14,40,41

Neuronal damage secondary to hypoglycemia is uncommon

but may occur.4,5 These children with this damage often present

with nonspecific symptoms such as seizures, lip-smacking, poor

feeding, hypotonia, cyanosis, and vomiting.4,5,14,41

Neonates often have development of hypoglycemia within

hours to days of birth. Alkalay et al,14 in their review of 23 patients,

found that the mean age at presentation was 30 hours and varied

between 1–72 hours. Because there is a broad list of differentials

for seizures in this age group, these children often undergo a

battery of tests to exclude metabolic, congenital, and infective

causes before imaging is considered. Transcranial sonography

is usually the initial imaging study and is performed to exclude

hypoxic or hemorrhagic insults. However, it has low sensitivity

for detecting hypoglycemic brain injury.14 Because the clinical

diagnosis of hypoglycemia can be made with a simple strip test,

imaging with CT/MR is often performed to assess the extent of

injury and prognosticate final recovery rather than to confirm

the diagnosis.

Neuroimaging findings in neonatal hypoglycemia were first

reported by Spar et al42 in 1994. Since then, similar findings have

been described in small patient cohorts by various authors.4,14,43

A predilection for occipital and parietal lobe involvement exists,

the exact reason for which is unclear.4,5,14 Some authors have

attributed it to relatively higher glucose utilization in this region

from intensive axonal growth.14 Others attribute the changes to a

variable distribution of excitatory neurotransmitters in different

parts of brain.4,41 The remaining cerebral hemispheres, cortico-

spinal tracts, corpus callosum, and deep gray nuclei also may be

affected.4,5,14,40 Posterior fossa involvement is rare.5 The pattern

of brain injury is independent of underlying etiology, essentially

implicating hypoglycemia as the culprit.4

On CT, the involved regions appear hypoattenuated in the

acute phase and are often bilateral. In fact, bilateral occipital in-

volvement is considered by some to be specific for hypoglycemia-

induced injury. The gray-white interface may be involved.14,41,43

Lesions are often bilateral.33,35 Hemorrhage has not been reported

on CT studies. Follow-up imaging usually shows volume loss.43

On MR imaging, variable signal is noted on most sequences.

The involved cortex is usually isointense on T1WI but may show

focal T1 shortening. Similarly, the cortex usually shows T2 pro-

longation, but focal T2 shortening may occur.4,14 Underlying

WM involvement manifests as areas of T1 and T2 prolongation.4

Follow-up imaging often shows parenchymal atrophy. Cystic en-

cephalomalacia may occur.4 Some patients may have transient

abnormalities that resolve on follow-up.14 Not surprisingly, these

patients have less severe hypoglycemia and present early.14

DWI is most sensitive for identification of parieto-occipital

injury, especially in the first 6 days after birth (Fig 4).44 In the

acute phase, there is restricted diffusion with correspondingly re-

duced ADC values.14 Some authors think that the degree of re-

stricted diffusion may correlate with parenchymal damage on fol-

low-up.45 Burns et al5 described presence of focal WM

hemorrhagic lesions in up to 30% of their cases. However, these

findings have not been reported in other studies. The reason for

this discrepancy is unclear.

Hypoglycemia potentiates hypoxia-induced damage, and a

combination of the 2 leads to worse outcomes than hypoxia

alone.4,46,47 These children often present with nonspecific symp-

toms such as seizures, lip-smacking, poor feeding, hypotonia, cy-

anosis, and vomiting.4

There is scarce literature on perfusion imaging and spectros-

copy findings in these patients. Kim et al45 reported reduced NAA

with the presence of a lactate peak in their patient, with further

reduction in the NAA peak on follow-up 1H-MR spectroscopy on

the 16th day.

On imaging, the most important differential consideration is

hypoxic encephalopathy, either alone or in combination with hy-

poglycemia. When a predominantly posterior distribution is seen,

the diagnosis of hypoglycemic injury is relatively straightforward.

However, with diffuse bilateral involvement, it may be extremely

difficult to exclude hypoxia or a combined insult. A review of the

patient’s Apgar score, plasma glucose, and arterial blood gas levels

may provide important clues.
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Prognosis in these children depends on prompt recognition

and treatment of hypoglycemia. However, the long-term progno-

sis can be variable and correlates with WM damage at MR imag-

ing.5 The overall outcome may be complicated by occipital lobe

epilepsy, visual disturbances, mental retardation, cerebral palsy,

and microcephaly.5,14,40

Adult Hypoglycemia
According to the American Diabetes Association,48 hypoglycemia

and severe hypoglycemia are defined as plasma glucose levels �70

mg/dL (3.9 mmol/L) and 40 mg/dL (2.2 mmol/L), respectively.

Hypoglycemia is more common in diabetic patients and can oc-

cur as a complication of therapy with insulin or long-acting sul-

fonylurea drugs. Symptomatic hypoglycemia is believed to affect

2% of diabetic patients annually and is associated with up to 4% of

deaths in patients with type 1 diabetes.6,11,49 Other causes include

exogenous administration of insulin, which may be suicidal or

accidental, insulin-secreting tumors, sepsis, Addison disease, and

hepatic or renal failure.6,7,11

Hypoglycemic symptoms can be divided into autonomic,

which include sweating, trembling, palpitations, and anxiety and

neuroglycopenic, which include weakness, confusion, personality

changes, seizures, and transient memory loss.6,7,15,50,51 Severe hy-

poglycemia may present with altered mental state or coma.6,52-54

Occasionally, patients may develop hemiparesis or quadriparesis

and mimic a stroke.12,51,53 In general, autonomic symptoms usu-

ally develop before neuroglycopenic symptoms. However, some

diabetic patients may develop “hypoglycemic unawareness,”

and autonomic symptoms may not develop or may remain

unrecognized.11

Energy failure leading to loss of cellular hemostasis is believed

to be a key factor in hypoglycemia-induced brain damage.6,52-54

Many authors have also pointed out the role of aspartate-induced

injury in hypoglycemia, in contrast to hypoxia, in which the neu-

ronal damage is secondary to glutamate.15,52,55,56 Absence of glucose

results in accumulation of oxaloacetate, which in turn leads to gen-

eration of excess aspartate. Aspartate is a known neurotoxin and has

been shown to cause preferential neuronal

necrosis in the cerebral cortex, neostria-

tum, and hippocampus.6,11,15,50

Hypoglycemia was initially reported to

predominantly involve the cortex, neo-

striatum, and hippocampus.6,11,12,54,57

However, many authors have also re-

ported predominant WM involvement,

mainly affecting the centrum semiovale,

corona radiata, internal capsule, an

splenium of the corpus callo-

sum.7,11,12,53,54,56 In fact, involvement of

the WM is now thought to be earlier and

more common than gray matter in-

volvement.52,53 Some cases may show

diffuse gray matter and WM involve-

ment.6,7,53,54 The thalamus, brain stem,

and cerebellum are invariably spared,

and this may help to differentiate hypo-

glycemia from hypoxic injury, which of-

ten involves the thalamus.6,52,55,56

Because these patients often present in an altered mental state,

underlying hypoglycemia may not be apparent. NCCT in these

patients is often unremarkable.15,49,50 Some cases may show non-

specific WM hypodensities or diffuse cerebral edema in the acute

stage and parenchymal volume loss on follow-up.15,49

On MR imaging, the earliest changes are seen on DWI se-

quences.52-54 The involved regions show restricted diffusion with

corresponding ADC hypointensity.6,7,12,15,53 The extent of these

abnormalities depends on severity and duration of hypogly-

cemia.6,49,52,57 Changes are usually bilateral, though bilaterally

asymmetric, or, rarely, unilateral lesions, may occur.11,52,57 Re-

duction in ADC values has been shown to follow establishment of

cerebral isoelectricity, a process that may be asynchronous. This

may explain asymmetric lesions in a given patient.11,53,58

Experimental studies on rats have shown that reduction in

ADC values follows cerebral isoelectricity and may quickly nor-

malize after glucose infusion.51 It has also been shown that hypo-

glycemia-induced neuronal damage does not occur until the EEG

becomes iso-electric and is independent of blood glucose level.52

Establishment of cerebral isoelectricity may be asynchronous, and

this may explain asymmetric lesions in a given patient.9,46

Contrary to the above observations, Schmidt et al11 recently

showed that short-term severe hypoglycemia by itself may not

show any visible diffusion abnormalities. Although they reported

findings in a small number of patients (n � 10), none of whom

lost consciousness, the findings may lead one to speculate that

individual susceptibility and associated comorbidities may also

influence imaging findings and clinical outcomes.

Patients with hypoglycemia also may show T2 prolongation in

both cortex and WM.7 These regions are usually isointense on

T1WI.49 However, Fujioka et al55 showed persistence of both T1

and T2 shortening in 4 patients who entered a persistent vegeta-

tive state. Hemorrhagic lesions have not been reported.6,50,55

Post-contrast enhancement is usually absent but may occur.6,49,50

Sporadic reports on perfusion studies show either no signifi-

cant change or slightly increased perfusion in affected re-

FIG 4. Axial DWI (A) and ADC image (B) in a hypoglycemic neonate reveal restricted diffusion
involving predominantly the parietal and occipital regions with corresponding ADC
hypointensity.
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gions.54,57,59 Similarly, only sporadic reports about 1H-MR spec-

troscopy exist and show mildly reduced NAA and preservation of

choline and creatine.57 No lactate peak is seen, probably because

of the absence of glucose.55,60 This may help to distinguish hy-

poxic from hypoglycemic insults.

On the basis of the topographic distribution of the signal ab-

normalities, 3 imaging patterns have been described.52 These in-

clude 1) predominant gray matter involvement affecting the cor-

tex, neostriatum, and hippocampi; 2) predominant WM

involvement affecting the periventricular WM, internal capsule,

and splenium of corpus callosum (Fig 5); and 3) mixed pattern,

involving both the gray matter and WM (Fig 6).

The division of patients on the basis of these imaging patterns

is of unclear significance.52,53 Patients with focal involvement of

the internal capsule, corona radiata, or splenium usually have a

good prognosis.6,7,53,54 These lesions usually resolve promptly af-

ter restoration of blood glucose, though they tend to follow clin-

ical symptom resolution.6,7,12,15,54 Atay et al56 reported near total

resolution of DW abnormalities in their patient as early as 2 hours

after blood glucose levels were restored.

Patients with extensive WM involvement show variable re-

sponse.52 The prognosis in these cases varies between complete

recovery and persistent vegetative state.53 Clinical improvement,

if it occurs, is usually delayed by weeks.6,17 Involvement of the

neostriatum and diffuse cortical lesions often portend dismal out-

come.7,49,50,52,57 Failure of lesions to regress on follow-up imag-

ing is also associated with poor prognosis.6

There is no satisfactory explanation as to why a subgroup of pa-

tients with hypoglycemia has hemiparesis and a good prognosis,

whereas others show diffuse WM lesions and a variable prognosis,

and still others have diffuse gray matter involvement and an invari-

ably poor prognosis. Some authors believe that these probably

represent a spectrum of injury and that focal WM changes

usually result from transient hypoglycemia.15,52 However,

some other authors believe that they may be attributable to

different pathophysiologies.7,12,52 Regardless of the cause, im-

aging subgroups in hypoglycemia do exist, and DWI probably

has some prognostic value.

Patients with extensive cortical and WM involvement often

present a diagnostic challenge. Similar changes can also occur

with hypoxia, hyperammonemia, encephalitis, after seizures, or

may be drug-induced.6,50 Splenial lesions have been reported in

seizures, anti-epileptic drug withdrawal or toxicity, alcohol

abuse, encephalitis, and electrolyte derangements.30,61 The

clinical context, along with a review of biochemical findings,

should help narrow diagnostic considerations. Sparing of the

thalamus, brain stem, and cerebellum is a useful clue. In select

cases, 1H-MR spectroscopy may serve as a problem-solving

technique.

CONCLUSIONS
Abnormal variations in plasma glucose levels are not uncommon

and can show myriad imaging findings. The presentation is often

nonspecific, and objective findings of HC-HB, memory loss,

hemiparesis, and coma often clinically mimic stroke. A timely and

accurate diagnosis would expedite cor-

rect treatment and limit neuronal injury

in the early stage, when changes are po-

tentially reversible.
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54. Böttcher J, Kunze A, Kurrat C, et al. Localized reversible reduction of
apparent diffusion coefficient in transient hypoglycemia-induced
hemiparesis. Stroke 2005;36:e20–e22

55. Fujioka M, Okuchi K, Hiramatsu K, et al. Specific changes in human
brain after hypoglycemic injury. Stroke 1997;28:584 – 87

56. Atay M, Aralasmak A, Sharifov R, et al. Transient cytotoxic edema

caused by hypoglycemia: follow-up diffusion weighted imaging
features. Emerg Radiol 2012;19:473–75

57. Lim CC, Gan R, Chan CL, et al. Severe hypoglycemia associated
with an illegal sexual enhancement product adulterated with
glibenclamide: MR imaging findings. Radiology 2009;250:
193-201

58. Hasegawa Y, Formato JE, Latour LL, et al. Severe transient hypogly-
cemia causes reversible change in the apparent diffusion coefficient
of water. Stroke 1996;27:1648 –56

59. Cordonnier C, Oppenheim C, Lamy C, et al. Serial diffusion and perfu-
sion-weighted MR in transient hypoglycemia. Neurology 2005;65:175

60. Auer RN, Siesjo BK. Biological differences between ischemia, hypo-
glycemia, and epilepsy. Ann Neurol 1988;24:699 –707

61. Gracia-Monco JC, Cortina IE, Ferreira E, et al. Reversible splenial
lesion syndrome (RESLES): what’s in a name? J Neuroimaging 2011;
21:e1–e14

840 Bathla May 2014 www.ajnr.org


