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【 CASE REPORT 】

Irreversible Homonymous Hemianopia Associated with
Severe Hyperglycemia and Cerebral Hyperperfusion:

A Case Report and Literature Review
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Abstract:
A 68-year-old man was admitted to our department because of left incomplete homonymous hemianopia

accompanied by hyperglycemia. Both T2-weighted and diffusion-weighted imaging revealed a low signal in-

tensity along the subcortex and high signal intensity along the cortex on the right parietal and occipital lobes.

Furthermore, arterial spin labeling and single-photon emission computed tomography showed hyperperfusion

at the right parieto-occipital lobe. However, the electroencephalography result was normal. Hyperperfusion

improved after controlling the blood glucose levels; nevertheless, homonymous hemianopia remained. We

suspect that the irreversible brain damage was attributable to hyperperfusion associated with long-term hyper-

glycemia.
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Introduction

The neurological manifestations of severe hyperglycemia

generally include choreoathetosis, ballismus (1), seizures (2),

and coma (3). Regarding vision loss, patients with diabetes

often have visual abnormalities caused by diabetic retinopa-

thy. Vision loss is generally classified into prechiasmal, chi-

asmal, or retrochiasmal deficits. The homonymous hemiano-

pia observed in cases localized retrochiasmatically affects

the right optic tract, lateral geniculate nucleus, optic radia-

tions, or visual cortex. Hyperglycemic hemianopia has been

rarely reported to cause temporary damage to the visual cor-

tex, resulting in homonymous hemianopsia (4-18). Some re-

ports have suggested an association of homonymous hemi-

anopsia with epilepsy; however, the nature of the neurologi-

cal impairment and neuroradiological findings in hypergly-

cemic hemianopia is not well known.

Magnetic resonance imaging (MRI) classically demon-

strates a low signal intensity along the subcortex on T2-

weighted imaging. In previous studies, visual deficits im-

proved or disappeared after controlling blood glucose levels

in all patients with homonymous hemianopia with hypergly-

cemia (4-18).

We herein report a case of irreversible homonymous he-

mianopia associated with severe hyperglycemia and cerebral

hyperperfusion. Hyperperfusion improved after controlling

blood glucose levels; however, homonymous hemianopia

persisted. We describe the disease process and discuss its

underlying mechanism.

Case Report

A 68-year-old Japanese man was admitted to our depart-

ment 1 month after the sudden onset of a visual field defect

on the left side. He had a history of type 2 diabetes melli-

tus, atrial fibrillation, and cardioembolic stroke on the terri-

tory of the left middle cerebral artery. A neurological exami-

nation revealed difficulty choosing words, which was associ-

ated with a previous stroke, and left incomplete homony-

mous hemianopia. Furthermore, automated perimetry re-

vealed a visual field defect on the left side.
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Figure　1.　Magnetic resonance imaging findings at admission. (A) Diffusion-weighted imaging and 
(B) T2-weighted imaging revealed cortical high intensity and subcortical low-intensity signals on the 
right parietal lobe, adjacent upper segment of the right temporal lobe, and lateral aspect of the right 
occipital lobe (solid white arrows). (C) Arterial spin labeling showed high signals in the same area 
where the abnormal findings were observed on magnetic resonance imaging (open white arrows). (D) 
Magnetic resonance angiography revealed an increased signal intensity in the right middle and pos-
terior cerebral arteries (solid white arrowheads).

His blood pressure was 136/96 mmHg, and his fundus

was normal. His blood glucose and hemoglobin A1c

(HbA1c) levels were 524 mg/dL and 17.7%, respectively.

The urinary ketone test was weakly positive. The cerebrospi-

nal fluid analysis revealed a normal cell count and protein

levels, although the glucose level was 161 mg/dL.

Computed tomography (CT) showed cortical swelling and

narrowing of the sulci on the right parietal lobe, adjacent

upper segment of the right temporal lobe, and lateral aspect

of the right occipital lobe. Diffusion-weighted imaging

(DWI) and T2-weighted imaging (T2WI) revealed a high

cortical signal intensity and low subcortical signal intensity

in the same area as described on the CT scan (Fig. 1A, B).

Arterial spin labeling (ASL) revealed cerebral hyperperfu-

sion on the same area where the abnormal signal was ob-

served on T2WI and DWI, and magnetic resonance angiog-

raphy (MRA) showed an increased signal intensity in the

right middle and posterior cerebral artery, which indicated

cerebral hyperperfusion (Fig. 1C, D).

We ruled out brain tumors or disruption of the blood-

brain barrier (BBB) based on non-enhancement on

gadolinium-enhanced MRI. In addition, Mitochondrial
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Figure　2.　123I-IMP brain perfusion single-photon emission computed tomography revealed a high 
accumulation at the right parieto-occipital lobe.

myopathy, Encephalopathy, Lactic Acidosis, Stroke-like epi-

sodes (MELAS) was excluded because of the elderly onset

and lack of characteristic physical findings. There were no

findings that prompted suspicion of venous abnormalities.
123I-IMP brain perfusion single-photon emission computed

tomography (SPECT) revealed a high accumulation at the

same area where cerebral hyperperfusion had been observed

on ASL (Fig. 2). Because persistent monitoring with an

electroencephalogram (EEG) revealed no abnormalities, in-

cluding epileptic discharges, antiepileptic treatment was not

provided. Magnetic resonance spectroscopy revealed a low

N-acetyl-aspartate level and high choline level, thereby indi-

cating necrotic changes. The high cortical signal intensity on

DWI and high accumulation on SPECT normalized after the

patient’s blood glucose levels were controlled with insulin

treatment; however, the subcortical abnormality in the

parieto-occipital lobe on T2WI did not improve and gradu-

ally changed from low to high signal intensity three months

after admission (Fig. 3A). SPECT also revealed decreased

accumulation at the right parieto-occipital lobe three months

after admission (Fig. 3B). The patient’s left homonymous

hemianopia did not improve during the clinical course.

Discussion

In this case of homonymous hemianopia with hyperglyce-

mia, the following points were important: First, characteris-

tic findings indicative of cerebral hyperperfusion were ob-

served on several brain imaging modalities. Second, clinical

findings, including epileptiform discharge on an EEG, which

suggest status epilepticus, were unable to be confirmed.

Third, subcortical damage on brain imaging and visual defi-

cit did not improve during the clinical course.

The mechanisms underlying the brain damage associated

with severe hyperglycemia are not fully elucidated. Intracel-

lular dehydration, reactive oxygen species production, an al-

tered neurotransmitter function, local cerebrovascular ische-

mia, or altered intracellular enzyme mechanics due to hyper-

glycemia are expected to result in brain cell damage (19).

Furthermore, a relationship between the mechanisms under-

lying the brain damage associated with severe hyperglyce-

mia and the depletion of gamma aminobutyric acid (GABA)

has also been suggested. In hyperglycemic conditions, the

Krebs cycle and glucose utilization are inhibited, thereby en-

hancing alternative pathways of energy metabolism, includ-

ing conversion of GABA. In a hyperglycemic state, one of

the brain energy requirements includes conversion of up to
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Figure　3.　(A) Subcortical low-intensity signals in the right parieto-occipital lobe on T2-weighted 
imaging had become an iso-intensity signal at one month after admission (solid white arrow). Subcor-
tical abnormal signals in the right parieto-occipital lobe had become a high-intensity signal at three 
months after admission. (B) 123I-IMP brain perfusion single-photon emission computed tomography 
revealed a decreased accumulation at the right parieto-occipital lobe (open white arrows). (C) The 
dilated right middle and posterior cerebral arteries returned to normal on magnetic resonance angi-
ography.

40% of GABA supplies (20).

Several hypotheses concerning the mechanisms underlying

the brain damage associated with severe hyperglycemia have

been proposed based on the structural and anatomical as-

pects of the brain. A previous study hypothesized that pre-

existing focal lesions, including old cerebral infarcts, may

cause hemianopia with hyperglycemia (21). In our case, the

patient had an old cortical infarct in the left frontal lobe;

however, the new neurological symptom of left homony-

mous hemianopia was not caused by damage to the frontal

lobe. A relationship between the embryonic type of posterior

cerebral artery and posterior predominance in brain damage

associated with hyperglycemia has also been suggested (4).

However, no embryonic type posterior cerebral artery was

observed in our case.

Hyperglycemic hemianopia has been reported to often be

complicated by seizures. In previous case reports of hyper-

glycemic hemianopia, 20 patients underwent an EEG, and

13 patients presented with epileptiform abnormalities on an

EEG (Table). It was also reported that a high signal inten-

sity on MRA, hyperperfusion on ASL, and high accumula-

tion on SPECT, which are also characteristics of cerebral

hyperperfusion phenomenon, were observed in patients with

epilepsy (22, 23). In several case reports on hyperglycemic

hemianopia, a high accumulation on SPECT or 18F-

fluorodeoxyglucose positron emission tomography was ob-

served due to the ictal phenomenon (8, 12, 18). However,

other than the findings on MRA, ASL, and SPECT, there

was no evidence of status epilepticus in our case. We as-

sumed that the findings on brain imaging were associated

with cerebral hyperperfusion itself, not with epileptic patho-

physiology. Persistent monitoring with an EEG showed no

abnormalities even without the use of antiepileptic drugs,

and we could not confirm any apparent convulsions during

the clinical course. Seizures in nonketotic hyperglycinemia

patients may be a result of the disruption in the BBB (9).

However, in our case, we were unable to identify lesions

suggesting BBB disruption on gadolinium-enhanced MRI.

Furthermore, the findings on brain imaging indicative of

cerebral hyperperfusion disappeared after the patient’s blood

glucose level normalized, even without antiepileptic treat-

ment.
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Table.　Clinical Features of Homonymous Hemianopia Cases Associated with Hyperglycemia.

Ref. 

No.

Age/

sex

Side of 

visual loss

HbA1c 

(%)

Serum 

osmolarity 

(mOsm/kg)

Epileptiform 

discharge on 

EEG

Treatment for 

epilepsy

MRI 

ab.

SPECT 

ab.
Outcome Recurrence

4 32/F Lt. 13.5 n.d. - LEV, TPM + n.d. partial improvement +

4 41/F Lt. 12.1 n.d. - - + n.d. remission -

5 39/M Lt. n.d. 313 - n.d. + n.d. partial improvement -

5 54/M Lt. n.d. 290 + n.d. + n.d. remission -

5 34/M Rt. n.d. 300 - n.d. + n.d. remission -

5 69/M Rt. n.d. 315 + n.d. + n.d. remission -

6 57/M Rt. 15.3 n.d. + - n.d. n.d. remission -

7 72/F Lt. n.d. n.d. n.d. n.d. - n.d. remission -

8 59/F Rt. 9.4 309.4 + DZP and LZP + + remission +

9 65/M Lt. 17.4 313 - LTG + n.d. remission -

10 67/M Lt. n.d. n.d. n.d. n.d. + n.d. remission -

11 61/F Lt. n.d. 341 - - + n.d. remission -

12 45/M Lt. n.d. 293 + VPA, LEV and OXZ + + remission -

12 60/M Lt. n.d. 290 + LEV and OXZ + + remission -

12 69/M Rt. n.d. 315 + PHT - + remission -

13 66/M Rt. 13.4 n.d. + PHT and LZP + n.d. remission -

14 53/M Rt. 11.4 n.d. + PHT and OXZ + n.d. remission -

15 68/M Lt. n.d. n.d. n.d. - - n.d. remission -

16 75/M Lt. n.d. n.d. - n.d. n.d. n.d. remission n.d.

17 28/M Lt. n.d. 308 + PHT n.d. n.d. remission -

17 67/F Lt. n.d. 310 + PHT n.d. n.d. remission -

18 30/M Lt. 13.8 304 + PHT and MDZ + + remission n.d.

18 52/F Lt. 14.4 295 + PHT + n.d. remission n.d.

present 

case

68/M Lt. 17.7 302 - - + + no improvement -

Ref.: Reference, EEG: electroencephalogram, MRI: magnetic resonance imaging, SPECT: single-photon emission computed tomography, ab.: abnormali-

ty, M: male, F: female, Rt: right, Lt: left, n.d.: not demonstrated, LEV: levetiracetam, TPM: topiramate, DZP: diazepam, LZP: lorazepam, LTG: lamotrig-

ine, VPA: valproic acid, OXZ: oxcarbazepine, PHT: phenytoin, MDZ: midazolam

In the literature, the association between neurological

deficits in severe hyperglycemia and cerebral hyperperfusion

has not been fully elucidated. A study reported that the

vasomotor reactivity on transcranial duplex ultrasonography

with CO2 decreased in patients with hyperglycemic hemi-

anopia (4). Posterior leukoencephalopathy syndrome also af-

fects the occipital lobe, which is attributed to autonomic

dysfunction. Sympathetic nerve innervation increases cere-

bral vascular tone in response to blood pressure increase.

Less abundant sympathetic innervation of the posterior cir-

culation would result in posterior predominance (24). Pa-

tients with diabetes mellitus may be at risk of autoregulatory

failure due to sympathetic dysautonomia and endothelial

dysfunction (25). The mechanism underlying the visual defi-

cit in patients with severe hyperglycemia may be attributed

to the disruption of autoregulation in the posterior circula-

tion.

Considering the high subcortical signal intensity on T2WI

and the decreased accumulation of SPECT on the right

parieto-occipital lobe several months after the onset, we be-

lieve that the damage to the right parieto-occipital lobe was

irreversible. In the literature, 23 cases of hyperglycemic he-

mianopia have been reported; however, the visual deficits in

all cases improved or disappeared after controlling blood

glucose levels (Table). In our case, T2WI revealed a lesion

with a low signal intensity in the subcortical white matter,

which is characteristic of patients with hyperglycemic hemi-

anopia (26, 27). Lesions with a low signal intensity on T2

WI at the subcortex can occur with iron deposition (28);

however, our patient did not present with a low signal inten-

sity on T2*-weighted imaging. Furthermore, the subcortical

abnormalities on T2WI gradually shifted from a low to a

high signal intensity.

The irreversibility in our case may have been due to the

prolonged cerebral hyperperfusion or hyperglycemia itself

due to late presentation (one month after the onset). In the

literature, only a few reports have included information on

HbA1c levels, with values exceeding 10% in most cases

(Table). The degree of brain injury, including irreversibility,

might be more closely correlated with long-standing hyper-

glycemia than to the degree of hyperglycemia in the acute

setting, as shown in a previous report (18). The diagnostic

criteria of hyperglycemic hyperosmolar syndrome include

serum osmolality greater than 320 mOsm/L. There was only

one case in which the serum osmolality was higher than this

criterion (Table). In our case, the patient’s serum osmolality

was 302 mOsm/L. The onset of hyperglycemic hemianopia

may be more strongly influenced by the duration of elevated



Intern Med 60: 3161-3166, 2021 DOI: 10.2169/internalmedicine.6994-21

3166

serum osmolality and blood glucose than the hyperglycemic

hyperosmolar state.

In the present case, only one side of the hemisphere was

damaged. In the literature, the side of visual loss was de-

scribed in all cases. Of the 23 cases, 7 involved the right

side, and 16 involved the left side. There is no information

concerning whether or not recurrence occurred on the same

side (Table). Furthermore, we were unable to sufficiently ex-

plain why almost all cases involved laterality and the differ-

ence in the pathophysiology of other neurological manifesta-

tions, including choreoathetosis, ballismus, seizures, and

coma.

Several limitations associated with the present study war-

rant mention. First, we were unable to completely rule out

non-convulsive status epilepticus despite normal findings on

continuous EEG monitoring. The diagnosis of epilepsy in

patients with parieto-occipital lobe lesions is sometimes dif-

ficult. Second, it might be difficult to generalize the findings

in our case due to the late presentation and prolonged symp-

toms.

We encountered a case of irreversible homonymous hemi-

anopia associated with severe hyperglycemia. This study in-

dicated that the brain imaging findings were associated with

the cerebral hyperperfusion state itself, not with epileptic

pathophysiology. To obtain more detailed pathophysiology

of the neurological manifestations associated with severe hy-

perglycemia, a large prospective study should be conducted.
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