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• F/54

• PMH:

• bipolar affective disorder FU PSY

• DM/ hyperlipidaemia/ HT/ obesity

• Lacunar infarct at right pons and right frontal 

lobe in Sept 2007, presenting with dysarthria 

and left sided weakness, satisfactory recovery 

with independent ADL



HPI

• Admitted in medical ward for decreased sensorium

• Last seen well at 9 pm on 15/7/14, but found unarousable at 4 

pm by husband (19 hours later)

• noted patient yell once at 0300 on 16/7/14 and then fell 

asleep again

• No convulsion witnessed but saliva drooling

• Some psychiatry medications seen on table

• Patient husband claim not in low mood, not voice out wish to 

commit suicide, but very poor drug compliance

• Noted to have hypoglycemia (undetectable) in ambulance and 

given dextrose, H’stix 8.7 in AED 



Physical examination

• Afebrile 36.5 degrees 

• GCS: E4V1M2 on admission

• Pupils 3mm bilaterally, reactive to light

• Neck soft, no abnormal limb movement , No myoclonus

• Left sided hypertonia and hyperreflexia 

• Bilateral upgoing plantar

• CVS/ RES/ ABD: NAD



Investigations

• ABG:  7.46/3.6/13/19.2

• Mildly impaired renal function: 
– 139/5.1/23.9/170

• Liver function normal, CPK normal

• CT brain: no ICH, old Right pons infract, similar to CT 

brain 2007

• Empirically given ceftriaxone / acyclovir



17/7/14

• Electively intubated for airway protection and transferred to 

ICU

• Put on midazolam and morphine

• Differential diagnoses:

• Drug 

• Metabolic causes

• Stroke

• CNS infection

• Non-convulsive seizure



CNS infection

• Lumbar puncture done: 

• opening pressure 14 cm H2O

• Clear CSF 

• Protein 0.31g/ L

• Glucose 6.1 mmol/L (serum glucose 11.7)

• WBC 0 



Metabolic cause 

• Ammonia level normal

• TSH normal

• Urine x porphyrins: no excess

• Blood x ANA, anti-ds DNA  -ve 

• CPK normal 

• H’stix stable during stay in ICU



? Drug 

• Husband claim no illicit drug but DO not certain and 
possible

• Current medication before admission

• Blood and urine toxicology

• Drug(s) detected: Atenolol, Metformin and Morphine, 
Benzhexol, Gliclazide

• Blood x valproate level 323(within normal range)

• Blood x salicylate/ paracetamol/ ethanol –ve 

Artane

Quetiapine

Epilim chrono

Aspirin

Zestril

Moduretic

Atenolol 

Diamicron

zocor



EEG on 18/7/14

• 1st EEG (day 3)

• No epileptic activity

• Background slow waves 

• But patient in sedatives 

• ? Under drug effect 



Progress in ICU

• Patient remained unconscious despite all 

sedatives were stopped on 18/7/14

• Sensorium around E4VtM2-3

• No eye contact

• Sometimes eyes deviated to right 

• Brisk jerks over left upper and lower limbs

• Hypertonia over left side



Stroke? 

• Repeated CT brain 21/7

• The hypodensity at the Rt pons is again similar, could 

represent old infarct or prominent perivascular space.

• Repeated EEG 23/7 (day 8 and 4 days after sedatives 

stopped): 

• bilateral temporal slow wave background rhythm with 

occasional non-specific sharp waves, no epileptiform 

activity



• MRI 25/7 (day 10):

• T2 hyperintense lesions suggestive of old infarcts are 

seen in right temporal cortex, right side of pons, and 

inferior aspect of right frontal cortex.

• They show no interval increase in extent comparing 

with previous MRI scan 2009

• There is no new intracranial lesion detected.

• MRA (circle of Willis) show no significant arterial 

stenosis or occlusion



Consulted neurology

• Intracranial lesions not account for  decreased sensorium

• Metabolic causes mostly ruled out by laboratory tests

• Suggest to repeat EEG with valium

• EEG with valium injection: No significant changes in 

signals or clinically with i.v. benzodiazepam



Non-Convulsive Status 

Epilepticus
• EEG manifestations reported in NCSE include continuous or 

virtually continuous spike wave discharge, discrete focal 

electrographic seizures, diffuse slow activity with or without 

spikes, and periodic or repetitive epileptiform discharges. 

• Most other clinical situations in which NCSE occurs require 

EEG for diagnosis, which can be confirmed if the EEG shows 

continuous or virtually continuous paroxysmal activity, and 

preferably improvement simultaneous with clinical response 

to anticonvulsant medication such as intravenous/oral 

benzodiazepines



What this patient suffers from?

• CNS infection

– The lumbar puncture not compatible with 

• Stroke

– Long tract signs over left signs compatible with old infarcts

– MRI showed no new infarcts

• Metabolic causes

– Normal liver/ thyroid function with negative urine prophyrins

• Non-convulsive seizure

– No epileptiform activity by EEG, 

– No EEG signals or clinical improvement after i.v. benzodiazepine

• Hypoglycemic encephalopathy 

– Patient found hypoglycemia with undetectable H’stix in 
ambulance 

– Unknown duration of hypoglycemia



Hypoglycemic 

encephalopathy



• Unique energy utilisation of brain

• Very limited endogenous glycogen store 0.5-1.5g

• Brain accounts for 2% of body weight but utilise 25% of body’s 

glucose 

• Brain can use glycerols/ lactate/ ketone bodies during 

starvation, but cannot meet all of the metabolic demands of 

the brain

• Profound hypoglycemia can cause neuronal damage



Selective neuronal damage

• Areas most vulnerable are 
subiculum, area CA1, dantate gyrus,  
(at hippocampus), small and 
medium size caudate neurons, 
superficial cortical layers, 
substantia nigra

• Cerebellum suffers a lesser insult, 
probably due to greater efficiency 
of the cerebellar glucose 
transporter

• Appears damage more severe to 
those neurons near the 
cerebrospinal fluid spaces



Pathophysiology

• Postulated that not merely 
due to energy failure

• Less glucose as substrate 
for  acetate

• Increased oxaloacetate �
aspartate and glutamate 
production 
• Excitatory amino acids

• Aspartate in tissue  increases 
in 4-fold and CSF increase to 
16 fold 

• Sustained glutamate 
receptor activation, 
particularly at the NMDA 
receptors causing 
excitotoxicity



• Excitatotoxity
• Sodium and water influx

• Cerebral edema

• Followed by calcium influx 
and causes dysfunction of 
intracellular processes

• production of reactive 
oxygen species with 
damage to DNA and 
proteins

• The balance shifts toward 
excitation, which is why 
seizures (25– 30%) can be 
seen in profound 
hypoglycemia



Tissue alkalosis

Hypoxic brain Hypoglycemic encephalopathy

REDOX reductive oxidative

Acid-base Acidic Alkaline due to increase 

ammonia

Ketone bodies/ lactate 

present due to anerobic

metaboism

Ketone and lactic acid low as 

used as substrate

• Usage of protein as substrate causing ammonia accumulation 

in resulting in brain alkalosis

• Brain consume lactic acid and ketone bodies in profound 

hypoglycemia

• The above events conspire to increase cellular pH from 7.3 to 

~ 7.5



Clinical manifestation

• Insulin secretion ceases at 4.5 
mmol/l

• Counterregulatory hormones 
(glucagon, adrenaline) 
secreted at 3.8mmol/l

– Sympathetic nervous 
activation with Autonomic 
symptoms( sweating, 
irritability and tremor) at 
around 3.3 mmol/l

• Neuroglycopenic symptoms 
(seizure/ confusion) occur at 
2.8mmol/l

• Stupor and predominance of 
delta waves 

• Coma/ flat EEG/ neuron death 
occurs below 1.36 mmol/l



EEG in hypoglycemia
• Glucose 2-3.5mmol/l, 

increased theta wave 

• Glucose 1-2mmol/l, delta 
waves predominant, 
accompanied with stupor or 
drowsiness

• EEG isoelectricity, coma 
supervenes when the 
threshold of energy failure 
is reached

• A flat EEG is the harbinger 
of neuronal necrosis

• In experiment the blood 
glucose level thresthold for 
neuronal necrosis varies 
from 0.12mmol/l to 1.36 
mmol/l



Hypoglycemic coma

• First recognised by Dr. M Sakel who was nominated for Nobel 

prize 1950 for insulin shock therapy in schizophrenia (insulin 

induced hypoglycemic coma)

• Later noticed duration <30 mins allowed patients to recover 

from coma, but coma would be irreversible if treatment is 

longer





• A retrospective analysis over a 7 year period evaluated 102 patients 

admitted with coma and blood glucose of below 49 mg/dL 

(2.72mmol/L) and improvement with glucose administration. 

• Most patients were type 2 diabetics (92/102) taking glycemic agents.

• 93/102 had one or more risk factors included age over 60, renal 

dysfunction, decreased energy intake or infection. 

• Sixty two patients responded within 12 hours of treatment, 40% (40) 

took 12-72 hours to improve

• Morbidity: 

• 7 physical injury

• 8 seizures

• 1 ischemic heart attack

• 1 stroke

• Death occur in 5 patients(4.9%), but causality with hypoglycemia not established 

and all 5 patients who died had other serious medical conditions



• A prospective study on 125 patients for sympatomatic hypoglycemia in 

1 year

• 65 (52%) with obtundation/ stupor or coma

• 11 patients determined to be comatose for 12 hours or more 

• And among them, 10 remained comatosed 

• One death associated with hypoglycemia with coma > 20 hours



MRI finding

• Limited data for hypoglycemic encephalopathy 

as not all hypoglycemic patients underwent MRI

• DWI (diffuse weight imaging) has been reported 

as more sensitive and definite compared with 

other modality 
• Detect alteration in water diffusion resulting from cellular 

dysfunction, identifying early neuronal damage 

• Represent selective neuronal loss, proliferative astrocytes, 

paramagnetic substance deposition



Distribution 

• MRI images of those in persistent vegetative state from 

hypoglycemia revealed lesions in bilateral basal ganglia, 

cerebral cortex, substantia nigra and hippocampus (vulnerable 

area)

• A study in Korea investigation MRI image in 11 hypoglycemic 

encephalopathy with coma [diffusion MR imaging of 

hypoglycemic encephalopathy. Kang EC. AJNR 2010; 31:559-64]

• Posterior limb of Internal capsule  (54%)

• Hippocampus 36%

• Central semiovale 82%

• cortex 73%

• Corona radiata 64%





Reversibility?

• Case reports showed 

DWI hyperintensity 

disapppear with time ~ 

14days to 50 days in 

patient with 

hypoglycemic 

encephalopathy with 

neurological sequelae



• A case report show MRI 

changes were sustained 

for 7 days but on the 

14th day the findings 

lessened and even 

disappeared

• These changes were 

found not only in DWI 

but also in T2- weighted 

and FLAIR findings



Prognostic factors in hypoglycemic 

encephalopathy



Prognostic value in MRI

• Good prognosis

• Hyperintensity in white matter such as corona radiata/ internal 

capsule 

• hyperintensity regress on follow imaging

• Poor prognosis

• Lesions detected in the cerebral cortex, basal ganglia, 

hippocampus, and not regress on follow up MRI

• Grey matter  damage, or selective neuronal necrosis





• Neuron specific enrolase

• dominant enolase-isoenzyme found in neuronal and 

neuroendocrine tissues

• Organ-specific: neurons and small amount in erythrocytes

• The biological half-life of approximately 24 hours.

• Elevated in neuronal destruction, also frequently overexpressed 

by neural crest-derived tumors. Up to 70% of patients with small 

cell lung carcinoma (SCLC)

• S 100 protein

• S100 proteins are homodimeric polypeptides

• normally present in cells derived from the neural crest, 

chondrocytes, adipocytes, macrophages, and keratinocytes



Predictors of neuronal damage

• Neural specific enrolase (NSE)

• S-100

• markedly elevated in 3 patients who died from hypoglycemic 

brain injury compared with 16 patients with hypoglycemia with 

good recovery

• But not elevated in patients with hypoglycemia without 

neurological sequelae

• Any neuronal injury without persistent neurological deficit is 

insufficient to provoke elevation of these serum markers

• May predict death or otherwise poor outcome in profound 

hypoglcemic coma



hypothermia



• Retrospective study on 128 patients with severe hypoglycemia

• Hypothermia (< 35 C) was identified in 30 out of 128 patients 

in severe hypoglycemia, not affected by age, type of DM, 

season or time of day

• Using linear regression, the lowest recorded temperature was 

associated with initial Glasgow coma scale (GCS) score (r2 = 

13.8%, P < 0.0001) and inversely associated with the leukocyte 

count (r2 = 13.1%, P = 0.001)

• Hypothermia may be a marker for hypoglycemia severity or 

duration

• May also represent an important compensatory mechanism in 

severe hypoglycemia, reflecting a decrease in energy demand 

during glucose deprivation





• Recruit 165 patients with hypoglycemic encephalopathy with 

coma or stupor with blood glucose < 50 mg/dl (2.78mmol/l)

• 127 good outcome (Glasgow outcome scale (GOS) =5)

• 38 poor outcome (11 patients GOS= 1, 12 GOS=2, 6 GOS=3, 

9 GOS=4)

Glasgow outcome scale

1 Death No life

2 Vegetative state Unaware of self and environment

3 Severe disability Unable to live independently

4 Moderate disability Able to live independently

5 Mild disability or good 

recovery

Able to return to work/ school



poor outcome

• Lower Initial glucose (18.0 (1); 9.0–27.0 mg/dL vs 24.0 (1.3); 20.0–

31.0 mg/dL; p = 0.002)

• Longer Duration of hypoglycemia (16.0; 12.0–24.8 h vs 9.0; 3.5–

18.0 h;, p < 0.001)

• Higher body temperature (37.0  1.4 8C and 35.5  1.2 8C, 

respectively; p < 0.001)

• May be accounted by compensatory mechanism of hypothermia to 

decrease  energy demand during hypoglycemia

• Lower Whole blood lactic level (1.0; 0.8–1.9 mmol/L vs 2.2; 1.7–

2.5 mmol/L; p = 0.032)

• Postulated lactic acid may be protective as brain utilise in energy metabolism



Animal experiments



Does our patient suffer from hypoglycemia induced 

vegetative state?

• For

• Documented 

hypoglycemia in 

ambulance 

(undetectable)

• Possible long duration 

of hypoglycemia (last 

seen 19 hours)

• Other metabolic/ 

seizure/ structural 

causes excluded

• Against

• No MRI lesions typical 

of hypoglycemia

• The MRI lesions can be 

reversible even in 

patient with 

neurological sequenlae



• Our patient consciousness remains static E4VtM2

• Tracheostomy done and later wean off from ventilator 

• Suspected to have “hypoglycemia-induced vegetative state”

• Transfer to general ward and later to Tai Po Hospital for 

convalescence
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