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Acute Encephalopathy in Childhood

Keiko SUZUKI

Department of Pediatrics, Tokyo Women's Medical University Medical Center East

Acute encephalopathy in childhood is life-threatening and may cause death or neurological sequelae. Acute-
phase clinical symptoms are pyrexia, seizures, and disturbance of consciousness. Many cases of influenza-
associated encephalopathy in childhood have been reported in Japan, which is diagnosesd by its characteristic
clinical course and finding from magnetic resonance imaging (MRI) of the head. Several cases have been charac-
terized by hypercytokinemia, therefore, anti-proinflammatory cytokine therapy, such as methylprednisolone
pulse therapy and intravenous immunoglobulin therapy, has been recommended for treating encephalopathy.
Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD) is a subtype of influenza-
associated encephalopathy. However, AESD can be induced not only by influenza virus but also by other patho-
gens. The clinical course is characterized by a febrile seizure (usually >30 minutes) as the initial neurological
symptom on day 1, followed by recurrent seizures on days 4-6. On days 3-9, lesions can be detected in the subcor-
tical white matter by diffusion-weighted MRI. Although the mortality rate due to AESD is not high, associated
neurological sequelae are frequently observed. An excitotoxic injury with delayed neuronal death is considered
to be the primary pathogenic mechanism of AESD, although hypercytokinemia and metabolic failure can also oc-
cur. Control of the initial and recurrent seizures may affect outcomes.

Key Words: acute encephalopathy, hypercytokinemia, excitotoxic injury, childhood
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Table 1 Classification of acute encephalopathy
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Classification according to the pathogenesis preceding infection

1 Encephalopathy due to viral infection

Influenza encephalopathy

Human herpes virus-6, 7 encephalopathy
Rotavirus encephalopathy

Varicella zoster virus encephalopathy
Measles encephalopathy

Respiratory syncytial virus encephalopathy
Other virus encephalopathy
Encephalopathy due to bacterial infection
Perutussis encephalopathy

Salmonella encephalopathy
Enterohemorrhagic Escherichia coli (EHEC) encephalopathy
Cat-scratch disease encephalopathy
Mycoplasma encephalopathy

Other bacterial encephalopathy

3 Unknown pathogenesis encephalopathy

Classification according to the clinicopathologic features (classification of syndrome)

1 Due to metabolic error

Classical Reye syndrome
Various type of congenital metabolic disorders
Due to cytokine storm
Acute necrotising encephalopathy (ANE)
Hemorrhagic shock and encephalopathy syndrome (HSES)
Reye-like syndrome
Associate with status epilepticus (due to excitotoxicity)
Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD)
Classification by the distribution of cerebral cortex lesion
Acute infantile encephalopathy predominantly affecting the frontal lobes (AIEF)

Hemiconvulsion-hemiplesia (HH) syndrome/hemiconvulsion-hemiplegia-epilepsy (HHE) syndrome

Others

Acute encephalitis with reflactory, repetitive partial seizures (AERRPS), febrile infection-related epilepsy syndrome (FIRES)

4 Other encephalopathy

Mild encephalopathy with a reversible splenial lesion (MERS)

Encephalopathy associated with Dravet syndrome
Encephalopathy associated with Adrenal defficiency
Other encephalopathy

Unclassification encephalopathy

Modified clinical practice guideline of acute encephalopathy?
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Fig. 1 Magnetic resonance image (MRI) of the brain in a patient with acute encephalopa-
thy with biphasic seizures and late reduced diffusion (AESD) on the fifth day of illness
(case 1)
A: Diffusion-weighted imaging (DWI) showed high signal lesions in the subcortical white
matter with reduced diffusion. The lesions were predominantly frontal and parietotem-
poral in location, with symmetric sparing of the perirolandic region.

B: Reduced diffusion is verified on the apparent diffusion coefficient (ADC) map image.
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Fig. 2 MRI of the brain in a patient with acute encephalopathy with biphasic seizures
and late reduced diffusion (AESD) on the fifth day of illness (case 2)
A: DWI showed high signal lesions in the subcortical white matter with reduced diffu-

sion. The lesions were predominantly frontoparietal and symmetric.
B: The calculated ADC map demonstrated decreased ADC values of the subcortical le-

sions.
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Fig. 3 MRI of the brain in a patient with mild encephalopathy with a reversible splenial
lesion (MERS)
A: DWI showed a high intensity lesion in the splenium of the corpus callosum on the
second day of illness.
B: The lesion in the splenium of the corpus callosum disappeared by the ninth day of ill-

ness.
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Table 2 Differential diagnosis of acute encephalopathy

Infection/inflammation disorder

Metabolic disorder/intoxation

1 Encephalitis
Herpes simplex virus type 1
Herpes simplex virus type 2
Human herpes virus-6
Human herpes virus-7
Varicella zoster virus
Epstein-Barr virus
Measles encephalopathy
Rubella virus
Mumps virus
Adenovirus type 7
Enterovirus
Japanese encephalitis virus
West Nile encephalitis virus
Bacteria, Mycoplasma
Protozoan, parasite, etc
2 Meningitis
a. Suppurative meningitis
b. Tuberculous meningitis
¢. Mycotic meningitis
d. Viral meningitis
3 Brain abscess
4 Subdural abscess
5 Demyelination disease
Acute disseminated encephalomyelitis
Multiple sclerosis
6 Autoimmune disease
Systemic lupus erythematosus

1 Mitochondrial encephalopathy, lactic acidosis, and stroke
(MELAY)

Vitamin deficiency: Wernicke encephalopathy
Wilson disease

Diabetic ketoacidosis

Drug intoxication

S U1 B W N

Other metabolic error
(organic acid disorders, fatty acid metabolic disorder, etc)

Organ failure

1 Liver failure

2 Renal failure

3 Respiratory failure
4 Cardiac failure

Others

Intracranial disorder

1 a. Subdural hemorrhage
b. Epidural hemorrhage
c. Intracerebral hemorrhage
d. Subarachnoid hemorrhage
e. Shaken baby syndrome

2 Vascular disorder
a. Cerebrovascular disorders
b. Arteriovenous malformation
c. Superior sagittal sinus syndrome
d. Moyamoya disease

3 Brain tumor

1 Febrile seizure
Myocarditis/arrythmia
Heatstroke

Sudden infant death syndrome
Hypertensive encephalopathy

S U W N

Sleep disorder
Hypersomnia/periodic somnolence
Seep terrors/sleep walking

7 Other disorder of somnolence

8 Drug side effect

Antiepilepticus
Sedative/anesthetic
Psychotropic drug
Antihistamines

9 Psychogenic reaction

Modified clinical practice guideline of acute encephalopathy?
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(GFAP) ® 5., % visinin-like protein 1 ® k5.,
Rp2-3zuarzar7) v/ 2 L7F= v ko b
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REEFFTHAED, PICRFFEDOEE > TWin
BEDGZINTHE. IO, ks,
Z D% DR TRV % B2 T & W I12i3#
Uiz ks (B2 58 H) CHREEREN &2 17 ) 4%
5.

5 &EE

BHERIED & OB OB\ TREILE SNb
DISHEIETRDOLE LI TH Y, KIZTFwhA
DAY PE=VTH B,

1) &8

FAREED IR A, B - M 2 &2 X D8
FEMIZAE U % Z R BEE RO HIW T, [EWHE
WCCALREHZT9) . FRERLIT W AEED
BERO 12O RIME % 4 U 5 W RS 5 5%, 1~10
i O/NE T MLE T 70 + i X 2 mmHg %,
10/ %2 5/METIEI0mmHg ZH2 X H 12§
. BRILTE 2 PR 5 720 B4 7 B O i &
TV, RLEZRRGHIBRIEET S, KGN T VA0
A iR B OFFIE, B O (100~150 mg/dL
WD) 2479 . BHBENIEITLEZ 5D BA121E, D-
~r == (05~1kg/kg) % 15~30 4T 1 H 3~
6 Bl HHEHE L LTITV, 70 b F — VI3 H R
WIS L T200H 5720 TBL. &
PRI AR BT AT ) = A L F—
OEgRe, 7)) —F T HIVEATUE, MM O
ke, MEITHE, EARTHEDEREE 2D H 572
DIZHETHRETHY, HEH (TEFTI/) T
YA LA 7T y) REHT A, BENE
peE Ui - Pk 2 ) AT B Jiliax
HHD, BEHEOTH Ty 2A3E LR TWEA
Uy,

2) FREIEHR

A 27NV FRREZ B U TR R0 2 45
B BB 505, BIEEKRIES v 7 v
ANV ZAOEHERBIZEADOTIE AL, B
4V AEDIEFIER I & Z F CRIRDSIRET &
LR ENTWAS. A7 a4 F25V 29,
EHA N A Y MERL SRR (203 A 80 A R A
4 UBFEE LTHRIN TV, @HAFILVTLER
=vur30mg/kg/H (K 1g/H) &EEHH»TF
TWo ) lFEEL, SHMA 17— VvE L#EE
B Q27 —v/8) 5. BEREREICEIIS LT
TR HWIZA) v o R A EE 2 FH 3 % 13
o A7TuA FORWERICIZEET H2VENRDH 5.
FAED D 24 W DN O A P2 E S E 51
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REMEAVRIZ S NTB Y, WHERR Y B ofkb53E¢
FLWEEZZONTWE, yZ7u7 ) v 3HENITRE
FHY MR O TG EALHIRI R SIE L A N A VAR
HISEIC X D PLRREVE &2 5843 2 2%, 1R & L
TWELZAHLZE T S 5. &5 A M A Y MfER!
SYEREICH LTSNS ERIEIDLLEEZ LN
50, BRMRIRICZE T Y 2R ESN TV,
WEy a7 YHHT (~2) g/kg % 10~15 Il
PFTW- Y MHEFHET 525, 774 7% —
HREOWBICHET S, Zoft, %4 A A v
SEEHET 5T PO — L cENTETEF—V R
ZIPEI L, MR R o #E1T 2 BHIE % H
) TITH ¥ 7 a AR Y#ER, DIC &PEBITH L
MBI OB EIC X 2 K0 2 B RRA R O RE &
Z U He < IR EROIEEALIC & 2 AHERREE 20 LT
A fEshas 7 v F ba v v I KE#F,
T)—=F IV NERLT SEMILA b LA X 5Nk
E TEPR S B W PRAEA & L TN IE S S R
HINLIE 2 B8 S & B R R &2 MR L T2 5 T R vk
Y, BEBTRIIEF Y ADREOLNLICIEEST
WV DD, TFRMISEFRMESIIRFE I N DE L
DWOEHED, EINOR S N7-ii BT Tt
HLEPITON TN,

3) WA - BHEIREA ORI

WA BERGIREE & 120wt A AT 30 45 DL b kb
LTROOLNDLEA, b L Wik witAss
RO b, ORI EHEEEZ 30 50 Lo 5
DOLEHRINDG., TONABIEIKEX, TuRlA
WESU LML CRRO LN DL EHRSN, M
W IERN AR S N TV A, FRlik IS U7z
W) R SEW L ORIV EETH 555, BIEOFH
2 & % GABA ZBEERONTEALL #E L, GABA %
BARIAER T AR TV TEE v (BZP) REH O
BAIREGTT B & L DI IEICB W TH S 20 >
TWA,. T TIZ20~30 G UL EFrfe L T BT wiltA
Wk LT, #7 2 EHBEE C BZP X ) HEHARO
WIS DREIR L EF OV 22T 5. Lo L AERGE
DRIZW 13T VI AR O RERRKTE O 57 73 8 %
THY, LEULEOHITOWRAEOES IZTbWw
CLHBLETH L. REHIRIEHREDOE —BPE &
LCTIEIF VI A (MDZ) 7213 7 €/84 (DZP)
, BTOBIREE L TIE 7= b4~ (PHT) XD
MEEEED LT + A7 2= M ¥ (fPHT) ®
7z /)N VEF—)L (PB), LXFF+t% 2 (LEV)
PRI NTWD, B TH, (PHT IZEHRLXVET

F5ZENRRNVE V) HTHIETH Y, LEV IZIFWw
NAFEROBILITH L SO0, 0 F FROKS
ANBATI R s CRMEEE AR ST b, 5%
PURERIRSEE % 2 5- 5212 & AR FRRE 3 2 5565,
HEREME T WA ERGIREE & LT MDZ Fifidit: £ 72
EF AR T =N LF T I T — VFEHEANE
RE&NzH, WHERBY ICUEH T COEHEH %
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6. AEHI

SVERRE (X I 2 ERR R 2 72 £ b DIER Y
TIE% L, HWONNIEZENEEZ2RER S 2 <, IR
DEHIZ BV THBEBROERIZEK) 2L L.
HERGI 23R 5. TORABEBTIAEL, 40X
) SPERGE 2 & LI Z Bl L T\ 7228, R
RRTICESTERTH 5.

1 Lk L 2R, FENRERZL, 22 F
DB, AR D Tz JBRIERIZ X
Wk - S3FH Y, BIHHIC 38 EARRAD Y, i
B AR WA MBE LR EE R R R IE R v
5 —/NRBAFEH % S 7z, DZP A 4 mg 1A
EEEAmME TR 70 3D WILAGEHE L 72D
DD, FEWNEE LIFIAEREZZE L7, 20 5%
WILATFE L, DZP 4 mg #iF %12 MDZ Ffi mi i
(03 mg/kg/h) %P L7z, BEER CT Wifg, BEHMR
TIIFRE 2 <, HBITIEIRER & b IIREZED 5
DHRTIHoTz. ATuA B2V AP 3 HIH, KT
TR, 770N, BEEDIE,, yra7y v
1 g/kg WP G- % 1T L7z, HRE)CHIRZ 2 TH
0, 55 39 HICHEE 12 LI IR I 5 130 S~ AT
5549 H IR R D BURE D3, I b ok L
e dro 7285 5 H IS 20 AR ORI WA DS
B L 7243, BRRFEVE B DAL C b Nk L electri-
cal seizure # DTz, PB#HE (18 mg/kg #,
#MH 3mg/kg/H)NEEHLZEZ A, DBIZMNIE -
® electrical seizure DA o> 72, 459K H I
A7 U7z B850 MRT 015 C U 400 1 BE 3% A © I B 3E, BR
THEE O FV B IR 2> D Fi A5 e B VS B s i 5 ©
PEBLHIRR 2 528, WAARIC b 3 2 S HEHHI R %
A7z (Fig. 1). FH XY HIsH R B, sz 32
DDHEHCHRY, FETHRHIDBL L ICF2MIE
THREOEHMEER B EZRD S LI I12k o7z,
firh X 1) Echovirus type 6 238t & 1172, PB Wk
EREHLL, ITWAIIRD WS, IHREH ) TORE
MAREEE TR E 25 b DD, FHITHT 5 UMK
T, AR B EASHERT B % EREAIRERE D
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Fig. 4 Electroencephalogram (EEG) of a patient with acute encephalopathy with biphasic
seizures and late reduced diffusion (AESD) (case 2)
a: A diffuse high voltage delta demonstrated on awakening on the fifth day of illness.
b: Generalized monomorphic 4 to 5-Hz theta frequencies were obtained during sleep on
the fifth day of illness. Sleep spindles were not clearly evident.
c: A generalized high voltage delta frequently demonstrated on awakening on the sixth
day of illness.
d: A generalized high voltage delta is still demonstrated on awakening on the eleventh
day of illness.

KT 2RO 7. FIE 6 A BRI REE 2 0, JZE kg)
U@ﬁ%%?fﬁ‘@ﬂ?v‘?ﬁ‘ FIZIB L A% 20D
, FEERIEA LN TV, Z OFER ir?ﬂﬁﬂlb

- #E (05 mg/kg),

¥ 3R VAL A L 7.

MDZ #E (0.3 mg/kg) 12
THITVNAZKEDRL, PB#EQ20meg/ke) 12T

Eﬁ%%#%<,M@ME%iMf%éwiAmD
BEENATOA ROV AR Ky 7a 7)) Uk
B EIZ X B 0H 2 G L7245, late seizure BEFEIC
X9 B A MDZ TIEMICE DT, REEZKT
ZEthola

ERI 2 2 5%, FIEMRE 2 L, BZEIER T
AL ERD TV DRI Wil A (HAEED)
DOEEED Y. WA 2 IR IZH) 5 0 H O EEPE T Wi
ADWERD B3, B CT B L OISR 7
CRpEBIgTh. RENICEHEBLROBREED .
85 19 H ISR, BB L e MBI VWAL
L, YFE~Fasshzay, DZP #K (05 mg/

~HEFEtR, NTIFRAEEL R IC A 70 4 K200 28R,
VLRI DI ) fPHT (75 mg/kg/ H) #5-2piG S
7o MR a4 OV ARERAIIREEE 572 2
FWHIZHAE L, $£3WHICIEJCS2 FTHIHEL Tw
7eBs, BBARH XD ARREEE 2 ) REBICHE DR
L, BB~k U725 5 9% HIIESHE 2 < BURS
HIMH LTz, [ H ORMPERA ClI e IRk
DR AHH S, BEHER MRI 115 C 1 i 4 o0 1y B 35 7>

SUATHSE, —IRMIBHIE IS T, FIRE Tk
BRI % 32672 (Fig.2). 5l&feE fPHT (7.5 mg/
kg/H) & TR T #5247 o 72, R R Hphe % ik
MiAECld, R % 300 % DA T, electrical sei-
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zure [FFRD VD OO, HEIRIETSEN b 2D b7
Mo 7z (Fig.4). % 12 HIZ fPHT ik Loy 71
% Na WIRICEE L7245, DTV ARRD W
bODOEF RS AGHMWZEIEREMS Aok L
72 o T\ 72, 55 32 9% H Ol i A C I 2R R B o B
HERODL OO, FRVERE WA RO, I MRI
R TIXEE OMZEM 2 R0 525, RIEIXENITR
DEHMNREIEZRD D X)o7z FRER 2 2
ATHRTREE 20, BiELRDL BWLD
AESD Z &\, ITWATFRE LTHEERL NI
B RNIT S v PHT 85 % fkde L T 72235, late
seizure IIHHITE 72D DD, fiE & LTHOZMMED
eI LCid, BERETHISOMH CagiFH %
179 DAMNIRGBBIESS 2130, B3z f57z o7z
BbhUIZ
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