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Fig. 1. (a) Brain CTs on 2nd and 21st day of hospitalization in Case 1
showing disappearance of cistern between brainstem and cerebellum
(upper image) and severe brain edema (lower image). (b) Brain CT on
admission showing severe brain edema in Case 2. (c-g) Brain MRIs
showing abnormal high intensities in diffusion-weighted images in
Cases 6,7,12,11 and 10, respectively.

3.4. Patient profile for the study of the blood ATP level

Twenty-five patients were included in this study. The
diagnoses of the 25 patients were as follows: 10 patients
with acute encephalopathy (mean age: 3 years and
11 months, age range: 7 months-10 years an&Sgnon(hs.
one IAE, one Salmonella-associated, one HHV-6-associ-
ated, three unknown virus-associated, one methylma-
lonic  aciduria, one hepatic encephalopathy, one
hemolytic uremic syndrome, and one septic encephalopa-
thy (Case 2 in Table 1)), nine febrile seizure status (mean
age: 1 vear and 5 months, age range: 4 months—4 years
9 months), and six mitochondrial disease (mean age:
9 vears and 8 months, age range: 2-25 years, two partial
cytochrome c oxidase deficiency, Ehrec Leigh syndrome,
and one chronic progressive external ophthalmoplegia).
All 10 patients with acute encephalopathy were analyzed
regarding the blood ATP levels in the acute phase (within
24 h of disease onset), and five of the 10 patients were also
analyzed in the convalescent phase. Among the 15
patients who were analyzed for CPT II polymorphism,
only Cases 2 and 12 were included in this study.

4. Methods
4.1. Analysis of CPT II polymorphism

Genomic DNA from whole blood was purified as
previously described [15]. PCR of five exons of the
CPT 1II gene was carried out with intron-based primers
in genomic DNA. For haplotype analysis, the CPT II
exon four region was cloned into the pCR® 2.1 vector
(Invitrogen). The sequences of the PCR products and

cloned CPT II gene were analyzed employing the ABI
DyeDeoxy Terminator Cycle Sequencing Kit with an
ABI-PRISM 3100 Genetic Analyzer (PE-Applied Bio-
systems). Each PCR product was sequenced at least
twice independently.

4.2. Preparation of patients’ lymphoblasts and culture

Blood samples (2 mL) were obtained from patients by
venipuncture into a sterile EDTA blood collection tube.
Lymphocytes were separated from peripheral blood,
diluted (1:1, v/v) with sterile saline, by centrifugation
(800xg, 20 min) over 2 mL of Lymphoprep (Nycomed).
The lymphocyte layer was recovered and washed twice
with PBS by centrifugation at 250xg for 10 min each,
and then maintained in PRMI-1640 (GIBCO) supple-
mented with 12.5% FCS. Cells were incubated with 5%
CO, at 37 °C for 7 days. Lymphoblastic cell lines were
established by infecting peripheral blood lymphocytes
with the Epstein Barr virus. Cells were grown in suspen-
sion in an SC flask (Greiner 658190) in an upright posi-
tion, in 10 ml of PRMI-1640 medium that contained
12.5% FCS, maintained at 37 °C. Fluid was routinely
changed every 2 days by removing the medium above
the settled cells and replacing it with an equal volume
of fresh medium.

4.3. Analysis of CPT II activity

CPT 1I activities of patients’ lymphoblasts were ana-
lyzed as previously described [14]. To prepare whole cell
extracts, cells were harvested and washed twice with
PBS (—) at 250xg for 10 min and then lysed with
0.5mL of ice-cold lysis buffer (5 mM Tris-HCI buffer,
pH 7.4, containing 1% Tween-20 and 0.5 M KClI), then
centrifuged at 1,47,600x g for 1 h at4 °C. To analyze the
heat stability of CPT II, cell lysates were pre-incubated
at 30, 37 and 41 °C for 0-120 min. Protein concentra-
tions in the cell lysates were measured using the BCAc
Protein Assay Kit (Thermo SCIENTIFIC). ‘

4.4. Measurement of blood ATP levels

ATP concentrations in whole blood lysate were mea-
sured by an ENLITEN® ATP assay system biolumines-
cence detection kit (Promega) according to the
instructions provided by the manufacturer and the val-
ues were expressed as ATP levels in whole blood.

5. Results
5.1. CPT II polymorphism in the patients
As shown in Table 1, among the 15 patients studied,

seven had a thermolabile F352C CPT II variant (1
F352C only and six [F352C + V3681]). four V3681 only,
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two [V3681 + M647 V], and two no polymorphisms. In
12 patients with acute encephalopathy (Cases 1-12). six
(Cases 1-3 and 5-7) had a thermolabile F352C CPT II
variant (1 F352C only and five [F352C + V3681]), and
five (Cases 8-12) had the V368 CPT II variant (4
V3681 only and one [V3681 + M647 V]) and one (Case
4) showed no CPT II variant. Two patients with acute
encephalopathy who died (Cases 1 and 2) had a thermo-
labile F352C CPT Il variant (1 F352C only and the other
[F352C + V3681)). In three patients with febrile delirium
associated with influenza infection (cases 13-15). only
case 13 (brief febrile seizure and unusually long febrile
delirium) had the [F352C + V3681] CPT II variant. No
other reported CPT II mutations or polymorphisms were
detected.

There was no significant difference in the age at onset
(41.0£23.3 vs. 24.3 = [2.7 months of age, p =0.18),
duration of high fever (52.0 =353 vs. 63.0 == 44.9 h,
p=0.28), and duration of seizures (40.5+40.1 vs.
56.7+23.4h. p=0.12) between the six patients with
acute encephalopathy with a thermolabile F352C CPT
II variant (Cases 1-3.5-7) and six patients with acute
encephalopathy without this thermolabile variant (Cases
4.8-12) (Mann-Whitney U-test).

5.2. Lymphocyte CPT II activity in the patients

As shown in Fig. 2(b), CPT II activity using periphe-
ral lymphocytes of a patient with a thermolabile F352C
CPT II variant was significantly reduced to about 50%
during incubation for 120 min at 41 °C as compared to
those at 30 and 37 °C. All patients with a thermolabile
F352C CPT II variant showed a significant reduction
of CPT II activity at 41 °C.

Fig. 2(a) shows CPT II activity in a patient with the
V3681 CPT II variant without reduction even at 41 °C.

5.3. Blood ATP levels in patients with acute
encephalopathy

As shown in Fig. 3, ATP levels in the extracts of
whole blood in the acute phase of encephalopathy dur-
ing high fever were significantly low (0.58 = 0.16 mM,
n = 10) compared with those in the convalescent phase
( 1.08 +0.27 mM, n= 5) and with those of patients with
febrile seizure status (1.0140.36 mM, n=09). The
blood ATP levels in the acute phase of encéphalopathy
revealed no significant difference when compared to
those of patients with mitochondrial disease exhibiting
several symptoms (0.79 + 0.39 mM, n= 6).

6. Discussion
Although the precise pathomechanisms of acute

encephalopathy have yet to be clarified, it is postulated
that some genetically-determined factors might be

involved, because some types of acute encephalopathy
are more frequent in Japanese than in Caucasians. Chen
et al. [12] demonstrated that the thermolabile phenotype
of CPT II variations such as the F352C CPT II variant
or complex [F352C + V36811 CPT II variant might be a
principal genetic background of IAE in Japanese. On
the basis of the analysis of fatty acid oxidation and cel-
lular ATP production in COS-7 cells transfected with
wild-type and variant CPT2 cDNAs at 37 and 41 °C,
Yao et al. [14] suggested that the compound CPT?2 vari-
ants with thermolabile phenotypes are the main cause of
multiple-organ failure, particularly in high ATP-con-
suming organs as well as endothelial cells and play a
major role in the etiology of IAE.

In the 12 patients with acute encephalopathy studied,
six patients (Cases 1-3 and 5-7) had thermolabile F352C
CPT II variants (F352C CPT II variant alone in one case
and complex [F352C + V3681] CPT 1I variants in five
cases), which were reported to be frequently noted in
severe IAE patients [12,14]. Of the six patients, two
patients (Case 1, IAE and Case 2, Hemophzlus influen-
zae-associated septic encephalopathy) died despite inten-
sive care. Case 2, who died of fatal septic encephalopathy
[16], showed a high acylcarnitine ratio ((C16 + C18:1)/
€2:0.203) on admission. This value corresponded to
the ratio (>0.09) of the high-risk group of patients with
IAE showing a fatal outcome, thus reflecting the disorder
of mitochondrial e-oxidation. [12]. The remaining six
patients (Cases 4 and 8-12) with acute encephalopathy
without a thermolabile F352C CPT II variant followed
a relatively mild clinical course (Table 1). Out of the
six patients, five had a V3681 CPT II variant.

As shown in Fig. 2, the CPT II activities of lympho-
cyte in patients with the F352C CPT II variant showed
thermal instability, that is, a marked activity reduction
at 41 °C, while those in patients with the V3681 CPT
II variant did not. There was no significant difference
in the age at onset, duration of high fever, and duration
of seizures between the six patients with the F352C CPT
II variant (Cases 1-3 and 5-7) and six patients without
this variant (Cases 4 and 8-12). Therefore, taken
together, it seems likely that a thermolabile F352C
CPT II variant might be related to the severity of dis-
ease, that is, the rapidity of progression of brain edema.
In Caucasians, two polymorphisms of CPT II, p.V368I
and p.M647 V, occur with a frequency of 0.5 and 0.25,
respectively, exhibiting a Hardy—Weinberg equilibrium.
A third polymorphism, p.F352C, occurs with a fre-
quency of 0.21 exclusively in the Japanese population
[17]. Therefore, this thermolabile F352C CPT II variant
might be one of the predisposing factors to trigger the
pathomechanism of acute encephalopathy in Japanese.

The CPT system regulates the entry of long-chain
fatty acids into the mitochondrial matrix for e-oxida-
tion. Fatty acid oxidation is an important source of
acetyl-CoA for maintaining the tricarboxylic acid cycle.

— 182 —

317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372



373
374
375
376
377
378
379
380
381
382
383

6 M. Kubota et al. | Brain & Development xxx (2011) xxx-xxx

(@) 60 (b) 6.0
A 30°C A 30°C

§ 50t Oarec S 501 0O arec
g O a1°c g O 4a1°Cc
5= B
';.g 40 w% 4.0
] £B
= =
g ES
8g 30 agso
- i
5: 5

20 SE 20
£ £=

oLk s,
0 30 60 90 120 0 30 60 90 120

Time (min) Time (min)

Fig. 2. (a) Lymphocyte CPT II activity in case 12 (influenza-associated encephalopathy) with V3681 CPT II variant at 30, 37 and 41 °C. No definite
reduction of CPT II activity was observed at 41 °C. (b) Lymphocyte CPT II activity in Case 1 (influenza-associated encephalopathy) with a
thermolabile F352C CPT II variant at 30, 37 and 41 °C. At 41 °C, the CPT II activity decreased to about 50% of that at 37 °C after 2-h-incubation.
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Blood ATP (mM)

occur during high fever due to a secondary CPT II defi-
ciency in spite of the absence of symptomatic manifesta-
tions of CPT II disorder in daily life at a normal
temperature [12,14].

Olpin et al. [19] reported based on mutation analysis
that when CPT II activities are above 20% of controls,
fatty acid oxidation in fibroblasts is usually within the
normal range (>70% of controls). However, under heat
stress, fasting, acidosis, and seizures, moderately low-
ered CPT II activity due to the thermolabile F352C
CPT 1I variant may accelerate the disease process of
acute encephalopathy.

o8 Blood ATP levels in the acute phase of encephalopa-
06 L thy during high fever were significantly lower than those

in the convalescent phase and also with those of patients
04 with febrile seizure status. This suggests that mitochon-
0" ] drial energetic failure may be more severe in patients

0

Fig. 3. ATP levels in whole blood in patients with acute encephalop-
athy (acute (a) and convalescent phase (b)), febrile seizure status (c)
and mitochondrial disease (d). In five patients with acute encephalop-
athy, blood ATP level recovered at convalescent phase.

The CPT 11 is ubiquitously expressed in all tissues that
require fatty acid oxidation as an energy-producing
pathway [18]. CPT II deficiency is a disorder of long-
chain fatty acid oxidation. It is classified into three clin-
ical types based on the age at onset and disease severity:
lethal neonatal form, severe infantile hepatocardiomus-
cular form, and myopathic form. It is clear that our
patients’ clinical manifestations did not correspond to
any of these three types. The thermolabile instability
of the F352C CPT II variant in our cases explains the
situation whereby impaired energy metabolism could

with acute encephalopathy, and the pathological process
of acute encephalopathy should differ from the febrile
seizure status. The low levels of ATP in the acute phase
of encephalopathy were normalized in the convalescent
phase in line with clinical recovery. Interestingly, blood
ATP levels in the acute phase of encephalopathy corre-
sponded to those of mitochondrial disease with several
symptoms. Yao et al. [14] showed that COS-7 cells
transfected with thermolabile LF352C + V36811 CPT 1I
variants exhibited significantly decreased fatty acid oxi-
dation and subsequent intracellular ATP reduction at
41 °C. The decreased ATP levels seemed to reflect sys-
temic mitochondrial dysfunction including the blood
brain barrier (BBB) at the acute phase of encephalopa-
thy in our cases. The ATP demand per body weight is
so high in infants that a thermolabile CPT II variant
induced-ATP reduction might lead to a greater suscepti-
bility to the pathophysiology of encephalopathy in chil-
dren than in adults.
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The brain capillary endothelium is characterized by a
greater density of mitochondria than that of peripheral
capillaries [20]. This greater mitochondrial density is
required to maintain the significant active transport
mechanisms, electrochemical gradients, autoregulatory
adjustments, and regulation of tight junctional com-
plexes. As such, the requirement of a constant ATP sup-
ply may make the BBB particularly susceptible to acute
hypoxic insult [21]. From a similar perspective, BBB
breakdown may occur at an initial stage of encephalop-
athy under the condition of ATP reduction, thus leading
to subsequent brain edema due to complex cascade of
hypercytokinemia, excitotoxicity, and oxidative stress.
Although there is one hypothesis that cytokine storm
due to virus-glial cell interaction might cause endothe-
lial cell damage (BBB breakdown) leading to brain
edema and neuronal injury [11], we consider that endo-
thelial cell damage might induce in turn cytokine pro-
duction resulting in neuronal damage in patients with
thermolabile F352C CPT II variant irrespective of
encephalopathy type .

In three patients with febrile delirium associated
with influenza virus infection (Cases 13-15), Case 13
with a thermolabile F352C CPT II variant developed
a short seizure and an intermittent confused state with
visual hallucinations and agitation lasting 6 h. Cases
14 and 15 without F352C CPT II variant showed
short-term consciousness alteration and- abnormal
behavior without seizures. All patients’ brain MRIs
were normal, and they fully recovered. Although more
extensive study is needed, the grade of febrile delirium
associated with influenza virus was more severe in a
case with a thermolabile F352C CPT II variant when
compared with that in cases without F352C CPT II
variant. ;

Given that a thermolabile CPT II variant might be
one of the predisposing factors for acute encephalopa-
thy, we should revise the therapeutic strategy from the
acute phase. Considering the rapid progression of
encephalopathy and associated low CPT II activity
during high fever, immediate hypothermia, sufficient
glucose infusion, and r-carnitine supplementation
should be adopted as treatment options. We speculate
that the immediate hypothermia led to the recovery
of the lowered CPT II activity and, thus, mitochondrial
energy failure became minimal in many tissues includ-
ing the brain capillary endothelium, leading to less
severe damage to the central nervous system.

Acknowledgment

The authors are grateful to nursing staff in Metropol-
itan Hachioji Children’s Hospital for the care and man-
agement of patients.

References

(1] Belay ED, Bresee JS, Holman RC, Khan AS, Shahriari A,
Schonberger LB. Reye’s syndrome in the United States from 1981
through 1997. N Engl J Med 1999;340:1377-82.

[2] Morishima T, Togashi T, Yokota S, Okuno Y, Miyazaki C,
Tashiro M, et al. Collaborative study group on influenza-
associated encephalopathy in Japan. Encephalitis and encepha-
lopathy associated with an influenza epidemic in Japan. Clin
Infect Dis 2002;35:512-7.

[3] Mizuguchi M, Abe J, Mikkaichi K, Noma S, Yoshida K,
Yamanaka T, et al. Acute necrotising encephalopathy of
childhood: a new syndrome presenting with multifocal, symmetric
brain lesions. J Neurol Neurosurg Psychiatry 1995;58:
555-61.

[4] Takanashi J, Oba H, Barkovich AJ, Tada H, Tanabe Y,
Yamanouchi H, et al. Diffusion MRI abnormalities after
prolonged febrile seizures with encephalopathy. Neurology
2006;66:1304-9.

[5] Levin M, Hjelm M, Kay JD, Pincott JR, Gould JD, Dinwiddie R,
et al. Haemorrhagic shock and encephalopathy: a new syndrome
with  a high mortality in young children. Lancet
1983;2(8341):64-7.

[6] Levin M, Pincott JR, Hjelm M, Taylor F, Kay J, Holzel H, et al.
Hemorrhagic shock and encephalopathy: clinical, pathologic, and
biochemical features. J Pediatr 1989;114:194-203.

[7] Mizuguchi M, Yamanouchi H, Ichiyama T, Shiomi M. Acute
encephalopathy associated with influenza and other viral infec-
tions. Acta neurol Scand 2007;115(Suppl. 4):45-56.

[8] Sugaya N. Influenza-associated encephalopathy in Japan: path-
ogenesis and treatment. Pediatr Int 2000;42:215-8.

[9] Kasai T, Togashi T, Morishima T. Encephalopathy associated
with influenza epidemics. Lancet 2000;355(9214):1558-9.

[10] Ichiyama T, Suenaga N, Kajimoto M, Tohyama J, Isumi H,
Kubota M, et al. Serum and CSF levels of cytokines in acute
encephalopathy following prolonged febrile seizures. Brain Dev
2008;30:47-52.

[11] Yokota S, Imagawa T, Miyamae T, Ito S, Nakajima S, Nezu A,
et al. Hypothetical pathophysiology of acute encephalopathy and
encephalitis related to influenza virus infection and hypothermia
therapy. Pediatr Int 2000;42:197-203.

[12] Chen Y, Mizuguchi H, Yao D, Ide M, Kuroda Y, Shigematsu Y,
et al. Thermolabile phenotype of carnitine palmitoyltransferase I
variations as a predisposing factor for influenza-associated
encephalopathy. FEBS Lett 2005;579:2040-4.

[13] Bonnefont JP, Djouadi F, Prip-Buus C, Gobin S, Munnich A,
Bastin J. Carnitine palmitoyltransferase 1 and 2: biochemical,
molecular and medical aspects. Mol Aspects Med 2004;25:
495-520.

[14] Yao D, Mizuguchi H, Yamaguchi M, Yamada H, Chida J,
Shikata K, et al. Thermal instability of compound variants of
carnitine palmitoyltransferase II and impaired mitochondrial fuel
utilization in influenza-associated encephalopathy. Hum Mutat
2008;29:718-27.

[15] Fukao T, Mitchell GA, Song XQ, Nakamura H, Kassovska-
Bratinova S, Orii KE, et al. Succinyl-CoA:3-ketoacid CoA
transferase (SCOT): cloning of the human SCOT gene, tertiary
structural modeling of the human SCOT monomer, and charac-
terization of three pathogenic mutations. Genomics 2000;68:
144-51.

[16] Pytel P, Alexander JJ. Pathogenesis of septic encephalopathy.
Curr Opin Neurol 2009;22:283-7.

[17] Wataya K, Akanuma J, Cavadini P, Aoki Y, Kure S, Invernizzi
F, et al. Two CPT2 mutations in three Japanese patients with
camnitine palmitoyltransferase II deficiency: functional analysis

184 —

472

473
474
475
476
477
478
479
480
481
482
483
484
485
486
4817
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503

505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535



536
537
538
539
540
541
542
543

545

8 M. Kubota et al. | Brain & Development xxx (2011 ) xxx-xxx

and association with polymorphic haplotypes and two clinical
phenotypes. Hum Mutat 1998;11:377-86.

[18] Gellera C, Verderio E, Floridia G, Finocchiaro G, Montermini L,
Cavadini P, et al. Assignment of the human carnitine palmitoyl-
transferase II gene (CPTI) to chromosome 1p32. Genomics
1994;24:195-7.

[19] Olpin SE, Afifi A, Clark S, Manning NJ, Bonham JR, Dalton A,
et al. Mutation and biochemical analysis in carnitine palmitoyl-
transferase type II (CPT II) deficiency. J Inhérit Metab Dis
2003;26:543-57.

185

[20] Oldendorf WH, Cornford ME, Brown WJ. The large apparent
work capability of the blood-brain barrier: a study of the
mitochondrial content of capillary endothelial cells in brain and
other tissues of the rat. Ann Neurol 1977;1:409-17.

[21] Witt KA, Mark KS, Hom S, Davis TP. Effects of hypoxia-
reoxygenation on rat blood-brain barrier permeability and tight
junctional protein expression. Am J Physiol Heart Circ Physiol
2003;285:2820-31.

546
547
548

550
551
552
553

554



2

1 & INROFREERS

WBC : World Baseball Classic

%1

REBH 5 DZORFHTEH |
5EPHEH SOMBPOE K |

k).

*2

vH5.
*3

sensation.

RMEM L b RMBIEL SREL
CLOEREREEED (uasi | @£ ¢ ) TS OMETIXF v 7 OHMBANC [FkE LTofm#Hed bl

volitional movement) EFERZ & ¢

G

’g-mﬁﬁmau%@z@:a<bnbnﬁﬁmLf(%ﬁ%u)%@%m#

T (BHAVIEIEDB) ZETHA.

L o L Lbiub o SR B L2 RIS & 2 &t 31U X > THE

NTWE0ON, ZHFHZOMERIEIITERTELO, BMRTS
BWESEE D) WO MBRENERZET L0, [L] & [&E] ORI
FIITCHRRTELONLYE, BEXORHEHZBWIZERLZ (BT 5.

go::fﬁ%ﬁﬁﬁ@%ﬁ%nmmwﬁ&ﬁ,9#5%%,i%%@ﬂﬁﬂ

B & P TR O & O NERD SARENEBEEZRE L Th 5.
Tourette fEIREF (TS) [CHDEREENDFE

i @ F—ADA Fu—25 [2009 4£D WBC BRIEDHEH R DSOS

o1 HETholz] EREL T, BERLUAHEEMICIE o THHE"
BARELEBEGZHLVWHITLTHS).

L eZnNTHAFU—ILy bEHL, Ko7
o4 FU—ER L CWAITRONIET VI, BECEEShEVEYY

BABIZZAATVIEW) Z b LBV,

L 0 zo [k BIZR AL [HHMBFICET 5] £1) T & HELS

DBHEC R U A IFERLEICEoTL 5.

L e MHOBRIEHM L I b EEMOAH~OLIL, HBHEOBRTS

%

| o[RMLTEOF F1) BAF It [HER] L5 BFICRELE

k] 3 [HEEME] 23 Tha.

D ezo [WEHE] L THs )b [HEHE] & DRBRAE] 1t [HA &

MEE#H] LRk BECEZHRTAMELOTHS )

® Tourette fEMERE (TS) DEZ2BELLTOF v 73, BE, BALLD,

Ba+i0s, B, RELREEFEITHLY, IhbE—ERMHL
DEHILBIZIEDAEZ EXFTERZOT, HEEIEDHDLLE VRS,

e LA LEEITIkDS L ZOBMML, LB & ISEEEL ko THE

HORIERGIRIRE LB, 34270 —RAREDL I BT 57:{ DR
EEHEIRL B

ToRHRE) 2N 5.

| O TS DARDRHEIEG = ORBAERIKIZH 0, F v & AFOMBERIZA R

premonitory urge, premonitory

CHREbATRVEVWETE3HbH 5.

— 186 —



o IEMEDBE THYVIRE 2§ VI, B
@R L%, ERESBRELTOERED)

E bOBERESDRE |3

@ 2 A Tourette FERFTOF v (LEEH, b) &
KUEFNEEH LIS SOESFREBN (a)

For L UTHET 5o Eibhs. MbNOE  Tv7EANLAESED i
BEB S —5 4 T DRERTET 5. r~‘?WQ§&

o ¥ LHEHBENERIH Y, FEEL Ao f,,,;@}'rhmézgr””““*
TVTHLoK WL BETRYHEIB LV o= L R G A LA

"just-right" phenomena DO IH H & 5. s
eTS DEZTLEROF v 7 L ZThEREML-H e
TR— A TORi &) 0 E8FHF EL (MRCP)
2H5 (@)L, Fv 7 TREBSHEMEMAHIR
L'C\"tib‘ 1) 4, *5

AR,

e bhbh A HTA— X CHENICEHEBDS 1 B LMD SmUHEE

BEF 5 & OSEBRTE L EE L S, BT CEBEMmA T 5.

OHTAR—ATHORMEE#H & 1T [FEM] ofICIdERTCOBRELE

+  cortical potentials

IhaZ&ilinb.

H5.

o= [BFIHL ] Fvr kol Fu—o [FEFBFICRET L] T ¢

BHEHMEIZEINRRLDTHA I D
O BEAL] LTWA L WS ATIRIATH B, ZOESBRLERL W)
A SADLMLFEEDBRIEVDDH LD L.

0 37F vy BEEBENETLET AL, KBPCAK—Y ORI |

WHAR I DIZL W,

OB, F v 7 EARIEIMAE 3T ORI EEHEO LAV CHIE
LT@%%ﬁlD,%hﬁ%ﬁéhfﬁhﬂéhé:kt;bﬁ:é@f%

B ERTn52,

o BETAHL bro T THHRO L KR LIS - THERYETOT |
H5ID, EMEABHELZCOR, ZORELFTETOLONFHEHNL |

Db, FBHEICHELAZZTROH.

ot NOEEL (HEHL) 75 - AHELE - WHENOHAAORICE |

I

DRI TRTHS LEBbIEN

o F v 7 DEESTMMES THOTHI LN D, TS T /93 VAMERE |

TEDPRRE NS,

5. |
O TS DB IIARM LR E Fv 7 BHO, ZOFE", SrIEFRR",

—WTOF v s ERi e L, MEEDE BT 5 EREROBEMORY |

DEERRIZH B,

— 187 —

 5  “@}xT k

(Karp BI, etal. 19967 X D 31JH, —{&ZE)

BP : bereitschaftspotential (GE&)

;X

: MRCP : movement related

*4

o F v/ TEDEMERI A DD o BEARBTERVHATHEE VI | L rp emaretssheo

Yiy, 20 [HEHE] PEHER—ACOMBEH L ER2ZEVHITET |

3.

i oxs
D CoERBEHEBERASN-2R

TORIUEICEIL 2RO > 1B

DB SRS RATIH
DOLERTASHRL, X ORBRS
D ERRMERERE S & UER
DO, RS R RERE 5 &
L EREIERERLEESND.

*6

: goal-directed behavior.

%7

oongay K=Y ARy K
POBEENIL D, REHHEER

D SRGBERSMEIEEICHY, B
O EBRCHRBTIEERMAE

ZALOIE & h AR E

to%9

OB X TS EAREE RE L BNBEI O 153 Y MEOREANDR | 7, FARACRRIRER,

S AR 1%, B EEE T KRS VSRR | T ER

AL, RE-ERM- TR EERS REEE AR TAICRD T

D OBMEHS-F -, KNI

5, FEHRTERENEALH,

*10

D REERL

F
PR BIERE

o2
P EEHREBROEE.



4

18

*13

BIPHTFE HRET 5.

ChODREIEE6HAOIRT |

BEBH ST,

ERE-RALENTHRED
EHOBBEDOHT u ) XLDE :

- HRVEZS.

*14

YJUSyF(i35-—=a-0 |}
AT LDBE—-OEEE M
DITHBOBROERE] &L (75

DHEREEEZET] DT,

39,

ERALTVRELEY.

#15
BFEEREMEC, goal-directed.

*16
motor representation.

CNREEPREERYET S |
5LBH5NLLOT, TADTF

BAOAEE BRESELTYL

EERBMUN LN LEDFF
STVEPDESCHETES
PEIDIBRERAOTHL
R—bU—CE>TREY, BE
LAffAEEHOBETI— K
L ADGFAEERARCTBE
VS, RIS 5 1 BIRAM L RS

Ea:%@ﬂﬁﬁﬁ.b:@%wﬂﬁﬁﬁﬁﬁ.

g IMNEOREERS

O bNONOMEES D 7% I AR, BERL-HHORIE R WESE)
HHEVITLE TS OB LRLTL ATV S,

FLUBICH T D FERER) & fthE DES) DERE

OFLBICBIT AMEERNL | BT CICBIMICEILT 528, 20 [REEH] &
[FAHE] OFITIIES Tz,

© Southgate 5 ¥ 1% 9 2° LI COFEEE DRSO Rk 0 BB, &<
e ) ALADBBEIZEH LTHRIT 275 7.

0BallRY L) ICHROFOREEB AR S o ) XL ORENIEE -
T3,

O E/MBEOFOEEEHZBEL 2L X212 e ERORELTD LN
(@b)*",

9 »RILRTOESDOIEES) LML DFEEFHOBEOBO o) XAD
BEIZERE - RACBI2RABOEHETO L) XADRE - HEkIZ%
flichsLEETE 5.

On ) ALFIREEHFEIIRELAEL, 39—=2—ar I 2574 (F
BIEHE, LRISERE, THHIENE) »oH#EE 215,

ORELZ o) ALADRIFIIRHLED, ) XX EFEBICEL B L LR
ThHb.
© XLFOIEEBFIAENAS o ) XAMWBEE LI L, ZomayEm
DO DHEE S 5.

©OF N FLROWITH T HEEEIZ, DR VERY — L OFCRHER
Tz A LTI,

o TNEHEBWME LTI Mo 2 BE I, T TG s ERL —
M) —DEFHRR*  ~NHBHICEREINDE V) ZEHELTWAS.

| @9 NALROTOIBENS LUHEOTEEHRERD o RO

uv uv

28 28 & DE)ZEREALA

27 %ﬁ ﬁ ©“§ 27 /\l//\’\ .
26 ]

25

24
Hz

(Southgate V, et al. 2009% X D 5|, —&heg2s)

— 188 —



L hOREEEDRE |5

a%ﬁﬁ&wi%ﬁ,%ﬁ?ékacifﬁménfw5#%ﬁi&wmu;

ARETHEL2d Lzw.

RIGEICH I DERIEDERE

OEWVWIIZIZ MIBFEORETHY, ZORIBEEEIIHBMTH 5.
ORI EREECBVWTENOO ICRTLIICEZL IO 2O,

(4= IS B L & BB TR OUUEAT & Ve L 2R

WCHEBT 5.

o T NEE OB & %0 T L TV 5 SRR O RS |

BRI 5.

OFN T, BEAOBREEMENANL S DOMBA DS, TNCEBE |
B LSRR (M2), WHARERER (M3) A bHNXRE |

2, TSN RESEE (MD), BEUSAAGES S (LPMCv),
RBHmHREEREE (M4) »oREZEZZTS ()"

P17
* Morecraft 5¢ OHRICLS.

QMZhﬁ,M4ﬁﬁi%®m®ﬁE%%H,MLLMKN&*kMﬁ%@;

XEERT LD, BEINLEMIZE Y BERERICERPETNS.

ot b THIBEMAME % bR, MI, LEMCy S MBI T2 %
BT 5720 2 OBFOREREE T ERAMES N5 LMD (2L 2 |

(4 —E5ET2]) TOLHMULOIVEIEE SN,

*18
! @ NEERTOEREMKA

© LI HH KoL EORWEIE ML, LPMCv BHAORE (L {12 M4) H¥K
X\, 72& % MI, LPMCv 2% 2 T b tidE 2 fhTwiud |

O LEBEED L )RS,

02 DOWAEIEH (M3, M4) DERPHOBHEANAD ), F\
£ 18 & T 75 T2 A B & AR T STV B0 |

® =G

7/, BR (©). @ FEFIDERER MRI
2 RRRHORKERE. RERICRE ELK ‘
DIFFEAET, ZETROBERME & ERE IR IC
KWEHEEES CREEEZED . MRI EAREE
H A8 ARaEB, ARKHIMICESES
H (@).

© RIBFDBER DR

Ko b B ICRBEEBRIMIFICIGET A2, [1—] VS RETCRERN

BRI Y TIMIRE £ 5 (KHD).

— 189 —



6|18 NEomEERs

*19
BEEERIC1E M1, LPMCv R
hT M3 MAPREESh 158,

T B OB B S T HE

EFRZBEVEWIREEC L B,

PET : positron emission tomo- :

graphy

*13
WHD [KBEBOIELH] b,

IR b2 THEERE

BLEER»BLAT,

| mxa

| © EEEIOTED 5 DA

HRETHE (M2)

RIS B RN ATS
(LPMCV)

Do BEESOBBORKEE, b: BFEHORHOLHER
POERN, 2B BRE (—). ,

(Morecraft RJ, etal. 20019 X 5|/, — &)

THH I,

®lwase 57 I3 PET 2 HIVBFRET, 23 v 2 % ATE S XDEVLOR
BV B S BB & e AR DIE MDA IS AR L 7228, — UGBS B O
EHEE A L 2o - LS L 2.

© ZATH L B2 OB REE) T 13— KRB B L R SE B O AL 2
RDOTWAE,

®Z )V EB OB TR EEG I 0THS S

® Morecraft 5 ORI T3 F£AEH & FEEIC MI DS M2, M3, M4 12k k(i
BEMZ L > THIBIZE ) EFE2 I ¢2 =2 —n B 5.

© @ H OMEED T3 M1 OXRAK CHIEICIS = L 137 ¢, BEK
CL2EPTERBOBICBNTE L2 2 W L TR OEIMEES I S 2
DTIZRNWIES ) M,

OERWH PO L LEBOWBIMNLRIE, WO HEER Y% goal-
directed FEEEE) & (3R 7% 554 L Bz 5 R,

1) Karp BI, et al. Simple motor tics may be preceded by a premotor potential, J Neurol Neurosurg
Psychiatry 1996 ; 61 : 103-6.

P 2) BRABS. BERBOMMER MR, T EEEE 2005
3) BHEF. Fv 2. FEEAE 2007 ; 66 : 145-51.

: 4) Southgate V, et al. Predictive motor activation during action observation in human infants. Biol Lett

2009 ; 5 1 769-72.

5) YxIE-VVIyF4IEH. I5—=a—u, BE: RAERHIE ; 2009.
i 6) Morecraft RJ, et al. Cortical innervation of the facial nucleus in the non-human primate : a new in-

terpretation of the effects of stroke and related subtotal brain trauma on the muscles of facial ex-
pression. Brain 2001 ; 124 (Pt 1) : 176-208.

7) Iwase M, et al. Neural substrates of human facial expression of pleasant emotion induced by comic

films : a PET study. Neuroimage 2002 ; 17 : 758-68.

— 190 —



14|28 WEERPIRED S5HDFE

MEG : magnetoencephalogram
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 Original article

Determinants of outcomes following acute child
encephalopathy and encephalitis: pivotal effect of
early and delayed cooling

G Kawano,' O Iwata, S Iwata,? K Kawano,2 K Obu," | Kuki,® H Rinka,* M Shiomi,®
H Yamanouchi,® T Kakuma,” S Takashima,2 T Matsuishi?: on behalf of the Research

Network for Acute Encephalopathy in Childhood

ABSTRACT

Background Acute encephalopathy/encephalitis is
one of the most important causatives of mortality and
neurological deficit during childhood. The aim of this
retrospective observational study was to investigate
clinical variables and therapeutic options associated with
the outcome of children with acute encephalopathy/
encephalitis.

Methods Relationships between the clinical
information at admission and the neurological outcome
evaluated using Pediatric Cerebral Performance
Category Scale (PCPC) at 12 months after admission
were assessed in 43 patients who were treated at 10
Japanese paediatric intensive care units.

Results - Sixteen patients were cared for at
normothermia, whereas mild hypothermia was applied
to 27 children. In univariate analysis, ages =18 months,
marked elevation in serum lactate dehydrogenase (LD)
and aspartate transaminase, diagnosis of either acute
necrotising encephalopathy or haemorrhagic shock
and encephalopathy syndrome and longer hypothermic
periods were associated with increased risks of death
or severe neurological deficit, whereas hypothermia
showed pivotal effects: the outcome of children cooled
after 12 h of diagnosis was statistically invariant with
normothermic children, but was significantly worse
compared with children cooled <12 h. In multivariate
analysis, younger ages and elevated serum LD

were associated with adverse outcomes, whereas
early initiation of cooling was related to favourable
outcomes. For normathermic children, PCPC scores
were dependent on the computed tomographic findings
suggestive of cerebral oedema, serum LD levels and
Glasgow Coma Scale at admission. For hypothermic
children, PCPC scores depended on longer delays in
cooling initiation.

Conclusion Without therapeutic hypothermia, the
outcome of children was determined by variables
suggestive of the severity of encephalopathy/
encephalitis at admission. Hypothermia may have
pivotal impacts on the outcome of children according
to the timing of cooling initiation following acute
encephalopathy/encephalitis.

Acute encephalopathy/encephalitis affects more
than 1000 children per year in Japan.l Of vari-
ous causatives, flu infection has recently been
recognised as one of the commonest triggers
in Asian countries.! 2 According to a recent
report on 148 cases of flu-related encephalopa-

thy/encephalitis in childhood, 32% resulted
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> Encephalopathy/en ‘phahtrs affects
more than 1000 Japanese children per

wm, with. approxxmately a half of these

Idren resulting in mortallty or permanent
* neurological deficits. ;

» Hypothermia is neuroprotectwe following
- perinatal asphyxia ¢ and adult cardiac arrest;
however, no randomlsed controlled trials have
been performed for child encephalopathy/
encephalitis.

What this study adds

~» Therapeutic hypothermia for children with
~acute encephalopathy/encephalitis may alter
the outcome of patients according to the
delay in cooling initiation.

» Delayed cooling after 12 h of initial
neurological signs of encephalopathy/
encephalitis is Iikély to be deleterious,
whereas there remains a possibility that early

~ cooling is neuroprotective.

» Randomised controlled studies of early

~hypothermia in acute encephalopathy/

- encephalitis are urgently required.

in mortality, whereas 28% led to permanent
neurological deficit.> There currently is no
established therapeutic intervention which ame-
liorates the outcome of acute child encephalopa-
thy/encephalitis. Therapeutic hypothermia has
been demonstrated to be neuroprotective for
encephalopathy following perinatal asphyxia®-3
and adult cardiac arrest.®7 Although the neu-
roprotective effect of therapeutic hypothermia
for other pathological conditions has not been
demonstrated in the clinical setting,3-10 sev-
eral guidelines have already approved careful
use of hypothermia for acute cerebral injury
in childhood.! Consequently, despite the lack
of randomised controlled trials which evalu-
ated the protective effect of hypothermia for
child encephalopathy/encephalitis, therapeutic
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hypothermia for this clinical condition has already become
popular among Japanese paediatric intensivists.!?

We performed a retrospective observational study in chil-
dren with acute encephalopathy/encephalitis to investigate
the dependence of outcomes on clinical backgrounds and
therapeutic options. We hypothesised that (1) mild systemic
hypothermia initiated shortly after the development of

encephalopathy/encephalitis improves the outcome of chil- .

dren without increasing the incidence of adverse events, (2)
without hypothermia, the outcome of children would depend
on the severity of encephalopathy/encephalitis at admission;
however, (3) with therapeutic hypothermia, the outcome
would depend on the timing of cooling initiation.

METHODS

This study was performed under the guidance and approval of
the local ethical committee.

Study population ’

Children between 1 month and 14 years old, who developed
acute encephalopathy/encephalitis between January 1997 and
July 2008 and were cared for at paediatric intensive care units of
10 Japanese tertiary centres, were retrospectively enrolled into
the study. Acute encephalopathy/encephalitis was defined as
progressive loss or impairment of consciousness with or with-
out other neurological signs such as seizures.! Patients with
traumatic brain injury, febrile convulsions without prolonged
unconsciousness and bacterial meningitis were not included.

Treatment of encephalopathy/encephalitis

For encephalopathic children, six centres routinely provided
therapeutic hypothermia throughout the study period; one
centre introduced hypothermia only after January 2003;
another centre provided cooling only when the routine cra-
nial CT at admission showed significant cerebral oedema; two
centres never provided hypothermia. Following the diagnosis
of acute encephalopathy/encephalitis, all centres which pro-
vided therapeutic hypothermia induced systemic cooling to
33.5-35°C within 48 h of the primary neurological manifesta-
tion. Mattresses, through which temperature-adjustable water
circulated, were applied over the ventral and/or dorsal trunk
of children; hypothermia was initially maintained for 48-72
h according to the protocol of each centre. During cooling,
patients were given continuous infusion of thiopental (up to 3
mg/kg/h) or midazolam (up to 1 mg/kg/h) unless contraindi-
cated; in addition, intravenous vecronium or pancronium (up
to 0.1 mg/kg/h) was considered when shivering was uncon-
trollable. At all centres, patients were rewarmed 0.5-1°C per
day; rewarming was postponed or slowed down with either
the deterioration of neurological findings or signs suggestive of
the recurrence of brain oedema with critically increased intrac-
ranial pressure. The core temperature was monitored using
either rectal or urinary bladder temperature probes; invasive
and non-invasive brain temperature monitoring was addition-
ally performed insome children using ventricular, nasopharyn-
geal or forehead thermo-flux probes. Cranial CT was obtained
at timings of admission except for three hypothermic and one
normothermic children, of whom MRI was available shortly
after admission. CT scans were repeated when the increase
in intracranial pressure was suspected; experienced radiolo-
gists assessed signs suggestive of cerebral oedema, such as sul-
cal effacement, size reduction of lateral ventricles and basal
cisterns and the loss of grey/white matter differentiation, to
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assign scores of 0 (up to mild oedema), 1 (moderate oedema)
and 2 (severe oedema) (see online supplementary figure 1 for
representative CT appearances).

Data collection

Clinical variables weére collected for each patient including the
age; body weight; sex; type of encephalopathy/encephalitis;
preceding infection; Glasgow Coma Scale (GCS) at admission;
timing of cooling initiation (hours after the initial neuroclogi-
cal manifestation); potential serum markers of tissue damage
such as aspartate transaminase (AST), alanine transaminase
(ALT) and lactate dehydrogenase (LD) at admission; CT scores
at admission; additional treatments (intravenous steroid and/
or immunoglobulin) and outcome. Preceding infection by
influenza virus, adenovirus, respiratory syncytial virus and
rotavirus was confirmed, with at least one positive result of
viral culture, antigen test, reverse transcription PCR or signifi-
cantly raised titres in paired serum samples. Types of enceph-
alopathy/encephalitis were defined according to the definition
proposed by Mizuguchi and colleagues'?; for further analy-
ses, acute necrotising encephalopathy, haemorrhagic shock
and encephalopathy syndrome and Reye’s syndrome were
grouped and discriminated from other types of encephalopa-
thy/encephalitis such as acute encephalopathy with refractory
seizures and acute disseminated encephalo-myelitis because
of their relationship with unfavourable outcome. Adverse
events such as hypotension (defined as systolic blood pressures
below average values -2 SD for the patients’ age in accordance
with the Task Force on Blood Pressure Control in Children),'*
pneumonia, thrombocytopenia (<150 000/pl), coagulation
disorders (either prothrombin time >12 s, international nor-
malised ratio of prothrombin time >1.2 s or activated partial
thromboplastin time >45 s), arrhythmias (excluding brady car-
dia) and hypokalaemia (<3.5 mEq/l) were also recorded.

Outcome assessment

The neurological performance at 12 months from the devel-
opment of encephalopathy/encephalitis was assessed by the
Pediatric Cerebral Performance Category Scale (PCPC).> 1¢
Additional standard outcome scales, that is, the Glasgow
Outcome Scale (GOS) and the Pediatric Overall Performance
Category Scale (POPC), were also obtained to enable compari-
son with other studies. For PCPC and POPC, scores 1-6 repre-
sent normal performance, mild disability, moderate disability,
severe disability, coma or vegetative state and death, respec-
tively, whereas for GOS, scores 1-5 represent death, persistent
vegetative state, severe disability, moderate disability and good
recovery, respectively.

Statistical analysis
Clinical variables and therapeutic options associated with
adverse acute events (hypotension, pneumonia, thrombocy-
topenia, coagulation disorders, arrhythmias and hypokalae-
mia) and unfavourable outcomes (PCPC >3) were examined
using the univariate logistic regression analysis: independent
variables were dichotomised either at the 75th percentile (AST,
ALT and LD) or medically relevant breakpoints (tables 1 and 2).
Independent variables with p values less than 0.05 were fur-
ther tested using multivariate analysis with backward stepwise
elimination of non-significant variables.

Eventually, paradoxical dependences of the outcome on
early and late hypothermia were observed: to further inves-
tigate the types of relationships between clinical factors and

Kawano G, Iwata O, Iwata S, et al. Arch Dis Child (2010). doi:10.1136/2dc.2009.180554
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Table 1
outcome

Baseline characteristics, treatments, adverse events and

Normothermia
{n=16)

Hypothermia
(n=27)

Baseline characteristics

Age (month) 45.0(25.7-64.4) 29.6(18.8-40.3)
Body weight (kg) 15.3(11.3-19.3) 12.9(10.8-15.0)
Sex (female) 14 13

GCS at admission
Initial CT findings*

Moderate oedema 5 4

Severe oedema 3 2

QOther lesions 3 4
Preceding infection

4.2(3.2-5.2) 5.6 (3.2-8.1)

Influenza virus 13 4
Adenovirus 0 1
Rotavirus 1 0
Human herpesvirus 6/7 2 1
Others or no preceding infection 1 10
Type of encephalopathy/encephalitis

Acute necrotising encephalopathy 3 5
Haemorrhagic shock and 4 1
encephalopathy syndrome

Acute encephalopathy with " 5
refractory seizures

Others 9 5

Serum markers for tissue damage
<6 h of admission

AST (1L/1) 1915 (—534 to 4364) 150 (53-247)
ALT (IU/1) 154 (69-240) 100 (—4 to 209)
LD (1U/1) 2105 (462-3749) 552 (451-652)
48-72 h after admission
AST {1U/1) 1039 (22-2057) 3003 (874-5132)
ALT (lUN) 550 (21-1079) 1453 (473-2435)
LD (Iu/1) 2725 (910-4539) 3499 (1471-5526)
Treatments
Steroid 24 10
Immunoglobulin 14 4

Timing of cooling initiation (h)
Cooling duration (h)
Adverse events

16.7(10.3-23.0) -
99.7(78.1-121.3) -

Hypotension " 7
Pneumonia q 2
Thrombocytopenia (<150 000) 12 ]
Coagulation disorder 9 7
Arrhythmias 0 0
Hypokalaemia (<3.5 mEq) 16 10
Qutcome
Mortality 2 4
Death or severe disability n 7
PCPC 2.9(2.3-3.6) 3.3(2.2-4.3)
POPC 3.0(2.3-3.7) 3.3(2.3-4.3)
GOS 3.6 (3.0-4.1) 3.3(2.5-4.2)

ALT, alanine transaminase; AST, aspartate transaminase; GCS, Glasgow
Coma Scale; GOS, Glasgow Outcome Scale; LD, lactate dehydrogenase;
PCPC, Pediatric Cerebral Performance Category Scale; POPC, Pediatric
Overall Performance Category Scale.

Data are shown as number of patients or mean (95% Cl).

*Excluding three hypothermic and one normothermic children of whom CT
was not obtained at admission.

outcomes; PCPC scores were compared with scale or rank-or-
dinal clinical variables (GCS and CT scores at admission and
variables which were included within the final logistic regres-
sion model) using Spearman’s rank correlation coefficient
for subgroups of normothermic and hypothermic patients,
respectively. Intergroup comparisons between normothermic
and hypothermic children were also performed: the incidence
of adverse events and initial CT scores were compared using
either the x? test or Fisher’s exact test, whereas scores for GCS
and PCPC were compared using the analysis of variance on
ranks.

Kawano G, Iwata O, lwata S, et al. Arch Dis Child (2010). doi:10.1136/adc.2009.180554

RESULTS

Of 43 children, preceding viral infection was identified in 27
participants, 17 of which were flu. Acute necrotising enceph-
alopathy, haemorrhagic shock and encephalopathy syndrome
and acute encephalopathy with refractory seizures were
observed in 8, 5 and 16 children, respectively (table 1); how-
ever, none developed Reye’s syndrome or acute disseminated
encephalo-myelitis. No child had hypoxic-ischaemic events
before admission; however, one child with preceding flu infec-
tion experienced cardiac arrest at admission (hypothermia
group). Sixteen children (9-71 months, range) were cared for
at normothermia, whereas 27 children (5-213 months) were
cooled at 16.7+16.1 h (mean+SD) following the initial neuro-
logical signs of encephalopathy/encephalitis. All children were
initially cooled to 34-35°C; three children required moderate
hypothermia <34°C for the control of severe brain oedema.
Seventeen children required intravenous vecronium or pan-
cronium because of shivering resistant to thiopental and/or
midazolam. For these children, subsequent duration of cooling
€35°C was 99.7+37.9 h including the rewarming period.

Intergroup analysis for normothermic and

hypothermic patients )

There was no difference in the background clinical variables,
serum markers of tissue damage, CT findings, incidence of
acute adverse events and PCPC scores between normothermic
and hypothermic children.

Determinants of outcomes within the overall study population

In the univariate analysis, the incidence of acute adverse
events was unrelated with clinical variables and therapeutic
options; unfavourable outcomes at 12 months were associ-
ated with longer hypothermic periods (p=0.030), serum AST
and LD higher than the 75th percentiles (p=0.020 and 0.006,
respectively), younger ages <18 months (p=0.020) and diagno-
sis of either acute necrotising encephalopathy or haemorrhagic
shock and encephalopathy syndrome (p=0.021), whereas early
initiation of hypothermia <12 h was related to a reduced risk of
adverse outcomes (p=0.004) (table 2). Because of a significant
intercorrelation observed between AST and LD (r>=0.97), only
LD but not AST was considered in the multivariate analysis as
a representative serum marker of tissue damage. Multivariate
analysis identified younger ages (p=0.038) and elevated serum
LD levels (p=0.021) as independent variables associated with
adverse outcomes, whereas early initiation of cooling was
associated with a reduced risk of adverse outcomes (p=0.017).

Intragroup analysis for normothermic

and hypothermic patients

Innormothermic children, PCPC was dependent on CT scares,
GCS and LD levels at admission (p=0.040, 0.004 and 0.002,
respectively: figure 1A and online supplementary figures 2
and 3), whereas in hypothermic children, PCPC depended
on the timing of cooling initiation (p=0.001: figure 1A-B, see
online supplementary figures 4 and 5 for comparisons with
other outcome scales).

DISCUSSION

Our results suggested that the age and temperature control are
both important factors associated with the outcome of acute
encephalopathy/encephalitis in childhood. Younger ages <18
months and marked elevation of serum LD greater than the
75th percentile were associated with severe disability or death
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Table 2 Determinants of adverse outcomes following acute child encephalopathy/encephalitis

Outcome
Good (PCPC <3) Poor (3 <PCPC) OR (95% CI)
n=25 % n=18 % Average Lower Upper p Value
Univariate analysis
Baseline characteristics
Age (=18 months) 5 20.0 10 55.6 5.00 1.30 19.30 0.020
Sex (female) 17 68.0 9 50.0 0.47 0.14 1.64 0.237
Moderate to severe oedema on initial CT*
9 4098 6 353 0.79 0.21 2.92 0.721
AST? (190 1U/<) 3 12.5 8 471 6.22 1.33 29.01 0.020
ALTT (91 IU/<) 4 16.7 6 353 273 0.63 11.79 0.179
LDt (835 IU/<) 2 8.3 ] 50.0 11.00 1.98 61.26 0.006
Types and severity of encephalopathy/encephalitis
GCS (=4) 16 64.0 15 83.3 2.81 0.64 12.41 0172
Types of encephalopathy/encephalitis associated with adverse outcomest
4 16.0 9 50.0 58 1.28 21.57 0.021
Therapeutic options
Steroid 19 76.0 15 83.3 1.58 0.34 7.38 0.562
Globulin n 440 7 38.9 0.81 0.24 2.8 0.738
Hypothermia 16 64.0 1 61.1 0.88 0.25 3.09 0.847
Timing of cooling initiation
Early hypothermia (=12 h) 14 56.0 3 16.7 0.05 0.01 0.39 0.004
Late hypothermia {12 h <) 2 8.0 8 44.4 1 Reference
Normothermia 9 36.0 1 38.9 0.19 0.03 1.22 0.112
Target temperature
Normothermia 9 36.0 7 38.9 1 Reference
Mild hypothermia (34—35°C) 14 56.0 10 55.6 0.92 0.26 3.30 0.896
Moderate hypothermia (33-34°C) 2 8.0 1 5.6 0.64 0.05 8.62 0.738
Cooling duration (<35°C)
None (normothermia) 9 36.0 1 38.9 2.18 0.53 9.02 0.283
=96 h 14 58.3 5 29.4 1 Reference
96 h < 1 4.2 5 29.4 14.00 1.30 150.89 0.030
Multivariate analysis
Age (=18 months) 710 112 52.89 0.038
Timing of cooling initiation: early hypothermia (=12 h) 0.09 0.01 0.65 0.017
LDt (835 1U/1 <) 13.66 1.48 126.10 0.021

ALT, alanine transaminase; AST, aspartate transaminase; GCS, Glasgow Coma Scale; LD, lactate dehydrogenase; PCPC, Pediatric Cerebral Performance Category

Scale.

*Excluding three hypothermic and one normothermic children of whom CT was not obtained.

TAST, ALT and LD values were dichotomised at the 75th percentile.

fIncluding acute necrotising encephalopathy, haemorrhagic shock and encephalopathy syndrome and Reye’s syndrome (see the method section and the reference 13

for detail).

after 12 months. In contrast, therapeutic hypothermia might
have pivotal effects on the outcome: the incidence of unfavour-
able outcome for children cooled after 12 h of diagnosis was
invariant with normothermic children but was significantly
higher compared with children cooled within 12 h. Delayed
cooling after 12 h of acute events may be deleterious, whereas
early cooling is likely to be neuroprotective. Further prospec-
tive studies with larger populations are required to delineate
a group of patients who may have the benefit of cooling after
acute child encephalopathy/encephalitis.

Limitation of the study

This study was a retrospective observational study based on
a limited number of patients from 10 tertiary centres. Because
of the variation in the patients’ background and the interin-
stitutional differences in the therapeutic strategy, our study
does not have the power to demonstrate the neuroprotective
effect of therapeutic hypothermia with the direct comparison
between two therapy modes. The therapy mode was deter-
mined by the policy of each centre where the children received
treatments. Hence, although we did not observe any signifi-
cant interinstitutional difference in unfavourable outcomes, it
is possible that the outcome of children was affected by the
quality of intensive care provided at the specific centre and
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the temperature control. Further, one institution provided
hypothermia only for children with evidence of severe brain
oedema, which may have led to the underestimation of the
benefits of therapeutic hypothermia.

Determinants of outcomes following

acute encephalopathy/encephalitis

Univariate analyses in the overall study population identified
the eventual cooling duration, age of patients, serum AST and
LD at admission, types of encephalopathy/encephalitis and
timing of cooling initiation as significant independent vari-
ables. It may be counterintuitive that longer cooling periods
led to worse outcomes; however, children with more severe
cerebral oedema might eventually require slower rewarming
compared with peers, presumably leading to adverse outcomes
despite special care. Acute necrotising encephalopathy and
haemorrhagic shock and encephalopathy syndrome, which
had been linked with adverse outcomes in previous studies, *
were consistently associated with an increased incidence of
unfavourable outcomes in our study population. However,
these variables were not included within the final multivariate
logistic model. In contrast, the age of patients, serum LD and
cooling at different timings were all identified as significant
determinants of the outcome in the final multivariate model.
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