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complete.one ‘analysis;; mcludmg the time: taken to separate
the serum from'the sample, was 20 min..

Bromide Ion ‘Determination by HPLC -. The standard
bromide ion. curve: obtained through .1on—exchange chro-
matography; within the range 0.05—200 pg/ml, yielded a re-
gression line”between area -and ' concentration of~ V=
27369.X—3027,  with. a correlation coefficient of »=0.999.
Samples with- concentrations higher than-the:range of the
standard curve were diluted with distilled. water before being
analyzed. The lower limit of determination for bromide ion
solutions was 0.05 pg/ml, and when the signal-to-noise iratio
was taken as 5, the detection limit was 0.01 pg/ml.

A chromatogram of the standard negative ion solution and
a chromatogram usmg a sampIe that' was“added o obtain 2
standard serum with.’ 7_final” bromid conoentratmn of 10
yg/ml bromide ion is shown mFlg 2 No infeérference peaks
can be.seen, and good separation was obtained for.bromide
ion. The mean recovery rate was-99.6=1.3% (n-S) and one
analys:s including pretreatment, took Omm, ,’_'”"“

‘Bromide Analysis in Patient Sérum, and. Re]atlonship
between Serum-Total Bromide Conceniration and :Bro-
mide Ion'Concentration = A graph showing the relationship
between the potassium bromide dose and the serum total bro-
mide in the lO—year—old patient is shown in Flg 3 ‘Adminis-
tratxon started at.a dose of 1.0 g/d, and the serum total bro-
mide concentration on the 44th day before the morning dos-
ing was 899 yg/ml. During this. period, the patient’s-epileptic

'Fig 3. Potassmm Bromade Dose Gwen and Serum Total Brormde Con-
centration in a 10-Year-Old Patient ., oo T

;T al»li

seizures. were well controlled, and no eﬁ‘ect was seen on her
daily. activities.' To maintain control at:about this: concentra:
tion, the: dose. was'decreased to 0.5 g/d from day:63..How-
ever, before the'morning admiinistration on day:77,the:serum
total bromide was:found ta be 2372 yg/ml, :an. unexpectedly .
high.level. Fortunately; during that: time; no- neurological or
psvchological: symptoms that could.-bes constdered :due=to
chronic poisoning were observed.:From the:77th day the.dose
was reduced: to:0.4 g/d,.and: on day:89 the ‘serum: total. bro-
mide concentration’ was:1276. tig/ml.: The -dosage:-was.not
changed again, and:periodic: analysis of:the -total:bromide
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were conducted. The concentration remained within the
range of 1032—1276 pg/ml.

We also used ion-exchange chromatography to determine
the bromide ion concentrations in the same serum samples.
The serum bromide ion concentrations were slightly lower
than those of total bromide, but they accounted for 88.2—

96.7% of total bromide levels: Between-the serum bromide .

ion concentration and the total bromide concentration, the re-

gression line was Y==0.91.X+17.3, arid th& Correlation ¢oeffi-~

ctent was r=0.998, showi_ng a goodl_c_ogr.e!lation (Fig_4),

DISCUSSION  © 7 © vt st

A serum bromide ion concentration of up to 500 ug/ml is’

considered to be the therapeutic dose range, but the dose
range of 500—1000 pg/ml is thought to be associated with
“possible toxicity,” 1000—2000 pg/ml with “usually serious
toxicity,” 2000—3000 ug/ml with “possible .coma,” and
3000 g2g/ml to be “possibly fatal. ""¥ Death is rare in bromide
poisoning. In acute poisoning, digestive symptoms such as
nausea and vomiting may occur; in chronic poisoning, vari-
ous psychological symptoms occur which include restless-
ness, agitation, ataxia, confusion, delusion, mental aberra-
tion, loss of muscle strength, and stupor. In addition, in'25%
of patients, pustules resembling acne also appear. Smce bro-
mide tends to acéumulate in the body, it is difficult to main-
tain the serum bromide ion concentration within the effective
therapeutlc range, and it is essentlai to control the dose level
by monitoring the serum level. :
In the present study, we performed analysis of the serum
total bromide ‘concentration using EDX. The standard curve

using the.bromide K¢ line exhibited good linearity for serum

total bromide.concentrations . from .10 -to. 2000 gg/ml, and
within this range of ‘concéntrations qualitative -analysis was
performed. Wwith ease using the EDX spectrum. .The pretreat-
ment. procedures : were. simple; and .satisfactory: -after the
serum: was centrifuged,: it. was.dripped onto. filter paper,-and
then the paper -was dried. The mean recovery rate of bromide
added .to the ‘sefum: in- arhounts: in the. range: of . 50-—-2000
pe/ml was 93.5% or:more. The: method was fast;:and the
time required for on¢ analysis, including the separation of the
serum from the whole blood; was ho.more than 20 min... -, ~
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The pharmacological actions of bromide are correlated
with the concentration of bromide ions in the blood.™ We
therefore performed an analysis of bromide ions by anion
ion-exchange chromatography and investigated whether the
results of total bromide analysis by EDX were correlated
with those of bromide ion analysis. A good linear standard
curve was obtained using HPLC for bromide ion concentra-
tions between 0.05 and 200 ug/ml, and a satisfactory value of
99.6% was achieved for the mean recovery rate of 10 2g/ml
of bromide ion added to the serum. However, the time taken
for one analysis, including that for pretreatment, was over
40 rmin, which was twice that needed for EDX,

The results of analysis using these two methods for the
serum of a 10-year-old girl treated with potassium bromide
were: for total bromide, 899, 1032, 1061, 1219,1271, 1276,
and 2372 pug/ml; and for bromide ions in the same speci-
mens, 833, 981, 997, 1126, 1126, 1197, and 2187 ug/ml.
These two series of figures exhibit good correlation. The fact
that the total serum bromide concentrations determined using
EDX and the bromide ion concentrations in the same speci-
mens were correlated was considered to indicate that the use
of EDX analysis to monitor treatment with, and poisoning
by, bromide is a viable possibility.

The present patient was at first administered 1.0g/d of
potassium bromide. When the serum total bromide concen-
tration reached 899 pg/ml on the 44th day, the seizures were
markedly inhibited and no symptoms of poisening were seen.
To preserve this concentration, we reduced the dose to
0.5 g/d, but 33 d later an unforeseen rise to a concentration of
2372 pg/ml was observed. No notable symptoms of toxicity

- were seen, but determination of the serum content permitted

a judgment on dose reduction. After the dose was' decrcased
to 0.4 g/d, the concentration reached and maintained a favor-
able serum level of total bromide. In this patient, there was
some difficulty in controlling. the: pharmacological effect
from the dose level of bromide; and thus & .rapid technique
for determining the serum level of bromide is a useful tool.

It has now-becoime possible to monitor treatment with bro-
mide simply and quickly and to verify the. appropriateness of
treatment by analyzing the total bromide concentration using
EDX. Qur intention is now to. work on dmg treatment design
by calculating the pharmacokmetlc variables of brormde to‘
prevent cases of poisoning.. - .. i
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Original Article

Vitamin K Deficiency in Severely Disabled Children

Hideto Yoshikawa, MD; Sawako Yamazaki, MD; Toru Watanabe, MD); Tokinari Abe, MD

ABSTRACT

Vitamin K status was examined in 21 severely disabled children in our hospital from September 2001 to August 2002, and
9 children were found to have a vitamin K deficiency. The 21 patients were divided into two groups: group A, 9 patients
with vitamin K deficiency, and group B, 12 patients without vitamin K deficiency. The laboratory data and background
factors in the two groups were compared statistically. In group A, all patients received enteral nutrition and anticonvul-
sants. The protein induced by vitamin K absence-II values were elevated in eight patients. Seven exhibited a bleeding
tendency. Six developed vitamin K deficiency in association with infection and four were treated with antibiotics. All
showed a good response to the administration of vitamin K. The patients in group A had factors such as use of antibi-
otics, infection, and elemental nutrition at significantly higher rates than those in group B, Data indicating nutrition factors
such as body weight, caloric intake, total protein level, and hemoglobin level were not significantly different between
the two groups. Severely disabled children suffer from deficiencies of various nutritional elements. However, vitamin K
deficiency in severely disabled children has not been fully investigated. Infection, use of antibiotics, and elemental nutri-
tion are risk factors for vitamin K deficiency in severely disabled children. In severely disabled children, there might be
marginal vitamin K intake via enteral nutrition, so more vitamin K supplementation is necessary, especially with infec-
tion and use of antibiotics. (J Child Neurol 2003;18:93-97).

Severely disabled children suffer from various complica-
tions.! A bleeding tendency is sometimes seen in severely
disabled children and is considered to be caused mainly by
reflux esophagitis, a gastric and/or duodenal ulcer, or ooz-
ing from granulation tissue around the tracheotomy or gas-
trostomy tube. Mucosal damage is also easily caused by a
suction tube or change of the tracheotomy tube. Most cases
are diagnosed as having gastrointestinal bleeding owing to
gastroesophageal reflux or mucosal damage until the cor-
rect diagnosis is made. In particular, when a patient is with-
out antibictics and diarrhea, vitamin K deficiency is easily
misdiagnosed as another gastric complication. Although
vitamin K deficiency has not been considered to be a rare
complication in severely disabled children, it has not been
fully investigated. On the other hand, vitamin K is present
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at exceptionally low concentration in serum, and its defi-
ciency is difficult to quantify. In vitamin K deficiency, it is
detectable as an abnormal form known as protein induced
by vitamin K absence factor-Il. Detection of protein induced
by vitamin K absence-Il is considered to be a more specific
test for vitamin K deficiency.?

We studied the vitamin K status in 21 severely disabled
children and found 9 with hematologic and/or clinical evi-
dence of vitamin K deficiency. It is important to consider this
serious complication in severely disabled children.

PATIENTS AND METHOD

Patients

We studied 21 severely disabled children, retrospectively, treated
at the Department of Pediatrics of Niigata City Generat Hospital
from September 2001 to August 2002, They were aged from 10
months to 20 years, and 12 were boys and 9 were girls. The patients
were divided into two groups: group A, patients with vitamin K defi-
ciency (9 patients; 4 males and 5 females), and group B, patients
without vitamin K deficiency {12 patients; 8 males and 4 females).
In group A, none of the patients were thought to have vitamin K
deficiency until the diagnosis was made. After the vitamin K defi-
ciency was discovered, all patients received vitamin K supple-
mentation either orally or intravenously. Case b has already been
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Table 1. Summary of the Clinical Features in Nine Severely Disabled Children With Vitamin K Deficiency

Hepatic
Age/ BW  Diag- Calorie Bleeding Dys-
Case  Sex {kg) nosis Drug Nutrition {kcal’kg} GS T GER Tendency Pyrexia  function Antibiatics
1 1yr,
7 mo/F 9 AE VPA, DZP  Elental 80 + - + +3 + + CMNX3d
2 1yr.5
mo/M 8 CP VPA,PHT  Ensure 68 - - + - + - FMOX 3d
3 15 yr/M 20 AE VPA, DZP  Elental 50 + + + +1 + - CMNX 4d
4 13 yriM 18 CP  PB,PHT  Twinline 45 - - + +1 + - CMNX2d
5 1yr,
10 mo/F 7 cP VPA,CZP  Elental P 50 + + + +1,2 + -
6 2yr,
8 mo/M 15 cp VPA, NZP  Ensure 50 + + + +1,3 + -
7 10 mo/F 4 CP P8 Elental P 40 - _ + - - +
8 10 yro/F 25 HE VPA, CZP,
PHT Elental 40 - - + +1 - +
9 2 yr,
6 mo/F 7 cp ZNS, BRM  Elental P 50 + - + +1 - -

AE = anoxit encephalopathy; BRM = bromide; BW = body weight; CP = cerebral palsy; CMNX = cefminox sodium; CZP = clonazepam; DZP = diazepam; FMOX = flomoxef
sodium; G.5 = gastrostomy; GER = gastreesophageal reflux; HE = herpes encephalitis; NZP = nitrazepam; PB = phenobarbital; PHT = phanytoin: VPA « valproic acid,; ZNS =

zonisamide.

1 = gastric bleeding, 2 = intratracheal bleading, 3 = oozing fram tha granulation tissuas around tha gastrostomy and/or tracheostomy tube.

reported elsewhere 3 Informed consent to use their data in this study
was obtained from the patients’ parents.

Methods

Data were gathered from the medical records of the patients. Their
clinical backgrounds and clinical features were examined. Labo-
ratory parameters, including glutamic-oxaloacetic transaminase,
glutamic-pyruvic transaminase, total protein, and hemoglobin,
were measured. To assess the nutritional condition, body weight,
calorie intake, total protein level, and hemoglobin level were com-
pared between the two groups. Also, protein induced by vitamin
K absence-II, thrombotest, and prothrombin time value were exam-
ined as indicators of vitamin K deficiency. Vitamin K deficiency is
defined as an increase in the protein induced by vitamin K absence-
T value (> 130 mAU/mL), a decrease in the thrombotest value, and
prolongation of the prothrombin time, which become normalized
after the administration of vitamin K, and/or an accompanying
bleeding tendency.

Data Analysis

For comparison of age, body weight, calorie intake, total protein
level, and hemoglobin level between the two groups, statistical
analysis was performed using the t-test. Factors affecting the vit-
amin K status, such as use of antibiotics, infection, hepatic dys-
function, enteral feeding, elemental nutrition, and gastrostomy,
were compared between the two groups using the chi-square test.
P < .05 was considered significant. Calculations were performed
using the statistical software package StatView 5.0 (SAS Institute
Inc., Cary, NC). All results are presented as means + standard
deviation.

RESULTS

Clinica} Features

The clinical background features in group A are suramarized in Table
1. In group A, the nine patients were aged from 10 months to 15
years. Four were boys and five were girls. Six of them had cere-
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bral palsy and mental retardation as sequelae of perinatal or pre-
natal brain insults, two sequelae of anoxic encephalopathy owing
to drowning, and one sequelae of herpes encephalitis. All were
severely disabled and in a bedridden state. All patients had vari-
ous types of epilepsy and were administered antiepilepsy drugs,
including phenytoin and phenobarbital, which are hepatic
enzyme-inducing antiepilepsy drugs. All were fed by means of
enteral nutrition; six were given an elemental diet (Elental, Elen-
tal P) and three were given a nonelemental diet (Ensure Liquid,Twin-
line). Five were fed by means of a gastrostomy tube and four by
means of a nasogastrie tube. All nine patients were diagnosed as
having gastroesophageal reflux based on clinical symptoms and the
results of lower esophageal 24-hour pH monitoring. Four under-
went tracheotomy. A bleeding tendency, such as gastrointestinal
bleeding, intratracheal bleeding, and oozing from granulation tis-
sue around the tracheotomy or gastrostomy tube, was observed in
seven patients. Pyrexia associated with an infectious disease was
observed in six patients. Antibiotics were administered intra-
venously for 2 to 4 days in four (three received cefminox sodium
and one flomoxef sodium) of the six patients with pyrexia. Hepatic
dysfunction, such as elevated glutamic-oxaloacetic transaminase
and glutamic-pyruvic transaminase values, was seen in three
patients,

In group B, six of the children had cerebral palsy and mental
retardation as sequelae of perinatal brain insults, two had chro-
mosomal abnormalities, two had sequelae of acute encephalitis, one
had hydrocephalus, and one had a sequela of anoxic encephalopa-
thy. Eight patients were fed by means of enteral nutrition, one of
whom received elemental nutrition, and four could eat with sup-
port. Gastrostomy was performed in two patients. All patients had
epilepsy and were treated with antiepilepsy drugs. None received
antibiotics.

Laboratory Findings

The laboratory findings in group A are summarized in Table 2.
The protein induced by vitamin K absence-II values were elevated
from 611 to 103,000 (mAU/mL) in all patients before the adminis-
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Table 2. Summary of Laboratory Findings in Nine Severely Disabled Children With Vitamin K Deficiency

PIVKA Thrombaotest PT GoT GPT TP Hb Vitamin K

Case {mAL/mL) (%) {sec} i) (iU} (g/dL) {g/dL} Supplement
1 9020 NA 19.6 68 91 5.7 11.0

327 40 NA 65 26 7.3 11.9 After PO
2 1920 NA NA 42 19 5.6 8.0

146 123 13.0 37 15 6.2 9.0 After PO
3 NA NA 118.0 35 8 8.4 147

NA 56 13.0 35 12 8.2 15.7 After IV
4 1270 NA 12.3 36 23 6.6 138

NA NA 12.3 33 29 6.7 12.3 After IV
5 103,000 <b 68.0 25 7 6.6 9.3

NA 69 12.8 20 6 6.0 8.3 After IV
6 1060 65 NA 23 12 7.0 15.8

110 69 13.7 16 7 7.0 12.8 After PO
7 2050 51 14.6 184 484 5.9 9.8

145 81 13.0 18 35 7.0 10.0 After iV
B 4640 51 NA 169 141 7.7 14.6

59 46 12.9 92 70 7.2 13.0 After PO
9 811 41 13.7 39 17 6.8 121
21 45 NA 39 37 6.4 11.0 After PO

NR <130 >70 <13.8 11-31 7-42 6.6-8.0 10.9-14.3

The lower lane for each case shows the laboratory data after the administration of vitamin K.
PIVKA = protein induced by vitamin X absence; GOT = glutamic-gxaloacetic transaminase: GPT = glutamic-pyruvic transaminase; Hb = hemoglobin; IV = intravenous
administration; NA = not avaitable; NR = normal range; PO = oral administration; PT = prothrombin tima; TP = total protain.

tration of vitamin K. The thrombotest value was decreased in six
patients to less than 70%, and the prothrombin time was pro-
longed in four cases. Although the serum levels of glutamic-
oxaloacetic transaminase and/or glutamic-pyruvic transaminase
were elevated in three patients, the etiology of hepatic dysfunc-
tion remained unclear because there was no evidence of viral
infection, metabolic disturbance, or toxins, Four were treated
with intravenous administration of vitamin K, and five with oral
administration of vitamin K, In all patients, following the admin-
istration of vitamin K, the bleeding diasthesis disappeared com-
pletely and the protein induced by vitamin K absence-II values
decreased markedly, with the abnormal thrombotest and/or pro-
thrombin time values also improving. In case 3, protein induced
by vitamin K absence-II was not measured; however, marked pro-
longation of the prothrombin time, which became normalized
after the administration of vitamin K, could confirm the vitamin
K deficiency. In cases 4 and 5, protein induced by vitamin K
absence-Il was not measured after the administration of vitamin
K. In case 5, the thrombotest and prothrombin time values nor-
malized after the vitamin K administration. In case 4, although the
prothrombin time did not change after the vitamin K administra-
tion, the bleeding tendency disappeared quickly.

Statistical Analysis

Table 3 presents a sumimary of the nutritional factors in the two
groups. The patients in the two groups were similar in average age
(P > .05). Nutritional factors, such as total protein level, hemoglobin
level, and calorie intake, were not significantly different between
the two groups (see Table 3). The patients in group A exhibited sig-
nificantly high incidences of factors such as use of antibiotics,
infection, and elemental nutrition (Table 4} (P < .05). However, fac-
tors such as hepatic dysfunction, enteral feeding, and gastrostomy
exhibited no significance as to the development of vitamin K defi-
ciency (see Table 4).

DISCUSSION

Vitamin K is a cofactor for conversion of the glutamic acid
residues of specific proteins into y-carboxyglutamic acid
residues.? Vitamin K deficiency causes impairment of the clot-
ting factors, resulting in a bleeding tendency to various
degrees, Vitamin K is also a carboxylation cofactor in vari-
ous tissues, such as bone, cartilage, placenta, lung, and
testicle, and is known as an important factor for bone
mineralization and the prevention of bone fractures in
severely disabled children.*® Biochemically, vitamin K defi-
ciency results in the appearance of abnormal prothrombin,
deficient in y-carboxyglutarnic acid, in the blood. This abnor-
mal prothrombin is named “protein induced by vitamin K
absence for factor II".2 Vitamin K deficiency is usually
assessed by determining whether there is a prolongation of
the prothrombin time, decreases in thrombotest values, and
an increase in the protein induced by vitamin K absence-II
value. It is known that prothrombin time is prolonged and
protein induced by vitamin K absence-II value increases
physiologically in the neonatal period. However, our study
did not include neonates. The diagnosis of vitamin K defi-
ciency must be confirmed by demonstrating that the protein
induced by vitamin K absence level decreases on the admin-
istration of vitamin K. The protein induced by vitamin
K absence-II level appears to be more sensitive than other
indicators. Thus, mild vitamin K deficiency may be identified
in patients with detectable protein induced by vitamin K
absence-II (> 130 mAU/mL) but with a normal prothrombin
time. In our case 4, the prothrombin time was not irupaired,
and in cases 5, 8, and 9, the prothrombin time or thrombotest
values did not change after the administration of vitamin K.
Protein induced by vitamin K absence-II has also been used
as a marker for hepatic carcinomas in adults; however,
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Table 3. Comparison of the Nutritional Factors Between the Two Groups

Number Age fyr) Body Weight (kg) Calories fkcal/kg) TP (g/dL} Hb (g/dL}
A 9 5.44 + 558 12.55 £ 7,19 5255+ 13.18 6.70 £ 0.92 12.20 £ 2.56
B 12 6.63 = 5.29 13.66 £ 597 55.37 + 10.80 6.88 + 0.61 13.40 + 1.35
P NS NS NS NS _ NS

TP = total pratein; Hb = hemoglobin; NS = not significant.

responsiveness to vitamin K therapy does not indicate liver
dysfunction. '

Factors contributing to vitamin K deficiency include mal-
nutrition, malabsorption owing to a chronic gastrointesiti-
nal disorder,? suppression of intestinal bacterial flora owing
to enteral nutrition™® and antibiotics therapy,*'? and hepatic
dysfunction. In severely disabled children fed by means of
enteral nutrition, there are many factors influencing vitamin
K deficiency in their daily life. In this study, all nine patients
with vitamin K deficiency received enteral nutrition and
six received elemental nutrition. Thus, elemental nutrition
might exhibit some relationship with vitamin K deficiency.
However, it is unknown whether an elemental diet itself influ-
ences the vitamin K status or whether a pathologic condi-
tion needing elemental nutrition has something to do with
vitamin K deficiency. The dietary requirement of vitamin K
for children and adults is usually stated to be more than 1
ug/kg body weight per day.! All of our patients with vita-
min K deficiency received at least 2.5 pg/kg body weight via
enteral nutrition. Nutritional factors did not differ between
groups A and B, However, in some patients, the total pro-
tein and hemoglobin levels were under the normal ranges,
which might indicate subclinical malnutrition. A long-term
effect of enteral and/or elemental nutrition on vitamin K
metabolism is not well recognized, and there are no data
regarding vitamin K requirements in severely disabled chil-
dren. Additional vitamin K supplementation may be required
for severely disabled children, especially ones receiving
enteral nutrition,

Severely disabled children sometimes need an ele-
mental diet because of some absorption difficulty in the gut.
It is kmown that enteral nutrition induces colonic and intesti-
nal mucosal atrophy'? and a gastrointestinal microflora
change’ as adverse effects. Although the pathologic findings
in the gastrointestinal tracts of severely disabled children
after along-term elemental diet were not well known, lai and
Yamada®® reported intestina! mucosal atrophy in a severely
disabled person after 25 years of enteral nutrition. This
finding suggests that intestinal atrophy occurs in severely
disabled children on prolonged enteral nutrition. This intesti-
nal mucosal atrophy may be one reason for vitamin K defi-

ciency owing to malabsorption of nutrients. Kakihara’
reported that prolonged elemental nutrition in rats caused
a change in the intestinal microflora, which induced vitamin
K deficiency. Vitamin K is synthesized by intestinal bacte-
ria, and a deficiency of it develops in compromised patients.
Vitamin K deficiency does not develop in healthy children
receiving a normal diet. These gastrointestinal changes in
severely disabled children may cause malabsorption of vit-
amin K and decreased production of vitamin K by microflora
in the gut, which result in vitamin K deficiency.

In addition to these conditions, vitamin K deficiency may
be aggravated by concomitant administration of several
broad-spectrum antibiotics®® and infection. It has been
reported that the use of antibiotics containing an N-methylthi-
otetrazole side chain is associated with an increased inci-
dence of hypoprothrombinemia through the direct effect of
N-methylthiotetrazole on the vitamin K-dependent y-car-
boxylation of clotting factors.*!® In the present study, four
patients received antibiotic therapy when they developed
vitamin K deficiency. Although cefminox sodium has N-
methylthiotetrazole residues, this theory remains contro-
versial because Allison et al' reported that there was no
evidence that N-methylthiotetrazole-containing antibiotics
had a greater effect on vitamin K—dependent reactions than
other broad-spectrum antibiotics. Pyrexia and infections
themselves induce hyperuse of some vitamins and neces-
sitate higher doses of vitamins than usual. On the other
hand, hospitalized patients with minimal oral intake and ones
on antibiotics have been noted to develop vitamin K defi-
ciency.!*" Severely disabled, bedridden children are in a sit-
uation similar to that of chronic hospitalized patients.
Presumably, such patients require more vitamin K than
usual, and especially for ones with malabsorption and ones
receiving antibiotics, the requirements of some nutrients
including vitamin K may be greater. However, it is unknown
whether disability itself is a factor causing vitamin K defi-
ciency because we have no control patients with severe ill-
ness without disability.

Davis et al'” have shown significantly raised protein
induced by vitamin K absence-II levels in a group of adult
epileptic patients undergeing chronic anticonvulsant therapy,

Table 4. Factors Affecting Vitamin K Deficiency

Number Antibiotics Infection Hepatic Dysfunction Enteral Feeding Elemental Nutrition Gastrostomy
A 9 49 6/9 39 9/9 6/9 5/9
B 12 onz 012 onz 8/12 112 2/12
P < .05 <. NS NS < .05 NS

NS = not significant.
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and there was no correlation between the protein induced by
vitamin K absence-II concentration and the particular anti-
convulsants being taken. Keith et al®® reported that the urine-
carboxylglutamic acid level decreased in 41% of epileptic
patients taking phenytoin. However, Origuchi et al®® reported
that no elevation of protein induced by vitamin K absence-1l
was recognized in epileptic patients and thus ruled out their
conclusion. It is also known that maternal hepatic
enzyme-inducing antiepilepsy drugs such as phenobarbital,
phenytoin, and carbamazepine increase the risk of neonatal
bleeding owing to alterations in vitamin K metabolism in the
neonate. However, Kaaja et al® reported that their data do not
support the hypothesis that maternal enzyme-inducing
antiepilepsy drugs increase the risk of bleeding in the offspring.
In our three patients receiving phenytoin or phenobarbital,
their influence on the vitamin K status remains unknown
because our patients were not neonates.

Kumode et al' reported that, based on the data obtained
through a questionnaire sent to 145 institutes for the severely
handicapped in Japan, vitamin K deficiency was recognized
in only 5 cases, and in these institutes, it was reported that
14.8% of the patients died owing to a hemorrhagic tendency
of the gastrointestinal tracts and trachea. Our results also
indicated that vitamin K deficiency is not common in severely
disabled children with enteral nutrition and concomitant
treatment with antibiotics. However, most cases were incor-
rectly diagnosed as having other gastrointestinal compli-
cations. When the bleeding in such patienis is resistant to
the usual therapy, vitamin K status should be examined
because vitamin K supplementation could quickly stop the
bleeding tendency. We must pay attention to vitamin K defi-
ciency in severely disabled children.
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Abstract Renal involvement in influenza A virus infec-
tion has been rarely reported. To define the clinical
characteristics and the factors contributing to the devel-
opment of renal involvement in influenza A virus infec-
tion, we reviewed the clinical characteristics, laboratory
data, pediatric risk of mortality (PRISM) score, and the
number of systemic inflammatory response syndrome
(SIRS) criteria and dysfunctional organs in 45 hospital-
ized children with influenza A virus infection. Eleven
(24.4%) patients had renal involvement. All patients
with renal involvement suffered from sepsis and multiple
organ dysfunction syndrome (MODS) and 5 developed
acute renal failure (ARF). The incidences of dehydrati-
on, hypotension, disseminated intravascular coagulation
(DIC), and rhabdomyolysis were significantly higher in
patients with renal involvement.. PRISM scores,  the
numbers of SIRS criteria and dysfunctional organs, and
mortality rate were also higher in patients with renal in-
volvement. Influenza A RNA was absent in the renal tis-
sues of 3 patients with ARF. These results suggested that
renal involvement in influenza A virus infection occur-
red in patients with sepsis and MODS; dehydration, hy-
potension, DIC, and rhabdomyolysis were factors contri-
buting to its development; direct viral injury to the kid-
ney did not seem to occur in influenza A virus infection.
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Introduction

Influenza A virus infection is a commeon cause. of acute
respu'atory illness in children [1, 2]. While miost influen-
za A virus infections are self-limited, infants and young
children, even without chronic or serious medical condi-
tions, are at increased risk for hospitalization for illnes-
ses attributable to influenza [2, 3], and some. die from
their complications [4]. There are various complications
of influenza A virus inféction in the pulmonary (primary
viral pneumonia, secondary bacterial pneumonia, croup
syndrome, and acute exacerbation of bronchial asthma
attack), neurological (febrile convulsions, Reye syn-
drome, encephalitis, encephalopathy, transverse myel-
opathy, and Guillain-Barré syndrome), cardiac (myocar-
ditis and pericarditis), and muscular (myosytis) systems
(1, 4]. Recently, Yuen et al. [5] reported that 12 pauents
with human idfection: with an avian influenza A virus
(H5N1) in Hong Kong, 1997, had severe dlsease_ and_ a
high rate of complications, and 3 developed acute renal
failure (ARF). However, clinical characteristics of pa-
tients with human influenza A virus infection and renal
involvenient remain unclear. ARF due to rhabdomyoly-
sis has sometimes been reported as a renal complication
of influenza A virus infection {6, 7, 8, 9, 10, 11,°12, 13].
Other renal involvement has rarely been described (6,
14, 15, 16, 17, 18, 19]. Most patients- had severe illness
and multiple organ dysfunction syndrome (MODS) [20,
21, 22]. Therefore, the severity of the- patients iliness
may influence the development of renal injury in 1nﬂu—
enza A virus infection.. _

The aims of this study were to define the clinical
characteristics of renal involvement in hospitalized pa-
tients with influenza A infection and to determine the
factors necessary for its development

Patients and methods':-' '

Medical records of all 45 patients with influenza A virus infection
admitted to the Department of Pediatrics, Niigata City General
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Hospital between 1997 and 2000 were retrospectively reviewed.
Charts were reviewed for clinical characteristics including patient
age, sex, complications, outcome, and presence of dehydration,
hypotension, disseminated intravascular coagulation (DIC), rhab-
domyolysis at admission, non-steroidal anti-inflammatory drugs
(NSAIDs) usage before admission, and renal involvement during
hospitalization. Laboratory data at admission included blood urea
nitrogen (BUN) levels, serum concentrations of creatinine, aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT), and
lactate dehydrogenase {LDH), urinary protein, and urinary red
blood cell counts (cells/high-power field). The pediatric risk of
mortality (PRISM) scores [23], the number of systemic inflamma-
tory response syndrome (SIRS) criteria [20], and the number of
dysfunctional organs {20] were also noted. The laboratory data,
PRISM scores, and the numbers of SIRS criteria and dysfunctional
organs were recorded at the time of admission.

Influenza A virus infection was confirmed by viral isolation
from nasopharyngeal swabs, the detection of virus RNA in naso-
pharyngeal swabs with the reverse transcription-polymerase chain
reaction (RT-PCR) technique using subtype-specific primers for
the influenza A hemagglutinin gene [24], or serological tests (a fo-
urfold or greater rise in hemagglutinin inhibition titers against in-
fluenza A virus during the acute and convalescent phages) [4].

Renal involvement was defined by rising levels of serum cre-
atinine more than the normal range for age (mean+2 SD) [25]
and/or presence of both hematuria (>10 cells/high-power field)
and proteinuria (>10 mg/dl). ARF was defined using the following
criteria; an abrupt drop of renal function without known underly-
ing kidney disease, characterized by oliguria, less than 0.5 ml/kg
per hour, and confirmed by rising levels of serum creatinine to
double that of normal for age [13, 25, 26). Dehydration was defi-
ned by weight loss >5% and/or the presence of clinical findings of
dehydration, such as dry mucous membrane, decreased skin tur-
gor, sunken anterior fontanelle, tachycardia, or hetnoconcentration
(hematocrit »>50%), all resolving with fluid administration [13].
Hypotension was defined by blood pressure less than the 3rd per-
centile for age [20, 27]. SIRS, organ dysfunction other than the re-
nal system, and MODS were defined by the criteria of Proulx et
al. [20]. Encephalopathy was defined as an upper respiratory tract
infection or fever followed by symptoms in the central nervous sy-
stem that could not be explained by other identifiable causes [28,
29].

We summarized clinical characteristics of patients with renal
involvement, and then compared clinical characteristics, laborato-
ry data, PRISM scores, and the numbers of SIRS criteria and dys-
functional organs between patients with and without renal involve-
ment. Ty

Descriptive statistics are presented as median and range. Ana-
lyses for the association of categorical variables were performed
using Fisher’s exact test. A comparison between two groups was
performed using the Mann-Whitney U test, All data were analyzed
using StatView 5.0 (SAS Institute, Cary, N.C., USA). P<0.05 was
considered significant.

Resuits

Forty-five patients with influenza A infection (26 males
and 19 females, aged 1 month to 14 years) were in-
cluded. No patient had underlying kidney disease. Com-
plications of influenza A virus infection were as follows:
exacerbation of bronchial asthma attack 15; influenza A
virus-associated encephalopathy 14; febrile convulsions
7. secondary bacterial pneumonia 3; enterocolitis 3;
croup syndrome 1; myocarditis 1; and hemolytic uremic
syndrome (HUS) due to influenza A 1. Of 45 patients,
4 (8.8%) died.

Eleven patients (24.4%) had renal involvement. Their
clinical characteristics are summarized in Table 1. Pa-
tients 1 [16] and 5 [10] have been reported previously.
Ten patients had both hematuria and proteinuria, Urina-
lysis could not be performed in patient 2 because the pa-
tient died before urinary voiding. Seven patients had ri-
sing levels of serum creatinine more than normal range
for age. As complications of influenza A infection, ence-
phalopathy occurred in 9 patients, croup syndrome in 1,
and HUS in 1. Dehydration was present in 7 patients
(63.6%), hypotension in 5 (45.4%), DIC in 7 (63.6%),
and rhabdomyolysis in 3 (27.3%). Five patients (45.4%)
used NSAIDs before admission compared with 7 pa-
tients (20.6%) without renal involvement. All patients
fulfilled the criteria for SIRS (sepsis) and MODS. Four
patients died.

Five patients developed ARF, which was caused by
hemodynamic disturbance due to MODS in 3 patients,
rhabdomyolysis in 1, and HUS in 1. All patients with
ARF exhibited oliguria, and 2 underwent hemodialysis.
Two patients recovered completely from ARF and survi-
ved. The other 3 patients with ARF died from MODS.
Renal histological study, obtained by biopsy or necropsy
from 3 patients, showed acute tubular necrosis (patient
1), fibrin thrombi in the renal arterioles probably due to
DIC (patient 3), or findings compatible with HUS (pati-
ent 5). Subtype-specific hemagglutinin of influenza A
RNA, examined by RT-PCR, was absent in the renal tis-
sues taken from these patients [16].

Dehydration, hypotension, DIC, and rhabdomyolysis
at admission were significantly more common in patients

Table 1 Clinical details of patients with renal involvement (ARF acute renal failure, DIC disseminated intravascular coagulation syn-

drome)
Patient Age years/ Complication Dehydration Hypotension DIC  Rhabdomyolysis ARF  Outcome
no. sex -
| 5M Encephalopathy + + + + + Survived
2 SF Encephalopathy + + + - + Died
3 2/M Encephalopathy + - + - + Died
4 3/F Encephalopathy - - + - + Died
5 3/F Hemolytic uremic syndrome  + + - - + Survived
6 M Encephalopathy + + + - - Survived
7 4M Encephalopathy - - + - - Survived
8 3F Encephalopathy + - + + + - Died
9 M Encephalopathy - - - - - Survived
10 M Encephalopathy + - - + - . Survived
11 1M Croup syndrome - - - - - Survived
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Table 2 Comparison of clinical variables between pasients with
and without renal invelvement (NSAIDs non-steroidal anti-inflam-
matory drugs, AST aspartate aminotransferase, ALT alanine ami-

343

notransferase, LDH lactate dehydrogenase, BUN blood urea nitro-
gen, SIRS systemic inflammatory response syndrome)

Variable Patients with renal involvement Patients without renal involvement P value
(n=11) (n=34)
Age (years) 3.3(1.6-5.8) 2.7(0.1-14.3) 0.8492
Sex (M/F) /4 19/15 0.7363
Influenza A subtype (HIN1/H3N2) 2/9 8126 >0.9999
NSAIDs usage 5 7 0.1306
Dehydration 7 5 0.0035*
Hypotension 5 l 0.0020*
DIC 7 i <0.0001*
Rhabdomyolysis 3 0 0.0116*
Death 4 0 0.0022*
Serum AST (IUA) 409 (116-5,534) 37.5 (16-1,400) <0.0001*
Serum ALT (1UA) 194 (19-4,080) 14 (5-1,117) <().0001*
Serum LDH (IU/) 2,146 (608-10,194) 531 (321-3,630) <0.0001*
BUN (mg/dl) 36.0 (10.7-83.8) 10.3 (2.4-31.9) <0.0001*
Serum creatinine {mg/dl) 1.6 (0.4-3.6) 0.3 (0.2-0.9) <0.0001*
PRISM score 21 (1240 0 (0-13) <0.0001*
No. of SIRS criteria 3(2-4) 1(1-3) <0.0001*
No. of dysfunctional organs 3 (2-6) 0(0-2) <0.0001*

* P values represent significant differences

with renal involvement (n=11) than in patients without
renal involvement (n=34) (Table 2). PRISM scores, the
number of SIRS criteria, and dysfunctional organs at ad-
mission were significantly higher in patients with renal
involvement. The mortality rate was also significantly
higher in patients with renal involvement. BUN levels
and serum concentrations of creatinine, AST, ALT, and
LDH at admission were significantly higher in patients
with renal involvement. There were no differences in
age, sex ratio, influenza A subtypes, and NSAIDs usage
between patients with and without renal involvement.

Discussion

Since renal involvement in patients with influenza A virus
infection is uncommon, being reported mostly as single
cases or a small series of patients, the clinical character-
istics of renal injury in patients with influenza A virus in-
fection remain unclear. In our study, 24.4% of hospitalized
patients with influenza A virus infection had some fin-
dings of renal injury. Because most patients with influenza
A virus infection have no complications and do not need
hospitalization, the actual incidence of renal injury in pa-
tients with influenza A virus infection is lower than in our
study. In addition, since our hospital is one of the central
hospitals for emergency and critical care in our prefecture,
many severely ill patients were transferred to our hospital
from other local hospitals. This may explain the
unexpectedly high rate of renal involvement in patients
with influenza A virus infection in the present study.
While pathogenic mechanisms for the development of
renal injury in influenza A virus infection are not com-
pletely understood, four potential causes are postulated:
rhabdomyolysis, direct viral injury to the kidney, renal
hypoperfusion due to sepsis, and DIC [6, 17]. Among

these causes, rhabdomyolysis has been most frequently
reported {6, 7, 8, 9, 10, 11, 12, 13}, and is a definitive
cause of renal injury in influenza A infection. Rhabdom-
yolysis can induce renal injury due to renal vasoconstric-
tion, tubular cast formation, and direct heme protein-in-
duced cytotoxicity [30]. In our study, 3 of 11 (27.3%) pa-
tients with renal involvement had rhabdomyolysis; 1 of
these 3 patients developed ARF [10]. In addition, rhab-
domyolysis was more common in patients with renal in-
volvement than in patients without renal involvement.
Direct viral injury to the kidney does not seem to oc-
cur in influenza A virus infection. There have been no re-
ports of influenza A virus or its RNA in renal tissues of
patients with influenza A infection. We also did not dete-
ct influenza A virus RNA in renal tissues of 3 patients
with influenza A virus infection and renal involvement.
Sepsis ts one of the main causes of ARF [31]. In sep-
sis, several mechanisms of organ failure have been pro-
posed, including immunological dissonance, tissue hyp-
oxia, and reperfusion injury [32]. Renal tissue hypoxia
can be caused by hypovolemia due to dehydration or hy-
potension resulting from myocardial dysfunction or hy-
povolemia [31, 32]. '
Some patients with renal involvement of influenza A
virus infection have suffered from DIC {6, 14, 15, 16,
17). DIC occurs frequently in patients with sepsis, and is
associated with organ dysfunction [33]. Proinflammatory
cytokines, particularly tumor necrosis factor-c and inter-
leukin-6, released early in the course of sepsis stimulate
a procoagulant state that causes development of in-
travascular fibrin deposition, which results in DIC and
organ dysfunction, including kidney dysfunction [15,
33]. These findings suggest that rhabdomyolysis, renal
hypoperfusion (dehydration or hypotension), and DIC
could be contributory factors in the development of renal
involvement in influenza A virus infection. '
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Most reported patients with renal involvement in in-
fluenza A virus infection had severe illness and MODS
[20, 21, 22]. Shenouda and Hatch {6] reported four pa-
tients with ARF due to influenza A virus infection, and
all four suffered from MODS. Davison et al. [14] descri-
bed two patients with DIC and influenza A virus infec-
tion; both had MODS and one developed ARF. Whitaker
et al. [15] reported six patients with ARF and MODS ca-
used by influenza A infection, We recently reported a pa-
tient with HUS associated with influenza A virus infec-
tion, with MODS and ARF [16]. West and Brunskill [17]
reported a patient with influenza A infection and ARF
caused by hemodynamic disturbance due to MODS.
ARF is thought to be a part of MODS in septic patients
{31, 32]. These findings suggest that MODS is an impor-
tant underlying condition for the development of renal
involvement in influenza A virus infection.

The present study showed that all patients with renal in-
volvement fulfilled SIRS (sepsis) and MODS criteria. The
incidences of dehydration, hypotension, DIC, and rhab-
domyolysis at the time of admission were significantly hig-
her in patients with renal involvement than in patients
without renal involvement. FRISM scores, the numbers of
SIRS criteria and dysfunctional organs at the time of ad-
mission, and the mortality rate were also significantly hig-
her in patients with renal involvement than in patients
without renal involvement. Subtype-specific hemaggluti-
nin of influenza A virus RNA was absent in the renal tissu-
es of 3 patients with ARF. These findings indicated that re-
nal involvement in influenza A virus infection occurred in
. patients with sepsis and MODS; dehydration, hypotension,
DIC, and rhabdomyolysis were the factors contributing to
its development; direct viral injury to the kidney does not
seem to occur in influenza A virus infection.
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Periodic Lateralized Epileptiform Discharges
in Children

ABSTRACT

Thirteen children in whom electroencephalography revealed peri-
odic lateralized epileptiform discharges in the acute phase of cerebral
involvement were included in this study. Four were diagnosed as
having influenza-associated encephalopathy, two nonherpetic limbic
encephalitis, two theophylline-associated seizures, one Mycoplasma

preumonice encephalitis, one acute encephalopathy, and one bacterial ‘

meningitis. All patients developed seizures; six developed hemicon-
vulsions. As to prognosis, two died, six had some neurologic seque-
lae, and five had no neurologic sequelae. Although periodic lateralized
epileptiform discharges are not disease specific, the importance of these
disorders had not been focused on as a cause of periodic lateralized
epileptiform discharges. (J Child Newrol 2003;18:803-805).

Periodic lateralized epileptiform discharges, initially described by
Chatrian et al in 1964,! are an electroencephalographic (EEG)
entity consisting of lateralized or focal epileptiform discharges
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oceurring in a periodic pattern. Periodic lateralized epileptiform
discharges are often reflected synchronously over homologous
areas in the contralateral hemisphere. These periodic discharges
are a transient phenomenon and oceur only during the acute phase,
that is, when the patient is comatose. Although the underlying
mechanisms related to the periodicity remain controversial, cor-
tical isolation or lesions in the gray matter are suspected to be a
critical mechanism. Periodic lateralized epileptiform discharges are
not disease specific and occur in a variety of disorders, most often
acute unilateral lesions such as cerebral hemorrhage, cercbral
infarcts, tumors, infections such as herpes encephalitis, and vari-
ous metabolic insults.

In children, the etiology of periodic lateralized epileptiform
discharges has not been fully investigated. We report here 13 chil-
dren showing periodic lateralized epileptiform discharges with
various etiologies.

Patients and Method

Thirteen children in whom EEG revealed periodic discharges in the acute
phase of cerebral involvements were seen in the Department of Pediatrics,
Niigata City General Hospital, from 1996 to 2002, and they comprised the
cases for this study. They were aged from 1 month to 12 years, and there
were seven boys and six girls (Figure 1). Two were diagnosed as having non-
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Figure 1. Electroencephalographic (EEG) findings of periodic lateralized epileptiform discharges. A, Case 2, limbic encephalitis: EEG revealed -
periodic lateralized epileptiform discharges, which were seen diffusely over the right hemisphere. The intervals of periodic discharges were
approximately 1.0 to 2.0 seconds. B, Case 5, influenza encephalopathy: EEG showed repetitive epileptiform discharges in the right frontal area.
C, Case 9, Mycoplasma pneumoniae encephalitis: EEG showed repetitive epileptiform discharges over the right hemisphere at one to two per
second. D, Case 10, cerebral infarction: EEG demonstrated periodic lateralized epileptiform discharges over the right hemisphere.
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Table 1. Clinical Summary of the 13 Patients Presenting Periodic Lateralized Epileptiform Discharges

Age/ Consciousness Periodic
Sex Diagnosis Disturbance Seizure Neuroimaging Discharge Prognosis
1 3yrF Limbic encephalitis  Coma GTC Increased T, in Bilateral C MR, TLE
bilateral temparal
2 4 yr/F Limbic encephalitis  Semicoma Lt hemiconvulsion Increased T, in Rt C-temporal NP
rt temporal
3 2 yr/F Influenza Coma GTC LDA in frontal Lt temporal MR, FLE
encephalopathy
4 4 yr/M Influenza Semicoma GTC LDA in bilateral Lt temporal NP
encephalopathy thalamus
5 2 yr/M Influenza Coma Lt hemiconvulsion Diffuse LDA Lt temporal MR
encephalopathy .
6 3yrF Influenza Coma GTC LDA in frontal RtC MR, FLE
encephalopathy
7 10 mo/M  Theophylline seizure Coma GTC ND Lt temporat Death
8 4 yr/F Theophyliine seizure Coma GTC NP Lt temporal NP
9 11 yrM Mycoplasma Coma Lt hemiconvulsion Increased T, in Rt temporal NP
encephalitis rt temporal
10 9 mo/F Cerebral infarction Semicoma Rt hemiconvulsion  Diffuse LDA Rt frontal Rt hemiplegia,
TLE
1 6yr/M Cerebral infarction Coma Rt hemiconvulsion  LDA in {t hemisphere Lt frontal-C Death
12 1mo/M  Acute Coma GTC Diffuse LDA RtC MR
encephalopathy
13 4 yr/M Bacterial meningitis Semicoma Rt hemiconvulsion NP Bilateral frontal NP

¢ = central; GTC = ganeralized tonic convulsion; FLE = frontal lobe epilapsy; LDA = low-density area; Lt = left; MR = men1al retardation; ND = not done; NP = nothing particular;

Rt = right; TLE = tamporal lobe epilepsy.

herpetic limbic encephalitis {one was reported elsewhere?), four influenza-
associated encephalopathy, two theophylline-associated seizures, one
Mycoplasma pneumoniae encephalitis, one acute encephalopathy of
unknown origin, and one bacterial meningitis. Influenza infection was con-
firmed by positive serologic test results and/or a positive antigen result with
the polymerase chain reaction method. Mycoplasma infection was confirmed
by an increased titer for anti-Mycoplasma pnewmoniae antibodies and an
increased cold hemagglutinin test result. Nonherpetic limbic encephalitis
was identified according to the established criteria.® The serum concentration
of theophylline in two patients with theophylline seizure was within nor-
mal limits. The children’s clinical symptoms, clinical course, and laboratory
findings, including electrophysiolegic and néuroradiologic examinations,
were studied.

Results

The conscioushess level in the acute phase was severely disturbed
when periodic lateralized epileptiform discharges were seen on EEG
in all patients. All patients developed seizures. Seven developed gen-
eralized convulsion and six hemiconvulsions. Among the patients
with hemiconvulsion, the seizure side was contralateral to the
EEG focus in four. Brain computed tomography and/or magnetic
resonance imaging revealed abnormal findings in 10 of the 13
patients, as shown in Table 1. Coincidence of the EEG focus and
the lesion cbserved on neuroimaging was seen in only three cases.
Other cases showed no correlation. EEG revealed unilateral peri-
odic lateralized epileptiform discharges in 11 cases and bilateral
periodic lateralized epileptiform discharges in 2. After improvement
of the consciousness disturbance, EEG showed no periodic later-
alized epileptiform discharges in any patients. As to prognosis, two
died, three had epilepsy and mental retardation, one had epilepsy
and right hemiplegia, two had mental retardation, and five had no
neurologic sequelae.
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Discussion

Limited information is available regarding the clinical correlates
of periodic lateralized epileptiform discharges, especially in chil-
dren. Snodgrass et al reviewed 586 cases of periodic lateralized
epileptiform discharges reported in the literature and found the eti-
ologies to be cerebrovascular accidents (35%), mass lesions (26%),
infections (6%), metabolic abnormalities (9%), anoxia (2%), and oth-
ers (22%) in adults and children.! Garg et al reported no difference
between children and adults in clinical characteristics.® In the 15
patients in their study, the eticlogies of the periodic lateralized
epileptiform discharges were liver failure in 2, central nervous
system infections in 4, hypoxic-ischemic encephalopathy in 1,
burn with dehydration in 1, embolic stroke in 1, leukemia in 3, and
lymphoma in 1. Eleven had periodic lateralized epileptiform dis-
charges, and four bilateral periodic lateralized epileptiform dis-
charges. Eight patients died, and seven survived. Hamano et al
reported six children presenting periodic lateralized epileptiform
discharges aged 3 days to 7 years.® The etiologies were encephali-
tis in two, purulent meningitis in one, acute infantile hemiplegia
in one, infarction in one, and intracranial bleeding in one. Raroque
et al reported 18 pediatric patients with pertodic lateralized epilep-
tiform discharges aged from 3 months to 14 years.” The etiologies
were meningoencephalitis in seven, anoxia in four, tumors inthree,
stroke in one, thallium toxicity in one, epilepsy in one, and static
encephalopathy in one. Previously, the presence of pertodic lat-
eralized epileptiform discharges has been taken to be indicative of
focal viral encephalitis, particularly herpes encephalitis. However,
in previous series, as well as in our own, no cases of herpes
encephalitis were positively identified. Thus, in children, the asso-
ciation of periodic lateralized epileptiform discharges with herpes
encephalitis is likely to be quite infrequent.
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Influenza-associated encephalopathy, nonherpetic limbic
encephalitis, and theophylline seizures were the major causes
of periodic lateralized epileptiform discharges in our cases.
Although an influenza-associated encephalopathy epidemic is
unique in Japanese children, a patient with influenza B-asso-
ciated encephalopathy characterized by periodic lateralized
epileptiform discharges has also been reported.’ Theophylline-
assaciated seizures are almost always focal and should be con-
sidered one of the causes of metabolic insults that can trigger
periodic lateralized epileptiform discharges.? Nonherpetic lim-
bic encephalitis has also been reported to involve periodic lat-
eralized epileptiform discharges frequently.? Bilatera! periodic
lateralized epileptiform discharges in Mycoplasma encephali-
tis have been reported in two cases.'” However, their importance
as a cause of periodic lateralized epileptiform discharges was
not fully mentioned previously. We should pay attention to these
disorders when we see periodic lateralized epileptiform dis-
charges in children.
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Abstract

A 7-year-old boy began to complain that his pitch perception was decreased just after oral medication with carbamazepine was initiated for
the treatment of epilepsy. When he played the piano, he felt as if he had played a musical note of almost a half pitch lower than he had. His
pitch perception recovered soon after the cessation of carbamazepine. A [4-year-old girl noted a lowered pitch of music sounds while she
played the piane just after the administration of carbamazepine for the treatment of epilepsy. Carbamazepine was withdrawn and the auditory
symptoms disappeared. Both patients were musically trained. Reversible pitch perception abnormalities are a rare adverse effect of carba-
mazepine, however, the clinical features of the reported cases were similar; they were musically trained, young, female and Japanese.
Although the mechanism remains unclear, we have to pay attention to this subtle adverse effect when we treat epileptic patients with

carbamazepine.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords: Carbamazepine; Auditory disturbance; Pitch perception

1. Introduction

Carbamazepine is a first-line agent for localization-
related epilepsy,-and one of the most popular anticonvul-
sants used in children. However, carbamazepine has some
adverse effects like other antiepileptic drugs. Among the
adverse effects of carbamazepine, drowsiness, vertigo,
headache and ataxia have been reported as adverse neuro-
toxic effects [1]. Auditory disturbance associated with
carbamazepine medication, such as hyperacousis and tinni-
tus, has been rarely reported [2], and transient disturbance of
auditory pitch perception has also been rarely reported,
mainly in young Japanese people [2-11]. However, the
mechanism causing such auditory disturbance remains
unknown. We report here two Japanese children, a 7-year-
old boy and a 14-year-old girl, complaining of peculiar
symptoms, such as disturbance of auditory pitch perception
only during the administration of carbamazepine. We also
review reported cases showing similar symptoms.

* Corresponding author. Tel.: +81-25-241-5151; fax: +81-25-248-3507.
E-mail address: hideto@hosp.niigata.niigata jp (H. Yoshikawa),

2. Case report
2.1 Case 1

This 7-year-old normally developed boy was born without
any complications. The family and prenatal histories were
not contributory. He experienced a febrile convulsion at the
age of 1 year. He had learned the piano since the age of 6
years, and he was considered to have good sound perception.
Atthe age of 7 years, he developed a generalized tonic-clonic
convulsion lasting for about 2 min, and therefore he was
brought to our hospital. The routine laboratory findings
were unremarkable. Cranial computed tomography revealed
no abnormal findings. Electroencephalography revealed
infrequent isolated spikes in the right frontal area. He was
suspected of having idiopathic localization-related epilepsy
and so oral administration of carbamazepine of the dosage of
100 mg (body weight 22 kg) was initiated. Just after that, he
noticed apparent towering of the pitch of a telephone ringing,
game sounds, and various other everyday mechanical noises.
He never noticed tinnitus or reduced hearing ability as to
ordinal sounds. When he played a piano, every piano note
sound a half tone lower than usual. He never complained of
anything other than this abnormality of auditory pitch
perception. At that time his blood concentration of carbama-
zepine was 6.24 pg/ml, which was within normal limits (4—
12 pwg/ml). One month after the beginning of carbamazepine

0387-7604/02/% - see front matter © 2002 Elsevier Science B.V. All rights reserved.

doi:10.1016/50387-7604(02)00155-9
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Table 1

Profiles of carbamazepine-induced pitch perception abnormality under 10 years of age®

Case Agelsex Music education Diagnosis CBZ dosef CBZ BC Duration before Symptoms Prognosis
day (mg) (pg/mi) symptoms {days)

1 4F + Epilepsy 100 1 Half tone lower Recovery

2 9M - BECCT 400 8.2 3 Lower pitch Recovery

J(case 1) TM + FLE 100 6.4 1 Half tone lower Recovery

* CBZ, carbamazepine; BC, blood concentration; BECCT, benign epilepsy of childhood with centro-temporal foci, and FLE, frontal lobe epilepsy.

administration, we replaced the carbamazepine with zonisa-
mide. Thereafter he never complained of the auditory pitch
perception disturbance, again.

2.2. Case 2

This 14-year-old girl with normal growth had trained on
the piano for several years, wishing to major in music at
college. Her family history was not contributory. She had no
seizures until the age of 14 years, when she developed
nausea, unconsciousness and urine incontinence during an
examination at her junior high school. She was transferred
to our hospital, where cranial computed tomography
revealed no abnormal findings. Routine laboratory exami-
nation disclosed no abnormal findings. Electroencephalo-
graphy revealed infrequent isolated spikes in the bilateral
frontal area. So she was diagnosed as having frontal lobe
epilepsy, and so the oral administration of carbamazepine at
the dosage of 250 mg (body weight 48 kg) was started.
Thereafter, she developed no seizures. After carbamazepine
therapy had been initiated, she complained that sounds such
as those of music instruments, the chime at her school, and
telephone ringing seemed to have a lower pitch. She felt
something strange only when she played a piano. However,
she never complained of reduced hearing ability. One week
after the initiation of carbamazepine, she visited our hospital
complaining that perceived sounds were of a lower tone
than previously. Although her blood concentration of carba-
mazepine was not measured, we considered her pitch
perception disturbance was caused by the carbamazepine.
So the carbamazepine was replaced with clonazepam. The
next morning after the cessation of carbamazepine, her audi-
tory disturbance had disappeared completely. Thereafter,
she has never complained of abnormal pitch perception.

3. Discussion

Our two patients showed similar symptoms such as the
---reversible - disturbance of pitch perception without any
reduction in hearing ability. These symptoms developed

--——just “after-the initiation -of - carbamazepine administration,

and disappeared after the cessation of carbamazepine.
Also, case 1 showed half tone lowering, which is compatible
with a typical carbamazepine-induced pitch perceptional
deficit, So, in our two cases, carbamazepine is considered
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to have been the most probable cause of the transient pitch
perception abnormality [3,4,7,8].

To the best of our knowledge, thirteen patients showing
similar symptoms have been reported previously {2-11].
The 15 patients including our two were aged 4-42 years,
with a mean age of 19.0 = 11.2 years. The patients were
usually young, elder ones not being reported. Seven of the
15 cases were under 15 years. However, patients under 10
years were rare, only three such patients having been
reported, which are summarized in Table 1. Our case |
was 7 years old, i.e. he is the second youngest patient
among the reported cases [3,4]. Also, children under 3
years of age have not been reported, because they are too
young to be aware of any symptoms if they have pitch
perceptional abnormalities or their pitch perception ability
might still be immature. In all reported cases, the symptoms
were reversible without any neurological sequalae. Eight
showed semitone lowering {3,4,7,8,9.11}, one tone lowering
(6], three pitch lowering {3,5], and three disturbance of pitch
perception {2,10]. The blood concentrations of carbamaze-
pine ranged from 4.3 to 13.6 pg/ml. Symptoms developed
from a few hours to 2 weeks after the initiation of carbama-
zepine administration. Fourteen of the 15 patients were
Japanese. It is unclear whether or not some genetic disposi-
tion exists. Twelve of the 15 reported patients were female.
MacPhee et al. [12] reported that the total choice reaction

_time in psychomotor performance was significantly more

impaired in females. Females were more frequently affected
than males. However, two of the three male patients were
under 10 years of age. In younger children, female predo-
minance might not be present. Thirteen patients had studied
a musical instrument, such as the piano or cello. Chaloupka
et al. [11] demonstrated that their patient, who was an abso-
lute pitch possessor, noticed a downward shift of the
perceived pitch by one semitone upon the administration
of carbamazepine, and some of the other reported cascs
were also suspected to be absolute pitch possessors.
However, it remains uhknown whether such abnormal
pitch perception due to carbamazepine is a common occur-
rence, or whether it can be only recognized by persons who
are well trained in music.

The mechanism by which carbamazepine disturbs pitch
perception is unknown. Also, it remains unknown whether
or not carbamazepine acts on the peripheral or central nerve
system. The serum levels of carbamazepine in the teported
cases were within normal limits, so a neurotoxic effect due
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10 an overdose was not probable. Although, prolongation of
the I-1TT and I-V latencies of the auditory brain stem
response has been reported in carbamazepine-treated
patients [13], the auditory brain stem response of the
reported patients with abnormal pitch perception was
normal. Chaloupka et al. [11] suspected that the cause of
this adverse effect may be due to subtle changes in the
mechanicat properties of the organ of Corti possibly induced
by carbamazepine. Another possibility is that carbamaze-
pine, a sodium cannel blocker, might be acting at the level
of muscle sarcolemma and thus affecting the tiny but sensi-
tive stapedius muscle that determines the tension on the
tympanic membrane that mechanically perceives sound
waves, hence pitch. Other mechanisms such as sensory
amusia, tone-deafness, and a sound recognition deficit
have also been suspected. However, there was no evidence
as to which is the case. The exact incidence of this subtle
adverse effect is unknown, however, it is suspected that this
carbamazepine-induced pitch perception abnormality may
be more frequent than we thought, so we have to pay atten-
tion to this subtle adverse effect when treating epileptic
children with carbamazepine.
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CASE REPORT

Persistent hyperinsulinemic hypoglycaemia followed
as benign infantile convulsion
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An 18-month-old boy developed seizures at 3 months of age. He developed normally and, his EEG and brain CT revealed no
abnormal findings. The blood sugar level was normal at that time, thus he was diagnosed as having benign infantile convulsion.
At 7 months of age seizures reappeared, and hypoglycaemia associated with hyperinsulinism was observed during the seizures.
With conservative therapy his blood sugar level was well controlled and he had no further seizures. Hypoglycaemic seizures are
sometimes misdiagnosed as epilepsy. We have to pay attention to hyperinsulinemic hypoglycaemia when we see seizures with

normal EEG even in infants.
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INTRODUCTION

Hyperinsulinemic hypoglycaemia causes hypogly-
caemic seizures during the neonatal and infant peri-
ods, and sometimes these seizures are misdiagnosed
as epilepsy'"3. When patients show normal develop-
ment except seizures, normal electroencephalography
(EEG), they could also meet the criteria of ‘benign in-
fantile convulsion’. Persistent hypoglycaemia leads
to neuronal injury, therefore, efficient diagnosis and
treatment are essential. So, even in cases of infantile
convulsions with normal EEG and normal develop-
ment, hyperinsulinism should be ruled out as early as
possible.

CASE REPORT

This 18-month-old Japanese boy was born without
any complications at 37 weeks of gestation. The
blood sugar level was normal at birth. One week after
birth, his parents noticed that he sometimes showed
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cyanosis during sucking of milk. At 3 months of
age, generalised tonic convulsions lasting for about
1-2 minutes occurred, twice or three times per week.
So, he was admitted to our hospital at 4 months of
age. On admission, physical examination disclosed
no abnormal findings. Routine laboratory examina-
tions revealed no abnormal findings including blood
sugar. Brain CT and EEG revealed no abnormal find-
ings. The ora! administration of carbamazepine was
started and the seizures ceased completely. So, he
was tentatively diagnosed as having benign infan-
tile convulsion because of normal development no
neurological findings, no EEG abnormalities, and
a favourable response to carbamazepine. However,
at 6 months of age, generalised tonic convulsions
occurred several times, and the dosage of carba-
mazepine was increased, but it failed to stop the
seizures. During the seizures, the blood sugar level
was measured and found to be low. His fasting blood
sugar level and immunoreactive insulin level (IRI)
were 38mg/dl and 21.3 pU/ml, respectively. Also
the IRI/blood sugar (BS) ratio was 0.56. Abdom-
inal ultrasonography and CT disclosed no pancre-
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atic tumour. Based on these data, at 7 months of
age, he was diagnosed as having hyperinsulinemic
hypoglycaemia.

The intravenous infusion of glucose increased the
blood sugar level, and the seizures ceased. The oral ad-
ministration of diazoxide was begun. Then baby food
with high carbohydrate and low protein contents was
started. Thereafier, he showed neither hypoglycaemia
nor convulsions. After the oral administration of dia-
zoxide, the fasting blood sugar level, IRI and IRI/BS
ratio became 65 mg/dl, 5.0 pU/ml and 0.077, respec-
tively. At present, he developed normally and had no
seizures. '

DISCUSSION

The prognoses of epilepsies in the first year of life
are usually poor, however, several authors® > have
reported that benign infantile convulsion or epilepsy
is present. Benign infantile convulsion® is defined
as generalised tonic convulsions occurring with no
apparent cause in neurodevelopmentally normal in-
fants aged under 2 years with normal interictal EEG.
Watanabe er al.’ proposed a similar condition, benign
partial epilepsy in infancy (BPEI), which is defined as
follows: complex partial seizures and/or secondarily
generalised seizures, normal psychomotor develop-
mental and neurological findings before onset, nor-
mal interictal EEG, normal cranial CT and magnetic
resonance imaging and no seizures during the first
4 wecks of life. The clinical features of our patient
also met the criteria of benign infantile convulsion®
or BPED, if hypoglycaemia was not present. Some
patients with BPEI were misdiagnosed at the first
presentation.

The onset of persistent hyperinsulinemic hypogly-
cacmia can occur from the neonatal to the infantile
period, and is characterised by hypoglycaemia associ-
ated with hyperinsulinemia. It is diagnosed using the
criterion of an IRI/BS ratio of over 0.3. When other

disorders causing hypoglycaemia can be ruled out,
the diagnosis of persistent hyperinsulinemic hypogly-
cacmia can be made. In persistent hyperinsulinemic
hypoglycaemia, the initial symptoms of .the hypogly-
caemia are jitters, bad temper, hypotonia, cyanosis,
unconsciousness and convulsions. Hypoglycaemic
seizures are not rare in hypoglycaemic patients. Izumi
et al.? reported five cases of hyperinsulinemic hypo-
glycaemia showing various types of hypoglycaemic
seizures, i.e. apnea, erratic seizures, generalised
tonic seizures and myoclonic seizures. However,. the
frequency of hypoglycaemic seizures was not fully in-
vestigated, and sometimes the hypoglycaemic seizures
were misdiagnosed as epilepsy'~>. Neonatal and infan-
tile hypoglycaemia in the brain may cause permanent
neurological sequelae, such as epilepsy and mental
retardation®. So, early diagnosis and treatment is
important to prevent permanent neurologlcal sequelae.
Concerning the differential diagnosis of benign infan-
tile convulsion, hypoglycaemic seizures in persistent
hyperinsulinemic hypoglycaemia should be added and
the blood sugar level should be examined frequent]y
even if the interictal blood sugar is normal.
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