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sion fevel was low at HOXBI3, the peak in the rectum was
high. HOXC, HOXC4 and HOXCS were extremely highly
expressed. but expression gradually decreased to HOXC6.
HOXC& through HOXCIH1 peaked between the duodenum
and jejunum, whereas HOXCI] through HOXC13 peaked in
the rectum.

ROXD

The trend surface had two peaks, at coordinate positions (D1,
I; and D13, 11), whercas HOXD& and HOXD9 werc at the
bottom of the FOXD scries. Peak expression of HOXD] was
observed in the faregut region, whereas HOXD3 and HOXD4
peak in the midgut region, and HOXDS through HOXDI3
peaked in the hindgut region (Fig. 4). Genes with a high level
of expression in the foregut region tended to have a low level
of expression in the hindgut region, whereas those with low
levels of cxpression in the foregat region tended to have high
levels of expression in the hindgut region.

DISCUSSION

In the present study we developed a real-time PCR-based
svstem to simultancously measure the expression levels of
all 39 Hox genes. The quantitative real-time PCR method
was achieved by using the intercalating dye SYBR Green,
which binds to the groove of double-stranded DNA (Gibson
eral. 1996) and emits a fluorescent signal directly that is
proportional to the length of the double-stranded DNA (Mor-
rison etal. 1998). Although it is simple, this detection
method involves a potential source of error: the dye binds
not only to the target amplification product but also to the
primer dimmers, which accwinulate in an unpredictable fash-
ion (Wittwer et al. 1997). In the present study unwanted
signals from the primer dimers were avoided by using the
melting phase analysis of Riric er al. (1997). This modifica-
tion circumvents the problems associated with undesirable
‘signals from the primer dimers (Higuchi et al, 1993),

Quanufication of the target DNA by the real-ime PCR
method requires a highly purificd control template whose
molar amount is precisely known. Conventionally, the target
sequence cloned into a plasmid has been used as the standard
template (Gerard er af. 1998), and gel-purified PCR product
has been used as an aliernative standard template. In the
present study, we employed DHPLC for purification pur-
poses. The correlation coetficient close (o 1.0 in the assay of
all 39 Hox genes indicates an enhanced reproducibility of
the system,

Hox expression profile of the esophagus, stomach, and
duodenum were mapped very closely in the principal com-
ponents space, and it is intriguing to note that these tissues
are all derived from the foregut in the embryo. The ileum
and jejunum, derived from the midgut and the descending
colon and rectum. derived from the hindgut, also formed

distinctive groups on the principal components space. Fur-
thermore, expression level of Hox paralogs apparently
reflected the paralog numher and relative position along the
anteroposterior axis: 1) the first three paralogs in each group
are highly expressed in the foregut: (2) the HOX7.9. 11, 12
paralogs were highly expressed in the cecum; (3) the HOX13
paralogs were expressed maximally in the rectum: and (4)
the HOX9 paralogs were expressed maximally in the cecum
and rectum (except HOXB).

The position-specific expression profile of Hox genes
along the anteroposterior axis recapitulates that observed in
chickens embryonic midgut and hindguat {Yokouchi ez «f.
1995b). We speculate that similarity of the embryonic and
adult Hox expression patierns along the gut may reflect piv-
otal roles of Hox genes in the regional regenerative process
of the epithclial cells, whose turnover rate is one of the
fastest in adult tissues. _

In conclusion, we demonstrated that Hox genes are
expressed in a region-specific manner along the adult GI
tract. Considering the critical role of Hox genes in morpho-
genesis and their abnormal expression pattern after various
teratogen exposures (Tucobs et al. 1998; Li et af. 1999; Faiella
etal. 2000). systematic profiling methods of Hox gene
exprassion herein described would be a valuable tool for
quantitative analysis of the homeatic polential of teratogens.
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We describe a Japanese boy with Menkes disease who
developed multiple gastrointestinal polypoid masses on
the palate, the posterior wall in the oral part of the
pharynx, the gastric body, and pyloric antrum, during
copper-histidinate therapy restoring normal serum
copper levels.

A Japanese boy was born as the first child of an
unrelated couple after an uncomplicated pregnancy. He
was vaginally delivered at 38 weeks’ gestation with a
birth weight of 2,520 g, a length of 48.5 cm, and a head
circumference of 33.0 cm. At birth, no abnormal physi-
cal findings were recorded. He was referred to our service
because of hypotonia at 7 months of age. His weight was
6,755 g (3rd percentile), length 66.1 cm (10th-25th per-
centile), and head circumference 43.3 em (25th percen-
tile). Physical examination showed bronze and steely hair
and moderate hypotonia. Neither head control nor eye
contact was complete. The diagnosis of Menkes disease
was made based on the following findings: a serum
copper level of 13 pg/dl (reference range 80-160 pg/l),
coeruloplasmin 5 mg/d] (reference range 21-53 mg/dl),
tortuous cerebral vessels on a brain MRI scan and a
diverticulum in the bladder on ultrasonography. The
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ATP74 gene was successfully amplified by PCR using
patient’s DNA from exons | to 6, but not from exons 7
to 23, whereas all the exons of the ATP7A4 gene were
amplified using control DNA (data not shown). This led
to the genetic diagnosis of a large deletion encompassing
the part of the ATP7A gene which was reported previ-
ously in Menkes disease [1]. Subcutaneous copper histi-
dinate therapy (90 pg/kg per day) has been introduced,
which might lead to neurological improvement [3).
During therapy, the serum copper level was restored to
normal (82-97 ug/dl) with some improvement in muscle
tone and spontanecus motor activity. At 15 months of
age, he presented with bloody vomiting. On endoscopy, a
mildly hypertrophic mass was found in the pyloric an-
trum which was thought to be the cause of the bleeding.
Later he had intermittent bloody vomiting. Repeated
endoscopy showed an increase in the size of the polypoid
mass in the pyroric antrum (up to 4 cm in diameter)
which obstructed the antrum. Other polypoid masses
were seen on the palate, posterior wall in the oral part of
the pharynx, and the gastric body (Fig. 1). The polypoid
masses on the palate were somewhat hard and movable
on palpation. The pharyngeal lesions appeared soft on
endoscopy. The lesions on the pyloric antrum and gastric
body looked clearly polypoid. Histological examination
of the polymoid masses in the pyloric antrum showed a
hyperplastic polyp, foveolar cell type. A biopsy of other
lesions was not obtained. Because of feeding difficulties,
bloody vomiting, and poor general condition, colonos-
tomy was performed at the age of 29 months.

Menkes disease is an X-linked recessive disorder of
the copper membrane transport system due to mutations
in the ATP7A4 gene (OMIM 309400) and characterised
by neurodegeneration in early infancy, failure to thrive,
and connective tissue abnormalities such as bladder
diverticula [1]. A solitary polypoid mass was reported in
three cases of Menkes disease, all of which were found in
the pyloric antrum [2,5]. Polypoid masses may develop
anywhere in the gastrointestinal tract and can be
revealed by endoscopy, as in our case.
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Fig. 1 Multiple polypoid
masses in the gastrointestinal
tract in the patient at the age of’
22 to 29 months. A Palate.

B Posterior wzll in the oral part
of the pharynx (oral indicates
the oral side of the pharynx).
C Gastric body. The gastric
lesions showed evidence of
haemorrhage. D Pyleric
antrum

The failure to prevent the development of polypoid
masses by appropriate copper-histidinate therapy can be
explained as follows. The obligatory connective tissue
weakness in Menkes disease can predispose to mucosal
abnormalities anywhere within the gastrointestinal tract,
with subsequent development of polypoid masses. The
connective tissue weakness is believed to be due to low
lysyl oxidase activity. Lysyl oxidase is the copper-
dependent enzyme responsible for oxidative deamina-
tion of lysine and hydroxylysine as the first step in
collagen cross-link formation [4). Within the Golgi
body, this enzyme is synthesised and binds to copper
being transported by ATP7A. In Menkes disease,
defective ATP7A causes a low copper content in the
Golgi body leading to low enzymatic activity of lysyl
oxidase. Copper-histidinate therapy, theoretically, can-
not restore the copper content in the Golgi body due to
defective ATPTA. '
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Infants: Gas Chromatography/Mass Spectrometry in Selected

lon Monitoring

KEeiko HOMMA, ToMONOBU HASEGAWA®*, MasaMi MASUMOTO, Eiko TAKESHITA,
Kivoakt WATANABE, HiTOsH!I CHIBA**, TAKACO KUROSAWA*** TAkAO TAKAHASHI*

AND NOBUTAKE MATSUQ*#

Department of Laboratory Medicine, Keio University School of Medicine, Tokvo 160-8582, Japan
*Department of Pediatrics, Keio University School of Medicine, Tokyo 160-8582, Japan
**Department of Laboratory Medicine, Hokkaido University, Sapporo 060-8648, Japan
**¥Faculty of Pharmaceutical Sciences, Health Science University of Hokkaido, Hokkaido 061-0293, Japan
YNationa! Center for Child Health and Development, Tokyo 157-8535, Japan

Abstract. Urinary steroid profile analysis using gas chromatography/mass spectrometry (GC/MS) has been reported
for the diagnosis of abnormal stercidogenesis in newbom infants with some success. We tried to establish the reference
values of 63 urinary steroids in Japanese newborn infant, using GC/MS in selected ion monitoring (SIM) that utilizes
two characteristic mass ions for each steroid for definitive identification. We studied 36 healthy full-term newbom infants
(1-56 days of age) or spot urine samples to define the reference values (mg/g creatinine, median and 10-90 percentile
range) and to investigate the possible difference between daytime and nighttime levels. We also studied 23 healthy adult
fernales (20-24 years of age} on 24-hour-urine for the comparison of the reference values of newbom infants. Fifty
metabolites of DHEA, pregnenolone, 1 7-hydroxypregnenolone, androstenedione, progesterone, 1 7-hydroxyprogesterone, 21-
deoxycortisone, corticosterone, 18-hydroxycorticosterone, aldosterone, |8-hydroxycortisol, 11-deoxycortisol, cortisone,
cortisol, and estrogen in each infant were measurable without interference, but 13 metabolites of 11-hydroxyandrostenedione,
pregnenolone, 11-deoxycorticosterone, corticosterone, 11-dehydrocorticosterone, 21-deoxycortisol, 11-deoxycortisol and
cortisol were unmeasurable in each infant due to the interference of fetal cortex steroids as confirmed by abnormal peak
area ratios of two mass ions. All 63 metabolites in each control adult were measurable without interference. 16a-, 16p-,
and 158-hydroxy metabolites of 3B-hydroxy-5-en-steroids, and 6p-, 18-hydroxy and I 1-oxo-metabolites of corticosteroids
were significantly higher in full-term newborn infants than those in adults as previously reported. Urinary steroids showed

tittle circadian variation in the newborn infants, indicating that spot urine can substitute for 24-hour urine,

Key words: Steroidogenesis, Urinary steroids, Profile analysis, GC/MS-SIM, Newborn infant, Reference values

(Endocrine Journal 50: 783-792, 2003)

URINARY steroid profile analysis using gas chro-
matography/mass spectrometry (GC/MS) has been
reported to be useful in the diagnosis of abnormal
steroldogenesis in newborn infants and in adults by
various authors [1-3]. However, the risk of inter-
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machi, Shinjuku-ku, Tokyo 160-8582, Japan

ference in the determination of the selected steroid
always exists even in the most sensitive and selective
GC/MS in selected ion monitoring (SIM) method. To
avoid false positive errors caused by a large quantity
of fetal cortex steroids in the urine samples of newbom
infants, we measured each steroid by two characteris-
tic mass ion monitoring rather than multiple single-
ion-monitoring method developed by Shackleton [1].
The reference values of urinary steroids in newborn
infants using GCMS-SIM have been recently reported
by Caulfield ef al. (spot urine samples, ug/g creati-
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nine) [2], Shackleton (24 hr urine samples, pg/10 mg
creatinine) [4], and Malunowicz ef al (24 hr urine
samples, pg/day) [3], but never in Japanese newborn
infants. Nor is there any previous study on circadian
variation of urinary steroids in full-term newbom
infants.

The purpose of the present study is 1) to try to deter-
mine the reference values (mg/g creatinine, median
and 10-90 percentile range) of 63 urinary steroids {44
steroids previously reported as the diagnostic markers
and other 19 minor metabolites) in the spot urine sam-
ples of newbomn infants, 2) 10 compare the reference
values of newbom infants and adults, and 3) to study
the possible circadian variation of urinary steroids in
full-term newborn infants.

Materials and Methods

Fifty-five reference steroids and 3 internal standards
were purchased from Sigma-Aldorich (St. Louis, MO,
U.5.A)) or Steraloids Tnc. (Newport, RI, U.S.A)), and
18-hydroxycortisol was synthesized by us (H.C. and
T.K.) [5]. Derivatizing reagents and enzymes were
obtained as described below. 1-Trimethylsilyl imi-
dazol (TSIM) was obtained from Shin-Etsu Chemical
(Tokyo, Japan), o-methythydroxyamine hydrochloride
from Wako Pure Chemistries (Osaka, Japan), N-
methyl-N-trimethyltrifluoro acetamide (MSTFA) from
Macherey-Nagel GmbH (Diiren, Germany}, Glufatase
kit type II, which consists of the reagent for hydrolysis
containing 4200 Fishman U of B-glucuronidase and
2100 Roy U of sulfatase originated from Ampullaria
digestive juice and the reagents for removal of phos-
phates, was purchased from Nippon Biotest (Tokyo,
Japan).

Daytime spot urine samples were obtained from 18
full-term newborn infants (12 males and 6 females,
5-22 days of age) to set forth the reference values of
various urinary steroids. A total of 46 spot urine sam-
ples were obtained from another 18 full-term newbom
infants (thirteen 1-8-day-old infants and ten 25-56-
day-old infants} in the daytime (0600 h—1400 h) and at
night (2100 h-2400 h) to investigate the possibility of
circadian variation. Twenty-four-hr urine samples
were obtained from 23 adult females of 20-24 years of
age at various menstrual cycles. Each sample was kept
at —20°C until analyzed. Each subject gave their
informed consent.

Urine steroid profile analysis was performed accord-
ing to methods previously reported [2, 3, 6-10]. In
brief, the method consisted of enzymatic hydrolysis of
0.5-2 ml of urine sample, extraction, derivative for-
mation, purification, GC/MS-SIM analysis and quanti-
fication. The procedures were as follows: 1) chemical
removal of inhibitors of enzymes such as phosphatic
and sulphatic anions before hydrolysis, 2) two hr hy-
drolysis at 60°C by Ampullaria enzymes, 3) extraction
of the freed steroids by dichloromethane from urine
saturated with sodium sulfate anhydrous, 4) addition
of three internal standards (5 pg/sample) and drying
under nitrogen, 5) o-methyloxime-trimethylsily! de-
rivatization carried out by reaction with 100 pl of 2%
o-methylhydroxyamine hydrochloride solution in pyri-
dine for 1 hr at 52°C, followed by trimethylsilylation
with 100 ! TSIM for 17 hr at 75°C, 6) purification of
derivatives by dichloromethane, 0.5% H,S80, and
distilled water, followed by drying under nitrogen, 7)
dissolution of derivatives in 40 pl MSTFA, and 8)
GCMS-SIM analysis with two characteristic mass
ions selected for each steroid (Table 1). GC/MS-SIM
analysis was performed on a HP 58901 GC with a HP
fused silica column (25 m) coupled to 2 HP 5971 MS
(Agilent Technologies, Palo Alto, CA, U.S.A.). Tem-
perature programming was 140°C (1 min), 140-180°C
(30°C/min), 180-280°C (2°C/min) and 280°C (20 min).
The ratio of first ion peak area of each steroid to that of
stigmasterol (one of the internal standards) was used
for quantification. The calibration curve was calcu-
lated from three mixed standard solutions (200, 400,
1000 ng/5 ml).

The reference values (10, 50, 90 percentile) were
determined using percentile analysis. Statistical dif-
ferences between groups were analyzed by Mann-
Whitney U test or Wilcoxon signed rank test,

Results
1)} Basic properties of the method

The procedures were completed within 32 hr. The
extraction rates were 93 +/~ 10% (average +/-s.d),
and the recovery rates from urine were 103 +/- 12%
(Table 2). The sensitivity was 5-20 pg/injection recog-
nized in dihydroxypregnenolone, trihydroxypregnene,
dihydroxypregnanolone, trihydroxypregnanolone and
trihydroxypregnane, but was 500-1000 pg/injection
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in 3-oxo metabolites of cortiso! and corticosterone
(Table 2)." The interassay C.V. (coefficient variation)
of 56 steroids (equivalent to 10 ng/injection) was
7 +/—4 % (n=152) and the interassay C.V. and intra-
assay C.V. of 25 steroids (>0.1 mg/g creatinine) in
pooled urine was 11 +/~6 % (n=37) and 4 +/—4%
(n=28).

2) Measurable urinary steroids

The urinary steroids measurable by this method
are shown in Fig. 1. Fifty metabolites of DHEA,
pregnenolone, 17-hydroxypregnenolone, androstene-
dione, progesterone, 17-hydroxyprogesterone, 21-
deoxycortisone, corticosterone, 18-hydroxycortico-
sterone, aldosterone, 18-hydroxycortisol, 11-deoxy-
cortisol, cortisone, cortisol, and estrogen in each infant
were measurable without interference, but 13 metabo-
lites of 11-hydroxyandrostenedione, pregnenclone, 11-
deoxycorticosterone, corticosterone, 11-dehydrocorti-
costerone, 21-deoxycortisol, 11-deoxycortisol and cor-
tisol were unmeasurable due to interference of fetal
cortex steroids as confirmed by abnormal peak area ra-
tios of two mass jons. All 63 metabolites in each con-
trol adult were measurable without interference.

3) Reference values

The reference values (10, 50, 90 percentile) in 18
full-term newborn infants and 23 adult females are
shown in Table 3. The significant differences between
newbom infants and adults were recognized in 41 ste-
roids (metabolites of androstenedione, DHEA, preg-
nenolone, progesterone, aldosterone, 11-deoxycortisel,
cortisone, and cortisol} by Mann-Whitney U test and
shown with “s” in Table 3.

4) Circadian variation

There were no significant differences in main me-
tabolites of DHEA, pregnenclone, 170HP, and corti-
sone between daytime urine (0600 h—1400 h) and night
urine (2100 h-2400 h) of infants aged 1 week (1-8
days) or 1 month (25-56 days) by Wilcoxon signed
rank test (Table 4).

Discussion

We successfully established the reference values of
50 urinary steroids in full-term newborn infants by
GC/MS-SIM. The median values (in mg/g creatinine)
of 16aHD, 168HD, 160x0ADS, ATS, 16HPS, 21HPS,
1517DHPS, PTS, 5817HP, 20aPT, Ptl, 1517DHP,
SBTHE, 20uCtl, and 20B3Ct! in our newborn subjects
approximated the mean values (in mg/g creatinine) of
these steroids reported by Caulfield er al [2] and
Shackleton er al. [4].

We failed to determine the reference values of 13
steroids including the main metabolites of deoxy-
corticosterone, corticosterone and cortisol (THDOC,
5pTHA, 5aoTHA, 5BTHB, 5aTHB, 58 THF and
5aTHF). The failure is due to a large amount of fetal
cortex steroids that precluded the measurement of the
selected steroids since no valid method has been estab-
lished to separate fetal cortex steroids from the main
metabolites of corticosterone and cortisol {4]. We
could not measure other important 6c-hydroxy metab-
olites of corticosteroids (6a-hydroxyTHE, 6a-hydroxy-
Ctl, 6o-hydroxy-THA, ete. [11, 12]) due to lack of
standards. We could, however, estimate the secretion
levels of corticosterone and cortisol depending on
the excretion of 6B-hydroxycorticosterone, SBTHE,
5aTHE, 20aCtl, 20BCtl, 20 DHE, 208DHE, E and F.

Twenty-six steroid metabolites were significantly
higher in full-term newborn infants than those in
adults as previously reported [13-16], and 15 steroid
metabolites were significantly lower in full-term
newborn infants than those in adults. Little difference
was found between male and female adults except for
the metabolites of progesterone, 170HP and estrogen
(data not shown). Increased amounts of metabolites of
pregnenolone and DHEA in newborn infants are of
fetal cortex origin, with fetal cortex expressing higher
P450scc and P450cl7 and lower 3f-hydroxysteroid
dehydrogenase activities [17-20]. Increased amounts
of 16a-hydroxy metabolites of pregnenolone and
DHEA and of 6p-hydroxy metabolite of corticosterone
in newborn infants were due to higher P4503A7
acttvity in the fetal liver. P4503A7 has higher 160-
and 6f-hydroxylation activities [21-27]. TIncreased
amounts of 11-oxo metabolites and decreased amounts
of 11B-hydroxy metabolites of cortisol in newbomn
infants are due to higher 11pB-hydroxysteroid dehydro-
genase type IT activity in fetal kidney, skin, and colon
[28, 29]. Other metabolites such as metabolites of
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Table 1. The essentials of the GC/MS-SIM analysis

Serum steroids Urinary steroids
No. Abbre- name No. Abbre- name Istion 2ndion retention lon ratio calibrated
in  viation in viation (*previously reported for diagnosis) (mfe) (mfe) time (%) by
Fig.1 Fig. ] ‘ {min} .
1 P5  5-pregnene- 2 PD5  5-pregnene-3p.20u-diol 3722 4623 483 86 itself
3pB-0l-20-o0ne 3 16HPS S-pregnene-3f,16a-diol-20-one * 4743 3842 518 2] itself
4 16PT5 S5-pregnene-3B,16a.20p-wriol * 4603 4453 532 3 itself
5 2IHP5 5-pregnene-3p,21-diol-20-one * 5054 4743 536 70 itself
6 P4  4-pregnene- 7 PD  5B-pregnane-3a,200-diol *269.1 2841 461 112 itself
3.20-dione
8 DOC 4-pregnene-2l- 9 THDOC 5f-pregnane-3o.2l-diol-20-one * 5074 4763 495 186 itself
0l-3,20-dione

10 B 4-pregnene- 11 35pTHB 5p-pregnane-3a,11p,21-triol-20-one * 5644 4743 533 228 itself
11B.21-diol- 12 5«THB S5o-pregnane-3a,11(,21-triol-20-one * 5644 4743 539 220,50  itself

3,20-dione 595.4
I3 20BDHB 4-pregnene-11B.20p,21-triol-3-0ne - 5374 3572 66.0 14 itself
14 6HB  4-pregnene-6,11(,21-triol-3,20-dione 6214 4693 (63.0) _ itself
63.7
15 A A-pregnene- 16 SBTHA SP-pregnane-3a.21-diol-11.20-dione * 43113 5214/ 528 89,183 jself
21-0l-3,11,20- 490.3
trione 17  5a«THA Sa-pregnane-3a.21-diol-11,20-dione * 4003 5214 540 35 itself
18 18HB 4-pregnene- 19 18HTHA 5p-pregnane-3c.1821-triol-11,20-dione  * 4573 4883 557, 10,38 THAW
11b,18.21- 58.8
triol-3,20-dione
200 Ald 4-pregnene- 20 Ald  4-pregnene-11f.21-diol-3,18,20-trione 4593 (5314) (59.7) —_— itself
11B,21-diol- 59.9
3,18,20-trione (61.5)
. (61.8)
21 THAId 5B-pregnane-3o,11B,2]-triol-18,20-dione  * 5064 (490.3) 53.0, —_ itself
553
22 17HPS 5-pregnene- 22 17HP5  5-pregnene-3B,17a-diol-20-one 4743 5054 498 51 itself
ap,17a-diol- 23 PTS  S5-pregnene-3B,17c,20pB-triol * 4313 3432 523 38 itself
20-one 24 5,15Adien 5,}6-androstadiene-35-0l 2 215 274 152 itself
25 15H17HPS5 5-pregnene-33,15B,1 7a-triol-20-cne * 258.1 5934 503 8 20aP4
26 17HP4 4-pregnene- 27  5BI17HP 5(@-pregnane-3a,!7a-diol-20-one * 4763 3642 436 43 itself
17a-o0l-3.20- 28 5al7HP Sa-pregnane-3a,l7o-diol-20-one * 4763 3642 M6 41 itself
dione 29 20BPT 5B-pregnane-3a,17a.20B-triol 4353 2551 46.0 195 itself
30  20aPT  5B-pregnane-3a,l7a,20a-triol * 4353 2551 471 205 itself
31 3020aPT Sa-pregnane-3o.17a,20a-triol 4353 2551 4715 179 20aPT
32 ISHITHP 5B-pregnane-3c,15B,17a-triol-20-0ne * 2581 5644 M4 a5 20cP4
33 21DOF 4-pregnene- 34 [1IHI7HP 5p-pregnane-3c,11f,17a-triol-20-one 564.4 4742 480 50 itself
11,1 7a-diol- 35 20aP4 5P-pregnane-dec.l1f,170,200-tetrol 5234 2531 512 24 itself
3.20-dione
36 21DOE 4-pregnene- 37 11017HP 5f-pregnane-3a,17a-diol-11,20-dione 4903 5214 473 35 itself
17a-o0l-3,11, 33 Ptl 5p-pregnane-3a,17a,20a-triol-1 1 -one * 4493 3592 509 58 itself
20-trione
39 §  4-pregnene- 40 5PTHS 58-pregnane-3a,17e.21-triol-20-one * 5644 4743 490 42 itself’
17a2l-diol 41 54THS So-pregnane-3a,1 7e21-triol-20-one 5644 4743 503 53 itself
3.20-dione
42 F  4-pregnene- 42 F 4-pregnene-11B,17a,21-triol-3,20-dione ~ * 5154  361.2 (64.2) 47 itself
11B,170,21- 64.6
triol-3.20- 43 6HF  4-pregnene-6f3,110,17a.21-tetrol-3,20-  * 5134 3842 (652) 116 itself
dione dione 66.2

44  5BTHF 5(-pregnane-3a,11B,17a.2)-tetrol-20-cne * 4723 5624 542 83 - itself
45 5oTHF So-pregnane-3a,11B,17a.21-tetrol-20-0ne * 4723 5624 545 g1 itself’
46 20aCor 5@-pregnane-3a,11p,170,20a,21-pentacl * 3432 5234 579 48 itself
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Table 1. {continued)

Serum steroids Urinary steroids
No. Abbre- name No.  Abbre- name Istion 2ndion retention lon ratio calibrated
in  viation in  viation (*previously reported for diagnosis) (mfe} (mfe) time (%) by
Fig. 1 Fig. 1 (min)

47 20BCor 5p-pregnane-3a,l11B,170,208,21-pentac! * 343.2 5234 563 3g itself
48 200DHF 4-pregnene-11(,17¢,200,21-tetrol-3-one  * 4763 5784  (68.5) 31 208DHF

69.2

49 20BDHF 4-pregnene-11B,17a,208,21-tetrol-3-one  * 476.3 5784  (66.0) 32 itsetf
66.7

50 E 4-pregnene- 50 E 4-pregnene-17a,21-diol-3,]1,20-tricne * 5314 5624 (61.1) 58 itself
170,21 -diol- 61.7

3,11,20rione 51 5BTHE  S5B-pregnane-3a,17o,21-triol-11,20-dione * 488.3 5784 524 123 itself
52 S50THE Sa-pregnane-3a,i7a,21-triol-11,20-dione 4883 5784 542 70 itself

53 20aCtl  5p-pregnane-3a,[7w,20c,21-tetrol-1l-one * 4493 5514 553 7 itself’
54 20BCx  5pB-pregnane-3a,17a,20B,21-tetrol-11-one * 4493 5514 564 13 itself’
55 5020BCt So-pregnane-3o,1760,20p,21-tetrol-11-one 4493 5514 568 6 20pCH
56 200DHE 4-pregnene-!7a,20a,21-triol-3,11-dione 402.3 — (64.4) —  20BDHE
653
57 20BDHE 4-pregnene-17¢.,20B,21-triol-3,11-dione 4023 (488.3) (65.8) — itself
66.8
58 18HF 4-pregnene- 58  18HF.  4-pregnene-11§,17a,18,21-tetrol-3,20- * 3852 4123 705, 20,14,26 itself
118,17¢,18,21- dione 76.2,
tetrol-3,20-dione 76.6
59 DHEA S5-androstene- 59 DHEA  S-androstene-3f-ol-17-one * 2601 3582 400 93 itself
Pol-17one 60  AD5S  S-androstene-3f,17p-diol * 3442 4343 404 44 itself
&1 16aHD 5-androstene-3f3,16a-~dicl-17-one * 4463 4773 448 10 itself
{45.1)
62 16pHD 5-androstene-3p,16fB-diol-17-one 4463 4623 469, 5 itself
47.1
63 160AD5 5-androstene-3B,17a-diol-16-one * 4463 4623 430 36 itself
64 AT5  S-androstene-3(,16a,17a-triol * 4323 5224 486 22 itself
65 AD 4-androstene- 66 An  Sc-androstane-3a-ol-17-one * 2701 3602 37 72 itself
3,17-dione 67 Et  5f-androstane-3o-ol-17-one * 270.1 3602 376 61 itself
68 11HA 4.androstene- 69 11HA  So-androstane-3a,11p-diol-17-one * 3582 4483 436 175 itself
D 11B-0l-3,17- 70 IIHE 5pB-androstane-3c,118-diol-17-one * 3582 4483 440 278 itself
dione
71 110AD 4-androstene- 72 110A  Sc-androstane-3a-o0l-11,17-dione * 3742 4053 408 28 itself
3,11,17-trione 73 110E  5p-androstane-3ce-ol-11,17-dione * 3152 4053 40.9 61 itself
74 El estrane-3- 74 El estrane-3-ol-17-one 3712 3402 4009 69 itself
ol-17-one
75 E2  estrane-3,17B- 75 E2  estrane-3,17p-diol 4163 2851 418 84 itself
diol
76 E3 estrane- 76 E3  estrane-3,16a,17B-triol * 5044 3112 497 115 itself
3,16a,1 7B-triol
Internal Standard 1 5aCho  Sa-cholestane 262.1 3722 4713 358 itself
Internal Standard 2 Stig  stigmastero! 3942 4843 644 74 itself
Internal Standard 3 C.B. cholesterol butylate 3682 3532 73l 20 itself

Abbreviations: “No. in Fig. 1" = Sequential number of serum and urinary steroids in Fig. 1 {map). *Istion” = the 1st characteristic mass
ion for caiculation. “2nd ion™ = the 2nd characteristic mass ion for monitoring interferences.

Identification: The steroid identification in each sample is based on (1) the ratio of second mass ion to first mass ion and (2) the differ-
ence between the retention time of each steroid and Sa-cholestane. The second ion number between parentheses in Ald, THANd, and
20BDHE was the characteristic mass ion of E, 208Ctl, and 20BDHF.

Calibration: Each of the 56 steroids was calibrated by its respective reference standard. Seven steroids (15,17-DHPS, Sa20bPT, 15,17-
DHP, 18HTHA, 5a20pCtl, 20aDHE, and 20xDHF) were calibrated by other reference standards (20aP4, 20aPT, 20aP4, THAId,
20BCtl, 208DHE, and 20BDHF). A major peak area was used for calculation in each of the 59 steroids, but a plural peak area was used
for 16BHD, THAId, 18HTHA, and 18HF. The retention times of the sub peaks not used for calculation are indicated in parentheses,
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Table 2. Basic properties of the GCMS-SIM analysis

Extraction rate Recovery rate  Sensitivity Reproducibility
in  Steroid name  {equivalentto oo tiony . .
Fig. | I%Eg‘;j'l?ectutm) added to (pg/injection) Interassay n =52 interassay n =37 intraassayn = 8§
added to water :
%) "°°‘f.§l yrine CV.0 o o CV-C8)  CV.(%)

2 PDS5 94 117 20 5 0.066 34 42

3 16HPS 96 91 10 8 0.034 13 2

4 16PTS 92 20 5 3 0.042 14 2

5 21HP3 % 117 20 3 0.094 11 2

7 PD 86 93 20 4 0.152 7 3

9 THDOC N 90 100 4 0.016 29 8
1t S5pTHB 96 103 100 4 0.097 11 2
12 50THB 96 104 50 4 0.309 . 7 3
13 20pDHB 99 88 500 20 0.000 0 0
14 6HB 110 90 500 12 0.036 0 8
16 SBTHA 9 9] 50 4 0.143 8 1
17 5a«THA 92 84 50 5 0.113 9 2
19 18HTHA — — — — 0.081 36 4
20 Ald 89 - 87 100 10 0.044 0 21
21  THAQ 64 106 50 6 0.039 22 7
22 |THPS 92 107 10 3 0.005 27 10
23 PTs %0 106 5 5 0.268 8 3
24 5,16Adien 72 112 20 7 0.048 21 6
25 15H17HPS — — — — 0.000 0
27 SBI7HP 89 111 5 4 0.307 6 3
28 S5alTHP 90 94 5 4 (.035 8 2
29 20pPT 86 111 20 g 0.013 22 3
30 20aPT 83 110 5 14 0.616 8 15
3] 5a20aPT — — —_ — 0.029 13 16
32 1SH17HP — — —_ — 0.000 0 0
34 TIHI7HP 92 101 20 4 0.016 0 23
35 20cP4 94 9 20 5 0.023 11 3
37 11017HP 105 113 20 7 0.007 23 0
38 Pl 99 89 10 4 0014 10 6
40 SATHS 87 114 20 9 0.053 16 2
4] 5aTHS 84 1§2 50 6 0.003 42 14
42 F 94 100 1000 11 0.073 2] 7
43 6HF 62 115 1000 16 0.24% 20 5
44 5BTHF 88 -7 100 6 1279 8 4
45  5aTHF 93 83 50 6 1.266 9 3
46  20aCor 89 102 50 9 0314 1 1
47 20BCor 90 122 50 14 0.166 13 2 -
48 200 DHF — — — — 0.079 16 2
49  20BDHF 99 §8 500 11 0.075 16 2
30 E g5 78 500 8 0.116 1 2
51 5BTHE 80 100 20 5 2,115 8 3
52 5aTHE 80 94 20 6 0.167 8 .2
53 20eCtl 99 133 20 5 0.845 7 2
54 20BCtl 93 96 20 10 0.574 10 16
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Table 2. ({(continued)

Extraction rate Recoveryrate  Sensitivity Reproducibility
standard standard .
No. ‘ St{mdlard {equivalent to (10 ngfinjection) pooled urine
in  Steroid name (eqmya_ entto 10 ng/injection) L : -
Fig. 1 10 ng/injection) added to (pgfinjection) Interassay n =52 interassay n =237 intraassayn =8
added :o water pooled urine C.V. (%) average C.V. (%) C.V. (%)
(%) {%) AR (mg/g creatinine) SYeAse Vehse
55 3a20pCtl — — — — 0.080 13 15
56 20aDHE —_ —_ —_ — 0.100 14 2
57 20BDHE 106 96 50 10 0.040 23 2
58 18HF 88 109 100 17 0.163 16 2
59 DHEA 100 94 5 5 0.846 15 3
60 ADS 90 109 5 8 0.126 7 4
61 16aHD 96 106 10 4 0.362 19 3
62 16pHD 61 92 20 11 0.084 19 7
63 160ADS 113 107 100 4 0.055 16 32
64 ATS 90 104 s 4 0.199 16 8
66 An 96 104 10 5 1.752 9 3
67 Et 95 104 5 4 0.929 8 3
69 1THA 97 106 20 5 0.444 6 3
70 11HE 97 109 20 4 0.038 1 5
72 110A 95 117 20 5 0.025 23 g
73 110E 99 113 20 4 0.075 11 3
74 El 108 114 10 8 0.012 47 5
75 E2 94 118 5 4 0.001 4] 0
76 E3 91 106 10 4 0.005 17 9
Cholestrrel
Side Choim Cleavage Enrywe 1 ?a-hydraxylass 17ovhpdraxyiand 17, 20-lpass Aromatasa
N o n‘irs”' PHEA™ 0
WSD&WW T Kydreylare 'wﬂw 17a-hydroaylose 17, 10-lyest V{ 170D / :i-
Lo 1THP4™ A.l:rb"d—-b T
T = N
tenps? N\ oidosrerans ymehose 18 - N\ hpdomian |
21 ase aldostarona rynthaze - { \ ya [ ““w.umm
B AHB™ 100 i [
- NN | N |
i A | A npot™ | Ll 1SHE® ! l
‘ ] i ! i | | ! ! J i eram seeroids |
é | i r l : | . H i bnmuﬂ&
! Pl i : | I o
|| n | | n
| 1
J6HPSY PDSY 2IHPS® FD  THDOC®  SPTHE™ SPTEIA™ IBHTHAM  17HPSN  S917HF®  JIHITHP™ [I17THP™ SETHS™ P I MHP™  DHEA™  An™ LLHA™ 1I0A™ EI™
16FTS4 3aTHB'® SaTHA™ A PTSY SalTHP™ 15aP4™ R SaTHS™  §HF™ ADS™  E™ 1IHE™NOE™ EI™
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Fig. 1. Steroid metabolism map

aldosterone, 18-hydroxycortisol, and 16f3- and 15B- urinary steroids expressed in mg/g creatinine in full-
hydroxy metabolites, remain unexplained for the term newborn infants as measured by GC/MS-SIM.
difference between newborn infants and adults. Our study disclosed little circadian variation in urinary

There is no previous study on circadian variation of  steroids in 1-week-old infants and 1-month-old
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Table 3. Reference values of urinary steroids (mg/g creatinine) in Japanese control full-term newborn infants and adult females

No.in . M-W Infants (M = 12, F = 6) 5-22 days of age Adults (F = 23) 20-24 years of age
! Steroid name
Fig. 1 U test 10% tile 50% tile 90%tile 10% tile 50% tile 90% tile
2 PD5 0.010 0.032 0.059
3 16HPS [ 2.121 9.734 53112 0.005 0.017 0.048
4 16PTS 5 0014 (.080 0.200 0.004 0.010 0.054
5 21HPS H 2294 3.870 £515 0.056 0.087 0.127
7 PD 3 0.031 0.069 0.210 0.286 0.478 4.548
9 THDOC 0.004 0.007 0.024
11 SBTHB 0.052 0.077 0.128
12 50THB 014 0.159 0.233
13 20pDHB s 0.000 0.000 0.153 0.000 0.048 0.208
14 6HB s 0.161 1477 3.991 0.000 0.000 0.019
16 S5PTHA 0.072 0.098 0.173
17 5aTHA 0.035 0.047 0.086
19 18HTHA s (.045 0.144 0.681 0.022 0.032 0.055
20 Ald $ 0.000 0372 0.791 0.008 0.012 0.032
21 THAId [3 0.159 0.366 1.030 0.014 0.027 0.058
2 I7THPS s 0.004 0.029 0.273 0.001 0.003 0.016
23 PT5 5 0.037 0.094 0.267 0.139 0.233 0.510
24 5,16Adien s 0.101 0.188 0.466 0.032 0.058 0.090
25 15H17HPS s 1.310 4367 9.703 0.000 0.000 0.000
27 S5p17HP n 0.026 0,124 0.207 0.060 0.141 0.619
28 S5a17HP n 0.000 0.026 0.054 0.005 0.012 0.049
29 20pPT n 0.000 0.019 0.089 0.005 0.016 0.053
30 20aPT 3 0.057 0.104 0.217 0.288 0.495 1.029
31 50200PT n 0.000 0.006 0.032 0.007 0.2 0.032
32 1SH17HP 3 0.027 0.108 0.236 0.000 0.000 0.009
34 11H17HP H 0.000 0.000 0.000 0.000 0.001 0.003
35 20aP4 n 0.000 0.000 0.033 0.000 0.007 0.021
37 11017HP s 0.000 0.000 0.020 0.000 0.000 0.004
38 Ptl s 0.000 0.004 - 0,020 0.004 0.008 0.013
40 5pTHS H 0.055 0.235 0.548 0.028 0.06} 0.098
41 5aTHS 0.000 0.004 0.012
42 F n 0.000 0.000 0.866 0.045 0.075 0.097
43 6HF 0.093 0.178 0.300
44 SPTHF ) 1.008 1397 1.982
45 S5aTHF 0.510 0.920 1.485
46 20aCor 0.236 0,337 0.461
47 20pCor 0.312 0.523 0,728
48 20aDHF s 0.000 0.000 0.000 0.074 0.103 0.188
49 20pDHF 5 0.000 0.000 0.000 0.066 0.08} 0.159
50 E s 0.629 1.286 2.374 0.072 0.110 0.153
51 SBTHE s 3.642 5723 11.364 1.734 2,569 3.734
52 SaTHE s 0.086 0272 1,504 0.063 0.082 0174
53 20aCt] 3 0.065 0.229 0.862 0.762 0.942 1.448
54 20pCd [3 0.697 1.773 3.639 0.388 0.5492 0.760
55 Sa20BCH s 0.01 0.025 0.156 0.039 0.048 0.085
56 20aDHE s 0.108 0.674 2.263 0.063 0.085 0.143
57 20BDHE s 0199 0.513 2.073 0.024 0.031 0.046
58 18HF s 0.461 0.897 1.970 0.060 0.099 0.154
59 DHEA s 0.000 0.059 0.320 0.053 0.237 2.181
60 ADS s 0.000 0.014 0.032 0.010 0.044 0.277
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Table 3. (continued)

No.in . M-W Infants (M = 12, F = 6) 5-22 days of age Adults (F = 23) 20-24 years of age
. Steroid name

Fig. 1 U test 10% tile 50% tile 0% tile 10% tile 50% tile 90% tile
61 160HD s 1.329 8.056 53.066 0,120 0.364 0.741
62 16fHD 5 3229 8.994 32.770 0.010 0.029 0.062
63 160ADS5 5 0.614 5.055 20.759 0.024 0.046 0.081
64 ATS 5 1.221 6.260 24,680 0.111 0.293 0.460
66 An s 0.018 0.064 0.233 0.636 1.213 1.897
67 Et s 0.005 0.009 - 0.027 0.613 1.001 1.549
69 ITHA s 0.026 0.110 0.233 0.345 0.508 0.865
70 11HE 0.028 0.052 0424
72 110A 3 0.037 0.082 0.141 0.00% 0.019 0.076
73 11CE s 0.08! 0.139 0273 0.063 0.107 0.428
74 El n 0.000 0.016 0.034 0.006 0.015 0.033
75 E2 n 0.000 0.008 0.028 0.001 0,002 0.009
76 E3 n 0.000 0.009 0.034 0.002 0.009 0.024

Abbreviations: *M-W U test” = Mann-Whitney U test. “s” =significantly different (p<0.05). *“n

“blank™ = measurement interfered with unknown substances

e _

not significantly different.

Table 4. Comparison of urinary steroids obtained at daytime and at night in thirteen 1-week-old infants and ten 1-month-old infants

Average (mg/g creatinine) in

Average (mg/g creatinine) in 1-month-

No.  Steroid 1-week-old-infants ( 1-8 days of .age, n=13) Sgilg”r‘::k old infams? { 25-56 days of age. n=10) si\:lif’;’r‘::k
Daytime Night test Daytime Night test
(0600 h=1400 h) (2200 h~2400 h) (1300 h-1500h) (2100 h-2200 h)
9 16aHD 15.63 16.80 n 1522 10.11 n

15 16HPS 18.98 19.28 n 9.92 7.53 ~on

26 20aPT 0.12 0.20 n (.26 0.23 n

29 Ptl 0.00 0.00 n 0.02 0.01 -5 (p<0.05)

47 SBTHE 5.30 5.38 n 15.87 12.83 n
Abbreviations: “s” = significantly different (p<0.05). “n” = not significantly different.
infants, indicating that spot urine substitutes for 24- Acknowledgements

hour urine. Unfortunately, we have not compared
spot urine and 24-hour urine in given subjects,

Qur reference values of urinary steroids are relevant
to the laboratory diagnosis of various adrenal disorders
in newborn infants. We are currently addressing the
clinical utility of our method in differential diagnosis
of inborn error of steroidogenests in newborn infants.
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Aims: To ossess the hypothesis thot on additional infravenous gammaglobulin {IVGG} infusion, if
administered early, may prevent corenory artery lesions {CAL) in patients with Kawasaki disease {KD) who
de not respond to initial IVGG therapy.

Methods: Forty four KD patients {17 with CAL end 27 withaut CAL), treated with additional IVGG because
of persistent or recrudescent fever afier initial IVGG therapy, were studied. Moin outcome measures were
the presence of CAL by echocardiography and the number of febrile days before and after stort of
additional IVGG infusion (pre- ond post-odditional IVGG).

Results: In univariate andlyses, risk factors for CAL were the number of febrile days pre-additional VGG,
the number of febrile days post-additional VGG, the number of days that initial VGG was divided over,
the white blood cell count pre- and post-additional IVGG, and the C reoctive protein conceniration pre-
additional IVGG. In o multivaricte analysis, the anly independent risk factor was the number of febrile
days pre-additional VGG (10 days; odds ratio 7.84; 95% CI 1.44 to 42.8; p=0.02}.

Conclusions: Among KD patients with persistent or recrudescent fever after inifial IVGG therapy,
administration of additional VGG before the Ffirst 10 febrile days was ossociated with o decreased
prevalence of CAL, when compared with the prevalence in those who were reireated later. An oddifional

discase [KD) dn not respond to standard intravenous
gammaglobulin (IVGG) thevapy and have persistent oy

Il

f pproximately 10-20% of patients with acute Kawasaki

recrudescent fever after completion of the infusion.
Additional VGG therapy is commonly used for such
patients,” but a preventive effect on the developmenr of
coranary artery lesions (CAL) has not been proved by
retrospective studies™* waking a comparison between KD
paticnts treated with additienal 1I¥GG and those not wreated
with additional IVGG. According to the study by Burns and
colleagues,’ among patients with persistent of recrudescent
fever after initial IVGG therapy, CAL developed in five of 25
patients {20%) treated with additional IVGG and nonce of 21
pafients (0%) not treated with additional TVGG. In the
stodics by Tan and colleagues’ and Durongpisitkul and
colleagues,! the prevalence of CAL tended 1o be higher in KD
patients who received additional TVGG than in those who did
not receive additional IVGG (43% v 27% and 21% v 9%,
respectively). Other reports™ have also shown that the
prevalence of CAL is high (33-54%) in patienis treated with
additional IVGG. This is probably because physicians are
inclined (o give additional IVGG to patients who appeared
more ill and were believed 1o be a1 high risk for CAL!
Furthcrmore, we suspect that a delayed start of additional
VGG may fail Lo prevent CAL since prolonged fever is a
powerful predictor of CAL;" however, few previous studies'
have referred to the namber of febrile days befare start of the
additional IVGG infusion. We therefore focused on KD
patients treated with addirional IVGG owing te unrespon-
siventess to initial IVGG, and studied the risk factors for CAL
t test a hypothesis that additional VGG therapy, if
adminisiered early, may decrease the prevalence of CAL.

METHODS

Subjects

we reviewed the medical records of all the patients with
acute iypical KD at our 12 institutions berween January 1993

wiwaw archdischild com

IVGG infusion, if administered early, may prevent CAL in initial VGG non-responders.

and December 1999, Patients who received additional IVGG
therapy within 14 days alter completion of the initial IVGG
infusign were selected for the present study. We excluded
palients treated wilh corticostereids, ulinastatin (a urine
protease inhibitory.'? or both combined with additional IVGG
t climinate possible confounding effects. Although the
additional therapies were indicated for patients who had
persistent or recrudescent fever after completion of initial
IVGG therapy, the decision on the administration was at the
discretion of the treating physician, Serial echocardiograms
were petformed at admission, and one or two times 2 week
until the 30k illness day.

Data

Medical record review was performed to exiract demographic
data, the course of fever, trearments received, laboratory data,
and cchocardiographic findings. Fever was defined as body
lemperature of 38.0°C or higher,! ' and the number of
febrile days was calclated for periods pre-initial, pre-
additional, and post-additional IVGG therapies. The perinds
both pre-initial and pre-additional IVGG covered days from
the onset of fever to the starting day of each IVGG infusion.
The period post-additional 1IVGG covered the day following
the starting day of the additional IVGG infusion 1o the day 14
days Jater. If patients had recrudescent fever, we counted
only febrile days exciuding afebrile days. For both initial and
additional IVGG, we analysed the number of illness days at
the srart of infusion. the dose per body weight, and the
number of days that the dose was divided over. For
laboratmy data, we assessed both the white blood cell count
and the C reactive protein coneentration pre-initial, pre-
additional, and posi-additional IVGG therapics. We desig-
nated the data both pre-inirial and pre-additional IVGG as
those taken on either the starting day of each IVGG infusion
Abbreviations: CAL, coronary artery lesions; VGG, intravenous
gommaglobuling KD, Kawascki disease
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or the previous day. We designated the data post-additional
IVGG as those laken during a period between the 2nd day
and the 5th day afler the starting day of the additienal IVGG
infusion. When we obtained laboratery dara two or more
times during these periods, we adopted the later data for pre-
iniria! and pre-additional IVGG and the earlier data for post-
additivnal IVGG.

The subjects were divided into twa groups according to the
presence or absence of CAL determined by echocardiography
after about one month of illness, or 3045 illness days. CAL
were defined as the internal lumen diameter greater than two
standard deviations abowve the expected mean calculated for
budy surface area on the basis of the study by De Zorzi and
cobfcagucs.'

Statistics

The relation between the varizbles considered as possible risk
factors and the presence of CAL was examined by univariate
logistic regression analyses.  Continuous  varables  were
transformed into calegorical variables by the cut-off points
that were defined using recciver operating charactetistic
curves. Six months of age was also used for the cut-off poine
of age." "* Variables found to be associated with the presence
of CAL in the univariate analyses were subjected 1o mulii-
variate logistic regression  analyses. All analyses  were
performed using $PSS, version 11.0 {$PSS Inc., Chicago, IL).

RESULTS
Of 816 patients with acure typical KD in our 12 hospitals in
Japan, 746 received initial IVGG (1-2 g’kg) administration
plus oral aspirin (30-50 my/kg/day). Brands used for IVGG
were Treeze dried sulphonated product (Yenilon), polycethy-
tene glyeol treated product (Venoglobulin TH or Glovenin 1),
and PH4 trealed acidic product {Polyglobin N A tmal of 81
(10.9%) paticnts were treated with additional therapics
because of persistent fever (n=65) or recrudescent fever
(n=16) afier completion of the initial IVGG infusion. The
fractivns of the patients were not signiticantly different in
any factors of iniiial 1IVGG infusion such as the number of
illness days at the siart, the dose, and the number of days
that the dose was divided over (table 1). For additional
therapies, 48 patients were treated witly IVGG (0.5-2 g/kg),
24 with VGG combined with corticosteroids (1-2 mu/kg/
day), ulinastatin (15 000 Ukg/day), or both, and nine with
corticosieroids or ulinastatin, Furthermore, a third course of
treatmient was given o nine patients: IVGG (n=1), VGG
with ulinastatin (n =35), corticosteroids {n =1}, and corti-
costeroids with ulinastatin {n =2). Overall, we gave addi-
rienal VGG without corticosteroids or ulinastatin to 46
patients, twe of whom were excluded from the study because
they received it more than 14 days after completion of the
infusicn of initial IVGG. Of 44 patients who met the inclusion
¢riteria, 17 (38.6%) had CAL

In univariaic analyscs, the significant risk factors for CAL
{p < 0.05) were the number of febrile days pre-additional
IVGG (210 days), the number of febrile days post-additional
IVGG (32 days), the number of days that inirial VGG was
divided vver (4 or 5 days), the white blood cell count pre-
additional VGG (=16 000/l), the € reactive protein con-
centration pre-additional IVGG (29.7 mmg/d]), and the white
bloud cell count post-additional IVGG (=11 300/pl) (table 2).
Data regarding the white blood cell count and the C reactive
protein concentration post-additional [VGG were unavailable
in five paticnts, all of whom had no CAL. The number of
illness days at the siartl of initial IVGG infusion was same as
the number of febrile days pre-initial IVGG in all patients.
The number of ilhness days at the start of additional VGG
infusion (=10 days) was less significantly associated wilh
CAL (p =0.008) in comparison with the number of febrile
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days pre-additional IVGG (p = 0.002); henee, the number of
lebrile days pre-additional IVGG, rather than the number of
illness days at the start of additional IVGG infusion, was
subjected to multivatiate analyses.

we performed a multiple logisue regression analysis for the
variables significantly associated with the risk for CAL,
excluding or including the white bloed ccll count post-
additional IVGG separatcly because of unavailable data
{table 3). In both exclusion and inclusion of the white blood
cell count post-additional IVGG, the only independent risk
factor was the number of febrile days pre-additional 1IVGG
(=10 days).

Of 17 patients with CAL, none was found fo have CAL
before the start of the initial VGG infusion. CAL were
detected in 14 paticnts {13 males and one female; age range
1-91 months) afier start ol the initial IVGG infusion before
start of the additional 1VGG infusion. Aimong the 14 paticnts,
additional I¥GG was given 1o thiee before 10 febrile days and
1o 11 on or after 10 febrile days. CAL wore detected in three
patienis (a 2 month old female, an § month old male, and a
13 month old maile), after the start of the additional 1VGG
infusion. Additional IVGG was given o all of 1he three
paticnts on or afier 16 febrile days.

No adverse events were observed in any patient treated
with additional 1VGG. There were no signs of hypotension,
congestive heart failure, allergic veaction, or hyperviscosity.

DISCUSSION

In the present study, the number of febrile davs pre-
additional IVGG (=10 days) was an independent risk factor
for CAL in patients with acute KD who did net respond to
initial IVGG therapy and reccived additional IVGG therapy. It
is possible that additicnal IVGG starting before the firse 10
febyile days may prevent CAL. In this connection, ket us recall
the well known recommendation” * that initial IVGG should
be given within the first 10 illness days. We believe that
“febrile days”, rather than “illncss days”, may be a better
marker of the need for additional IVGG i recrudescent fever,
on the basis of the result that the presence of CAL was more
sipnificantly related 1o the number of fevile days pre-
additional IVGG than the illness days at the start of the
infusion of additional IVGG. Few previous reports regarding
additional IVGG therapy'™ did nol refev to the (iming of
adiministration of additional TVGG; the high reported
prevalence of CAL may reflect a delayed start. Prolonged
fever for 10 days or longer as a risk lactor for CAL is
supported by the fellowing data. (1) In a pathological study,*
the formation of CAL began afier 10 illness days. (1) In an
cchocardiographic study,'” CAL appeared al around 10 iliness
days. (3) In a dinical study,” paticnts with CAL had a
significantly higher temperarure than those without CAL
during 10-13 illness days. Since additional IVGG appeared to
be safe without apparent adverse effects,* we suggest thar it
should be adminisicred before the first 10 febrile days n
initial IVGG non-responders,

Our results indicated that age, sex, white Blood cell count,
and C reactive protein concentration were not independent
risk factors for CAL. On the other hand, age less than 6
months™ ** and malc sex™ were reported wo be risk faciors for
CAL in KD paticnis trealed with VGG, 1L has also been
reported that CAL were associated wirh abnormal laboratory
data pre-initial IVGG, including high counts of neutrophils
and bands,'"™ and abnormal laboratory data post-inivial
I¥GG, induding increased while blood ccll count and
increased C reactive proicin concentration.™ ** This may be
attributed 1o subject differences: the present study concerned
only patients treated with additional IVGG, while previous
studies’ " " " concerned all KD patients treated with
IVGG. There is a possibility that additional IVGG reduced the
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Table 3 Multivariate anclysis of risk factors for coronary artery lesions
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risk factors for CAL in initial IVGG non-responders, such as
age <6 months, 1nale sex, high white blood cell count, and
high € reactive protein concentration i the present study.

In order o start the infusion of additional IVGG before the
first 10 febrile days, we make three recommmendations to
physicians who treat patients with acute KD. First, KD
paticnts should be treated immediately with an initial IVGG
infusion. Although the efficacy of early treaument belure five
davs of illness is coutroversial,™ Tse and colleagues™ reponed
that treatment with initdal IVGG on or before the fifth illness
day resulted in better coronary outcome. Second, initial IVGG
should be given in a single inlusion, because 4-5 daily
infusions led 1o delayed administiration of additonal 1VGG.
In Japan, the medical insurance systen previously prevenied
physicians from reating with a single infusion despite the
proven efficacy,” but it has recently allowed its use. Third. it
should be judged early whether parients respond to initial
IVGG or not. Howevet, we agree with Burns and colleagues'
and Brogan and collcagues’ thal paticnis with fever at leasy
48 hours after completion of a single infusion of initial IVGG
are considered non-responders, since occasional responders
have fever during the period, If additional IYGG is given 48
hours after completion of the infusion before the first 10
febrile days, initial IVGG should be completed by the first
seven [febrile days.

The present study has some limitations. There may be
unknown sclection bias owing 10 the retrospective nature of
Lhe study, A prospeciive randomised contral siudy wauld be
optimal 1o cstablish the efficacy of additional VGG for
paticnts who do not 1espond to initial IVGG, but it would be
difficulr 1o justify inclusion of an untreated control group in
view of the increased risk of CAL in patients with persistent
ot recrudescent fever. We used four or five daily infusions of
IVGG, which is not curremily recommended i other
countrics,™ The adminisiration of various brands of IVGG
may be a confounding factor,™

In our study, among KD patienis with persistent or
recrudescent fever after initial IVGG therapy, adminisiration
of additional I¥GG Dbefore the fivse 10 febrile days was
associoted with a decreased risk for CAL, when compared
with the risk in those who were rerreated later. This finding
provides support for early diagnosis and initial treatment of
KI} and suggests that an additional VGG infusiony, if
administered carly, may prevent CAL in initial IVGG non-
responders.
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