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Table 2 Short-term clinical events and long-term cutcomes in neonatal hypoxic-ischemic encephalopathy patients

Group Case Convulsion Brain Meconium Stage using classification Outcome
no. edema staining of Sarnat and Sarnat

1 1 + + - 2 Normal

1 2 + + + 2 Normal

1 3 + + - 2 Normal

1 4 + + + 2 Normal

1 5 + + + 2 Normal

1 6 + + + 2 Normal

1 7 + + + 2 Normal

1 8 + + - 2 Normal

1 g + + + 2 Normal

2 10 + + - 2 cr

2 n + + - 2 CP

2 12 + + + 2 CP

2 13 + + - 2 CP

2 14 + + + 2 CP

2 15 + + + 2 CP

2 16 + + - 2 CP

2 17 + + + 2 Death

2 18 + + + 3 Death

2 19 + + + 3 Death

2 20 + + + 3 Death

CP, cerebral palsy.

Table 3 Clinical and laboratory features of three group of neonates

Control group Hypoxic-ischemic encephalopathy groups
(n=12) Group 1 Group 2
{normal outcome, n=9) {abnormal outcome, n=11)

Gestational age at birth (week) 39210 392%13 389+1.2
Birth weight (g) 2971 £ 155 2963 £ 282 3128 £337
Apgar score (1 min) 8507 3.0+15* 21z 11
Apgar score {5 min) 9.0+07 45209 37414
Umbilical artery pH 727005 6.92+0.04* 6.87 £ 0.08*
Lactate (mmol/L) 3.1+09 8o x4 91+2.6*
Aspartate aminotransferase (IU/L)* 3812 74 £ 53* 277 £ 294+
Alanine aminotransferase (TU/L} 53+15 145+ 8.5* 63.3 £ 66.3%**
Lactate dehydrogenase (ILJ/L)* 405+ 59 955 £ 450* 2491 £ 1230%**
Creatine kinase (IU/L)' 281+49 1279 £1203* 1996 + 1622*
Blood urea nitrogen (mg/dL)" 113126 104+17 14.2 £ 4.7%
Creatinine (mg/dL)" 0.67 £0.11 0.72+£0.18 0.97 £ 0.28**

*P < (.05 versus control; **P < 0.05 versus group 1; ‘on admission. Values are expressed as the mean  5D.

{(1.22 £ 0.07 mmol/L; P < 0.0001). As shown in Figure 3
and Tabled, [Ca™lyy shortly after birth was
1.13 + 0.06 mmol/Lin group 1 and 0.99 + 0.07 mmol/L
in group 2, both levels being significantly lower than in
the control group (P =0.0157, F <0.0001). Moreover,
[Caz*ls(y_,;, was significantly lower in group 2 than in
group 1 (P =0.0016). However, total serum calcium
concentrations (8.6 + 0.5 mg/dL in the control group,

83+ 0.7mg/dL in group 1, and 8.1+0.8mg/dL in
group 2) did not differ significantly. The time at which
[Ca*]sze Was determined was 3.212.1h in group 1
and 4.3£1.8 h in group 2.

Although the number of HIE patients in this report
was small initially and was limited further by study
requirements, a cut-off value of [Ca*],y 4, 1.05 mmol/
E, which was obtained from a receiver operating
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Figure 2 Changes in unadjusted [Ca®], within 24 h after birth in (a) the control group {n = 12), and in (b) good- and (¢) poor-
outcome groups (1 (1 = 9] and 2 [ = 11]) with hypoxic-ischemic encephalopathy (HIE). Points linked with a line represent

samples from the same individual. In group 2, four patients died (—) and seven developed cerebral palsy {~).
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Figure 3 Adjusted [Ca™],q values in the three groups
of neonmates. Shortly after birth, [Ca?|,;, was
1.13 £ 0.06 mmol /L in the hypoxic-ischemic encepha-
lopathy (HIE) group 1 ({good outcome) and
0.99 +0.07 mmol /L in group 2 (poor outcome), both
of which were significantly lower than the
122£007 mmol/L  in healthy control neonates
(P = 0.0088, P < 0.0001). Moreover, [Ca®],;, was signif-
icantly lower in group 2 than in group 1 (P = 0.0014).

characteristic (ROC) curve (Fig. 4) had a positive pre-
dictive value of 90.0% and a negative predictive value
of 80.0% for an abnormal outcome. The sensitivity and
specificity were 81.8% and 88.9%, respectively
(Table 5).
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1-Specificity

Figure 4 Receiver-operating characteristic curve for (@)
adjusted ionized calcium concentration (area = 0.874),
(O} aspartate aminotransferase {area = (.798), (M) ala-
nine aminotransferase (area =0.813), and (O) lactate
dehydrogenase (area = 0.848) in prospective identifica-
tion of neonatal hypoxic-ischemic encephalopathy
patients with poor outcome.

Discussion

The clinical laboratory data (AST, ALT, LDH, BUN, cre-
atinine) that were obtained on admission in the HIE
groups suggested multiple organ failure that was more
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Table 4 Specifics of calcium determinations in control and hypoxic-ischemic

encephalopathy groups
Control Hypoxic-ischemic
group encephalopathy groups
(n=12) Group 1 (n=9) Group2{n=11)
Adjusted [Ca™]yrq (mmol/L) 1.22+0.07 1.1320.06* 0.99 £0.07*
Time of blood sampling (h) 25+11 3221 43+1.8*
Total Ca (mg/dL) 86*05 84107 81:08

*P < 0.01 versus control; **P < 0.01 versus group 1.

Table 5 Efficiency of diagnosis for abnormal outcome in each biochemical

marker
Sensitivity Specificity Positive Negative
predictive  predictive
value value
Adjusted [Ca¥]yzy 81.8 889 920.0 80.0
Aspartate aminotransferase  72.7 88.9 88.9 727
Alanine aminotransferase 81.8 77.8 81.8 778
Lactate dehydrogenase 81.8 77.8 818 77.8

severe in group 2 than in group 1. According to our
hypothesis that an influx of ionized calcium into cells
influences serum ionized calcium concentrations,
[Ca®], would be lower in the HIE groups than in the
control group, moreover, it would be lowest in HIE
group 2.

Within 24 h, the unadjusted [Ca®], reduced gradu-
ally in the HIE groups, and seemed to be lower in
group 2 than in group 1 as time passed (Fig. 2). These
resulfs suggest that physiologically active [Ca™]; also
decreased rapidly in the HIE groups, particularly dur-
ing the first 12 h. We speculated that the level of cal-
cium excretion in the urine or the influx of ionized
calcium into cells would be greater in group 2 than in
group 1. In the appropriate conditions in our study, the
level of adjusted [Ca®],p4) shortly after birth was sig-
nificantly lower in the HIE groups than in the control
group. Furthermore, the HIE group with an abnormal
outcome had a significantly lower level of [Ca®)y
than the HIE group with a normal outcome, suggesting
a still greater intracellular shift of Ca® in multiple
organs, particularly the brain. These results suggest
that [Ca®), may be useful for predicting the outcome of
HIE patients, although a relationship between the out-
come of neonatal HIE patients and [Ca™], has not been
reported until now.

The best marker of diagnostic efficiency for predict-
ing abnormal outcome in HIE neonates was the

adjusted [Ca™]; (Table 5). The decrease in serum ion-
ized calcium might be the result of the hypoxic-
ischemic reperfusion injury in the whole body.

The HIE group had intravenous infusion (60 mL/
kg/day), which might influence serum ionized cal-
cium concentrations because of dilution of the blood.
Although the total amount of the infusion when the
blood test was carried out in group 1 (8.0 5.2 mL/kg)
was not significantly greater than that in group 2
(10.7 + 4.5 mL/kg), the adjusted [Ca™], in group 2 was
significantly lower than that in group 1. The effect of
blood dilution after intravenous infusion between
group 1 and 2 was small.

Unfortunately, only approximately half the number
of cases necessary for full analysis could be enrolled, so
this study is only preliminary. Experiments in an ani-
mal model should help to confirm a relation. Although
histologic correlation between serum ionized calcium
concenirations and necrosis or apoptosis in the human
is impossible, this interesting correlation could be eval-
uated using an animal model. We preliminarily found
that [Ca*],pq decreased after 1h when rats were
exposed to hypoxia (8% O for 90 min).

The time at which [Ca*],;4 was determined was
32+21hingroup 1 and 43+ 1.8hin group 2, repre-
senting an assessment of multiple organ damage very
shortly after birth. The possibility of preventing neu-
ronal injury by blocking the influx of Ca** into neurons
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by administering a N-methyl-D-aspartate receptor/
channel antagonist (MK-801)**% or a calcium channel
antagonist has been reported ™ Such agents might be
required immediately after birth in neonatal HIE
patients, because our data suggest a substantial [Ca?],
decrease almost immediately after hypoxic-ischemic
reperfusion injury occurs.

Conclusion

Although our results are preliminary because of small
patient numbers and certain study requirements, the
adjusted serum ionized calcium concentration shortly
after birth was significantly lower in neonatal HIE
patients, particularly those who had a poor outcome.
Adjusted [Ca*],p4 shortly after birth might reflect the
severity of multiple organ damage, particularly that
involving the brain, caused by calcium shifts that trig-
ger necrosis and apoptosis after hypoxic-ischemic
reperfusion injury.
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Two events of nosocomial infections due to methicillius resistant
Staphylococcus aureus in maternity wards.

Department of newborn medicine, Osaka medical center for maternal and child health
Hiroyuki KITAJIMA

We have experienced two nosocomial infections of Staphylococcal Skin Scolded Syndrome (5553) by methicillin-
resistant Staphylococcus aurens (MRSA) in the term newborn. We investigated the causes of infections and preven-
tive measures.

{Event 1> In December 2001, 7 cases of SS55 by MRSA (coagulase type 1} were seen in the term newborn
nurseries for 10 days. In the west ward & patients had these diseases and 4 cases of them were hospitalized. In the
east ward, one patient was detected at out-patient clinics. No nasal carrier of this strain was detected in all 153
related staff within 10 days after the outbreak. The whole skins of 4 admitted patients were beforehand cleaned with
a disinfectant (benzalconium chloride) but the strain had a resistance against this drug. Then the bacterium spread
widely on their skins. The patients were less contact with their mothers and less frequencies of breast feedings.

{Event 2> Between September and December in 2002, 17 cases of SSSS by MRSA (coagullase type 3) were
documented in the term nurseries and neonatal intensive care unit (NICU). @ most of them were sporadic cases,
(® patients were distributed in each ward, @ The NICU doctors had no nasal carriage of this strain, @ The onset
of these patients were earlier than that of event 1. These data suggested very early contact of the carrier staff to
the patients. Preventive measures were taken as follows ; D all staff had gloves to touch the baby, & The staff of
delivery room had nasal cultures. Only one staff had this strain with latent empyema and was treated with mupirocin
ointment. Thereafter, no case has been seen.
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