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O,Hb, HHb and HbD at 8 hours after doxapram infusion were significantly
increased from baseline (Figure), while TOI did not change during the study.

Conclusions

Doxapram is a respiratory stimulant, acting both on the peripheral
chemoreceptors and central nervous system [5], and it has been proposed for
the treatment of AOP when methylxanthines have failed [6]. Since small
doses of doxapram have a selective action on ventilatory drive and since
larger doses can cause central-nervous-system toxicity (eg, convulsions) or
serious gastrointestinal side effects (eg, gastric perforation, necrotizing ente-
rocolitis), doses lower than previously proposed has been tried. And, low-
dose doxapram therapy for AOP has been reported effective and safe [4, 7).

However, it has been demonstrated that doxapram can induce a transient
decrease of cerebral blood flow in very low-birth-weight infants when admin-
istered at a loading dose of 2.5mg/kg and that it has an adverse effect on the
developing brain [1, 2]. Recently, Dani et al. [3] have described that doxapram
induced a significant decrease of O,Hb and HbD, and increase of HHb and
CtOx by NIRS measurements. Therefore, we conducted to assess the cerebro-
hemodynamical effects of loading dose of 1.5mg/kg/h and maintenance dose
of 0.2mg/kg/h of doxapram which was a usual dosage for the treatment of
AOP in Japan.

From the results of present study, loading dose of doxapram at 1.5 mg/kg
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over 1 hour period did not change cerebral blood flow and cerebral blood
volume. Moreover, continuous infusion of low-dose doxapram increased the
cerebral blood volume in preterm infants. In view of the cerebral blood perfusion,
our current dosage of doxapram may be a safety modality in treating idi-
opathic AOP.

Further studies including more infants would be necessary to draw any
final conclusions.
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Dynamic QT/RR relationship of cardiac conduction in
premature infants treated with low-dose doxapram

hydrochloride

Masafumi Miyata'*, Tadayoshi Hata?, Noriko
Kato', Masatomo Takeuchi', Hiroko Mizutani',
Masamichi Kubota' and Toshio Yamazaki'

1 Department of Pediatrics, School of Medicine, Fujita
Health University Toyoake, Aichi, Japan

2 Department of Clinical Pathophysiology, Graduate
School of Health Science, Fujita Health University,
Japan

Abstract

Doxapram hydrochloride, a respiratory stimulant, has
several undesirable side effects during high-dose admini-
stration, including second-degree atrioventricular (AV)
block and QT prolongation. In Japan, this drug is contra-
indicated for newborn infants. Recent studies, however,
have demonstrated the efficacy and safety of doxapram
therapy for apnea of prematurity (AOP) using lower doses
than those previously tested. As a result, approximately
60% of Japanese neonatologists continue to use this
drug. This study used surface ECG recordings to assess
the cardiac safety of low-dose doxapram hydrochloride
(0.2 mg/kg/h) in fifteen premature very-low-birth-weight
infants with idiopathic AOP. Cardiac intervals and number
of apnea episodes were compared before and after
drug administration. Low-dose doxapram hydrochloride
resuited in approximately 90% reduction in the frequency
of apnea without side effects. None of the infants devel-
oped QT or PR prolongation, arrhythmia, or other con-
duction disorders. In addition, there was no change in
the slope of QT/RR before versus after administration of
doxapram hydrochloride. We conclude that low-dose
administration of doxapram hydrochloride did not have
any undesirable effects on myocardial depolarization and
repolarization.

Keywords: Apnea of prematurity; atrioventricular con-
duction; doxapram hydrochloride; QT interval; QT/RR
relationship.
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Introduction

Idiopathic apnea of prematurity (AOP) is a serious event
in low-birth-weight (LBW) infants. Recently, doxapram
hydrochloride, an analeptic agent and powerful respira-
tory stimulant, has been used to control apnea in infants
who do not respond to methyixanthine [3, 4]. However,
several undesirable side effects are associated with high-
dose (1.0-2.0 mg/kg/h) doxapram administration, includ-
ing second-degree atrioventricular (AV) block and QT
prolongation [9, 16]. Recently, a number of investigators
reported that low-dose (0.2 mg/kg/h) doxapram was
safe, effective, and associated with fewer side effects
[20]. However, the potential negative effects of doxapram
hydrochioride on the cardiac conduction system were
not examined. We evaluated the safety and efficacy of
low-dose doxapram hydrochloride in the treatment of
AOP by assessing cardiac depolarization and repolari-
zation as evidenced by surface electrocardiogram (ECG).

Subjects

Fifteen LBW infants (gestational age 30.1+t2.2 weeks, birth
weight 13121285 g) who had no additional complications were
evaluated for cardiopulmonary abnormalities after admission to
our neonatal intensive care unit (NICU). The nursing staff moni-
tored blood oxygen saturation, respiratory rate and ECG record-
ings for any apneic episodes. Apnea was defined as a pause in
breathing (1) longer than 20 s, (2) associated with brady-
cardia, or (3) characterized by a decrease of >10% in O, sat-
uration as determined by puise oximetry. Potentia! underlying
causes of apnea, including infection, anemia, hypoglycemia,
hypocalcemia and intracranial disorder, were excluded. The fre-
quency of apnea over an eight-hour period before treatment was
compared with that seen during 24 h after beginning treatment
with doxapram hydrochloride. Efficacy was defined as a com-
plete response (cessation of apnea) or a partial response (reduc-
tion in apneic episodes of >50%). A reduction of <50% in
frequency of apneic episodes was considered treatment failure.

Methods

Data were collected before administration of doxapram hydro-
chloride 0.2 mg/kg/h, and 24 h after starting treatment, using an
MP150 digital data acquisition system (BIOPAC Systems, CA,
USA). Polygraph recordings were performed for 60 min and
included ECG, electro-encephalogram (EEG), electro-occulo-
gram (EOG), and respiratory wave (RW) monitoring. Acknowl-
edge software (Ver. 3.9, BIOPAC Systems, CA, USA) was used
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for data acquisition and analysis. Heart rates were calculated
simultaneously from the acquired ECG record based on the R-
wave peak detective technique. EEG was recorded by the bipo-
lar induction method, with poles placed at F,,; and T, or F_, and
T,. EOG was recorded with poles placed on the medial and lat-
eral angles of one eye. Infants were kept in incubators to avoid
extrinsic effects on the autonomic nervous system by environ-
mental factors and were kept in a prone position while the
recordings were performed to prevent intrinsic effects of the
autonomic nervous system on cardiac function. Continuous
ECG recordings and respiratory waves were acquired for 60 s
in normal sinus rhythm using an impedance pneumogram both
before and 24 h after drug administration, during quiet sleep
judged by behavioral state, EEG and EOG. Cardiac intervals
were measured, including atrial depolarization time (Pd), AV con-
duction time (PR), ventricular excitation interval (RR), ventricular
depolarization time (QRS), ventricular repolarization time (QT)
and QT interval corrected for heart rate (QTc) using Bazett's
formuta. The analytical program acknowiedge (ver. 3.9, CA, USA)
was used to compare the measured interval values before and
after drug administration, following the hypothesis that prolon-
gation or shortening of AV conduction time would provide evi-
dence that doxapram hydrochloride had an effect on atrial
depolarization and repolarization. To perform this analysis, we
examined the dependence of PR, QRS, QT and QTc times on
the preceding RR intervals by measuring the slopes of the finear
regression lines (QT/RR relationship).

Statistical analysis

The Wilcoxon test was used to compare data pairs of Pd, PR,
RR, QRS, QT intervals and QTc before and after administration
of doxapram hydrochloride. Linear regression analysis was
performed using JMP statistical software (NC, USA). P-vafues
of <0.05 were considered to be significant.

Resuits

Number of apneic episodes

Fifteen preterm infants with AOP were treated with a
0.2 mg/kg/h of doxapram hydrochlioride at 3.3+6.2
(0~25) days of age. The number of AOP events during
an eight-hour period decreased significantly from
4.0£0.7 to 1.2+1.1 (P<0.0001) following doxapram
hydrochloride administration. No adverse events that

Table 1 ECG intervals before and after doxapram hydrochloride.

were attributable to doxapram hydrochloride were expe-
rienced by any of the infants. Behavioral state and EEG
in the recordings for 60 min had no apparent change
during administration of low-dose doxapram hydro-
chioride.

ECG intervals

The maximum and minimum (max/min) RR intervals were
0.552 and 0.357 s, respectively. The max/min Pd inter-
vals were 0.047 and 0.030 s, with max/min PR times of
0.132 and 0.082 s. The max/min QRS intervals were
0.102 and 0.057 s. The max/min QT times were 0.345
and 0.185 s and the max/min QTc times were 0.438 and
0.287 s in all infants. We did not identify any consistent
changes in ECG intervals. Although significant changes
in ECG intervals were observed (Table 1), all values were
well within the physiologically acceptable range for new-
borns. No significant abnormalities exceeding standard
ranges, such as AV block or QT intervals longer than
440 ms, were observed.

Relationships of intervals

We tested for comrelations between PR and Pd, the pre-
ceding RR and PR, the preceding RR and QRS, the pre-
ceding RR and QT, and the preceding RR and QTc. These
intervals are modulated by exogenous and endogenous
autonomic nervous activity. Paired data were analyzed by
linear regression testing. The slopes of the regression
lines are summarized in Table 2. Prior to drug admini-
stration, no significant (P>0.05) comelations were
observed between PR and Pd, the preceding RR and PR,
the preceding RR and QRS, the preceding RR and QT,
or the preceding RR and QTc in any of the infants. While
the slopes of the regression lines exhibited a weak
positive correlation before and after administration, there
were no significant changes in their average slopes
(P>0.05) (Table 2).

Discussion

Recently, Yamazaki et al. [20] demonstrated that low-
dose continuous intravenous infusion of doxapram

Before treatment After treatment P-value
RR (s) 0.432+0.046 0.437£0.046 <0.05
Pd (s) 0.062+0.009 0.059+0.008 <0.05
PR (s) 0.096+0.015 0.092+0.016 <0.05
QRS (s) 0.07410.009 0.076+0.009 <0.05
QT (s) 0.26810.041 0.275+0.007 <0.05
Qlc 0.408+0.048 0.418+0.030 <0.05

Values shown are the means+ SD (s). RR, Ventricular excitation interval. Pd, Atrial depolariiation time. PR, Atrioventricular conduction
time. QRS, Ventricular depolarization time. QT, Full ventricular depolarization and repolarization time. QTc, caluculated using the
Bazett's formula. Data were obtained before and after administration of doxapram hydrochloride (n=15).
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Table 2 Slopes of regression lines before and after doxapram hydrochloride.

Before treatment After treatment P-value
PR/Pd 0.688+0.172 0.649+0.203 0.413
PR/RR 0.0811+0.176 0.067+£0.19 0.779
QRS/RR 0.0521+0.149 0.025+£0.093 0.524
QT/RR 0.304 £0.278 0.24610.202 0.453

The values of the slopes are the meansSD. Pd, Atrial depolarization time. PR, Atrioventricular conduction time. RR, Ventricular
excitation intervals. QRS, Ventricular depolarization time. QT, Full ventricular depolarization and repolarization time. Data were obtained

before and after administration of doxapram hydrochloride (n= 15).

After administration of doxapram hydrochloride, no significant (P>0.05) correlation was observed in the regression line siopes
between PR and Pd, PR and the preceding RR, QRS and the preceding RR, or QT and the preceding RR interval.

hydrochioride was effective for the treatment of AOP
without any severe side effects. Drug administration was
associated with a lower mortality in infants with apnea,
making this agent a promising therapy for newborns and
premature infants with apnea. As a result, approximately
60% of Japanese neonatologists continue to use doxa-
pram hydrochloride for this patient population [17]. We,
therefore, evaluated the effects of low-dose doxapram
hydrochloride on cardiac conduction before and after
drug administration.

Families of potassium channels are instrumental in the
regulation of cardiac depolarization and repolarization of
myocardium [12]. Doxapram hydrochloride is thought to
inhibit a subset of potassium channels in a concentra-
tion-dependent manner. This drug may also stimulate
chemoreceptor cells in the carotid body by depolarization
[2]. As multiple isoforms of potassium channels exist on
different cell subsets, doxapram may inhibit potassium
channel conductance in myocardial cells. The mecha-
nism by which this drug has induced AV block and pro-
longed QT in previous studies may, thus, be a
dose-dependent inhibitory effect on this channel type [1,
5, 10]. Many factors that accelerate depolarization or
delay repolarization of myocardial cells increase the QT
interval length. In healthy subjects, changes in the QT
interval correlate well with those of RR intervals. How-
ever, autonomic nervous activity can modulate the QT/
RR relationship [10, 13, 15]. Chevalier et al. [7]
demonstrated that the slope of the QT/RR is steep in
patients who had sudden death. In addition, linear
regression analysis of QT/RR in patients post myocardial
infarction suggests an electrically unstable myocardium.
Furthermore, Savelieve et al. [18] compare a patient who
suffered heart failure with a healthy person, and an
increase of QT/RR-related slope means dispersion of QT
interval, enhancement of lability, and shows that it occurs
with elicitation substrate of ventricular arrhythmia.
Administration of low-dose doxapram hydrochloride did
not increase the slope of the QT/RR regression in infants
with apnea. it is known that aberration of the process of
repolarization in the myocardium occurs even with elec-
trolyte abnormality as well as damaged myocardium. The
lengthening of ventricular repolarization is a risk factor for
the development of Torsade de Pointes, a form of ven-

tricular tachycardia thought to be initiated by early after-
depolarization. This iregularity is sustained by a novel
reentrant mechanism facilitated by heterogeneity in the
repolarization of the ventricular myocardium.

Neonatal long QT syndrome is rare, but is associated
with a bad prognosis due to severe ventricular arrhyth-
mias and conduction abnormalities [11, 19]. In the NICU,
prolongation of the QT interval is a good predictor of
lethal arrhythmias 8, 14]. It was reported previously that
following high-dose doxapram, the manifestation of
lethal arrthythmia was not observed from the same etio-
logy that prolonged the QT interval and QTc [16]. How-
ever, the difficulty in analyzing a neonatal ECG is further
complicated by overestimation of the QT interval when
using Bazett's formula because the infant’s higher heart
rate [6]. The need to revise Bazett's formula to analyze
the QT interval in neonates has been recognized. It is
likely that an adequate formula will be developed for this
population in the near future. On the other hand, evalu-
ations that employ the QT/RR linear regression are not
affected by the high neonatal heart rate. Therefore, linear
regression analysis was thought to be a reasonable
method to evaluate variability of myocardium repolari-
zation in neonates. Our results indicate that low-dose
doxapram hydrochloride therapy had no observable
undesirable effects on AV conduction and myocardial
depolarization or repolarization.

Limitations

In this study, the serum concentrations of doxapram
hydrochloride could not be determined for all patients.
Future studies will need to correlate serum concentra-
tions of doxapram hydrochloride with responders/non-
responders. In addition, further studies will be needed to
determine the long-term effects of doxapram hydrochlo-
ride on poor responders.
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=] 0~ 7 25 000 ~ 50 000 ﬁfi/kg/BBrif:

B g

A&7~ .25000 ~ 50,000 ﬁﬁ/kg/Gﬁ%}ﬁﬁ-

T BT '
MW 1,200 KA :

B%0~4 EN 50"‘100[“3/’(8/12 H#Fﬁut §$/I

‘B& 0~7. 50~100mg/kg/128MI ¢ §$,zf
HBE# 7~ 50~ 100mg/kg/8ﬂ?fF‘L_t %& “

ABO0~7 50~ 100mg/kg/sa#ﬁﬁ:a E%&;?
E!ﬁ%?’v 50 ~ 100mg/kg/6H$F‘i EBE

2
N
|
C
u
T
&
<
&
H
h
3
=
A

C WK E 1,200g R

B8 0 ~4 8 50mg/kg'/1‘2af~,l=ﬁ:a %ﬁ&

1,200 ~ 2,000g:

BEO~7: 50mg/kg/1253fFEl:'<‘: §$/i

Eﬁ7~ 50mg/kg/83§?3¢_t Bx
2,000g LlLE: .

BB O~7 50mg/kg/12ﬂ%f’7«_<‘: B
Z 20mg/kg/12 BT E B _ o
HERE 20008 U ET, 1. BLEETR 20
mg/kg/8REE T EE 4
HE8 0:20mg/kg 8 1 ~ 2 E./B 83

BE1~7: 20mg/kg #2~3E/8 &3

- HE8~: 20mg/kg>&3 408 i

A#0~3:20mg/kg 2 2~3E.7H ﬁ%i
H#s4~:20mg/kg 3~ 4\ H B, é
F@%ﬁklﬂ“‘ﬁ’&ﬂ%

30 ~ 60mg/kg/BH % ’7} 3~4 ‘(‘
EHr3TEEE
A '&ﬁ%ﬁt_u 100mg/kg/E!$'(i*§

18 306}21.
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NoRZL-RE3I700 7711//\’:‘/,.“%%0255,' - - 30~60mg/kg/BEHI~4T, 1@306}14.!:

. (PAPM/BP)
PI/TYAVKER

TR

HEBY A4V T8 SUE10. - HER iﬁﬁﬁilﬁlﬁé H.‘.i%§12008ﬁ%n%

B#0~48 25mg/kg/18 24ﬂ$Fﬁ &

(GM*
5%%&
1,200 ~2,000¢:
B#O~7 25mg/kg/12~18&*l“| t 5.
~/I§l§$1§ "L
BT~ 25mg/kg/85%?51<_t 625%%,5 ‘
;"2 000g LD :
S ABO~7 25mg/kg/123-*;f—mt Eﬁﬁﬁ
v SR E§°7~ 25mg/kg/83—*rF‘L.t AEEE
FETIHTL (AMK)® BRETIHNIEHE ' WA 1,200g A
" [#4%] 100mg ' A& 0~ 438 75mg/kg/E’5:’7}1~2 sa

B TAAHYAABK). NADS S EHA25mE MRSA BIRE ~ -

27031 FR
TUAXOTALY . (EM)

NTFFER

EE/SCATAY L EESLITAIL R MRSABRE - AR 1,200g FA

vem®

PAKRTIVB

o3 A2 A%
arJ-n

InaFI—1
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YT EEA50mE: REMEEE

2 & ¥ I

£V &5 (100mg) o EE

:1 '200 2 OOOg

4~ 6me/kg/H 6}2‘(30’7}73%‘(%/

TURAYY WE20% 773FPRE, O, IFIITHR:

B 40~50mg/kg/B fy}sﬂxm 2 3;&1?3;
L CLD LJ?T%')E?#%&‘E&‘—? ' '
s 10~15mg/kg/E! ‘7}3'(2 Bﬁﬁ :

B#0~48 15mg/kg/24a1fi_a.sﬁﬁ%{,

ABEROSE
© 1,200~ .2,000g :
- BE0~7 10mg/kg/12~18ﬂ-’}?3a.t 5,7555,;'
E%7~ 15mg/kg/8~126-*:laﬁ<_‘<‘: T
.v.-ﬁ;.ZOOOgl«J_}: :
L UBR#O~T 15mg/kg/125§FLt ‘,ﬁ%
Ve oLl T %_7*’{ 15mg/kg/8&%lsﬁe. SEEE
kY REKEBREMBR 01~
: Tl T T ﬁf2.1mg/kg/El
FLaAFN . HEBRES ‘f50~100mg/kg/8 /7}4’(.%1:
Joy—-KFE - HESHRE 2 - 4~ 20mg/kg/E 12851 1@23#F‘3LJJ:

R 1 ~2ﬂ-’fFﬁ7’J‘L1T’5ﬁ§‘§& E&Sﬂ
- ‘i’(’(lzxﬂﬁs% 1 @/251#&‘—:‘» :

ﬁﬁﬂ—f!xwﬁbflig’ ‘(i’)@gxé’ﬂ‘ﬂ‘f%

S Y- 2485 ~ 10 ug/mL, b7 7HE< 2 pug/mL {Z3Hi45.

MR 4 Y — 718 20 ~ 30 pg/mL, b7 7{E< 10 ug/mL I 5.

MR B4 ¥ — 218 25 ~ 40 pg/mL, +7 74< 10 ug/mL D+ 5.



g:] ’HZ#P?‘Q HSV @4&?"’ Omg/k /E

o UmER GOmg/kg/E 2i8m ﬁsrwf;rwr
"rﬂwrsmﬁg ' .
12mg/kg/B 638, 6} 271 B#F‘?LlJ::b* HT'
,.‘5;&%5& : . ‘
”2mg/kg/@72eaﬂ"iﬂ, 0. $f§8~125§;_‘
Fﬁfﬁﬁ*bﬁﬁ?“b 6 & - ‘ - g

HrLoaEn

# BEEISII R VD TA Y 74— — I~ :J/—h v w:rmza

ﬂmﬁm/%mﬁ BH Y LIIE
T U~ omi/keE 5 mu;wrsm
‘,’ﬁf’ﬁ&ﬁ:mbzﬁlaﬂnf‘ '
3% 6mL/kg/BERBSE : :
ﬁa"‘k'ﬁ‘iﬁ:h)bz@AJﬂlf“k 75mg/kg/E%$}6
- ~gTRO : -

TTRSILYA '

0.5~ Aml/kg B E K 1215 ~ 20 B AT
L BE BBEERSS 8~ 12BEEICRET

U/&ﬁﬂ
LR —-,l,u;ruy L AYSARP CEYTRET T ,110~125mg/kg/!3’&?‘—'fﬁ . ‘
TR £ PSR SS R, X402 7% 0.83mEq/ml=1.2mL/mEqg,” X1
. N *40% 84 (84%_“’77')'7Am1fﬁ © ' BX8.4%: ImL/mEg’
f,zmm%)* : .A;ﬁz BHUYLMER: 1 ~2mEa/kg tRE
I C KT RGETREC T2 fECHRL, 1mEq/
L ke/ REORETHE _
O RBIMETYF— S X0BE 0 half corect B1E,
Sl BiSE(Ee) =HE(ke) X-BEMEWL) X0.3X05
BHUDLME - 0.5 ~1g/ke EMBK; 5%7 K IR, zﬁ‘c
T osg/mLCEEL, 6 KEEEE
Eﬁ')")l-\ﬂnﬁﬁﬁ ‘one shot i1 I3 —%:0.3 ~ O.Sg/kg'/lii“(SOi"'/a’f
w0 93— 06~ 1ml/ke/E) 2 0.1~ 0.207
g . ke/E (G/1 3 ~4) £15~30 HTHE, B
L EHMEGERTI G/ 1 ~3 LTS, fw%mz
R A~ 6 B
iR 0.5 ~ 1.0Uske/B & O/ 1 15 THS B
A, 1%ﬁ&k%%ﬁ7+ﬁf&hﬁGn&%T
Lf’(u

2
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I
C
U
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IV 2XEEE 73

" ¥yhkB -

BB R

REBTRERA
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E43I AUSILIFY
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L (I-Ta)“
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#  HAERICEY VIEEO MR 20% BAOES AR BREEY
I3, CYLEVETAT IVEDSE

AL RIYEYF 20%,
C A RS TPy NE20%,

2T KZ 20%
ILALIvIE

HMS-1*

%a_jiAﬂﬁ :

PFORSViEAE0mE £
EUREH— JlniIOmg,
- Htﬂ ‘

: _’}b77D—)bWF§Z§
- O:bug/mL

Faa5AE -

54V~ N BER 10mg-

FAY=097 0.2%"°
MV.L &
2F53ILRFV-
NIESTE

YLK VIR
7=HER.

EHBINHT

EmEE
i atidiisi i

e~ 1mg/kg/8%#*ﬁf5ﬁ

EHOHES

1 ~2mL/kg EWoLHEE

0.03 ~ 03mg/kg%’r§$§&&36b‘l¢§& Eﬂﬁﬁé
ODLRESNEFERE12BEIL, i)%b\ii05»

I JEEUTO0.5g/ke/B P HEEL, 1'75&'-

]’2%myagr@auw§¢5 Eﬂtbf¢vl

Mﬁbﬁﬁéﬁ

. fﬂsﬂﬁt LT 0.5g/ke/Br 5B L, 2 ~ 3g/ke/

) Ei'(tl%fud‘*ﬁ’é‘b *luﬁﬁﬁaxviﬁﬁﬂﬂ(
 POEEAE '

BN BB vHY,

AVROME
BAFBEFoTVS

BEEEGERORE

WL (#1cCa, P, B
BE) IKRAV3.

"£9:>Am25'§

HERE

‘*#Ewﬁﬁ..,:

ea;?okzé(%'

ﬁz&éﬁéivk’xi

23R

pZ 1

* HPRRARTHD, BEERTEIZ.

$ BEEAE

VLB 10 FFRLTIRET 3.

f%ﬁ?ﬁ

-3’-77/—111&&

. x)m‘/—;bﬁSmg

fﬂi] E'ﬂl’JJU "J.L\

'7$&ﬁﬁ1mLﬁ“°

$&ﬁﬁ%mﬁm
$&ﬁﬁ%mﬁﬁ?w

1';",:00'0 ~1 ,3Q’0'>¥1'g‘“/a3; .,*é_cl -

0.05 ~ 0.2ug/ke/B .
. .250'~1,0000/H

05~ 2mg/ke/Bl HiE -

' 1mL (2mg) /@ &0
-3 1= U A Eﬁﬂiﬂi’fo)l:j
' o '05~1g/El
'.ﬁ&$¢§%®t9\

.05

Bhal— §§Z§ 100mL LK%‘J% 1mL &)6L\‘;t“

0. 3mL/kg/:5ln'C%ﬁf5

MBRBEEOV2HE (B$L120mL it 04 ~

0:8g) H5EAL, 2 HEREEUBEGET
120me7‘-U32g€',‘é’§:L}x5 o

27~50m _LEJ§$

t:9 S ﬁi%#'ﬁ

1E1Egn,
1Rp1Esal

B0 -#®R100mL (0.2~ OSmL ,#JJ

1E1@¥"D

HEHEETS

5 ~ 10ms/ks/El 53 rgu
”mmmya Hacen o
m%mzate BE/E &m_yx+

 REEBHDHD. R



_'J/@?‘F"f)‘@'//?‘ ?ﬂFD‘/&E‘Hﬁ . ;-%ﬁaﬂ%&%ﬂ&ﬁﬁ’ﬁ OSmg/kg/B 9}2'(‘1#3 I I
5%%&%%@ﬁmﬁ:
mﬁﬁﬁﬂﬁ

10 20mg/kg ’éﬁ%& Llf&ﬂ%% 24 B#F"l?)‘ﬁ
M EERSITHIE :
: 51 HET O AR 100 - ‘200me/”
“m¥H . 93 TEO. 5~7HZ tLﬁEL 3.
e e '~4ﬁ{§l\.30 4Omg/m3/E‘(%§?—?
HE®7ANOINFY TOURTER | EERENAREE 0025 005mg/E foerO

> - EMRE

AR

Y b

”%abr4 &mmya %2Tﬁuf
CIURORTFRESH: TR S
S #eUTE~ 12mg/kg/E! 6}2 RO
'g@ﬁﬁiwé SOIETE '

§& LT 6mg/keg/H foTRO

2
N
|
Cc
U
T
&
<
&
H
h
3
=
#l

IRIFLTPAZY  IAK= ,ﬁmm . RRRRM d@zoouwkgxﬁz@ BT
TANTSRF I CUSUREWTSS - £XM-BRMFRE SOug/m 1R1EETFE
_ L RDE
FIRTFAF L /477\\,;_75;;25:,, . :-seam HRIEFPIE 2ue/kg 1 B1EETE ($3852)
LITSRFA R 4= 0% L T ae %fﬁ ﬁ%ﬁﬂ*ﬁ:ﬂgmg1E1@&T3($tuﬁﬁ)
o EE

AUkaFWﬂyT,Zﬁ-NGU?ﬁS¥-ﬁ%ﬁm%NMKﬁi30~50$ﬁmg§5~1091ﬁ5&
CUE e EE T ERE MREOAAE. 20 BIAL/Ke/ BT S e ot
a3 Oy g ARYY BB OMABE 70~ 100 B /KkgF 5 ~ 1 o&}ﬁ%&i&,: 25 ié;.i
. By/B10BE - Ok | /K /B THRATR
T S T e mz&mwv—*n&&m;ﬁf“'é,ﬁﬂ
)(/}l,gﬁjj/\:\:-lj-—ls :lji_g:j"m@'l 7% =74 '.;ﬂgﬁmfgpqmﬁﬁ 1~2mg/kg/ R THR AR
. |
PEEFSE T onxree T ?_'-"'-'-‘,,*’#Eﬁi’-fﬁ%ﬂ&ﬁﬁ_gﬁ": 4,000 ~ 5,000 BifiL/kg & 20 Sl L7 T
o B S r LR T S S %o><§4ooo~sooo¥ﬁ/kg/a#ﬂ*ﬁ
B : SR N
AFLFROVEST: -7’/2Dl:"/P /4 %fﬁATkaE R 40~ 60¥ﬁ/kg’&30 60’7}f)w1’(§$& 3
L Sl pe e e L B eSS R AR -
# Hb <12g/dL #BRTitGHBEL, XRREHAMMEBL,
Hb = 10g/dL B % CIEAM LR L2 6FE§ 3.
*  HPEPERIR 1,000/mm® KiSEHZIES, 5,000/mm® Bl LIZ8L
FIB A RS A 55 R
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ﬁtrmmw Iy 20-
FYY

,mmxm%ga 7517?'F%)7;
‘.‘I“JI?"[//?UZI—-III ﬁﬂﬂ'?:r_/7ﬂ!:/ iH

rAml/ﬁTJ'/ I _

E AN

REBAREITOJTY,  #gOJaNZ = =F

A
BRAVMEARE  BRON=O>-
gniur
'IRHBSAQE’?D?U '\71711/ f\/\l~
LR IR -2t B
/\_')EZ"?’?f N /7‘/1%&}% 50mg/
e 100mg B

»avy, ﬁﬁEIﬂlf’E :
g, §ﬁ¢£rrmﬁ]
N
- GAENEEOHE, ﬁ%[,.

%ﬁé&}iﬂ) BEFFRFH.

 _6§%&TﬁEﬁ$ﬁ§1
opm

azﬂﬁmmzs%u%ﬁg
_ ﬂ‘YﬁE :
vavy, BEENE 1mmmg§1ﬁﬁf§a

&5 /77D7Uz v

A0mL/kg % 1 #5F8

ﬁ&%ﬁtwwﬂ HE f100~~ 150mg (2 3mL)/kg hﬂnm B#F‘ilat
0.01mL/ke/ 45, o

B mALvIOTYy REFRESE Hmi’cd)fiti o 03mL/kg/5}'(‘5

fiit §ﬁ¢¥ETQZm§& o e

M/J\ﬁﬁ?ﬁ%ﬁ&ﬁ e : T
.‘100 - 200 ﬁ{i (0 5~ 1mL) %_ﬁ%,z :

E@% 'cL RizH1

: : RS,-.'?%’!V?%EW 25
B RS RIE EE '

'7&:@;;-5;\;’.)_?_%555_75 e

L LECTA
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33557 NERHE200mE

ns- e om

. \7"7‘D /7%[1 4m8

# EFJ# 5 BU.V‘J (48 BRI A% ux) l 5.

* SIS RS vALAREGEATI LT, O 28 8RTO
BET, 12 ,ABLUTOHFERGIUILR, OFEHi29 ~35
BORET, 6 »AMMUTOFERBIVIR, @BE 6 #A

RS WRERGE (BPD) OB ERIT 2 24 » R
TOFRER, LRBIUYR, © 24 » M TOMATBEIC
BEOHDARELEE (CHD) OHER, ARSIV

BT i
L%Amg&m,, |
;ﬁﬁz TS

# 1’Ffﬂﬂ*f"1¢i 40 ~ 60 6}

@h@ﬁmﬁ#ﬁ@ﬁ&;ﬁ,f



I fEfR

O HlE - BN

B2 DREICED FIROKIEZ EIFK S O\,

FORTEEBRMNICAESESE 55, 20 MU EDOIFERA

I, HBLMI20BLUTTE, HRAR(<100) £/=13F
7/ —1 (desaturation ; SpO, < 90%) & {45 MRk
IEEFFIRALEE N DT ENBLN,

@ B4

HERTIIBLDERCREIPREEIR D, 3
Kb, PEBRREY, WRRBREE, BN,
SHLBRES, AREE, LOBREZVEEOR
REREICRRT D RMERREIES, SEED
HRER, BATERELEFERICRIS, BS
 AEEBEEALL, RS DRRMIC LD
RIMBIITIRFEAF (REMEITRESE) & N5 D (R
1,

F/-, REWT ORRBAKLED/ST— )k, §
RIEEIEIR, BEMETR, EAM SRR SES
na,

1) SRR IR

BB DI IR AR ARMEBE DRI (2 £ D, (FIRAAR A
SFRMANORIBAHA L, SR IHREEHYE
L, ZEORABLEEDEDELD,

2) EAEMMITIE

ERONT, DBYOEE, FERBEDORNR
SHNEZEEEQERNS, [FIRESLEE LA
WV, ESEDBENRIY, BNERENTEN
<EBDEDELD,

3) REMMEITIE

iR, BEMOBEADBRICL S TR SEIT
B% (D,

e

" Toshio Yamazaki

BHERBEHERZEZS/NRR
T470-1192 SERAHEHETRE 7 ZF 1-98

®1 HMEROEFROFA

1. REEEIFRRE (REEBTFRREE)
2. ZTRMEETFRRNF
PIRHRERRE | BEALM, BEFICKRS I MY,
TR, RE(ERFEEEDERMIE),
BiAVZT, BiER, BREE WNE
FEBERILES S MEE, KXY
B

MRS REY | R, SHOHEMNRET (RaTLEAH,
Pierre-Robin fE#& &), B|Xff, &
BERS, HERSERE, EEFRE
BEMEEE, T, WA, R

FRELE BUMAE, BEIE%, HITMERA, RS W
1V ABRAE

HEIEBRRER . BOWALCHES> N, REX, BR
EWRAE, HILEEFL

KERE EmEs, |AHNLSYLOE, €
F bUTLME, &7 €= 7 ME,
oK

DOERES . EOE, SOF, 0F2, Af, X
EHRRHOTE

Z Dt : S8, KFEB SVWRIER

o =¥

RN BEENTIRAAE (R MEITR) OREISRDR
PAMICK WU RIEY, BEMREH1,000g REDBE
HAEFERTITIBO%ICE RSVA, HAERE 2,500
g RBH DU ITERE 34 BRBOELHERKRERTIIR
25%ICE T 932 E0bNnTIVD,

O RE - fwiR

KA EITIRFE (BRI ORERE LT,
DL LIRS EBEDOFRARBEADREHZ LIND
& (REM BEERERICERE) , @k E®E T L7z Hering-
Breuer REHBAI/DREICHD &, ORBEICHD
COUTT T DHMILEZIBRAKBLIE, @RL
DERIC L SEBRRIMEHNFERAREZNF T L,
OB AL SOREIIT T DRECEREERDR
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