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ABSTRAm. The aim of this study was to reappraise the 
effects of maternal meperidine administration on breathing 
pattern during the first hours of life taking into account 
the state of alertness. Because breathing instability is more 
pronounced during active sleep, we hypothesized that me- 
peridine administration might create a greater risk for 
respiratory instability during active sleep, the prominent 
sleep state in newborns. We studied eight full-term, healthy 
newborns whose mothers had received a continuous i.v. 
infusion of meperidine (81 f 9 mg) that was terminated 
5.5 f 2.1 h before delivery. These infants were compared 
with a control group of eight full-term newborns whose 
mothers did not receive any opioids. In both groups, all 
babies were delivered vaginally after a normal labor and 
had Apgar scores of 9 or 10 at 1 and 5 min. Neonatal 
gastric secretion and maternal venous and umbilical venous 
blood were sampled at delivery for determination of me- 
peridine concentration. From 60 to 300 min after delivery, 
behavioral sleep states and thoracic and abdominal move- 
ment as well as transcutaneous arterial oxygen saturation 
(Sao2) were monitored continuously. The number of apneic 
spells lasting more than 3 s during 100 min of recording 
and the percentage of time with Sao2 below 90% in each 
sleep state were recorded. During quiet sleep, all respira- 
tory variables were similar in both groups. During active 
sleep, there were significantly more apneic episodes (37.1 
f 25.1 versus 11.2 f 13.9) and a higher percentage of time 
with Saol < 90% (143 2 16.7% versus 1.3 f 1.5%) in the 
meperidine group than in the control group ( p  < 0.01). In 
addition, the percentage of time with Sao2 < 90% was 
significantly correlated with maternal meperidine dose ( p  
< 0.02), drugdelivery interval ( p  < 0.01), and gastric 
concentration of meperidine ( p  < 0.01). These data show 
that maternal administration of meperidine induces respi- 
ratory abnormalities in healthy, full-term newborns that 
occur only during active sleep. This result indicates that 
the state of alertness has to be characterized during the 
monitoring of long-term neonatal respiratory effects of any 
narcotic agent. In addition, we speculate that maternal 
meperidine administration may provoke more severe res- 
piratory disturbances in at-risk neonates and that respira- 
tory monitoring during the first hours of life may be useful 
in these newborns. (Pediatr Res 32: 41 2-416,1992) 
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Abbreviations 

QS, quiet sleep 
AS, active sleep 
CRS, compliance of total respiratory system 
VE, minute ventilation 
VT, tidal volume 
Saoe arterial oxygen saturation 
RR, respiratory rate 

Despite the well-known placental transfer of meperidine (I) 
and the long neonatal half-life of both meperidine (2) and its 
active metabolite normeperidine (3), it is the drug most widely 
used to control labor pain. The risks of neonatal depression (4) 
at birth (low Apgar score) and long-lasting neurobehavioral 
impairment ( 5 , 6 )  have been recognized for a long time. Previous 
studies have documented neonatal respiratory effects of meperi- 
dine during the 1st hour of life: decreased Sao2 (7), lower VE (S), 
increased arterial Pc02 (9), and less ventilatory response to COz 
( 10) have been demonstrated. 

However, none of these previous studies has documented 
noninvasive measurement of neonatal breathing for several hours 
after birth or attempted to assess the state of alertness during 
measurements. It is relevant to assess neonatal breathing pattern 
in relation to sleep states inasmuch as instability in the breathing 
pattern is more pronounced in AS than in QS. Finally, recent 
respiratory investigations during sleep in newborns or in infants 
have shown that stress, such as hyperthermia (I I) or sleep 
deprivation (l2), constitutes a risk for unstable breathing patterns 
during AS. We may speculate that meperidine administration is 
a greater risk factor for respiratory instability in AS. 

For these reasons, we reappraised the neonatal respiratory 
effects of maternal meperidine administration on neonatal res- 
piration. We evaluated in full-term neonates, with or without 
maternal administration of meperidine, the neonatal pattern of 
breathing and states of alertness for several hours after birth using 
noninvasive respiratory measurements. In addition, we measured 
CRS to confirm previous data showing a lack of effect of maternal 
meperidine administration on lung mechanics (10). Finally, we 
determined the relationship between these respiratory measure- 
ments and concomitant pharmacologic measurements. 

PATIENTS A N D  METHODS 

Patients. AFter informed parental consent and Ethics Com- 
mittee approval, 16 term neonates were involved in the study. 
Only healthy neonates with normal Apgar scores, i.e. >8 at 1 
and 5 min, delivered vaginally after a normal course of labor 
were included. The babies were born of healthy mothers who 
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had uncomplicated pregnancies and no history of drug abuse or 
tobacco smoking. The study group consisted of eight term new- 
borns whose mothers received meperidine. The demographic 
variables of the study group were as follows: gestational age, 40 
+ 0.7 wk; birth weight, 3472 f 296 g; height, 50 * 2.1 cm; Apgar 
score, 9.9 * 0.3 at 1 min and 10 at 5 min; and duration of labor, 
6 f 1.5 h. A continuous i.v. infusion of meperidine was admin- 
istered by the midwife for irregular uterine contractions during 
the latent phase of labor (cervical dilation <2 cm) as follows: 25 
mg as an i.v. bolus followed by a continuous i.v. infusion of 25 
mglh. The total dose never exceeded 125 mg and the duration 
of the infusion never exceeded 4 h. Meperidine infusion was 
stopped by the midwife as soon as the parturient was in active 
labor (cervical dilation = 2 cm and regular uterine contractions) 
and admitted to the delivery room. The time after the discontin- 
uation of meperidine until delivery (the drugdelivery interval) 
was in all cases longer than 3 h (mean f SD, 5.5 f 2.1 h). The 
control group consisted of eight term newborns whose mothers 
did not receive meperidine before the active phase of 1abor.The 
clinical variables of the control group were as follows: gestational 
age, 40 * 0.8 wk; birth weight, 3413 * 477 g; height, 49.8 * 1.9 
cm; Apgar score, 9.7 f 0.5 at 1 min and 10 at 5 min; and 
duration of labor, 6.7 * 2.7 h. During the active phase of labor, 
when cervical dilation was 3-4 cm, epidural analgesia (bupiv- 
acaine 0.25%) was used for maternal pain relief in both groups. 
Maternal bupivacaine dose was similar in both groups, i.e. 0.99 * 0.2 and 0.99 * 0.26 mg/kg in the study and control group, 
respectively. No narcotic drugs (other than meperidine in the 
study group) were used in either group. 

Pharmacologic study. In the study group, maternal meperidine 
dose (mg/kg) and drugdelivery interval (h) calculated from the 
end of the i.v. infusion to delivery were noted for each newborn 
at birth. Neonatal gastric secretion (10 mL) and maternal venous 
(10 mL) and umbilical venous blood (10 mL) were sampled at 
delivery, separated, and kept frozen at -20°C. Subsequently, 
meperidine concentration was determined by gas chromatogra- 
phy (13). The variability of this determination is less than 12% 
for a meperidine concentration of 30 ng/mL. 

In addition to maternal meperidine dose, drugdelivery inter- 
val, and maternal venous and umbilical venous blood meperi- 
dine concentration, we measured neonatal gastric concentration 
of meperidine. The possibility of gastric acid-trapping of meper- 
idine (14) in the fetal stomach may be of importance because 
subsequent absorption of meperidine by the intestinal tract may 
increase plasma concentration several hours after birth and may 
depress respiration at that time. 

Respiratory study. The study started 60 min after delivery and 
ended 4 h later. The newborn was placed in an incubator with a 
temperature of 33'C and breathed room air. The mother stayed 
in the same room throughout the study. 

For all neonates studied, the same investigator (J.H.) contin- 
uously monitored the state of alertness (awake, QS, and AS) 
from 60 to 300 min of life using behavioral criteria (1 5). Wake- 
fulness was defined by the following criteria: open eyes, ocular 
movements, and gross body movements, with occasional crying 
and agitation. AS was defined by the following criteria: closed 
eyes, rapid ocular movements, rapid movements of lips, fingers, 
and toes, and irregular respiration. QS was defined by the follow- 
ing criteria: closed eyes, no ocular movements, no body move- 
ments (except startles and sighs), and regular respiration. Using 
behavioral criteria ( I  5), we were unable to characterize periods 
of indeterminate sleep. However, it has been shown that in full- 
term newborns indeterminate sleep occupies only 7% of the total 
sleep time (1 6). 

We monitored the pattern of breathing and Saoz for the entire 
duration of the study. Measurements using a pneumotachograph 
connected to a face mask have been shown to increase VT as 
much as 30% compared with the VT measured with a noninva- 
sive method that does not stimulate trigeminal afferents (17). 
Thus, we monitored the pattern of breathing using a noninvasive 

method, i.e. the inductive plethysmograph (Respitrace 150, 
Studley Data Systems, UK). Saoz was monitored using a pulse 
oximeter (Biox 3700 Ohmeda, Boulder, CO). Thoracic and ab- 
dominal movements as well as Saa were recorded simultane- 
ously on paper (Gould ES 1000, Ballainvillies, France). 

To obtain quantitative measurements of iE and VT, calibra- 
tion of the Respitrace was performed during the first period of 
QS observed between 60 and 120 min using a two-compartment 
model of tidal breathing for 5 min of quiet breathing ( 18). During 
calibration of the Respitrace, newborns breathed room air 
through a low dead space face mask (Rendell-Baker-Soucek) that 
allowed an optimal fit to the newborn's face and a pneumotach- 
ograph (Fleisch size 0). Instrument dead space was 7 mL. To 
avoid air leaks and pressure effects on the checks, the mask was 
fixed with hypoallergenic sterilized strips. Calibration of the 
Respitrace was not performed during AS because quantitative 
calibration during AS is still controversial (18, 19). 

In addition, during the first period of QS between 60 and 120 
min, we measured CRS using the multiple occlusion technique 
(20). Airway occlusion was obtained with a manually activated 
slide value connected to the Fleish pneumotachograph, which 
was in turn connected to a differential pressure transducer (Val- 
idyne Engineering Corp., Northridge, CA). The airflow signal 
was integrated to obtain VT. Pressure at the mouth was measured 
by a differential pressure transducer (Validyne). During each test, 
a minimum of 10 occlusions were performed at different expired 
volumes during the first two thirds of the expiratory phase. In 
the newborn, chest wall compliance is very high, whereas lung 
compliance is low; therefore, CRS is a reliable assessment of lung 
compliance (2 1). CRS was not measured during AS because the 
reliability of the technique depends upon a stable end-expiratory 
volume of the respiratory cycles preceding occlusion. This is 
difficult to obtain during AS because of the irregularity of the 
breathing pattern. 

From 120 to 300 min, the assessment of behavioral states and 
noninvasive respiratory monitoring (Respitrace and Sao2) were 
continuouslv recorded with stxcial caution to avoid anv neonatal 
disturbanceino noise, no bight light, minimal handiing of the 
neonate). 

Data analysis. One independent investigator, blinded to the 
neonate's group assignment, performed analysis of the record- 
ings. 

For recordings made from 60 to 120 min, the coefficients of 
correlation between VT measured by pneumotachography and 
Respitrace during QS were H.85 in all newborns. 

CRS was calculated as the slope of the linear relationship 
between total respiratory system relaxation pressure measured at 
the mouth and the lung volume at the occlusion. The mean 
correlation coefficient between pressures and volumes at occlu- 
sion ranged between 0.85 and 0.98. 

For recordings made from120 to 300 min, the time spent in 
each state of alertness was calculated, and visual analysis of the 
Respitrace and pulse oximeter signals in each state was performed 
after deletion of periods of artefacts due to gross body movements 
(mainly during wakefulness). The fol!owing variables were tab- 
ulated: 1) During QS, RR, VT, and VE were calculated in each 
period of QS by averaging 30 respiratory cycles; and 2) during 
both QS and AS, the number of central apneas per 100 min of 
tracing (defined as absence of respiratory movements for more 
than 3 s) and the percentage of time spent with a Saoz <90% in 
each sleep state were calculated. 

All results are expressed as mean f SD. To compare respiratory 
variables measured during QS between the two groups of neo- 
nates, we used the nonparametric test of Mann-Whitney. To 
compare respiratory variables measured in both sleep states 
within each group and between groups, we used two-way analysis 
of variance followed by Fisher's exact test. For statistical analysis, 
the level of significance was taken to be p < 0.05. 

After eight subjects had been studied in each group, there was 
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a statistically significant difference between groups; therefore, we 
did not study additional newborns. 

To examine the correlation between pharmacologic and res- 
piratory data in the meperidine group, we used the Spearman's 
rank correlation test. For statistical analysis, the level of signifi- 
cance was taken to be p < 0.05. 

RESULTS 

State of alertness. There was no difference in the duration of 
interpretable monitoring between the groups (1 72.5 f 15.8 versus 
168 f 15.1 min). The time spent in each state did not differ 
significantly between the groups: time spent in wakefulness was 
2 1.1 f 12.1 versus 13.2 f 5.4%, in AS 55.8 f 7.7 versus 53.5 f 
3.2%, and in QS 23.1 f 11.4 versus 33.1 f 5.1 % for study and 
control groups, respectively. 

Respiratory data during quiet sleep. CRS, VE, mean inspira- 
tory flow (VT/inspiratory time), and duty cycle (inspiratory 
timeltotal duration of the respiratory cycle) were not significantly 
different between groups (Table 1). However, VT was signifi- 
cantly higher and RR tended to be lower in the study group 
(Table 1). 

The number of apneic spells per 100 min was similar in both 
groups (4.4 f 11 in study group versus 2.3 f 2.7 in control 
group) as well as the percentage of time spent with Sao2 < 90% 
(0.3 f 0.6% in study group versus 0% in control group) (Table 
2, Fig. 1). The mean duration of apneas was 4 f 1.7 versus 3.6 
f 0.9 s for study and control groups, respectively (NS). 

Respiratory data during active sleep. The number of apneas 
per 100 min was significantly higher in the study group (37.1 f 
25. I) than in the control group (1 1.2 f 13.9) ( p  < 0.01) (Table 
2). The mean duration of apneas was longer in the study group 
(5.3 * 0.9 s) than in the control group (3.8 + 0.6 s) ( p  < 0.05). 
The mean duration of the longest apnea was longer in the study 
group (10.4 f 2.2 s) than in the control group (5.4 f 2.1 s) ( p  < 
0.01). The incidence of apneas 210 s in each subject in both 
groups is indicated in Table 2. The difference in incidence in 
both groups, was statistically significant ( p  < 0.01). The time 
spent in apnea expressed as a percentage of AS time was signifi- 
cantly longer in the study group (3.13 f 2.0%) than in the control 
group (0.80 f 1.1%) ( p  < 0.01). The percentage of time with 
heart rate below 100 beatslmin was significantly higher in the 
study group (16 f 4.6%) than in the control group (4 f 3.5%) 
( p  < 0.01). 

The percentage oftime spent with Sao2 < 90% was significantly 
higher in the study group (14.3 f 16.7%) than in the control 
group (1.3 f 1.5%) (Table 2, Fig. 1). The minimal value for Sao2 
in each subject of both groups during AS is indicated in Table 2. 
The mean minimal Sao2 is significantly lower in the meperidine 
group ( p  < 0.0 1). 

Pharmacologic measurements. The individual pharmacologic 
parameters of the eight newborns in the study group are shown 
in Table 3. Umbilical venous blood concentration of meperidine 
was not correlated with the total meperidine dose given to the 
mother or with the drug-delivery interval. In contrast, gastric 
concentration of meperidine was significantly correlated with 

Table 1. Respiratory parameters measured during QS 
(mean f SD) 

Me~eridine Control 

CRS (mL/cm HzO/kg) 0.7 1 -+ 0. l I 0.70 + 0.09 
VT (mL/kg) 4.8 & 0.6. 4.1 + 1.1 
RR (breathlmin) 46.3 + 6.8 57.9 + 17 
VE (mL/kg/min) 222 + 45 223 + 59 
Ti/Ttott 0.39 + 0.02 0.39 k 0.03 
VT/Ti (mL/s)$ 33.1 f 7 32.3 + 8.6 

* p < 0.01 vs control. 
t Ti/Ttot, inspiratory time/total duration of respiratory cycle. 
$ VT/Ti, VT/inspiratory time. 

both total meperidine dose given to the mother ( r  = 0.94; p < 
0.01) and with drug-delivery interval ( r  = 0.89; p < 0.01). 

Correlations between respiratory and pharmacologic measure- 
ments. During QS, no correlation between any respiratory meas- 
urement (CRS, RR, VT, VE, number of apneas, or percentage 
of time with Sao2 < 90%) and pharmacologic measurements was 
found. 

During AS, there was no correlation between the number of 
apneas per 100 min and all the pharmacologic measurements. 
In contrast, there was a significant correlation between the per- 
centage of time spent with Sao2 < 90% during AS and the total 
meperidine dose given to the mother ( r  = 0.83; p < 0.01), drug- 
delivery interval ( r  = 0.87; p < 0.01), and gastric concentration 
of meperidine ( r  = 0.88; p < 0.01). 

DISCUSSION 

The major finding of this study is that AS is a period at risk 
for respiratory instability in newborns whose mothers received 
meperidine. Compared with the control group, newborns of the 
meperidine group were more often apneic and spent more time 
with a low Saoz during AS but not during QS. Furthermore, the 
time spent with low Sao2 during AS was significantly related to 
the total meperidine dose given to the mother and to the neonatal 
gastric concentration of meperidine. 

Meperidine maternal administration did not affect the new- 
born's sleep organization. There was no significant difference 
between time spent in QS and wakefulness. To the best of our 
knowledge, no previous study has reported sleep organization 
data in newborns exposed to maternal meperidine. 

We speculate that maternal meperidine administration may 
cause a greater risk for respiratory instability in AS than in QS 
because: 1 )  in newborns, instability in the breathing pattern is 
more pronounced in AS than in QS (22), and 2) stress, such as 
hyperthermia (1 1) or sleep deprivation (l2), has been shown to 
induce more unstable breathing patterns during AS than in QS. 

In addition to the enhancement of breathing pattern instability 
during AS, maternal meperidine administration induced impair- 
ment in oxygenation. In the control group, time spent with Sao2 
< 90% during AS was close to the time spent in apnea. In 
contrast, in the meperidine group, the time spent with Sao2 < 
90% during AS was more than four times greater than the time 
spent in apnea. This difference may indicate that the meperidine 
group had, in addition to longer apnea time, periods of hypoven- 
tilation during AS. Because quantitative calibration of the in- 
ductance plethysmograph is still controversial during AS (18, 
19), we did not quantify the decrease in ventilation. 

Meperidine-induced depression of ventilatory response to 
chemical stimuli has been demonstrated previously. In awake 
adults, ventilatory responses to hypercapnia and hypoxia were 
depressed for up to 90 min after i.v. meperidine administration 
(23). In newborns with normal Apgar scores exposed to 1-1.5 
mg/kg of maternal meperidine, Gerhardt et al. (10) reported a 
depression of the ventilatory response to C02  during the 1 st hour 
of life in two thirds of the newborns studied. Furthermore, as in 
adults during rapid eye movement sleep compared to non-rapid 
eye movement sleep (24, 25), the neonatal ventilatory responses 
to chemical stimuli are known to be decreased during AS when 
compared with QS (26,27). We suggest that maternal meperidine 
administration enhances the instability of breathing inherent to 
AS and potentiates the decreased response to chemical stimuli 
during AS accounting for the high percentage of time with 
suboptimal Sao2 observed during AS in meperidine-exposed 
newborns. 

Time spent with Sao2 < 90% during AS was significantly 
related to maternal dose and drug-delivery interval, confirming 
previous studies correlating either low Apgar scores with in- 
creased drug-delivery interval (4) or neurobehavioral scores with 
maternal dose (28). The correlation of time spent with Sao2 < 
90% with neonatal gastric concentration of meperidine is a new 
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Table 2. Number of apneas and time spent with Saoz ~ 9 0 %  during QS and AS in study and control groups 
No. of apneas 

% Time spent with Sao2 
>3 s/ 100 min < 90% 

Lowest Saoz 
Qs AS >I0 s in AS Qs AS in AS (%) 

Study group 
1 1.75 14.7 0 0 0 92 
2 31.6 80.8 1 0 5.1 82 
3 1.45 60.7 3 0 5.7 84 
4 0 47.4 5 0 12.7 70 
5 0 29.9 0 0 13.3 76 
6 0 4.2 1 1.6 8.1 85 
7 0 22.9 1 0 53.7 78 
8 0 35.9 2 0.6 15.8 82 
Mean + SD 4.35 + I I 37.1 + 25.1* 2.25 + 2. lo* 0.3 + 0.6 14.3 + 16.7* 81.1 + 6.1* 

Control group 
I 3.4 2.4 0 0 0.3 89 
2 2.3 8.9 0 0 4.2 88 
3 0 4 0 0 0.2 89 
4 0 4.9 0 0 0.9 87 
5 1.6 7 0 0 0 93 
6 8 45 2 0 0 92 
7 3.3 9.8 0 0 2.5 88 
8 0 7.6 0 0 2 89 
Mean * SD 2.32 + 2.7 11.2 + 13.9 0.25 + 0.66 0 1.3 + 1.5 89.4 + 1.9 

* p < 0.0 I vs control group. 

ACTIVE SLEEP I QUIETSLEEP 

MEPERIDINE CONTROL 

Fig. I .  Percentage of time with Sao2 < 90% during sleep states. 
< 0.0 I vs control group. 

finding. Because fetal gastric fluid is a mixture of amniotic fluid 
swallowed by the fetus and fetal gastric secretion, the gastric fluid 
concentration of meperidine might reflect meperidine uptake 
either from maternal plasma by amniotic fluid or from fetal 
circulation or both. It has been shown that amniotic fluid transfer 
of meperidine from maternal plasma occurs during pregnancy 
(29). Furthermore, the ratio of the concentration of meperidine 
in amniotic fluid to that in maternal plasma increases with the 
time elapsed from maternal meperidine administration (29), 
leading to its accumulation in the amniotic fluid. This could be 
explained by the. ionization of meperidine in amniotic fluid, 
because meperidine is a weakly basic drug and the pH of amniotic 
fluid is lower than that of maternal plasma (30). Thus, the 
nonionized fraction of meperidine available for diffusion back 
to the maternal plasma is reduced. Moreover, unbound meperi- 
dine in amniotic fluid may well be higher than in maternal 
plasma, because protein binding of other weakly basic narcotics 
has been shown to be very low in the amniotic fluid (31). 
Therefore, during labor, the fetus might swallow amniotic fluid 
containing a significant amount of unbound, partially ionized 
meperidine. Because fetal gastric pH is lower than that of the 
amniotic fluid (32), ingested meperidine may be further ionized. *' 
This ionized fraction is not easily transferred back to the fetal 
circulation and thus is not cleared from the fetus at the placental 

Table 3. Pharmacologic variables* 
Neonates Maternal 
(group M) dose (mg/kg) DDI (h) UVM (~g/mL)  UVM/MVM GM (rg/mL) 

I 1.08 5.4 0.07 0.5 0.27 
2 0.95 3.4 0.04 0.57 0.25 
3 0.95 5.3 0.06 0.45 0.30 
4 1.04 3.5 0.05 0.62 0.22 
5 1.54 5.7 0.14 0.78 0.59 
6 0.60 4.7 0.07 0.5 0.23 
7 2.0 10.3 0.06 0.67 0.92 
8 1.29 5.6 0.08 0.70 0.56 

Mean + SD 1.18 + 0.43 5.5 + 2.1 0.07 + 0.03 0.60 + 0.1 l 0.42 + 0.25 

* DDI. drug-delivery interval; UVM, umbilical venous concentration of meperidine: MVM, maternal venous concentration of meperidine: and 
GM. neonatal gastric concentration of meperidine. 
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level. Indeed, gastric trapping of meperidine has previously been 
documented in adults (33). In addition, a recent study in animals 
( 14) has demonstrated that plasma meperidine concentration is 
lower and elimination half-life shorter when animals are pre- 
treated with antacids, which decreases the gastric trapping of 
meperidine. After birth, subsequent absorption of nonionized 
meperidine from the intestinal tract is enhanced by the higher 
pH of the intestinal fluid. This can contribute to prolonged 
neonatal respiratory effects, as previously suggested in adults 
with the use of fentanyl (34), another weakly basic narcotic. 

During QS, all respiratory data were similar in both the control 
and the meperidine groups. CRS was not affected by maternal 
meperidine administration, which is in agreement with a pre- 
vious study that showed no change in dynamic lung compliance 
during the 1st hour of life in newborns exposed to a dose of 
meperidine ranging from 1 to 1.5 mg/kg (10). However, in this 
study, states of alertness were not characterized. V E  normalized 
for body weight in the control group was close to VE found in 
healthy newborns by others using barometric plethysmography 
(35, 36). In our control group, mean inspiratory flow and duty 
cycle were close to those found in healthy newborns tested using 
a barometric plethysmograph (37) and were not affected by 
maternal meperidine administration. 

In summary, our reappraisal of respiratory effects of meperi- 
dine during the first 5 h after birth using continuous noninvasive 
respiratory monitoring and assessment of states of alertness 
showed that, even in newborns with normal Apgar scores, ma- 
ternal i.v. administration of meperidine induces significant neo- 
natal respiratory instability. These abnormalities persist for sev- 
eral hours after birth during AS, the prominent sleep state in the 
newborn. The difference between AS and QS indicates that the 
state of alertness must be characterized during monitoring of 
long-term neonatal respiratory effects of meperidine. Moreover, 
we believe that our data support the clinical usefulness of some 
simple noninvasive respiratory monitoring techniques, such as 
pulse oximetry, for several hours after birth in newborns who 
have been exposed to maternal meperidine. 
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