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Seventy-five cocaine-using women enrolled in a comprehensive perinatal care
program were divided into two groups: those who used cocaine in only the first
trimester of pregnancy (group 1 [N = 23]) and those who used cocaine through-
out pregnancy (group 2 [N = 52]). Perinatal outcomes of these pregnancies
were comparedwith perinatal outcomes of a matched group of obstetric patients
with no history or evidence of substance abuse (group 3 [N = 40]). Group 2
women had an increased rate of preterm delivery and low-birth-weight infants as
well as an increased rate of intrauterine growth retardation. Group 1 women had
rates of these complications similar to the drug-free group. Mean birth weight,
length, and head circumference for term infants were reduced in only the group 2
infants. However, both groups of cocaine-exposed infants demonstrated signifi-
cant impairment of orientation, motor, and state regulation behaviors on the
Neonatal Behavioral Assessment Scale.

(JAMA 1989;261:1741-1744)

THE IMPACT of cocaine on American
society has been documented repeated¬
ly in the past few years,13 but its effect
on human reproduction has only rela¬
tively recently been appreciated."
Women of childbearing age comprise an
increasing proportion of all cocaine us¬
ers in the United States,7 but informa¬
tion regarding the effects ofcocaine tak¬
en during pregnancy on the developing
fetus and newborn infant is sparse and
thus far has focused only on cocaine us¬
ers as a group. There is no information
regarding the relationship ofpatterns of
cocaine use in pregnancy and differen¬
tial effects on outcome ofpregnancy and
the newborn infant. In this report, the
cocaine-use patterns of 75 pregnant

women are studied and perinatal out¬
comes compared with the pregnancy
outcomes of a matched group of obstet¬
ric patients with no history or evidence
of substance abuse.

METHODS
The Perinatal Center for Chemical

Dependence at Northwestern Universi¬
ty Medical School was established in
1976 to provide a comprehensive pro¬
gram of psychiatric, obstetric, and fol¬
low-up pédiatrie care to substance-
abusing pregnant women and their
infants. From Jan 1, 1986, to Feb 1,
1988, one hundred thirty-eight women
who had used cocaine during their preg¬
nancies received complete prenatal care
at the Perinatal Center for Chemical
Dependence. Of these women, 109 had
no concomitant opiate use. Those wom¬
en who used opiates with cocaine were
eliminated from the study. All women
were enrolled by the 12th week of preg-

nancy and received intensive obstetric
care through the remainder of the preg¬
nancy. The average number of prenatal
visits was 14 (range, nine to 20). The
goal of intervention was to bring the
women to abstinence. Urine toxicologi-
cal analysis through Enzyme-Multiplied
Immunoassay Technique screening was
performed at admission, with positive
results confirmed by gas chromatogra-
phy/mass spectrometry. At each prena¬
tal obstetric visit, urine specimens for
toxicological analysiswere obtained and
current substance abuse was reviewed.
History and toxicology studies covered
the following substances: caffeine, nico¬
tine, barbiturates, cocaine and its
metabolites, opiates, benzodiazepines,
propoxyphene, phencyclidine, amphet¬
amines, alcohol, and marijuana. All ob¬
stetric and neonatal data were collected
prospectively.
Tb specifically evaluate the effect of

first-trimester cocaine use vs use

throughout pregnancy, women who
used cocaine in only the second trimes¬
ter (N = 2), in only the third trimester
(N = 5), in the first and second trimester
(N = 10), in the first and third trimester
(N = 10), and in the second and third
trimester (N = 7) were not included in
the present study. The remaining co¬
caine-using women were divided into
two groups. The first group (group 1)
consisted of23 women who used cocaine
during the first weeks ofpregnancy, but
who attained abstinence by the end of
the first trimester and reported no fur¬
ther cocaine use throughout their preg¬
nancy, as documented by ongoing chem¬
ical dependence evaluation and urine
toxicological testing. The second group
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of cocaine-using women (group 2) con¬
sisted of 52 women who conceived while
addicted to cocaine and continued to use
cocaine throughout their pregnancy.
For comparison, a control group with

no history or evidence of drug use con¬
firmed on random urine toxicological
testing (group 3 [N = 40]) was selected
from the general obstetric population
receiving care throughout pregnancy at
the same hospital. Group matching was
performed on the basis ofmaternal age,
socioeconomic class, and tobacco use.
No women in any of the three groups
were receiving medication or had addi¬
tionalmedical problems.
All neonates were examined at birth

by a physician blinded to the infant's
prenatal history, and weight, crown-to-
heel length, and fronto-occipital head
circumference were recorded. Gesta-
tional age assessment was performed
through use of the evaluation ofBallard
et al8 and each infant's birth weight was
plotted for gestational age on fetal
growth curves developed by Brenner et
al.9When the infants were 12 to 72 hours
old, the Neonatal Behavioral Assess¬
ment Scale (NBAS)10 was administered
by trained examiners who were blinded
to the infants' prenatal history. Infants
delivered prior to 38 weeks' gestation
were not included in the NBAS data
analysis.
Pregnancy and neonatal data were

analyzed by the use of x2 analysis for
nonparametric data or by a one-way
analysis of variance (ANOVA) for para¬
metric datawith cocaine use as the inde¬
pendent variable in the three groups.
For items that reached statistical signif¬
icance (P<.05) on ANOVA, the Scheffé
Procedure was used to identify differ¬
ences between subsets.

RESULTS
Groups 1, 2, and 3 were similar (by

ANOVA) for mean maternal age
(25.4 ±4.2 [SD], 27.5 ±4.4, and 26.8±
4.8 years, respectively), prenatal
weight gain (12.4±4.5, 12.2 ±5.4, and
12.8 ±5.3 kg, respectively), and ciga¬
rettes smoked per day (9.8 ±9.4,
10.1 ± 8.1, and 8.0 ± 10.8, respectively).
Groups 1 (six whites, 11 blacks, and six
Hispanics), 2 (18 whites, 28 blacks, and
six Hispanics), and 3 (16 whites, 19
blacks, and five Hispanics) were similar
for racial distribution, gravidity, and
parity (x2 analysis).
Women in each cocaine group used an

average of V2 g of cocaine (range, lU to 5
g) with each use. Similar numbers of
women in each group snorted (40%) or
free-based (50%) the cocaine, while the
remaining women used cocaine intrave¬
nously. None of the obstetric or neona¬
tal outcomes reported herein were sig-

Table 1.
—

PerinatalComplications

Group

Complication

1
(Cocaine*),
No.(%)
(N = 23)

(Cocainef)
No. (%)
(N = 52)

(Drug Free),
No. (%)
(N = 40) Pí

Preterm delivery§ 4 (17) 16 (31) 1 (3) <003
Low birth weight|| 0 (0) 13 (25) 2 (5) <.003
Small for gestational ageT 0 (0) 10 (19) 1 (3) <.01
Abruptio placentae 2 (9) 8 (15) 0 (0) <05

'Cocaine used in only the first trimester of pregnancy.tCocaine used throughout pregnancy.¿X2 analysis.
SLess than 38 weeks' gestation.¡Less than 2500 g.
ILess than tenth percentile by birth weight curve of Brenner et al.s

Table 2.—Neonatal Growth Parameters for Full-Term Infants

Group

Parameter

1
(Cocaine*),
X(SD)
(N = 19)

(Cocainef),
X(SD)
(N = 36)

(Drug Free),
X(SD)
(N = 39) P*

Weight, g 3160 (453) 2829§ (708) 3436 (628) <.001
Length, cm 49.3 (2.5) 48§ (3.6) 51.1 (2.9) <.001
Head circumference, cm 33.4 (2.2) 32.7§ (2.3) 34.6 (1.6) <.001

'Cocaine used in only the first trimester of pregnancy.
tCocaine used throughout pregnancy.jAnalysis of variance.¿Significant difference from group 3 (Schaffe Procedure).

nificantly affected by the amount,
frequency, or route of cocaine use.
Alcohol use was similar in the two

drug-using groups. Three women (13%)
in group 1 and six women (12%) in group
2 drank more than 60 mL of alcohol per
week in the first trimester. Average
absolute alcohol used by the three wom¬
en in group 1 and the six women in group
2 was 39.9±119 and 19.4 ±41 mL per
week, respectively Incidence of mari¬
juana use was similar for the two drug-
using groups, with ten women (43%) in
group 1 and 20 (38%) in group 2 using
marijuana in the first trimester (mean,
5.0 ±9.0 and 6.5 ±15.7 joints per
month, respectively). Only one woman
in group 1 and two women in group 2
used marijuana or alcohol beyond the
first trimester. No woman in group 3
usedmarijuana or alcohol.
There was no difference in sex distri¬

bution or in incidence of low Apgar
scores (<7) at one and five minutes
between the three groups. Infants born
to women who used cocaine throughout
pregnancy (group 2) had a significantly
(F[2,112] = 8.9; P<.001) lower mean

gestational age (38.0 ±2.8 weeks)
than infants in the drug-free group
(39.8 ±0.7 weeks). However, infants
born to women who abstained from co¬
caine after the first trimester had a
mean gestation (38.9 ±1.5 weeks) that
was not significantly different from ei-

ther the drug-free group or infants
whosemothers used cocaine throughout
pregnancy.
The rate of premature delivery was

increased in group 2 compared with
group 3 (Table 1), but there was no sig¬
nificant difference in the rate of prema¬
ture delivery between groups 1 and 2 or
groups 1 and 3. The incidence of low
birth weight and small-for-gestational-
age infants was increased in the group 2
pregnancies (Table 1) as compared with
both group 1 and group 3 infants. Use of
cocaine in only the first trimester was
associated with a rate of abruptio pla¬
centae similar to the abruption rate for
women who used cocaine throughout
pregnancy (Table 1).
Evaluation of neonatal growth pa¬

rameters forall term (3=38 weeks' gesta¬
tion) infants showed that infants born to
mothers who used cocaine throughout
pregnancy had a lower mean weight,
length, and head circumference at birth
compared with the drug-free infants.
Infants born to mothers who used co¬
caine during only the first trimester did
not demonstrate significant deficiencies
in intrauterine growth (Table 2).
Neonatal complications were found in

both of the cocaine-exposed groups.
Two infants born to women who used
cocaine throughout pregnancy had ileal
atresia presenting in the first 24 hours
after birth. Six infants born to women
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Table 3.—NBAS* Cluster Score Comparisons for Full-Term Cocaine-Exposed and Drug-Free Infants

Group
1 2 3

(Cocainef) (Cocainef) (Drug-Free)
NBASClusters_(N =16)_(N =36)_(N =37)_fScores_

Habituation_4^5_47_37_F(2,72) =1.23_
Orientation_1:6§_23%_55_F(2,86)= 27.211|
Motor_3^_4£§_5J_F(2,86) = 25.211|
Staterange_35_3M_3J_F(2,86) = 3.88||
Stateregulation_2J§_3J>%_5J_F(2,86) = 15.45||
Autonomie regulation 6.1 6.2 6.5 F(2,86) = 0.71
Abnormal reflexes 3.6§ 3.4§ 1.6 F(2,86) = 7.41||

*NBAS indicates Neonatal Behavioral Assessment Scale.
fCocaine used in only the first trimester of pregnancy.
tCocaine used throughout pregnancy.¿Significant difference from group 3 (Scheffé Procedure [P=s.05]).¡Significant F ratio (Ps.05).
iSignificant difference from group 2 and group 3 (Scheffé Procedure [Ps .05]).

who used cocaine throughout pregnan¬
cy had seizures during the neonatal pe¬
riod. These six infants were all born
with cocaine and active metabolites in
the urine at the time ofbirth. Results of
a complete work-up including serum
calcium and glucose levelmeasurement,
lumbar puncture, and computed tomog¬
raphy of the head were normal for all six
infants. Two infants had an abnormal
electroencephalogram and the remain¬
ing four were normal. Two additional
infants in group 2 born to mothers who
used cocaine in the two to three days
prior to delivery suffered perinatal ce¬
rebral infarctions. Genitourinary tract
abnormalities occurred in three infants
born to mothers who used cocaine only
in the first trimester of pregnancy and
six infants whose mothers used cocaine
throughout their pregnancy. Among
these nine infants, two male infants had
prune-belly syndrome, one female in¬
fant had female pseudohermaphrodit-
ism, three infants had hydronephrosis,
one infant had unilateral hydronephro¬
sis with renal infarction of the opposite
kidney, and two infants had isolated sec¬
ondary hypospadias.
Infants assessed with the NBAS be¬

tween 12 and 72 hours of age included 16
whose mothers used cocaine during the
first trimester ofpregnancy only (group
1), 36 whose mothers used cocaine
throughout pregnancy (group 2), and 37
whose mothers were drug free during
pregnancy (group 3). These groups
were somewhat smaller than other
groups that were analyzed for the medi¬
cal variables because of the elimination
of premature infants (gestational age-
<38 weeks) from the sample and the
fact that some infants were delivered on
the weekend and were released from
the hospital before they could be as¬
sessedwith the NBAS.
Neonatal Behavioral Assessment

Scale results for the infants revealed

significant differences between the
drug-free infants and the two groups of
cocaine-exposed infants on a number of
variables (Table 3). Infants' perfor¬
mances on a priori clusters established
by Lester et al11 indicated that both
groups exposed to cocaine demonstrat¬
ed significant impairment as compared
with the drug-free group in the areas of
orientation, motor ability, and state
regulation and number of abnormal re¬
flexes. Group 2 infants received a signif¬
icantly higher mean score on the state
range cluster than group 3 infants.
Group 1 performance on the motor clus¬
ter was significantly below that ofgroup
2. No significant differences were found
between the three groups on the cluster
scores representing habituation, state
range, or autonomie regulation.
An examination of the individual ori¬

entation cluster scores illustrates the
severity of the cocaine-exposed infants'
orientation difficulties. All of the 37
drug-free controls (group 3) were able
to achieve an alert state and engage in
varying degrees of responsivity with
the examiner. By comparison, seven of
the 16 group 1 infants exposed to co¬
caine during only the first trimester and
eight of the 36 group 2 infants exposed
to cocaine throughout pregnancy were
unable to reach alert states at all and
consequently were unable to engage in
any orientation. There was a significant
difference between group 1 and group 3
(X2= 15.03; P=s.0001) and between
group2andgroup3(x2 = 7.10;P=s.01)in
terms of number of infants who were
unable to achieve alert states.
COMMENT
Current studies have shown that a

significant number of women in the
prime childbearing age range of 18 to 35
years are actively using cocaine.7 Many
of these women become pregnant and
continue to use cocaine without realiz-

ing that they are pregnant. Thus, it is
important to evaluate the effects of co¬
caine use in early pregnancy rather than
its effects only when used throughout
pregnancy. In addition, development of
intervention programs for cocaine-us¬
ing pregnant women will necessarily
rely on information regarding the possi¬
bility of improved outcome for pregnan¬
cies in which a woman stops using co¬
caine in the first trimester of preg¬
nancy.
In this study, surprisingly, the rate

ofabruptio placentae did not decrease if
a woman abstained from cocaine in the
last two trimesters of pregnancy. It has
been hypothesized that the high rate of
abruptio placentae in cocaine-exposed
pregnancies is related to the acute hy¬
pertension produced by cocaine use.4,12
However, in this study it appears that
the damage done to placental and uter¬
ine vessels in early pregnancy by the
cocaine may place these pregnancies at
continued risk even if cocaine use
ceases.
Recent studies have found that ma¬

ternal cocaine use is related to intra¬
uterine growth retardation.6 In this
study, infants exposed to cocaine
throughout pregnancy had a significant
decrease in mean birth weight, length,
and head circumference compared with
the control infants. It has been hypothe¬
sized6 that this decrease in intrauterine
growth is related to the intermittent
diminution of placental blood flow asso¬
ciated with maternal cocaine use.13 In¬
fants whose mothers used cocaine only
in the first trimester had improved in¬
trauterine growth and, in fact, the in¬
fant's weight, length, and head circum¬
ference were not significantly reduced
from that ofdrug-free control infants.
The interactive effect of alcohol, mar¬

ijuana, and tobacco use with cocaine to
produce growth impairments in those
pregnancies with significant secondary
drug use cannot be completely evaluat¬
ed at this point. It can be said only that
the infants exposed to cocaine in the
first trimester (group 1) were exposed
to similar amounts of alcohol, marijua¬
na, and tobacco as the second group of
cocaine infants and use of alcohol and
marijuana for the majority ofwomen in
the two cocaine groups was minimal
compared with cocaine use.
Analysis of outcome data within each

cocaine group did not show a significant
relationship with amount of cocaine in¬
gested with each use or with frequency
of use. However, since the women in
this study were enrolled in a chemical
dependence program, the amount and
frequency of use were relatively high,
with a narrow range. Larger numbers
of subjects, including those with mini-
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mal cocaine use, will be necessary to
study these relationshipsmore fully.
A recent study14 completed at the

Perinatal Center for Chemical De¬
pendence demonstrated genitourinary
tract malformations in infants exposed
to cocaine in pregnancy. In this study,
nine infants had such malformations.
An increased incidence of neural tube
defects has been reported by Bingol et
al.5 No infants in either cocaine-exposed
group in this study exhibited neural
tube defects, although one infant in our
program whose mother used cocaine in
the first and third trimesters, and thus
was not included in the present study,
had a myelomeningocele at birth. Two
cases of ileal atresia occurred among the
cocaine-exposed infants in this study.
The ileal atresia that occurred in two
infants could be secondary to intrauter¬
ine bowel infarction.16
Thepharmacologieaction ofcocaine is

consistent with the abnormalities found
among the cocaine-exposed infants.
Cocaine acts at the nerve terminals to
prevent dopamine and norepinephrine
reuptake, producing increased cir¬
culating levels of these catechola-
mines.16 Subsequent vascoconstriction
and tachycardia occur. Placental vaso¬
constriction is marked,13 decreasing
blood flow to the fetus. The fetal hypox-
ia induced by this vasoconstriction could
not only explain the intrauterine
growth retardation,17 but the intermit¬
tent vascular disruptions could result in
the increased rate of malformations1518
as well.
Cocaine use in young adults has been

shown to lower the seizure threshold,
placing young adult cocaine users at in¬
creased risk for seizures.1,3 Six infants
among the cocaine-exposed infants had
seizures in the neonatal period. All six of

these infants had cocaine ormetabolites
present in urine at the time of delivery,
although the seizures did not necessar¬
ily occurwhen cocaine was present.
Two infants whose mothers used co¬

caine in the two days prior to delivery
suffered cerebral infarctions that were
thought to have occurred in the perina¬
tal period.19 The cardiovascular effects
of cocaine have been well documented
and myocardial and cerebral infarctions
have been found in increasing numbers
ofyoung adults who use cocaine.1,2
The results of this study confirm ear¬

lier findings that exposure to cocaine
during the prenatal period leads to sig¬
nificant impairment in neonatal neuro¬
behavioral capabilities.4,20 This study
further indicates that the neurobeha¬
vioral response deficiencies occur in the
cocaine-exposed infant whether the
mother stops cocaine use in the first
trimester or uses cocaine throughout
the pregnancy. Although NBAS scores
tended to be lower in group 1 compared
with group 2 infants, there was no sta¬
tistically significant difference between
the two groups except for the motor
cluster. Larger groups of infants will
need to be evaluated before relative
performance between the two groups
can be fully delineated.
It appears, however, that cocaine ex¬

posure in only the first trimester does
place the newborn at risk for neurobe¬
havioral deficiencies compared with
drug-free infants. In normal human fe¬
tal development, norepinephrine, sero¬
tonin, and dopamine are among the first
neurotransmitters present at early
stages of brain development, having
been shown to be present in the 3- to 4-
month fetus.21 The protective function
of the blood-brain barrier is not well
developed in the young fetus22; thus, co-

caine may act on fetal brain neurotrans-
mitters in the first trimester and induce
subtle behavioral changes evident in the
newborn infant. Animal studies with
monosodium glutamate and diazepam
have shown that neonatal rats exposed
to monosodium glutamate early (day 7
to day 20) in gestation demonstrated
behavioral deficits in complex discrimi¬
nation similar to newborn rats exposed
to diazepam in late gestation.22
Cocaine's action in blocking norepi-

nephrine and dopamine reuptake could
interfere with some aspects of neuronal
development. Grimm22 has hypothe¬
sized that such interference could initi¬
ate compensatory neurochemical mech¬
anisms that would partially correct for
the abnormalities but still leave the in¬
fant impaired in his or her ability to cope
with complex environmental demands
at some point in later life. The neurode¬
velopmental deficiencies exhibited by
the infants exposed to cocaine in only
the first trimester lend credence to this
hypothesis.
Conclusions developed from this

study have implications for both inter¬
vention and prevention. For women
who become pregnant and are users of
cocaine, intervention in early pregnan¬
cy with cessation of cocaine use will re¬
sult in improved obstetric and neonatal
outcome. However, prevention pro¬
grams aimed at educating adolescents
and women of childbearing age as to the
dangers of cocaine use in pregnancy
must be initiated, since even early fetal
cocaine exposure places the child at risk
for neurobehavioral outcome and may
have implications for long-term de¬
velopment.
This investigation was supported by grant

DA04103 from the National Institute on Drug
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