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Abstract. Cerebral blood flow velocities (CBFV) were
measured by the pulsed Doppler method in 41 infants of
smoking mothers and in 59 apparently healthy control
infants. Although gestational age, birth weight, and sys-
tolic blood pressure were lower in infants exposed to to-
bacco smoke prenatally, systolic (65+11 vs. 47 +12cm/s,
mean = SD; P<0.001), mean (36 £6 vs. 25 £ 6cm/s;
P<0.001), and diastolic (17 =4 vs 13+4cm/s; P<0.001)
CBFVs in the anterior cerebral artery were significantly
higher when compared to control infants. Similar differ-
ences were seen in the internal carotid and in the basilar
arteries. Multiple regression analysis did not reveal dif-
ferences other than maternal smoking to explain these
observations. We conclude that prenatal tobacco smoke
exposure is related to increased CBFVs in newborn in-
fants. Further studies should determine whether this re-
lation is not only statistical but causal and whether in-
creased CBFVs are an indicator of prolonged effects of
prenatal tobacco smoke exposure.
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Introduction

In Western countries, 25%-30% of pregnant women
smoke [5, 21]. Effects of maternal smoking on fetal and
neonatal morbidity and mortality are well established [5,
13, 21]. Moreover, prenatal exposure to tobacco smoke
has been shown to be related to sudden infant death [4,
5] and to impaired mental development [15, 19, 20]. Ma-
ternal smoking has been demonstrated to increase fetal
blood flow velocities in the descending thoracic aorta
and in umbilical vessels [10, 14]. Ahlsten et al. [1] showed
an impaired vascular reactivity of the skin in newborn in-
fants of smoking mothers 24—-48h after birth. Similar ef-
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fects on cerebral vessels have not been demonstrated but
it has been reported that maternal drug addiction [3]
is related to changes of cerebral blood flow velocities
(CBFVs) in neonates.

As we wanted to investigate whether postnatal CBFVs
are also influenced by prenatal tobacco smoke exposure,
we measured CBFVs by Doppler sonography in infants
who were born to smoking mothers, and in healthy new-
borns of non-smoking mothers.

Methods

Between January and May 1991, 41 consecutive infants born to
mothers who declared smoking ten or more cigarettes per day dur-
ing their pregnancy were studied. In each case, the mother was
asked about smoking habits, drug abuse, and medications. We ex-
cluded infants who presented with factors that are known or sus-
pected to influence CBFVs: immaturity with less than 35 com-
pleted weeks of gestation, birth weight below 10th percentile,
mean arterial blood pressure < 30 mm Hg during the 1st day of life,
perinatal asphyxia with an umbilical artery pH < 7.135, intra- or
periventricular haemorrhage, signs of persistent ductus arteriosus,
venous haematocrit > 65%, infants of mothers suffering from dia-
betes, gestosis, hypertension with blood pressures > 160/100 mm Hg
during pregnancy, or drug abuse. Informed parental consent was
obtained for the Doppler examination and urine collection.

Fifty-nine healthy newborn infants born to non-smoking mothers
in the same time period served as controls after informed parental
consent had been obtained. The same exclusion criteria were
applied to these infants.

At examination, all infants were between 20 and 42h old. The
Doppler examination was postponed within this time range if the
infant was not quiet during the first visit. Blood pressure (BP) was
measured at the time of the Doppler examination using a Dinamap
(Criticon Inc., Florida, USA). A pulsed-Doppler, two-dimensional
ultrasound scanner (Ultramark 4, Advanced Technology Labora-
tories, Inc., Solingen, FRG) with a 5MHz Doppler probe was
used to exclude structural abnormalities and to measure CBFVs,
All Doppler examinations were carried out by the same inves-
tigator (H. A-K.). CBFVs were examined in the internal carotid
artery immediately beneath the lateral edge of the sella turcica, in
the anterior cerebral artery directly anterior to the third ventricle
beneath the lower edge of the corpus callosum, and in the basilar
artery between pons and the skull base [7]. Doppler frequencies
were recorded when the sharpest characteristic visual and highest
audible signals were obtained [16]. A tracing of ten equal heart cy-
cles was printed out (Mitsubishi Video Copy Processor K 708, Mit-



subishi Electric Corporation, Japan). Maximal systolic, mean, and
end-diastolic velocities could be read after internal computing of
the Doppler frequencies.

Urinary cotinine excretion was used to confirm or exclude pre-
natal tobacco smoke exposure in the studied infants. Urine collec-
tion was commenced immediately after the Doppler examination
for 6h. Samples were frozen at—20°C until time of analysis.
Cotinine concentrations were measured by gas liquid chromato-
graphy as described previously [12]. Urinary cotinine eXcretion
was determined as cotinine/creatinine ratio (ng/mg).

The Mann-Whitney U-test was applied to evaluate differences
between variables of smoke exposed and control infants. In an at-
tempt to create a model that allows prediction of each infant’s
CBFVs on the basis of factors which could theoretically influence
them, we included the following factors into a multiple regression
analysis: prenatal tobacco smoke exposure, birth weight, gesta-
tional age, umbilical artery pH; age, heart rate, and systolic BP at
examination. All calculations were done with the SPSS-PC+ sta-
tistical package (SPSS Inc., Chicago, USA). A P value of <0.05
was considered to be statistically significant.

Results

Mean gestational age (38.8£1.6 vs. 39.6 + 1.0 weeks;
mean = SD; P<0.01), mean birth weight (3147 + 469
vs. 3402 + 134 g; P <0.01), and systolic BP (67.7 £ 10.8
vs. 71.8 £11.3, P <(.05) were significantly lower in in-
fants exposed to cigarette smoke before birth. There
were no significant differences in umbilical artery pH,
Apgar scores at 1, 5 or 10 min, heart rate, diastolic or
mean BP, and postnatal age at examination. None of the
100 infants studied had to be referred to a special care
nursery.

In each of the three cerebral arteries examined, max-
imal systolic, mean, and diastolic flow velocities were
significantly higher in infants with maternal smoking
history than in control infants (Table 1).

In the group of babies born to smoking mothers,
urine samples could be obtained from 33 infants. In 3 of
these, urinary cotinine concentrations were below the de-
tection limit (Sng/ml). In the remaining 30 infants, co-
tinine excretion ranged from 20 to 3126, median 193.3ng/

Table 1. CBFVs (cm/s; mean * SD} in infants of smoking mothers
and in control infants

Infants of Control infants P
smoking mothers
(n=41) (n=159)
ICA: Vi 85.6£16.0 76.5£21.0 <0.05
Vinean 464+ 9.0 39.4+12.0 <0.01
Ved 22.0x 4.6 200+ 6.0 <0.05
ACA: Vi 65.4+10.7 46.7+11.5 <0.01
Vinean 355+ 6.3 253x 6.0 <0.01
Ve 16.6 + 4.1 12.7+ 3.9 <0.01
BA: Vg 67.2+15.1 542+£129 <0.01
Vinean 36.8+ 8.8 29.5+ 7.2 <0.01
Vea 171+ 4.3 149+ 3.7 <0.01

ICA, Internal carotid artery; ACA, anterior cerebral artery; BA,
basilar artery; V., maximal systolic flow velocity; V., mean
flow velocity; V.4, end-diastolic flow velocity
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Fig.1. Urinary cotinine/creatinine excretion (ng/mg) in newborn
infants with and without a maternal smoking history. ——, me-

dians; *, number of values below detection limit (~----- )

mg creatinine. In the group of control infants, urine sam-
ples could be obtained form 27 infants. In 14 of these,
cotinine was below the detection limit; in the remaining
13 infants, urinary cotinine excretion ranged from 35.8
to 203.9, median 83.6 ng/mg creatinine (Fig. 1).

When only those infants were evaluated whose mothers
either had admitted to smoke and whose urinary cotinine
excretion was elevated, or whose mothers denied smok-
ing and whose urinary cotinine excretion was negative,
the CBFVs of these two groups still differed significantly
(data not shown).

Table 2a shows univariate correlation coefficients be-
tween the mean CBFV in the anterior cerebral artery
(“ACAmean”) and those factors with a possible influ-
ence on CBFVs in newborn infants. Table 2 also shows
the univariate intercorrelation coetficients between these
factors. ACAmean is depicted as an example of the re-
sults which we obtained when we analysed the influence
of those factors on all nine CBFVs listed in Table 1.

Table 2b presents the results of a multivariate regres-
sion analysis for ACAmean as the dependent variable
and the factors entered as independent variables. The
factor “prenatal smoke exposure” has a highly signifi-
cant predictive value in this statistical model no matter
which method of entering variables into the multiple re-
gression model (stepwise, forward selection, backward
elimination) was used. Gestational age also had some
predictive value but with less influence than smoke ex-
posure as can be estimated from the Beta value given in
the Table. For this model, the multiple correlation coef-
ficient r is 0.70; 2, which corresponds to the part of the
variance of ACAmean that can be predicted on the
basis of the multiple regression model, is 0.49. Apart
from “prenatal smoke exposure” and “gestational age”,
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Table 2. Univariate correlation coefficients (a) and multivariate
regression analysis (b) between *mean CBFYV in the anterior cere-
bral artery (dependent variable) and ®prenatal smoke exposure,
°gestational age, “birth weight, “ambilical artery pH, and fsystolic

BP, sheart rate, and "age at examination (independent variables).
Beta is the standardised partial regression coefficient illustrating
the contribution of the corresponding factor to r, the multiple re-
gression coefficient

a: Univariate correlation coefficients

b: Multiple regression

) analysis

ACA- Smoke?  Gestage® Weight® UApH®  BPsys! Rate? Exage®

Mean? Beta Significance
Smoke 0.64 1.00 0.67 <0.0001
Gestage 0.08 -0.20 1.00 0.32 0.0016
Weight -0.17 -0.28 0.61 1.00 -0.19 0.06
UApH 0.03 -0.01 -0.21 -0.10 1.00 0.09 0.27
BPsys -0.03 -0.20 0.24 0.34 0.01 1.00 0.07 0.40
Rate 0.02 0.19 ~0.19 ~0.11 0.13 —0.37 1.00 —-0.05 0.57
Exage -0.03 -0.11 0.14 0.04 -0.01 0.05 -0.22 1.00 -0.01 0.94

no further variables improved this statistical model sig-
nificantly. This was also true for the other CBFVs.

Discussion

CBFVs in newborn infants are influenced by various fac-
tors such as birth weight, gestational age, postnatal age,
behaviour state, drug administration, and intracranial or
cardio-pulmonary abnormalities [16, 18]. In our study,
according to the lower birth weight and gestational age
of babies born to smoking mothers compared to control
infants, lower CBFVs were to be expected in the former
group [7]. However, significantly higher CBFVs were
found in smokers’ babies.

We did not find factors other than prenatal exposure
to tobacco smoke to explain higher CBFVs in the study
group. We cannot completely exclude that differences in
the arterial CO, tensions of smoke-exposed and control
infants may exist which could influence the CBFVs [18].
However, as we do not know of data reporting an influ-
ence of prenatal smoke exposure on CO, tensions, we
did not consider it acceptable to determine arterial blood
gases in apparently healthy infants before we knew wheth-
er or not there would be any differences in CBFVs at all.
The CBFVs in our control infants were in the same range
as those observed by others [7]. We tried to confirm pre-
natal exposure to tobacco smoke in the infants of smok-
ing mothers by determination of their urine cotinine
excretion. However, in some of the smokers’ babies, we
were unable to detect any cotinine excretion, but a co-
tinine excretion above the detection limit was found in
nearly half of 27 control infants. Cotinine excretion var-
ies considerably in smoke-exposed babies [12], partly
due to the intensity of exposure and the time interval be-
tween exposure and sample collection. Therefore, if a
mother did not smoke shortly before and during deliv-
ery, the cotinine excretion of her baby may have fallen
below the detection limit by the 2nd day of life —
although the infant had been smoke-exposed during intra-
uterine life. On the other hand, some mothers of the
“control” infants showing cotinine excretion may have
smoked themselves or may have been exposed to passive

smoking [8]. Nevertheless, the analysis of only those in-
fants with maternal history and laboratory confirmation
of smoke exposure or non-exposure, respectively, re-
vealed the same findings as the whole, more heterogene-
ous study group.

Prenatal Doppler studies [10, 14] have demonstrated
an acute increase in fetal blood flow velocities associated
with elevated maternal BP and heart rate as well as an
increase in fetal heart rate immediately after maternal
smoking. We do not believe that the differences in CBFVs
observed in our study between infants of smoking mothers
and controls can be explained by such acute effects of
nicotine, catecholamines [17], or carbon monoxide [11],
for both nicotine and carbon monoxide have a half-life
too short to explain a prolonged influence in infants 20h
or more after birth. Also, if nicotine were directly re-
sponsible for the increased CBFVs, concomitant cate-
cholamine-mediated changes in BP and heart rate should
be expected but could not be observed in this study.
Therefore we assume that the increased CBFVs repre-
sent a prolonged effect of tobacco smoke exposure. Un-
fortunately, no second measurement could be carried
out in this study as most of these apparently healthy in-
fants were discharged home with their mothers on their
3rd or 4th day.

Increased CBFV may indicate changes in the vascular
tone in newborn infants of smoking mothers 24-42h
after birth although the measurement of blood flow ve
locities by the Doppler method does not allow differenti-
ation between changes in blood flow and changes in
cross-sectional area of the insonated vessel [18]. If we as-
sume that the vascular tone of cerebral arteries is in-
creased after prenatal smoke exposure, this could be
explained by alterations of the synthesis of endothelial
derived vaso-active factors that play an important role in
the regulation of the cerebral circulation [9]. This specu-
lation would be in agreement with the observation of a
reduced synthesis of prostacyclin in umbilical arteries
from newborns of smoking mothers [1, 6].

Further investigations are necessary to evaluate wheth-
er the relation between increased CBFVs in newborn in-
fants and prenatal tobacco smoke exposure is not only
statistical but can be explained by functional or struc-



tural alterations of cerebral blood vessels, and how long
such alterations persist beyond the first days of life.
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