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Acute Effects of Maternal Smoking on Fetal-Placental-
Maternal System Hemodynamics
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Objective - 1o study acute hemodynamic alterations
in the fetal-placental maternal system immediately after
maternal exposure to nicotine.

Methods - This is a noncontrolled experimental stu-
dy involving 21 pregnant smoking women, randomly se-
lected, with uncomplicated pregnancies and without risk
factors for fetal heart disease. Patients underwent ultra-
sound and fetal echocardiography before and after
smoking a cigarette. They were asked to abstain from
smoking for 12 hours before the study. The mean nicotine
content of the cigarettes used in the study was 0.5mg of ni-
cotine and 6mg of carbon monoxide.

Results - The average number of cigarettes smoked
per aday prior to the study was 9.67. Gestational age ran-
ged between 18 and 36 weeks. The mean maternal heart
ratewas elevated (P<0.001) as was the mean fetal heart rate
(P=0.044). Maternal systolic blood pressure (P=0.004) and
diastolic blood pressure (P=0.033) were also elevated after
smoking. A decrease occurred in the systolic/diastolic
ratio in the right uterine artery (P=0.014) and in the left
uterine artery (P=0.039). The other hemodynamic varia-
bles remained unchanged.

Conclusion - Cigarette smoking can cause changes
in physiologic variables of fetal-placental circulation, but
it does not change fetal cardiac function, in the dose of ni-
cotine and its components used in this study. The decrease
in systolic/diastolic ratio in the uterine arteries is proba-
bly related to a dose-dependent nicotine pattern.

Keywords: smoking, fetal echocardiography, obstetric
ultrasound

Instituto de Cardiologia do Rio Grande do Sul/Fundagdo Universitaria de
Cardiologia, Universidade Federal do Rio Grande do Sul — Porto Alegre

Mailing address: Paulo Zielinsky - Unidade de Pesquisa do IC/FUC - Av. Princesa
Isabel, 395 - 90620-001 - Porto Alegre, RS—Brazil E-mail: pesquisa@cardnet.tche.br

Nicotineisthe most common drug used during preg-
nancy * and isassociated with harmful effects, suchaspre-
maturity 2#, low birth weight 58, placental changes®, and
changesin therespiratory system and in the neurological
development of the child 10 after birth.

Tobacco smoke containsseveral compounds; hicotine
and carbon monoxide arethemost significant™.

Nicotinereachesthefetusthrough theplacentaandis
concentratedinfetal blood at |evel s15% greater than those
of themother %2, Itisa sotransferred tothematernal milk 3
withamilk-serum concentration of 2.9. It actsdirectly inthe
cardiovascular system by stimulating acetyl cholinerecep-
torslocated in the gangliaof the autonomous nervous sys-
tem, adrenal medulla, and neuromuscular junctions, relea-
sing catecholamine and other vasoactive substances™. Its
main metaboliteis cotinine that hasahalf-life of 15to 20
hoursandisagood marker for ngindividua exposu-
reto tobacco 7.

Anatomopathological studiesof umbilical cordsand
placentas of newborn infants from mothers who smoke
demonstratethat tobacco increasestherel ease of vasoacti-
ve substances (F2-isoprostanes) and decreases rel ease of
vasodilator substances (prostacyclinand nitric oxide) 2.

A study of 15 healthy pregnant woman with uncom-
plicated pregnancies*showed an el evationin maternal
heart rate and diastolic blood pressure after smoking one
cigarette containing 1.6mg of nicotine. No change
occurred in the mean uterine systolic/diastolic ratio.
Also no elevations occurred in the fetal heart rate or in
the umbilical systolic/diastolic rate, suggesting that
smoking causesan increasein placental vascular resis-
tance, which may impair oxygen exchange across the
placentaand, consequently, contributeto anincreasein
perinatal morbidity.

A research about the effects of nicotine and carbon
monoxide? showed that the pul satility index of theumbili-
cal artery and fetal aortadecreased in the group that smo-
ked 2 cigarettes, when compared with the group that smo-
kedonly 1 cigarette. Thisgroup asohad anincreaseinma
ternal heart rate and blood pressure(systolicand diastolic),
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infetal heartrate, andinblood flow infetdl aorta. Therefore,
wehaveto takeinto account the decreasein peripheral vas-
cular resistance associated with the a dose-dependent
action of the cigarette compounds.

In aprospective study %, which compared pregnant
smokersand nonsmokersnotimmediately after smoking, no
differenceoccurredintheumbilical and uterineartery sys-
tolic/diastolicratio among thegroups. Theauthorsconclu-
ded that the effects of smoking on placental vascular resis-
tance are periodic and not continuous.

The study of fetal middle cerebral artery resistance
indices of fetuses of smoking mothersasan indirect way
of evaluating fetal hypoxiadid not show changes when
compared with those of pregnant women using transder-
mal nicotine?,

Conflicting results concerning acute effects of
smoking on fetal and placental blood flow in humansare
observed. No studies have been conducted to evaluate the
effectsof maternal smoking onfetal cardiac function, pul-
monary artery flow, and ductus arteriosus.

Most reportsdeal with thechronic effectsof smoking
onfetal-placental-materna unit circulation. Thisstudy tries
toidentify the acute effects of smoking on fetal-placental -
maternal hemodynamicsthat may berelated to the chronic
effects described above.

Methods

Thiswasanoncontrolled experimental study involving
a sample of 21 pregnant women with uncomplicated
pregnancies, who were chronic smokers and did not have
risk factorsfor fetal heart disease. Women wererandomly
selected.

Patients underwent obstetric ultrasound % and fetal
echocardiography %, before and after smoking 1 cigarette,
containing 0.5mg of nicotineand 6mg of carbon monoxide.
Thefollowing variableswere eval uated: maternal and fetal
heart rate, maternal blood pressure, systolic/diastolicratio of
uterinearteries, middlecerebral andumbilical arteries, systolic
flow velocity inthe pulmonary artery and ductusarteriosus,
aswell asleft ventricular gjection fraction and there-
dundancy index of theseptum primum?. Thelatter wasob-
tained through a4-chamber view of thefetal heart, measuring
themaximal excurs onof theforamen ovalismembraneinside
theleft atriumand dividingthisva ueby themaxima diameter
of thisatrium during ventricular diastole.

Patientswereaskedto abstain from smoking cigarettes
for 12 hoursbeforetheexamination. Variableswereeva uated
beforeand after maternal smoking, withamaximal interval of
5 minutesto initiate the second phase of the examination,
using the same equi pment and the sametechnical staff.

Threemeasureswereperformedfor al parameters, and
their mean wasconsidered theresult.

Statistical analysiswasconducted using the Wilcoxon
test for nonparametric data. It wasconsidered significanta
pvaue<0,05.
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Results

Mean maternal agewas22.95 years. Thesubjectssmo-
ked amean of 9.67 cigarettesaday.

Gestational ageranged between 18 and 36 (mean 29.29)
weeks. Anincreasein maternal heart rate (P<0.001), fetal
heart rate (P=0.044) (tab. I), and in maternal systolic
(P=0.004) and diastolic (P=0.033) blood pressure occurred
immediately after smoking (tab. 11). A decreaseoccurredin
theright uterineartery systolic/diastolicratio (P=0.014) and
intheleft uterine artery systolic/diastolic ratio (P=0.039)
(tab. I11). The other hemodynamic variables remained
unchanged.

Discussion

Anincreaseoccurredin bothmaternal and fetal heart
rateandin maternal blood pressure, asmentionedinthema:
jority of studies. A decreasewasalso observedintheright
and left uterine artery systolic/diastolic ratioimmediately
after smoking, which probably reflectsanincreasein of the
flow velocity in these vessals, instead of adecreasein this
velocity. It wasoncebelieved that | ow birth weight associa-
ted with smoking during pregnancy isdueto afetal blood
hypoperfusion, which was observed in studies of intrave-
nous nicotine effectsin fetal lambs?. Inthisstudy, theau-
thorsdirectly evaluated uterineflow through hemodynamic
intervention, and they observed that, with a 10pg/kg/min
nicotineinfusion, anincreaseoccursin uterineblood flow,
whereaswith greater doses, adecreasein blood flow oc-
curs, which suggests that this effect is dose-dependent.
Theresult obtained in the present study is probably dueto
the use of low-nicotinecigarette (0.5mg). In another study
with a methodology very similar to ours *°, but using
cigarettes with a 1.6-mg nicotine content, changesin
vascular resistance of the uterine arteries, evaluated by
uterine systolic/diastolicratio, werenot demonstrated.

Thisresult may be related to the findings previously
mentioned in the medical literature, about the puzzling
association between smoking and areduced risk of hyper-
tension during pregnancy #. Thisfact might berelatedtoan
increaseintheuterineflow with vasodilatation, whichwas
not verified by theauthors. Inaprospectivecohort 2, it was

Table I — Maternal and fetal heart rate (bpm) before and after
maternal smoking

N  Median SD  Memn P, P,
MHR
Before 21 81,10 11,81 80 72 90,50
After 21 91,33 1547 92 80 100,50
FHR
Before 21 13948 11,04 137 132 147,75
After 21 14705 11,40 147 139 15475

N: sample size; SD- standard deviation; P,- percentile 25; P,- percentile
75; MHR- maternal heart rate; FHR- fetal heart rate.
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Table II — Maternal systolic and diastolic pressure before and
after smoking

N Median DP Mean P, P.

75

Systolic BP of the mother
Before 21 117,76 14,64 120 110 128,50
After 21 124,52 11,93 120 117,50130,00
Diastolic BP of the mother
Before 21 66,43 6,73 65 60 70
After 21 70,24 9,01 70 65 76,25

N- sample size; SD- standard deviation; P,.- percentile 25; P,.- percentile
75; BP- blood pressure.

Table III — Uterine arteries systolic/diastolic ratio before and
after maternal exposure to tobacco

N Median DP Mean P, P

75

R uterine  artery
Systolic/diastolic
Before 21 2,37 0,74 2,32 203 244
After 21 2,04 0,36 198 1,79 2,27
L uterine  artery
Systolic/diastolic
Before 21 232 063 219 1,87 2,60
After 21 2,04 0,75 19 1,70 2,46

N: sample size; SD- standard deviation; P,- percentile 25; P,- percentile
75; SID- systolic/diastolic ratio; R- right; L- left.

verified that past and current smoking is associated in a
dose-response pattern with areduced risk of preeclampsia
and hypertensi on during pregnancy. For womenwho smo-
ked 10 or morecigarettesaday, therel ativerisk for women
who never smoked were0.6 (confidenceinterval 0.4-0.9) for
gestational hypertension and 0.5 (confidenceinterval 0.4-
0.7) for preeclampsia.

Theumbilical artery systolic/diastolicratioremained
unchanged, in contrast with thefindingsof Morrow et al *°,
but inaccordancewiththestudy of Lindblad et al 2°, who did
not find this effect in the group of pregnant women who
smoked 1 onestandard cigarette, but inthose patientseva-
luated immediately after smoking 2 cigarettes containing
1.6mg of nicotineeach. Therefore, they concluded that this
effect of cigarettes due to nicotine was also related to the
inhaled dose.

Increased systolic/diastolicratiointhefetal middliece-
rebral artery, asfor today, has been described only in ani-
mals. Inastudy performedinlambfetuses, anincreasewas
verifiedinvascular resistancein cerebral arteriesafter en-
dovenous use of nicotine, with a consequent decreasein
cerebral perfusion®. Theobjective of thisstudy wasto use
thisparameter asanindirect method of evaluating the pre-
senceof fetal hypoxia.

Wedid not find adifferenceingjectionfraction, inthe
redundancy index of the septum primum, or inthe systolic
flow of the ductus arteriosus and pulmonary artery. These
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variableswere studied for thefirst timein fetuses of smo-
king mothersto verify acute changes dueto smoking.

Situationsthat affect cardiac output may alter gjection
fraction®. Ascigarette smoking canleadtoanincreasein
peripheral vascular resistance, it couldinfluence myocardial
contractility, evaluated through gjection fraction, whichis
considered animportant parameter. Asthe concentration of
the nicotinein the cigarettes used in our study waslow, it
didnot alter umbilical flow, and thegjection fraction remai-
nedwithinnormal limitsaswasexpected.

Cardiac prel oad eva uation, through the study of fetal
venousflow, was not included in thisresearch. Situations
of hypoxia, which could betriggered by smoking during
pregnancy, and anincreasein blood flow in the ductusve-
nosus may alsoinfluencefetal cardiacfunction 3,

Thisresult suggeststhat cigarettesin theamount and
of the quality studied did not affect fetal systolic cardiac
function, although they did promoteasignificant increase
inheart rate. Thestudy of systolicand diastolicfunction,in-
ferred inthisstudy by the redundancy index of the septum
primum, rel ated toleft ventricular compliance, did not show
significant modifications We only observed achangein
physiologic parametersinthefetal heart, suchasheart rate,
without hemodynamic changes.

Wealso point out heretheimportance of studying the
blood flow inductusarteriosusand inthepulmonary artery,
taking into account the sensitivity of the ductus arteriosus
totheeffectsof prostaglandins, whosereleasemay bealte-
red by cigarette smoking. Becauseit isthefirst time that
flow velocity in these vessel srelated to maternal smoking
has been evaluated, it is not possible to know whether the
results were dose-dependent according to the cigarettes
used in this study. It is possiblethat greater doses of nico-
tineproducedifferent results.

This project intended to assess the repercussion of
low doses of nicotinein the utero-placental and fetal he-
modynamic circulation. All the studies reviewed in the
medical literature that evaluated these parameters used
greater doses of nicotine. A study of groups exposed to
increasing dosesof nicotinewould el ucidatethevariations
infindingsof thisstudy compared with datareportedinthe
literature. Theuseof alower number of parametersinstudies
onthe effects of maternal smokingin fetal placentacircu-
lation could lead to easier examinations and thus alarger
samplesize.

Further studies are necessary concerning the phy-
siologicor pathol ogic changesof fetal exposuretosmoking.
Hemodynamic alterationsthat occur in fetusesof smoking
mothersareisgtill far from being completely understood,
and they are obviously not limited to vasoconstriction and
vasodilatation mechanisms, but rather to acomplex histo-
logical and biochemical involvement that needs further
elucidation.
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