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The incidence of insulin-dependent diabetes mellitus
is about 0.8%, and gestational diabetes is 3-5%. Both are
evidence of the metabolic disturbances of carbohydrates
during pregnancy1. The incidence of congenital malforma-
tion is 3 to 4 times greater in children from diabetic mothers
than in the general population 2. Among those malforma-
tions, 50% are congenital cardiac diseases 3. Maternal dia-
betes is a risk factor for congenital heart disease and an
indication for fetal echocardiography4-12.

Maternal hyperglycemia and the excess of glucose
transferred to the fetus encourage fetal pancreatic islets to
increase the production of insulin, leading to hyperinsuli-
nism, which is responsible for fetal complications. Fetal
myocardial hypertrophy is the most frequent abnormality
found in newborns from diabetic mothers, and it may be
found in up to 35% of these newborns 13. The interventricu-
lar septum is particularly rich in insulin receptors 14, which
would justify increased hypertrophy in this segment, se-
condary to myocardial cell hyperplasia and hypertrophy
due to the increased synthesis of fat and proteins.

Fetal Doppler echocardiography has increased our
knowledge about the cardiocirculatory changes in the pre-
natal period. Recent studies have shown significant chan-
ges in the cardiovascular flow of fetuses from diabetic mo-
thers, especially in pregnancies with inadequate glycemic
control 15.

With the introduction of echocardiography, several cli-
nical studies have demonstrated normal patterns of pulmona-
ry venous flow in children and adults through transesopha-
geal and transthoracic echocardiography 16,17. The use of the
pulmonary vein pulsatility index as a parameter for diastolic
function evaluation during fetal life has not yet been repor-
ted. Thus, we have tested the hypothesis that the pulmonary
vein pulsatility index in fetuses from diabetic mothers is grea-
ter than that in fetuses from nondiabetic mothers, based on
the idea that a less complacent left ventricle would increase
presystolic flow impedance in the pulmonary vein, corres-
ponding to the atrial contraction phases. Consequently, it
would increase the pulsatility index in this vessel.

Objective - To verify the hypothesis that the pulmona-
ry vein pulsatility index is higher in fetuses of diabetic mo-
thers than it is in normal fetuses of nondiabetic mothers.

Methods - Twenty-four fetuses of mothers with either
gestational or previous diabetes (cases), and 25 normal
fetuses of mothers without systemic disease (control) were
examined. Fetuses were examined through prenatal Dop-
pler and color flow mapping. The pulmonary vein pulsati-
lity index was obtained by placing the pulsed Doppler
sample volume over the right superior pulmonary vein and
applying the formula (systolic velocity - presystolic veloci-
ty)/mean velocity.

Results - The mean gestational age of the study fetu-
ses was 30.3±2.7 weeks, and gestational age of the con-
trols was 29±3.3 weeks, with no significant difference in
gestational age between groups (p=0.14). Fetuses of dia-
betic mothers had a mean pulmonary vein pulsatility index
of 1.6±1, and those of the control group had an index of
0.86±0.27.

Conclusion - Fetuses of diabetic mothers had pulmo-
nary vein pulsatility indexes (parameter easily obtained
through Doppler echocardiography that may be related to
fetal diastolic function) higher than those in fetuses of mo-
thers with normal glycemia.

Key words: fetal echocardiography, fetal diastolic func-
tion, fetal pulmonary venous flow, diabetes,
pulmonary vein pulsatility index

TrabDez22a.p65 01/12/03, 17:57604



Arq Bras Cardiol
2003; 81: 604-7.

Zielinsky et al
Pulmonary vein pulsatility in fetuses of diabetic mothers

605

Methods

Pregnant women with a gestational age between 25
weeks to term were selected and sent to the Unidade de
Cardiologia Fetal - Instituto de Cardiologia do RS/Fundação
Universitária de Cardiologia (Fetal Cardiology Unit -
Cardiology Institute of RS/University Foundation of Car-
diology) by several obstetric centers in the city.

Twenty-four fetuses with a gestational age between 25
weeks to term whose mothers had previous or gestational
diabetes were examined. The control group was formed by
25 normal fetuses between 25 weeks to term, whose mothers
did not have diabetes, also examined sequentially. Fetuses
were included in the study when the images obtained were
of adequate quality and when cardiac abnormalites apart
from septal hypertrophy were excluded.

Fetuses with a gestational age less than 25 weeks, with
any other congenital malformation, or those whose mother
had a systemic disease other than diabetes mellitus were
excluded.

The diagnosis of gestational diabetes was made ba-
sed on the principles proposed by O’Sullivan and Mahan 18.

The equipment used was an Acuson ASPEN echocar-
diography system with a convex transducer 4 to 7MHz or a
2.25 to 4MHz phased array transducer, with the capacity to
perform bidimensional imaging, M-mode, Doppler and color
mapping. Fetal echocardiographic examinations were com-
prehensive, following the segmental sequential approach
19, starting in the maternal umbilical region and searching as
anatomical referentials the dorsal spine, the liver, and the
fetal septum primum. Determination of the atrial situs, the
position of the heart in the thorax, the type and mode of
atrioventricular and ventriculoarterial connections, the
aortic arch, and any associated defects was then perfor-
med. Flow analysis was performed with pulsed Doppler and
color flow mapping, considering that the pulmonary vein
flow has systolic, diastolic, and presystolic phases. The
pulmonary vein pulsatility index was obtained by placing
the pulsed Doppler sample volume over the right superior
pulmonary vein (fig. 1), as near as possible to its junction
with the left atrium, applying the formula (systolic velocity -
presystolic velocity)/mean velocity. To obtain adequate
flow velocity curves, 0-2m/s scales and 50 to 100MHZ filters
were used. The measures performed in fetal apnea and
those corresponding to the average of 3 assessments were
considered. All fetal echocardiograms were recorded on
magnetic tape.

Data were compared with the 2-tailed Student t test for
independent variables. The statistical significance level was
established as 0.05.

Results

Mean gestational age of the study fetuses was 30.3
±2.7 weeks, and of the controls was 29±3.3 weeks. The
difference between gestational ages in the 2 groups was not
significant, with p=0.14. Mean septal thickening in the study

fetuses was 3.6±1mm, and in the control group it was
2.38±0.83mm. In the study fetuses, mean systolic, diastolic,
and presystolic velocities were, respectively, 0.29±0.07m/s,
0.21±0.07m/s, and -0.02±0.12m/s, whereas in the controls
they were, respectively, 0.27±0.05m/s (NS), 0.22±0.05m/s
(NS), and 0.10±0.03m/s (P=0.001). The mean pulmonary vein
pulsatility index in the fetuses of diabetic mothers was 1.6±1
(fig. 2) and in the controls, it was 0.86 ± 0.27 (fig. 3) with a
significant difference (p=0.001) (fig. 4).

Discussion

The classical approach to the study of ventricular fil-
ling function in the fetus is the analysis of atrioventricular
flow velocities. We are proposing an alternative method to
evaluate fetal diastolic function.

Keren et al 20 suggested that pulmonary venous flow is
influenced by dynamic changes in left atrial pressure crea-
ted by contraction and relaxation of the atrium and ventri-
cle. The pulmonary vein flow pattern is mainly determined
by the events that occur in the left side of the heart 20. Pul-

Fig. 1 - Pulmonary vein flow assessment.

Fig. 2 - Pulmonary vein pulsatility index obtained in fetus of diabetic mother. S,
systolic peak; D, diastolic peak; A, presystolic peak.
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monary venous flow patterns in fetuses and newborns have
been studied. Hong and Choi 21 reported that pulmonary ve-
nous flow was continuous from the pulmonary vein to the
left atrium in all cardiac cycles and had biphasic peaks: one
during systole and the other during diastole. Fetuses have

Fig. 3 - Pulmonary vein pulsatility index obtained in fetus of mother with normal
glycemia. S, systolic peak; D, diastolic peak; A, presystolic peak.
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a pulmonary vein pattern similar to that described in the
postnatal period, apart from the absence of reverse atrial
flow. As the lungs are collapsed in the fetus, the flow is redu-
ced and, additionally, lower velocities may reflect the de-
creased pulmonary flow volume. Hong and Choi 22 verified
that the pattern of pulmonary vein flow in fetuses results
from the low pulmonary flow and the reduced capacity of
the pulmonary system. The pattern of the pulmonary ve-
nous waveform was also described by Laudy et al 23, and
reinforces that it has a biphasic flow profile with a systolic
and a diastolic component. The nature of the fetal pulmona-
ry venous flow waveform pattern suggests positive pres-
sures towards the left atrium thorough the cardiac cycle.

The pattern of pulmonary venous flow velocity, may
be altered in many physiologic and pathologic situations,
such as heart rate 24, cardiac output 25, absolute pulmonary
flow 26, left atrial pressure 22 and function, mitral valve func-
tion, left ventricle pressure and function 22. Talbert and
Johnson 27 suggested that the change of shape of the pul-
monary venous flow waveform reflects the changes in the
pressure waveform of the left atrium and represent the atrial
pressure response to both intracardiac and systemic
vascular status.

The present study has demonstrated that fetuses from
diabetic mothers have a higher pulmonary vein pulsatility
index than fetuses from mothers with normal glycemia. It is
suggested that this alteration is due to the involvement of
fetal diastolic function secondary to previous or gestational
maternal diabetes, with left ventricular hypertrophy, and an
increase in muscle mass and a consequent decrease in ven-
tricular compliance. The increase in left atrial pressure leads
to a restriction of pulmonary venous emptying, resulting in
a decrease in presystolic velocity in pulmonary vein or
reverse flow in presystole. The marker of this retrograde
transmission of pressure would be the increase in pulmo-
nary vein pulsatility index, because this index reflects the
correlation between systolic and presystolic velocities, and
the mean pulmonary venous flow velocity.

The pulmonary vein pulsatility index is an easily obtai-
ned echocardiographic Doppler parameter, which may add
information about fetal circulatory dynamics in fetuses from
diabetic mothers.

Fig. 4 - Comparison of the pulmonary vein pulsatility index (PVPI) between fetuses
of mothers with diabetes and mothers with normal glycemia.
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caliuréticos, laxantes, corticosteróides, ACTH, anfotericina, carbenoxolona, penicilina G sódica, ácido salicílico e derivados. Por outro lado, o uso concomitante de diuréticos poupadores de potássio,
suplementos/sais de potássio ou outras drogas podem aumentar os níveis séricos de potássio. Nesses casos, recomenda-se a monitoração dos níveis plasmáticos de potássio. Recomenda-se monitoração
periódica de potássio na administração de MICARDIS HCT com digitálicos, antiarrítmicos e drogas que são conhecidamente indutoras de torsades de pointes. Telmisartam pode aumentar o efeito hipotensor de
outros agentes anti-hipertensivos. Observou-se um aumento de 20% da concentração plasmática média de digoxina. Não se identificaram outras interações de importância clínica. Interações com a
hidroclorotiazida: álcool, barbitúricos ou narcóticos (potencialização da hipotensão ortostática); drogas antidiabéticas (ajustes de dose podem ser necessários); metformina (risco de acidose láctica);
colestiramina e resina colestipol (absorção de hidroclorotiazida é prejudicada); corticosteróides, ACTH (depleção eletrolítica, principalmente aumento de hipopotassemia); glicosídeos digitálicos
(hipopotassemia ou hipomagnesemia induzida por tiazídicos favorece o aparecimento de arritmias cardíacas induzidas por digitálicos); drogas antiinflamatórias não-esteroidais (a administração de droga
antiinflamatória não-esteroidal pode reduzir o efeito diurético, natriurético e anti-hipertensivo dos diuréticos tiazídicos em alguns pacientes). Os efeitos das aminas hipertensoras podem ser levemente
diminuídos. Os relaxantes musculares esqueléticos não-despolarizantes são potencializados pela hidroclorotiazida. Medicamentos uricosúricos podem requerer ajustes. Verificou-se aumento da incidência
de reações de hipersensibilidade ao alopurinol. Os efeitos hiperglicêmicos dos beta-bloqueadores e diazóxido podem ser aumentados pelas tiazidas. Os agentes anticolinérgicos (por exemplo, atropina,
biperideno) podem aumentar a biodisponibilidade das tiazidas. As tiazidas podem aumentar os eventos adversos da amantadina. As tiazidas podem reduzir a excreção renal de drogas citotóxicas (por exemplo,
ciclofosfamida, metotrexato). Gravidez e lactação: É contra-indicado. Se ocorrer gravidez, telmisartam deve ser descontinuado o mais breve possível. As tiazidas atravessam a barreira placentária e podem
causar distúrbios eletrolíticos no feto e é possível que ocorram outras reações. Relataram-se casos de trombocitopenia ou icterícia neonatal com o tratamento tiazídico materno. Tiazidas são excretadas no leite
humano e podem inibir a lactação. Reações adversas: Foram relatadas as seguintes reações adversas: Bronquite, faringite, sinusite, infecções do trato respiratório superior, infecções do trato urinário,
sialadenite, eosinofilia, anemia aplástica, anemia hemolítica, depressão da medula óssea, leucopenia, neutropenia/agranulocitose, trombocitopenia, alergia, reações anafiláticas, perda do controle da diabete,
hipercolesterolemia, hiperuricemia, hipopotassemia, causa ou aumento da depleção de volume, desequilíbrio eletrolítico, hiponatremia, anorexia, perda de apetite, hiperglicemia, ansiedade, depressão,
inquietação, tontura, desmaio, insônia, escotomas, parestesia, distúrbios do sono, visão alterada, visão borrada temporariamente, xantopsia, vertigem, bradicardia, taquicardia, arritmias cardíacas, hipotensão,
hipotensão postural, angiite necrotizante (vasculite), dispnéia, sofrimento respiratório (incluindo pneumonite e edema pulmonar), dor abdominal, diarréia, dispepsia, gastrite, dor de estômago, boca seca,
flatulência, vômito, constipação, pancreatite, icterícia (icterícia hepatocelular ou colestática), eczema, aumento do suor, eritema, prurido, reações cutâneas do tipo lupus eritematoso, vasculite cutânea, reações
de fotossensibilidade, erupções cutâneas, reativação do lupus eritematoso cutâneo, necrólise epidérmica tóxica, atralgia, artrose, dor nas costas, dor nas pernas, mialgia, cãibras nas pernas, sintomas de
tendinite, fraqueza, espasmo muscular, nefrite intersticial, disfunção renal, glicosúria, impotência, sintomas de gripe, dor, dor no peito, perda da eficácia, febre. Investigações: Diminuição da hemoglobina, aumento
do ácido úrico, aumento na creatinina, aumento das enzimas hepáticas, aumento dos triglicérides. Assim como ocorre com outros antagonistas da angiotensina II, relataram-se casos isolados de angioedema,
urticária e outras reações relacionadas. VENDA SOB PRESCRIÇÃO MÉDICA. - MS 1.0367.0134 Boehringer Ingelheim do Brasil Química e Farmacêutica Ltda.
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