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ABSTRACT

Objective To explore maternal cardiac function through an
echocardiographic evaluation, in a group of nulliparous
patients with intrauterine fetal growth restriction during the
third trimester of pregnancy.

Methods Twenty-one consecutive nulliparous pregnant
women who had fetuses with intrauterine growth restriction
(IUGR) and abnormal umbilical artery Doppler pulsatility
index (PI) underwent maternal echocardiographic examina-
tion during the third trimester of gestation. The data were
then compared with those obtained from 21 normal nullipa-
rous women who had fetuses with an estimated fetal weight
> 10th percentile and a normal umbilical artery Doppler PI
who were considered as the control group.

Results Heart rate was slightly lower in the IUGR group,
whereas blood pressure and total vascular resistance were
higher compared with the control subjects. End-diastolic
volume, stroke volume and cardiac output were lower in the
IUGR patients compared with normal patients. The IUGR
group had smaller left atrial maximal dimensions and greater
left atrial minimal areas compared with the control subjects.
Left atrial function was depressed in the IUGR group. A
smaller left ventricular mass was present in the IUGR
patients compared with the control subjects. Isovolumetric
relaxation time (IVRT) was prolonged in the IUGR patients
compared with the controls.

Conclusions The absence of a ‘correct’ maternal cardio-
vascular compensatory response to abnormal trophoblastic
invasion, might be one of the factors that slowly determine
the conditions of reduced placental perfusion and eventually
of the development of fetal growth restriction.

INTRODUCTION

The clinical expression of intrauterine growth restriction
(IUGR) during pregnancy appears to be triggered by a defec-
tive interaction between trophoblast and uterine tissues (sub-
optimal placentation)1. It is unknown whether the defective
trophoblast invasion and maternal maladaptation are
triggered by a common factor or an abnormal trophoblast
development results in poor placentation and subsequently
decompensation of maternal adaptation to pregnancy2–4.
Recently, interesting data on the maternal cardiovascular
system in pregnancies complicated by IUGR have been
reported5,6. In particular, Duvekot et al. observed, in very
early pregnancies subsequently complicated by IUGR5, a
small left atrial diameter accompanied in the second half of
pregnancy by a smaller left ventricular end-diastolic dimen-
sion and left ventricular mass. Moreover, in the past, during
the late 1950s and early 1960s, investigators in Finland
and Sweden had observed that women with a ‘small heart
volume’ had an increased risk for delivering small-for-
gestational-age infants7,8. Veille et al. found no difference in
the left ventricular size and function in women whose fetuses
were affected by ‘idiopathic’ asymmetrical fetal growth
restriction9. Nisell et al. observed that stroke volume and car-
diac output were significantly lower in hypertensive mothers
with small-for-gestational-age infants compared with hyper-
tensive mothers with appropriate-for-gestational-age fetuses10.

With these controversial results in mind, the aim of this
study was to explore maternal cardiac function by echocar-
diographic evaluation, in a group of nulliparous patients
with intrauterine fetal growth restriction associated with
abnormal umbilical artery (UA) Doppler pulsatility index
(PI) during the third trimester of pregnancy. These data were
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then compared with those collected from normal subjects
with uneventful pregnancies.

METHODS

Patient selection

A case control study was performed. Twenty-one consecutive
nulliparous pregnant women recruited between 25 and
36 weeks of gestation with the following criteria entered into
the study: (a) normal fetal anatomy; (b) fetal abdominal cir-
cumference < 5th centile for gestational age by local reference
values; (c) UA PI more than two standard deviations (SDs)
above the gestational mean by local reference values; (d) birth
weight below the 10th centile for gestational age.

Exclusion criteria included the following: multiple
pregnancies and cases with chromosomal abnormalities or
preterm rupture of the membranes, intrauterine infection,
undetermined gestational age, history of heart disease,
tobacco use, pre-existing chronic medical problems, the asso-
ciation with pregnancy-induced hypertension. Women with
blood pressure (BP) values of at least 140/90 mmHg at the
time of echocardiographic examination were checked again
4–6 h later and all showed BP values < 140/90 mmHg. No
patient had an increase of systolic blood pressure (SBP) > 20–
30 mmHg and diastolic blood pressure (DBP) > 15–20 mmHg
compared with the first trimester.

Gestational age was determined by last menstrual period
and sonographic examination prior to 20 weeks of gestation.

For each patient with IUGR, a normal nulliparous woman
with an estimated fetal weight > 10th centile and a normal UA
PI, was matched for age and gestational age as a control. The
course of these pregnancies was uneventful and all subjects in
this group delivered healthy appropriately grown infants
with birth weights ranging from the 10th to the 90th centiles
of the reference population11.

None of these women received medication other than iron
supplements and vitamins before and after their enrolment in
the study.

Approval of the university ethics committee was obtained,
and written informed consent was collected from all patients.

Ultrasound examination

For all ultrasound examinations, a 3.5-MHz sector ultra-
sound transducer (Esaote AU5, Genova, Italy) was used with
the high-pass filter at 100 Hz. Doppler measurements were
obtained from the UA, middle cerebral artery (MCA) and
ductus venosus (DV) by previously described methods12–14.
During examinations, each Doppler result was verified by
at least three measurements and the best result was included
for the final analysis. Since the normal distribution of
Doppler indices changes with gestational age, individual
measurements were normalized for statistical analysis by
converting measurements into Z-scores (SD from the gesta-
tional age mean).

For the UA the elevation of the index > 2 SD above the
mean and pulsatile flow in the free umbilical vein were con-
sidered abnormal. An MCA PI more than 2 SD below the

gestational age mean was considered as evidence of ‘brain
sparing’. The assessment of non-reassuring fetal status and the
indications for delivery were based on a combination of prin-
cipal Doppler indicators of deterioration (worsening UA PI,
advent of ‘brain sparing’, absent or reversed UA end-diastolic
velocity, ‘normalization of the PI’ of the MCA, abnormal
DV), the occurrence of late decelerations at the cardiotoco-
graphic recording and an acute flattening of the fetal growth
curve. All patients with IUGR were hospitalized and underwent
Doppler ultrasound examination at least three times a week.
Fetal biometry was assessed every 10–14 days, the evaluation
of the amniotic fluid index (AFI) once a week, and cardioto-
cographic recordings were obtained at least once a day.

Echocardiographic evaluation

The echocardiographic study was performed with a commer-
cially available echo machine (Acuson Sequoia 256, Mountain
View, CA, USA) using second harmonic imaging.

M-mode and two-dimensional echocardiography

Left atrial and aortic root diameters, left ventricular end-
diastolic and end-systolic diameters (LVDd and LVDs,
respectively), interventricular septum and posterior wall
diastolic thickness (IVSd and PWd, respectively) were
detected in the parasternal long-axis view during M-mode
tracing, according to the recommendation of the American
Society of Echocardiography15. The diameter of the left ven-
tricular outflow tract (LVOT) during systole, was measured
at the base of the aortic leaflets16 from the two-dimensional
parasternal long-axis view.

Left ventricular mass (LVM) in grams was calculated by
the Devereux17 formula as follows:

LVM = 0.832 × [(LVDd + IVSd + PWd)3 − LVDd3] + 0.6

LVM index (LVMi) was then calculated as follows:

LVMi = LVM/m2.7

where m was the height of the patient in meters18.

Diastolic function

Assessment of diastolic function was obtained by pulsed-
wave Doppler interrogation of transmitral flow pattern,
recorded in the apical four-chamber view.

Mitral flow velocities were detected by placing the sample
volume between the tips of the mitral leaflets19. The follow-
ing variables were measured: peak flow velocity in early
diastole (E-wave) and during atrial contraction (A-wave); peak
E/A ratio; E- and A-wave time–velocity integrals; deceleration
time of the E-wave (DtE) and duration of the A-wave (dA).
When atrial contraction occurred before the mitral decelera-
tion had decreased to zero, DtE was calculated as the time
between peak E-wave and the deceleration slope, extra-
polated to a zero baseline19. Left ventricular isovolumetric
relaxation time (IVRT) was also measured, as the interval
between the aortic valve closure click and the start of mitral
flow.
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Systolic function

Left ventricular end-diastolic and end-systolic volumes (EDV
and ESV, respectively) were calculated according to the
Teichholz formula20 as follows:

EDV = 7D3/(2.4 + D)

where D represents the end-diastolic diameter.

ESV = 7S3/(2.4 + S)

where S represents the end-systolic diameter.
Stroke volume (Str. Vol.) was calculated as the difference

between EDV and ESV. Cardiac output (CO) was calculated
as the product of stroke volume multiplied by heart rate
(HR) derived from electrocardiographic monitoring. Ejection
fraction (EF%) was also calculated.

Total vascular resistance

Prior to maternal echocardiographic and uterine artery color
Doppler examination blood pressure was measured from the
brachial artery with a manual cuff. Mean arterial pressure
(MAP) was calculated using the following formula:

MAP = DBP + (SBP − DBP)/3

where SBP is the systolic blood pressure and DBP is the
diastolic blood pressure.

Total vascular resistance (TVR) was calculated in dyne/s/
cm5 according to the following formula:

TVR = (MAP[mmHg]/CO[L/min]) × 80

Planimetric study of left atrial maximal and minimal areas

In a two-dimensional standard apical four-chamber view,
planimetry of both maximal and minimal left atrial areas
(LAmax and LAmin, respectively) was obtained through the
integrated software of the machine. Assessment of left atrial
function was obtained through left atrial fractional area
change (LAFAC%)21–23.

Outcome

Neonatal evaluation included Apgar scores assigned by
the attending pediatric team, birth weight and birth weight

percentile according to local reference values for gestational
age and gender.

Statistical analysis

Data are expressed as mean ± SD. Comparison between nor-
mal and IUGR patients was performed with a Student’s t-test
for paired data according to gestational age.

Intraobserver and interobserver variability were tested in
previous reports21–23.

RESULTS

Gestational age at the time of examination was 30.4 ± 4.2
(range 25–36) weeks.

The subjects’ characteristics are listed in Table 1. There
were three perinatal deaths in the IUGR group: one intra-
uterine sudden fetal death, two neonatal deaths (one for
neonatal respiratory distress and one for neurological com-
plications due to neonatal cerebral hemorrhage). Age and
prepregnancy and delivery body mass indices were similar
in the two groups. The length of gestation was shorter in the
IUGR group compared with the normal group.

Table 2 reports the main hemodynamic characteristics
found in the two groups and the statistical difference between
them. Heart rate was slightly but significantly lower in the
IUGR group, whereas blood pressure and TVR were higher
in comparison with the control subjects. End-systolic volume
was slightly greater in the IUGR group compared with the
normal group. End-diastolic volume, stroke volume, cardiac
output, as well as ejection fraction, were smaller in the IUGR
patients compared with normal patients.

Left atrial and ventricular morphology, as well as left atrial
function are shown in Table 3. Left ventricular end-systolic
dimensions were slightly larger in the IUGR patients com-
pared with the normal women. IUGR patients had smaller
left atrial maximal dimensions and greater left atrial minimal
areas compared with the normal women. Left atrial function
was depressed in the IUGR group. A smaller left ventricular
mass was present in the IUGR patients compared with the
control subjects.

Transmitral flow pattern is shown in Table 4. A lower
E-wave velocity and time–velocity integral, as well as a lower
E/A ratio, were present in the IUGR group. The isovolumetric

Table 1 Baseline data and characteristics of the two study groups
  

  

Normal 
(n = 21)

IUGR 
(n = 21) P-value

Maternal age (years)   30 ± 4 31 ± 2  0.78
Prepregnancy body mass index  22.2 ± 2.1  23.1 ± 2.2  0.81
Body mass index at delivery  24.4 ± 1.6  24.8 ± 1.7  0.62
Gestational age at delivery (weeks)  39.0 ± 1.0  32.2 ± 4.3 < 0.0001
Newborn weight (g) 3080 ± 432 1408 ± 591 < 0.0001
Weight centile at delivery (%) 52 ± 17  8.5 ± 0.6 < 0.0001
Cesarean section (n (%)) 3 (14.3%) 15 (71.4%) < 0.0001
Intrauterine death (n (%)) — 1 (4.8%) < 0.0001
Neonatal death (n (%)) — 2 (9.5%) < 0.0001

IUGR, intrauterine growth restriction.
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relaxation time was prolonged in the IUGR patients com-
pared with the controls; the value remained significantly
longer also after normalization for maternal heart rate. Dura-
tion of the A-wave was longer in the IUGR group as com-
pared with women with a normal evolution of pregnancy.

DISCUSSION

During normal pregnancy, an increase in maternal vascu-
lar bed capacity, blood volume and cardiac output
occur6,21,22,24. Plasma volume expansion is a physiological

event that appears to be linked to an enhancement in physi-
ological cardiac function21,24. Maternal cardiovascular
maladaptation appears to be correlated to an abnormal out-
come of pregnancy: it has been reported that pregnancies
complicated by IUGR are associated with a reduced expan-
sion of the maternal intravascular space and a lack of increase
in cardiac output in the very early phase of pregnancy5. Nisell
et al.10 report that in hypertensive pregnancies complicated
by IUGR, the uteroplacental blood flow impairment might be
linked to a lower perfusion pressure, as a result of a dimin-
ished cardiac output.

Table 2 Hemodynamic features of the two groups
  

  

Parameter
Normal 
(n = 21)

IUGR 
(n = 21) P-value

Maternal heart rate (bpm)  86 ± 4   82 ± 10  0.03
Systolic blood pressure (mmHg) (range)  118 ± 5 (110–125)   130 ± 9 (120–140)  0.0003
Diastolic blood pressure (mmHg) (range)  62 ± 6 (50–75)   79 ± 10 (70–90) < 0.0001
Mean blood pressure (mmHg)  81 ± 4   96 ± 10 < 0.0001
Total vascular resistance (dyne/s/cm5)  973 ± 97 1705 ± 190 < 0.0001
End-diastolic volume (mL)  104 ± 7 89 ± 11 < 0.0001
End-systolic volume (mL)  26 ± 5 33 ± 9  0.05
Stroke volume (mL)  78 ± 7 56 ± 9 < 0.0001
Cardiac output (L) 6.7 ± 0.5  4.6 ± 0.8 < 0.0001
Ejection fraction (%) 75.0 ± 4.7  63.4 ± 8.4  0.001

IUGR, intrauterine growth restriction.

Table 3 Morphologic and atrial function parameters
  

Parameter
Normal 
(n = 21)

IUGR 
(n = 21) P-value

Left atrial dimensions and function
Left atrial diameter (cm) 3.9 ± 0.1 3.6 ± 0.2 < 0.0001
Left atrial maximal area (cm2) 14.5 ± 1.3 13.9 ± 1.3  0.03
Left atrial minimal area (cm2) 6.6 ± 0.9 8.6 ± 0.8  0.009
Left atrial fractional area change (%) 54.2 ± 2.6 37.6 ± 6.3 < 0.0001

Left ventricular morphology
Left ventricular outflow tract (cm) 2.01 ± 0.10 1.89 ± 0.11  0.005
Left ventricular mass (g)  166 ± 13  147 ± 24  0.04
Left ventricular mass index (g/m2.7) 43.5 ± 3.8 37.0 ± 4.3  0.0002
Left ventricular dimensions in diastole (cm) 4.7 ± 0.1 4.4 ± 0.2 < 0.0001
Left ventricular dimensions in systole (cm) 2.6 ± 0.2 2.9 ± 0.3  0.055
Interventricular septal thickness in diastole (cm) 1.00 ± 0.04 0.97 ± 0.13  0.80
Posterior wall thickness in diastole (cm) 0.99 ± 0.05 1.00 ± 0.12  0.57
Relative wall thickness 0.42 ± 0.01 0.44 ± 0.07  0.055

IUGR, intrauterine growth restriction.

Table 4 Transmitral flow pattern
  

Parameter
Normal 
(n = 21)

IUGR 
(n = 21) P-value

E-wave (cm/s) 90 ± 11 78 ± 11  0.002
E-wave velocity–time integral (s) 15 ± 2 12 ± 2 < 0.0001
Deceleration time of the E-wave (ms) 207 ± 12 206 ± 30  0.81
Isovolumetric relaxation time (ms) 75 ± 9 90 ± 11  0.0001
A-wave (cm/s) 64 ± 12 66 ± 13  0.68
A-wave velocity-time integral (s) 7 ± 1 6 ± 2  0.13
Duration of A-wave (ms) 142 ± 9 129 ± 18  0.004
Peak E/peak A ratio  1.4 ± 0.2  1.2 ± 0.1  0.002

IUGR, intrauterine growth restriction.
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In our study the maternal cardiac parameters, evaluated in
the IUGR group, were significantly different when compared
with the cardiac parameters of women with normal fetal
growth paired for gestational age.

The IUGR patients had a lower heart rate, stroke volume
and cardiac output compared with control subjects. The
lower stroke volume is due to the smaller end-diastolic
volume and the larger end-systolic volume found in the IUGR
group compared with the control group. The concomitant
presence of a small left atrial diameter and maximal area
together with a small left ventricular end-diastolic volume
testifies to the existence in these patients of an inadequate
preload increase, probably due to a lack of a hemodilution
process and a lack of plasma volume expansion, typically
present in physiological pregnancies21,25. IUGR patients had
an end-systolic volume greater than that in normal women. This
might be partially explained by the elevated left ventricular
end-systolic pressure generated by the increased afterload
present in IUGR. The higher afterload, and therefore the
greater end-systolic volume, might contribute to the lower
stroke volume and ejection fraction of the IUGR group com-
pared with the control group. Both the lower stroke volume
and the lower heart rate cause a lower cardiac output in the
IUGR group compared with normal outcome pregnancies.

Our data on left atrial dimensions are in accordance with
those reported by Duvekot et al. who observed that the left
atrial diameter, during the early weeks of gestation, appeared
to be consistently smaller in the women destined to deliver
growth-restricted infants5. This finding supports the etio-
pathogenetic hypothesis of a hypovolemic state that accom-
panies fetal growth restriction. By contrast the same authors5

described no differences in heart rate, stroke volume and
cardiac output, in IUGR pregnancies during the second and
third trimesters of gestation. These different findings might
be explained by the particular selection of the patients used
in that study. The occurrence of growth restriction may have
been triggered by factors linked to the previous infertility.

We observed in the IUGR group higher systolic, diastolic
and mean blood pressure values than those in women with a
normal outcome of pregnancy. This finding is in accordance
with Tranquilli et al.26 who reported that IUGR patients had
evidence of higher blood pressure values in 24 h of ambula-
tory blood pressure monitoring, compared with women with
normal pregnancy outcome.

In our results the high mean blood pressure and the low
cardiac output explain the high TVR found in the IUGR
group. The linkage between high TVR and fetal growth
restriction has been described previously by Nisell et al.10.
They observed that hypertensive pregnancies complicated
by IUGR had higher TVR, lower stroke volume and lower
cardiac output compared with hypertensive patients with
appropriate-for-gestational-age infants. Veille et al.9 on the
contrary, did not find any difference in cardiac function and
TVR between uneventful pregnancies and those with IUGR;
however, in that study the clinical reports of patients with
IUGR (delivery at a mean gestational age of 37 weeks, no fetal
Doppler assessment reported, no perinatal complications
described) suggest the existence of a less severe pathological
condition.

Normal pregnancy represents an excellent model of acute
‘physiological’ myocardial hypertrophy and it has been
described in several studies21,25,27–29. A normal pregnancy
resembles a sustained hemodynamic state similar to that of
the trained long-distance runner27,30. The term ‘physiolog-
ical’ is linked to a reversible increase in left ventricular mass
as a compensatory mechanism to pregnancy. Our results pro-
vide evidence of a significantly lower left ventricular mass in
IUGR patients compared with the normal women as if these
patients lacked a stimulus for the physiological myocardial
hypertrophy although in the presence of elevated peripheral
resistance. This finding is in agreement with other reports5

indicating a smaller left ventricular mass and end-diastolic
dimension in pregnancies complicated by fetal growth
restriction. This interesting result differentiates IUGR from
hypertensive pregnancies: the latter show a higher left ven-
tricular mass compared with the normotensive patients22.
Our results confirm an old observation of three decades ago
in which Scandinavian investigators suggested that women
with a smaller heart volume on chest X-rays had an increased
risk of delivering small-for-gestational-age infants7,8.

An interesting finding of our study regards the reduced left
atrial function and the altered left ventricular compliance of
IUGR pregnancies. Left atrial function appears to be signific-
antly lower in IUGR pregnancies due to both small left atrial
maximal area and large left atrial minimal area. This results
in a lower left atrial fractional area change (LAFAC%) in the
IUGR group compared with the control group with a reduced
left ventricular filling. The finding of a low E-wave and
E-wave velocity–time integral supports this hypothesis and
suggests that the reduced filling of the left ventricle occurs in
the early phase of the diastole. The low E-wave velocity and the
longer isovolumetric relaxation time suggest an impairment
of the left ventricular compliance in the IUGR group com-
pared with the control group even in the presence of normal
pressure values. We hypothesize that the high TVR might
favor the altered left ventricular compliance.

Fetal growth restriction is not a specific disease entity per
se, but rather a manifestation of many possible fetal and
maternal disorders and presents a complex management
problem for the clinician. Several intrinsic and extrinsic
factors have been found to be associated with fetal growth
restriction. We believe that an important role may be played
by the response of the maternal cardiovascular system to the
defective placentation process. The trophoblastic invasion
and vasoactive agents might induce an adaptation of the
maternal ‘cardiac pump’. The absence of a ‘correct’ maternal
cardiovascular compensatory response to abnormal tro-
phoblastic invasion, might be one of the factors that would
slowly determine the conditions of reduced placental per-
fusion and eventually of the development of fetal growth
restriction. The findings in our study of several functional
and morphologic cardiac differences in pregnancies complic-
ated by isolated IUGR compared with normal pregnancies,
would testify to the lack of a ‘compensatory response’ to the
peripheral vascular state. In this view, the maternal ‘cardiac
pump’ would be the main determinant of the evolution of
pregnancy and echocardiographic evaluation could help in
understanding the actual maternal cardiovascular response
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(or the lack of a response) to an inadequate placentation
process, improving the prognostic capability of the clinician.

Although the number of IUGR fetuses in this study was
relatively small, we are satisfied that we have accurately
identified those patients with isolated IUGR.

The hypothesis of a primary lack of a maternal cardio-
vascular adaptation in IUGR patients could be susceptible to
criticism in view of the fact that fetal growth restriction had
already been established in all the study patients.

The finding of reduced preload and stroke volume in our
study group could be the result of a maternal cardiovascular
maladaptation from the early stages of pregnancies. Altern-
atively, an insult in later pregnancy might negatively influence
maternal hemodynamic state. It is difficult to determine
whether the differences found between normal and IUGR
groups during the third trimester of pregnancy are already
present in the early stages of gestation, although data from
different studies suggest maternal cardiovascular maladapta-
tion from the first trimester of pregnancy5. Only subsequent
longitudinal studies may confirm these data.

ACKNOWLEDGMENT

This study was supported by The Fetal Medicine Foundation
(Charity No: 1037116), London, UK.

REFERENCES

1 Khong TY, De Wolf F, Robertson WB, Brosens I. Inadequate mater-
nal vascular response to placentation in pregnancies complicated by
pre-eclampsia and by small for gestational age infants. Br J Obstet
Gynaecol 1986; 93: 1049–59

2 Roberts JM, Taylor RN, Musci TJ, Rodgers GM, Hubel CA,
McLaughlin MK. Preeclampsia, an endothelial cell disorder. Am J
Obstet Gynecol 1989; 161: 1200–4

3 Taylor RN, Heilbron DC, Roberts JM. Growth factor activity in the
blood of women in whom preeclampsia develops is elevated from
early pregnancy. Am J Obstet Gynecol 1990; 163: 1839–44

4 Roberts JM, Taylor RM, Goldfein A. Clinical and biochemical evi-
dence of endothelial cell dysfunction in the pregnancy syndrome
preeclampsia. Am J Hypertens 1991; 4: 700–8

5 Duvekot JJ, Cheriex EC, Pieters FA, Peeters LH. Severely impaired
fetal growth is preceded by maternal hemodynamic maladaptation
in very early pregnancy. Acta Obstet Gynecol Scand 1995; 74: 693–7

6 Duvekot JJ, Cheriex EC, Pieters FA, Menheere PP, Schouten HJ,
Peeters LH. Maternal volume homeostasis in early pregnancy in
relation to fetal growth restriction. Obstet Gynecol 1995; 85: 361–7

7 Hedberg E, Radberg C. Maternal heart volume and prematurity.
Acta Obstet Gynecol Scand 1962; 41: 48–56

8 Unnerus CE. Heart volume and prematurity. Acta Obstet Gynecol
Scand 1959; 38: 340–51

9 Veille GC, Morton MJ, Paul M. Maternal left ventricular dimension
in pregnancies complicated by fetal growth retardation. Obstet
Gynecol 1991; 78: 265–9

10 Nisell H, Lunell NO, Linde B. Maternal hemodynamics and
impaired fetal growth in pregnancy-induced hypertension. Obstet
Gynecol 1988; 71: 163–6

11 Parazzini F, Cortinovis I, Bortolus R, Fedele L, Recarli A. Weight at
birth by gestational age in Italy. Hum Reprod 1995; 10: 1862–3

12 Hecher K, Campbell S, Doyle P, Harrington K, Nicolaides K. Assess-
ment of fetal compromise by Doppler ultrasound investigation of
fetal circulation. Arterial, intracardiac, and venous blood flow velo-
city studies. Circulation 1995; 91: 129–38

13 Baschat AA, Gembruch U, Reiss I, Gortner L, Weiner CP, Harman

CR. Relationship between arterial and venous Doppler and perinatal
outcome in fetal growth restriction. Ultrasound Obstet Gynecol
2000; 16: 407–13

14 Hecher K, Snijders R, Campbell S, Nicolaides K. Fetal venous,
intracardiac and arterial blood flow measurements in intrauterine
growth retardation: relationship with fetal blood gases. Am J Obstet
Gynecol 1995; 173: 10–5

15 Sahn DJ, De Maria A, Kisslo J, Weyman A. The Committe on
M-Mode Standardization of The American Society of Echocardio-
graphy. Recommendations regarding quantitation in M-Mode
Echocardiography: Results of a survey of Echocardiographic
measurements. Circulation 1978; 58: 1072–83

16 Poppas A, Shroff SG, Korcarz CE, Hibbard JU, Berger DS,
Lindheimer MD, Lang RM. Serial assessment of the cardiovascular
system in normal pregnancy. Role of arterial compliance and pulsatile
arterial load. Circulation 1997; 95: 2407–15

17 Devereux RB, Casale PN, Kligfield P, Eisenberg RR, Miller D,
Campo E, Alonso DR. Performance of primary and derived M-mode
echocardiographic measurements for detection of left ventricular
hypertrophy in necropsied subjects and in patients with systemic
hypertension, mitral regurgitation and dilated cardiomyopathy. Am
J Cardiol 1986; 57: 1388–93

18 de Simone G, Daniels SR, Devereux RB, Meyer RA, Roman MJ, de
Vitiis O, Alderman MH. Left ventricular mass and body size in nor-
motensive children and adults: assessment of allometric relations and
impact of overweight. J Am Coll Cardiol 1992; 20: 1251–60

19 Appleton CP, Hatle LK, Popp RL. Relation of transmitral flow
velocity patterns to left ventricular diastolic function: new insights
from a combined hemodynamic and Doppler echocardiographic
study. J Am Coll Cardiol 1988; 12: 426–40

20 Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in
echocardiographic volume determinants: echocardiographic-
angiographic correlations in the presence or absence of asynergy.
Am J Cardiol 1976; 37: 7–11

21 Valensise H, Novelli GP, Vasapollo B, Borzi M, Arduini D, Galante
A, Romanini C. Maternal cardiac systolic and diastolic function:
relationship with uteroplacental resistances. A Doppler and echo-
cardiographic longitudinal study. Ultrasound Obst Gynecol 2000;
15: 487–97

22 Valensise H, Novelli GP, Vasapollo B, Di Ruzza G, Romanini ME,
Marchei M, Larciprete G, Manfellotto D, Romanini C, Galante A.
Maternal diastolic dysfunction and left ventricular geometry in
gestational hypertension. Hypertension, 2001; 37: 1209–15

23 Valensise H, Vasapollo B, Novelli GP, Larciprete G, Romanini ME,
Arduini D, Galante A, Romanini C. Maternal diastolic function in
asyptomatic pregnant women with bilateral notching of the uterine
artery waveform at 24 weeks’ gestation. Ultrasound Obstet Gynecol
2001; 18: 450–5

24 Duvekot JJ, Cheriex EC, Pieters FAA, Menheere PPCA, Peeters LLH.
Early-pregnancy changes in hemodynamics and volume homeo-
stasis are consecutive adjustments triggered by a primary fall in
systemic vascular tone. Am J Obstet Gynecol 1993; 169: 1382–92

25 Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors
influencing changes in cardiac output during human pregnancy. Am
J Physiol 1989; 136: H1060–H1065

26 Tranquilli AL, Garbati E, Valensise H, Garzetti GG, Romanini C.
Circadian blood pressure patterns in pregnant women with intra-
uterine growth retardation. Ann N Y Acad Sci 1996; 773: 337–9

27 Katz R, Karliner JS, Resink R. Effects of a natural overload state
(pregnancy) on left ventricular performance in normal human sub-
jects. Circulation 1978; 58: 434–41

28 Mesa A, Carlos J, Hernandez A, Adam K, Brown D, Vaughn WK,
Wilansky S. Left ventricular diastolic function in normal woman
pregnancy. Circulation 1999; 99: 511–7

29 Kametas NA, McAuliffe F, Hancock J, Chambers J, Nicolaides KH.
Maternal left ventricular mass and diastolic function during preg-
nancy. Ultrasound Obstet Gynecol 2001; 18: 460–6

30 Mone SM, Sanders SP, Colan SD. Control mechanisms for physio-
logical hypertrophy of pregnancy. Circulation 1996; 94: 667–72

 14690705, 2002, 5, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1046/j.1469-0705.2002.00847.x by C

ochraneItalia, W
iley O

nline L
ibrary on [16/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


