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Hypertension complicates some 10% of
all pregnancies and is a major cause of ma-
ternal and fetal morbidity and mortality1.
Invasive and noninvasive techniques, such
as echocardiography, allowed us to derive a
large amount of data about the left ventric-
ular (LV) systolic function and cardiac he-
modynamics in normotensive and hyper-
tensive women2-7. Little is known, howev-
er, about the LV diastolic function in pa-
tients with pregnancy-induced hyperten-
sion (PIH)8,9. Recently, new Doppler appli-
cations such as M-mode color Doppler and
tissue Doppler imaging have been shown to
be relatively load-independent and of inter-
est in the assessment of the diastolic func-
tion10,11. On the other hand, PIH represents
a spontaneous model for the evaluation of
the effects of an acute and transient pres-
sure overload in this para-physiological
condition. The purpose of this study was to

assess the morpho-functional adaptations
of the left ventricle to transient hyperten-
sion during pregnancy, with special atten-
tion to the diastolic function, using the
more recent Doppler applications.

Methods

Patients. Between September 1999 and
October 2000, we prospectively studied 22
women with singleton pregnancies and PIH
aged 25 to 38 years (mean age 31.0 ± 4.1
years). Hypertension was diagnosed if,
with the patient seated, the systolic and/or
diastolic blood pressure measurements
were ≥ 140/90 mmHg on at least two occa-
sions after the 20th week of gestation12. Pa-
tients with gestational diabetes, a previous
history of hypertension and systemic or
cardiovascular disease were not included in
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Background. Hypertension occurs in some 10% of pregnancies and its effects on the left ventricu-
lar (LV) morphology and systolic function have been well elucidated. Little is known, however, about
the changes in LV diastolic function in such a condition. The aim of this study was to evaluate the LV
diastolic function in women with pregnancy-induced hypertension (PIH) using new Doppler echocar-
diographic methods.

Methods. Twenty-two women with PIH (mean age 31.0 ± 4.1 years) were examined during the
third trimester of pregnancy. Other 15 normotensive pregnant women (mean age 31.8 ± 5.7 years, p
= NS) were used as controls. Doppler parameters of diastolic function included: mitral inflow vari-
ables, pulmonary venous flow (PVF) variables, M-mode color Doppler of LV inflow and pulsed tissue
Doppler of the mitral annulus. Furthermore, patients underwent an echocardiographic evaluation
immediately after delivery and 1 month later. 

Results. PIH women showed an increased E/A ratio and an increase in the diastolic forward com-
ponents of PVF. The ratio of systolic to diastolic time-velocity integral and the systolic fraction of
time-velocity integrals subsequently decreased. Women with PIH also presented a significantly in-
creased velocity of reversal PVF at atrial contraction, a decrease in the ratio between mitral and PVF
duration at atrial contraction and a slower flow propagation velocity with M-mode color Doppler. LV
wall thickness and mass were significantly higher in hypertensive pregnant women. In women with
PIH the abnormal PVF parameters became similar to those of controls immediately after delivery,
while the E/A ratio, M-mode flow propagation velocity and LV mass did so after 1 month.

Conclusions. Hypertension complicating pregnancy significantly affects ventricular diastolic fill-
ing. These alterations chiefly involve PVF, mitral inflow and intraventricular flow propagation veloc-
ities. The LV systolic function is preserved, in the presence of a transient LV remodeling.

(Ital Heart J 2003; 4 (4): 246-251)



the study. Nine patients had proteinuria (defined as 24-
hour urinary protein excretion ≥ 0.3 g). Each patient
underwent three complete echocardiographic examina-
tions: between the 28th and 38th week of gestation,
within 72 hours after delivery and 30 ± 3 days after de-
livery. At the time of the first echocardiogram, all the
patients were receiving antihypertensive drugs (10 pa-
tients nifedipine, 3 labetalol, 1 methyldopa, and 8 com-
bination therapy). The control group consisted of 15
healthy pregnant women aged 19 to 39 years (mean age
31.8 ± 5.7 years, p = NS vs the study group) who were
submitted to echocardiography between 28 and 38
weeks of gestation.

Echocardiographic examination. M-mode, two-di-
mensional and Doppler echocardiographic evaluation
was carried out with an HP Sonos 5500 imaging system
(Hewlett-Packard, Andover, MA, USA) equipped with
a multifrequency (2-4 MHz) transducer. Patients were
examined in the left lateral decubitus in a quiet envi-
ronment and measurements were taken after a period of
rest lasting at least 15 min. No measurements were tak-
en in the presence of uterine contractions. The heart
rate was determined using the R-R interval of a single
lead electrocardiogram recorded simultaneously. All
exams were performed by the same physician and
recorded on videotape for subsequent off-line analysis.

Doppler examination. Doppler measurements were
obtained during end-tidal-volume apnea and five car-
diac cycles averaged. Mitral inflow velocities were
recorded from a standard apical 4-chamber view by
positioning a 1-2 mm sample volume between the tips
of the mitral leaflets. From Doppler mitral inflow
tracings, we measured peak early diastolic (E) and
peak late diastolic (A) velocities, the velocity-time in-
tegrals (VTI) of early and late diastole, the decelera-
tion time of the early diastolic flow and the duration
of the late diastolic flow (A-dur). The isovolumetric
relaxation time was measured from a modified 4-
chamber view as the time between the end of forward
systolic flow and the start of mitral inflow. Pulmonary
venous flow (PVF) velocities were recorded in the
apical 4-chamber view by positioning a 2-3 mm sam-
ple volume in the right upper pulmonary vein 5 to 10
mm proximal to its junction with the left atrium. The
following measurements were obtained: the peak ve-
locity of the systolic and diastolic flow, the systolic
and diastolic VTI, the systolic to diastolic VTI ratio,
the VTI systolic fraction (systolic VTI/systolic VTI +
diastolic VTI), and the velocity and duration of the re-
versal wave corresponding to atrial contraction (a-vel
and a-dur) (Fig. 1). A color M-mode recording of the
LV inflow was obtained from an apical 4-chamber
view by positioning the M-mode cursor through the

F De Conti et al - Diastolic function in pregnancy-induced hypertension

247

Figure 1. Schematic diagram of the pulmonary venous flow (top) and of the mitral inflow (bottom). The pulmonary venous flow variables include: du-
ration of the reverse a wave (a-dur); velocity of the reverse a wave (a-vel); peak velocity of the pulmonary diastolic wave (dPV); peak velocity of the
pulmonary systolic wave (sPV); diastolic velocity-time integral (dVTI); and systolic velocity-time integral (sVTI). The sVTI to dVTI ratio and VTI sys-
tolic fraction were also calculated. The mitral inflow variables include: peak late diastolic velocity (A); deceleration time of the mitral E wave (DT);
peak early diastolic velocity (E); and isovolumetric relaxation time (IVRT). AVC = aortic valve closure.
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Table I. Baseline subject characteristics.

Hypertensives Controls p
(n=22) (n=15)

Age (years) 31.0 ± 4.1 31.8 ± 5.7 NS
Body surface area (m2) 1.86 ± 0.2 1.82 ± 0.1 NS
Weeks of gestation 34.7 ± 4 34.8 ± 4 NS
Heart rate at first echocardiogram (b/min) 84.5 ± 9.0 81.5 ± 12 NS
Systolic blood pressure (mmHg) 155.7 ± 18 120.3 ± 8.2 < 0.001
Diastolic blood pressure (mmHg) 99.7 ± 8.9 76.3 ± 6.3 < 0.001

center of the mitral inflow region with the M-mode
scan line parallel to the direction of flow observed at
two-dimensional color Doppler. The flow propagation
velocity was measured in accordance with the recom-
mendations of Garcia et al.10 as the slope of the first
aliasing velocity from the mitral tips to a position 4
cm distally into the left ventricle. If needed, the color
velocity scale was adjusted and/or the baseline shifted
to produce color aliasing. Pulsed tissue Doppler of the
mitral annulus was recorded from the apical 4-cham-
ber view by placing the sample volume at the level of
the mitral annulus on the lateral aspect. The peak ear-
ly diastolic velocity, peak atrial contraction velocity
and their ratio were measured. 

M-mode and two-dimensional examination. M-mode
measurements of the LV septum, posterior wall and LV
cavity were made using a long-axis parasternal view in
accordance with the criteria of the American Society of
Echocardiography13. The LV fractional shortening was
calculated as the difference between LV end-diastolic
diameter and LV end-systolic diameter divided by LV
end-diastolic diameter. The LV mass was calculated
during end-diastole using the Penn convention14 and in-
dexed to the body surface area. The relative wall thick-
ness was calculated during end-diastole as the ratio be-
tween the double of the posterior wall thickness to LV
end-diastolic diameter. Two-dimensional images in the
apical 4-chamber view were obtained to calculate LV
end-diastolic volume, LV end-systolic volume and
ejection fraction using the modified Simpson’s rule15.

Statistical analysis. Continuous variables were ex-
pressed as mean ± SD. Differences between mean val-
ues were analyzed using the two-tailed unpaired Stu-
dent’s t-test. When serial changes in the variables were
compared, repeated measures ANOVA was used. If in-
tergroup differences were found, Tukey’s post hoc test
was used. A p value of < 0.05 was considered statisti-
cally significant.

In order to determine the interobserver and intraob-
server variability, variables for 10 randomly selected
patients were analyzed by two observers in a blinded
fashion (interobserver variability) and by the same ob-
server a week apart (intraobserver variability).

Results

The characteristics of the patients with PIH and con-
trols are reported in table I. At the time of the study 10
patients presented with mild dyspnea and 1 patient de-
veloped pulmonary edema requiring aggressive med-
ical therapy immediately after delivery. The remaining
subjects had uneventful pregnancies. All the newborns
were healthy and presented normal birth weights.

Doppler echocardiographic data. The Doppler echo-
cardiographic measurements obtained in the patients
with PIH and controls are reported in table II. Compared
with controls, PIH patients presented with a higher E/A
ratio. Most parameters of PVF also showed significant
differences between the two groups: in the PIH patients,
an increase in both the peak diastolic velocity and dias-
tolic VTI was found without any change in the systolic
indexes. Consequently a reduction in the systolic to dias-
tolic VTI ratio and systolic fraction of VTI was obtained.
The peak A wave velocity (a-vel) was higher in subjects
with PIH (44 ± 11 vs 35 ± 9.5 cm/s, p = 0.01) while no
significant differences in the duration of mitral and PVF
at atrial contraction (A-dur and a-dur) were found. How-
ever, their ratio was significantly lower in hypertensive
women than in controls (p < 0.001). M-mode color
Doppler of the mitral inflow showed a steep reduction in
the flow propagation velocity in hypertensive women
compared to controls while no significant differences be-
tween the two groups regarding pulsed tissue Doppler
parameters were found.

M-mode and two-dimensional data. Hypertensive
patients presented a significantly increased LV wall
thickness and mass, with a higher, even though not sig-
nificantly, relative wall thickness. The LV end-diastolic
and end-systolic dimensions, LV fractional shortening
and LV ejection fraction were similar in both groups
(Table III).

Sixteen out of the 22 PIH patients underwent an
echocardiographic control within 3 days of delivery
and 20 about 1 month later (30 ± 3 days after delivery).
Two patients were lost to follow-up because they
moved abroad. PVF measurements became similar to
those of the control group within 72 hours of delivery



(peak velocity of diastolic flow 58.4 ± 10.6 cm/s; dias-
tolic VTI 10.2 ± 3.1 cm; systolic VTI/diastolic VTI 1.75
± 0.8; systolic fraction 0.61 ± 0.08; a-vel 35.3 ± 5.9 cm/s;
A-dur/a-dur 1.16 ± 0.13). At 1 month of follow-up,
echocardiography revealed that M-mode flow propaga-
tion velocity (49.4 ± 9.3 cm/s), E/A ratio (1.43 ± 0.28),
interventricular septal thickness (0.94 ± 0.13 cm), LV

posterior wall thickness (0.9 ± 0.1 cm), and LV mass in-
dex (91.5 ± 16.8) were comparable to those of controls
(p = NS vs control subjects for all measurements).

Reproducibility of measurements. Interobserver and
intraobserver variabilities of PVF velocities, eTDI/aTDI
ratio, and flow propagation velocity are shown in table IV.
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Table III. M-mode and two-dimensional echocardiographic data.

Variable Hypertensives Controls p
(n=22) (n=15)

IVSD (cm) 1.0 ± 0.1 0.87 ± 0.3 < 0.001
LVPWD (cm) 0.97 ± 0.1 0.85 ± 0.1 < 0.001
LVEDD (cm) 5.0 ± 0.4 4.8 ± 0.3 NS
LVESD (cm) 3.0 ± 0.3 3.0 ± 0.3 NS
FS (%) 38 ± 0.03 36 ± 0.04 NS
LVEDV (ml/m2) 85 ± 13 87 ± 14 NS
LVESV (ml/m2) 29 ± 8.1 32 ± 6.0 NS
EF (%) 65 ± 4 64 ± 4 NS
LV mass index (g/m2) 96.7 ± 18 77.0 ± 7 < 0.001
RWT 0.40 ± 0.04 0.36 ± 0.04 0.05

EF = ejection fraction; FS = fractional shortening; IVSD = interventricular septal thickness in diastole; LVEDD = left ventricular end-
diastolic diameter; LVEDV = left ventricular end-diastolic volume; LVESD = left ventricular end-systolic diameter; LVESV = left ven-
tricular end-systolic volume; LVPWD = left ventricular posterior wall thickness in diastole; RWT = relative wall thickness.

Table II. Doppler echocardiographic data.

Variable Hypertensives Controls p
(n=22) (n=15)

Mitral inflow
E (cm/s) 93.5 ± 21 82 ± 19 NS
A (cm/s) 63.5 ± 11 66.5 ± 8.5 NS
E/A ratio 1.53 ± 0.5 1.24 ± 0.3 0.047
A-dur (ms) 125 ± 24 141 ± 24 NS
E (VTI) (cm) 12.5 ± 4.6 11.5 ± 3.0 NS
A (VTI) (cm) 6.0 ± 1.7 6.3 ± 1.2 NS
DT (ms) 158 ± 32 168 ± 42 NS
IVRT (ms) 89 ± 14 84 ± 6 NS

Pulmonary venous flow
sPV (cm/s) 60.0 ± 19.5 58.5 ± 12.4 NS
dPV (cm/s) 68.0 ± 13 55.5 ± 10 0.003
sVTI (cm) 13.4 ± 3.6 13.7 ± 2.9 NS
dVTI (cm) 12.2 ± 2.8 9.3 ± 2.6 0.003
sVTI/dVTI ratio 1.15 ± 0.41 1.53 ± 0.34 0.005
sVTI/(sVTI+dVTI) ratio 0.52 ± 0.08 0.60 ± 0.01 0.001
a-vel (cm/s) 44 ± 11 35 ± 9.5 0.01
a-dur (ms) 132 ± 22 119 ± 24 NS
A-dur/a-dur ratio 0.94 ± 0.17 1.19 ± 0.14 < 0.001

Pulsed tissue Doppler
eTDI (cm/s) 20.0 ± 3.5 20.8 ± 4.1 NS
aTDI (cm/s) 15.7 ± 5.2 14.0 ± 2.4 NS
eTDI/aTDI ratio 1.39 ± 0.5 1.5 ± 0.4 NS

M-mode color Doppler
FPV (cm/s) 42.3 ± 8.2 54.8 ± 4.6 < 0.001

A = peak velocity of the mitral A wave; aTDI = peak late diastolic velocity; A-dur = duration of the mitral A wave; a-dur = duration of
the reverse a wave; a-vel = velocity of the reverse a wave; dPV = peak velocity of the pulmonary diastolic wave; DT = deceleration time
of the mitral E wave; dVTI = diastolic velocity-time integral; E = peak velocity of the mitral E wave; eTDI = peak early diastolic ve-
locity; FPV = flow propagation velocity; IVRT = isovolumetric relaxation time; sPV = peak velocity of the pulmonary systolic wave;
sVTI = systolic velocity-time integral; VTI = velocity-time integral.



ceeding the duration of the mitral A wave predicted a
LV end-diastolic pressure > 15 mmHg with a sensitivi-
ty of 0.85 and a specificity of 0.79. Moreover, Cecconi
et al.26 showed that an A-dur/a-dur ratio < 0.90 predict-
ed a LV end-diastolic pressure > 20 mmHg. Since mi-
tral flow velocity curves reflect PVF curves, the in-
crease in the E/A ratio we observed in hypertensive
pregnant women might be due to an increased left atri-
al pressure. The Doppler parameters of PVF and mitral
inflow in our control group are in keeping with those
reported by Mesa et al.8 about LV diastolic function in
normal human pregnancy. They observed a progressive
decrease in the E/A ratio and in the diastolic component
of PVF throughout pregnancy, which is the opposite of
what occurs in patients with PIH.

Hypertensive women showed also a lower flow
propagation velocity at M-mode color Doppler, a new
application for the study of diastolic function that
proved to be relatively load-independent and to pro-
vide an accurate estimate of LV relaxation both in ex-
perimental and in clinical studies10,27. It is based on
the principle that the velocity at which the flow prop-
agates within the ventricle is related to the intraven-
tricular gradients produced by a suction force during
early filling; a reduction in these gradients, due to ab-
normal relaxation, produces a delayed apical filling so
reducing the flow propagation velocity. The absence,
in our study, of significant changes in pulsed tissue
Doppler parameters between women with PIH and
normal pregnant subjects could be explained by a low-
er sensitivity of these indexes, chiefly in the presence
of volume overload. In agreement with Vasquez Blan-
co et al.7, in hypertensive women we found an in-
crease in the interventricular septal thickness, LV pos-
terior wall thickness and LV mass index, without any
changes in LV diastolic diameter and volume. LV wall
thickening is likely to be due to an increase in the my-
ocardial interstitial volume; the redistribution of body
fluids in pre-eclamptic states, with an increase in the
interstitial and a fall in the intravascular volume, is a
well known phenomenon28. Furthermore, this geo-
metric pattern differs from the one that Robson et al.29

and Katz et al.30 observed in normal pregnancy char-
acterized by progressive LV enlargement related to
the increased ratio between the LV end-diastolic ra-
dius and posterior wall thickness. On the other hand,
systolic function parameters were similar in both
groups of patients. The rapid modification of abnor-
mal PVF parameters immediately after delivery sug-
gests that they are more dependent on hemodynamic
conditions than on mitral inflow measurements. The
return of the morphological parameters to normal val-
ues in the early post-partum has also been reported by
other authors8.

Study limitations. PIH patients were taking antihyper-
tensive drugs at the time of the first echocardiogram.
This factor may have influenced the Doppler measure-
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Table IV. Reproducibility of measurements.

Variability (%)

Interobserver Intraobserver

PVF velocities
sPV 1.4 ± 3.9 0.8 ± 4.0
dPV 1.0 ± 4.5 0.6 ± 3.6
sVTI 1.8 ± 3.0 1.2 ± 3.1
dVTI 1.7 ± 3.5 1.1 ± 4.1
a-vel 2.1 ± 3.2 1.2 ± 2.8
a-dur 2.5 ± 3.4 2.0 ± 3.1

eTDI/aTDI ratio 2.5 ± 3.8 0.8 ± 3.6
FPV 3.0 ± 3.5 1.2 ± 2.8

aTDI = peak late diastolic velocity; a-dur = duration of the re-
verse a wave; a-vel = velocity of the reverse a wave; dPV = peak
velocity of the pulmonary diastolic wave; dVTI = diastolic ve-
locity-time integral; eTDI = peak early diastolic velocity; FPV =
flow propagation velocity; PVF = pulmonary venous flow; sPV
= peak velocity of the pulmonary systolic wave; sVTI = systolic
velocity-time integral.

Discussion

PIH represents a spontaneous model for the study of
the effects on LV function of a transient and acute pres-
sure overload superimposed on a chronic volume over-
load status. While LV systolic function and LV mor-
phological adaptation to the volume and pressure over-
load in pregnancy have been extensively studied, little
is known about diastolic function. Recently, diastolic
dysfunction has emerged as an important contributor to
the symptoms of cardiac disease even in the presence of
a normal or almost normal systolic function and it often
represents the first alteration in coronary artery disease,
cardiomyopathies and systemic hypertension16. On the
other hand, Doppler echocardiography, due to techno-
logical improvement, has become a well accepted and
reproducible method for the study of diastole17,18.

In women with PIH we observed several changes in
Doppler indexes of diastolic function, chiefly in the as-
sessment of PVF and LV filling by means of M-mode
color Doppler. The PVF pattern was characterized by
an increase in the diastolic component of forward flow
with a reduction in the systolic filling fraction. Previous
studies using both transesophageal and transthoracic
echocardiography19-21 have shown a close inverse rela-
tionship between the systolic fraction of PVF and the
mean pulmonary capillary pressure. More recently,
Rossvoll and Hatle22 demonstrated that the systolic fill-
ing fraction of PVF was the velocity index that best cor-
related with the pre-A pressure (LV pressure before
atrial systole). In addition, we found an increase in the
a-wave velocity and a reduction in the A-dur/a-dur ra-
tio; the difference between PVF reversal and forward
mitral flow duration during atrial systole was found to
be the best indicator of LV end-diastolic pressure23-25.
Rossvoll and Hatle22 showed that a PVF reversal ex-



ments. Besides, the persistence of systemic hyperten-
sion in some patients might have also interfered with
the echo-Doppler parameters.

In conclusion, the present study shows that hyper-
tension complicating pregnancy significantly affects
PVF, mitral inflow and intraventicular flow propaga-
tion velocities. This is likely to be due to alterations in
the diastolic filling dynamics. 

LV systolic function is preserved, in the presence of
a transient LV remodeling. Additional studies including
larger numbers of patients should be undertaken to bet-
ter understand the pathophysiology of diastole and its
role in the complications of PIH.
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