
Abstract

Aims/hypothesis. During pregnancy, eminent cardio-
vascular changes occur. The aim of the following
study was to investigate the course of haemodynamic
parameters under the increased volume load during
pregnancy and delivery in women with insulin-depen-
dent diabetes mellitus.
Methods. We examined 51 pregnant diabetic women
and 51 healthy pregnant women. The control group
consisted of 51 healthy non-pregnant women. In all
women, left ventricular mass and fractional shortening
were calculated. To evaluate left ventricular diastolic
function, mitral inflow and pulmonary venous flow
profiles were analysed.
Results. During pregnancy left ventricular mass in-
creased, fractional shortening decreased and diastolic
dysfunction was found. While the healthy pregnant
women developed signs of disturbed relaxation during
pregnancy, pregnant diabetic women showed signs of
a disturbed relaxation at the beginning of gestation. Of

the pregnant diabetic women, 29 developed a restric-
tive filling pattern at the 24th week of gestation. The
remaining 22 diabetic women had a comparable re-
strictive filling pattern only during vaginal delivery. In
10 of the 29 pregnant diabetic women dangerous com-
plications were documented, while there were no
complications in the healthy pregnant women and the
other 22 diabetic pregnant women.
Conclusion/interpretation. In healthy women pregnan-
cy results in a reversible physiologic left ventricular
hypertrophy, a disturbed relaxation pattern and a tem-
porary decrease of left ventricular systolic function. In
contrast, pregnant diabetic women showed a delayed
relaxation at the beginning of pregnancy and devel-
oped a restrictive filling pattern. The early develop-
ment of a restrictive filling pattern could indicate
complications during delivery in pregnant diabetic
women. [Diabetologia (2003) 46:267–275]
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namic parameters in the maternal cardiovascular
system were evaluated noninvasively by echocardiog-
raphy [2, 3]. In earlier studies, echocardiography was
frequently applied in order to describe left ventricular
systolic function and cardiac haemodynamics during
pregnancy [1, 4, 5, 6, 7, 8], since it allows assessment
of cardiac haemodynamics without endangering the
pregnancy. However little data on left ventricular dia-
stolic function during pregnancy has been assessed.
Our own working group was able to show that an un-
complicated pregnancy in healthy women with normal
left ventricular function causes reversible haemody-
namic changes with a passager restrictive filling pat-
tern at delivery [8]. In patients with insulin-dependent

Pregnancy causes haemodynamic changes in the car-
diovascular system due to the physiological volume-
overload [1]. In former studies, changes in haemody-
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diabetes mellitus, assessment of left ventricular dia-
stolic functional parameters leads to an early recogni-
tion of diastolic dysfunction while systolic ventricular
function was normal [9]. The aim of this prospective
investigation was to evaluate whether the natural vol-
ume-overload of pregnancy causes changes in left
ventricular systolic and diastolic function in young
women with Type 1 diabetes mellitus during pregnan-
cy in comparison to pregnant healthy women.

Subjects and Methods

Study participants. Between June 1998 and August 2000, 51
pregnant women with Type 1 diabetes mellitus were included
in the study. The mean age of the women was 24±6 years with
a range from 18 to 31 years. Inclusion criteria were an insulin-
therapy enduring for at least 48 months and a clinically incon-
spicuous cardiopulmonary result. Late diabetic complications
and pulmonary disease were exclusion criteria. All included
patients with diabetes mellitus were non-smokers and there
was no albuminuria in all examined women. The retention 
values were within normal range (serum creatinine, serum
urea, endogenous creatinine clearance). The velocity of nerve
conduction measured at the nervus peronaeus showed normal
results.

The control group consisted of 51 healthy pregnant women
of corresponding age (mean age 26±4 years; range from 18 to
32 years) as well as 51 healthy non-pregnant women of corre-
sponding age (age: 25±4 years, range from 19 to 30 years).
Using noninvasive diagnostic criteria (electrocardiography, 
ergometry, spirometry and laboratory analysis), cardiac pulmo-
nary diseases and nephrological diseases as well as high-risk
pregnancies (primigravida under 16 and over 34 years of age)
and multigravida were excluded from the study. All pregnant
women and the attending gynaecologists consented to take part
in the study.

Study design. After the diagnosis of pregnancy, additional ex-
aminations were carried out: a general clinical examination,
weight and blood pressure measurements, urine analysis,
blood-typing, and blood analysis for rubella and syphilis. Fur-
thermore, a 12-lead electrocardiography and a transthoracic
echocardiography were carried out. In the 9th, 24th, and 33rd
week of pregnancy as well as 8 weeks after delivery the clini-
cal and echocardiographic follow-up examinations were car-
ried out.

Clinical examination. To be able to evaluate the course of
pregnancy weight, blood pressure, urine analysis and subjec-
tive discomfort of the pregnant women were obligatorily re-
corded. The gestational age was established by clinical and
sonographic criteria by the attending gynaecologist.

Laboratory analyses. As criterion for the effective blood glu-
cose regulation, the glycolysed haemoglobin (HbA1c) was
measured. In this examination, the arithmetic mean of the
HbA1c values of the previous 2 years served as a measure for
the regulation quality. Regulation of the HbA1c-value ensued
column-chromatographically (Bio-wheel column-test; Bio-
wheel Laboratories; Standard values 5.00–8.00%).

Echocardiographic examination. Ultrasonic examinations were
carried out by means of a Toshiba ultrasonic device, model

SSH-160 (Toshiba Corporation Otawara, Japan). A complete
two-dimensional, M-mode and Doppler echocardiographic ex-
amination was carried out in all women. M-mode measure-
ments of the left atrium and left ventricle were made according
to the guidelines of the American Society of Echocardiography
[10]. The dimensions of the left atrium, the left chamber, and
the systolic and diastolic wall thicknesses were routinely mea-
sured. Left ventricular mass and left ventricular ejection frac-
tion were calculated [11, 12]. Left ventricular stroke volume,
cardiac output, cardiac index, and systemic vascular resistance
were calculated automatically.

Left ventricular inflow velocities were measured by the
pulsed wave Doppler technique in the apical four-chamber
view under two-dimensional guidance [13]. The sampling vol-
ume was placed near the tips of the mitral leaflets in order to
measure the mitral inflow velocities [2]. The following param-
eters of diastolic function were evaluated: peak mitral flow ve-
locity in early diastole (m/s); peak mitral flow velocity at atrial
contraction (m/s); ratio of peak mitral flow velocity in early di-
astole and peak mitral flow velocity at atrial contraction; accel-
eration time (ms); deceleration time (ms) and isovolumetric re-
laxation time (ms). Three abnormal left ventricular filling pat-
terns are recognized. The least abnormal and most common is
termed “impaired relaxation”, resulting from reduced filling in
early diastole, a reduced mitral E-to A-wave ratio, increased
A-wave amplitude and filling caused by atrial contraction.
With disease progression, left ventricular compliance becomes
reduced and left atrial pressure increases, which counteracts
the impaired left ventricular relaxation. The increased early
transmitral pressure gradient results in an left ventricular fill-
ing pattern that seems normal but is actually pseudonormal.
This term indicates that despite the normal mitral E- to A-wave
ratio, abnormalities of left ventricular relaxation and left ven-
tricular compliance are present. Finally, in patients with ad-
vanced disease and a severe decrease in left ventricular com-
pliance, high pressures cause left ventricular filling to become
restrictive, with blood rapidly entering a slowly relaxing ven-
tricle in early diastole only to be abruptly decelerated. With an
increase in early left ventricular diastolic pressure the left atri-
um is dilated and hypocontractile with little additional filling
at atrial contraction.

Using colour Doppler the flow of the right superior pulmo-
nary vein was found. A 5 mm sample volume was than posi-
tioned at the level of the orifice of the right superior pulmona-
ry vein in the left atrium and the velocity of the pulmonary
vein flow was documented [14]. The following parameters
were assessed: pulmonary venous flow velocity in systole
(m/s); pulmonary venous flow velocity in diastole (m/s); re-
verse pulmonary venous flow velocity at atrial contraction
(m/s) and A-wave duration (ms).

Recordings were done at the end of normal expiration in 
order to eliminate the effects of respiration on the parameters
studied [15]. The respective mean value from five consecutive
heart cycles was assessed in order to determine various func-
tional parameters.

Statistics. The statistical assessment has been carried out by
means of a software program (SPSS, Version 6.1.). The data
were provided as mean values with standard deviation. The
single groups were compared among each other by means of
the Mann-Whitney U test, while Spearman’s test was applied
for correlations and ANOVA was carried out to compare the
results. A significant group divergence was assumed at an 
error likelihood of less than 5% with regard to the equality of
the examined groups. A p value of less than 0.05 was consid-
ered statistically significant.
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Results

Demographic data. Table 1 gives the most important
baseline characteristics. All three study groups
showed comparable values regarding body surface 
area and age. Pregnant diabetic women and pregnant
healthy women had comparable duration of pregnan-
cy (40±7 versus 40±5 weeks; p=n.s.). Of the preg-
nant diabetic women, 28 (55%) and 26 healthy 
pregnant women without diabetes mellitus (51%)
were primigravida (p=n.s.) (Table 1). There were 
no statistically significant differences among the
three groups concerning concentrations of fasting
blood sugar, glycosylated haemoglobin, total choles-
terol, HDL and LDL cholesterol as well as triglyce-
rides.

There was a comparable increase of body weight
during the course of pregnancy in both groups. Eight
weeks after delivery, the initial weight was reached in
both groups and was comparable with the non-preg-
nant women (Table 2).

Haemodynamic parameters. The systolic and diastolic
blood pressure values were comparable during the
course of pregnancy in both groups.

Cardiac output was increased until delivery. During
pregnancy the cardiac index increased from the first tri-
mester to delivery by 26% from 2.6±0.5 to 3.5±0.8
l×min−1×m−2 (p<0.01) in pregnant healthy women, and
by 35% from 2.4±0.5 to 3.5±0.4 l×min−1×m−2 (p<0.01)
in pregnant women with Type 1 diabetes. This increase
can be attributed to an increase of the heart rate as well
as to a non-significant increase of the stroke volume in
both groups (Table 2). The systemic vascular resistance
fell in the third trimester and during delivery to the low-
est value, while the values were within normal scope 
at any time. In comparison to the healthy pregnant
women, the values for the systemic vascular resistance
showed a change in the direction of higher values in 
the pregnant diabetic women in each trimester without
statistical relevance.

Haemoglobin and haematocrit reached their lowest
values in all pregnant women in the third trimester
and during delivery and reached (yet incompletely)
initial values 8 weeks after delivery (Table 2).

Echocardiography. The echocardiographically mea-
sured enddiastolic and endsystolic left ventricular di-
mensions did not change during pregnancy, whether
or not the pregnant woman had Type 1 diabetes. Dur-
ing pregnancy in both groups an increase in atrial 
diameter could be documented.

In all three groups, fractional shortening and left
ventricular ejection fraction were within normal range
as an expression of normal left ventricular systolic
function. The fractional shortening and ejection frac-
tion (EF) decreased in both groups of pregnant women
shortly before delivery (EF: pregnant diabetic women
from 63±4 to 56±4%, p<0.01 and pregnant women
without diabetes from 64±5 to 55±5%; p<0.01) in 
order to reach the initial values postpartum. Between
the two groups, there were no relevant differences
(Table 3).

Furthermore, an increase in left ventricular mass as
well as left ventricular mass index could be document-
ed during pregnancy in both groups. Even 8 weeks 
after delivery, there was a normalization of the left
ventricular wall thickness as well as a reduction of the
left ventricular mass index in both groups (Table 3).

Left ventricular diastolic functional parameters
showed a divergent behaviour between pregnant
women with and without diabetes. Healthy pregnant
women developed a disturbed relaxation filling pat-
tern (Table 4) with an increase in the maximum early
diastolic inflow velocity (VE) from 0.89±0.06 to
0.91±0.05 m/s (p=n.s.) in the second trimester and the
maximum late diastolic inflow velocity (VA) at deliv-
ery from 0.51±0.06 to 0.70±0.06 m/s (p<0.01). The
VE/VA ratio decreased during pregnancy because of
the increase of the A-wave. No changes were regis-
tered during pregnancy regarding acceleration time.
Furthermore, there was a prolongation in isovolumet-
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Table 1. Patient characteris-
tics Healthy Healthy Pregnant p

non-pregnant pregnant diabetic 
women women women

Number [n] 51 51 51 n.s.
Age [years] 25±4 26±4 24±6 n.s.
BSA [m2] 1.69±0.12 1.68±0.14 1.69±0.16 n.s.
Primigravida [%] 51 55 n.s.
Primigravida [n] 26 28 n.s.
Duration of pregnancy [months] 40±5 40±4 n.s.
Fasting blood sugar 92±11 87±8 88±9 n.s.
Glycosylated haemoglobin 5.8±0.8 6.1±0.6 6.0±0.09 n.s.
Cholesterol [mg/dl] 211±15 198±16 217±10 n.s.
HDL-cholesterol [mg/dl] 64±11 61±8 59±12 n.s.
LDL-cholesterol [mg/dl] 142±18 136±12 151±20 n.s.
Triglycerides [mg/dl] 248±24 213±17 206±19 n.s.BSA = body surface area

n.s. = not significant
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ric relaxation time (Fig. 1) and deceleration time at
delivery compared with the initial values (Table 4).

In contrast, a disturbed relaxation filling pattern
was documented in the pregnant diabetic women al-
ready at the initial examination (9th week of gesta-
tion) with a decreased early diastolic inflow velocity,
increased late diastolic inflow velocity and a pro-
longed deceleration and isovolumetric relaxation time
(Table 4). In 29 pregnant diabetic patients a restrictive
diastolic filling pattern developed from the 24th week
of gestation, while the remaining 22 pregnant diabetic
women developed a restrictive filling pattern only un-
der labour and delivery (Fig. 2). A restrictive filling
pattern is defined as an elevated early diastolic inflow
velocity, decreased late diastolic inflow velocity and
reduced deceleration and isovolumetric relaxation
time (2nd trimester: 29 diabetic patients with restric-
tive filling pattern: VE 1.5±0.07 m/s; VA 0.45±0.06
m/s; deceleration time 143±11 ms; isovolumetric re-
laxation time 59±7 ms versus 22 diabetic patients with

disturbed relaxation pattern VE 0.42±0.04 m/s; VA
0.67±0.05 m/s; deceleration time 244±16 ms; isovolu-
metric relaxation time 107±9 ms).

During pregnancy there was a comparable non-sig-
nificant increase in the systolic pulmonary venous
flow with a maximum in the 2nd trimester in both
groups (Table 4). The diastolic pulmonary venous
flow clearly decreased in the 2nd and 3rd trimester.
The atrial pulmonary venous flow increased in the
course of the pregnancy by about 23% without any
change regarding duration in the atrial pulmonary ve-
nous flow. As a measure for mean left atrial pressure,
the ratio of systolic and diastolic pulmonary venous
flow was calculated in all patients. However, there
were no relevant differences between the two patient
groups, regarding the pulmonary venous flows. Fur-
thermore, there was no statistically relevant difference
concerning the initial data in the age-corresponding
normal control subjects, either.

Clinical course of pregnancy. Pregnant women with
Type 1 diabetes and a disturbed relaxation pattern 
during pregnancy as well as pregnant women without
diabetes showed a clinically uncomplicated course of
pregnancy. In contrast, clinical complications were
observed during delivery in 10 out of 29 women with
Type 1 diabetes and a restrictive diastolic filling pat-
tern. Due to serious ventricular arrhythmia (ventricu-
lar salves (n=4); ventricular tachycardia (n=3) and
pathological cardiotocographies of the child, an emer-
gency section had to be carried out in seven women.
Labour had to be induced early in three women with
progredient dyspnea symptoms of an incipient cardiac
decompensation in connection with serious diastolic
left ventricular dysfunction. These 10 pregnant wom-
en with Type 1 diabetes with clinical complications
did not differ from the other pregnant diabetic patients
as regards blood pressure or heart rate, nor was pro-
teinuria or edema development documented. Alto-
gether, there were dangerous complications with 34%
(10 out of 29) women.

Discussion

Pregnancy causes characteristic usually reversible
changes in a woman’s cardiovascular system due to an
increase in total body water by 40 to 100% and blood
volume by 30 to 50% [16].

Left ventricular function could be assessed by re-
cording the velocity of flow through the mitral valve
and pulmonary veins. The mitral inflow pattern is 
affected by a complex interaction of many factors, 
including myocardial relaxation, ventricular compli-
ance, preload and afterload, myocardial contractility
and pericardial restraint [17]. Pregnancy in healthy
women causes an 40% increase in the preload [4].
This study characterizes the left ventricular response
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Fig. 1. Isovolumetric relaxation time in the course of pregnancy

Fig. 2. Alterations of the left ventricular diastolic filling pat-
tern during pregnancy (in healthy pregnant women developed
a disturbed relaxation filling pattern, pregnant diabetic women
already had a disturbed relaxation filling pattern at the initial
examination, in 29 pregnant diabetic patients a restrictive dia-
stolic filling developed from the 24th week of gestation, while
the remaining 22 pregnant women developed a restrictive fill-
ing pattern only under labour and delivery. VE, peak mitral
flow velocity in early diastole; dt, deceleration time; IVRT,
isovolumetric relaxation time)



to the chronic volume overload state in healthy and 
diabetic pregnant women. Our data confirm previous
observations [8¸ 18] in healthy pregnant women with
an increase in the heart rate, cardiac output, cardiac
index and left ventricular mass index, as well as a 
decrease in systemic vascular resistance during preg-
nancy. Left ventricular ejection fraction and fractional
shortening decreased in both groups in the third 
trimester in accordance with earlier studies [7, 19].
Other studies, however, described an unchanged left
ventricular ejection fraction during the entire course
of pregnancy [5, 20]. The left ventricular enddiastolic
and endsystolic dimensions did not change during or
after pregnancy. This result of our study agrees [6]
and differs from those of other investigators [1, 5].
The slight increase in atrial size during pregnancy has
already been documented [1] and it was interpretated
as an indirect indicator of the left ventricular filling
status. The increase in atrial diameter during pregnan-
cy, as documented by ourselves and others [5, 7], sug-
gests that an increase occurs in both the preload and
the circulating blood volume.

The increase of left ventricular wall thickness and
left ventricular mass developed in both groups in the
second trimester with a maximum in the third trimes-
ter. Cardiac hypertrophy occurs in a variety of condi-
tions and serves to normalize increased values of sys-
tolic wall stress. The cardiac mass increase is pro-
duced by preload augmentation and a successive in-
crease in stroke volume (volume-overload). This theo-
ry is supported by the decrease in left ventricular mass
8 weeks after delivery. The cardiovascular changes
during pregnancy represent one of the forms of physi-
ological hypertrophy and resemble those found with
exercise training in long-distance runners [21].

Despite the increase of the left ventricular mass
healthy pregnant women showed a normal left ven-
tricular filling pattern just before delivery [8]. In con-
trast, in pregnant diabetic women changes of the dia-
stolic filling pattern were documented in the sense of
a decrease of the mitral flow in the early filling phase
and a compensatory increase of the left ventricular in-
flow in the late diastolic filling period. This impair-
ment of early diastolic filling velocity normally shows
up as an early sign of a cardiac dysfunction even be-
fore there is a systolic disturbance along with a loss of
contractility [8]. Several investigators have shown that
abnormalities of left ventricular diastolic function are
common even in diabetic patients without clinical
manifestations of congestive heart failure [22, 23].
Whether these abnormalities result from a microan-
giopathic process in the heart or from metabolic ab-
normalities inherent to diabetes mellitus is still un-
clear [24]. Furthermore, it has been suggested that dia-
stolic abnormalities could be an early manifestation of
a specific diabetic heart disease [22]. Diastolic dys-
function in diabetic patients has been reported by nu-
merous authors; prevalence of diastolic abnormalities

varies from 21 to 100% in other studies [25, 26]. This
variability is probably due to different selection crite-
ria and methods for evaluating diastolic function. Our
results show a disturbed relaxation pattern in all inves-
tigated diabetic patients already at the first examina-
tion. These results of our study are in accordance with
those of other authors [22], who found a decreased
peak diastolic rate of dimensional change (peak nega-
tive dD/dt) in patients with diabetes mellitus they ob-
served a correlation between the degree of diastolic
abnormalities and the severity of microvascular com-
plications in patients with diabetes mellitus. These ob-
servations and the results of our study indicate that,
even when systolic function is not impaired, diabetic
patients can show abnormal left ventricular diastolic
function potentially related to diabetic microangiopa-
thy [27, 28]. Diabetic patients had a higher atrial con-
tribution to left ventricular filling and prolonged iso-
volumetric relaxation and deceleration time than con-
trol subjects.

Serious difficulties arise from the fact that the
transmitral flow velocity pattern is modified by differ-
ent preload and afterload conditions. An increase in
the ratio of early to late peak velocity with increasing
left atrial pressure could have been shown before [15].
In order to exclude that a normalization of the trans-
mitral flow velocity pattern could occur under the
condition of an increased filling pressure, we investi-
gated pulmonary vein velocities and “pseudonormal-
ization” could be excluded in all diabetic patients and
the control subjects.

In 57% of the pregnant diabetic patients, a deterio-
ration of diastolic dysfunction was documented at the
end of the second trimester, they developed a restric-
tive filling pattern even before labour and delivery.
The coronary reserve decreases and the pressure vol-
ume loop is shifted to a less favourable work-level in
diabetic women with pre-existing relaxation delay and
reduced left ventricular compliance due to deteriora-
tion of the passive diastolic qualities of the left ventri-
cle. These pathophysiological mechanisms are de-
scribed as a risk constellation for potentially danger-
ous arrhythmia [29]. During delivery, which is marked
by an additional pressure and volume overload dan-
gerous complications were documented in one third of
these pregnant women with Type 1 diabetes. In former
clinical studies, it could be proven that a restrictive di-
astolic filling pattern is strained in patients with coro-
nary cardiac disease and dilative cardiomyopathy with
a bad clinical prognosis due to cardiovascular death
and ventricular arrhythmia [15, 30]. In the course of
delivery (marked by pressure and volume load), we
documented dangerous complications in 34% of the
pregnant diabetic women who had already developed
an early restrictive filling pattern. The early develop-
ment of a restrictive filling pattern appears to be pre-
dictive for dangerous arrhythmia and cardiovascular
problems in the course of pregnancy and delivery. 
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Only by means of emergency incision and early in-
ducement of delivery, these clinical complications
could be mastered.

It can, therefore, be summarised that already an un-
complicated pregnancy in healthy women with normal
left ventricular systolic function as a chronic volume
overload state has important effects on haemodynamic
functional parameters in each trimester. The cardiac
dysfunction described is a transient rather than a 
permanent phenomenon. The volume-overload in a 
normal pregnancy leads to reversible physiological
left ventricular hypertrophy, and to a significant
change in left ventricular diastolic function in the
sense of a disturbed relaxation pattern. In one third of
pregnant women with insulin-dependent diabetes
mellitus, changes were documented in the sense of a
restrictive filling pattern already during the 2nd tri-
mester. The assessment of left ventricular diastolic
function in pregnant women may predict complicated
pregnancies. It should be considered to evaluate left
ventricular diastolic parameters routinely during preg-
nancies in women with insulin-dependent diabetes
mellitus. Further investigations have to be made to de-
cide whether a natural delivery in these women should
be avoided and maybe an elective Caesarean section
should be preferred in order to avoid the additional
pressure-overload during delivery.
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