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Summary

Women with gestational diabetes mellitus (GDM) are at increased
risk for cardiovascular diseases (CVD) events compared with
women without GDM. The aim of the present study was to
evaluate 200 parameters of the heart electric field in 35 women
with GDM under optimal glycemic compensation compared to
32 healthy pregnant women. All examinations were performed in
the 36th week of gestation. The parameters in ECG body surface
mapping (BSM) were registered by the diagnostic system Cardiag
112.2. The absolute values of maximum and minimum in
depolarization and repolarization isopotential, isointegral and
isoarea maps were not significantly different between the groups.
These findings correspond to the result of heart rate variability
examination. However BSM revealed the significant prolongation
of QRS complex (p=0.05), shortening of ventricular myocardial
activation time (ICHVAT) (p=0.01), prolongation of mean QT
duration (p=0.01) and increase of QT interval dispersion
(p=0.01) in women with GDM. Duration of QRS and ICHVAT
significantly correlated with interventricular septum and posterior
wall thickness in GDM group, QTd interval correlated significantly
with HbA1C level. We conclude that despite of optimal metabolic
control several significant abnormalities detected by ECG BSM are
still present in patients with GDM.
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Introduction

Gestational diabetes mellitus (GDM) is defined
as carbohydrate intolerance of varying degrees of severity
with onset or first recognition during pregnancy (Metzger
and Coustan 1998). The incidence of GDM occurs in
about 3-5 % of all pregnancies and it is often associated
with maternal risk factors such as overweight, advanced
age, positive family history of DM type 2 and a
previously complicated obstetric history. GDM is also
associated with a high risk of subsequent development of
maternal diabetes later in life (Bellamy ez al. 2009, Feig
et al. 2008, Kim ef al. 2002) and cardiovascular disease
(Sullivan et al. 2012).

ECG body surface isointegral, isopotential and
isoarea maps (BSM) are the sensitive indications of local
electrical depolarization and repolarization changes.
Some works with ECG BSM in patients with diabetes
mellitus type 1 showed significant changes in the QT
interval and QT dispersion — QTd (Palova et al. 2010,
Zdarska et al. 2007). Several changes of the electrical
heart field have also been observed in healthy women in
the high phase of physiological pregnancy. They can be
explained by changed spatial arrangement of the chest
organs during pregnancy (Lechmanova et al. 2002). This
enables  detection  of

methodics pathological

electrocardiographic changes in early degree and
subsequent detection of the presence and extent of
cardiovascular risk. It has already been used in patients
with GDM and revealed significantly higher average QT

dispersion in GDM women (Medova ef al. 2012). The
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dispersion of QT interval seems to be important in
detection of repolarization abnormalities and might be
responsible for rhythm disorders (Cowan et al. 1988,
Kittnar et al. 2004). In the present study we also
correlated electrocardiographic changes with the results
of echocardiographic findings and spectral analysis of the
heart rate variability.

Methods

Screening procedure and diagnosis

This study was conducted in the Center for
Diabetes, Department of Internal Medicine University
Hospital Motol in Prague in cooperation with the Institute
Charles
University in Prague. The local Ethics Committee, which

of Physiology, 1% Faculty of Medicine,
follows the Helsinki Protocol has accepted the design of
the presented study. All participants of the study have
passed an oral glucose tolerance tests (0GTT), generating
diagnostic indicators for GDM according to the Czech
National Diabetes Data Group criteria. GDM was
diagnosed in the 24-28th week of gestation using oGTT
with 75 g glucose load, when fasting glucose in venous
plasma was less than 7.0 mmol/l. Women, whose fasting
glucose was 7.0 mmol/l and more, did not have to go
through the functional test as they were diagnosed by the
fasting glucose level as overt diabetes in pregnancy.
Plasma glucose samples were collected at fasting, as well
as one and two hours after glucose load. The diagnosis of
gestational diabetes was established if any of the test
values was abnormal: if fasting plasma glucose exceeded
5.5 mmol/l, one hour plasma glucose exceeded
8.8 mmol/l or two hours oGTT plasma glucose exceeded
7.7 mmol/l. Those criteria were the only ones officially
accepted by the authorities at the time when experimental
work was done. It is important to note, that new screening
criteria for GDM based on The HAPO study (2008) and
International Association of Diabetes and Pregnancy
(IADPSG Consensus 2010)

recommendations have been accepted in the Czech

Study Groups Panel
Republic this year (the diagnosis of gestational diabetes is
established when any of the following three 75 g 2-h
OGTT
5.1 mmol/l, one hour 10 mmol/l, two hours 8.5 mmol/I).

thresholds are met or exceeded: fasting

35 women with GDM and 31 healthy pregnant
women were enrolled in the study. Patients with a prior
history of hypertension, preeclampsia, and chronic
diseases were excluded from the study. However, patients

with hypothyroidism on adequate replacement therapy

were included. All patients with GDM were followed and
assessed at our outpatient department bi-weekly from
diagnosis until delivery. They received complex dietary
counseling and in indicated cases insulin as well. Target
glucose level in the treatment of GDM was a fasting
blood glucose of less than 5.6 mmol/l, and less than
6.7 mmol/l 2 h after the glucose load.

All examinations were performed in the 36th
week of gestation. The anthropometrics and biometric
measurements — height (in meters) was taken using a
stadiometer and the patients were required to stand
upright, but with the body and head touching the meter
ruler (m). Weight (in kilograms) was taken using a
standard weighing scale while patients were wearing light
clothes with shoes taken off. Body mass index (BMI) was
calculated using the following formula: BMI = body
weight (kg) / body height (m?).

Measurement

The electrocardiogram (ECG), vectorcardiogram
(VCG) and body surface isopotential, isointegral and
isoarea maps (BSM) were registered altogether using the
diagnostic system CARDIAG 112.2 (Kittnar and
Stovicek 1993, Slavicek et al. 2001). 201 parameters of
heart electrical field were registered in GDM patients and
controls. Patient heart rate, duration of PQ, QRS, QT and
QTec intervals were recorded and evaluated by 12 leads
ECG. In the VCG evaluation, the Frank orthogonal lead
system was used (Frank 1956). The depolarization,
(DIPM, RIMP),
isointegral depolarization and repolarization maps (DIIM,

repolarization isopotential maps
RIIM) and their maximum and minimum were recorded
and evaluated by ECG body surface potential maps
(BSM). Depolarization isoarea maps, their maximum and
minimum in puVs and repolarization areas and their
maximum and minimum in pVs were examined as well
as isointegral minimum (Q-IIM), amplitude (IPMAM-Q)
of Q wave as and QT duration in the chest electrodes.
Myocardial activation time (ICHVAT in ms) was
measured between the beginning of depolarization in an
orthogonal lead and the R wave in the individual chest
leads.

Transthoracic echocardiography, including pulse
Doppler and tissue Doppler imaging (TDI) were
performed using a Philips Sonos® 7500 cardiac
ultrasound unit (Philips Healthcare, Andover, MA, USA).
Interventricular septal thickness (IST), posterior wall
thickness (PWT), LV end diastolic diameter (LVEDD),
LV end systolic diameter (LVESD), and left atrial
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diameter were determined. Relative wall thickness
(RWT) was determined using 2x posterior wall thickness
(PWT)/LVEDD. The LV ejection fraction was evaluated
according to the Teicholz formula (Teichholz et al.
1976). Left ventricular mass (LVM) was calculated by
the following equation following ASE (American Society
of Echocardiography) convention (Devereux and Reichek
1977, Lang et al. 2005):

LV Mass (g) = 0.8{1.04[([LVEDD+IST+PWT]*—
—-LVEDD?)]}+0.6

Left ventricular mass index (LVMI) was
determined as LVM/body surface area. Mitral inflow
velocity was traced and the following wvariables of
diastolic function were measured and evaluated: peak
velocities of early (E) and late (A) transmitral flow, the
ratio E/A,

velocities of early (E’) and late (A") diastolic mitral

and deceleration time (DT). The peak

annular motion (average of septal and lateral values) were
determined from TDI recordings, and mitral E/E" and
E’/A’ ratios were calculated (Sohn ef al. 1997).

HRYV analysis was made by using VariaCardio
TF4 device (Sima Media, Olomouc). Spectral analysis of
RR intervals was performed by Fourier Transform
algorithm, and the following frequency-domain HRV
variables were obtained: low frequency (LF) component
(0.05-0.15 Hz) and high-frequency (HF) component
(0.15-0.4 Hz). Total
frequency/high frequency ratio (LF/HF) were also
calculated. All
measuring ECG recordings of RR intervals automatically,

spectral power and low

calculations were undertaken by
using the computer-aided examination and evaluation

system.

Statistical evaluation

Statistical analyses and database management
were performed using SAS (SAS Institute, Cary, NC).
Results are expressed as the mean + standard deviation.
The significance of differences in parameters was
determined by Student's 7-test for nonpaired samples and
by chi-squared test on an appropriate basis. The
correlation coefficient was obtained by the method of
least squares, tests for normality by Kolmogorov-
Smirnov tests. Simple correlations were performed using
Pearson’s or Spearman’s correlation coefficient, where
appropriate. We tested the significance level alpha of 5 %
(0=0.05).

Results

35 women with GDM and 31 healthy pregnant
women were enrolled in the study. There was no
significant difference between the groups in terms of
weight, height, BMI, age, The average age of 35 women
with GDM was 3244 years, compared to 30.3+4 years
(NS) in 31 healthy women. 17 patients with GDM were
primigravidas, 18 women were in their second or third
pregnancy. In the control group 21 were primigravidas
and 10 controls in their second or third pregnancy.
Women with GDM had significantly lower weight gain
than (p=0.05).
characteristics of the examined groups are shown in
Table 1. Patients with GDM were divided into two
subgroups: group treated with lifestyle changes and

during gestation controls Basic

insulin-treated group; these two groups showed no

statistically significant difference in basic

anthropometrics and biometric parameters.

Table 1. Basic characteristics between GDM and non-GDM patients (mean values * standard deviations).

GDM group (n=35) Control group (n=31) P value
Mean age (vears) 3244 30.3+4.2 NS
Height (cm) 166+5.9 168.3+7.4 NS
Weight (kg) 77.2+£13.3 77.1£13.5 NS
Weight gain in pregnancy (kg) 10£7.6 13.1+3.7 0.05
BMI (kg/m’) 28.2+3.8 27.1+4.1 NS
Mean MAP (mm Hg) 84+6.5 87+8 NS
Mean heart rate 84+10.4 86+11 NS

MAP — mean arterial pressure



S482 Zakovicova et al.

Vol. 63

Fig. 1. Relation of QT and HbA1C

in the whole cohort (p=0.038).
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Table 2. Comparison electrocardiographic parameters between GDM and control group.

GDM group Control group p value
ORS duration (ms) 83+15.7 76+7 0.03
ICHVAT max 205.7+88.5 262.85+91.6 0.009
max QT 400.4+46.3 370+49.3 0.005
QT1d 128.8+14.4 89+17 0.01
DIPM 30 min 159.7+£93.6 225.7+75.6 0.002

Mean values + standard deviations. ICHVAT — myocardial activation time, DIPM — depolarization isopotential map in the 30" ms

24 women with GDM were treated with diet
modification, 4 with diet modification and conventional
insulin regimen and 7 with diet modification and
intensified insulin regimen. The average daily dose of
insulin for patients with GDM treated with intensified
insulin regimen at the time of examination was 15.7+
5.2 units, in patients treated with conventional insulin
regimen 742.9 units. Fasting blood glucose in women with
GDM was 5.0+0.5 mmol/l compared to 4.6+
0.3 mmol/l in healthy pregnant women (p=0.002). HOMA
index in GDM patients was 2.6+£2.0 compared to 1.7+1 in
control group (p=0.049). In both groups, heart rate, systolic
BP, diastolic BP, MAP was of similar values.

ECG body surface mapping did not show
statistically significant changes in depolarization and
repolarization using isopotential (DIPM, RIPM),
isointegral (DIIM, RIIM) or isoarea maps (DIAM and

RIAM) between the group of women with GDM and
healthy pregnant controls. This is consistent with the
results of spectral analysis of heart rate variability
examinations. ECG mapping revealed significantly
prolonged duration of QT interval in the group of patients
with GDM in comparison to the control group (p=0.01).
Based on the results of ECG mapping an increased QT
dispersion in patients with GDM was demonstrated. It
was evaluated as the difference between the longest and
shortest QT interval in any lead. The average QT
dispersion (+SD) in the control group was significantly
lower (89+17 ms) than in women with GDM (128.8+
14.4 ms, p<0.01). The duration of QT interval was
significantly longer in GDM subjects (400.4+46.3 vs.
370.1+49.3 ms, p<0.01). Moreover, positive correlation
between QT interval and HbA1C level has been found

(Fig. 1). Pronounced differences were also found in the
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duration of QRS complex and myocardial activation time
(ICHVAT). The duration of QRS complex was
significantly shorter in non GDM than GDM group (76+
7 ms vs. 82.9£15.7 ms, p=0.05). Activation time of the
ventricular myocardium in healthy pregnant women
(262.8£91.6 ms) was longer than in women with GDM
(205.7+£88.5 ms, p<0.01). Important electrocardiographic

parameters with statistically significant differences are
summarized in Table 2. ICHVAT significantly correlated
with the thickness of the interventricular septum and
posterior wall diameter (p=0.01, p=0.02), Figures 2, 3.
The duration of the QRS complex in the GDM group
further correlated with echocardiographic findings PWT,
IST (p=0.008 and p=0.004).

120.00 —

100.00 —

ICHVAT max

Fig. 2. Relation of ICHVAT max and
IVSd in the GDM group (p=0.011).
(Ivsd - Interventricular septum
diameter, ICHVAT - Ventricular
myocardial activation time)
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Fig. 3. Relation of ICHVAT max and
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Echocardiographic results are presented in  posterior wall thickness and relative wall thickness

Table 3. Patients with GDM did not have detectable
changes in terms of diastolic dysfunction comparing to
with  GDM  had
significantly larger interventricular septum diameter,

controls. Nevertheless, patients

(p value=0.04, <0.01 and 0.01, respectively).
Parasympathetic activity assessed by spectral

power in high frequency (HF) for three consecutive time

intervals was 151£155, 230+343, 212+280 ms® in the
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control group, which was comparable to 2344341,
170£271, 216+277 ms® (NS) in women with GDM.
Sympathetic activity evaluated as a LF / HF ratio (low
frequency / high frequency) in three consecutive intervals
was 1.9£1.7, 1.9£1.6, 1.7£1.9 in the control group, which
was comparable to 2.141.7, 3.6£3.9 and 2.1£2.3 (NS) in
women with GDM. Total parasympathetic activity

evaluated as the sum of all three intervals (HF1 + HF2 +
HF3) was 632+511 ms” in the control group and 621+790
ms® in GDM group (NS). Total sympathetic activity
evaluated as the sum of LF / HF ratio in all three intervals
(LF1/HF1 + LF2/HF2 + LF3/HF3) was 5.5+4.1 in the
control group versus 7.9+£6.0 in the group of women with

GDM (NS).

Table 3. Doppler echocardiography parameters in patients with GDM and healthy pregnant subjects (mean values % standard

deviations).

GDM (n=35) Control (n=31) P value
LVEDd (mm) 46.8+4.3 47.6+4 0.4
LVESd (mm) 25+4 22.7+8.8 0.2
1VSd (mm) 9.6£1 9.1+0.8 0.04
PWd (mm) 9.6+0.8 9+1 <0.01
LV mass (g) 155.6+29 147.34£27 0.2
LV mass index (g/m’) 82+13 78.5+11 0.3
RWT 0.4+0.05 0.38+0.03 0.01
EF 65+4.9 63.24+4.8 0.16

LVEDd - left ventricular end diastolic diameter, LVESd — left ventricular end systolic diameter, IVSd — intraventricular septal thickness,
PWd — posterior wall thickness, LV — left ventricle, RWT — relative wall thickness, EF — ejection fraction of left ventricle

Discussion

In the previous study with ECG body surface
mapping, several significant changes in depolarization
and repolarization were detected in the patients with type
1 diabetes mellitus (Zdarska et al. 2007). The cardiac
autonomic neuropathy impact on the electrocardiographic
maps was shown in the following report (Palova et al.
2010).

Gestational diabetes mellitus (GDM) is defined
as any degree of glucose intolerance with onset or first
recognition during pregnancy (Metzger and Coustan
1998). GDM is associated with increased cardiovascular
risk later in mother’s life (Caballero 2003, Carpenter
2007, Davis et al. 1999). In the various recent studies, the
pathological changes in 24 h blood pressure profile,
echocardiography evaluation and heart rate variability
were reported in women with GDM (Freire et al. 2006,
Poyhonen-Alho et al. 2010, Soydinc et al. 2013).
However, the intensity of glycemic control during the
pregnancy was not sufficiently described there. Hence,
the importance of optimal GDM compensation was not
evaluated in those studies. It is possible that adequate
compensation might have a major effect on the presence
of the identified changes. In our study, all patients with

gestational diabetes were adequately controlled in
accordance to a predetermined protocol.

The aim of the current study was to find possible
changes of electric heart field in GDM patients with
comprehensive care, including their interpretation with
of other noninvasive

the assistance cardiologic

examinations. It must be reminded, that several
significant changes of the electrical heart field have
already been detected in the late pregnancy: increased
heart rate, shortening of A-V conductance, prolongation
of QTc
depolarization and repolarization patterns (Lechmanova
et al. 2002).

Cardiovascular autonomic neuropathy (CAN) is

interval and changes in the ventricular

the most studied form of DAN (diabetic autonomic
neuropathy) and it’s prevalence varies between cohorts of
diabetic patients, due to differences in the methodology
(O'Brien et al. 1986, Vinik and Ziegler 2007, Ziegler et
al. 1992). Changes in spectral analysis of HRV, such as
increased sympathetic activity and  reduced
parasympathetic activity of the autonomic vegetative
system has already been described in the offspring of
patients with DM type 2 (De Angelis et al. 2001, Laitinen
et al. 1999) or pre-diabetic patients with insulin resistance

(Lefrandt et al. 2000). One recent Finnish study
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(Heiskanen et al. 2010) showed that women with GDM
and proper metabolic control compared with healthy
pregnant women, did not have present significant changes
in autonomic vegetative system, as it was previously
assumed (Poyhonen-Alho et al. 2010). Similarly, our
results of heart rate variability in patients with GDM were
comparable to healthy control pregnant women. As it was
mentioned, cardiac autonomy neuropathy is associated
with the significant changes in depolarization and
repolarization maps in patients with type 1 diabetes
mellitus. Therefore, absence of any significant changes in
depolarization and repolarization maps between optimally
controlled patients with GDM and healthy controls were
not surprising.

Previous work detected significantly higher
average QT dispersion in women suffering from GDM
when compared with physiological pregnancy (Medova
et al. 2012). In addition to this, our BSM results also
revealed significant prolongation of the QRS complex,
shortening of the ventricular myocardial activation time
(ICHVAT), prolongation of mean QT duration and
similarly, increase of QT interval dispersion in women
with GDM reported already in the previous observation.
Duration of the QRS complex and ICHVAT significantly
correlated with interventricular septum and posterior wall
thickness in GDM group evaluated by echocardiography.
The length of QTc interval correlated significantly with
HbAIC.

Despite of using predetermined protocol, fasting
plasma glucose and HbAlc were significantly higher in
GDM patients for whole period of pregnancy and might
induce some morphological changes in myocardium.
Moreover, the study showed no differences between
patients with GDM and the control group regarding the
BMI.

Diagnostic and screening criteria for gestational
diabetes mellitus are still not internationally unified.
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