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Abstract: This study aimed to evaluate maternal left ventricular (LV) systo-diastolic function using
conventional and TDI echocardiography and included 10 healthy Saint-Bernard pregnant bitches.
M-mode, peak transmitral flow velocities during early diastole (E) and atrial contraction (A), aortic
and pulmonic flow, myocardial performance index (MPI), TDI studies (peak myocardial velocities
during early diastole (E’), atrial contraction (A’) and peak systole (S’)), and blood pressure were
measured at 21 to 28 (T1), 40 (T2) and 60 (T3) days of gestation and four to eight weeks postpartum
(T4). Cardiac output and heart rate were 20% and 9% higher at T3, respectively, compared to T4
(p < 0.01). Lateral S’ was 36% higher at T3 than at T1 (p < 0.05). Changes in diastolic function were
demonstrated by 10% lower E wave and 15% A wave at T1, compared to T4 (p < 0.05). E’ and A’
were 23% and 42% higher at T3 compared to T4 (p < 0.01). Both lateral E/E’ and E’/A’ were 6% and
19% lower at T3 compared to T1 (p < 0.01 and p < 0.05, respectively). At T3, MPI was 51% and 34%
lower when compared to T1 or T2 (p < 0.05). The echocardiographic evaluation of maternal cardiac
function is important, as structural, and functional changes occur throughout pregnancy.

Keywords: dog; maternal cardiac function; doppler echocardiography; tissue doppler imaging

1. Introduction

Appropriate development of the foetuses during pregnancy induces several hemo-
dynamic alterations, with consequent cardiac changes. Echocardiographic and Doppler
studies have been widely used to assess heart function during pregnancy in humans [1–3]
and in dogs [4–8].

Pulsed wave Doppler transmitral inflow velocity may not truly reflect the left ventricle
(LV) diastolic function during pregnancy since it is highly influenced by ventricular loading
conditions, which are naturally altered by the pregnancy volume overload state [9]. Tissue
Doppler imaging (TDI) is an echocardiography technique used to estimate myocardial
velocities during contraction and relaxation, which measures high-intensity, low-velocity
myocardial echoes; therefore, it directly evaluates the primary events of myocardium, being
relatively independent of preload [9,10]. Significant changes in TDI parameters associated
with no changes in conventional Doppler mode are reported [10], and TDI alterations
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are detected earlier, since longitudinal function may deteriorate prior to circumferential
function [1]. TDI evaluation of cardiac dysfunction in veterinary medicine has been
reported, highlighting the sensitivity of this technique in several cardiac diseases [11,12].

Myocardial performance index (MPI, also known as Tei Index) is a valuable tool
in evaluating systo-diastolic function. This index correlates with the New York Heart
Association (NYHA) class and some echocardiographic indices (e.g., ejection fraction and
ventricular volumes), serving as a prognostic measure [13]. In addition, MPI is independent
of ventricular geometry, preload, and heart rate [14,15].

The cardiac changes in human pregnancy have been widely studied. A primary fall in
vascular tone in early pregnancy leads to a rapid decrease in preload and afterload with
compensatory increase in heart rate and activation of the volume-restoring mechanisms,
with resulting increase in cardiac output [16]. This compensatory volume overload induces
an increase in left atrium size [3] and LV filling rates (E’ and A’) by the second trimester [9].
With advancing gestation age, the consequent stretching of myocardial fibers produces
myocardial hypertrophy [17], with a decrease in LV compliance [18] that leads to a decrease
in early diastolic filling rate (E’), with the left atrium becoming responsible for the ventricle
filling rate (increase A’) by late pregnancy [9].

In the bitch, significant changes have been observed by late pregnancy, character-
ized by an increase in heart rate [4,19], stroke volume and cardiac output [4,7]. Volume
overload and ventricular hypertrophy also occurred in late pregnancy [6,7]. Some studies
documented an enhanced systolic performance in mid-late pregnancy [4–6,8], contrary to
others [7], and some degree of diastolic impairment [4,6].

Understanding the physiological adaptations of the heart to the pregnancy is essential
for monitoring maternal cardiac function and detecting early signs of cardiac failure in
high-risk pregnancies [20] or obstetric complications due to cardiac maladaptation [6]. Ad-
ditionally, the study of healthy dogs of a large breed could provide important information,
as they are especially prone to developing cardiac diseases [21]. The aim of this study
was to describe the adaptive cardiac changes during normal pregnancy in healthy Saint
Bernard bitches, as well as providing normal ranges for several echocardiographic systolic
and diastolic indices in these dogs, using conventional and TDI echocardiography.

2. Materials and Methods
2.1. Animals and Follow-Up

Ten healthy Saint-Bernard bitches, aged between 17 and 74 months (42.14 ± 21.5 months),
with 59.67 ± 5.93 kg at first presentation, were included in the study. Pregnancy diagnosis
was made by ultrasound (GE Vivid 3 PRO®, with a 3.5-MHz linear transducer), at the first
visit, and the gestational age was calculated from the date of mating. The bitches were
evaluated three times during pregnancy at early (days 21–28, T1), mid (day 40, T2) and
late pregnancy (day 60, T3), as well as 4 to 8 weeks postpartum (PP). In each visit, the dogs
were evaluated by clinical examination, obstetric ultrasound for monitoring foetal develop-
ment [22], echocardiography and measurement of arterial pressures. Study participants
were privately owned dogs. All owners were informed about the purpose of the study and
gave their written consent.

2.2. Echocardiographic Evaluation

Conventional echocardiography (2D, M-mode and Doppler) and TDI were performed
using a 3.5–7.5 MHz phased array transducer, GE Vivid 3 PRO® echocardiograph, after a
resting period of 15 min. Data were digitally stored for posterior measurements, according
to the Echocardiography Committee of the Specialty of Cardiology (ACVIM) [23]. Acoustic
gel was placed over the transducer and applied directly to the clipped skin. No sedation
was required. To minimize variability, three consecutive measurements were recorded for
each parameter by a single trained operator, as previously recommended [24].

For the right parasternal views, the bitches were placed in right lateral recumbency.
From the right parasternal short-axis view, 2-dimensional (2D), guided M-mode tracings
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were made just below the mitral valve, at the level of the papillary muscles for measure-
ments of the interventricular septum (IVS), LV internal dimension (LVID) and LV posterior
wall (LVPW) in diastole (d) and systole (s). The right parasternal long-axis view with
2D-guided M-mode was used for the measurements of the E-point-to-septal separation
interval (EPSS) in the plane of mitral valves.

The aortic (Ao) and left atrium (LA) diameters and the LA/Ao ratio were evaluated by
the right parasternal short-axis view at the level of the aortic valve. The fractional shorten-
ing (FS) and the ejection fraction (EF) of LV were calculated according to the formulas: FS
(%) = [(LVIDd − LVIDs) /LVIDd] × 100 and EF = [(LVIDd3 − LVIDs3)/LVIDd3] × 100 [25].

Pulmonary flow velocities were determined by using pulsed-wave Doppler from the
right parasternal short axis view. Aortic and mitral flows were assessed with pulsed-wave
Doppler from the left parasternal apical 5- and 4-chamber views, respectively. For the
transmitral flow, the sample volume was placed just above the mitral valve leaflets during
diastole, and the peak flow velocities during early diastole (E-wave) and during atrial
contraction (A-wave) were measured.

Heart rate (HR) was calculated directly from the inter-beat intervals of the pulsed-
wave aortic spectrogram. Stroke volume (SV) was derived by the formula SV = EDV − ESV,
where EDV is the end diastolic volume calculated by EDV = [7 × (LVDd/10)3]/(2.4 +
LVDd/10) and ESV is the end systolic volume, calculated by ESV = [7 × (LVDs/10)3]/
(2.4 + LVDs/10). Cardiac output (CO) was calculated as the product of SV and HR,
and the LV mass was calculated by the formula: 0.8 × [1.04 × (((ISVd/10 + LVDd/10
+ LVPWd/10)3) − (LVDd/10)3)] + 0.6 [25].

Left ventricular myocardial performance index (MPI), also known as Tei Index, was
calculated from pulsed-wave Doppler, according to the formula: (IVCT+IVRT)/ET, where
IVCT, IVRT and ET represent, respectively, isovolumetric contraction time, isovolumetric
relaxation time, and left ventricular ejection time [26]. Value for IVCT was measured from
the end of mitral A wave to the onset of the left ventricular outflow tract, where value for
IVRT was measured from the end of the left ventricular outflow tract to the onset of mitral
E wave. ET was measured from the onset to the end of the left ventricular outflow tract
pulsed-wave Doppler tracing.

Spectral TDI recordings were made from the apical four-chamber, left parasternal view.
Ventricular myocardial velocities were assessed during both contraction and relaxation.
The sample volume was placed at the lateral margin (lateral wall) and at the common
septal margin (septal wall) of the mitral annulus, as previously described [11]. From the
myocardial velocity patterns obtained, peak myocardial velocities during early diastole
(E’), atrial contraction (A’), and peak systole in ejection phase (S’) were measured. The ratio
of E’ to A’ and the ratio of transmitral E velocity to E’, an index of left ventricular filling
pressure, were calculated. To minimize variability, three representative cardiac cycles were
analysed, and a mean value was calculated for each measurement.

2.3. Blood Pressure Measurement

Blood pressures measurement was performed as previously described [27]. The bitches
were placed in right lateral recumbency in a quiet room, after a resting period of 15 min,
and an appropriate-size cuff was placed around the left forearm. A high-definition oscil-
lometer device (Memodiagnostic®) was used to collect five consecutive measurements,
after discarding the first one, from which the means for systolic (SAP; mmHg), diastolic
(DAP; mmHg) and mean (MAP; mmHg) arterial pressures were calculated.

2.4. Statistical Methods

Data were graphed and analysed using the Prism 9.0 software (GraphPad Software,
San Diego, CA, USA). Data were expressed as mean and standard deviation (SD). Com-
parisons between groups were analysed by one-way analysis of variance (ANOVA), that
compared echocardiographic variables obtained at early, mid and late pregnancy as well
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as at postpartum. Post hoc evaluation was performed using the Tukey comparison test.
p < 0.05 was considered statistically significant.

3. Results

Selected echocardiographic variables are listed in Table 1. The A wave (and respective
E/A ratio) and EPSS were not possible to record in one and three dogs, respectively,
because of technical difficulties. Repeated measures ANOVA disclosed a statistically
significant effect of time on: body weight, arterial pressures (SAP, MAP and DAP), heart
rate, cardiac output, LA/Ao ratio, mitral early diastolic E wave, mitral late diastolic A
wave, pulmonic and aortic Doppler-derived flow, MPI, TDI lateral velocities (S’, E’, A’),
lateral E’/A’ ratio, and lateral E/E’ ratio. There was no statistically significant effect of time
on SV, LV dimensions (LVIDd, LVIDs, LVPWd, LVPWs, IVSd, IVSs), LV mass, FS, EF, mitral
E/A ratio, TDI septal velocities (S’, E’ and A’), septal E’/A’ ratio, and septal E/E’ ratio.

Table 1. Clinical and echocardiographic variables (mean ± SE). The P-value relates to the main effect of time on echocar-
diographic variables obtained at T1 (early pregnancy; days 21–28), T2 (mid pregnancy; day 40), T3 (late pregnancy; day
60), and PP (postpartum; 4 to 8 weeks after parturition). * p-value < 0.05, ** p-value < 0.01. BSA, body surface area. Rest of
abbreviations as in the text.

Variable T1
(21–28 d)

T2
(40 d)

T3
(60 d)

Postpartum
(4–8 wk) p-Value

BW (kg) 59.67 ± 5.93 65.13 ± 6.82 71.50 ± 6.82 61.03 ± 4.42 T3 vs. T1, T2 and PP **

BSA (m2) 1.53 ± 0.10 1.62 ± 0.11 1.72 ± 0.11 1.55 ± 0.08 T3 vs. T1, T2 and PP **

HR (bpm) 117.2 ± 11.16 120.4 ± 14.42 128.4 ± 7.88 118.6 ± 8.95 T3 vs. T1 and PP *

SAP (mmHg) 185.7 ± 19.37 167.6 ± 20.55 166.1 ± 25.47 130.9 ± 11.55 PP vs. T1, T2 and T3 **

MAP (mmHg) 139.8 ± 18.43 123.8 ± 19.29 118.9 ± 21.24 91.8 ± 9.73 PP vs. T1, T2 and T3 **

DAP (mmHg) 114.4 ± 18.2 100 ± 19.06 93.8 ± 18.55 70.5 ± 8.57 PP vs. T1, T2 and T3 **

LVDd (mm) 48.64 ± 4.32 48.14 ± 4.37 49.79 ± 4.56 47.82 ± 2.81 NS

LVDs (mm) 35.94 ± 4.94 36.63 ± 5.56 35.86 ± 4.33 34.49 ± 3.75 NS

LVPWd (mm) 11.37 ± 1.11 11.26 ± 0.88 11.46 ± 1.08 11.60 ± 1.31 NS

LVPWs (mm) 14.58 ± 1.56 14.27 ± 1.65 14.69 ± 1.58 15.47 ± 2.62 NS

IVSd (mm) 11.28 ± 1.87 10.79 ± 1.29 11.83 ± 2.22 11.28 ± 1.92 NS

IVSs (mm) 13.99 ± 2.32 13.57 ± 1.89 14.34 ± 2.37 13.81 ± 2.42 NS

LV mass (g) 207.89 ± 38.38 199.14 ± 51.17 227.39 ± 60.38 205.40 ± 40.15 NS

EPSS (mm) 7.08 ± 2.01 6.96 ± 2.37 5.87 ± 3.95 6.61 ± 0.81 NS

FS (%) 26.25 ± 5.88 24.22 ± 6.80 28.02 ± 4.99 27.97 ± 5.24 NS

EF (%) 55.87 ± 7.06 55.29 ± 9.03 58.63 ± 4.46 58.88 ± 4.35 NS

SV (mL) 56.37 ± 13.26 50.86 ± 9.43 63.32 ± 15.38 57.13 ± 10.43 NS

CO (L/min) 6.57 ± 1.49 6.12 ± 1.37 8.12 ± 1.96 6.79 ± 1.43 T3 vs. PP *

LA (mm) 38.85 ± 5.59 41.55 ± 9.25 38.90 ± 8.33 41.59 ± 7.19 NS

Ao (mm) 28.69 ± 2.80 28.80 ± 1.68 28.83 ± 2.40 29.25 ± 3.21 NS

LA/Ao 1.36 ± 0.16 1.44 ± 0.31 1.34 ± 0.24 1.43 ± 0.25 T3 vs. T2 *

AoV (m/s) 1.28 ± 0.19 1.28 ± 0.15 1.48 ± 0.16 1.32 ± 0.17 T3 vs. T1 **

E (m/s) 0.68 ± 0.08 0.75 ± 0.12 0.75 ± 0.13 0.76 ± 0.09 T1 vs. T2 and T3 *

A (m/s) 0.61 ± 0.07 0.71 ± 0.11 0.74 ± 0.15 0.72 ± 0.08 T1 vs. T2, T3 and PP *

E/A ratio 1.12 ± 0.08 1.04 ± 0.12 1.02 ± 0.12 1.07 ± 0.13 NS
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Table 1. Cont.

Variable T1
(21–28 d)

T2
(40 d)

T3
(60 d)

Postpartum
(4–8 wk) p-Value

Pul (m/s) 0.92 ± 0.16 0.95 ± 0.12 1.15 ± 0.16 1.05 ± 0.11 T3 vs. T1 and T2 *

MPI 0.47 ± 0.40 0.41±0.29 0.16 ± 0.12 0.33 ± 0.29 T3 vs. T1 and T2 *

Septal
wall

S’ (m/s) 0.11 ± 0.02 0.12 ± 0.03 0.12 ± 0.02 0.13 ± 0.03 NS

E’ (m/s) 0.09 ± 0.03 0.08 ± 0.02 0.09 ± 0.02 0.09 ± 0.02 NS

A’ (m/s) 0.08 ± 0.03 0.08 ± 0.02 0.09 ± 0.01 0.08 ± 0.02 NS

E/E’ ratio 8.44 ± 2.80 9.36 ± 2.35 8.95 ± 2.83 8.84 ± 1.95 NS

E’/A’ ratio 1.21 ± 0.37 1.03 ± 0.18 0.97 ± 0.19 1.11 ± 0.20 NS

Lateral
wall

S’ (m/s) 0.16 ± 0.04 0.16 ± 0.04 0.21 ± 0.04 0.17 ± 0.04 T3 vs. T1 and T2 *

E’ (m/s) 0.11 ± 0.03 0.11 ± 0.03 0.13 ± 0.03 0.11 ± 0.04 T3 vs. T2 **

A’ (m/s) 0.09 ± 0.03 0.10 ± 0.03 0.13 ± 0.02 0.10 ± 0.03 T3 vs. T1 and T2 **

E/E’ ratio 6.68 ± 1.76 7.54 ± 2.16 6.15 ± 1.95 7.20 ± 1.83 T3 vs. T2 **

E’/A’ ratio 1.30 ± 0.29 0.94 ± 0.32 1.00 ± 0.17 1.03 ± 0.14 T1 vs. T2 and T3 *

Post hoc testing revealed several statistically significant differences. Body weight was
significantly higher on late pregnancy (T3) than at T1, T2 or postpartum (p < 0.01). Blood
pressure (SAP, MAP and DAP) was higher at T1, T2 or T3 than at postpartum (p < 0.01) and
reached maximal values at T1 that progressively decreased until the end of pregnancy (T3).

Heart rate was 10% and 9% higher at T3 when compared to T1 or postpartum, respec-
tively (p < 0.05), and the cardiac output was 20% higher at T3 than at postpartum (p = 0.02).
The LA/Ao ratio was 7% higher at T2 than at T3 (p = 0.03). Transmitral early diastolic flow
(E) was 9% lower at T1 than at T2 or T3 (p < 0.05). At T1, transmitral late diastolic flow
(A) was 13%, 16% and 15% lower than at T2, T3 or postpartum, respectively (p < 0.05).
Pulmonic flow was 26% and 21% greater at T3 than at T1 or T2, respectively (p < 0.05).
Similarly, aortic flow was also 13% higher at T3 than at T1 (p < 0.01).

Even though ejection time did not change throughout pregnancy, both IVRT+IVCT
and MPI decreased, with the latter being 56% and 34% lower at T3 when compared to T1
or T2 (p < 0.05).

Changes in TDI variables throughout pregnancy are shown in Figure 1. The myocar-
dial velocities obtained at the septal wall (septal S’, E’ and A’) did not change throughout
pregnancy. The E’ at the lateral margin of the mitral annulus increased significantly with
advancing gestation, as values obtained at T3 were 24% higher than at T2 (p < 0.01). The
lateral S’ and A’ were also higher at T3 than at T1 or T2 (p < 0.01). Lateral S’ was 35% and
30% higher at T3, and lateral A’ was 66% and 34% higher at T3 when compared to T1 and
T2, respectively. The E’/A’ ratio decreased with gestational age, being 19% lower in T3
when compared to T1 (p < 0.05). The E/E’ ratio of the lateral mitral annulus decreased
throughout pregnancy, being 6% lower at T3 compared to T1 (p < 0.01) and was always
within normal limits as described for healthy dogs [11].
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0.05; ** p < 0.01. 
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index of the uterine artery by day 30 onwards [5], as a consequence of the development of 
a vascularized foetal chorioallantoic lamellae around the 25th day after conception [29]. 
With the development of the placenta-foetal circulation, the bitch blood flow resistance 
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Figure 1. Box and whiskers plot showing LV systo-diastolic function assessed by TDI (A–E) and MPI (F). TDI parameters
were obtained at the lateral margin of the mitral annulus. S’, peak systole in ejection phase; E’, peak myocardial velocity
during early diastole; A’, peak myocardial velocity during atrial contraction; E, mitral peak flow velocity during early
diastole. Thick line, box, and whiskers stand for median, interquartile range, 5th and 95th percentiles, respectively. * p < 0.05;
** p < 0.01.

4. Discussion

Blood pressure values were elevated throughout the entire pregnancy (>160 mmHg),
opposing a previous study carried out in small pregnant bitches, where systolic blood pres-
sure did not change [8]; observed values were maximal at early pregnancy, as documented
previously [5], and decreased until postpartum, where they returned to physiological
values. The increase in blood flow resistance that occurs in early pregnancy in the bitch [28]
might be the cause of the observed elevated blood pressures (SAP: 185.7 ± 19.37 mmHg vs.
130.9 ± 11.55 mmHg at postpartum). A possible explanation for the progressive decline of
blood pressure during pregnancy relates to the decline in resistance index of the uterine
artery by day 30 onwards [5], as a consequence of the development of a vascularized foetal
chorioallantoic lamellae around the 25th day after conception [29]. With the development
of the placenta-foetal circulation, the bitch blood flow resistance decreases, with concurrent
decrease in arterial pressures.

Our data suggest that early systemic hypertension possibly triggers the following
cardiac events: a pressure overload in canine early pregnancy and consequent increased left
ventricular filling pressure (increased lateral E/E’) induces an increase in left atrium size by
day 40. As the placental-foetal circulation develops [5], the decrease in peripheral vascular
resistance increases cardiac output and heart rate (and a tendency to increase EDV and
stroke volume by day 60), similarly to human early pregnancy. In this study, heart rate was
maximal immediately prior to parturition, as previously described [4,5,19,30], suggesting a
higher sympathetic tone. Interestingly, a recent study did not report an increase of heart
rate during gestation [8].

In human gestation, it is well established that an early endocrine mediated fall in
vascular tone triggers volume-restoring mechanisms, responsible for the increasing cardiac
output seen through pregnancy, primarily caused by an increased stroke volume, but later
on also due to increased heart rate [16]. This naturally occurring volume overload state
induces a reversible LV eccentric hypertrophy [31], also observed in mice [32], and an
increase in left atrium dimension that resolves postpartum [17]. Also, LV mass has been
reported to increase, being associated with an elevated end-diastolic volume [18,33].
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In the current study, no cardiac hypertrophy was observed, despite the tendency
of some variables to increase at the end of gestation (e.g., LV mass, LV end-diastolic
dimension). Previous studies reported contradictory results, with some reporting no
increase of LV end-diastolic dimension or volume [4,8], whilst others reported an increase
of these parameters during canine pregnancy [5,7]. Furthermore, increased thickening of
cardiac walls (e.g., LVPWs) was observed in pregnant bitches, supporting the presence of
cardiac hypertrophy, but only by the second half of the pregnancy, after the drop in systolic
blood pressure [5,6]. In opposition to what is reported in pregnant women [17,34], we also
failed to demonstrate atrial enlargement, in accordance to previous canine studies [4,5,8].

In bitches, several cardiac indices of systolic function increase in late pregnancy [4,5].
In this study, cardiac output was increased by 19.6% at day 60 of gestation, as compared
to postpartum values, probably because of increased heart rate, as the stroke volume did
not change throughout pregnancy. Despite the fact that FS and EF also did not change
during gestation, Doppler-derived velocities of ventricular ejection reached their maximum
values at late pregnancy, suggesting an improvement of systolic function. Concerning
TDI parameters, we observed that S’ (lateral mitral annulus) significantly increased at late
pregnancy, as recently reported [8]. These results suggest that the growing foetuses’ high
demands are provided by an increase in both heart rate and contractility to achieve an
optimal cardiac output. On the other hand, preload could affect TDI variables in clinical
healthy dogs; specifically, ventricular overload is associated with increased S’, E’ and E’:A’
ratio [35], consistent with the results of the present study.

There are few studies that evaluated diastolic function in pregnant bitches. In human
pregnancy, studies on mitral inflow velocities showed an increase in E wave on the first
trimester of pregnancy [2,18], followed by a decrease with gestational age [3,9,10]. An
increase in A wave through pregnancy, with a concurrent decreasing E/A ratio, was also
observed in woman [2,3,9,10,18,36,37], and recently in bitches [8]. In our study, the peak
transmitral inflow velocity during early diastole (E wave) was lower in early pregnancy, as
compared to mid and late pregnancy, similar to a previous study [6], and postpartum period.
Also, mitral valve A-wave maximum velocity significantly increased with pregnancy, in
accordance to the same study [6] and the E/A ratio tended to reduce progressively as
pregnancy advanced.

The compensatory increase in preload (increased plasma volume) observed in preg-
nancy [38] induces an increase in the LV filling rates (as evaluated by TDI E’ and A’) [9].
Myocardial hypertrophy, a possible consequence of this overload state, decreases LV com-
pliance [18]; this eventually decreases early diastolic filling rate (E’), with the left atrium
becoming responsible for the ventricle filling rate (increase A’) [9]. Contrary to previous
studies in women [9], we observed an increase of the early diastolic filling rate (E’) in late
pregnancy. We hypothesized that, although there is an increase in preload, the evaluated
bitches did not reach the point of decreased left ventricular compliance (a significant hyper-
trophy throughout pregnancy was not detected). Additionally, as the left atrium assumes
the main role in LV filling, the A’ wave increases with gestation and reaches a maximum
value in late pregnancy (66% of early pregnancy), so E’/A’ratio and E/E’ratio decreased by
19% and 6%, respectively, from early to late pregnancy.

The MPI is a valuable tool in evaluating LV systo-diastolic function. MPI seems to
be independent of ventricular geometry, preload and heart rate [14,15]. In the present
study, MPI was higher at early pregnancy (0.47 ± 0.40), with values superior to those
reported for healthy dogs of similar size (0.28 ± 0.12) [39], decreasing throughout preg-
nancy until achieving the lowest values at late pregnancy. These observations support an
intrinsic contractility dysfunction associated with early pregnancy [39,40]. Similarly, other
systolic function parameters (e.g., S’ of lateral mitral annulus) increased at late pregnancy,
which is consistent with improvement of cardiac systolic function throughout gestation.
On the contrary, studies performed in women demonstrated that MPI rises progressively
during pregnancy and increased further after birth, suggesting a deterioration of cardiac
function [36,41].
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One potential limitation of the current study would be the sample size, since serial
evaluation of cardiac function during pregnancy was often not feasible; however, we may
assume that it is minimized as we have only included Saint Bernard bitches. As previously
referred, we intended to characterize the cardiac adaptations during pregnancy in a large
breed dog prone to develop cardiac diseases. However, the obtained results may not be
representative of the large breed dog population.

5. Conclusions

The present work demonstrated an elevation of blood pressure throughout pregnancy,
with the highest values observed in early pregnancy. Cardiac output increased during
pregnancy, probably due to increased heart rate. Pregnancy, as a chronic, natural volume-
overload state, also caused alterations on TDI parameters, where S’, E’ and A’ values
increased with advanced gestation. On the other hand, the values obtained for MPI, in
conjunction with other systolic function parameters, suggested an improvement of cardiac
function throughout gestation in a large breed dog such as the Saint Bernard. In the future,
increasing the sample size, or even including different breeds of the same size, would help
to better describe these cardiac adaptations. It would also be interesting to study animals
with different obstetric complications, to deepen the knowledge already published [6]; also,
the study of pregnancy changes in animals with previous cardiac dysfunction would be
relevant, although these bitches are not usually included in breeding programs.

Author Contributions: Conceptualization: A.P.F.-S. and L.L.; methodology: A.P.F.-S. and L.L.; data
analysis: J.E.-G., A.P.F.-S. and P.O.; conducting experiments: L.L., L.S. and A.P.; writing—original
draft preparation: J.E.-G. and A.P.F.-S.; writing—review and editing: J.E.-G., A.P.F.-S., L.L. and P.O.;
visualization: A.P.F.-S., L.L., J.E.-G., P.O., L.S. and A.P.; supervision: A.P.F.-S.; project administration:
A.P.F.-S. and L.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Animal Welfare Organism of the Porto’s University—
Portugal (ORBEA) approved the experimental design (project number 404/2021/ORBEA). All meth-
ods were handled in accordance with good animal practices.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data analyzed during this study are included in this published article.

Acknowledgments: The authors are grateful to the owners for allowing their animals to be included
in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kametas, N.A.; McAuliffe, F.; Cook, B.; Nicolaides, K.; Chambers, J. Maternal left ventricular transverse and long-axis systolic

function during pregnancy. Ultrasound Obstet. Gynecol. 2001, 18, 467–474. [CrossRef] [PubMed]
2. Mesa, A.; Jessurun, C.; Hernandez, A.; Adam, K.; Brown, D.; Vaughn, W.K.; Wilansky, S. Left ventricular diastolic function in

normal human pregnancy. Circulation 1999, 99, 511–517. [CrossRef] [PubMed]
3. Valensise, H.; Novelli, G.P.; Vasapollo, B.; Borzi, M.; Arduini, D.; Galante, A.; Romanini, C. Maternal cardiac systolic and diastolic

function: Relationship with uteroplacental resistances. A Doppler and echocardiographic longitudinal study. Ultrasound Obstet.
Gynecol. 2000, 15, 487–497. [CrossRef] [PubMed]

4. Abbott, J.A. The effect of pregnancy on echocardiographic variables in healthy bitches. J. Vet. Cardiol. 2010, 12, 123–128. [CrossRef]
5. Blanco, P.G.; Tortora, M.; Rodríguez, R.; Arias, D.O.; Gobello, C. Ultrasonographic assessment of maternal cardiac function and

peripheral circulation during normal gestation in dogs. Vet. J. 2011, 190, 154–159. [CrossRef]
6. Blanco, P.; Batista, P.; Gómez, F.; Arias, D.; Gobello, C. Echocardiographic and Doppler assessment of maternal cardiovascular

function in normal and abnormal canine pregnancies. Theriogenology 2012, 78, 1235–1242. [CrossRef]
7. Williams, J.G.; Rincon-Skinner, T.; Sun, D.; Wang, Z.; Zhang, S.; Zhang, X.; Hintze, T.H. Role of nitric oxide in the coupling of

myocardial oxygen consumption and coronary vascular dynamics during pregnancy in the dog. Am. J. Physiol. Circ. Physiol.
2007, 293, H2479–H2486. [CrossRef] [PubMed]

8. Almeida, V.T.; Uscategui, R.A.; Camacho, A.A.; Sousa, M.G.; Santos, V.J.; Maronezi, M.C.; Vicente, W.R.; Feliciano, M.; Camacho,
A.A. Influence of estrous cycle and gestation on cardiovascular system of bitches. Anim. Reprod. Sci. 2018, 192, 35–43. [CrossRef]

http://doi.org/10.1046/j.0960-7692.2001.00574.x
http://www.ncbi.nlm.nih.gov/pubmed/11844166
http://doi.org/10.1161/01.CIR.99.4.511
http://www.ncbi.nlm.nih.gov/pubmed/9927397
http://doi.org/10.1046/j.1469-0705.2000.00135.x
http://www.ncbi.nlm.nih.gov/pubmed/11005116
http://doi.org/10.1016/j.jvc.2010.02.001
http://doi.org/10.1016/j.tvjl.2010.08.013
http://doi.org/10.1016/j.theriogenology.2012.05.019
http://doi.org/10.1152/ajpheart.00036.2006
http://www.ncbi.nlm.nih.gov/pubmed/17644579
http://doi.org/10.1016/j.anireprosci.2018.02.006


Vet. Sci. 2021, 8, 306 9 of 10

9. Fok, W.Y.; Chan, L.Y.; Wong, J.T.; Yu, C.M.; Lau, T.K. Left ventricular diastolic function during normal pregnancy: Assessment by
spectral tissue Doppler imaging. Ultrasound Obstet. Gynecol. 2006, 28, 789–793. [CrossRef]

10. Zentner, D.; Du Plessis, M.; Brennecke, S.; Wong, J.; Grigg, L.; Harrap, S. Deterioration in cardiac systolic and diastolic function
late in normal human pregnancy. Clin. Sci. 2009, 116, 599–606. [CrossRef]

11. Toaldo, M.B.; Poser, H.; Menciotti, G.; Battaia, S.; Contiero, B.; Cipone, M.; Diana, A.; Mazzotta, E.; Guglielmini, C. Utility of
Tissue Doppler Imaging in the Echocardiographic Evaluation of Left and Right Ventricular Function in Dogs with Myxomatous
Mitral Valve Disease with or without Pulmonary Hypertension. J. Vet. Intern. Med. 2016, 30, 697–705. [CrossRef] [PubMed]

12. Chetboul, V. Advanced Techniques in Echocardiography in Small Animals. Vet. Clin. N. Am. Small Anim. Pr. 2010, 40, 529–543.
[CrossRef] [PubMed]

13. Lakoumentas, J.A.; Panou, F.K.; Kotseroglou, V.K.; Aggeli, K.I.; Harbis, P.K. The Tei index of myocardial performance: Applications
in cardiology. Hell. J. Cardiol. 2005, 46, 52–58.

14. Gerede, D.M.; Turhan, S.; Kaya, C.T.; Ozcan, O.U.; Goksuluk, H.; Vurgun, V.K.; Dinçer, I.; Kutlay, S.; Erturk, S.; Erol, C. Effects
of Hemodialysis on Tei Index: Comparison between Flow Doppler and Tissue Doppler Imaging. Echocardiography 2015, 32,
1520–1526. [CrossRef] [PubMed]

15. Özdemir, K.; Balci, S.; Duzenli, M.A.; Can, I.; Yazici, M.; Aygul, N.; Altunkeser, B.B.; Altintepe, L.; Turk, S. Effect of Preload
and Heart Rate on the Doppler and Tissue Doppler-derived Myocardial Performance Index. Clin. Cardiol. 2007, 30, 342–348.
[CrossRef]

16. Duvekot, J.J.; Cheriex, E.C.; Pieters, F.A.; Menheere, P.P.; Peeters, L.L. Early pregnancy changes in hemodynamics and volume
homeostasis are consecutive adjustments triggered by a primary fall in systemic vascular tone. Am. J. Obstet. Gynecol. 1993, 169,
1382–1392. [CrossRef]

17. Desai, D.K.; Moodley, J.; Naidoo, D.P. Echocardiographic Assessment of Cardiovascular Hemodynamics in Normal Pregnancy.
Obstet. Gynecol. 2004, 104, 20–29. [CrossRef] [PubMed]

18. Kametas, N.; McAuliffe, F.; Hancock, J.; Chambers, J.; Nicolaides, K. Maternal left ventricular mass and diastolic function during
pregnancy. Ultrasound Obstet. Gynecol. 2001, 18, 460–466. [CrossRef]

19. Olsson, K.; Lagerstedt, A.S.; Bergström, A.; Häggström, J. Change of Diurnal Heart Rate Patterns during Pregnancy and Lactation
in Dogs (Canis familiaris). Acta Vet. Scand. 2003, 44, 105–110. [CrossRef]

20. Stoneham, A.E.; Graham, J.; Rozanski, E.A.; Rush, J.E. Pregnancy-Associated Congestive Heart Failure in a Cat. J. Am. Anim.
Hosp. Assoc. 2006, 42, 457–461. [CrossRef]

21. Martin, M.W.S.; Johnson, M.J.S.; Celona, B. Canine dilated cardiomyopathy: A retrospective study of signalment, presentation
and clinical findings in 369 cases. J. Small Anim. Pract. 2009, 50, 23–29. [CrossRef]

22. England, G.; Russo, M. Ultrasonographic characteristics of early pregnancy failure in bitches. Theriogenology 2006, 66, 1694–1698.
[CrossRef] [PubMed]

23. Thomas, W.P.; Gaber, C.E.; Jacobs, G.J.; Kaplan, P.M.; Lombard, C.W.; Vet, M.; Moise, N.S.; Moses, B.L. Recommendations
for Standards in Transthoracic Two-Dimensional Echocardiography in the Dog and Cat. J. Vet. Intern. Med. 1993, 7, 247–252.
[CrossRef] [PubMed]

24. Gottdiener, J.S.; Bednarz, J.; Devereux, R.; Gardin, J.; Klein, A.; Manning, W.J.; Morehead, A.; Kitzman, D.; Oh, J.; Quinones,
M.; et al. American Society of Echocardiography recommendations for use of echocardiography in clinical trials. J. Am. Soc.
Echocardiogr. 2004, 17, 1086–1119. [CrossRef] [PubMed]

25. Madron, E.; Chetboul, V.; Bussadori, C. Global left ventricle systolic function assessment. In Clinical Echocardiography of the Dog
and Cat. E. Madron; Elsevier: Amsterdam, The Netherlands, 2012; pp. 111–125.

26. Moura, C.; Fontes-Sousa, A.P.; Teixeira-Pinto, A.; Areias, J.C.C.; Leite-Moreira, A.F. Agreement between echocardiographic
techniques in assessment of the left ventricular myocardial performance index in rabbits. Am. J. Vet. Res. 2009, 70, 464–471.
[CrossRef]

27. Rysnik, M.K.; Cripps, P.; Iff, I. A clinical comparison between a non-invasive blood pressure monitor using high definition
oscillometry (Memodiagnostic MD 15/90 Pro) and invasive arterial blood pressure measurement in anaesthetized dogs. Vet.
Anaesth. Analg. 2013, 40, 503–511. [CrossRef]

28. Di Salvo, P.; Bocci, F.; Zelli, R.; Polisca, A. Doppler evaluation of maternal and fetal vessels during normal gestation in the bitch.
Res. Vet. Sci. 2006, 81, 382–388. [CrossRef]

29. Wooding, F.; Flint, A. Placentation. In Marshall’s Physiology of Reproduction, 4th ed.; G.E. Lamming. Chapman & Hall: Avon, UK,
1994; Volume 3, pp. 233–460.

30. Blanco, P.; Batista, P.; Re, N.; Mattioli, G.; Arias, D.; Gobello, C. Electrocardiographic Changes in Normal and Abnormal Canine
Pregnancy. Reprod. Domest. Anim. 2011, 47, 252–256. [CrossRef] [PubMed]

31. Savu, O.; Jurcuţ, R.; Giuşcă, S.; Van Mieghem, T.; Gussi, I.; Popescu, B.A.; Ginghină, C.; Rademakers, F.; Deprest, J.; Voigt, J.-U.
Morphological and Functional Adaptation of the Maternal Heart During Pregnancy. Circ. Cardiovasc. Imaging 2012, 5, 289–297.
[CrossRef]

32. Eghbali, M.; Deva, R.; Alioua, A.; Minosyan, T.Y.; Ruan, H.; Wang, Y.; Toro, L.; Stefani, E. Molecular and Functional Signature of
Heart Hypertrophy During Pregnancy. Circ. Res. 2005, 96, 1208–1216. [CrossRef]

33. Van Oppen, A.C.; Stigter, R.H.; Bruinse, H.W. Cardiac output in normal pregnancy: A critical review. Obstet. Gynecol. 1996, 87,
310–318. [CrossRef]

http://doi.org/10.1002/uog.3849
http://doi.org/10.1042/CS20080142
http://doi.org/10.1111/jvim.13940
http://www.ncbi.nlm.nih.gov/pubmed/27177623
http://doi.org/10.1016/j.cvsm.2010.03.007
http://www.ncbi.nlm.nih.gov/pubmed/20610009
http://doi.org/10.1111/echo.12895
http://www.ncbi.nlm.nih.gov/pubmed/25586920
http://doi.org/10.1002/clc.20109
http://doi.org/10.1016/0002-9378(93)90405-8
http://doi.org/10.1097/01.AOG.0000128170.15161.1d
http://www.ncbi.nlm.nih.gov/pubmed/15228996
http://doi.org/10.1046/j.0960-7692.2001.00573.x
http://doi.org/10.1186/1751-0147-44-105
http://doi.org/10.5326/0420457
http://doi.org/10.1111/j.1748-5827.2008.00659.x
http://doi.org/10.1016/j.theriogenology.2006.01.028
http://www.ncbi.nlm.nih.gov/pubmed/16554089
http://doi.org/10.1111/j.1939-1676.1993.tb01015.x
http://www.ncbi.nlm.nih.gov/pubmed/8246215
http://doi.org/10.1016/j.echo.2004.07.013
http://www.ncbi.nlm.nih.gov/pubmed/15452478
http://doi.org/10.2460/ajvr.70.4.464
http://doi.org/10.1111/vaa.12035
http://doi.org/10.1016/j.rvsc.2006.03.004
http://doi.org/10.1111/j.1439-0531.2011.01846.x
http://www.ncbi.nlm.nih.gov/pubmed/21749484
http://doi.org/10.1161/CIRCIMAGING.111.970012
http://doi.org/10.1161/01.RES.0000170652.71414.16
http://doi.org/10.1016/0029-7844(95)00348-7


Vet. Sci. 2021, 8, 306 10 of 10

34. Sadaniantz, A.; Kocheril, A.G.; Emaus, S.P.; Garber, C.E.; Parisi, A.F. Cardiovascular Changes in Pregnancy Evaluated by
Two-dimensional and Doppler Echocardiography. J. Am. Soc. Echocardiogr. 1992, 5, 253–258. [CrossRef]

35. Hori, Y.; Ukai, Y.; Hoshi, F.; Higuchi, S.-I. Volume loading–related changes in tissue Doppler images derived from the tricuspid
valve annulus in dogs. Am. J. Vet. Res. 2008, 69, 33–38. [CrossRef]

36. Bamfo, J.E.; Kametas, N.A.; Nicolaides, K.; Chambers, J.B.; Kametas, N.; Kametas, N. Maternal left ventricular diastolic and
systolic long-axis function during normal pregnancy. Eur. J. Echocardiogr. 2007, 8, 360–368. [CrossRef] [PubMed]

37. Bamfo, J.E.A.K.; Kametas, N.A.; Nicolaides, K.; Chambers, J.B. Reference ranges for tissue Doppler measures of maternal systolic
and diastolic left ventricular function. Ultrasound Obstet. Gynecol. 2007, 29, 414–420. [CrossRef] [PubMed]

38. Carlin, A.; Alfirevic, Z. Physiological changes of pregnancy and monitoring. Best Pr. Res. Clin. Obstet. Gynaecol. 2008, 22, 801–823.
[CrossRef]

39. Lee, B.-H.; Dukes-McEwan, J.; French, A.T.; Corcoran, B.M. Evaluation of a novel doppler index of combined systolic and diastolic
myocardial performance in Newfoundland dogs with familial prevalence of dilated cardiomyopathy. Vet. Radiol. Ultrasound Off.
J. Am. Coll. Vet. Radiol. Int. Vet. Radiol. Assoc. 2002, 43, 154–165. [CrossRef]

40. Sousa, M.G.; Carareto, R.; De-Nardi, A.B.; Brito, F.L.; Nunes, N.; Camacho, A.A. Effects of isoflurane on Tei-index of myocardial
performance in healthy dogs. Can. Vet. J. = La Rev. Vet. Can. 2007, 48, 277–282.

41. Gungoren, F.; Tanriverdi, Z.; Besli, F.; Barut, M.U.; Tascanov, M.B. The evaluation of diastolic function and myocardial performance
index during pregnancy: A tissue Doppler echocardiography study. Echocardiography 2019, 36, 2152–2157. [CrossRef]

http://doi.org/10.1016/S0894-7317(14)80345-3
http://doi.org/10.2460/ajvr.69.1.33
http://doi.org/10.1016/j.euje.2006.12.004
http://www.ncbi.nlm.nih.gov/pubmed/17321800
http://doi.org/10.1002/uog.3966
http://www.ncbi.nlm.nih.gov/pubmed/17330924
http://doi.org/10.1016/j.bpobgyn.2008.06.005
http://doi.org/10.1111/j.1740-8261.2002.tb01663.x
http://doi.org/10.1111/echo.14537

	Introduction 
	Materials and Methods 
	Animals and Follow-Up 
	Echocardiographic Evaluation 
	Blood Pressure Measurement 
	Statistical Methods 

	Results 
	Discussion 
	Conclusions 
	References

