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ABSTRACT: Tissue Doppler derived longitudinal strain and strain
rate were studied in 48 healthy term neonates by measuring peak
systolic strain (PSS) and peak systolic strain rate (PSSR) in 18 heart
segments on day 1-3 of life. The mean PSS for each examination was
—21.8% (—22.1, —21.4) [mean (95%CI)], and the mean PSSR was
—1.78/s (—1.81, —1.74). Age (d), fetal shunts, and heart rate had
negligible impact on measurements for any segment. The fractional
shortening had negligible impact on septum and left heart segments
and the pulmonary artery pressure had no impact on the right heart
segments. Values varied significantly between segments and individ-
uals, and were lower (closer to zero) in images of low quality than in
images of high quality (p < 0.05). Both apical and basal segments
values were lower in the septum and higher in the right ventricle than
in the left ventricle (p < 0.05), except for no difference between the
basal left and right segments PSSR. Apical segments values were
higher than basal segments values in the right ventricle (p < 0.05) but
not in the septum or the left ventricle. At present, PSS and PSSR are
more feasible for quantifying differences between segment groups
and patient groups than between individuals and segments within
individuals. (Pediatr Res 65: 357-362, 2009)

train and strain rate assess function in heart segments (1).
Strain describes the relative change in heart segment
length and strain rate is strain per time unit. Data on strain and
strain rate measurements in neonates are scarce. We have
previously found strain and strain rate by tissue Doppler
feasible and reliable in neonates (2). Little is known about
changes in myocardial function during the first days of life,
when the hemodynamic circulatory system changes from two
parallel to one serial circuit, the gas exchange is transferred
from the placenta to the lungs and the fetal shunts are grad-
ually closed (3). Strain and strain rate measurements could
provide new knowledge about the myocardial function during
these changes, and also serve as a reference for studies of the
heart function in pathologic states during this period.

The aim of the present study was to investigate myocardial
contraction in healthy term neonates by measuring longitudi-
nal peak systolic strain (PSS) and strain rate (PSSR) in the first
3 days of life and assess the impact of age, fetal shunts, image
quality, and different heart regions.
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METHODS

Subjects. Forty-eight healthy term neonates from the maternity ward at
Ulleval University Hospital were examined on the first, second, and third day of
life (March—-May 2005) (Table 1). One neonate had an apical ventricular septum
defect. The measurements from this neonate were not excluded because the defect
was without hemodynamic significance and lied outside the myocardial region
used in the analyses. All other neonates had structurally normal hearts.

The project was approved by the Regional Committee for Medical Re-
search Ethics and by the scientific committee at Ulleval University Hospital.
Written informed parental consent was obtained.

Measurements. To minimize noise in the analyses, a 2.4 MHz phase array
probe (55 probe, Vivid 7 Dimension v 4.0.1 built 1644, GE Vingmed, Horten,
Norway) was used (4). Apical tissue Doppler images were recorded with the
wall parallel to the ultrasound beams using tissue velocity range —16-16
cm/s and default settings for frame rate and for lateral (step 0 of 4) and radial
(step 3 of 3) averaging. Images for assessment of fractional shortening and
fetal shunts were recorded at each examination.

Protocol. A model for longitudinal strain and strain rate analyses of six left
ventricle and septum walls has been suggested in adults (5). Right ventricle
models have not been suggested. Two right ventricle walls have been studied
in children (6). The right superior wall to our knowledge has not been
assessed by ultrasound earlier, but contraction in these segments has been
assessed by MRI (7,8) in adults. Three segments (basal, mid, and apical) are
usually studied in each wall. The three-segment model is basically related to
the coronary circulation, which is less relevant in neonates. The noise-to-
signal ratio is high, especially in short segments (1,9). As the neonatal heart
is much smaller than the adult heart (ventricle length 3 cm versus 10 cm),
segments will be very short in a three-segment model. This might lead to a
signal-to-noise ratio too inferior for analysis, and to increase the segment
length a two-segment model (basal and apical) was used (Fig. 1).

Five apical views were used to study nine walls; the six walls usually
studied in adults (5), the two right ventricle walls previously studied in
children (6) and the right superior wall. The left lateral wall, the septum and
the right lateral wall were studied from the four-chamber view, the left
inferior and left anterior wall from the left two-chamber view, the left
inferiolateral wall and the anterior septum from the apical long-axis view, the
right inferior wall from the right inferior two-chamber view and the right superior
wall from the right superior two-chamber view. The two latter views were
achieved by tilting the probe from the four-chamber view to get the right ventricle
in center and then rotate the probe counter clockwise for the right inferior
two-chamber view and clockwise for the right superior two-chamber view.

Data analysis. Analyses were done in the EchoPac PC analysis software (GE
Vingmed, Horten, Norway). In most images, the sector angel was approximately
30° and the tissue Doppler frame rate 170-220/s. The PSS and PSSR were
extracted from strain and strain rate curves averaged for three consecutive cycles
(Fig. 2). To minimize noise in the analysis, a region of interest length 1 mm,
region of interest width 3 mm, strain length 10 mm, and 40 ms Gaussian
smoothing was used (2). Linear drift compensation was used for the Lagrangian
strain curves. A semi-automatic tracking algorithm kept the region of interest
centered in the segment during the cardiac cycle. End diastole was defined by the
ECG R-peak and end systole by the notch in the displacement curve caused by the
closure of the aortic and pulmonary valves (10). The image quality (1-4; 1 =
good, 4 = inferior for analysis) and ultrasound beam alignment with the segment
longitudinal direction (1-3; 1 = good, 3 = inferior for analysis) were assessed

Abbreviations: PSS, peak systolic strain; PSSR, peak systolic strain rate
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Table 1. Data for the neonates examined

No of neonates (female:male) 48 (1:1)
Gestational age (mean and range) (wks) 41 (37-42)
Birth weight [mean (SD)] (kg) 3.68 (0.45)
5 min Apgar score (median and range) 9 (8-10)
Age at examination [mean (SD)] (h)
Day 1 (n = 47) 12.2 (4.5)
Day 2 (n = 46) 36.1 (4.7)
Day 3 (n = 45) 58.6 (4.8)

Apical
segment

Basal
segment

Figure 1. Grey scale image of the right superior wall from the apical
superior two-chamber view, with the area from which the velocities used for
the basal and apical segment analyses are collected. The scale bar shows a
length of 3 cm. RA = right atrium; RV = right ventricle.
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Figure 2. Example of a strain rate curve (A) and a strain curve (B) for one
heart cycle. Arrows at the PSSR and PSS. A PSSR of —2/s means that the
maximum rate of shortening during systole is 2/s. A PSS of —20% means that
the maximum shortening of the segment during systole is 20% of the segment
length at start of systole.

visually for each segment. Only small deviations between the ultrasound beams
and segment longitudinal length were accepted. The fractional shortening was
estimated from the parasternal long axis view (11,12). The ductus arteriosus flow
pattern was classified in five ordinal categories (13): pulmonary hypertension
pattern, growing pattern (bidirectional shunting with a predominantly left-to-right
shunt), pulsatile pattern, closing pattern and closed (no flow). The ductus venosus
and foramen ovale were assessed as open or closed (3). The pulmonary systolic
artery pressure was estimated by applying the simplified Bernoulli equation
(pressure gradient = 4 X velocity?) on the tricuspid valve peak regurgitation,

ignoring the contribution from the right atrial blood pressure. The apical and basal
left, septum, and right PSS and PSSR were estimated by averaging the values for
all segments in the respective segment group eligible for analysis, and the PSS
and PSSR for each examination were estimated by averaging the values for all
segments in the respective examination eligible for analysis.

In normal myocardium the longitudinal PSS and PSSR are both negative,
as the segment longitudinal length decreases during systole. The change in
these values are here described in absolute magnitudes; i.e. a PSSR of —1.5/s
is described as a higher value than —1.0/s, and a change to the latter value is
described as a decrease.

Statistics. Two sided p-values and 95%CI were used. Several analyses were
run in up to 18 segments, thereby carrying a high risk for Type 1 errors.
Correcting the p-values would have led to very low significance levels and a high
risk of Type 2 errors. Uncorrected p-values were therefore used and in the
“Discussion” section, comments were made on the impact corrections would
have had. Measurements between groups were compared by one-way ANOVA.
Bonferroni corrections were used for post hoc pair-wise comparisons. The
impacts on the measurements from the heart rate, pulmonary artery pressure, and
fractional shortening were assessed by Pearson correlations and linear regression
analyses. The impacts of the image quality and of the segment alignment with the
ultrasound beams on the measurements were tested by multivariate linear regres-
sion analyses. In these analyses, the uneven distribution of quality and alignment
assessments between segments was adjusted for. The image quality was low in
the anterior left wall, and therefore only images from the other eight walls were
selected for the repeatability analyses. The quality and alignment assessment were
compared for two randomly selected images from each wall with Kappa scores.
The PSS and PSSR were compared for the apical and basal segments from
another randomly selected image from each wall with intraclass correlation
coefficients and Bland-Altman plots. The segments were analyzed twice by
the same investigator (E.N.) several months apart and once by another
investigator (A.S.).

RESULTS

Peak systolic strain and strain rate. The absolute values for
PSS and PSSR for the 18 segments analyzed are shown in Fig.
3. The PSS for each examination was —21.8% (—22.1 —21.4)
(mean and 95%CI) and the PSSR was —1.78/s (—1.81,
—1.74). Both measurements varied significantly between seg-
ments (p < 0.001).
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Figure 3. PSS (A) and PSSR (B). Absolute median with 10th and 90th
percentiles. The segments are grouped by location; left, septum, and right
basal and apical segments. Inf. = inferior; Ant. sept. = anterior septum. *The
left superior apical segment 10th and 90th percentiles were not assessed
because too few images were eligible for analyses.
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Table 2. PSS and PSSR for segments with significant variation between examinations on day 1, 2, and 3 of life

Segment Day 1

Day 2 Day 3

Peak systolic strain (%)
Apical left inferior (p = 0.007)
Basal left inferior (p = 0.042)
Basal anterior septum (p = 0.041)
Basal right lateral (p = 0.023)
Basal right superior (p = 0.015)
Peak systolic strain rate (/s)
Basal left inferior (p = 0.025)
Basal right superior (p = 0.010)

—20.6 (—22.2, —19.0)
—20.5 (—22.0, —19.0)
—14.5(—16.1, —12.9)
—22.0 (—23.9, —20.1)
—253(—27.8, —22.8)

—1.68 (—1.84, —1.51)
—1.85(=2.01, —1.62)

—24.1(—25.7, —22.5)
—18.6 (—19.9, —17.3)
—16.3 (—18.1, —14.5)
—26.0 (=279, —24.1)
—26.2 (—28.4, —24.0)

—22.6 (—24.1, —21.1)
—21.1(—22.8, —19.5)
—13.2(—15.0, —11.5)
—24.4 (—26.8, —22.0)
—29.9 (=322, —217.5)

—1.41 (—1.55, —1.28)
—2.26 (—2.49, —2.03)

—1.62 (—1.76, —1.49)
—2.33 (—2.57, —2.09)

Mean (95% CI) for each days of life. p-value for difference between day 1, 2, and 3 (one way ANOVA).

The PSS varied significantly for the days of examination in
five heart segments: basal left inferior, apical left inferior,
basal anterior septum, basal right lateral, and basal right
superior (p < 0.05) (Table 2). The PSSR varied significantly
in two segments: the basal left inferior and the basal right
superior (p < 0.05).

Between genders, the PSS was different in the apical left
inferiolateral segments [male —17.2% (—19.4, —15.0), female
—20.7% (—22.5, —18.9), p = 0.013] and the PSSR was different
in the apical left inferiolateral segments (male —1.91/s (—2.15,
—1.67), female —1.60/s (—1.77, —1.44), p = 0.036).

Fetal shunts. The foramen ovale was closed in 12 exami-
nations and open in 125 examinations, while in one examina-
tion images for assessment of foramen ovale patency was not
obtained. The PSS was different between examinations with
an open and a closed foramen ovale in the basal anterior
septum [closed —9.8% (—18.9, —0.8), open —14.8% (—15.8,
—13.9), p = 0.029]. The PSSR was similar for all segments.
The ductus arteriosus flow showed a pulmonary hypertension
pattern in 4, a growing pattern in 22, a pulsatile pattern in 15,
a closing pattern in 18 examinations, while in 79 examinations
the duct was closed. The apical left inferior and basal anterior
septum PSSR were significantly different for measurements
grouped by the ductus arteriosus flow pattern (Table 3)
whereas there were no differences for the PSS in any seg-
ments. Both parameters were different for examinations with
an open and a closed ductus venosus in the basal right superior
segments [PSSR open —2.09/s (—2.22, —1.96), closed
—3.18/s (—4.36, —2.00), p < 0.001, PSS open —26.7%
(—28.0, —25.3), closed —36.4% (—44.4, —28.3), p = 0.001].

Heart rate, fractional shortening, and pulmonary systolic
artery pressure. The heart rate was 121/min (14) [mean (SD)]
and had a significant impact on the apical left lateral PSSR

Table 3. PSSR values in segments with significant differences
between groups based on the ductus flow pattern

Segment

Peak systolic strain rate (/s)
Flow pattern

Apical left inferior ~ Basal anterior septum
(p = 0.019) (p = 0.001)

—1.79 (—2.98, —0.61) —1.33 (—2.22, —0.44)
—1.96 (—2.44, —1.48) —1.18 (—1.36, —0.99)

Bidirectional flow
Growing flow pattern

Pulsatile —2.23(—2.96, —1.50) —2.53 (—3.44, —1.61)
Closing pattern —2.42 (—3.43, —1.41) —1.37(—1.79, —0.95)
No flow —1.91 (=2.04, —1.78) —1.52 (—1.69, —1.34)

Mean (95% CI) in each group. p-value for difference between groups (one
way ANOVA).

(B = —0.010, SE = 0.004, p = 0.018) (B = regression factor,
SE = regression factor SE, p = p-value). There was no
significant impact on the PSS in any segments. The fractional
shortening was 29.0% (5.7) [mean (SD)], with no differences
between measurements on day 1, 2, and 3. The correlation
between the fractional shortening and the left and septum
segments values were significant only for the basal left infe-
rior PSSR (p = 0.039, correlation coefficient = 0.183). Pul-
monary hypertension was not present at any examination, with
tricuspid regurgitation velocities less than 3.5 m/s in all. There
were no correlations between the pulmonary systolic artery
pressure and PSS or PSSR in any of the right heart segments.

Image quality and segment longitudinal alignment with
the ultrasound beams. Seventy-two percent of the segments
recorded could be analyzed. The fraction of images eligible
for analysis varied substantially between segments (Fig. 4)
and was lower in the left lateral segments than in the septum
and right heart segments. The image quality had a significant
impact on both the PSS (B = 1.85, SE = 0.216, p < 0.001)
and the PSSR (B = 0.068, SE = 0.025, p = 0.005). The
segment longitudinal alignment with the ultrasound beams
had no impact on any measurements.

Right heart segments Left heart and septum segments.
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Anterior septum segments
(Apical long-axis view)

Left superior segments
(Left two-chamber view)

Right superior segments
(Right superior two-chamber view)

Left lateral segments
(Four-chamber view)

Right lateral segments
(Four-chamber view)

Right inferior segments

Left inferiolateral segments
(Right inferior two-chamber view)

(Apical long-axis view)

Left inferior segments
(Left two-chamber view)

Septum segments
(Four-chamber vievi)

Figure 4. Pie charts of the fraction of images from each segment eligible for
analysis. Each pie represents one segment. The black area of each pie shows the
fraction of images possible to analyze. The heart is shown in a bull’s eye
projection, with left ventricle and septum segment to the right (whole circle) and
right ventricle segments to the left (half circle). The pies in the inner circle show
the apical segments and the pies in the outer circle show the basal segments. The
name for each segment and the apical view used for recording the segment are
shown.
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Left, septum and right heart apical, and basal segments.
Both parameters were higher in the apical than in the basal
segments in the right heart walls (p < 0.008) (Fig. 5) whereas
there were no differences in the septum or the left heart walls.
The PSS and PSSR both in the apical and in the basal
segments were significantly different between the left heart,
septum and right heart walls (p < 0.002), except for no
difference between the basal left and right wall PSSR.

Repeatability analyses. The Kappa scores of the quality and
alignment assessment ranged 0.53-0.60 (Table 4), and the
PSS and PSSR analyses intraclass correlation coefficients
ranged 0.67-0.89 (Table 4). The Bland-Altman plots for the
PSS and PSSR analyses are shown in Fig. 6.
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Figure 5. PSS (A) and PSSR (B). Absolute values (mean and 95%CI) for the
basal and apical left, septum, and right heart segment groups.

Table 4. Repeatability analyses

No of Intra Inter

segments observer observer
Kappa quality 32 0.58 0.53
Kappa alignment 32 0.60 0.57
Strain ICCC 16 0.89 0.81
Strain rate ICCC 16 0.85 0.67

Kappa scores for the assessment of image quality (category 1, 2, 3, and 4;
1 = good, 4 = inferior for analysis) and segment/ultrasound beam alignment
(1-3; 1 = good, 3 = inferior for analysis). Strain and strain rate ICCC.
ICCC = intra class correlation coefficients.

DISCUSSION

Peak systolic strain and strain rate. PSS have been found
lower in fetuses (15) (left, septum and right heart values from
—19 to —17%), higher in children aged 4-16 y (6) (left/
septum —26%, right —32%) and lower in adults (16) (left/
septum —19%) than in this study (—21.8%). As natural strain,
as opposed to Lagrangian strain, were reported in children, the
differences toward children are probably even larger. The
increase in PSS values with increased age from neonates to
childern, followed by a decrease in PSS values from children
to adults, is noticeable. It has been suggested that the PSSR
increases with increased age (6). PSSR have been found
higher in fetuses (15) (left, septum and right —2.1/s), children
(6) (left/septum —2.0/s, right —2.1/s), and lower in adults (16)
(left/septum —1.27/s) than in this study (—1.78/s). Again, the
differences between neonates, children, and adults are notice-
able. The higher values in children might be caused by the
heart growth not keeping up with increased body size; to meet
the heightened cardiac demand the contractility could during
growth be raised by end diastole myocardial expansion.

There were large differences between the 10th and 90th
percentile values in all segments. This might reflect intrinsic
variation between neonates but might also in part be caused by
analysis errors due to noise.

Neither the differences between genders nor the differences
between measurements on day 1, 2, and 3 showed any clear
patterns, and no differences were present when the significance
level were adjusted for multiple segments being analyzed.

Fetal shunts, heart rate, fractional shortening, and pul-
monary systolic artery pressure. The differences regarding the
fetal shunts, heart rate, fractional shortening, and pulmonary
systolic artery pressure affected few segments and showed no
clear patterns between fetal shunts categories, between PSS
and PSSR measurements in each segment, or between adja-
cent segments. When adjusting the significance level for
analyses being performed in multiple segments, only the
differences for the ductus venosus flow in the basal right
superior segments and for the ductus arteriosus flow in the
basal anterior septum segments remained significant.

Figure 6. Repeatability analyzes (Bland-
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The little impact on the measurements might indicate that the
measurements were relatively independent of flow and volume
load in this study. We therefore suggest that strain and strain rate
might be used for myocardial function evaluation in neonates,
relatively independent of flow and volume load. However, none
of the neonates had a situation of pathologic increased right or
left ventricular after load. A larger study, powered to detect
smaller impacts from these factors on the measurements, must be
performed before firm conclusions can be made. Further, to
assess the impact from fetal shunts and pulmonary artery pressure
on the measurements in neonates with circulatory disturbances,
measurements must be performed in neonates with significant
impact from these factors on the circulation.

In consistence with our study, the PSSR was independent of
heart rate in adults in one study (17) whereas in another study
(14) correlations between heart rate and PSSR in the left lateral
and left posterior (inferiolateral in this study) segments at rest was
found. In the latter study, there was a weak correlation between
PSS and heart rate. In children (6) there was a weak correlation
between heart rate and PSSR and no correlation between heart
rate and PSS. The tissue Doppler derived PSS estimation in-
volves time-integration of strain rate values. Therefore, if the PSS
is independent of heart rate the average strain rate in systole must
be higher at increasing heart rate. However, this increase does not
necessarily apply to the peak systolic value.

Image quality and segment longitudinal alignment with the
ultrasound beams. Eighty-eight percent of segments in one study
in adults with infarcted hearts (16) and ninety-five percent of
segments in children (6) were eligible for analysis. We found
72% of the segments in neonates eligible for analysis, and 83%
from the segments examined in children. These differences might
be due to differences in image quality between adults, children,
and neonates, but might also reflect a higher image quality
demand in neonates due to the smaller segment size.

The PSS were more prone to disturbances from noise than the
PSSR. Measured by the regression analyses the difference be-
tween high and low quality images were 17% of the mean PSS
and 8% of the mean PSSR. The impact from noise could be
divided into two components: impact from dropouts and impact
from random variation. Dropouts tend to lower both parameters,
whereas the random variation could influence the PSS and the
PSSR differently. The random variation will in some frames
increase and in other frames decrease the measured strain rate,
causing local peaks in the strain rate curve. At the point where the
PSSR is measured, the random noise will often have caused a
local increase in the curve and hence an increase in the measured
value. The decrease in PSSR caused by dropouts will therefore
often be countered by the random variation effect. Strain is
estimated by integration of strain rate values, and this integration
will tend to even out the random variation effect. PSS measure-
ments will therefore be less influenced by the random variation,
probably explaining the larger decrease in PSS than in PSSR
measurements in noisy images.

The measured values were dependent on the image quality
whereas the true PSS and PSSR values are probably not
affected by the factors determining the image quality. Assess-
ing the quality is therefore clinically relevant and important.
Poor-quality images should be excluded from analysis. Ob-

taining objective criteria for image quality assessment will
probably improve the method’s feasibility, and before such
criteria are established care must be taken when comparing
measurements between studies.

The segment longitudinal alignment with the ultrasound
beams had no impact on the measured values. Similar findings
have been shown for strain measurements in adults (18).
Images with poor alignment should not be analyzed, as the
measured strain rate could be reduced to zero at a 30° angle
(Heimdal A. Doppler Based Ultrasound Imaging Methods for
Noninvasive Assessment of Tissue Viability (Thesis). Trond-
heim, Norway: Norwegian University of Science and Tech-
nology). We speculate that differences might have been found
in our study if poorer alignment between the ultrasound beams
and segment longitudinal length had been accepted.

Left, septum and right heart apical, and basal segments.
Differences between left and right heart measurements might
be caused by different dispersion of longitudinal and circular
myocardial fibers (7). In agreement with this, values have
been found higher in the right than in the left heart in this
study, in children (6) and in adults (14). The higher left heart
than septum values in neonates is consistent with findings in
adults in one study (14) but not in another study (17). In
accordance with our results, annulus velocities have been
found highest in the right wall, intermediate in the left wall,
and lowest in the septum in adults (19) and in neonates (20).

As in this study, right heart measurements in adults increase
toward the apex (14). We found no differences between apical
and basal segment values in the septum or in the left heart.
This is consistent with findings in one study in adults (14),
whereas higher basal than mid and apical values were found in
adults in another study (17).

Clinical use. As there were little or no impacts from gender,
age, normal fetal shunts, pulmonary systolic artery pressure, and
heart rate on the measurements, strain and strain rate reflect
myocardial function in neonates. It is not known how the mea-
surements are influenced in pathologic states. Images eligible for
analyses were obtained more often from the inferior left heart,
septum and right heart, while few images eligible for analyses
were obtained from the lateral and superior left ventricle. Stan-
dardized methods for evaluation of the right heart function are
not well established and in many clinical situations in neonates,
the right heart function is of major interest. Therefore, tissue
Doppler imaging might be a tool more suitable for myocardial
function evaluation in the right heart than in the left heart.

There were large differences between the measurements in
each segment and there were also significant differences in the
repeatability analyses. Strain and strain rate in neonates might
have the potential for quantifying differences between seg-
ment groups and patient groups. Further refinement of the
method might be required before differences between individ-
uals and between segments within individuals can be assessed.

Limitations. The measurements presented here were as-
sessed in neonates within a narrow range for age and normal
birth weight and were recorded during the time where the
major postpartum changes from fetal via transitional to infant
circulation occurs. It is not known how these measurements
relate to measurements later in the neonatal period. For some
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segments, only a few images could be analyzed. The relative
load independency of strain and strain rate in this study should
be confirmed in larger studies.

Future studies. Strain and strain rate should be assessed in
neonatal patient groups with affected heart function and cir-
culation. Strain and strain rate analysis using more simplified
procedures, e.g. analyze one segment per wall or performing
analyzes with the segment set stationary in space (as opposed
to using a tracking algorithm to keep the segment within the
same myocardial region throughout the cardiac cycle) should
be investigated. Methods for objective assessment of the
image quality should be explored.

In conclusion, PSS and PSSR in neonates aged 1-3 d are
presented. The measured variation was high within segments,
between segments and between individuals. At present, the
method might be feasible for assessing differences between seg-
ment groups and patient groups. Age, gender, fetal shunts, heart
rate, and pulmonary systolic artery pressure had little impact on
the measurements, indicating that under normal circumstances
the methods might be used to evaluate myocardial function
regardless these factors. The measurements were affected by
image quality, and poor-quality images should be excluded.
Images eligible for analyses were obtained more often in the
inferior left heart, the septum and the right heart. Values were
highest in the right wall, intermediate in the left wall and lowest
in the septum. Values were higher in the apical than in the basal
segments in the right heart walls and not in the septum or left
heart walls.
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