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Togănel, Cucerea, Săsăran and Gozar. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.
Frontiers in Pediatrics
Comparative assessment of
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neonates using the 2D speckle
tracking method
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Introduction: Assessment of myocardial function through speckle tracking
echocardiography (STE) can bring benefits to conventional echocardiography
in premature newborns, a particular vulnerable group in terms of adaptation to
extra-uterine life. Furthermore, it represents a non-invasive imagistic method
which can guide therapeutic approach in the hemodynamically unstable
newborn. This study aims to highlight the particularities of myocardial function
in late premature newborns, by conducting a comparison with a group of
healthy neonates, by using STE.
Methods: Conducted over a timespan of two years, this prospective study
enrolled 64 term neonates and 21 premature newborns, with gestational ages
ranging between 28 and 36 weeks, who prior to discharge underwent a
cardiac ultrasound, involving two-dimensional image acquisitions of the apical
four-chamber view of both ventricles. Afterwards, the images were offline
analyzed, by using the autostrain function.
Results: After segmental strain analysis, no significant discrepancies between
the two groups in terms of interventricular values were found. However,
left ventricle and right ventricle strain measurements differed significantly
(p < 0.01), for each of the analyzed segments (basal, medial or apical).
Moreover, a linear increase in interventricular (IV) basal strain with
corrected gestational age progression was noted (p = 0.04). Peak global
longitudinal strain (pGLS) and EF were similar between the two study
groups. Premature newborns presented significantly more negative mean
values of right ventricular free wall longitudinal strain (RVFWSL), (−24.19± 4.95
vs. −18.05 ± 5.88, p < 0.01) and of right ventricle global four chamber
longitudinal strain (RV4CSL), (−19.71 ± 3.62 vs. −15.46± 5.59, p < 0.01), when
compared to term neonates.
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Conclusions: The 2D STE is a reliable method for cardiac assessment of late
preterm newborns. The evaluation of two-dimensional global longitudinal LV
and RV strains might represent a useful tool in clinical practice. A better
response of the right ventricle to the longitudinal deformation within premature
neonates was noted. Thus, this study facilitates the identification of accurate
reference values for this particular population segment, which will enable the
evaluation of ventricular function in premature newborns with concurring
disorders. Future longitudinal studies, assessing the fetal heart, could provide
more insight into the development of myocardial function.
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1 Introduction

The hemodynamic evaluation of newborns during the complex,

transitional phase to neonatal life still remains a subject of great

interest, due to the paucity of available literature data. Premature

newborns are constantly undergoing hemodynamic challenges

during the postnatal period (1). The adaptation process in

premature newborns is influenced by several factors, such as the

timing of umbilical cord clamping, medication, maternal co-

existing conditions and organ immaturity. Moreover, myocardial

function is altered by hypoxia, sepsis and intrauterine growth

retardation (2). Cardiac ultrasonography remains one of the

important non-invasive tools which assesses myocardial function

and can simultaneously offer data for the proper management of

the hemodynamically instable newborn, as well as information

related to the monitoring of their evolution and prognosis.

Advanced cardiac ultrasound techniques such as the analysis of

myocardial deformation through speckle tracking (STE) have

been proven to be superior to conventional measurements of

myocardial function, in terms of identifying myocardial

disfunction, characterizing myocardial phenotype and guiding

treatment (3, 4). Reference intervals for myocardial deformation

are mostly found in term newborns and extremely premature

newborns, with scarce data available in mid to late premature

newborns. This particular age group is vulnerable through

respiratory morbidity and pulmonary hypertension risk (5).

Thus, our study aims to describe characteristics of myocardial

function in late premature newborns, through a comparison

conducted with a group of healthy term neonates, with the

help of STE.
2 Material and methods

2.1 Study population

The current prospective study was conducted within a

timespan of two years (January 2020-April 2022), enrolling

patients admitted to the Pediatric Cardiology Clinic III, an

integrated part of the Emergency Institute for Cardiovascular

Diseases and Transplantation Târgu Mureș. The inclusion criteria
02
consisted of hemodinamically stable premature neonates at the

moment of examination, referred for cardiological consult due to

an audible systolic murmur, with gestional ages ranging between

28 and 36 weeks (group 2), whereas the control group was

composed of healthy, appropriate for gestational age (AGA)

neonates, born on term (group 1). Neonates with genetic

syndromes, congenital cardiac or non-cardiac malformations

were excluded, with the exception of those who presented

insignificantly hemodynamic anomalies, such as patent foramen

ovale (PFO), patent ductus arteriosus (PDA) or atrial septal

defect (ASD). Premature neonates, with serious complications

which could have impacted cardio-pulmonary function

(respiratory distress syndrome, severe/prolonged jaundice, sepsis,

moderate/ hemodynamically significant PDA, necrotizing

enterocolitis) were left out of the study. For both study groups,

maternal gestational diabetes constituted another exclusion

criterium, whereas for the control group, newborns with signs of

infection, renal injury or other comorbidities were ruled out.

Four premature neonates in whom STE evaluation could not be

performed based on the ultrasound images were excluded.
2.2 Cardiac ultrasound image acquisition
and STE analysis

Each echocardiography was performed with the help of a

Philips Epiq 7 ultrasound machine, prior to hospital discharge.

The timing of echocardiography examinations corresponded to

an age of 2–4 days of life for group 1 and to an age ranging

between 5 and 54 days for the premature study group.

Bidimensional, optimal quality image acquisitions, typical for the

apical 4 chamber view (2D STE), within a frame rate of over

70 Hz, were deposed in a DICOM format and afterwards offline

analyzed, using the right and left ventricle autostrain functions of

the Philips QLAB 15 software. In order to perform an analysis of

the entire cardiac cycle, its M mode depiction coincided with the

closing and opening of the mitral valve, which is automatically

generated by the software. For automatic drawing of the

endocardium, three points were marked, at the base of the

septum, lateral and apical. Afterwards, the drawing was verified

and manually corrected.
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TABLE 1 Baseline characteristics of the two neonatal study groups.

Neonatal characteristics Group 1a

(n = 64)
Group 2a

(n = 21)
P-value

Gender (%) Female 37.5 47.61 0.41, OR=0.66
(95% CI:
0.25–1.67)

Male 62.5 52.38

Type of
delivery (%)

Vaginal delivery 85.93 38.09 <0.01, OR=9.93
(95% CI:

3.35–29.36)
Caesarian section 14.06 61.90

Birth weight (gr.)b 3,450 ± 283 1,815 ± 415.3 <0.01

Length (cm) 54.81 ± 2.26 43.52 ± 4.87 <0.01

Gestational age at birth (weeks) 38.97 ± 0.79 32.76 ± 2.80 <0.01

APGAR score at 1 min.b 9.31 ± 0.66 7.23 ± 2.32 <0.01

Age at the time of
echocardiography (days)

2.89 ± 0.79 19.62 ± 12.91 <0.01

CI, confidence interval; cm, centimeter; gr, grams; OR, odds ratio.
adata has been expressed as mean ± SD (standard deviation) for quantitative

variables and % for categorical variables.
bUnpaired t-test was applied (variables complying to a Gaussian distribution).
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Therefore, cardiac ultrasound images were analyzed by a sole

investigator, the ejection fraction (EF) was measured through left

ventricle M mode, together with the global longitudinal strain

(pGLS) and the biventricular segmental strain, as the

interventricular septum and the walls were divided into three

segments (left ventricle-LV Basal, LV Medial, LV Apical,

interventricular-IV basal, IV Medial, IV Apical, right ventricle-

RV Basal, RV Medial, RV Apical, right ventricular free wall

longitudinal strain- RVFWLS, right ventricle global four chamber

longitudinal strain- RV4CLS). The aforementioned parameters

were compared between the two study groups.
2.3 Statistical analysis

Parameters such as mean, frequency and standard deviation

were expressed as part of descriptive statistics. In order to

establish type of distribution of the analyzed data, Kolmogorov-

Smirnov test was applied. The results of this normality test drove

the appropriate approach for mean comparison of quantitative

variables, which involved the use of the Mann–Whitney test

(for variables non-compliant with a Gaussian distribution) or

of the unpaired t-Student test (for variables with a Gaussian
TABLE 2 Longitudinal segmental strain value comparison between the two s

Segmental
strain ratio

Group 1 (mean % ± SD) Group

IV Basal −14.17 ± 5.72

Medial −18.89 ± 3.57

Apicala −26.40 ± 6.54

LV Basala −27.94 ± 10.57

Mediala −11.83 ± 5.27

Apicala −18.88 ± 7.03

RV Basal −19.65 ± 7.19

Medial −16.67 ± 5.53

Apical −16.46 ± 6.60

IV, interventricular; LV, left ventricle; RV, right ventricle; SD, standard deviation.
aUnpaired t-test was applied (variables complying to a Gaussian distribution).
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distribution). In case of categorical variables, chi-square test was

applied and odds ratios (ORs) were obtained. Simple linear

regression tried to establish a correlation between each strain

parameter obtained and corrected gestational age progression for

the premature neonatal group. In case of each analyzed variable,

a confidence interval (CI) of 95% was used as reference, and

therefore p-values of under 0.05 were considered statistically

significant. The entire statistical analysis was conducted with the

help of the GraphPad Prism T 9.0 software.
2.4 Ethics

The research was conducted in accordance with the principles

stated in the declaration of Helsinki. Prior to inclusion in the study,

a signed, informed consent form was obtained from at least one of

the legal tutors of each child. The research protocol was approved

by the Ethics Committee of Emergency Institute for Cardiovascular

Diseases and Transplantation Târgu Mureș and by the one of the

George Emil Palade University of Medicine, Pharmacy, Science,

and Technology of Târgu Mureș (approval no. 1276/25.02.2021).
3 Results

After exclusion of 5 patients in whom the parents/legal tutors

refused to sign the informed consent form, the study included 64

term neonates (group 1) and 21 pre-term neonates (group 2).

Descriptive data and comparation of the baseline characteristics

of the two groups are represented in Table 1. There were no

significant differences between the two groups in terms of gender

distribution (p = 0.41), but a higher prevalence of caesarian

section type of delivery was found in the premature group (p <

0.01, OR = 9.93). Mean birth weight and length were expectably

lower in the premature neonate group (3,450 ± 283 gr. vs.

1,815 ± 415.3 gr., p < 0.01 and 54.81 ± 2.26 cm vs. 43.52 ±

4.87 cm, p < 0.01). Gestational age at the moment of birth was

32.76 ± 2.80 weeks in group 2, as opposed to 38.97 ± 0.79 weeks

in group 1 (p < 0.01). The premature neonates were examined

at a mean corrected gestational age of 35.57 ± 1.43 weeks,

significantly later after birth than mature newborns (p < 0.01, Table 1).
tudy groups.

2 (mean % ± SD) P-value

−14.96 ± 5.28 0.48

−19.88 ± 5.82 0.69

−26.94 ± 5.16 0.72

−21.32 ± 6.26 <0.01

−16.70 ± 4.81 <0.01

−23.13 ± 5.89 0.01

−26.13 ± 4.91 <0.01

−22.04 ± 6.03 <0.01

−21.91 ± 5.44 <0.01
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FIGURE 1

Relationship between Iv basal strain measurements and gestational
age progression among group 2.

Toma et al. 10.3389/fped.2024.1302383
An important percentage of these premature neonates (42.85%) came

from twin pregnancies.

Segmental strain analysis revealed no significant differences

between the two groups in terms of interventricular values.

Significant discrepancies between the two groups in left ventricle

and right ventricle strain measurements were found (p < 0.01),

for each of the analyzed segments (basal, medial or apical).

These results have been depicted in Table 2. Linear regression

analysis was performed in order to establish a possible

relationship between segmental strain measurements and

gestational age within group 2. A linear increase in

interventricular (IV) basal strain with corrected gestational age

progression was observed, as pictured in Figure 1 (p = 0.04). The

other segmental strain parameters did not present significant

variations in relation to corrected gestational age.

Peak global longitudinal strain (pGLS) and EF presented

similarities between the two study groups (p = 0.32 and p = 0.87,

respectively). Significantly lower mean % values of RVFWSL were

found within preterm neonates, as opposed to mature ones

(−24.19 ± 4.95 vs. −18.05 ± 5.88, p < 0.01). Furthermore, important

decrease in mean % values of RV4CSL were found in group

2 when compared with group 1 (−19.71 ± 3.62 vs. −15.46 ± 5.59,

p < 0.01). These numeric data have been depicted in Table 3. As in

the case of segmental strain, linear regression was applied to
TABLE 3 Longitudinal left and right ventricular strain parameter
comparison between the two study groups.

Group 1
(mean % ± SD)

Group 2
(mean % ± SD)

P-value

LV pGLS −19.19 ± 3.24 −20.66 ± 3.73 0.32

M mode EFa 66.95 ± 4.83 66.76 ± 4.25 0.87

RVFWLS −18.05 ± 5.88 −24.19 ± 4.95 <0.01

RV4CSL −15.46 ± 5.59 −19.71 ± 3.62 <0.01

EF, ejection fraction; pGLS, peak global longitudinal strain; LV, left ventricle;

RV4CSL, right ventricle global four chamber longitudinal strain; RVFWLS, right

ventricular free wall longitudinal strain; SD, standard deviation.
aUnpaired t test was applied (variables complying to a Gaussian distribution).
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establish a relationship between each of the aforementioned

longitudinal strain parameters and corrected gestational age, but

this analysis retrieved no significant statistical findings.
4 Discussions

This study aimed to analyze the effect of premature birth upon

myocardial function. In the first few days of life, ventricular

adaptation normally occurs, which causes major shifts in tissue

velocities (6). Studies performed on animals revealed that the

exposure of the premature heart to high flow resistances and to a

hypoxemic environment causes significant myocardial hypertrophy

and increase in interstitial collagen fibres, while the number of

myocytes stays the same (7). Premature neonates present an

augmentation of the left ventricular mass and the left ventricular

mass/body surface area ratio in comparison with term

homologues. Consequently, a volume reduction of the left ventricle

takes place, which, dependently upon the severity of prematurity,

is associated with a reduction in systolic, diastolic and rotation

function, according to Lewandovski et al. (8). The same author

proved through another study that severe prematurity is linked to

structural and functional alterations of the right ventricle. The EF

and the volume of the right ventricle, determined through

magnetic resonance imaging (MRI), are lower in adults who were

born prematurely, but at the same time their right ventricular

mass is larger in size (9). However, one study that comparatively

assessed preterm and term neonates, who underwent serial 2-

dimensional echocardiography, as well as Doppler trans-mitral

flow velocity assessments, revealed that the strongest discrepancies

for premature newborns were in those parameters of diastolic

function, whereas systolic function measurements maintained

within normal ranges. Therefore, the authors concluded that, in

premature newborns, diastolic patterns reflect a transition between

fetal life and term neonates (10).

Premature newborns also present several specific pathologies,

such as hemodynamically significant PDA, pulmonary conditions

which cause hypoxemia, including bronchopulmonary dysplasia.

These conditions increase in frequency among the extremely

premature infants (11, 12). As a result, ventricular filling changes

and an increase in afterload occurs, especially for the right

ventricle (12). As we have seeked to establish reference values

which are not influenced by prematurity- associated pathology,

we excluded from our study premature newborns with sepsis,

pulmonary hypertension, bronchopulmonary dysplasia, persistent

ductus arteriosus, or other cardiac malformations with

hemodynamic impact. Concurring pathologies can also influence

longitudinal strain values in term newborns. One study showed

that newborns with hyperbilirubinemia present significantly

lower values of stratified strain parameters of the ventricular wall

when compared to healthy, age-matched controls. Still, the two

groups were no different in terms of GLS values and its derived

parameters (13). Within our study, newborns with prolonged,

severe jaundice were left out of the study. Although the age

discrepancy between the two study groups at the time of the

cardiac ultrasound examination was significant, Klitsie et al.
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observed that age does not influence left ventricular longitudinal

speckle tracking values within their study carried out on term

newborns. No significant differences were found in the

comparative assessment of the left ventricle performance at the

age of 3 days, 3 weeks and 6–7 weeks of life (14).

More insight into premature myocardial function was gained

with the addition of speckle-tracking to cardiac ultrasound

assessment, which has been regarded as superior to conventional

and tissue-Doppler derived echocardiography in healthy

newborns and infants (15). The possibility to expand its

application in premature neonates derives from great feasibility

of tissue Doppler-derived deformation parameters, which can be

obtained with adequate imaging quality (16). A greater

reproducibility was however reported in relation to basal

longitudinal strain and strain ratio measurements of the

interventricular septum and right ventricle, whereas a wider

range of values was found for the same measurements performed

for the left ventricle (16, 17). Some of the limitations of speckle-

tracking include the angle effect, which is more prevalent in

apical myocardial segment analysis and is closely related to tissue

Doppler imaging (18, 19). Elkiran et al. also emphasized the role

of aberrant bands, which greatly influence left ventricular form

and subsequent deformation-derived parameters (15). Frame rate

of image acquisition can also influence ventricular longitudinal

deformation imaging in premature infants, which could impact

intra-observer and inter-observer reliability (20).Within our

study, reproducibility of strain-derived parameters in premature

newborns could not be assessed, as image acquisition was

performed by a unique examinator.

In normal healthy children (with ages ranging from 0 to 19

years), mean LV pGLS values of −20.5 (95% CI, −20.0 to −21.0)
were globally obtained, according to a meta-analysis performed

by Jashari et al., which included multiple paediatric age groups

(21). However, discrepancies can be found between various small

scale neonatal studies, which have reported mean LV pGLS

values of −18.8 (95% CI, −20.1 to −17.5), −19.7 (95% CI, −20.8
to −18.5) and −24.5 (95% CI, −25.4 to −23.5). The small

population samples included cannot be overseen, as these could

have greatly influenced the reference intervals of the studied

parameters (14, 22, 23). The pGLS mean obtained within our

study is though similar to one of our previous works, which

included a compellingly higher study population, of 103 term

neonates (24). Still, previous studies mostly enrolled term

neonates and did not seek to provide referral ranges of speckle

tracking derived parameters for premature newborns.

Within this study, the functional analysis of the left ventricle

revealed no alterations, as the EF remained within normal ranges

for both study groups. The values of the longitudinal deformity

parameter, pGLS, were very similar between the two study

groups, although the segmental strain values were more

negativein the premature group than in mature newborns, with

one exception (the basal segment of the left ventricle). However,

in premature newborns, the values for both parameters which

assessed the longitudinal deformation of the right ventricle,

namely RVFWLS and RV4CSL, were significantly more negative

when compared to mature newborns (p < 0.01). These findings
Frontiers in Pediatrics 05
suggest that the right ventricle of the premature responds better

to longitudinal deformation, which is indicative of a better

compliance. It is well known that, during the last trimester of

pregnancy, a ventricular disproportion takes place, with the

predominance of the right ventricle. This phenomenon occurs

due to the hemodynamic changes which are typical for the last

period of pregnancy: narrowing of the arterial duct, increase in

pulmonary flow concomitantly with increase in pulmonary

venous return, reduction of the right-left shunt through the

foramen ovale, increase in right ventricle afterload (25).

Premature birth eliminates this physiological heart overload or

diminishes its duration, which could explain why longitudinal

strain values are higher in the premature newborns, when

compared with term neonates. Therefore, our study provided a

unique insight into the understanding of the peculiarities of

ventricular compliance of the premature newborns, as opposed to

mature newborns. It is though worth mentioning that term

newborns included in the study were evaluated in the first 2–4

days of life, which represented the beginning of the transition

period from fetal circulation towards postnatal circulatory

patterns, and this aspect has been reflected by the reported results.

Within the present research, strain analysis of the

interventricular segments did not result in any significant

differences between the two study groups, but the apex to base

gradient is quite obvious, and this key element had already been

highlighted by individual studies and meta-analyses conducted

on both pediatric and adult populations (26). Moreover, within

our study, in accordance with previously published data (23),

segmental strain values of the right ventricle showed a basal-apex

gradient decrease, within both study groups.

Strain ratio measurements have been uniformly lower in

preterm neonates than in term counterparts, according to a

review of literature data (17). These results mostly comply to our

findings of right and left ventricular segmental strain

measurements, with the exception of the left ventricular basal

strain, which actually showed significantly higher values in the

preterm neonatal group. Moreover, within our study we found

no significant shifts in interventricular strain measurements

between the two target groups. We further proceeded to seek

possible correlations between strain measurements and corrected

gestational age at the time of the examination within the

premature population. Interventricular basal strain was the only

one which showed an ascending trend with corrected gestational

age increase. Previous studies support a lack of significant

maturational changes in the first weeks of live for basal

deformation parameters (27, 28). Still, variations of segmental

strain ratio in relation to gestational age have not yet been reported.

This study enriches literature data through the identification of

referral values of longitudinal, global and segmental strain for both

ventricles in premature newborns, with gestational ages ranging

between 28 and 36 weeks. The establishment of referral values

for speckle tracking measurements can aid in a better

understanding of the transitional physiology of myocardial

function in premature newborns (1) and could aid in the

premature identification of subclinical cardiac dysfunction (3).

Moreover, the discovery of a better response of the right ventricle
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to the longitudinal deformation in premature neonates, as opposed

to term newborns, enables the knowledge of accurate reference

values for this particular population segment, which will create the

premises for the evaluation of ventricular function in premature

newborns with concurring disorders. Still, the limitations of the

current study cannot be foreseen. The main limitation of the

current study is the inclusion of a relatively small number of

premature neonates. Another limitation of the current study is the

age discrepancy at the moment of echocardiographic evaluation

between the two groups. Therefore, our results cannot mirror the

transition process which could influence the speckle tracking

values, and which should be longitudinally evaluated. Therefore,

the current study enforces future research which will evaluate

myocardial function. Moreover, longitudinal studies, initiated

during intrauterine life could provide more insight into the

development of myocardial function.
5 Conclusions

The 2D speckle tracking method can confidently assess cardiac

function of late preterm newborns. Two-dimensional global

longitudinal LV and RV strains may represent a possible

alternative for the cardiac assessment of preterm newborns in the

clinical practice. For assessment of cardiac function, both

parameters can be used (LVpGLS to assess LV function,

respectively the RVFWSL and RV4CSL for the RV function). The

reference values obtained for the LV myocardial function, LVpGLS

are between [−20.66 ± 3.73], and those for the RV RVFWSL are

[−24.19 ± 4.95], respectively RV4CSL [−19.71 ± 3.62].
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by the Ethics

Committee of Emergency Institute for Cardiovascular Diseases

and Transplantation Târgu Mureș and by the one of the George

Emil Palade University of Medicine, Pharmacy, Science, and

Technology of Târgu Mureș (approval no. 1276/25.02.2021).
Frontiers in Pediatrics 06
The studies were conducted in accordance with the local

legislation and institutional requirements. Written informed

consent for participation in this study was provided by the

participants’ legal guardians/next of kin.
Author contributions

DT: Conceptualization, Data curation, Funding acquisition,

Investigation, Methodology, Validation, Writing – original draft,

Writing – review & editing. AF: Supervision, Writing – review &

editing. AC-P: Data curation, Validation, Writing – original draft,

Writing – review & editing. RT: Supervision, Writing – original

draft, Writing – review & editing. MC: Investigation, Supervision,

Writing – review & editing. MS: Conceptualization, Formal

Analysis, Validation, Visualization, Writing – original draft,

Writing – review & editing. LG: Conceptualization, Data

curation, Investigation, Methodology, Validation, Writing –

original draft, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

This research was supported by University of Medicine,

Pharmacy, Science and Technology “George Emil Palade” of

Târgu Mureș Research Grant number 10126/4/17.12.2020.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Castaldi B, Bordin G, Favero V, Nardo D, Previati F, Salvadori S, et al. Early
modifications of cardiac function in preterm neonates using speckle tracking
echocardiography. Echocardiography. (2018) 35:849–54. doi: 10.1111/echo.13853

2. Hirose A, Khoo NS, Aziz K, Al-Rajaa N, van den Boom J, Savard W, et al.
Evolution of left ventricular function in the preterm infant. J Am Soc Echocardiogr.
(2015) 28:302–8. doi: 10.1016/j.echo.2014.10.017

3. Mandoli GE, Cameli M, Pastore MC, Benfari G, Malagoli A, D’Andrea A, et al.
Speckle tracking echocardiography in early disease stages: a therapy modifier?
J Cardiovasc Med (Hagerstown). (2023) 24:e55–66. doi: 10.2459/JCM.00000000
00001422

4. Ardelean CL, Pescariu S, Lighezan DF, Pleava R, Ursoniu S, Nadasan V, et al.
Particularities of older patients with obstructive sleep apnea and heart failure with
mid-range ejection fraction. Medicina (B Aires). (2019) 55:449. doi: 10.3390/
medicina55080449

5. Cappelleri A, Bussmann N, Harvey S, Levy PT, Franklin O, El-Khuffash A.
Myocardial function in late preterm infants during the transitional period:
frontiersin.org

https://doi.org/10.1111/echo.13853
https://doi.org/10.1016/j.echo.2014.10.017
https://doi.org/10.2459/JCM.0000000000001422
https://doi.org/10.2459/JCM.0000000000001422
https://doi.org/10.3390/medicina55080449
https://doi.org/10.3390/medicina55080449
https://doi.org/10.3389/fped.2024.1302383
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Toma et al. 10.3389/fped.2024.1302383
comprehensive appraisal with deformation mechanics and non-invasive cardiac
output monitoring. Cardiol Young. (2020) 30:249–55. doi: 10.1017/
S1047951119003020

6. Ekici F, Atalay S, Ozcelik N, Uçar T, Yilmaz E, Tutar E. Myocardial tissue
velocities in neonates. Echocardiography. (2007) 24:61–7. doi: 10.1111/j.1540-8175.
2006.00351.x

7. Tan CMJ, Lewandowski AJ. The transitional heart: from early embryonic and fetal
development to neonatal life. Fetal Diagn Ther. (2020) 47:373–86. doi: 10.1159/
000501906

8. Lewandowski AJ, Augustine D, Lamata P, Davis EF, Lazdam M, Francis J, et al.
Preterm heart in adult life: cardiovascular magnetic resonance reveals distinct
differences in left ventricular mass, geometry, and function. Circulation. (2013)
127:197–206. doi: 10.1161/CIRCULATIONAHA.112.126920

9. Lewandowski AJ, Bradlow WM, Augustine D, Davis EF, Francis J, Singhal A, et al.
Right ventricular systolic dysfunction in young adults born preterm. Circulation.
(2013) 128:713–20. doi: 10.1161/CIRCULATIONAHA.113.002583

10. Kozák-Bárány A, Jokinen E, Saraste M, Tuominen J, Välimäki I. Development of
left ventricular systolic and diastolic function in preterm infants during the first month
of life: a prospective follow-up study. J Pediatr. (2001) 139:539–45. doi: 10.1067/mpd.
2001.118199

11. Raffay TM, Martin RJ. Intermittent hypoxia and bronchial hyperreactivity.
Semin Fetal Neonatal Med. (2020) 25:101073. doi: 10.1016/j.siny.2019.101073

12. McDonald FB, Dempsey EM, O’Halloran KD. The impact of preterm adversity
on cardiorespiratory function. Exp Physiol. (2020) 105:17–43. doi: 10.1113/EP087490

13. Chen Z, Zhang S, Fang A, Shao J, Shen H, Sun B, et al. Early changes in left
ventricular myocardial function by 2D speckle tracking layer-specific technique in
neonates with hyperbilirubinemia. Quant Imaging Med Surg. (2022) 12:79609–809.
doi: 10.21037/qims-21-197

14. Klitsie LM, Roest AAW, Haak MC, Blom NA, Ten Harkel ADJ. Longitudinal
follow-up of ventricular performance in healthy neonates. Early Hum Dev. (2013)
89:993–7. doi: 10.1016/j.earlhumdev.2013.08.019

15. Elkiran O, Karakurt C, Kocak G, Karadag A. Tissue Doppler, strain, and strain
rate measurements assessed by two-dimensional speckle-tracking echocardiography in
healthy newborns and infants. Cardiol Young. (2014) 24:201–11. doi: 10.1017/
S1047951112002284

16. James AT, Corcoran JD, Jain A, McNamara PJ, Mertens L, Franklin O, et al.
Assessment of myocardial performance in preterm infants less than 29 weeks
gestation during the transitional period. Early Hum Dev. (2014) 90:829–35. doi: 10.
1016/j.earlhumdev.2014.09.004

17. El-Khuffash A, Schubert U, Levy PT, Nestaas E, de Boode WP. European Special
Interest Group ‘neonatologist performed echocardiography’ (NPE). deformation
Frontiers in Pediatrics 07
imaging and rotational mechanics in neonates: a guide to image acquisition,
measurement, interpretation, and reference values. Pediatr Res. (2018) 84:30–45.
doi: 10.1038/s41390-018-0080-2

18. Ingul CB, Torp H, Aase SA, Berg S, Stoylen A, Slordahl SA. Automated analysis
of strain rate and strain: feasibility and clinical implications. J Am Soc Echocardiogr.
(2005) 18:411–8. doi: 10.1016/j.echo.2005.01.032

19. Storaa C, Aberg P, Lind B, Brodin L-A. Effect of angular error on tissue Doppler
velocities and strain. Echocardiography. (2003) 20:581–7. doi: 10.1046/j.1540-8175.
2003.01135.x

20. Sanchez AA, Levy PT, Sekarski TJ, Hamvas A, Holland MR, Singh GK. Effects of
frame rate on two-dimensional speckle tracking-derived measurements of myocardial
deformation in premature infants. Echocardiography. (2015) 32:839–47. doi: 10.1111/
echo.12716

21. Jashari H, Rydberg A, Ibrahimi P, Bajraktari G, Kryeziu L, Jashari F, et al.
Normal ranges of left ventricular strain in children: a meta-analysis. Cardiovasc
Ultrasound. (2015) 13:37. doi: 10.1186/s12947-015-0029-0

22. Sehgal A, Wong F, Menahem S. Speckle tracking derived strain in infants with
severe perinatal asphyxia: a comparative case control study. Cardiovasc Ultrasound.
(2013) 11(34). doi: 10.1186/1476-7120-11-34

23. Schubert U, Müller M, Norman M, Abdul-Khaliq H. Transition from fetal to
neonatal life: changes in cardiac function assessed by speckle-tracking
echocardiography. Early Hum Dev. (2013) 89:803–8. doi: 10.1016/j.earlhumdev.
2013.06.009

24. Toma D, Toganel R, Fagarasan A, Cucerea M, Gabor-Miklosi D, Cerghit-Paler
A, et al. Interobserver agreement and reference intervals for biventricular myocardial
deformation in full-term, healthy newborns: a 2D speckle-tracking echocardiography-
based strain analysis. Int J Environ Res Public Health. (2022) 19:8620. doi: 10.3390/
ijerph19148620

25. Tague L, Donofrio MT, Fulgium A, McCarter R, Limperopoulos C, Schidlow
DN. Common findings in late-gestation fetal echocardiography. J Ultrasound Med.
(2017) 36:2431–7. doi: 10.1002/jum.14283

26. Levy PT, Machefsky A, Sanchez AA, Patel MD, Rogal S, Fowler S, et al.
Reference ranges of left ventricular strain measures by two-dimensional speckle-
tracking echocardiography in children: a systematic review and meta-analysis. J Am
Soc Echocardiogr. (2016) 29:209–225.e6. doi: 10.1016/j.echo.2015.11.016

27. James AT, Corcoran JD, Breatnach CR, Franklin O, Mertens L, El-Khuffash A.
Longitudinal assessment of left and right myocardial function in preterm infants using
strain and strain rate imaging. Neonatology. (2016) 109:69–75. doi: 10.1159/000440940

28. Helfer S, Schmitz L, Bührer C, Czernik C. Tissue Doppler-derived strain and
strain rate during the first 28 days of life in very low birth weight infants.
Echocardiography. (2014) 31:765–72. doi: 10.1111/echo.12463
frontiersin.org

https://doi.org/10.1017/S1047951119003020
https://doi.org/10.1017/S1047951119003020
https://doi.org/10.1111/j.1540-8175.2006.00351.x
https://doi.org/10.1111/j.1540-8175.2006.00351.x
https://doi.org/10.1159/000501906
https://doi.org/10.1159/000501906
https://doi.org/10.1161/CIRCULATIONAHA.112.126920
https://doi.org/10.1161/CIRCULATIONAHA.113.002583
https://doi.org/10.1067/mpd.2001.118199
https://doi.org/10.1067/mpd.2001.118199
https://doi.org/10.1016/j.siny.2019.101073
https://doi.org/10.1113/EP087490
https://doi.org/10.21037/qims-21-197
https://doi.org/10.1016/j.earlhumdev.2013.08.019
https://doi.org/10.1017/S1047951112002284
https://doi.org/10.1017/S1047951112002284
https://doi.org/10.1016/j.earlhumdev.2014.09.004
https://doi.org/10.1016/j.earlhumdev.2014.09.004
https://doi.org/10.1038/s41390-018-0080-2
https://doi.org/10.1016/j.echo.2005.01.032
https://doi.org/10.1046/j.1540-8175.2003.01135.x
https://doi.org/10.1046/j.1540-8175.2003.01135.x
https://doi.org/10.1111/echo.12716
https://doi.org/10.1111/echo.12716
https://doi.org/10.1186/s12947-015-0029-0
https://doi.org/10.1186/1476-7120-11-34
https://doi.org/10.1016/j.earlhumdev.2013.06.009
https://doi.org/10.1016/j.earlhumdev.2013.06.009
https://doi.org/10.3390/ijerph19148620
https://doi.org/10.3390/ijerph19148620
https://doi.org/10.1002/jum.14283
https://doi.org/10.1016/j.echo.2015.11.016
https://doi.org/10.1159/000440940
https://doi.org/10.1111/echo.12463
https://doi.org/10.3389/fped.2024.1302383
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Comparative assessment of myocardial function between late premature newborns and term neonates using the 2D speckle tracking method
	Introduction
	Material and methods
	Study population
	Cardiac ultrasound image acquisition and STE analysis
	Statistical analysis
	Ethics

	Results
	Discussions
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


