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ABSTRACT
Objective Left ventricle (LV) rotational mechanics is an 
emerging tool to characterise LV function, but warrants 
further evaluation in neonates. The aim of this study was 
to compare LV rotational mechanics between term and 
extremely preterm babies over the first week of age.
Methods In this prospective study, we serially assessed 
LV rotational parameters in 50 term infants and compared 
them with a historical dataset of 50 preterm infants born 
<29 weeks gestation. LV basal and apical rotation, LV 
twist, LV twist/untwist rate and torsion were derived using 
two- dimensional speckle tracking echocardiography at 
three time points over the first week of age.
Results There was no change in LV twist, LV torsion, 
basal rotation or apical rotation in term infants over the 
study period (all p>0.05). LV twist and torsion were higher 
in preterm infants, and increased over time. In preterm 
infants, basal rotation evolved from anticlockwise to 
clockwise rotation. Apical rotation remained anticlockwise 
in both groups (all p>0.05). LV twist rate (LVTR) and 
untwist rate was higher in preterm infants and increased 
over the three time points (all p>0.05). There was a strong 
positive correlation between LV torsion and LV untwist rate 
(LVUTR) in the entire cohort during the third scan.
Conclusion Term infants exhibit minimal LV twist which 
remains unchanged over the first week of age. This is in 
contrast to premature infants who demonstrate increasing 
indices of twist, torsion, LVTR and LVUTR over the first 
week, likely as a compensatory mechanism for reduced LV 
compliance.

INTRODUCTION
Left ventricular (LV) performance is a major 
prognostic determinant of cardiopulmonary 
pathologies in neonates.1 The LV myocardium 
is comprised circumferential fibres in the 
mid- wall layer and longitudinal fibres in the 
endocardial and epicardial layer that collec-
tively contribute to its complex contraction 
patterns.2 The helical configuration changes 
continuously from a right- handed orientation 
in subendocardium to a left- handed orien-
tation in subepicardium granting the LV 

unique rotational properties.3 The base of the 
heart rotates in a clockwise motion while the 
apex of the heart rotates in an anticlockwise 
motion. The net effects of these two opposing 
forces is myocardial twist, a ‘wringing’ motion 
of the LV, is thought to support both systolic 
and diastolic performance.4 In systole, LV 
twist will store potential energy and aid ejec-
tion of blood from the ventricle. In diastole 
the recoil of the LV and release of potential 
energy as it returns to its baseline untwisted 
shape creates a negative pressure gradient 
and suction- like action supporting early 
diastolic filling.5 Myocardial twist may act as 
a compensatory mechanism for reduced LV 
elasticity by minimising transmural stress of 
the LV muscle, supporting impaired systolic 
or diastolic function and helping to maintain 
adequate cardiac output.6

Key questions

What is already known about this subject?
 ► Premature babies exhibit higher indices of left ven-
tricle (LV) twist and untwist in the early newborn pe-
riod than infants born at term.

What does this study add?
 ► This study provides reference patterns of LV rota-
tional mechanics in healthy term infants over the 
few days of age and demonstrates a lack on LV 
twist, LV torsion, basal and apical rotation in this 
population.

How might this impact on clinical practice?
 ► This study highlights inherent differences in myo-
cardial function between preterm and term infants 
shortly after birth and provides an in depth under-
standing of the trajectory of LV performance in neo-
nates. Further studies are now needed to investigate 
the impact LV rotational mechanics has on short- 
term and long- term outcomes in different neonatal 
disease states.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2020-001458 on 27 January 2021. D
ow

nloaded from
 

http://www.bcs.com
http://openheart.bmj.com/
http://orcid.org/0000-0002-2933-822X
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2020-001458&domain=pdf&date_stamp=2021-01-26
http://openheart.bmj.com/


Open Heart

2 Smith A, et al. Open Heart 2021;8:e001458. doi:10.1136/openhrt-2020-001458

There are distinct developmental differences in LV 
myofibre structure and function between term and 
extremely premature infants that can be characterised 
by rotational properties over the first days of age, but 
warrants further comparative study. The myocardium of 
premature neonates is less compliant than that of term 
neonates, likely due to the relatively high content of 
collagen and high ratio of type I to type III collagen.7 The 
unique cardiac phenotype of premature infants is known 
to persist into childhood as a recent meta- analysis demon-
strated that preterm- born individuals have persistently 
smaller ventricular dimensions, ongoing systolic and 
diastolic dysfunction that worsens with age, and an accel-
erated rate of LV hypertrophy from childhood to adult-
hood.8 Our group has explored the natural progression 
of rotational mechanics in preterm infants immediately 
after birth,1 but the interpretation of the results has been 
lacking without serial comparisons to term infants.

The recent development of two- dimensional speckle 
tracking echocardiography (2DSTE) measured rota-
tional parameters provide clinicians with an efficient and 
reliable non- invasive modality to characterise LV perfor-
mance in neonates.4 As such, we hypothesised that the LV 
twist and untwist mechanisms derived by 2DSTE would 
differ between healthy infants born at term and infants 
born at extremely premature gestations. The aim of this 
study was to compare LV rotational mechanics between 
term and preterm babies over the first week of age.

METHODS
Design and study population
In this prospective cohort study we enrolled 50 healthy 
term infants born at the Rotunda Hospital, Dublin Ireland 
between September 2018 and August 2019. We compared 
the term group with a historical premature infant popu-
lation that was prospectively enrolled and has previously 
been described by our group.1 Healthy term infants were 
defined as appropriately grown infants (>10th centile 
and <90th centile for birth weight) delivered between 
37+0 and 41+0 weeks gestation. Specific exclusion criteria 
for the term cohort consisted of any infant with antenatal 
or postnatal evidence of congenital or chromosomal 
anomalies, maternal diabetes mellitus of any type, pre- 
eclampsia, maternal hypertension, clinical or suspected 
chorioamnionitis, or evidence of absent or reversed end 
diastolic flow in the umbilical arteries anytime during the 
pregnancy. Infants with perinatal acidosis (umbilical cord 
pH<7.10), neuromuscular disorders, abnormal cardiac 
rhythms and infants admitted to the neonatal intensive 
care unit (NICU) for any reason were also excluded 
from the healthy term population. We included a larger 
proportion of term infants born via caesarean section to 
optimise obtaining third echocardiogram during their 
hospital stay at a time that resembles the timing of the 
third scan of the premature infant population. Term 
infants born via caesarean remain in our hospital for up 
to 5 days following birth.

The historical preterm population consisted of 50 
infants born <29 weeks gestation admitted to the NICU 
between January and December 2013.1 Premature 
infants were excluded if they were small for gestational 
age (<10th centile), received any inotropes or inhaled 
nitric oxide, died within the first 7 days of age or had any 
evidence of congenital heart disease (other than a patent 
ductus arteriosus, PDA) or congenital/chromosomal 
anomalies. During that time, our unit adopted a conser-
vative approach to PDA treatment in premature infants. 
Medical prophylactic and early PDA treatment was not 
practised. Basic clinical information and delivery details 
were collected for both groups.

Patient and public involvement statement
Written informed consent was obtained from parents 
prior to enrolment.

Echocardiography assessments
We performed serial echocardiograms at three time 
points after delivery: Echocardiogram 1 (median of 14 
hours (9–22)), Echocardiogram 2 (44 hours (40–47)) 
and Echocardiogram 3 (117 hours (72–148)) using the 
General Electric Echocardiography system (Vivid I, Vivid 
S6 and Vivid E95; GE Healthcare, Milwaukee, Wisconsin, 
USA). All studies were conducted using a standardised 
imaging protocol in accordance with published guide-
lines specific to the neonatal population.9 10 A full struc-
tural assessment was carried out during the first echo-
cardiogram to rule out the presence of congenital heart 
disease. The images were stored on an archiving system in 
raw format (DICOM) for later offline analysis. All images 
were analysed using the GE EchoPac system (V.112).

Tissue Doppler imaging (TDI) of the left (LV) and 
right (RV) ventricular systolic (s′) and diastolic (e′ and 
a′) velocities (cm/s) from the base of the LV free wall and 
the RV free wall, respectively in the apical four chamber 
view while maintaining and angle of insonation <20° at all 
times were collected in accordance with published meth-
odology.11 We recorded systolic and diastolic times (ms) 
from the base of the LV free wall using TDI. PDA char-
acteristics included diameter (mm), maximum systolic 
velocity (m/s), left atrial to aortic root ratio (LA:Ao), and 
the presence of bidirectional shunting were measured in 
addition to mitral valve E wave to A wave ratio and LV 
ejection fraction.12

We used pulmonary artery acceleration time (PAAT) as 
a surrogate measurement for assessment of pulmonary 
vascular resistance (PVR) and right ventricular afterload. 
PAAT adjusted for right ventricular ejection time (RVET) 
has been validated against right heart catheterisation 
as a reliable estimate of pulmonary haemodynamics in 
children and neonates.13 Our group has demonstrated 
the reliability and maturational changes of this measure-
ment in the preterm and term neonatal population.14–16 
PAAT and RVET were obtained by placing a pulsed wave 
Doppler sample at the level of the pulmonary artery 
annulus in the long axis parasternal view. To account 
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for heart rate variability between the two groups, PAAT 
was adjusted for RVET using the PAAT/RVET ratio (and 
termed PAATi).

LV rotational mechanics including apical and basal 
rotation, LV twist, LV torsion, LV twist rate (LVTR) 
and LV untwist rate (LVUTR) were obtained from the 
parasternal short axis view of the LV at the levels of the 
apex and mitral valve. Rotation was characterised as the 
circumferential clockwise (negative rotation) or anti-
clockwise (positive rotation) movement of the base and 
apex which occurs during systole and is measured in 
degrees. Twist was defined as the net difference between 
apical and basal rotation and is measured in degrees. LV 
torsion was defined as LV twist indexed to LV length; 
facilitating the comparison of LV rotational mechanics 
across varying LV sizes. LVTR is the speed at which twist 
occurs during systolic while LVUTR describes the speed 
at which untwisting occurs during early diastole. LV 
untwist is usually depicted as a negative movement to 
indicate a return to baseline; we elected to present abso-
lute LVUTR values to simplify graphical presentation. 
Detailed methodology of image acquisition and measure-
ment of the various parameters including validity and 
reproducibility are published by our group elsewhere.1 4 
We and others have previously demonstrated excellent 
reproducibility with rotational mechanics in term and 
preterm infants.1 4 17–19

Statistical analysis
Continuous data were assessed for normality using 
the Shapiro- Wilk test and a histogram representation 
and summarised as means (SD) or medians (IQR) as 
appropriate. The two groups were compared using the 
Student’s t- test of the Mann- Whitney U test as appro-
priate. Categorical variables were presented as absolute 
count (per cent) and compared using the χ2 test or the 
Fisher exact test as appropriate. Correlations were tested 
using Pearson’s correlation coefficient. Linear regression 
was used to assess the relationship between heart rate 
and torsion on the third scan while controlling for gesta-
tion. Two- way analysis of variance (ANOVA) was used to 
compare change in rotational mechanics measurements 
over time in the two groups. A p value <0.05 was consid-
ered significant. SPSS (IBM, V.26) was used to conduct 
the statistical analysis.

RESULTS
Baseline characteristics
The demographic and clinical characteristics between the 
term infants and preterm infants are presented in table 1. 
There was no difference in sex or the rate of caesarean 
section between the two groups. The 5 min Apgar score 
was slightly lower and cord pH slightly higher in the 
preterm group.

Conventional echocardiography measurements
Term infants had a lower heart rate on day 1, longer 
diastolic time and a lower SD ratio. PAAT and RVET 

were higher in the term infants; however, there was no 
difference in PAATi between the two groups on day 1 
(table 2). Term infants had higher LV systolic and dias-
tolic tissue- Doppler velocities, and higher LV ea′ ratio 
when compared with preterm infants (table 2). Similarly, 
term infants possessed higher RV systolic, early and late 
diastolic tissue Doppler velocities when compared with 
preterm infants (table 2). There was a higher rate of 
PDAs in the preterm infants on day 1 and a larger PDA 
diameter; there was no difference in the maximum 
systolic velocity across the PDA or the rate of bidirectional 
shunting between the two groups (table 2). By the third 
echocardiogram 4 (8%) infants in the term group still 
had a PDA (vs 34 (68%)) in the preterm group, (p<0.01), 
with none having a bidirectional shunt (vs 5/34 (15%)) 
in the preterm group, (p=1.0). LA:Ao was higher in the 
preterm group by the third echocardiogram (1.7±0.4 vs 
1.4±0.2, p=0.01).

Comparison of rotational mechanics
The changes in the rotational mechanics in the two 
groups over the study period are illustrated in figure 1. 
There was no change in LV twist or torsion in the term 
group over the three time points. In the preterm group, 
LV twist and torsion were higher than the term group 
over the three time points and increased over time 
(figure 1A). There was no change in basal rotation in 
the term group over the study period. In the preterm 
group, basal rotation was positive (anticlockwise) during 
Echocardiogram 1, changing to negative (clockwise) by 
Echocardiogram 3 with a significant change over time. 
Apical rotation remained positive (anticlockwise) and 
similar between the two groups with no change over 
the study period (figure 1B). In the preterm group 
LVTR increased over time and became higher than the 
term group by the third echocardiogram; LVUTR was 
increased in the preterm group over time and was higher 
than the term group during the second and third scan. 
There was no change in LVTR and untwist rate in the 
term group over the study period (figure 1C). There 
was a strong positive correlation between LV torsion 

Table 1 Baseline characteristics of the cohort

Term group 
n=50

Preterm group 
n=50 P value

Gestation 
(weeks)

39.5 (38.9–40.6) 27.0 (25.8–28.0) <0.01

Birth weight 
(g)

3600 (3258–3938) 885 (758–1143) <0.01

Male 19 (38) 28 (56) 0.11

Caesarean 
section

31 (62) 38 (76) 0.19

5 min Apgar 
score

10 (9–10) 9 (8–9) <0.01

Cord pH 7.31 (7.28–7.34) 7.35 (7.32–7.37) <0.01

Values are presented as medians (IQR) or count (%).
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and LVUTR in the term and preterm infants during the 
third scan (figure 2). Within each group, there was no 
correlation between heart rate or any of the rotational 
measurements. On linear regression, there was no rela-
tionship between torsion on the third scan and heart rate 
in the entire cohort (standardised β −0.1, p=0.48) while 
controlling for gestation (the main predictor: standard-
ised β −0.7, p<0.01). In the preterm infant group, there 
was no correlation between PDA diameter or LA:Ao and 
any of the rotational measurements (all p>0.05).

Summary of findings
In this single- centre prospective observational study of 
healthy term infants, normative patterns of rotational 
mechanics were assessed and compared with a historical 
cohort of extremely preterm infants using 2DSTE over 
the first few days of age. The study revealed no change in 
basal rotation, apical rotation, LV twist, LV torsion, LVTR 
or LVUTR in the term group after delivery. In contrast, 
the higher indices of twist, twist/untwist rate and torsion 

observed in the preterm group were driven by a change 
in basal rotation from an anticlockwise to clockwise 
motion over the first week of age as previously described. 
Notably, term infants had superior LV and RV function 
compared with the premature cohort as illustrated by 
higher systolic and diastolic tissue Doppler velocities. In 
particular, term infants demonstrated much more favour-
able diastolic performance characterised by a higher LV 
ea′ ratio on tissue Doppler, a higher mitral valve E:A wave 
ratio on pulsed wave Doppler, and a lower systolic to dias-
tolic ratio. In addition, similar PAATi and PDA data indi-
cate that the relative degree of PVR experienced by both 
the premature and term cohorts was equivalent. The 
inherent differences in LV performance, as measured by 
rotational mechanics between preterm and term infants 
shortly after birth provides an in depth understanding 
of the trajectory of LV performance during the transi-
tional period and lays the foundation to design thera-
peutic models that will use of these measures to assess 

Table 2 Conventional echocardiography measurements on 
day 1

Term group 
n=50

Preterm group 
n=50

P 
value

Heart rate 128±15 156±12 <0.01

Systolic time (ms) 190±20 139±15 <0.01

Diastolic time (ms) 193±45 122±17 <0.01

SD ratio 1.0±0.2 1.2±0.2 <0.01

Pulmonary artery 
acceleration time (ms)

62±15 41±9 <0.01

Right ventricular 
ejection time (ms)

211±23 151±22 <0.01

PAATi 0.29±0.06 0.28±0.06 0.15

Left ventricular length 
(mm)

31±2 18±2 <0.01

LV s′ (cm/s) 4.9±1.1 2.8±0.8 <0.01

LV e′ (cm/s) 6.5±1.5 3.7±1.4 <0.01

LV a′ (cm/s) 5.7±1.7 4.5±1.8 <0.01

LV ea′ ratio 1.2±0.3 0.9±0.3 <0.01

Ejection fraction (%) 60±5 60±6 0.64

Mitral valve E:A 1.1±0.3 0.7±0.1 <0.01

RV s′ (cm/s) 6.3±1.5 3.8±0.9 <0.01

RV e′ (cm/s) 8.7±1.6 4.3±1.4 <0.01

RV a′ (cm/s) 8.9±2.2 7.4±1.9 <0.01

PDA 26 (52) 47 (94) <0.01

PDA diameter (mm) 1.9 (1.6–2.5) 2.4 (2.1–2.9) <0.01

PDA maximum systolic 
velocity (m/s)

1.1 (−1.1–2.0) 1.1 (0.8–1.6) 0.64

LA:Ao 1.4±0.2 1.4±0.2 0.93

Bidirectional shunting 10/26 (39) 19/47 (40) 1.00

Values are presented as means (SD), medians (IQR) or count (%).

Figure 1 Comparison of rotation mechanics between term 
(blue) and preterm (red) infants. Values are presented as 
means (diamonds) and one SE (whiskers). *P value <0.05 at 
the time point. †Significant change overtime in that group. LV, 
left ventricle.

Figure 2 Correlation between LV torsion and LV untwist rate 
over in the entire cohort over on day 3. LV, left ventricle.
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the efficacy of management strategies within different 
neonatal disease states.

The study highlights the relative lack of LV twist and 
torsion exhibited by healthy term infants after delivery. 
The term neonatal myocardium is conditioned to handle 
changes in loading conditions more efficiently than the 
preterm myocardium and we observed preservation 
of the systolic and diastolic function immediately after 
birth. The higher diastolic function indices seen in term 
infants further suggest more ideal ventricular relaxation 
properties driven by more mature compliant ventricles. 
In contrast, decreased biventricular function and asso-
ciated augmentation of rotational mechanics evident in 
the premature population supports the notion of LV twist 
acting as a compensatory mechanism for compromised 
longitudinal systolic and (in particular) diastolic func-
tion. Premature infants exhibit a stiffer, less compliant 
myocardium than their term counterparts and associated 
diastolic dysfunction pervades within this population.8 It 
is known that LV twist in systole is an important element 
influencing LV diastolic filling through LV energy 
recoil.20 Therefore, the lack of twist and untwist rates visu-
alised in our term group are likely supporting the notion 
that rotational mechanics act a compensatory mechanism 
when LV diastolic function is compromised. The higher 
indices of twist and torsion seen in the premature popula-
tion are due to the change in basal rotation from an anti-
clockwise to clockwise motion. This was also reported in 
preterm infants by Castaldi et al.21 This concept is further 
reinforced with the strong positive correlation between 
LV torsion and untwist rate in the entire cohort during 
the third scan in this study. The adaptive response of LV 
twist in our premature cohort most likely evolved due to 
diminished longitudinal function and not consequent to 
any interplay with pulmonary haemodynamics, since the 
relative indices of PVR were equivalent between preterm 
and term babies.

The physiological basis for LV twist lies within the 
orientation of the myocardial fibres and the balance 
which exists between the positive torsional forces of 
the left handed, subepicardial fibres and the negative 
torsional forces of the right handed, subendocardial 
fibres.1 Dominant, positive subepicardial deformation is 
typically opposed by negative subendocardial deforma-
tion; however, high afterload environments are known 
to attenuate subendocardial motion.22 In the context 
of premature birth, when the low resistance placenta 
is removed at delivery, the LV is suddenly exposed to 
both a rapid increase in afterload and a rapid decrease 
in preload, especially if delayed cord clamping is not 
performed or contraindicated. The increase in LV rota-
tional parameters observed in our findings over the first 
week of age may represent the premature LV adapting 
to its new postnatal environment of high afterload. 
High LV afterload may mitigate subendocardial fibre 
contraction leading to a relative increase in unopposed 
epicardial, positive deformation and an overall net effect 
of increasingly positive twist.23 The lack of association 

between PDA diameter or LA:Ao ratio and the rotational 
measurements in the premature infant group further 
suggests that increased LV preload that may be experi-
enced in the setting of a persistent ductus does not influ-
ence twist or torsion in this population.

A recent study of 117 infants born prematurely at <29 
weeks gestation with longitudinal follow- up documented 
decreasing torsion from 32 weeks corrected age to 1 year 
corrected age in all preterm infants (p<0.001).17 This 
decline in torsion was due to alterations in the direction 
and magnitude of apical rotation with age. Although 
twist was required in early premature life, these findings 
suggest it is not as critical as the infant ages and that their 
myocardium is capable of recovery. Adequate myocar-
dial performance in the absence of twist over time can 
be achieved.17 In such a circumstance the lack of twist 
demonstrated in the developing ex- premature heart with 
age is akin to the state of a healthy infant born at term.

Clinical importance of rotational mechanics in neonates
The benefit of LV rotation measurements obtained 
via 2DSTE lies in it’s ability to non- invasively assess 
myocardial performance at the bedside, in real time, 
and provide insights into diastolic function.24 LV rota-
tional mechanics is a reliable and sensitive method for 
diagnosing neonatal diseased states, monitoring the 
progression of illness, evaluating therapeutic response 
and providing important prognostic information. Several 
recent studies performed in neonates have highlighted 
the growing recognition that LV twist represents a natural 
compensatory response to decreased myocardial func-
tion in pathological conditions.1 4 17–19 Similarly mech-
anistic insights have been learnt from adult studies as 
Zhang et al reported significant increases in peak twist 
and basal rotation in people over 65 years old, likely as an 
adaptive response to age related myocardial decline.25 26 
Bertini et al explored reported that peak LV twist was 
reduced in patients with acute myocardial infarction and 
in those with heart failure.27 A strong correlation (r=0.87, 
p<0.001) was documented between peak LV twist and LV 
ejection fraction in the overall study population stressing 
the importance of LV twist as an integral mechanism 
supporting normal cardiac output.

LIMITATIONS
The gold standard approach for LV rotational mechanics 
is three- dimensional STE or cardiac MRI. However, 
the use of 2DSTE, a relatively angle- independent and 
widely available tool at the bedside, has been validated 
and demonstrated to be both feasible and reproducible 
in term and preterm neonates.1 4 17–19 The comparison 
of relatively healthy term infants to a historical cohort 
of uncomplicated preterm infants should be taken into 
account when applying the data. Future work is needed 
to build on comparison efforts in different neonatal 
disease states.
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CONCLUSIONS
In conclusion, our observational study serially assessing 
LV rotational mechanics in 50 infants born at term 
compared with a historical cohort of 50 infants born <29 
weeks gestation has demonstrated that term infants do not 
exhibit LV twist and maintain static LV twist and untwist 
rates over the first week of age. In contrast premature 
infants demonstrate increasing indices of twist, torsion, 
LVTR and LVUTR over this time frame. With established 
reference patterns of rotational mechanics in term and 
preterm infants over the first week of age, future work can 
further elucidate physiological mechanisms of myocar-
dial function, evaluate the degree of diastolic dysfunc-
tion in premature infants, assess disease severity, monitor 
treatment response, predict short term outcomes and 
identify those at risk for myocardial impairment past the 
neonatal period into childhood and beyond.
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