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Abstract
Purpose  SGA infants with fetal growth restriction have reduced ability to adapt themselves to the postnatal life because of 
certain epigenetic changes in cardiac function. The aim of the present study is to assess and compare the cardiac functions 
of fetal growth restricted SGA newborns to the term stable AGA newborns, and evaluate any differences in the cardiac func-
tions during the postnatal transitional circulation.
Method  This observational study was conducted at a multispecialty tertiary care hospital in Western India from June to 
November 2021. The newborns were evaluated using bedside echocardiography at 24–48 h and repeat screening after 48 h. 
The echocardiographic assessment of the systolic function was done using EF, FS, FAC and TAPSE; diastolic function using 
E/A wave ratio and global functioning using LV MPI.
Result  Twnety-four babies were included in cases and 30 in the control arm of the study. Maternal and newborn charac-
teristics were comparable between the two groups. FS, EF for left ventricle and TAPSE, FAC for right ventricular systolic 
function were significantly lower in SGA group (p = 0.02, 0.02, 0.00 and 0.01; respectively). The current study revealed 
a lower tricuspid E/A ratio and higher mitral E/A ratio with a significant difference beyond 48 h in the first week of life (p 
value 0.00). Left ventricular MPI was significantly higher in SGA infants compared to AGA infants during two subsequent 
readings in immediate newborn period with p values 0.01 and 0.02 respectively. The subgroup analysis revealed that fetal 
growth-restricted neonates with absent end-diastolic flow had a greater impact on ventricular functions.
Conclusion  Present study showed a significant systolic and diastolic dysfunction during initial newborn period in growth 
restricted SGA infants.

Keywords  EF Ejection fraction · FS Fractional shortening · FAC Fractional area change · TAPSE tricuspid annular plane 
systolic excursion · MPI Myocardial performance Index · AGA appropriate for gestational age · SGA small for gestational 
age

Introduction

The normal transition of the fetus to the neonate involves 
significant hemodynamic changes followed by improved 
oxygenation and systemic blood flow delivering oxygen to 
the target organs as required after cessation of placental cir-
culation. Clinical assessment of hemodynamic well-being 
of the newborn involves assessment of capillary filling time, 
mean blood pressure, peripheral pulses, urine output, serum 
lactate measurement and core to peripheral temperature dif-
ference. Although the above clinical parameters hold para-
mount importance on the bedside, but sadly none of these 
parameters evaluate the hemodynamics directly. In fact, 
dependence on only the bedside parameters and clinical 
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judgement not only leads to subjective variation in clini-
cian’s assessment but sometimes may delay the important 
early recognition and assessment of vital pathological con-
ditions [1–6].

Functional echocardiography and point of care ultrasound 
give a wholesome hemodynamic status of the newborn by 
objective assessment of systolic and diastolic function. 
Various objective parameters on bedside echocardiography 
include fractional shortening, ejection fraction, tricuspid 
annular plane systolic excursion (TAPSE), fractional area 
change, myocardial performance index, and mitral and/or 
tricuspid E–A wave ratio (E/A ratio) [3, 7–10].

Thus, in addition to the above standard clinical assess-
ment, a bedside functional echocardiography and POCUS 
[11–15] can help in evaluating hemodynamics objectively. It 
can support the clinical acumen to make timely and accurate 
diagnosis and initiate early targeted medical intervention, 
and hence may help in reducing the long-term morbidity and 
mortality [11, 16–19].

Small for gestational age (SGA) infants are at a higher 
risk of neonatal morbidity and mortality. It has been postu-
lated that SGA infants, particularly those with fetal growth 
restriction, have reduced ability to adapt to postnatal life. 
The reason lies in the fact that growth restricted fetuses have 
certain epigenetic changes in cardiac function and adaptation 
which has consequences in the immediate newborn period 
and also noted to have future implications on the long term 
cardiovascular effects. These manifest later in adulthood 
with increased risk for cardiovascular diseases and this 
phenomenon is now known as Barker’s hypothesis [20, 21].

Therefore, as compared to appropriate for gestational age 
(AGA) infants, SGA babies particularly with fetal growth 
restriction are likely to have certain important hemodynamic 
differences which increase their propensity for altered risk 
for morbidity and have future implications as well. The aim 
of the present study is to assess and compare the cardiac 
functions in stable growth restricted small for gestational 
age newborns to the term stable appropriate for gestational 
age newborns, and evaluate any differences in the cardiac 
functional during the postnatal transitional circulation.

Methods

This observational study was conducted at a multispecialty 
tertiary care hospital in Western India between June 2021 
and November 2021. The study was approved by the Insti-
tutional Ethics Committee. The stable in-born term fetal 
growth-restricted SGA neonates (≥ 38 weeks gestation and 
birth weight less than 10th percentile with evidence of fetal 
growth restriction or ≥ 38 weeks gestation with birth weight 
less than 3rd centile) were included in the study. While sta-
ble term AGA (≥ 38 weeks and birth weight between 10th 

percentile to 90th percentile) in-born infants were enrolled 
as the control group. Gestational age was calculated based 
on the last menstrual period of mothers. Evidence of fetal 
growth restriction was defined based on the Doppler velocity 
abnormality. The current definition of Fetal growth restric-
tion is based on the Delphi criteria [22]. Neonates requir-
ing NICU admission and those with syndromic associations 
were excluded from the study. Informed consents were taken 
from the parents.

The enrolled newborns were evaluated using bedside 
echocardiography 24–48 h after birth and subsequently 
before discharge. Echocardiography assessment was done 
by a senior neonatal fellow trained in advanced neonatal 
echocardiography. Echocardiography was performed in a 
quiet setting with no medications being given for sedation. 
The first analysis was done 24–48 h after birth and the next 
analysis was done beyond 48 h, before discharge from the 
post-natal wards.

Echocardiography was performed using Acuson X 300, 
Siemens Medical Solutions, Inc. USA machine using a 
4–8 MHz transducer and means of two consecutive heart 
beats were calculated. The echocardiographic assessment 
was done under three major categories: (1) assessing the 
systolic function using fractional shortening, ejection frac-
tion, fractional area change, tricuspid annular plane systolic 
excursion, (2) the diastolic function using E/A wave ratio 
and (3) assessment of right and left ventricular outputs and 
left ventricle myocardial performance index using pulse 
wave Doppler. A subgroup analysis of the fetal growth-
restricted neonates according to the type of umbilical artery 
Doppler changes was done to assess the effect of abnormal 
Doppler’s on the ventricular functions.

Statistical analysis

The statistical package for social sciences (SPSS for Win-
dows version 22, Chicago, IL, USA) was used for data analy-
sis. Descriptive analysis in the form of means and standard 
deviations was performed for continuous variables. The 
comparison between the groups and the subgroup analysis 
was done using an independent T test. A p value of < 0.05 
was considered statistically significant.

Results

During the 6 months of the study period, a total of 71 term 
SGA infants (born at ≥ 38 weeks of gestation with a birth 
weight less than 10th centile on Intergrowth-21 I newborn 
size growth standard charts) were born. Of the 71 babies, 
41 were excluded because they did not meet the inclusion 
criteria. Out of the 30 stable SGA neonates, 6 constitution-
ally small neonates with birth weight between 10th and 
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3rd centile with no evidence of fetal growth restriction 
were excluded from the study. Thus, a total of 24 neonates 
with fetal growth restriction (FGR-SGA) were included 
in the study (refer Fig. 1). 30 term stable newborns were 
included in the control arm of the study.

The maternal characteristics of the two groups were 
comparable (Table 1). The mean gestational age at birth 
was 38.9 ± 0.87 and 38.37 ± 0.81 weeks in the control and 
cases cohorts, respectively (p value = 0.02). The major-
ity of the mothers were multigravida in both the groups 
with a larger number of primigravida in the SGA group 
(p value 0.13).

Of the total 24 FGR-SGA infants, 70.8% (17/24) were 
delivered by caesarean section (C-section). The most com-
mon indication for the C-section in the FGR-SGA group 
was pregnancy-induced hypertension (52%) while in the 
AGA group elective C-section was common. Antena-
tal USG in the FGR-SGA group was suggestive of fetal 
growth restriction with estimated fetal weight less than 3rd 
centile in 11 (45.8%) neonates and umbilical artery dop-
pler was abnormal in 13 neonates (54.2%). Of the 13 cases, 
4 neonates had raised pulsatility index greater than 95th 
centile, 7 cases had absent end-diastolic flow (AEDF) and 
2 cases had reverse end-diastolic flow (REDF). 9 (37.5%) 
neonates with umbilical artery doppler changes had MCA 
doppler pulsatility index less than 5th centile with reversal 
of cerebral placental ratio (CPR) (Table 1).

Both the groups had undergone the initial enrollment 
at similar hours after birth with no significant difference. 
Similar sex distribution was noted in both groups. AGA 
neonates had significantly higher birth weight, length 
and BSA. The majority of the neonates didn’t require any 
resuscitation in both groups. APGAR scores were com-
parable among the two groups. The average heart rate 
between the two groups was similar (Table 1).

Assessment of the systolic function

Fractional shortening (FS) was lower in the FGR-SGA 
group. The difference in the first readings (at 24–48 h) 
between the two groups was not significant, however the 
2nd reading beyond 48 h of life was significantly lower in 
FGR-SGA infants compared to AGA infants (p = 0.02). 
Similarly, the ejection fraction was also lower in the FGR-
SGA group, where 2nd evaluation beyond 48 h revealed 
a significant difference (p value 0.02) (Table 2). Both, the 
velocity time integral (VTI) and left ventricle output were 
lower in the FGR-SGA arm, with no significant difference.

Fractional area change (FAC) was significantly lower in 
the FGR-SGA cohort as compared to the AGA cohort, and 
it persisted similarly in subsequent evaluations (p value 
0.02, 0.01 respectively) (Table 2). TAPSE values were also 
significantly lower in the FGR-SGA group as compared to 
the AGA group at 1st and 2nd evaluations (p = 0.00 and 
0.00 respectively) (Table 2) (See Figs. 2, 3).

There was no statistically significant difference in the 
right ventricular output (RVO) or right outflow tract VTI 
between the two groups on the first assessment. However, 
in the subsequent assessment, a significantly lower RVO 
was noted in FGR-SGA infants (p value 0.02).

Myocardial performance index (MPI) measured 
by pulse wave Doppler

MPI was performed using a pulse wave Doppler for assess-
ing the global dysfunction. The current study included 
MPI by conventional 2D echocardiography which revealed 
a significantly higher MPI value in the FGR-SGA cohort 
(p value of 0.01 and 0.02 on the 1st and 2nd evaluations, 
respectively) (Table 2).

Assessment of the diastolic function

There was no significant difference in the tricuspid E/A 
ratio between the 2 cohorts (p value 0.08 on 1st evaluation 
and 0.41 on the 2nd evaluation). However, the mitral valve 
E/A wave ratio was significantly higher (p value 0.001) in 
the FGR-SGA infants as compared to term AGA infants 
in the 2nd evaluation (Table 3). This was suggestive of 
mild subclinical left ventricular diastolic dysfunction (See 
Fig. 4).

Subgroup analysis based on umbilical artery 
Doppler waveform

In the current study, neonates born with fetal growth 
restriction with various umbilical artery doppler changes 

Fig. 1   Flow diagram of patients enrolled during the study period
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like raised PI (> 95th centile), AEDF and REDF were 
compared with each other for the ventricular functions.

FAC and TAPSE values for RV systolic function were 
lower in neonates with AEDF/REDF as compared to neo-
nates with only raised umbilical artery PI above 95th cen-
tile but the difference was not statistically significant in 
the current study. FS and EF as a marker of LV systolic 
function were significantly lower in both echocardiographic 

assessments for AEDF/REDF group. This infers to a more 
severe left ventricular systolic dysfunction in growth-
restricted neonates with AEDF/REDF.

LVO and RVO were also lower in the AEDF/REDF 
group, however, the difference was not significant. Dias-
tolic dysfunction measured as altered E/A ratio was simi-
lar with no significant difference between the two groups. 
LVMPI was higher in severely growth-restricted fetuses with 

Table 1   A Maternal characteristics of the study population, (B) neonatal Characteristics of the study population

PIH pregnancy induced hypertension, PROM premature rupture of membrane, MSL Meconium stained liquor, NPL Non-progress of labor, DTA 
Deep transverse arrest, CPD Cephalo-pelvic disproportion, IUGR​ Intrauterine growth restriction, MCA middle cerebral artery, BSA body surface 
area, DCC delayed cord clamping

A

Parameters Term SGA (n = 24) Term AGA (n = 30) p value

Gestational age Mean ± SD 38.37 ± 0.81 38.9 ± 0.87 0.02
Parity
 Primigravida N (%) 12 (50%) 09 (30%) 0.13
 Multigravida N (%) 12 (50%) 21 (70%) 0.13

USG findings
 Normal USG N (%) None 30 (100%) –
 Fetal growth restriction (< 3rd centile) 11 (45.8%) 00 (none) –
 Umbilical artery Doppler abnormal only 04 (16.6%) 00 (none) –
 Umbilical artery with MCA doppler abnormal 09 (37.5%) 00 (none) –

Umbilical artery Doppler
 PI > 95TH Centile N (%) 04/13 (30.8%) NA –
 AEDF 07/13 (53.9%) NA
 REDF 02/13 (15.3%) NA

Delivery
 LSCS N (%) 17 (70.8%) 13 (43.4%) 0.09

Indication for LSCS
 Elective N/TOTAL LSCS (%) None 04/13 (31%) –
 PIH 09/17 (52.94%) None –
 Fetal distress 02/17 (11.76%) 03/13 (23%) 0.32
 PROM 04/17 (23.52%) 01/13 (7.6%) 0.08
 (NPL/DTA/CPD) 02/17 (11.78%) 05/13 (38.4%) 0.00

B p Value
Sex
 Male N (%) 10 (41.7%) 13 (43.3%) 0.90
 Female 14 (58.3%) 17 (56.7%) 0.90

Birth weight (grams) Mean ± SD (range) 2006.45 ± 189 (1520–2300) 3014.44 ± 313 (2550–3640)  < 0.0001
Length (cm) Mean ± SD (range) 44.70 ± 3.10 (40–50) 47.7 ± 2.00 (43–52)  < 0.0001
BSA (m2) Mean ± SD (range) 0.15 (0.13–0.17) 0.19 (0.18–0.22)  < 0.0001
Resuscitation
 None N (%) 20 (83.3%) 27 (90%) 0.47
 Physical stimulation 03 (12.5%) 03 (10%) 0.77
 Bag and mask ventilation 01 (4.2%) None –

APGAR score (5 min) Mean (range) 8.41 ± 0.82 (6–9) 8.93 ± 0.25 (8–9) 0.00
DCC (Yes’%) % 79.2% 93.3% 0.12
Enrollment (hours of life) Mean ± SD 30.70 ± 4.11 h 32.60 ± 4.22 h 0.08
Heart rate Mean ± SD (range) 136.54 ± 13.66 (115–170) 133.62 ± 14.55 (124–166) 0.44
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AEDF/REDF as compared to growth-restricted fetuses with 
PI > 95th centile (Table 4).

Discussion

The major proportion of FGR-SGA born worldwide is 
from South Asia and African countries. In 2010, 32.4 mil-
lion infants were born SGA worldwide, of which 27% were 
from low and middle-income countries. The prevalence of 
SGA in India is 46.9%, the third-highest in the world [23, 
24]. SGA infants can be broadly classified into two types: 
(1) constitutionally small but otherwise normal who were 

SGA at birth due to factors like maternal weight, nutrition, 
height, parity and ethnicity and (2) SGA associated with 
fetal growth restriction with or without intrauterine umbili-
cal artery doppler changes [25].

Fetal growth restriction in SGA babies is defined as, 
“SGA with abnormal Doppler indices such as umbilical 
artery pulsatility index above the 95th centile or mean uter-
ine artery PI above 95th centile.” As per the previous stud-
ies, during the antenatal assessment of fetal well-being using 
antenatal doppler, a higher proportion of placental pathology 
and fetal growth-restricted SGA and AGA were observed 
if the doppler was abnormal, with the OR of 4.46, 95% CI 
1.55, 13.22. Of the individual Doppler types, abnormal 

Table 2   Comparison of 
the systolic function and 
Left ventricular Myocardial 
Performance Index

*Velocity time integral
$ Left ventricular output
@ Tricuspid annular plane systolic excursion
# Right velocity time integral
^Right ventricular output
a Pulse wave

Parameters Term SGA (n = 24)
Mean ± SD

Term AGA (n = 30)
Mean ± SD

p value

Fractional shortening (%)
 1st Reading 22.12 ± 9.11 25.02 ± 5.30 0.12
 2nd Reading 25.58 ± 8.50 30.11 ± 5.28 0.02

Ejection fraction (%)
 1st Reading 57.77 ± 9.90 58.39 ± 9.47 0.15
 2nd Reading 61.91 ± 9.42 66.89 ± 7.72 0.02

Aortic root diameter (mm) 6.49 ± 0.66 7.36 ± 0.94 0.00
Left VTI* (cm/systole)
 1st Reading 9.9 ± 1.59 10.37 ± 1.85 0.43
 2nd Reading 11.52 ± 2.02 12.06 ± 3.12 0.86

LVO(ml/kg/min)$

 1st Reading 202.45 ± 48.20 218.13 ± 45.82 0.23
 2nd Reading 247.7 ± 55.24 268.26 ± 52.06 0.17

Fractional area change (%)
 1st reading 19.34 ± 9.23 24.72 ± 8.11 0.02
 2nd reading 21.98 ± 8.74 27.07 ± 6.14 0.01

TAPSE@

 1st reading 6.59 ± 0.91 7.74 ± 1.25 0.00
 2nd reading 7.60 ± 1.03 8.51 ± 0.80 0.00

Pulmonary valve diameter(mm) 6.76 ± 0.77 8.65 ± 0.85 0.00
Right VTI#

 1st reading 10.49 ± 1.79 11.40 ± 2.92 0.13
 2nd reading 10.60 ± 2.50 12.26 ± 1.67 0.70

RVO(ml/kg/min)^
 1st reading 245.87 ± 79.40 275.76 ± 62.84 0.12
 2nd reading 278.04 ± 72.22 324.16 ± 58.81 0.02

LV Myocardial Performance Index (PWa Doppler)
 1st Reading 0.27 ± 0.05 0.23 ± 0.07 0.01
 2nd Reading 0.29 ± 0.07 0.24 ± 0.06 0.02
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MCA Doppler was significantly associated with placental 
pathology and FGR compared to a normal MCA Doppler 
OR = 20.7, 95% CI 2.54, 447.1 [26]. Similar to this, in the 
present study a higher proportion of FGR SGA had MCA 
doppler changes (37.5%) and 4 cases showed only umbilical 
artery Doppler changes. In the present study, 45.8% of the 
SGA FGR cases had normal Doppler’s although EFW was 
below 3rd centile. A possible explanation for the presence of 
normal Doppler despite fetal growth restriction is partially 

attributed to some clinically unnoticed histopathological 
findings in the placenta. Parra-Saavedra et al. [27] showed 
that 78% of late-onset SGA births with normal umbilical 
artery Doppler had histological placental abnormalities as 
did for the 22% of AGA births.

The most common risk factor for SGA in the present 
study was pregnancy-induced hypertension. Population-
based studies from several countries have shown that preg-
nancy-induced hypertension and chronic hypertension, 

Fig. 2   Images of systolic 
functional parameters in 
echocardiography. a Tricuspid 
annular plane systolic excursion 
(TAPSE) shown in M-mode. 
b Fractional shortening (FS) 
in PLAX using M-mode 
(LVEDD: 1.80 cms; LVESD: 
1.8 cms). c Fractional area 
change in 4 chamber view- End-
systole area(area: 4.63 cm2). 
d Fractional area change- End 
Diastolic area (Area: 5.00 cm2). 
FS LVEDD-LVESD/LVEDD, 
FAC EDV-ESV/EDV

Fig. 3   Image showing Left ventricular and right ventricular output. a 
Left ventricular velocity time Integral measured in apical view with 
LVOT using PW Doppler (VTI): shown in the figure as 12.7 cm. b 

Right ventricular velocity time Integral measured in short-axis view 
using PW doppler (VTI): shown in the figure as 9.3 cm. Stroke vol-
ume = cross sectional area × velocity time integral
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are among the most common medical conditions associ-
ated with increased propensity for SGA and fetal growth 
restriction [28]. The abnormal cardiac functions in term 
FGR-SGA babies are mainly attributed to pressure and 
volume overload secondary to the state of chronic hypoxia, 
undernutrition and placental vascular resistance. In a nor-
mal heart, any condition leading to pressure overload 
produces hypertrophy, however in the fetal stage, with a 
background of chronic hypoxia and undernutrition, myo-
cardial hypertrophy fails to occur. Instead, the intrauterine 
chronic stress leads to more spherical cavity and changes 
similar to dilated cardiomyopathy [29]. Hence, the heart 
is not as efficient in generating normal cardiac output 
leading to altered systolic and diastolic function in the 
immediate newborn period. This alteration due to growth 
restriction has been linked to long term consequences in 
childhood. In the present study, EF and FS was lower than 
controls with a significant difference in the second reading 
(p value: 0.02).

Previously an echocardiographic assessment was done in 
the umbilical artery ligated rat model with IUGR. The study 
showed a significant lower EF and FS (both, p value < 0.05). 
Similar to this, fetal echocardiographic assessment of a 
human fetus with placental insufficiency revealed a sig-
nificantly lower FS compared to a normal growing fetus 
(32.0 ± 5.0 in controls vs 20.0 ± 5.20; p value < 0.05) [30, 
31].

In this study, the LVO was recorded to be lower in FGR-
SGA infants as compared to the AGA infants, but the differ-
ence was not statistically significant (p value:0.23). Similar 
to the present study, previous studies have shown lower LV 
stroke volume in SGA babies with heterogeneity among 
the studies in attaining a statistically significant result. In 
one of the previous studies, mitral annular peak systolic 
velocity (“Sm”) was assessed using tissue doppler imag-
ing. The study showed significantly lower “Sm” velocities 
in FGR infants as compared to AGA infants (4.5 vs 5.0; p 
value < 0.001). Thus, based on the fact that EF, FS and LVO 
are lower in SGA babies as compared to their AGA counter-
parts, we can say that LV systolic function is deranged ini-
tially during the transitional circulation in growth-restricted 
fetus [32, 33].

In the current study, TAPSE and FAC as markers for RV 
systolic function were significantly lower in the FGR group. 
Similar, a study assessed the RV function using tissue dop-
pler imaging, which revealed a lower tricuspid annular peak 
systolic velocity in FGR-SGA when compared with AGA 
infants [34]. As tissue Doppler imaging was unavailable for 
the current study, we assessed TAPSE using M- mode and 
FAC by conventional 2D echocardiography. The current 
study results were similar to TDI findings of the previous 
studies [16, 35]. Thus, based on the above parameters, it can 
be interpreted that RV systolic function is altered during the 
first week in growth-restricted neonates.

The current study revealed a lower tricuspid E/A ratio 
than AGA infants and mitral E/A ratio higher than AGA 
infants with a significant difference beyond 48 h in the first 
week of life. As per the evidence, however, there is a lot of 
heterogeneity regarding the E/A ratio in growth-restricted 
fetuses in the previous studies where some authors have 
shown a reduced ratio, whereas others have shown a higher 
E/A ratio [36]. In similarity to the present study, Fouzas et al. 
[35] showed a higher mitral E/A ratio in growth-restricted 
neonates on the 2nd day and 5th post-natal day. However, 
the difference was not statistically significant.

An altered E/A ratio is a sign of diastolic dysfunction 
which correlates mainly to abnormal ventricular relaxation. 
In the majority of the FGR SGA infants, some degree of 
intrauterine hypoxia does occur during the fetal stage. Due 
to abnormal placentation, chronic in-utero malnutrition and 
hypoxic states, there is a decrease in cardiac sarcomere pro-
tein and an increase in accumulation of glycogen and col-
lagen for compensating the loss of myocardial cells. This 
results in increased rigidity and decrease in compliance lead-
ing to difficulty in diastolic relaxation and ventricular filling 
leading to diastolic dysfunction. However, to date, there is 
mixed evidence supporting the above physiological altera-
tion leading to diastolic dysfunction in these neonates [37].

Myocardial performance index (MPI) has evolved over 
the years as a useful tool for assessing the combined systolic 

Table 3   Comparison of the diastolic functions

@Right ventricle 
^Left ventricle 

Parameters Term SGA (n = 24)
Mean ± SD

Term AGA (n = 30)
Mean ± SD

p value

RV@ E (cm/s)
 1st Reading 42.78 ± 9.7 46.04 ± 11.60 0.73
 2nd Reading 51.74 ± 8.4 52.04 ± 10.93 0.91

RV@ A(cm/s)
 1st Reading 55.00 ± 8.9 54.91 ± 11.63 0.56
 2nd reading 55.32 ± 8.3 54.86 ± 11.07 0.86

RV@ E/A
 1st Reading 0.84 ± 0.12 0.84 ± 0.15 0.08
 2nd Reading 0.93 ± 0.06 0.94 ± 0.05 0.41

LV^E (cm/s)
 1st Reading 49.14 ± 8.05 49.97 ± 9.60 0.73
 2nd Reading 51.92 ± 8.65 53.84 ± 8.41 0.41

LV^A (cm/s)
 1st Reading 43.81 ± 8.3 48.57 ± 11.41 0.24
 2nd Reading 47.17 ± 7.6 53.56 ± 9.08 0.08

LV^E/A
 1st Reading 1.14 ± 0.21 1.05 ± 0.20 0.12
 2nd Reading 1.10 ± 0.10 1.01 ± 0.07 0.00



124	 Journal of Ultrasound (2023) 26:117–127

1 3

and diastolic function together. As per the previous studies 
and after technical refinement to improve the reproducibil-
ity of the index, a modified MPI has evolved. The modified 
MPI uses MV and AV regions as a landmark for calculat-
ing three-time intervals, namely, Isovolumetric contraction, 
Isovolumetric relaxation and ejection time. Using the modi-
fied MPI, normal left MPI has a range from 0.22 to 0.66 
[38]. In the current study, left MPI has been in the normal 
range, but with higher values in FGR as compared to AGA 
infants. Similar to the present finding, many studies have 
documented a higher MPI than fetuses with normal growth 
at term gestation. The reason for higher MPI is the prolon-
gation of isovolumetric relaxation time and decrease in the 
ejection time which reflect a deranged fetal cardiac function 
in the intrauterine environment [39].

In the current study, a subgroup analysis was done to 
see the effect of severity of the Doppler changes during the 
antenatal scans and their effect on the hemodynamics in the 
immediate postnatal period. The present study showed neo-
nates who had fetal growth restriction with AEDF/REDF 
were associated with significantly lower FS and EF (p-value: 

0.02 for both) compared to the neonates with only raised pul-
satility index above 95th centile. Similarly, these neonates 
(AEDF/REDF) had a lower LVO, RVO, FAC and TAPSE 
as compared to less severely growth-restricted fetuses. They 
also demonstrated a higher MPI in the current study in the 
neonates with AEDF/REDF in the umbilical artery.

Previous studies were done in fetuses and animal studies 
have positively correlated the severity of Doppler abnor-
mality to changes in ductus venosus. Recent literature has 
shown persistent higher MPI in the fetuses severely growth-
restricted with worsening umbilical artery doppler changes. 
Hence, studies in the fetal stage support the findings of the 
current study [40–42]. However, the current study to the 
best of our knowledge is probably the first study where the 
type of the UA Doppler changes have been correlated with 
postnatal ventricular dysfunction.

Limitations

Although the current study showed some significant differ-
ences between the two cohorts, there are several limitations. 

Fig. 4   Images of diastolic functional parameters in echocardiography. 
a Apical 4 chamber view PW Doppler across Tricuspid valve show-
ing Normal E/A ratio. b Apical 4 chamber view PW Doppler across 
Tricuspid valve showing Abnormal E/A ratio. c Apical 4 chamber 

view PW Doppler across Mitral Valve showing Normal E/A ratio. 
d Apical 4 chamber view PW doppler across Mitral Valve showing 
Abnormal E/A ratio
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Firstly, follow up of SGA neonates during their infancy may 
reveal serial changes in echocardiography, if any persists 
beyond one week. The second major limitation was the lack 
of blinding of the neonatologist assessing the ventricular 
function in the two cohorts. Thirdly, a larger sample size 
would have yielded a more generalizable result.

Conclusion

Based on the current study, it is clear that SGA infants with 
fetal growth have mild to moderate subclinical systolic and 
diastolic ventricular dysfunction which clearly emphasizes 
their reduced ability to adapt to the postnatal life second-
ary to cardiac remodeling due to chronic in-utero growth 
restriction.
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