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Abstract

Objective: Left ventricular (LV) hypertrophy (LVH) predicts adverse cardiac events in adults. We sought to determine the
risk factors and prognostic significance of altered LV geometry in preterm infants.

Study design: In an echocardiographic, single-center, retrospective case—control study we investigated the risk factors and
outcomes in patients with altered LV geometry (either increased left ventricular mass index (LVMI) or increased relative
wall thickness (RWT)) from a cohort of 503 preterm infants <2 kg.

Result: Altered LV geometry was seen in 180 patients and was predicted by postnatal steroids and small for gestational age.
Hospital stay was longer in the elevated RWT cases. Altered LV geometry resolved in 129 of the 131 cases with follow-up
echocardiogram. Fifteen of 94 patients with elevated RWT died compared to 3/90 controls (P = 0.004).

Conclusion: Altered LV geometry in preterm infants is associated with postnatal steroid use and small for gestational age.

Elevated RWT is associated with longer hospital stay and increased mortality.

Introduction

Left ventricular (LV) hypertrophy (LVH), as defined by
elevated left ventricular mass (LVM), is an important pre-
dictor of adverse cardiovascular outcomes in adults [1, 2].
The link between outcomes and LVH in children is pre-
sumed based on pediatric studies that demonstrate LVH is
associated with hypertension and obesity [3, 4]. Therefore,
increased attention is being paid to the timely identification
of increased indexed LVM during childhood to determine if
LVH can be tracked as a useful marker of cardiovascular
risk [5, 6]. Adult studies have utilized LVM in combination
with relative wall thickness (RWT) to define four patterns of
LV geometry. These include normal (indexed LVM and
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RWT are normal), concentric remodeling (CR, elevated
RWT with normal indexed LVM), concentric hypertrophy
(CH, indexed LVM and RWT are both elevated) and
eccentric hypertrophy (EH, elevated indexed LVM with
normal RWT) [7, 8]. The pattern of concentric hypertrophy
is associated with the highest prevalence of mortality in
adults [7-9].

Even though LVH predicts cardiovascular events in
adults, scarce data on the prognostic impact of this problem
are available in the preterm population. Aye et al. [10]
found increased LVM in preterm infants that developed
after birth but did not investigate the impact of LVH on
outcome. RWT has not been previously used as a tool to
analyze cardiac pathology in preterm infants. Previous
studies have identified steroid use in preterm infants,
maternal diabetes, elevated blood pressure, and intrauterine
growth restriction as risk factors for LVH [11-14]. Early
recognition of risk factors may help discern strategies to
prevent this complication in this vulnerable population.
Diagnosis of LVH has been challenging in preterm infants
due to a lack of normative LV morphometric values [15].
Our previous work utilizing M-mode echocardiography
found that centile curves of LVM indexed to weight are a
practical method to assess LV morphology in preterm
infants <2 kg, but validation of these echocardiographic
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reference values with clinical outcomes study has not been
performed [16]. Thus, the objectives of this retrospective
case—control study were to determine the prevalence, risk
factors, and prognostic significance of the various patterns
of LV geometry in a community of hospitalized preterm
infants <2 kg.

Patients and methods
Study design and participants

For the purpose of this retrospective study, LV M-mode
echocardiographic remeasurements were made in two cohorts
of preterm infants: (1) a prospective cohort of 131 preterm
infants (born less than 29 weeks of gestational age) was
recruited between August 2011 and November 2013, and (2)
a retrospective database-generated cohort of 372 preterm
infants from 1 January 2005 through 31 December 2014. The
institutional review board of Washington University School
of Medicine approved the study. All subject guardians in the
prospective sample provided written informed consent.

Retrospective study population

The last 10-year echocardiographic and clinical databases
for St. Louis Children’s Hospital were retrospectively
reviewed. All preterm infants <2 kg born from 2005 to 2014
with a technically adequate echocardiographic evaluation
(defined as an echocardiogram with measurable M mode)
performed at St. Louis Children’s Hospital were eligible for
inclusion. Exclusion criteria were: (1) congenital heart
disease; (2) known genetic cardiomyopathy including
hypertrophic cardiomyopathy, genetic syndromes (such as
Noonan, Pompe’s disease), neuromuscular disease, chro-
mosomal abnormalities, diagnosis of pulmonary hyperten-
sion (diagnosed based on clinical chart review or
echocardiographic interpretation), connective tissue disease,
and clinical or radiologic diagnosis of kidney disease; (3)
patients with incomplete medical records; and (4) enroll-
ment in the prospective sample (described below).

Prospective study population

Additionally, 131 preterm infants were prospectively enrolled
from among infants participating in the Prematurity and
Respiratory Outcomes Program (PROP), a 7-center initiative
sponsored by the National Heart, Lung and Blood Institute
(Clinical Trials number: NCT01435187) [17]. All infants in
the prospective sample were enrolled at St. Louis Children’s
Hospital neonatal intensive care unit between August 2011
and November 2013. All prospective subjects had structurally
normal hearts; none had a family history of genetic
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cardiomyopathy, genetic syndromes, or known chromosomal
abnormality. All prospectively enrolled subjects were ree-
valuated 1 year later to confirm that they remained free of any
recognizable systemic disorder, including hypertension. All
patients enrolled in the prospective study routinely had
echocardiograms performed per the Prematurity and
Respiratory Outcomes Program study protocol [17].

For retrospective and prospective groups any subject
with an initial echocardiographic reading of moderate or
large patent ductus arteriosus (PDA) or atrial level shunt
was excluded without review. If the initial reading of shunt
size was small to moderate, a senior echocardiographer
(MCQJ) reviewed the study to exclude any with moderate or
larger shunts. PDA was graded as small if the ratio of the
smallest ductal diameter to ostium of the left pulmonary
artery was <0.5 [18]. Atrial shunts were qualitatively gra-
ded as small if there was no right ventricular or right atrial
enlargement and the color flow Doppler diameter of the
shunt was less than 20% of the length of the atrial septum.
Patients with moderate or large shunts on a prior echo-
cardiogram were eligible for inclusion if at least 1 month
elapsed until the time of the study echocardiogram.

Echocardiography

Measurements were made by two-dimensional guided M-
mode echocardiography as detailed in a prior study that
established normative values [16]. RWT was calculated as
twice the left ventricular posterior wall thickness in diastole
(LVPWA) over left ventricular end diastolic dimensions
(LVEDD)[8, 19]. We selected RWT determined with twice
the LVPWd rather than a sum of LVPWd plus inter-
ventricular septal dimension given potential interference by
tricuspid valve tissue, and right ventricular trabeculations
with septal measurement [20, 21]. Thereafter, LV geometry
was divided into four categories: normal (left ventricular
mass indexed to weight (LVMI) and RWT < 80th centile);
CR (normal LVMI and RWT = 80th centile); CH (LVMI
and RWT 2 80th centile); and EH (LVMI = 80th centile and
normal RWT). An additional analysis was performed for all
patients with elevated RWT (combines CR+CH). Altered
LV geometry included patients (Cases) with CR, CH, EH,
or elevated RWT (CR+CH). Controls (n=90) were a
subgroup of preterm infants who were prospectively
enrolled through the Prematurity and Respiratory Outcomes
Program with normal LV geometry.

We compared possible risk factors (maternal diabetes,
postnatal steroids, drug-treated hypertension, broncho-
pulmonary dysplasia (BPD), inotrope use, high-frequency
oscillator ventilator (HFOV), and small for gestational age
(SGA)), and outcomes (duration of hospital stay, fate of
altered LV geometry (resolved or not) on follow-up echo-
cardiogram if available, and all-cause mortality) between
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Table 1 Baseline characteristics by left ventricular geometry

Normal geometry (n=323,

Concentric remodeling (n=78,

Eccentric hypertrophy (=86, Concentric hypertrophy (n=16,

64.2 %) 15.5 %) 17.1%) 3.2%)
Males, n (%) 158 (48.9) 37 (47.4) 44 (51.2) 9 (56.2)
PMA, weeks 30.4+3.9 29.143.6 30.9+4.0 29.7+4.0
Weight, kg 1.26+0.44 1.040.40 1.26:0.45 1.16£0.42
LVML ghkg 3.29+0.75 3.37+1.30 4.46+0.46 4.53+0.48
RWT 0.33 (0.26-0.38) 0.48 (0.43-0.52) 0.32 (0.26-0.36) 0.52 (0.43-0.60)

PMA is defined as the time elapsed between the first day of the last menstrual period and birth (gestational age) plus the time elapsed after birth
(chronological age); Weight is in kg on the day of scan; LVMI is left ventricular mass index to weight on day of scan; RWT = the ratio of twice
LVPWd over LVEDD. Values are expressed as n (%) or mean + SD as appropriate for all variables except relative wall thickness mean (10th and

80th percentile (P10 and P80))

PMA postmenstrual age, LVMI left ventricular mass index, RWT relative wall thickness, LVPWd thickness of posterior wall of the left ventricle at

end diastole, LVEDD left ventricular dimension at end diastole

the case vs. control groups. Serial echocardiographic
assessments at staged intervals were not performed in this
retrospective study. Follow-up echocardiograms were per-
formed based on clinical concerns.

Statistical analysis

Continuous variables were summarized as mean + SD
(range), (10th and 80th percentile (P10 and P80)) or median
(interquartile range (IQR)) as appropriate. Comparisons
were performed using independent-samples f-test or
Mann—-Whitney U-test or within groups using Wilcoxon
signed rank test with Bonferroni correction, as applicable.
Categorical variables were presented by the absolute and
relative frequencies or as numbers and percentages. Cate-
gorical data were compared using the chi-square or the
Fisher exact test, as appropriate. Sex-specific LVM indexed
for weight centile curve was generated using Cole’s lambda-
mu-sigma estimation method as described previously
[16, 22]. Univariate and multivariate logistic regression
with backward selection model were used to identify risk
factors associated with all three patterns of altered LV
geometry (CR, CH, EH) and for those with elevated RWT
(combines CR+CH patterns) vs. the control group. Uni-
variate regressions models with P < 0.1 were included in the
multivariate analysis. All statistical tests were two sided,
and a P-value <0.05 was considered statistically sig-
nificant. Statistical analyses were performed with SAS 9.4
version (SAS Institute, Inc., Cary, NC).

Results
Demographics
The distribution of baseline characteristics for our sample

(n =503 preterm infants <2 kg) stratified by LV geometry
pattern is shown in Table 1. For those with normal LV

geometry the mean+SD (range) of LVMI was 3.3 +0.75
(1.2-7.4) g/kg and RWT was 0.33 +0.05 (0.2-0.41).

Altered LV geometry

Based on 80th centile cut-off values, 180 patients were
defined as having altered LV geometry. The patterns of
concentric remodeling and eccentric hypertrophy were
equally prevalent (78 and 86, respectively), whereas only 16
had concentric hypertrophy (Table 1). Elevated RWT was
found in 94 cases.

Risk factors

With univariate analysis (Table 2) all of the possible risk
factors were associated with at least one of the patterns of
altered LV geometry. With multiple logistic regression
postnatal steroids (P <0.01, for all) and SGA (for CH,
P =0.02 and for EH, P =0.04) remained as predictors of
altered LV geometry (Table 3).

Outcome

The duration of hospital stay was longer in the elevated
RWT (combined CR+CH) cases compared to controls
(P <0.05 for all, Table 4). Altered LV geometry resolved in
all but 2 of the 131 cases with follow-up echocardiograms
over a median (IQR) follow-up period of 3 weeks (1.5-6.5).
Two patients who had CR previously progressed to CH
over a period of 1 and 5 weeks prior to death. Nineteen
patients with altered LV geometry died compared to 3 in the
control group. Mortality was significantly increased in
patients with CR and CH, which includes cases with ele-
vated RWT (Table 4). In the patients with altered geometry
who died (n=19), median (IQR) gestational age, birth
weight, weight on the day of scan, and age at death were 25
(24-26.5) weeks; 0.7 (0.61-0.79) kg; 0.7 (0.61-0.9) kg; and
29 (10-54) days, respectively. The causes of death in those
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Table 2 Univariate risk factors associated with patterns of altered left
ventricular geometry

Univariate odds ratio (95%
CI); P-value

Cases/
controls

Risk factors

Concentric remodeling (n=78)

Maternal diabetes 6:4 1.3 (0.8-2.2); 0.5
Postnatal steroid use  38:24 1.6 (1.2-2.2); 0.004
Hypertension 6:0 2.2 (1.9-2.7); 0.01
BPD 47:38 1.5 (1.1-2.1); 0.02
Inotrope use 32:22 1.5 (1.1-2); 0.02
HFOV 33:27 1.3 (0.96-1.8); 0.1
SGA 6:4 1.3 (0.8-2.2); 0.5
Concentric hypertrophy (n=16)
Maternal diabetes 3:4 3.3 (1.2-8.8); 0.07
Postnatal steroid use  12:24 5.8 (2-16.8); 0.0002
Hypertension 4:0 8.5(5-14.5); 0.0004
BPD 11:38 2.5(1-6.9); 0.05
Inotrope use 10:22 3.8 (1.5-9.7); 0.002
HFOV 10:27 3.1(1.2-7.9); 0.02
SGA 4:4 4.1 (1.7-9.8); 0.02
Eccentric hypertrophy (n=86)
Maternal diabetes 7:4 1.3 (0.8-2.1); 0.4
Postnatal steroid use  45:24 1.7 (1.3-2.3); 0.0006
Hypertension 2:0 2.1 (1.8-2.4); 0.2
BPD 49:38 1.3 (1-1.8); 0.05
Inotrope use 31:22 1.3 (1.0-1.8); 0.09
HFOV 33:27 1.2 (0.9-1.6); 0.2
SGA 11:4 1.6 (1.1-2.2); 0.06
Elevated RWT (n=94)
Maternal diabetes 9:4 1.4 (0.9-2.1); 0.2
Postnatal steroid use  50:24 1.7 (1.3-2.2); 0.0003
Hypertension 10:0 2.1 (1.8-2.4); 0.001
BPD 58:38 1.5 (1.1-2); 0.006
Inotrope use 42:22 1.5 (1.1-2); 0.004
HFOV 43:27 1.4 (1-1.8); 0.03
SGA 10:4 1.4 (1-2.1); 0.1

Controls (n =90)

CR concentric remodeling, CH concentric hypertrophy, EH eccentric
hypertrophy, RWT relative wall thickness, BPD bronchopulmonary
dysplasia, HFOV high-frequency oscillator ventilator, Hypertension
drug-treated hypertension, SGA small for gestational age

with altered LV geometry were respiratory failure (6), car-
diorespiratory failure (2), necrotizing enterocolitis (7), and
sepsis (4). Three patients in the control group died. Their
median (IQR) gestational age were 25 (24-26.5) weeks,
birth weight 0.78 (0.6-0.89) kg, weight on the day of scan
0.85 (0.78-0.89) kg, and age at death were 23 (16-33) days,
respectively. The causes for death in the control group were
respiratory failure (1), necrotizing enterocolitis (1), and
sepsis (1).
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Discussion

The primary finding in this study of preterm infants is that
postnatal steroid use and SGA are risk factors for the
development of altered LV geometry. In regards to out-
comes, elevated RWT was associated with prolonged hos-
pital stay and increased mortality. This study is the first to
provide prognostic significance of altered LV geometry in
preterm infants. These data validate previous small studies
that show an association between postnatal steroid use and
LVH in preterm infants [11, 14]. Consistent with our data,
Skelton et al. [14] found increased risk of transient LVH
following a short-term course of postnatal steroids in pre-
term infants. Unlike most previous infant studies that
focused on single risk factor (e.g., steroids use in preterm
infants with bronchopulmonary dysplasia or hypertension),
this retrospective case—control study was designed to
compare the impact of various risk factors associated with
development of altered LV geometry [11-14].

The association of mortality with elevated RWT suggest
that this measure provides additional prognostic information
beyond that relayed by LVM index alone. This finding is in
keeping with the widespread use of RWT in large adult
studies [23]. In children, Bharucha et al. [24] reported
higher posterior wall Z-score as a risk factor for sudden
death in patients with hypertrophic cardiomyopathy. The
utility of RWT as an outcome predictor could be in part
because it does not require indexing to body size. This
association does not indicate that cardiac disease was the
cause of mortality. Cardiac failure was considered to be a
factor in the death for only 2 of 19 patients with altered LV
geometry.

Our finding of SGA as a risk factor in the CH groups
could be in part secondary to the use of weight for indexing
LVM as supported by the lack of association between RWT
and SGA. Conflicting results are found in prior studies
comparing indexed LVM in AGA vs. SGA infants [25, 26].
Cinar et al. [25] used body surface area indexing and found
decreased indexed LVM in term SGA infants. Although
Czernik et al. [26] found equivalent LVM in SGA preterm
infants with weight or length indexing, they concluded
length is the appropriate index based on indexing results of
LV dimension. The assumption that indexed cardiac mea-
sures in SGA infants should not be altered potentially masks
important cardiac pathology in these infants. Czernik et al.
[26] did point out the practical difficulty of the tape measure
length method in preterm infants.

We selected the formula for RWT that excludes septal
thickness for pattern classification given interference with
septal measurement from tricuspid valve tissue and right
ventricular trabeculations. Previous studies acknowledged
similar issues with inaccurate M-mode echocardiographic
diagnosis of asymmetric septal hypertrophy due to
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Table 3 Multivariate risk factors associated with patterns of altered left ventricular geometry
Risk factors CR CH EH Elevated RWT

(N=178) (N=16) (N=86) (N=94)
Maternal diabetes NS NS NS NS
Postnatal steroid 2.5 (1.33-4.86); 8.3 (2.33-29.90); 3.2 (1.67-6.05); 3.1 (1.6-5.7);
use 0.005 0.001 0.0004 0.0004
Hypertension NS NS NS NS
BPD NS NS NS NS
Inotrope use NS NS NS NS
HFOV NS NS NS NS
SGA NS 7.3 (1.30-41.38); 3.7 (1.08-12.42); NS

0.02 0.04

Controls (n =90). Values are expressed as odds ratio (95% CI); P-value

CR concentric remodeling, CH concentric hypertrophy, EH eccentric hypertrophy, RWT, relative wall thickness, Hypertension drug-treated

hypertension, SGA small for gestational age

interference by normal right heart structures [20, 21]. It is
possible that RWT, which includes septal thickness, would
have a closer association with maternal diabetes given the
predilection for septal hypertrophy in these infants [27-29].
In a prospective fetal study, Cooper et al. [29] found a 31%
prevalence of septal hypertrophy in mothers with diabetes
starting at 31-34 weeks of gestation. A follow-up study
comprised of mostly term infants of diabetic mothers
showed resolution of hypertrophy by 6 months [30]. The
lack of association of altered LV geometry and maternal
diabetes in our study may, in part, be secondary to pre-
maturity. Further prospective studies are needed to assess
the potential impact of maternal diabetes on cardiac mor-
bidity in preterm infants.

Most of our cases with increased RWT fall into the CR
group. Large adult studies find that CR is an early response
to pressure overload, whereas CH occurs later and is asso-
ciated with the most adverse outcome [23]. Serial studies
with attention to blood pressure measurements are needed to
test the applicability of this concept in preterm infants. With
multivariate analysis postnatal steroid use was a predictor in
all patterns of altered LV geometry. Prospective trials would
be necessary to determine if steroids had an impact on
morbidity or mortality.

With improving survival of extremely low birth weight
infants, the prevalence of concentric and eccentric hyper-
trophy may increase. These findings may influence risk
assessment and impact decision making of clinicians caring
for these high-risk infants. Typically, 95th percentile is used
to define pathology in ‘healthy’ pediatric populations.
Similar to Lieb et al. [8] study in adults we used an 80th
centile cut-off for relative wall thickness and indexed LVM
for defining altered LV geometry. This lower threshold was
chosen in order to capture LV pathology in a hospitalized
preterm cohort expected to have a high prevalence of
disease.

Limitations

The retrospective nature of our multivariate analysis may
include unmeasured confounders. Our study population is
likely biased towards a higher prevalence of abnormal LV
geometry because most of these patients underwent echo-
cardiography for clinical reasons and did not represent a
consecutive birth cohort. Additionally, selection bias for
worse disease is likely in these infants cared for at a tertiary
care referral center. The high incidence of PDA in the
preterm population makes it difficult to eliminate PDA as a
confounding factor. These infants may have had persistent
altered LV dimensions from a moderate to large PDA
present at some time prior to the study echocardiogram.
Although our results are not applicable to infants with
pulmonary hypertension as this finding was an exclusion
factor, compression of the LV by a hypertensive right
ventricle could lead to falsely elevated RWT and decreased
LVMI. Concentric hypertrophy group comprised only 3%
of the study population. The low statistical power may have
undermined the chance of detecting a true effect. Also,
details on the duration of postnatal steroid use, severity, and
duration of hypertension that would be expected to affect
the evolution of LVH were not evaluated. Over 25% of our
cases did not have a follow-up echocardiogram, either
because they died or were transferred back to their referring
hospital or there were no clinical concerns necessitating
follow-up echocardiogram. Follow-up data on resolution of
altered LV geometry need to be interpreted with
caution because serial echocardiographic assessments at
staged intervals were not performed. We used M-mode
echocardiography for quantitative estimation of LVM and
RWT given the ease of use in a clinical setting [16]. MRI
imaging would be an ideal validation tool but has practical
challenges in this population. Although our data show an
association of mortality with altered LV geometry, we

SPRINGER NATURE



548

S. Choudhry et al.

Table 4 Outcomes associated with patterns of altered left ventricular geometry

Hospital stay

Mortality

CR 101441 vs. 94+27, P=0.1
CH 141494 vs. 94+27, P=0.007
EH 104+41 vs. 94+27, P=0.06

Elevated RWT (CR+CH) 107455 vs. 94427, P=0.04

12/78 vs. 3/90, OR 2.8, 95% CI (1.02-7.90), P=0.006
3/16 vs. 3/90, OR 1.7, 95% CI (0.78-3.89), P=0.04
4/86 vs. 3/90, P=0.6

15/94 vs. 3/90, OR 3.1, 95% CI (1.1-8.9), P=0.004

Controls (n =90). Values are expressed as mean + SD for the above hospital stays for patients who survived

CR concentric remodeling, CH concentric hypertrophy, EH eccentric hypertrophy, RWT relative wall thickness, OR odds ratio, SGA small for

gestational age

cannot conclude that cardiac disease is a cause of death
in these patients. Further studies, preferably prospective,
are needed to corroborate our findings, and uncover addi-
tional links between preterm morbidities and cardiac
hypertrophy.

Conclusions

This study determined that altered LV geometry in preterm
infants is related to postnatal steroid use and SGA.
Although altered LV geometry often resolves, it is asso-
ciated with a poor outcome in preterm infants with a longer
duration of hospital stay and higher mortality. RWT does
not involve indexing to body dimensions and is a poten-
tially important tool for studying cardiac pathology in pre-
term infants.
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