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Abstract

The aim is to conduct a pilot study to prospectively describe echocardiographic parameters in neonates with pulmonary
hypertension (PH) managed according to current recommendations and to identify those parameters that could predict
worsening of short-term outcomes. All neonates less than 28 days old with a diagnosis of PH were prospectively enrolled in
atertiary care center for 1 year. Two echocardiograms were performed by a trained neonatologist. The first echocardiogram
was performed at the time of diagnosis, whereas the second was performed just after basic therapeutic optimization. The
cohort included 27 neonates. Mean gestational age at birth was 36.1 weeks gestational age (WGA) (SD: 4) and mean birth
weight was 2658 g (SD: 907). Six neonates (22%) died before day 28, with a median age at death of 48 h (IQR [33; 89]).
Although the first echocardiogram showed no difference, the second highlighted a strong link between the persistence of
right-to left-shunt and death (p =0.002). We showed a link between right-to-left shunt and a poor outcome (death or morbid-
ity) after therapeutic optimization among premature and full-term neonates suffering from PH. We recommend repeating
echocardiography after basic therapeutic optimization and for prognostic purposes, taking into account only the second

examination. Larger cohorts are needed to confirm these results.
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Background

Persistent pulmonary hypertension of the newborn
(PPHN) is a common disorder in neonatal intensive care
units (NICUs), with an incidence of approximately one
in 500-1000 births [1] and a significant mortality rate
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(generally 10-15% [2] and from 4 to 33% depending on the
study). It is caused by failure of the pulmonary circulation to
dilate at birth [3]. PPHN can be secondary to birth asphyxia,
severe lung parenchymal disease such as meconium aspira-
tion syndrome, respiratory distress syndrome in premature
infants, transient tachypnea of full-term newborns, or lung
hypoplasia with an associated pulmonary vascular hypo-
plasia (congenital diaphragmatic hernia, oligohydramnios).
Risk factors for aggravation are hypoxemia, hypercapnia,
pain and acidosis [3]. Right-to-left extrapulmonary shunts
(patent ductus arteriosus [PDA] or patent foramen ovale
[PFO]) are responsible for deep hypoxemia, a decrease in
pulmonary blood flow, insufficient left ventricle preload and
circulatory failure. Moreover, acute right ventricle failure
can cause circulatory failure due to the increase in afterload.
Sometimes, PPHN is related to a rare disease, such as alveo-
lar capillary dysplasia, with a fatal outcome.

Although the diagnosis of PPHN is first evoked in the
presence of clinical signs such as respiratory or hemody-
namic instability in a characteristic context (such as those
mentioned above), it is confirmed by bedside structural


http://orcid.org/0000-0001-9034-3135
http://crossmark.crossref.org/dialog/?doi=10.1007/s00246-021-02677-z&domain=pdf

Pediatric Cardiology (2021) 42:1848-1853

1849

and functional echocardiography [4] performed by trained
neonatal intensivists [5]. Therefore, it is helpful to first rule
out any underlying congenital heart defect [6] (such as total
anomalous pulmonary venous return or transposition of the
great arteries), establish the diagnosis of PPHN, and then
assess the hemodynamic status (hypovolemic or obstructive
shock). Recent papers by experts such as Storme [3] recom-
mend an acute analysis of extrapulmonary shunts and man-
agement similar to that for duct-dependent congenital heart
disease for severe PPHN. A few years ago, the use of pros-
taglandin E1 (PGE1) to maintain PDA and avoid obstructive
shock increased, which prompted the study of new cohorts.

However, although these drugs, combined with advances
in ventilation and the use of inhaled nitric oxide (iNO) [7],
have resulted in a significant decrease in mortality (from
48% to 10% in 20 years [2]), PPHN remains a severe pathol-
ogy, with respiratory, cardiovascular and short- and long-
term neurologic morbidity. Because in most instances it is
a completely reversible disease, prompt adequate manage-
ment, including timely referral to tertiary care, can improve
the outcome dramatically. No short-term prognostic fac-
tors are available to inform families and to determine who
requires extracorporeal membrane oxygenation (ECMO),
which is critical considering that planning is essential for
safe transfer, but only if necessary, and without unnecessary
delay. To our knowledge, few studies have investigated the
risk factors for poor short-term outcomes. Steurer [7], Raz-
zaq [8] and Nakwan [9] have highlighted the clinical crite-
ria for prognosis. But studies examining echocardiographic
predictors are rare and are often retrospective [10-14] or
not designed for this purpose, especially older studies, per-
formed before the era of iNO.

Objective

The aim of this study was to prospectively describe echo-
cardiographic parameters in neonates with PPHN man-
aged according to current recommendations and to deter-
mine which of these could predict a decline in short-term

outcomes. It is the first step (pilot study) before a large
population-based cohort study with 1000 neonates.

Patients and Methods
Design and Patients

This prospective cohort study was performed in the NICU of
a tertiary university center in Toulouse, France. All neonates
less than 28 days old with an obvious clinical and echocardi-
ographic diagnosis of PPHN (respiratory and hemodynamic
instability was compulsory, one echocardiographic sign
among those usually described [6] was required, as detailed
in Table 1) were prospectively enrolled from April 2012 to
April 2013. Congenital heart diseases were excluded. Fol-
low-up was carried out until discharge or death, to identify
any immediate side effects, comorbidity or death.

In terms of ethical concerns, only consent from the par-
ents for standard care was required because there was no
modification of management

Data Collection

Two echocardiograms were performed by a trained neona-
tologist. The first echocardiogram was performed at the time
of diagnosis of PPHN, and the second was performed just
after basic therapeutic optimization, according to the rec-
ommendations in force. The echocardiographic parameters
that were assessed are summarized in Table 1. In order to
increase reproducibility (intra- and inter-observer reproduc-
ibility of echocardiograms was 70-93% [15]) and because
of the great lability of the study population, all intensivists
were required to be trained in congenital cardiology (to rule
out congenital heart disease) and in functional bedside echo-
cardiography (according to the criteria of the American and
European echocardiography societies [5]: “advanced level”).
A Sonos 4500 (Philips) was used for the procedure. It did not
allow for a second blind interpretation of echocardiograms.

Care methods were chosen by the child’s doctor. While
following current recommendations, we also had to adapt

Table 1 Echocardiographic
parameters assessed (the

Parameters

star designates those used
to diagnose pulmonary
hypertension)

Pressure evaluation

Tricuspid regurgitation velocity
Tricuspid regurgitation pressure gradient (using Bernoulli’s equation) if analyzable*

Semi quantitative estimation of right atrial pressure

Septal curve
Size of cavities

Infra/iso/supra-systemic pulmonary pressure*
Semi-quantitative estimation of the size of the right ventricle (dilated/not dilated)

Semi-quantitative estimation of the size of the right atrium (dilated/not dilated)

Shunts

At atrial level*: left to right, bidirectional, right to left, absent

At patent ductus arteriosus™: left to right, bidirectional, right to left, absent
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treatment to the PPHN etiology (alveolar recruitment strat-
egy for parenchymal lung disease, fluid administration, or
inotropic support in the case of septic shock, for example).
PGEI1 (ProstineR) was used if DA was restrictive or closed.
There were no changes in the recommendations and pro-
tocols during the study period. Hemodynamic parameters
(heart rate, blood pressure, pre- and post-ductal saturation)
were noted at the same time for each echography.

Outcomes

The primary outcome was survival at day 28. The second-
ary outcome criterion was morbidity at discharge among
surviving babies (predefined as the occurrence of at least
one of the following events: duration of mechanical ventila-
tion exceeding 10 days, oxygen requirement on hospital dis-
charge, requirement for chronic systemic pulmonary hyper-
tension medication (sildenafil or treprostinil in continuous
subcutaneous perfusion).

Statistical Analysis

The analysis was performed using Stata version 11.2 statisti-
cal software. The study population was first described using
numbers (n) and percentages (%) for categorical variables,
and the number of observations (7), minimum (min) and
maximum (max) values, median, and interquartile range
(IQR p25—p75) or the mean and the standard deviation (SD)
for continuous variables. Hemodynamic parameters dur-
ing the first echography and echocardiographic parameters
before and after therapeutic optimization were compared
according to the child’s status on day 28 (alive vs. deceased).
Fisher’s exact tests were used to compare the distribution
of categorical variables between the two groups, while the
distribution of quantitative variables was compared between
groups using Wilcoxon rank-sum tests. A p-value < 0.05 was
considered statistically significant.

Results

The cohort included 27 neonates, who represented 67.5%
of all infants in the unit suffering from PPHN during the
same period. Non-inclusion was due to the unavailability
of an experienced echocardiographer at the right moment.
Children had a median age at diagnosis of zero days (IQR
[0-1]). Mean gestational age at birth was 36.1 WGA [weeks
gestational age] (SD: 4) and mean birth weight was 2658 g
(SD: 907). Ten infants (37%) were considered to be prema-
ture (born before 37 WGA). Etiologies included diaphrag-
matic hernia (8 infants, 29%), birth asphyxia (n = 6, 22%,
including two infants with meconium aspiration, 7.4%), sep-
tic shock (n = 4, 15%), transient tachypnea of the newborn
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(n = 4, 15%), respiratory distress syndrome (n = 3, 11%)
and early digestive surgery (n = 2, 8%). Ventilator support
(VN500, Driger) and associated therapeutics are described
in Table 2. Six neonates (22 %) died before day 28 with a
median age at death of 48 h (IQR [33; 89]). Four neonates
among the survivors (19%) presented with at least one factor
of morbidity.

Hemodynamic parameters collected from the first echo-
cardiography (i.e. before therapeutic optimization) are
reported in Table 3, according to survival status at day 28.
Heart rate and the intensity of inotropic support with norepi-
nephrine significantly differed between groups.

Table 4 presents the echocardiographic parameters before
and after therapeutic optimization according to survival
status on day 28. The first echocardiographic evaluation
showed no difference between neonates who were alive
and those who were deceased, except for the presence of
a dilated right atrium at the start of care, which was more
frequent in neonates who would die before day 28 (83% vs.
33%, p = 0.043).

The second echocardiogram (after a median of 2 h [1;
5.5]) was performed in five of the six deceased children and
18 of the 21 survivors. When the second echocardiograms
could not be performed, it was due to major instability dur-
ing the examination or unavailability of the machine, with
the exception of one child who died before it could be per-
formed. These results (Table 4) showed a link between shunt
direction and death before day 28 (p-value = 0.004). Among
the eight infants with right-to-left DA after therapeutic opti-
mization, five (62.5%) died before day 28, whereas no child
with left-to-right DA, regardless of the time of evaluation,
died or presented with risk factors of morbidity (Supple-
mental Table 1). Death could not be predicted with logistic
regression, but by recoding shunt direction in two modali-
ties (right-to-left DA or atrial shunt vs. all other modali-
ties), we confirmed these results (p = 0.002). Finally, eight
infants presented an analyzable tricuspid regurgitation (TR)
(with an estimated median systolic pulmonary pressure of

Table 2 Characteristics of the population: ventilator support and
treatments

Treatments n/N %

iNO 22/27 81
HFO 16/27 59
Sedatives 277127 100
Prone positioning 4/27 15
Inotropic support 22/27 81
Exogenous surfactant 12/27 44
Prostaglandins (PGE1) 8/27 29

N=27 (iNO inhaled nitric oxide; HFO high-frequency oscillation:
mean pressure ventilation: 13.5 cm H20)
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Table 3 Hemodynamic parameters registered during the first echog-
raphy

Parameters Survival status at p-value
28 days (Wilcoxon
- rank-sum
Alive Deceased test)
n=21 n=6
Median Median
IQR IQR
Min-max Min-max
Heart rate 155 128 0.014
140; 161 119; 139
103; 191  102; 152
Systolic blood pressure 58 49 0.096
(mmHg) 51; 66 48; 53
34; 88 32; 64
Diastolic blood pressure 35 31 1.000
(mmHg) 26; 45 28; 48
11; 57 12; 62
Mean blood pressure (mmHg) 43 35 0.231
32; 48 32; 39
26; 69 19; 53
Quantitative assessment of ino-
tropic support (ug/kg/min)
Dopamine: n=17 10 7.5 0.566
0;7.5 0; 10
0; 20 0; 10
Dobutamine: n=12 0 10 0.120
0;,7.5 0; 10
0; 20 0; 15
Norepinephrine: n=11 0 0.9 0.023
0;0.2 0; 1.5
0;0.8 0;2
Pre-ductal SaO, (n=26) (%) 96 96 0.860
91; 99 90; 100
73; 100 70; 100
Post-ductal SaO, (n=21) (%) 90 74 0.100
79; 99 65; 82
15; 100 60; 96

N=27. Data are presented as median and interquartile range (IQR
p25-75), minimum (min), maximum (max). pg/kg/min: micrograms
of medication per kilogram of body weight per minute; SaO,: arterial
oxygen saturation

75.00 mmHg) in the group of children who died before day
28 (compared to 59.29 mmHg in the other group, p > 0.05).

Discussion

To our knowledge, our results are the first in a prospective
study aimed at clearly identifying the predictive factors of
outcome. The underlying rationale is the need to anticipate
both the management (which can become very aggressive
and sometimes requires timely referral to a tertiary care or
ECMO center) and the information to give parents for this
severe neonatal pathology. Although they only focus on

echocardiographic parameters, our data suggest that the aim
of the first echography is mainly to rule out an underlying
congenital heart defect, and to then establish the diagnosis
of PPHN. However, it provides no early relevant prognostic
information. We chose to repeat the echocardiography after
classic therapeutic optimization. The results showed a link
between shunt direction and death before day 28, especially
with right-to-left DA. Although right-to-left DA has been
mentioned in the literature as a potential risk factor for a
poor outcome, most results remain insufficient: retrospec-
tive studies with an old design to prove iNO efficiency [4,
10, 16, 17], or an imprecise design with inaccurate timing of
the echocardiography [13], where the exam was performed
“in the first 12 hours after admission,” which we believe
is quite a long time for this severe and scalable disease. In
2015, Malowitz [14] published an interesting paper that also
examined right ventricular parameters. The results of that
retrospective study are consistent with ours, but the echocar-
diography was performed “in the first 6 days.” We think that
in this rapidly scalable disease, early and regular evaluation
of the hemodynamic parameters and the echocardiography
by the neonatal intensivist is essential so that treatment can
be promptly adjusted. For this reason, the median hour of
the second echocardiography is sooner here than in other
studies and is a positive point, in line with the clinical profile
of our population.

Another strength of our study is that it was conducted in
real-life conditions and included recent progress in PPHN
management: high-performance ventilators, exogenous
surfactant, iNO facilitation, PGE1 and inotropic support,
especially with noradrenaline [18]. The use of PGE1 in par-
ticular to maintain patent DA and avoid obstructive shock
has a positive impact on DA. We now know [3, 19] that
hypoxemia due to right-to-left shunts is not correlated with
tissue hypoxia if both right and left ventricular functions are
adequate and hemoglobin level is normal for age. Consider-
ing that right-to-left shunts are both a necessary condition
for ensuring systemic cardiac output and a reflection of the
severity of PPHN, it seems important to combine clinical
and echocardiographic predictive factors. In more recent ret-
rospective studies, Peterson et al. [12] emphasized the link
between outcome and left ventricle size and output, while
Mydam [13] reported both types of right-to-left shunts (PDA
and PFO), right cavity dilatation, a decrease in maximal pul-
monary arterial velocity and clinical factors (a SNAPPE II
[Score for Neonatal Acute Physiology, Perinatal Extension]
score above 43 was associated with a poor outcome).

It would have been interesting to evaluate mean pulmo-
nary arterial pressure as well. This is a relevant reflection of
pulmonary output which was chosen by Gournay [20]. Oth-
erwise, we were initially surprised by how few significant
TRs there were. Studies on the subject [21, 22] are incon-
sistent with up to 70% of the TRs which is less than 10%.
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Table 4 Echocardiographic
parameters before and after

Before therapeutic optimization

After therapeutic optimization

therapeutic optimization Alive atday Deceased before p-value  Alive atday Deceased before p-value
according to life status at day 28 28 (n=21) day 28 (n=6) 28 (n=18) day 28 (n=5)
(DA ductus arteriosus; RV right
ventricle; RA right atrium), N (%) N (%) N (%) N (%)
Fisher's exact test Septal curve 0.787 0.837
Infra-systemic 209 00 7(39) 1 (20)
Iso-systemic 10 (48) 2 (33) 6(33) 2 (40)
Supra-systemic 9 (43) 4(67) 5(28) 2 (40)
DA 0.118 0.004
None 6 (29) 0(0) 9 (50) 0(0)
Left to right 1(5 0(0) 5(28) 0(0)
Bidirectional 8 (38) 1(17) 1(5) 0 (0)
Right to left 6 (28) 5(83) 317 5 (100)
Atrial shunt 0.818 0.046
None 8 (38) 2 (33) 4(22) 2 (40)
Left to right 8 (38) 2 (33) 10 (56) 0(0)
Bidirectional 4(19) 1(17) 317 1(20)
Right to left 1(5) 1(17) 1(5) 2 (40)
Dilated RA 0.043 0.360
Yes 7(33) 5(83) 7(39) 3 (60)
No 14 (67) 1(17) 11 (61) 2 (40)
Dilated RV 0.280 0.360
Yes 9 (43) 4(67) 7(39) 3 (60)
No 12 (57) 2 (33) 11 (61) 2 (40)

The second echocardiogram could not be performed for four babies (three alive, one deceased)

This is due to transitional circulation. When the DA is wide
open, right to left, it can decrease right ventricle afterload
and TR disappears. Among other limits of this preliminary
study, we acknowledge that the study population was hetero-
geneous, with extremely preterm (28-34 WGA), near full-
term (34-37 WGA) and full-term infants. There were also
congenital diaphragmatic hernias with a specific pulmonary
hypertension pathophysiology. Moreover, during the study,
which was relatively short, no ECMO was performed for this
indication. Finally, there was no TAPSE (tricuspid annular
plane systolic excursion) evaluation, because at the time
these references for neonates had just been published [23].

Conclusion

In this prospective study, we showed a link between right-
to-left shunts and a poor outcome (death or morbidity) after
therapeutic optimization in premature and full-term neo-
nates suffering from PPHN. We recommend repeating echo-
cardiography after basic therapeutic optimization and for
prognostic prediction, taking into account only the second
examination. This is a pilot study for a scheduled study with
a larger cohort to confirm these results, integrate clinical and
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biological parameters, and guide clinicians in the manage-
ment of this severe disease.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00246-021-02677-z.
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