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Abstract

Purpose: The aim of the study is determining the
frequency of use, and the patient characteristics and
indications.

Materials and Methods: This retrospective cohort study
included all neonates who underwent targeted neonatal
echocardiography in the neonatal unit of Adana Schir
Training and Research Hospital between September 2016
and September 2018. All newborns who underwent
echocardiography according to clinical findings within 24
months were included in the study. Data including
gestational age, birth weight, respiratory support, timing
and diagnosis of echocardiography were obtained from the
review of clinical notes.

Results: A total of 355 echocardiographic evaluations
were performed in 186 newborns. The most common
indications for targeted echocardiography were patent
ductus arteriosus (n = 148, 41.7%) followed by evaluation
of myocardial performance and systemic blood flow (n =
99, 27.9%) and pulmonary hypertension (n= 72, 20.3%).
The median time of echocardiographic evaluation was
postnatal 22 (1-178) hours. More than half (59.7%) of the
newborns received respiratory support (continuous
positive  pressure ventilation (21%), conventional
mechanical ventilation (27.4%), and high frequency
oscillation ventilation (11.3%).

Conclusion: Targeted echocardiography is often used and
it can be a useful tool in guiding treatment. Assessment of
patent ductus arteriosus, myocardial performance and
systemic blood flow ate the most common indications for
use. Large, well-coordinated prospective studies are
needed to confirm its usefulness.
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Oz

Amag: Calismanin  amact yenidogan yogun bakim
tnitesinde hedefe yonelik ekokardiografinin  kullanim
sikligii,  hasta  Ozelliklerini  ve  endikasyonlarini
belirlemektir.

Gereg ve Yontem: Bu retrospektif kohort calismast, Eylil
2016 ve Eylil 2018 yillart arasinda Adana Sehir Egitim ve
Arastirma Hastanesi yenidogan tinitesinde hedefe yonelik
neonatal ekokardiyografi degerlendirilmesi yapilan tim
yenidoganlar1 icermektedir. Calismaya 24 aylik siirede
klinik bulgulara gbre ekokardiyografi yapilan tim
yenidoganlar dahil edildi. Gebelik yasini, dogum agirhigini,
solunum destegini, ekokardiyografinin zamanlamasint ve
tanilarini  iceren  veriler  klinik  notlarin  g6zden
gecirilmesinden elde edilmistir.

Bulgular: Toplam 355 ekokardiografik degerlendirme 186
yenidoganda yapiddi. Hedefe yonelik ekokardiografi
endikasyonlarindan en stk olani patent duktus arteriozus
degetlendirmesi (n = 148, %41,7), ardindan miyokard
petformanst ve sistemik kan akimi degerlendirmesi (n =
99, %27,9) ve pulmoner hipertansiyon (n = 72, % 20,3) idi.
Medyan ekokardiyografik degerlendirme zamant postnatal
22 (1-178) saatti. Yenidoganlarin yarisindan fazlast (%59,7)
solunum destegi almaktayd: (siirekli pozitif basingl
ventilasyon %21, konvansiyonel mekanik ventilasyon
%27,4 ve yiitksek frekansli ossilasyon ventilasyonu % 11,3).
Sonug: Hedefe yonelik ekokardiografi, siklikla kullanilir ve
tedaviyi yonlendirmede faydali bir ara¢ olabilir. Patent
Duktus Arteriozus, miyokard performanst ve sistemik kan
akimi degerlendirmesi en sik kullanim endikasyonlardir.
Yararliligini dogrulamak icin iyi koordine edilmis buyik
prospektif ¢alismalara ihtiya¢ vardir.

Anahtar kelimeler: Ekokardiografi, yenidogan, yogun
bakim
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INTRODUCTION

Tissue perfusion is difficult to evaluate in neonatal
patients with clinical and laboratory findings.
Contrary to common knowledge, systemic blood
pressure does not directly indicate cardiac functions.
But blood pressure is a poor predictor of systemic
flow and there is no reliable evidence from which to
identify a blood pressure threshold for intervention
or that such intervention improves outcome'. Again,
although there is no linear relationship between
systemic blood pressure and blood flow, there is a
blood pressure threshold for the maintenance of
systemic blood flow!2. In newborn infants, especially
in extremely low birth weight (ELBW) preterm
infants, arterial blood pressure below 30 mmHg is
considered a threshold for distuption of cerebral
autoregulation, and below this threshold, the
neurodevelopmental outcome is poor?. Therefore, it
is important to diagnose and appropriately treat
cardiovascular dysfunction before it irreversibly
affects the clinical status of preterm infants. Also
complex hemodynamic changes occur during the
transition to postnatal life and also being of patency
of ductus arteriosus and hypotension status in
neonatal intensive care unit (NICU) stay. Complex
hemodynamic changes are observed in neonatal
infants due to the presence of Patent Ductus
Arteriosus (PDA) and especially hypotensive status in
ELBW infants during the postnatal transition
period?.

Echocardiography is used for accurate evaluation of
hemodynamic status and providing appropriate
clinical support in ICU patients. In recent years, the
role of echocardiography in neonatal intensive care
units (NICU) has changed and improved. Previously,
it was only used by cardiologists in neonatal intensive
care units to evaluate the structural and functional
status of the heart and to determine the patency of
ductus arteriosus. Especially in the last decade, the
interest of neonatologists in echocardiography has
increased. Longitudinal and real time evaluation of
hemodynamic changes at the bedside has become
widespread. Targeted Neonatal Echocardiography
(TnECHO) is the evaluation of the hemodynamic
status of neonatal infants using echocardiography,
along with clinical and laboratory findings>*.

TnECHO aims to obtain noninvasive and real time
information about cardiovascular pathophysiology
which causes complex hemodynamic changes and
uncertainties. The functional assessment of the heart
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performed by neonatologists should not be confused
with  cardiologists' structural and functional
evaluations of the heart. The first echocardiographic
evaluation should be performed by pediatric
cardiologists for a comprehensive structural
evaluation of the heart, in order to evaluate the
cardiac structure, cardiac anatomy and global cardiac
function in newborns’. Functional echocardiography
should focus on identifying the causes of cardiac-
induced hemodynamic changes in the structurally
normal  heart. Neonatologists  performs
echocardiography to define the bedside use of
echocardiography to longitudinally assess myocardial
function, pulmonary and systemic blood flow,
extracardiac and intracardiac shunts, organ blood
flow and tissue perfusion®.

TnECHO is widely and effectively practiced by
neonatologists across Europe, North America and
Australia. Questions telated to the TnECHO
application remain current due to uncertainty and the
absence of a formal and accredited training program
wotldwide’.

To our knowledge, there are no published data on
TnECHO applications from Turkey. We have been
using TnECHO for four years in our tertiary NICU.
In this study, we presented retrospectively the data of
our targeted echocardiographic evaluations applied to
newborn babies in our 3rd level NICU for a two year
period.

MATERIALS AND METHODS

This retrospective cohort study included the
neonates who had circulatory collaps, hypotension,
required respiratory support (mechanical ventilation)
and a central catheter insertion while admitted to the
NICU of tertiary care Hospital in Adana, Turkey.
This is a 35-bed NICU with an admission rate of
about 800 neonates per year. This study was
conducted as a result of data collection of patients
who underwent echocardiographic evaluations for
different reasons between 1 September 2016 and 1
September 2018 for 24 months. In this study period,
echocardiography was performed in every patient
who had circulatory collaps, hypotension, respiratory
support (mechanical ventilation) and a central
catheter insertion. The first cardiac full structural
evaluation of all patients included in the study was
performed by a pediatric cardiologists (Cilsal E,
Sénmez H). Echocardiographic evaluations of the
patients included in the study were performed by a
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single neonatologist (Mert MK) with targeted
echocardiographic experience and training,.
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Figure 1. Distribution of study subjects according
to indication of TnECHO.

*NICU: Neonatal Intensive Care Unit *PDA: Patent Ductus
Arteriosus **PPHN: Persistent Pulmoner Hypertension

Patients diagnosed with major structural heart disease
by the pediatric cardiologist, neonates with major
congenital anomalies (congenital diaphragmatic
hernia, gastrointestinal ~ anomalies, congenital
hydrocephaly, spina bifida, etc) and neonates
admitted to NICU with indications that don't need
hemodynamic  evaluation  (Hyperbiluribinemia,

Table 1. Clinical and demographic features of the study
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feeding intolarance, transient tacypnea of newborn,
etc) were excluded from the study.

The data of sex, gestational age, birth-weight, timing
of TnECHO and respiratory and cardiovascular
support of the patients included in the study were
compiled from the patient notes in the files.
Echocardiographic examination was performed by a
single user with the Vivid 7® echocardiography
machine with a 6S and 10RS neonatal probe (GE,
Waukesha, WI, USA). All of the ecocardiographic
studies were archived on an expandable storage off
the machines. Infection control precautions were
followed while performing the scans. The first scan
included all the standard views (short axis, long axis,
apical axis etc) and also required views for the
particular indication. All of the ecocardiographic
studies were archived on an expandable storage off
the machines. The studies were then downloaded and
documented in the patient chart.

Statistical analysis

Descriptive statistics were used to summarize the
collected data using SPSS (version 20, IBM, Armonk,
NY, USA). Ethics committee approval was obtained
for the study in the meeting of Adana Sehir Training
and Research Hospital Clinical Research Ethics
Committee with the decision No. 513 on June 24,
2019. Since this was a retrospective study, volunteet/
patient consent was not required.

Variable n (186) %
Sex Male 106 57.0
Female 80 43.0
Gestational Age <28 weeks 39 20.9
280-316 weeks 51 27.4
320-376 weeks 34 18.4
380-416 weeks 62 33.3
Birth Weight <1000 gr 41 22.1
1001-1500 gr 69 37.1
1501-2500 gr 36 19.3
> 2500 gr 40 21.5
Timing of ECHO <12h 32 17.2
13-24 h 42 22.6
25-72 h 69 37.1
>72 h 43 23.1
Respiratory Support No Support 29 15.6
Hood 0, 46 24.7
CPAP 39 21.0
Conventional MV 51 27.4
HFOV 21 11.3

*CPAP: Continuous positive airway pressure **HFOV: High frequency ossilatory ventilation YMV: Mechanical ventilation
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RESULTS

During the study period, a total of 355 TnECHO
studies were performed on 186 neonates for various
indications. The indications for TnECHO included
assessment of myocardial performance, systemic
blood flow, patent ductus arteriosus (PDA),
pulmonary hypertension(PPHN) and central or
peripherally inserted central catheters tip position
(Figure 1). Some neonates required more than one
TnECHO study either to monitor response and/ot
as per need warranted by clinical situation.

The most infants underwent an echocardiogram for
assessment of PDA significance (41.7%). TnECHO
resulted in a change in PDA management; the most
common of decisions related to choice of PDA care
and inotrope therapy. Mostly the purpose of repeated
TnECHO evaluations were to monitor treatment
response. More than half of the neonates (67.4%)
were male and majority of infants were preterm
(81.6%). The mean birth weight and gestational age
of the neonates in the study was 1.46 kg (SD%0.6 kg)
and 33.1 weeks (SD*4.1), respectively. The
echocardiography assessments were performed at a
median time of 22 (1 to 178) hours. Majority of
infants’ (n= 143, 76.8%) echocardiography was done
within 72 hours, however in 23.2% (n= 43) patients
echocardiography was done after 72 hours of NICU
admission. More than half of the neonates (59.7%)
had respiratory support (continuous positive airway
pressure (CPAP) 21%, conventional mechanical
ventilation 27.4% and high frequency oscilatory
ventilation (HFOV) 11.3%, respectively) (Table 1).
Initial diagnosis of patients are prematurity (66.6%),
sepsis (5.4%), systemic hypotension/shock (14%)
and PPHN (7.5%) and others (%0.5), respectively.

DISCUSSION

In this study, indications of targeted neoanatal
echocardiography performed in our neonatal
intensive care unit were examined. Even though
TnECHO application has only begun to spread in
Turkey in recent years, it has been applied in NICUs,
particularly in North America, Australia and Europe
in the last 10 years®. There are few retrospective
studies in the literature regarding the application of
TnECHO in neonates. The impact of the use of
functional echocardiography on outcomes is not fully
demonstrated, nevertheless many neonatologists
have adopted its value in assessing rapidly changing
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hemodynamic status’. Although there are not enough
reports about its efficacy, the use of TnECHO in
unwell newborn infants, where sudden hemodynamic
changes are common, attracts the attention of
neonatologists. The most frequent indication for use
of TnECHO in neonatal wards by neonologists was
the evaluation of PDA in preterm infants (51%), and
this was followed by pulmonary hypertension and
systemic hypotension®!0. In fact, the use of
echocardiography by neonatologists who have
extensive clinical data in critically ill patients leads to
early and effective intervention in hemodynamic
instability as a result of serial and longitudinal
evaluation. The incidence of a PDA in babies born
<1500 g varies between 18 to 77%* The clinical
condition leading to early hemodynamic instability in
preterm infants is PDA. The incidence of PDA in
infants born below 1500 grams is between 18 and
77%9. Early detection and early treatment of PDA,
which is a major cause of morbidity in preterm
infants, has been shown to reduce morbidity in
infants®. It has been shown that the risk of advanced
stage intraventricular haemorrhage is reduced in
infants with ductal patency followed by serial
echocardiographic evaluation compared to those
without serial echocardiographic evaluation®?. A
more recent randomized trial of eatly targeted PDA
treatment trial showed that eatlier treatment, based
on PDA diameter, reduces pulmonary hemorrhage
and the need for late PDA treatment!’. In another
study in which hemodynamically significant PD A was
determined based on PDA diameter, it was shown
that eatly treatment of PDA reduces the incidence of
bleeding in the lungs and the need for late PDA
treatment'!. In our study, PDA evaluation was the
most common indication for TnECHO (41.7%). In
addition, the majority of patients who underwent
echocardiography were preterm (66.6%) and low
birth weight infants (59.2%). This finding correlates
with the data which was reported in the study by AM
Groves et al.,, showing that preterm and low birth
weight is an important part of the indications of
echocardiography!?. In the present study myocardial
performance and systemic blood flow assesment
(27.9%) and suspected PPHN (20.3%) were the
common indications. Various other indication
include central line position (10.1%).

In our study, echocardiography was performed in
55.61% of the cases in the first 24 hours. Especially
for low birth weight preterm babies, the transitional
period in the first hours of life is the most critical
period for circulation. In this period, it is seen that
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especially ELBW babies are prone to hypotension
and their systemic blood flow is low. It may be seen
that the immature heart fails to provide systemic
blood flow in this patient group even if arterial blood
pressure is normal against their increased peripheral
resistancel. During this transition period, arterial
blood pressure is not a clear and definitive indicator
of low blood flow and low blood flow causes short
and long term adverse outcomes’. Therefore,
especially in preterm infants, the serial and
longitudinal evaluation of hemodynamic status by
targeted echocardiography gives more accurate and
sufficient information about the clinical status®!3.

In our study, 66.1% of the patients on whom
ecocardiography was performed received respiratory
support. The majority (38.7%) of the babies who
received respiratory support received invasive
mechanical ventilation and 27.4% of them received
noninvasive mechanical ventilation (CPAP) support.

Echocardiography performed by a neonatologist
trained in targeted echocardiography will allow real-
time and longitudinal hemodynamic evaluation in
neonatal clinical practice®. It enables evaluation of
many parameters such as biventricular output,
pulmonary arterial pressure, ductal patency, supetior
vena cava flow, especially in critical NICU patients,
and aids rapid and effective decision making in
patient  management>. The  neonatologist's
experience with echocardiography, which is different
from the cardiologist, allows early detection of
cardiac-induced physiological changes that may
develop in the normal heart and affect
hemodynamics. This enables TnECHO’s application
area to be activated and improved. In clinical practice,
neonatologists need hemodynamically close, serial
and longitudinal evaluation of these critical infants.
Continuous ~ monitoring by  neonatologists
experienced in echocardiography would be more
beneficial than intermittent cardiologist consultations
in terms of improving and developing patient care’.
Because a clinician working continuously in the ICU
and following up on the patient has more time and
motivation for longitudinal hemodynamic assesment
compared to cardiologists®>. Two recent studies
showed that close echocardiographic evaluation in
critical patients changed the clinical decision in
disease management by 36.89% and 41%°%!4. In our
patients, echocardiography was also helpful in
confirming and modifying the clinical decision and
treatment.

There are some limitations in this study. The study
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design is retrospective and the sample size of the
study is small. There is not any comparative data
before and after the period of neonatologist
TnECHO application.

The wuse of echocardiography has changed
dramatically within the last decade. With the
increasing interest and experience of TnECHO by
neonatologists, echocardiography has become more
involved in clinical practice. It should be known that
echocardiography alone is not sufficient to determine
hemodynamic changes in newborn infants. In
intensive care practice, echocardiography is one of
the main parameters in the comprehensive evaluation
of a patient with hemodynamic instability and can
only be effective and accurate if used with other
parameters. A detailed clinical evaluation together
with echocardiography will provide the right clinical
decision and treatment. At present, the most
important problem with TnECHO is that a
standardized and accredited training program is not
available worldwide. It is essential that pediatric
cardiologists form an important part of this training,
A standardized training program prepared with
cardiologists for TnECHO, which is showing
progress in Tutkey with baby steps, and is rapidly
gaining attention among neonatologists, is needed.
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