www.jpnim.com Open Access elSSN: 2281-0692

Journal of Pediatric and Neonatal Individualized Medicine 2019;8(2):e080217

doi: 10.7363/080217

Received: 2019 Apr 19 ; revised: 2019 Jun 08; accepted: 2019 Jun 14; published online: 2019 Jul 29

Hematocrit: another important
factor in systemic neonatal
cardiovascular adaptation

Domenico Antonio Agostino', Raphaél Thomasset?, Keiji Suzuki?,
Vanessa Feudo?, Giuseppe Guaglianone®, Fabrizio Drago®, Cesare
Greco’, Paolo Versacci®, Flavia Ventriglia®, Marilisa Biolcati®, Ambrogio
Di Paolo™

"High Specialized Unit of Pediatric Cardiology — Complex Operative Unit of Neonatology and NICU,
S. Giovanni Addolorata Hospital, Rome, Italy

Section of Gynecology and Obstetrics, Academic Department of Biomedicine & Prevention and Clinical
Department of Surgery, Tor Vergata University Hospital, Rome, Italy

3Department of Pediatrics, Tokai University School of Medicine, Isehara, Kanagawa, Japan

“Institute of Nuclear Medicine, Universita Cattolica del Sacro Cuore, Rome, Italy

*Clinical Research Office Director Asl Roma 2, Rome, Italy

Pediatric Cardiology and Cardiac Arrhythmias Complex Unit, Bambino Gesu Children’s Hospital and
Research Institute, Rome, Italy

"Department of Medicine, Cardiology and Rehabilitative Cardiology Unit, San Giovanni-Addolorata
Hospital, Rome, Italy

$Department of Pediatrics, Sapienza University of Rome, Rome, Italy

“Department of Surgical Sciences, University of Turin, Turin, Italy

"Complex Operative Unit of Neonatology and NICU, S. Giovanni Addolorata Hospital, Rome, Italy

Abstract

Background: Global cardiovascular adaptation of normal healthy term
newborns is rarely studied from a multiorgan and hematological point of
view.

Aims: To evaluate comprehensive neonatal cardiovascular adaptation
during the first days of life with echocardiography and renal-cerebral echo
color-Doppler and to correlate it with hematocrit (Ht) changes.

Study design: A prospective observational study was conducted on 35
healthy term neonates with a mean = SD gestational age and birth weight of
39.5 £ 1.1 weeks and 3,400 = 330 g, respectively. All infants underwent serial
echocardiograms at 15 + 4 hours (day 1) and 72 + 4 hours (day 3) of age. At
the same time, cerebral and renal Doppler parameters were acquired and Ht
was sampled.

Results: The weight and Ht declined by 220 g (189-251) and 8.1% (6.7-
9.5), respectively. Systolic and diastolic diameters of the right ventricle and
diastolic left ventricle posterior wall thickness showed a reduction, while the
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diastolic diameter of the left ventricle showed a small
increase. The Doppler cardiac evaluation showed
an increase in the mitral E/A ratio and pulmonary
acceleration time, a reduction of late transmitral
flow peak velocity, aortic peak systolic velocity
(PSV), aortic peak systolic pressure gradient,
aortic velocity-time integral, aortic mean pressure
gradient and pulmonary mean acceleration. We also
found a reduction of cerebral resistance parameters
and an increase in PSV, end-diastolic velocity, and
time-averaged velocity. Other measured parameters
remained unchanged.

Conclusion: Systemic cardiovascular evaluation
about changes in Ht is an essential approach to study
newborns, especially during the first days of life
when Ht shows a significant decrease. Knowledge
of the laws of physics related to the effect of Ht
changes on vascular parameters is another important
factor in understanding the pathophysiology of
neonatal disease states. Further studies are useful to
help physicians make evidence-based decisions in
the management of newborns in Neonatal Intensive
Care Units (NICUs).
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Introduction

Echography is a well-established technique
for the evaluation of newborns in Neonatal
Intensive Care Units (NICUs) which allows
repeated and safe assessments of hemodynamics.
Pulsed Doppler technique can be used to examine
the pattern of blood flow velocity with good
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reproducibility in the major vessels of the brain
[1] as well as the visceral organs [2] in neonates.
Echocardiographic quantification is crucial in
the diagnosis and management of patients with
acquired and congenital heart disease (CHD)
[3]. Information from cardiovascular changes
allows the neonatologists to make an early
diagnosis and provide specific treatments [4,
5]. Echocardiography can provide real-time
hemodynamic information by assessing cardiac
function, loading conditions, and cardiac output
[5]. Two-dimensional echocardiography is
considered the clinical reference investigation to
evaluate neonatal ventricular size and function.
The most common echocardiographic methods
used to assess dimensions of atria and ventricles
are M- and B-mode. Cardiac function is usually
studied with continuous-pulsed Doppler. Emerging
techniques like speckle-tracking require post-
processing analysis [6-8], and for this reason they
are not very useful in contexts such as NICU, where
a rapid response is necessary [9]. Although many
studies investigate hematocrit (Ht) change during
the transitional period [10-14], the cardiovascular
effect of Ht change is rarely contextualized with
neonatal cardiovascular adaptation [15]. Since the
two main fetal shunts are closing during the first
hours of life, the neonatal cardiovascular change is
challenging to study, and another confounder effect
on the calculation of systemic vascular resistance
is added. Few parameters are usually used to
define a healthy newborn, such as Apgar score,
weight, etc. Few studies used transcutaneous pO,
(tcpO,) and pCO, (tcpCO,) to define an average
population of neonates [16]. We aimed to evaluate
a comprehensive cardiovascular adaptation in
healthy neonates during the first days of life by
studying the Ht change, and its correlation with
echocardiography and renal, cerebral echo color-
Doppler parameters.

Methods

This prospective, observational study was
carried out in San Giovanni Addolorata Hospital,
Rome, Italy over 3 months in 2018. The
institutional research ethics board approved the
study, and the parents of eligible infants provided
consent within 12 hours of birth. Eligible newborns
included healthy, term, singleton neonates born
after uncomplicated, low-risk pregnancies with
a gestational age ranging between 37 and 42
weeks and birth weights between the 10™ and 90™
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percentiles for the given gestation. The following
non-invasive parameters were evaluated to study
the standard adaptation to extrauterine life: Apgar
score, weight, body surface area (BSA), Ht, blood
pressure, tcpO, and tcpCO, (Tab. 1). We excluded
newborns with the following characteristics:
newborns born to mothers with medical conditions
that could influence the infant’s cardiac function
or physiological postnatal transition (diabetes
mellitus/gestational ~ diabetes,  pre-eclampsia,
clinical chorioamnionitis, absent/reversed end-
diastolic flow in the umbilical arteries on the
most recent fetal ultrasound examination, use
of antidepressant medication), 5-minute Apgar
score of < 5 or need for active resuscitation,
tcpO, < 65 mmHg and tcpCO, > 45 mmHg, Ht
< 42% or > 69%, systemic blood pressure over
2 standard deviations according to international
guidelines, admission to the NICU for any length
of time, evidence of congenital malformations or
chromosomal abnormalities, and CHD other than
a small patent foramen ovale. We also excluded
newborns with patent ductus arteriosus of any
diameter and included newborns with closed or
very small foramen ovale. None of the patients
enrolled in this study were exposed to an antenatal
course of corticosteroids. Each infant underwent
2 transthoracic echocardiographic evaluations at
a mean + SD age of 15 + 4 hours of age (range
11-20, day 1) and 72 + 4 hours of age (range 68-
76, day 3) using an iE33 ultrasound system and
a S12-4 MHz phased-array transducer (Philips
Medical Systems) by a single sonographer. All
examinations included an electrocardiographic
trace, and all measurements were determined from
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an average of 3 consecutive cardiac cycles. These
times were based on the fact that, at our institute,
the majority of healthy newborns are discharged
home on day 3 of age. Discharge from the hospital
was not explicitly delayed for this study. All
patients were examined using an aimed neonatal
protocol to assess all the dimensional-functional
parameters. Infants were in a quiet resting state
during the examination. Simultaneous blood
pressure was recorded just before performing the
echocardiogram using an oscillometric method
(DINAMAP™ V100; GE Healthcare). Finally,
tcpO, and tcpCO, were acquired using the
Radiometer Copenhagen TCM3.

Cardiac dimensions

Cardiac dimensions were obtained in systole
and end-diastole from the apical 4-chamber view,
the long axis parasternal view, and the short axis
parasternal view. The ventricular diameters,
interventricular septum thickness, left ventricle
(LV) posterior wall thickness, aortic diameter were
determined using M-mode of the long and short
axis parasternal views at the level of the mitral
valve (MV) leaflet tips [17].

Conventional echocardiography functional as-
sessment

The following conventional LV function
measurements were made: shortening fraction
(SF) from the long axis parasternal view; ejection
fraction (EF) using Simpson Biplane Method
from the apical 4- and 2-chamber views; MV

Table 1. Population parameters on days 1 and 3 of age and p-value in healthy term neonates.

Measure N N Mean = SD Mean = SD p-value
day 1 day 3 day 1 day 3

Apgar 1 minute 35 - 8.5 + 0.5 - - -
Apgar 5 minute 35 - 9 + 0.5 - - -
Weight (g) 35 35 3,440 + 330 3,220 + 340 <0.01
BSA (m?) 35 35 0.22 + 0.01 0.21 + 0.01 <0.01
Ht (%) 35 35 61.8 + 7.8 53.7 + 7.8 <0.01
SBP (mmHg) 35 35 73 + 8 74 + 5 0.43
DBP (mmHg) 35 35 47 + 51 * 6 0.29
MAP (mmHg) 35 35 56 + 7 58 + 5 0.25
tcpO, (mmHg) 35 35 82 + 13 79 + 7 0.68
tcpCO, (mmHg) 35 35 32 + 4 34 + 4 0.23

Values are presented as mean + SD.

BSA: body surface area; DBP: diastolic blood pressure; Ht: hematocrit; MAP: mean arterial pressure; SBP: systolic blood pressure;
tcpCO,: transcutaneous carbon dioxide pressure; tcpO,: transcutaneous oxygen pressure.
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E-wave velocity, A-wave velocity, E/A ratio,
MYV velocity time integral (VTI) obtained from
the apical 4-chamber view using pulse wave
Doppler with the sample gate of 2 mm placed
approximately at the level of the tips of the MV
leaflets. The LV ejection time, acceleration time,
aortic velocity-time integral, aortic peak systolic
velocity (PSV) were measured from the apical
5-chamber view at the level of the aortic valve
using pulsed wave Doppler. Peak gradient, mean
gradient, stroke volume, cardiac output, and
mean aortic acceleration were calculated by the
echocardiography. Systemic vascular resistance
corrected by BSA was calculated with a standard
formula [17-19].

The following conventional right ventricle
(RV) function measurements were made: tricuspid
valve (TV) E-wave velocity, A-wave velocity, E/A
ratio, TV VTI obtained from the apical 4-chamber
view using pulse wave Doppler with the sample
gate of 2 mm placed approximately at the level
of the tips of the TV leaflets. The RV ejection
time, acceleration time, pulmonary velocity-time
integral, and pulmonary PSV were measured from
the parasternal short axis view at the level of the
pulmonary valve using pulsed wave Doppler. Peak
pulmonary gradient, mean pulmonary gradient and
mean pulmonary acceleration (peak pulmonary
velocity/acceleration time) were calculated by the
echocardiography.

Cerebral and renal perfusion assessment

Systolic-diastolic velocity and time-averaged
velocity (TAV) were sampled in standard view
on the anterior cerebral artery (ACA) and renal
artery using pulse wave Doppler with a sample
gate of 2 mm. Pulsatility and resistance indices
and systolic/diastolic ratio were calculated by the
echocardiography. Three Doppler traces of three
cardiac cycles were obtained in the ACA and renal
artery [19, 20].

Statistical analysis

Values were tested for normality by using
the Shapiro-Wilk test as well as visualization of
histogram presentation of the data and reported as
mean values + SD or median values as appropriate.
Values from day 3 scans were compared with
those from day 1 using paired Student t-tests or
the Wilcoxon test, as appropriate. We accepted
p-values < 0.05 as significant. SPSS® version 21
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(SPSS Inc, Chicago, Illinois) was used to perform
the statistical analysis.

Results

Thirty-five infants with a mean = SD
gestational age and birth weight of 39.5 + 1.1
weeks and 3,400 + 330 g, respectively, were
included. Mean maternal age was 35.5 + 5 years.
Seventeen (49%) were males, and 18 (51%) were
females; 29 (83%) were delivered vaginally, and
6 (17%) by cesarean section. The mean 1-minute
Apgar score was 8.5 £ 0.5, and the mean 5-minute
Apgar score was 9 = 0.5. Weight on day 3 was
significantly lower (-220 + 90 g; p < 0.01) with a
mean weight loss of 6.4% + 2.6%. There was no
difference in heart rate (125 vs 133; p = 0.13),
systolic blood pressure (73 £ 8 mmHg vs 74 + 5
mmHg; p = 0.43), or diastolic blood pressure (47
+7mmHg vs 51 £ 6 mmHg; p =0.29) between the
2 time points. We found no significant difference
in tcpO, and tcpCO, between day 1 and day 3 (p
> 0.05) (Tab. 1).

Left ventricle dimensions

LV dimensions were measurable from all scans.
We found a reduction in diastolic LV posterior wall
thickness on day 3 and an increase of LV internal
diastolic diameter. The other measurements had no
change between the 2 time points (Tab. 2).

Right ventricle dimensions

RV dimensions were measurable from all scans.
We found a significant decrease in RV diastolic
and systolic diameter. The other measurements
remained unchanged (Tab. 2).

Left ventricle function

All measurements of LV function were feasible
from each scan. Except for aortic peak velocity,
aortic peak gradient, aortic VTI, aortic mean
gradient, mitral peak velocity A and mitral E/A
ratio, all measured functional indices remained
unchanged on day 3 (Tab. 2).

Right ventricle function
All measurements of RV function were feasible

from each scan. Except for pulmonary acceleration
time and pulmonary mean acceleration, all mea-
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Table 2. Cardiac parameters on days 1 and 3 of age and p-value in healthy term neonates.

Measure N N Mean = SD Mean = SD p-value
day 1 day 3 day 1 day 3

RVWd (cm) 35 35 0.37 + 0.07 0.34 + 0.08 0.94
RVWs (cm) 35 35 0.56 * 0.13 0.53 * 0.15 0.32
RVDd (cm) 35 35 0.68 * 0.19 0.55 * 0.13 <0.01
RVDs (cm) 35 35 0.57 + 0.11 0.45 + 0.15 <0.01
IVSTd (cm) 35 35 0.50 + 0.10 0.47 + 0.08 0.17
IVSTs (cm) 35 35 0.63 * 0.12 0.65 * 0.10 0.38
LVDd (cm) 35 35 1.68 + 0.18 1.75 + 0.11 0.04
LVDs (cm) 35 35 1.05 + 0.19 112 + 0.21 0.36
LVPWd (cm) 35 35 0.39 + 0.09 0.33 + 0.07 0.007
LVPWs (cm) 35 35 0.52 + 0.11 0.49 * 0.07 0.80
EF (%) 35 35 70 * 10 70 + 11 0.40
SF (%) 35 35 37 + 8 37 + 8 0.51
SV (ml) 35 35 5.79 + 1.53 6.06 + 1.07 0.53
CO (I/min) 35 35 0.72 + 0.22 0.80 + 0.18 0.97
HR (bpm) 35 35 125 * 19 133 * 23 0.42
SVRI 35 35 1,217 + 409 1,081 + 276 0.33
AOd (cm) 35 35 0.93 + 0.11 0.92 + 0.10 0.75
AOs (cm) 35 35 1.27 + 0.15 1.19 + 0.16 0.37
AOs/AOd 35 35 1.38 + 0.19 1.30 + 0.22 0.77
Aortic PSV (m/s) 35 35 0.72 + 0.13 0.62 + 0.13 <0.01
Aortic peak gradient (mmHg) 35 35 2.2 + 0.7 1.6 + 0.6 <0.01
Aortic VTI (m) 35 35 0.12 + 0.03 0.10 * 0.02 0.02
Aortic mean gradient (mmHg) 35 35 1.02 + 0.35 0.78 + 0.32 0.02
Aortic mean acceleration (m/s?) 35 35 7.91 + 2.88 7.34 + 2.97 0.88
Aortic AT (ms) 35 35 82.5 + 31.5 77.2 + 19.4 0.25
Aortic ET (ms) 35 35 248.2 + 41.8 238.6 + 34.6 0.55
Aortic AT/ET 35 35 0.323 + 0.075 0.321 * 0.054 0.13
MV VTI (m) 35 35 0.10 + 0.02 0.10 * 0.03 0.76
MV mean gradient (mmHg) 35 35 0.57 + 0.19 0.57 + 0.22 0.60
E (m/s) 35 35 0.52 + 0.11 0.53 + 0.11 0.08
A (m/s) 35 35 0.54 + 0.09 0.48 + 0.07 0.009
E/A 35 35 0.96 + 0.18 1.09 + 0.15 <0.01
Pulmonary PSV (m/s) 35 35 0.93 + 0.17 0.89 + 0.14 0.40
Pulmonary peak gradient (mmHg) 35 35 3.5 + 1.3 3.3 + 1.0 0.47
Pulmonary VTI (m) 35 35 0.20 + 0.18 0.16 + 0.03 0.17
Pulmonary mean gradient (mmHg) 35 35 1.8 + 0.6 1.6 + 0.5 0.56
Pulmonary mean acceleration (m/s?) 35 35 10.25 + 5.09 6.63 + 2.89 0.003
Pulmonary AT (ms) 35 35 80.2 + 31.8 94.5 + 18.5 0.026
Pulmonary ET (ms) 35 35 247.3 + 65.0 263.9 + 32.4 0.70
Pulmonary AT/ET 35 35 0.342 + 0.140 0.361 + 0.073 0.23
TV VTI (m) 35 35 0.11 + 0.01 0.12 + 0.09 0.47
TV mean gradient (mmHg) 35 35 0.6 + 0.2 0.6 + 0.2 0.63
TV peak velocity (m/s) 35 35 0.54 + 0.10 0.52 + 0.09 0.29
TV peak gradient (nmHg) 35 35 1.2 + 0.4 1.1 + 0.4 0.44

Values are presented as mean + SD.

A: late transmitral flow peak velocity; AT: acceleration time; AOd: aortic diastolic diameter; AOs: aortic systolic diameter; CO: cardiac output;
E: early diastolic transmitral flow peak velocity ; EF: ejection fraction; ET: ejection time; HR: heart rate; IVSTd: diastolic interventricular
septum thickness; IVSTs: systolic interventricular septum thickness; LVDd: left ventricle internal diastolic diameter; LVDs: left ventricle
internal systolic diameter; LVPWd: diastolic left ventricle posterior wall thickness; LVPWs: systolic left ventricle posterior wall thickness;
MV: mitral valve; PSV: peak systolic velocity; RVDd: right ventricle internal diastolic diameter; RVDs: right ventricle internal systolic
diameter; RVWAd: right ventricle wall diastolic thickness; RVWs: right ventricle wall systolic thickness; SF: shortening fraction; SV: stroke
volume; SVRI: systemic vascular resistance index; VTI: velocity time integral; TV: tricuspid valve.
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sured functional indices remained unchanged on
day 3 (Tab. 2).

Cerebral parameters

All cerebral measurements were feasible
from each scan. We found a small but significant
reduction of pulsatility index, resistance index,
systolic-diastolic ratio (S/D), and an increase
of PSV, end-diastolic velocity (EDV), and TAV
(Tab. 3).

Renal parameters

All renal measurements were feasible from
each scan. Signal quality was eligible for analysis
in 14 and 12 babies on day 1 and 3 respectively.
We have found no significant change in parameters
of renal arterial flow (Tab. 4).
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Discussion

We used a comprehensive echocardiographic
protocol that included global cardiovascular quan-
titative measures easy to acquire and useful in neo-
natal care units of different complexity. Our study
population was composed of healthy term neonates
selected out by clinical information or non-invasive
instrumental parameters: Apgar index, gestational
age, weight, tcpO,, tcpCO,, Ht, non-invasive blood
pressure (NIBP) measurement, closed ductus
arteriosus, absent or very small foramen ovale
shunts, differently from some other studies that
didn’t acquire transcutaneous partial gas pressures
[21, 22] and included newborns with patent ductus
arteriosus that can influence systemic vascular
resistance index (SVRI) and cardiac function. We
decided to acquire the measures on the 1* and the
34 day of life because babies are usually discharged

Table 3. Cerebral parameters on days 1 and 3 of age and p-value in healthy term neonates.

Measure N N Mean = SD Mean = SD p-value
day 1 day 3 day 1 day 3
PSV (m/s) 35 35 0.29 + 0.08 0.37 + 0.08 0.01
EDV (m/s) 35 35 0.09 + 0.04 0.13 + 0.03 0.02
TAV (m/s) 35 35 0.16 + 0.05 0.21 + 0.04 0.02
Pl 35 35 1.31 + 0.23 1.03 + 0.28 0.01
RI 35 35 0.70 + 0.05 0.66 + 0.05 0.01
S/D 35 35 3.43 + 0.55 2.95 + 0.39 0.01

Values are presented as mean + SD.

EDV: end-diastolic velocity; PI: pulsatility index; PSV: peak systolic velocity; RI: resistance index; S/D: systolic-diastolic ratio; TAV: time-

averaged velocity.

Table 4. Renal artery parameters on days 1 and 3 of age and p-value in healthy term neonates.

Measure N N Mean = SD Mean = SD p-value
day 1 day 3 day 1 day 3
Left PSV (m/s) 14 12 0.46 + 0.07 0.47 * 0.06 0.13
Left EDV (m/s) 14 12 0.10 + 0.02 0.11 + 0.02 0.21
Left TAV (m/s) 14 12 0.20 + 0.04 0.23 + 0.03 0.47
Left PI 14 12 1.15 + 0.44 1.12 + 0.40 0.39
Left RI 14 12 0.75 + 0.08 0.74 + 0.10 0.81
Left S/D 14 12 3.49 + 1.65 3.38 + 1.76 0.59
Right PSV (m/s) 14 12 0.45 + 0.09 0.46 + 0.08 0.53
Right EDV (m/s) 14 12 0.11 + 0.02 0.11 + 0.04 0.32
Right TAV (m/s) 14 12 0.22 * 0.06 0.22 + 0.06 0.39
Right PI 14 12 1.24 + 0.43 1.05 + 0.49 0.90
Right Rl 14 12 0.74 + 0.11 0.74 + 0.10 0.26
Right S/D 14 12 3.80 + 1.50 3.68 * 1.81 0.94

Values are presented as mean + SD.

EDV: end-diastolic velocity; Pl: pulsatility index; PSV: peak systolic velocity; RI: resistance index;

time-averaged velocity
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from hospital 72 hours after birth. We found that
population parameters were similar to other studies
[21-24]. We found an increase in cerebral blood flow
despite no significant change in SVRI. The same
result has been observed in other studies [21, 24]. We
did not evaluate the influence on cerebral vascular
resistance of postprandial time. No significant renal
vascular change was found between the 1% and
the 3" day. We also have to consider the fact that
we were not able to obtain a sufficient number of
values related to renal parameters. For this reason,
we might not have been able to demonstrate an
increase in renal blood flow during the first days of
life, as have been shown in Ilves et al. study [25].
Two-dimensional echocardiography is considered
the gold standard for the assessment of heart
function. Although recent reports have highlighted
the feasibility of quantifying RV function in healthy
neonates with more sophisticated techniques like
speckle-tracking [26-32], we decided to study the
newborn using a simple, fast and comprehensive
approach through 2D echocardiographic views
plus functional Doppler integrated with a simple
hematological parameter such as Ht. We found a
significant Ht reduction of 8.1% from the first hours
of life to the 3" day. Ht is one of the main factors
that influence the whole blood viscosity. From the
empiric curve of Christensen et al. [12], we can
estimate an approximative reduction of viscosity of
15%. Hagen-Poiseuille’s law shows the relationship
between viscosity and hydraulic resistance:

_ 8nd

R
nr4

where 1 is the viscosity, d the diameter of the tube,
r the radius of the tube, R the resistance.

So, in our case, we should have a 15% reduction
in pulmonary and systemic vascular resistance. As
largely demonstrated in the literature, during the
transitional period, there is a fall in pulmonary
vascular resistance (PVR) [33-35]. One of the
main factors is the decrease in PVR due to the
change in pulmonary blood vascular properties.
The resistance is defined as the ratio of the pressure
decrease across the vascular bed to the flow of the
fluid that runs through it:

P, — P.
R=-1 "2
Q

where R is the resistance, P, the pressure before
the vascular bed, P, the pressure at the end
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of the vascular bed, Q the flow. We found no
significant flow change (cardiac output), so,
considering this physics law, either pulmonary or
systemic pressure should decrease. The systemic
pressure didn’t change, meaning that there is a
vascular regulation (vasoconstriction) to maintain
optimal tissue perfusion pressure. In opposition,
on the pulmonary side, indirect parameters of
pulmonary pressure decrease were found; a rise in
pulmonary acceleration time, a decrease in mean
pulmonary acceleration and RV end systolic and
diastolic diameters, the first two according to
Jain et al. [22] and other studies that evaluated
the cardiopulmonary dynamic in pulmonary
hypertension [36-39]. These results highlight
that there is a less autonomic regulation on the
pulmonary compared to the systemic vascular
tone. According to these results, there is the well-
known absent sympathetic and parasympathetic
pulmonary innervation in opposition to systemic
circulation where carotid baroreceptors play an
important role.

Nevertheless, normal vascular maturation and
remodeling play an important role in the develop-
ment of physiological pulmonary circulation also
[38]. The level of circulating blood volume is
another crucial factor that affects hemodynamic
changes in the transitional period. Usher et al.
[39] demonstrated that during the first 4 hours of
life there is a constriction of total blood volume
due to a reduction of plasma volume and from 4
to 24 hours an augmentation with a constant red
blood cell component especially in newborns who
had early cord clamping. However, our study was
performed in infants with immediate cord clamping
and later than 12 hours after birth. Blood volume
change during our study period was expected to
have been negligible.

Conclusions

Better neonatal right cardiac function is
mainly due to a drop in Ht and PVR related to
the change in pulmonary vascular properties.
Systemic vascular resistance remained unchanged
despite a significant Ht reduction, demonstrating
compensatory vasoconstriction, which was absent
in the pulmonary circulation. Other factors, such
as total blood volume and vascular remodeling,
are presumed to play an important role in neonatal
cardiovascular  adaptation.  Better  cerebral
perfusion was found despite no change in renal
vascular function. It is necessary to carry out
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further studies with a large sample size to establish
correlations of cardiac parameters with Ht and new
reference z score curves corrected by Ht.

Study limitations

This study has several limitations. We included
cases with a small opened foramen ovale in
our study, so we could not entirely exclude an
influence of shunting. We couldn’t also exclude
a smaller effect of sex on functional indices and
a possible change in renal measures, because of a
limited sample size.

Acknowledgment

We are grateful to all of those with whom we have had the pleasure to
work during this project. We want to express our sincere gratitude to
Prof. Keiji Suzuki for the critical revision, Prof. Bruno Marino for the
research supervision and Mehran Mohammadi for the English language

revision.
Statement of Ethics

Parents or guardians have given their written informed consent.
The research institute’s committee on human research has approved the

study protocol.
Declaration of interest

The Authors have no conflicts of interest to declare. There were no
fundings, contracts and other forms of financial support. There were no

relationships with industries.
References

1. Ehehalt S, Kehrer M, Goelz R, Poets C, Schoning M. Cerebral
blood flow volume measurements with ultrasound: Interobserver
reproducibility in preterm and term neonates. Ultrasound Med Biol.
2005;31(2):191-6.

2. Weir FJ, Fong K, Ryan ML, Myhr T, Ohlsson A. Superior
mesenteric artery and renal artery blood flow velocity measurements
in neonates: technique and interobserver reliability. Pediatr Radiol.
1995;25(2):145-8.

3. LopezL, Colan SD, Frommelt PC, Ensing GJ, Kendall K, Younoszai
AK, Lai WW, Geva T. Recommendations for quantification methods
during the performance of a pediatric echocardiogram: a report
from the Pediatric Measurements Writing Group of the American
Society of Echocardiography Pediatric and Congenital Heart
Disease Council. ] Am Soc Echocardiogr. 2010;23(5):465-95; quiz
576-7.

4. Jain A, Sahni M, El-Khuffash A, Khadawardi E, Sehgal A,

McNamara PJ. Use of targeted neonatal echocardiography to

10.

11

14.

15.

16.

17.

Journal of Pediatric and Neonatal Individualized Medicine - vol. 8 -+ n. 2 - 2019

prevent postoperative cardiorespiratory instability after patent ductus
arteriosus ligation. J Pediatr. 2012;160(4):584-9.e1.

Singh Y. Echocardiographic Evaluation of Hemodynamics in
Neonates and Children. Front Pediatr. 2017;5:201.

Czernik C, Rhode S, Helfer S, Schmalisch G, Biihrer C. Left
ventricular longitudinal strain and strain rate measured by 2-D
speckle tracking echocardiography in neonates during whole-body
hypothermia. Ultrasound Med Biol. 2013;39(8):1343-9.

Joshi S, Edwards JM, Wilson DG, Wong JK, Kotecha S, Fraser AG.
Reproducibility of myocardial velocity and deformation imaging
in term and preterm infants. Eur J Echocardiogr. 2010;11(1):
44-50.

Poon CY, Edwards JM, Joshi S, Kotecha S, Fraser AG. Optimization
of myocardial deformation imaging in term and preterm infants. Eur
J Echocardiogr. 2011;12(3):247-54.

de Boode WP, Singh Y, Gupta S, Austin T, Bohlin K, Dempsey E,
Groves A, Eriksen BH, van Laere D, Molnar Z, Nestaas E, Rogerson
S, Schubert U, Tissot C, van der Lee R, van Overmeire B, El-Khuffash
A. Recommendations for neonatologist performed echocardiography
in Europe: Consensus Statement endorsed by European Society for
Paediatric Research (ESPR) and European Society for Neonatology
(ESN). Pediatr Res. 2016;80(4):465-71.

Shohat M, Merlob P, Reisner SH. Neonatal polycythemia: 1. Early
diagnosis and incidence relating to time of sampling. Pediatrics.
1984;73(1):7-10.

Shohat M, Reisner SH, Mimouni F, Merlob P. Neonatal
polycythemia: II. Definition related to time of sampling. Pediatrics.
1984;73(1):11-3.

Christensen RD, Baer VL, Gerday E, Sheffield MJ, Richards DS,
Shepherd JG, Snow GL, Bennett ST, Frank EL, Oh W. Whole-
blood viscosity in the neonate: effects of gestational age, hematocrit,
mean corpuscular volume and umbilical cord milking. J Perinatol.
2014;34(1):16-21.

Sarkar S, Rosenkrantz T'S. Neonatal polycythemia and hyperviscosity.
Semin Fetal Neonatal Med. 2008;13(4):248-55.

Shohat M, Merlob P, Reisner SH. Neonatal polycythemia: 1. Early
diagnosis and incidence relating to time of sampling. Pediatrics.
1984;73(1):7-10.

Nelle M, Hocker C, Zilow EP, Linderkamp O. Effects of red cell
transfusion on cardiac output and blood flow velocities in cerebral
and gastrointestinal arteries in premature infants. Arch Dis Child
Fetal Neonatal Ed. 1994;71(1):F45-8.

Hoppenbrouwers T, Hodgman JE, Arakawa K, Durand M, Cabal
LA. Transcutaneous oxygen and carbon dioxide during the first
half year of life in premature and normal term infants. Pediatr Res.
1992;31(1):73-9.

de Boode WP, Singh Y, Gupta S, Austin T, Bohlin K, Dempsey E,
Groves A, Eriksen BH, van Laere D, Molnar Z, Nestaas E, Rogerson
S, Schubert U, Tissot C, van der Lee R, van Overmeire B, El-Khuffash
A. Recommendations for neonatologist performed echocardiography
in Europe: Consensus Statement endorsed by European Society for
Paediatric Research (ESPR) and European Society for Neonatology
(ESN). Pediatr Res. 2016;80(4):465-71.

8/9 Agostino - Thomasset * Suzuki - Feudo - Guaglianone - Drago * Greco - Versacci - Ventriglia - Biolcati - Di Paolo



Journal of Pediatric and Neonatal Individualized Medicine - vol. 8 -+ n. 2 - 2019

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Colan SD, Borow KM, Neumann A. Left ventricular end-systolic
wall stress-velocity of fiber shortening relation: aload-independent
index of myocardial contractility. ] Am Coll Cardiol. 1984:4(4):
715-24.

Raju TN. Cerebral Doppler studies in the fetus and newborn
infant. J Pediatr. 1991;119(2):165-74.

Visser MO, Leighton JO, van de Bor M, Walther FJ. Renal
blood flow in neonates: quantification with color flow and pulsed
Doppler US. Radiology. 1992;183(2):441-4.

Noori S, Wlodaver A, Gottipati V, McCoy M, Schultz D, Escobedo
M. Transitional changes in cardiac and cerebral hemodynamics in
term neonates at birth. J Pediatr. 2012;160(6):943-8.

Jain A, Mohamed A, El-Khuffash A, Connelly KA, Dallaire
F, Jankov RP, McNamara PJ, Mertens L. A comprehensive
echocardiographic protocol for assessing neonatal right ventricular
dimensions and function in the transitional period: normative data
and z scores. J] Am Soc Echocardiogr. 2014;27(12):1293-304.
Popat H, Kluckow M. Noninvasive assessment of the early
transitional circulation in healthy term infants. Neonatology.
2012;101(3):166-71.

Forster DE, Koumoundouros E, Saxton V, Fedai G, Holberton
J. Cerebral blood flow velocities and cerebrovascular resistance
in normal-term neonates in the first 72 hours. J Paediatr Child
Health. 2018;54(1):61-8.

Ilves P, Lintrop M, Talvik I, Muug K, Asser K, Veinla M.
Developmental changes in cerebral and visceral blood flow velocity
in healthy neonates and infants. Ultrasound Med. 2008;27(2):
199-207.

Cantinotti M, Kutty S, Giordano R, Assanta N, Murzi B, Crocetti
M, Marotta M, Iervasi G. Review and status report of pediatric left
ventricular systolic strain and strain rate nomograms. Heart Fail
Rev. 2015;20(5):601-12.

Levy PT, Holland MR, Sekarski TJ, Hamvas A, Singh GK.
Feasibility and reproducibility of systolic right ventricular strain
measurement by speckle-tracking echocardiography in premature
infants. ] Am Soc Echocardiogr. 2013;26(10):1201-13.

Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle H,
Baumann R, Pedri S, Ito Y, Abe Y, Metz S, Song JH, Hamilton
J, Sengupta PP, Kolias TJ, d’Hooge J, Aurigemma GP, Thomas
JD, Badano LP. Definitions for a common standard for 2D speckle
tracking echocardiography: consensus document of the EACVI/
ASE/Industry Task Force to standardize deformation imaging.
Eur Heart J Cardiovasc Imaging. 2015;16(1):1-11.

29.

30.

31.

32.

33.

34.

35.

37.

38.

www.jpnim.com Open Access

Breatnach CR, Levy PT, James AT, Franklin O, El-Khuffash A.
Novel Echocardiography Methods in the Functional Assessment
of the Newborn Heart. Neonatology. 2016;110(4):248-60.

Teske AJ, De Boeck BW, Melman PG, Sieswerda GT,
Doevendans PA, Cramer MJ. Echocardiographic quantification of
myocardial function using tissue deformation imaging, a guide to
image acquisition and analysis using tissue Doppler and speckle
tracking. Cardiovasc Ultrasound. 2007;5:27.

Tomerak RH, El-Badawy AA, Hussein G, Kamel NR, Razak AR.
Echocardiogram done early in neonatal sepsis: what does it add? J
Investig Med. 2012;60(4):680-4.

Shankaran S, Laptook AR, Ehrenkranz RA, Tyson JE, McDonald
SA, Donovan EF, Fanaroff AA, Poole WK, Wright LL, Higgins
RD, Finer NN, Carlo WA, Duara S, Oh W, Cotton CM, Stevenson
DK, Stoll BJ, Lemons JA, Guillet R, Jobe AH; the National
Institute of Child Health and Human Development Neonatal
Research Network. Whole-body hypothermia for neonates with
hypoxic-ischemic encephalopathy. Obstetrical Gynecological
Survey. 2006;61(3):158-9.

Wu TW, Azhibekov T, Seri I. Transitional hemodynamics
in preterm neonates: Clinical relevance. Pediatr Neonatol.
2016;57(1):7-18.

Emmanouilides GC, Moss AJ, Duffie ER Jr, Adams FH.
Pulmonary arterial pressure changes in human newborn infants
from birth to 3 days of age. J Pediatr. 1964;65:327-33.

Hosono T. [Right ventricular flow dynamics in the early neonatal
period assessed by pulsed Doppler echocardiography]. [Article in
Japanese]. J Cardiol. 1987;17(4):895-905.

Kitabatake A, Inoue M, Asao M, Masuyama T, Tanouchi J,
Morita T, Mishima M, Uematsu M, Shimazu T, Hori M, Abe H.
Noninvasive evaluation of pulmonary hypertension by a pulsed
Doppler technique. Circulation. 1983;68(2):302-9.

Okamoto M, Miyatake K, Kinoshita N, Sakakibara H, Nimura
Y. Analysis of blood flow in pulmonary hypertension with
the pulsed Doppler flowmeter combined with cross sectional
echocardiography. Br Heart J. 1984;51(4):407-15.

Sluiter I, Reiss I, Kraemer U, Krijger Rd, Tibboel D,
Rottier RJ. Vascular abnormalities in human newborns with
pulmonary hypertension. Expert Rev Respir Med. 2011;5(2):
245-56.

Usher R, Shephardz M, Lind J. The blood volume of the newborn
infant and placental transfusion. Acta Paediatr. 1963;52(5):
497-512.

Hematocrit: another important factor in systemic neonatal cardiovascular adaptation 9/9



	Abstract
	Keywords
	Corresponding author
	How to cite
	Introduction
	Methods
	Cardiac dimensions
	Conventional echocardiography functional as­sessment
	Cerebral and renal perfusion assessment
	Statistical analysis

	Results
	Left ventricle dimensions 
	Right ventricle dimensions 
	Left ventricle function
	Right ventricle function
	Cerebral parameters
	Renal parameters

	Discussion
	Conclusions
	Study limitations
	Acknowledgment
	Statement of Ethics
	Declaration of interest
	References
	Table 1
	Table 2
	Table 3
	Table 4

