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Abstract

Aim: The aim of this study was to evaluate left ventricular function in hypoxic neonates undergoing thera-
peutic hypothermia using echocardiography. Materials and methods: This multicenter, prospective, case-
control, observational study involved 113 neonates, including 55 in the hypothermic group and 58 non-
hypothermic controls. Echocardiographic measurements were taken by two neonatologist (NB and RB)
during therapeutic hypothermia and after rewarming using various techniques. Results: There was a sig-
nificant difference between the study group and controls in mean blood pressure (p <0.001) and heart rate
(p = 0.004) during therapeutic hypothermia. Significantly higher post-rewarming heart rate was observed
in the study group compared to controls (p <0.001). Significantly lower mean A-wave (A mv) (p = 0.04) and
E-wave (E mv) (p = 0.003) mitral valve velocities, as well as reduced mitral annular plane systolic excursion
(p <0.001), cardiac output (p <0.001), and left ventricular internal diameter in diastole (p <0.001) were ob-
served in the study group compared to controls during therapeutic hypothermia. The mean left ventricular
myocardial performance index was significantly higher in the study group (p = 0.006). Tissue Doppler
imaging showed significantly lower left ventricular E’ velocity (p <0.001) and E’/A’ ratio during therapeutic
hypothermia in the study group compared to controls. Left ventricular A’ (p = 0.006), E’ (p <0.001), and §’
(p = 0.003) velocities were significantly lower, while myocardial performance index (p <0.001) was signifi-
cantly higher in the study group during therapeutic hypothermia than after rewarming. Conclusions: Hy-
pothermic neonates exhibit more severe global impairment compared to healthy controls. This is reflected
Il inhigher myocardial performance index values and lower E’/A’ ratio, which indicates diastolic dysfunction.

Introduction stasis, resulting in secondary increases in pulmonary artery pres-
sure, and subsequently impairing right ventricular function®®.

Newborns with perinatal asphyxia (PA) experience an acute reduc-

tion in oxygen delivery to all organs, leading to multi-organ dys-
function during the first days of life (DOL), with acute heart fail-
ure (HF) being a common complication. Therapeutic hypothermia
(TH) for 72 h is now considered the standard of care.

The initial injury and ongoing hypoxia disrupt the physiological ad-
aptation of fetal circulation, leading to persistently elevated pulmo-
nary vascular resistance and pulmonary hypertension (HT) in the
newborn®. Right and left heart functions are closely linked, with
severe left ventricular (LV) dysfunction causing pulmonary venous

Bradycardia is the most common and apparent cardiovascular re-
sponse following the initiation of TH. The reduced heart rate (HR) is
likely due to slowed sinus node repolarization caused by decreased
intracellular calcium release during TH®. Both LV systolic and dia-
stolic function are impaired.

During TH, LV cardiac output (CO) decreases to approximately 67%
of the post-rewarming level, mainly due to reduced HR, but also as
a result of decreased stroke volume (SV)*®. Myocardial relaxation
and ventricular filling are critical for normal systolic performance.
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An increase in the LV myocardial performance index (LVMPI) in-
dicates impaired global systolic and diastolic function®. Diastolic
dysfunction, often resulting from myocardial ischemia, is associated
with increased mortality.

The impact of rewarming (RW) on the cardiovascular system and
LV function is not well understood, with only limited data avail-
able®”. Physiologically, RW increases HR, improves CO, and in-
creases systemic pressure. After normothermia is restored, HR nor-
malizes rapidly; however, hypoxia and myocardial ischemia may
persist, resulting in persistently reduced LVSV and LVCO.

Cardiovascular support in the acute phase of cardiac dysfunction is
a key component of modern treatment and is considered crucial for
reducing neurodevelopmental damage®?.

This study presents an assessment of LV function during TH and
RW using various echocardiographic (ECHO) modalities, includ-
ing pulsed wave (PW) Doppler, tissue Doppler imaging (TDI), and
M-mode ECHO.

Patients and methods

Study population

This multicenter, prospective, case-control, observational study was
conducted between December 2021 and February 2024. Neonates
were enrolled from the Neonatal Department and Intensive Care
Medical University of Warsaw and the Department of Prematurity
and Neonatal Pathology at the ZELAZNA Medical Center Ltd St.
Sophia’s Specialist Hospital Medical Centre.

Written informed consent was obtained from parents, and the
study was approved by the Ethical Committee of the Medical Uni-
versity of Warsaw, Poland (KB 55/2021). ClinicalTrials.gov ID:
NCT05574855

A total of 113 neonates were included in the study: 55 in the hypo-
thermic study group (SG) and 58 in the healthy control group (CG).

Neonates with a gestational age =35 weeks who experienced peri-
natal ischemia and were qualified for TH based on the Standards of
Medical Care of Neonates in Poland were enrolled in SG (n = 55)
(19, Healthy term neonates who underwent ECHO due to difficult
adaptation or maternal gestational diabetes were enrolled in CG1
(n = 14), and those who underwent ECHO after ductus arteriosus
closure or with only a trace, hemodynamically insignificant ductus,
were enrolled in CG2 (n = 44). Lack of parental or guardian consent
for participation in the study, congenital cardiac or genetic abnor-
malities, and small for gestational age below the 10th percentile were
exclusion criteria. The characteristics of the neonates are shown in
Tab. 1.

ECHO measurements

Echo measurements were performed at two key time points in SG:
No echo was performed on passive TH.

1. Since qualification for TH takes place up to 6 hours of life (HOL),
the first examination in SG was performed between 6 and 54 HOL,
after reaching a body temperature of 33.5°C (SG1).

2. The second examination (SG2) was performed after TH was com-
pleted and after RW, when the body temperature reached 36.6°C,
i.e., after 90 HOL, but no later than 7 DOL.

Similar at the healthy term neonates, echo measurement was per-
formed at two key time points:

1. Healthy term neonates (CG1) underwent ECHO at 1/2 DOL;

2. Those enrolled in CG2 underwent ECHO between 3 and 7 DOL.

All cardiac scans were performed using standard ECHO projec-
tions with a high-frequency (8-12 MHz) sector probe on a Philips
Epiq ultrasound system (Philips N.V., Amsterdam, The Nether-
lands) by two neonatologist NB and RB with appropriate PTU cer-
tification. ECHO was performed with continuous ECG recording
integrated into the ultrasound machine. To minimize the exami-
nation time to 10-15 min, ECHO measurements were performed
using recorded film clips or analyzed using the Image Arena echo-
cardiographic program. LV systolic and diastolic functions were
assessed using PW Doppler, M-mode, and TDI. The assessed pa-
rameters were also determined using the MPI, a measure of global
tissue efficiency.

Evaluation of LV systolic and diastolic functions using PW Doppler
and M-mode ECHO

Left ventricular systolic function was evaluated by calculating CO in
the apical five-chamber view using the following formula: CO (mL/
min) = velocity time integral (VTI) x aortic area x HR. VTT was
defined as the aortic stroke distance, and the aortic area was derived
from the aortic diameter measured in the parasternal long-axis
view. LV systolic function was also assessed using M-mode ECHO
by calculating fractional shortening (FS%) in the parasternal long-
axis view, using the following formula: FS% = [LV internal diameter
at end diastole (LVIDd) - LVID at end systole (LVIDs)]/LVIDd x
100%.

Diastolic function was evaluated using Doppler, based on two dia-
stolic filling waves recorded during the mitral valve (MV) opening
phase in the apical four-chamber view: the early diastolic (E) wave
and the late atrial (A) wave, with calculation of the E/A ratio.

Evaluation of LV ECHO parameters using TDI

Myocardial velocity was measured in the apical four-chamber view
using color-coded TDI. Spectral Doppler gate was placed exactly in
the central region of the lateral LV wall, below the mitral annulus,
ensuring the ultrasound beam angle does not exceed 30°. The re-
corded cardiac cycle was viewed on the ultrasound system screen as
three waves: systolic velocity (S’), early diastolic myocardial veloc-
ity (E), and late diastolic myocardial velocity (A’), corresponding to
atrial contraction. The E’/A’ ratio was calculated. Subsequently, the
LV MPI was calculated using TDI as (a — b)/b, where interval (a) was
defined as the time between the end of A" and the onset of E} cor-
responding to the sum of the isovolumetric contraction time (ICT),
isovolumetric relaxation time (IRT), and ejection time (ET). Interval
(b) (ET) was measured as the duration of S’ The sum of ICT and IRT
was obtained by subtracting b from a.
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Tab. 1. Clinical characteristics of neonates
cG
SG (n=58) Pvalue
(n=55)
CG1(n=14) CG2 (n=44) SG/CG1 SG/CG2
. 387+17 39+09 391+10
Gestational age (weeks) £ SD (range: 35.1-41.1) (range: 37-41) (range: 37-416) 069 02
Male sex (n; %) 30 (54%) 7 (50%) 27 (61%) 0.76 0.54
. . 3255544551 37886+417.5 3714.3 £409
Birth weight (g) (mean £ SD) (range: 2300-4150) (range:3200-4400) | (range: 2980-4680) | <% ool
Cesarean delivery 20 (36%) 10 (71%) 19 (44%) 007 0.24
(n; %)
Vacuum (n; %) 6 (11%) N/A 1 (2%) 0.07 0.24
. . 3 10 10
1-min Apgar score (median) (range: 0-10) (range: 8-10) (range: 10) <0.001 <0.001
. . 6 10 10
5-min Apgar score (median) (range: 3-10) (range: 10) (range: 10) <0.001 <0.001
. . 7 10 10
10-min Apgar score (median) (range: 3-10) (range: 10) (range: 10) <0.001 <0.001
- . 6.9 73 73
PH (umbilical cord), median (range: 6.6—7.5) (range: 7.3-7.4) (range: 7.3-7.4) <0001 <0001
- . 734 43 40.7
pCO, (umbilical cord), median (range: 23.6-153) (range: 34-66) (range: 31-69) <0.001 <0.001
BE (umbilical cord), median - 08 e <0.001 <0.001
! (range: —29 —(+0.3)) (range: 2.4-(2.0)) (range: —5.8-(3.5)) ' ’
. 7.1
pH (1 h), median (range: 6.7-7.4) N/A N/A N/A N/A
Intubation 1 DOL 36 (65%) N/A N/A N/A N/A
(n; %)
Non-intubation 19 (35%) N/A N/A N/A N/A
CPAP 1DOL ) )
(n: %) 27 (49%) 1(7%) N/A N/A N/A
Mech'amcal ventilation (days) 4 N/A N/A N/A N/A
(median) (range: 1-8)
NCPAP (days) 2 1
(median) (range: 1-9) (range:1) N/A N/A N/A
Seizure (n; %) 14 (25%) 0 0 N/A N/A
iNO (n; %) 3 (5%) 0 0 N/A N/A
MAS (n; %) 3 (5%) 0 0 N/A N/A
Surfactant (n; %) 9 (16%) 0 0 N/A N/A
Meningitis (n; %) 2 (4%) 0 0 N/A N/A
INF (n; %) 0 0 0 N/A N/A
Pneumonia (n; %) 8 (14%) 0 0 N/A N/A
Hemorrhagic infarction 1 2% 0 0 N/A N/A
(n; %)
Metabolic disease (n; %) 0 0 0 N/A N/A
Abnormal MRI head 11 (20%) 0 0 N/A N/A
Death (n; %) 0 0 0 N/A N/A

Data are presented as mean + SD; P values indicate comparisons between individual groups.
BE — base excess; CG — control group; CPAP — continuous positive airway pressure; INF — infection; iNO — inhaled nitric oxide; MAS — meconium aspiration syndrome;
MRI — magnetic resonance imaging; N/A — not applicable; NCPAP — nasal continuous positive airway pressure; SG — study group

Evaluation of LV MPI calculated using PW Doppler versus TDI

For LV MPI measurement using PW Doppler, the sample volume
was placed below MV, directed toward the ventricular septum. The

PW Doppler tracing captured both E/A (positive) and the aortic
(negative) blood flow waveforms. ICT, IRT, and ET were measured,
and MPI was calculated using the following formula: (ICT+IRT)/

ET, which can also be expressed as (a-b)/b.
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Statistical analysis

In the initial stage of analysis, simple descriptive statistics were cal-
culated for each variable. Differences between levels of qualitative
variables were tested using the X2 test or Fisher’s exact test, depend-
ing on sample size, with a cut-off of n = 5. For quantitative vari-
ables, nonparametric tests were applied due to deviations from the
normal distribution, as assessed using Q-Q plots. For independent
samples with two levels of the variable, the Wilcoxon rank-sum test
was used, whereas for samples with more than two levels, the Krus-
kal-Wallis test was applied. To analyze changes in variables during
the treatment, the Wilcoxon signed-rang test was applied. Spearman
correlation coefficients were used to analyze relationships between
quantitative variables. A p-value <0.05 was considered statistically
significant. All statistical analyses were performed using SAS/STAT
software, version 15.2 (SAS Institute Inc., Cary, NC, USA).

Results

Baseline parameters

No statistically significant differences were observed between SG and
CG regarding gestational age (p = 0.69 for SG/ CG1; p = 0.25 for SG/
CG2), gender (p = 0.76 for SG/CGL; p = 0.54 for SG/CG2), or route
of delivery (p = 0.07 for SG/CGI; p = 0.24 for SG/CG2). However,
significant differences were observed in body weight (p <0.001); um-
bilical cord blood gas parameters: pH (p <0.001), BE (p <0.001), and
median Apgar score (AS) at 1 min (p <0.001) and 5 min (p <0.001).
Patient characteristics for each group are detailed in Tab. 1.

ECHO parameters

Adequate ECG tracing was obtained in all newborns during the
ECHO examination. The results of the ECHO assessments are pre-
sented in Tab. 2 and Tab. 3.

A significant difference was found between SG1 and CG1 in mean
blood pressure (MBP), which was lower in SG (p <0.001), and HR,
which was also lower in SG (p = 0.007/ p = 0.04). After RW, HR
increased significantly from SG1 to SG2 (p <0.001), as did MBP
(p <0.001).

There was no significant difference in HR and MBP between CG 1
vs CG2. HR was significantly higher in SG2 than in CG2 (p <0.001),
as opposed to MBP.

Assessment of LV diastolic function

Among PW-Doppler parameters, SG1 showed significantly low-
er values for MV E velocity than CG1 and SG2 (p = 0.003 and
p <0.001), respectively; similarly, MV A velocity was p = 0.04 and
P <0.001, respectively. PW-Doppler revealed no statistically signifi-
cant difference in the E/A ratio between SG and CG.

Tissue Doppler parameters showed SG1 with significantly lower E’
velocities than in CG1 and SG2 (p <0.001 and p <0.001). The A ve-
locity was significantly lower in SG1 than SG2 p = 0.006, but with
no significant difference vs CG1. However, the E’/A’ ratio was sig-

nificantly lower in SG1 than in CGI (p = 0.01), with no significant
difference between SG1 and SG2 (Tab. 2, Tab. 3).

We observed significantly lower mitral annular plane systolic excur-
sion (MAPSE) values in SG1 compared with SG2 (p <0.001) and
between SG1 and CGl1 (p <0.001). No difference was found between
SG2 and CG2 (Tab. 2).

LV systolic function

Significant differences were found in LV systolic function param-
eters, specifically CO and LV S’ wave, with no significant differences
in FS%.

Cardiac output values were significantly lower in SG1 vs CGl
(p <0.001) and SG2 (p <0.001), and were significantly higher in SG2
vs CG2 (p = 0.02). This finding aligns with tissue Doppler results:
S’ velocity was significantly lower in SG1 than in SG2 (after RW)
(p = 0.003). Furthermore, S’ velocity was significantly higher in SG2
than in CG2 (p = 0.003) (Tab. 2, Tab. 3).

M-mode ECHO parameters

No significant differences were found among groups regarding M-
mode parameters, including LV posterior wall diameter at end-dias-
tole (LVPWd) and interventricular septum diameter at end-diastole
(IVSd). However, LVIDd values were significantly lower in SG1 vs
SG2 (p <0.001) and CGI (p <0.001). There was no difference be-
tween CGland CG2 (Tab. 2).

MPI

PW-Doppler-based MPI showed significantly higher values in SG1
vs CG1 (p = 0.006) and SG2 (p = 0.002). Additionally, the value was
significantly higher in SG2 than in CG2 (p = 0.04). MPI was higher
in CG1 vs CG2; however, the difference was not significant.

Tissue Doppler-based MPI was significantly higher in SG1 than in
SG2 (p <0.001). MPI was also higher in CG1 vs CG2, although no
significant difference was found between SG1 (p = 0.08) and CGl
(p =0.3) (Tab. 2, Tab. 3).

Discussion

Perinatal asphyxia and the changes in blood redistribution can lead
to reduced myocardial perfusion and ischemia. Additionally, car-
diac contractility may be negatively impacted due to acidosis and
hypoxia. Therapeutic hypothermia improves the late effects in mod-
erate and severe cases of HIE. Bradycardia is the major physiologi-
cal response to TH"". Studies have shown that higher HR before,
during, and after TH are associated with adverse outcomes>'. In
our study, HR and MBP were significantly lower during TH and in-
creased after RW; however, only HR was significantly higher com-
pared to CG. Although this publication did not detail the use of
inotropic and sedative drugs, these therapeutic interventions could
have contributed to the observed correlation between tachycardia
and adverse outcomes.

Among PW Doppler parameters, significantly lower MV A and E
velocities, as well as MAPSE were observed during TH in SG vs CG.
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Tab. 2. Left ventricular echocardiographic measurements using pulsed wave Doppler
Variable Time point SG CG P value*
47 - 60 B
Mean blood pressure 1 range (34-64) Pvalue range 45-74) Pvalue <0.001
(mmHg) 55 =
’ range (39-92) oot range (37-88) 08/ 013
100 - 122 N
: ] range (76-160) Pualue range (97-149) P value 0.007
Heart rate (beats/min) 5 o
’ range (96-179) oot range (98-163) 085 <0.001
375 . 45 B
] range (19.4-596) Falue range (34.9-604) Falue 0003
E mv (cm/s) o o
’ range (13.5-67.5) ool range (32.2-66.2) 070 0.09
419 . 485 B
1 range (181-78.1) Pvalue range (331-825) Pvalue 0.04
A mv (cm/s) o o
’ range (33.5-92) ool range (38.8-85.6) 008 015
091 095
L Pvalue** Pvalue** 040
E/A ratio rangeé%?* 7) range (g;ﬁ—w 11)
’ range (024-13) e range (046-1.03) 009 057
0.42 N 035 B
- 1 range (0.25-088) Pvalue range (0.23-047) Pvalue 0.006
036 0.34
: range (0.24-0.60) 0.002 range (0.17-0.44) 0.62 0.04
! fan eoig]sq N P value** an 6%335_] N P value** <0.001
MAPSE 0983 ra'nge' : 0 é3 ‘
’ (0.58-1.1) oo range (067-1.1) o0e 069
0.34 e 034 B
1 range (0.27-047) Fualue range (0.3-0.44) Pvalue 093
IVSd (mm) e o
’ range (0.28-0.59) e range (0.28-0.50) 002 003
0.33 0231
1 P value** Pvalue** 0.23
0.25-0.48 0.27-0.38
LVPWd (mm) range (032 ) range (o z )
’ range (021-057) 0 range (0.24-046) 037 089
1.73 19
1 P value** P value** <0.001
1.37-2.1 1.8-2.1
LVIDd (mm) rangef 8; ) range ]( 98 )
: range (1.6-22) oo range (1.7-2.28) 063 018
04 06
! Pvalue** Pvalue** <0.001
02-09 05-08
CO LVOT (L/min/kg) fa”geé - ) range é : )
! range (0.3-1.56) <0001 range (0.3-1.5) 061 0.02
346 o 32.85 N
FS% 1 range (28.6-47) Pualue range (30-38.9) Pvalue 019
(]
34 335
’ range (27-54) 0.28 range (29-44) 0.81 0.52

Data are presented as medians. *P values indicate significant differences among the groups; **P values indicate comparisons between subgroups.
A mv - peak late diastolic (atrial) mitral wave velocity; CG - control group; CO - cardiac output; E mv — peak early diastolic mitral wave velocity; FS% — fractional shortening;
IVSd - interventricular septal diameter in diastole; LV — left ventricle; LVIDd - left ventricular internal diameter at end diastole; LVOT - left ventricular output;
LVPWd - left ventricular posterior wall diameter; MAPSE — mitral annular plane systolic excursion; MPI — myocardial performance index; SG - study group

These parameters normalized after RW. A similar change in E’ ve-
locity was observed using TDI. These findings are consistent with
those reported by Sobeih et al.*®. In contrast, Matter et al. found no
significant difference between newborns with asphyxia and controls
using PW Doppler. TDI showed a statistically significantly lower
E’/A ratio in SG1 vs CG1, which may be in partial agreement with
the findings presented by Matter et al.!®.

In our study, significant differences in diastolic function between the
SG and CG were found using both conventional PW Doppler and

TDI, with TDI providing more precise measurements.

Diastolic dysfunction often results from myocardial ischemia and
is a significant cause of increased mortality. Myocardial relaxation
and ventricular filling are essential for normal systolic performance.



Brunets et al. J Ultrason 2025; 25: 33 Page 6 of 7
Tab. 3. Left ventricular measurements using tissue Doppler imaging
Variable Time point SG cG P value*
47 . 60.5 .
Mean blood 1 range (34-64) P** value range (45-74) P** value <0.001
pressure (mmHg) 52 57
? range (39-92) <0001 range (37-88) 088 014
100 125
1 P** value P** value 0.004
Heart rate (beats/ range (74-160) range (96-156)
min) 144 1215
’ range (106-187) <0001 range (90-159) el <0001
49 . 6.3 .
! range (2.4-8.8) pvalue range (4.7-8.4) Pvalue <0001
E’LV (cm/s) . o
’ range (3.11-10.3) <0001 range (3.18-8.04) 0.19 0.4
74 . 7.52 .
1 range (3.4-116) P** value range (5-10) P** value 0.64
A’LV (cm/s) s s
’ range (4.6-15.9) 0.006 range (4.93-13.8) 08/ 0.20
0.71 . 0.85 e
! range (0.31-1.38) Pralue range (0.62-1.40) Palue 001
E’/A’LV ratio 0e 0
? range (0.42-1.13) 014 range (0.42-1.02) 0.10 0.76
497 s 511 .
1 range (2.94-11.9) P value range (3.3-11.6) Pvalue 069
S’LV(cm/s) <o
2 range (3.77-8.74) 0.003 5.04 range (3.36-8.36) 0.60 0.003
0.41 . 0.37 .
1 range (0.14-09) P value range (0.23-0.58) Pvalue 030
WPl 0.31 0.31
? range (0.18-0.6) <0001 range (0.15-0.51) 008 0.30
Data are presented as medians. * P values indicate significant differences among the groups; ** P values indicate comparisons between subgroups.
A'LV - atrial contraction left ventricular; CG — control group; E'LV - early diastolic myocardial velocity left ventricular (when the valve annulus moves away from the apex);
MPI (Tei index) — myocardial performance index; SG - study group; S LV’ - systolic left ventricular (when the valve cusps migrate towards the apex)

Delayed relaxation can contribute to heart failure with preserved
ejection fraction, as 50-60% of diastole occurs during IRT, and in-
tact myocardium is essential for normal early diastolic function.

Among TDI measurements, significantly lower S’ velocity was ob-
served during TH vs RW, correlating with significantly reduced CO
during TH relative to CG and post-RW measurements. All param-
eters normalized post-RW. No significant difference was found in
FS. The observed increase in CO was due to an increase in HR. This
finding is consistent with another study, where post-RW increases
in FS and SV did not reach statistical significance”'®.

In our study, both PW Doppler- and TDI-based MPI values were
significantly higher during TH than post-RW in both the SG and
CG. Additionally, PW Doppler-based MPI values were significantly
higher in SG vs CG. Although TDI-based MPI values were higher
in SG than in CG, the difference was not statistically significant. A
similar trend was observed in CG, with higher TDI-based MPI val-
ues at 1/2DOL vs 3/7 DOL.

This is consistent with Matter et al., Jiang ef al., and Sobeih et al., who
reported higher left and right ventricular MPI values in asphyxiated
newborns*'*1. In contrast, Karpuz et al. found higher MPI values

measured by PW Doppler for both ventricles in the HIE group, but
the differences were not statistically significant®.

Kanik suggests that compensatory mechanisms after birth might
obscure ECHO findings, such as LV dysfunction”, which could ex-
plain the higher MPI values at 1 DOL®.

It is important to assess global myocardial systolic and diastolic
function using both PW Doppler and TD], including MPI.

When comparing systolic function between SG and CG, significant dif-
ferences were found only in conventional PW Doppler measurements.

Cardiac output does not appear to have prognostic significance, as sim-
ilar values have been reported in neonates with normal development,
as well as those with short-term and long-term complications®2,

These changes are generally well tolerated, and although CO is re-
duced, it likely remains sufficient to meet the metabolic demands of
the neonate, particularly during TH, when metabolic activity is further
decreased. Eriksen et al. identified reduced metabolism, rather than
myocardial dysfunction, as the primary cause of decreased CO during
hypothermia®".
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Conclusion

Hypothermic neonates exhibit more severe global impairment com-
pared to healthy controls. This is reflected in higher MPI values and
lower E’/A ratio, which indicates diastolic dysfunction.
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