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ABSTRACT

Background: Any birth that occurred before the full 37 weeks of pregnancy was considered preterm. Prematurity affected
normal transitions which might impact tissue perfusion and oxygenation.

Aim: To evaluate mixed venous oxygen saturation (ScVO,) of inferior vena cava as an indicator of peripheral tissue oxygenation
in preterm neonates and to correlate findings with hemodynamics reported by electrical cardiometry in preterm neonates
during transition.

Methods: This observational prospective cohort study included 31 preterm neonates less than 34 weeks gestation admitted to
a special care unit, neonatal intensive care unit, Tanta University Hospital; only for feeding and growth monitoring. Research
investigations on postnatal days 4 and 10 included blood gas obtained from a centrally inserted umbilical venous catheter to
measure central venous oxygen saturation from the Inferior Vena Cava (ScVO,). A Bedside Electrical cardiometry study was
conducted on the same days.

Results: On day 10, ScVO, was considerably lower than on day 4 (p=0.002). Day 10 had a considerably increased oxygen
delivery (DO,) than Day 4 (p=0.025). Day 10 had a considerably lower Index of Contractility (ICON) than Day 4 (p=0.014).
Conclusions: Preterm newborns showed improved tissue oxygenation after a successful transition that could predict a good
outcome.
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INTRODUCTION Systemic vascular resistance (SVR), blood pressure,
regional tissue perfusion and oxygenation, and cardiac
output (CO) are significant factors that affect newborn

Any birth that occurs before the full 37 weeks of hemodynamic stability .
pregnancy is considered preterm. Roughly 11% of births
globally are affected "), Haemoglobin (Hb) and CO levels should be adequate for

proper tissue oxygenation B, Tissue oxygen consumption

Even though most preterm births happen to women with depends on the metabolic activity of tissues. The primary
no known cause, several risk factors could lead to preterm goal is to maintain aerobic cellular respiration and adequate
birth, such as maternal diabetes, maternal hypertension, oxygen to meet metabolic demands, so oxygen delivery
medical procedures like assisted reproduction and provider- (DO,) should be adequate to balance oxygen consumption.
initiated delivery, maternal socio-demographics, lifestyle The balance between DO, and consumption is more
characteristics, and environmental factors . important than the absolute value of DO,.

All infants experience respiratory, hemodynamic, and When tissues' oxygen needs are not satisfied and lactic
neuroendocrine difficulties as they undergo significant acid generation rises, an anaerobic process takes over. Cell
physiological changes as they adjust from fetal to postnatal death and organ failure are the outcomes if this illness
life. For the preterm newborns, this is harder and harder .. continues 4.

DOI: 10.21608/ASMJ.2025.346371.1354
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Electrical cardiometry (EC) monitors use four standard
electrocardiogram (ECQG) leads to calculate stroke volume
(SV) based on changes in the electrical resistance of aortic
blood flow during the cardiac cycle©.

EC may evaluate the following parameters: SV, heart rate
(HR), CO, cardiac index (CI), SVR, index of contractility
(ICON) and its variation (VIC), corrected flow time (FTC),
and total thoracic fluid capacity (TFC)[".

We hypothesized that mixed venous oxygen saturation
(ScVO,) of the inferior vena cava was an indicator of
peripheral tissue oxygenation and correlated findings with
hemodynamics reported by electrical cardiometry (EC) in
preterm neonates.

AIM OF THE STUDY

Aim of our study was to evaluate mixed venous oxygen
saturation (ScVO,) of the inferior vena cava as an indicator
of peripheral tissue oxygenation in preterm neonates and
to correlate the findings with hemodynamics parameters
detected by EC.

PATIENTS AND METHODS

31 preterm newborns less than 34 weeks of gestation
who were admitted to, the Neonatal Intensive Care Unit,
Tanta University Hospitals, Tanta, Egypt; were the subjects
of this prospective observational cohort research. After
receiving clearance from the Ethics Committee (Approval
code:36072/11/22) and the date (15/11/2022). The study
was conducted from May 2023 to May 2024. The patients'
family members gave their signed, informed permission.
Inclusion criteria were preterm neonates less than 34 weeks
gestation admitted for feeding and growth monitoring.

All included newborns needed neither respiratory nor
cardiac support. Preterm newborns with congenital cardiac
problems, particularly hemodynamically severe patent
ductus arteriosus (PDA), renal failure, congenital infections,
and preterm infants with serious congenital abnormalities
were excluded.

Complete history taking, physical examination
(Downes's scoring!®, anthropometric measurements ), vital
signs, neurological, cardiac, chest, and skin examinations).
Routine laboratory tests on day 4 (complete blood count
(CBC), C-reactive protein (CRP), liver function tests (LFTs),
renal function tests (RFTs), and serum electrolyte level)
were all performed for all preterm neonates. To rule out
hemodynamically significant patent ductus arteriosus (PDA)
and structural congenital heart disorders, echocardiography
screening was performed on day 4.

Research investigations in the form of venous blood
gases from a centrally inserted umbilical venous catheter
were obtained on days 4 and 10 of life to evaluate IVC
oxygen saturation (ScVO,). Electrical cardiometry
(EC) was performed on days 4 and 10 of life to evaluate
hemodynamic status during and after circulatory transition.
A pulse oximeter was used to monitor peripheral oxygen
saturation (SpO,).

Mixed venous oxygen saturation

In addition to providing vital information on the
equilibrium of oxygen supply and consumption throughout
the body, the mixed venous oxygen saturation test shows
the oxygen reserve following tissue oxygen extraction.
A centrally implanted umbilical venous catheter was
used to acquire ScVO,. The proper tip placement is at the
intersection of the right atrium (RA) and the IVC. The
location of the catheter tip was evaluated using thoraco-
abdominal radiography (TAR) and ultrasound "%,

A2 mL blood sample was taken via the umbilical venous
catheter from the IVC and used to acquire ScVO,. The
Eschweiler Combiline II Blood Gas Analyzer was used to
measure SvO, and analyze the VBG sample. 2 ml of blood
was withdrawn into a heparinized syringe for blood gases
sample after withdrawal of 1-2 ml from the catheter into the
dry syringe to clear catheter fluid and blood content, that
was reinfused after withdrawal of blood gases sample.

Electrical Cardiometry (ICON®)

The Haemodynamics parameters were measured
by Electrical Cardiometry ICON ® Device (ICON
Cardiotronics, Inc., La Jolla, CA 92307; Osyka Medical
GmbH, Berlin, Germany) on days 4 and 10.

The measured parameters included; systemic vascular
resistance (SVR), corrected flow time (FTC), cardiac output
(CO), cardiac index (CI), stroke volume (SV), Oxygen
delivery (DO,), arterial Oxygen content (Ca0,) and index of
contractility (ICON) "%, EC itself does not directly measure
arterial oxygen (CaO,) and oxygen delivery (DO,) it provides
cardiac output, which, when combined with haemoglobin
levels from a blood test, Arterial oxygen saturation (SaO,)
measured via pulse oximetry or blood gas analysis and PaO-
from arterial blood gas analysis allows for the calculation
of arterial oxygen content and oxygen delivery using these
formulas

Arterial oxygen content: CaO, = (Hb x Sa0, x0.01 x1.31)
+ (Pa0:2 x0.0225)!" and Oxygen delivery=cardiac outputx
arterial oxygen content (DO,=COxCa0,) or DO,=COx
[(1.31xHbxSa0,%0.01) + (0.0225%xPa0,)] "\
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Application of sensors of cardiometry

Continuous measurements were taken continuously for
30 minutes, and the average of the highest and lowest values
was recorded while the baby was quiet and supine.

Statistical analysis

The statistical analysis was conducted utilizing the SPSS
v26 software (developed by IBM Inc., based in Chicago,
Ilinois, USA). Quantitative variables were represented
by their mean values and standard deviations and were

compared by paired T-test. Quantitative non-parametric
data were presented as the median and interquartile range
(IQR) and were compared by the Wilcoxon test. Qualitative
variables were presented as frequency and percentage (%)
and were compared by Chi-square test. A two-tailed P value
of less than 0.05 indicated statistical significance.

RESULTS

Demographic data, anthropometric measures, Maternal
risk factors, mode of delivery, APGAR score, and vital signs
were enumerated in (Table 1).

Table 1: Demographic data, anthropometric measures, Maternal risk factors, mode of delivery, APGAR score, and vital signs in the studied

group.
(n=31)
Male 19(61.3%)
Sex
Female 12(38.7%)
GA (w) 32.65+0.49
BW (kg) 1.840.5
Length (cm) 41.77+3.31
BSA (m?) 0.15+0.02
BMI (kg/m?) 10.12+1.77
Ponderal index (gm /cm?®) 2.42+0.38
MRF 17(54.2%)
. NVD 5(16.1%)
Mode of delivery
CS 26(83.9%)
APGAR score at 5" min 9.0+0.45
HR (b/min) 145.29+9 44
SBP (mmHg) 88.48+12.69
o DBP (mmHg) 53.39+11.07
Vital signs
MBP (mmHg) 64.00+10.49
RR (cycle/min) 38.52+1.59
Temperature (C) 36.57+0.64

Data is reported as mean + SD or frequency (%); GA: Gestational Age; BW: Body Weight BSA: body surface area; BMI (Body Mass
Index) Maternal risk factors (MRF); normal vaginal delivery (NVD); CS: Caesarean section; HR: Heart rate; SBP is systolic blood pressure;
whereas DBP is diastolic blood pressure; MBP: Mean blood pressure; RR: Respiratory rate.

Laboratory investigations were enumerated in (Table 2).

Sp0O,, DO,, and CO were considerably greater on day 10
than on day 4 (P<0.05).
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Table 2: Laboratory investigations in the studied group.

(n=31)

HB (gm/dl) 13.75+0.16
CBC TLC (10°/1) 8.27+2.57

PLTS (10°/1) 265.58 +£77.99
ALT (U/L) 18.97+10.11
AST (U/L) 42.10+17.52
Albumin (gm/dl) 3.36+0.28
TSB (mg/dl) 5.4142.19
ISB (mg/dl) 4.8942.15
DSB (mg/dl) 0.51+0.14
Urea (mg/dl) 23.74+8.59
Creatinine (mg/dl) 0.50+0.21
Na (mmol/L) 137.90+4.72
K (mmol/L) 4.10+0.31
Total Ca (mmol/L) 8.58+0.57
Tonized Ca (mmol/L) 1.07+0.12
CRP 3(9.7%)
PH 7.36+0.06
PCO, (mmHg) 30.87+5.84
HCO, (mmol/L) 17.57+£3.27

The data is shown as mean + SD or frequency (%); ALT: Alanine aminotransferase; AST: Aspartate aminotransferase. TSB means total
serum bilirubin; DB: direct bilirubin; IB: indirect bilirubin; Na is sodium; K is potassium; Ca is calcium; and t is the student t-test;
CBC: complete blood count; Hb: hemoglobin; PLT: Platelet count; TLC: Total leukocyte count; CRP: C-reactive protein; PH: Power of
hydrogen; PCO,: partial pressure of carbon dioxide; HCO,: bicarbonate.

ICON were considerably lower on day 10 compared to day
4 (P=0.04 and <0.001, respectively). (Table 3 and Figure 1).

Ca0,, SV, CI, FTC, and SVR did not alter significantly
between days 4 and 10. In the group under study, ScVO, and

Table 3: Tissue oxygenation parameters and EC data on days 4 and 10 in the studied group.

Day 4 Day 10 P
Tissue oxygenation SpO, (%) 95.42+1.63 96.26+2.02 0.043*
parameters
ScVo, 80.42+2.98 78.87£3.11 0.04*
EC data SV (ml) 2.95+0.59 2.97+0.62 0.704
CO (I/min) 0.44+0.12 0.46+0.12 <0.001*
CI (I/min/m?) 6.05£9.12 3.05+0.37 0.07
ICON 114 (108 — 125) 111(102 - 113) <0.001*
FTC (ms) 253.06+25.81 252.94+22.92 0.937
SVR (dyns/cm®) 8328.71£2862.25 8917.68+2981.87 0.108
Ca02 (ml/dl) 16.66+1.07 17.24+1.74 0.112
DO2 (ml/min) 70.18+11.71 76.96+10.26 <0.001*

Data is presented as mean + SD or median (IQR); * Significant P value < 0.05; SpO,: Oxygen saturation; CaO,: Arterial oxygen content;
DO,: Oxygen delivery; SVO,: Mixed venous oxygen; SV: Stroke volume; CO: Cardiac output; CI: Cardiac index; ICON: Index of

contractility; SVR: Systemic vascular resistance; FTC: Corrected flow time; EC: Electrical cardiometry.
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Fig. 1: (A) SpO,, (B) DO,, (C) ScVO,, (D) CO, and (E) ICON of the studied patients on day 4 and day 10.

DISCUSSION

The pulmonary cellular structure, thoracic structure and
muscle strength mature in the last trimester, and metabolic
substances that are important for effective breathing, such as
pulmonary surfactant and antioxidant enzymes, are highly
reserved in the last trimester "%,

This study aimed to evaluate mixed venous oxygen
saturation of the inferior vena cava as an indication of
peripheral tissue oxygenation together with hemodynamic
status reported by electrical cardiometry.

In the examined group, on day 10, ScVO, and ICON
values were substantially lower than on day 4 (P=0.002 and
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P=0.014, respectively), whereas DO, was notably higher on
day 10 compared to day 4 (P=0.025).

Supporting our results, improvement in DO: from Day
4 to Day 10 in Preterm Neonates was due to improvement
in cardiovascular function (better cardiac output and tissue
perfusion and lower oxygen demands due to more efficient
organ systems. Saleemi et al!") research was conducted in
the newborn intensive care unit at the Rotunda Hospital in
Dublin, Ireland, on stable preterm infants following the first
36 hours of life, between the gestational ages of 24 and 35
weeks. Infants with varying gestations who received less
than 30 percent oxygen without inotropic support showed
improvement in their cardiac systolic and diastolic functions
over the first four weeks of life, as measured by TDI.

A decline in systemic vascular resistance (SVR) leads
to a reduction in afterload and an enhancement in cardiac
output. As a consequence of the increase in cardiac output, a
greater amount of DO, is delivered to the peripheral tissues,
which supports the elevated oxygen consumption and basal
metabolic rate ',

Since SvO, was a measure of sufficient DO,, a change
in SvO, corresponds to a change in cardiac output, provided
that other DO, determinants remained constant!'*). Premature
and ineffective contractile tissue causes systolic dysfunction
in the premature heart's myocardium, whereas a prevalence
of stiff fibers and a lack of elastic, compliant tissue cause
diastolic dysfunction. Because preterm infants have a faster
heart rate, the percentage of time spent in diastole (LV
filling) is significantly shorter ',

In the present study, the examined groups ScVO, and
ICON were considerably lower on day 10 compared to
day 4 (P=0.002 and 0.014, respectively). The increase in
oxygen extraction was thought to be caused by capillary
recruitment, which increased the surface area available for
passive oxygen diffusion. In this manner, when oxygen
delivery was restricted, the oxygen extraction might be
increased from £30% under normal conditions to 50-60%.
In newborns, these compensating systems were crucial. The
neonate's growing metabolic needs were the cause of this.
It might indicate adaptability as the neonate's organs and
cardiovascular system developed throughout the shift from
fetal to extrauterine life.

ICON was significantly lower on day 10 compared to
day 4 (P =0.014). ICON was calculated from the maximal
rate of change in thoracic electrical impedance. As cardiac
contractility increased, the impedance decreased faster,
resulting in a larger ICON value. The value of ICON
varied between individuals and showed a minor negative
association with gestational age (GA), weight, and body
surface area (BSA). It had no association with cardiac
output (CO) as supported by Sumbel et al. ') although it
was moderately correlated with cardiac index (CI)['¢.

Limitations of the study included that the sample size
was relatively small. The study was in a single center. It
lacked a healthy control group. It needed multiple operators
and Instruments.

Recommendations of the study included that electric
cardiometry was a safe, accurate, bedside, and reproducible
technique for hemodynamic measurements in newborns.
Accurate and continuous assessment of COP was critical
in the assessment of the cardiovascular state of infants.
Further prospective multicenter studies with larger sample
sizes were needed to evaluate tissue oxygenation in preterm
neonates and its relation to hypoxic complications. Trials
to correlate our study findings with non-invasive tissue
perfusion and oxygenation e.g. NIRS should be established.

CONCLUSIONS

Preterm newborns' peripheral tissue oxygenation and
hemodynamics go through change during the transitional
period with improvement in cardiac muscle contractility,
oxygen delivery, and tissue oxygen consumption indicated
by ScVO.,.
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LIST OF ABBREVIATIONS

ScvO,: Central-venous oxygen saturation
DO,: Oxygen delivery

ICON: Index of Contractility

SVR: Systemic vascular resistance

CO: Cardiac output

Hb: Hemoglobin

SV: Stroke volume

ECG: Electrocardiogram

HR: Heart rate
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FTC: Corrected flow time
CI: Cardiac index
SPO,: Oxygen saturation

PDA: Patent ductus arteriosus
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