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Dynamic arterial elastance assessment by the pressure recording analy
ical method in children with septic shock
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Abstract

Introduction: Septic shock in children can lead to
cardiac dysfunction, leading to increased tissue
hypoperfusion and mortality. Arterial elastance
is a metric that denotes an arterial vessel's capac-
ity to elevate arterial pressure and afterload
through enhanced flow and rigidity. Dynamic ar-
terial elastance (Eadyn) is regarded as a func-
tional evaluation of arterial tone.

Objective: Investigating Eadyn by the pressure
recording analytical method (PRAM) and the
correlation between Eadyn and other hemody-
namic parameters in children with septic shock.
Methods: An observational cohort study at the
Pediatric Intensive Care Unit (PICU), which in-
cluded children aged 6 months to 18 years with
septic shock, body weight >7.5 kg, and no con-
genital heart disease. Eadyn and other hemody-
namic variables (arterial blood pressure, central
venous pressure, heart rate, cardiac output,

stroke volume, and systemic vascular resistance)
were measured using PRAM connected to arte-
rial lines. All patients received initial hemody-
namic resuscitation and vasoactive drugs.
Results: Children with septic shock were
prospectively analyzed; 8 survived, and 19 died
during PICU treatment. From data analysis, we
found that Eadyn correlated with cardiac index
and systemic vascular resistance on the second
and third days of observation, as well as with
cardiac power output and stroke volume index
across all three days of observation. Eadyn was
also higher in the group that survived, with an
area under the curve (AUC) of 78% for
predicting death, according to the receiver
operating characteristic (ROC) analysis.
Conclusion: The evaluation of Eadyn constituted
a key element in the assessment of cardiovascu-
lar function and could be useful in predicting
mortality in children with septic shock.
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Introduction

Assessment of cardiac function is crucial for deter-
mining interventions and therapies aimed at opti-
mizing hemodynamic performance in children with
septic shock. (1) In septic shock, cardiac dysfunc-
tion often arises from impaired cardiac output, lead-
ing to increased tissue hypoperfusion and mortality.
(2,3) Restoring blood pressure is still the main goal
in most resuscitation protocols. (1,4) However, be-
cause blood pressure is influenced by the interaction
between the arterial system and cardiac output,
monitoring patients’ response to fluid therapy can
be challenging. (5,6) Consequently, even when a
patient shows an increase in cardiac output from flu-
ids and vasopressors, predicting the response in the
arterial system is complicated. (7) To assess wheth-
er fluid administration will enhance the arterial sys-
tem, it is crucial to evaluate both the patient's pre-
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load dependency and their arterial load, which refers
to stroke volume (SV) and arterial pressure. (8)
Arterial elastance (Ea) is a parameter that describes
the capacity to raise arterial pressure and afterload
through enhanced flow and arterial stiffness. Dy-
namic arterial elastance (Eadyn) is considered a
functional assessment of arterial tone. Eadyn could
predict arterial pressure increases following volume
expansion (VE) in hypotensive patients. (7) Eadyn
serves as a dynamic measure of arterial tone, can
also facilitate a practical approach to managing vas-
oactive therapy. (9)

However, research on the hemodynamic implica-
tions of Eadyn in children with septic shock remains
limited. This study aimed to investigate arterial
pressure as measured by Eadyn, explore its correla-
tion with other hemodynamic parameters, and also
assess its potential as a mortality predictor in chil-
dren with septic shock.

Method

Data collection

We performed a prospective observational cohort
study in the Pediatric Intensive Care Unit (PICU) at
Dr. Soetomo General Hospital, Surabaya, Indone-
sia, from August 2020 to December 2021. The study
included children aged 6 months to 18 years with
septic shock and body weight >7.5 kg. Children
with congenital heart disease were excluded.

The patient's parents had to sign the informed con-
sent after the researchers provided an explanation of
the significance of this study. The Ethics Committee
of the Faculty of Medicine at Universitas Airlangga
- Dr. Soetomo General Hospital approved this
study.

The data collection included patients' names, ages,
genders, vital signs, and principal diagnoses. All
subjects received initial therapies, hemodynamic re-
suscitation, and organ support therapy. Hemody-
namic monitoring was performed utilizing the pres-
sure recording analytical method (PRAM) via the
Mostcare system linked to arterial lines over a three-
day assessment period.

Data analysis

We performed descriptive statistics of Eadyn and
other hemodynamic variables, including mean arte-
rial pressure (MAP), cardiac index, cardiac power
output (CPO), ratio of ventricular pressure (dP/dt),
stroke volume index (SVI), and systemic vascular
resistance index (SVRI). We computed means, me-
dians, standard deviations, ranges, and interquartile
ranges for every variable. We analyzed correlations
between Eadyn and other hemodynamic variables
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using Spearman’s correlation examination. Differ-
ences in the continuous variables between groups
were tested with the Mann-Whitney U test. We also
analyzed correlations between Eadyn and mortality.
A significance level of 0.05 was used for all statis-
tical tests.

Result

We conducted a prospective analysis of 27 children
with septic shock at Soetomo Hospital from Sep-
tember 2020 to December 2021. Patients, whose he-
modynamics were monitored via PRAM, were in-
cluded; 8 patients survived, while 19 did not survive
following medical care in the PICU. All patients un-
derwent fluid resuscitation and administration of
vasoactive agents.

The baseline characteristics of the subjects in this
study were presented based on the basic character-
istics of sex, age, length of stay, body weight, body
height, and hemodynamic parameters over a three-
day observation period. The basic characteristics of
the groups are written in Table 1. Of the 27 subjects,
12 (44.4%) were male, while the remaining 15
(55.5%) were female. The comparison between sep-
tic shock survivors and non-survivors showed a sta-
tistically significant difference in MAP (82.79£8.93
vs. 61.06+£24.78 mmHg, p<0.05) and Eadyn (4.99
(1.09-7.22) vs. 2.03 [0.30-9.26] mmHg/ml,
p<0.05) on the third day of observation.

Table 2 shows the correlations between Eadyn and
other hemodynamic parameters. Based on Spear-
man’s correlation analysis and the Mann-Whitney
U test, Eadyn showed correlations with cardiac in-
dex and systemic vascular resistance (SVR) on the
second and third days of observation, as well as with
CPO and SVI over the three-day observation period.
Eadyn was found to be higher in the survivor group
(Figure 1). The highest mean of Eadyn in a survivor
group was 4.4243.04 mmHg/ml on the first exami-
nation, but the lowest of Eadyn in the non-survivor
group was 2.01 (0.43-9.97) mmHg/ml (Table 1).
Receiver operating characteristic (ROC) analysis
showed that Eadyn had an area under the curve
(AUC) of 76.4% (95% CI 0.56-0.99, p<0.05) for
predicting mortality on the third day of examination
(Figure 2, Table 3). We identified Eadyn 72 hours
of 3.16 mmHg/ml as the appropriate point to predict
mortality (Figure 3).

Discussion

Children with septic shock often experience cardiac
dysfunction due to reduced cardiac power, which re-
flects the heart's ability to pump blood effectively.
Cardiac power (CP) depends on both cardiac output
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(blood ejected by the heart) and MAP. (10) Hy-
poperfusion can lead to global cellular hypoxia,
contributing to high morbidity and mortality. Cur-
rent guidelines for septic shock management em-
phasize the need for markers that can identify global
tissue hypoxia as a target for resuscitation. (11)
However, optimal perfusion is determined by arte-
rial load, which depends not only on cardiac power
but also on its interaction with arterial pressure.
While arterial load is commonly defined by the re-
lationship between MAP and flow (e.g., SVR), this
approach neglects the cyclical aspects of blood pres-
sure and flow produced by cardiac contractions.
(12) A more thorough definition of arterial load can
be captured by aortic input impedance. (9) Suna-
gawa et al. were among the first to propose that aor-
tic impedance could be integrated into a single var-
iable known as Ea. (13) This measure reflects key
features of the arterial system characteristics, in-
cluding compliance, resistance, and impedance. (9)
Some studies continue to use Ea to characterize ar-
terial load, incorporating factors such as SV, dias-
tolic time constant, and systolic-diastolic periods.
However, measuring these variables clinically can
be challenging. To address this, Kelly et al. sug-
gested calculating Ea using the pulmonary artery
systolic and SV ratio (PAS/SV). (14) Nevertheless,
a study by Segers et al. noted that different combi-
nations of arterial compliance and right ventricular
diastolic function could yield the same Ea value.
(15) An alternative measure, Eadyn, is defined as
the ratio of aortic pulse pressure variation (PPV) to
SV variation (SVV) during the respiratory cycle,
providing insight into the relationship between
changes in pulse pressure and SV. (16) Some stud-
ies have shown that Eadyn, as an indicator of arterial
load, can be clinically relevant. Zanon et al. found
that high basal Ea predicted responsiveness to car-
diac resynchronization therapy in terms of end-sys-
tolic volume. (17) Our study supported these find-
ings, demonstrating correlations between Eadyn
and SVR, SV, cardiac index, and CPO.

In this study, we demonstrated that Eadyn, meas-
ured with the minimally invasive PRAM, accurately
reflected cardiovascular function in children with
septic shock, as it correlated with various hemody-
namic variables. Beyond evaluating cardiovascular
status, Eadyn could help guide therapy in critically
ill patients. It has been explored as a predictor of
MAP increase following a fluid challenge and has
been assessed in contexts like shock, surgery, and
critical care. (18) Based on functional hemodynam-
ics, Eadyn shows how arterial pressure can increase
with fluid administration. (19,20) If Eadyn is ele-
vated and the patient is preload-dependent, arterial
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pressure will rise with cardiac output (CO) after VE.
In contrast, if Eadyn is low, VE may not enhance
blood pressure despite fluid responsiveness, indicat-
ing a need to consider vasopressors to manage hy-
potension. (7,19) Guinot et al. found that using a he-
modynamic algorithm incorporating Eadyn resulted
in shorter norepinephrine treatment durations and
reduced intensive care unit stays in patients with
vasoplegic syndrome after cardiac surgery. (18)
Their study also showed that a norepinephrine
weaning strategy based on Eadyn reduced norepi-
nephrine use and the incidence of acute kidney in-
jury in post-cardiac surgery patients. (21)

In critically ill patients, maintaining stable perfusion
pressure is crucial for effective cardiovascular func-
tion. Arterial pressure, as indicated by Eadyn, can
reflect arterial hypotension in septic shock, signal-
ing acute cardiovascular dysfunction, tissue hy-
poperfusion, worsening organ failure, and increased
mortality. (22,23) Our study supported this, show-
ing higher Eadyn values in survivors. ROC analysis
confirmed Eadyn as a reliable predictor of mortal-
ity, with an AUC of 78%.

This study has limitations. Hemodynamic variables
alone cannot universally predict mortality. In resus-
citation, the focus should be not only on restoring
perfusion but also on ensuring adequate oxygen de-
livery for cellular metabolism, which is influenced
by the immune system, neurohormonal factors, and
baroreflex function. Therefore, larger interventional
studies combining Eadyn with other variables, such
as biomarkers, are needed. Additionally, peripheral
monitoring has limitations in assessing cardiac
function in children, and vascular properties may
vary with age and change rapidly during illness.

Conclusion

The evaluation of Eadyn with PRAM constitutes a
key element in the assessment of cardiovascular
function and can be useful in predicting mortality in
children with septic shock.
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Table 1. Subjects’ characteristics

max)

Characteristics Survivors (n=8) Non-survivors (n=19) |p

Age (months), median (min-max) 19.50 (12-168) 84 (9-204) 0.116
Gender, n

- Male 5 7 0.398°
- Female 3 12

Length of hospital stay (days), median (min- 11 (5-65) 8 (3-55) 0.539*
max)

Body weight (kg), mean+SD 22.88+16.02 23.88+£12.73 0.864'
Body length (cm), median (min-max) 87.50 (75-153) 122 (60-160) 0.441*
Heart rate (beats/minute), meantSD 128.50+25.11 105.214+35.06 0.102'
Respiratory rate (/minute), meantSD 38.75+9.75 31.4249.32 0.077'
Systole blood pressure (mmHg), mean+SD 90.13+£12.94 78.89+£21.26 0.180'
Diastolic blood pressure (mmHg), meant+SD 51.13£11.54 43.16120.62 0.318'
Body temperature (°C), median (min-max) 37.05 (36.7-38.5) 37.5(36.740.9) 0.629*
Eadyn 24h (mmHg/ml), median (min-max) 4.17 (0.75-10.72) 2.01 (0.43-9.97) 0.124*
Eadyn 48h (mmHg/ml), median (min-max) 3.48 (1.31-8.02) 1.67(0.39-10.71) 0.360*
Eadyn 72h (mmHg/ml), median (min-max) 4.99 (1.09-7.22) 2.03 (0.30-9.26) 0.035
MAP 24h (mmHg), mean+SD 64149.39 55.17£19.9 0.221
MAP 48h (mmHg), median (min-max) 71.67 (57.33-110.67) |65.33 (29-102.33) 0.381°
MAP 72h (mmHg), mean+SD 82.7948.93 61.06+24.78 0.018'
CI 24h (I/min/m?), median (min-max) 3.40 (1.804.70) 2.30 (1.40-13.60) 0.084*
CI 48h (I/min/m?), mean+SD 3.48+0.60 4.25+2.19 0.337'
CI 72h (I/min/m?), mean+SD 3.84+0.69 3.63£1.66 0.745'
CP 24h (Watt), median (min-max) -0.01 (-1.17-0.09) -0.03 (-1.91-0.62) 0.426*
CP 48h (Watt), median (min-max) -0.03 (-1-0) -0.06 (-1-1) 0.936
CP 72h (Watt), median (min-max) -0.29 (-0.82-0.2) 0.00 (-1.19-0.20) 0.287*
dP/dt 24h (mmHg/msec), mean+SD 0.95+0.39 0.87+£0.42 0.684'
dP/dt 48h (mmHg/msec), meantSD 1.02+0.23 0.97+0.39 0.731
dP/dt 72h (mmHg/msec), median (min-max) 0.99 (1-2) 0.70 (0-3) 0.094>
SVI 24h (ml/m?), median (min-max) 24.50 (15.00-49.00) |29 (12-81) 0.632*
SVI 48h (ml/m?), median (min-max) 25 (21-50) 40 (9-61.54) 0.300*
SVI 72h (ml/m?), mean+SD 33.50+11.14 38.70+17.94 0.604'
SVRI 24h (dyne.sec/cm’/m?), median (min- 2227 (1098-3725) 1941 (913-8904) 0.791%
max)

SVRI 48h (dyne.sec/cm’/m?), median (min- 1540 (1219-5384) 1224.5 (243-4556) 0.137°
max)

SVRI 72h (dyne.sec/cm’/m?*), median (min- 1481 (1216-2832) 1211(177-2731) 0.05°

Legend: SD=standard deviation; Eadyn=dynamic arterial elastance; MAP=mean arterial pressure; Cl=cardiac
index; CP=cardiac power; dP/dt=ratio of ventricular pressure; SVI=stroke volume index; SVRI=systemic

vascular resistance index.

'Independent sample T-test; “Mann-Whitney test; *Fisher’s exact test.
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Table 2. Correlation between dynamic arterial elastance and other hemodynamic parameters

Hemodynamic parameters Correlation with Eadyn

r value p value
MAP
-24h 0.16 0.43
-48h 0.05 0.82
-72h 0.10 0.61
Cardiac index
-24h -0.28 0.17
-48h -0.56 0.00
-72h -0.47 0.01
CPO
-24h -0.46 0.02
-48h -0.69 0.00
-72h -0.39 0.05
dP/dt
-24h -0.05 0.82
-48h -0.03 0.90
-72h 0.08 0.68
SVI
-24h -0.73 0.00
-48h -0.41 0.04
-72h -0.69 0.00
SVRI
-24h 0.23 0.25
-48h 0.55 0.00
-72h 0.57 0.00

Legend: Eadyn=dynamic arterial elastance; MAP=mean arterial pressure; CPO=cardiac power output;
dP/dt=ratio of ventricular pressure; SVI=stroke volume index; SVRI=systemic vascular resistance index.

Table 3. ROC analysis for dynamic arterial elastance in predicting mortality in septic shock

Test result variables Area SE Asymp. sig. Asymptotic 95% CI
Lower bound | Upper bound
Eadyn 24 hours 0.722 .108 0.075 510 934
Eadyn 48 hours 0.642 113 0.255 420 .864
Eadyn 72 hours 0.764 115 0.035 .539 .989

Legend: ROC=receiver operating characteristic; SE=standard error; Asymp. Sig.=asymptotic significance;
Cl=confidence interval.
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Figure 1. Dynamic arterial elastance in the survivor and non-survivor groups
Dynamic Arterial Elastance and Mortality
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Legend: Eadyn=dynamic arterial elastance.

Figure 2. ROC analysis for dynamic arterial elastance in predicting mortality in septic shock
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Legend: ROC=receiver operating characteristic; Ea=arterial elastance.
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Figure 3. AUC analysis for dynamic arterial elastance in predicting mortality in septic shock
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Legend: AUC=area under the curve.
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