Clinical

Critical Care

E-ISSN 2774-0048

VOLUME 34 NUMBER 1
!
JANUARY-DEOFMBER 2026

.—/"/ —

A N

= 4

- S

Editor-in-Chief :
Suthat Rungruanghiranya

Associate Editors :
Kaweesak Chittawatanarat
Petch Wacharasint
Rungsan Bhurayanontachai

( ) Surat Tongyoo



Clinical Critical Care
"4 Volume 34, Article ID €260006, 11 pages

Crossref piips://doi.org/10.54205/ccc.v34.274897

ORIGINAL RESEARCH

crea

/

L S

_Clinical
W) Critical Care

elSSN 2774-0048

Dynamic arterial elastance for predicting mean arterial

pressure response to fluid administration in
hypotensive critically ill surgical patients:
Prospective observational study

Isaravadee Rakphuak', Warangkana Chaipatanakarn', Thammasak Thawitsri', Pongpol Sirilaksanamanon’,
Chalermchai Komaenthammasophon? Sahadol Poonyathawon?

'Department of Anesthesiology, King Chulalongkorn Memorial Hospital, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 10330;
2Division of Critical Care, Department of Medicine, King Chulalongkorn Memorial Hospital, Faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand, 10330; *Department of Anesthesiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 10330

© OPEN ACCESS

Citation:

Rakphuak I, Chaipatanakarn W, Thawitsri T,
Sirilaksanamanon P, Komaenthammaso-
phon C, Poonyathawon S. Dynamic arte-
rial elastance for predicting mean arterial
pressure response to fluid administration
in hypotensive critically ill surgical patients:
Prospective observational study. Clin Crit
Care 2026; 34: €260006.

Received: May 1, 2025
Revised: January 29, 2026
Accepted: January 30, 2026

Copyright:

© 2021 The Thai Society of Critical Care
Medicine. This is an open access article
distributed under the terms of the Cre-
ative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the
original author and source are credited.

Data Availability Statement:

The data and code were available upon
reasonable request (Isaravadee Rakphuak,
email address: Isaravadeemd22@gmail.com)

Funding:

This study received funding from Ratcha-
dapisek Research Funds Type | (Faculty of
Medicine, Chulalongkorn University).

Competing interests:
No potential conflicts of interest relevant
to this article were reported.

Corresponding author:

Isaravadee Rakphuak

Department of Anesthesiology, King Chu-
lalongkorn Memorial Hospital, Faculty
of Medicine, Chulalongkorn University,
Bangkok, Thailand, 10330

Tel: (+66) 2-256-4697

Fax: (+66) 2-256-4697

E-mail: Isaravadeemd22@gmail.com

ABSTRACT:

Background: Postoperative hypotension frequently occurs in high-risk sur-
gical patients and is associated with elevated risks of adverse cardiovascular
outcomes. Dynamic arterial elastance (Ea, ), calculated as the ratio of pulse
pressure variation (PPV) to stroke volume variation (SVV), has been proposed
as a functional parameter to guide fluid resuscitation by reflecting arterial
load.

Method: This prospective observational study was conducted in a single
tertiary care center and enrolled postoperative patients who developed hy-
potension requiring fluid resuscitation. Hemodynamic variables were mea-
sured immediately before and after fluid administration. PPV was recorded
through an invasive arterial catheter, while SVV was assessed using an
internally calibrated pulse contour analysis device. The primary objective
was to determine Ea, 's predictive performance in predicting mean arterial
pressure (MAP) responsiveness following fluid loading. Secondary analyses
compared Ea, s predictive performance with systemic vascular resistance
(SVR) and the diastolic shock index (DSI).

Result: Fifty-one patients were included, and 73 hypotensive interventions
were analyzed, of which 55 were classified as MAP responders. An Ea, .
threshold of > 1.02 yielded an area under the receiver operating characteristic
curve (AUC) of 0.802 (95% Cl, 0.703-0.901), with a sensitivity of 56.4% and a
specificity of 100%. In contrast, SVR and DSI demonstrated poor discrimi-
natory ability, with AUCs of 0.548 and 0.565, respectively. Ea, . significantly
outperformed both indices (p = 0.003).

Conclusion: Ea,  is demonstrated as a potential reliable hemodynamic index
for predicting MAP responsiveness following fluid administration in mechani-
cally ventilated postoperative patients with fluid-responsive hypotension.

Trial registration: TCTR20240330001

Keywords: Dynamic arterial elastance; Mean arterial pressure; Hemodynamic
monitoring; Fluid responsiveness; Postoperative hypotension
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INTRODUCTION

Postoperative hypotension has been identified as a signifi-
cant factor associated with an increased risk of myocardial
infarction and mortality [1]. This risk can be mitigated
through optimal preoperative conditioning and adequate
resuscitation [2]. Postoperative hypotension can result
from multiple factors, including hypovolemia or severe
inflammatory response [3].

According to Ohm’s law, the relationship of hemody-
namic parameters can be described in the MAP - CVP =
CO x SVR equation. Both cardiac output (CO) and SVR,
which determine the afterload in this equation, can con-
tribute to the change in MAP. This relationship is one of
the explanations that abnormal vasomotor tone results in
an inappropriate increase of MAP despite adequate CO [4].
Although most studies represented afterload as SVR, this
parameter only accounts for static afterload in peripheral
arterioles. Another component of afterload is dynamic
arterial afterload from the aorta [5]. Arterial afterload
measurement can be conducted based on the principle
of effective arterial elastance [6] (Ea), which represents
the line connecting the left ventricular end-diastolic pres-
sure-volume point through the end-systolic pressure-volume
point of the pressure-volume loop [7] .

Ea is calculated as end-systolic pressure divided by
stroke volume. However, its direct measurement may be
challenging in clinical settings. Ea, is defined as PPV di-
vided by SVV, which represents the dynamic interaction
of pressure and volume change in the arterial system [8].
Ea,  can help predict the change in arterial pressure after
fluid administration in fluid-responsive patients.

From the study by Bar et al., Ea, was used as a guide
when reducing the dose of norepinephrine (NE) after
stable hemodynamics, which has a beneficial outcome
on decreased duration of NE and ICU length of stay [9].
Furthermore, a systematic review and meta-analysis by
Zhou et al. analyzed the effectiveness of Ea, in predicting
pressure responsiveness after fluid administration, which
guides the decision to increase fluid bolus or initiate va-
sopressor as NE [4]. These studies included septic shock,
hypovolemic shock in medical ICUs, and perioperative
hypotension during surgical procedures [10]. The thresh-
old of Ea, in this study varied from 0.65 to 0.89, with
different sensitivity and specificity.

Furthermore, the study by Ospina Tascén et al. found
that DSI, defined as heart rate (HR) divided by diastolic
blood pressure (DBP) [11], can also be a good parameter to
determine the severity of vasoplegic shock and determine
the initiation of vasopressor [12]. Our study aims to assess
the ability of Ea, to predict MAP response after fluid
administration of postoperative hypotension in critically
ill surgical patients and to compare the predictive capabil-
ities of various afterload evaluation modalities, including
Ea dyn SVR, and DSI, in assessing pressure responsiveness.

KEY MESSAGES:

- Ea - effectively predicted MAP responsive-
ness to fluid bolus in fluid-responsive postopera-
tive mechanically ventilated patients with hypo-
tension

« The Ea,, cut-off value in hypotensive
postoperative mechanically ventilated patients
exhibits a high positive predictive value, support-
ing its utility as a diagnostic criterion for ruling pa-
tients in this study.

» SVR and DSI demonstrated lower predictive
ability in distinguishing MAP responsiveness from
non-responsiveness in this population.

MATERIALS AND METHODS

Study design
Prospective observational study

Study setting
Surgical intensive care unit (ICU) of King Chulalongkorn
Memorial Hospital.

Eligibility criteria

Inclusion criteria

1. Age 18 years or older

2. High-risk surgical patient (as defined by The Euro-
pean Society of Cardiology Guidelines for the assessment
and management of cardiovascular patients undergoing
non-cardiac surgery in 2022 [13])

3. Postoperative hypotension: defined as MAP < 65
mmHg (patient may receive prior resuscitation with nor-
epinephrine dose < 0.05 mcg/kg/min)

4. Controlled mechanical ventilation (TV > 8 ml/kg
predicted body weight)

5. The predictor of fluid responsiveness is defined as
pulse pressure variation (PPV) > 12%

Exclusion criteria
1. Cardiac arrhythmia
. Ratio of heart rate (HR) to respiratory rate (RR) < 3.6
. HR < 60 beats per minute (bpm)
. The patient underwent cardiothoracic surgery.
. Increase intraabdominal pressure
. Acute respiratory distress syndrome
. Right heart failure
. Valvular heart disease
. Significant myocardial disease
10. Pulmonary edema
11. Pregnancy
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Recruitment and consent

The investigator informed and obtained consent from
patients who underwent high-risk surgery on the day of
admission before the procedure. Standard treatment was
provided regardless of whether the patient consented to
participate in the trial or declined. In emergency surgery
cases, the investigator informed and obtained consent from
the legally authorized representative.

Intervention

After the patient or the legally authorized representative
consented, the patient underwent surgery and received
standard care. The intervention took place upon the patient's
arrival in the ICU and the development of postoperative
hypotension. The hemodynamic parameters were recorded
before and after fluid administration.

Research procedure

1. High-risk surgical patients who underwent noncar-
diac surgery and were admitted to the surgical ICU were
continuously monitored for hemodynamic parameters us-
ing a central venous catheter and an arterial catheter as part
of standard treatment. These catheters were connected to
an internally-calibrated cardiac output monitoring system
(FloTrac sensor on EV1000 monitor, Edwards Lifesciences,
Irvine, CA, USA) and an Intellivue MX700 bedside vital
sign monitor (Philips, Petaluma, CA, USA). Hemodynamic
parameters were measured realistically and recorded for
48-72 hours.

2. When patients developed postoperative hypotension
within 48 hours after surgery, initial resuscitation was per-
formed using norepinephrine at a dose of < 0.05 pg/kg/
min as part of standard care. Norepinephrine was initiated
within the first hour of resuscitation after adequate fluid
resuscitation had been performed, particularly in patients
who were fluid non-responsive or showed signs of fluid
overload.

3. Pulse pressure variation (PPV) was used to predict
fluid responsiveness. A positive result was defined as PPV
>12%. PPV was selected for this study due to its availability
as a routine bedside monitoring parameter and its high
diagnostic accuracy, with a reported sensitivity of 88% and
specificity of 89%, as demonstrated in a review by Monnet
etal. [14].

4. Hemodynamic parameters were recorded before fluid
administration, including PPV, SVV, SBP, DBP, MAP, HR,
SVR, SVIand SVRI

5. Within 15 minutes, a 250 ml infusion of 5% albumin
was administered. The hemodynamic parameters were re-
corded immediately after fluid administration and every 1
minute until 5 minutes after fluid administration, as shown
in the flow diagram (Figure 1).

6. Cardiac output was evaluated by transthoracic echo-
cardiography by measuring the velocity-time integral
(LVOT VTI) and the left ventricular outflow tract diameter
(LVOT diameter) before and after fluid administration.

7. Five critical care fellows participated in the study. All
fellows underwent training for standardized measurement,
and their measurements were verified by a board-certified
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cardiac intensivist before data collection. Furthermore, all
images and measurements taken during data collection
were recorded for subsequent review by the cardiac inten-
sivist.

8. MAP responsiveness was defined as an increase in
MAP of 215% following fluid administration, accompanied
by an increase in cardiac output of 210%. MAP non-re-
sponsiveness was defined as an increase in the maximum
MAP within 5 minutes post-fluid administration of <15%,
despite an increase in cardiac output of >10%

9. Ea, and DSI were calculated by reviewing the record
of hemodynamic parameters at a similar time.

Outcome measurement

Primary objective

Determine the ability of Ea oy 1O predict the response of
MAP after fluid administration of postoperative hypoten-
sion in critically ill, mechanically ventilated surgical patients.

Secondary objective
Compare the ability of Ea, , SVR, and DSI to predict MAP
responsiveness after fluid administration. Another sec-
ondary outcome is to analyze the total amount of fluid
resuscitation in postoperative hypotension patients who
receive Ea, monitoring.

Statistical analysis

The sample size was determined using Kappa-based esti-
mation instead of conventional sensitivity and specificity
calculations, as no prior studies have reported sensitivity
or specificity in a comparable population of mechanically
ventilated postoperative patients with hypotension. The
Kappa in the range of intermediate to good agreement
[15, 16] (Kappa 0.4-0.75) was applied. The sample size of
73 patients was calculated with a proportion of the out-
come of 0.6 as in the previous study [15], a type I error
of 0.05, a desired power of 0.8, and an expected dropout
rate of 10%.

Data analysis was performed with Stata version 18
(StataCorp LLC, College Station, TX, USA). Categorical
data were reported as percentages and numbers, while
continuous data were presented as mean and standard
deviation or median and interquartile range, depending
on the data distribution. Comparisons of proportions
between two groups were made using the Chi-square
test or Fisher’s exact test, as appropriate. Eadyn's abil-
ity to predict MAP responsiveness was analyzed using
AUC and ROC curve. Sensitivity and specificity were
also examined to validate the Ea, threshold. The pos-
itive predictive value (PPV) and negative predictive
value (NPV) were assessed to determine the efficacy of
the Ea, threshold. This threshold was tested using the
Kappa statistic to confirm the degree of reliability, with
values ranging from 0.4 to 0.75, indicating intermediate
to good agreement. The predictive ability of Ea, , SVR,
and DSI for MAP responsiveness was compared using
the ROC comparison test.
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Study flow diagram

» High risk surgical patient undergone non-cardiac surgery and
admitted in surgical ICU

» Continuous hemodynamic monitoring via central venous catheter and arterial line
Controlled mechanical ventilate with TV z 8 ml/kg
Standard treatment such as sedation, analgesia, fluid administration and
hemodynamic monitoring will be provided.

}

Postoperative hypotension (MAP<65 mmHg) within 24-48 hours

Physician may resuscitate with norepinephrine dose < 0.05 mcg/kg/min

Physician PPV as predictor for fluid responsiveness and
define as positive test when PPV 2 12%

!

Measure Hemodynamic parameters before fluid administration
(PPV/ SVV/ SBP/DBP /IMAP/HR/COICI/SVRISVRI/SVI )

!

Fluid administration : 5% albumin 250 ml within 15 minutes

|

Measure Hemodynamic parameters after immediately after fluid administration fluid
administration then measure every 1 minute until 5 minutes

( PPVI SVV/ SBP/ DBP/ MAP/ HR/ CO/ CI/ SVR/ SVI )

7\

MAP responsiveness MAP non responsiveness
define as increase of maximum MAP in 5 min after define as increase of maximum MAP in 5 min
fluid administration 2 15 % with after fluid administration <15 % with increase
increase of cardiac output 2 10% of cardiac output 2 10%

Figure 1. Study flow diagram



RESULTS

Fifty-one patients were enrolled in the study, comprising
73 interventions. Of these, 55 interventions were classi-
fied as MAP-responsive following fluid administration, as
illustrated in Figure 2. Baseline characteristics were not
significantly different between the MAP-responsive and
MAP-nonresponsive groups, as shown in Table 1. Except
for Eadyn (1.0 [1.0-1.1] vs. 0.9 [0.9-1.0]; p < 0.001) and
PPV (15.7 [14.7-16.6]% vs. 13.2 [12.0-14.4]%; p = 0.002),
no statistically significant differences were observed in
baseline hemodynamic parameters before fluid adminis-
tration, as presented in Table 2.

For the primary outcome, Ea, values > 1.02 effectively
differentiated MAP responders from non-responders,
with of 0.802 (0.703-0.901), indicating acceptable dis-
criminatory performance, as illustrated in Figure 3.The
threshold Ea, = value of > 1.02 demonstrated a sensitiv-
ity of 56.4 % (42 3-69.7) and a specificity of 100 % (81.5-
100), confirming its validity. The PPV was 100%,while the
NPV was 42.9 %, indicating the efficacy of the threshold.
The kappa statistic showed fair agreement, with a value of
0.389 (0.231 - 0.548).

The study identified a "grey zone" for Ea, , defined
as the range of 0.94-1.04, in which MAP responsiveness
could not be reliably differentiated. In this study, 33 cases
(45.2%) fell within this grey zone, as illustrated in Figure 4.

Eadyn for predicting MAP response in critically ill surgical patients

For the secondary outcomes, there were no statisti-
cally significant differences in SVR or the DSI between
the MAP-responsive and MAP-non-responsive groups.
The SVR in the MAP-responsive group was 1121.7
(1025.4-1218), compared to 1063.7 (952.9-1174.4) in the
MAP-non-responsive group (p=0.39). DSIwas 1.9 (1.7-2)
in the MAP-responsive group and 1.7 (1.6-1.7) in the MAP-
non-responsive group (p = 0.36).

SVR and DSI exhibited limited predictive capacity,
with AUCs of 0.548 (0.401-0.695) and 0.565 (0.434-
0.697), respectively. While the overall predictive perfor-
mance of Ea, was 0.802 (0.703-0.901), comparison of the
ROC curves for Ea, SVR, and DSI demonstrated statis-
tically significant dlfferences among the three parameters
(overall p-value = 0.003), as illustrated in Figure 5.

We observed a trend of higher fluid administration
in the MAP-non-responsive group, which may increase
the risk of fluid overload. The volume of fluid adminis-
tered was significantly higher in the MAP non-responsive
group (319 ml, 250 (262.1-376.7) mL; p< 0.001), as de-
tailed in Table 3.

The percentage increase in CO after fluid bolus, rep-
resenting fluid responsiveness, did not differ significantly
between the MAP-responsive and MAP-nonresponsive
groups (19.6 [16.3-22.9]% vs. 14.0 [11.2-16.9]%; p = 0.06)
as illustrated in Figure 6.The MAP-responsive group did
not observe the highest MAP immediately following fluid
administration. The peak MAP values were recorded 2
minutes (1-3) post-administration, as illustrated in Figure 6.

Postoperative hypotension (MAP< 65 mmHg)
with PPV 2 12% (N=57)

Excluded from fluid intervention
« Deny consent (N=1)
« NE > 0.05 mcg/kg/min (N=4)
¢ TV <8mlkg (N=1)

Patient included into fluid intervention

(N=51)

l

Fluid intervention: 5% albumin 250 ml in 15 minutes
(73 interventions)

l

MAP responsive
(55 interventions)

Figure 2. Flow chart of the included fluid intervention

!

MAP non-responsive

(17 interventions)



Clinical Critical Care

Table 1. Baseline characteristics

Variable Total MAP response MAP non-response P-value
(N=51) (N=43) (N=8)
Age (yr), Mean +SD 65.3£13.5 65.9+13.5 62+14.3 0.46
Sex, N (%) 0.86
« Male 24 (47.1) 20 (46.5) 4 (50)
» Female 27 (52.9) 23 (53.5) 4 (50)
BMI (kg/m?), Mean +SD 23.8+4.8 23.9+4.7 23.0£5.8 0.63
APACHE II score, Mean +SD 16.6+5.1 16.9+5.1 15.3+4.9 0.41
Comorbid, N (%)
« Hypertension 33 (62.8) 27 (62.8) 6 (75) 0.69
o Dyslipidemia 20 (39.2) 16 (37.2) 4 (50) 0.70
« Diabetes 17 (33.3) 13 (30.2) 4 (50) 0.42
« Cancer 15 (29.4) 11 (25.6) 4 (50) 0.21
o Ischemic heart disease 4(7.8) 2(4.7) 2 (25) 0.11
« Stroke 2(3.9) 2(4.7) 0 (0) 0.53
» Renal disease 2(3.9) 2(4.7) 0(0) 0.53
« Other 5(9.8) 4(9.3) 1(12.5) 0.78
« No co-morbidity 7 (13.7) 7 (16.3) 0 (0) 0.58
Urine output (ml/kg/hour), Mean +SD 0.44+0.18 0.44+0.19 0.41+0.12 0.71
Type of shock, N (%)
» Hypovolemic shock 27 (54) 22 (52.4) 5(62.5) 0.71
« Distributive shock 23(46) 20 (47.6) 3(37.5) 0.71
Receive vasopressor: Norepinephrine, N (%)
o Yes 30 (58.8) 27 (62.8) 3(37.5) 0.25
« No 21 (41.2) 16 (32.7) 5(62.5) 0.25
Type of surgical operation, N
« Gastrointestinal 20 (39.2) 15 (34.9) 5(62.5) 0.14
« Colorectal 13 (25.5) 12 (27.9) 1(12.5) 0.36
« Urology 4(7.8) 4(9.3) 0 (0) 0.40
» Gynecology 2(3.9) 2 (4.7) 0 (0) 0.52
o Vascular 5(9.8) 4(9.3) 1(12.5) 0.78
o Orthopedic 3 (5.8) 3(7.8) 0 (0) 0.44
« Hepatobiliary 2(3.9) 2(4.7) 0(0) 0.53
Sedation, Mean +SD
« Fentanyl (mcg/kg/hr) 24.1 £8.6 24.1+9.1 24.2 6.6 0.99
« Propofol (mg/kg/hr) 40.5%25.5 39.2 £25 50 £30 0.38
» Dexmedetomidine 0.005+0.001 0.005+0.001 0.005+0.001 0.53
Ventilator setting
Mode, N (%) 72 (98.7) 54 (98.2) 18 (100) 0.57
Respiratory rate, Mean £SD 13+£2.3 13.1+2.4 12.3+0.7 0.31
Inspiratory pressure, Mean £SD 13.6+1.4 13.6%1.5 13.6+1.1 0.99
PEEP, Mean +SD 5.8£1.6 5.8+1.7 5.8+1.4 0.92
FiO,, Mean +SD 0.41+0.06 0.41+0.06 0.41+0.04 0.89

Abbreviations: MAP: mean arterial pressure
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Hemodynamic parameters MAP response MAP non-response P-value
(Mean (95%CI)) (N=55) (N=18)
SBP : Systolic blood pressure (mmHg) 87.6 (84-91.2) 93.4 (87.1-99.8) 0.02
DBP : Diastolic blood pressure (mmHg) 46 (44.1-47.9) 46.6 (44.8-48.3) 0.38
HR: Heart rate (bpm) 83.4 (78-88.7) 77 (71.3-82.7) 0.95
DSI (Diastolic shock index) 1.9 (1.7-2) 1.7 (1.6-1.7) 0.36
CO: Cardiac output (L/min) 4(3.5-4.4) 4.1 (3.6-4.5) 0.73
CI : Cardiac index (L/min/m?) 2.6 (2.2-2.9) 2.8 (2.4-3.2) 0.50
SVV : Stroke volume variation (%) 15.1 (14.2-15.9) 14.2 (12.9-15.5) 0.48
PPV: Pulse pressure variation (%) 15.7 (14.7-16.6) 13.2 (12-14.4) 0.002
Eadyn: Dynamic arterial elastance 1(1-1.1) 0.9 (0.9-1) <0.001
SVR : Systemic vascular resistance (dynes/sec/cm™) 1121.7 1063.7 0.39
(1025.4-1218) (952.9-1174.4)
SVRI : Systemic vascular resistance index (dynes/sec/ m*/cm™) 1790.1 1583.7 0.19
(1632.8-1947.4) (1369.1-1798.3)
SVI: Stoke volume index (ml/ m?) 32.8 (28.6-37.1) 36.9 (31-42.8) 0.38
Abbreviations: MAP: mean arterial pressure
1.00+ [—:7
% -
o -
s -
0.751 P
- - &
=) 4 e
- -
+ — -
Z 0501 —
[= L -
] L o
w i
- -
- = 3
0.254 i
- o =
: T
o Area under ROC curve = 0.8020
0.004 %
I ! I L] |
0.00 0.25 0.50 0.75 1.00

| - specificity

Figure 3. Receiver operating characteristic (ROC) analysis of dynamic arterial elastance (Ea, ).
Kappa (95% CI) = 0.389 (0.231 - 0.548) for Ea‘jlYn >1.02
Abbreviations: AUC: Area under the curve; NPV: Negative Predictive Value; PPV: Positive Predictive Value
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Sensitivity/Specificity
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' —— Specificity
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3
2
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0 -
I | 1 T I T 1 T I T ] T I 1
J5 8 B85 9 985 1 105 11 115 12 125 13 135 14
Eadyn
The grey zone of Ea,  was 0.94-1.04
N %

<0.94 9 12.3

0.94-1.04 33 452

>1.04 31 42.47

Figure 4. Grey zone of dynamic arterial elastance (Ea, ).
The grey zone of Ea,  was 0.94-1.04

1.00 A

0.754
_7’:‘* —e— Eadyn: ROC area: 0.802
E 0.50 1 —e— SVR: ROC area: 0.548
a —=&— DSI: ROC area: 0.5652
£ —— — Reference
0.251
0.00 4
T I T T T
0.00 0.25 0.50 0.75 1.00
1-specificity
ROC area under the curve 95%CI P-value Overall P-value
Eadyn 0.802 0.703-0.901 ref 0.003
DSI 0.565 0.434-0.697 0.008
SVR 0.548 0.401-0.695 0.008

Figure 5. Comparison of receiver operating characteristic (ROC) analysis between Ea, , SVR, and DSL.
Abbreviations: Ea - Dynamic Arterial Elastance; DSI: Diastolic Shock Index; SVR: Systemic Vascular Resistance
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Table 3. Amount of fluid administration in MAP responsive group and MAP non-responsive group.

MAP non-response MAP response P-value
(N=18) (N=55)
Amount of fluid (ml) 319 .4 (262.1-376.7) 250 (250-250) <0.001

Abbreviations: MAP: mean arterial pressure

MAP responsive

Non MAP responsive

80+ 80+
60- 60+
404 e 40-
-
20 = 201
S
0 04
=20 =20+
-40 - T T T =40 T T T
Baseline 0 1 2 3 - 5 Baseline 0 1 2 3 - 5
Minute Minute
Hemodynamic parameters MAP response MAP non-response P-value
(Mean (95%CI)) (N=55) (N=18)
Duration of A Maximum MAP, median (IQR) (minutes) 2 (1-3) 3(1-4) 0.17
% A Maximum MAP from baseline 25.4 (22.7-28.1) 6.7 (4.0-9.3) <0.001
CO at baseline (L/min) 4(3.5-4.4) 4.1 (3.6-4.5) 0.73
% CO change from baseline 19.6 (16.3-22.9) 14.0 (11.2-16.9) 0.06

Figure 6. MAP responsiveness after fluid administration.

Abbreviations: % AMaximum MAP: percentage of MAP change between before and after fluid bolus; % CO change: percent of cardiac output change

between before and after the fluid bolus

DISCUSSION

The main findings of our study indicate that an Ea, value
> 1.02 effectively differentiates MAP responsiveness from
non-responsiveness in postoperative mechanically venti-
lated patients with hypotension, with an AUC of 0.802,
a sensitivity of 56.4%, and a specificity of 100%. These
results suggest that Ea, may be a useful diagnostic tool
to determine the fluid bolus in fluid-responsive postoper-
ative mechanically ventilated patients with hypotension.
The findings of our study are consistent with previous
research by Monge Garcia et al.,, which reports that the
Ea, value >0.89 predicted an increase of 15% in MAP
after fluid administration with a sensitivity of 93.75% and
a specificity of 100% in mechanically ventilated hypoten-
sive patients with acute circulatory failure in the medical
and surgical ICU. Their study concluded that Ea, is a
valuable predictor of MAP changes in response to fluid
expansion. It also emphasized that initial hemodynamic
resuscitation should optimize CO and MAP to ensure ad-
equate perfusion pressure and organ perfusion [5].
However, our results did not align with the systematic
review and meta-analysis of Zhou et al., which demonstrat-
ed a higher precision of Ea, in the medical ICU [4]. They

assumed that the effectiveness of Ea, depends on arterial
compliance. In the medical ICU, most patients receive va-
sopressors, whereas surgical patients are generally healthier,
with normal cardiac and vascular function. Surgical patients
typically present with hypovolemic shock and do not neces-
sarily require vasopressors.

The high accuracy of Ea, observed in postoperative
patients in our study may be attributed to including both
hypovolemic and distributive shock cases. Additionally,
a significant proportion of our study population (58%)
received vasopressors, which may have influenced the ac-
curacy of Ea, .

These findings suggest that Ea, may be used in com-
bination with other hemodynamic parameters to support
clinical decision-making regarding fluid bolus admin-
istration in postoperative hypotensive patients, as high-
lighted in the systematic review and meta-analysis by
Zhou et al.[4]

Our study also analyzed the grey zone of Ea,  and iden-
tified that values between 0.94 and 1.04 were inconclusive
in distinguishing between MAP responsiveness and non-
responsiveness. Fewer than 50% of cases (45.2%) fell within
this grey zone, supporting its diagnostic accuracy. The grey
zone is defined as a range in which sensitivity and specific-
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ity are below 90%, with a diagnostic tolerance of 10% [17].
Our findings are consistent with the study by Monge et al.,
which reported a grey zone for Ea, ranging from 0.72 to
0.88 in predicting MAP response after fluid administration
in mechanically ventilated patients with acute circulatory
failure [18]. The clinical application of Ea am when values
fall within the grey zone provides valuable guidance for
clinicians in interpreting this index in combination with
other hemodynamic parameters in clinical practice and
highlights the need for additional information when making
clinical decisions[19].

SVR and DSI demonstrated limited predictive value
for MAP responsiveness, with AUCs of 0.548 and 0.565,
respectively. In contrast, ROC curve analysis revealed that
Ea, exhibited the highest overall predictive performance,
with an AUC of 0.802.

SVR and DSI are commonly used to predict the need
for vasopressors in vasodilatory shock, particularly in sep-
tic shock. A study by Ospina-Tascon et al. demonstrated
an association between increased DSI and a higher risk of
mortality in septic shock patients. This relationship is based
on the pathophysiology of DBP, which depends on vascular
tone and the duration of the cardiac cycle. Therefore, the
combination of DBP and HR may reflect the severity of cir-
culatory dysfunction in vasodilatory states [20].

However, in critically ill surgical patients, circulatory
instability is often multifactorial, involving not only vaso-
dilation but also hypovolemia and the effects of anesthetic
agents [3]. Ea, more accurately reflects the dynamic elastic
properties of the vascular wall than SVR [21]. Monge et al.
demonstrated that Ea, is a superior predictor of MAP re-
sponse to fluid challenge in circulatory shock compared to
SVR [18]. These additional factors may explain the limited
predictive ability of SVR and DSI for mean MAP responsive-
ness in this population.

We also analyzed the duration of maximum MAP re-
sponse and found that peak MAP values occurred 2 min-
utes post-administration in the MAP-responsive group.
This finding is consistent with a study by Fischer et al.,
which demonstrated a gradual increase in MAP, reaching
maximum responsiveness 4 minutes after a fluid bolus in
fluid-responsive patients with hypotension during major
vascular surgery [21]. This delay can be attributed to the
gradual increase in stroke volume following fluid adminis-
tration, leading to increased CO and MAP.

Furthermore, total fluid administration was significant-
ly greater in the MAP-nonresponsive group, suggesting that
the use of Ea, to guide fluid management may help prevent
fluid overload. Our findings are consistent with those of Rus-
so et al., who conducted a randomized open-label clinical
trial in patients undergoing pancreatic surgery and demon-
strated a significantly lower fluid balance in the group man-
aged with a protocol incorporating Ea, _for the treatment of
hypotension [22]. These findings further support the role of
Ea, -guided fluid management in reducing the risk of fluid
overload.

10

>

The strengths of our study include confirmation of Ea, s
predictive ability for MAP responsiveness in patients with
postoperative hypotension, as demonstrated by a high AUC,
and the identification of a grey zone for cases with incon-
clusive results. In addition, our findings support the po-
tential role of Ea, -guided fluid management in reducing
the risk of fluid overload. Furthermore, the study provides
a comparative analysis of different afterload assessment
modalities, including Ea, , SVR, and DSI.

The limitations of our study include its observational
design and relatively small sample size, which warrant
validation in a larger randomized controlled trial. Another
limitation is the potential for mathematical coupling, as
both PPV and SVV are derived from the same arterial
waveform. As described by Monge Garcia et al., because
SVV and PPV are obtained from pulse contour analysis,
mathematical coupling cannot be excluded as a possible
explanation for the observed findings [23].

However, this concern aligns with the findings of
Magrelli et al., who conducted a prospective observational
study on fluid responders undergoing aortic surgery. Their
study compared Ea, calculated from the FloTrac system
(internally calibrated pulse contour analysis) and Bioreac-
tance, showing no statistically significant difference (0.83
+0.37 vs 0.75 £ 0.33, p = 0.16). These results suggest that
although mathematical coupling cannot be entirely ex-
cluded, the accuracy of Ea, A remains comparable whether
derived from the same arterial waveform or an indepen-
dent method [24].

CONCLUSION

Ea, is demonstrated as a potential reliable hemodynamic
index for predicting MAP responsiveness to fluid bolus
in fluid-responsive postoperative mechanically ventilated
patients with hypotension. In contrast, SVR and DSI
demonstrated lower predictive ability, distinguishing
MAP responsiveness from non-responsiveness in this
population. Further randomized controlled trials are re-
quired to validate Ea dyn's predictive ability in postoperative
mechanically ventilated patients with hypotension.
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