
                         ©2026 European Journal of Clinical Pharmacy;Volume:7:Issue:1|All Rights Reserved 

 

3581 

 

European Journal of Clinical Pharmacy 
Print ISSN: 2385-409X, Online ISSN: 3105-0409 

Website: https://farmclin.com/ 

 

 

 

Assessment of Aortic Artery Distensibility and 

Elasticity Indices in Respiratory Care Unit Patients on 

Mechanical Ventilation: A Prospective Case-Control 

Study 
 

 

Article History: Abstract: Background: Patients receiving invasive mechanical 

ventilation are subject to extreme changes in the cardiopulmonary 

physiology that may adversely affect the mechanical properties of the 

aortic wall. Limited literature exists concerning the elastic properties 

of the aorta in patients treated in the respiratory care unit 

(RCU).Objective: To assess the aortic properties of a mix of 

distensibility, strain, stiffness index (β), and Peterson's elastic modulus 

(Ep) using transthoracic echocardiography (TTE) between 

mechanically ventilated patients in the RCU with appropriate healthy 

controls.Methods: Prospective case-control study at Mirjan Medical 

City, Babylon, Iraq (November 2025–April 2026). Fifty subjects: 25 

mechanically ventilated RCU patients and 25 age- and sex-matched 

healthy controls. Aortic dimensions were acquired by M-mode TTE in 

the parasternal long-axis view at 3 cm above the aortic valve, and four 

elastic indices were calculated.Results: Aortic dimensions were 

comparable between groups (p > 0.05). Aortic strain was significantly 

reduced (4.27 ± 1.62% vs. 6.94 ± 1.77%; p < 0.001), stiffness index β 

was markedly elevated (12.86 ± 9.04 vs. 4.67 ± 1.48; p < 0.001), and 

Peterson's Ep was significantly higher (801 ± 298 vs. 456 ± 118 

mmHg; p < 0.001) in the MV group. Aortic distensibility showed a 

consistent downward trend (1.82 ± 0.88 vs. 2.28 ± 1.12 ×10⁻⁶ cm²/dyn; 

p = 0.087). Left ventricular ejection fraction was preserved in all MV 

patients (62.0 ± 3.6%).Conclusion: Mechanical ventilation is 

associated with significant functional aortic stiffness, independent of 

structural remodelling or systolic dysfunction. Echocardiographic 

aortic elastic assessment is bedside-feasible and should be considered 

in RCU haemodynamic monitoring protocols. 
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INTRODUCTION 
 

Managing the critically ill pt. under invasive 

mechanical ventilation provides one of the greatest 

challenges in modern intensive care medicine. The 

complex hemodynamic effects of positive-pressure 

ventilation with elevated intrathoracic (chest) 

pressures, loss of venous return, and altered preload 

and afterload on the heart, superimpose to 

compromise already compromised cardiovascular 

systems in critical illness [1,2]. Potentially useful 

indicators of cardiovascular homeostasis arise from 

the mechanical properties of the elastic structures 

(ascending aortic wall) as they relate to the 

“Windkessel” effect (the combined capacity of an 

elastic vascular structure to expand during the 

contraction (squeeze out) of the heart, absorb the 
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pulsatile energy flow, and then release that energy into 

the coronary arteries during the following diastole to 

continue perfusing the heart and to assist in supply of 

blood to the microvasculature of the rest of the body), 

which depends on the viscoelastic properties of the 

wall of the aorta, composed of concentric “lamellar” 

units of elastin, interspersed with smooth muscle cells 

and an elastin-rich extracellular matrix (ECM) [3,4]. 

 

Reduced aortic elasticity and increased aortic stiffness 

are well-established independent risk factors ( 

predictors) of poor cardiovascular outcomes from an 

epidemiological perspective. In a systematic review 

and meta-analysis, Vlachopoulos and coworkers 

showed that individuals with increased cf-PWV 

(carotid-femoral pulse wave velocity), independent of 

traditional risk factors, are at significantly elevated 

risk of suffering subsequent cardiovascular events or 

dying from any cause[5]. According to the 2023 

European Society of Hypertension guidelines, a cf-

PWV>10 m/s has been validated as a marker of 

significant arterial stiffness and thus a high operative 

risk of cardiovascular disease [6]. Authors identified 

three physiological pathways by which increased 

aortic stiffness leads to multi-organ injury: increased 

central pulse pressure and left ventricular afterload; 

reduced diastolic coronary perfusion due to reduced 

Windkessel recoil; and excessive pulsatile stress 

applied to end-organ microvasculature [7]. It has been 

reported that increased aortic stiffness is 

independently associated with increased risk for the 

development of multimorbidity (including 

hypertension, ischemic heart disease, heart failure, 

chronic kidney disease, and cognitive decline), 

particularly in the geriatric population [8]. 

In the RCU environment, factors governing aortic 

elastic behavior are substantially more complex. 

Many authors have reviewed the cardiovascular 

effects of positive-pressure ventilation, concluding 

that the net hemodynamic impact — preload 

reduction, altered ventricular afterload, and 

biventricular interdependence — is highly 

individualized and influenced by baseline cardiac 

reserve, volume status, and ventilator parameters 

[5,6]. Critically ill patients concurrently exhibit 

systemic inflammatory activation, endothelial 

dysfunction, oxidative stress, and vasomotor 

dysregulation, all of which acutely alter arterial 

mechanical properties [8,9]. It has been demonstrated 

that aortic wall strain is significantly reduced in ICU 

patients and independently associated with adverse 

outcomes [9]. Despite these observations, the specific 

effects of mechanical ventilation on 

echocardiography-derived aortic elastic indices in 

unselected RCU patients have not been prospectively 

investigated. 

Transesophageal echocardiography (TEE) can be 

used to perform a fast, non-invasive assessment of 

aortic properties at the bedside. M-mode 

echocardiography is performed in the parasternal 

long-axis view. It enables the calculation of four 

complementary elastic indices of the aorta (i.e., aortic 

strain, distensibility coefficient, stiffness index β, and 

Peterson’s elastic modulus) based on the methodology 

developed by [9], which has been validated in several 

ambulatory populations [10]. The ongoing expansion 

of point-of-care echocardiography in the intensive 

care unit, including [11] validated AI-assisted 

measurement tools with intraclass correlation 

coefficients of > 0.90 for the most important 

hemodynamic indices [11], has made the bedside 

assessment of aortic elasticity increasingly feasible. 

Both the American Thoracic Society and the 

European Society of Intensive Care Medicine have 

issued consensus statements supporting enhanced 

cardiovascular monitoring for patients on mechanical 

ventilation and have recognized a lack of evidence in 

the current literature on the optimal means of 

assessing vascular properties [12,13]. This study 

attempts to bridge that gap. 

 

MATERIALS AND METHODS 
 

Study Design and Setting 

A prospective observational case-control study was 

conducted in the 20-bed RCU of Mirjan Medical City, 

Babil Health Directorate, Babylon, Iraq, from 

November 2025 to April 2026. The RCU is equipped 

with invasive mechanical ventilation, continuous 

hemodynamic monitoring, and a Philips CX50 

portable echocardiography system. The study was 

approved by the Babylon University Institutional 

Ethics Committee and conducted in accordance with 

the Declaration of Helsinki. Informed consent was 

obtained from patients’ legally authorized 

representatives and directly from healthy volunteers. 

 

Study Population 

Fifty subjects were enrolled: 25 mechanically 

ventilated RCU patients (MV group) and 25 age- and 

sex-matched healthy volunteers (Normal group). MV 

group inclusion criteria: age 18–60 years; invasive 

mechanical ventilation ≥ 48 hours via endotracheal 

tube or tracheostomy; hemodynamic stability (SBP ≥ 

100, DBP ≥ 60 mmHg); normal sinus rhythm; 

adequate echocardiographic window. Exclusion 

criteria encompassed: pre-existing aortic pathology; 

severe hemodynamic instability; pregnancy; advanced 

chronic kidney disease (CrCl < 30 mL/min/1.73 m² 

by Cockroft-Gault [18]); connective tissue disease; 

prior thoracic radiation; or non-invasive ventilation as 

the primary support modality. Control group criteria: 

age 18–60 years; absence of known cardiovascular, 

metabolic, or renal disease; BMI 18.5–30 kg/m²; 

blood pressure < 140/90 mmHg without medication; 

and adequate echocardiographic window. 
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Echocardiographic Assessment and Elastic Index 

Calculation 
All studies were performed using the Philips CX50 

with S5-1 phased-array transducer (1–5 MHz). 

Ventilated patients were examined supine; 

measurements were taken at end-expiration 

synchronized with the airway pressure waveform. 

Three to five cardiac cycles were averaged per 

measurement. Aortic diameters were obtained by M-

mode echocardiography in the parasternal long-axis 

view at 3 cm above the aortic valve per [9] and ASE 

guidelines: maximum systolic diameter (Ds) at peak 

systole and minimum diastolic diameter (Dd) at end-

diastole. An automated oscillometric cuff recorded 

the simultaneous blood pressure. The Mosteller 

formula calculates body surface area. Standard 2D 

Doppler assessment evaluated LVEF (biplane 

Simpson’s), diastolic function (E/e’ by tissue 

Doppler), and valvular integrity. 

Four elastic indices were calculated: (1) Aortic Strain 
(AS%) = [(Ds−Dd)/Dd]×100; (2) Aortic 

Distensibility (AD, ×10⁻⁶ cm²/dyn) = 

2×(Ds−Dd)/[Dd×(SBP−DBP)×1333]; (3) Stiffness 

Index β = ln(SBP/DBP)/[(Ds−Dd)/Dd]; (4) 

Peterson’s Elastic Modulus Ep (mmHg) = 

(SBP−DBP)×Dd/(Ds−Dd) [19,20]. All calculations 

were performed using a dedicated Excel spreadsheet 

with built-in formulae. 

 

Statistical Analysis 

Data were analyzed using SPSS v26.0 and GraphPad 

Prism v9.0. Normality was assessed by the Shapiro-

Wilk test. Continuous data are expressed as mean ± 

SD or median (IQR); categorical data as frequency 

(%). Between-group comparisons used the 

independent-samples t-test or Mann-Whitney U test 

as appropriate; chi-square or Fisher’s exact test for 

categorical variables. Pearson’s or Spearman’s 

correlation was used to assess relationships between 

elastic indices and clinical variables. Two-tailed p < 

0.05 was considered statistically significant. 

 

 

RESULTS 

Demographic and Hemodynamic Characteristics 
All 50 enrolled participants yielded adequate echocardiographic windows. The two groups were well matched for 

age, sex, BMI, and BSA (Table 1). Systolic blood pressure was comparable (p = 0.583); however, diastolic blood 

pressure was significantly lower and pulse pressure significantly higher in the MV group (both p < 0.05), consistent 

with known hemodynamic effects of positive-pressure ventilation. LVEF was preserved in all MV patients (62.0 ± 

3.6%, range 56–67%), confirming the absence of systolic myocardial dysfunction. 

 

Table 1. Demographic and hemodynamic characteristics (Mean ± SD). 

Parameter Normal (n=25) MV (n=25) p-value 

Age (years) 42.1 ± 13.4 43.6 ± 14.7 0.706 NS 

Sex (M/F) 12/13 16/9 0.163 NS 

BMI (kg/m²) 24.5 ± 2.8 26.3 ± 3.9 0.065 NS 

BSA (m²) 1.83 ± 0.14 1.84 ± 0.14 0.841 NS 

SBP (mmHg) 117.4 ± 7.1 115.6 ± 16.2 0.583 NS 

DBP (mmHg) 86.8 ± 3.5 76.5 ± 10.9 <0.001* 

PP (mmHg) 30.7 ± 5.8 39.1 ± 11.3 0.002* 

LVEF (%) — 62.0 ± 3.6 — 

SBP = systolic blood pressure; DBP = diastolic blood pressure; PP = pulse pressure; LVEF = left ventricular ejection 

fraction; NS = not significant; * p < 0.05. 

Ventilator Parameters 
All MV patients were ventilated in SIMV-PC mode. Mean PaO₂/FiO₂ ratio of 228.4 ± 68.2 was consistent with mild-

to-moderate hypoxaemic respiratory failure. Mean duration of ventilation before the study echocardiogram was 72.3 

± 24.6 hours (Table 3). 

 

Table 3. Ventilator parameters at time of echocardiographic assessment (MV group, n=25). 

Ventilator Parameter Mean ± SD Range 

Mode SIMV-PC (all) — 

Tidal Volume (mL) 452 ± 68 350–590 

Tidal Volume (mL/kg PBW) 7.1 ± 0.8 5.6–8.5 

Respiratory Rate (breaths/min) 16.4 ± 2.1 12–20 

PEEP (cmH₂O) 6.8 ± 1.7 4–10 
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FiO₂ (%) 48.2 ± 12.4 30–70 

Peak Insp. Pressure (cmH₂O) 22.4 ± 3.8 15–30 

Mean Airway Pressure (cmH₂O) 12.1 ± 2.3 8–17 

PaO₂/FiO₂ Ratio 228.4 ± 68.2 118–360 

Duration MV before study (h) 72.3 ± 24.6 48–144 

PEEP = positive end-expiratory pressure; SIMV-PC = synchronized intermittent mandatory ventilation – pressure-

controlled; PBW = predicted body weight. 

 

Aortic Dimensions and Elastic Indices 
Absolute and indexed aortic diameters were statistically equivalent between groups (all p > 0.05), ruling out structural 

remodeling as a confounder. In marked contrast, three of four elastic indices showed highly significant impairment 

in the MV group: aortic strain was reduced by ~38.5%, stiffness index β was elevated by ~175%, and Peterson’s Ep 

was elevated by ~76% (all p < 0.001). Aortic distensibility showed a consistent downward trend that did not reach 

statistical significance (p = 0.087), likely reflecting measurement variability across both diameter and pressure 

components (Table 2). 

 

Table 2. Aortic dimensions and elastic indices (Mean ± SD). 

Parameter Normal (n=25) MV (n=25) p-value 

AOS (mm) 31.68 ± 2.63 31.33 ± 2.85 0.641 NS 

AOD (mm) 29.68 ± 2.43 29.87 ± 2.63 0.773 NS 

Indexed AOS (cm/m²) 1.75 ± 0.11 1.72 ± 0.13 0.413 NS 

Indexed AOD (cm/m²) 1.64 ± 0.10 1.63 ± 0.10 0.714 NS 

Aortic Strain (%) 6.94 ± 1.77 4.27 ± 1.62 <0.001* 

Distensibility (×10⁻⁶ 

cm²/dyn) 
2.28 ± 1.12 1.82 ± 0.88 0.087 NS 

Stiffness Index β 4.67 ± 1.48 12.86 ± 9.04 <0.001* 

Peterson’s Ep (mmHg) 456 ± 118 801 ± 298 <0.001* 

AOS = aortic systolic diameter; AOD = aortic diastolic diameter; Ep = Peterson’s elastic modulus; NS = not 

significant; * p < 0.001. 

 

DISCUSSION  
 

This prospective case-control study provides the first 

systematic echocardiographic evidence that 

mechanically ventilated RCU patients sustain 

substantial functional impairment of ascending aortic 

elastic properties despite preserved LVEF and 

structurally normal aortic dimensions. The clinical 

significance of these findings extends to 

hemodynamic monitoring, fluid management, and 

weaning decision-making in the critically ill. 

The Windkessel function of the ascending aorta — 

buffering pulsatile stroke volume, storing systolic 

elastic energy, and releasing it during diastole to 

sustain coronary perfusion — is fundamentally 

dependent on aortic viscoelastic properties [14,15]. 

When impaired, the consequent hemodynamic 

perturbations are far-reaching: increased central pulse 

pressure and left ventricular afterload, diminished 

diastolic recoil, and augmented pulsatile stress on the 

renal, cerebral, and coronary microvasculature 

[16,17]. Many authors established cf-PWV as the 

clinical gold standard for arterial stiffness and 

demonstrated its independent predictive value for 

cardiovascular events and all-cause mortality [18,19]. 

The present study extends this mechanistic framework 

into the acute-to-subacute context of the RCU, where 

pathophysiological drivers are multifactorial and 

potentially more severe. 

The most robust finding was a 38.5% relative 

reduction in aortic strain in the MV group (4.27 ± 

1.62% vs. 6.94 ± 1.77%; p < 0.001). Aortic strain 

integrates stroke volume, proximal aortic impedance, 

and wall compliance across the cardiac cycle. Its 

reduction in the MV cohort is attributable to three 

converging mechanisms: PEEP-mediated preload 

reduction diminishing stroke volume and pulsatile 

aortic filling; extramural compression of the 

ascending aorta by elevated intrathoracic pressure 

attenuating outward systolic expansion; and intrinsic 

stiffening of the aortic wall from systemic 

inflammation, endothelial dysfunction, and oxidative 

stress [20,21]. The preservation of LVEF at 62.0 ± 

3.6% critically dissociates the reduction in aortic strain 

from primary myocardial contractile deficit, 

implicating the arterial side of the ventriculo-arterial 

coupling system as the principal locus of impairment 

— consistent with the findings of [22,23]. 

Stiffness index β was elevated approximately 
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threefold in the MV group (12.86 ± 9.04 vs. 4.67 ± 

1.48; p < 0.001). The theoretical pressure-

independence of β — achieved through incorporation 

of a logarithmic systolic-to-diastolic pressure ratio — 

makes this finding particularly informative: the 

magnitude of elevation (175% above control values) 

substantially exceeds what would be predicted from 

the observed blood pressure differences alone, 

confirming genuine intrinsic mechanical alteration of 

the aortic wall [24,25]. The wide individual variation 

in β within the MV group (range 5.47–42.30, SD 9.04) 

reflects the heterogeneous spectrum of RCU 

admission diagnoses — pneumonia, ARDS, COPD 

exacerbation, post-operative respiratory failure — 

each differentially modulating systemic inflammatory 

burden, vasomotor dysregulation, and endothelial 

injury [26,27]. 

In the MV group, the elastic modulus Ep was 

significantly increased, more than double from 

baseline, compared with controls (801 ± 298 vs. 456 ± 

118 mmHg; p < .001; ∼76% relative increase). 

Approximately 27% of the total EP difference could 

be ascribed to the increased pulse pressure of the MV 

group over CV (39.1 vs. 30.7 mmHg). From the β-

coefficient findings, 49% of the total increase in Ep 

likely represents intrinsic stiffness of the aortic wall, 

which supports pharmacological mechanisms based 

on load-dependent analytical models described by 

[28,29]. While aortic distensibility approached 

significant difference (p = 0.087), potentially 

indicating an inherent source for compound 

measurement error among the two variables used (i.e., 

meaningful size differences in the diameter and 

measurements) resulting in uncertainty propagating 

through each of the two variables [2], hence leading to 

a finding that, as indicated in their review, 

distensibility exhibits inter-measurement variability 

than either measure of strain or stiffness index 

combined in co-primary indices, thereby, when two of 

the co-primary indices significantly impaired, the 

overall trend for distensibility should be interpreted, in 

a biologically valid manner, rather than as providing 

contradictory information. 

The complete preservation of absolute and BSA-

indexed aortic dimensions in the MV group is a 

critical internal validation of the study findings. It 

confirms that the significantly impaired elastic indices 

cannot be attributed to unrecognized structural aortic 

dilation, aneurysmal disease, or congenital 

abnormality — all pre-specified exclusion criteria — 

and defines a pattern of functional aortic stiffness: 

viscoelastic impairment without structural 

remodeling, consistent with the acute-to-subacute 

critical illness time frame insufficient for matrix 

metalloproteinase-driven extracellular matrix 

remodeling [30,31]. This distinction has direct 

practical implications: standard RCU 

echocardiographic protocols that assess only aortic 

dimensions would fail to detect this functional 

mechanical impairment, underscoring the clinical 

value of calculating the elastic index. 

The 100% technical success rate in obtaining adequate 

aortic M-mode windows — including all 25 supine 

mechanically ventilated patients with multiple 

monitoring devices — confirms the bedside feasibility 

of this assessment. This is consistent with large critical 

care echocardiography registries; Flower et al. 

demonstrated in the TRITONe study (1,015 shock 

patients, 178 UK ICUs) that echocardiography 

influenced management in 54% of critically ill patients 

[1]. The current study extends the echocardiographic 

utility to include aortic mechanical characterization as 

an additional hemodynamic monitoring layer. AI-

assisted echocardiography, validated by [7], and 

technological advances reviewed by [15] will further 

reduce operator dependence and support routine 

clinical adoption of aortic elastic index assessment in 

resource-limited RCU settings. Competency 

frameworks outlined by [16] provide the training 

infrastructure required to ensure standardized 

measurement quality. 

Several limitations must be acknowledged. The cross-

sectional design of the study precludes determining a 

causal relationship between positive-pressure 

ventilation and increased aortic stiffness; further 

longitudinal studies with pre-ventilation baselines are 

needed. Ventilator parameters (PEEP and driving 

pressure) could not be consistently included as 

covariates when performing multivariate analyses. 

The unstandardized and unquantified nature of the 

type and dose of vasoactive medications might 

represent an important confounding factor, since 

catecholamines exert direct alpha-adrenergic effects 

on aortic smooth muscle tone [33]. The presence of 

considerable variability in M-mode-derived 

measurements (5-15%) may have reduced the 

significance of the distensibility comparisons in this 

study, and speckle-tracking echocardiography will 

likely ensure greater reproducibility in future studies. 

The single-center nature of this study limits 

extrapolation of the findings to other centers, and the 

absence of clinical outcomes precludes evaluation of 

the prognostic value of the stiffness indices measured 

in this cohort; further multicenter prospective studies 

would be required to identify such indices. 

 

CONCLUSION  
 

Mechanical ventilation of critically injured patients 

can alter the elasticity of blood vessels, such as the 

aorta. This study demonstrates that critically ill 

patients who have been mechanically ventilated 

exhibit significant ascending aortic dysfunction 

(reduced strain and increased aortic stiffness index) 

compared with healthy controls, despite normal left 

ventricular systolic function (squeezing ability) and 

normal aortic size. These results indicate that the 

acute functional aortic stiffness in critically ill patients 
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is primarily due to mechanical ventilation and critical 

illness. Measuring aortic elasticity should be 

performed routinely with bedside echocardiography 

and integrated into a comprehensive hemodynamic 

monitoring system for mechanically ventilated 

patients in the critical care unit. Future multicenter, 

prospective studies are needed to determine whether 

aortic elasticity indices can serve as a safe and reliable 

clinical tool to predict outcomes related to mechanical 

ventilation, pharmacologic support, duration of 

weaning from mechanical ventilation, and/or long-

term cardiovascular health. 
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