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Abstract

Background: Obstructive sleep apnea syndrome (OSAS) is associated with sympathetic
overactivity, intermittent hypoxia, and increased vascular resistance, leading to cardio-
vascular morbidity. Electrical cardiometry (EC) is a novel, non-invasive technology that
continuously measures hemodynamic parameters such as systemic vascular resistance
(SVR), systemic vascular resistance index (SVRI), cardiac output (CO), and cardiac in-
dex (CI). The aim of this study was to compare SVR and SVRI values, measured by EC,
between patients with OSAS and age- and sex-matched healthy controls. Methods: In
this retrospective case–control study, 70 participants were enrolled, including 33 patients
with polysomnography-confirmed OSAS and 37 healthy controls matched for age and
sex. All participants underwent standard EC measurement (ICON® Cardiotronics, Osypka
Medical, GmbH, Berlin, Germany) under resting, supine conditions. Hemodynamic pa-
rameters such as SVR, SVRI, and CI were compared between groups. Results: EC re-
vealed significantly higher SVR (1498.7 ± 335.6 vs. 1260.1 ± 251.5 dyn·s·cm−5, p = 0.013)
and SVRI (2969.4 ± 749.1 vs. 2347.4 ± 481.0 dyn·s·cm−5·m2, p < 0.001) in patients with
OSAS compared with controls, while CI was significantly lower in the OSAS group
(2.6 ± 0.5 vs. 3.2 ± 0.8 L/min/m2, p < 0.001), indicating increased vascular load and re-
duced cardiac performance. Conclusions: This study is the first to apply EC in OSAS.
EC-derived parameters, particularly SVRI and CI, effectively differentiated OSAS patients
from healthy subjects, reflecting increased vascular afterload and reduced cardiac per-
formance. These findings suggest that EC is a feasible, non-invasive tool for assessing
hemodynamic alterations in OSAS and may have potential for bedside monitoring and
future risk stratification studies.

Keywords: electrical cardiometry; OSAS; systemic vascular resistance; cardiac index;
hemodynamics; non-invasive monitoring

1. Introduction
Obstructive sleep apnea syndrome (OSAS) is a highly prevalent disorder characterized

by repetitive episodes of upper-airway obstruction during sleep, leading to intermittent
hypoxia, intrathoracic pressure swings, and sleep fragmentation. These recurrent cycles
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of hypoxia–reoxygenation trigger sympathetic activation, oxidative stress, endothelial
dysfunction, and systemic inflammation, which together contribute to structural and
functional cardiovascular alterations [1–3]. A growing body of evidence has demonstrated
that OSAS is associated with increased arterial stiffness, elevated blood pressure, and
higher cardiovascular morbidity and mortality [4–6]. However, the precise hemodynamic
changes accompanying OSAS, particularly in terms of systemic vascular resistance (SVR)
and cardiac performance, remain incompletely characterized.

In contrast to traditional echocardiography, which offers intermittent structural and
functional evaluations, electrical cardiometry (EC) facilitates continuous, non-invasive,
beat-to-beat measurement of central hemodynamic parameters, including cardiac output,
cardiac index, and systemic vascular resistance [7–9]. Moreover, in contrast to tonomet-
ric approaches, EC exhibits reduced operator dependency and can be readily used in
outpatient and sleep clinic environments [9]. This capacity may provide gradual patho-
physiological understanding of autonomic and vascular changes linked to obstructive sleep
apnea condition.

EC analyzes thoracic electrical bioimpedance changes during the cardiac cycle and
has been validated in diverse clinical settings, including peri-operative hemodynamic
monitoring, intensive care, and heart failure [8–10]. Although EC has been widely evaluated
in surgical and critical-care environments, its potential application in sleep medicine has
not been explored. To our knowledge, no published clinical study has utilized EC to
assess hemodynamic alterations in patients with OSAS. Given the pathophysiological
mechanisms of sympathetic overactivity and vascular remodeling in OSAS, EC-derived
parameters—particularly SVR and systemic vascular resistance index (SVRI)—may provide
valuable insight into the hemodynamic burden of this disorder. Identifying non-invasive
and reproducible markers of vascular load could therefore improve early cardiovascular
risk stratification in patients with OSAS.

In this context, the present study aimed to investigate hemodynamic differences
between patients with OSAS and healthy controls using EC. Specifically, we sought to
determine whether EC-derived SVR and SVRI values differ significantly between the two
groups and whether these parameters demonstrate discriminatory capacity in identifying
OSAS. We also evaluated the relationship between the apnea–hypopnea index (AHI) and
EC-derived hemodynamic measures within the OSAS subgroup. We hypothesized that
patients with OSAS would exhibit higher SVR and SVRI and lower cardiac index (CI)
compared with healthy controls. By introducing EC technology into this patient population,
our study provides novel evidence regarding the feasibility and potential clinical utility of
EC for non-invasive assessment of cardiovascular alterations in obstructive sleep apnea.

2. Materials and Methods
2.1. Study Design and Population

This retrospective case–control study was conducted between January 2025 and Au-
gust 2025 at the Department of Chest Diseases and Department of Cardiology, School of
Medicine, Balikesir University. The study protocol was approved by the local institutional
ethics committee (approval date: 30 September 2025; approval no. 2025/7-1) and conducted
in accordance with the Declaration of Helsinki.

A total of 70 participants were included in the study: 33 patients with OSAS diag-
nosed by overnight polysomnography, and 37 age- and sex-matched healthy controls.
Inclusion criteria for the OSAS group were age > 18 years, diagnosis of OSAS with an
AHI ≥ 5 events/hour, and absence of acute cardiovascular or respiratory instability. Con-
trol subjects were recruited from volunteers without symptoms of sleep-disordered breath-
ing and with AHI < 5 events/hour confirmed via polysomnography.
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Exclusion criteria included known structural heart disease, moderate-to-severe
valvular disease, atrial fibrillation, pulmonary hypertension unrelated to OSAS, ac-
tive infection, thyroid dysfunction, renal insufficiency (estimated glomerular filtration
rate < 60 mL/min/1.73 m2), and chronic obstructive pulmonary disease.

2.2. Polysomnographic Evaluation

Standard overnight polysomnography (Embla N7000, Medcare Flaga, Reykjavík,
Iceland) was performed in all subjects in accordance with the American Academy of Sleep
Medicine (AASM) Scoring Manual [11,12]. Polysomnography was performed in all control
subjects to exclude obstructive sleep apnea; however, since no OSAS was detected and
participants were considered healthy, detailed oxygen saturation parameters were not
systematically recorded in this group. Apnea was defined as a complete cessation of airflow
for ≥10 s, and hypopnea as a ≥30% reduction in airflow accompanied by ≥3% oxygen
desaturation or arousal. The AHI was calculated as the total number of apneas and
hypopneas per hour of sleep. According to AHI, OSAS severity was classified as mild
(5–15), moderate (15–30), or severe (>30 events/h) [11,12].

2.3. Electrical Cardiometry Measurements

All participants underwent EC measurements (ICON® Cardiotronics, Osypka Medical,
GmbH, Berlin, Germany) in a quiet room, at rest, in the supine position during daytime
hours. Four surface electrodes were placed on the left side of the neck and thorax according
to the manufacturer’s guidelines [13,14]. After a 10 min rest period, EC parameters were
continuously recorded for at least 5 min and averaged for analysis. EC acquisition is
fully automated after electrode placement, and the operator was not formally blinded to
group allocation.

The following hemodynamic indices were obtained:
SVR, dyn·s·cm−5 or Wood units;
SVRI, dyn·s·cm−5·m2 or Wood units × m2;
Cardiac output (CO; L/min);
CI, L/min/m2;
Stroke volume (SV; mL);
Stroke volume index (SVI; mL/m2);
Left ventricular ejection time (LVET; ms);
Ambulatory blood pressure monitoring.
Twenty-four-hour ambulatory blood pressure monitoring was initiated on the same

day as the EC assessment using a validated oscillometric device (EnviteC PhysioQuant
ABPM, model 45-00-0500, EnviteC-Wismar GmbH, Wismar, Germany). Blood pressure
measurements were obtained at 20–30 min intervals during the daytime and at 30–60 min
intervals during the nighttime, in accordance with standard recommendations. Average
morning SBP was calculated as the mean of measurements obtained during the first two
hours after awakening. End-night systolic blood pressure was defined as the mean of the
last three ambulatory systolic blood pressure measurements obtained during the nocturnal
period before awakening.

Venous blood samples were obtained from all participants in the morning of the EC
measurement day, after an overnight fast. Standard biochemical analyses, including glucose,
lipid profile, and creatinine, were performed using routine automated laboratory methods.

EC has been validated in various clinical contexts, including perioperative monitoring,
intensive care, and heart failure [13–15]. Because thoracic impedance measurements may
be influenced by body habitus, particularly obesity, this factor was considered a potential
confounder in the interpretation of EC-derived parameters. EC incorporates body surface
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area-indexed variables and internal calibration algorithms that may partially mitigate
the impact of differences in body composition. SVRI values were obtained using the
standard EC-derived body mass indexing. No additional adjustment for body mass index
or body surface area was applied beyond the device’s internal calculations. EC-derived
parameters were interpreted as estimates of central hemodynamic patterns and group-level
differences rather than precise absolute measurements, in accordance with the non-invasive
and impedance-based nature of the technique.

2.4. Echocardiographic Assessment

Standard transthoracic echocardiography (Vivid E9, GE Healthcare, Chicago, IL, USA)
was performed by an experienced cardiologist blinded to group assignment, in accor-
dance with the American Society of Echocardiography (ASE) and European Association of
Cardiovascular Imaging (EACVI) recommendations [16]. E/A ratio was assessed using
pulsed-wave Doppler at the mitral valve tips according to ASE/EACVI recommendations,
and categorical E<A classification was used to avoid potential bias related to beat-to-beat
variability. The following parameters were recorded: left ventricular ejection fraction
(LVEF, %), left atrial diameter (LA, mm), interventricular septal thickness (IVS, mm), right
ventricular diameter (RVd, mm), tricuspid annular plane systolic excursion (TAPSE, mm),
and estimated pulmonary artery systolic pressure (PASP, mmHg).

2.5. Statistical Analysis

All analyses were performed using R (version 4.3.2) and SPSS (version 26, IBM,
Chicago, IL, USA). Data normality was assessed with the Shapiro–Wilk test. Continuous
variables were expressed as mean ± standard deviation (SD) or median [interquartile
range], and categorical variables as n (%). Welch’s t-test for normally distributed variables,
Mann–Whitney U test for non-normal data, and χ2 or Fisher’s exact test for categorical
variables were used. Given the exploratory design and the limited sample size, multivari-
able adjustment was not performed to avoid model overfitting and unstable estimates.
Accordingly, analyses focused on univariable comparisons and exploratory assessment of
group separation. Receiver operating characteristic (ROC) curve analysis was performed
as a secondary, exploratory analysis to illustrate hemodynamic group separation between
patients with obstructive sleep apnea syndrome and controls. ROC results are reported in
the Supplementary Materials and were not intended to establish diagnostic accuracy or
clinical cut-off values. Statistical significance was defined as p < 0.05 (two-tailed).

2.6. Sample Size and Power

Given the exploratory nature of this study, formal sample-size calculation was not per-
formed. A post hoc power analysis indicated that the present sample (n = 70) provided 80%
power (α = 0.05, two-sided) to detect a medium effect size (Cohen’s d ≈ 0.7) for differences
in SVRI between groups. A post hoc power analysis was performed specifically for SVRI,
which demonstrated the strongest group discrimination among EC-derived parameters.

3. Results
3.1. Baseline Demographic and Clinical Characteristics

A total of 70 participants were analyzed, comprising 33 patients with OSAS and
37 healthy controls. The mean age of groups was similar (53.4 ± 11.0 vs. 51.3 ± 9.9 years,
p = 0.384, Table 1).
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Table 1. Demographic and clinical variables.

Variables Control
(n = 37)

OSAS
(n = 33) p-Value

Age (years) 51.3 ± 9.9 53.4 ± 11.0 0.384
Height (cm) 170.7 ± 9.5 167.7 ± 7.8 0.162
Weight (kg) 70.9 ± 9.2 97.9 ± 17.2 <0.001

Body mass index
(kg/m2) 24.3 ± 1.8 35.2 ± 7.4 <0.001

Male gender n (%) 18 (49) 20 (61) 0.316
Smoking n (%) 13 (37) 13 (39) 0.849

Hypertension n (%) 6 (16) 14 (42) 0.015
Diabetes mellitus n (%) 1 (3) 4 (12) 0.127

Abbreviations: OSAS, obstructive sleep apnea syndrome.

Sex distribution and smoking status were comparable between groups (p > 0.1). Co-
morbidities were significantly more frequent in the OSAS cohort: a hypertension history
was more common in OSAS patients compared with controls group (42% vs. 16%, p = 0.015,
Table 1).

3.2. Echocardiographic and Laboratory Findings

Compared with the control group, patients with OSAS demonstrated significant
structural and metabolic alterations. The LA diameter was higher in the OSAS group
(37.48 ± 3.47 mm vs. 33.70 ± 2.68 mm, p < 0.001, Table 1, Figure 1A), as were the RVd
(28.33 ± 3.33 mm vs. 23.68 ± 1.94 mm, p < 0.001), aortic diameter (34.18 ± 3.25 mm vs.
32.51 ± 2.27 mm, p = 0.017), and LV diastolic diameter (47.00 ± 3.41 mm vs. 44.54 ± 2.59 mm,
p = 0.001).

Figure 1. Echocardiographic parameters in the study groups. (A) Left atrial diameter. (B) Pulmonary
artery systolic pressure.
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Although LVEF values were comparable between groups (63.85 ± 2.41% vs. 64.16 ± 2.15%,
p = 0.570, Table 2), TR velocity (2.31 ± 0.69 m/s vs. 1.95 ± 0.25 m/s, p = 0.007) and
PASP (23.09 ± 13.34 mmHg vs. 15.40 ± 4.07 mmHg, p = 0.003, Table 2, Figure 1B) were
significantly higher in OSAS patients, indicating increased pulmonary pressure. Similarly,
IVS thickness was higher in OSAS patients compared with those without (11.61 ± 1.50 mm
vs. 10.73 ± 1.41 mm, p = 0.014), and the patients with an E<A ratio were more common in
the OSAS group (24% vs. 3%, p = 0.007, Table 2).

Table 2. Comparison of echocardiographic and laboratory parameters between OSAS and con-
trol groups.

Variable Control
(n = 37)

OSAS
(n = 33) p-Value

Heart rate (bpm) 77.38 ± 8.48 77.36 ± 10.35 0.995
LV diastolic diameter (mm) 44.54 ± 2.59 47.00 ± 3.41 0.001

Aortic diameter (mm) 32.51 ± 2.27 34.18 ± 3.25 0.017
Left atrial diameter (mm) 33.70 ± 2.68 37.48 ± 3.47 <0.001

RV diameter (mm) 23.68 ± 1.94 28.33 ± 3.33 <0.001
TAPSE (mm) 20.46 ± 2.01 19.88 ± 2.21 0.256

TR velocity (m/s) 1.95 ± 0.25 2.31 ± 0.69 0.007
LVEF (%) 64.16 ± 2.15 63.85 ± 2.41 0.570

PASP (mmHg) 15.40 ± 4.07 23.09 ± 13.34 0.003
IVS thickness (mm) 10.73 ± 1.41 11.61 ± 1.50 0.014

Patients with E < A, n (%) 1 (3) 8 (24) 0.007
Glucose (mg/dL) 92.57 ± 9.28 113.52 ± 28.22 <0.001

Creatinine (mg/dL) 0.83 ± 0.19 0.97 ± 0.20 0.003
Total cholesterol (mg/dL) 188.6 ± 46.3 197.1 ± 40.8 0.416

Triglycerides (mg/dL) 152.2 ± 75.4 220.9 ± 151.5 0.023
HDL-cholesterol (mg/dL) 47.0 ± 12.3 42.6 ± 10.3 0.109
LDL-cholesterol (mg/dL) 119.1 ± 31.4 116.1 ± 28.9 0.690

WBC (×103/µL) 7.6 ± 2.2 8.7 ± 2.3 0.072
Hemoglobin (g/dL) 13.78 ± 1.66 14.30 ± 1.28 0.144
Platelet (×103/µL) 287.3 ± 73.0 286.4 ± 78.4 0.963
24 h SBP (mmHg) 120.9 ± 6.7 126.2 ± 12.4 0.028
24 h DBP (mmHg) 72.5 ± 6.0 77.3 ± 8.5 0.009

Daytime SBP (mmHg) 123.3 ± 6.9 128.2 ± 12.7 0.055
Daytime DBP (mmHg) 74.5 ± 6.3 78.9 ± 8.9 0.020

Nighttime SBP (mmHg) 111.6 ± 9.5 120.0 ± 14.4 0.006
Nighttime DBP (mmHg) 64.7 ± 7.2 71.4 ± 8.9 <0.001
End-night SBP (mmHg) 93.5 ± 9.9 102.8 ± 11.4 <0.001

Average morning SBP (mmHg) 118.8 ± 10.3 128.2 ± 14.2 0.002
Abbreviations: DBP, diastolic blood pressure; LVEF, left ventricular ejection fraction; HDL, high-density lipopro-
tein; IVS, interventricular septum; LDL, low-density lipoprotein; LV, left ventricle; PASP, pulmonary artery systolic
pressure; RV, right ventricle; SBP, systolic blood pressure; TAPSE, tricuspid annular plane systolic excursion; TR,
tricuspid regurgitation; WBC, white blood cell count; OSAS, obstructive sleep apnea syndrome.

Laboratory results showed higher glucose (113.52 ± 28.22 mg/dL vs. 92.57 ± 9.28 mg/dL,
p < 0.001), creatinine (0.97 ± 0.20 mg/dL vs. 0.83 ± 0.19 mg/dL, p = 0.003, Table 2), and
triglyceride levels (220.9 ± 151.5 mg/dL vs. 152.2 ± 75.4 mg/dL, p = 0.023) in the OSAS
group, while total cholesterol, high-density lipoprotein (HDL) cholesterol, and low-density
lipoprotein (LDL) cholesterol were similar between groups (all p > 0.05, Table 2).

Ambulatory blood pressure monitoring revealed significantly higher 24 h systolic
blood pressure (SBP) [126.2 ± 12.4 mmHg vs. 120.9 ± 6.7 mmHg, p = 0.028], 24 h diastolic
blood pressure (DBP) [77.3 ± 8.5 mmHg vs. 72.5 ± 6.0 mmHg, p = 0.009], nighttime SBP
(120.0 ± 14.4 mmHg vs. 111.6 ± 9.5 mmHg, p = 0.006), and nighttime DBP (71.4 ± 8.9 mmHg
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vs. 64.7 ± 7.2 mmHg, p < 0.001). Additionally, average-morning SBP was significantly higher
in OSAS patients than in the control groups (128.2 ± 14.2 vs. 118.8 ± 10.3, p = 0.002, Table 2).

3.3. Electrical Cardiometry Findings

When EC parameters were compared between the OSAS and control groups, sig-
nificant hemodynamic differences were observed (Table 3). The SVR and SVRI were
markedly higher in patients with OSAS compared with controls (1498.7 ± 335.6 vs.
1260.1 ± 251.5 dyn·s·cm−5, p = 0.013; 2969.4 ± 749.1 vs. 2347.4 ± 481.0 dyn·s·cm−5·m2,
p < 0.001, respectively, Figure 2). Conversely, CI was significantly lower in the OSAS group
(2.6 ± 0.5 vs. 3.2 ± 0.8 L/min/m2, p < 0.001, Figure 3), indicating a relative reduction
in cardiac output per body surface area. Although CO tended to be lower in OSAS pa-
tients (5.4 ± 1.0 vs. 5.8 ± 1.2 L/min), this difference did not reach statistical significance
(p = 0.115). The lower CI observed in the OSAS group should be interpreted in the context
of body surface area indexing, as similar absolute stroke volume values translated into
lower indexed cardiac performance due to higher body mass in OSAS patients.

Table 3. Electrical cardiometry parameters between groups.

Variables Control
(n = 37)

OSAS
(n = 33) p-Value

SVR (dyn·s·cm−5) 1260.1 ± 251.5 1498.7 ± 335.6 0.013
SVR (Wood units) 15.8 ± 3.1 18.7 ± 4.2 0.013

SVRI (dyn·s·cm−5·m2) 2347.4 ± 481.0 2969.4 ± 749.1 <0.001
SVRI (Wood units × m2) 29. 3 ± 6.0 37.1 ± 9.4 <0.001

CO (L/min) 5.8 ± 1.2 5.4 ± 1.0 0.115
CI (L/min/m2) 3.2 ± 0.8 2.6 ± 0.5 <0.001

Stroke volume (mL) 66.4 ± 11.6 65.1 ± 8.2 0.597
Stroke volume index (mL/m2) 2.73 ± 0.52 1.93 ± 0.48 <0.001

LVET (ms) 263.1 ± 25.9 273.9 ± 31.7 0.121
Abbreviations: SVR, systemic vascular resistance; SVRI, systemic vascular resistance index; CO, cardiac output;
CI, cardiac index; LVET, left ventricular ejection time; OSAS, obstructive sleep apnea syndrome.

Figure 2. Systemic vascular resistance parameters derived from electrical cardiometry in the study
groups. (A) Systemic vascular resistance (SVR). (B) Systemic vascular resistance index (SVRI).
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Figure 3. Cardiac index (CI) values in the groups. Individual data points represent discrete cardiac in-
dex values obtained by electrical cardiometry. Minimal horizontal jitter was applied for visualization
purposes only and does not indicate additional measurement variability.

No significant intergroup differences were found in SV (65.1 ± 8.2 vs. 66.4 ± 11.6 mL,
p = 0.597) or LVET (273.9 ± 31.7 vs. 263.1 ± 25.9 ms, p = 0.121). However, SVI was lower
in patients with OSAS than those without OSAS (1.93 ± 0.48 vs. 2.73 ± 0.52, p < 0.001,
Table 3). Exploratory ROC analyses evaluating group separation are provided in the
Supplementary Materials (Figure S1).

4. Discussion
This study is the first, to our knowledge, to investigate hemodynamic alterations in

patients with OSAS using EC. Our findings demonstrate that patients with OSAS exhibit
significantly higher SVR and SVRI and lower CI compared with age- and sex-matched
healthy controls, despite preserved total CO. Additionally, echocardiographic measure-
ments revealed increased left-atrial size, right-ventricular dimensions, and pulmonary
pressures, supporting the concept of early cardiovascular remodeling in OSAS.

The observed increase in SVR and SVRI reflects the elevated systemic vascular tone
associated with chronic sympathetic activation in OSAS. Recurrent episodes of hypoxia
and arousal during sleep lead to surges in catecholamine release and sustained endothelial
dysfunction, promoting vasoconstriction and impaired nitric oxide bioavailability [17–20].
Previous studies using invasive or Doppler-based methods have similarly reported elevated
peripheral vascular resistance in OSAS, particularly in those with moderate-to-severe
disease [21,22]. Our results extend these observations by showing that these alterations can
be detected non-invasively through EC, even in stable outpatients.

The finding of reduced CI but preserved stroke volume and ejection fraction suggests
that cardiac output is maintained at the expense of increased afterload and compensatory
tachycardia in OSAS. Notably, SV did not differ significantly between groups, whereas CI
was lower in patients with OSAS. This discrepancy is largely explained by body surface
area indexing, as cardiac index represents CO normalized to body surface area. Given the
higher body mass index in the OSAS group, similar absolute SV translated into a lower-
indexed cardiac performance, highlighting the importance of considering body size when
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interpreting EC-derived indices. Increased LV end-diastolic diameter, and LA enlarge-
ment in our cohort are consistent with diastolic dysfunction and volume overload, both
commonly reported in OSAS patients [23,24]. Similarly, elevated PASP and RVd indicate
early pulmonary hypertension due to recurrent hypoxic vasoconstriction and intermittent
pressure overload [25,26]. Taken together, these findings support the hypothesis that OSAS
induces a global hemodynamic strain affecting both systemic and pulmonary circulations.

EC is an impedance-based technique that estimates SV and related indices from tho-
racic conductivity changes during the cardiac cycle. Compared with classical impedance
cardiography, EC incorporates improved signal filtering and algorithmic calibration, en-
abling higher reliability in clinical settings [7,9,10]. Our results highlight the potential of
EC as a rapid, reproducible, and non-invasive modality for hemodynamic profiling in
OSAS. Importantly, EC-derived SVRI demonstrated good discriminatory performance for
identifying OSAS comparable to more complex echocardiographic indices. This suggests
that EC could serve as a valuable bedside screening tool for vascular load assessment
and early cardiovascular risk stratification in sleep-disordered breathing. Although EC
offers clear advantages in terms of non-invasiveness, ease of use, and feasibility for re-
peated measurements, its absolute accuracy may be lower than that of invasive reference
techniques such as thermodilution. Previous validation studies have shown moderate
agreement between EC and thermodilution-derived cardiac output, particularly under
stable hemodynamic conditions [7,8]. Therefore, EC-derived parameters in the present
study should be interpreted as reflective of relative hemodynamic patterns and group-level
differences rather than precise absolute values.

From a clinical standpoint, the hemodynamic profile revealed by EC aligns with the
known neurohumoral and vascular consequences of OSAS. Increased SVR and reduced
CI reflect a maladaptive hemodynamic pattern that contributes to hypertension and left-
ventricular remodeling. Early identification of such abnormalities may allow clinicians to
target blood pressure control, endothelial function, and sympathetic modulation before
irreversible cardiac damage develops. Furthermore, EC could be incorporated into longitu-
dinal follow-up protocols to evaluate the impact of continuous positive airway pressure
(CPAP) therapy on vascular resistance and cardiac function.

In normotensive controls, preserved baroreflex sensitivity and vascular compliance
may result in compensatory vasodilation despite higher systolic pressures, leading to lower
calculated SVR and SVRI values. In contrast, OSAS is characterized by impaired autonomic
modulation and endothelial dysfunction, resulting in a more fixed and elevated vascular
tone [17,18].

Most previous studies evaluating OSAS-related hemodynamics have relied on echocar-
diography or tonometric measurements, which are operator-dependent and not suitable for
continuous monitoring [27,28]. Our data suggest that EC can provide similar physiological
insights with minimal patient discomfort and at a lower cost. Although absolute accuracy
compared to thermodilution remains debated, EC’s reproducibility and trending ability
make it highly attractive for research and outpatient care.

Several limitations should be acknowledged. First, the sample size was modest, and
this study was designed to be exploratory; thus, findings should be confirmed in larger
cohorts. Second, EC-derived values are influenced by body composition and thoracic
impedance, which may differ between obese OSAS patients and lean controls. Third,
although not evaluated in the present study, EC may represent a promising hypothesis-
generating tool for longitudinal assessment of hemodynamic changes during CPAP therapy.
Future prospective studies are required to determine whether EC-derived parameters are
sensitive to treatment-related cardiovascular adaptations in patients with OSAS. Fourth,
body mass index and the prevalence of hypertension were higher in the OSAS group.
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Also, an important limitation of this study is the lack of information regarding the du-
ration of OSAS prior to diagnosis, as well as the absence of formal matching for blood
pressure and antihypertensive treatment status, which may introduce residual confound-
ing when interpreting electrical cardiometry-derived hemodynamic parameters. Fifth, in
addition to anthropometric and clinical differences, laboratory parameters such as glucose,
triglycerides, and creatinine levels were higher in the OSAS group, suggesting a broader
cardiometabolic phenotype. These metabolic alterations are known to affect vascular tone,
endothelial function, and systemic vascular resistance and may have influenced EC-derived
hemodynamic measurements. Sixth, although SVRI is indexed to body mass, residual
confounding related to obesity cannot be fully excluded, as no additional BMI-adjusted
analyses were performed. Seventh, multivariable adjustment was not performed, because
of the modest sample size and exploratory design. Residual confounding related to dif-
ferences in body mass index and blood pressure cannot be excluded, and EC parameters
were not analyzed according to OSAS severity; thus, potential dose–response relationships
could not be evaluated. Eighth, although polysomnography was performed in the control
group to exclude OSAS, detailed oxygen saturation and respiratory parameters were not
systematically recorded, which may limit deeper comparisons of nocturnal hypoxemia
between groups, and EC-derived measurements represent non-invasive estimates rather
than invasive gold-standard values. Therefore, the present findings should be interpreted
as reflecting relative hemodynamic patterns rather than exact absolute values. Finally,
our cross-sectional design precludes establishing causality between OSAS severity and
vascular resistance.

In conclusion, our study provides novel evidence that EC can detect significant hemo-
dynamic alterations in patients with obstructive sleep apnea. OSAS is associated with
increased systemic vascular resistance and decreased cardiac index, reflecting an adverse
hemodynamic profile linked to sympathetic overactivation and vascular remodeling. These
findings support the potential utility of EC as a non-invasive, practical tool for cardio-
vascular risk evaluation and monitoring in sleep medicine. Importantly, EC should be
viewed as an adjunctive and exploratory tool for non-invasive assessment of hemodynamic
burden in OSAS, rather than as a standalone diagnostic modality. While echocardiography
and ambulatory blood pressure monitoring provide structural and peripheral pressure
information, EC offers direct insight into systemic vascular load, which is not obtainable
from these modalities alone. Given the cross-sectional design, these findings should be
interpreted as associations and do not imply causal relationships.
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