
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/authorsrights

http://www.elsevier.com/authorsrights


Author's personal copy

Left ventricular torsion abnormalities in patients with obstructive sleep apnea
syndrome: An early sign of subclinical dysfunction

Antonio Vitarelli ⁎, Simona D'Orazio, Fiorella Caranci, Lidia Capotosto, Raymond Rucos, Gino Iannucci,
Giovanna Continanza, Olga Dettori, Valentina De Cicco, Massimo Vitarelli, Melissa De Maio,
Stefania De Chiara, Maurizio Saponara
Sapienza University, Rome, Italy

a b s t r a c ta r t i c l e i n f o

Article history:
Received 25 April 2011
Received in revised form 2 July 2011
Accepted 6 September 2011
Available online 2 October 2011

Keywords:
Obstructive sleep apnea syndrome
Echocardiography
Left ventricular function
Speckle tracking imaging
Aortic wall strain
Aortic wall stiffness

Background: Previous echocardiographic studies using tissue Doppler imaging (TDI) and speckle tracking im-
aging (STI) have demonstrated that obstructive sleep apnea syndrome (OSAS) patients may develop subclin-
ical left ventricular (LV) systolic and diastolic dysfunction. Our purpose was to evaluate the impact of OSAS
on LV torsion dynamics and aortic stiffness by using TDI and STI echocardiography.
Methods: Forty-two patients with OSAS and no comorbidities were studied. They were classified into mild
and severe OSAS according to the apnea-hypopnea index (AHI). Thirty-five healthy subjects were selected
as controls. Fifteen patients with severe OSAS underwent chronic nocturnal nasal continuous positive airway
pressure (CPAP) therapy. Standard echocardiographic parameters were assessed. Global LV longitudinal
strain (LS), radial and circumferential strain were determined by STI. Averaged LV rotation and rotational ve-
locities from the base and apex were obtained and used for calculation of LV torsion (LVtor). Mitral annular
velocities and aortic wall velocities and strain (AoS) were also obtained by TDI.
Results: Severe OSAS had decreased LS compared with control subjects. LVtor increased significantly in severe
OSAS compared to normals (pb .001) as a result of a predominant increase in apical rotation and was inde-
pendently related to AHI and AoS in a multiple stepwise linear regression model. The group treated with
CPAP had a significant decrease in LVtor and aortic stiffness index and significant increase in LS and AoS.
Conclusions: LVtor, LS and AoS were identified as parameters demonstrating an association between LV dys-
function, aortic stiffness and severity of OSAS independently of other possible factors or comorbidities.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Obstructive sleep apnea syndrome (OSAS) is a sleep-related breath-
ing disorder involving an increased risk of cardiovascular disease. OSAS
has been recognized to impose several adverse effects on the cardiovas-
cular system, to be associated with heart failure, and to represent an in-
dependent risk factor for hypertension [1,2]. Left ventricular (LV)
hypertrophy and arterial dysfunction in OSAS have been reported
even in the absence of systemic hypertension [3–7]. Previous echocar-
diographic studies using tissue-Doppler imaging (TDI) and speckle
tracking imaging (STI) have demonstrated that OSAS patients may de-
velop subclinical LV systolic and diastolic dysfunction [8–10]. Recently,
STI has been validated as a noninvasive technique to quantify LV torsion
dynamics, including the assessment of systolic torsion and diastolic fill-
ing versus magnetic resonance tagging [11–13]. Our purpose was to

evaluate the impact of OSAS on LV torsion parameters and the relation-
ship between these functional changes and aortic stiffness.

2. Methods

2.1. Population

A cohort of forty-two sleep apnea patients without systemic hypertension was
identified among seventy-six people screened in the sleep disorder laboratory and ex-
amined with polysomnography and echocardiography. Thirty-five healthy subjects
were matched for age, gender, and body mass index, and selected as controls. Subjects
completed questionnaires on sleep habits and general health, and had height, weight,
and blood pressure measured. A questionnaire to assess the Epworth sleepiness scale
[4], which is a rapid, validatedmethod for screening daytime sleepiness, was completed
by all subjects. The inclusion criteria for control subjects were: [1] apnea-hypopnea
index (AHI) b5 and [2] Epworth sleepiness scale b10. OSAS patients had to fulfill the fol-
lowing inclusion criteria: [1] AHI≥15, [2] Epworth sleepiness scale≥10, and [3] no pre-
vious treatment for OSAS. Patients with any of the following were excluded: central
sleep apnea, systemic hypertension, any known cardiac disease (by history, physical ex-
amination, electrocardiogram, chest radiography, conventional stress testing, and echo-
cardiography), atrial fibrillation, obstructive or restrictive lung disease (demonstrated
on pulmonary function testing), pulmonary hypertension due to identifiable causes
(except OSAS); chronic renal and hepatic diseases, diabetes mellitus (on history, or
two random blood glucose levels N125 mg/dL), connective-tissue disease, and morbid
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obesity (body mass index N40 kg/m2). Patients with poor echocardiographic window
were also excluded when b80% of the endocardial border was adequately visualized.

2.2. Standard echocardiography

All patients underwent transthoracic echocardiography (Vivid E9 ultrasound sys-
tem, GE, Horten, Norway). Measurements of cardiac chambers were made by transtho-
racic echocardiography according to established criteria [14]. LV ejection fraction by
modified Simpson method and mass index were estimated [14,15]. Peak early (E)
and late (A) diastolic velocities, deceleration time, left ventricular isovolumic relaxa-
tion time, myocardial performance index, and right ventricular systolic pressure
were obtained using standard Doppler practices [16-18].

2.3. LV tissue Doppler imaging

The general principles that underlie the TDI modalities have been described previ-
ously [19]. Mitral annulus velocities (Sa, Ea, Aa) were measured on the transthoracic
four chamber views. E/Ea ratio was used to estimate LV filling pressures and diastolic
function [19–21].

2.4. LV speckle tracking imaging

Two-dimensional strain was measured as previously described [22,23]. After trac-
ing endocardial border at an end-systolic frame, the operator could validate the track-
ing quality and adjust the endocardial border or modify the width of the region of
interest. Aortic valve opening and closure were selected on pulsed-wave Doppler trac-
ings recorded from the LV outflow tract. Frame rate ranged from 60 to 100 frame/s, and
three cardiac cycles were stored in cineloop format for offline analysis. Longitudinal LV
strain was defined as the average of negative longitudinal strains of 6 segments of the
septal and lateral walls in the apical 4-chamber view (Fig. 1). Average radial and cir-
cumferential strain of 6 mid-LV segments was determined in the mid-short-axis
view. The assessment of LV rotation by 2D speckle-tracking strain imaging required
the acquisition of the LV short-axis at the basal and apical level. The basal level was de-
fined as that which showed the mitral valve tip and the apical level as that which was
just proximal to the level with LV cavity obliteration at end-systole. The time rotation
curves were displayed along the cardiac cycle. Counterclockwise rotation was conven-
tionally marked as positive value and clockwise rotation as negative value when
viewed from the LV apex. Peak apical and basal rotation and peak LV torsion were
obtained. LV torsion or twist (LVtor) was defined as the net difference (in degrees)
of apical and basal rotation at isochronal time points. Normalized torsion was torsion
divided by LV ventricular diastolic longitudinal length between apex and mitral plane.
Peak diastolic untwisting velocity and time to peak untwisting velocity were measured.
Twisting rate (TR) was defined [13] as (peak LVtor−LVtorEarlySystole)/(time differ-
ence between these two events). Untwisting rate (UTR) was defined as (peak LVtor–
LVtorMVO)/(time difference between these two events) where MVO is mitral valve
opening. The analysis of strain and rotation parameters was performed offline using
customized computer software (EchoPAC, version 9.0, GE Ultrasound).

2.5. Aortic function

The elastic properties of the aorta were indexed by calculation [24–26] of aortic dis-
tensibility (D), stiffness index (SI), and pressure-strain elastic modulus (Ep) as
D=2(As–Ad)/[Ad (Ps−Pd)], SI=ln(Ps/Pd)/(As–Ad)/Ad, and Ep=(Ps–Pd)/[(As

−Ad)/Ad], respectively, where As=aortic diameter at end-systole, Ad=aortic diameter
at end-diastole, Ps=systolic blood pressure, Pd=diastolic blood pressure, and ln=
natural logarithm.

Aortic wall TDI velocities have been obtained as previously described [27]. Bymark-
ing a region of interest on the 2D image in the anterior aspect of the ascending aorta at
the same point as in M-modemeasurements, velocities throughout the cardiac cycle for
this area can be determined. Offline analysis of the velocity data sets was performed
using dedicated software (EchoPAC, version 9.0, GE Ultrasound). TDI tracing displayed
accelerated expansion of the aortic wall followed by a slow deceleration, a plateau and
then a rapid deceleration into diastole. This trace represents the mean of the instanta-
neous velocity spectrum. Systolic maximum wall expansion velocity (AoSvel, cm/s),
wall contraction early diastolic velocity (AoEvel, cm/s), and wall peak systolic radial
strain (AoS,%) were derived.

2.6. Sleep study

All patients underwent overnight polysomnography using a standard technique. A
device measuring thoracic and abdominal respiratory movements and combined oro-
nasal flow (PM unit, MAP, Martinsried, Germany) was attached to the patient. The fol-
lowing seven channels were monitored: [1] a flow sensor for joint registration of nasal
and oral breath flow; [2] a laryngeal microphone; [3] a three-channel ECG; [4] one
stress-sensitive belt for the thorax; [5] one stress-sensitive belt for the abdomen; [6]
a positional sensor for determination of body position; [7] a pulse oximeter. A custom-
er software (Poly-Mesam, version 1.42, MAP, Martinsried, Germany) gave the possibil-
ity to manually and/or automatically score the events on the raw data and analyze the
graphical display.

Fig. 1. Abnormal LV strain and torsion in OSAS patient compared to a normal control.
1a. Global LS (24%, white dotted line) in a normal control. 1b. Reduced global LS
(13%, white dotted line) in a OSAS patient. 1c. Torsion (12 , white solid line) in a normal
control. 1d. Increased torsion (26 , white solid line) in a OSAS patient. LS = longitudinal
strain.
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Apnea was defined [1,2] as complete cessation of air-flow for ≥10 s. Hypopnea
was defined as a ≥50% reduction in air-flow lasting ≥10 s associated with a 4% de-
crease in nocturnal oxygen saturation (SaO2) and a state of arousal. Apnea–hypopnea
index (AHI) was defined as the number of apneas and/or hypopneas per hour. An ob-
structive apnea was defined as the absence of air-flow in spite of respiratory move-
ment or exertion. A central sleep apnea was defined as the absence of both air-flow
and respiratory movement. OSAS was defined as ≥5 AHI events per hour. On the
basis of AHI patients were classified into mild (N5, b30) and severe (≥30) OSAS in
line with previous reports [5,7,9]. Mean SaO2, minimal SaO2, and cumulative time
with SaO2 b90% during the study were also evaluated and recorded.

Fifteen patients with severe OSAS underwent chronic nocturnal nasal continuous
positive airway pressure (CPAP) therapy. A CPAP titration sleep study was performed
before baseline echocardiography and nasal CPAP pressure was adjusted so that
apneas, hypopneas and respiratory effort-related arousal were abolished. All patients
experienced a fall in AHI to fewer than five events per hour by the end of the CPAP ti-
tration sleep study. After the baseline echocardiogram, patients were instructed to use
the CPAP device every night for at least 6 h. Adequate adherence to this prescribed
pressure of CPAP was defined as more than 4.5 h of CPAP use per night. Patients subse-
quently received nightly nocturnal CPAP therapy for at least 4 months and the echocar-
diogram was repeated the day after the last nocturnal CPAP treatment while patients
were awake.

2.7. Statistics

Data are presented as mean value±SD. Linear correlations and analysis of variance
were used for comparisons. Stepwise multiple regression analysis was performed to
assess linear associations between LV torsion as dependent variable and determinants
of clinical and cardiovascular parameters. Differences were considered statistically
significant when the p value was b.05. To test intraobserver variability, STI and torsion
measurements were made at different sites in different individuals on 2 different occa-
sions. For interobserver variability, a second investigator randomly made measure-
ments at the above different sites without knowledge of other echocardiographic
parameters. The intraobserver and interobserver variabilities were determined (as
the difference between the 2 sets of observations divided by the mean of the observa-
tions and expressed as a percentage).

3. Results

Forty-two out of 53 initially evaluated normotensive patients
were included in the study. Though great care was taken to ensure
the quality of the data collected, 19.2% of all wall segments had to
be excluded from analysis as the strain traces were defined to be
non-interpretable. The intraobserver and interobserver reproducibil-
ity of 2D-strain parameters was shown to be acceptable. The intraob-
server and interobserver variation were 3.2% and 5.1% for mean LV
long-strain, 5.5% and 8.3% for mean LV radial-strain, 5.3% and 10.7%
for mean LV circum-strain, 7.5% and 11.8% for LV torsion, 9.2% and
14.6% for LV untwisting diastolic velocity. The patients' demographic

data are given in Table 1. The main echocardiographic features in
the controls and OSAS groups are compared in Table 2.

3.1. LV and aortic data in OSAS groups and controls

LV ejection fraction was not significantly different in OSAS patients
and controls, and was in normal limits (Table 2). LV mass index and
wall thickness were higher in severe OSAS than in the control group.
RV end-diastolic area (RVEDA), RV end-systolic area (RVESA), and
RV systolic pressure (RVSP) were higher in severe OSAS than in con-
trols (19.6±6.2 vs 14.8±4.3 cm2, 11.7±3.1 vs 8.4±2.1 cm2, and
32±7 vs 21±4 mm Hg, respectively, pb0.01). LV diastolic function
measurements such as mitral Ea, IVRT, and deceleration timewere de-
creased in the severe OSAS group compared with the control group.
MPI was increased in the same patient group compared to controls.
Mild OSAS had no significant differences compared with control sub-
jects. Severe OSAS had significantly decreased LV longitudinal strain
and increased LVtor (Fig. 1) compared with control subjects. Calcula-
tion of the average longitudinal strain gave similar results regardless
of the wall used to assess, i.e. 6 segments of the septal and lateral
walls or 6 segments of the inferior and anterior walls or 12 segments
of all 4 walls. LVtor increased significantly as a result of a predominant
increase in apical rotation. LVtor and normalized LVtor values had a
higher discriminating power in differentiating patients with severe
OSAS from normals (Table 2). Peak diastolic untwisting velocity and
untwisting rate were increased in severe OSAS (Table 2) as well as
the time-to-peak diastolic untwisting velocity.

Diastolic aortic diameters were slightly increased in the severe
OSAS group compared with control group (Table 2) but didn't reach
a statistical significance. Aortic wall strain and distensibility were sig-
nificantly decreased and stiffness index and elastic modulus signifi-
cantly increased in the same patient group.

If we collected OSAS patients into mild and severe according to
the AHI (AHI b30 and AHI ≥30, respectively), percent increase of LV
torsion and percent reduction of LV longitudinal strain and Ao strain
were significantly larger in the severe OSAS group (Fig. 2).

Correlation between LV torsion, LV strain and indexes of Ao func-
tion. LV-tor was positively related (Fig. 3) to AHI and negatively relat-
ed to aortic wall peak systolic radial strain. A significant negative
correlation existed between AHI and aortic strain (AoS) and between
AHI and LV longitudinal strain (LVLS). When adjusted for potential
confounding variables such as LV mass index, LVLS remained a signif-
icant predictor of AHI (β=−0.38, p=0.009). LVtor was also directly

Table 1
Clinical characteristics of the study groups.

Controls (n=35) Mild OSAS (n=19) p valuea Severe OSAS (n=23) p valueb

Age 45.1±12.2 48.3±8.2 0.219 47.4±8.1 0.306
Gender (male/female) 13/22 7/12 0.421 9/14 0.276
Smokers (n) 11 6 0.533 7 0.289
Body surface area (cm2) 1.89±0.17 1.91±0.23 0.322 1.95±0.25 0.219
Body mass index (kg/m2) 26.8±4.3 27.5±5.4 0.218 28.3±6.5 0.427
Heart rate (bpm) 69.7±9.4 72.2±7.4 0.235 70.6±6.3 0.508
Systolic blood pressure (mm Hg) 120.3±7.8 121.6±8.2 0.202 122.8±8.3 0.326
Diastolic blood pressure (mm Hg) 74.8±5.9 76.7±6.4 0.284 78.9±6.5 0.487
Fasting blood glucose (mg/dL) 96.4±9.3 101.7±9.5 0.492 101.5±11.3 0.276
Cholesterol (mg/dL) 168.3±11.1 170.2±9.4 0.336 172.3±10.5 0.427
LDL-cholesterol (mg/dL) 87.9±11.6 88.2±15.4 0.612 89.1±14.5 0.533
HDL-cholesterol (mg/dL) 39.1±2.9 37.4±3.1 0.483 35.9±3.6 0.306
Triglyceride (mg/dL) 125.7±15.3 124.5±17.2 0.414 122.6±19.8 0.323
Awake SaO2 (%) 94.8±2.1 93.7±2.4 0.313 93.3±2.3 0.247
AHI (events/h) 3.8±1.1 15.4±2.2 b0.005 59.4±9.3 b0.001
Mean nocturnal SaO2 (%) 93±0.9 91.1±13.7 0.211 82.6±12.6 0.032
Minimal SaO2 (%) 91±0.6 80.4±13.5 0.039 70.6±12.3 b0.005
Time SaO2 b90% (min) 0.6±0.3 4.5±1.2 0.043 31.7±17.5 b0.005

AHI = apnea-hypopnea index; SaO2 = saturation of arterial oxygen; time SaO2 b90% = duration that oxygen saturation was b90%.
a Mild vs controls.
b Severe vs controls.
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related (Table 3) to age, LVMI, relative wall thickness, E/Ea, pulmo-
nary systolic pressure, and AHI, and inversely related to Ea and aortic
wall strain. Multivariate analysis of these variables showed LVtor to
be independently related (R2=0.65) to AHI and aortic wall strain.

3.2. LV, aortic and polysomnographic data before and after CPAP

The effects of chronic 4 month CPAP therapy on the polysomno-
graphic data and Doppler echocardiographic indexes of ventricular
and aortic function are shown in Table 4. The CPAP was used for 6±
0.5 h per night (range, 5–6.4 h). The group treated with CPAP had

a significant decrease in LV torsion, aortic stiffness index and pulmo-
nary pressure, and significant increase in LV longitudinal strain and
aortic wall velocity and strain. LV mass and aortic diameters did not
decrease significantly in the CPAP group. The apnea-hypopnea index
was virtually abolished (4.1±1.8 events/h). An increase in mean
and lowest arterial oxygen saturations, and a decrease in the duration
of oxygen saturation below 90% were also seen.

4. Discussion

OSAS can potentially accelerate the pathophysiology of congestive
heart failure by producing detrimental effects on cardiac loading
conditions and activation of the sympathetic nervous system [1, 2].
Respiratory efforts during obstructive episodes decrease intrathoracic
pressure and increase left ventricular transmural pressure and after-
load. Augmentation of venous return to the right heart may result in
a leftward septal shift and reduced left ventricular preload and stroke
volume. Activation of the sympathetic nervous system may result
from recurrent arousal or profound hypoxia during apnea. This can
lead to vasoconstriction, elevated peripheral resistance and an in-
creased heart rate.

Our study shows that OSAS is associated with early signs of heart
remodeling as demonstrated by increased LV torsion and decreased
strain as well as increased arterial stiffness, and that arterial stiffness
is an important factor associated with LV mass index and twist me-
chanics, suggesting a possible mechanism involved in heart remodel-
ing in these patients. To the best of our knowledge, this is the first

Table 2
LV and Ao findings in OSAS patients and controls.

Parameters Controls (n=35) Mild OSAS (n=19) Severe OSAS (n=23) p
valuesa

Mean±SD Mean±SD Mean±SD

LV
M-mode/2D/Doppler

EF 0.62±0.08 0.60±0.07 0.59±0.07 0.371
MI (g/m2) 106±5 113±8 141±11 0.023
IVRT (ms) 74±11 103±9 125±10 0.041
DT (ms) 143±14 175±17 229±15 0.047
MPI 0.39±0.08 0.43±0.07 0.58±0.09 0.039
E/A 1.2±0.5 1.1±0.6 0.9±0.5 0.071

TDI
Ea (cm/s) 12.1±2.2 11.4±2.1 7.7±2.8 0.016
E/Ea 5.6±1.6 5.5±1.8 8.8±2.5 0.025

STI
Global LS (%) −21.9±2.8 −21.2±2.5 −18.4±2.7 0.011
Global RS (%) 49.5±9.8 49.9±8.9 46.2±9.1 0.278
Global CS (%) −24.3±3.1 −24.7±2.4 −22.6±3.1 0.432
Peak LVtor (°) 14.8±4.2 15.7±4.3 21.3±5.1 b0.001
Peak apical rotation () 10.2±3.4 10.9±3.9 14.1±4.1 b0.001
Peak basal rotation () −6.±2.1 −6.7±1.8 −7.6±2.3 0.032
Normalized peak LVtor (/cm) 1.7±0.4 1.8±0.7 2.3±0.6 b0.001
Peak UTV (/s) 78.5±16 81.1±14 97.2±24 0.013

Normalized time to peak UTV (%) 16.2±7.3 17.1±5.8 22.3±8.1 0.036
UTR (/s) 61.5±27 63.1±25 91.1±32 0.048

Aorta
AoES (mm) 29.2±3.4 29.7±3.1 30.3±3.5 0.546
AoED (mm) 25.4±3.1 26.1±3.8 27.7±3.6 0.638
AoSI 2.92±0.76 3.21±0.83 4.71±1.42 0.031
AoEM (kPa) 30.2±2.2 30.8±2.5 45.4±5.3 0.041
AoD (m2/Newton) 75.3±15.4 72.3±14.4 48.3±13.9 0.035
AoSvel (cm/s) 6.5±0.6 6.2±0.5 4.6±0.4 0.014
AoEvel (cm/s) 7.3±0.7 6.6±0.7 4.2±0.5 0.029
AoS (%) 15.4±1.6 15.1±1.7 7.2±1.3 0.006

A = mitral inflow late diastolic velocity; AoD = aortic distensibility; AoED = aortic end-diastolic diameter; AoEM = aortic elastic modulus; AoES = aortic end-systolic diameter;
AoEvel = aortic wall early diastolic velocity; AoS = aortic wall peak radial strain; AoSvel = aortic wall systolic velocity; AoSI = aortic stiffness index; CS = circumferential strain;
DT = deceleration time; E = mitral inflow early diastolic velocity; Ea = annular early diastolic velocity; EF = ejection fraction; FS = fractional shortening; IVRT = isovolumic
relaxation time; LS = longitudinal strain; LV = left ventricle; LVtor = left ventricular torsion; MI = mass index; RS = radial strain; time to peak UTV = time to peak
untwisting velocity (expressed as percentage of duration of diastole); UTR = untwisting rate; UTV = untwisting diastolic velocity.

a Controls vs severe OSAS.

Fig. 2. Comparison of percent increase of LV torsion (LVtor) and per cent reduction of
LV longitudinal strain (LS) and Ao strain (AoS) between the severe obstructive sleep
apnea group (AHI ≥30) and the mild obstructive sleep apnea group (AHI b30).
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study to evaluate the consequences of OSAS on LV torsion, the rela-
tionship between mechanical twist and aortic stiffness, and the re-
sponse of LV torsion and aortic function to CPAP therapy.

Impairment of LV systolic and diastolic function and aortic stiff-
ness were previously reported in patients with severe OSAS
[3-10,28-30]. Since it is difficult to detect cardiac changes with con-
ventional two-dimensional echocardiography before the clinical
signs of LV dysfunction appear, TDI and STI have been used to repre-
sent an early stage of myocardial abnormality despite preserved glob-
al LV function [8-10]. An association between OSAS and impaired
arterial properties in otherwise apparently healthy patients has also
been reported [7]. Other studies [6,30] extended these findings by
showing that vascular alterations associated with severe OSAS were
similar but independent to that observed in systemic hypertension.

Interest in LV torsion, with regard to both its function and mea-
surement, has increased in the past few decades [31–35]. Torsion is
the description of the overall twisting motion of the ventricle around
its long axis, calculated by determining the maximal apical rotation
minus the maximal basal rotation. The significant association of the

magnitude of LV torsion with the acceleration of the mitral E wave
[32] introduced the concept that one of its main effects provides as-
sistance to diastolic filling during elastic recoil by creating a suction
effect. On the basis of these findings, torsion analysis may imply fur-
ther insight into the presence of diastolic dysfunction [13,33,34].
Moreover, measurement may contribute to the overall assessment

Table 3
Analysis of LV torsion (LVtor) in OSAS patients.

Univariate analysis r p

Age 0.38 0.017
Sex 0.23 0.066
Smoking 0.11 0.721
BMI 0.34 0.057
BSA 0.27 0.072
SBP 0.17 0.367
RVSP 0.35 0.041
HR 0.12 0.619
LVEF 0.31 0.059
LVMI 0.44 0.024
LVRWT 0.42 0.037
Ea −0.45 0.018
E/Ea 0.37 0.036
LVLS −0.38 0.032
AoS −0.64 0.007
AHI 0.68 0.002
Minimal SaO2 −0.58 0.009

Multivariate analysis β p

AoS −0.32 0.011
Minimal SaO2 −0.46 0.004
AHI 0.53 0.003

AHI= apnea-hypopnea index; AoS= Ao strain; BMI= bodymass index; BSA= body
surface area; E = mitral inflow early-diastolic velocity; Ea = mitral annular
early-diastolic velocity; HR = heart rate; LVLS = left ventricular longitudinal
strain; LVMI = LV mass index; LVRWT = LV relative wall thickness; RVSP = right
ventricular systolic pressure; SaO2 = saturation of nocturnal arterial oxygen; SBP=
systolic blood pressure.

Table 4
Change in ventricular and aortic indices and polysomnographic data in a subset of 15
patients who had chronic 4 month CPAP therapy.

Before CPAP therapy After CPAP therapy p value

LVEF 0.58±0.08 0.59±0.07 0.454
LVMI (g/m2) 141±8 136±9 0.239
LVEa (cm/s) 7.3±2.4 8.7±2.3 0.018
LVMPI 0.55±0.12 0.43±0.09 0.032
RVEDA (cm2) 19.6±6.2 17.9±5.1 0.042
RVFAC 0.46±0.05 0.51±0.04 0.029
RVSP (mmHg) 32±7 26±6 0.002
LVLS (%) −18.3±2.2 −20.2±2.4 b0.001
LVRS (%) 46.1±9.7 46.8±9.2 0.362
LVCS (%) −22.2±3.5 −22.9±3.7 0.687
LVtor (°) 23.5±6.8 18.1±6.2 b0.001
AoES (mm) 31.7±3.1 31.4±3.0 0.412
AoED (mm) 30.3±3.2 29.9±2.8 0.573
AoD (m2/Newton) 48±11 59±10 0.033
AoSI 4.53±1.49 3.29±1.18 0.016
AoSvel (cm/s) 4.3±0.4 5.1±0.3 0.021
AoS (%) 7.5±1.1 11.2±1.3 0.002
AHI (events/h) 58.6±9.4 4.1±1.8 b0.001
Mean nocturnal SaO2 (%) 89.5±12.8 92.4±13.3 0.003
Minimal SaO2 (%) 70.4±12.1 87.4±13.1 b0.001
Time SaO2 b90% (min) 31.1±17.3 2.5±2.9 b0.001
Awake SaO2 (%) 93.4±2.1 94.5±1.8 0.261

AHI = apnea-hypopnea index; AoD = aortic wall distensibility; AoED = aortic
end-diastolic diameter; AoES = aortic end-systolic diameter; AoSI = aortic wall
stiffness index; AoS = aortic wall peak radial strain; AoSvel = aortic wall S-wave
velocity; LVCS = LV circumferential strain; LVEa=LV early diastolic mitral annular
velocity; LVEF = LV ejection fraction; LVLS = LV longitudinal strain; LVMI=LV mass
index; LVMPI=LV myocardial performance index; LVRS = LV radial strain; LVtor =
LV torsion; RVEDA = RV end-diastolic area; RVFAC = RV fractional area change;
RVSP = right ventricular systolic pressure; SaO2 = saturation of arterial oxygen;
time SaO2 b90% = duration that oxygen saturation was b90%.

Fig. 3. Correlations between LV torsion and apnea-hypopnea index (3A, LVtor-AHI),
Ao strain and apnea-hypopnea index (3B, AoS-AHI), and LV torsion and Ao strain
(3C, LVtor-AoS).
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of LV systolic performance since systolic ventricular dysfunction is
represented by significant changes in torsion [35].

In the present study, LV torsion and strain were identified as pa-
rameters demonstrating an association between LV dysfunction and
severity of OSAS independently of body mass index, diabetes mellitus,
and systemic arterial hypertension. Both ventricular twist and dia-
stolic untwisting were abnormal in our patients. It has been shown
that LVtor is increased in patients with mild diastolic dysfunction
and is normalized in more advanced diastolic dysfunction compared
with healthy controls [13], whereas in patients with severe diastolic
dysfunction torsion and untwisting are markedly reduced [36, 37]. A
paradoxically increased LV torsion with normal EF has been reported
as an early indicator of LV dysfunction in patients with aortic stenosis,
diabetes, hypertrophic cardiomyopathy, and systemic hypertension
[38–41]. The increased torsion and subsequent untwisting may be
a compensatory mechanism for the reduced longitudinal myocardial
contraction as well as relaxation to maintain normal LV filling.
Increased LVtor seems to be a part of natural progression of
systo-diastolic dysfunction as an initial compensation and has also
been reported in asymptomatic elderly patients with mild diastolic
dysfunction compared to younger individuals [42]. Subendocardial
function may gradually attenuate with increasing age, and LV twist
increases because of an unopposed increase in LV apical rotation.
The velocity of untwisting in early diastole is also involved. LV
untwisting starts near the end-systole and lasts throughout the isovo-
lumic period until mitral valve opening, that is a critical interval for
LV pressure decay and chamber filling. Delayed diastolic events and
depressed untwisting reflect ineffective myocardial uncoiling where-
as delayed but increased untwisting such as in our patients implies
a mild diastolic dysfunction with more effective uncoiling. This is in
line with previous reports [41] showing that in hypertrophic cardio-
myopathy peak diastolic untwisting velocity and untwisting rate
were increased in mild but decreased in moderate and severe diastolic
dysfunction.

Analysis of LV long-axis function and strain may provide an addi-
tional explanation of the mechanism of LV torsion. It has been shown
that in hypertensive patients with normal ejection fraction [40] im-
paired longitudinal strain and increased LV torsion correlated with
serum tissue inhibitor of matrix metalloproteinase, suggesting that
myocardial fibrosis may affect the early contractile LV dysfunction.
Longitudinal fibers, as a consequence of their prominent subendocar-
dial location, are more vulnerable to hemodynamic overload com-
pared to mid wall circular fibers. In our study OSAS patients with
normal EF were found to have increased LVtor and mild diastolic im-
pairment together with reduced systolic longitudinal strain compared
to normal controls. This is further evidence that hypertorsion and
subsequent untwisting appear as a compensatory mechanism for
the reduced myocardial long-axis function to keep normal LV filling.

Another interesting result we obtained is the significant relation-
ship between LV torsion and ascending aorta wall strain. Aortic pa-
rameters determined from echocardiography of ascending aorta
(aortic strain and distensibility) have been used for measuring the
large arterial stiffness. Several reports have shown good correlations
between aortic function indices calculated from aortic root and indi-
ces derived from aortography and pulse wave analysis methods
[24–27]. Early signs of atherosclerosis have been described in patients
with OSAS who were free of systemic hypertension or other signifi-
cant comorbidities [43,44]. Other studies have shown that the treat-
ment of OSAS with CPAP therapy improves markers of early signs of
atherosclerosis such as carotid intima-media thickness and arterial
stiffness [30]. The effects of CPAP therapy on the early signs of athero-
sclerosis are multifactorial and are associated with improvements in
inflammation and sympathetic activity. Our study was not specifically
designed to assess the effects of CPAP on all the mechanisms involved
in atherosclerosis progression. However, we found an inverse rela-
tionship between increased LV torsion and reduced aortic strain and

an improvement in LV torsion with CPAP therapy that was associated
with the change in aortic stiffness during the same treatment. This is
in agreement with previous reports [28] which showed that the im-
provement in left ventricular systolic function with chronic CPAP
therapy appeared to relate to the baseline systemic vascular resis-
tance index and the change in systemic resistance during therapy
through a reduction of sympathetic nervous system activity. Whether
improvements in torsion and arterial indexes translate into an im-
provement in patient prognosis remains to be answered.

No regression in LV mass was observed in our patients after CPAP
treatment. We were not able to determine whether longer therapy
might have resulted in a more significant reversal of diastolic abnor-
malities since it has been reported regression of ventricular hypertro-
phy after a minimum of 6 months with CPAP [4]. However diastolic
dysfunction can occur in the absence of structural myocardial abnor-
malities both in OSAS and hypertensive patients and may represent
myocyte dysfunction with impaired isovolumic relaxation [7].

A partial regression of RV dysfunction and pulmonary hypertension
has been obtained in our patients after CPAP. AHI has been reported to
be the parameter that had the closest correlation with RVSP level and a
relationship was found between LV diastolic dysfunction and pulmo-
nary hypertension [45]. It may be hypothesized a vicious pathophysio-
logic cycle in which the contribution of LV diastolic dysfunction to the
development of pulmonary hypertension seems to be likely [45]. It
has also been suggested that OSAS affects RV function independently
of pulmonary pressure [46]. A further study specifically aimed at RV
involvement in these patients would be desirable.

Limitations. A technical limitation is that speckle-tracking echo-
cardiography is dependent both on frame rate and image resolution
[22,23]. This may be challenging in the presence of obesity/pulmonary
conditions associated with OSAS limiting 2D visibility. In addition,
the endocardial border tracing must be manually optimized. Speckle
pattern changes too much from frame to frame because of low frame
rates, and this prevents the precise characterization of regional myo-
cardial motion and impairs the overall temporal resolution of the
regional strain map. On the contrary, increasing the frame rate re-
duces scan line density that reduces image resolution. We found
frame rates in the range of 60 to 100 Hz suitable for speckle-tracking
analysis, that is a lower value than frame rate available with Doppler
strain. However, STI may overcome some TDI limitations by assessing
myocardial thickening in amanner less affected by passive translational
motion or tethering.

Also we have not directly estimated the exact distance between the
two short-axis levels, which could have affected LVtor measurements,
nor have we selected reproducible anatomic landmarks for measuring
apical rotation although we defined the apical level just proximal to
the level with LV luminal obliteration at the end-systolic period [11].

Moreover, we only included patients with OSAS who were free of
significant comorbidities. The results of this study may not be extrap-
olated to patients with overt comorbidities which could act as con-
founding factors and influence all measurements. However, recent
studies reported that the magnitude of arterial stiffness and heart
remodeling associated with OSAS is similar to that for treated hyper-
tension and OSAS associated with hypertension had additive effects
on LV dysfunction and arterial stiffness [6,7,44].

A final limitation was the relatively small population. Sample size
limited our ability to draw definitive conclusions regarding the benefit
of torsion analysis in selected patient subsets and a larger study is needed
to corroborate our data. However we succeeded in testing our hypothe-
sis, which showed functional information from LV torsion parameters
in OSAS patients.

4.1. Conclusions

Left ventricular impaired twist mechanics is frequently observed
in OSAS patients and is associated with increased aortic stiffness,
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which suggests that it may be an early response to cardiac overload
caused by this disease independently of other possible factors. Chronic
application of CPAPmay avoid the progression of systo-diastolic abnor-
malities and reverse these alterations before severe ventricular struc-
tural changes develop. We suggest that these patients are screened by
standard and newer echocardiographic parameters so as not to over-
look a clinically silent cardiac functional impairment. Further studies
are required to assess the long-term impact of these more recent echo-
cardiographic variables on the diagnosis of myocardial dysfunction in
OSAS patients.
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