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BACKGROUND Obstructive sleep apnea (OSA) is a syndrome characterized by repetitive obstruction of the upper 
airway during sleep, and is associated with frequent episodes of transient nocturnal pulmonary 
hypertension and consequently, possible right heart dysfunction. The aim of this study is to determine 
the prevalence of subclinical right ventricular (RV) dysfunction in newly diagnosed OSA patients.

METHODS This is a retrospective analytical study from March 2012 to February 2013. We reviewed the recent 
transthoracic echocardiography results of 37 patients diagnosed with OSA determined by the apnea-
hypopnea index (AHI) after an overnight polysomnography.  Of these, 27 patients had complete 
echocardiographic data. We evaluated the RV systolic function and pulmonary artery (PA) pressure 
by standard echocardiography, specifically RV and right atrium (RA) diameters, tricuspid annular 
systolic excursion (TAPSE), pulmonary artery acceleration time (AT), systolic PA pressure; and tissue 
Doppler imaging for RV systolic and diastolic velocities.

RESULTS Patients with OSA were predominantly male, obese with a body mass index of more than 30 kg/m2. 
Seventy percent were hypertensive and 30% were diabetic. Patients with OSA had normal TAPSE 
and RV systolic velocity. Although no significant difference in RV systolic parameters were noted 
between groups, OSA patients generally had lower early diastolic and a higher late (A’) annular 
velocities suggesting impaired relaxation. AHI and mean PA dimension were correlated (p<0.0001), 
and PA diameter was significantly increased among OSA patients, which may signify early structural 
cardiac changes related to chronic transient nocturnal pulmonary hypertension.

CONCLUSION Subclinical RV diastolic dysfunction may be prevalent among OSA patients despite having normal 
left ventricular function and PA pressures.

Obstructive sleep apnea (OSA) is a prevalent condition 
that can exist in all age groups and is estimated to affect 2% to 
26% of the general population.1 It is a syndrome characterized 
by repetitive obstruction of the upper airway during sleep, 
that leads to apneic episodes resulting to oxygen (O

2
) 

desaturation.2 The dynamics of the pulmonary adaptation 
during nocturnal hypopnea and apnea may consequently 
result to progressive right ventricular (RV) remodeling 
(structural and functional cardiac abnormalities) leading 
eventually to heart failure.

The effect of OSA on left ventricular (LV) morphology 
and function has been documented, but less is known 

about its effect on RV characteristics.3 When we sleep, it is 
considered a period of cardiovascular quiescence since non-
rapid eye movement sleep accounts for about 75% to 85% 
of sleep time, which is actually the state of parasympathetic 
dominance. In OSA, sleep interruptions therefore can alter 
the normal autonomic regulation. The state of hypoxemia 
and fragmented sleep may result to elevated circulating 
catecholamine levels, increasing peripheral resistance leading 
to LV systolic dysfunction.

During the nocturnal hypopnea-apnea state, there is 
an imbalance between the O

2
 and carbon dioxide (CO

2
) 

levels.  A period of increased CO
2
 and decreased O

2
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provokes respiratory acidosis, which leads to constriction 
of the pulmonary artery, and consequently, an increase in 
pulmonary resistance and increase in venous return to the 
right cardiac chamber. This phenomenon is facilitated both 
by the decubitus horizontal position during sleep and by the 
intrathoracic pressure, which becomes more negative due to 
respiratory effort against an obstructed area.4 These changes 
can lead to enlarged right chambers and compromised 
ejection during systole, resulting to RV dysfunction.

Subclinical RV dysfunction is defined as ventricular 
dysfunction in asymptomatic patients. There are several 
published studies regarding RV changes secondary to 
OSA, but its prevalence remains unclear.2 RV function 
may be assessed using M-mode or two-dimensional 
echocardiographic indexes, but may be difficult due to its 
complex geometry. Other diagnostic modalities such as 
ventriculography, magnetic resonance imaging, and three-
dimensional echocardiography can be used accurately to 
measure volumes and ejection fraction, but these indexes 
are load-dependent.3 Tissue Doppler imaging (TDI), on 
the other hand, allows measurement of systolic and diastolic 
myocardial velocities, and has a more favorable signal-noise 
relationship that permits the derivation of strain, which is 
a site-specific parameter. Conventional echocardiography 
and TDI may therefore be used to determine whether RV 
dysfunction is associated with the severity of OSA and 
correlate apnea-hypopnea index (AHI) with RV functional 
and structural changes.

In the Philippines, OSA has remained a largely under-
diagnosed but common condition, a problem hindered by the 
complexity of other cardiovascular diseases associated with 
OSA and the financial issues of the diagnostic procedure. 
Echocardiography is an accessible and affordable diagnostic 
tool that can identify measurable parameters that may be 
used along with clinical risks indicators to provide a highly 
predictive diagnosis of OSA. The aim of this study is to 
determine the prevalence of RV dysfunction among newly 
diagnosed patients with OSA. 

METHODOLOGY
This is a retrospective analytical study of patients referred 

to the St Luke’s Medical Center Sleep Center for excessive 
snoring and daytime somnolence, from March 2012 to 
February 2013. The study population was limited to all newly 
diagnosed OSA determined by polysomnography (Somnostar 

z-24), with AHI of more than 10 events per hour, and who 
had two-dimension echocardiography (Phillips IE33, or 
Seimens Sequioa 256) performed prior to or within the week 
of the sleep study. 

Patients aged less than 18 years; those with comorbidites 
such as moderate to severe valvular disease, cardiomyopathy, 
renal failure, coronary artery disease, pericardial disease, 
congenital heart disease, cancer, hyperthyroidism, 
hypothyroidism, hepatic failure, pulmonary hypertension 
(PH) and chronic pulmonary obstructive or restrictive disease; 
those with systolic dysfunction described as ejection fraction 
(EF) of less than or equal to 55% by Simpson’s method; 
presence of regional wall motion abnormalities or global 
wall hypokinesia, or diastolic dysfunction more than grade 
1 as described by the American Society of Echocardiography 
guidelines, and those with poor echocardiographic window 
were all excluded from the study.

Baseline demographics, including the medical history 
were obtained from the clinical records. We use Graphpad 
software for computation of mean, standard deviation 
for descriptive statistics. Frequencies were expressed as 
percentage. Population included for baseline characteristics 
were divided into three (3) subgroups namely Group 1 
(N=12), Group 2 (N=12), and Group 3 (N=13) based on the 
presence of systemic hypertension and other cardiovascular 
risk factors. Pairwise analysis was used to determine the 
correlation between variables.  One-way analysis of variance 
(ANOVA) from summary data was used to compute for 
statistical significance in-between groups. A p value of less 
than 0.05 is considered statistically significant. 

RESULTS AND DISCUSSION
Of the 308 patients seen at the Comprehensive Sleep 

Center at St Luke’s Medical Center referred for sleep 
study, only 37 OSA patients were included. They were 
predominantly male (86%), obese (95%), hypertensive 
(67%), dyslipidemic (41%) and diabetic (35%). Majority 
had severe OSA (AHI>30). Table 1 shows the baseline 
characteristics of these patients. All were newly diagnosed 
OSA with no known significant lung disease.

The included patients were divided into three groups: 
Group 1 had no hypertension nor diabetes (n=12); Group 
2 had hypertension but no diabetes (n=12); Group 3 had 
both hypertension and diabetes (n=13). Age was found to be 
statistically different between the three groups, with group III 
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being older with a mean age of 59.15 years ± 9.68 (p=0.02). 
Other parameters such as body surface area (BSA), body 
mass index (BMI) and AHI were not significant in between 
subgroups.

Three patients could not be included in the analysis of the 
chamber measurements since the actual 2D echo recordings 
were not accessible. Furthermore, an additional 7 patients 
could not be included in the evaluation of RV function due to 

*P-value less than 0.05 were considered statistically significant
BSA=body surface area; BMI=body mass index; AHI=apnea-hypopnea index; CV=cardiovascular; COPD=chronic obstructive pulmonary disease.

Table 1. Basic characteristics of newly diagnosed OSA patients.

Group 1(N=12) Group 2 (N=12) Group 3 (N=13) P-value

Age (years) 47.5 ± 13.93 47.67 ± 9.89 59.15 ± 9.68 0.02*

Gender (n)

     Male 10 11 11

     Female 2 1 2

Weight (kg) 82.41 ± 18.67 100.61 ± 26.84 86.79 ± 17.03 NS (0.103)

Height (m) 1.65 ± 0.09 1.62 ± 0.15 1.64 ± 0.07 NS (0.787)

BSA (m2) 1.89 ± 0.23 2.09 ± 0.26 1.89 ± 0.21 NS (0.065)

BMI (kg/m2) 29.99 ± 5.59 35.74 ± 8.44 32.39 ± 6.05 NS (0.129)

AHI 56.41 ± 30.46 67.71 ± 32.71 55.08 ± 20.44 NS (0.484)

CV Risk factors (n, %) 0 12 (100) 13 (100) NA

Hypertension (%) 0 0 13 (100)

Diabetes (%) 0 2 (17) 13 (100)

Dyslipidemia (%) 2 (16.67) 1 (8) 0

Current smoker (%)

COPD 0 0 0 NA

Parameter Group 1 (N=10) Group 2 (N=11) Group 3 (N=12) P – value

LVEDD (cm) 4.81 ± 0.37 4.93 ± 0.29 5.03 ± 0.35 NS (0.328) 

LVESD (cm) 2.87 ± 0.34 3.12 ± 0.34 3.14 ± 0.33 NS (0.140)

LVMI (g/m2) 74.15 ± 31.27 93.48 ± 22.48 105 ± 21.2 0.03*

RWT 0.39 ± 0.04 0.44 ± 0.06 0.42 ± 0.07 <0.0001*

EF Simpson’s(%) 69.4 ± 7.66 65.64 ± 5.83 67.33 ± 3.55 NS (0.344)

     Teicholz (%) 67.8 ± 6.0 67.31 ±  7.22 65.75 ± 4.65 NS (0.702)

LA diameter (cm) 3.41 ± 4 3.54 ± 0.32 3.6 ± 0.55 NS (0.980)

LAVI (ml/m2) 19.71 ± 4.27 22.22 ± 3.96 23.31 ± 21.2 NS (0.814)

E velocity 0.74 ± 0.19 0.83 ±  0.16 0.77 ± 0.28 NS (0.633)

A velocity 0.66 ± 0.21 0.66 ± 0.14 0.82 ± 0.18 NS (0.06)

RA diameter (cm) 3.16 ± 0.33 3.33 ±  0.62 3.15 ± 0.38 NS (0.594)

RV diameter (cm) 3.1 ± 0.33 2.93 ± 0.6 3.10 ± 0.23 NS (0.547)

EPASP (mmHg) 20.30 ± 6.62 26.64 ± 15.42 28.08 ± 9.56 NS (0.253)

PA diameter (cm) 2.27 ± 0.26 2.51 ± 0.37 2.65 ± 0.41 NS (0.059)

*P-value less than 0.05 (statistically significant)
NS=not significant; LVEDD=left ventricular end diastolic diameter; LVESD=left ventricular end systolic diameter; LVMI=left ventricular mass index; 
RWT=relative wall thickness; EF=ejection fraction; LA=left atrium; LAVI=left atrial volume index; RA=right atrium; EPASP= estimated pulmonary artery 
systolic pressure; PA=pulmonary artery.

Table 2. 2D echocardiographic measurements across all subgroups.
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velocities on the annulus (S’) (Table 3). But, utilizing 
the diastolic function E/A ratio, 41% had RV diastolic 
dysfunction, which was found out to be significantly lower 
among OSA patients with diabetes and hypertension 
(p<0.05). 

The prevalence of RV dysfunction among OSA patients 
ranges from 18 to 83%, a wide range that can be attributed 
to small populations per study.5-7 In earlier studies, the RV 
dysfunction among OSA patients was strongly correlated to 
the presence of chronic pulmonary disease. But according 
to Sanner et. al., there is strong association between AHI 
and RVEF, independent of age, sex, BMI, LVEF and lung 
function.7 

The values of TAPSE, and RV S’ obtained in our 
study were considerably higher than those of other studies, 
and none were found to have systolic dysfunction.5-7 This 
difference may be secondary to inter-observer variability, 
study methodology, and the duration and severity of OSA, 
all of which should be addressed in subsequent studies.

Considering the cyclic nocturnal transient increase in 
pulmonary artery pressure, we could attempt to correlate 
pulmonary artery (PA) diameter with the severity of OSA, 
measured by AHI.  There was a statistically significant 
correlation between mean PA diameter and mean AHI 
(p<0.0001) across all groups. This finding may be further 
correlated to the clinical scoring system to evaluate its utility 
as a tool in predicting the presence of OSA among high risk 
individuals. An increased diameter of the main PA (>29 
mm) by chest computed tomography is highly predictive of 
the presence of PH (sensitivity of 84%, specificity of 75%, 
positive predictive value 0.97).8 We can therefore include in 
our recommendation, other than increasing the number of 
subjects to increase the power of the study, to also determine 
the correlation and utility of the PA diameter among OSA 
patients.
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lack of data. Table 2 shows the echocardiographic evaluation 
of patients. There was statistical significant difference among 
groups I, II, and III on left ventricular mass index (LVMI) 
(p=0.03) and relative wall thickness (RWT) (p<0.0001). 
However, LV measurements (LV end diastolic diameter and 
LV end systolic diameter), EF (Simpson’s, Teicholz), left 
atrial volume index, mitral velocities (E, A), right atrium/
RV measurements, and estimated pulmonary arterial systolic 
pressures (EPASP) did not statistically differ between groups. 
The first two related measurements, increasing LVMI/
RWT across all the 3 groups, may be attributed to the 
presence of hypertension with or without diabetes, which 
are both independent risk factors for the development of left 
ventricular hypertrophy.2,5 

In the study done by Dursunoglu et. al., the basic 
characteristics of the control and the newly diagnosed 
OSA that were referred in the sleep clinic due to nocturnal 
snoring and/or excessive daytime somnolence were also not 
statistically significant.5 OSA patients enrolled in our study 
has similar baseline characteristics (e.g., demographics, sex, 
BMI and AHI) as OSA patients included in Dursunoglu, 
et al., except those in group III, which had older patients 
(p<0.04).

Also comparing our echocardiographic parameters with 
those found in Dursunoglu, et al, our patients had similar LV 
measurements and LVEF, but there was significant difference 
in terms of mitral E/A (p=0.0025), RA internal diameter 
(p=0.02) and RV E’/A’ (p<0.0001) across all groups.5 The 
latter findings suggest structural and function changes, 
consistent with LV and RV diastolic dysfunction observed 
among newly diagnosed OSA patients without hypertension 
or diabetes.

In our study, we found that there was no significant 
difference in RV systolic function between the three groups, 
measured by a normal TAPSE and Doppler-derived systolic 
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RV function Group 1 (n=6) n=11 n=10

TAPSE (mm) 20.8(+/-3.68) 20.52(+/-4.69) 21.63(+/-3.41)

RV S’ 14.72(+/-2.81) 14.32(+/-3.31) 15.38(+/-4.04)

E’/A’ 0.819(+/-0.22) 1.07(+/-0.31) 0.71(+/-0.15)

Table 3. Echocardiographic measurement of RV function*.

*Only 27 patients had available RV data.
RV=right ventricle; TAPSE= tricuspid annular systolic excursion; RV 
S’=tricuspid annular velocity; E’/A’= ratio of early to late ventricular filling 
velocities.
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