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Abstract Öz 
Purpose: The aim of this study was to evaluate the clinical 
significance of presystolic wave in the detection of 
diastolic dysfunction in ankylosing spondylitis patients.  
Materials and Methods: In this cross-sectional study, 59 
patients and 65 healthy controls were included in the study. 
Ankylosing Spondylitis Disease Activity Score, Bath 
Ankylosing Spondylitis Metrology Index, Maastricht 
Ankylosing Spondylitis Enthesitis Score and Bath 
Ankylosing Spondylitis Functional Index was eveluated. 
The Doppler tissue-imaging and presystolic wave 
measurements were performed by same cardiologist who 
was blinded to study details.  
Results: Presystolic wave was detected in 26.6% of the 
whole study population; in 37.3% of patients and 16.9% of 
the control group. When the patient and control groups 
were divided into two subgroups according to the presence 
or absence of presystolic wave; myocardial performance 
index, transmitral E wave velocity, E/A ratio, left 
ventricular outflow tract velocity and septal e’ wave 
velocity were statistically significant in subjects with 
presence presystolic wave in both groups. In the univariate 
model, high c-reactive protein level, increased BASMI and 
BASFI scores and elevated myocardial performance index 
were determined as risk factors for the presence of 
presystolic wave in ankylosing spondylitis patients.    
Conclusion: The assessment of presystolic wave on 
echocardiography examination may provide important 
information about the left ventricul diastolic function, 
which has a prognostic impact for ankylosing spondylitis 
patients.  

Amaç: Bu çalışmanın amacı, ankilozan spondilit 
hastalarında diyastolik disfonksiyonun saptanmasında 
presistolik dalganın önemini değerlendirmektir. 
Gereç ve Yöntem: Kesitsel çalışmamıza 59 hasta ve 65 
sağlıklı kontrol dahil edildi. Ankilozan Spondilit Hastalığı 
Aktivite Skoru, Bath Ankilozan Spondilit Metrology 
indeks, Maastricht Ankilozan Spondilit Entesit Skoru ve 
Bath Ankilozan Spondilit Fonksiyonel İndeksi 
değerlendirildi. Doppler doku görüntüleme ve presistolik 
dalga ölçümleri yapıldı. 
Bulgular: Hastaların % 37.3'ünde ve kontrol grubunun % 
16.9'unda olmak üzere tüm çalışma popülasyonunun% 
26.6'sında presistolik dalga saptandı. Hasta ve kontrol 
grupları presistolik dalganın varlığına veya yokluğuna göre 
iki gruba ayrıldığında; miyokardiyal performans indeksi, 
transmitral E dalga hızı, E/A oranı, sol ventrikül çıkış yolu 
velositesi ve septal e 'dalga hızı, her iki grupta da presiktolik 
dalgası olanlarda istatistiksel olarak anlamlı oranda 
farklıydı. Tek değişkenli modelde, yüksek c-reaktif protein 
seviyesi, artmış BASMI ve BASFI skorları ve artmış 
miyokard performans indeksi, ankilozan spondilit 
hastalarında presistolik dalga varlığı için risk faktörü olarak 
belirlenmiştir. 
Sonuç: Ekokardiyografik incelemede presistolik dalganın 
varlığı, ankilozan spondilit hastalarında prognostik önemi 
olan sol ventrikül diyastolik fonksiyonu hakkında önemli 
bilgiler sağlayabilir. 

Keywords:. Ankylosing spondylitis, diastolic dysfunction, 
heart failure, presystolic wave. 
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INTRODUCTION 
Ankylosing spondylitis (AS) is a chronic 
inflammatory disease, which affects not only the axial 
skeleton but also the organs and other systems 
including the cardiovascular system. Recently, many 
studies have investigated the impact of chronic 
inflammatory disorders on the cardiovascular system 
1-3. The involvement of the cardiovascular system in 
patients with AS increases mortality by approximately 
2-fold compared to the general population 4,5. 

What kind of cardiac involvement is expected in AS? 
According to studies, myocardial fibrosis and 
stiffness causing impaired diastolic function has been 
observed 6. Ankylosing spondylitis has also been 
reported to be associated with an increased risk of 
cardiovascular diseases, including diseases of the 
aortic root and aortic valve, acute coronary 
syndromes (ACS), strokes, venous 
thromboembolism, and conduction abnormalities 7. 

Even in the absence of clinical cardiovascular disease 
and the presence of normal ejection fraction (EF), 
diastolic dysfunction is reported in 9–45 % of 
patients with AS 8. A disturbed filling pattern termed 
as diastolic left ventricular (LV) dysfunction is caused 
by impaired relaxation of the LV. This pattern may 
eventually lead to heart failure with preserved ejection 
fraction (HFpEF) 9. Systemic inflammation is a 
significant risk factor for diastolic LV dysfunction 
and HFpEF, as it causes an increase in cardiomyocyte 
damage and cardiac collagen deposition in the cardiac 
structures 10. 

The blood entering the LV during atrial systole 
produces a countercurrent along the septum towards 
the aortic valve. Early diastolic flow from the left 
atrium fills the ventricle centrally, whereas late 
diastolic flow enters the ventricle more posteriorly 11. 
This results in a presystolic wave (PSW) in the left 
ventricular outflow tract (LVOT). A possible 
mechanism of PSW is related to left ventricular 
stiffness and impaired LV compliance 12. The other 
mechanism for PSW is atrial contraction. The left 
atrium acts as a pump in late diastole. Therefore 
presence of PSW may be associated with atrial 
contraction and ventricular stiffness 13.   

To the best of our knowledge, the frequency of PSW 
and the association between PSW and other 
echocardiographic (ECHO)-clinical parameters have 

not been studied in patients with AS. The hypothesis 
of this study was that the magnitude of this 
countercurrent in LVOT would be significantly 
affected by the compliance of the LV at the time of 
atrial contraction. It is very important to identify LV 
dysfunction as early as possible in order to determine 
the high risk of heart failure (HF) in patients with AS. 
Therefore, the aim of the current study was to 
investigate the association between the presence of 
PSW and the measurements of LV diastolic 
dysfunction, and to evaluate the clinical significance 
of PSW in the detection of diastolic dysfunction in 
AS patients. 

MATERIALS AND METHODS 
This cross-sectional study included fifty-nine patients 
with AS and an age and gender-matched 65 healthy 
control group with no medical history and who were 
on no medication. The AS patients were enrolled 
from the department of Physical Medicine and 
Rehabilitation of the Hospital of Cukurova 
University (Adana, Turkey) between Jully 2018 and 
December 2018. The study population was selected 
among the patients diagnosed with AS for at least 1 
year. Stable patients other than acute exacerbation of 
the disease and patients over 18 years of age were 
included in the study. Exclusion criteria were as 
follows; i) valvular or congenital heart disease, ii) 
other cardiovascular diseases, iii) diabetes mellitus, iv) 
hypertension, v) current smokers, vi) excessive 
alcohol consumption (>120 g/day), vii) chronic 
obstructive pulmonary disease or cor pulmonale, viii) 
endocrinological disorders, and ix) systemic diseases 
including connective tissue disorders, hepatic and 
renal diseases, x) acute exacerbation of the AS.  This 
study was approved by the Non-Interventional 
Clinical Research Ethics Committee of Cukurova 
University under the protocol number 79 at July 6th 
of 2018. All participants provided written informed 
consent before entering into study.   

Measures and evaluations 
The basic characteristics of the study population and 
clinical data were documented. Cardiovascular 
assessment was performed by a cardiologist, and the 
patients with AS were assessed by a rheumatologist. 
During admission, body mass index was calculated as 
soon as possible after obtaining informed consent 
from the patients. Patients using the antirheumatic 
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drugs were also included in the study and were 
instructed to discontinue the antirheumatic drugs 48 
hours before the echocardiographic examination. 

Ankylosing Spondylitis Disease Activity Score 
(ASDAS) 

Disease activity was evaluated in AS patients with the 
Ankylosing Spondylitis Disease Activity Score 
(ASDAS), which consists of numeric rating scores of 
back pain, peripheral pain/swelling, patient self-
assessment of global disease activity, duration of 
morning stiffness, and C-reactive protein (CRP) level. 
The cut-off values based on ASDAS are accepted as 
<1.3 indicating inactive disease, ≥1.3−≤2.1 moderate 
disease activity, ≥2.1−≤3.5 high disease activity, and 
>3.5, very high disease activity 14,15. 

Bath Ankylosing Spondylitis Metrology Index 
(BASMI) 

Axial mobility was evaluated with the Bath 
Ankylosing Spondylitis Metrology Index (BASMI). 
The tragus to wall distance, lumbar flexion (modified 
Schober), lateral lumbar flexion, and maximal 
intermalleolar distance, and cervical rotation are 
assessed and each item is scored on a 3-point scale 
from 0 to 2. Higher scores indicate decreased 
mobility 16. The functional status of AS patients was 
assessed with the Bath Ankylosing Spondylitis 
Functional Index (BASFI), which contains 10 items 
related to daily living activities. High scores indicate 
lower function 17-19. 

Maastricht Ankylosing Spondylitis Enthesitis 
Score (MASES) 

The enthesitis was evaluated in accordance with the 
Maastricht Ankylosing Spondylitis Enthesitis Score 
(MASES), which assesses 13 entheses (spinous 
processes of 5th lumbar vertebra, bilateral of 1st and 
7th costochondral joint, spina iliaca anterosuperior, 
crista iliaca, spina iliaca posterior, proximal insertion 
of Achilles tendons). Each region is scored 0 or 1, 
giving a total score of 0 to 13. High scores indicate 
clinically important enthesitis 20.       

Echocardiographic evaluation 

The echocardiographic examination was performed 
using the Vivid S5 cardiovascular ultrasound system 
with a 3S 1.5 - 3.6 MHz transthoracic probe (GE 
Medical Systems, Buckinghamshire, UK). 
Echocardiographic data were recorded during end-
expiratory apnea. Conventional B-mode and pulsed 

Doppler parameters were measured according to the 
American Society of Echocardiography guidelines 21.  

Left Ventricular EF were derived from biplane apical 
views using the modified Simpson’s rule algorithm 
and estimation of ejection fraction by M-mode in 
parasternal long and short axis 22. Aortic root 
measurements were performed at the annular plane 
in all cases. Diastolic and systolic interventricular 
septal (IVS) thickness, posterior wall (PW) thickness, 
and left ventricular end-diastolic (LVDD) and left 
ventricular end-systolic (LVSD) diameters were 
measured on the parasternal long-axis views. All 
measurements were performed on M-mode images. 

 
Figure 1. Typical appearance of a PSW on pulse-
wave Doppler examination of the LVOT. 

The Doppler tissue-imaging (DTI) program was set 
to the pulsed-wave Doppler mode. Filters were set to 
exclude high-frequency signals, and the Nyquist limit 
was adjusted to a velocity range of 15 cm/s - 20 cm/s. 
The transthoracic echocardiographic parameters 
used to assess diastolic LV function included peak 
early filling velocity (E-wave) divided by late diastolic 
filling velocity (A-wave) and isovolumetric relaxation 
time (IVRT). Septal e’ velocity and septal a’ velocity 
were measured, then the e’/a’ ratio was calculated to 
estimate LV filling pressure. The IVRT is an interval 
in the cardiac cycle, from the aortic component of the 
second heart sound, that is, closure of the aortic 
valve, to onset of filling by opening of the mitral 
valve. The isovolumetric contraction time (IVCT) 
was defined as the time interval from the mitral valve 
closure at end diastole, to the aortic valve opening. 
The ejection time (ET) was defined as the time 
interval from aortic valve opening to aortic valve 
closing at end systole 23. The myocardial performance 
index (MPI) was calculated using the formula, MPI= 
(IVCT+ IVRT)/ET 24. 
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The ascending aorta wall motion velocities were 
assessed during the cardiac cycle. Aortic wall systolic 
velocity (SAo, cm/s) and aortic wall early diastolic 
retraction velocity (EAo, cm/s) were obtained from 
the records. 

Pulse-wave spectral Doppler of the LVOT was 
evaluated by placing the pulse-wave sample volume 
in the LVOT, approximately 1 cm from the aortic 
valve. PSW preceding the LVOT flow was also 
investigated (Figure 1).   

Table 1. Baseline characteristics, clinical variables and ECHO parameters of the study population 
 Patients (n=59) Healthy controls (n=65) p 
Age (years)a 44.0 (36.0−52.0) 45.0 (29.5−56.5) 0.625 
Height (cm)a 168.0 (160.0−174.0) 170.0 (163.0−177.0) 0.164 
Weight (kg)a 79.0 (70.0−87.0) 77.0 (68.5−85.0) 0.132 
BMI (kg/m2)a 27.5 (24.3−32.0) 25.1 (23.1−27.5) 0.077 
Gender (Males)     51 (57.3) 67 (63.8) 0.272 
Systolic BP (mmHg) 124.9±6.1 121.4±7.4 0.283 
Diastolic BP (mmHg) 76.7±4.1 74.9±6.2 0.473 
EF (%) 62.9±2.9 64.7±2.5 0.006 
IVS (mm) 9.8±1.4 9.6±1.2 0.257 
PW (mm) 9.4±1.2 9.2±0.9 0.321 
LVDD (mm) 45.7±3.8 43.4±3.4 0.021 
LVSD (mm) 29.4±3.5 29.9±3.7 0.432 
LA anteroposterior 
diameter (mm) 

33.1±3.4 
 

32.8±2.4 
 

0.541 
 

LA minor-axis 
dimension (mm) 

34.2±3.7 33.6±2.6 0.365 

LA major-axis 
dimension (mm) 

42.8±6.1 
 

41.5±4.0 
 

0.156 
 

LVOT diameter (mm) 22.9±2.6 23.4±1.7 0.673 
AoS (mm) 29.8±2.4 31.2±2.2 0.615 
AoD (mm) 27.9±2.4 29.1±2.1 0.349 
Aortic root (mm) 27.2±2.4 27.3±2.1 0.872 
MPI 0.41±0.11 0.38±0.08 0.045 
Sinus valsalva (mm) 31.2±3.1 31.9±2.2 0.527 
E (cm/s) 76.0±18.0 73.0±22.0 0.085 
A (cm/s) 86.6±34.0 82.0±32.0 0.124 
E/A ratio 0.9±0.27 0.8±0.22 0.037 
LVOT VTI (cm) 17.4±4.5 20.3±3.2 0.024 
DT (ms) 193.4±16.5 204.7±20.4 0.154 
LVOT velocity (m/s) 92.6±12.4 100.5±14.4 0.120 
IVCT (ms) 101.3±23.4 97.7±12.7 0.472 
IVRT (ms) 94.9±21.7 112.3±20.7 0.004 
Septal e’ (cm/s) 7.3±0.12 6.4±0.18 0.065 
Septal a’ (cm/s) 7.6±0.18 7.1±0.12 0.279 
e’/a’ ratio 1.02±0.25 0.86±0.23 0.145 
SAo (m/s) 5.1±0.36 4.4±0.32 0.075 
EAo (m/s) 4.5±0.12 4.2±0.2 0.580 
CRP (mg/dL) 1.0±0.8 0.8±0.3 <0.001 

aValues are given as median (interquartile range).; bValues are given as n (%). 
AoD: Ascending aorta diastolic diameter; AoS: Ascending aorta systolic diameter; BMI: Body Mass Index; BP: Blood pressure; CRP: C-
reactive protein; DT: Deceleration time; EAo: Aortic wall early diastolic retraction velocity; EF: Ejection fraction; IVCT: Isovolumic 
contraction time; IVRT: Isovolumetric relaxation time; IVS: Interventricular septum; LA: Left atrium; LVDD: Left ventricular end-diastolic 
diameters; LVOT VTI: Left ventricular outflow tract velocity time integral; LVSD: Left ventricular end-systolic diameters; MPI: Myocardial 
performance index; PW: Posterior wall, Sao: Aortic wall systolic velocity. 
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Statistical analysis 
The statistical analysis was performed with IBM SPSS 
version 20.0 software (SPSS Inc., Chicago, IL, 
USA). Conformity of the data to normal distribution 
was checked using the Shapiro−Wilk test. 
Descriptive statistics were used to determine the 
median (interquartile range) of the parameters. 
Between group and subgroup comparisons of clinical 
and echocardiographic variables were evaluated using 
the Mann−Whitney U test for continuous variables 
and the Chi−square test for categorical variables. 
Binary logistic regression analysis was used to 
determine the risk factors for the presence of PSW. 
The association of the clinical variables and ECHO 
parameters was assessed with Spearman’s correlation 
analysis. The strength of the correlation was 
determined as very weak (rs=0−0.19), weak 
(rs=0.20−0.39), moderate (rs=0.40−0.59), strong 
(rs=0.60−0.79), or very strong (rs=0.80−1.0). A value 
of p<0.05 was accepted as statistically significant. 

RESULTS 
A total of fifty-nine patients and 65 healthy control 
subjects were included in the study. The baseline 
characteristics and clinical variables of the study 
population are given in Table 1. The median age was 
44 years in the patient group and 45 years in the 
control group (p=0.806). The medication used by 
patients was reported as non-steroid anti-
inflammatory drugs (NSAID) by 57.6%, and 
biological disease modifying antirheumatic drugs by 
42.4%. Within the patients taking biological disease 
modifying antirheumatic drugs, 17.1% of them had 
taken sulfasalazine, 11.2% had taken methotrexate, 
8.1% had taken leflunomide and 6.0% had taken 
hydroxychloroquine. PSW was detected in 26.6% of 
the whole study population; in 37.3% of patients and 
16.9% of the control group (x2=0.01). When PSW 
was assessed according to the treatment of patients, 
higher rates of PSW were determined in patients 
using biological disease modifying antirheumatic 
drugs (x2=0.05). PSW was determined in 26.5% of 
patients using NSAIDs and in 52.0% of patients 
using biological disease modifying antirheumatic 
drugs.  

In the comparisons of ECHO parameters between 
patients and control subjects; EF, LVOT VTI and 
IVRT values were statistically significantly higher in 
the control group (EF: % 62.9±2.9 in patients, % 
64.7±2.5 in controls, p=0.006; LVOT VTI: 

17.4±4.5cm in patients, 20.3±3.2cm in controls, 
p=0.024; IVRT: 94.9±21.7ms in patients, 
112.3±20.7ms in controls, p= 0.004). E/A ratio, MPI 
and LVDD were statistically significantly higher in 
patients than the control group (E/A ratio: 0.9±0.27 
in patients, 0.8±0.22 in controls, p=0.037; MPI: 
0.41±0.11 in patients, 0.38±0.08 in controls, p= 
0.045; LVDD:  45.7±3.8mm in patients, 43.4±3.4mm 
in controls, p=0.021). No statistically significant 
difference was determined between the groups in 
respect of transmitral E and A wave velocity, DT, 
ICT, septal a’ and e’ wave velocity, LVOT velocity, 
e’/a’ ratio and aortic wall systolic velocity (SAo) (table 
1). 

When the patients and control groups were separated 
into two subgroups according to the presence or 
absence of PSW, the MPI, transmitral E wave 
velocity, E/A ratio, LVOT velocity, septal e’ wave 
velocity, and aortic wall systolic velocity (SAo) values 
were statistically significant in the subjects of both 
groups with presence PSW (figure 2). LVOT 
diameter and IVRT were determined to be significant 
in the only patient group, and transmitral A wave 
velocity, IVCT and e’/a’ ratio were statistically 
significant only in the control group (table 2). CRP 
levels were statistically significant in the subjects of 
both patients and control groups with presence of 
PSW. In our study, e'/a' ratio < 1.0 was observed in 
54.5% of AS patients with presence PSW. 

Binary logistic regression analysis was performed to 
define the variables which were significant for the 
presence of PSW in AS patients. In the univariate 
model, a high CRP level, increased BASMI and 
BASFI, high LVOT diameter, elevated MPI, and high 
LVOT velocity were determined as risk factors for 
the presence of PSW in patients (table 3). In the 
multivariate model, a high CRP level, high LVOT 
diameter, elevated MPI, and high LVOT velocity 
were determined as risk factors for the presence of 
PSW in AS patients after adjustments for age and 
gender. In the multivariate model, high LVOT 
velocity (OR 1.05; 95% CI:1.00−1.09, p=0.05) was 
found to be the most significant risk factor in the 
control group after adjustments for age and gender. 

In the correlation analysis of clinical parameters with 
ECHO variables, the ASDAS (r=0.52, p=0.02) and 
MASES scores (r=0.49, p=0.02) were significantly 
correlated with EF. The MASES scores were found 
to be correlated with LA major-axis dimension 
(r=0.48, p=0.02), transmitral A wave velocity 
(r=−0.52, p=0.04) and E/A (r=0.54, p=0.009).   



Özmen et al. Cukurova Medical Journal 
 

 885 

  

  
 

 
 

 

Figure 2. The comparison of the AS patient group and the control group according to the presence or absence 
of PSW in respect of the ECHO parameters., 
LVOT: Left ventricular outflow tract; MPI: Myocardial performance index; PSW: Presystolic wave; Sao: Aortic wall systolic velocity. 
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Table 2. The comparison of the ECHO parameters between groups according to the absent or present of PSW 
 Patients p Controls p 
 PSW absent PSW present PSW absent PSW present 

EF (%) 64.0 (60.0−65.0) 62.0 (60.0−65.0) 0.155 65.0 
(64.0−66.0) 

65.0 (64.0−66.0) 0.929 

IVS (mm) 9.0 (9.0−10.0) 10.0 (9.0−11.0) 0.150 9.0 (9.0−11.0) 10.0 (9.0−11.0) 0.464 

PW (mm) 9.0 (8.5−10.0) 9.8 (8.4−10.0) 0.390 9.0 (9.0−10.0) 9.0 (9.0−9.0) 0.473 

LVDD (mm) 45.0 (43.5−47.0) 48.0 (44.0−50.3) 0.077 44.5 
(42.0−46.0) 

42.0 (39.0−47.0) 0.224 

LVSD (mm) 30.0 (26.5−31.0) 30.0 (28.0−32.3) 0.131 31.0 
(27.8−32.0) 

30.0 (26.0−33.0) 0.556 

LA anteroposterior 
diameter (mm) 

33.0 (30.5−34.5) 34.0 (30.8−36.0) 0.372 33.0 
(31.8−34.0) 

33.0 (31.0−35.0) 0.852 

LA minor-axis 
dimension (mm) 

35.0 (31.0−37.0) 34.0 (32.0−37.0) 0.608 34.0 
(32.8−36.0) 

34.0 (30.0−36.0) 0.683 

LA major-axis 
dimension (mm) 

43.0 (37.5−46.5) 46.0 (42.5−47.3) 0.074 41.5 
(39.0−45.0) 

43.0 (41.0−45.0) 0.758 

LVOT diameter (mm) 22.0 (19.5−24.0) 25.0 (22.0−26.0) 0.005 24.0 
(23.0−24.0) 

23.0 (22.0−26.0) 0.738 

AoS (mm) 30.0 (28.3−32.0) 29.3 (28.0−31.2) 0.893 31.0 
(30.0−33.0) 

33.0 (28.0−34.0) 0.507 

AoD (mm) 28.0 (26.0−30.0) 27.0 (26.0−29.5) 0.968 30.0 
(28.0−31.0) 

31.0 (26.0−32.0) 0.123 

Aortic root (mm) 27.0 (25.0−29.0) 27.0 (25.0−29.3) 0.782 27.0 
(26.0−29.0) 

29.0 (25.0−30.0) 0.081 

MPI 0.39 (0.29−0.45) 0.52 (0.32−0.68) 0.018 0.35 
(0.27−0.43) 

0.44 (0.42−0.56) 0.009 

Sinus valsalva (mm) 31.0 (29.0−33.5) 31.5 (29.0−34.0) 0.717 32.0 
(31.0−33.0) 

34.0 (32.0−34.0) 0.117 

E (cm/s) 90.0(70.0−110.0) 60.0 (45.0−80.0) <0.001 80.0 
(80.0−90.0) 

60.0 (51.0−60.0) <0.001 

A (cm/s) 80.0(65.0−100.0) 94.0 (70.0−110.0) 0.161 80.0 
(70.0−90.0) 

90.0 
(80.0−110.0) 

0.048 

E/A ratio 1.2 (0.86−1.33) 0.6 (0.47−0.85) <0.001 1.1 (0.9−1.2) 0.6 (0.5−0.75) <0.001 

LVOT VTI (cm) 18.2 (15.5−22.1) 16.5 (15.0−19.1) 0.095 19.6 
(17.6−24.0) 

23.0 (16.7−24.0) 0.972 

DT (ms) 203.1 (171-217) 188.3 (154-209) 0.074 217.1 (171-
228) 

196.3 (164-209) 0.084 

LVOT velocity (m/s) 87.0 (79.5−98.0) 118.0(79.5−129.3) 0.009 92.0(83.0−106
.3) 

119.0(90.0−120.
0) 

0.040 

IVCT (ms) 96.0(71.5−112.5) 120.0(81.0−111.8) 0.224 90.0 
(77.3−110.0) 

110.0(98.0−120.
0) 

0.017 

IVRT (ms) 116.0(94.5−175.
0) 

90.0 (85.5−117.3) 0.004 110.0(95.0−12
0.0) 

120.0(110.0−120
.0) 

0.218 

Septal e’ (cm/s) 8.7 (7.0−11.5) 6.6 (5.2−7.6) <0.001 7.8 (6.9−8.5) 5.4 (4.0−6.3) <0.001 

Septal a’ (cm/s) 8.3 (7.0−10.0) 6.9 (5.6−9.3) 0.058 7.0 (6.0−9.0) 7.2 (6.8−7.9) 0.750 

e’/a’ ratio 1.09 (0.75−1.39) 0.95 (0.82−1.10) 0.233 1.10 
(0.79−1.26) 

0.72 (0.57−0.95) 0.013 

SAo (m/s) 6.0 (5.8−6.8) 4.4 (3.7−4.8) <0.001 6.1 (5.3−6.9) 3.9 (3.6−4.6) <0.001 

EAo (m/s) 4.3 (3.9−5.0) 4.7 (3.7−5.1) 0.649 4.4 (3.9−5.0) 4.1 (3.6−4.8) 0.540 

Values are given as median (interquartile range).  
AoD: Ascending aorta diastolic diameter; AoS: Ascending aorta systolic diameter; DT: Deceleration time; EAo: Aortic wall early diastolic 
retraction velocity; EF: Ejection fraction; IVCT: Isovolumic contraction time; IVRT: Isovolumetric relaxation time; IVS: Interventricular 
septum; LA: Left atrium; LVDD: Left ventricular end-diastolic diameters; LVOT VTI: Left ventricular outflow tract velocity time integral; 
LVSD: Left ventricular end-systolic diameters; MPI: Myocardial performance index; PW: Posterior wall, Sao: Aortic wall systolic velocity. 
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Table 3. Modeling association of risk factors of the presence of PSW in AS patients 
  Adjusted Models 
Variables Univariate Models Model 1 Model 2 
 OR (95% CI) p OR (95% CI) p OR (95% CI) p 
CRP 1.98 (0.93−4.15) 0.08 3.90 (1.25−12.20) 0.02 3.88 (1.23−12.23) 0.02 
BASMI 1.23 (0.98−1.54) 0.08 1.60 (0.94−2.72) 0.08 1.68 (0.93−3.05) 0.08 
BASFI 1.27 (0.98−1.65) 0.07 − − − − 
LVOT 
diameter 

1.39 (1.09−1.76) 0.008 2.07 (1.25−3.41) 0.004 1.85 (1.20−2.83) 0.005 

MPI 1.65 (1.53−2.36) 0.06 2.00 (1.23−3.28) 0.005 1.83 (1.16−2.88) 0.009 
LVOT 
velocity 

1.05 (1.02−1.08) 0.003 1.08 (1.01−1.14) 0.02 1.06 (1.02−1.11) 0.007 

Model 1: Age and sex adjusted ORs were given; Model 2: Age, sex and body mass index adjusted ORs were given.   
BASFI: Bath Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrology Index; CRP: C-reactive protein; 
LVOT: Left ventricular outflow tract; MPI:Myocardial performance index  
 
 
   

DISCUSSION 
In the current study, the presence of PSW with 
diastolic LV dysfunction was evaluated and the 
results were compared between an AS patient group 
and a healthy control group. The main findings of the 
study were that the presence of PSW was significantly 
associated with the diastolic dysfunction parameters 
of LV in AS patients, and the presence of PSW was 
also a predictor of higher inflammation in AS 
patients. To the best of our knowledge, the present 
study is the first study in literature to show the 
significance of PSW in AS patients and to determine 
an independent association between PSW and LV 
diastolic dysfunction.  

The most valuable diagnostic tool for diastolic 
dysfunction (DD) is still a matter of debate. A meta-
analysis by Heslinga et al. 8 showed the importance of 
applying ASE criteria to determine DD in patients 
with AS. In the current study, DD was also diagnosed 
according to ASE criteria. According to a cohort 
study by Sveälv et al. 25 using conventional pulsed-
wave and tissue Doppler, 12% of AS patients were 
determined to have DD. But in our study, no 
difference was found between the groups in respect 
of LV diastolic dysfunction parameters.  

The exact physiology of a PSW in the LVOT has not 
been fully elucidated. It is thought to be a vortex flow 
pattern formed by diastolic blood flow, but it is not 
due to the flow across the aortic valve 26. The other 
mechanism for PSW is mitral transmission time. 
Transmission depends on LV stiffness in diastole and 

therefore PSW has been found to be a marker of 
impaired LV compliance 27.  

The relationship between LV diastolic dysfunction 
and PSW presence has been shown in previous 
studies. Mittal et al. 27 evaluated PSW velocity in 
subjects with mild hypertension and those who were 
normotensive. A significant positive correlation was 
determined between PSW and transmitral A wave 
velocity, and a significant inverse relationship 
between PSW and the E/A ratio. In this study, they 
also reported that PSW was a marker of impaired LV 
compliance. Akyuz et al. 28 showed that the presence 
of PSW and increased PSW velocity in hypertensive 
patients were related to subclinical LV dysfunction. 
In the present study, LV diastolic dysfunction was 
observed in AS patients with PSW. 

Myocardial performance index is an important 
measurement to show systolic and diastolic functions 
of the ventricle, which is easily obtained on 
transthoracic echocardiography (TTE). According to 
the MPI, a deterioration in LV function can be 
identified before overt HF 29. The strong 
independent association between CRP levels, a well-
established marker of inflammation and DD may 
indicate that inflammation plays a prominent role in 
the development of DD. In the current study, 
increased MPI and high CRP levels may be predictors 
of the presence of PSW in both groups. As a result of 
univariate analysis, high CRP levels (as an indicator 
of inflammation) and increased MPI values 
(associated with diastolic dysfunction) were strongly 
associated with the presence of PSW. As a result, a 
relationship between PSW and diastolic dysfunction 
may be established in AS patients. 
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A strong positive relationship was determined 
between PSW and MPI. A negative association was 
also observed between PSW and several ECHO 
parameters including transmitral E wave velocity, 
E/A ratio, IVRT, septal e’ wave velocity, and aortic 
wall systolic velocity. Accordingly, it can be 
concluded that presystolic flow velocities in LVOT 
are also affected by the relaxation properties of the 
LV and transmitral flow velocity during left atrial 
contraction. 

Isovolumetric relaxation time is dependent on the 
rate of active relaxation and mean left atrial pressure 
30. In the present study, PSW was in inverse 
correlation with IVRT in the AS patients. 
Accordingly, PSW was influenced by active 
isovolumetric relaxation and left atrial pressure. The 
E wave deceleration time depends on mean left atrial 
pressure, left atrial compliance and LV compliance 
during early filling 31. A less compliant ventricle is 
likely to have a greater increase in pressure and 
therefore, a greater velocity of flow towards LVOT. 
Conversely, in the current study, no significant 
relationship between PSW and DT was found in AS 
patients.  The reverse correlation between PSW and 
transmitral flow E/A ratio could be explained by 
different factors including myocardial relaxation, 
diastolic suction of the LV and left atrial pressure at 
the time of mitral valve opening, affecting E wave 
velocity 32. With confirmation of these results, this 
little-known echocardiographic parameter could 
provide prognostic information for AS patients with 
LV diastolic dysfunction. 

Inflammation is known to affect the endocardium 
and myocardium and cause diastolic LV dysfunction 
through many different pathophysiological 
mechanisms. First, inflammation compromise LV 
relaxation function by affecting the extracellular 
matrix that causes increased fibrosis and reduced 
elasticity 33. Second, inflammation may cause 
hypertrophy of the LV as the heart compensates for 
increased pressure in the ventricles and damage in the 
myocardium and endocardium 34. The results of the 
present study demonstrated that a high CRP level, 
and increased BASMI and BASFI were risk factors 
for the presence of PSW in AS patients. According to 
these results, it can be claimed that the presence of 
PSW could lead to LVD in AS patients, especially in 
those with high disease activity.  

There is currently no available treatment to reduce 
morbidity and mortality in HFpEF. In the current 
study, while 57.6% of patients used NSAIDs, 42.4% 

used biological disease modifying antirheumatic 
drugs. The presence of PSW was found at a higher 
rate in patients using biological disease modifying 
antirheumatic drugs. Therefore, NSAIDs may have a 
protective role against PSW. As there are no studies 
on this subject in literature, there is a need for future 
studies to investigate the effect of anti-inflammatory 
therapy on diastolic LV function and PSW.  

The accurate diagnosis of DD is complex and 
requires appropriate criteria. Okan et al. 35 found that 
DD was observed in the majority of AS patients 
without any cardiovascular disease. In a previous 
study, e'/a' ratio < 1.0 was observed in 45% of the 
patients, and in the present study, e'/a' ratio < 1.0 was 
observed in 54.5% of AS patients with PSW. 
However, this was a lower rate than the e'/a' ratio 
determined in the control group. This could have 
been due to greater a' velocity and lower e' velocity 
probably reflecting a combination of impaired early 
diastolic relaxation and greater atrial contraction in 
PSW patients.  

It is increasingly recognized that diastolic LV 
dysfunction plays an important role in the 
development of HF. None of the previous studies 
have found a significant difference in EF (precursor 
for systolic LV function) between AS patients and 
control subjects. This may suggest that, primarily, 
changes in diastolic properties lead to HF in AS. The 
results of this study showed that impaired DD was 
detected in AS patients with PSW, and a strong 
correlation was determined between DD parameters 
and the presence of PSW. In the light of these results, 
it can be suggested that the presence of PSW 
reflecting LV diastolic dysfunction may be an early 
predictor of cardiac involvement in patients with AS 
before the emergence of any clinical signs.   

The current study has several limitations. First, the 
study was a single center prospective study, and so 
the size of the study population was relatively small. 
Second, patients with known cardiac disease, 
hypertension and diabetes mellitus were excluded 
from the study, although these are important risk 
factors for diastolic LV dysfunction. Therefore it is 
plausible that the presence of diastolic LV 
dysfunction was underestimated due to the selection 
of included patients. Third, the study was not 
blinded, which could have led to suspicion bias. The 
main reason for this is that AS patients often have 
visible deformities, which makes it impossible to 
blind the entire study. Fourth, the use of 
rheumatological medicine might have influenced the 
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findings. It is advised to avoid the use of both 
NSAIDs and TNF-α inhibitors in symptomatic HF, 
although the effect of NSAIDs and TNF-α inhibitors 
on diastolic LV dysfunction is currently unknown 8. 
Fifth, measurements were not taken of pulmonary 
venous flow, LV mass and volume of the left atrium, 
which are also parameters in the ASE criteria 36. Sixth, 
we could not use LV strain for correction of LV 
dystolic functions. Therefore, the study results 
cannot be extrapolated to the general population. A 
final limitation of the study was that diastolic 
dysfunction was detected non-invasively. 

The result of the present study demonstrated that LV 
diastolic dysfunction parameters were strongly 
correlated with PSW in patients with AS. An 
important point that the assessment of PSW on 
echocardiography can provide important information 
about the LV diastolic function. 
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