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                        ORIGINAL ARTICLE    

 The relation of non-invasively and invasively assessed aortic pulsatile 
indices to the presence and severity of coronary artery disease      

    SUNG WOO     CHO  ,       BYUNG OK     KIM  ,       JEONG HOON     KIM  ,       YOUNG SUP     BYUN  ,       
CHOONG WON     GOH  ,       KUN JOO     RHEE    &        HEE KYUNG     KIM    

  Division of Cardiology, Department of Internal Medicine, Sanggye-Paik Hospital, Inje University College of Medicine, 
Seoul, Korea                              

 Abstract 
  Objectives.  The aim of the study was to assess the relationship between non-invasively (NIA) and invasively assessed (IA) 
aortic pulsatile indices and the presence and severity of coronary artery disease (CAD).  Subjects and Methods.  The study 
group consisted of 58 patients who were admitted to our institute for elective coronary angiography (CAG). We measured 
the aortic systolic, diastolic and mean blood pressure (BP) using non-invasive and invasive techniques. We assessed the 
pulsatile indices of the aortic pressure waveform (APW) including pulse pressure (PP), fractional PP (FPP, the ratio of PP 
to mean BP) and pulsatility index (PI, the ratio of PP to diastolic BP). The severity of CAD was assessed by Gensini score. 
 Results.  IA aortic PP, FPP and PI were signifi cantly higher in patients with CAD than without CAD, but NIA indices did 
not show signifi cant differences between two groups. After multivariate stepwise adjustment, the odds ratio (OR) and 
confi dence interval (CI) of having signifi cant CAD was: PP per 10 mmHg, OR  �  2.51 (95% CI 1.12 – 5.63); FPP per 0.1, 
OR  �  3.30 (95% CI 1.25 – 8.72); and PI per 0.1, OR  �  1.88 (95% CI 1.09 – 3.23). In linear regression analysis, IA aortic 
systolic BP (SBP), PP, FPP and PI were signifi cantly correlated with Gensini score, but NIA indices were not correlated. 
The NIA aortic PP was lower than IA aortic PP (mean difference: 6.1  �  15.8 mmHg).  Conclusion.  IA aortic PP, FPP and 
PI were related to the presence and severity of CAD, but NIA assessed indices of APW were not related. NIA aortic PP 
underestimated IA aortic PP.  

  Key Words:   Aortic pulse pressure  ,   central blood pressure  ,   coronary artery disease  ,   fractional pulse pressure  ,   pulsatility index  ,   radial 
applanation tonometry   

  Introduction 

 The importance of central blood pressure (BP) is 
increasing for decades. It has been demonstrated that 
central BP predicts cardiovascular (CV) events better 
than peripheral BP in several studies (1,2). Central 
BP may better represent the load imposed on the 
coronary and cerebral arteries, and thereby bear a 
stronger relationship to vascular damage and prog-
nosis. Also, arterial stiffness of the large, elastic con-
duit arteries is considered a risk marker of vascular 
aging, as well as a new biomarker of CV disease 
(3 – 6). The pulsatile index of central BP, especially 
pulse pressure (PP), is signifi cantly related to arterial 
stiffness and atherosclerosis. Increased PP may be 
both a cause and an effect of atherosclerosis. This 
may result in a vicious cycle wherein elevated PP 

promotes vascular endothelial damage, an anteced-
ent to atherosclerosis, which results in large-vessel 
stiffening and increased wave refl ection, thus, further 
amplifying PP (7). Furthermore, new parameters 
(fractional PP and pulsatility index) of the pulsatile 
indices of BP have been developed (8,9). Fractional 
PP (FPP, pulsatility) is calculated as PP divided by 
mean BP (MBP) and pulsatility index (PI) is calcu-
lated as PP divided by diastolic BP (DBP). These two 
indices are not correlated with MBP and may be seen 
as indicator of the relative changes of BP in opposi-
tion to PP, which is an index of absolute BP changes 
(10,11). This observation may be very useful in 
research on atherosclerosis pathogenesis and its com-
plications development (12). In recent years, a num-
ber of studies were carried out to assess the 
relationship of pulsatile indices of central BP and 
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coronary artery disease (CAD) (8 – 11,13 – 19). How-
ever, in most of studies, central BP-derived indices 
were measured by invasive techniques. Invasive tech-
niques have limited value for screening and risk 
stratifi cation in larger patient groups. Central BP-
derived indices can now be assessed non-invasively 
with a number of devices. Radial applanation tonom-
etry has been commonly used. The pressure wave-
form from the radial artery is recorded non-invasively 
with applanation tonometry, and then the aortic 
pressure waveform (APW) is derived by a general-
ized transfer function (20), but the validity of non-
invasive techniques using a generalized transfer 
function is still controversial (21 – 23). Therefore, we 
assessed indices of APW non-invasively and inva-
sively, and investigated the relationship between pul-
satile indices and the presence and severity of CAD. 
Then, we evaluated that non-invasively assessed 
(NIA) indices of APW that could be applied in daily 
practice.   

 Methods  

 Study population 

 Patients from March 2010 to June 2010 who under-
went elective coronary angiography (CAG) for the 
evaluation of CAD and follow-up of prior coronary 
intervention were studied. We excluded patients from 
the analysis who had acute myocardial infarction (MI) 
within a month period before angiography, impaired 
left ventricular function (defi ned as ejection fraction 
below 50%), hemodynamically signifi cant valvular 
heart disease, renal insuffi ciency and cancer. 

 Fasting blood samples were taken before CAG 
for the analysis of glucose, total cholesterol, high-
density lipoprotein (HDL) cholesterol, triglycerides, 
low-density lipoprotein (LDL) cholesterol, high sen-
sitivity C-reactive protein (Hs CRP), erythrocyte 
sedimentation rate (ESR), fi brinogen, mean platelet 
volume (MPV), blood urea nitrogen and creatinine. 
The height and weight for each patient were recorded. 
Body mass index (BMI) was calculated as weight 
divided by height squared (kg/m 2 ). Hypertension was 
present with repeated measurements  �  140 mmHg 
systolic BP (SBP) and/or  �  90 mmHg DBP or per-
manent antihypertensive drug treatment. Diabetes 
mellitus was defi ned as a fasting blood glucose con-
centration  �  126 mg/dl or antihyperglycemic drug 
treatment. Current smoking was defi ned as having 
smoked the last cigarette less than 1 week before CAG. 
Creatinine clearance was estimated using the modifi -
cation of diet in renal disease (MDRD) formula.   

 Measurement of hemodynamic indices 

 All antihypertensive medicines were withdrawn for 
at least 24 h before the study and patients had not 

eaten for at least 12 h. Hemodynamic measure-
ments were obtained from the patient in the supine 
position after 10 min rest. Measurements were 
made under standardized condition between 08:00 
to 10:00 AM. Non-invasive measurements of bra-
chial BP and APW were done prior to the invasive 
measurement of APW. The peripheral BP was 
recorded non-invasively with the use of an 
oscillometric method (Microlife BP 3BM1 – 3 ® , 
Switzerland) at the brachial artery. Non-invasive 
measurement of APW was performed using radial 
applanation tonometry (SphygmoCor ® , AtCor 
Medical, Australia). The radial pressure waveform 
was recorded with a micro-manometer and cali-
brated with a brachial BP. APW was derived from 
on-line reconstruction of the pressure waveform 
characteristic for an ascending aorta with the use 
of the generalized transfer function that is incor-
porated in the SphygmoCor device. Finally, aortic 
SBP, DBP and PP were obtained and MBP was 
calculated (2  �  DBP  �  SBP)/3. Invasive measure-
ment of APW was performed before CAG. Aortic 
SBP and DBP were measured using low-compliance 
fl uid-fi lled system (5F pigtail catheter) at the 
ascending aorta. MBP was obtained by direct inte-
gration of the BP curve and PP was calculated 
as (SBP  �  DBP). Aortic FPP was calculated as 
(PP/MBP) and PI was calculated as (PP/DBP) 
from both non-invasively and invasively measured 
indices.   

 Measurement of angiographic variables 

 CAG was performed mainly through the percutane-
ous radial approach using the standard technique. 
Invasive assessments of APW and CAG were per-
formed after intra-arterial infusion of nitroglycerin to 
prevent radial artery spasm. The three major coro-
nary vessels (the left anterior descending artery, the 
circumfl ex artery and the right coronary artery) were 
considered for evaluation of the extent of coronary 
atherosclerosis. Optimal views of the arteries from all 
technically suitable angiograms were analyzed. The 
guiding catheter was used as the reference dimen-
sion. A signifi cant diseased artery was defi ned as hav-
ing  �  50% stenosis of at least one of its segments or 
prior coronary intervention. Signifi cant left main 
artery stenosis was coded as a two-vessel disease. The 
severity of CAD was assessed by the Gensini scoring 
system. This scoring system assigns a different sever-
ity score depending on geometrically increasing 
severity of the lesion, the cumulative effects of mul-
tiple obstructions and the signifi cance of their loca-
tions (24). The Gensini score was used widely in 
previous years to assess the severity and extent of 
coronary atherosclerosis. Assessment of CAD extent 
and Gensini score in patient undergoing follow-up 
angiography used the angiographic fi ndings of prior 
coronary intervention.   
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 Statistical analysis 

 All data were analyzed using the SPSS 15.0 software. 
Categorical variables were reported as percentages 
and continuous variables as means  �  standard devi-
ation (SD). The Pearson ’ s chi-squared test or Fisher ’ s 
exact test was applied to all categorical variables. 
Normally distributed continuous variables were 
compared using Student ’ s  t -test. A stepwise logistic 
regression analysis was performed to evaluate the 
independent effects of hemodynamic indices on the 
risk of having signifi cant CAD starting with a model 
including a number of potential confounders (age, 
gender, smoking, hypertension, diabetes, BMI, the 
history of MI, cholesterol and creatinine levels were 
included). Correlations between hemodynamic indi-
ces and Gensini score were calculated using univari-
ate linear regression analysis. Multivariate linear 
regression analysis using a general linear model was 
performed to evaluate the independent effects 
of hemodynamic indices on the Gensini score with 
a same model of logistic regression analysis. A 
 p -value  �  0.05 was considered statistically signifi cant.    

 Results  

 Baseline clinical characteristics 

 The study group consisted of 58 patients (38 male, 
aged 63.4  �  10.8 years). CAG revealed that 13 
patients (22.4%) had no signifi cant CAD and 45 
patients (77.6%) had signifi cant CAD. Patients with 
CAD were more likely to be men when compared 
with subjects without CAD. The mean ages of both 
groups were similar, and the distributions of hyper-
tension, diabetes, current smoking status and previ-

ous MI were no different between both groups. The 
laboratory fi ndings associated with coronary athero-
sclerosis (total cholesterol, LDL-cholesterol, glucose, 
Hs CRP, ESR, fi brinogen, MPV and creatinine) were 
higher in subjects with CAD than without CAD, but 
were statistically insignifi cant. Baseline clinical char-
acteristics of the study population were summarized 
in Table I.   

 Hemodynamic indices and CAD 

 Mean values of brachial BP-derived indices, and NIA 
and invasively assessed (IA) indices of APW were 
shown in Table II. IA aortic PP, FPP and PI were 
signifi cantly higher in patients with CAD than with-
out CAD (PP, 57.4  �  14.7 vs 47.2  �  14.9 mmHg, 
 p   �  0.043; FPP, 0.61  �  0.12 vs 0.52  �  0.14, 
 p   �  0.046; PI, 0.83  �  0.21 vs 0.68  �  0.23, 
 p   �  0.049), but brachial BP-derived indices, 
NIA indices of APW and IA aortic MBP did not 
show signifi cant differences between two groups 
(Table II). 

 IA aortic PP, FPP and PI were related to the 
presence of CAD in univariate logistic regression 
analysis as well as after adjustments for a number of 
potential confounders including age, gender, smok-
ing, hypertension, diabetes, BMI, the history of MI, 
cholesterol and creatinine (Table III). After multi-
variate stepwise adjustment, the odds ratio (OR) and 
confi dence interval (CI) of having signifi cant CAD 
were: PP per 10 mmHg OR  �  2.51 (95% CI 
1.12 – 5.63,  p   �  0.025); FPP per 0.1 OR  �  3.30 (95% 
CI 1.25 – 8.72,  p   �  0.016); and PI per 0.1 OR  �  1.88 
(95% CI 1.09 – 3.23,  p   �  0.023). In each model 
of IA aortic PP, FPP and PI, OR and CI of having 
signifi cant CAD in male were: OR  �  0.03 (95% 

  Table I. Baseline clinical characteristics of the study population.  

Variable No CAD ( n   �  13) CAD ( n   �  45)  p -value

Age (years) 62.2  �  13.8 63.7  �  10.0 0.73
Gender (male),  n  (%) 5 (38.5%) 33 (73.3%) 0.043
Current smokers,  n  (%) 3 (23.1%) 9 (20.0%) 1.00
Hypertension,  n  (%) 12 (92.3%) 34 (75.6%) 0.26
Diabetes,  n  (%) 3 (23.1%) 9 (20.0%) 1.00
Previous MI,  n  (%) 0 (0%) 5 (11.1%) 0.58
Body mass index (kg/m 2 ) 25.1  �  3.5 24.1  �  2.4 0.34
Total cholesterol (mg/dl) 168.9  �  31.0 184.6  �  46.2 0.18
LDL-cholesterol (mg/dl) 99.1  �  22.8 114.6  �  32.4 0.06
HDL-cholesterol (mg/dl) 48.8  �  11.6 48.4  �  10.3 0.92
Triglyceride (mg/dl) 155.3  �  81.7 148.7  �  94.3 0.81
Fasting glucose (mg/dl) 103.5  �  36.3 119.3  �  41.6 0.22
Hs CRP (mg/dl) 0.17  �  0.22 0.18  �  0.23 0.88
ESR (mm/h) 12.9  �  6.3 15.2  �  13.3 0.62
Fibrinogen (mg/dl) 263.0  �  28.1 290.1  �  67.6 0.08
Mean platelet volume (fl ) 10.3  �  1.0 10.8  �  0.7 0.15
Creatinine (mg/dl) 0.98  �  0.21 1.04  �  0.19 0.34
MDRD GFR (ml/min/1.73 m 2 ) 72.3  �  14.9 72.5  �  11.7 0.97
Heart rate (beats/min) 65.6  �  7.1 63.8  �  9.7 0.45

   CAD, coronary artery disease; MI, myocardial infarction; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Hs CRP, high sensitivity 
C-reactive protein; ESR, erythrocyte sedimentation rate; MDRD, modifi cation of diet in renal disease; GFR, glomerular fi ltration rate.   
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CI 0.001 – 0.545,  p   �  0.018); OR  �  0.03 (95% CI 
0.002 – 0.496,  p   �  0.013); and OR  �  0.05 (95% CI 
0.004 – 0.621,  p   �  0.020). However, NIA aortic MBP 
and pulsatile indices and IA aortic MBP were not 
related to the presence of CAD in logistic regression 
analysis. 

 In univariate linear regression analysis, IA aortic 
SBP, PP, FPP and PI were signifi cantly correlated 
with Gensini score (Figure 1), but NIA indices and 
IA aortic MBP were not correlated. Furthermore, in 
multivariate linear regression analysis, IA aortic SBP, 
PP, FPP and PI were signifi cantly correlated with 
Gensini score, but NIA indices and IA aortic MBP 
were not correlated (Table IV).   

 The comparison of NIA and IA indices of APW 

 Mean values of hemodynamic indices of study group 
and mean differences between NIA and IA indices 

of APW were shown in Table V. For the group as a 
whole, NIA aortic SBP and DBP overestimated IA 
aortic SBP and DBP by an average of 1.5  �  18.76 
mmHg and 7.5  �  9.2 mmHg, respectively. Conse-
quently, NIA aortic PP underestimated IA aortic PP 
by an average of 6.1  �  15.8 mmHg.    

 Discussion 

 To the best of our knowledge, this is the fi rst study 
not only assessing the indices of APW non-invasively 
and invasively, but also investigating the relationship 
between both assessed indices and CAD. 

 In our study, IA aortic pulsatile indices including 
PP, FPP and PI were related with presence and 
severity of CAD, but brachial BP-derived indices and 
steady index including MBP were not related. These 
fi ndings were similar with previous studies (8 – 11,
13 – 19). Jankowski et al. (18) showed that IA aortic 

Table II. Mean values of hemodynamic indices according to the presence of coronary artery disease.

Variable No CAD (n � 13) CAD (n � 45) p-value

Brachial SBP (mmHg) 136.9 � 15.1 135.0 � 17.1 0.70
Brachial DBP (mmHg) 75.9 � 11.2 76.6 � 10.5 0.85
Brachial MBP (mmHg) 98.5 � 11.9 97.2 � 12.3 0.75
Brachial PP (mmHg) 61.0 � 13.8 58.4 � 14.4 0.56
Brachial FPP 0.63 � 0.17 0.60 � 0.14 0.64
Brachial PI 0.83 � 0.28 0.78 � 0.23 0.54
NIA aortic SBP (mmHg) 127.8 � 16.8 126.2 � 16.9 0.76
NIA aortic DBP (mmHg) 77.1 � 11.4 77.4 � 10.7 0.93
NIA aortic MBP (mmHg) 94.0 � 12.0 93.6 � 11.3 0.92
NIA aortic PP (mmHg) 50.7 � 13.0 48.5 � 13.9 0.61
NIA aortic FPP 0.54 � 0.14 0.52 � 0.14 0.59
NIA aortic PI 0.67 � 0.21 0.64 � 0.22 0.62
IA aortic SBP (mmHg) 117.1 � 18.8 127.3 � 20.0 0.11
IA aortic DBP (mmHg) 69.9 � 9.3 69.9 � 10.3 1.00
IA aortic MBP (mmHg) 89.6 � 12.9 93.2 � 13.0 0.38
IA aortic PP (mmHg) 47.2 � 14.9 57.4 � 14.7 0.043
IA aortic FPP 0.52 � 0.14 0.61 � 0.12 0.027
IA aortic PI 0.68 � 0.23 0.83 � 0.21 0.032

CAD, coronary artery disease; NIA, non-invasively assessed; IA, invasively assessed; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; MBP, mean blood pressure; PP, pulse pressure; FPP, fractional pulse pressure; PI, pulsatility index.

Table III. Odds ratios for the association between NIA and IA aortic MBP and pulsatile indices and risk of presence of signifi cant coronary 
artery disease.

Univariate analysis Multivariate analysisa

Variable Odds ratio (95% CI) p Odds ratio (95% CI) p

NIA aortic MBP per 10 mmHg 1.03 (0.58–1.84) 0.92 1.09 (0.46–2.56) 0.85
NIA aortic PP per 10 mmHg 0.89 (0.56–1.40) 0.61 1.01 (0.51–1.99) 0.98
NIA aortic FPP per 0.1 0.88 (0.57–1.37) 0.57 0.96 (0.49–1.86) 0.89
NIA aortic PI per 0.1 0.93 (0.70–1.24) 0.63 0.97 (0.63–1.51) 0.90
IA aortic MBP per 10 mmHg 1.26 (0.76–2.08) 0.37 1.77 (0.88–3.55) 0.11
IA aortic PP per 10 mmHg 1.71 (1.02–2.88) 0.041 2.51 (1.12–5.63) 0.025
IA aortic FPP per 0.1 1.80 (1.05–3.09) 0.034 3.30 (1.25–8.72) 0.016
IA aortic PI per 0.1 1.42 (1.02–1.98) 0.038 1.88 (1.09–3.23) 0.023

NIA, non-invasively assessed; IA, invasively assessed; MBP, mean blood pressure; PP, pulse pressure; FPP, fractional pulse pressure; PI, 
pulsatility index and CI, confi dence interval. aAge, gender, smoking, hypertension, diabetes, body mass index, the history of myocardial 
infarction, cholesterol and creatinine were included into the initial model.
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FPP was related to the extent of coronary atheroscle-
rosis irrespective of the presence of hypertension. 
Importantly, IA aortic FPP determined to be a better 
predictor of both coronary atherosclerosis and CV 
events when compared with IA aortic PP (19). Sim-
ilarly, the OR of having signifi cant CAD of IA aortic 
FPP was higher than IA aortic PP in our study. 

 However, there are no published studies showing 
the relation between CAD and central BP using NIA 
and IA methods. Wykretowicz et al. (25) studied only 
the non-invasive method to measure the central BP 
showing that NIA aortic FPP was related to the pres-
ence of CAD in contrast with our result. The mean 
age of participants of that study (53  �  0.9 years) was 
younger than in our study (63  �  10.8 years). The 

discrimination power of FPP might be marked in 
subjects with younger age, as we refer to the sugges-
tion that an increase of aortic augmentation index 
was non-linear and more prominent in subjects under 
50 years and a decrease in PP amplifi cation (ratio of 
peripheral to central PP) with age that was non-
linear and more marked in those under 50 years (26). 
Also, we assessed the indices of APW non-invasively 
and invasively. The reason for our results was that 
NIA aortic PP underestimated IA aortic PP. This 
difference may be related to a calibration error of the 
radial pulse wave. The generalized transfer function 
in radial applanation tonometry yields accurate 
results when invasive peripheral BP is used (27) for 
the calibration of the radial pulse wave. However, the 

Figure 1. The correlation of invasively assessed aortic SBP and pulsatile indices and the severity of coronary artery disease using the 
Gensini score in univariate linear regression analysis. Invasively assessed aortic (A) SBP, (B) PP, (C) FPP and (D) PI had a positive 
correlation with Gensini score. IA, invasively assessed; SBP, systolic blood pressure; PP, pulse pressure; FPP, fractional pulse pressure; PI, 
pulsatility index.
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controversy of this technique is that non-invasive BP 
recordings in the brachial artery are used to calibrate 
the radial pulse wave (21,23). The output error at the 
aorta is associated with the input errors at the radial 
artery, attributable to the under- or overestimation 
of aortic SBP and DBP, depending on which non-
invasive technique is applied (28), and the presence 
of brachial-to-radial pressure amplifi cation (29). 
Moreover, this output error may be magnifi ed by the 
generalized transfer function in the setting of slower 
heart rates and higher BPs (30). Consequently, the 
NIA aortic PP is usually underestimated in previous 
studies (21 – 23,29) and similar fi ndings were shown 
in our study. 

 Although NIA indices of APW were not corre-
lated with CAD in our study, a non-invasive tech-
nique using radial applanation tonometry has been 
used widely in several large studies. In particular, 
NIA aortic PP is known to be a strong predictor of 

CV events and mortality. In subjects with hyperten-
sion, but without chronic renal failure, fi ndings from 
the SHS (Strong Heart Study) have shown that bra-
chial PP, a simple indirect index of arterial stiffness, 
was associated with a higher CV mortality level, inde-
pendent of traditional risk factors, left ventricular 
hypertrophy and reduced ejection fraction in adults 
without overt CAD (31). Results from the same study 
showed that during the 5-year follow-up the NIA aor-
tic PP predicted incident CV disease better than the 
corresponding brachial PP did, possibly because of a 
more accurate representation of the vascular load on 
the left ventricle (1). The large CAFE (Conduit Artery 
Function Evaluation) study reported that NIA aortic 
PP independently predicted CV outcomes in treated 
patients with hypertension (32). Therefore, NIA indi-
ces of APW could be useful tool in daily practice for 
risk stratifi cation and follow-up of CV patients. In the 
future, a more accurate calibration method and con-
venient measurement of central BP are necessary. 

 The reference values for pulsatile indices are not 
yet determined. Recently, central PP  �  50 mmHg 
predicts adverse CV disease outcome in SHS (33). In 
our study, the proportion of  �  50 mmHg of IA aortic 
PP in the CAD group was higher than the no-CAD 
group (66.7%, 30/45 vs 38.5%, 5/13,  p   �  0.11). In 
the European study, the proposed value for the arterial 
measurement according to age was approximately 40 
mmHg for the central PP (34). In the Korean study, 
the proposed diagnostic value (upper limit of the 95 
percentile) was 50 mmHg for the central PP (35). 
However, there is no study for the reference values of 
FPP and PI. Further large clinical trials of the general 
population may provide us with reference values of 
central pulsatile indices, and increase the prediction 
power for coronary atherosclerosis and clinical out-
come according to age and sex. 

 There are several limitations in our study. First, the 
study population was small in number, at a single cen-
ter. The study populations of previous studies that 
assessed central BP non-invasively and invasively were 
smaller than in our study, but the fi ndings were similar 
(21 – 23). Therefore, our study population may be 
responsible for our fi ndings. Second, the study popula-
tion was not evenly distributed. The risk of having sig-
nifi cant CAD was higher in the male group in our 
study. These results were related to selection bias, in 
that males were dominant in the CAD group. Third, 
we used a fl uid-fi lled system to record the ascending 
aortic pressure. The use of a high-fi delity pressure 
transducer could have increased the accuracy of the 
recorded pressure waveform. However, this equipment 
is not cost effective, which explains why most of previ-
ous studies used a fl uid-fi lled system to record the 
ascending aortic pressure. Finally, most participants of 
the study were prescribed CV drugs including antihy-
pertensive agents. Although these drugs affected hemo-
dynamic indices, our results agree with the fi ndings of 
previous studies (18,19). In particular, FPP and PI are 

Table IV. The linear regression analysis of non-invasively and 
invasively assessed aortic pulsatile indices and the severity of coronary 
artery disease using Gensini score.

Univariate 
analysis

Multivariate 
analysisa

Variable r2 p r2 p

NIA aortic SBP (mmHg) 0.005 0.62 0.083 0.81
NIA aortic MBP (mmHg) 0.005 0.61 0.082 0.95
NIA aortic PP (mmHg) 0.002 0.77 0.088 0.59
NIA aortic FPP 0.000 1.00 0.091 0.51
NIA aortic PI 0.000 0.99 0.091 0.51
IA aortic SBP (mmHg) 0.126 0.007 0.205 0.013
IA aortic MBP (mmHg) 0.072 0.05 0.144 0.08
IA aortic PP (mmHg) 0.152 0.003 0.264 0.002
IA aortic FPP 0.098 0.019 0.247 0.004
IA aortic PI 0.095 0.021 0.244 0.004

NIA, non-invasively assessed; IA, invasively assessed; SBP, systolic blood 
pressure; MBP, mean blood pressure; PP, pulse pressure; FPP, fractional 
pulse pressure; PI, pulsatility index. aAge, gender, smoking, hypertension, 
diabetes, body mass index, the history of myocardial infarction, cholesterol, 
creatinine were included into the general linear model.

Table V. Mean values of hemodynamic indices of study population 
and mean differences between non-invasively and invasively 
assessed indices of aortic pressure waveform

Variable Mean � SD

Brachial SBP (mmHg) 135.5 � 17.8
NIA aortic SBP (mmHg) 126.5 � 16.7
IA aortic SBP (mmHg) 125.0 � 20.0
IA � NIA aortic SBP difference (mmHg)  �1.5 � 18.76
Brachial DBP (mmHg) 76.0 � 11.3
NIA aortic DBP (mmHg) 77.3 � 10.7
IA aortic DBP (mmHg) 69.9 � 10.0
IA � NIA aortic DBP difference (mmHg)  �7.5 � 9.2
Brachial PP (mmHg) 59.5 � 14.6
NIA aortic PP (mmHg) 49.0 � 13.6
IA aortic PP (mmHg) 55.1 � 15.2
IA � NIA aortic PP difference (mmHg) 6.1 � 15.8

NIA, non-invasively assessed; IA, invasively assessed; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; PP, pulse pressure.
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indicators of the relative changes of BP, therefore these 
indices are less affected by drugs.   

 Conclusion 

 IA aortic pulsatile indices including PP, FFP and 
PI were correlated with the presence and severity of 
CAD, but NIA indices of APW were not correlated 
with CAD. The reason for these results was that 
NIA aortic PP underestimated IA aortic PP. This 
difference may be related to calibration error of the 
radial pulse wave in radial applanation tonometry. 

  Declaration of interest:  The authors report no 
confl icts of interest. The authors alone are respon-
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