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ABSTRACT
Objective: The carotid resistive index (RI) represents carotid vascular resistance. The myocardial per-
formance index (MPI) is an echocardiographic parameter that reflects cardiac functions. The present 
study aimed to assess the relationship between carotid hemodynamics, measured by the internal ca-
rotid artery RI, and overall cardiac functions, assessed by the MPI in the general population.

Material and Methods: A total of 284 consecutive patients were enrolled in this cross-sectional study. 
Transthoracic echocardiography and carotid Doppler ultrasonography were performed on each par-
ticipant. Patients were divided into two groups: the low carotid RI group (RI≤ 0.7) and the high carotid 
RI group (RI> 0.7).

Results: The MPI was significantly higher in the high carotid RI group than in the low carotid RI group 
(0.44 ± 0.11 vs. 0.41 ± 0.06, p= 0.014). Logistic regression analysis demonstrated that age [odds ra-
tio (OR)= 1.127, 95% confidence interval (CI)= 1.046-1.214; p= 0.002], and the MPI (OR= 1.286,  
95% CI= 1.060-1.520, p= 0.019) were independently associated with high carotid RI.

Conclusion: Age and the MPI were independent predictors of high internal carotid artery resistance 
in the general population.

Keywords: Carotid artery, myocardial performance index, vascular resistance, internal carotid artery 
resistive index

ÖZ

İnternal Karotis Arter Direnç İndeksi ile Miyokardiyal Performans İndeksi Arasındaki 
İlişki
Giriş: Karotis direnç indeksi (Dİ), karotis vasküler direnci temsil eder. Miyokardiyal performans indeksi 
(MPİ), kardiyak fonksiyonları yansıtan ekokardiyografik bir parametredir. Bu çalışmada genel popülas-
yonda, internal karotis arter Dİ aracılı ölçülen karotis hemodinamisi ile MPI tarafından değerlendirilen 
genel kardiyak fonksiyonlar arasındaki ilişkiyi değerlendirmeyi amaçladık.

Gereç ve Yöntemler: Bu kesitsel çalışmaya toplam 284 ardışık hasta alındı. Her katılımcıya transtorasik 
ekokardiyografi ve karotis Doppler ultrasonografi yapıldı. Hastalar iki gruba ayrıldı; düşük karotis Dİ 
grubu (Dİ≤ 0.7) ve yüksek karotis Dİ grubu (Dİ> 0.7).

Bulgular: MPİ, yüksek karotis Dİ grubunda, düşük karotis Dİ grubuna göre anlamlı derecede daha 
yüksekti (0.44 ± 0.11’e 0.41 ± 0.06, p= 0.014). Lojistik regresyon analizi, yaşın [odds oranı (OR)= 1.127, 
%95 güven aralığı (GA)= 1.046-1.214; p= 0.002] ve MPİ’ nin (OR= 1.286, %95 GA= 1.060-1.520, p= 0.019) 
bağımsız olarak yüksek karotis Dİ ile ilişkisini gösterdi.

Sonuç: Yaş ve MPI, genel popülasyonda yüksek internal karotis arter direncinin bağımsız belirleyici-
leriydi.

Anahtar Kelimeler: Karotis arter, miyokardiyal performans indeksi, vasküler direnç, internal karotis 
arter direnç indeksi
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INTRODUCTION

The resistive index (RI) is a Doppler sonographic mea-
surement that reflects the resistance of a vessel. The RI of the 
internal carotid artery (ICA) is not only associated with the 
severity of atherosclerosis (1) but also can predict cardiovas-
cular adverse events over three years (2). The RI is a parameter 
that can be easily measured without the need for a high-reso-
lution ultrasound probe (2). Previous studies have focused on 
renal RI, which is calculated by renal blood flow (3). The renal 
RI has been investigated properly in various clinical condi-
tions, including atherosclerotic renovascular disease (4), sys-
temic hypertension (4), diabetes (5), ischemic heart disease, 
and heart failure (6), and is considered an atherosclerotic 
marker. Similarly, the carotid RI was found to be associated 
with atherosclerosis (1). However, no studies have been con-
ducted to investigate the link between carotid artery RI and 
cardiovascular events.

The myocardial performance index (MPI) is an echocar-
diographic parameter that reflects cardiac performance com-
prehensively, including systolic and diastolic functions (7). 
This index has been studied in several conditions, including 
systemic hypertension (8), diabetes (9), ischemic heart dis-
ease, heart failure (10,11), and renal vascular resistance (12). 
The relationship between carotid artery resistance and left 
ventricle functions has yet to be studied. The purpose of this 
study was to assess the relationship between the MPI, which 
measures cardiac functions, and the carotid RI, which mea-
sures atherosclerosis and cerebral hemodynamics.

MATERIALS and METHODS

Patients and Study Design 

Four hundred sixty-seven patients who were examined 
in the cardiology outpatient clinic between July 1, 2020 
and December 1, 2020 were included in this prospective 
single-center study. Individuals with a history of stroke, ca-
rotid artery stenosis, severe left ventricular systolic dysfunc-
tion (left ventricular ejection fraction (LVEF)< 30%), severe 
valvular heart disease (valvular stenosis and regurgitation), 
chronic atrial fibrillation or flutter, coronary artery disease, 
pulmonary hypertension, infectious or inflammatory dis-
ease, malignant disease, reduced glomerular filtration rate 
(GFR) (<30 mL/min/1.73 m2), chronic hepatic disease, and 
pregnancy were excluded. Two hundred eighty-four patients 
were included in the study and 183 patients were excluded 
from the study.

The study was approved by the local ethics committee 
(Issue no: 48670771-514.10, Date: 30.06.2020). Informed 
consent was obtained from each patient. The research was 
conducted in accordance with the Declaration of Helsinki. 

Transthoracic Echocardiography

Transthoracic echocardiographic examinations were 
performed according to the recommendations of the Amer-
ican Society of Echocardiography (13). Measurements were 
taken from the participants in the left decubitus position 
with a VIVID 7 (GE-Vingmed, Horten, Norway) echocardiog-
raphy device using a 3.5 MHz cardiac probe.

M-mode and Doppler echocardiographic parameters, 
including interventricular septum thickness (IVST), posterior 
wall thickness (PWT), left atrium diameter, transmitral E-wave 
velocity (E), and A-wave velocity (A) were measured. Tissue 
Doppler parameters, such as early (Em) and late (Am) diastol-
ic mitral annular velocities, peak systolic mitral annular veloc-
ity (S), isovolumetric contraction and relaxation, and ejection 
times were measured. Left ventricular ejection fraction was 
measured by using the modified Simpson method (14). Ve-
locities over three cardiac cycles were averaged. The MPI was 
calculated following the formula; MPI= (isovolumetric con-
traction time + isovolumetric relaxation time)/ejection time 
(Figure 1). 

Carotid Doppler Ultrasonography and the Internal 
Carotid Artery Resistive Index

The carotid Doppler sonography was performed with the 
Philips IU-22 system using a 5-MHz linear array probe. Exam-
inations were performed after a 15-minute resting period in 
a supine position. The pulsed-Doppler indicator was placed 
in the internal carotid artery. Doppler ultrasonography pa-
rameters, including peak systolic (PSV) and end-diastolic 
velocities (EDV), RI, and pulsatility index were measured au-
tomatically using the inbuilt software (Figure 2). The RI was 
defined as (PSV-EDV)/PSV (15). The mean value of right and 
left internal carotid artery RIs were used for analysis. Zero 
point seven was set as the cut-off value for RI (low carotid 
RI≤ 0.7 and high carotid RI> 0.7) (16).

Statistical Analysis

SPSS 22.0 (SPSS v22.0 for Windows, Chicago, IL, USA) was 
used for analysis. The normal distribution was evaluated us-
ing the Kolmogorov–Smirnov test. Continuous parameters 
were expressed as mean ± standard deviation or median 
(min-max) and compared using the independent samples 
t-test or Mann–Whitney U test regarding distribution. Cate-
gorical parameters were expressed as numbers (percentag-
es) and compared using the Chi-square test. The reliability 
analysis was used for intra-observer variability of MPI mea-
surements. All significant parameters (p< 0.1) were selected 
for the multivariable model. Logistic regression analysis with 
a forward conditional method was performed. A p-value of 
<0.05 was considered significant.
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RESULTS 

In the present study, the low carotid RI group (RI≤ 0.7) in-
cluded 218 patients (153 male; mean age= 60.5 ± 9.5 years), 
and the high carotid RI group (RI> 0.7) included 66 patients 
(47 male; mean age= 63.7 ± 10.4 years). Patients in the high 
carotid RI group were significantly older than those in the 
low carotid RI group (p= 0.017). Other demographic and lab-
oratory parameters were similar between the two groups ex-
cept for age. These variables are shown in Table 1.

Interventricular septum thickness and PWT were signifi-
cantly higher in the high carotid RI group than in the low 
carotid RI group (11.5 ± 1.9 vs. 10.9 ± 2.0, p= 0.036 for IVST;  
12.1 ± 1.9 vs. 11.3 ± 1.8, p= 0.002 for PWT). Em and S veloci-
ties were significantly lower in the high carotid RI group than 
in the low carotid RI group (5.2 ± 1.8 vs. 5.8 ± 1.9, p= 0.022 
for Em velocity; 6.3 ± 1.6 vs. 6.9 ± 1.4, p= 0.002 for S velocity). 
The MPI was significantly higher in the high carotid RI group 
than in the low carotid RI group (0.44 ± 0.11 vs. 0.41 ± 0.06,  
p= 0.014). The comparison of transthoracic echocardiograph-
ic parameters of the patients is shown in Table 2. 

Univariate and multivariate binary logistic regression 
analysis demonstrated that age [odds ratio (OR)= 1.127, 95% 
confidence interval (CI)= 1.046-1.214; p= 0.002)], and the MPI 

(OR= 1.286, 95% CI= 1.060-1.520, p= 0.019) were indepen-
dent predictors of high carotid RI (Table 3).

The intra-observer variability of MPI measurements was 
evaluated using the reliability analysis. The MPIs of randomly 
selected 30 patients were measured 10 days apart. The in-
tra-class correlation coefficient was 0.937 (p< 0.001).

DISCUSSION 

Our study yielded some significant findings, which can 
be attributed to a variety of mechanisms. First, patients who 
had high carotid RI were significantly older than those who 
had low carotid RI. Age is associated with diastolic dysfunc-
tion of the heart (17), and carotid artery flow changes (18-
21). Diastolic dysfunction of the left ventricle refers to cardi-
ac fibrosis and collagen matrix proliferation. Collagen fibers  
type I and cross-linking are enhanced in the aged population 
(22). Buljan et al. revealed a clear connection between carot-
id intima-media thickness, and age in healthy adults (18). Ge-
pner et al. demonstrated that carotid arterial stiffening accel-
erates with advanced age (19). Also, Hirata et al. reported that 
vascular stiffening enhances carotid flow augmentation and 
can explain the flow fluctuations in the cerebral circulation 
(20). Kamenskiy et al. discovered that geometric changes in 
carotid arteries occur with aging, including intramural elastin 

Table 1. Comparison of baseline demographic and laboratory parameters of the patients

Variables Low Carotid RI  (n= 218) High Carotid RI (n= 66) p-value

Age (years) 60.5 ± 9.5 63.7 ± 10.4 0.017

Gender (male), n (%) 153 (70.2) 47 (71.2) 0.873

BMI (kg/m2) 27.8 (19.2-47.2) 27.0 (18.6-40.8) 0.225

Systolic BP (mm Hg) 112 (88-156) 117 (81-157) 0.151

Diastolic BP (mm Hg) 71 (47-105) 72 (52 -95) 0.536

Diabetes mellitus, n (%) 59 (27.1) 24 (36.4) 0.146

Hypertension, n (%) 90 (41.3) 28 (42.4) 0.869

Hyperlipidemia, n (%) 38 (17.4) 10 (15.2) 0.665

Smoking status, n (%) 97 (44.5) 25 (37.9) 0.341

Haemoglobin (g/dl) 13.8 ± 1.7 13.5 ± 1.8 0.152

Leukocyte count, x103/µL 8.6 (3.4-14.2) 9.3 (84.6-14.8) 0.242

Platelet count, x103/µL 249.8 ± 55.2 250.7 ± 61.9 0.903

HDL cholesterol (mg/dl) 39.6 ± 10.4 39.1 ± 11.0 0.746

LDL cholesterol (mg/dl) 138.0 ± 40.9 130.4 ± 38.8 0.182

Total cholesterol (mg/dl) 198.2 ± 44.4 187.9 ± 42.6 0.097

Triglyceride (mg/dl) 143.5 (44.0-1185.0) 144.0 (45.0-789.0) 0.951

Data are presented as mean ± standard deviation, median (minimum-maximum) or number (%).
p-value was calculated using the Independent-Samples T test or the Mann-Whitney U test for continuous variables and the Chi-Square test for categorical 
variables as appropriate. A p-value of <0.05 was considered significant.
BMI: Body mass index, BP: Blood pressure, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, RI: Resistive index.
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degradation and fragmentation. These alterations may cause 
a measurable rise in blood flow resistance (21). Second, sev-
eral cytokines, including transforming growth factor-β, fibro-
blast growth factor, and tumor necrosis factor-α may induce 
accumulation of the extracellular matrix, myocardial fibrosis, 
and vascular remodeling (23-26). 

Variz et al. have evaluated carotid arterial stiffness and 
diastolic function of the heart in healthy subjects and found 
that stiffness parameter (β) and pressure-strain elasticity 
modulus were inversely correlated with transmitral E, E/A ra-
tio, and septal Em and positively correlated with A wave (27). 
Also, carotid intima-media thickness was correlated with A 
wave, E/A ratio, Em, and Am. Akintunde et al. have investi-
gated carotid atherosclerosis and diastolic dysfunction of the 

right ventricle in hypertensive patients and found that carot-
id intima-media thickness was correlated with early trans-
tricuspid flow parameters (28). Unlike the previous studies, 
this research revealed a significant negative correlation be-
tween Em velocity and the carotid RI, and a significant posi-
tive correlation between the MPI and the carotid RI. Thus, to 
our knowledge, the present study was the first to assess the 
carotid RI and the MPI in the general population.

Many non-invasive markers, including carotid intima-me-
dia thickness, RI, and pulsatility index, are based on early 
alterations that occur in vascular wall layers, including ex-
pansion, calcification, and endothelial dysfunction (29,30). 
The carotid intima-media thickness is a non-invasive and 
reproducible measurement for discriminating and quanti-

Table 2. Comparison of transthoracic echocardiographic parameters of the patients

Parameters Low Carotid RI (n= 218) High Carotid RI (n= 66) p-value

E velocity (cm/s) 58.0 ± 17.0 55.9 ± 17.4 0.372

A velocity (cm/s) 72.4 ± 15.3 74.9 ± 16.2 0.259

E/A ratio 0.82 ± 0.27 0.78 ± 0.32 0.273

IVST (mm) 10.9 ± 2.0 11.5 ± 1.9 0.036

PWT (mm) 11.3 ± 1.8 12.1 ± 1.9 0.002

LVEF (%) 59.1 ± 8.9 57.2 ± 8.9 0.141

LA diameter (mm) 34.1 ± 4.2 33.4 ± 4.6 0.286

Em velocity (cm/s) 5.8 ± 1.9 5.2 ± 1.8 0.022

Am velocity (cm/s) 8.5 ± 1.7 8.2 ± 1.9 0.172

S velocity (cm/s) 6.9 ± 1.4 6.3 ± 1.6 0.002

E/Em ratio 9.3 ± 1.8 9.6 ± 1.9 0.336

MPI 0.41 ± 0.06 0.44 ± 0.11 0.014

Data are presented as mean ± standard deviation.
p-value was calculated using the Independent-Samples T test. A p-value of <0.05 was considered significant.
IVST: Inter-ventricular septum thickness, LA: Left atrium, LVEF: Left ventricular ejection fraction, MPI: Myocardial performance index, PWT: Posterior wall 
thickness, RI: Resistive index.

Table 3. Univariate and multivariate analyses of high carotid resistive index

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) p-value OR (95% CI) p-value

Age 1.036 (1.006-1.068) 0.018 1.127 (1.046-1.214) 0.002

Total cholesterol 0.994 (0.988-1.001) 0.098 - -

IVST (mm) 1.161 (1.009-1.336) 0.037 - -

PWT 1.279 (1.087-1.505) 0.003 - -

Em velocity (mm) 0.823 (0.694-0.975) 0.024 - -

S velocity 0.729 (0.592-0.898) 0.003 - -

MPI 1.190 (1.010-1.376) 0.015 1.286 (1.060-1.520) 0.019

A p-value of <0.05 was considered significant.
CI: Confidence interval, IVST: Inter-ventricular septum thickness, MPI: Myocardial performance index, OR: Odds ratio, PWT: Posterior wall thickness.
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fying sclerotic vessels (31). However, the RI and pulsatility 
index are more practical for quantifying changes in the ca-
rotid blood velocity waveforms. Compared to intima-media 
thickness, the RI is easier to measure and tends to have less  
interobserver and intraobserver variability. However, heart 
rhythm disturbances and stenosis near the measurement site 
are countable disadvantages that affect RI measurement. In 
our study, we excluded patients with atrial fibrillation and 
those with detectable stenosis.

The renal RI decreases with higher vascular resistance 
and increases with impaired vascular compliance (32,33). 
Mean arterial blood pressure, diastolic blood pressure, car-
diac output, and preload have essential effects on the RI 
(34,35). We think that similar relationships between carotid 
RI and those factors are logically possible. However, further 
studies on these topics are warranted. 

Staub et al. demonstrated that cardiovascular events 
were linked to increased carotid intima-media thickness and 
RI of the internal carotid artery. This could be explained by 
the fact that these two parameters can predict atheroscle-
rosis (2). The MPI was also found to be effective in predicting 
cardiovascular mortality. This could be explained by the rela-
tionship of the MPI with arterial compliance and peripheral 
resistance (36). Indeed, the RI and MPI are associated with 
peripheral resistance and arterial compliance. 

Isovolumetric relaxation time was significantly higher in 
patients with high renal RI (37). In this study, the MPI was in-
dependently associated with high carotid RI. Carotid vascular 
resistance is related to overall cardiac functions. We advise 
performing a Doppler ultrasonography of the carotid arteries 
in patients with impaired cardiac functions.

CONCLUSION

The MPI was significantly and independently associated 
with high carotid RI in the general population. Carotid vascu-
lar resistance is related to overall cardiac functions. We advise 
performing a Doppler ultrasonography of the carotid arteries 
in patients with impaired cardiac functions. 

Limitations of the Study

The findings of the present study are obtained from a rel-
atively small population. Larger studies are required to val-
idate such outcomes. Also, the effects of anti-hypertensive 
drugs on the RI and MPI measurements, as well as carotid 
intima-media thickness were not assessed.  

Ethics Committee Approval: This study was approved by the İstanbul 

Prof. Dr. Cemil Taşçıoğlu State Hospital Clinical Research Ethics Commitee 

(Decision Number: 48670771-514.10, Date: 30.06.2020).

Author Contributions: Concept/Design: HH, ÖG, AY, GA; Analysis/

Interpretation: HH, ÖG, AY; Data Acquisition: SDÖ, GA; Writting: HH, AQ, 

GA, SDÖ; Critical Revision: SDÖ, AQ, ÖG, AY; Final Approval: HH, AY.

Conflict of Interest: There is no conflict of interest.

Financial Disclosure: The authors declared that this study has received 

no financial support. 

REFERENCES

1. Frauchiger B, Schmid HP, Roedel C, Moosmann P, Staub D. Comparison 
of carotid arterial resistive indices with intima-media thickness as 
sonographic markers of atherosclerosis. Stroke 2001;32(4):836-41. 
https://doi.org/10.1161/01.STR.32.4.836 

2. Staub D, Meyerhans A, Bundi B, Schmid HP, Frauchiger B. Prediction of 
cardiovascular morbidity and mortality: Comparison of the internal 
carotid artery resistive index with the common carotid artery intima-
media thickness. Stroke 2006;37(3):800-5. https://doi.org/10.1161/01.
STR.0000202589.47401.c6 

3. Thalhammer C, Aschwanden M, Mayr M, Koller M, Steiger J, Jaeger 
K. Duplex sonography after living donor kidney transplantation: 
New insights in the early postoperative phase. Ultraschall Med 
2006;28(02):141-5. https://doi.org/10.1055/s-2006-926560 

4. Crutchley TA, Pearce JD, Craven TE, Stafford JM, Edwards MS, Hansen 
KJ. Clinical utility of the resistive index in atherosclerotic renovascular 
disease. J Vasc Surg 2009;49(1):148-55, 155.e1-3. https://doi.
org/10.1016/j.jvs.2008.08.008

5. Youssef DM, Fawzy FM. Value of renal resistive index as an early 
marker of diabetic nephropathy in children with type-1 diabetes 
mellitus. Saudi J Kidney Dis Transpl 2012;23(5):985. https://doi.
org/10.4103/1319-2442.100880

6. Ennezat PV, Maréchaux S, Six-Carpentier M, Pinçon C, Sediri I, Delsart 
P, et al. Renal resistance index and its prognostic significance in 
patients with heart failure with preserved ejection fraction. Nephrol 
Dial Transplant 2011;26(12):3908-13. https://doi.org/10.1093/ndt/
gfr116

7. Chuwa T, Rodeheffer RJ. New index of combined systolic and diastolic 
myocardial performance: A simple and reproducible measure of 
cardiac function-a study in normals and dilated cardiomyopathy. J 
cardiol 1995;26(35):7-366. 

8. Gur M, Yilmaz R, Demirbag R, Yildiz A, Ozdogru I, Bas M, et al. 
Relationship between myocardial performance index and aortic 
distensibility in patients with essential hypertension. Int J Clin Pract 
2008;62(1):138-42. https://doi.org/10.1111/j.1742-1241.2006.01202.x

9. Örem C, Küçükosmanoğlu M, Hacihasanoğlu A, Yilmaz R, Kasap 
H, Erdoğan T, et al. Association of Doppler-derived myocardial 
performance index with albuminuria in patients with diabetes. J Am 
Soc Echocardiogr 2004;17(11):1185-90. https://doi.org/10.1016/j.
echo.2004.07.006

10. Vizzardi E, D’Aloia A, Bordonali T, Bugatti S, Piovanelli B, Bonadei 
I, et al. Long-term prognostic value of the right ventricular 
myocardial performance index compared to other indexes of right 
ventricular function in patients with moderate chronic heart failure. 
Echocardiography 2012;29(7):773-8. https://doi.org/10.1111/j.1540-
8175.2012.01703.x

11. Ärnlöv J, Ingelsson E, Risérus U, Andrén B, Lind L. Myocardial 
performance index, a Doppler-derived index of global left ventricular 
function, predicts congestive heart failure in elderly men. Eur Heart J 
2004;25(24):2220-5. https://doi.org/10.1016/j.ehj.2004.10.021 



Carotid Resistance and Myocardial Performance

50

12. Quisi A, Harbalıoğlu H, Özel MA, Alıcı G, Genç Ö, Kurt IH. The 
association between the renal resistive index and the myocardial 
performance index in the general population. Echocardiography 
2020;37(9):1399-405. https://doi.org/10.1111/echo.14702 

13. Schiller N. American Society of Echocardiography Committee on 
Standards, Subcommittee on Quantitation of Two-Dimensional 
Echocardiograms: Recommendations for quantitation of the left 
ventricle by two-dimensional echocardiography. J Am Soc Echocardiogr 
1989;2:358-67. https://doi.org/10.1016/S0894-7317(89)80014-8

14. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, 
et al. Recommendations for cardiac chamber quantification by 
echocardiography in adults: An update from the American Society of 
Echocardiography and the European Association of Cardiovascular 
Imaging. Eur Heart J Cardiovasc Imaging 2015;16(3):233-71. https://
doi.org/10.1093/ehjci/jev014 

15. Kobkitsuksakul C, Soratcha W, Chanthanaphak E. Value of 
external carotid artery resistive index for diagnosis of cavernous 
sinus dural arteriovenous fistula and determination of malignant 
type. Clin Imaging 2018;49:117-20. https://doi.org/10.1016/j.
clinimag.2017.11.006 

16. Shakeri A, Zarrintan S, Shakeri-Bavil M. The diagnostic value of the 
resistivity index of the common carotid arteries in severe internal 
carotid artery stenosis. Folia Morphol 2008;67(3):175-8. 

17. Chang W-T, Chen J-S, Hung Y-K, Tsai W-C, Juang J-N, Liu P-Y. 
Characterization of aging-associated cardiac diastolic dysfunction. 
PLoS One 2014;9(5):e97455. https://doi.org/10.1371/journal.
pone.0097455 

18. Buljan K, Butković-Soldo S, Jančuljak D, Kadojić D, Čandrlić M, Benšić 
M, et al. Relationship between age and thickness of carotid arteries 
in a population without risk factors for atherosclerosis. Coll Antropol 
2015;39(3):779-84. 

19. Gepner AD, Korcarz CE, Colangelo LA, Hom EK, Tattersall MC, Astor 
BC, et al. Longitudinal effects of a decade of aging on carotid artery 
stiffness: The multiethnic study of atherosclerosis. Stroke 2014;45(1):48-
53. https://doi.org/10.1161/STROKEAHA.113.002649 

20. Hirata K, Yaginuma T, O’Rourke MF, Kawakami M. Age-related changes 
in carotid artery flow and pressure pulses: Possible implications for 
cerebral microvascular disease. Stroke 2006;37(10):2552-6. https://
doi.org/10.1161/01.STR.0000242289.20381.f4 

21. Kamenskiy AV, Pipinos II, Carson JS, MacTaggart JN, Baxter BT. Age and 
disease-related geometric and structural remodeling of the carotid 
artery. J Vasc Surg. 2015;62(6):1521-8. https://doi.org/10.1016/j.
jvs.2014.10.041 

22. de Souza RR. Aging of myocardial collagen. Biogerontology 
2002;3(6):325-35. https://doi.org/10.1023/A:1021312027486 

23. Border WA, Noble NA. Transforming growth factor β in tissue 
fibrosis. N Engl J Med 1994;331(19):1286-92. https://doi.org/10.1056/
NEJM199411103311907 

24. Janczak D, Ziolkowski P, Garcarek J, Janczak D, Dorobisz K, Chabowski 
M. The cytokines within the carotid plaque in symptomatic patients 
with internal carotid artery stenosis. J Cardiothor Surg 2014;9(1):1-4. 
https://doi.org/10.1186/1749-8090-9-139 

25. Ma Z-G, Yuan Y-P, Wu H-M, Zhang X, Tang Q-Z. Cardiac fibrosis: New 
insights into the pathogenesis. Int J Biol Sci 2018;14(12):1645. https://
doi.org/10.7150/ijbs.28103 

26. Ryan ST, Koteliansky VE, Gotwals PJ, Lindner V. Transforming 
growth factor-beta-dependent events in vascular remodeling 
following arterial injury. J Vasc Res 2003;40(1):37-46. https://doi.
org/10.1159/000068937

27. Vriz O, Bossone E, Bettio M, Pavan D, Carerj S, Antonini-Canterin F. 
Carotid artery stiffness and diastolic function in subjects without 
known cardiovascular disease. J Am Soc Echocardiogr 2011;24(8):915-
21. https://doi.org/10.1016/j.echo.2011.05.001 

28. Akintunde AA, Adebayo PB, Aremu AA, Opadijo OG. Carotid 
atherosclerosis and right ventricular diastolic dysfunction in a sample 
of hypertensive Nigerian patients. Croat Med J 2013;54(6):555-60. 
https://doi.org/10.3325/cmj.2013.54.555 

29. Holewijn S, den Heijer M, Stalenhoef A, De Graaf J. Non-invasive 
measurements of atherosclerosis (NIMA): Current evidence and future 
perspectives. Neth J Med 2010;68(12):388-99. 

30. Rafati M, Havaee E, Moladoust H, Sehhati M. Appraisal of different 
ultrasonography indices in patients with carotid artery atherosclerosis. 
EXCLI J 2017;16:727. 

31. Hurst RT, Ng DW, Kendall C, Khandheria B. Clinical use of carotid intima-
media thickness: Review of the literature. J Am Soc Echocardiogr 
2007;20(7):907-14. https://doi.org/10.1016/j.echo.2007.02.028 

32. Bruno S, Ferrari S, Remuzzi G, Ruggenenti P. Doppler ultrasonography 
in posttransplant renal artery stenosis: A reliable tool for assessing 
effectiveness of revascularization? Transplantation 2003;76(1):147-53. 
https://doi.org/10.1097/01.TP.0000071849.78031.13 

33. Murphy ME, Tublin ME. Understanding the Doppler RI: Impact of 
renal arterial distensibility on the RI in a hydronephrotic ex vivo 
rabbit kidney model. J Ultrasound Med 2000;19(5):303-14. https://doi.
org/10.7863/jum.2000.19.5.303 

34. Kuznetsova T, Cauwenberghs N, Knez J, Thijs L, Liu Y-P, Gu Y-M, et 
al. Doppler indexes of left ventricular systolic and diastolic flow and 
central pulse pressure in relation to renal resistive index. Am J Hypertens 
2015;28(4):535-45. https://doi.org/10.1093/ajh/hpu185 

35. Hashimoto J, Ito S. Central pulse pressure and aortic stiffness 
determine renal hemodynamics: Pathophysiological implication for 
microalbuminuria in hypertension. Hypertension 2011;58(5):839-46. 
https://doi.org/10.1161/HYPERTENSIONAHA.111.177469 

36. Ärnlöv J, Lind L, Andrén B, Risérus U, Berglund L, Lithell H. A Doppler-
derived index of combined left ventricular systolic and diastolic 
function is an independent predictor of cardiovascular mortality in 
elderly men. Am Heart J 2005;149(5):902-7. https://doi.org/10.1016/j.
ahj.2004.07.022 

37. Tedesco M, Natale F, Mocerino R, Tassinario G, Calabrò R. Renal resistive 
index and cardiovascular organ damage in a large population of 
hypertensive patients. J Hum Hypertens 2007;21(4):291-6. https://doi.
org/10.1038/sj.jhh.1002145 


