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Renal haemodynamics and coronary atherosclerotic
burden are associated in patients with hypertension
and mild coronary artery disease
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Abstract. Intrarenal hemodynamic alterations are independent
predictors of cardiovascular events in different populations.
It has been hypothesized that there is an association between
renal hemodynamics and coronary atherosclerotic burden in
patients with hypertension. Therefore, the present study exam-
ined the associations between renal hemodynamics, coronary
atherosclerotic burden and carotid atherosclerotic disease.
A total of 130 patients with hypertension aged between
30-80 years who had been referred for an elective coronary
angiography were enrolled in the present study. A duplex ultra-
sound of the intrarenal vasculature was performed to evaluate
the resistive index (RI), pulsatility index (PI) and acceleration
time (AT). The carotid intima-media thickness was addition-
ally assessed. A coronary angiography was performed to
detect the atherosclerotic burden using the Gensini Score (GS).
Based on the GS values, subjects were divided into quintiles
(I =9; II: 9-17; III: 17-30; IV: 30-44; and V: GS >44) as well
as in subjects with mild (GS <30) or severe coronary disease
(GS >30). A weak significant difference in PI was identified
among quintiles (P=0.041), whereas, RI and AT did not differ
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significantly. PI was associated with GS in the group with low
coronary atherosclerotic burden (GS <30; P=0.047), whereas,
no association was detected in subjects with GS >30. This
association remained following adjustment for age and left
ventricular ejection fraction (P=0.025). In conclusion, renal
vascular alterations were associated with coronary atheroscle-
rotic burden in patients with hypertension with mild coronary
disease.

Introduction

Cardiovascular diseases represent the primary cause of
mortality in Western countries, and numerous risk factors,
including the reduced glomerular filtration rate, have been
associated with greater incidence in myocardial infarction,
stroke and sudden cardiac mortality (1-6). Ischemia is a
primary pathogenetic factor leading to these events, which
represent the final stages of morphofunctional cardiovascular
alterations that develop over a long period of time, mostly
asymptomatically (7).

Numerous efforts have been made in recent years to search
for markers, globally termed subclinical organ damage, to early
identify those asymptomatic patients, who already presented a
variable combination of vascular, cardiac or renal alterations,
thus being at enhanced risk for cardiovascular diseases.

Recently, intrarenal haemodynamics were identified as
a potential marker of systemic vascular damage (8) and a
useful tool to better stratify the short and long-term cardio-
vascular risk of patients in different clinical subsets. In
particular, renal resistance index (RI) and renal pulsatility
index (PI), non-invasively assessed by Duplex ultrasound,
were closely associated with well-known markers of subclin-
ical organ damage, including carotid intima-media thickness
(cIMT) (9-11), arterial stiffness (9,12) and left ventricular
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mass (13,14). Furthermore, recent studies detected the direct
role of intrarenal haemodynamic impairment as an indepen-
dent predictor of adverse cardiovascular events and mortality
in different populations, particularly in the elderly (15) and in
patients with chronic kidney disease (CKD), hypertension or
heart failure (16-18).

The association between carotid and coronary athero-
sclerosis has been previously identified (19-23). In the
present study, it was hypothesized that the atherosclerotic
process additionally affects the renal district and that renal
haemodynamics are correlated with coronary atherosclerosis.
Therefore, the association between intrarenal vascular altera-
tions with coronary atherosclerotic burden, as well as with
carotid atherosclerotic disease, in patients with hypertension
was investigated.

Materials and methods

Study population. The present study involved 130 Caucasian
patients, who attended the Department of Cardiology of the
University Hospital of Palermo (Palermo, Italy). All subjects
aged between 30 and 80 years with a history of hypertension,
who were referred for elective coronary angiography, were
consecutively enrolled for 18 months from September 2015.

The exclusion criteria included heart failure (New York
Heart Association Class IV), permanent atrial fibrillation,
heart rate >100 bpm or <50 bpm, current or previous acute
coronary syndrome, previous coronary artery bypass graft,
moderate to severe aortic or mitral valve disease, stenosis of
renal arteries as assessed by Doppler ultrasound criteria (24),
endocrine or malignant hypertension, severe obesity
[body mass index (BMI) =40 Kg/m?], previous surgery or
percutaneous interventions on carotid arteries, renal replace-
ment therapy (patients who had a transplant or dialysis), and
principal non-cardiovascular diseases. This information had
been gathered from medical records and outpatient medical
examinations. Written informed consent was obtained from
each subject, and the local review board of the University of
Palermo approved the study protocol, which conformed to the
ethical guidelines of the Helsinki declaration. The datasets
used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Study design. In all subjects, a comprehensive evaluation of
clinical history and physical examination were performed.
Patients who reported smoking cigarettes regularly during the
past year were considered current smokers. The body weight
and height of the patients were measured by a nurse. Clinic
blood pressure (BP) was recorded by a doctor, following
the recommendations of the 2013 European Society of
Hypertension/European Society of Cardiology guidelines (25).

Fasting blood samples were collected to assess routine
blood chemistry. A B-mode and Duplex-Doppler ultrasono-
graphic examination of intrarenal vasculature was performed
to evaluate RI, PI, and renal acceleration time (AT). Carotid
atherosclerotic disease was additionally assessed by Duplex
Doppler ultrasound as a model of vascular damage associated
with renal parameters, and echocardiography was conducted
to prevent bias due to interference of the left ventricular ejec-
tion fraction (LVEF), that was calculated using the modified
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biplane Simpson's rule, according to the American Society of
Echocardiography recommendations (26). Later in the same
day, a coronary angiography was performed to assess athero-
sclerotic burden using the Gensini Score (GS) (27).

Measurements. Clinical BP was considered the mean of three
consecutive measurements obtained, at 2-min intervals, using
an electronic oscillometric validated device (Microlife AG
Swiss Corporation, Widnau, Switzerland) (28), after 5 min of
rest in the sitting position.

Routine biochemical parameter determination was
performed with standard techniques using an autoanalyser
(Boehringer Mannheim for Hitachi system 911; Mannheim,
Germany). Low-density lipoprotein cholesterol was calculated
using the Friedwald formula. Definition and classification
of CKD followed the Kidney Disease Improving Global
Outcomes guidelines, and the estimated glomerular filtration
rate (eGFR) was estimated using the Chronic Kidney
Disease-Epidemiology Collaboration equation (29).

Ultrasound evaluation of renal vasculature. The intrarenal
Duplex ultrasonography was performed using a GE Logiq
P5 PRO instrument (GE Healthcare, Chicago, IL, USA),
with a 4 MHz transducer operating at 2.5 MHz for Doppler
analysis. The Doppler signal was obtained from the interlobar
arteries by placing the sample volume at the level of the
cortico-medullary junction (10,24). Peak systolic velocity
(PSV), telediastolic velocity (TDV) and mean velocity
(MV) were measured. RI was calculated using the formula:
RI=(PSV-TDV)/PSV, whereas, PI was obtained using the
formula: PI=(PSV-TDV)/MV. The AT was measured as the
time distance (msec) between the onset of systolic upstroke
with the first systolic peak. The Doppler angle selected was
<60°, and special care was taken not to compress the kidney
and to prevent the patient performing a Valsalva maneuver,
because these factors may affect measurements. The values
were calculated as the average of six measurements from the
upper, middle and lower thirds of the two kidneys. Values of
RI, PI and AT were =0.70, =1.20 and =100 ms, respectively,
and were considered abnormal in agreement with existing
literature (10,24,30,31).

Ultrasound evaluation of carotid arteries. The carotid ultra-
sonographic investigation was performed [using the same
GE Logiq P5 PRO instrument (GE Healthcare)] with a 10
MHz linear-array transducer operating at 5 MHz for Doppler
analysis. The examination was obtained following the recom-
mendations of the Mannheim Carotid Intima-Media Thickness
Consensus (32).

cIMT was defined as the distance between the vascular
lumen-intima interface (internal measurement site) and the
media-adventitia transition (external limit). It was obtained
on the common carotid artery through the examination of
a freezed longitudinal section of 10 mm at 1 cm from the
bifurcation, at the end-diastolic state, in the proximal and far
wall, using lateral, anterior and posterior projections. A total
of six measurements was obtained for the right carotid artery
and six for the left carotid using the average values (average
cIMT). cIMT was not obtained in the presence of a carotid
plaque; however, its measurement was shifted proximally to
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the plaque-free site. According to the 2013 European Society
of Hypertension/European Society of Cardiology guidelines
for the management of arterial hypertension, cIMT >0.90 mm
was considered abnormal (25,32).

Plaques, whose focal structures encroached into the arterial
lumen of <0.5 mm or 50% of the surrounding cIMT value, or
demonstrating a cIMT >1.5 mm, were considered (32). The
severity of the carotid stenosis was evaluated according to the
European Carotid Surgery Trial criteria (33). A 25% cut-off
was selected to distinguish between subjects with higher or
lower carotid atherosclerotic burden (34,35).

Angiographic evaluation of coronary arteries. Selective
coronary angiography was obtained by applying Judkins
technique in all patients (36). Angiograms were recorded in
multiple projections with the biplanar digital cardiac imaging
floor-mounted system Artis Zee (Siemens AG, Munich,
Germany). Coronary angiograms were assessed by two expert
interventional cardiologists (DB and DP) who were blinded
to the clinical characteristics of the patients and the Doppler
ultrasonographic results. According to the American College
of Cardiolgy/American Heart Association guidelines for
percutaneous coronary intervention (36), an haemodynami-
cally significant coronary artery stenosis was assumed for a
value at least equal to the 50% of the lumen in any of the prin-
cipal epicardial vessels, including the left primary coronary
artery, left anterior descending artery, left circumflex artery,
right coronary artery or their principal branches.

The atherosclerotic burden of coronary arteries was
evaluated using the Gensini Score (GS) (27). According to this
method, a severity coefficient was assigned for each vessel,
according to the degree of stenosis (0, 1, 2, 4, 8, 16 or 32) and
the importance of the segment itself (5 for the left primary
trunk to 0.5 for the most distal segments). Subsequently, total
GS was obtained by the sum of the partial results as a global
severity index of coronary atherosclerotic disease (27).

Statistical analysis. Statistical analysis was firstly conducted
on the entire population (n=130) and on the population
divided in quintiles based on GS cut-offs as follows: <9.0
(GS I; n=26); >9 and <17 (GS II; n=27); >17 and <30 (GS III,
n=25); >30 and <44 (GS IV; n=26); and >44 (GS V; n=26).
Subsequently, data were analysed in three groups based on
the Atherosclerotic-Score (AS) as follows: Absence of plaques
(AS I; n=23); carotid stenosis <25% (AS II; n=64); and carotid
stenosis =25% (AS III; n=43).

GS values were further evaluated in the population divided
into tertiles of PI (I tertile: PI <1.30; II tertile: PI =1.30; and
<1.57; I tertile: PI =1.57) and RI (I tertile: RI <0.715; II tertile:
RI=0.715 and <0.755; and III tertile: RI =0.755).

The distribution of variables was analysed by the
Kolmogorov-Smirnov test. Continuous variables are presented
as the mean + standard deviation, and were compared by
Students' t-test or analysis of variance with Dunnett's post-hoc
test for multiple comparisons, with ‘GS I’ considered the
control group. Categorical variables were presented as numbers
(and percentages) and compared with ¥* test and Monte Carlo
correction. Variables with non-Gaussian distribution (GS and
triglycerides) were expressed as the median and interquartile
range because of their skewed distribution, and they were
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log-transformed to better satisfy distributional assumptions
prior to using parametric tests.

The univariate and multivariate associations were tested by
simple and multiple linear regression analyses. The strength
of the associations among the variables was expressed by the
Pearson correlation coefficients (r) and the unstandardised
(B) and standardised () multiple regression coefficients. The
differences between the Pearson coefficients were assessed
by r-to-z Fisher transformation. The association between
PI (or alternately RI) and GS was further analysed with the
correlation curve using different mathematical models (linear,
exponential, logarithmic, quadratic, cubic and sigmoidal).
The stepwise multivariate regression analysis was performed
considering GS (log-transformed) as an outcome variable, and
independent variables, including age, sex, smoking habit, BMI,
eGFR, PI (or alternatively RI), serum uric acid, serum glucose
levels (or diabetes as a dichotomous variable), high density
lipoprotein (HDL)-cholesterol, triglycerides (log-transformed),
clinic mean BP, clinic pulse pressure, statin treatment
(O=no treatment, l=treatment) and antidiabetic treatment
(O=no treatment, 1= treatment), were included in the models.

Univariate and multivariate analyses were first conducted
on the entire population and subsequently in the two groups;
low (GS <30; n=78) or high (GS >30; n=52) coronary athero-
sclerotic burden. The cut-off of GS=30 was selected according
to existing literature (36). These analyses were additionally
conducted using similar multivariate models, as appropriate,
in the subgroup of subjects with cIMT <0.90 mm (n=81) and
in the small group of subjects with no carotid plaques (n=23).

In all multiple regression analyses, a backward stepwise
procedure was used, with a=0.15 as the cut-off for entry or
removal of variables. For all analyses, the null hypothesis was
rejected at a two-tailed P<0.05. SPSS software (version 22.0;
IBM Corp., Armonk, NY, USA) was used.

Results

Higher GS quintiles are associated with greater cIMT, a larger
percentage of carotid plaques and coronary involvement.
Vascular and haemodynamic characteristics are summarised in
Table I. Subjects in the higher GS quintiles had a greater cIMT
(P=0.001), a larger percentage of carotid plaques (P=0.001)
and coronary involvement (P<0.001) compared with those in
lower ones. A weak significant difference in PI was identified
among quintiles (P=0.041), whereas, RI and AT did not differ
significantly. Furthermore, the percentages of subjects with
PI =1.20 or RI =0.70; however, not with AT =100 ms, were
significantly higher with the higher GS quintiles (P=0.033 and
P=0.024, respectively).

Higher tertiles of PI and RI are associated with greater cIMT
values. When the entire population was divided into tertiles of
PI, greater cIMT values were observed in subjects with higher
PI (Fig. 1; Panel A; P=0.001). Similar results were observed
by dividing the population into tertiles according to RI values
(Fig. 1; Panel B; P=0.006). However, no statistically significant
difference in GS existed among the groups (Fig. 1; Panel C, D).

Higher values of PI, RI, AT and GS are associated with severe
carotid artery disease. Higher values of PI, RI and AT, in
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Table I. Vascular and haemodynamic data of the overall study population and of the population divided into quintiles based on

Gensini Score (GS).

Overall study

population GSI(=9) GSII(9-17) GSUI(17-0) GSIV (30-44) GSV (>44)
Variables (n=130) (n=26) (n=27) (n=25) (n=26) (n=26) P-value
Gensini Score 23 (10-38) 6 (3-7) 11 (10-12)> 22 (19-26)° 35 (31-38)° 53 (46-60)°  <0.001
CAD®, n (%) 74 (57) 0(0) 311 19 (76)° 26 (100)° 26 (100)°  <0.001
LVEF, % 52+11 53+13 53+8 55+8 5111 50+12 0.709
PI 1.48+0.31 1.32+0.26 1.52+0.35° 1.57+£0.25° 1.46+0.36 1.51£027*  0.041
RI 0.74+0.06 0.71£0.06  0.75+0.06 0.75+0.05 0.73+0.06 0.75+0.07 0.090
AT (ms) 117+48 122+48 123445 107+46 118+63 115+38 0.843
PI1=1.20,n (%) 110 (85) 16 (62) 23 (85) 24 (96)* 22 (85) 25 (96)* 0.033
RI1=0.70,n (%) 97 (75) 11 (42) 24 (89)* 22 (88)* 19 (73)Ns 22 (85) 0.024
AT =100 ms, n (%) 80 (62) 18 (69) 17 (63) 14 (56) 14 (54) 17 (65) 0.894
cIMT, mm 0.87+0.17 0.76+0.13 0.83+0.16 0.92+0.15¢ 0.91+0.18° 0.92+0.18° 0.001
cIMT >0.90 mm, n (%) 49 (38) 2(8) 9 (33)N 14 (56)¢ 12 (46)* 12 (46)* 0.009
Carotid plaques, n (%) 107 (82) 18 (69) 21 (78)™ 18 (72) 24 (92) 26 (100)° 0.007

CAD, coronary artery disease; GS, gensini score; LVEF, left ventricular ejection fraction; PI, renal pulsatility index; RI, renal resistive index;
AT, renal acceleration time; cIMT, carotid intima-media thickness. *coronary artery with stenosis =50%. Dunnett post-hoc test (GS I as control
group): *P<0.05; °P<0.01; °P<0.001. Data are reported as median (interquartile range), mean + standard deviation or number (%).
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Figure 1. (A and B) Carotid intima-media thickness (mean values and standard error) and (C and D) Gensini Score (median and interquartile range) in the
population divided into tertiles of renal pulsatility index, and renal resistance index. "P<0.001 vs. Tertile 1.

addition to an increased GS, were additionally observed in
patients with severe carotid artery disease (AS III) compared

with subjects belonging to AS I and AS II (Fig. 2; Panel A-D;
P<0.001 for PI; RI and GS; P=0.011 for AT).
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Figure 2. (A) Renal pulsatility index, (B) acceleration time, (C) resistance index and (D) Gensini Score in patients without plaques (AS I), carotid stenosis <
25% (AS 1I) and carotid stenosis = 25% (AS III). AS, Atherosclerotic Score. 'P<0.001 vs. Tertile 1; "P<0.05 vs. Tertile 1; “P<0.05 vs. Tertile 2.

Low GS is positively correlated with uric acid and triglyceris,
and negatively correlated with HDL. Table 11 demonstrated the
correlations between GS with other variables in the whole study
population and in the groups, based on severity of coronary
(GS =30 or GS >30) or carotid (subjects without or with carotid
plaques) atherosclerotic disease; uric acid and triglycerides were
positively associated with were correlated with GS in patients
with low GS, and HDL was negatively correlated; however,
these correlations were not observed in patients with high GS.
PI and RI (in addition to AT) did not significantly correlate
with GS in entire population by linear univariate analysis, even
following adjustment for age and LVEF, and no differences were
identified when these associations were alternately evaluated in
patients divided for eGFR (= or <60 ml/min/1.73 m?) or diabetes
(absence or presence). On the contrary, cIMT was significantly
associated with PI (r=0.294; P<0.001), RI (r=0.338; P<0.001)
and GS (r=0.310; P<0.001); however, not with AT.

GS is associated with PI in patients with low coronary
atherosclerotic burden. When the association between GS
and renal haemodynamic indices was tested using different
mathematical models, the best resulting model was the one
between GS and PI, as presented in Fig. 3. Due to the shape of
the curve, this association in the two groups at low (GS <30) or
high (GS >30) coronary atherosclerotic burden was separately
analysed. GS was demonstrated to be statistically associated
with PI (however, not to RI or AT) only in the group with GS
<30 (r=0.226; P=0.047). This association was more significant
in subjects with cIMT <0.90 mm (r=0.249; P=0.025), and it
was additionally maintained in the small subgroup of subjects
with no carotid plaques (r=0.511; P=0.013).

PI does not independently correlate with GS; however, is
associated with GS. From the multivariate analysis, PI (in
addition to RI) did not independently correlate with GS in the
overall study (Table I1T); however, it was independently asso-
ciated with GS when multivariate analyses were performed
alternatively in the group with GS <30 (Table III) or in subjects
with cIMT =<0.90 mm (Table III), even if the standardized
regression coefficients of PI were not particularly high.

Discussion

The primary result of the present study is that the intrarenal
vascular alterations were significantly correlated with
coronary artery disease in patients with low atherosclerotic
burden (GS <30 or cIMT <0.90 mm), whereas, this association
was not identified in those with severe coronary artery disease
(GS >30).

A number of previous studies demonstrated that renal
haemodynamic alterations may represent the local epiphe-
nomena of early damage of the systemic vascular bed in
patients with hypertension; however, renal haemodynamic
impairment was able to promote early atherosclerotic damage
itself, thus, resulting in a self-perpetuating process (9,10). In
356 asymptomatic patients with hypertension, with or without
impairment in renal function, it was previously demonstrated
that RI strongly correlated with subclinical carotid athero-
sclerosis (10), and numerous previous studies demonstrated
that intrarenal vascular alterations were associated with
other early markers of organ damage (including left ventric-
ular mass, aortic pulse wave velocity or microalbuminuria),
in the absence of overt clinical involvement (9,11,12,14).
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Table II. Main correlations in the entire study population, in the groups with GS <30 or GS =30, and in the 2 groups without or

with carotid plaques.

Gensini score (GS)

Overall Subjects without Subjects with
population GS <30 GS >30 carotid plaques carotid plaques
Variables (n=130) (n=78) (n=52) (n=23) (n=107)
Age -0.046 0.017 0.215 0410 -0.189
Height 0.154 0.176 -0.152 0.114 0.187
Weight 0.074 0.032 0.019 0.201 0.187
BMI 0.004 -0.094 0.171 0.235 0.097
Glucose 0.060 -0.175 0.076 0.222 0.227*
Uric acid 0.022 0.276* 0.004 0.403 0.054
Total cholesterol -0.182° -0.207 -0.109 -0.070 -0.161
LDL-c -0.037 -0.075 -0.202 -0.056 0.007
HDL-c -0.37¢ -0.573¢ 0.040 -0.339 -0.330¢
Tryglicerides 0.176 0.356° 0.077 -0.047 0.125
Serum creatinine -0.097 -0.111 0.003 0.248 0.100
eGFR 0.079 0.067 -0.156 -0.130 -0.023
Hemoglobin 0.133 0.236 -0.083 0.102 0.179
Systolic BP 0.043 0.166 -0.059 0.318 -0.130
Diastolic BP 0.182¢ 0.280* -0.062 0.586° 0.079
Mean BP 0.122 0.241* -0.063 0.513¢ -0.026
Pulse Pressure -0.080 0.019 -0.043 -0.147 -0.248°
Heart Rate -0.048 -0.120 0.098 0.254 -0.085
LVEF -0.168 -0.086 0.007 -0.163 -0.106
PI 0.136 0.226* 0.108 0.511° 0.084
RI 0.138 0.201 0.133 0.380 0.053
AT -0.031 -0.137 0.088 -0.343 -0.090
cIMT 0.310¢ 0.345° -0.097 0.371 0.244*

GS, gensini score; BMI, body mass index; LDL-c, low density lipoprotein cholesterol; HDL-c, high density lipoprotein cholesterol; eGFR,
estimates glomerular filtration rate; BP, blood pressure; LVEF: left ventricular ejection fraction; PI, (renal) pulsatility index; RI, (renal) resistive
index; AT, (renal) acceleration time; cIMT, carotid intima-media thickness.*P<0.05; "P<0.01; “P<0.001.
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Figure 3. Relationship between Gensini Score and renal pulsatility index (PI)
by cubic mathematical model in the overall study population.

Furthermore, renal haemodynamic alterations may reflect
systemic vascular damage (38,39), even regardless of
hypertension (40), and they may occur at a very early stage
in the temporal evolution of atherosclerotic damage. In this
regard, Florczak et al (41) observed an independent associa-
tion between RI and cIMT in healthy subjects, and a limited
value of RI in differentiating patients with uncomplicated
hypertension from healthy controls. In the present study, PI
and RI correlated with cIMT in the overall study population
(in agreement with existing literature); however, this asso-
ciation was not observed in the subgroup of subjects with
carotid plaques determining stenosis =25%. Similarly, in the
present study, a significant association between PI (or RI) and
GS was only identified in the group of patients with lower
coronary atherosclerotic burden (and with an earlier vascular
damage), and this may additionally explain why the indepen-
dent association between PI and GS is weak in subjects with
early vascular damage, as demonstrated by not particularly
high values of standardised regression coefficients of PI at
multivariate analyses.
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Table III. Independent multivariate correlates of Gensini Score (log-transformed) in the overall study population (A), in the
group of patients with GS <30(B) and in subjects with cIMT <0.90 mm (C).*

A, Model (R?=0.245)

Regression coefficients

Not standardised Standardised
Outcome variable: Gensini score B SE ) P-value
Clinic systolic BP 0.005 0.002 0.251 0.002
Gender 0.188 0.066 0.236 0.005
Statins 0.164 0.059 0.224 0.006
B, Model (R*=0.454)

Regression coefficients

Not standardised Standardised
Outcome variable: Gensini score B SE § P-value
HDL-c -0.009 0.002 -0.425 <0.001
Statins 0.182 0.054 0.321 0.001
Smoke -0.222 0.072 -0.304 0.003
Serum glucose -0.002 0.001 -0.273 0.007
PI 0.206 0.090 0.222 0.025
C, Model (R*=0.205)

Regression coefficients

Not standardised Standardised
Outcome variable: Gensini score B SE § P-value
Sex 0.207 0.083 0.258 0.014
PI 0.274 0.124 0.226 0.030
Statins 0.173 0.081 0.225 0.035

*Variables included into multivariate regression models were described in the statistical section. BP, Blood pressure; HDL-c, High density
lipoprotein cholesterol; PI, pulsatility index; RI, resistive index; BMI, Body Mass Index; cIMT, carotid Intima-Media Thickness; eGFR,

estimated Glomerular Filtration Rate.

In this regard, it is of interest that the enrolled subjects
were referred for elective coronary angiography, and thus
they represent patients with overt vascular disease and
with high or very high cardiovascular risk. Consequently,
a number of factors may have been implicated in the patho-
genesis of coronary artery plaques. The present results
suggested that the renal and coronary haemodynamic
impairment proceeds in parallel in the early steps of athero-
sclerotic process, whereas, other factors have a pivotal role
in more advanced coronary artery disease. Alternatively,
the greatest variations of the intrarenal haemodynamic
indices, even within the normal ranges, may occur prior to
the development of a significant atherosclerotic coronary

burden and may represent an early step of cardiorenal
syndrome type 4, and chronic abnormalities in renal func-
tion may lead to cardiac disease (42). In support of this
hypothesis, a PI =1.20 (or a RI =0.70) was already present
in 61.5% (or 42.3%) of the subjects belonging to the first
quintile of GS (GS =9), and the majority of the subjects with
GS =30 had renal haemodynamic indices above the normal
values (PI: 80.8%; RI: 73.1%). Furthermore, patients with
GS <30 had a large percentage of carotid plaques (73.1%),
whereas, a low atherosclerotic coronary involvement
(28.2%) was present.

The present study has certain potential limitations. Unlike
carotid ultrasound, GS does not allow identification of early
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coronary alterations, and the smallest coronary damage that
may be detected through GS is a lumen stenosis of 25% (27).
Furthermore, identical structural damage (or identical degrees
of stenosis) may result in different scores when located in
different areas of the coronary district (27) and this may distort
the results and partly explain the lack of correlation between
intrarenal haemodynamics and coronary atherosclerosis
burden in patients with high GS. However, when the population
was divided into groups only based on the number of coronary
arteries involved, regardless of the degree and location of the
stenosis, results were confirmed. The cross-sectional design
of the present study does not allow complete clarification of
the association between the intrarenal vascular alterations
and coronary atherosclerotic damage. Therefore, an ongoing
longitudinal study is required to address this issue. Finally,
renal angiography was not performed in the patients because
it was considered unethical to perform a procedure with an
increased risk for acute kidney injury in a population with a
low prevalence of renal artery stenosis (43). Consequently,
renal artery stenosis was excluded in the patients enrolled
in the present study with a non-invasive Doppler ultrasound
examination (24).

In conclusion, renal vascular alterations were associated
with coronary atherosclerotic burden in patients with hyper-
tension with mild coronary disease.
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