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ABSTRACT

Background: The most frequent cause of renal ar-
tery stenosis (RAS) in adults is atherosclerosis. Renal
function loss and elevated blood pressure (hyperten-
sion) are potential causes of renal artery stenosis (RAS)
development. Due to poor systemic blood flow to the
kidneys, renal artery stenosis (RAS) may also be linked
to low blood pressure. Additionally, the kidneys secrete
hormones that control blood pressure. Renal artery ste-
nosis (RAS) carries a substantial mortality risk in peo-
ple with Coronary artery disease (CAD) and is linked to
early cardiovascular (CV) events.

Objective: To find the Doppler association of renal
artery stenosis with coronary artery disease in hyper-
tensive versus normotensive patients.

Material and Methods: This was a case control

-

study, conducted at Radiology/Cardiology depart-
ments of Mardan Medical Complex (MMC), Mardan
for duration of 9 months. Normotensive patients and
hypertensive patients both with Coronary artery dis-
ease (CAD) were included in this study. All patients
with known kidney disease were excluded from the
study.

Results: A total 90 patients were included in study
with equal distribution in both groups (hypertensive
N=45, normotensive N=45). The patients included in
normotensive group had mean age of 46.1+15.8 while
hypertensive patients group had mean age of 45.04+9.7.

Conclusion: The study concluded that progression
of Renal Artery Stenosis (RAS) had a strong association
with development of Coronary artery disease (CAD).
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Introduction

Progressive occlusion of the renal artery due to renal
artery stenosis (RAS) is a factor contributing to hyper-
tension and ischemic nephropathy that can potential-
ly be rectified.! Patients having renal artery stenosis
(RAS) equal to or exceeding 50% experience notably
higher occurrences of myocardial infarction or necessi-
tate cardiac revascularization compared to individuals
without RAS.? Significantly, the presence of significant
renal artery stenosis (RAS) worsens the progression of
coronary artery disease (CAD). Even with coronary re-
vascularization, individuals with CAD and RAS = 50% ex-
hibit notably diminished survival rates.’ Atherosclerotic
renal artery stenosis (RAS) is commonly accepted as a
potentially treatable factor contributing to both arterial
hypertension and renal insufficiency.*” Cardiovascular
disease (CVD) is a prevalent complication of chronic kid-
ney disease (CKD), and it is one of the leading causes of
mortality in this population. Therefore, it is extremely
important for individuals with chronic kidney disease
(CKD) to avoid the advancement of cardiovascular dis-
ease (CVD). Given that both renal artery stenosis (RAS)
and coronary artery disease (CAD) can be brought on by
atherosclerosis, a buildup of plaque inside the arterial
walls, there may be a connection between the two dis-
orders. The coronary and renal arteries, among other
arteries throughout the body, can become narrowed or
blocked because of atherosclerosis.® Age, hypertension,
diabetes, and smoking are some of the risk factors that
are similar between coronary artery disease (CAD) and
renal artery stenosis (RAS). Renal artery stenosis (RAS)
may be more likely to develop in patients with coronary
artery disease (CAD), and vice versa. The same under-
lying mechanism of atherosclerosis in renal artery ste-
nosis (RAS) patients has been proven in studies to raise
the risk of cardiovascular events, such heart attack and
stroke.’ In various studies; it has been found that ather-
osclerosis accounts for 60-97% of cases of renal artery
stenosis across different regions or populations and be-
tween 10% and 20% of documented cases of end-stage
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renal diseases are associated with a history of renal is-
chemia.!® Doppler ultrasonography’s among hyperten-
sive patients has resulted in an increased detection rate
of renal-artery stenosis."

In our clinical observations, RAS is commonly seen in
CAD. This study will include hypertensive and none hy-
pertensive CAD patients for establishing an association
with RAS. The ultrasonographic, none invasive tech-
nique may be helpful for management of such patients.

Methodology:

It was case control study, conducted at Radiology/
Cardiology departments of Mardan Medical Complex
(MMC), Mardan for duration of 9 months. The sample
size was calculated using a formula for two propor-
tions, taking percentages of renal artery stenosis (RAS)
in hypertensive and normotensive patients of coronary
artery disease (CAD) as 46.2% and 19.5% respectively.?
Hence, at 5% level of significance, and 80% power, the
calculated sample size was 45 in each group (45= Hyper-
tensive, 45 = Normotensive) i.e. 90. Convenient sampling
technique was used to collect the data. Patients of both
genders between age group 20-70 years were included.
Normotensive and hypertensive patients with Coronary
artery disease were included in this study. Patients with
chronic kidney disease, single kidneys, end stage renal
disease and renal transplantation were excluded.

Procedure:

Study was conducted after the approval from Re-
search ethical committee dated 05-01-2023, Ref #: REC-
UOL-336-02-2023, The University of Lahore. Data was
collected according to the data collection sheets. Con-
sent was taken from all the participants. Patients with
CAD reporting to hospital for angiography were evaluat-
ed for RAS by Doppler ultrasonography. Because of the
depth of the arteries, the motion caused by respiration,
and the presence of intra-abdominal gas, RAS scanning
was extremely challenging and demands a high level
of competence. Patients were advised for 12 hours fast
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Table 1:
Characteristics of patients
Age (Mean * S.D)

Systolic blood pressure

Gender
Male

Female

Renal Artery Stenosis
Yes

No

Hypertensive

Normotensive
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Frequencies and Percentages
45.5+13.0
149.2 + 36.0

34 (37.8%)

56 (62.2%)

43 (47.8 %)

47 (52.2 %)
45 (50%)

45 (50%)

Table 2: Comparison between hypertension and renal artery stenosis.

Hypertension Total P-value
Normotensive Hypertensive
Renal Artery Stenosis no 41 6 47
91.1% 13.3% 52.2% 0.000

Yes 4 39 43
8.9% 86.7% 47.8%

Total 45 45 90
100.0% 100.0% 100.0%

Above table 2, underscore a higher prevalence of RAS among hypertensive individuals compared to normotensive

individuals, highlighting a significant correlation between RAS and hypertension.

prior to examination. The procedure was begin with
the patient lying down and the head of the bed was el-
evated by about 30 degrees. A low-frequency scan head
(2.5-5.0 MHz) was used to visualize the abdominal aorta
and renal arteries (RAs). The front abdominal wall and
the flank are the two most typical approaches to scan
the RAs. A distinct method was employed depending on
which part of the renal vasculature was being studied.
The anterior technique was used to examine the major
RAs in the majority of cases. The intrarenal vasculature
and primary RAs was scanned using the flank approach.
Each of these windows has its own set of limitations,

which are determined by the individuals body habit and
a range of other factors e.g., a patients ability to hold
their breath.

Statistical Analysis:

Data was analyzed using SPSS software version 25.
Frequencies and percentages were calculated for qual-
itative data. Mean + S.D was calculated for quantitative
data. Independent sample t-test was applied to check
the association renal artery stenosis with coronary ar-
tery disease in hypertensive and normotensive. P-value
less than 0.05 was considered significant.
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Table 3: Mean comparison between hypertension and Doppler indices.

Hypertension N
Renal artery diameter Normotensive 45
Hypertensive 45
Peak systolic velocity Normotensive 45
(PSV) Hypertensive 45
Aortic systolic velocity Normotensive 45
Hypertensive 45
Renal-aortic ratio (RAR) Normotensive 45
Hypertensive 45
Resistive index (RI) Normotensive 45
Hypertensive 45
Pulsatility index (PI) Normotensive 45

HJR

Mean Std. Devia- Std. Error P-value
tion Mean
7.0176 .20452 .03049 0.000
5.6196 77498 .11553
88.3333 13.89899 2.07194 0.003
128.7778 8.33636 1.24271
3.2353 .79560 .11860 .100
2.1333 .81464 12144
.8533 .20736 .03091 479
3.7444 .19720 .02940
.6200 .11402 .01700 0.003
1.0356 .20131 .03001
1.0320 .19645 .02929 0.002
1.6800 .13203 .01968

Hypertensive 45

e

Renal artery duameter

Hormotarsiv [ —

Hypertension

Figure 1: Renal artery diameter and Hypertension (HTN)

Results:

The hypertensive group has an average age of 45.0 +
9.6 years, while the normotensive group has an average
age of 46.1 £ 15.7 years.

Renal Artery Diameter: Normotensive individuals
had a mean renal artery diameter of 7.0176 mm, while
hypertensive individuals had a smaller mean diameter
of 5.6196 mm, demonstrating a significant difference (p
<.001).

Peak Systolic Velocity (PSV): Hypertensive individ-
uals exhibited higher peak systolic velocities (128.7778
cm/s) compared to normotensive individuals (88.3333

Renal-asrtle ratle (RAR)
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Figure 2: Renal Aortic Ratio (RAR) and Hypertension (HTN)

cm/s) (p = 0.003).

Aortic Systolic Velocity: Normotensive individuals
had a higher mean aortic systolic velocity (3.2353 cm/s)
compared to hypertensive individuals (2.1333 cm/s),
though this difference did not reach statistical signifi-
cance (p = 0.100).

Renal-Aortic Ratio (RAR): The renal-aortic ratio
(RAR) did not show a significant difference between hy-
pertensive and normotensive groups (p = 0.479).
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Image 1: Patient was hypertensive, On Doppler presence of severe stenosis in bilateral renal arteries was found. In panel A:
Peak Systolic Velocity (PSV) was 568 cm/s, End Diastolic Velocity (EDV): 223 cm/s, Mean Doppler Velocity (MDV): 201 cm/s
and Resistive Index (RI): 0.61. Waveform: Shows the Doppler spectrum with the corresponding flow velocities over time. In
panel B: PSV: 568 cm/s, EDV: 158 cm/s, MDV: 185 cm/s and RI: 0.67. In panel C: PSV: 106 cm/s, EDV: -51.3 cm/s (indicative of
reverse flow in diastole) and RI: 0.52. Waveform: The Doppler spectrum shows bidirectional flow, with negative values indi-
cating flow reversal. Panel D: PSV: 129 cm/s, EDV: -62.1 cm/s (indicative of reverse flow in diastole), RI: 0.52. Waveform: The
Doppler spectrum again shows bidirectional flow, with negative values during diastole.

Resistive Index (RI) and Pulsatility Index (PI): Both
the resistive index and pulsatility index were signifi-
cantly higher in hypertensive individuals compared to
normotensive individuals (RI: p = 0.003, PI: p = 0.002).
(Table 3)

In (Figure 1), the finding of this plot is that there is a
significant difference in the renal artery diameter be-
tween the two groups. The hypertensive group has a
higher median renal artery diameter than the normo-
tensive group, which means that their renal arteries are
more dilated on average. The hypertensive group also

20

has a larger range of renal artery diameters than the
normotensive group, which means that their renal ar-
teries vary more in size. This could indicate that hyper-
tension affects the elasticity and structure of the renal
arteries.

In (Figure 2), the box plot that compares the renal
aortic ratio (RAR) of people with normal and high blood
pressure. It shows that people with high blood pressure
have a higher median and a wider range of RAR than
people with normal blood pressure. RAR is a measure of
the relative size of the renal artery compared to the aor-
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Image 2: Patient has a history of hypertension and coronary artery disease. LAD Mid Stenosis Indicates stenosis in the mid

portion of the Left Anterior Descending artery. LAD Proximal Stenosis: Indicates stenosis in the proximal portion of the Left

Anterior Descending artery. Diagonal Branch: The diagonal branch of the LAD, which may also show areas of concern. The

color Doppler highlights turbulent flow in these regions, indicating significant stenosis.

ta, the main artery of the body. A higher RAR means that
the renal artery is larger or more dilated than the aorta.
This could indicate that high blood pressure affects the
blood flow and structure of the renal artery.

Discussion:

The most frequent secondary cause of hypertension
is renal artery stenosis, which is mostly brought on by
atherosclerosis. An ultrasonography diagnostic is pref-
erable in individuals who are suspected. Renal artery
stenosis (RAS) that was accidentally discovered and
is asymptomatic does not need revascularization. Re-
nal artery stenting is the recommended treatment for
symptomatic individuals who need revascularization. A
multidisciplinary team is ideal for selecting suitable pa-
tients for revascularization, which necessitates careful
examination of lesion severity. All patients with ather-
osclerotic renal artery stenosis (RAS) should get med-

ical therapy based on recommended guidelines, which
includes managing diabetes, hypertension, and taking
statins and other antiplatelet medications while also
quitting smoking and promoting physical exercise.”?
The pathophysiology of renal artery stenosis (RAS) has
an impact on the clinical effects of Renal artery steno-
sis (RAS), which are mostly connected to hypertension
(HTN) and renal hypo perfusion.'® The demographic dis-
tribution, age, gender and life style are main contribu-
tory factors for development of coronary artery disease
(CAD) which can be early diagnosed by evaluating Re-
nal artery stenosis (RAS) particularly when associated
with hypertension. In this study the higher prevalence
of these associated diseases was recorded in 31-50 year
of age groups. CDC has reported risk range even from
20 years. However, other studies support our findings
where they also suggested high risk in these ages. Stud-
ies also reported that females are at more risk of devel-
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oping coronary artery disease (CAD) and hypertension.
Our results also showed same trend but no significant
difference was found between groups. In KPK May fac-
tors contributes to high prevalence of heart disease in
females. The major factors included late diagnosis, sub-
optimal treatment, delayed hospitalization, multiple
pregnancies and underlying comorbidities (hyperten-
sion, diabetes, obesity). Life modification, awareness
and early diagnosis may reduce the disease burden in
females.'*'> Demographic distribution of Khyber Pakh-
toon Khawa (KPK) has same origin therefore it may have
minimal effect on disease outcomes but high prevalence
from Peshawar district may be due to easy accessibility
of the patients to HMC, Peshawar.

Investigating the physiological response to RAS and
the impacts of stenosis geometry, measuring the effec-
tiveness of arterial pressure control mechanisms in re-
lation to stenosis severity, predicting future renal ar-
tery stenosis (RAS) situations and its association with
coronary artery disease (CAD) were the objectives of
the current study. Other geometric metrics exhibited
minimal influence on hemodynamics, with stenosis %
and artery diameter being the primary factors.!'* SBP
is easy marker for diagnosing the hypertension and
associated changes due to arterial stenosis. Although
some other clinical trial established no significant as-
sociation between RAS and hypertension but our re-
sults established.”” Although studies favored our result
by associating renal hypertension (RHTN) with multi
organ failure and high risk of cardiovascular diseas-
es.'71® Renal artery diameter (RAD) is also a parameter
and has investigated by several methods like angiogra-
phy and Doppler ultrasound (DUS). The results of the
current investigation showed that the left and right
RAs differed significantly in length and diameter. The
breadth of the right RA was found to be substantially
less than the left. These results agree to studies CT-
based studies on length and involvement of specific
renal artery. They also associated age an aggravating
factor for causing the disease.' renal aortic ratio (RAR)
is another parameter for diagnosing the RAS. It is the
ration of renal and aortic blood flow resistance and
may cause ischemia. Stenosis is an syndromes’ event
and may involve many arteries of the heart, brain, pe-
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ripheral and etc. therefore the ratio between renal and
major artery (aorta) gives and overall pattern of blood
flow. The aorta and its branches are frequently in-
volved in stenosis, which leads to various vascular ste-
nosis, the most prevalent of which is type V, followed
by type 1. This causes aortic stenosis to occur more
frequently than atherosclerosis, and suprarenal aortic
stenosis can affect ultrasonic hemodynamic measures
including RPSV, IPSV, RI, and AT, among others. Sec-
ond, because of the possibility of redistribution of sys-
temic blood flow brought on by the stenosis of several
branches, such as the brachiocephalic trunk, the renal
artery’s blood perfusion state may differ from that of
patients with non-renal artery stenosis. Thirdly, as
was already indicated, renal artery stenosis (RAS) pa-
tients’ renal artery stenosis is often segmental and cir-
cumferential, as opposed to the localized and eccentric
stenosis brought on by atherosclerotic plaque. There
may be differences between the hemodynamic state
and ultrasonic parameters of stenosis and atheroscle-
rosis. However, the renal artery stenosis (RAS) ultra-
sound diagnostic criteria developed in earlier research
are mostly based on patient data with atherosclerotic
renal artery stenosis (RAS), the majority of whom are
older and have various disease features. Therefore, it
is important to perform independent study on the ul-
trasound diagnostic markers of renal artery stenosis
in renal artery stenosis (RAS) hypertensive patients as
the prior ultrasound diagnostic criteria may not be rel-
evant to stenosis-involving renal arteries.'>?

Color duplex is none invasive methods for diagnosing
the blood flow velocity, blood flow pattern, resistance,
pulsatility index and pulsus parvus et tardus which
were also key patterns of renal artery stenosis (RAS) in
coronary artery disease (CAD) patients in our findings
and are consistent with observations made by several
other studies.

Conclusion: Therefore, it is concluded that all above
parameters are good markers for diagnosing the renal
artery stenosis (RAS) in coronary artery disease (CAD
patients. Resistive indexed, renal aortic ratio (RAR) ra-
tio, renal artery diameter (RAD), blood flow patterns
could be the replacement of invasive techniques like
angiography etc. R
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