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Abstract

BACKGROUND: Hypertension is a major contributor to the development of chronic kidney disease (CKD). Data
in Indonesia, hypertension is still the most comorbid disease in CKD patients on dialysis (51%). Hypertension
in CKD on dialysis patients is common and often uncontrolled. Renovascular hypertension is the most common
cause of secondary hypertension. Diagnosis and treatment of RAS is very important, because it can accelerate the
achievement of blood pressure targets, reduce the risk and complications due to hypertension.

CASE REPORT: A 52-year-old woman with CKD has been undergoing hemodialysis for 2 years. Hypertension
that was previously well controlled for 2 years required an increase in antihypertensive therapy from 2 to 4 drugs in
recent months. On physical examination, the blood pressure was 180/90 mmHg, pulse 79 bpm, respiration 20/min,
temperature 36.7°C. Conjunctiva looks anemic, cardiomegaly, lungs within normal limits, no ascites, and edema in the
extremities. On renal artery duplex ultrasound examination, right main renal artery acceleration time 147.65 ms, Peak
Systolic Velocity (PSV) 31.9 cm/s. Rl 0.69 and left main renal artery acceleration time 120.81 ms, PSV 16.9 cm/s, RI
0.61 supports borderline bilateral RAS. The patient underwent percutaneous transluminal renal angioplasty (PTRA).
There was 20-30% left renal artery stenosis (RAS), 80% right RAS. A stent was placed on the right renal artery. The
patient’s condition after PTRA improved, but blood pressure increased at the next follow-up with a mean systolic and
diastolic blood pressure of 170 mmHg and 80 mmHg, respectively. The patient received four antihypertensive therapies.

CONCLUSION: RAS is a disease that consists of a broad spectrum of different entities with different pathophysiologies
that require varied approaches to diagnose and treatment. Current diagnostic tools include MRA, CTA, and renal
artery duplex ultrasonography. Patients with renal parenchymal disease are poorer candidates for revascularization.

Introduction

Chronic kidney disease (CKD) and hypertension
are chronic conditions that are closely related. As either
a cause or a consequence of CKD, hypertension is very
common in patients with CKD. The kidneys are known to
have a fundamental role in the regulation of blood pressure.
Animal studies have consistently shown that injury to the
kidneys causes hypertension. Human studies have shown
an association between a decrease in the number of
nephrons and a decrease in the glomerular filtration rate
(GFR) with an increased risk of hypertension. Hypertension
is a major contributor to the development of CKD [1].

The prevalence of hypertension in Indonesia
is quite high (34.11%). The National Basic Health
Research (Riskesdas) Report 2018 of Indonesia,
revealed that the prevalence of hypertension by age
group was 45.3% at the age of 45-54 years, 55.2% at
the age of 55-64 years [2]. According to 2018 Indonesian
Renal Registry data, the most cause of patients with
CKD Stage 5 on dialysis is hypertension (36%) and
diabetic nephropathy or diabetic kidney disease
(28%) [3]. Estimates of the prevalence, treatment, and
control of hypertension in chronic dialysis patients vary
widely. This variability arises, in large part because

of the differences in the definitions used to diagnose
hypertension and the methods of measuring blood
pressure in the various studies [4]. It was reported
that in Indonesia, hypertension is the most comorbid
disease in CKD patients on dialysis (51%) [3].

Hypertension in CKD on dialysis patients is
common and often uncontrolled. Additional tests are
needed to determine other causes of hypertension if
secondary hypertension is suspected. The priority of
examination should be directed to the suspected cause,
based on signs or symptoms [5].

Renovascular hypertensionis the most common
cause of secondary hypertension and the prototype of
angiotensin-dependent hypertension, and caused by
renal artery occlusion. Occlusion can be caused by
stenosis. Renal artery stenosis (RAS) is a substantial
clinical problem, especially in resource-limited countries.
In general, RAS is categorized into atherosclerotic RAS
(ARAS) (90%) and non-ARAS (10%) [6].

Diagnosis and treatment of RAS is very
important. It can accelerate the achievement of blood
pressure targets, reduce the risk and complications
due to hypertension, and in some cases, secondary
hypertension can be cured. The history of the
treatment of renovascular hypertension also varies,
starting in the 1960s when the first surgery for
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revascularization was performed. The most widely
performed treatment is percutaneous transluminal
renal angioplasty (PTRA).

Case Report

A 52-year-old woman with CKD has been
undergoing hemodialysis for 2 years. The etiology
of CKD is diabetes mellitus. She has diabetes in the
past 11 years and hypertension in the past 5 years.
Hypertension that was previously well controlled for
2 years required an increase in antihypertensive therapy
from 2to 4 drugs in recent months. The patient underwent
routine outpatient hemodialysis with left arm AV fistula
access and a Braun Dialog+ B machine. Dialysis
sessions were 5 h twice weekly with polysulfone hollow
fiber dialyzers (B Braun) and using bicarbonate-based
dialysate. The dialysate calcium level is 1.9 mmol/L, the
dialysate magnesium level is 1 mmol/L. The blood flow
rate varies between 200 and 250 mL/min. The dialysate
flow rate was constant 500 mL/min. Dialysis adequacy
was measured by Kt/y, that is, 1.24-1.41. The average
interdialytic weight gain was 2 kg.

The physical examination revealed that patient
was good and composmentis. While, the results of
anthropometric examination were weight of 50 kg, height
of 152 cm, and BMI of 21.64 kg/m’. The blood pressure
was 180/90 mmHg, pulse 79 bpm, respiration 20/min,
and temperature 36.7°C. Conjunctiva looks anemic,
cardiomegaly, lungs within normal limits, no ascites,
and edema in the extremities. The laboratory results
were hemoglobin 9.5 g/dL (13-18 g/dL) and creatinine
6.29 mg/dL (0.7-1.2 mg/dL). On renal artery duplex
ultrasound examination, the acceleration time of the
right main renal artery was 147.65 ms, Peak Systolic
Velocity (PSV) 31.9 cm/s. Rl 0.69 and left main renal
artery acceleration time 120.81 ms, PSV 16.9 cm/s, RI
0.61. Bilateral prolongation of renal artery acceleration
time supports the borderline picture of bilateral RAS.
She has undergone PTRA. There was 20-30% left RAS
and 80% right RAS. A stent was placed on the right renal
artery. The patient’s condition after PTRA improved, but
blood pressure increased at the next follow-up with a
mean systolic and diastolic blood pressure of 170 mmHg
and 80 mmHg, respectively. The patient received four
antihypertensive therapies including calcium channel
blocker, angiotensin Il receptor blocker, and beta-blocker.

Discussion

In general, RAS is divided into two, namely,
ARAS and non-ARAS. Approximately 90% of RAS

is due to atherosclerosis. Atherosclerosis causes
stenosis of the 1/3 proximal of the renal arteries,
including the perirenal aorta and ostium. Non-ARAS
includes fibromuscular dysplasia (FMD), aneurysm,
arteriovenous fistula, vasculitis, neurofibromatosis,
trauma, embolism, radiation therapy, and vascular
dissection. FMD accounts for approximately 10% of all
RAS. Although similar to vasculitis, the exact cause of
FMD remains unknown.

The prevalence of RAS in the general
population is relatively small. Approximately 16% of
patients with hypertension are thought to have elements
of RAS. In the patient population undergoing coronary
arteriography, the prevalence increases significantly to
>20% [6].

ARAS is most common and is especially
seen in older patients in the context of systemic
atherosclerosis. Many of these plaques are extensions
of the aortic plaques into the renal arteries. Therefore,
the location of atherosclerotic disease is usually close
to the origin of the arteries, although it can be observed
anywhere in the renal vessels. Atherosclerosis can
affect one or both of the renal arteries. Patients often
have other associated risk factors such as diabetes,
hypertension, smoking history, peripheral vascular
disease, and coronary artery disease (CAD) [7].

The prevalence of RAS is increased in elderly
patients, especially in patients with additional comorbid
conditions such as diabetes, aortoiliac occlusive
disease, CAD, or hypertension.

ARAS of a certain degree is found in 12—-45%
of cases in patients with peripheral vascular disease
undergoing vascular examination and in 14-40% of
cases in patients undergoing coronary angiography [7].

FMD is a heterogeneous group of non-
atherosclerotic and non-inflammatory diseases that
affect the intima or fibrous lining of blood vessel walls.
Commonly FMD affects the renal and cerebral arteries
(65-70%) but can affect other sites as well. This can
result in arterial stenosis, aneurysm formation with
dissection, and/or occlusion of a medium-sized artery.
There are two subtypes: Multifocal FMD is the more
common form and focal FMD presents as circumferential
or tubular stenosis. FMD lesions are usually located far
from the origin of the renal artery, often in the center of
the vessel or at the first branch of the artery. It occurs
mostly in women and is most often diagnosed in middle
age [7].

Theoretically, RAS contributes to renovascular
hypertension and nephropathy by virtue of its effect on
the renin-angiotensin-aldosterone system (RAAS). The
RAAS functions to maintain vascular tone, water/salt
balance, and heart function through interactions with
the sympathetic nervous system and several hormones.
It is triggered by hypotension, decreased intravascular
volume, hyponatremia, hypokalemia and changes in
intravascular volume via Na+-K2+-Cl-co-transporters
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at the macula densa in the kidney. After the RAAS is
activated, the juxtaglomerular apparatus in the kidney
releases renin, which cleaves angiotensinogen to
angiotensin |. Angiotensin | is then further cleaved by
angiotensin-converting enzyme (ACE) to angiotensin
II, which binds to AT1 receptors in the kidney causing
efferent arteriolar vasoconstriction, aldosterone
stimulation, and increased sodium reabsorption [8].

In RAS, there is decreased perfusion pressure
to the kidneys due to RAS, leading to activation of
the RAAS. RAAS activation aims to increase renal
perfusion by increasing systemic blood pressure.
In RAS, vasoconstriction in the efferent glomerular
arterioles maintains glomerular filtration in the short
term and prevents hypotension and relative hypoxia.
While the RAAS provides short-term protection in
RAS, in the long term, it causes ischemic nephropathy
in the affected kidney, hypertensive nephrosclerosis
in the unaffected kidney, and tubular-interstitial
glomerulosclerosis and fibrosis in both kidneys.
Glomerulosclerosis and tubular interstitial fibrosis are
thought to be caused by elevated levels of angiotensin
Il, which is associated with inflammatory cytokines
leading to increased activation of inflammatory and
profibrogenic pathways [9].

Additional processes associated with RAS
include endothelial dysfunction leading to impaired
vascular relaxation, leading to tubular-interstitial
fibrosis [10], [11], and increased sympathetic adrenergic
activity leading to microvascular damage [10], [11].

Clinical manifestation

At age <30 years, the most likely cause
of renovascular hypertension is FMD while at age
>55 years is ARAS [12]. On laboratory examination,
there may be hypokalemia and systolic or diastolic
abdominal bruits on physical examination [13].

The most common acute cardiovascular
manifestation of renovascular hypertension is flash
pulmonary edema, not because of coronary artery
or heart valve disease [14]. Other cardiovascular
manifestations include hypertension associated
acute coronary syndrome, aortic dissection, transient
cerebral ischemia, stroke, intracranial hemorrhage,
encephalopathy, and papilledema [12].

Renal manifestations associated with RAS
include the development of acute renal failure as
indicated by anincrease in serum creatinine after starting
ACE inhibitor or angiotensin Il receptor blocker therapy.
Acute renal failure often occurs within 10-14 days of
starting treatment, but can occur at any time. This finding
is considered a classic finding associated with bilateral
RAS, but is not sensitive or specific as an indicator of
RAS. Other renal manifestations associated with RAS
are unexplained chronic renal failure, asymmetric kidney
size, and renal atrophy. About 5-15% of patients who

require dialysis annually due to ischemic nephropathy
are associated with RAS [15].

Screening/diagnosis

RAS is often diagnosed incidentally during
the evaluation of other arterial diseases, requiring high
clinical suspicion to evaluate it. In CKD patients with
hypertension, further evaluation is recommended if the
onset of the increase in blood pressure occurs before
puberty (and precedes the development of CKD),
severe or malignant hypertension disproportionate to
the degree of CKD and sudden worsening of blood
pressure in hypertensive patients who previously
had well-controlled hypertension, or the presence
of resistant hypertension [5]. Asymmetric kidney
size with a difference of >1.5 cm, an estimated GFR
(eGFR) that worsens with ACE inhibitor or angiotensin
receptor blockade, the presence of abdominal bruits,
or flash pulmonary edema may suggest renovascular
hypertension.

The diagnosis of RAS can be made with non-
invasive tests including: Captopril-stimulated nuclear
renal flow, renal artery duplex ultrasonography, magnetic
resonance angiography (MRA), and computerized
tomography angiography (CTA) [13]. Each test is an
effective diagnostic tool with its own advantages and
disadvantages.

Captopril-stimulated nuclear renal flow is used
to diagnose unilateral RAS in persons with normal
renal function and is considered an effective diagnostic
tool. The sensitivity and specificity were 61% and 86%,
respectively [13]. However, in people with bilateral RAS
or abnormal kidney function, the accuracy of the test
is reduced [13]. Due to its limitations, this test is less
preferred as a diagnostic screening tool.

Renal artery duplex ultrasound is considered
an effective screening tool and has been validated by
many studies. It has a sensitivity between 84-98%, with
a specificity between 97-99% [16], [17]. The diagnosis
of RAS is established by measuring the ratio of the PSV
in the renal artery compared to the aorta [13]. PSV in
the main renal artery is the best parameter to detect
significant stenosis. The cutoff PSV value of 180-
200 cm/s can detect a reduction in renal artery diameter
of 60%. Limitations of ultrasound include body habitus,
the pattern of overlying bowel gas that can obscure
vision, and the dependence on the role of a sonographer
with experience [13]. Renal resistive index (RI) is used
in conjunction with renal duplex ultrasonography to
evaluate nephropathy. The renal Rl is a measurement
of the resistance to arterial flow within the renal vessels
and is calculated from the arterial Doppler waveform.
Renal Rl >0.8 is considered significant for advanced
renal parenchymal disease [18].

Computerized  tomography  angiography
provides higher spatial resolution and is more cost
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effective than MRA, but should be used with caution
in patients with impaired renal function due to the
use of nephrotoxic iodine contrast. The sensitivity
and specificity of MRA were 62% and 84%, while the
sensitivity and specificity of CTA were 64% and 94%,
respectively [19]. Advances in CTA and MRA increased
the sensitivity and specificity of CTA to 98% and 94%
and the sensitivity and specificity of MRA to 100% and
96%, respectively [20], [21]. The limitations of MRA
are its high cost and 10% of people cannot undergo
MRA because of body habitus, metal implants, or
claustrophobia. In addition, MRA cannot be used to
evaluate the patency of an endoluminal metal stent or
the degree of restenosis.

Invasive angiography is the gold standard
for the diagnosis of RAS and can be performed by
nonselective abdominal aortogram or by selective
renal angiography. Reduction of renal artery diameter
>50-70% leads to reduced blood flow. Unfortunately,
reduction in anatomic diameter cannot be used
to differentiate which patients would benefit from
revascularization [10], [22]. Therefore, the fractional
flow reserve (FFR) was measured, which is the ratio
of the maximum flow through the lesion compared
to the maximum flow without the lesion. To calculate
FFR on RAS, the ratio of renal arterial pressure to
post-vasodilator aortic pressure was used [21]. FFR
<0.80 can predict a good blood pressure response to
revascularization [12].

Treatment

Treatment of RAS depends on the type and
clinical manifestations. The intervention goals of
RAS are to normalize blood pressure, maintain renal
function, reduce cardiovascular events, and slow the
progression of CKD to kidney transplantation/dialysis.
Initial management of RAS is medical/conservative
management. Medical therapy is the main pillar of RAS
treatment. Its main goals are optimizing glycemic control,
lowering blood pressure, lowering cholesterol levels,
and modification of risk factors. The recommended
antihypertensive drugs for the treatment of RAS are
ACE inhibitors, angiotensin receptor blockers, calcium
channel blockers, and beta-blockers. ACE inhibitors
and angiotensin receptor blockers have been shown to
be 86-92% effective [12].

Indications for conservative therapy: Patients
with resistance index values >80, pulse pressure
>100, and advanced nephropathy (protein excretion
more than 1 g/day, creatinine clearance <40 mi/min,
hyperuricemia, pulse pressure >70 mmHg, and no
decrease in blood pressure at night) [8] and patients
with diameter stenosis <70% [23]. Patients with
severely reduced renal function who are unlikely to
benefit from PTRA include those with CKD Stage 5 and
a pole-to-pole kidney size <7.0 cm or those receiving
hemodialysis therapy for 23 months [23].

Interventional therapy is indicated when
conservative management fails to control blood
pressure, recurrent pulmonary edema occurs, or
worsening/chronic azotemia with evidence of significant
RAS. In these circumstances, revascularization is
considered a treatment option [8]. According to the
underlying pathophysiology, it is suspected that
revascularization will improve or cure renovascular
hypertension and nephropathy, but human studies
have not consistently demonstrated these results. The
reasons underlying this phenomenon are complex.
There are three randomized studies comparing medical
therapy with angioplasty with stent placement in
patients with ARAS, namely, the Stent Placement in
Patients with ARAS and Impaired Renal Function study,
Angioplasty and Stenting for Renal Artery Lesions, and
Cardiovascular Outcomes with Renal Atherosclerotic
Lesions. The results of these studies did not show any
difference in mortality, cardiovascular events, or CKD
progression [5].

These three studies were criticized for not
including a sufficient number of high-risk patients.
Whereas most patients notonly have adiagnosis of RAS,
but also have hypertension and chronic kidney disease.
This group of patients is not expected to demonstrate any
clinical or measurable benefit from revascularization.
It is not surprising, then, that renal revascularization
does not produce pathological changes in organs
already damaged by chronic hypertension, volume
overload, or eGFR-lowering effects. Thus, it may be
difficult for studies to demonstrate a major benefit for
revascularization, as stents treat only one component
of systemic disease [24].

Many experienced clinicians believe that
opening the renal arteries in some groups of patients
has many advantages over restoring renal blood flow.
To date, however, there has been limited evidence to
support this perspective. This view is supported by
personal clinical experience and retrospective data.
ARAS patients who did not undergo revascularization
had an adjusted mortality hazard ratio of 1.55 and 2.28,
whereas patients who underwent revascularization had
an adjusted mortality ratio of 0.65-0.88 [25].

Several subsets of patients have a clear benefit
from revascularization. Revascularization provides
benefits in patients with true resistant hypertension
based on the results of the ABPM examination (Textor,
2019). Patients who develop acute conditions due to
new or occlusive renal artery lesions have the most
promise for successful revascularization therapy [24].

Patients who are likely to have improved blood
pressure control with revascularization are patients
with sudden onset/progression of hypertension,
resistant hypertension, and flash pulmonary edema.
Several studies have shown a correlation between
the presence of resistant hypertension, sudden onset
of severe hypertension, and flash pulmonary edema,
responding well to revascularization. In addition,
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patients with solitary kidney and RAS or bilateral RAS
with worsening renal function may also be considered
for revascularization [5].

There has been increasing evidence concerning
predictors that may be able to identify RAS patients who
will benefit from PTRA. Before conducting PTRA, it is
necessary to consider several evaluations. Out-of-office
BP measurement using home BP or ambulatory BP
monitoring seems to be crucial. A better BP response
to PTRA can be expected in ARAS patients with true
resistant hypertension [23]. Assessment of renal function
RAS patients showing a rapid renal functional decline
is considered suitable candidates for PTRA treatment.
Some indicators to predict the clinical course after PTRA
are the slope of the reciprocal serum creatinine plot [26],
annual rate of eGFR decline [27], and degree of serum
creatinine elevation 6 months before PTRA [28], [29].
Renal function should be evaluated based on both eGFR
and albuminuria/proteinuria. PTRA has limited benefit
for patients with established long-term loss of eGFR,
and decreased pre-treatment eGFR and/or increased
albuminuria/proteinuria are associated with an increased
risk of worse outcomes after PTRA [30]. ARAS patients
without pre-treatment albuminuria/proteinuria may be
ideal candidates for PTRA treatment [23]. Evaluation
of imaging tests including renal ultrasonography and
renal Rl should be considered before PTRA. Evaluation
of kidney morphology should include kidney size and
anatomical structure. In cases of atrophic kidney size
(<7 cm) [18], thinning of the renal parenchyma [31], or
smaller parenchymal volume to radioisotope-assessed
single-kidney GFR [32], it seems that revascularization
is not giving the expected improvement. High RI
(>0.8) has been suggested to be associated with a
worse renal outcome and with poor BP response to
revascularization [33].

In general, the first-line revascularization
technique in FMD-related RAS is PTRA without
stenting, and in ARAS, it is PTRA with stenting. In FMD,
revascularization has been shown to be beneficial in
reducing hypertension. Research shows that 79%
of patients recover or improve hypertension after
revascularization, 65% of patients maintain this benefit
8 years post-revascularization [34].

In ARAS, revascularization has not been
successful in treating renovascular hypertension when
compared to FMD. Recovery with normal blood pressure
and without medication occurs in <10% of patients with
ARAS [35] and complete recovery is unlikely. Balloon
angioplasty/stenting reduces systolic and diastolic blood
pressure when compared with medical therapy alone
[36] and decreases the amount of antihypertensive
required to control blood pressure [37], [38].

Poor treatmentresponse after revascularization
may result from irreversible microvascular disease
downstream of the stenotic lesion due to longstanding
hypertension. Glomerulosclerosis and nephrosclerosis
due to hypertension can increase the blood flow

resistance to the affected and unaffected kidneys.
Therefore, increased resistance may serve as a marker
of renal microvascular structural changes.

Safian and Textor [12] have proposed
the following modifications: Patients with no renal
parenchymal disease and no hemodynamically
significant RAS (renal ischemia) should be medically
managed, patients with no renal parenchymal
disease but renal ischemia should be considered for
revascularization, and patients with renal parenchymal
disease are poorer candidates for revascularization
and run the risk of having worsening renal function.

Clinicians should recognize that restoration of
renal blood flow is effective and important for certain
RAS patients. The decision to manage an RAS patient
should be highly individualized. However, patient
selection is sometimes challenging, due to limited
data on the specific phenotypes of patients who
would benefit from the procedure [27], [39]. In certain
cases, the decision on which therapeutic strategy to
pursue remains difficult, but clinicians must evaluate
patients carefully individually, to determine whether
only optimize medical therapy alone or add PTRA. It is
worth considering ARAS as an aspect of atherosclerotic
disease, which develops over a longer period of time,
and individuals with other comorbidities develop further
manifestations of high-grade stenosis and high-risk
features.

Conclusion

RAS is a disease that consists of a
broad spectrum of different entities with different
pathophysiology that requires varied approaches to
diagnose and treat. Current diagnostic tools include
MRA, CTA, and renal artery duplex ultrasonography.
Patients with renal parenchymal disease are poorer
candidates for revascularization. The decision to
manage an RAS patient should be highly individualized.
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