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Abstract

Renovascular hypertension (RVHT) is most commonly caused by 
renal artery stenosis (RAS) secondary to arteriosclerosis. Other caus-
es of RVHT include fibromuscular dysplasia (FMD) and other rare 
causes, such as Takayasu arteritis (TA). A male patient in his early 
20s presented with hypertension. Laboratory findings were positive 
for hypokalemia as well as elevations in plasma renin activity and 
aldosterone concentration. Plain computed tomography revealed at-
rophy of the right kidney, and magnetic resonance angiography re-
vealed right RAS. A diagnosis of RVHT was suspected, and he was 
admitted to the cardiovascular ward. After percutaneous transluminal 
renal angioplasty (PTRA) to treat the right RAS, a typical course was 
observed with decreased blood pressure, normalizing hypokalemia, 
and decreased plasma renin activity and aldosterone concentration 
(which previously were extremely elevated). As angiography showed 
no remarkable arteriosclerosis of other vessels and given the patient’s 
young age, FMD was suspected as the underlying cause of RVHT. 
However, the angiographic findings of RAS in the proximal renal ar-
tery and the lack of “string-of-beads” appearance were atypical for 
FMD. The patient had chronic inflammation, and further investiga-
tion revealed severe stenosis of the right carotid artery. The high C-

reactive protein value and the thickened aortic wall in the computed 
tomography were the suggestive signs for TA. The patient was di-
agnosed with TA and started on steroid therapy. Although moderate 
stenosis remained after revascularization of the renal artery in this pa-
tient, hypertension improved markedly, demonstrating the effective-
ness of PTRA. Given the diagnosis of TA as the underlying disease, 
the likelihood of recurrent RVHT due to restenosis of the renal artery 
remains high, and strict follow-up is thus required.
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Introduction

Among patients with hypertension, the prevalence of reno-
vascular hypertension (RVHT) caused by renal artery stenosis 
(RAS) [1, 2] is approximately 1% and has been reported to 
be as high as 10-40% among those with malignant or accel-
erated hypertension [3]. Patients with RVHT associated with 
atherosclerosis have a high mortality rate due to the acceler-
ated development of cardiovascular diseases [4]. RAS reduces 
renal perfusion pressure and stimulates renin production in 
the juxtaglomerular apparatus of the kidney, leading to excess 
formation and release of angiotensin II and aldosterone. An-
giotensin II induces contraction of vascular smooth muscles, 
and aldosterone triggers renal reabsorption of sodium, result-
ing in renin-dependent hypertension. RAS due to arterioscle-
rosis is the primary cause of RVHT, followed by fibromuscular 
dysplasia (FMD) and other rare vascular diseases such as Ta-
kayasu arteritis (TA) [2, 3].

We encountered a case of juvenile RVHT exhibiting a 
typical pathophysiological course before and after undergoing 
percutaneous transluminal renal angioplasty (PTRA), although 
the patient was later diagnosed with TA. In diagnosing juve-
nile RVHT, it is essential to differentiate between FMD and 
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TA, regardless of the rarity of the latter diagnosis. TA is an in-
flammatory disease treated with systemic glucocorticoids and 
immunosuppressive therapy. The course and prognosis of this 
disease are greatly affected if TA is not well controlled.

Case Report

An Asian male (body mass index: 18.4 kg/m2, non-smoker, 
chanced drinker, estimated glomerular filtration rate: 90.7 mL/
min/1.73 m2, caregiver) in his early 20s presented with muscle 
pain in the upper limbs. Physical examination was unremark-
able, and the patient was given symptomatic treatment. Al-
though the presenting symptoms eased, he returned for evalu-
ation 2 weeks later upon noticing visual impairment in his left 
eye. The patient had a blood pressure of 183/122 mm Hg and a 
reduced potassium level of 2.6 mEq/L. He had no risk factors 
and no family history of arteriosclerosis. Fundoscopic exami-
nation revealed macular edema, exudative retinal detachment, 
and papilledema in the left eye. This presentation of juvenile 
hypertension with hypokalemia was indicative of secondary 
hypertension. The patient was thus admitted to the cardiovas-
cular ward.

Laboratory tests revealed elevations in plasma renin ac-
tivity (PRA; 94.6 ng/mL/h) and plasma aldosterone concen-
tration (PAC; 290.6 pg/mL). Plain computed tomography 
(CT) showed no evidence of an adrenal mass but revealed a 
size difference between the right and left kidney, suggesting 
an atrophic change in the right kidney with a compensatory 
swelling of the left kidney (Fig. 1a). Identifying the right renal 
artery on renal artery ultrasound (RA-US) was difficult, and 
the RA-US assessment was limited by a lack of flow veloc-
ity. Non-contrast-enhanced magnetic resonance angiography 
(MRA) revealed poor visualization of the right renal artery 

(Fig. 1b). These findings were suggestive of RAS.
We administered amlodipine (5 mg) and 1 week later per-

formed percutaneous selective renal angiography, suspecting a 
typical RVHT (Fig. 2). Renal angiography confirmed a severe 
RAS, approximately 1.5 cm in length, at the ostium of the right 
renal artery (Fig. 2a). An ad hoc PTRA followed by balloon 
angioplasty was conducted, which improved the stenosis from 
99% to 50% (Fig. 2b). Images obtained from intravascular 
ultrasound (IVUS) showed a circumscribed thickening of the 
arterial wall, with no calcification and unclear structure of the 
three layers of the tunica intima, tunica media, and tunica ad-
ventitia (Fig. 3).

Remarkable improvement in blood pressure occurred after 
PTRA, and systolic blood pressure was controlled at 120 - 130 
mm Hg without the use of antihypertensive agents since the 
day after the procedure (Fig. 4). Hypokalemia normalized in 
3 days. Prior to performing PTRA, the PRA (141.8 ng/mL/h) 
and PAC (353.7 pg/mL) were high. Beginning on the day af-
ter PTRA, both PRA and PAC gradually decreased, reaching 
normal ranges on day 3 post PTRA (7.9 ng/mL/h and 7.3 pg/
mL, respectively). Blood flow in the right renal artery became 
detectable on RA-US, and an assessment of stenosis post 
PTRA revealed a peak systolic velocity (PSV) of 310 cm/s 
and a renal-aortic ratio (RAR) of 2.0. Fundoscopic examina-
tion performed 1 week after PTRA showed no changes in the 
papilledema, but the macular edema in the left eye had disap-
peared and exudative retinal detachment had improved.

We suspected FMD as the underlying cause of RAS, given 
the patient’s age and the prevalence of FMD in this setting. 
However, the angiographic findings revealed stenosis of the 
proximal renal artery and did not exhibit the typical “string-of-
beads” appearance, bringing into question the role of FMD as 
the etiology of RAS. Despite the normalization of blood pres-
sure, the laboratory findings indicated continuing inflamma-
tion (white blood cell count, 10,000 - 14,000/µL; C-reactive 

Figure 1. Preoperative CT and MRA evaluation. (a) Coronal view of abdominal CT. There is a difference in the size of the left and 
right kidney (right, 10.4 × 4.0 cm; left, 11.6 × 5.8 cm). No adrenal mass was observed. (b) Non-contrast-enhanced MRA. Although 
the entrance of the right renal artery is visible, visualization of the right renal artery itself is poor. CT: computed tomography; MRA: 
magnetic resonance angiography.
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protein, 1 - 4 mg/dL; erythrocyte sedimentation rate, 39 - 55 
mm/h); therefore, additional imaging was conducted. Severe 
stenosis of the right common carotid artery (CCA) was ob-
served on both ultrasound (Fig. 5) and MRA (Fig. 6a), with the 
“macaroni sign” noted on the ultrasound.

Contrast-enhanced CT revealed stenosis of the right renal 
artery and CCA (Fig. 6b) and thickening of the aortic wall at 
the abdominal aorta involving the renal artery bifurcation (Fig. 
6c). Vasculitis mimics were ruled out, and the patient was di-
agnosed with active-phase TA.

The patient was given oral aspirin (100 mg) and a 3-day 
pulse injection of methylprednisolone (1 g/day) after PTRA, 
followed by oral prednisolone (50 mg). The steroid was then 
gradually tapered.

Discussion

TA is a chronic inflammatory condition affecting the aorta 
and its major branches. The disease most commonly occurs in 
young women. The pathophysiology of TA involves immune-
mediated processes in all layers of the arterial wall, including 
the tunica intima, tunica media, and tunica adventitia. Infiltra-
tion of inflammatory cells is accompanied by loss of smooth 
muscle cells and destruction of elastic fibers, indicating the 
presence of an inflammatory response, with signs of vascular 
remodeling, including intimal thickening and fibrosis [5]. Vas-

cular remodeling leads to thickening of the vessel walls and, 
eventually, the development of luminal stenosis. The symp-
toms of TA are nonspecific; however, approximately 33-83% 
of patients exhibit hypertension, which is caused by RAS in 
28-75% of cases [6-8]. Takayasu retinopathy occurs in 37% of 
patients and may impair vision [9]. CT angiography is the pre-
ferred imaging modality for identifying sites of stenosis and 
dilatation and assessing the degree of inflammation. The tuni-
ca media and tunica adventitia layers will appear contrast-en-
hanced due to inflammation, whereas the intimal layer, which 
has gel-forming mucin and undergoes swelling, will be poorly 
enhanced [10]. In this patient, contrast-enhanced CT showed a 
double ring-like pattern of thickened aortic wall at the abdomi-
nal aorta and including the renal artery, consistent with TA.

The main strategy in treating TA involves medical therapy 
using immunosuppressants, including glucocorticoids with or 
without disease-modifying antirheumatic drugs. Invasive ther-
apy (endovascular therapy and open surgery) is often chosen in 
cases involving occlusion or severe stenosis. However, current 
guidelines recommend delaying invasive procedures until the 
disease activity is controlled with medical therapy [11, 12]. 
Balloon angioplasty or stent placement is used in patients with 
repeated recurrence of RAS.

This patient was ultimately diagnosed with TA. In juvenile 
RVHT, it is crucial to differentiate between FMD and TA, as 
immunosuppressive therapy is required in TA but unnecessary 
in FMD. The key difference between these two conditions is 

Figure 2. Percutaneous selective renal angiography and PTRA. (a) Percutaneous selective renal angiography before PTRA. 
Renal angiography was performed by approaching the renal artery from the right femoral artery. After performing contrast imag-
ing of the left renal artery using a 6-French Mach 1® RDC1 catheter, severe stenosis at the ostium of the right renal artery was 
confirmed. Subsequently, PTRA was performed at the culprit location, and contrast imaging after insertion of an Aguru® wire 
(0.014 mm/180 cm) revealed a diffuse stenosis approximately 1.5 cm from the renal artery ostium. The lesion was observed us-
ing IVUS (Fig. 3a) before performing balloon angioplasty. After balloon angioplasty using a Sterling® (4.0 × 15 mm) catheter, a 
partial dissection-like lesion was observed while observing the culprit location via IVUS. Afterward, long inflation was performed 
on the entire stenosis using an NSE PTA® (4.0 × 40 mm) catheter. However, dilation to a low pressure of 3 atm was the limit due 
to the sensation of back pain in the patient. (b) Percutaneous selective renal angiography after PTRA. Although the dissection 
remained visible on IVUS (Fig. 3b), the right renal artery improved from 99% stenosis to 50% stenosis. IVUS: intravascular ultra-
sound; PTRA: percutaneous transluminal renal angioplasty.
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the evidence of inflammation in laboratory findings [13, 14]. 
Another significant feature is seen on imaging. Concentric ar-
terial thickening with high attenuation indicates inflammation 
of the artery, a typical manifestation of TA that is seen on CT 
angiography. A “string-of-beads” appearance on CT angiogra-
phy or catheter-based angiography would identify the presence 
of FMD. The location of the RAS is another factor to consider 
in diagnosis. A “string-of-beads” sign is commonly found in 
the middle to distal portion of the renal artery [2, 3]. Assess-
ment with IVUS in catheter-based angiography provides de-
tailed analysis of RAS. Detection of the site of the involved 
layer of the arterial wall reflects the histological type of FMD, 

although the low resolution of IVUS may at times prevent this 
imaging modality from clearly distinguishing the layers. If all 
three layers are affected, a diagnosis of FMD is less likely [15]. 
In this patient, angiography showed stenosis at the proximal 
renal artery and no “string-of-beads” appearance, and IVUS 
revealed a circumscribed thickening of the arterial wall. The 
CT angiography findings also were indicative of a large vessel 
vasculitis rather than FMD.

PTRA is performed for revascularization in RVHT, but 
rates of success differ in cases of TA versus FMD. The suc-
cess rate for PTRA in treating RVHT due to FMD is high, with 
approximately 50-60% of cases being cured of hypertension 

Figure 3. IVUS. (a) IVUS before PTRA. Observation of the lesion using Eagle Eye® IVUS revealed no calcification, and the three-
layered structure of the tunica intima, tunica media, and tunica adventitia was unclear and concentrically thickened. (b) IVUS after 
PTRA. After balloon angioplasty, a flap that appeared to be partially dissected was observed. IVUS: intravascular ultrasound; 
PTRA: percutaneous transluminal renal angioplasty.
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Figure 4. After PTRA was performed, SBP, DBP, PRA, and PAC decreased markedly, and potassium normalized. These 
changes have been maintained since then. DBP: diastolic blood pressure; PAC: plasma aldosterone concentration; PR: pulse 
rate; PRA: plasma renin activity; PTRA: percutaneous transluminal renal angioplasty; RAS: renal artery stenosis; SBP: systolic 
blood pressure.

Figure 5. Right ultrasonography of the CCA. Ultrasonography of the CCA, performed 3 days after PTRA, revealed severe 
stenosis (area method, 97%; NASCET method, 66%; PSV, 310 cm/s) of the right CCA, with presence of the “macaroni sign”. 
(a) Sagittal section (Doppler). (b) Coronal section (Doppler). CCA: common carotid artery; PSV: peak systolic velocity; PTRA: 
percutaneous transluminal renal angioplasty.
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and roughly 5-30% of cases having restenosis requiring a re-
peat procedure [13, 16-18]. Reported data indicate that RVHT 
caused by FMD cannot always be completely resolved, with 
only 6-30% of patients no longer needing antihypertensive 
drugs [13, 17].

The reported treatment outcomes of PTRA in TA are quite 
poor, with a very high rate of restenosis (78%) [19], requiring 
either repeated balloon angioplasty or stent placement. Reste-
nosis is also seen in patients who have undergone stenting as 
a result of progressive intimal thickening due to fibrosis. Al-
though the likelihood of in-stent restenosis is high, additional 
treatment with a drug-eluting balloon may be an effective op-
tion to consider [20].

With the intent of reducing the possibility of restenosis, 
guidelines recommend medical therapy prior to revasculariza-
tion. We conducted PTRA before medical therapy as a means of 
emergency evacuation, as this patient had stenosis of 90% and 
an extremely activated renin-angiotensin-aldosterone system. In 
findings from a study of RA-US, an indicator of significant RAS 
is PSV ≥ 180 cm/s and RAR ≥ 3.5 [21], and emergency evacua-
tion by PTRA should be considered in this setting.

After this patient underwent PTRA, his blood pressure, 
PRA, PAC, and fundoscopic findings normalized. The RA-US 
following PTRA showed a decrease in the RAR, but a high 
PSV persisted, suggesting a possible stenosis remaining at 
the culprit lesion. Given that hypertension and cardiovascular 
complications are determining factors in the prognosis of TA 
[22], this patient’s blood pressure and PRA as well as findings 
on RA-US and fundoscopic examination should be carefully 
monitored for early detection of recurrent RVHT.

Additionally, results of urinary analysis in this patient were 
positive for protein and occult blood before PTRA but negative 
for these findings after PTRA. One week after PTRA, the size 
difference between the kidneys was reduced on CT. Proteinuria 
and hematuria sometimes are positive in RVHT, indicating the 
presence of renal parenchymal disease and glomerulonephri-
tis. Although fundoscopic findings showed mainly hyperten-
sive changes without wreath-like arteriovenous anastomosis, 
a characteristic of late-phase TA [23], continued fundoscopic 
examination to monitor the patient’s progress is necessary.

Conclusion

This patient presented with RVHT caused by TA and underwent 
PTRA due to severe RAS. Although moderate RAS remained 
after PTRA, hypertension improved, demonstrating that PTRA 
is beneficial in this setting. Given that TA is the underlying 
disease in this case, however, the likelihood of restenosis of the 
renal artery is high, and strict follow-up is required.
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