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Abstract
Background: Renovascular hypertension is defined as hypertension caused by renal artery
stenosis. The two main etiologies are atherosclerosis and fibromuscular dysplasia. Fibromuscular
dysplasia in an accessory renal artery as a cause of renovascular hypertension is uncommon.

Case presentation: In this report, we present a relatively uncommon case of renovascular
hypertension in a 35-year-old female with a history of intractable hypertension as a result of
fibromuscular dysplasia involving an accessory renal artery. Selective renal angiography was
performed and revealed a single renal artery on the right and two renal arteries supplying the left
kidney, upper and lower poles. Selective renal angiography showed the typical fibromuscular
dysplasia lesion characterized by its classic "string of beads" appearance, consisting of alternating
areas of narrowing and dilatation, located in the middle portion of the lower left renal artery
(accessory artery) associated with moderate stenosis. Percutaneous balloon dilatation of the
stenotic lesion was successfully performed. Following angioplasty, her blood pressure normalized
over a period of several months using a single antihypertensive medication (rather than 3
medications).

Conclusion: Fibromuscular dysplasia in an accessory renal artery can, even though rarely, be
responsible for renovascular hypertension. Selective renal angiography is the 'gold standard' test
and should be performed when renovascular intervention is contemplated.

Background
Renovascular hypertension (RVH) is defined as hyperten-
sion caused by renal artery stenosis (RAS) and accounts
for less than 5% of all cases of hypertension in the general
population [1]. The two main etiologies of RAS are
atherosclerosis and fibromuscular dysplasia (FMD).
Atherosclerosis accounts for 70–90% of cases of RAS and
usually involves the ostium and proximal portion of the
main renal artery [2]. FMD is a non-atherosclerotic, non-
inflammatory vascular disease, responsible for 10–30% of
cases of RAS [2,3]. FMD may involve any layer of a visceral

artery, and it may be classified as intimal, medial, or
adventitial. The medial form may result in arterial stenosis
causing organ ischemia or infarction. Other rare causes of
RAS are Takayasu's arteritis, radiation-induced arteritis,
spontaneous dissecting aneurysm and Von Reckling-
hausen's disease.

Selective renal angiography (SRA) remains the gold stand-
ard for the diagnosis of renal artery stenosis. However,
noninvasive diagnostic techniques such as Doppler ultra-
sound (DU), MR angiography (MRA) and CT angiogra-
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phy (CTA) have proved to be accurate in assessment of
RAS and provide valuable alternatives to diagnostic angi-
ography [4-6]. In this paper, we present a case of FMD
involving an accessory renal artery causing intractable
hypertension diagnosed by SRA. We also discuss and illus-
trate the angiographic appearance of FMD, essential in
making the correct diagnosis and planning patient treat-
ment.

Case presentation
A 35-year-old female with a history of intractable hyper-
tension (for the duration of a year), probably renovascu-
lar, was referred by her nephrologist to our department for
SRA. She was a smoker. The patient denied any family his-
tory of hypertension. Her physical examination revealed a
blood pressure of 150/100 mmHg (multiple readings
taken from both arms on different occasions were simi-
lar). Her cardiovascular, respiratory, and central nervous
system examinations were unremarkable. No evidence of
retinopathy on fundus examination. There was no carotid,
abdominal or femoral arterial bruits. ECG, chest radio-
graph and transthoracic echocardiography were normal.
Her blood urea nitrogen (BUN) and serum creatine were
within normal limits. The patient received 3 antihyperten-
sive medications including a beta-blocker, diuretic and a
calcium channel blocker. SRA was performed and
revealed a single renal artery on the right and two renal
arteries supplying the left kidney, upper and lower poles
(anatomical variation). SRA showed the typical FMD
lesion which is characterized by its classic "string of
beads" appearance, consisting of alternating areas of nar-
rowing and dilatation, located in the middle portion of
the lower left renal artery (accessory artery) associated
with moderate stenosis (reduction in luminal diameter
greater than 50%) (Figure 1). The upper left renal artery
was preserved. In addition, SRA revealed a small saccular
aneurysm of the distal right renal artery (Figure 1). Percu-
taneous balloon dilatation of the stenotic lesion (middle
portion of the accessory renal artery) was successfully per-
formed (Figure 2). Following angioplasty, her blood pres-
sure normalized over a period of several months using a
single antihypertensive medication (atenolol 50 mg once
daily), rather than 3 medications.

Discussion
FMD is a nonatherosclerotic angiopathy of unknown eti-
ology. Medial FMD represents the most common type and
is characterized by the classic "string of beads" appear-
ance. FMD usually affects females between 15 and 50
years of age, frequently involves the mid or/and distal seg-
ments of the renal artery and is bilateral in 2/3 of the
patients [7]. It is the most common cause of RVH in chil-
dren. Renal artery stenosis secondary to FMD may affect
pregnant women and thus remains an important consid-
eration as a cause of secondary hypertension during preg-

nancy. Thorsteinsdottir et al. [8] have reported on a series
of patients with poor pregnancy outcomes due to severe
preeclampsia in patients with RAS. They also showed that
some of these women had successful pregnancies after
revascularization.

Selective renal angiography (left lower renal artery) after suc-cessful percutaneous balloon dilatation of the stenotic lesionFigure 2
Selective renal angiography (left lower renal artery) after suc-
cessful percutaneous balloon dilatation of the stenotic lesion.

Renal artery angiography in a 35-year-old woman with unex-plained hypertension showing the typical "string-of-beads" sign (arrows) characteristic for FMD involving the lower left renal artery (accessory artery)Figure 1
Renal artery angiography in a 35-year-old woman with unex-
plained hypertension showing the typical "string-of-beads" 
sign (arrows) characteristic for FMD involving the lower left 
renal artery (accessory artery). The arrowhead indicates a 
small saccular aneurysm at the distal portion of right renal 
artery.
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RVH is the clinical consequence of renin-angiotensin-
aldosterone system activation as a result of renal ischemia.
Unilateral renal ischemia initiates an increased secretion
of renin, which accelerates the conversion of angiotensin
I to angiotensin II and enhances the adrenal release of
aldosterone. The result is profound angiotensin-mediated
vasoconstriction and aldosterone-induced sodium and
water retention, causing RVH. Goldblatt [9] (1934) dem-
onstrated that occlusion of the renal artery causes
ischemia, which then causes an elevation of blood pres-
sure by triggering the release of renin. In the 2-kidney 1-
clip model of Goldblatt, an obstruction is produced in
one renal artery by a mechanical clip while the contralat-
eral kidney is functioning and left unobstructed. The clip
causes renal ischemia and consequently increased renin
secretion from the stenotic kidney. Nephrectomy of
ischemic kidney will cure hypertension. In the setting of a
solitary kidney (1-kidney 1-clip model) and in the 2-kid-
ney 2-clip model (clips obstruct both renal arteries) there
is no functioning contralateral kidney that can excrete the
overload of water and sodium.

In about one-third of the general population there are var-
iations in number, location, and branching patterns of the
renal arteries, with over 30% of subjects having one or
more accessory renal arteries [10]. This is clinically impor-
tant because RAS in an accessory renal artery can, even
though rarely, be responsible for RVH. In our patient,
despite the preserved left upper renal artery supplying the
upper pole of the left kidney, RVH developed. Lesions
occluding more than 50% of the diameter of the artery are
considered significant. Though there are no clear-cut indi-
cations for intervention, the following criteria may be
used as a guide for renal artery revascularization: recent
onset of hypertension in whom the goal is to cure the
hypertension, drug-refractory hypertension (three or
more drugs), intolerance to antihypertensive medications,
progressive renal insufficiency/failure and finally episodes
of flash pulmonary edema. Clinical response in patient
with RVH consists of a decrease in serum creatinine level
of 30 μmol/l or a reduction in the number of medications
required for blood pressure control after renal artery angi-
oplasty or surgery [11]. Following angioplasty, the blood
pressure in our patient returned to normal on a single
antihypertensive medication (rather than 3 medications
before the procedure). Renal artery aneurysm, as reported
in our patient involving the right renal artery, is consid-
ered a complication of FMD and does not represent dis-
tinct histopathological categories. Renal artery dissection
may also complicate FMD.

SRA remains the gold standard for the diagnosis of renal
artery stenosis. However, because of the invasive nature of
this procedure, various non-invasive imaging modalities
have been applied to detect renal artery stenosis including

DU, MRI and CTA. Duplex ultrasonography can provide
images of the renal arteries and asses blood-flow velocity
and pressure waveforms, however there is a 10% to 20%
rate of failure due to the operator's inexperience, the pres-
ence of obesity or bowel gas, respiratory renal move-
ments, and poor patient compliance. In addition,
visualization of a single normal renal artery does not
exclude the possibility of a stenotic accessory renal artery.
At present the most important role of ultrasonography is
its apparent ability to predict functional recovery based on
the measurement of resistive index. Captopril renography
is a non-invasive and safe technique to evaluate renal
blood flow and excretory function providing indirect evi-
dence of the presence of renal artery stenosis and has
proven helpful in screening patients with this condition.
The efficacy of the test is increased when 25–50 mg of cap-
topril is administered one hour prior to the injection of
the radioisotope. However, data concerning the reliability
of this technique are inconsistent and vary among studies.
The sensitivity and specificity of captopril renography
decrease in the presence of azotemia, bilateral disease, or
disease in a solitary functioning kidney [12].

Multidetector CTA is the most widely used scan in the
diagnosis of RAS. It permits rapid volumetric acquisition
with high-contrast enhancement of the vessel lumen. Due
to the high spatial resolution (submillimeter) it provides
excellent visualization of the renal arteries as well as side
branches. The study conducted by Sabharwal et al [13],
reported a 100% diagnostic accuracy of CTA in the detec-
tion of renal FMD (of either main renal or accessory arter-
ies). Similar results have been reported by others [14,15].
Advantages of CTA over CA include non-invasiveness,
time and cost efficiency, low complication rate profile,
demonstration of extraluminal anatomical structures such
as the renal parenchyma and the visualization of not only
the arterial lumen but also the arterial wall. MR angiogra-
phy, in view of the absence of ionizing radiation and the
possibility of using non nephrotoxic contrast medium, is
widely accepted for the detection of RAS. Nonetheless,
this modality has the disadvantage of relatively low spa-
tial resolution to depict segmental stenosis in distal, intra-
renal and accessory renal arteries which are better
evaluated by CTA. Investigators in a Dutch multicenter
trial of this method reported sensitivities and specificities
for the grading of atherosclerotic renal artery stenosis of
less than 80%. Sensitivity decreased from 78% to 22%
when only patients with FMD were included in the study
population [10].

Conclusion
Fibromuscular dysplasia in an accessory renal artery can,
even though infrequently, be responsible for renovascular
hypertension. Selective renal angiography is the 'gold
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standard' test and should be performed when renovascu-
lar intervention is contemplated.

Abbreviations
CTA; computed tomography angiography, FMD; fibro-
muscular dysplasia, MDCT; multidetector computed tom-
ography, RAS; renal artery stenosis, RVH; Renovascular
hypertension.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
All authors have read and approved the final manuscript.

ARZ (Consultant Radiologist): Involved in the conception
of the report, literature review, manuscript preparation,
manuscript editing and manuscript submission.

WV (Consultant Radiologist): Involved in the manuscript
editing and manuscript review.

EB (Consultant Radiologist): Involved in the manuscript
editing and manuscript review.

Acknowledgements
That patient consent was received for this case report to be published.

References
1. Martin LG, Rundback JH, Sacks D, Cardella JF, Rees CR, Matsumoto

AH, Meranze SG, Schwartzberg MS, Silverstein MI, Lewis CA, Society
of Interventional Radiology Standards of Practice Committee.: Qual-
ity improvement guidelines for angiography, angioplasty,
and stent placement in the diagnosis and treatment of renal
artery stenosis in adults.  J Vasc Intervent Radiol 2003, 14:297-310.

2. Safian RD, Textor SC: Renal artery stenosis.  N Engl J Med 2001,
344:431-442.

3. Slovut DP, Olin JW: Fibromuscular dysplasia.  N Engl J Med 2004,
350:1862-1871.

4. Wittenberg G, Kenn W, Tschammler A, Sandstede J, Hahn D: Spiral
CT angiography of renal arteries: comparison with angiogra-
phy.  Eur Radiol 1999, 9:546-551.

5. Volk M, Strotzer M, Lenhart M, Manke C, Nitz WR, Seitz J, Feuerbach
S, Link J: Time resolved contrast enhanced MR angiography of
renal artery stenosis: diagnostic accuracy and interobserver
variability.  Am J Roentgenol 2000, 174(6):1583-1588.

6. Vogl TJ, Abolmaali ND, Diebold T, Engelmann K, Ay M, Dogan S,
Wimmer-Greinecker G, Moritz A, Herzog C: Techniques for the
detection of coronary atherosclerosis: multi-detector row
CT coronary angiography.  Radiology 2002, 223:212-220.

7. Urban BA, Ratner LE, Fishman EK: Three-dimensional Volume-
rendered CT Angiography of the Renal Arteries and Veins:
Normal Anatomy, Variants, and Clinical Applications.  Radio-
graphics 2001, 21:373-386.

8. Thorsteinsdottir B, Kane GC, Hogan MJ, Watson WJ, Grande JP,
Garovic VD: Adverse outcomes of renovascular hypertension
during pregnancy.  Nat Clin Pract Nephrol 2006, 2:651-6.

9. Goldblatt HLJ, Hanzal RF, Summerville WW: Studies on experi-
mental hypertension. I. The production of persistent eleva-
tion of systolic blood pressure by means of renal ischemia.  J
Exp Med 1934, 59:347-380.

10. Vasbinder GB, Nelemans PJ, Kessels AG, Kroon AA, Maki JH, Leiner
T, Beek FJ, Korst MB, Flobbe K, de Haan MW, van Zwam WH,
Postma CT, Hunink MG, de Leeuw PW, van Engelshoven JM, Renal

Artery Diagnostic Imaging Study in Hypertension (RADISH) Study
Group: Accuracy of computed tomographic angiography and
magnetic resonance angiography for diagnosing renal artery
stenosis.  Ann Intern Med 2004, 141:674-682.

11. Prince MR, Schoenberg SO, Ward JS, Londy FJ, Wakefield TW,
Stanley JC: Hemodynamically significant atherosclerotic renal
artery stenosis: MR angiographic features.  Radiology 1997,
205:128-136.

12. van Jaarsveld BC, Krijnen P, Derkx FH, Oei HY, Postma CT, Schale-
kamp MA: The place of renal scintigraphy in the diagnosis of
renal artery stenosis. Fifteen years of clinical experience.
Arch Intern Med 1997, 9;157:1226-1234.

13. Sabharwal R, Vladica P, Coleman P: Multidetector spiral CT renal
angiography in the diagnosis of renal artery fibromuscular
dysplasia.  Eur J Radiol 2007, 61:520-527.

14. Beregi JP, Louvegny S, Gautier C, Mounier-Vehier C, Moretti A,
Desmoucelle F, Wattinne L, McFadden E: Fibromuscular dysplasia
of the renal arteries: comparison of helical CT angiography
and arteriography.  AJR 1999, 172:27-34.

15. Galanski M, Prokop M, Chavan A, Schaefer CM, Jandeleit K, Nischel-
sky JE: Renal arterial stenoses: spiral CT angiography.  Radiol-
ogy 1993, 189:185-192.
Page 4 of 4
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11172181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15115832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10845486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10845486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10845486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11930069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11930069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11930069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17066057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17066057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15520423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15520423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15520423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9314974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9314974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17097843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17097843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17097843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9888733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9888733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9888733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8372191
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

