Review Article JNST

Renovascular Hypertension
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Abstract

Currently, the evaluation of treatment for hypertension due to abnormal renal artery conditions involves a
multidisciplinary medical team, including nephrologists, cardiologists, radiologists, and vascular surgeons. This is
because patients with hypertension caused by abnormal renal arteries often exhibit a variety of symptoms, which can
lead to cardiovascular complications, resulting in increased morbidity and potentially higher mortality rates. From the
past to the present, there have been randomized controlled trials comparing the treatment of hypertension due to
abnormal renal arteries using medication versus angioplasty with stent placement. The results of these studies remain
inconclusive due to significant limitations in each study. This review aims to compile information on the pathology,
clinical symptoms, diagnostic criteria, and current treatment guidelines to provide physicians and researchers with

a comprehensive understanding, enabling them to further study the topic or apply this knowledge in patient care.
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Fimvesnmeanuiilafingsandudeaunsiiluides
ImdaUn@ (renovascular hypertension) 21ARSILAZ LWL
UftRnseadniinainuatsfonn dun ngueinisiinig
Wutuwesrusulainmrusudalagn uaz/msonusy
lowealndn Faufnanangene o Aviliiinisanamweden
fluidedla’ vialuonsuanswendulsafifinnnnisni
AnUnAvemvaonidenundiludedn (renal artery disease)
Wlvinsanamwesmnuiudeniiluidesl (renal perfusion
pressure) vhlAamMsAEon waznsuinduresiedeln
aue1vziludniglavinden (ischemic nephropathy)’
Renal artery stenosis wulsinniis¥esay 5 vosnguitaediu
Tsannusulaingesilansuaime) (secondary hypertension)
Tnefitasanninfesas 20 fnnslsanrmdulaiingsiine
$#9N133NW1 (resistant hypertension) Faflewdie ANIAIVAL

anuduladinlilaniudiningudliivieaslafueiniugy
Arufuogtetios 3 slasuiienduilaans viefuaed
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Audiuet1atos 4 wiln® LarUssanusesar 0.6 fis 3 seau
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WYIFANINNSLAALIA
Taduefurzvilsiimuauanudulafinessianie Wiy
5¥UUg3lUU Renin-angiotensin-aldosterone system (RAAS)
Faflouswiudoniiluidela (renal perfusion pressure) AAAY
ﬁ]zl,ﬁﬂmimzﬁumwé"daaﬁuu renin 91NV juxtaglo-
merular cells T¥Uasu angiotensinogen fia¥1997nsu
Ty angiotensin | Ilag angiotensin converting enzyme
findsanven azUdsuain angiotensin | Ju angiotensin I
%1 angiotensin Il \{Hugesluuddniinszdunisdusves
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ylanusulafisluseniegedn
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1. uuusians 2 kidneys 1 clip® (Uil 1) wulglugthaeid
vaondesilidedlaiuinaden fo wuusiassiith clip wilu

naendonunsiiluidedlatnanis Tnefivaendonunsdndis
Frannsaludsdaldnudnd Tnsesuienalansiinanie
mmﬁuiaﬁmqﬂmﬂLLUUf\%amﬁiﬁd’l dleiAans clip naen
Fonunsiluidodlndroils awviild renal perfusion anas
viliAnnisnszdu RAAS Tulpdnaiiinmaniiuvemasniden
uns drullndnefifidonludesunfinznantansedu RAAS vls
dinnstuledienesnnadaanziiuinnty dofuluwuy
1804 2 kidneys 1 clip ansuainizanudulaingdain
ngesluy angiotensin Il Fafugasluuiivilninanundy
vowmaendonyilinnudulafingedudundn

Unilateral renal artery stenosis

|

Reduced renal perfusion

:

1 renin angiotensin system (RAS)

Increased renal perfusion

v '

T renin

Suppressed RAS Increased Na+ excretion

1 angiotensin I
t Aldosterone

:

Angiotensin Il-dependent
hypertension

Uil 1 3Unuudaes 2 kidneys 1 clip

(pressure natriuresis)

ARUYAYI9In Yu AC, Glen; Luyckx, Valerie; Marsden, Philip; Skorecki, Karl; Taal, Maarten (2019). Brenner and

Rector’s The Kidney. 11" Edlition ed.

2. wuusiaes 1 kidney 1 clip® (Uit 2) wulsilugfiedid
vaondonuadluidedlafiuiiaosing vidensfivvesvaoniden
udedlalunsdffedlafivhanldtnadien Ao wuudaes
i clip lwiunaendeaunsitluidedavsaesine wieth
unilunaondeaunsiludsslaluuiiilafissinaion Toe
osuenalnmsiinnnzausulafingeannileinisanases
renal perfusion 9giin13nsedu RAAS wililesainlaliannsn

FlmReunazihoonanineldannsanawoadenluides
s Faianmviiiu (volume expansion) Fsazlung RAAS
vhlsfazsuras angiotensin Il agluseuiiswidound fududs
asuiluwuudiaes 1 kidneys 1 clip anwnvesninudiulaings
SaAnanamziiAu (volume expansion) swildunay
suluvasndendunan
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Bilateral renal artery stenosis

&+

Bilateral

1

Stenosis of solitary kidney

Reduced renal perfusion

v

1 renin angiotensin system (RAS)
t renin

1 angiotensin |l
t Aldosterone

Inhibit RAS

v

Impaired Na+ and water
excretion

'

Volume expansion

\

Normal or low angiotensin |l

Ul 2 wuud1ans 1 kidney 1 clip

'

Increased arterial pressure

ARUYAINI9IN Yu AC, Glen; Luyckx, Valerie; Marsden, Philip; Skorecki, Karl; Taal, Maarten (2019). Brenner and

Rector’s The Kidney. 11" Edition ed.
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msvhanuvedlnegsaifios Imsinuvesafianamdan
1#enneal RAAS blockers aunaaslaiaansdnaunnsiatuagng
fifuddy videffladrsladhamisdelnglimsuanvg Sz
vhuen Wledumaniinesensdnun (refractory congestive
cardiac failure) Hudu

AMAYaINISAALIA

aungiinuldvesiign’ e Tsanasaidenuasuds (Ath-
erosclerosis) andn1sAnwdounaslulszmeiures Xiong
Hong-Liang® uaranisaus a.a. 1999-2016 wuhugthe 2,905
57078 renal artery stenosis mmalﬁmmﬂ atherosclerosis
wnfiedoray 82 ArwgnveInInAnlsmNTUmNE gAY
Yadendemeinnzvaendenundei Funifedestuanie
anudulaings lusiuludengs wazmsguyy ShagiAanisiy
voavimaaidonlatis 2 419 aumgzesawn fo fibromuscular
dysplasia wuldsevay 4 vasaunn1siin renal artery
stenosis Ae AAuiaUnAvInUNTIasndeaLalag
lainsrwanm sSniaanaufaunftuiivaeniden renal arteries
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waz carotid arteries @nansaiindulduuy sporadic Wie
£18M10ANIIRUENTIY (autosomal dominant) wusldidu
3 subtypes laun intimal, medial wag perimedial lngain
mstufinnmmeidvaenidonaziiudnea string-of-beads
Tu medial subtype
uaﬂmﬂum‘wumme‘wmmﬂm’su arteritis 19U Takayasu
arteritis, Polyarteritis nodusa, Kawasaki disease 210013
Anwnuugounaslulsemneluues Xiong Hong-Liang Lay
A’ WU Takayasu arteritis \Juanmaes renal artery
stenosis Uszanuioas 11 1HANAITONIEULUU granulo-
matous YeavaendenuAalig Semsiesuazananse
ndududlmlldiduszer Sonuluivdsenglios Snsdniau
294 renal arteries SaumsUszaNSovay 40-60 wulauinm
naealaen renal artery d@ufu wazsiniiane San Wi
SNtL!
druanvpanlsaiianeveaniaiugnssu dnnuludin
1w Type 1 Neurofibromatosis, Tuberous sclerosis,
Pseudoxanthoma elasticum, Ehlers-Danlos syndrome,
Alagille syndrome, Marfan syndrome William syndrome,
Turner syndrome uag mmmau 9 mmﬂmimﬂaummmﬂﬂm
dsnaliidl renal artery stenosis leilkA n1s@nvesutsvasnidon
uad (arterial dissection) N13@nUIATDIVADALADALAILYGY
(aortic dissection) AMzAuidongaduviaandonuna (arterial
embolus) vaoadeaisNUInMasnEanLAsIg (Aortic
endograft) qmé’fu renal artery LLaB’ﬁﬂTJSSu‘] laun n1azns
A0S renal artery MNEINFUNTEAUUTEAMTUNUNGN
wionslda1suszan ereot alkaloid lumnsiiin wiewuls
Tunsdlfl renal artery annALdgUIINAIUNDNNTOUT LI
TndiAes

N33ty
nMsiladeiiienseng q feil
1. Anatomical study

o mim’mmaﬂaumwam (Duplex doppler
ultrasonography)

o NsTIAvAenidondsiAdeenTIdReNiames
(Helical computed tomography angiography)

o MIATIAViABAEDAlANSENENWMEELNLLLLAAN
(Magnetic resonance angiography)

o nisldansiiussddadnrasnidonuns renal artery
(Renal angiography)

2. Functional study

® Captopril renogram

e Captopril stimulated plasma renin activity

® Renal vein renin levels

druluglun1ifiadsng renal artery stenosis finazly

anatomical study @ functional study sinlsidufifenly
nURR iesniitureunsaseiidudounaritadedn 4
fonadumulsivilildnatilsignios luumanutagvenam
fensnnidadeftouthuldlunsfoiase Feldun
nN13AsIMABALABALAIAIAAUAINDES (Duplex
doppler ultrasonography)

Wunismeaeudiinnuly (sensitivity) $osaz 91-100
AT NI (specificity) Sovaz 82-91 Uaf Ao 31A1
laluns ligndndnsnenis anunsavssfiudedediiidin
(viability) wesleld wiilfedoefidutnanisiinisudanaiu
agiugvisinanisdeorsszdanuiunyslundazynaa uaz

' v
aa o

fdedndnlungudUrgnduminiAuinae (JUn 3 uag
M13199 1)

A q PSV

Velocity
>

AV,

%)
<
(%)

0 Time

3‘1]17; 3 wa@ng wave form a1 Duplex ultrasound

PSV (peak systolic velocity), AT (acceleration time), EDV
(end-diastolic velocity)™

ARLUaYI97n Bardelli M, Veglio F, Arosio E, Cataliotti A,
Valvo E, Morganti A. New intrarenal echo-Doppler
velocimetric indices for the diagnosis of renal artery
stenosis. Kidney International. 2006;69(3):580-7.

_ PSV-EDV

Resistive ind RI
esistive index (RI) ey

Systolic upstroke

Acceleration index (Al) =
Probe frequency

_ PSV renal artery
PSV aorta

Renal aortic ratio (RAR)
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A191991 1 N5LATIEIINE Velocity waveforms'!
Direct signs

e PSV 117171 180 WwURIATHDIWN

Indirect signs

e AT 171771 0.07 Ui

e RAR 11AN31 3.5

o Al 4a8N71 3 LWATHBIUN-

® | ack of Doppler signal

e ARl (@g-977) 1nnINSeeay 5

® Color aliasing

® Tardus et parvus waveform

e Color bruit

N15N5INADALRDARLLDNYLSIADUNAADS
(Helical computed tomography angiography)

Junsnageuiifianuly (sensitivity) Sosay 98 A
FUNIZIAIZ (specificity) Fosaz 94 fioR Ao amsaUsziiiu
in-stent stenosis 1@ AAuuLuEgT wardeanunsauseidiunig
fuRuYBIaRALdEAUSMEIUUAY WAy accessory arteries
laAnInnsesiaviaendenlaglinisaneninsigauuudivan
(Magnetic resonance angiography) WsidlUai11in A @1u15a
viliiiin contrast induced acute kidney injury 16 wagdanu
artifact 971 calcification viilin1sudanasafinnudesuy
nanuduasels

n1snsIAnaaLaenlaglin1saten nA8au
wsiidn (Magnetic resonance angiography)

Humsveseufialhosas 90-100 Ay inzEzas
Soway 92-97 Uon Ao lufeltansfiused (contrast) Aauha
N2 renal artery stenosis AULUULRBUNAY LATUDINAA
Ao Uszillu stented vessels lalid @19azUseifiy vessels
funautiuauduass amaganunsaia artifact 1aaan
nsiadeulmviensmela alwesnsmaaougninia
Tunsaifidunasndondiunarsiiodiutas wazvasmden
yundn7idu accessory vessels

nslfansiiviedandmasnidonuas
(Catheter angiography)

Huniswameuiifimnuly wazmnudmzinzaanis
Foway 100 Uumsnyiladennsgureinngviaeniionuns
Widsslafiv drudedosfoiduinanisiidosdinisands
nassieneuarsedliansiiuied

n135n1lun122 atherosclerotic renovascular
disease wag fiboromuscular dysplasia
Tonuszasdvasnisinvuiteliaudulaiinniuaule
asne easseRusnunsiwvedlealiined wasiiie
muauszduthlusamelieglunnizund anlananisiin
azivanvesdsundu (flash pulmonary edema)
Tnouusnissnwreenidu 3 35udn laun nssnwinaeen
nsmuantladeidssdenisiinlsaialauazvaoniden uay

ANS911 revascularization

N3N

Angiotensin-converting enzyme inhibitors #%3@
angiotensin Il receptor blockers (ACEI %39 ARB)

PMNATANYIMUURUUTDUNSIVDY Losito Attilio uag
ﬂmzlzluﬂdm&gﬂwﬁﬁ atherosclerotic renal vascular disease
(ARVD) viavmnd i 195 518 fftheldsunish revascu-
larization $1u3n 136 518 nguille¥uen ACE! §17u 62 518
Fedivislunguanld7ilésunsh revascularization uazlalld
Funs¥ revascularization mﬂmiﬁﬂmﬁwudmdmﬁié’%’u
g1 ACEl I8nsnssendimnnninguitlalléfuen usiiney
1@Sun1591 revascularization wiseliifinny nAwuzives
European society of Cardiology ignfunsiftaduazsnw
lsAviaoniionuwatdiuUatuansu $3uU European Society
for Vascular Surgery U a.a. 2019°Tun135n1 renal artery
stenosis kugdlild ACEl 38 ARB Shwianusuladings
lunsaifidunasmdeaunsluidoladuifioad 1uiien
(unilateral renal artery stenosis) anlunsdiidunaenden
LasRUTEe g (bilateral renal artery stenosis) #3eviaan
Goasiulunsdiilavhaulddfiestiaies (single function-
ing kidney) anunsalilalugUlsanunsanusiesls wsials
whdaunaiansvinnuvedlaedislnadna
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Calcium channel blockers, beta-blockers
wag diuretics

NAULUIBY European society of Cardiology ey
myiladeuazSnwlsaviaenidenuasdinUatvansu iy
European Society for Vascular Surgery U a.a. 2019° ey
gldlun1sSnwn renal artery stenosis @1w15a1% calcium
channel blockers, beta-blockers wag diuretics Tun153nw
amganufilafingsiiinnnuaendonuadudedlaiifaund
nasinuguasdulafalunguiaefid renal arterial
disease ndoyadalsifinasinuuusundlugvosfiiane
renal artery stenosis figuisskuzthlimuausziunIiy
Trigsninnamsiund ilesandesnisussiuanideniioziuge
Auuauludile

nsAuguARALEErelsaTilauaziaeniAan
PNAULLITeT European society of Cardiology LA
nytaduuazSnuliavasnionwasdiulategaiu sy
European Society for Vascular Surgery (ESVS) U a.¢. 2019°
IeuuztinAedu best medical therapy Tugfthefillsemasn
\donunsdrutatsgaduly laun uuziilingaguyns
Sulszuemstitegunm wazesnidameaiuae wugih
gnanlusfunga statins Tugtnedifinnzvaonideaunsgadiy
VNAY kugdIAIuANTERY LDL-cholesterol Titiaendn 70
fadnsudawndans vieanawnniviawiiudesas 50 N
Adasiy (baseline) flogjsywing 70-135 fadn3usiowndans
fhefidulsaummusiuge uurthlinuauinaludon
Tiegluinaiegnadusn wuzihlvien antiplatelet TugUae
flnnznaonidenunseaiuifennsyney Tuhedifinng
AMNIulafings SIuAUNIENaDALARALAIEAF UL
Tiauanuduladialiiu 140/90 fadwnsusen wuzali
finsanlsiennay ACEI vi3o ARBs LHusfusnlunsdlfifiae
fanegveendenungadiusiiuayaudulaings

A15%11 Revascularization

mﬂmiﬁﬂmwmaamuuz‘ju (randomized clinical trials)
Iuﬂdméﬂia atherosclerotic renovascular disease LU3gu
WgUSENINNN19YI revascularization AU N1ssnwlaenis
Tdeiiesae1afe (medical therapy alone) a3Unan1sAnwm
gsiet] (nsned 2)

1. msAnwimaaeauudy (randomized clinical trials)
Tt .4, 2009 Tnengu ASTRAL® investigators Anwiltungy

Q"L'JUEJ atherosclerotic renovascular disease 91431 806 518

WIBUWIBUIZNINNTYIIRRONITANTEI8MADALEDN T
nmssnwleglden wazmssnwlagldeisseenausien (medical
therapy alone) Anmunanissnwiluszezinar 5 U lanu
AnsLAnATEi gy Tudureanisvinauvedle
sefumnudulaiin mgnisalifedfule (renal events)
winnnsalifeaiuile (cardiovascular events) 3080
nsme Tunquitldfunisininonisnsversvasnidon
wununIndou 23 18 WFedln 2 sreainanmeniiala
waziinduRondiuUa1eenfiuILTERAdIuUaEUIALERAN
cholesterol emboli auABIlATUNITAATENA 3 518

2. miﬁﬂwwmaa%wudm (randomized clinical trials)
11t @.71. 2009 108 Bax Liesbeth uazAniz(STAR)" Anwingy
ﬁjﬂ’m atherosclerotic renovascular diseases 97431 140 518
WIHULEUTENININISYIRRON130819T881a0ALE0ATINAU
n3l1e1 (64 59) warnssnenlagltonieseenafen (76 $18)
Aamnaduszoziian 34 Wweu wullidanuuanaiwes
N38AadveINTIYNLYadln MsmuANANAUlaTn N15LAn
YNANN KAZAITANEIINANNANVADALTEALAL I
Tunquitld3unmsivinonisaavensvasaiden tAnny
unsngeuauy i@t in 2 579 1ARAN procedure related
@39 1 578977 infected hematoma wagdeslasunisuintn
naunuln 1 918970 cholesterol emboli Ta31AUIAS
Anwndl Aolunguithefldsumsvivinansisenevaondon
1asun1939adefna1n noninvasive imaging 1in1sAuYes
renal artery snnnin¥esar 50 Sethenguiiluanduaie
p13lispslasunssnunlneni9in revascularization

3. NMsANYIMARRILUUEL (randomized clinical trials)
1wl a.A. 2013 Ine Cooper Christopher uazagy (CORAL)®
Anwgne atherosclerotic renovascular disease 311U
947 518 WIBUEUTEWINNITYIRRaN1T8 199 eannLaen
swAumslten wagnssnwlagldeiesetnauien (medical
therapy alone) Aamudusyezinan 43 weu wuIilild
ANULANANAUYIBINISEBTInNsAT lanaz vaealden
viodeTiediluavnanla anendandemlame ane
lsavaondonanesd 9nsIn1susulsneIuIaaIniladuman
nsideuamedtls wieanudesnislunistrdanaunule
TursszegAnnalunguitldsunmsiinonisaisvenenase
Fon Tanududaladniishinguilioufiesos ey sz
2.3 findiunsusen Inglunguitlé3unisi revascularization
Annmeunsndeuiinutesiigade arterial dissection Tngwu
Judu 11 578
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A15199 3 anwaztilelaNivinwaziialafinne Tu Atherosclerotic Renovascular disease’

BINTHEANS | Woladiddn | Walnmg

53ammﬁmiﬁ’mmaﬂmamaﬂ (Lﬁa‘u) <6 >6

o UACR < 200 mg/g UACR >300 mg/g (30 mg/mmol) or

9] 1M
Waiituiam (20 mg/mmol) UPCR > 500 mg/g (50 mg/mmol)
& Cortex distinct nsmeluves corticomedullary differentiation;
AINUNAUNUBIVY cortex ‘U'EN"LW o & ,
(eg, >0.5 cm depth) laifiillolnaiu cortex

Renal resistive index <0.8 >0.8
AMUETONle (wuRlung) >8 <7

UACR, urinary albumin-creatinine ratio; UPCR urinary protein-creatinine ratio

A Scientific Statement from the American Heart Association U A.A. 20227 (gﬂﬁ 4)

Time

New detected or worsening hypertension

v

Initiate and Advance BP Rx to goal and f/u renal function

v v

Fibromuscular Dysplasia: Resistant Hypertension:
Young- Age <55 years BP > 130/80 mmHg despite -
Pediatric-Mid-aortic syndromes Pregnancy 3 drugs including a diuretic OR > 4 drugs
v
Including:

eeGFR < 60 mL/min/1.73m? and/or

a * "High Risk" syndrome
2. (LANIAITDANNTIPU)
~ v

g Renovascular Evaluation:

X e Duplex ultrasonography

(5; *CTA / MRA

3 e Angiography

v

High-grade Renovascular Disease:

e Favorable features
(LARMIAIUDAINNU9A)

\/

Renal Revascularization:

e FMD: PTRA
e Atherosclerotic Renovascular Disease: PTRA + Stent
e Complex Disease: Surgical Reconstruction

\

Maintain and Advance BP Rx to goal and f/u renal function

Resistant disease

\

gﬂﬁ 4 unuislans clinical progression TUaugian1satsannsvi renal revascularization

ARUYa9a7n Bhalla V, Textor SC, Beckman JA, Casanegra Al, Cooper CJ, Kim ES, Luther JM, Misra S, Oderich GS, American
Heart Association Council on the Kidney in Cardiovascular Disease; Council on Hypertension; Council on Peripheral
Vascular Disease; and Council on Cardiovascular Radiology and Intervention. Revascularization for renovascular
disease: a scientific statement from the American Heart Association. Hypertension. 2022;79(8).e128-43.
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