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Rezistentni hypertenze

* TK >140/90 mm Hg navzdory terapii 3 antihypertenzivy (blokator RAAS,
Ca blokator a diuretikum) v maximalni tolerované davce

Typ hypertenze TK < 140/90 mmHg  Polet Iéki
kontrolovana hypertenze ano 1-3
nekontrolovana hypertenze ne 1-2
rezistentni hypertenze ne > 3
kontrolovana rezistentni hypertenze ano >4
refrakterni hypertenze ne > 5%

*

Pri soucasné terapii dlouhodobé pisobicim thiazidovym diuretikem (chlortalidon nebo indapamid) a blokdtory mineralokortikoidniho
receptoru (spironolakton nebo eplerenon).



Pristupy
 Renalni denervace

e Renovaskularni hypertenze

* Primarni hyperaldosteronismus




Pacienti s nekontrolovanou hypertenzi
navzdory terapii ACEl/sartan + CaB +

Diuretikum?
" 4 &
CKD st. 1-3, CKD st. 4-5 (ne na dialyze),
eGFR =30 ml/min/1,73 m? eGFR < 30 ml/min/1,73 m?
', ', . ’
e * Antihypertenzni efekt
Pridat [) Chlorthalidon (pfednostné)
. v v we - C V 4 \"4 L] (o]
1) Sp|£onolakton neb’o pfipadné jiny MRA nebo jiné T/TP diuretikum ° Vyber paCIentu
1) BB nebo aq-blokator d .
g e e o I) BB nebo aq-blokator
1) Centralné pusobici latku

l1) Centralné pusobici latku ° POiadaka na Centrum
¥

Zvazit rendlni denervaci, jestlize je
eGFR > 40 ml/min/1,73 m?

Doporuceni a stanoviska Trida doporuceni Uroven dikazh

RDN muze byt zvazena jako terapeuticka moznost u pacientt
s eGFR > 40 ml/min/1,73m?, u nichz se nedafi kompenzovat TK
antihypertenzni terapii nebo je [é¢ba doprovazena zavaznymi
vedlejsimi priznaky nebo zhorsenim kvality Zivota

RDN muze byt zvazena jako dodatecna lé¢ebna moznost u pacientl
s rezistentni hypertenzi a eGFR > 40 ml/min/1,73m?

Vybér pacientd by mél byt provadén na zékladeé sdileného rozhodovaciho
procesu po poskytnuti kompletnich informaci pacientovi

RDN by méla byt provadéna jen ve specializovanych centrech
s dostatecnou zkusenosti za Ucelem zajisténi spravného vybéru @
vhodnych pacientt a provedeni vlastniho denervacniho vykonu




Nni denervace

Rena

Kompletni vs. ¢asteCna denervace

Main indications (2022 ESC/EAPCI clinical consensus statement & 2023 ESH hypertension guidelines):

— Uncontrolled hypertension confirmed by ABPM
— >3 antihypertensives or <3 drugs, if treatment elicits serious side effects

—eGFR =40 ml/min/1.73 m?

Centre qualifications:
— Multidisciplinary hypertension team including hypertension specialists & specifically trained interventionalists

Catheter positions in HTN-OFF MED

FDA-approved systems: Catheter systems under investigation:
SyMapCath Peregrine
Paradise Symplicity Spyral Netrod Iberis (mapping & (alcohal-
(US, 7Fr, (RF,6 Fr, (RF, 8 Fr, (RF, 6 Fr, RF, 6-7 Fr, mediated, 7 Fr,
CE-marked) CE-marked) CE-marked) CE-marked) not CE-marked) CE-marked)

Procedural considerations:

— Safe arterial access & closure (e.g., US-guided puncture, use of closure devices)
— Adequate analgesia & sedation

— Start treatment distally and then move proximally

— Standard operating procedures (SOPs) are needed for each device

Lauder L et al. Eurolntervention 2024;20:e467-e478. Sharp ASP et al. Cardiovasc Revasc Med 2024.
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Barbato E, et al. Eur Heart J 2023;44:1313-1330.



Antihypertenzni efekt — dlouhodoby efekt |

SPYRAL On Med — 80 pacientd (36 mésicll)

A
G- - Renal denervation
_ —&- Control
E 0= e
3 < ;ﬂ ~_ Renal denervation Sham control p value®
i% 10 p=0-231 T — T -86 grOUp grOUp
g 93 57 k .
5 5 P e N Baseline 2.13 (1-40)t 1.98 (1-14)% 059
< 187
£ o rocst T 3 months 1.84 (1:37)t 2.05 (1-10)% 0-044
[w] p=0-0039
= w w [ ‘ 6 months 213 (1-40) 221 (1-05)% 017
. 12 months 253 (0-89) 2.81(0-99)% 0.09
: 1 24 months 2.97 (1:21)§ 2.95(1.16)9 074
P~ ] 36 months 3.03 (1-20)] 3.05 (1-43)** 076
;: > -;g ~—— > \\‘I Data are mean (SD), unless otherwise indicated. *From ANCOVA. 1n=38. $n=42.
L d IS §n=36. In=41. [|n=35. “*n=39.
é‘ 107 " p=0-695 lfs_nf)
H p-0025 T Table 2: Number of antihypertensive medications from baseline to
-0.0055
_éi?wullrm jml.‘mlhs 6mc_‘mllls 12 m‘onlhs 24m‘unlhs ;)m‘onlhs 36 months
Time
Renal duncrvul\o: 35 36 34 3 30
Control 32 36 38 17" 32

Figure 1: Change in 24-h systolic blood pressure (A) and diastolic blood pressure (B) from baseline up to

36 months

Mean sham control measurements at 36 months include 13 imputed crossover patients’ blood pressure values
from the most recent measurements before the renal denervation procedure. Error bars represent the SE. *Only
safety event follow-up was originally required for patients in the sham control group after 12 months, and not all
patients reconsented before 24-month follow-up.

Mahfoud F, et al. Lancet 2022;399:1401-1410.



Antihypertenzni efekt — dlouhodoby efekt Il

Metaanalyza 4 studii — doba sledovani az 9 let

A P =0.0016
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B P =0.0430
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—_ Baseline  €6-months 12-months 36-month LTFU
£3
“: E Figure 3. Pooled data from available active participants
% S -10- across available time points from Bhatt et al” and Mahfoud
3 E et al® from baseline to 36 months.
s 8 Long-term follow-up (LTFU) and baseline data are collected and
% o 20 pooled from Sesa-Ashton et al,'* Vogt et al,'® Al Ghorani et al,'* and
n 2 ) Zeijin et al'® at LTFU. One-way ANOVA indicated significant trend
8 s across time points (P=0.0015). BP indicates blood pressure.
£
6
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Sham RDN

Sesa-Ashton G, et al. Hypertension 2024.




Predikce efektu?

SPYRAL OFF MED Dlouhodoba data z Australie

24-hSBP

30 Renal denervation Sham control
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BPincrease (n=10)  /
/ i BPincrease (n=19)

50

o
1

3-month change in 24-h blood pressure (mm Hg)
-
1

BP decrease (n=25) ~
254 4 BPdecrease (n=17)

=50 -
Office SBP

Renal denervation Sham control

/
BPincrease (n=8) /
20 /

15+ ///

ABPM SBP reduction (mmHg)

BP increase (n=18)
,

-100 1 1 | 1 ] | I L] T | L]

Participant Number

o] i Sesa-Ashton G, et al. Hypertension 2023;80:811-819.

BP decrease (n=23)
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Sesa-Ashton G, et al. Hypertension 2023,;80:811-819.




Prediktor efektu |

RDN SSI Risk - SBP Change

ns
ns 3
0

F —L
Salt Sensitivity Risk (castiglioni et al, Hypertension 2012): & E o
- nizky: SF <70/min + dipper pro MAP D E 04

- vysoky: SF > 70/min + nondipper pro MAP £ - R 1

5% 1
g m -40=-
O g :
S
-60 ]

| | |
Low Moderate High

n=15 n=35 n=10

Sesa-Ashton G, et al. ] Hypertens 2024,;42:922-927.




Prediktor efektu Il
Obsah Na v kuzi

v

Sodium-MRI prior to radiofrequency based renal denervation (RDN) was performed

Change of 24-h ambulatory and office blood Univariate analysis of responders versus non-responders at6
pressure (BP) 6 months after RDN (mmHg) months based on the median of the change of 24-h systolic ABP
0 Responder  Non-Responder P-value*
2 (n=27) (n= 26)
4
: —— 17/10  23/3 0.027
L e = B - P |
& W Diastolic 19.7+#3.3 222451 0.040
0
.
Office 87 Ambulatory 8P

LDLcholesterol (mg/dl) 150.6=39.1 114.7=37.0 <0.001
Antihypertensive medication
Aldosterone-antagonist, n (%) EEEviR)) 1(3.8) 0.032

*p = agjusted for baseline 24-h systolic BP

Guenes-Altan M et al. Hypertens Res 2024;47:361-371.



\lyraznejsi efekt u systolicko-diastolické hypertenze ve
srovnani s izolovanou systolickou hypertenzi

ISH Non-ISH Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ewen, et al.[® -8 8 63 -13 18 63 104% 5.00 (0.14-9.86) -
Fengler, et al.1¥ -5 115 40 -93 105 69 13.1% 430 (-0.04-8.64) -
Mahfoud, et al.l'”] -4 122 125 -83 163 225 27.0% 4.30 (1.28-7.32) - =
Mahfoud, et al.l'”] -73 179 288 -9.2 179 373 325% 1.90 (-0.85—-4.65) T
Chernin, et al.['®l -5 11.6 20 -8.5 18.1 19 27% 3.50 (-6.10-13.10) -
Fengler, et gl.[w] _53 117 61 _118 115 59 143% 650 (235_1065) o
Total (95% CI) 597 808 100.0% 3.89 (2.32-5.45) <P
Heterogeneity: Chi? = 3.84, df =5 (P =0.57); =0 —iO _J'5 : 5* 1*0
Test for overall effect: Z = 4.85 (P < 0.00001) Favours (ISH) Favours (Non-ISH)

LiL, etal. J Geriatr Cardiol 2023;20:121-129.



Vybér pacientu

SPYRAL ON MED

Methods This randomised, single-blind, sham-controlled trial enrolled patients from 25 clinical centres in the USA,
Germany, Japan, the UK, Australia, Austria, and Greece, with uncontrolled hypertension and office systolic blood
pressure between 150 mm Hg and 180 mm Hg and diastolic blood pressure of 90 mm Hg or higher. Eligible patients
had to have 24-h ambulatory systolic blood pressure between 140 mm Hg and less than 170 mm Hg, while taking one
to three antihypertensive drugs with stable doses for at least 6 weeks. Patients underwent renal angiography and were
randomly assigned (1:1) to radiofrequency renal denervation or a sham control procedure. Patients and physicians
were unmasked after 12-month follow-up and sham control patients could cross over after 12-month follow-up
completion. The primary endpoint was the treatment difference in mean 24-h systolic blood pressure at 6 months
between the renal denervation group and the sham control group. Statistical analyses were done on the intention-to-
treat population. Long-term efficacy was assessed using ambulatory and office blood pressure measurements up to
36 months. Drug surveillance was used to assess medication use. Safety events were assessed up to 36 months. This
trial is registered with ClinicalTrials.gov, NCT02439775; prospectively, an additional 260 patients are currently being
randomly assigned as part of the SPYRAL HTN-ON MED Expansion trial.

Findings Between July 22, 2015, and June 14, 2017, among 467 enrolled patients, 80 patients fulfilled the qualifying
criteria and were randomly assigned to undergo renal denervation (n=38) or a sham control procedure (n=42). Mean

1. DR TR ] 1 -1 1 1 1

Mahfoud F, et al. Lancet 2022;399:1401-1410.

RADIANCE

1038 Patients with a history of hypertension
were enrolled between January 14, 2019,

and March 25, 20

22

Y

Y

779 Excluded prior to renal angiography

223 Did not meet office blood pressure criteria
199 Did not meet ambulatory blood pressure criteria
114 Did not meet renal anatomic criteria on computes
tomographic angiography or magnetic resonance
angiography
81 Withdrew consent
60 Other clinical exclusion criteria identified
32 Met blood pressure safety escape criteria
25 During COVID-19 enrollment suspension period
18 Withdrawn per physician discretion
12 Related to adverse event
8 Lost to follow-up
7 Other reasons

259 Underwent renal angiography

35 Did not meet angiographic criteria

12 Accessory renal artery with diameter of 2-3 mm
7 Fibromuscular dysplasia of renal artery
6 Renal artery aneurysm
5 Renal artery stenosis
1 Presence of early renal artery branch precluding
safe sonication of the main renal artery
4 Other reasons

224 Randomized

Azizi M et al. JAMA 2023;329:651-661.



Priklad vybéru pacientl pro renalni denervaci

n =205
| |
office BP = 140/90 office BP < 140/90
n=148 n=57
72.2% 27.8%
|
24h ABPM < 130/80 24h ABPM = 130/80
n=26 n=122
12.7% 59.5%
| I |
essential secondary P”ma;ly a::ioster(_)n:a‘m 4
hypertension hypertension ephrogenic
n=72 n=50 > Hc_anovascular 2
35.1% 24.4% Cushing’s syndrome 2

NSAIDs abuse 1

non-compliance to

resistant to treat hypertension

treatment n= 45
n=27 21.9%
13.2% e
l
| J | ]
eligible for RD & accepted not suitable for RD refused RD
n=15 n=14 n=16
7.3% 6.8% 7.8%

7

Renal arteries anatomy 5
Polymorbidity 5
Contrast medium allergy 2
Morbid obesity 1
Renal failure 1

7~

Rosa J, et al. ] Hum Hypertens 2014,28:684-8.



Pristupy
 Renalni denervace

* Renovaskularni hypertenze

* Primarni hyperaldosteronismus




Renovaskularni hypertenze

Scottish and Newcastle Clinical populations

* BP reduction in patients with bilateral
stenosis

EMMA Unilateral renal artery stenosis with characteristic syndromes (see below)

* No difference in mortality or CV events *_Nodifference in BP at § months

Dutch RAS Fibromuscular dysplasia with hypertension®
+ No difference in BP at 12 months . . L. .
* No difference in BP medication or ngh'nSk clinical Syndrﬁmes
declining renal function
STAR Rapidly progressive hypertension®
* No differenceinthe ASTRAL
:' I . B - . ' . " 8 '
o ense of creatinine clearance at 12 No Qfference Inrenal outcomes, B, Rapidly declining estimated glomerular filtration rate*
Flash pulmonary edema*
CORAL

* No difference in renal outcomes, CV
events, and death at 43 months

Bilateral renal artery stenosis with progressive loss of renal functional mass

Single native kidney renal artery stenosis

+ Medical therapy recommended Bhalla V et al. Hypertension 2022;79:e128-e143.

If worse clinically, consider
revascularization

H ACC/AHA RAS Guidelines

Swine model

AHA Scientific Statement by | /9% Control
» Medical therapy to achieve BP control v

If declining GFR or high-risk clinical
syndrome, consider revascularization

Pricina absence efektu invazivni
|é¢by renovaskularni hypertenze =
Eirin A et al. Hypertension 2024,;81:206-217. ischemické nefro patie




Pristupy
 Renalni denervace

e Renovaskularni hypertenze

* Primarni hyperaldosteronismus




Primarni hyperaldosteronismus — vysledky lécby

Francie
Last
Preop. follow-up
P Spanélsko

Variable N (%) N (%) (univ.)
Time since surgery, median 75 — . N _

(interquartile), d [43-514] PA treated by PA medically HR® [95% (1],
Cardiovascular event (n=312) (n=282) — adrenalectomy treated (n=168) P value

No cardiovascular event 277 (88.5) 271 (96) — (n=100)

Stroke 16 (5) 2(0.7) —

I\D/Iyocarf_iial in{irctiog or ischemia 1$ 8; % Egg - ANumber of —1.3+13 0014 <0.0001"

eep veinous thrombosis : — . ancive Ao

Pulmonaty embolism 2 (0.5) 0 o Antihypertensive drugs [1.5+1.3] [2.7+1.4]

Other - 7(2.5) - New cases of diabetes mellitus T.7% [n=75] 3.5% [n =4] HR 2.1 [0.6-7.9], P
Ambulatory blood pressure, mean (SD), (n=229) (n=271) — — 0267

mm H

Systoli% 148 (23) 131 (15) <0.001 New cases of dyslipidemia 17.4% [n = 8] 12.2% [n=10] HR 1.6 [0.6-0.8], P

Diastolic 89 (13) 80(12) <0.001 =0.338

140/90 61 (27 197 (76 0.01 .

Nb {AntihypertenSive drug (n =(35%) (n =(3225) o New cardiovascular events 3.9% [n=2] 6.4% [n=17] HR 0.5 [0.1-2.2], P

0 6(2) 156 (48) — =0.294

1 120 (34) 91 (28) — New cases of chronic kidney disease 18.0% [n=9] 18.3% [n=21] HR 0.7 [0.3-1.6], P

2 97 (28) 46 (14) — =0411

3 74 (21) 20 (6) <0.001 T

4 39 (11) 11 (3) — New cases of sleep apnea syndrome 3.6% [n=2] 2.1% [n=2] HR 1.9 [0.3-14.0],

5 12.(3.5)  2(0.6) — (n=128) P=0.524

6 2 (0.5 - —

Including antialdosterone 198 557)) 22 (5.7) . New cases of obesity 0% [H = 0] 7.6% [l’l = 5] HR NC, P=0.071
Kalem (Spironoggg;)ne or ;rljierenone) 3507) 4305 0.001 ASBP (mmHg) (n =225) —19.6+£22.5 —17.5+£227 0.517

alemia, mean , mmo S5 (0. 3(0.5) <0.

236 171 (532) 7 (2.9 o [130.4 £15.7] [132.7 £ 15.4]
Potassium supplementation 148 (43) 6(3.1) — ADBP (mmHg) (n=224) —11.8+14.9 —8.6x152 0.142
Complete clinical success (n=321) - 101 (3L.5) — [80.2 = 10.7] [81.6+10.9]
Complete biological success (n=69) - 51(74) —

Vignaud T et al. Ann Surg 2023;278:717-724. Araujo-Castro M, et al. Endocrine 2022;76:687-696.



Ablation Equipment

Ablation Probe [ B

Ablace uzlu nadledviny

Alternativa adrenalektomie pro ty, kteri odmitaji operaci?

Central ablated tissue (>50°C)
Transitional tissue (37-50°C)

Normal tissue (37°C)

Mullen N et al. Endocr Rev 2024,;45:125-170.

Category Subgroup NO. of Ablation Clicinal success 12 (%) P-value of Q-test P-value
Studies patients rate (95% Cl) of group
differences
Subtype of PA Unilateral 2 85 0.72(0.46,0.98) 86.5 0.007 0.831
Unilateral + bilateral 2 110 0.73(0.52,0.94) 81.2 0.021
Outcome criteria PASO 3 162 0. 78(0 66,0.89) 69.5 0.038 0.000
Other criteria 2 /2 51(0.40,0.63) 0.0 0.330

Yang S et al. BMIC Endocr Disord 2023;23:103.




Zaver |
* Nadale je nejefektivnejsi invazivni terapii rezistentni hypertenze chirurgicka lécba

primarniho hyperaldosteronismu

* Antihypertenzni efekt renalni denervace je spiSe mensi (v kratkodobém efektu),
nelze vyloucit jeho prohloubeni v delSim casovém horizontu

e Zatim nezname prediktory efektu renalni denervace a tedy nezanedbatelné
procento pacientl se mize podrobit zcela zbyte¢nému invazivnimu vykonu

* Jako zvlast nebezpecné pak vidim moznost nabidnuti rendini denervace
pacientim, ktefi vykazuji intolerance k riznym skupinam antihypertenziv

* Invazivni terapie renovaskularni hypertenze je urcena jen pro uzky okruh pacientu




Dékuji Vam za pozornost

(tzeli@Ifl.cuni.cz, hypertenze@vfn.cz)




