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Case vignette

How to approach secondary hypertension
 Renovascular hypertension

AD polycystic kidney disease



T UHIDNY1AUUHR@A

¥ annwngadaas

R @SsWWHIIA

A 39-year-old woman presented with intermittent scalp tightness for 6 years.
“Uipmadsuenn 61"

The pain was mild, dull, and episodic, lasting less than 30 minutes and resolving
spontaneously.

She denied weakness, numbness, speech difficulty, visual or hearing changes,
dizziness, or gait instability.

2 years ago, she also reports intermittent bilateral thigh muscle pain and episodic
proximal thigh weakness lasting 7—8 hours, which improves with analgesics.

Physical exam.: BP 170/100 mmHg, BMI 29 kg/m2, CVS/RS/Neuro. system WNL

Further Hx & PE ?
How to approach ?
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« A 65-year-old man presented with worsening BP control over last 2 months
“anunulaiinanlantas Tutag 21”7

» Underlying diseases: T2DM, HT, CAD, CKD G3, PAD
» His BP are now consistently above 150/90 mmHg with bilateral pitting edema.

Current treatment: “enmausis 4 98 anduilaanas 1 18ia”
« Two months ago: progression of CKD from G3 to G4.

o o [ a o))
PAIUFUINNYIAIN AL

Physical exam.: BP 160/90 mmHg (all ext.),
CVS/RS/Neuro. system WNL

Eye exam.? Further PE ?
Resistant HT ? How to approach ?
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A 40-year-old man presented with hypertension * A59aNLANNAUIARAFS

7 years ago, he was diagnosed with hypertension during hospitalization for a leg
fracture and was started on one antihypertensive medication.

2 years ago, his BP became poorly controlled, and he was noted to have worsening
kidney function.

1 year ago, his BP became uncontrolled again, and medications were increased.
He denied hematuria, foamy urine, or changes in urine output at that time; however,
he had a history of recurrent right flank pain.

Physical exam.: BP 160/90 mmHg (all ext.), liver span 13 cm., no abdominal bruit,
no edema

Further Hx & PE ?
How to approach ?



1. Clues to secondary HT
2. DDx causes: Clinical

3. Review of systems/PE, target organ
damage, co-morbidity, drugs

4. Investigation
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BP Categories Based on Office and Out-of-Office
BP Measurements SBP2130 or

AHA/ACC 2025 DBP280 [ 1iigh BP Outeide
High BP in the | of the Office
. . BP Cat i ing? *
Categories of Blood Pressure in Adults* Category Office Setting? | Setting
Among individuals not taking antihypertensive medication
SBP DBP
Sustained normotension No No
BP Category
Sustained hypertension Yes Yes
Normal <120 mm Hg and <80 mm Hg
Masked hypertension No Yes
Elevated 120 to 129 mm Hg and <80 mm Hg
- White-coat hypertension Yes Mo
Hypertension
Among individuals taking antihypertensive medication
Stage 1 130 to 139 mm Hg or 80 to 89 mm Hg
Controlled hypertension No Mo
Stage 2 =140 mm Hg or =90 mm Hg
Uncontrolled hypertension Yes Yes
Masked uncontrolled hypertension | No Yes
ESC 2024- BP > 1 40 or > 90 White-coat effect Yes No

HBPM SBP2130 or DBP280 ABPM SBP2125 or DBP275
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Cause of Hypertension o EnvironmenaI,BehavioraI, and Genetic Causes of

r 3 Hypertension
netic factoy- avioural f ) )
G * Ben Clory Dietary Intake Factors Nondietary Factors
Higher sodium intake Genetic variants
* Biological sex * Physical activity
:;t:mﬁimﬁ mm:m:ﬂ:’w Lower potassium intake Overweight/obesity
of hypertension : * Dietary patterns
* Epigenetic and foetal \ +od(tm and potassium ntake Lower calcium/magnesium Lower physical activity/fitness
programming * Obesity .
\ * Alcohol consumption intake
Q‘ + Drugs or substances that
o ipovease b Lower diet quality (lower intake | Sleep disturbances (related to duration,
. ’ of fruits/vegetables, plant pro- quality, regularity, and/or disordered
s teins, fiber) breathing)

[§ ~ [ autonomic %

| §-raas 5 \ ] nervoussystem Alcohol intake Psychosocial stressors

| E -« Endothelin B ! 'I (BS:‘S'PNS)‘ 3

|+ Baroreceptor . .
. % i ) reflex £l Air pollution
| §3 &
% . 7y e e e e e e e — -

~ \
S | - Endothelaidysfunction /
el « Smallartery remodelling |

* Large artery stiffness « Stress

* Low socic-economic status

Secondary hypertension:
i Causes |(Disease / Syndrome)

1
1
1
wSey, c\'\"‘ﬁ : & |
o tar mef.\}? Gender identity, roles and norms :
1
1
1

« Geopolitical status
* Noise pollution

= Air pollution

* Climate

e e I'» Diagnosed & Treated
% & 1 = Marked improvement in HT + |CVD risk.
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1. Kidney

1.1) Renal parenchyma: Glom.(Nephritis) / CKD (CGN, IgAN

1 2) POlycyStiC kldney disease Hematuria, Edema,
1.3) Renovascular disease: RAS (Atherosclerotic, FMD), [ st s

Drug induced AKIl/HyperK,
Extra-renal manifestation,
Familial Hx., Resistant HT

Takayasu arteritis, PAN

2. Endocrine
2.1) Primary hyperaldosteronism: Adenoma, Bilat. Hyperplasia

2.2) Catecholamine secreting tumors: Pheochromocytoma, Paraganglioma
Resistant HT, HypoK,

23) CUShing Syndrome Weakness, Wt. gain/Loss
2.4) Thyroid disorder: Hyper/Hypothyroidism Pwmg;r;a:lg}l Palpitation,

2.5) Rare: Hyperparathyroidism, Acromegaly, Renin secreting tumor
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: g . Abnormal X-ray, Inter-
3. Cardiovascular: Coarctation of aorta, TKA [Frseiandis

discrepancy, Neuro.def.,
Distal ischemia

4_ OS A Obesity, Resistant HT, Daytime sleepiness,

Snoring/gasping during sleep

5. Drugs: History, other adverse effect

NSAIDs, Glucocorticoids, CNIs, OCPs (mild HT), VEGF inhibitors, TKI, Nasal _
decongestant(Phenylephrine), Diet pills(phenylpropanolamine, sibutramine), Methylphenidate,
chronic high dose paracetamol (4g/d)

Cocaine, Amphetamine
Exogenous mineralocorticoids, ESA, Anabolic steroids
Herbal remedies: ephedra/ma-huang

Lifestyle: Excessive alc. / Tobacco use, Heavy caffeine, High sodium intake, Black licorice root
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6. Genetics

6.1 Genetic endocrine: MEN2A & B (Pheochromocytoma), NF-I
(Essential HT, Pheochromocytoma, FMD>RAS), VHL
(Pheochromocytoma, RCC, PKD)

6.2 Genetic nephrology: PKD (PKD1/2, Tuberous sclerosis TSC2), Glom.
(Alport)

6.3 Monogenic Hypertension: GRA, AME, CAH, Liddle’s syndrome, PHA
type2 (Gordon syndrome), Geller

Familial History, Clinical syndrome
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Secondary hypertension: Enfry ¢ e

« Secondary hypertension: 5%-25 % of all adult hypertension
* Most common: OSA (25%-50%)
* Primary aldosteronism (PA)

o o . : Common: :

: 5%-10% of all hypertension | OSA (25-50%), CKD (14%), !

: 20% of resistant hypertension | PA (5-25%), Drug (2-20%), 1

: o, =no/ | RVD (0.1-5%) '

: Spontaneous hypokalemia 20%-50% ! ' |

. - |

« Atherosclerotic renal artery disease 1 Rare: Hypolhyperthyroidism (<1%), !
I Pheo./Paragang. (<0.6%), Coarctation (0.1%), |

: 14%_40% I Cushing (<0.1%), PHPT (rare), Acromegaly |

[

I (rare), other mineralocorticoid excess (rare)

: Cause 2" HT 0.1%-5% L o e e e e e |
» Resistant hypertension: OSA, PA, RVD, Pheo./Paragan., CKD
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Does the patient have any of the following conditions associated with secondary HTN?

* Drug-resistant/induced HTN Resistant HT * Unprovoked or excessive hypokalemia
* Abrupt onset of HTN * Insomnia or daytime sleepiness
» Onset of HTN at <30y (<40y)  Previous Hx » Concomitant adrenal nodule PA

Prewous

* Exacerbation of previously controlled HTN * History of early-onset stroke

* Disproportionate TOD for degree of HTN PE « Family history of primary aldosteronism

* Accelerated/malignant HTN PE " Clinical syndrome

* Onset of diastolic HTN in older adults

(age >65 y) Late onset Cushing, Nephritis, PKD,
Character of HT RVD, Coarct./TKA |
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Does the patient have any of the following conditions associated with secondary HTH?

= Drug-resistant/induced HTN = Unprovoked or excessive hypokalemia
= Abrupt onset of HTN *Insomnia or daytime sleepiness
*Onset of HTN at <30 y * Concomitant adrenal nodule
* Exacerbation of previously controlled HTN * History of early-onset stroke l— w0 —p | N reenki ot hudcawd
* Disproportionate TOD for degree of HTN = Family history of primary aldosteronism
= Accelerated/malignant HTN
+ Onset of diastolic HTN in older adults
(Bge=65y) L e e e e e e e e e e e e :
| @ =
% | HfNPgINN9U. [
wentrmmey T : Undsue, Ualaunanuiilo 9ou :
PA . Cclinical syndrome  usq, Target organ damage, |
| l ! Clinical syndrome |
| |
|
Pasitive screening test? —— N0 — Enhance medication therapy : H T Stru Ctu re |
| | = onnnskidsaan approach b st !
. ' > LiuiTaClinical syndrome /
Refer to clinician with | ‘Vﬂ‘[ﬂﬁ\ﬁ/\l ﬂ I
specific secondary HTN o o e o o= Y e o o o = - — |

expertise



1. Clues to secondary HT

1.1) Character of HT

1.2) Clinical setting / syndrome
2. DDx cause: Clinical

3. Review of systems/PE, target organ
damage, co-morbidity, drugs

4. Investigation



Eye

* Microvascular remodelling
* Hypertensive retinopathy

Gr.1&2: Copper wire, AV nicking

=> Long duration

Gr.3&4: Cotton wool spots, Hemorrhage, Papilledema
= ACC. HT

Heart

- LVH

» LA and LV dilatation

« AF |

* Obstructive and
non-obstructive CAD

* Myocardial Infarction

* Diastolic and/or systolic
heart failure

Kidney CKD, Albuminuria

« Glomerular arteriolar
hypertension

. Glomerulosclerosis

. Albuminuria/Proteinuria

- +GFR

See footnote for information on sex-differences

TOD / HMOD

Brain

* White matter lesions
* Silent microinfarcts

* Microbleeds
* Brain atrophy

+ Cognitive impairment
* Vascular dementia

* Ischaemic stroke

* Cerebral haemorrhage

Large and medium
arteries
L Atherosclerosis | PAD
« Vascular calcification

« Arterial stiffness

Microcirculation

» Endothelial dysfunction

* t Vasoreactivity

* Vascular remodelling

* Fibrosis and inflammation

« t Peripheral vascular
resistance

@ ESc—




History and symptoms suggesting HMOD, established CVD, and

renal disease

Brain and eyes: syncope, impaired vision, TIA, sensory or motor deficit,

stroke, carotid revascularization, cognitive impairment, dementia.

Heart: chest pain, shortness of breath, oedema, myocardial infarction, coronary TOD / HMOD:
revascularization, history of palpitations, arrhythmias (especially AF), heart failure. History & Physical
Kidneys: polyuria, nocturia, haematuria, urinary tract infections, patient or examination

family history of CKD (e.g. polycystic kidney disease).

Peripheral arteries: cold extremities, intermittent claudication, leg ulcers,
peripheral revascularization. Signs of HMOD or established CVD

Neurological examination and cognitive status (based on clinical
suspicion).?!" _

Palpation and auscultation of heart and carotid arteries.
Auscultation of abdominal aorta, iliac, and femoral arteries.
Palpation of peripheral arteries.

Comparison of BP in both arms (at least once).
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Mid aortic syndrome

CVS: young age Age onset
Coarctation of aorta
Renal parenchymal disease  All age
Renovascular hypertension — Fibromuscular dysplasia RVD: Bimodal age
Renovascular hypertension — Atherosclerotic disease
1-12 yrs 13-18 yrs 19-40 yrs

Age
I wencgenicdisorders Vo lRg Age I NCuhingSsydionel| middle-aged adults

G S PRI Acolescents and young adults
SR Vi dle-aged adults



Age group

Per cent with underlying cause

Typical causes

Young children (<12 years)

70-85

# Renal parenchymal disease

® Coarctation of the aorta

# Monogenic disorders

Adolescents (12—18 years)

10-15

Renal parenchymal disease

® Coarctation of the aorta

. WD"DEE"IE AISONIers

Young adults (1940 years)

Renal parenchymal disease

e Fibromuscular dysplasia (especially in women)

Undiagnosed monogenic disorders

Middle-aged adults (41-65 years)

Primary aldosteronism
Obstructive sleep apnoea
Cushing’s syndrome
Phaeochromocytoma
Renal parenchymal disease

Atherosclerotic renovascular disease

Older adults (=65 years)

Atherosclerotic renovascular disease
Renal parenchymal disease

Thyroid disease




Primary aldosteronism

Signs and symptoms

* Maostly asymptomatic

= Spontanecus or diuretic- ° ReS|Sta nt HT

preveked hypokalaegmia ,——‘ o HT + OSA
(9

p Screening
YR « Electrolyte, Kidney function, Renal

* Muscle weakness and tetany o« K |OSS

« PAC, PAC/PRA (correct K +
withdrawal MRA 4-6 week)

= AF
« Disproportionate HMOD
nsaam, CVD

L

+ Adrenal incidentaloma

Confirmatory test
DL T e « Saline loading test

aldosteranism, early onset ° Ad renal CT scan
hypertension and/or stroke
« AVS



Obstructive sleep apnoea

Signs and symptoms

+ Restless/intermittent sleep,
recurrent awakenings
daytime sleepiness, fatigue,
impaired cencentration

Obstructive sleep apnea

* Resistant HT

« STOP-Bang
+ Apnoea, snoring — ° AF

= |

* |Increased neck circumference ———

M > 17 inches Test

F > 16 inches

+ Atrial fibrillation * Polysomnography

+ Men-dipping or reverse —_
dipping pattern 24 h AEPM

+ Obesity
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AD Polycystic kldney disease CKD (CGN)
 HT (50-70% prior GFR decline) onset 30 y
* Nocturia, polyuria * HT in the young
 Abdominal or flank pain / Abdominal mass - Edema
» Gross hematuria >40-45y « CKD
* Recurrent UTI, Nephrolithiasis * Hematuria / Foamy urine
« CKD /ESKD « (Extra renal manifestation)

« Hepatomegaly, MVP, ICA
« Familial history

Test
Test * Kidney function, UA
» Kidney function, UA « Serology
* Imaging « Pathology

« Gene
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Fig. 12.12 Palpation of the kidney. [A] Right kidney. [B] Left kidney. ~ Get above mass at flank



Renovascular hypertension

Signs and symptoms

* Migraine, pulsatile tinnitus (FMD)

* Vascular bruits
» Arterial dissections and/or
aneurysms (FMD)

» Pulmonary oedema (bilateral)

* Multisite atherosclerosis

« Unexplained small kidney
or kidney asymmetry

+v GFR, albuminuria, 4 renin
» Acute y eGFR after RAS blocker

* Age <40 years (FMD)

* Age >60 years with acute change
in BP or flash pulmonary ocedema
{(atherosclerosis)

[ STRE B Sy T --'"'.‘
Ty oy : - e ) _._ ‘. " &= H . > {5 1 '_
e i 2 -‘_J%_ B OAE o T A G Ty W A oy i

* Resistant HT
« Abrupt onset, worsening to control
* Sudden / unexplained pulmonary

o - e

Renovascular hypertension

edema

Screening

» Electrolyte, Kidney function
« US kidney / US doppler

« MRA, CT arteriography

Confirmatory test
* Angiography
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Supine position

Location: all four quadrants
Renal artery: epigastrium, costal
margin, above umbilicus lateral to
midline, (flank / CVA)

Renal artery

Aorta

lliac artery

,_;Q,::_,.I_—

High-pitched,
systolic *
diastolic

Renal artery

lliac artery

Femoral artery

FIGURE 19-11. Abdominal auscultatory areas for bruits.
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Renovascular hypertensmn

Takayasu arteritis

ABSOLUTE REQUIREMENTS
Age < 60 years at time of diagnosis 20-30 y

Evidence of vasculitis on imaging’

ADDITIONAL CLINICAL CRITERIA

Female sex

Angina or ischemic cardiac pain

Arm or leg claudication

Vascular bruit?

Reduced pulse in upper extremity®

Carotid artery abnormality*

Systolic blood pressure difference in arms 2 20 mm Hg

ADDITIONAL IMAGING CRITERIA

Number of affected arterial territories (select one)®
One arterial territory
Two arterial territories
Three or more arterial territories
Symmetric involvement of paired arteries®

Abdominal aorta involvement with renal or mesenteric involvement”

+1
+2
+2
+2
+2
+2
+1

+1
+2
+3
+1
+3

Polyarteritis nodosa Male>Female / 40-60

1990 criteria for the classification of polyarteritis nodosa

1. Weight loss >4 kg
Loss of 4 kg or more of body weight since illness began. not due to dieting or
other factors

2. Livedo reticularis
Mottled reticular pattern over the skin of portions of the extremities or torso

3. Testicular pain or tenderness
Pain or tenderness of the testicles, not due to infection, trauma, or other causes

4. Myalgias, weakness, or leg tenderness
Diffuse myalgias (excluding shoulder and hip girdle) or weakness of muscles or
tenderness

5. Mononeuropathy or polyneuropathy
Development of mononeuropathy. multiple mononeuropathies, or
polyneuropathy

6. Diastolic BP >90 mm Hg
Development of hypertension with the diastolic BP higher than 90 mm Hg

7. Elevated BUN or creatinine
Elevation of BUN >40 mg/dl or creatinine >1.5 mg/dl, not due to dehydration or

8. Hepatitis B virus
Presence of hepatitis B surface antigen or antibody in serum

9. Arteriographic abnormality

Arteriogram showing aneurysms or occlusions of the visceral arteries not due to
obstruction of leg muscles, arteriosclerosis. fibromuscular dysplasia, or other
noninflammatory causes

10. Biopsy of small or medium-sized artery showing PMN

Histologic changes showing the presence of granulocytes or granulocytes and
mononuclear leukocytes in the artery wall
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Aortic coarctation

Young adult with HT
(age<30y)

BP higher in upper
extremities than lower
Absent femoral pulse

Continuous murmur over

back/chest
Abdominal bruit

Test

CXR: Figure of 3 sign /
Inferior rib notching
(Roesler sign)

Echo.

CT angiogram/MRA

Secondary hyperten_s'

Cushlng

Rapid wt. gain
Proximal muscle
weakness
Hyperglycemia
Easily bruising
Violaceous striae
Hirsutism
Dorsal/supraclav. fat
pad

Central obesity,
moon face

Facial plethora

Pheochromocytoma
/Paraganglioma

* Resistant HT

* Orthostatic HT

« Paroxysmal

« Spell, BP lability

* Headache, sweating.
Palpitation, piloerection

« Adrenal incidentaloma

« Familial history
Syndrome: e.g., Skin:
café-au-lait spot,
neurofibromatosis /
MENZ2 / VHL
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Cafe-au-lalt macules

-

Cutaneous lichen amyloidosis

Axillary/Ing. skin
fold freckling

Med PA Phe /| MEN-2A / RET gene

Von-Hippel-
Lindau
VHL gene

Marfanoid Mucosal neuromas

Cerebellar Re'tinal
Med Phe Mu Ma / MEN-2B / RET gene hemangioblastoma hemangioblastoma



HT + Hypokalemia
with renal K loss

PRA T PAC T
PAC/PRA=10

-Reno-vascular HT (RAS, Coarctation of aorta)

-Renin secreting tumer (RCC, Wilm's turnor)
-Malignant HT

PRA + PAC T
PAC/PRA=Z0
PAC=15 ngsfdL

PAC / PRA

PRA & PAC 4

-Prirmary aldosteronism

-Glucecorticoid remediable aldosteronism (GRA)

-Di 7
PA: 28% L -Ectopic aldosterone secreting turmor
RVD: 13%
Cushing: 6% [m===============s e eemeeemeeemmeeee- * --------------- |
= Drug: 44%

Adrenal adenoma: yvoung <50y, more woman, mare severa HT, mare severe ypol, solitary adrenal

turnor

Adrenal hyperplasia: older than adenorna, more men, less severe HT/hypok, nommal or bilateral

GRA: Familial hyperaldosteronism type |, AD, strong familial Hx of HT/early anset HT/ early CVD in

farnily / refractory HT, Chimerlc gene of CYPL1BL11-CHase gene on ch.Bg) & CYP11B2 (Aldostercne
synthase genel==Aldosterone synthase is inappropriately regulated by ACTH, Test: Genetic test, U 18

[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
v adrenal gland enlargement
[}
[}
[
[
[}
[
[
[
[
[
[
[
[
[

OHcortisol, Dexamethasone suppression test > Treatrnent (FH type'ﬂ"u'li’ MR antaganist)

Hamnal cortisel
AME: AR, defect in L1B-H5D-Z, increase TLAZ of
irtracellular cartisol of prindpal cell, HT in the

yours, gronth retardation, Low BW, polyuna,
Do U free cortisolifres cortisone ratice10, Te

IR blocker, ENaC biacker

Cushing: ewcess of cotisol cver 11B-HI0-2

Licarice: Ghyoyrhetinic acid = inhibit 118

HEOZ = Ac

Geller: AL, agonist effect of progestenne

an mutabed ME, HT & Hypak in pregnancy, Il;n

[oe: best NAZC2 mutation, Tx: mprove after
chedlamry, ENal blacker, ™% MR backer

teracerbate this condition)

---------------------------------- a4
High cortised
5 CAH: 1B DH def. = cypl1B1, post-ratal

-Cushing’s syndrome
-Congenital adrenal hyperplasia (CAH)
(118 or 1Ta -hydroxylase def)
-Liddle syndrome

-Apparent mineralocorticoid excess (AME)
-Aequired AME (Licorice, Posaconazole,
Itraconazole, Grapefruit, Carbenoxolomne>Tx
peptic ulcer, Obstructive jaundice)
-Geller syndrome
-DOC producing tumor

=Ectopic ACTH, Ectepic mineralocorticoid

(Fludrocortisona, Abiraterona)

|
Momal combol *
S—
Liddle: AD, Fseisda hyperaldasteranism hypel, SCAMIa 1B 16, g@in of furctian

mittation af ENaC of B or ¥, HT in the young, growth netardation, potiria, T

EMaC blockeramiloride, tiamberene) "nat respanse to MA blockes

]

1

L

wirflization # 1Ta OH def. = cypl TAl, 1
aculthood, sox shovoed def, Tw: G5, MR

blocker prefier in 173 OH def Low
oontisol,

Abiraterone: inh. 1Ta QHECIT 20:lyse >

increaned deceyoorticosberone » cortisal

Lk activiby, Teo GU5 ar MRA blocker

IR
Hormal combol

Keyll: Intra-cellular Principal cell = 11B
hydroxysterald dehydroxygenase (11B HSD2) for

corversion of cortisol to cortisone (Inactive)




A UK1INg1duuiaa Medicationsl Prescription drugs

QENIWNYGEAAS . .
y @sswwona Sudden withdrawal of central-acting

Su bStances__,_- LA #= sympatholytic drugs such as clonidine and

Nonprescription drugs/substance

& tizanidine

Alcohol

Caffeine?®

Amphetamines’ (eg, amphetamine,
methylphenidate dexmethylphenidate, dexamfet-
amine, lisdexamfetamine, dextroamphetamine)

Decongestants (eg, phenylephrine,
pseudoephedring)

Herbal supplements (eg, Ma Huang, ephedra,
St. John's wort [with MAO inhibitors, yohimbine])

Antidepressants’ (eg, MAOIs, SNRIs, TCAs)

Atypical antipsychotics® (eg, risperidone,
olanzapine)334

Immunosuppressants’ (eq, cyclosporine)

Oral contraceptives'

Black licorice®

NSAIDs; acetaminophen

Systemic corticosteroids® (eg, dexamethasone,
fludrocortisone. methylprednisolone, prednisone,
prednisolone)

Angiogenesis inhibitor' (eg, bevacizumab)
and tyrosine kinase inhibitors (eg, sunitinib,
sorafenib)

Recreational drugs (eg, "bath salts" [MDPV],
cocaine, methamphetamine, etc)

Androgen deprivation therapy® such as CYP 17
inhibitors (eg, abiraterone, orteronel) or andro-
gen receptor antagonist (eg, enzalutamide)®®
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1. Clues to secondary HT
1.1) Character of HT
1.2) Clinical setting / syndrome
2. DDx: Clinical
2.1) Endocrine HT
=>» DDx uiilais Clues: PA, Pheo.
=>» {Clinical clues: Cushing, Thyroid, Acromegaly, Pheo.
= Genetic endocrine “esp. Pheochromocytoma”
2.2) HT + Hypokalemia (égnisziala) = PAC / PRA
2.3) Kidney disease = RVD / PKD / Glom.
2.4) 3w 9 1w CVS [ a1/ Monogenic HT: AME / Gordon / Liddle
Review of systems/PE, target organ damage, co-morbidity, drugs
Investigation

B w
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Risk factors

Family and personal history of hypertension, CVD, or renal disease.
Family and personal history of associated CVD risk factors.

Smoking history (including vaping).

Dietary history (including but not exclusive to salt intake).

Alcohol consumption.

Physical activity/sedentary lifestyle.

History of erectile dysfunction.

Migraine with aura.

Autoimmune inflammatory diseases.

Human immunodeficiency virus.

Sleep history, snoring, sleep apnoea.

Psychosocial factors (chronic stress, depression, social deprivation, low
socio-economic status, discrimination, gender-based violence).
Previous hypertension in pregnancy/pre-eclampsia and other
pregnancy-related complications (gestational diabetes, miscarriage/stillbirth,
pre-term labour).

Early menopause, polycystic ovary disease.

Medication history

Current/past BP-lowering medication including effectiveness and intolerance
and adverse events with previous medications.
Adherence to and persistence with prior and current treatments.

Use of drugs or substances that may increase BP.

Anthropometric measures

Weight and height for BMI calculation.

Waist circumference.

Signs of secondary hypertension

Skin inspection: cafe-au-lait patches of neurofibromatosis
(phaeochromocytomal/paraganglioma).

Kidney palpation for signs of renal enlargement (polycystic kidney disease).
Auscultation of heart and renal arteries for murmurs or bruits indicative of
aortic coarctation, or renovascular hypertension.

Comparison of radial with femoral pulse, inter-arm BP difference in young
individuals with aortic coarctation (aortic murmur may also be heard).
Signs of Cushing's disease or acromegaly.

Signs of thyroid or parathyroid disease.

Neck circumference of >40 cm in men, >35 ¢m in women (OSAS).
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A 39-year-old woman presented with intermittent scalp tightness for 6 years.
“Uipmadsuenn 61"

The pain was mild, dull, and episodic, lasting less than 30 minutes and resolving
spontaneously.

She denied weakness, numbness, speech difficulty, visual or hearing changes,
dizziness, or gait instability.

2 years ago, she also reports intermittent bilateral thigh muscle pain and episodic
proximal thigh weakness lasting 7—8 hours, which improves with analgesics.

Physical exam.: BP 170/100 mmHg, BMI 29 kg/m2, CVS/RS/Neuro. system WNL

Further Hx & PE ?
How to approach ?
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Renovascular hype
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Causes
Atherosclerotic RAS (ARAS)

Fibromuscular disease (FMD)
Extrinsic fibrous band

Renal trauma (Dissection/Page
kidney/Segmental renal
infarction)

Aortic dissection, Arterial
embolus

Miscellaneous: malignancy,
hypercoagulable stage

Men & Woman

Age>50 y, older age
Atherosclerotic disease
Location: Proximal third

Irregular vessel wall

Nearly total occlusion

Ischemic atrophy

Medication +/-
angioplasty

<40 y (mean 52 y)
absent
Middle to distal third
String of beads
Rare total occlusion

Rare in ischemia

Angioplasty
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Unilateral Renal Artery Stenosis

RAAS 1 1

Pressure
natriuresis

Reduced renal perfusion Increased renal perfusion

| —

T Renm-angnotensnn system (RAS) Suppressed Increased
I Renin RAS Na“® excretion

T Angiotensin Il (pressure natriuresis)
X flash T Aldosterone
pulmonary l
edema _ ;
Angiotensin || dependent
hypertension
Effect of blockade of RAS

Reduced arterial pressure
Enhanced lateralization of diagnostic tests
Glomerular filtration rate (GFR) in stenotic kidney may fall
Diagnostic tests

Response RAASI NOSIIC {
Plasma renin activity elevated

T Lateralized features, e.q., renin levels in renal veins,
A captopril-enhanced renography

T Renin-angiotensin system (RAS)

Renovascular hype

Bilateral Renal Artery Stenosis

Stenosis of
Bilateral solitary kidney
| |
' flash
Reduced renal perfusion pulmonary
) ' } edema

Impaired Na® and

Renin water excretion
T Angiotensin |1

T Aldosterone Inhibit RAS ‘
i Volume expansion

Normal or low angiotensin || .
Increased arterial

pressure
Effect of blockade of RAS

Reduced arterial pr&ssulre onl;é5 ag’lqer volume depletion
ay lower .
5 Response RAASI

Diagnostic tests 1
Plasma renin activity normal or low
Lateralized features: none



Table 1. Summary of Imagmg Modahtles Used to Dlagnnse Atherc-sc:lerollc: Renc—vascular Disease

Imaging

Modality Sensitivity  Specificity Strengths Limitations

Duplex 91%-100% 82%-91% Inexpensive, noninvasive, provides Operator-dependent, limited by high

ultrasound waveform and velocity data, provides BMI, limited availability in some
data about kidney viability (resistive index)  countries

Multidetector 64%-96% 90%-92%  Rapid multiplanar acquisition, allows Low/moderate levels of radiation,

CTA detection of accessory renal arteries requires iodinated contrast

MRA 94%-97% 85%-93% No radiation or iodinated contrast Long acquisition times (~ 1 h), may
required overestimate degree of stenosis

Catheter 100% 100% Gold standard of renal artery evaluation,  Invasive procedure, only 2D planar

angiography enables measurement of pre- and images acquired, ideally requires
postintervention gradients, can evaluate iodinated contrast (CO. can be
and treat in same setting substituted with lesser resolution)

Recommendations Class Level

DUS (as first-line), CTA and MRA are recommended
imaging modalities to establish a diagnosis of RAD.

DSA may be considered to confirm a diagnosis
of RAD when clinical suspicion is high and the results of
non-invasive examinations are inconclusive.

Renal scintigraphy, plasma renin measurements
before and after ACEI provocation and vein renin
measurements are not recommended for screening of
atherosclerotic RAD

PSV )
locit . »
Y, Pulsus Parvus

- PSV

“LVmean

Doppler US
PSV > 180 cm/s
RAR > 3.5



Recommendations for Renal Artery Stenosis
References that support recommendations are summarized in the

2a

C-EO

Recommendations

In adults with hypertension and atherosclerotic renal
artery stenosis, medical therapy is recommended to
reduce kidney and CVD morbidity and mortality.'*

Goal of therapy: blood pressure & volume control,
preservation of renal function and cardiovascular risk
reduction.

Strategy of therapy composed of medical therapy
with/without revascularization.

In adults with hypertension and atherosclerotic renal
artery stenosis for whom medical management has

failed (eg, resistant hypertension, worsening kidney

function, and/or acute HF), it is reasonable to refer

patients for revascularization by percutaneous renal

artery angioplasty and/or stent placement.

2b

C-LD

In adults with hypertension and nonatheroscle-
rotic renal artery stenosis, including fibromuscular
dysplasia, it may be reasonable to refer patients
for revascularization by percutaneous renal artery
angioplasty.’

ARAS = Medication

FMD =» Percutaneous
renal artery angiography

Revascularization in ARAS
= Fail medication with
symptom

AHA/ACC 2025
ESC 2024



Renovascular hypert__;i ,

Recommendatlon

ACEIs/ARBs are recommended for treatment of
hypertension associated with unilateral RAS.

Calcium channel blockers, beta- blockers and

diuretics are recommended for treatment of hypertension
associated with renal artery disease.

ACEIs/ARBs may be considered in bilateral severe RAS

and in the case of stenosis in a single functioning kidney,
if well- tolerated and under close monitoring.

ESC/ESH 2018




R 1 n

Smoking cessation is recommended in all patients with PADs.

A healthy diet and physical activity are recommended for all
patients with PADs.

Statins are recommended in all patients with PADs.

Recommended to reduce LDL-C to < 70 mg/dL or decrease it by
> 50% if baseline 70-135 mg/dL.

In diabetic patients with PADs, strict glycaemic control is
recommended.

Antiplatelet therapy is recommended in patients with
symptomatic PADs.

In patients with PADs and hypertension, it is recommended to
control blood pressure at < 140/90 mmHg.

ESC/ESH 2018



Recommendations FMD Class® Level®

Renal artery angioplasty without stenting should be

considered for patients with hypertension and la C
haemodynamically significant renal artery stenosis

due to fibromuscular dysplasia.”*’

Women of childbearing age with RA aneurysms should be treated before
pursuing pregnancy because of the risk for rupture during pregnancy or delivery.

Other recommended treatments for patients with FMD are antiplatelet agents
and smoking cessation. ESC 2024



Recommendations

Renal artery angioplasty and stenting may be
considered in patients with haesmodynamically
significant, atherosclerotic, renal artery stenosis
(stenosis of JO%—99%, or 50%—69% with
post-stenotic dilatation and/or significant

trans-stenotic pressure gradient) with:

Recurrent heart failure, unstable angina, or sudden

onset flash pulmonary cedema despite maximally
‘ tolerated medical therapy;
" Resistant hypertension;
' Hypertension with unexplained unilaterally small
| kidney or CKD;
Bilateral renal artery stenosis or unilateral renal

| artery stenosis in a solitary viable kidney.”****

b

Atherosclerotic RAS
“Revascularization”

ESC 2024

C

In patients with an indication to renal artery

revascularization and technically unfeasible, or failed,

b C

renal artery angioplasty and stenting, open surgical
revascularization may be considered.

Renal artery angioplasty is not recommended in
patients without confirmed haemodynamically

. . SIE 53
significant renal artery stenosis.® "5

ESC 2024



Definite indications

« Acute pulmonary edema or acute decompensations of heart
failure and high-grade RAS™"

* Progressive CKD in high-grade (>75%) RAS (bilateral or
solitary kidney)®'

« AKI due to acute renal artery occlusion or high-grade RAS™

« ACEi or ARB intolerance in high-grade RAS

« Kidney transplant with RAS (symptomatic or asymptomatic)®’

Possible indications

* Chronic heart failure and high-grade RAS*'"

« Coexistence of progressive CKD and uncontrolled
hypertension?’#

« Asymptomatic high-grade RAS (either bilateral or supplying
solitary kidney) with viable renal parenchyma (to prevent
atrophy)

= New (<3 mo) dialysis patient with nonfunctioning but possibly
viable kidney®® 75584

Nonindications
+ Moderate to severe hypertension alone
= Asymptomatic unilateral or bilateral (<75%) RAS®707

Atherosclerotic RAS

“Revascularization” KDIGO 2022

Table 3. Features of Renal Parenchymal Viability or Nonviability
in Atherosclerotic Renovascular Disease

Potentially More Likely
Sign Viable Nonviable
Timing of kidney <6 26
function
deterioration, mo
Proteinuria UACR <200 mg/ UACR >300 mg/g

g (20 mg/mmol) (30 mg/mmol) or
UPCR >500 mg/g®
(50 mg/mmol)

Cortical thickness  Cortex distinct  Loss of corticomedullary

(eg, >0.5 cm differentiation; no cortex
depth)

Renal resistive index <0.8 >0.8

Renal artery length, >8° <7

cm
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Eye ground: copper wire / AV nicking
+ A 65-year-old man presented with worsening BP
control over last 2 months “anusulatinanlaudas ludas 2117

* Underlying diseases: T2DM, HT, CAD, CKD G3, PAD
« His BP are now consistently above 150/90 mmHg with

bilateral pitting edema. Current treatment: “enaanusu 4 giin
enduldasniz 1 gin”

« Two months ago: progression of CKD from G3 to G4.
“pasfuinen e’

Physical exam.: BP 160/90 mmHg (all ext.),
CVS/RS/Neuro. system WNL

Eye exam.? Further PE ?
Resistant HT ? How to approach ?

Cotton wool
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ReS|stant hypert

. These ESC Guidelines clo not |nc|ude the terms ‘controlled resistant

Confirm treatment resistance with 1 of the following: hypertension’ (BP at target but requiring >4 medications) or ‘refractory
« Office BP >130/80 mm Hg and on >3 antihypertensives hypertension’ (BP not at target despite >5 medications).
° Combination of ACEi or ARB + CCB + thiazide-like diuretics preferred
* Office BP <130/80 mm Hg but requires =4 antihypertensives
° Combination of ACEi or ARB + CCB + thiazide-like diuretics preferred

<140 mmHg and/or <90 mmHg, respectively. These uncontrolled BP values
Exclude pseudoresistance must be confirmed by out-of-office BP measurements (HBPM or ABPM—

* Ensure accurate office BP measurements
* Assess for medication nonadherence with prescribed regimen
* Obtain home, work, or ambulatory BP readings to exclude white-coat effect

Causes of resistant hypertension

Behavioural factors
Identify and reverse contributing lifestyle factors* S R
Physical inactivity

Excess daily dietary sodium

Excess habitual alcohol consumption

Discontinue or minimize interfering substancest

AHA/ACC 2025
ESC 2024
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Screen for secondary causes of hypertensioni

Pharmacological treatment
* Maximize diuretic therapy
o Replace thiazide-type diuretics with chlorthalidone 12.5-25 mg qd or indapamide 1.25-2.5 mg qd
* Add spironolactone (25-50 mg qd) or equivalent dosage of eplerenone (25-50 mg BID) if eGFR =245
* Use chlorthalidone or loop diuretics in patients with CKD stage 4 or greater
Add agents with different MOA
° BB, central sympatholytic drugs, or nondihydropyridine CCB for elevated heart rate
Add dual endothelin-receptor antagonist (ERA) or potent vasodilators
o Dual ERA, eg, aprocitentan, or direct vasodilator eg, hydralazine or minoxidil (only if already on
BB [or bradycardic] and loop diuretic)

Refer to specialist:
* For known or suspected secondary cause(s) of hypertension

* |f BP remains uncontrolled >6 months of treatment AHA/ACC 2025
ESC 2024
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A 40-year-old man presented with hypertension * A59aNLANNAUIARAFS

7 years ago, he was diagnosed with hypertension during hospitalization for a leg
fracture and was started on one antihypertensive medication.

2 years ago, his BP became poorly controlled, and he was noted to have worsening
kidney function.

1 year ago, his BP became uncontrolled again, and medications were increased.
He denied hematuria, foamy urine, or changes in urine output at that time; however,
he had a history of recurrent right flank pain.

Physical exam.: BP 160/90 mmHg (all ext.), liver span 13 cm., no abdominal bruit,

no edema
Further Hx & PE ?

How to approach ?
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A 40-year-old man presented with hypertension * A59aNLANNAUIARAFS

7 years ago, he was diagnosed with hypertension during hospitalization for a leg
fracture and was started on one antihypertensive medication.

2 years ago, his BP became poorly controlled, and he was noted to have worsening
kidney function.

1 year ago, his BP became uncontrolled again, and medications were increased.
He denied hematuria, foamy urine, or changes in urine output at that time; however,
he had a history of recurrent right flank pain.

Physical exam.: BP 160/90 mmHg (all ext.), liver span 13 cm., no abdominal bruit,

no edema, bimanual palpation positive both sides
Further Hx & PE ?

How to approach ?



Presence of bilateral renal cysts

Yes

J
Presence of

No

solid renal tumours
[ Yes

' :

Angiomyolipoma ‘ I

Renal cell carcinoma

' i

_Polycygstlc kldney

Cystic kidney disease

- Size of kidney

- Extra-renal
manifestation/tumor

- Familial history

ISE VHL Kidney
Confirm by genetic testing Confirm by genetic testing size
Normal/ Enlarged
small
Localization Ubiquitous | 'Presence of
of cysts = | liver fibrosis
l Cortico-medullary l Nol ¢Yes
Autosomal Autosomal Autosomal Autosomal
recessive dominant dominant recessive

Y

Y

NPHP | MCKD | | ADPKD |
| Extrarenal manifestations |
Polydactyly Cerebellar vermis Retinitis Bilateral
Juvenile obesity hyperplasia/aplasia pigmentosa hexadactyly

Intellectual disability
Anosmia Liver fibrosis
Retinitis pigmentosa Coloboma

Retinitis pigmentosa

Y

Fibrocystic liver

disease

CNS malformation

Tumorous disorders

FLCN

T5C1

TsC2

PKD1/TSC2

VHL

Birt-Hogg-Dubé AD
syndrome

Kidney cysts  Hair follicle hamartomas, kidney tumors,
spontaneous pneumethorax, lung
cysts

Tuberous sclerosis ~ AD Kidney cysts  Multisystem disorder with hamartomas

complex (TSC) in brain, skin, heart, kidneys
(angiomyolipomas), and/or lung, plus
CNS manifestations: epilepsy, learning
difficulties, behavioral problems
PKDI/TSC2- AD Severe, Hamartoma and CNS manifestations of
Contiguous gene infantile T5C
syndrome (CGS) PKD
Von-Hippel-Lindau  AD Kidney and Familial cancer syndrome with
syndrorme pancreatic malignant and benign neoplasms in
cysts reting, cerebellum, spinal

hemangioblastoma, RCC,
pheochromocytoma, and pancreatic
tumors
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ADPKD

- A group of inherited disorders
- Kidney cyst + extra-renal

manifestation

- Single pathogenic variants

- AD inheritance (De novo 20%)

ADPKD - (causal gene)

PKD 1

Chromosome 16

Codes Polycystin 1 protein (PC1)
More severe phenotype

ESKD 4-5t" decade

Incidence: 85%

AJKD 2025

PKD 2

Chromosome 4

Codes Polycystin 2 protein (PC2)
Less severe phenotype

ESKD 6-7t" decade

Incidence: 15%

Screened No. of Disease
Gene Families Families® Designation Kidney Phenotype Extrarenal Phenotype Comments
Major ADPKD Genes and N 1 e for Unk , Not Scr d, and Unresolved Typical Cases
Unknown, or ADPKD Bilateral PKD; kidney enlargement; Liver cysts including severe ~ Wide phenotypic range in terms of TKV and
not screened, age-related CKD, may result in KF PLD; increased risk of ICA  KF risk and timing
or unresolved
PKD1 ~48% >3,250 Truncating Bilateral PKD; early kidney Liver cysts including severe ~ Some disease variability, including a more
pathogenic variant: enlargement; CKD G3, age ~40y; PLD; increased risk of ICA  benign course, sometimes associated with
ADPKD-PKD1 KF in 50s mosaicism
~19% >1,750 Nontruncating Bilateral PKD, kidney enlargement; Liver cysts including severe  Phenotype ranges from severe as PKD1
pathogenic variant: age-related CKD; may result in KF PLD; increased risk of ICA  truncating to mild PKD in old age, partly
ADPKD-PKD1 depending on the degree of residual protein
function
PKD2 ~15% >1,000 ADPKD-PKD2 Bilateral PKD; milder and later kidney Liver cysts including severe ~ Some disease variability, including a more

enlargement; CKD G3, age ~55 y;
KF in 70s

PLD; increased risk of ICA

severe or more benign course

Minor ADPKD Genes With Definitive-to-Moderate E

of Di Invo t°

ALGS5 <0.5% <10 ADPKD-ALG5 Mild to moderate cyst development A few liver cysts in a minority
with limited kidney enlargement and ~ of people
fibrosis; CKD and some KF in older
adults’

ALG9 <0.5% <20 ADPKD-ALG9 Mild to moderate cystic disease with  Liver cysts common Biallelically, associated with the congenital
significant CKD in older adults® disorder of glycosylation, type IL (CDG1L)

DNAJB11 <0.5% <30 ADPKD- Bilateral small cysts, limited or no Liver cysts, usually mild; ICA ADPKD-DNAJBT11 has similarities to ADTKD,

DNAJB11 kidney enlargement; progressive and vascular risk possible because of the small, fibrotic kidneys, but
fibrosis; limited CKD G3a <55 y, but visible cysts are usually present. Biallelically,
KF in 70s** associated with renal-hepatic- pancreatic
dysplasia®

GANAB <0.5% <20 ADPKD-GANAB  Mild cyst development; limited CKD,  Liver cysts, including severe Can present as ADPLD
no KF® PLD; ICA risk unclear

IFT140 1-2% <50 ADPKD-/FT140 Few, large bilateral cysts resulting in  Liver cysts only rarely seen, Biallelically, associated with short-rib
kidney enlargement with kidney with risk of ICA unclear thoracic dysplasia (SRTD9) and retinitis
function usually preserved into old pigmentosa (RP80)
age’

NEK8 <0.5% <20 ADPKD-NEK8 Bilateral PKD, kidney enlargement; KF  Liver cysts rare De novo occurrence was reported in 75% of
in childhood, occasionally later in reported cases. Biallelically, associated with
cases of specific alleles or mosaicism® renal-hepatic-pancreatic dysplasia and

nephronophthisis (NPHP9)

Suspected M. llelic PKD G With Limited Evid of Di: Invol t or Not A d°

ALG6 <0.5% <10 ADPKD (only Generally mild with or without Can present with mainly a liver phenotype.

when phenotype
consistent with
this diagnosis)

persevered kidney function®

Liver cysts, including severe
PLD

Monoallelic ALG6 is likely a lower-penetrant
phenotype. Biallelically, associated with the
congenital disorder of glycosylation, type IC
(CDG1C)
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CKD G1 =
20 »
0
Birth 80
Diagnosis at Age (years)
= age 18 years
— 2 | Hypertension T
2 4 Pain - —
O E CKD G4-G5
©
E

ESKD PKD1 56-68 y
PKD2 78 y

Kidney enlargement 30-40y

Liver enlargement >30y KDIGO 2025
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Manifestation
Renal
Urinary concentration defect®

Hypertension®

ESRD?

Proteinuria (=300 mg/day)
Abdominal or flank pain

Mephrolithiasis

Cyst haemorrhage and/or gross
haematuria

Urinary tract infection®

Renal cell carcinoma

Up to 60% of children

* 50-70% of patients prior to
GFR decline

* Average age of onset is 30 years
= At least 20—40% of children

50% of patients by 60 years of age

Associated with GFR decline
>60% of adult patients

20-35% of adult patients
Up to 60% of adult patients

30-50% of adult patients
<1% of adult patients

Comments

Earliest manifestation of mild polyuria is often undetected

Screen children with family history of ADPKD from 5 years of age,
then at 3-year intervals if negative for hypertension

Mean age of onset of 56 years (truncating PKD1 mutations), 68 years
{(non-truncating PKD1 mutations) or 78 years (PKD2 mutations)

Prognostic marker of ADPKD

* Acute or chronic
* Multiple causes

Uric acid and/or calcium oxalate stones

Maost haemorrhages resolve within 2-7 days without intervention

Maore common in women than in men

Risk not increased compared with the general population, but
patients can present with systemic symptoms of cancer

Nature review 2018
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Extrarenal

Polycystic liver disease

ICA

Arachnoid cysts

Mitral valve prolapse or bicuspid
aortic valve

Idiopathic dilated cardiomyopathy
or left ventricular non-compaction

Pericardial effusion
Pancreatic cysts

Diverticulosis

Bronchiectasis
Congenital hepatic fibrosis®
Seminal vesicle cysts

Male infertility

=>80% of patients by 30 years of age

» 8% of all adult patients
* 21% of adult patients with a
family history of ICA

8% of adult patients
Up to 25% of adult patients

Rare

Up to 35% of adult patients
10% of adult patients
Up to 50% of patients with ESRD

Up to 35-40% of adult patients
Rare (on the basis of case reports)
Up to 40% of men

Associated with ADPKD

Include liver imaging in initial visit; further follow-up dependent
on result of imaging

Screen if family history of subarachnoid haemorrhage or ICA,
personal history of intracranial haemorrhage, individuals working
in high-risk professions and before major elective surgery
(including before transplantation)

Possible increased risk of spontaneous subdural haematoma

Screen when there is a heart murmur or symptoms
Screen when there is a family history of these conditions

Screen if symptoms of pericardial effusion are present
Mo screening needed

Increased risk of diverticulum perforation following renal
transplantation

Mild; no screening needed
No screening needed
Mo correlation to semen abnormalities

Abnormal semen parameters reported Nature review 2018
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Adult at risk and wishing to be diagnosed;

POSitive family hiStory clinical characterization

Family genetically Famnily genetically
not resolved resalved

 DDx of kidney cysts
 Positive or Negative
family history
* Kidney cyst count
> Age
> Dx or R/O

Kidney ultrasound
(Figures 3 and 4 criteria)

Equivocal or Diagnosis Diagnosis
atypical features confirmed ruled out
Kidmey MRI* Genetic testing
(Figure 5 criteria) {Genes, Tables 1 amd 4; ACMG criteria)
MRl and genetics equivocal Other form of cystic ADPKD
Mo ADPED diagnosis kidmey/liver disease diagnosed diagnosed

Future imaging/genetic
follow-up: ~ 2 years

Allele-specific
genetic testing

Genetics negative
Mo ADPED diagnosis

KDIGO 2025



Ultrasound criteria by age group to diagnose ADPKD when there is a positive family history

Age (years) Number of cysts ADPKD-PKD1 ADPKD-PKD2 Unknown gene type
(test criterion
based on number Predictive value Sn (%) Predictive value Sn (%) Predictive value Sn (%)
of cysts) based on a based on a based ona
positive test (%) positive test (%) positive test (%)
15-29 =3 total 100 Q4 100 70 100 a2
30-39 =3 total 100 a7 100 95 100 96
40-59 =2 in each kidney 100 a3 100 &9 100 a0
60+ =d in each kidney 100 100 100 100 MDD MD

Ultrasound criteria by age group to exclude ADPKD when there is a positive family history

Age (years) Number of cysts ADPKD-PKD1 ADPKD-PKD2 Unknown gene type
(test criterion
based on number Predictive value Sp (%) Predictive value Sp (%) Predictive value Sp (%)
of cysts) based on a based on a based on a
negative test (%) negative test (%) negative test (%)
15-29 =1 total 99 a8 a4 a7 a1 a7
30-39 =1 total 100 a6 a7 94 a8 a5

40-59 =2 total 100 a8 100 98 100 ag



Diagnosis YN0 NN

Adult at risk and wishing to be diagnosed;

POSitive family hiStory clinical characterization

Family genetically Famnily genetically
not resolved resalved

 DDx of kidney cysts
 Positive or Negative
family history
* Kidney cyst count
> Age
> Dx or R/O

Kidney ultrasound
(Figures 3 and 4 criteria)

Equivocal or Diagnosis Diagnosis
atypical features confirmed ruled out
Kidmey MRI* Genetic testing Allele-specific
(Figure 5 criteria) {Genes, Tables 1 amd 4; ACMG criteria) genetic testing
MRl and genetics equivocal Other form of cystic ADPKD Genetics negative
Mo ADPED diagnosis kidmey/liver disease diagnosed diagnosed Mo ADPED diagnosis

Future imaging/genetic
follow-up: ~ 2 years

KDIGO 2025
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Magnetic resonance imaging (MRI) criteria for ages 16-40 years in people with a positive family history

Age (years) Number of cysts Predictive value Sensitivity (%)  Predictive value Specificity (%)
[test criterion based on based on a based on a
number of cysts) positive test (%) negative test (%)

16-29 =10 cysts 100 100

30-40 100 100

16-29 =5 cysts 100 98.3

3040 100 100

Figure 5| Magnetic resonance imaging (MRI) criteria for ages 16-40 years in people with a positive family history.”' The sensitivity of a
test is its ability to designate an individual with the disease as positive. The specificity of a test is its ability to designate an individual who does
not have the disease as negative.



Adults with incidentally detected kidney
and/or liver cysts by US, CT or MRI

Diagnosis Negative family history

ADPKD

Us of family membsers if

available and agree to testing

Atypical presentation: Multiple cysts andfor Few cysts, normal If positive, follow
. dizcordant imaging/GFR, kidney enlargement, kidney function and size, Figure 1 schema
DDx of kidney cysts or atypical renal reduced kidney function, no extrarenal features
Positive or Negative or extrarenal findings liver cysts. No atypical ADPKD uncertain
family history extrarenal findings in <40y, unlikely >40y
. ADPKD diagnosis ADPKD diagnosis
Kidney cyst count uncertain confirmed
> Age
> Dx or R/O
Kidney MRl Genetic testing

(Megative family history criteria) (Genes, Tables 1 and 4; ACMG criteria)

MRl and genetics equivacal
Mo ADPKD diagnosis

Cther form of cystic ADPKD
kidney/liver disease diagnosed diagnosed

Future imaging/genetic
follow-up: ~ 2 years

KDIGO 2025
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ADPKD .

Negative family history

Patient with numerous bilateral kidney cysts on ultrasonography (US), computed tomography (CT), or magnetic resonance imaging (MRI)

Family history of renal cysts and/or cystic kidney disease (CKD)

Kidney length 213 cm Kidney length <13 cm
Age,y  No.ofcystsonUS <5cystsaccount 220 cysts i <20 cysts i <20 cysts
15-39 23 total : {(9; >50% ltotal «Cysts<lcm : - Low cystic burden : «PLD
40-58 22perkidney [ WOIRYVOIIE | lowGrR | WhIwGFR  |.crRs60
260 24 per kidney s C).lsts >3 cm . Genitourinary : mL/min/
or : - Higher GFR : malformation 1.73m?2
- >10 cysts total on CT or MRI :)A(;}Sc(;;:iecvl?\zr : - Gout _
 Cystic burden congruent | .o (PLD) e Low O )
with progressive GFR decline ! : * Early diabetes
Autosomal dominant :
polycystic kidney Atvoi :
: ypical ADPKD ADTKD : ADPLD
disease (ADPKD) (5%-10%) (<5%) P (<2%)

(65%-70%

it

No family history of renal cysts and/or CKD

Kidney leng

>16 cm

>10 cysts
per kidney

Likely
ADPKD :
(15%-20%)

th=213 cm

§>16 cm
4>10 cysts

per kidney

|- Female

1" Oral, facial,
4 ordigital :
|| malformation :

OFD1
syndrome
tl)

:13-16 cm

.« Congenital
. hepatic
. fibrosis

ARPKD
(1%)

unaffected
population?

Possible
ADPKD
(5%-10%)

Kidney length <13 cm
GFR >60 Alternative
mL/min diagnoses
-PLD
- No. of cysts
>97.5th ) i
percentile of § Acquired cystic

Kidney disease

Lithium-induced
cystic disease

Tuberous
sclerosis

Von Hippel-
Lindau disease

[ Genetic testing positive for a pathogenic variant in one of the PKD genes ] <

JAMA 2025
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Table 4| Situations in which genetic testing can clarify the diagnosis and aid in determining a prognosis

Situation

Genetic findings

Limited number of cysts
Variable disease severity in a family

Atypical findings with imaging, such as asymmetric
or unilateral disease

Discordance between structural (MIC) and
functional (GFR) ADPKD severity”

Negative family history
Very-early-onset (VEQ) ADFKD

Related living transplant donor (aged <30 yr,
especially if a few cysts detected)

Family planning and preimplantation genetic
diagnosis [PGD)

All people

Positive result can show a genetic origin (minor gene or hypomorphic allele).
Mosaicism or biallelic/digenic disease can explain some extreme variability.
Positive result can show a genetic origin (including mosaicism or minor gene involvement).

Genetic testing may reveal an atypical form of the disease or additional genetic or
contributory factors, but nongenetic factors may also be important.

Positive result can show a genetic origin {de nove mutation can be praven).
Biallelic disease may be found [Chapter 9).
Genetic testing can exclude the familial variant, if known, and test for other genetic causes.

Obtaining a genetic diagnosis can aid in family planning and enable PGD (Chapter 8).

Genetic testing can confirm the diagnosis, identify the responsible gene and variant, and
provide prognostic information.

ADPED, autosomal dominant polycystic kidney disease; GFR, glomerular filtration rate; MIC, Mayo Imaging Classification (see definition in Chapter S); PGD, preimplantation

genetic diagnosis.

“Discordance may be reduced GFR without significant kidney enlargement, or an older adult with large kidneys but normal GFR
For more information about mosaicism, and biallelic and digenic inheritance, see Practice Point 1.3.12,
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Management

Prognosis assessment

PKD1
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é TGermline
g’ variants in T8M), TCalorie
é modifier genes intake, TSalt intake,
-] TSomatic variants in Diet type, Smoking,
§ PKD and other genes . Exercise, Caffeine
More rapid
progression
Diabetes, Hemorrhagic cysts,
O other causes of AKI, Cyst rupture
% hypertension,
° nephrolithiasis ~GFR,
<. TTKY,
< 8P, TUT,
% TH
() M J ematuria,
v niury Proteinunia/
albuminuria
«Urinary
concentration (\"
&
‘64-(.0,3 ﬂké
ty, <€
’e Eady dBea

Factor Male

Age onset

ADPKD

%a Metabolic
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&
o
£
g
& Hemorrhagic
€ cyst
Associated with more severe disease

1ediate effect

Effect proposed but not proven
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Management

Prognosis assessment

PROPKD: 7-9
MIC: E,D

Age onset

PROPKD score

Method

PKD1

|GFR
Truncated nogenic

) Kie,
e ¥ eenind Yune,
S
PKD1T EKDI?
= PKD2 LeGFR/age
.,‘,9 DNAJBT1 LeGFRA/year
éb’lﬁ? WRAoE genea
- b Rare variants in ~ .
é‘ﬁl': 5 disease modifiers I hiTKV/age
t i ]
- Commaon variants in Mlgzg{;ﬂf?“r
disease modifiers AL D lai
Polygenic risk scores More rapld
progression
E'_ +Age at diagnosis
- High BP/lage
%—. UTl/ Lage LRBF
= Hematuria/l-age
o TumcP1
‘‘ TUrea U/P
:‘a Ak TuKIM1/Cr
= .o Tup2MG
'*}p Copeptin
@ LUrinary
osmolality
A
LY "#""
D Lo
Core gio™

ADPKD

Kidney sizely

%
?5;_ or /age
®

3
=
§
N
&

Associated with more severe disease
Wi severe di
nbermedlate effect

Effect proposed but not proven
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s [V]AY O Imaglng Classmea

Recommendation 1.4.2.1: We recommend employ-
ing the Mayo Imaging Classification (MIC) to predict
future decline in kidney function and the timing of
kidney failure (1B).

Calculated using Class 1E

ellipsoidal equation from
MRI imaging

Class 1C
L

HtTKV (mL/m)

15 20 25 30 35 40 45 50 55 60 65 70 75 8
Patient age (years)
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Variable | Points

1 Sample PROPKD Score
hypertension before 35 years of age 2 Calculation
s - = ADPKD patient info: 29 year old male with
first urologic event” before 35 years of age - hypertension and a truncating PKD1 mutation
mutation
: 1 point for being male

PKDZmuta.tlon - b 2 points for hypertension before 35 years of age

nontruncating PKDI mutation 2 +4 points for a truncating PKD1 mutation

Struncating PKD1 mutation 4 7 points PROPKD Score

PROPKD Score = SUM HIGH Risk of Progression to ESKD

Total Points
PROPKD
Score
INTERMEDIATE
Risk of 56.9 median age for ESRD onset | 49 median age for ESRD onset
:’;OESS’YEBSWH Risk of rapid progression and a 92%

chance of reaching kidney failure

before age 60.
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................ Lifestyle intervention: dietary sodium intake <2 g/day + BMI 525 kg/m’ + regular exercise z
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Lifestyle intervention: dietary sodium intake <2 g/day + BMI 525 kg/m’ + regular exercise

juawabeuew 6nip pue Hrup-uoN

Blood pressure reduction: ACEI/ARB if systolic blood pressure >130 mm Hg

Lifestyle

_' Pain management: exclude acute kidney event + manage chronic pain

“ » Water 22 |/day
o - Sodium <2 g/day, salt <5 g/day » Avoid tobacco products
: - Limit alcohol intake:
+ Protein 0.8-1 g/kg/day <2 drinks/d (M), <1 drink/d (F)
» Calories 25-35 kcal/kg/day » Counsel patients about the
» Fat <30% of daily energy intake :i‘:z: ::c"r'e‘:z::ng'r;:;t:
§ gbﬁer.25-3480%/ day/d and nephrotoxins
+ Caffeine <400 mg/day : .

- Exercise >150 min/week
« Maintain BMI 20-25 kg/m? « Strength training >2/week
- Avoid sarcopenia « Avoid collision exercise



Lifestyle intervention: dietary sodium intake <2 g/day + BMI 525 kg/m’ + regular exercise

Blood pressure reduction: ACEI/ARB if systolic blood pressure >130 mm Hg

Pain management: exclude acute kidney event + manage chronic pain

Recommendation 2.1.3: For people with ADPKD
aged 18-49 years with chronic kidney disease (CKD)
G1-G2 and high BP (>130/85 mm Hg), we recom-

mend a target BP of <110/75 mm Hg as measured by
HBPM, if tolerated (1D).

wawabeuew 6nip pue brup-uoN

Recommendation 2.1.4: For people with ADPKD
aged =50 years with any stage of CKD (CKD G1-G5),
we suggest a target mean systolic blood pressure

B P co n t ro I (SBP) of <120 mm Hg, if tolerated, as assessed using

standardized office BP measurement (2C).

Hypertension in ADPKD
Monitoring Non-pharmacologic interventions Medical management
- Standardized office BP measurement in preference to - Reduce dietary sodium including minimizing « Inhibition of RAS provides the cornerstone
routine office BP measurement processed foods of BP management and includes the use of
- HBPM is preferred to office only measurements - Optimize body weight with a healthy diet and an ACEi or ARB
« Consider ABPM in children and adults with difficult BP regular exercise » Optimize BP with a 2nd-line agent, if needed
control, LVH, proteinuria, or declining kidney function « Optimize pain management » Individualized therapy is indicated

but normal office BP readings

» Consider work up for secondary high BP when >3 BP
medications are needed in the setting of medication and
dietary compliance

Figure 14| Blood pressure (BP) management in autosomal dominant polycystic kidney disease (ADPKD). ABPM, ambulatory BP-
monitoring; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin |l receptor blocker; HBPM, home BP-monitoring; LVH, left
ventricular hypertrophy; RAS, renin-angiotensin system.
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Lifestyle intervention: dietary sodium intake <2 g/day + BMI 525 kg/m’ + regular exercise
- S—
’ Blood pressure reduction: ACEI/ARB if systolic blood pressure >130 mm Hg

Pain management: exclude acute kidney event + manage chronic pain

wawabeuew 6nip pue brup-uoN

Shared
decision-making
between
physician and
patient

Noninvasive therapies

Meditation Apgly heat

Stepped-up
noninvasive therapies

TENS Acupuncture
Supervised opioids
and minimally invasive
therapies

Alexander

Technique s

Low dose
opioids
High dase
opicids
[shart term]

Spinal cord
stimulation -
neuromodulation
therapies
Nephrectomy

Fartial hepatectomy/
liver transplantation

Diagnastic
celiac block

Screen for

depression Renal
denervation

Neuraxal
opioids
and local

anaesthetics

Tramadol Light

AR exercise
Splanchnic
nerve block with

Percutaneous
st sc

ablation
Cyst fenastration
Psychalogical

behaviour
modification

Acetaminoph
R Clonidine - added or when acetaminophen

and tramadol cannot be used

Acetaminophen + adjuvants
{tricyclic antidepressants, gabapentin]

Complications: hematuria/pain/infection/stone

Patient with suspected kidney cyst infection
= Fever (>38°C/100.4°F)
= Acute abdominal pain
= Serum C-reactive protein =50 mg/l or
white blood cell count =11 = 10%

Other source of infection or inflammation?
{imaging using ultrasound, CT or MRI required)

fes No

Positive for
diagnostic features?

Kidney cyst MNo
infection unlikely

Yes

Likely kidney
cyst infection

Confirmation of
infected cyst
required?

No Yes

Mo additional
imaging

FDG
PET-CT scan

Diagnostic features
Diagnostic features considered positive in the presence of at least
two items from at least 2 categories:

Clinical factors

1. Acute pain or tenderness in kidney area

2. Symptoms of urinary tract infection

3. Recent instrumentation of urinary tract

4. Immune compromised patient (including patients on dialysis)

Microbiology
5. Positive urine and/or blood culture
6. Positive cyst fluid culture

Imaging
7. Imaging (ultrasound, CT, or MRI) before and after onset
of symptoms demonstrating a new complex cyst
8. Intracystic gas (ultrasound, CT, or MRI)
9. Pericystic inflammation (CT or MRI)
10. Fluid-fluid levels in a cyst (MRI)
11. Thickened cyst wall (CT or MRI)
12. Contrast enhancement in the lining of cyst walls (CT or MRI)
13. Diffusion weighted imaging showing increased cyst density
compared to normal cysts
14. Single-photon emission CT with Ga-67 abnormal uptake by a cyst
15. "MIndium-white blood cell scan showing accumulation in a cyst

Treatment
16. Clinical response to antibiotic treatment



» Table 8| Approaches to reduce AVP activity in ADPKD

| Factors

Increased water intake

V; receptor antagonist (tolvaptan)

Mechanism

Administration

Effect on water intake

Effect on circulating level of AVP
Indication for use in ADPKD

Efficacy to | urine osmolality to
300 mOsmoelkg

Efficacy to | TKV in ADPKD

Efficacy to | long-term eGFR
decline

Adherence to treatment
Disadvantages

Advantages

Suppression of AVF release by lowering
plasma osmolality

Drinking water during waking hours

Voluntary increase (=2 I/d)

Reduced level

All people with eGFR =30 ml/min per 1.73 m*

~ 50% of participants in 3-yr (PREVENT-ADPKD
trial)”™’

No (PREVENT-ADPKD trial)*’

Na

Mo data on risk reduction for CKD G5
{PREVENT-ADPKD trial)™”

~50% aver 3 yr (PREVENT-ADPKD trial)™’

Long-term adherence is poor; pollakiuria,
polyuria

Reversible mild hyponatremia

Environmental issues (bottled water)

Access and low cost (tap water)

More physiological suppression of AVP than
V3 receptor antagonist

Selective blockade of AVP binding on V; receptors

Split-dose tablet {1 tablet upon waking, and 1 tablet 8 h later)
Involuntary increase due to thirst and aquaresis (=3-7 |/d)
Increased level

Selected high-risk groups due to cost and side effects

~70% of ADPKD participants, =3 yr treatment in the TEMPO 3:4
trial

Yes (TEMPO 3:4)
Yes [~1 mlfmin per 1.73 m?) (TEMPO 3:4 and REPRISE trials)”™**

Mo data on risk reduction for CKD G5

Real-world adherence dedlines over time and ~ 75% after 3 yr ="
Thirst/dehydration

Pollakiuria, nocturia, polyuria with potential impact on
day-to-day living (occupation, habits)

Blood tests (every 1-3 mo)

Hypernatremia; hyperuricemia

Risk of hepatotoxicity

Accessibility

Standard dose

Better 24-h inhibition
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Blood pressure reduction: ACEI/ARB if systolic blood pressure >130 mm Hg

Pain management: exclude acute kidney event + manage chronic pain

wawabeuew 6nip pue brup-uoN

*Rapid progression

Tolvaptan

Recommendation 4.1.1.1: We recommend initiating
tolvaptan treatment in adults with ADPKD with an
estimated glomerular filtration rate (eGFR) =25 ml/
min per 1.73 m’ who are at risk for rapidly pro-
gressive disease (Figure 25) (1B).

*Mayo 1C Initiation of tolvaptan should be offered to adults with ADPKD and:

*Hx eGFR decline

Figure 25| The Kidney Disease: Improving Global Igorithm to decide in whom to prescribe tolvaptan. ‘Rapid disease
progression is defined as having reached or be\ng expected to veach kidney failure due to autosomal dominant polycystic kidney disease (ADPKD)
before age ~ 60 years, the average age at which untreated people with ADPKD reach kidney failure. The use of age ~ 60 years is based on multiple
cchor[ sludnes (not stratified by genolyPeJ (European Renal Assc:natmn European Dialysis and Transplant Association [ERA-EDTA], mean age 58
years'”; Genkyst cohort, 61.7 years™; Mayo PKD Dal.abase 62 years™"’; Korea national cohort, 62 years™; and Australia and New Zealand Dialysis
and Transplant Registry (ANZDATA mguslry} 60 years.” 'Because some people with MIC subclass 1C may not have rapid disease progression,
clinical judgment and evaluation should be made on a case-by-case basis and additional information could be used, particularly in the people with
age-adjusted height-adjusted total kidney volume (hTKV) on the borderine of Mayo Image Classification 1B, to assess the risk for rapid disease
progression (e.g., evidence of estimated glomerular filtration rate [eGFR] decline or of a reduced age-calibrated eGFR,** Predicting Renal Outcome
in Polycystic Kidney Disease [PROPKD] score 6, family history with onset of kidney replacement therapy [KRT] at <60 years in =2 first-line family
members, or novel biomarkers).** *If estimated glomerular filtration rate (eGFR) loss has likely alternative explanations (e.g., vascular disease,
uncontrolled hypertension, diabetic nephropathy, proteinuria =1 g/d) and/or acute kidney injury, then initiation of tolvaptan use should be re-
evaluated, even in the presence of rapid eGFR decline. In these cases, additional information (including magnetic resonance imaging or computed
tomography imaging should be undertaken, if not previously performed; PROPKD score =6, a family history with onset of KRT at age <60 years
in =2 first-line family members) should be acquired to ensure ADPKD as the primary reason for eGFR loss.

eGFR =225 ml/min per 1.73 m?
AND

Risk of rapid disease progression* as indicated by either:
Mayo class 1C" to 1E
OR
Historical rate of eGFR decline® (=3 ml/min per 1.73 m?* per year)
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Extra-renal manifestation
Extrarenal manifestations Estimation of the % of
described in ADPKD people affected by ADPKD Details or notes Guidance for imaging
Central nervous system manifestations
Intracranial aneurysm Summary: 12.9% (95% Cl: Prevalence in ADPKD population is difficult to assess See Recommendation 6.1.2 and
10.4%-15.4%) because systematic screening is usually not performed. Practice Point 6.1.6.
Subarachnoid Summary: Thunderclap headache should lead to immediate Only if symptoms are present
hemorrhage Incidence rate 0.57 per medical attention.
1000 patients/yr (95% Cl:
0.19-1.14)
Thoracic aortic aneurysm  ~ 1,50 See Practice Point 6.2.2. No systematic screening.

To be considered in case of
positive familial history

Thoracic aortic dissection Very rare case Acute chest/upper back/abdominal pain is present in Only if symptoms are present
reports™? 4637640 ~90% of the cases.
Coronary artery Very rare case reportsm People generally present with symptoms and signs Only if symptoms are present
dissection characteristic of acute myocardial infarction.
Usually more frequent in young women
Carotid and vertebral Very rare case repor‘(s"-”25 Often result in ischemic stroke or transient ischemic Only if symptoms are present
artery dissection attack, often associated with neck pain or headaches

Occasional Horner syndrome in case of carotid
Hepatic and gastrointestinal manifestations

Symptomatic polycystic <5% predominant in Liver cysts are present in >80% by age 30 yr. Include liver imaging in initial
liver disease fernales visit (Chapter 5)
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6.1 Intracranial aneurysms

Recommendation 6.1.1: We recommend informing

Extra-renal manifestation adults with ADPKD about the increased risk for

intracranial aneurysms (ICAs) and subarachnoid
hemorrhage (SAH; Figure 35) (1C).

3 ;{"I‘Hfr % a + 112

General population  General population ADPKD population ADPKD population

with family history with family history
of ICA or SAH of ICA or SAH
Prevalence of ICA 2.9% (1.9-4.5) 3.4(1.9-5.9) 12.9% (10.4-15.4) 17.1% (13.4-21.1)"
(95% CI) higher risk? {Figure 36)
Incidence rates of SAH 0.079 3-7 higher risk 0.57 (0.19-1.14) Likely higher
(per 1000 person-years, 95% Cl) (0.069-0.09) (Figure 37) (based on data from

general population)

Figure 35| Prevalence of unruptured intracranial aneurysms (ICAs) and incidence of subarachnoid hemorrhage (SAH) in the general
and autosomal dominant polycystic kidney disease (ADPKD) populations, overall and in the presence of a family history of ICA or SAH.
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tancy (1D).

Recommendation 6.1.2: We recommend screening
for ICA in people with ADPKD and a personal history
of SAH or a positive family history of ICA, SAH, or
unexplained sudden death in those eligible for
treatment and who have a reasonable life expec-

Table 15| Risk factors for ICAs or SAH

Evidence

Predictors for prevalent ICA or rupture of ICA and strength of the association

Evidence for association with ICA/SAH in ADPKD population

Evidence in non-ADPKD population

« Family history of SAH or ICA (stronger when first-degree relative)—Strong
« Personal history of SAH or ICA—Strong

« Tobacco smoking (especially =20 pack-years)—S5trong

« Female sex—Moderate

« PKDT genotype—Moderate

+ Uncontrolled hypertension—Moderate

« Early-onset hypertension (age <35 yr]—Moderate

« Severity of ADPKD—Weak

« Japanese or Finnish ancestry
« Alcohol in large quantity (risk factor for ICA rupture)
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Secondary hypertensm

1. Clues to secondary HT
1.1) Character of HT
1.2) Clinical setting / syndrome
2. DDx: Clinical
2.1) Endocrine HT
=» DDx uwiliid Clues: PA, Pheo.
=>» {Clinical clues: Cushing, Thyroid, Acromegaly, Pheo.
= Genetic endocrine “esp. Pheochromocytoma”
2.2) HT + Hypokalemia (égnisziala) = PAC / PRA
2.3) Kidney disease = RVD / PKD / Glom.
2.4) 3w 9 1w CVS [ a1/ Monogenic HT: AME / Gordon / Liddle
Review of systems/PE, target organ damage, co-morbidity, drugs
Investigation

B w
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