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Clinical scenario

Parameters Scenario 1 Scenario 2 Scenario 3 Scenario 4

Age, yrs 49 49 49 49

Sex Female Female Female Female

PTH, pg/ml (4-40 ng/ml) 120 120 120 120

sCa, mmol/L (2,15-2,55 mmol/L) 2,70 2,4 2,7 2,7

T-score Total hip -2,8 -2,8 -2,8 -2,8

eGFR, ml/min 1,73m² 85 40 40 40, post-TX M3

Clinical diagnosis Primary HPT Secondary HPT Primary + 

secondary HPT

Persistent HPT

2022



Coresh, J. et al. JAMA 2007;298:2038-2047.

Prevalence of Chronic Kidney Disease (CKD) Stages by Age Group in NHANES 1988-1994 and 1999-2004

Hypertension: 33,3%

Diabetes: 10,6%

Clinical CVD: 36,3%

CKD epidemiology



Clinical scenarios

Parameters Scenario 1 Scenario 2 Scenario 3 Scenario 4

Age, yrs 49 49 49 49

Sex Female Female Female Female

PTH, pg/ml (4-40 ng/ml) 120 120 120 120

sCa, mmol/L (2,15-2,55 mmol/L) 2,70 2,40 2,70 2,70

T-score Total hip -2,8 -2,8 -2,8 -2,8

eGFR, ml/min 1,73m² 85 40 40 40, post-TX M3

Clinical diagnosis Primary HPT Secondary HPT ‘complex’ HPT Persistent HPT

2022
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FGF23 ↑
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Pathogenesis of sHPT
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FGF23 ↑

P P P

Pathogenesis of sHPT

Kidney-bone crosstalk



FGF23 ↑

CYP24A1

1,25(OH)2D↓

P P P

FEphos↑
CYP27B1

Bosworth C, de Boer IH. Semin Nephrol 2013;33:158–68.

Pathogenesis of sHPT



FGF23 ↑

CYP24A1

FAphos↓

PTH↑

FACa↓

1,25(OH)2D↓

P P P

Ca↓

FEphos↑
CYP27B

Tominaga Y, Takagi H. Curr Opin Nephrol Hypertens 1996;5:336–41.

Pathogenesis of sHPT



Image: Charlie Chaplin in ‘Modern Times’ (1936). Getty Images.  

Pathogenesis of sHPT



Wolf JASN 2010

Epidemiology



Epidemiology

Isakova et al. Kidney Int 2011

Evenepoel et al. CJASN 2010

Chronic Renal Insufficiency Cohort (CRIC), n=3879, CKD stage 2-4

Cubic spline functionsPrevalence rates
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nephrocalcinosis

Evenepoel et al. NDT 2015
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High bone turnover

Bone loss



Skeletal PTH hyporesponsiveness

• PTHR downregulation/dysfunction

– PTH (fragments)

– Uremic toxins (indoxyl sulphate)

• CaSR downregulation/dysfunction

– Phosphate

– Uremia

– (hypomagnesemia)

• Wnt signaling inhibition

– Sclerostin

PTH

PTHR

C-

AMP

Ca

Phos

CaSR

Wnt signaling

RANK/RANKL 

signaling

Evenepoel et al.  Kidney Int 2016; Evenepoel et al. Kidney Int 2015

Nii-Kono et al. Kidney Int 2007

Phos

Mechanisms



Skeletal PTH hyporesponsiveness

Adaptive - Maladaptive

Evenepoel and Jorgensen Curr Opin Nephrol Hypertens. 2024 Jul 1;33(4):383-390



Therapeutic approach

Phosphate restriction Adequate calcium supply Adequate nutritional VitD supply

PTH suppression

Medical Surgical

Active VitD

(analogs)
Calcimimetics



Parathyroidectomy

• Indication

– Inappropriate high PTH: end-organ damage (elevated bone turnover markers)

– Failure of medical therapy (parathyroid gland diameter > 1 cm)

• Procedure: personalized, intraoperative monitoring PTH

• Complications

– Recurrent laryngeal nerve (RLN) injury

– Hungry bone syndrome



Hungry bone syndrome

Evenepoel and Shroff Kidney Int 2018 Lloret, Jorgensen and Evenepoel CKJ 2024

+ mineralisation



Clincal scenarios

Parameters Scenario 1 Scenario 2 Scenario 3 Scenario 4

Age, yrs 49 49 49 49

Sex Female Female Female Female

PTH, pg/ml (4-40 ng/ml) 120 120 120 120

sCa, mmol/L (2,15-2,55 mmol/L) 2,70 2,40 2,70 2,70

T-score Total hip -2,8 -2,8 -2,8 -2,8

eGFR, ml/min 1,73m² 85 40 40 40, post-TX M3

Clinical diagnosis Primary HPT Secondary HPT ‘complex’ HPT Persistent HPT

Turnover

N H

PTH control: ca, VitD

+Bone targeting therapy
PTH control: ca, VitD

+PTX
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Pathogenesis of peristent hyperparathyroidism

Wolf JASN 2010; Tominaga et al. COHN 1998; Evenepoel et al. NDT 2004; Jorgensen et al. NDT 2021

Slow involution of 

hyperplastic 

parathyroid glands
(long t1/2 parathyroid cells: 20 

yrs)

Rapid correction of 

drivers of 

hyperparathyrodism
• Hyperphosphatemia

• Hypocalcemia

• Low active VitD

aVitD

x



Epidemiology

Evenepoel et al. data on file

n=518

Huge variation (10-66%):

-variable PTH control in ESKD

-different definition of HPT

-variable dialysis vintage



Pathophysiology

PTH*

Sclerostin↓

Hypophosphatemia

Hypercalcemia

FGF23↑

Osteocyte Osteoblast Osteoclast

RANKL↑

Adapted from Evenepoel Sem Nephrol 2013

Baron & Kneissel Nature Med 2013; Jorgensen et al. NDT 2021

RANKL↑

PTH*: continuous PTH elevation

Bone balance
+

FEphos ↑

FECa ↓

-

BONE

KIDNEY

Bone mineral loss

Glucocorticosteroids

nephrocalcinosis Fractures



Bone outcomes

Perrin et al. AJT 2013Iyer S P et al. JASN 2014;25:1331-1341

Nishiayma et al. JBMR 2015;30;554-561



nephrocalcinosis

Evenepoel et al. AJT 2009
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Therapeutic approach

Adequate calcium supply Adequate nutritional VitD supply

PTH suppression

PTXCalcimimetics

hypophosphatemia

Phosphate

supplements

x



Calcimimetics

Evenepoel et al. AJT 2014;27:2487-2494

No difference in FN BMD

No difference in BTMs

No difference in calciuria



Calcimimetics vs PTX

Cruzado et al. JASN 2016;27:2487-2494

Cost: break even after 14 months

Ca

Phos

PTH

Ca

Koh et al. Langenbecks Arch Surg. 2020



Calcimimetics vs PTX

Jorgensen and Evenepoel AJKD 2022 Adapted from Diaz-Tocados et al. Kidney Int 2019 



FHH phenotype: a challenge

Phenotype

Pathophysiology

PTH

Parathyroid gland imaging

sCa

uCa

Bone Turnover

Bone Volume

Nephrolithiasis/-calcinosis

Therapy

tertHPT

(≈typical primHPT)

Autonomous production PTH

inappropriately high

enlarged, adenoma

high

High (Ca/Cr Cl > 0.02)

high

Low cortical bone volume

possible

PTX

FHH

(atypical primHPT, 33%)

CaSR loss of function

inappropriately high

normal

high

Low (Ca/Cr Cl < 0.01)

normal

normal

absent

Watchful waiting,

calcimimetics

Smalcelj and Kusec Wien Klin Wochenschr 2011

Differentiating phenotype

Jorgensen and Evenepoel Am J Kidney Dis. 2023;81(3):256-258. 



Clincal scenarios

Parameters Scenario 1 Scenario 2 Scenario 3 Scenario 4

Age, yrs 49 49 49 49

Sex Female Female Female Female

PTH, pg/ml (4-40 ng/ml) 120 120 120 120

sCa, mmol/L (2,15-2,55 mmol/L) 2,70 2,40 2,70 2,70

T-score Total hip -2,8 -2,8 -2,8 -2,8

eGFR, ml/min 1,73m² 85 40 40 40, post-TX M3

Clinical diagnosis Primary HPT Secondary HPT ‘complex’ HPT Persistent HPT

Evolution Turnover

stable

PTH control+/-Bone 

targeting therapy

Watchful

waiting

declining



Take home messages

Phenotyping Hyperparathyroidism: PTH, Ca, 

Phos, eGFR, Ur phos and Ca, bone turnover 

markers, imaging (parathyroid gland, kidney, bone)

Multidisciplinary approach:

ENT surgeon, Endocrinologist, Nephrologist



http://www.azquotes.com/author/3262-Nicolaus_Copernicus;

Image: Charlie Chaplin in ‘Modern Times’ (1936). Getty Images.  

Questions
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