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2roryelo Povoloroylog

m  Koravoun Ca (1000-1300 gr)
Ootda-Advtio (99%)
Evooxvttapra (1%)
E€woxvtzapio (0,1%)

— loviopévo 50%
— Xvvoedeuevo pe Aevkopoto:40%
—  Xoumloko ( KITpikd, pooopika, ortay.): 10%

Metatpoméc:

mmol/L * 4 = mg/di
mEqg/L*2 = mg/dI

m Asitovpyieg

— Evdokvttdplo

Bpioketor kupiog Héco 6To royovoplo Kot To PKPOSMUATIO Kot Elval 0eGLeLEVO Le TpoTeiveg (90+ %). H
oLYKEVTP®OT ToL eAevBepov 1ovicuévor Ca oto kuttapomiacpo eivar 1000 popég pikpoOTEPN OO OWTIV TOL

eEOKLTTAPIOL VYPOV.
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Enidopaon otovg unyoviopovs eEmKHTTOONG

EEoxvttaplo

SVUUETOYN OTO PUNYOVIGHO TNG TENG
Awatpnon tov Ca X P wov ivor amopoitnto yio Ty EMUETIALDCT TOV 0GTMOV
Enidpacn oto dvvapkd evepyeiog tov pepppovaov
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YrepooPeoTiopio

Opropog: AcBéctio opod peyoldTepo amd 2 SD amd T QLUGIOAOYIKY] LEGT
TN
Evilikec:

— Olko Ca > 2.60 mmol/L (normal range, 2.20 to 2.60 mmol/L, 8.5 to 10.5 mg/dL)

— loviocpévo Ca > 1.32 mmol/L (normal range, 1.16 to 1.32 mmol/L)

IHaBogvororoyia
—  Avénuévn €icodoc aoPectiov otV KLKAOPOPTIN (0GTA-EVIEPO)
—  Mewouévn amopakpoven acPectiov
—  2UVOLAGUOG OVTMV
Bapivtnta
— 'Hmaog:<12 mg/dl, Métpiag:12-14 mg/dl, ZoPapn: > 14 mg/dl
Kotdatoin
— PTH-e€aptopevn
— PTH-avegdptnt



Table 2. Age-Specific Reference Intervals for Serum Total and lonized Calcium Concentrations

Reference

Cord blood
Neonate (24 hours)
Meonate (5 days)
Birth to 90days
91-180 days
181-364 days

1-3 years

4-11 years

12-18 years

=19 years

8.2-11.2
MR
MNH
8.0-11.3%
8.9-11.2°
9.0-11.3%
8.9-11.17
8.7-10.7¢
8.5-10.7°
8.5-10.5"

Total calcium®

mg/dL

mmaol/L

2.05-2.80

MR

NH
2.00-2.80°
2.20-2.80°
2.30-2.80°
2.20-2.80°
2.20-2.70°
2.10-2.70°
2.20-2.60°

mg/dL

5.20-6.40°
4.40-544°
4.88-592°

NR

NR

NR
4.80-552°
4,.80-552°
4.80-552°
464-528°

lonized calcium®

mmol/L

1.30-1.60"
1.10-1.36"
1.22-1.38"

NR

NR

NR
1.20-1.38"
1.20-1.38°
1.20-1.38"
1.16-132°
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PTH- aveaptntn

vrepocpPeoTiOLNLY

Y nepocPectionpio KokonOeog
— Tomikn ocTEOAVTIKT)
— XVUIKN LTEPAGPEGTIONLIO
— YTEPEKKPIOT KAAGITPLOANC
Calcium-Alkali syndrome
Y nepPrrapivoon D
Koxkiopotmon voonuoto
Dapuoka (Oeracioes, AtB1o)
Noococ Addison, N Paget, YrepPirauivoon A,
OKIVNTOTOINGN
Ymavio Noonuato (HPP, 11H, Williams syndrome, etc)
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PTH-independent hypercalcemia

lIH; Williams syndrome; Down syndrome; hypophosphatasia;
Jansen's disease; inborn errors of metabolism (eqg, CLD,
Bartter syndrome, blue diaper syndrome, sucrose-isomaltase
deficiency, primary oxalosis, IMAGe syndrome)

Hypervitaminosis D and A; malignancies causing osteolysis
(eq, ALL, AML), or secreting PTHrP (eg, lymphoma,
medulloblastoma, rhabdomyosarcoma, hepatoblastoma, or
hepatocellular carcinoma), or secreting 1,25(0H),D; (eg,
lymphoma or ovarian dysgerminoma); drugs (eg, thiazides),
chemotherapy including 13-cis-retinoic acid; milk-alkali
syndrome; granulomatous disease (eq, subcutaneous fat
necrosis of the newborn, tuberculosis, sarcoidosis, HIV
immune reconstitution syndrome, cat scratch fever,
histoplasmosis, coccddiomycosis, leprosy); endocrinopathies
(eg, thyrotoxicosis, congenital hypothyroidism, Addison’s
disease, pheochromocytoma); distal renal tubular acidosis.
Multicystic dysplastic kidney disease and renal dysplasia;
chronic inflammatory disorders (eg, Crohn's disease);
infection (eq, disseminated CMV); immobilization; nutritional
and phosphate depletion in preterm neonates

Journal of Bone and Mineral Research, Vol. 32, No. 11, November 2017, pp 2157-2170



B PTHrP mediated
hypercalcemia

m Osteolytic metastases
mediated hypercalcemia

Hypercalcemia secondary
to overproduction of 1,25
vitamin D

® PTH mediated
hypercalcemia (parathyroid
carcinoma and ectopic
production




alcitricol Elevation is Associated with a Higher Risk of Refractory Hypercalcemia of

alignancy in Solid Tumors

ariq Chukir'2, ¥i Liu®, Katherine Hoffman* , John P. Bilezikian®, Azeez Farooki’

Table 3. Patient Responses to Antiresorptive Therapy for the Mon-Elevated (MN=55) and
Elevated Calcitriol (N=4G) Groups
MNo. of patients No. of patients
without elevated with elevated
Characteristic calcitriol (%)™ calcitriol (%)™
Response to treatment: n=50 n=45%
Complete response 39 (7F8%) 9 (20%)
Incomplete response 11 (22%a) 36 (80%)
Refractory 1 (2%0) 10 (22%)
Relapsed 10 (20%0) 26 (58%)
Antiresorptive treatment
type: MN=55 MN=4G
Joledronic acid A3 (77 %) 27T (61%)
Pamidronate 10 (18%) 4 (9%)
BF + denosumab 3 (5%) 14 (31%)
Mo of BFP administered
within 1 month of HCM dx 1.18 (0.43) 1.71 (0.82)
MNo. of BP administered
within 3 months of HCM dx 1.41 (0.76) 2.33 (1.51)
Response post-denosumal: n=23 n=13
Complete 3 (100%2%) 2 (39%)
Incomplete 0 (0%} 8 (62%)
*Percentages are based on the total number of patients evaluated in each charactenstic in that specific

column.
Abbrewviations. Mo_, number; BP, bisphosphonate; HCM dx, hypercalcemia of malignancy diagnosis.




Table 2: Summary of pharmacologic therapeutic options for the management of hypercalcemia

Agent

Typical dose

MMechanism of
actiom

Modification based on

underlying renal and
liver disease

Omset of ackion Common side

effects

200-300 mallimers
hour, lower rate

in patients with
underlying cardiac
and kdney disease
4 8 mitemational
umits/ kg
subcutaneously or

Zoledronic acid 4
mg administerad
IV ower L3 min;
pamidronate 60-90
mg administerad
IV ower 2-74 b
ibandronate 2-6 mg
adoministerad IV
over 1-2h

Wiolume
repletion,
increased renal
calciom clearance

Imhibition of
osteoclast activity
and increase n
renal calcium
clearance
Inhibition

of osteoclast
acitivity.
osteoclast
apoptosis and
Improved
ostecblast
survival

Impairs
osteoclast activity

Consider lower rafe
patients with underlying
renal disease

Mo dosage adjustment is
needed

Zoledronic acd: Do not use
in patients with creatinine
>4 5 me/dl (consider
duration in patients with
kidney disease); no need
for hepatic adjustment
Pamidronate and
ibandronate: Do not use if
glomerular Altration rate
is <30 no need for hepafic
adfustment
Mo need for renal and

tic adjustment.
Consider half dose for
patients with renal disease
to decrease the risk of
hypocalcemia

Within hours of
administration

Volume overloa
TLOTL-AN .

Within 4 b of
admministration.
Tachyphylaxis
develops after 45 h

Within 24 days
after adoimistration
Do not repeat
administration
earlier tham 1 wesk
after the previous
IV Infus=ion

Within 2-4 days
after adomomistration.
Do not repeat
admninistration
earlisr tham 1 weak
after the previous
dosing
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— Aovuntopotiko PHPT



Emonuorioyia eropaoikov I1Y

EmmoAlocuoc: 0,86% (HITA)
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—  Ynofurapivoon D? Year
— Aocectiovpia?

—  Kinpovopukég poppéc: 5-10% Bone 2015:73:1-7



Artworoyto PHP T

Movnpec avEvoua mapabvpeocidav (80%)
[ToALlamAd adevapato mopadvpeocddv (2-4%)
Y nepriocio mapabvpeociomv adEvay (15%)
Kapkivog mapabovpeocionv aosvav (<1%)

‘Extonn mapaymyn PTH (single case reports~ 20)



Awayvoon PHP T

m PTH assay: Second vs. Third Generation

—2"s: PTH (1-84), PTH (7-84)

— 3" PTH (1-84), N-PTH (ueto-petappoaotikd
TPOTOTOINUEVO Lop1o 611 BEon 15-20 Aoym
POoEOopLAmoNC ceptvns (10% e pucloloyIKd
drona, 15% oe XNN 5, Ca IHopaBvpeocionv kot GE
coPapo PHPT)

— [Hapouora o1oryvmo ikt evoucOncio



«DVoLOAOYIKG» emimeon PTH

— Optimal vitamin D

(> 20 ng/ml, ? > 30 ng/ml)
— Calcium intake

— Race

— Renal function

— Age
NoppomopaBvpeoctokn -\;V-H-IT-E
YnrepoaoPeotiopio

*8%-48%7
*Kotd koavova 6to v MULeT TOL

(PLGLOAOYIKOV EDPOVC
*PTH < 40 pg/ml: <1%

JCEM 2010; 95: 5069-5073.

JCEM 2012, 97:3989-3995



Determinants of PTH concentrations

Table 3 Summary of the various determinants of PTH concentration that should be considered when establishing PTH reference values, and

how they could influence the reference range

Pre-analviical and post-analyvtical determinants

Nature of the blood sample (Serum or EDTA plasma)

Time of sampling and fasting status

Mode of calculation of the reference range

Metabolic and endogenous determinants
Vitamin D status (250HD concentration)

Renal function (eGFR)

Calcium intake (alimentary and/or supplemental)
Race

Weight status

Age

Pregnancy

Paediatry

Some assays give higher values in EDTA plasma, while other assays give higher results
in serum. PTH more stable in EDTA plasma, but serum allows measuring calcium (not
possible in EDTA plasma). For this reason, serum is preferred

Due to circadian variations in calcium, phosphate, and PTH concentration, and to the
decrease in PTH secretion after the consumption of calcium containing foods, it is
recommended to use samples obtained in the morning in a fasting state

The distribution of PTH concentration is usually not Gaussian, and several outliers are
usually present when testing an apparently healthy population. It is recommended to
use a statistical method that renders the distribution Gaussian and eliminate the outliers
{i.e. the Horn method—see text)

PTH is vsually increased in vitamin D-insufficient subjects. ULN is lower when vitamin
D-insufficient subjects are excluded from the reference population

PTH may be increased when GFR is <60 mL/mn/1.73 m?. ULN is lower when subjects
with impaired renal function are excluded from the reference population

PTH increased in case of chronic low calcium intake

PTH higher in Blacks compared to white subjects. Independent determinant or due to
the fact that Blacks have lower vitamin D) status than whites? (more studies needed)

PTH higher in overweight/obese compared to lean subjects. Independent determinant or
due to the fact that obese have lower vitamin [J status than lean subjects? (more studies
needed)

PTH higher in older (=60 years) compared to young subjects. Independent determinant
or due to the fact that old subjects have lower vitamin D status and lower eGFR than
young subjects? (more studies needed)

Unclear: some studies report much lower PTH values in pregnant women compared to
non-pregnant, while other studies report similar levels (more studies needed)

There are no firm data supporting that children have different PTH concentrations than
young adults

J Endocrinol Invest

DOT 10.1007/s40618-016-0553-2




Interpretation of Plasma PTH Concentrations
According to 250HD Status, Gender, Age, Weight
Status, and Calcium Intake: Importance of the
Reference Values

J Clin Endocrinol Metab 99: 1196-1203, 2014

Table 3. Extreme Percentiles of Plasma PTH Concentrations According to 250HD Status, Gender, Age, Weight
Status, and Calcium Intake

All Plasma 250HD =20 ng/mL Plasma 250HD =30 ng/mL

Percentiles Percentiles Percentiles

of Plasma of Plasma of Plasma
PTH Mean of PTH Mean of PTH

- Plasma S Plasma
2.5 975 n PTH 2.5 975 PTH

14.3 508 771 247 13.5 455 23.7

[0
U
[0
U

97.5
453

sD
9.3

All
Subgroups
Men
Women
Age 35-45y
Age 45-40 y
Age 50-54 y
Age 55-65y
Mon-overweight®
Overweight®
Calcium intake
< 1.2g/d"
Calcium intake
= 1.2g/d"

=]
]
-
I

146 530 412 2532
141 485 359 230
14.2 501 111 2309
12.7 506 190 249
144 491 193 237
146 539 277 255
12.9 485 510 238
15.2 539 281 264
145 51.0 819 250

12.5 491 24.3
12.6 443 22.8
13.1 50.1 24.4
11.6 453 24.5
12.1 443 21.9

50.8 24.3
23.3
24.5
238
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381
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Serum PTH reference values established

by an automated third-generation assay in
vitamin D-replete subjects with normal renal
function: consequences of diagnosing primary
hyperparathyroidism and the classification

of dialysis patients

Jean-Claude Souberbielle, Catherine Massart’, Sylvie Brailly-Tabard®**,
Catherine Cormier®, Etienne Cavalier®, Pierre Delanaye” and Philippe Chanson®910

wropean foumal o
Endocrinology
(2016} 174, 315-323

Serum PTH (ng/)

Serum 250HD (ng/ml)




fefal Health, vol. 16, no. 1, 3339, 2013
Tlimical Densitometry

Original Article

Normocalcemic Primary Hyperparathyroidism

Natalie E. Cusano, Shonni J. Silverberg, and John P. Bilezikian™
DvG10A0YIKA ETITEON OATKOD KO 10VIGUEVOL acPecTtiov pe otabepd
avEnuevn PTH
Emmolacpoc 0,4-11%

AmoKAEIGUOG:
— YmoPurrapivwon D (> 30 ng/ml)
— XNN (> 60 ml/min)
— Odppoxa (Aiblo, Oelalideg, BSP, Denosumab)
— AoPeotiovpia

—  X0VOPOUO OLCATOPPOPNCTG
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Total Normocalcemic PHPT (n=455)

| only 46/455 10%

Surg Proven PHPT (n=143)

| only 34/143 24% 4 PTH, n\uxia, péyedoc adevdparoc,




NoppoaocBeotiopuikog PHPT

e [TaBopuvcioloyia
— IIpmpo ctdoro vrepacPeotiapkod PHPT
— Avtiotaon otn opdon e PTH
e KAVIKEC EKONAMGELC
— Referral bias
— Ootikn vococ: Tome Lkpotepn ETLOPAGT GTO
PAOIMOEC

— Avopuevég profile kapotayyetokamv Tapayovimy
KIVOUOVOL
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CKD .
Furosemide, BSP, Li, Dmab
TBMI/Waist
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PTH Secretion

34.1%
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Kot BroAoyikn Stakduaven



AIAI'NQXTIKOI XEIPIXMOI

» Amoxatdotoon vroPirtapivioong D (>30 ng/ml)
* Enil acPectiovpiog yopnynon eralionc

— 50 mg/day ko emravektiunon petd 2 Wks
* OOption pe aoPECTIO

— 1 gr Ca xou mpocoropiopog Ca & PTH ce ypovouc
0,1,2,3h



four 100 000 IU vials of vitamin D3 (one vial every other week) in case of serum 250HD
concentration 120 ng/ml, and two vials in case of 250HD concentration between 20
and 29.9 ng/ml.

Patients were on a low-calcium diet for 3 days before the test (300 mg per 24 hours) and
collected 24-hour urine samples the day before the test. Fasting blood and urine
samples were collected on the day of the test. Patients were administered 1 g oral
calcium. Blood was drawn at 2 hours of calcium administration.

For patients who did not exhibit iCa greater than 1.42 mmol/L, a 20-minute iv infusion of
2 mg/kg elemental calcium (in the form of calcium gluconate) was performed. Blood
was drawn 10 and 40 minutes after the end of the infusion to measure serum tCa and
ICa, albumin, phosphorus, and PTH levels (16). Insufficient decrease in serum PTH
level defined by a PTH concentration that did not decrease below 20 pg/mL when iCa
Increased greater than 1.40 mmol/L was in favor of the diagnosis of PHPT. It must be
noted that this threshold (20 pg/mL) is based on our experience and is applicable only
with the PTH kit that we use routinely.



Yropadikog [potomadng vaeprapabupeocidoiopog
Adévopua

Ynepmhacio

Kapkivog

"Extomn IHopaywyn PTH

Kinpovopikég popeég

MEN1

MEN2(A)
MEN4

Yrepmopabvpeoeldouog-0yKog KAtw yvabov
Owoyevic vroacBecTiovptkn vVtepacPectionption
Y0oBapog veoyviKog vepmapaduPEOEIOIGOG

OoyeVIG LELOVOUEVOS VITEPTIOPAOVPEOEIOIT O

Tprromadng vepmopabvpeoeldIcdg

Alheg ekdnidoELS

OyKot vwOPLONC, VELPOEVIOKPIVIKOL OYKOL
TEMTIKOV, OYKOL ETVEPPLOT®V,
Oy YELOIVDLLOTOL

RET MTC, ®aroypopokdTTOMO
CDKN1B Oykot vroPuoNG, ETVEQPIdI, VEPPOC,

YOVAdES

CDC73 (HRPT2) Tvoua yvabov, dykot veppod, unqtpag, 15-
20% kapkivov mapabupeoctd®v

CaSR,GNA11,AP2S1
CaSR

MENZ1, CDC73, CaSR,,CDKN1A, CDKN2B, CKKN2C,
parafibromin

XNN, vropwspoparpukd covopopa, PHP

Giusti F, et al JCD 2013;16:69-74, Thakker RV Mol & Cellular Endo 2013; in press




Acbevic ue PHPT Thakker RV, Handout 2013

!

NAI Mukpn nkiol, ToAvadevikn voooc,
! PT cancer, atypical adenoma?
‘EAeyyog l/ OX| OX|
1. MENI . Owoyeveloko Yropadtkog PHPT
2. CasSR, AP2S1, GNALL OLVOLLLVT|OTIKO (CDKN 1A,-2B,-2C?)
3. HRPT2 (CDC73)* <
4. CDKN-1A,-1B, 2B,-2C34 NAI
5. RET# 2
NAI
6. PTH - Kl extipnon yw

NEN, HPT-JT, FHH

OeTiKOg ApynTikog

~ <5% mBav6T 0 XTOYEVUEVOG YEVETIKOG EAEY(OG

Eheyyos 1 Babpod 4 MEN, HPT-JT,FHH

GLYYEVDV

no

MENI1 screening og acBeveic pe PHPT nlwiag < 30, eved 10% tov acbevov < 45 etov eépovv uetarrdéelg yio MENIL, CaSR, HRPT2
Atumo adévopa: Pmopel va pEPEL KVOTIKEG AALOUDCELS, (VMo

<5% 10V acbevav pe «omopadikd» PHPT Aoym pepovopévov adevopoatog oty 6M-91 dekaetio pmopel v pEpoVV 6mdvieg mapoAAayEC TV
CDKN1A,CDK2B,CDKN2C

Metorragelc otov CaSR,AP2S1,GNA11,HRPT2,CDKN1B ka1 RET oyetiovror pe FHH1, FHH3, FHH2, HPT-JT, MEN4 ka1 MEN2

avTioToyo



Kiwvikn Ewkova

— MVOGKEAETIKO XVGTNUOL
— OvpomonTikKo 2X0GTNUO
— Kapowoyyeioko Xuotnuo
— Ilentiko Xvotnuo

— AAAEC EKONADGELC



Y tepropabvpeoelotkr) OGTiK VOGOG

m Yvvolkd > 50%
m Koate€oynv mposPoir] Tov @AOIMO0VES EVOVTL GTOYYDOOVS 0GTOV
m AvtiPBpdylo > oyio > XX

B 5% toV HETEUUNVOTOVGLOK®OY YOVOIK®OV ELOOVICOVYV GTUOVTIKT] OTTOAELN

KoL 6T XX
m  Avinomn tov pLOUOL OCTIKNG OVAKOTOGKELTC

m pPQCT, HRpQCT, QCT: Aotapoyn 0pyITEKTOVIKNG GTO GTOYYMDOES KO
(PAOLDOEC

m TBS: petopévo oe PHPT, mepartépm peimon ent 6mrovouMKkmv KaToyUdTmy



Thb.N (1/mm)

Th.Sp (mm)

m
w
(=]

- n
w [

no
(=]

Connectivity Density (1/mm”)

Preserved three-dimensional cancellous bone structure in

mild primary hyperparathyroidism

D.W. Dempster *™*, R. Miiller . H. Zhou ®, T. Kohler ®, E. Shane ®. M. Parisien °.
S.J. Silverberg . J.P. Bilezikian ®
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A. Premenopausal Normal
BV/TV = 30.3%

C. Premenopausal PHPT
BV/TV = 30.5%

B. Postmenopausal Normal
BV/TV =21.1%

D. Postmenopausal PHPT
BV/TV = 25.3%

Bone 41 (2007) 19-24



Symptomatic ~ Asym
(n=41)
L— Patients —!

Morphometric Vertebral Fractures in Postmenopausal
Women with Primary Hyperparathyroidism

Edda Vignali,* Giuseppe Viccica,* Daniele Diacinti, Filomena Cetani, Luisella Cianferotti,
Elena Ambrogini, Chiara Banti, Romano Del Fiacco, John P. Bilezikian, Aldo Pinchera,
and Claudio Marcocci

JCEM 2009;94:2306-2312
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Prevalence of kidney stones and vertebral fractures in
Primary Hyperparathyroidism using imaging
technology

(Cristiana Cipria || Fudn-n 3 Eu ||:: nte’, u.|r|-- G. Costa®? | Chiyuan E"uarlg"".
Piergianni Bio r|::|| 3 e _F|-4r| onte’,
Alfredo Scillitani® L3|I.EIT ore r |r| |I31 I 0 |r| P. Bilezikian®

J Clin Endocrinol Metab 100: 1309-1315, 2015

140 pts with PHPT

History: 36.4% KS, 14.2% fractures

US/VFA: 55% KS (16.4 bil, symt pts 78.1% vs. 35.5% asymto pts), 35.1% VF
210 22% tov acountouoTikdv Bdon totopikov kot DXA dwumiotdnke KS/VF
Moébvo 10 39,1% 1oV pts ue VF siyav ooteondpwon otny OMEX

able 4. Characteristics of individuals who either had KS only or had osteoporosis by bone density or a fracture

Only OP"and.l’c-r
Parameter . Fracture® (n = 45)

Age (yrs)

Height (cm)
Weight (kg)
LS T-score
FN T-score
TH T-score
Rad T-score
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? IIpoyvootikn onuacioc DXA OMZX ce PHPT



PHPT ko1 Ne@pog

Cockcroft-Gault equation

NeppomOBiaon

[(140 — age) = weight] = (0.85 it female)

C_, imlmin} = —

I ll !
|
72 x5,

) MDRD equation no. 7
Neppoacpeotmon

GFR {mlfmin - 1.73 m®) = 170 = (§_J7%% = (SUN)7%17% »

(ALY e (At ™™ s (0,762 i female)

NS(PleT] OVETTAPKELN (1.180 if black)

Neppoyevnc amo1o¢ ot n



NeppoiOioon

—  [oapdayovreg Kivovvov

m  Muwpotepn niikio

m Avdpeg

m 11,25(0H),D

m ] amofoin Ca, P, oSalikadv

m | amofoin KITpikdV

2
&
=
I
=
2
3
=
=

i ks o m  ITolvpopoeicpoi CaSR
- b 1w s 3 [TapakAvikog ELeyyog
Z.;olye,n | m  Xoapnin d6omng , non-contrast, helical CT
Conmls 041 W9 AP e o 1 = US (kbnon)
, , , , —  XEIPOVPYIKI] OVTILETOTION
‘IGOBIOQ KIVSUVOQ VS(PPOMOWGHQ YEVIKO B Inuovtikn petmon vrotpondv (| emg
tAnfououo 90%)
e 3-504 YUV(I{KSQ ] Msiscsn ?ng o;csﬁacsnoupi(xg (6 mévTo
, opoAoToinon
* 10-15% (1\/6[3 &6 m  Kivovvog vmotponcyv: 20-50 % oe
* ITY 1970-1980: 40-60% TPOTYOVUEVT] GUUTTMOUOTIKT VOGO
* AGUMTET(D].LOLHKOI’JQ oo OSVS{QZ 7% vs. 1,6% m 1 KivOLVOG VITOTPOTDV GE:
* AcBeveic ue veppoMBiaon: 2-8% ITY —  Mupotepn nhuio
* ZHotaon MOov — Oviég ovpnripa
DwoPoPIKd acPECTIO —  ZOVINPNTIKY AVTIHETOTION
O&olko acPéotio m  Ixavh TpoAnyn vypov (> 21t/d) kon
Meiktoi Afot acBectiov acPeotiov
AiBo1 ovpikov m Ilepropiopog Na, Aevkopdtmv, oEaiikdv

JCEM 2011;96:2377-2385



Renal Disease

| | patients | Period | Origin | Kidney stones | Equation | eGFR (ml/min/1.73m’)
—n——“—m-mm-
4 __ 8
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U'-:I"H;r ’L|1 2 ':.'t
0

E
Taszone 2009 .3:14 r:."-| 7
Tassone2015 | 109 [ 19952012 | Malian |  nr | CK - EPI'
Ermetici 2015 _ CKD-EPI**

Table 2. Prevalence of rEL‘IIJLtL. l. ] TL.r‘l-..tlr_m i F-‘HI-"T patients.
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Predictors of Renal Function and Calcifications in

Primary Hyperparathyroidism: A Nested

Case-Control Study

[/ Clin Endocrinol Metab 103: 3574-3583, 2018)

Table 1. Characteristics of All Patients With PHPT and Stratified by the Presence of Renal Calcifications

All Patients
(N =617)

Calcifications
(n = 144)

No Calcifications

(n =473)

p?

Sex
Male, n (%)
Femnale, n (%)

Weight, kg
BMI, kg/height’
MNephrolithiasis, n (%)
Nephrocalcinosis, n (%)
Any renal caldfication, n (%)
Biochemistry
FTH, pmol/lL
lonized calcdum, mmol/L
Total calcium, mmol/L
Phosphate, mmol/L
CaP-product, mmol?/.2
25-0HD, nmol/L
1.25(0H),D, pmol/L
eGFR, mL/min
Urine calcium, mmol24 h

142 (23)
475 (77)

63 (55-71)
166 (160-171)
74 (63-86)°
26 (23-30)"
76 (12.3)

75 (12.2)
144 (23.3)

10.9 (8.5-14.4)
1.43 (1.38-1.50)
2.69 (2.60-2.79)
0.86 (0.74-0.96)
2.31(1.99-2 57
71 (54-91F
124 (95-160)
87 (73-102)
7.5 (4.8-10.4)9

40 (27.8)
104 (72.2)
64 (53-71)
166 (160-171)
71(61-84)
26 (23-29)

11.6 (9.2-17.0)
1.46 (1.40-1.54
273 (2.62-2.84
0.81 (0.70-0.91
2.27 (1.95-2.49
69 (50-94)
123 (95-164)
88 (74-105)
8.5(6.1-11.5)

)
)
)
)

102 (21.6)
371 (78.4)
63 (55-71)
165 (160-171)
75 (64-86)
27 (24-30)

.61(8.3-13.6)
(1.38-1.48
(2.58-2.77
(0.75-0.98
(2.02-2.59
71 (55-91)

124 (94-158)
86 (72-101)
7.1(4.4-9.8)

)
)
)
)

0.10




Table 2. Characteristics of Patients With PHPT Diagnosed With Either Nephrolithiasis or Nephrocalcinosis

Nephrolithiasis (n = 69) Nephrocalcinosis (n = 68)
Sex
Male, n (%) 20 (29)
Female, n (%) 49 (71)
Age. y I
Height, am
Weight, kg
BMI, kg/height?
Biochemistry
PTH, pmol/L 12.3(9.3-16.7) 11.3 (8.9-16.8)
lonized calcium, mmol/L 1 A8 |I 41—1 ‘14* 1 4" |_1 4!'3—1 "J.*
Total calcium, mmol/L 6 (2
Phosphate, mmol/L
CaP-product, mmol“/L?
25-0HD, nmol/L
1.25(0H);D, pmol/L
eGFR, mL/min
Urine calcium, mmol24 h

oo~ &

bl il il il il i i il
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Hypercalciuria May Persist After Successful
Parathyroid Surgery and It Is Associated With
Parathyroid Hyperplasia

3 Cairoli, Valentina
Filopanti, Leonar
Chiodini

T Intestinal Ca absorption- skeletal mobilization

PHPT HYPERCALCIURIA

Secondary and tertiary hyperparathyroidism- hyperplasia-
no recovery of BMD- renal stone formation

Avaodpopukn perétn, baseline and 24h after Ptx

Table 1. Presurgical and Postsurgical Clinical and Biochemical Characteristics of Patients With THPT
Presurgery (n = 95) Pnstsurgery (h = 95)

Age,y
BMI, kg/m?
Calcium, mg/dL
PTH, pg/mL
24-h calciuria, mg/24 h
24-h calciuria, mg/kg/24 h
Patients with 24-h calciuria

=4 mag/kg body weight

phate, mg/dL

250HVIED, ng/mL
eGFR, mL/min
LS BMD (Z-score) ' 0 to 0]
FT BMD ) 0. Ato—-2.2)

iR |
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Table 2. Presurgical and Postsurgical Clinical and Biochemical Characteristics of Patients With THPT With
Persistence or Normalization of Urinary Calcium Levels After Recovery From THPT and of the Subgroup of Patients
With THPT Without Hypercalciuria Before Surgery

Normallzed Hypercaldurla (m = 65) Persistent Hypercalclurla (n = 30) No Hypercalclurla (n = 25)

Prasurgery

Postsungery

Postsurgery

Presurgery

Postsurgery

Age, y
BMI, kg/m?
Caldum, mgfdL
FTH, pa/mL
24-h calduria, mg2d h
24-h calduria, mgikgl2d h
Phosphate, mgfdl
250HVIHD, ng/ml
eGFR, mLmin
LS BMD {Z-score)
FT BMD {Z-score)
Fi BMD (-score)
Hyperplasia'

adenoma at histology

Total parathyroid
volume, mL

63120
6 to 81)

26+31

20 to 35)
114+08

{104 to 13.8)
141 £ 196

(734 t0931)
341 + 1558

(120 to 980)
L2+21

{2 to13)

(—4.0 to — 4.0)

—-0.7 =049

(—3.4to -1.7)

-05 =09

(—33t0-1.8

1451 23177)

65+ 129
(1210 23)
e+ 332
(2110 37)
94 =04
(8.5 to 10)
BT 16
(1510 65.5)
141 = 509
(52 1o 276)
22+09
{110 3.9)
33+05
(2.61tod5)
A3 = 12.0

23x16{021t0-7.3)

-

Xl
-
Ll

to 74)
25 El.
a 37

{ jla] i}
109 06
{(10.4 to 12.57°

135 =117
{60 to 275.9)
365 = 1104
{163.7 to 600)

6.0+ 16

(3 tp 900
26 =

1L
L L |

(Letodolr

=112
(12 to 85)
281 =223
(61 to 139)
-1.1+x13
(-3.1t0-2.2)
0709
(—-25t02.2)

0 =108

(32 to TE)
25 =39

(21 to 39)
33=04

(2.4 10 10)
A48 = 215

(6.8 to B4)
327 + 96.4

(190 to 622)°
52=049

(410 7"
3. 2 =05

o d.5

:—E.Dtu —2.00

32270110 -80

60 + 147
(1610 77)
2T +37
211037
113=07
(10410 12.6)
168 = 20.3
(B0 to ATS)
B =585
(120 to 328)
3I1+06
(2 to 4.0)
25+49
(16to35)
36+ 2013
(12 to Q1)
BT £ 345
(B0 to 178)
-05=x13
(—3.1t0-2.2)
-03 %10
[(—21t0—-2.2)
-06 =11
(—21to-2.2)
619 (24/78)

62 =47

(18 to T9)
27 =41

(21 to 39)
9504

(2.6 to 10)
Q=27

(15 to 62)

0 = 105

(52 to 472)
2309

(11to4d)
34+05

(2.6todd)
43 =127

(30 to 70)
81 =203

(B0 to 176)
0o0=14

(—2.6t0 —3.2)
0.2 =09

(—1.510 —2.0)
-02x09

(—1.6to—2.00

2121500210 —-73)




YVOUTEPUCNOTO

m H vepacPeotiovpio empeverl o€ % > 30%

m H empovn ¢ Cal oyetiCeton pe mopovsio
ToPoBVPEOEIOIKNC VITEPTAAGTOC, YOUNAOTEPOV
emmeomv Ca, vYNAOTEP®V POGPOPOV KOO
Ko un BeAtioon BMD

m [[100vov o€ opaoa acbevav ue “PHPT” n
TPWOTOYEVINC OLOTOPOYT] VO ALPOPOl GTN
COANVUPLOKT] ETOVAPPOPTCGT] TOL 0.GREGTION



MnN-KALOGGIKES EKONAMGELS

. Ovnowomnra (PEARS)
m  Koapdlayysloko Zvotnuo
—  Ymnéptoon
—  Ymeptpopio opliotePOs KOIATOG
— IMT
—  EvdoOniiokn dvceAettovpyio
— AofBéotmon aoptikng ParPioag
m Nevporoyikec-FPoylatpikéc EKONAMGELS
—  KotdBAiwn
—  Ayyoong dwTapayn
—  AiloOnua gveéiog
—  Nontkég Aettovpyiec
— oo Long
m  KokonOeleg
B ZoKyopmons olaBnTne
m [lentiko Zvotnuoa
—  Tlentko éikog ?
— Toykpearitic?



e Bafnes saraieal (mof ity

e BaSee sararaal Ratal VD)

(Climizal Endnainalagy (2013) 79, Fr-3d

ORIGINAL ARTICLE

What predicts adverse outcomes in untreated primary
hyperparathyroidism? The Parathyroid Epidemiology and Audit
Research Study (PEARS)

Ming Yu* ¥, Gaham P. Leeset ¥ and Peter T. Donnan*"§
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able 3. Recommendations for the Evaluation of
Patients With Asymptomatic PHFT

Recommended
Biochemistry panal (caldum, phosphate, alkaline
phasphatase activity, BN, creatining), 25(CHD

PTH by second- or third-generation immunoassay
ERD by DXA
Lumbar spine, hip, and distal 1/2 radius

Wertebral spine assessment
X-rayor VEA by DA

24-h urine for:
i_alcium, creatinine, deatinine clearance

Stane risk profile
Abdominal imaging by x-ray, ultrasound, or CT scan

HRpOCT

TBS by DXA

Bane tumover markers (bone-specific alkaline phosphatase
activity, csteocalcin, PTNF [select ane]; serum CTX,
urinary NTX [select one])

Fractional excretion of caldum on timed uring sample
DMNA testing if genetic basis for PHPT is suspected




Mopo@éic PHPT S

NopuoCa PHPT
group e adenomas
125.00 =£:::: | vitD
@10 « Selection bias

* Need for unselected population
based studies

NopuoPTH PHPT

*Ynepriacio
* normal VitD
* ? Follow-up

Subclinical PHPT???
If vitD replete (> 20?, > 307?)
Ca>2.52 mmol/L (10.08 mg/dl)
10.00 10.50 11.00 11.50 PTH > 5 meI/L (4715 pg/ml)

Ca

Rejnmark L, etal JCEM 2013;98:87-96, Silverberg SJ, eta | JCEM 2003;88:5348-5352, Koumakis E, et
al JCEM 2013;98:3213-3220, Cusano NE, et al JCEM 2013;98:2734-2741.



AVTIULETOTION

m XEPOVPYIKN

— Algpebivnon TpoynAov

— Minimally Invasive Parathyroidectomy (MIP)
B 2 VVTNPNTIKN

— I'evika Métpa

— AIPOGPOVIKY

— Calcimimetics



Evocicelg Xe1povpyikns AVTIUETOTICNS

Table 1. Guidelines for Surgery in Asyrmptomatic PHPT: & Comparison of Current Recommendations With
Previous Ones®

1990 2002 2008 2013

Mezsuremant®
Samum calcium 1-1.6 mgfdL {(0.25-0.4 1.0 mafdL 0.25 1.0 magfdL (025 1.0 mafdL (0,25 mmolL

{=upper limit of mmalL) mmalL) rmmalfL)

nornal}
Skeletal BMD by DXA: Z-zcore EMD by DXA: T=core BMD by DXA T=core A BMD by DXA: T-score

=—2.0{zite <—2.5 at any site® <—2.5 at any site® < —2.5 at lumbar
urepecified) sping, total hip,
femoral neck, or distal
1/3 radius®
Fravious fraqility E. Vertebral fracture by
fracture® x-ray, T, MEI, or VEA
A, eGFR reduced by A oGFR reduced by A oGFR = &0 co/min & Creatinine clearance
=3 % from =% from E. 24-h uringe for < Bl comin
expectad expectad calcium not E. 24-h urine for calcium
B. 24-h urine for E. 24-h urine for recommended =400 mgid (=10
calcium =400 mgf calcium =400 mgf mmol/d) and increased
d (=10 mrmold} d (=10 mrmold} stone risk by
biochemical stone risk
analysis®
i_. Presence of
nephralithiasis ar
nephrocalcinosis by
¥-ray, ultrasound, or
T

JCEM 2014




XEPOVPYIKN AVTIUETOTION

— Minimally Invasive Parathyroidectomy (MIP)
m Movipeg aosvmuo
B OcTIKOC TPOEYYEIPTTIKOS OTEIKOVIGTIKOG EAEYYOG
— US (80-90%)
— XmvOnpoypapnua wapabvpeocidmy pe 99mTc-sestamibi (90-50%)

m Avvotdtnta quick PTH assay (Miami criteria)
— Kpuripro Miami
— Exvivo apocdiopiopoc PTH
—  Aeyyelpntikdg kabeTploc o

— Agpgdivnon TpoynAov
m ApYIKT] OVIILETOTION
m Metd anotvyio MIP

B YVUUETOYT TEPIGGOTEPMV TOV | TOPaBVPEOEIODY QOEV®V
— KA\npovouikéc pop@éc
— XNA (tprromodnc vrepmapodvpeoeldicog)



Surgery for hereditary PHPT

m the goals of are
— to achieve normocalcemia for as long as possible
— avold permanent hypoparathyroidism
— minimize surgical complications
— facilitate reoperations

m Suspicion for multigland disease
— young patients,

— negative preoperative localization
— failed parathyroidectomy.



Parathyroid Localization and Implications for Clinical
Management

John W. Kunstman, Jonathan D. Kirsch, Amit Mahajan, and Robert Udelsman
J Clin Endocrinol Metab 98: 902-912, 2013

Table 2. Comparison of Features, Radiation Dose, and Cost for Parathyroid Imaging

Calculated Effective Medicare
Relative Advantages Relative Disadvantages Radiation Dose (Ref.) Reimbursement

Cervical Widely available, no radiation  User-dependent interpretation, Mone $125.10
ultrasound limited evaluation ectopic
glands
Sestamibi Ease of interpretation, Radiation, cannot assess thyroid — Sestamibi/SPECT, 6.7-7.8 SestamibifSPECT,
scintigraphy assessrment for ectopic mSv (58, 71); SPECT/ $546.76; sestamibi
glands CT, +.9 mSv (72) alone, $262 .53
T Assessment for ectopic glands  Radiation, limited sensitivity ~3—6 m5v (71); varies by~ $371.83
rotocal
AD-CT Increased anatomical detail,  Significant radiation to thyroid, 10?51 mSv (58] £424.51
assessment for ectopic not widely available
glands
MR Assessment for ectopic glands  Limited sensitivity Mone $644.33
Catheter-based Less affected by prior High level of expertise required -~ .8-12.6 mSv (71); $2,310.85
localization interventions, wide varies by case
assessment for ectopic
glands

Table 3. Selected Cited Estimates for Accuracy of First-line Imaging Maodalities for a Patient with De Novo 1°HPTH

Sestamibi Scintigraphy Ultrasound aDCT

Sensitivity (95% CI) (16) 78.9% (64-20.6%) 76.1% (70.4-81.4%) 50.4%
Pasitive predictive value (95% CI) (16) 00.7% (83.5-96.09%) 03.2% (90.7-95.39%) 03.5%
Localization—correct side (single adenoma) 68% (27) 74% (27) 93.9% (57)
Localization—correct quadrant (single adenoma) 50% (27) 72% (27) 85.7% (57)




Persistent or Recurrent PH

Altia
m Mn avebpeon adevdUATOG
m  Atelng agaipeon oe
TOAVOOEVIKN VILEPTAAGTO,
m KAnpovouikég popoég ITY
m [loAamAd adevopata residual
hyperfunctioning
m [lopaBupeopdrmon
m  Koapkivog mapaBupeoetddv
m  Yrotpomn Hetd
OLVTOUETAUOGYELGN
Avtiuetomion
m EmPefaioon ddyvoong
m  AZoAdynon evoeitewv

YEPOLPYIKNG 1| GLVTIPNTIKNG
OVTIUETOTIONG

Avtévdetn PTx
m ABePordtra didyvmong

m Apoeifolro ametkovioTikd
gupnuoto

m Melopévo TposoOKIo
B YymAdg eyyelpntikog Kivouvog

m Amewkovion
—  Mn enepPatikn
s US
Sestamibi scan-SPECT
CT (4D)
. MRI
—  EmepPatikn
m  US-kaBodnyovpevn FNA-
[Ipocodopiopdg PTH
= Ayygloypaoio
m  EnéuPoon
—  "EAeyyog oovnTiKdV yopomv
—  Quick PTH

= Kpurfpo Maimi
= ExVivo npocdiopiopdg PTH
B AleyyelpnTikog Kafetplacrog

m Mn yepovpyikéc mapeuPaoelg
— US guided €yyvon aiBavoing
—  EpBoMopdg

Udelsman R. J Clin Endocrinol Metab 96: 2950-2958, 2011



IHopoxkoiovOnon

Table 2. Guidelines for Monitoring Patients with Asymptomatic PHET Who Do Mot Underngo Parathyroid Surgery: &

Comparison of Current Recormmendations With Previous Ones

Measurement 1900 2002 2008 2013

Serum calcium  Biannually Biannually Annually Annually
Skeletal DXA, annually DXA, annually {2 sites) Do, every 1-2y (3 sitesi® Every 1-2 y (3 sites),® x-ray or
(fareanmn) WVEA of spine if clinically
indicated (eq, height loss, back
pain)
eGFR, annually; serum eGFR, not recommended; eGFR, not recommended; eGFR, annually; serum aeatining,
creatinine, annually serum creatininie, serum creatininie, annually. if renal stones
annually annually suspected, 24-h biochemical
stone profile, renal imaging by
¥-ray, ultrasound, or CT

JCEM 2014
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. Ca opov: 1-2 popéc/étoc

. Cr opov: 1-2 popéc/étog

. Métpnon ootikng mokvotntac (OMXL, Ioyio,
1 Kol AT TPLTNUOPIOL KEPKIONC): ATas
£TNOLOC

. Ca o0pov 24mpov: amas eTNGImG



Table 4. Indications for Parathyroid Surgery During Monitoring

Measurement 2013

serum calcium C=upper limit of =1 ma/dL (=025 mmal/L)
nommal)

Skeletal

A, T-score =—2.5 at lumbar spine, total hip, femoral neck, or distal 1/3 radius; or a significant
reduction in EMD3

B. Vertebral fracture by x-ray, CT, MBI, or VEA

Renal A, CrCl = 80 coimin

B. Clinical development of a kidney stone or by imaging (x-ray, ultrasound, or CT)




Medical Management

m Ca Intake

m Vitamin D

m Anti-remodeling agents
m Calcimimetics



Skeletal Effects of Interventions in Mild Primary
Hyperparathyroidism: A Meta-Analysis

Shyam Sankaran,* Greg Gamble,* Mark Bolland, lan R. Reid, and Andrew Grey
J Clin Endocrinol Metab 95: 1653-1662, 2010)
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Evociceilg Cinacalcet
hydrochloride
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Cinacalcet Treatment of Primary

Hyperparathyroidism: Biochemical and Bone
Densitometric Outcomes in a Five-Year Study

J Clin Endocrinol Metab 94: 4860-4867, 2009
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