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Learning Objectives

* Hypercalcemia (causes, diagnosis and treatment)
* Primary hyperparathyroidism (PHPT) incl. complications and challenges

* Hypoparathyroidism (causes and treatment)
* Hypocalcemia

* Hypo-and hyperphosphatemia

* Tumor-induced osteomalacia
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Pathophysiology
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Case
* 84-yo patient @
* H in Geriatric dpt for asthenia, fatigue, difficulty walking, falls ...
* “Cognitive decline” according to her daughter

* Previous HX:

e Breast cancer (tumorectomy), CVA (frontal ischemic, 2013),
AHT, hypercholesterolemia, osteoporosis

* Social :
* Lives alone (3rd floor with elevator)
2 children whom she visits very often

.
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N
Feview medications; perform focused history, physical;
Patient with delirium obtain basic lab studies {CBC, glucose electrolytes,
N - creatinine, BUN, calcium, urinalysis, pulse cximetry, EKG}

\L/

Institute supportive measures:

Maintain hydration

= fAvaid restraints

= Treat underlying medical condition

Maobilize patient
Reduce noiss
Orienting stimuli
Reassurance
Bedside sitters
Manage pain

i

Does patient behavior interfere

with care or safety?

l— Mo —

T
Yas

¥

Low-dose neurcleptic
{eg. haloperidol)

l

Continue evaluation
and treatment

¥

Offending drug? — Yos — = Discontinue
-
Trauma or focal finding? |— Yes — CT scan of brain
< |
Focus of infection? — Yes —m| Begin antibiotic therapy
Unexplained
fever/nuchal rigidity? [ Yes —| Perform lumbar puncture
— -
Mo obvicus eticlogy? Yes Consider: \
' = B12/folate
= Thyroid tests
= EEG
= MRI brain
= Drug levels
® Toxin screen /
-
v
Reassess patient:
Patient improwves? — Mo — consider prolongad
delirium syndrome
T
Yas
Patient discharged
to appropriate -

postacute setting

d
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Case — lab results

. Calcium 3,75 mmol/L & N 2,20-2,55
* Phosphate 0,72 mmol/L §, N 0,75-1,39
e Mg?* 0,60 mmol/L N 0,63-1,05
* Albumin 36 g/L N 40-49

— Calcemia of 3,8 mmol/L corrected for albumin
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What to do next ?

*A 25-OH Vitamin D

B iPTH

*C 1,25-dihydroxy Vitamin D
*D Thyroid ultrasound

*E Bonescan

*F Combination of the above

v B RUGMANN



Causes of hypercalcemia

e Granulomatous diseases
(tuberculosis, fungal diseases, sarcoidosis

M Vitamin D intoxication
\ \\ :  —
\ VSmall v ) <
\ intestine , 1,25-dihydroxyvitamin D

Immobilization
Malignant tumor

Hyperthyroidism

Parathyroid «

hormone
\O

&)

Familial hypocalciuric Thyroid
h Icemi
YMa Parathyroid
Thiazides giand
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Causes of hypercalcemia

80-90% either PHPT or malignhancy
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Serum parathyroid hormone (PTH) concentrations
in hypercalcemia and hypocalcemia
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¥
Does the patient have symptomatic hypercalcemia If no dlinically apparent
and/or total calcium =14 mg/dL (3.5 mmol/L)}? malignancy, measure:
I u BTHrP
I ' ® 1,2 5-dihydroxyvitamin D
?;5 ':'I: ® 2 S5-hydrosyvitamin D
= Begin immediate treatment ® Review medicaticns and +
= If atiology of hypercalcemia supplements* Is PTHrp elevated?

is unknown, measure PTH with = Repeat total calcium |

concomitant serum calcium (corrected for albumin) f |
{corrected for albumin) or or ionized calcium to Yes
ionized calcium confirm hypercalcemia ¥

+ Humeoral hypercalcemia of

malignancy more likehy8

Hypercalcemia confirmed

Measure concomitantly: Yas No
= Repeat total calcium
{corrected for albumin) ¥ ¥
or ionized calcium Lymphoma, granulomatous diseases Is 25-hydroxywitamin
= Intact FTH (sarcoidosis, tuberculosis) more likehy D elevated? ¥

What is the PTH? Yes Mo

! ! ! Measura:
Elevated Mid to upper normal Low-normal or low Vitamin D = SPEP
or minimally elevated T intoxication .
l l miore likehy UPEP
+ ® Serum free light chain assay
Primary Primary Primary hyperparathyroidism [
hyperparathyroidism hyperparathyreidism unlikely, evaluate for non-PTH | |
highly lilkely4 likely, consider FHH® mediated hypercalcamia Abnormal Normal

v \d

Assess for other diagnoses

+ bone meta Stas|s | [witamin A intoxication,
. myslomsa hyperthyroidism)
B RUGMANN
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Case

. Calcium 3,75 mmol/L & N 2,20-2,55
* Phosphate 0,72 mmol/L ¥ N 0,75-1,39
* Mg?* 0,60 mmol/L N 0,63-1,05
e Albumin 36 g/L N 40-49

* PTH 133 ng/L " N < 49

e 25-OH Vitamine D 39,6 mcg/L N 30-80

- PTH-related hypercalcemia

.
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European Society
of Endocrinology

The voice for endocrinology

PARAT: An ESE
Educational programme
on Parathyroid
Disorders

Eur n >0
o o ERdocrinology

This guide summarizes the 13 primary hyperparathyroidism (PHPT)

consensus recommendations published within “European Expert

Consensus on Practical Management of Specific Aspects of Parathyroid
Disorders in Adults and in Pregnancy”, European Journal of Endocrinology 10N200 CaKim Alonized cacium
186 (2) February 2022". Please access the article for full disclosure.

Q How do we differentially diagnose familial

hypercalcemic hypocalciuria (FHH)?
Calcium creatinine clearance ratio (CCCR) <0.01 is a screening tool for
N TN 500 A -

FHH, but the ‘cut-off' is of limited clinical value due to low diagnostic

sensitivity and specificity. m"‘;‘; a ‘_:"‘&‘;"r‘"' - Serum 280H)0 Serum creatinine o eGPR AD-TGA calprotectin pasepor-y Lowe """; -
A positive family history is a key feature of FHH, Historic calcium values PP oy
are important to exclude progressive hypercalcemia as in primary . Vet witr trazioes 0NYMLOSAMOVL <60 mUmin/1 73 m" sontive A :::f;‘“ °°"‘“"n;v':‘;""“'{';“" o
hyperparathyroidism (PHPT). PTH levels >2-fold above upper limit of
normal are suggestive of PHPT, oat v chetscaxifmst
(@erent Q0ses accorang
£ 24{0MID levets)
Loms-of-function mutabon
OF CAICIUM -genEng genes Re-test PTHaRer 3 0 6 Be-test PTH aRer 3o 6
(CASR, GNAT1, AP2ST) months months
Corader Uhe of al
Parathyroe glands Kianeys Figure 2. A clinical approach to patients with confirmed J primary dism *Refe range »4 mg/kg/ day, »250 mg/day in Fernales, and »300 mg/
A SpOint K catium ¥ Calcium axcretion by dayin males. "Evaluate for these disorders and manage as wmto 25(0H) 0 serym 25+ hywmumn D; Ab-TGA, anti-tissue transglutaminase antibodies; eGFR, estimated
regulateq STH release thick ascending lmb of glomerular Altration rate; FGF-23, Aibroblast growth Factor-23; HPT, hyperparathyroidism; IBD, infi y bowel disease; iISGLT2, sodium-glucose cotransporter-2 inhibitors;
100p of Hénie PHPT, primary hyperparathyroidism; PP\, proton pump inhibitors; PTH, pamhymd hormane.
Cause of secondary Proposed intervention thresholds Comments
A& Pasma caciym V¥ Caicum-2o-creatinee “'lm’ al o
wih nappropniately ciearance ralw ' M'M()Kh“
e (Rypicaty 0.01) Vitamin D defciency mf«zs(cmmméaowm Re-test PTHwhen vizamin D replete. PTH concentrations may remain elevated for 612 months and
nmolL) to aveid dary hyperparathy optimization of calcium intake s mandatory
e} e 2 - i Low-dietary calcium intake 1200 mg/day for postmenopausal women Evaluate calcum intake using a detary questionnaire. Patients should increase calcium intake or use
1000 mg/Aday for men 51-70 and 1200 calcium supplements
Genetic testing is recommended for all patients with suspected FHH, but dayfor odermen g ad
negative genetic testing does not exclude FHH, and ongoing follow-up o h X T e
of mutation negative patients is recommended. Hypecalciaiadustomnel mmw‘f‘a&mx:gfs ¢ e S B ’;"ﬁ:"“’"wf"' Twesky d:‘;:"‘

hyinmales, or >4 mg/hg/24h (0.1 mmoldg/24h)  secondary causes of PHPT

What is normocalcemic primary

Qz s > Renai insufficiency OGFR <60 mUmin/1 73 As kidney Function deciines, 1a-hydraryiation activity decreases and, consecuently, active vitamin D
hyperparathyroidism (PHPT)? levels Fal caicium levels decling, and PTH levels increase
Normocalcemic PHPT is characterised by persistently (>3 months) &nﬁrwwﬂ&aﬂum Colic csaase, inflamematory bowel dsease, nd mmmmmudawmmwmw
increased PTH levels in the setting of consistently normal total, albumin- -
adjusted and / or free ionized serum calcium. Normocalcemic PHPT is a Medcations 1200 mg/day for postmencpausal women Non-thiazde duretics can increase PTH levels (f possible, dscontinue and reevakuate PTH) Lhum therapy
disanosis of exclusion 1000 mig/clay for men 51=70years and 1200mg/  can raise PTH levels (decision towithdraw from therapy bs dficult and should be made by a prychatrist).
a9 ' day for older men Treatment with bisphosphonates o denosumab can raise PTH lovels a5 a resuit of positive calcium signaling
tothe parathyrod glands in the context of mhibited bone resomtion. Bsphosphonate effects may last fora
What are the causes of hyperparathyroidism with ong time after discontruuation. Denosumab discontinuation should be avoided to prevert excessive bone koss
Q3 . Recent studies showed that SGU2 inhibitors have complexinteractions with bone metabolsm, induding an
normal calcium that should be excluded before e
N f ? . >
considering a diagnosis of normocalcemic PHPT? i a0 FOF-23-mediatad Extracelularphosphate fegulation imolves changes n PTH levels Both high and owphosphate levels
Phosphate metabolsmdecrders  Hypaphosphatemia b S e TORTS
Secondary causes of hyperparathyroidism include medications, MR ER . i - b ®

secondvy hyperparathyroudism

hypercalciuria, hypovitaminosis D, renal insufficiency, malabsorption
cundrames nhacnhate metahalicm dicarder< ar law distary caleinm 25(0MI0, 25-hydroxyvitamin ; eGFR, estimated glomerular Rikration rate: FGF- 23, Rbroblast growth factor 23, PTH, parathyrowd hormone; SGU2 nhibators, sodum -glucose cotransporter- 2 inhibitors.




Primary hyperparathyroidism

* Third most common endocrine disorder

* Incompletely regulated, chronic, excessive secretion of
parathyroid hormone (PTH)

* Hypercalcemia with elevated PTH

* Causes :
* Single benign adenoma (85%)
* Multiglandular disease (15%)
e Parathyroid carcinoma (1%)

PRIMARY
HYPERPARATHYROID

v B RUGMANN
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Primary hyperparathyroidism

* Historically,

disease of bones, stones, and groans...

.
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= skeletal disorder resulting in a loss
of bone mass, a weakening of the
bones as their calcified supporting
structures are replaced with fibrous
tissue (peritrabecular fibrosis), and
the formation of cyst-like tumors in
and around the bone

= osteitis fibrosa, osteodystrophia
fibrosa, and von Recklinghausen's
disease of bone

Osteitis fibrosa cystica

B RUGMANN
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https://en.wikipedia.org/wiki/Trabecula
https://en.wikipedia.org/wiki/Fibrosis
https://en.wikipedia.org/wiki/Cyst

Excess osteoclast activity, such
as PHPT

A form of osteitis fibrosa cystica

Not a neoplasm, but rather
simply a mass.

Most commonly affects the
maxilla and mandible, though
any bone may be affected

Radiolucent on x-ray

’ B RUGMANN
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https://en.wikipedia.org/wiki/Osteoclast
https://en.wikipedia.org/wiki/Osteitis_fibrosa_cystica
https://en.wikipedia.org/wiki/Neoplasm
https://en.wikipedia.org/wiki/Radiodensity

Symptomatic PHPT

$
Asymptomatic PHPT

\ 4

Normocalcemic PHPT
(routine screening)

The disease did not change, we did !

v B RUGMANN
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Primary hyperparathyroidism

* 3x >in ¥; incidence increases with age

* 80% initially lack symptoms
* nephrolithiasis
* kidney dysfunction
 gastrointestinal upset
* neuropsychiatric effects

* PHPT accelerates bone turnover = fragility fractures

v B RUGMANN
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Treatment of (severe) hypercalcemia

* |V hydration
* |V hydration

* |V hydration

.

B RUGMANN



Treatment of (severe) hypercalcemia

* |V hydration

* + Diuretics (avoid fluid overload)

e Calcitonin (early use, tachyphylaxis)

* Antiresorptives (Pam, IV Zol, Dmab)
 Corticosteroids (1a-hydroxylase)

* Dialysis in extreme hyperCa?*or in CKD

v B RUGMANN
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Case

Recurrent hypercalcemia 1 month after discharge
* Calcium 3,19 mmol/L N 2,20-2,55
- Start Mimpara (Cinacalcet) 60mg daily

Two weeks later ...

* Calcium 3,78 mmol/L N 2,20-2,55
* Albumin 45 g/L N 40-49
* PTH 209 ng/L N < 49

B RUGMANN



Case

Treatment regimen:
- IV hydration
- Calcitonin

- Cinacalcet (Mimpara) 60 mg daily
- Bisphosphonate
However, no clinical nor biological response ...

v B RUGMANN



Parathyroidectomy

* Surgery =2 most effective & only curative treatment for PHPT

Types:
e Unilateral parathyroid exploration (single parathyroid adenoma)

* Bilateral parathyroid exploration (multigland disease, intraoperative
parathyroid hormone (IOPTH) monitoring unavailable)

4
B RUGMANN Wilhelm, JAMA Surg. (2016)



Parathyroidectomy in elderly patients

» Safe, effective, feasible & beneficial

Complications in the elderly:

e Conversion to bilateral exploration, multiglandular disease
* Some studies - respiratory infections, cardiac problems

* Other studies - similar complications to general population
* Longer length of stay

4
BRUGMANN Calo, Aging Clin Exp Res (2017)



Scintigraphy MIBI-Tc99m
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Case

* Localization of an adenoma

* Lack of response to medical treatment - parathyroidectomy

* Clinical deterioration of the patient

Post-op follow up:

e Normalization of serum calcemia and iPTH
* Rapid clinical recovery

v B RUGMANN



Q10-13 Parathyroidectomy (PTX)

Q12 What causes hypocalcemia after PTX?

* Postoperative hypocalcemia can be related to
hypoparathyroidism (inappropriate low PTH in
relation to calcium concentration), accompanied by a
high phosphate concentration.

European Society
of Endocrinology
The voice for endocrinology

‘ B RUGMANN



Q10-13 Parathyroidectomy (PTX)

Hungry Bone Syndrome (HBS)

* HBS: Massive transfer of calcium tobone -is characterized
by normal or high PTH, low phosphate, and magnesium.

= sudden withdrawal of PTH

» increased osteoblast-mediated bone formation
» bone uptake of calcium, phosphate and magnesium

4=\ European Societ
. BRUGMAN N QOF El?dOCfiﬂOlogz

The voice for endocrinology



Table 2 Potential risk factors for hungry bone syndrome.

Potential risk factors for hungry bone

syndrome Explanation

High preoperative PTH level Sudden removal of the effect of high circulating levels of PTH on osteocl

astic resorption

concentrations 1,25(0H),D with postoperative increased skeletal calcium requiremen (95)

1,23(0H),D, 1,25-dihydroxyvitamin D; 23(0H)D, 25-hydroxyvitamin D; HBS, hungry bone syndrome; PHPT, primary hyperparathyroidism; PTH,
parathyroid hormone,

.
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Challenges in PHPT

e DDx with familial hypocalciuric hypercalcemia (FHH)

* Normocalcemic PHPT — DDx secondary HPT

* Optimal management of recurrence/persistence after surgery
e Syndromes (MEN-1, MEN-2, ...)

> European Society
BRUGMAN N @OF EﬂdOCflﬂOlogy

nology



DDx Familial hypocalciuric hypercalcemia (FHH)

= autosomal dominant disorder of CaSR

* Positive family history

* Non-progressive elevation of calcium

* Normal or mildly raised PTH

* Low urinary calcium excretion <0,01

* Does not require surgical intervention

> European Society
B RUGMAN N @OF EndocranIOQy

nology



FHH mechanism

FHH1: CASR LoF
FHH2: GNA11 LoF
FHH3: AP2S1 LoF

Parathyroid cell

LoF; loss of function

.

B RUGMANN
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Q2-3-4 Normocalcemic PHPT

Q2 What is normocalcemic PHPT?

* Normocalcemic PHPT is a biochemical signature of
persistently (>3 months) increased PTH levels in the
setting of consistently normal calcium concentrations.

* Normocalcemic PHPT represents a diagnosis of
exclusion and can only be considered following
a careful evaluation of causes of secondary

Is it secondary hyperparathyroidism ?

4=\ European Societ
4 BRUGMA N N Qof Enpdocrinologz

The voice for endocrinology



Approach to the patient with confirmed elevated
FTH and normal corrected total calcium levels

w

Excuda tha following causas
of secondary HPT

- aboli
Hype rcalciuria Mﬂ:;m .
|
Treal with hiaries |-:ﬂ-urquﬁ5mmu| | =80 mLiman/1.73 m | | Posifve* ‘TE“:E;? | ummﬂm
rem ] wilh ¢ hoecakd
fiflereni doses
aecording Lo 25{0H)D
levek)
Re-tesi PTH after 310 6 Re-est PTH alter 310 6
manihs manis

L Consider the diagnosis of
A PTH —— — & PTH —
.| normocalcemic hyperparathyroidizm | |'




Hypoparathyroidism

* Orphan disease

* Hypocalcemia (symptomatic or asymptomatic) with
insufficient PTH secretion

* Causes:
* Neck surgery (75%) : chronic if > 6 months after surgery
* Genetic, auto-immune, infiltrative, Mg?*

v B RUGMANN



/ @ ¥ Calcium absorption

¥ Calcitriol

l
N

¥ Urinary calcium excretion
(before treatment)

A Phosphate reabsorption

¥ Bone remodelling

. B RUGMANN



Treatment of chronic HypoPT

* 0,5-2 mcg/day of alfacalcidiol once a day
OR
0,5-1 mcg/day of calcitriol (Rocaltrol®) twice a day

e Calcium supplements if dietary intake is insufficient
e 25(0OH)D >20ng/ml

v B RUGMANN



Treatment of chronic HypoPT

Calcium levels:

Lower part or slightly below the lower limit of the reference
range, without symptoms of hypocalcemia

v B RUGMANN



Treatment of chronic HypoPT

* Problems:
* Hypercalcemia
* Hypercalciuria

v B RUGMANN



Table 5 ( Imaging in hypoparathyroidism.

Organ Looking for Interval Comments
Kidney Nephrolithiasis, At diagnosis; Ultrasound
nephrocalcinosis As clinically indicated; + no radiation
Every 5 years - highly operator-dependent
Mon-contrast renal CT
+ accurate
- accumulation of radiation exposure
Sensitivity of CT vs ultrasound in nephrocalcinosis detection uncertain
Brain Intracerebral As clinically indicated Mon-contrast CT
calcifications MRI (only special MRIs usable for this assessment).
Sensitivity of even specialized MRI for detection of calcifications uncertain
Bone Changes in bone As clinically indicated DXA
density/quality, + cheap
vertebral fx + low radiation
+ Vertebral fracture assessment (VFA)
X-ray spine and VFA
+ detection of unknown vertebral fracture
Eyes  Cataract At diagnosis; Ophthalmologist check in non-surgical patients
As clinically indicated

CT, computed tomography; DXA, dual-energy X-ray absorptiometry; HypoPT, chronic hypoparathyroidism; MRI, magnetic resonance imaging; Fx, fractures.

.
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Hypocalcemia

( H ypocalcemla

check Ionized calcmm Extravascular

Spurious
Drug induced
(gadodiamide and gadoversate

Pancreatitis, surgery,

acute phosphate intake and renal faiure,
(Gadohmum contrast agen ts Osteoblastic mets- prostate cancer
Check Mg
Check phos Calcium chelators, denosumab,cisplatin,
Bisphosphanates, cinacalcet,foscarnet, fluoride poisoning
[Hypomagnesemia)
(Hyperphosphatemla] (Hypophosphatemia]
evaluate
High PTH
Low PTH Check 1,25 and 25 Vitamin D levels

[Causes of hypomagensemia and treat]

Chronic Kidney Disease

Pseudohypoparathyroidism [Hypopara thyroidism J = 5 -
[ Vitamin D Deficiency J

(nutritonal or a deficiency in the converting enzyme)

.
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Denosumab and hemodialysis

JAMA | Original Investigation

Figure 2. Severe Hypocalcemia Incidence Among Patients Treated With Denosumab and Oral Bisphosphonat:

Severe Hypocalcemia With Denosumab Among
Older Female Dialysis-Dependent Patients

@ Weekly incidence of severe hypocalcemia

0.12
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Phosphate metabolism

* Essential for many biological functions
e energy production (component of ATP)
 cellular signaling
* structural roles in nucleic acids and membranes

e Distribution and Storage

* 85% in bones and teeth as hydroxyapatite
e 15% in extracellular fluids and soft tissues
 Critical for structural rigidity and metabolic functions

v B RUGMANN

Berndt & Kumar, 2009



Phosphate regulation

Parathyroid Hormone (PTH)

* master regulator of both calcium (Ca2+) and phosphate
(Pi) homeostasis

- 1 blood Ca2+ + 4 Pi renal excretion
- I FGF23 secretion from bone & 1 synthesis of calcitriol in the kidney -

—>Since PTH action releases Pi from bone & stimulation of
intestinal Ca2+ and Pi absorption enhances the Pi load

1,25(0H)2D

tf»\v

<< > rerss’ <& —=p>» Phosphate

A

w Calcium

PTH compensates by + phosphaturia (downregulation of renal Pi
transporters — 85% of Pi reabsorption in proximal tubules)

4

BRUGMANN Wagner, Nephrol Dial Transplant. 2024



Phosphate regulation

* Fibroblast Growth Factor 23 (FGF23)
* Physiologically, produced mainly by osteocytes, but in diseased \ :@%

. . | tserum FaF23 |
organs, it can be secreted by different cell AN

/ +Npt2a, Npt2¢ Npt2a, Npt2c
. . . . a-Hydroxylase| | t1a-Hydroxylase
e Stimulated upon increased Pi intake Vﬁ et ooy

 acts primarily on the kidneys to stimulate renal clearance of Pi faow o] — D @
* reduces circulating calcitriol (which stimulates Pi absorption in |
the kidney)

“v:‘:\/'}' 4‘[&((‘.}'
EXCe S
t Pi absorption ’ﬁ AP 4 Pi reabsorption
—_— » =
: 2 X ‘
| Hyperphosphatemia ‘\U! Hypophosphatemia

mmm) |ncrease in Pi 2 production of FGF23 by osteocytes 2
stimulates Pi renal clearance + reduces absorption (by {, calcitriol)

4

B RUGMANN Wagner, Nephrol Dial Transplant. 2024



Causes of hyperphosphatemia

Acute phosphate load
Endogenous

Cell lysis (tumor lysis syndrome, rhabdomyolysis)

Exogenous

Phosphate-containing medications (laxatives, fosphenytoin)

Intestinal uptake {vitamin D toxicity)

Decreased renal clearance

Reduced glomerular filtration rate

Acute kidney injury

Cellular shift
* Lactic or ketoacidosis

Chronic kidney disease

Increased tubular reabsorption
Hypoparathyroidism or pseudohypoparathyroidism
Acromegaly
Bisphosphonates
Cinacalcet
Witamin D toxicity (also increases intestinal absorption)
Familial turmoral calcinosis

Fibroblast growth factor receptor inhibitors

Pseudohyperphosphatemia

Endogenous

Hyperglobulinemia (multiple myeloma, Waldenstrdm macroglobulinemia)

Hyperlipidemia
Hemaolysis

Hyperbilirubinemia

Exogenous

Medications (amphotericin B, heparin, tissue plasminogen activator)

.

B RUGMANN

Hyperphosphatemia
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Hyperphosphatemia symptoms

* Symptoms related to Hypocalcemia (excess blood Pi binds to Ca2+)
Muscle cramps and spasms

Tetany

Perioral numbness or tingling

Seizures

 Calcification in Soft Tissues
* Joint pain and stiffness - calcifications in joints

* Vascular calcifications = increase in risk of cardiovascular disease

* Renal Symptoms
* Nephrocalcinosis: calcification in the kidney = impair kidney function
* Renal failure = high Pi levels = worsen kidney function in preexisting kidney disease

* Bone Pain
* Secondary to osteomalacia or renal osteodystrophy in CKD patients

. B RUGMANN Koumakis, calcif tissue int, 2021
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Does the patient have any of the following?

= Hemodynamic instability, cliguria, acute kidney injury

= Symptomatic hypocalcemial

= Marked tissue breakdown (eg, acute leukemia, tumor
lysis syndrome, rhabdomyolysis)

= Abzorption of large amount of phosphate (eg, use of
phosphate-containing laxatives or enemas);
administration of excess phosphate during TPN

I
Yes

¥

Provide hemodynamic suppart, if indicated&

Review:
® CBC with differential and platelet count
® Electrolytes, BUM, creatinine, glucose,
calcium, magnesium

Obtain:
» Repeat phosphorus, calcium
= ECG
= Nephrology consultation

Obtain in selected patients: %
® Creatine kinase (CK)
® Lactate dehydrogenase (LDH), uric acid
® Serum lactate level, beta-hydroxybutyrate

1
MNo

¥

® Repeat phosphorus

= Review electrolytes, BUNM, creatinine,
glucose, calcium

» Review medications (eg, vitamin O} %

Is hyperphosphatemia persistent?

Yas Mo
® Transient hyperphosphatemia usually resclves
Is aGER within & to 12 hours if renal function is intact

relatively preserved
(eg, =40 mL/min)?

® Mo further evaluation of hyperphosphatemia is

required if there are no worrisome clinical findings

Hyperphosphatemia

I
Yas

¥

1
Mo

¥

m If unexplained, consider rare causas®

» If calcium is high, measure 25-hydroxyvitamin DS
» If calcium is low, measure parathyroid hormone (PTH) ¥

® Evaluate dietary sources of phosphate

= Obtain nephrology consultation to
address reversible causes of kidney
injury and assist in management

.

B RUGMANN
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Treatment of hyperphosphatemia

* Treatment of underlying disorder!

* No treatment is usually needed in the setting of normal renal
function as hyperPi is self-resolving

* Limiting dietary phosphate intake (by reducing protein intake)

* blocking intestinal phosphate absorption with phosphate binders
(mild persistent asymptomatic hyperPi in the setting of mild to
moderate renal failure)

 calcium carbonate, calcium acetate, and sevelamer (Renvela)

 Hemodialysis may be required for severe hyperPi with symptomatic
hypoCa2+

4

B RUGMANN Shiber and Mattu, 2002



(ajur causes of hypophosphatemia

Internal redistribution

Increased insulin secretion, particularly during refeeding
Acute respiratory alkalosis
Hungry bone syndrome

Decreased intestinal absorption

* Inadequate intake °
Inhibition of phosphate absorption (eg, antacids, phosphate binders, niacin) y p O p O S p ate l I l I a

Steatorrhea and chronic diarrhea

Vitamin D deficiency or resistance
Increased urinary excretion

Primary and secondary hyperparathyroidism

Vitamin D deficiency or resistance

Hereditary hypophosphatemic rickets

Oncogenic osteomalacia

Fanconi syndrome

Other - acetazolamide, tenofovir, IV iron, chemotherapeutic agents

Removal by kidney replacement therapies

‘ &) upToDate”

B RUGMANN



. Dp=s the patient have any of the following?
= Symptomatic hypophosphatemia, including:

# Muscle weakness (respiratory failure, dysphagia, ileus)
» Hematologic dysfunction (hemelysis, mucesal bleeding)

# Rhabdomyaolysis

» Encephalopathy {delirium, coma, seizures)
8 Severe hypophosphatemia (<1.0 mg/dL [0.32 mmal/L])

T
Yes

¥

1
No

¥

Provide hemodynamic support, if required

Review:
= CBC with differential and platelet count
m Electrolytes, BUN, creatinine, glucose,
calcium, magnesium

Obtain:
= Repeat phosphorus, calcium
= Electrocardiogram

m Additional testing as indicated, based on
climical findings"

Identify and correct underlying causa, often
evident from the history and basic labs4

Replete phosphate

Exclude pseudohypophosphatemia due to
medications [(eg. liposomal amphotericin,
IV mannital) or paraprotsins
{eg, multiple myeloma)
After pseudchypophosphatemia excluded:

= Repeat phosphorus

= Review electrolytes, BUN, creatinine,

glucose, calcium, magnesium
= Review medications
= Review dietary history (2g, malnutrition)

Is hypophosphatemia persistent?

I
Yes

¥

1
MNo

¥

= If calcium is high,
measure PTH
= If calcium is low,
measure 25-hydroxywitamin D

= Transient hypophosphatemia usually
resoclves within 6 to 12 hours if
renal function is intact

= Mo further evaluation of hypophosphatemia
is required if there are no worrisome clinical

findings

Y

¥

If cause unexplained, measure 24-hour
urinary phosphate excretion or the FePO4

I
Urinary excretion

1
Urinary excretion

<100 mg/24 hours
{<3.23 mmol/24 hours)
or FePO4 <3%

v

=100 mag/24 hours
{=3.23 mmol/24 hours)
or FePO 4 =23%

¥

Appropriate renal responss

Potential causes include:

® Decreased intestinal absorption
{eq, chronic diarrhea, chronic
antacid therapy)

= Redistribution from extracellular
to intracelluar space (eg., during
refeeding, treatment of DKA,
hyperventilation)

Inappropriate renal response

Potential causes incude:
= Primary hyperparathyroidism
= Secondary hyperparathyroidism
{eg, vitamin D deficiency)
= Primary renal phosphate wasting
= Successful renal transplantation

.

B RUGMANN
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Hypophosphatemia SR UG M A NN

Patiant with hypophosphatemia ™ 1

What is the serum
phosphorus concantration?

@m 32:@0%

1
=2 mgfdl (0,64 pamaliL)

1
<1 mgfdL (0.32 mmal/L)

I= “'IE pabi Ating symploms
| relatad to hywplmpiwnla'*"'
Treak with inkrave Common symptoms related _
< Dhni;ﬁtilmphﬂzif > bo hypophosphatemia inchede: Fhmpl'l-::.: rephlhm
® Muscle and bone pain Loy
mﬁiﬁﬁl e Irnph}:m ¥ Muscla weakness Continue to monitor
>1.3 mg/dL (0.48 mmal/L) * Respiratory failure phosphate levels
= Haark failure
= Neurologic changes (eq, confusion,
irritability, seirures, coma)
]
I 1
Yoz Mo Inset
¥ /—-—-—*——-\ Suggested oral phosphate dasing: 5

ymiptomatic hypophosphatem | Asymptomatic hypophosphatemia ® Serum phosphonus > 1.5 mg/dL to 2 mafdL (0.48 to 0.64 mmolfL):
/5/, )< \ 1 mmallkg of elemental phasphorus (minimum of 40 mmel and a

w'ﬂﬂ.‘h ofal phosphats mﬁﬂ‘w maxirmum of 80 mmaol] given in 2 to 4 dwvided doses over 24 hours.

\wiat is tha serum phosphones I-wn/l?

— I —— —_— —— = Serum phosphorus 1 o 1.5 mg/dL [0.32 o 0.48 mmol/L):
[ | 1.3 to 1.4 mmolfkg of elemental phosphorus {(up to a mMasdmaam
1t 1.5 mgldL >1.5 ko 2 mgdL of 100 mmal] given in 3 to 4 divided doses over 24 hours,
(0.32 to 0.48 mmalfL] (048 bo 0.64 mmolL) ® The serwm phosphomes concentration should be rechecked
//'—*\ ¥ 2 b 12 haurs fallowing administration of the last dose to
- determine whether repeat doses are required.
< mlm‘n ) | Suggested inbravenows phosphate dasing:
\I_IEFF'/// Treak with oral ® Serum phosphorus = 1.4 mg/dL (0.45 mmol/L]: 0.2 mmol/kg ghven
Switch to cral B arte IEI-'"E':'DTI( phosphate repletiond over 4 hours {up to & magimum dose of 20 mmal for initial desing).
whien the seram is \\\-__._.__.-—/ ® Serum phosphorus 21.1 to 1.3 mg/dL (0.36 to 0.42 mmaolfL):
>1.5 ma/dL (0.48 mmalfL) 0.3 mmol/kg given over 4 hours {up te a maximum dose of
20 mmaol for initial dosing ).
® Sgrum phosphones £1 mgldL [0.32 mmoel/L): 0.4 mmaol/lkg givan ."" U T D ]
over & hours {up to a maximum dose of 50 mmeol for initial dosing). 4 p oDate

® Tha sarem phasphores concentration should ba monitorad avery
& howrs when intravenous phosphate is given.
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Tumor-induced osteomalacia

* rare paraneoplastic sd
* characterized by bone pain, fractures and muscle weakness

 caused by tumoral overproduction of fibroblast growth factor 23 (FGF23) = acts at the
proximal renal tubule = {, Pireabsorption =2 hypophosphatemia & osteomalacia

* small, benign mesenchymal tumors - found in bone or soft tissue, anywhere in the body

 Locating the tumor is critical 2 complete removal is curative

* If the tumor is not localized, or surgical resection is not possible

- phosphate and active vitamin D supplementation (successful in healing the
osteomalacia & |, symptoms)

B RUGMANN Florenzano et al, Bone Rep (2017)
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Case - Imaging

* Head CT: absence of hemorrhage, mass effect, hydrocephalus

* History of tumorectomy of left breast > induration left breast
> US of L&R breasts : sequellar appearance, no suspicious lesion

* Bone scintigraphy: no hyperfixation suspicious of bone metastasis

v B RUGMANN



Indications for parathyroidectomy

* Symptomatic

* Asymptomatic
* Age <50 years
e Serum calcium level >1 mg/dL above URL

Skeletal involvement
* Fracture by VFA or vertebral X-ray, or bone mineral density (BMD) by T-score < -2.5 at any site

Renal involvement
* eGFR or creatinine clearance <60 mL/min

* Nephrocalcinosis or nephrolithiasis by X-ray, ultrasound, or other imaging modality
* Hypercalciuria (eg, >250 mg/day in women; >300 mg/day in men)

Patient preference

.

BRUGMANN Bilezikian et al., JBMR. (2022)
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Loss-of-function mutation of
calcium-sensing genes
(CASR, GNA11, AP2S1)

Parathyroid glands: Kidneys:
A Set-point for calcium ¥ Calcium excretion by

regulated PTH release thick ascending limb of
loop of Henle

! !

A Plasma calcium with ¥ Calcium-to-creatinine

inappropriately normal clearance ratio
PTH (typically <0.01)

Figure 1

Alterations in calcium metabolism caused by familial
hypocalciuric hypercalcemia (FHH). Hypercalcemia arises due
to an increase in the parathyroid set-point for parathyroid
hormone (PTH) release and possibly also from decreased
renal calcium excretion (11, 12). Alterations in bone
metabolism are not usually observed in FHH|{‘I 3).

O
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