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Sodium:
« a water story... »
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TAL: active
reabsorption of Na
without water
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TAL: active
reabsorption of Na
without water
Corticomedular
gradient: 1200
mOsm

Collecting duct:
aquaporines open if
ADH
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The actors: the hypothalamus

High Blood

333“33'";2’;}‘ SNO: supra optic nucleus

Kidney
Inereased water reabsorption
d trated

e L e What are the stimuli of ADH secretion?



The mediators:
osmo- & baro-receptors

Receptors Osmoreceptors Baroreceptors
. anterolateral carotid sinus & aortic
Location
hypothalamus arch
Value Measured Posm circulating volume
ADH Release suppression of

activation of receptor

Stimulated By receptor

Change Required for 1% above 280

- (o)
Action 10-15% decrease

Resulting Amount of

ADH large

Override Other? yes




The mediators:

osmo- & baro-receptors

Receptors

Location

Value Measured
ADH Release
Stimulated By

Change Required for
Action

Resulting Amount of
ADH

Override Other?

Osmoreceptors

anterolateral
hypothalamus
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activation of receptor

1% above 280
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Osmoticity

Baroreceptors

carotid sinus & aortic
arch

circulating volume

suppression of
receptor

10-15% decrease
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Plasma concentration

of antidmretic hormmone

The actors:
ADH and thirst

Thirst

I I I I I
270 280 290 300 310

Plasma osmolanty (mOs/log)




The actors: osmo-receptors
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The actors: baro-receptors
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The actors: summary
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Water metabolism and age

The age-related decrease in total-body water (relative and absolute)
Thirst mechanism diminishes with age
Clear age-related decrease in maximal urinary concentrating ability

ADH release is not impaired with aging, but ADH levels are increased for any given
plasma osmolality level.

The ability to excrete a water load is delayed in the elderly

Ayus JC, Arieff Al. Abnormalities of water metabolism in the elderly. Semin Nephrol 1996;16:277-88.

Fulop T Jr, Worum |, Csongor J, Foris G, Leovey A. Body composition in elderly people. |. Determination of body
composition by multiisotope method and the elimination kinetics of these isotopes in healthy elderly subjects.
Gerontology 1985;31:6-14.

Phillips PA, Rolls BJ, Ledingham JG, Forsling ML, Morton JJ, Crowe MJ, et al. Reduced thirst after water deprivation in
healthy elderly men. N Engl J Med 1984;311:753-9.

Rowe JW, Shock NW, DeFronzo RA. The influence of age on the renal response to water deprivation in man. Nephron

1976;17:270-8.



Hyponatremia
<137 mEq/L



Hyponatremia: Prevalence

Healthy old subjects:
- 7%
Institution:

- 15t018 %
— A 12-month longitudinal study:

* 50 % of residents will develop at least one
hyponatremic episode!

Geriatrics Erasme:
bock TF. Gt 1O AR & ST AL b RSO oo 14 100200, oo o rReRarst

Miller M, Morley JF, Rubinstein LZ. Hyponatremia in a nursing home population. J Am Geriatr Soc 1995;43:1410-3.



Hyponatremia: Clinical features

* Severe:

— nausea, headaches, lethargia, coma and
respiratory distress, epilepsia

* Moderate (>125)

Subclinical ?



« subclinical» hyponatremia?

Mild Chronic Hyponatremia is Associated with Falls,

Unsteadiness, and Attention Deficits

Benoit Renneboog, MD,” Wim Musch MD,** Xavier Vandemergel, MD,* Mario U. Manto, MD, PhD,*
Guy Decaux, MD, PhD, FACP Hon®

Table 2 Prevalence of falls in patients with chronic asymptomatic hyponatremia and control subjects

Patients Controls

(n = 122) (n = 244) Unadjusted Adjusted
Variable Percent (number) OR (95% CI) P value OR (95% CI) P value
Falls 21.3 (26) 5.3 (13) 9.45 (2.64-34.09) =.001 67.43 (7.48-607.42) =.001

OR = odds ratio; CI = confidence interval.
Plus-minus values are means * standard deviation; Fisher 2-tailed exact test was used for comparisons between groups.

Renneboog B, Musch W, Vandemergel X, Manto MU, Decaux G. Mild chronic hyponatremia is associated with falls, unsteadiness, and

attention deficits. Am J Med 2006; 119(1): 71.e1-8.
Decaux G. Is asymptomatic hyponatremia really asymptomatic? Am J Med. 2006 ; 119 (7 Suppl 1):579-82.



« subclinical» hyponatremia?

CLINICAL SIGNIFICANCE

o Patients with moderate chronic hypona-
tremia fall dramatically more frequently
than patients with normal SNa levels.

e These falls could be due to gait and
attention impairments, as measured in

. . ° o . . comparable patients (mean serum so-
Mild Chronic Hyponatremia is Associated with Falls, dium 128 mEq/L and normal Mini Mental

Unsteadiness, and Attention Deficits State Examination). These abnormalities
were more pronounced than those en-

countered with a blood alcohol content
at 0.6 = 0.2 g/L.

Benoit Renneboog, MD,® Wim Musch MD,*® Xavier Vandemergel, MD,® Mario U. Manto, MD, PhD,*
Guy Decaux, MD, PhD, FACP Hon®

e The number of hospitalizations could
probably be avoided if these patients
were treated.

Renneboog B, Musch W, Vandemergel X, Manto MU, Decaux G. Mild chronic hyponatremia is associated with falls, unsteadiness, and
attention deficits. Am J Med 2006; 119(1): 71.e1-8.
Decaux G. Is asymptomatic hyponatremia really asymptomatic? Am J Med. 2006 ; 119 (7 Suppl 1):579-82.



« subclinical» hyponatremia?

£ ) Adad 2008; 101:383-584
dod: 101093 imedhonle]  Advance Access published on 13 May 2008

Mild hyponatremia and risk of fracture in the
ambulatory elderly

F. GANKAM KENGNE', C. ANDRES', L. SATTAR', C. MELOT”? and G. DECAUX'

Table 3 Prevalence of byponateersia in patients and controls and QRS for bone fracture associated with hyponatienmia

Patienls (%) n=53T3 Conbrals 96 n=513 l._ln.m_-.med R L) Agjusted L L

Hyponatremia 67 {13.06} A0 {3,500 347 (208=-3579) 4.160 {224-7.71F

OR, Oxdds ratio: CI, 95% confidence interval: *F- 0.007.



Etiologies
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Hyponatremia: Causes

Most commonly associated with hypotonicity (hypotonic
hyponatremia);

Sometimes associated with normal or elevated plasma
osmolarity.

— normal: artefact (hyperlipidemia or hyperproteinemia)

— “Hypertonicity hyponatremia” is caused by the accumulation of
osmotically active nonelectrolyte solutes, which causes the
movement of water from the intracellular compartment to the
extracellular fluid.This action dilutes the sodium concentration and

is usually the result of hyperglycemia.



Euvolemic hyponatremia

Results from increased free water without changes in total
Na pool.

— commonly associated to ADH secretion (not secondary to
hyperosmolality)

> drugs (hydrochlorothiazides),

Y

Glucocorticoid deficiency,

A\

Hypothyroidism,

A\

syndrome of inappropriate antidiuretic hormone secretion (SIADH)

A4

reset osmostat syndrome.

Fried LF, Palevsky PM. Hyponatremia and hypernatremia. Med Clin North Am 1997;81:585-609.



Criteria for SIADH

Hypotonic hyponatremia

Urine osmolality >100 mOsm per kg (100
mmol per kg)

Absence of extracellular volume depletion

Normal thyroid and adrenal function

Normal cardiac, hepatic and renal function



Criteria for SIADH

Hypotonic hyponatremia

Urine osmolality >100
mOsm per kg (100 mmol

per kg)

Absence of extracellular
volume depletion

Normal thyroid and adrenal
function

Normal cardiac, hepatic and
renal function

Serum osmolality (if 1T,
check Gly, lipids, prot)

If <100 mOsm, rule out
potomania

Look at the signs of
hydration

TSH, (cortisol? if clinical
signs)
Assess cardiac function



Causes SIADH

Neoplasm Central nervous | Pulmonary miscellaneous
system disease | disease
Bronchogenic | Head trauma Pneumonia Guillain-Barreé
carcinoma syndrome
Pancreatic Subdural Tuberculosis General surgery
cancer hematoma
Duodenal Subarachnoid Bronchiectasis | Acute
cancer hemorrhage intermittent
porphyria
Prostate Cerebrovascular Aspergillosis Pain
cancer accident
Thymoma Meningitis Cystic fibrosis Delirium
tremens
Lymphoma Encephalitis Positive Nausea
pressure
ventilation
Mesothelioma | Brain abscess Psychosis

Hydrocephalus

Brain tumor




Drugs associated with SIADH

Carbamazepine (Tegretol) Oxytocin (Pitocin)

Clofibrate (Atromid-S) Phenothiazines
Cyclophosphamide (Cytoxan) | Tricyclic antidepressants
Opiates SSRI

Vincristine




Measure urime osmolality

Lirine csmalality < 104
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Paradoxal natriuresis ?

L No back diffusion
2 Hypoaldosteronism

3, 3rd factor?




de Bold, A. J. Atrial natriuretic factor: a hormone produced by the heart.
Science 230: 767, 1985.

Electronmicrozcopic view of atrial cardiocyte
showing nucleus (M), [@fofibnlz (W) and

the storage site for ANF and BNFP: atrial
specific granulez ()

Cogan E, Debieve MF, Philipart I, Pepersack T, Abramow M. High plasma levels of atrial natriuretic factor in SIADH. The
New England journal of medicine 1986;314(19):1258-9

Cogan E, Debieve MF, Pepersack T, Abramow M. Natriuresis and atrial natriuretic factor secretion during inappropriate
antidiuresis. The American journal of medicine 1988;84(3 Pt 1):409-18
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Cogan E, Debieve MF, Pepersack T, Abramow M. Natriuresis and atrial natriuretic factor secretion during inappropriate antidiuresis.
The American journal of medicine 1988;84(3 Pt 1):409-18



Severe Hyponatremia: Treatment

severe hyponatremia, it is generally considered safe to raise the serum sodium
concentration at a rate of 0.6 to 2.0 mEq per L (0.6 to 2.0 mmol per L) per hour or no
more than 12 mEq per L (12 mmol per L) in the first 24 hours.

A too-rapid increase in the serum sodium concentration, with the rapid transfer of free
water out of the brain cells, can cause diffuse cerebral demyelination, specifically in
the pons (central pontine myelinolysis).

In the setting of acute hyponatremia, when rapid correction of the serum sodium
concentration may be needed, hypertonic solutions such as 3 percent saline may be
administered at a rate of approximately 1 to 2 mL per kg per hour.13,17

Loop diuretics are often used in conjunction with normal saline or 3 percent saline to
prevent volume overload and the potentiation of congestive heart failure.

Fried LF, Palevsky PM. Hyponatremia and hypernatremia. Med Clin North Am 1997;81:585-609.
Kumar S, Berl T. Sodium. Lancet 1998;352:220-8.
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central pontine myelinolysis

http://chorus.rad.mcw.edu/doc/00066.html



Moderate
hyponatremia:Treatment

in a euvolemic patient

— can be managed with fluid restriction and discontinuation of any
medications that affect free-water excretion, along with initiation
of treatment of the underlying cause.

— Fluid restriction must be less than free-water losses, and total fluid
intake should typically be less than 500 to 800 mL per day in the
elderly patient with euvolemic hyponatremia.

Beck LH. Changes in renal function with aging. Clin Geriatr Med 1998;14:199-2009.



Moderate
hyponatremia:Treatment

in a hypovolemic patient

— the fluid deficit should be corrected by administration of normal saline
solution.

— Once the patient is clinically euvolemic, the drive for the body to produce ADH
is gone, and the patient is able to excrete the excess free water.

If the clinical picture is one of an "effective" low extracellular volume, but
the patient appears to have fluid overload, the underlying cause of the
low sodium level, such as congestive heart failure, nephrotic syndrome,
cirrhosis or hypoalbuminemia, should be treated.

— For example, hyponatremia related to heart failure should resolve if treatment
to decrease the afterload, increase the preload or increase the contractility of
the heart corrects the clinical situation..

Ayus JC, Arieff Al. Abnormalities of water metabolism in the elderly. Semin Nephrol 1996;16:277-88.



Treatment

in a SIADH patient

— SIADH is treated with free-water restriction until the underlying cause
of the disorder is corrected.

— Administration of normal saline is not an appropriate therapy because
the sodium may be rapidly excreted while the water is retained,
exacerbating hyponatremia.

— An adjunct to free-water restriction, in some circumstances, is the
addition of therapy with demeclocycline (Declomycin) in a dosage of 600
to 1,200 mg per day.

- Urea

— Rec antagonists

Cherrill DA, Stote RM, Birge JR, Singer I. Demeclocycline treatment in the syndrome of inappropriate antidiuretic hormone
secretion. Ann Intern Med 1975;83:654-6.

Musch W, Decaux G. Utility and limitations of biochemical parameters in the evaluation of hyponatremia in the elderly. Int
Urol Nephrol 2001; 32 (3): 475-93.

Musch W, Decaux G. Treating the syndrome of inappropriate ADH secretion with isotonic saline. Q J M 1998;91(11):749-
53.

Decaux G, Soupart A. Treatment of symptomatic hyponatremia. Am J Med Sci 2003;326 (1): 25-30.

Decaux G. Long-term treatment of patients with inappropriate secretion of antidiuretic hormone by the vasopressin
racentor antaaoniet conivantan tirea or fiirncemide Am | Med 2001110 (7)) 5RR2-4



“Simple and inexpensive”: urea

Do ef o, Crines Cove 2000, 1401 84
henpfiootonan o canen L1 4651 B4

C} CcRITICAL CARE

RESEARCH Open Access

Treatment of euvolemic hyponatremia in the
intensive care unit by urea

Guy Decaux’”, Caroline Andres', Fabrice Gankam Kengne', Alain Sougart'

Table 1 Evelution of some blood and wrine pararmneters in 10 patients with mild hyponatremia treated by 45 g urea’
daily at least during three days
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Hypernatremia
Na > 145 mEqg/L

« A water story again... »



Hypernatremia: causes

- Results from a lack of water intake:

— Thirst mechanism disorder

— Lack of access to water.



Hypernatremia: causes

4 major causes:

1.

Primary Hypodypsia. destruction of hypothalamic thirst
center

Insipidus Diabetes. (central or nephrogenic)

Pure Hypertonic Saline Gain. rare. Accidental Ingestion of
hypertonic solution.

Lack of water intake: insufficient to compensate free water
loss: the most common in geriatrics




Hypernatremia: features

Aspecific in geriatrics
CNS

— irritability, agitation, lethargia, muscle spasms,
spasticity and hyperreflexia

— Subarachnoidal bleeding

Fried LF, Palevsky PM. Hyponatremia and hypernatremia. Med Clin North Am 1997;81:585-609.






Measure spot P csmaolality
and urinary sodium

|

P camalality < 0.7
rsmdkg (0.7 mmolkg)

LIYP camaodality
= 0.7 mOsmkg

R |

Unnary sodium vanable Unnary sodium =20 Urninary sodium
mEgL 120 mmeoddL) = 20 mEg
I |
Excessive water intake l Renal losses losmotic
with decreased ADH U camalzlity diuresis, dinretics,
iwater diuresis) variable interstitial renal disease)
v |

Central diabetes insipidus
Cemorecepton ablation l l l
Hypodipsia from CHS lesion Idiopathic reset ExOaenaus Hormonal
Mephrogenic dabetes insipidus asmastat
Paraxysmal atnal tachycardia l

Fregnancy (rare} Cushing's disease

Primary hyperaldosteronisem

l

Linnary sodium <10
mEaL (10 mmodd)

l

Extrarenal losses
{excessive sweating,
diarrhea, respiratory
los)



Hypernatremia: treatment

(plasma sodum —140)

Water deficit = ——————— XK TBW
140



Hypernatremia: treatment

www.radiologypics.com

Avoid rapid correction

X intracellular edema

Correction of 50 % of calculated water deficit
during 12 to 24 first hours

Beck LH. Changes in renal function with aging. Clin Geriatr Med 1998;14:199-209.
Department of Medicine, Washington University School of Medicine, St. Louis, Missouri. The Washington manual of
medical therapeutics. 29th ed. Philadelphia: Lippincott-Raven, 1998:39-60.



Potassium



Hypokalemia
K< 3,5 mEqg/L



Hypokalemia: prevalence

©?

- @eriatrics:

— 22% on admission (Auslender et al. 2006)



Hypokaliemia: causes

+ Lack of intake (...)
- Shift EC33 IC
' Digestive loss

*Urinary loss



Hypokaliemia: causes

Decreased potassium intake

Increased entry into cells

An elevation in extracellular pH

Increased availability of insulin

Elevated “-adrenergic activity - stress or administration of beta
agonists

Hypokalemic periodic paralysis

Marked increase in blood cell production

Hypothermia

Chloroquine intoxication

Increased gastrointestinal losses

Vomiting

Diarrhea

Tube drainage

Laxative abuse




Hypokaliemia: causes

Increased urinary losses

Diuretics

Primary mineralocorticoid excess

Loss of gastric secretions

Nonreabsorbable anions

Metabolic acidosis

Hypomagnesemia

Amphotericin B

Salt-wasting nephropathies - including Bartter's or Gitelman's
syndrome




Hypokaliemia: features

Cellular Hyperexcitability
> Muscular and cardiac disorders

> Muscle weakness
— Respiratory
— Gastrointestinal (ileus, anorexia nausea, V+)

— Cramps, paresthesia, tetania, muscle pain,
atrophia



Hypokaliemia: features




Hypokaliemia: treatment

Assessment of K deficit K?

— No strict correlation between serum concentrations and whole
body pool

Approximative estimation:

For chronic hypoK

— 200 to 400 mEqg required to achieve a decreased of serum
concentration of 1 mEq/L.

— When K decreases of 2 meqg/L, stabilisation secondary to shift of K
from cells

Sterns, RH, Cox, M, Feig, PU, Singer, |. Internal potassium balance and the control of the plasma potassium concentration.
Medicine (Baltimore) 1981; 60:339.



Hypokaliemia: treatment

- Causal

* K Preparations
— KClI (iv or PO)

Villamil, MF, DeLand, EC, Henney, RP, Maloney, JV. Anion effects on cation movements during correction of
potassium depletion. Am J Physiol 1975; 229:161.

Schwartz, WB, Van Ypersele, de Strihou, Kassirer, JP. Role of anions in metabolic alkalosis and potassium
deficiency. N Engl J Med 1968; 279:630.

Sopko, JA, Freeman, RM. Salt substitutes as a source of potassium. JAMA 1977; 238:608.



Hyperkaliemia
K>4 mEq/L



K secretion, picoeq/min

Physiology:
renal adaptation of FE K

500 -
400 - High K
300 -
200 -
ll.‘.lll:l-. - . — Normal
“ | ~ _: _ | | |
3 4 5 6 8

Plasma potassium, meq/L



Physiology:
renal adaptation of FE K

Response to increasing potassium intake from 100 to 400 meg/day in normal subjects
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Rabelink, TJ, Koomans, HA, Hené, RJ, Dorhout Mees, EJ, Kidney Int 1990; 38:942



Physiology:
renal adaptation of FE K

Peak increase in the plasma

potassium concentration in normals hyperkalemia was minimized
and dialysis patients following the by glucose (via enhanced

ingestion of 0.25 meq/kg of release of insulin), increased b
potassium alone (K) or with glucose ’ Y

(K+G), a -“blocker (K+ -, or a -% a -“~blocker, and more
blocker and glucose (K+ -%-+G). prominent (by as much as 0.4
meg/L) with all interventions in
< 12- dialysis patients, indicating
RS i decreased cell uptake of
:: potassium in renal failure
%ﬂ.z-

=]
1

Normals Dialysis

Allon, M, Dansby, L, Shanklin, N, Am J Med 1993; 94:475.



Hyperkaliemia: causes

Increased potassium release from cells

Pseudohyperkalemia

Metabolic acidosis

Insulin deficiency, hyperglycemia, and hyperosmolality

Increased tissue catabolism

“-adrenergic blockade

Exercise

Other

Digitalis overdose

Hyperkalemic periodic paralysis

Succinylcholine

Arginine hydrochloride

Reduced urinary potassium excretion

Hypoaldosteronism

Renal failure

Effective circulating volume depletion

Hyperkalemic type 1 renal tubular acidosis

Selective impairment of potassium excretion

Ureterojejunostomy




Hyperkaliemia: features

Rare behalve when K>7 mEq/L

Rather symptoms from intercurrent disease
(acidocetosis for ex)

Muscle weakness, paresia

Cardiac

1 In v

5 JrA, TAn i v&»’ﬂu




Hyperkaliemia: treatment

Antagonism of membrane actions of potassium

Calcium

Drive extracellular potassium into the cells

Insulin and glucose

Sodium bicarbonate, primarily if metabolic acidosis

-2-adrenergic agonists

Removal of potassium from the body

Loop or thiazide diuretics

Cation exchange resin

Dialysis, preferably hemodialysis if severe




Hyperkaliemia: treatment

Stabilize cardiac membranes with calcium:

Give only for hyperkalemia with significant ECG findings (eg, widening
of the QRS complex or loss of P waves, but not peaked T waves alone)
or severe arrhythmias thought to be caused by hyperkalemia

Give adults calcium chloride 500 to 1000 mg (5 to 10 mL of 10
percent solution) by IV infusion slowly over 2 to 3 minutes, preferably
via a central line; or give calcium gluconate 1000 mg (10 mL of 10
percent solution) also infused slowly; may be given peripherally in
large vein; time to onset is immediate

Calcium treatment may be repeated after 5 minutes if ECG changes
persist; patient must be on cardiac monitor when receiving calcium;
calcium can exacerbate digoxin toxicity

Give children calcium gluconate (10 percent solution) 0.5 mL/kg

Since the effect of calcium is transient, patients with hyperkalemia also
require treatments to shift potassium into cells and to remove
potassium




Hyperkaliemia: treatment

Shift potassium into cells:

Give insulin and glucose to hyperkalemic patients with serum K 6.5
meqg/L, except patients with chronic renal failure and no ECG changes,
who are treated with hemodialysis

Insulin and glucose: Give IV bolus of regular insulin 10 units with
100 mL of a 50 percent glucose solution; give children regular insulin
0.2 units per gram of glucose, give glucose 1 g/kg; monitor fingerstick
glucose closely; time to onset is 15 to 30 minutes

Beta 2 agonist: May give albuterol 10 to 20 mg in 4 mL saline
nebulized over 20 minutes (may use metered dose inhaler); pediatric
dose 0.1 to 0.3 mg/kg; time to onset is 20 to 30 minutes

Sodium bicarbonate: Has minimal effect on shifting potassium
intracellularly unless patient is acidemic; may promote renal excretion;
give 45 meq (1 amp of 7.5 percent solution) slow IV infusion over 5
minutes; pediatric dose is 2 to 3 meqg/kg; time to onset is 15 to 30
minutes; do not give in same IV as calcium

Since the effect of shifting potassium into the cells is transient,
treatments to remove potassium are also required




Hyperkaliemia: treatment

Remove potassium

Cation exchange resin (sodium polystyrene sulfonate): Give 15
to 30 grams orally; pediatric dose is 1 g/kg; although less preferable,
may also be given as retention enema; do not give enema with
sorbitol or within one week of surgery; time to onset is approximately
1 to 2 hours; may repeat dose after 4 hours based upon repeat serum
K

Loop diuretic: May give furosemide 20 to 40 mg IV; pediatric dose is
1 to 2 mg/kg IV; higher dose may be required with renal insufficiency;
the fluid losses must be replaced unless the patient is volume
expanded

Hemodialysis: Can be used if the conservative measures listed above
fail, if hyperkalemia is severe, if the patient has renal failure, or if the
patient has marked tissue breakdown and is releasing large amounts
of potassium from injured cells




Magnesium



Hypomaghesemia



HypoMg: prevalence

12 % hospitalized patients.
* 60 a 65 % of ICU patients.

Wong, ET, Rude, RK, Singer, FR. A high prevalence of hypomagnesemia in hospitalized patients. Am J Clin Pathol 1983;
79:348

Chernow, B, Bamberger, S, Stoiko, M, et al. Hypomagnesemia in patients in postoperative intensive care. Chest 1989;
95:391.

Desai, TK, Carlson, RW, Geheb, MA. Prevalence and clinical implications of hypocalcemia in acutely ill patients in a medical
intensive care setting. Am J Med 1988; 84:2009.

Tong, GM, Rude, RK. Magnesium deficiency in critical iliness. J Intensive Care Med 2005; 20:3.



HypoMg: etiologies

1. Digestive loss
2.  Renal loss:
Diuretics (proximal and TAL)
Volemic expansion (decreased passive reabsorption)
Alcohol
Aldosterone
PTH

TAL disorder (Gitelman thiazide-sensitive sodium-chloride
cotransporter )

Toxic (amphotericine, cisplatin, cyclosporine, pentamidine)



HypoMg: etiologies

= 1. Digestive loss
= 2. Renal loss:

Diuretics (proximal and TA
(Volemic expansion)

Alcohol

Aldosterone

PTH



HypoMag: clinical features

* Commonly associated to:

— Hypokalemia (renal loss)

— Hypocalcemia (hypoPTH and PTH resistance)

Fatemi S, Ryzen E, Flores J, Endres DB, Rude RK (1991) Effect of experimental human magnesium depletion on parathyroid
hormone secretion and 1, 25-dihydroxyvitamin D metabolism. J Clin Endocrinol Metab 73:1067-1072

Fuss M, Bergmann P, Bergans A, Bagon J, Cogan E, Pepersack T, Van Gossum M, Corvilain J. Correction of low circulating levels
of 1,25-dihydroxyvitamin D by 25-hydroxyvitamin D during reversal of hypomagnesaemia. Clin Endocrinol (Oxf). 1989

Jul;31(1):31-8.



calcium:
A bone story?



Hypercalcemia



Hypercalcemia: Prevalence

ocommon »



HyperCa: physiology

40 to 45 % of serum Ca is bound to serum protein (alb)

“pseudo hyperCa” in presence of hemoconcentration,
abnormal protein (MM) when Ca++ is NI

Corrected [Ca] = Measured total
[Ca] + (0.8 x (4.5 - [alb]))



HyperCa: etiologies

Increased bone resorption

Primary hyperparathyroidism

Malignancy

Hyperthyroidism

Other - Paget's disease, estrogens or antiestrogens in metastatic
breast cancer, hypervitaminosis A, retinoic acid

Increased intestinal calcium absorption

Increased calcium intake

Renal failure (often with vitamin D supplementation)

Milk-alkali syndrome

Hypervitaminosis D

Enhanced intake of vitamin D or metabolites

Chronic granulomatous diseases (eg, sarcoidosis)

Malignant lymphoma

Acromegaly

Miscellaneous

Chronic lithium intake

Thiazide diuretics

Pheochromocytoma

Adrenal insufficiency

Rhabdomyolysis and acute renal failure

Theophylline toxicity

Familial hypocalciuric hypercalcemia

Immobilization

Total parenteral nutrition




Seasonal hypercalcemia

Sarcoidosis
1-alpha OHase in the granuloma

Non dependent of PTH

> First degree reaction: substrat (250HvitD)
dpdt

> Seasonal hypercalcemia

Bonnema SJ, Mgller J, Marving J, Kvetny J. Sarcoidosis causes abnormal seasonal variation in 1,25-dihydroxy-cholecalciferol. J Intern
Med. 1996 May;239(5):393-8.

Fuss M, Pepersack T, Gillet C, Karmali R, Corvilain J. Calcium and vitamin D metabolism in granulomatous diseases. Clin Rheumatol.
1992 Mar;11(1):28-36.



Lithium & hypercalcemia

Functional hyperparathyroidism

— W setpoint of suppressibility by Ca of the PTH
secretion

- WV urinary excretion of Ca
fTPTH, ©* Ca, W P, 1 Mg (!)
Stop lithium: normalization

Lehman-H-S LEFGQ_ }gua J'ly alcemia and hyperparathyroidism in the elderly: what do we
know? J Affect Disord. 2013 Apr ?61(- ?Srlc

Pepersack T, Corvilain J, Bergmann P. Effects of Ilthlum on bone resorption in cultured foetal rat long-bones. Eur J Clin Invest.
1994 Jun;24(6):400-5.

Pepersack T, Corazza F, Demulder A, Guns M, Fondu P, Bergmann P. Lithium inhibits calcitriol-stimulated formation of
multinucleated cells in human long-term marrow cultures. J Bone Miner Res. 1994 May;9(5):645-50.



Hypercalcemia of malignancies

* PTHrP: Most common cause

— « Humoral hypercalcemia malignancy » HHM
* IL6: Multiple Myeloma
+1,25(0OH)2 vit D some Lymphoma

— rare

* Bone metastasis

Bergmann P, Nijs-De Wolf N, Karmali R, Pepersack T, Corvilain J. [Distribution and function of a new hormone: parathyroid hormone-
related peptide (PTHrP)]. Bull Mem Acad R Med Belg. 1993;148(11-12):401-7.

Nijs-de Wolf N, Pepersack T, Corvilain J, Karmali R, Bergmann P. Adenylate cyclase stimulating activity immunologically similar to
parathyroid hormone-related peptide can be extracted from fetal rat long bones. J Bone Miner Res. 1991 Sep;6(9):921-7.

Bergmann P, Nijs-De Wolf N, Pepersack T, Corvilain J. Release of parathyroid hormonelike peptides by fetal rat long bones in culture.
Bone Miner Res. 1990 Jul;5(7):741-53.



HyperCa treatment

* Correct dehydration!
* Why is it dehydrated?
* Hyper Ca=>

— Nausea, vomiting
— Osmolar polyuria

— Acquired nephrogenic insipidus diabetes
(resistance to ADH)



HyperCa: treatment

Increased urinary calcium excretion

Isotonic saline with or without a loop diuretic

Diminished bone resorption

Calcitonin

Bisphosphonates

Gallium nitrate

Plicamycin (mithramycin) (rarely used)

Decreased intestinal calcium absorption

Corticosteroids in hypervitaminosis D due to chronic granulomatous
disease or increased intake, and in hematologic malignancies

Oral phosphate in chronic hypercalcemia

Chelation of ionized calcium

EDTA or intravenous phosphate (rarely used)

Oral phosphate in chronic hypercalcemia

Dialysis




Hypocalcemia



Hypo Ca: Prevalence

Variable, most commonly associated with Vit D deficit
(80%)

First look at serum albumin (false hypoCa)
Then look at Mg, P
Vitamin D, PTH

Look at medical history (renal impairment, cervical surgery)

Hashemipour S et al. The status of biochemical parameters in varying degrees of vitamin D deficiency. J Bone Miner Metab.
2006;24(3):213-8



Hypo Ca: physiology
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Haden, ST, Brown, EM, Hurwitz, S, et al. The effects of age and gender on parathyroid hormone dynamics. Clin Endocrinol
2000; 52:329



Hypo Ca: Etiologies

Loss of calcium from the circulation

Hyperphosphatemia

Acute pancreatitis

Osteoblastic metastases

Intravascular complexing with citrate, lactate, foscarnet, EDTA

Acute respiratory alkalosis

Hypoparathyroidism

After parathyroid, thyroid, or radical neck surgery

Idiopathic - may be associated with chronic mucocutaneous candidiasis
and primary adrenal insufficiency (HAM syndrome)

Infiltration of the parathyroid gland

HIV infection

Pseudohypoparathyroidism

Disorders of magnesium metabolism

Vitamin D deficiency

Multiple causes

Other

Sepsis

Autosomal dominant hypocalcemia

Fluoride intoxication




Hypo Ca: Clinical features

Tetania

Epilepsia
Cognitive disorders
EPS

Myopathy

Psy

Cardiac: bradycardia, contractility%$5QT interval §

Chvostek's or Troussea




Hypo Ca: Treatment

Causal (Ca VitD...)

If symptomatic

— 100 to 200 mg (2.5 to 5 mmol) Ca element (1 a 2
grams de gluconate Ca) within 10 to 20 minutes.

— CAVE risk of systolic arrest!.

Prendiville, S, Burman, KD, Wartofsky, L, et al. Evaluation and treatment of post-thyroidectomy hypocalcemia. The
Endocrinologist 1998; 8:34.
Tohme, JF, Bilezikian, JP. Diagnosis and treatment of hypocalcemic emergencies. The Endocrinologist 1996; 6:10.



Hypo Ca: Treatment

calcium should be diluted in dextrose or NaCl

- Ex: — A1 mg/mL calcium gluconate solution is prepared by adding 60 mL
of 10 percent calcium gluconate to 500 mL of dextrose and water.

- — A1 mg/mL calcium chloride solution is prepared by adding 20 mL of 10
percent calcium chloride to 500 mL of dextrose and water.

— Calcium gluconate is usually preferred to calcium chloride because it is less
likely to cause tissue necrosis if extravasated.

Avoid in the solution bicarbonate or phosphate, (formation of insoluble
Ca salts)


http://www.utdol.com/utd/content/topic.do?topicKey=drug_a_k/40369&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=drug_a_k/39337&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=drug_a_k/40369&drug=true

Hypo Ca: Treatment

Parenteral calcium for intensive care unit patients (Review)

Fur.!r_l.'rthc RM, Wessel CRB, Billiar TR, Angus DC, Rosengart MR
Main resules

There are o identifable studies char have evaluared the associarion berween pareneral calcium supplemenmarion in critically @l ICU
patienes and che following curcomes: moalicy, multiple organ dystuncion, 10U and hospinal lergth of stay, costs, and complicassans
af calcium adminiscrasion. Serum Sandzed calcium comcencragion was repomed in 5 soodies (L2 rial arms, 159 pamicipanes). These
wraals showed a small bur significant increase in serum jonized calcium concentracion afver calcium administracon. These trials showed
comsiderable saristical heterogenesity and differed extensively in the popularion stodsed (adul versus neanace], the indicaion (hypocal
cemia versus prophylaxs) and threshold of hypocalcemia for which parenzeral calcium was adminiszered, and the dming of subsequent
mezasurement of serum ionized calcium concenerasan oo the extent char we coreider o pooded estimare almost inappropriate.

Aurhors' conclusions

There & na clear evidence thar parenteral calcium supplemenmtion impacs the outoome of cricsclly 2l patens.

Forsythe RM, Wessel CB, Billiar TR, Angus DC, Rosengart MR. Parenteral calcium for intensive care unit patients. Cochrane
Database of Systematic Reviews 2008, Issue 4. Art. No.: CD006163. DOI: 10.1002/14651858.CD006163.pub2



Effects of 25 OH vitamin D3 and calcium supplementation over 3
years on the number of fractures in elderly women (the decalyos
study)
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Chapuy et al., 1994



Vitamine D

Recent developments

The prevalence of vitamin I} deficiency in elderly
people is much greater than previously realised,
especially among those who are housebound

Vitamin D deficiency is associated with muscle
weakness as well as osteomalacia

Deficiency is also assocated with falls and
fractures among elderly people that are not
explained by reduced bone density

supplementation of 800 IU of vitamin I daily is
needed to have an effect on falls

Venning G. BMJ 2005; 330:524-526.



THOMs

Electrolytes disorders are common
Associated to
— water metabolisme for Na,
— Bone metabolism (Vit D, PTH) for Ca
Polyfactorial
Poor homeostasis (water, vit D, Ca)
Atypical features, geriatric syndromes (falls, delirium, etc)
latrogenous problems (SIADH) possible

Primum non nocere
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