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Fluid & Electrolytes

Approximately 60% of typical adult’s weight
Is water (> 40L)

- Factors that influence amount of body fluid
are: age, gender, and body fat
- Body fluids located in two compartments:

1. Intracellular fluid (ICF) 2/3 of body fluid

2. Extracellular fluid (ECF)
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Fluid & Electrolytes

ECF might be further divided into:

- Intravascular fluid : 5L within the vessels.
About 3L of blood is plasma, the other 2L is
made up of erythrocytes, leukocytes, and
platelets.

- Interstitial fluid : surrounding cells (about 9L In
adults). Lymph is an example of interstitial fluid

- Transcellular fluid : about 1L in total, the
smallest division of ECF (cerebrospinal, pleural,
and digestive secretions)



Fluid & Electrolytes

Body fluid moves between ICF and ECF to maintain
equilibrium

Loss of ECF into a space that doesn’t contribute to
equilibrium status is referred as Third -Space fluid
shift. Early clue of third space fluid shift is the
decrease In urine output despite fluid intake

Intravascular fluid --- » Third space P |Kidney input
» Compensatory |urine output » tpulse |B Press
B Weight » Input/Output imbalance



Fluid & Electrolytes

Symptoms of Third-Spacing...
Blood pressure <o
Heartrate 4

Thirst @

Urine produced <o
Fatigue @




Fluid & Electrolytes

Route of Gain & Loss
H20 and electrolytes are gained by drinking and eating or via
Intravenous, sub-cutaneous, and enteral feeding
Loss by:
1. Kidneys
Urine output is approximately: 1-2000 ml (1ml/kg/h)
2. SKin:
Sensible = visible, insensible = non-visible sweating vary from
0-1000 ml or more every hour. Fever and exercise evaporate
an excess of liquids
3. Lungs:
Loss 1 with high respiratory rate and depth or both
500-1000 ml/ day (insensible)
4. G.I. tract
Usual loss: about 200 mi/day



Daily Water Balance (liters)

Metabolism 10%

Foods 30%

Beverages 60%

2500 mi

1500 ml
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Average intake
per day

Feces 4%

Sweat 8%
Insensible
losses via
skin and

lungs 28%

Urine 60%:

—

Average output
per day




Urine Specific Gravity

Measure the kidneys ability to excrete or conserve
water. Normal specific gravity is: 1.005-1.030
Specific gravity Is inversely related with urine volume.
Gravity > 1035: frank dehydration!

Blood Urea Nitrogen (BUN) = azotemia/ 2.14

End products of protein metabolism from both muscle
& dietary intake. Normal range is: 10-30 mg/dl

BUN increased with: Gl bleeding, dehydration,
fever, and sepsis

BUN decrease with . end stage liver diseases,
reduced protein intake, and starvation



Creatinine

The end products of muscle metabolism
|s a specific indicator of renal function
Normal serum creatinine is: 0.8-1.3 mg /dl

Hematocrit

Measure volume percentage of RBCs in whole
blood: 44%-52% for male, 39%-47% for female
T In cases of dehydration (and policythemia)

| In cases of over-hydration and anemia

Urine Sodium

Changes with sodium intake
Affected by circulating blood volume
Normal range iIs 50-220 mEqg/24hrs



Fluid Volume Disturbances

1. Fluid volume deficit: Hypovolemia

- Hypovolemia: usually results when water
and electrolytes are lost in the same
proportion as they exist in the normal body

fluids

- Dehydration: usually refer to loss of water
alone with increased serum Na+ level




Fluid Volume Disturbances

Hypovolemia Clinical Manifestations

Hypovolemia

Signs & Symptoms Signs & Symptoms
Weight Loss Increased Temp
Decreased Skin Turgor Cool, clammy skin
Oliguria Thirst
Concentrate Urine Anorexia
Postural Hypotension Nisusea

Weak, rapid pulse

Flattened Neck Veins Muscle Weakness

Muscle Cramps




Regulation of Water Output

INCREASED OSMOLARITY SENSED FALL IN ECF VOLUME
BY HYPOTHALAMIC RECEPTORS FALL IN ARTERIAL BLOOD PRESSURE
STIMULATION

OF HYPOTHALAMIC \
NEURONS INCREASED ADH

/ / \ ARTERIOLAR

VASOCONSTRICTION
INCREASED THIRST

1 MORE WATER REABSORBED

INCREASED WATER INTAKE ‘

\ FALL IN URINE OUTPUT

DECREASED PLASMA OSMOLARITY



Regulation of Water Output

r i
Osmoreceptors : t
in hypothalamus b

Baroreceptors
in atrium and
large vesseals

W T

Antidiuretic
hormone (ADH)
Collecting ducts
of kidneys f

| Water reabsorption

|\ Osmolali Scant urine
Do




Fluid Volume Disturbances

Hypovolemia diagnostic evaluation

— Physical examination
— Serum BUN and Creatinine (1 1 ratio B/C)
— Hematocrit level “great than normal/expected
— Urine specific gravity 11
— Serum electrolytes level:
 Hypokalemia: in case of Gl or renal loss

« Hyperkalemia: in case of adrenal insufficiency

 Hypernatremia: in case of Dehydration (or
diabetes insipidus)




Fluid Volume Disturbances

2. Fluid volume excess: Hypervolemia

Hypervolemia is an isotonic expansion of ECF
caused by abnormal retention of water and Na in
approximately the same proportion as normal

Clinical Manifestations:
- Edema
- Distended neck veins
- Increased BP, Central Vein Pressure, pulse rate
- Crackles over the lungs, shortness of breath,
and wheezing, dyspnea
- Increased body weight (and urine output)



Fluid Volume Disturbances

Hypervolemia Diagnostic Evaluation

- Decreased BUN, creatinine, serum osmolality
and hematocrit because of plasma dilution, and
| protein intake

- CXR may disclose pulmonary
congestion
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Overview of Sodium Balance

Sodium is not produced

Produced Water (through oxidative
phosphorylation)

N

Sodium is not consumed
Water is not consumed

Outside World

Dietary intake of sodium
Dietary intake of water

—

Blood

Outsicde World

—>  Urinary excretion of sodium
Urinary excretion of water

=l losses of sodium

Gl losses of water
Transcutaneous losses of sodium
Transcutaneous losses of water

Intracellular Fluid

Hyponatremia

Primary sodiurm loss

Foor intake of sodiurm

Increased urinary loss of sodium
Increased Gl loss of sodium
Transcutaneous loss of sodium
Fransmeambvane =il of sogium

Primary water excess

Excessive intake of water

Excossive cxidative phosphorylation
Decreased urinary loss of water
facregsed Gf foss af waler

flecrezsed transowtanaous foss of watar
Transmermbrane shift of water

fhatice  Physiolagic state which either does not occur, or
does not lead to significant pathologic abnormality.

Hypernatremia

Primary sodium excess

Increased intake of sodium

Decreased urinary loss of sodium
Dacrageed G lose of sodim

flocregsed franscuianeous fose of sodivem
Fransmembirane sl of sodivm

Prirmary water loss

Decreased intake of water

Lhiminiched cxigative phosphorylation
Increased urinary loss of water
Increased Gl loss of water

Increased transcutaneous loss of water
Transmembrane shift of water




Blood pressure and renal
handling of sodium

FALL IN SODIUM LOAD

FALL IN ARTERIAL PRESSURE \
/ INCREASE IN

FALL IN GFR

ALDOSTERONE
! SECRETION
FALL IN EXCRETION OF !
FALLIN FILTERED == SODIUM, CHLORIDE, AND
SODIUM FLUIDS T~ INCREASE IN
SODIUM
} ABSORPTION

INCREASED CONSERVATION
OF SODIUM AND FLUID



Osmolarita sierica = [(2 Na) + (Azotemia/2,8) + (Glucosio/18)]

Hyponatremia

Decreased serum sodium
Na+ <135 mEqg/L




Hyponatremia

e Loss of salt (and water) < Increased body

» Diuretics water (dilutional

» Addison’s disease hyponatremia)

e Osmotic diuresis (DKA) e Excess water

e Diarrhea Intake (water

» Diaphoresis intoxication)
« CHF

 VVomiting
 Renal failure

e Cirrhosis



HYPONATREMIA

Assess serum
osmolality/tonicity

Figure 1. Classification and commeon eticlogies of hyponatremia.'***NSAIDs = nonsteroidal antiinflammatory drugs.

Normal serum

1 osmolality

Isotonic Hyponatremia

Pseudohyponatremia
Hyperlipidemia
Hyperproteinemia

Low serum
osmolality

2.

L

I Hypotonic Hyponatremia I

Assess volume
status

Elevated serum

3 osmolality

Hypertonic Hyponatremia

Hyperglycemia
Hypertonic sodium-free
solutions (e.g., mannitol)
.

A.

Hypovolemic

- H20

Hypovolemic Hypotonic
Hyponatremia

O Renal losses

Adrenal insufficiency/
mineralocorticoid deficiency
Excessive diuresis
Thiazide diuretics (e.g.,
hydrochlorothiazide)
Osmotic diuretics (e.g.,
glucose, mannitol, urea)
Salt-wasting nephropathy
Cerebral salt wasting

) Nonrenal losses
Blood losshemorrhage
Gastrointestinal losses
Vomiting
Nasogastric suction
Diarrhea
Obstruction, ileus
Skin losses
Burns/open wounds
Excessive sweat losses
(e.g., marathon runners)

8

B.

Isovolemic

A\

Isovolemic Hypotonic Hyponatremia
Syndrome of inappropriate antidiuretic

hormone

Acute psychosis

Central nervous system disorders
Malignancy (e.g., pulmonary tumors)
Medications

Antineoplastic agents (e.q.,
cyclophosphamide, vincristine)

Antipsychotics (e.g., haloperidal,
thioridazine, thiothixene)
Carbamazepine

Desmopressin

NSAIDs (e.g., ibuprofen)

Opiates (e.g., morphine, meperidine)

Oxytocin

Selective serotonin reuptake inhibitors
(e.g., fluoxetine, sertraline)

Tricyclic antidepressants Se. g.,
amitriptyline, imipramine

Pulmonary infections {e.g., pneumonia,

tuberculosis)

Severe pain
S

troke

Trauma
Adrenal insufficiency
Hypothyroidism

C * | Hypervolemic

Hypervolemic Hypotonic
Hyponatremia

Cirrhosis

Congestive heart failure
Nep?mtic syndrome
Renal failure

+H20
(3° space)




Hyponatremia

e Signs/Symptoms

— Often asymptomatic if slow or until below 120
mEQ/L (130 mEg/L if acute)

— Neurologic: lethargy, apathy secondary to
cerebral edema, headache, muscle twitching,
hyper-reflexia, seizures (Na* <110 mEq/L)

— Salivation, lacrimation, diarrhea
* Treatment: correct the underlying condition:
— Hyperv: fluid restrict, + diuretics

— Hypov: hypertonic saline to increase level 2-3
mEg/L/hr at max rate 100cc of 5% saline/hr




Mielinolisi Pontina Centrale

Conosciuta anche con il nome di sindrome da demielinizzazione
osmotica , € una patologia neurologica causata da un grave danno
a carico della guaina di mielina delle cellule nervose nel tronco
encefalico, piu precisamente nel ponte.

La causa della malattia € prevalentemente iatrogena: correzione

troppo veloce di una iposodiemia.
Si caratterizza per l'insorgenza di: paralisi acuta, disfagia, disartria e
altri sintomi neurologici.

Puo verificarsi anche in altre zone cerebrali esterne
al ponte e per questo alcuni autori ritengono

piu corretto il termine sindrome da
demielinizzazione osmotica




Osmolarita sierica = [(2 Na) + (Azotemia/2,8) + (Glucosio/18)]

Hypernatremia

Elevated serum sodium
Na*>150 mEg/L




Hypernatremia

 Free water deficit or water loss are greater than
salt loss. Always associated with hyper
osmolar state. High mortality rate (>40% if
severe)

e Forms:
— Hypovolemic: the true dehydration

— Isovolemic: seen in diabetes insipidus (I ADH)

— Hypervolemic: loss of hypotonic fluids with
Inadequate replacement with hypertonic fluids.
Hypervolemic is usually iatrogenic! May see also
In Cushing’s and Conn’s diseases




Hypernatremia

Classification and Common Etiologies of Hypernatremia

Classification Etiology

Hypovolemic Loss of hypotonic fluids (vomiting, diarrhea, nasogastric
suctioning, osmotic diuresis, burns and open wounds, sweat,
lungs)

|sovolemic Diabetes insipidus (central diabetes, nephrogenic diabetes
insipidus)

Hypervolemic Hypertonic saline solutions, sodium bicarbonate solutions,

mineralocorticoid excess (hyperaldosteronism)




Hypernatremia

e Signs/Symptoms

— Neurologic: restless, seizure, coma, delirium

— Sticky mucus membranes, poor salivation and
lacrimation, hyperpyrexia, red swollen tongue

— Thirst, weakness
e Treatment: correct underlying disorder \ /

— Free water replacement in dehydration.
Slow infusion of glucose 5%: give %2 over first 24
hrs, then rest over next 24 hrs to avoid cerebral
edema.



Hypernatremia

water deficit = (total body water) x [1-(Na/140]

(total body water = correction factor x weight)

The correction factor is 0.6 for men, 0.5 for women and elderly men, and 0.45 for
elderly women.

Deficit _ (Na attuale — Na desiderato) x peso attuale x 0,6
idrico Na desiderato

Esempio: il deficit idrico in un uomo che pesa 70 kg
con sodiemia di 156 mEq/L é:

(156 - 140) x 70 x 0,6
140

=481




Too fast correction : risk of

Brain Edema

Proper therapy
{slow correction of the

hypertonic state)

A » Improper ~psmolytes
- ( ‘ -
therapy thigh osmolality}-
(rapid correction e
of the hypertonic
slata)

Fonte: Adrogue HJ, et al. N Engl J Med 2000;

342(20):1493-9.



Overview of Potassium Balance

Potassium is not produced Potassium is not consumed
Outside World Outside World
Dietary intake of potassium Blood i Lrinary excretion of patassium
5l lozses of potassium

Transcutaneous losses of

potassium via sweat

Intracellular Fluid

Hyperkalemia Hypokalemia
Excessive intake Foor intake
Decreased urinary excretion Increased urinary excretion
facragsed Gf loss Increased 5] loses
facragsed transouianeons loss Increased transcutaneous losses

Transmernbrane shift Transmernbrane shift



Hypokalemia

Decreased serum potassium
K*< 3.5 mEqg/L




Hypokalemia can only occur for
four reasons:

1. Decreased intake of K

POTASSIUM

2. K shifts inside the cells

3. Extra-renal losses of K

4. Renal losses of K



Hypokalemia

« Etiology:
— Intracellular uptake with redistribution: seen in acute
alkalosis, insulin therapy, and anabolism state

— Depletion: due to Gl losses, renal/diuretics,
steroids , and renal tubular acidosis

e S/SX:

— Clinical : muscle weakness/fatigue, decreased
tendon reflexes, ileus. Insulin resistance in DM

— EKG: low, flat T-waves, ST depression, and N

U waves "é



Hypokalemia in Hyperaldosteronism

tK* (or { Na*) concentration Renin-angiotensin
in blood plasma* mechanism

——>— Stimulates

v X

pmmmm——— == >| Adrenal cortex )
rez%f;‘éi = = ReI;ases
inhibits v
Aldosterone
——— Targets

v

Kidney tubules

——>— Effects

‘TNa*' reabsorption I t t K* secretion J

<——Restores
v

. L Homeostatic plasma J

---------- levels of Na* and K*

Copyright © 2010 Pearson Education, Inc.



Hypokalemia

« ECG changes in hypokalemia (! )

'-].

Mormg

. T

Hypokalemia

-]|

5 U

S

-

T

2

Low, flat T-waves, ST depression, and U waves




Hypokalemia

Oral K:
- KCL cp: e.g. retard 600 mg 1 cp x 2 die
- K aspartate: e.g. 10-30 mEq in a glass of water

IM K: NO

EV K: big vein, small catheter, diluted (e.g. 60 mEq

In 500 ml saline inlh) @




Hypokalemia

Empirical Treatment of Hypokalemia

Serum Potassium .LV. Potassium
Severity Concentration (meq/L) Replacement Dose (meq)®
Mild to moderate 2.5-3.4 20-40
Severe 2.5 40-80

In patients with normal renal function; patients with renal insufficiency should receive <50% of the initial
empirical dose. Rate of infusion = 10 20 meq potassium per hour; maximum infusion rate = 40 meg potassium
per hour. Continuous cardiac monitoring and infusion via a central vencus catheter are recommended for
infusion rates >10 meq potassium per hour. Maximum potassium = 80 meg/L via a peripheral vein; up to 120
meq/L via a central vein (admixed in 0.9% or 0.45% sodium chloride injection).




Hyperkalemia

Elevated serum potassium
K*>5.5 mEqg/L
K*> 6 mEqg/L - Emergency
K*> 7 mEqg/L - Life Threat




Hyperkalemia

e Etiology:
— Renal insufficiency, spironolactone, ACE-

Inhibitors, diabetes, mineralcorticoids
deficiency

— Redistribution In acidosis, hypo-insulinism,
tissue necrosis, digoxin poisoning, severe
hemolysis

— Psuedo-hyperkalemia in leukocytosis, and
thrombocytosis



Hyperkalemia

e S/SX:

— Clinical: nausea/vomiting,
colic, weakness diarrhea

— EKG: (1)

— early peaked T waves; then
flat P waves, depressed ST
segment, widened QRS

progressing to sine wave and
V fibrillation

— Cardiac arrest occurs in
diastole

Hyperkalemia (T

Peaked T waves

il

Small or indisce ermble P waves

R
w A




Hyperkalemia

e Treatment:

1. Remove latrogenic causes (ACEs, spironolattone)

2. Acute: if > 7.5 mEqg/L or EKG changes
e Ca-gluconate: 1 mg over 2 min IV
 Glucose 5% + regular insulin
e Sodium bicarbonate
 Emergent dialysis

3. Hydration (saline) and diuretics (furosemide)

4. Kayexalate (ionic exchange resins) x OS or
enema



Hyperkalemia

CLINICAL REVIEW  Electrolyte disorders

Treatments for Hyperkalemia

Time Duration
Treatment Dose Route to Onset of Effect Mechanism of Action and Effects
Calcium gluconate®®  1-2 g (4.56-9.12 V. over 5-10 min 1-2 min 10-30min  Antagonizes cardiac conduction
meq cacium) abnormalities
Sodium bicarbonate®  50-100 meq LV. over 2-5 min 30 min 2-6 hr Increases serum pH; redistributes
potassium into cells
Insulin (regular)? (with  5-10 units |.V. with 50 mL of 15-45 min 2-6hr Redistributes potassium intac cells
dextrose) 50% dextrose
injection
50% dextrose 50 mL (25 g) L.V. over 5 min 30 min 2-6 hr Increases insulin release; redistributes

potassium into cells; prevents
hypoglycemia when insulin is given
10% dextrose 1000 mL (100g) IV.over1-2 hr 30 min 2-6 hr Increases insulin release; redistributes
potassium into cells; prevents
hypoglycemia when given with

insulin
Furosemide 20-40 mg LV. 5-15 min 4-6 hr Increases renal potassium loss
Sodium polystyrene  15-60g Oral or rectal 1hr 4-6 hr Resin exchanges sodium for
sulfonate*© potassium; increases fecal potassium
elimination _
Albuterol 10-20 mg Nebulized over 10 30 min 1-2hr Stimulates sodium-potassium pump;
min redistributes potassium into cells
Hemodialysis 2-4hr NAd Immediate Variable Removes potassium from plasma

3First-line therapies in hyperkalemic emergencies.
bRepeat dose in five minutes if abnormal electrocardiogram persists. Calcium chloride may also be used, but calcium gluconate is preferred over calcium chloride for
peripheral venous administration because it causes less venousirritation. Calcium chloride (1000 mg = 13.6 meq calcium) provides three times more calciumthan calcium
gluconate (1 g =4.56 meq calcium).
ZCan be used to treat acute hyperkalemia, but the effects may not be seen for several hours. Removes 0.5-1 meq of potassium per 1 g of sodium polystyrene sulfonate.
NA=not applicable.



Hypocalcemia

Decreased serum calcium
Ca’* < 8.5 mg/100m|




Hypocalcemia

— Seen in hypoalbuminemia (need to correct for!). Check
lonized Ca. Often symptomatic below 8 mEqg/dL

— Check PTH:

e High: low Vitamin D, renal insufficiency
pancreatitis, hyperPO4, pseudohypoparathyroidism,
massive blood transfusion (citrate), drugs (e.qg.
gentamicin)

o S/Sx: numbness, tingling, circumoral paresthesia
cramps tetany, increased tendon reflexes,
Chvostek’s sign, Trousseau’s sign

 EKG has prolonged QT interval



Hypocalcemia

Hypocalcemia (low blood calcium)
, . stimulates parathyroid glands
Chvostek’s sign -
, .
Trousseau’s sign
aern 2+ x ;
Hlsmg_ca_ o " ’( -—— PTH release from
blood inhibits e
PTH m'ease ’:_‘_____;._;_.__‘_‘ T - _; Pamthymld glal‘lds
,f_’,."-' — P
/‘;':/’ PTH: ‘:;:\
Ay . T
y A i Activates I,r-*x_f—w._ Bone j 5 b Y
A G \ osteoclasts; | f}—f & W
-_,f' " 4_ calcium and \ -‘...‘__.@f' T
&l - phosphate Y - &
T, ions released | \ *
) into blood || .":‘
Intestine s
e i , -
AN Increases / 'l A%
g *’{;m calcium ..j " B
s T:ile_absorption "\ %‘r *
> from food & ") q’
| A |
1;‘ Promotes activati [
5 romotes activation __ jciq A
1\ of vitamin D ney /1'._.'.,-'
I\'«' '\:\.. - and A 4
IL'\:“T\"‘“L‘:‘}-‘ ] increases ™ _ j{ y
Key: \\ v calcium '1/;/
++= Ca?* jons <& reabsorption| :
: e @B Biood-
. = PTH molecules e e stream
Copynght @ 2004 Pearsen Educaton, Ine, publisheng as Banjamin Cammings
nu1l]l]2l] www.fotosearch.com




Hypocalcemia

Treatment;:

e Acute: (IV) CaCl 10 cc of 10% solution = 6.5

mmol Ca or Ca.Gluconate 10cc of 10% solution =
2.2 mmol Ca

e Chronic: (OS) 0.5-1.25 gm CaCO,; = 200-500 mg
Ca.

e Vit D (calciferol): must have normal serum POA4.
Start 50.000 — 200.000 units/day



Hypocalcemia

Calcium Supplements

Calcium Elemental Elemental Administration
Salt Calcium (meq/qg) Calcium (%) Route?
Calcium chloride 13.6 27 V.
Calcium gluconate 4.56 9 l.V. or oral
Calcium acetate 12.7 25 l.V. or oral
Calcium carbonate 20 40 Oral
Calcium citrate 10.5 21 Oral
#Maximum rate of i.v. infusion = 1.5 meqg/min.
Empirical Dosages of I.V. Calcium®3%142
Preferred Intermittent
Degree of Hypocalcemia Calcium Salt® Bolus Dosage Continuous Infusion Dosage®
Mild to moderate, Gluconate 1-2 g calcium gluconate over 4.56-9.12 meq calcium over 30—
asymptomatic 30-60 minutes; may repeat 60 minutes; may repeat every 6
every 6 hours as needed hours as needed
Severe, symptomatic Chloride or gluconate 1000 mg calcium chloride or 3 13.6 meq calcium over 10
g calcium gluconate over 10 minutas; may repeat as needed
minutes; may repeat as
needed
Severe, symptomatic; Chloride or gluconate Not applicable 0.8-1.5 meq calcium per minute;
refractory to intermittent monitor serum calcium every 6
bolus doses hours or more frequently

2Calcium chloride should be administered via a central venous catheter to avoid extravasation and tissue necrosis; 1000 mg calcium chloride = 13.6 meq calcium; 1 g

calcium glucenate = 4.56 meq calcium.
bMaximum rate of intravenous infusion = 1.5 meq calcium per minute,



Hypercalcemia

Increased serum calcium
Ca’* > 10.5 mg/100ml




Hypercalcemia

— Usually secondary to hyperparathyroidism
or malignancy.

— Other causes are: thiazides, milk-alkall
syndrome, granulomatous disease, acute
adrenal insufficiency

— Acute crisis Is serum Ca> 12mg/dL. Critical at
16-20mg/dL

— S/Sx: anorexia, abdominal pain, confusion,
lethargy, coma



Milk-alkali syndrome

" In "milk-alkali syndrome* patients take excessive
amounts of milk and antacids to control dyspepsia,
leading to overingestion of two key ingredients that lead to
the disorder: excess calcium and excess base.

* Ingesting over two grams of elemental calcium per day
produces this disorder In susceptible individuals.
Gastrointestinal absorption of such a large amount of
calcium leads to hypercalcemia




Hypercalcemia

Treatment:
Hydration with saline solution (dilution)

Loop diuretic (furosemide)

Biphosphonates IV (stop osteoclasts activity)

Steroids for: lymphoma, multiple myeloma, adrenal
iInsufficiency, bone mets, Vit D intoxication. May need
Hemodialysis.



Hyperphosphatemia

— Renal insufficiency , hypoparathyroidism,
may produce “metastatic” calcification

Pharmacologic Treatment of Hyperphosphatemia

Dosage Maximum
Medication Forms Recommended Dosage?® Recommended Dosage?®
Calcium acetate Tablet: 667 mg 2 tablets or gelcaps three times 4 tablets or gelcaps with each meal
Gelcap: 667 mg daily with meals daily; avoid hypercalcemia

Calcium carbonate

Aluminum hydroxide

Magnesium hydroxide

Sevelamer

Tablet, capsule, liquid, and 1-2 g three times daily with meals

powder; various strengths

Tablets: 300 and 600 mg 1-2 tablets or 15-30 mL three or
Suspension: 320 mg/5 mL four times daily with meals and at
bedtime

Tablets: 300 and 600 mg 1-2 tablets or 5-15 mL three times
Liquids: 400 and 800 mg/ daily with meals

5mL
Tablets: 400 and 800 mg 800-1600 mg three times daily
Capsule: 403 mg with meals

7 a/day; avoid hypercalcemia

1800 mg (3-6 tablets) or 3C mL every
4hr

2-4 tablets four times daily with meals
or 15 mL four times daily with meals
and at bedtime

4000 mg three times daily with meals

#May require higher doses in rare situations or in some patients with chronic renal insufficiency and severe hyperphosphatemia. The doszge should be adjusted to
achieve the goal serum phosphoruslevel in these situatons.



Hypomagnhesemia

Eziologia dell'ipomagnesemia

+ m Ridistribuzione tra compartimenti corporei
— “Hungry bone”
— Sindrome da rialimentazione
Difetto di assorbimento intestinale
— Estese resezioni intestinali

Perdite extrarenali

— Diarrea profusa

— Abuso di lassativi

Ridotto riassorbimento tubulare
— Diuretici

— Farmaci nefrotossici (aminoglicosidi, cisplatino,
methotrexate, etc.)

— Ipercalcemia
— ipertiroidismo




Hypomagnhesemia

— Malnutrition (most elderly), burns
pancreatitis, SIADH, after parathyroidectomy,
primary hyperaldosteronism

— S/SX: weakness, fatigue, hypereflexia,
seizure, arrhythmia

— Treatment: IV replacement of 2-4 g of MgSO4
per day or oral replacement



