Prepared By: Dr Joseph Chia







Electrolytes consti







TOTAL BODY WATER

Intracellular fluid Extracellular fluid

Interstitial fluid

Cell membrane Capillary wall

Total body water
(60% body weight)

Intracellular fluid Extracellular fluid
(40% body weight) (20% body weight)

Interstitial fluid Plasma




TOTAL BODY WATER

Intracellular fluid Extracellular fluid

Interstitial fluid :Hlllml

Cell membrane Capillary wall

Total body water
(60% body weight)

Extracellular fluid
(20% body weight)

Intracellular fluid
(40% body weight)

Interstitial fluid Plasma

o

| Body Fluid Compartments of a 70-kg Adult Man

Total volume ~ 42 L
(~ 60% of body weight)

Intracellular Extracellular
fluid compartment fluid compartment
+28L ~14 L

Intravascular fluid Extravascular fluid
(Plasma) =11L
=3 L

Interstitial fluid Transcellular fluid
~105L =05L




TOTAL BODY WATER

Intracellular fluid Extracellular fluid

Interstitial fluid :lena

Cell membrane Capillary wall

Total body water
(60% body weight)

Extracellular fluid
(20% body weight)

Intracellular fluid
(40% body weight)

Interstitial fluid Plasma

&
Body Fluid Compartments of a 70-kg Adult Man

Total volume ~ 42 L
(~ 60% of body weight)

Intracellular Extracellular
fluid compartment fluid compartment
+28L ~14 L

Intravascular fluid Extravascular fluid
(Plasma) ~11L
=3 L

Interstitial fluid Transcellular fluid
~105L =05L




(1v]
Normal | Interstitial E
o
<«—ECF >l ICF
Ir_— (141
! £
Add : Interstitial 7]
water | a
I >t ICF
e (4]
|
Add | N £
iscloric : Interstitial _3
saline | o
< ECF >l ICF
| T
| @@ |
Interstitial | &
Add salt [JEEEEEREE | 3|
Rl
<« ECF - ICF




4]
Normal | Interstitial E
o
—FECF o ICF
i z
Hypotonic Add | Interstitial @
water | o
«—t—ECF »le ICF
-
Add | =
Isotonic iti
isotonic : Interstitial _3
saline | oL
< ECF >l ICF
; | I
& | @ |
Hypertonic o | £ |
| B |
<«——ECF : ::-( ICF







Compariso

=
=’ B B u

OSMOLARITY

TONICITY
Hypotonic
Isotonic

Hypertonic

Hyposmotic

Isosmotic

Hyperosmotic

\,

\1

v




Comparisons...

Slide 5. Let’s look at the osmolarity and tonicity of two of
the most commonly used iv solutions: normal saline (or 0.9%
NaCl) and D-5-W [or 5% dextrose (glucose)] in water. If we
measure their concentrations on an osmometer, we find that
they are both 278 mOsmol/l, so they are 1sosmotic.

But if we administer them to a person by an iv infusion, we |
find that normal saline 1s isotonic because NaCl does not enter
cells, whereas D-5-W is hypotonic because glucose goes into |
cells. Here i1s an important example of when isosmotic is not |
isotonic.

-

Is the tonicity of a solution always the same? No, it depends
what cell you are companng with the solution. An isosmotic

~ solution of sucrose will be isotonic to a mammalian cell

because mammals do not have transporters for sucrose, and
sucrose cannot enter the cell. On the other hand, plant cells do

have sucrose transporters, so an isosmotic sucrose solution will
be hypotonic to the plant cell.




" e Hypertonic:
o D5 NacCl
o D5 in Lactated ringers
o D50.45% NaCl

e |sotonic:
o 0.9% NaCl (Normal Saline)
o Lactated Ringers
o D5W (In the bag)

. . Hypotonic:
o D5W (in the body)
o 0.25% NaCl
o 0.45% NaCl (half normal saline)
o 2.5% Dextrose
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Classificatic

Classification

Acute (< 48h)

Chronic (> 48h or
unclear)

Mild (130 — 134)
Moderate (120 — 129)
Severe (< 120)

Hypertonic
Isotonic

Hypotonic

Asymptomatic

Symptomatic




Causes

m (lassification of Hyponatremia According to Serum Osmolality

(Pseudohyponatremia) | Hyperlipidemia

Serum Osmolality Clinical Conditions Mechanisms
Hyperosmolality Hyperglycemia Hyponatremia due to osmotic
(Hypertonic Mannitol administration diuresis
hyponatremia) Glycerol administration
Maltose administration
Iso-osmolality Hyperproteinemia Displacement of serum water by

elevated concentration of lipids or
protein creating laboratory misin-
terpretation of normal [Na*]

Hypo-osmolality See Table 17-4

(Hypotonic
hyponatremia)

Hypervolemic
Normovolemic

Hypovolemic




Causes

(lassification, Differential Diagnosis, and Features of Hyponatremia According to Volume Status

Clinical Conditions Orthostatic Hypotension Edema Uy mEq/L* |- mOsm/L*
Hypervolemic CHF Absent Yes Compensated: >20 Compensated: <100
hypernatremia Cirrhosis Decompensated: <10 Decompensated: >100
Nephrotic syndrome

Acute and chronic kidney disease
Normovolemic Psychogenic polydipsia
hyponatremia Glucocorticoid deficit
Hypokalemia

Drugs

SIADH

Renal hypovolemic | Diuretics Normally present
hyponatremia Mineralocorticoid deficit
Salt-losing nephropathy
Extrarenal Vomiting Normally present

hypovolemic Diarrhea
hyponatremia




Causes

Hypotonic Hyponatremia

1
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Hypovolemia

Una 20
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» Total body water .
l_ * Total body sodium 44 —l

Una <20
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Assessment of velume status
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Euvolemia
+ Total body water T
+ Total body sodium «—

¢
Uya >20
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Hypervolemia
- Total body water TT
= Total body sodium T

4 L ]

UNE =20 UN.a <20

b ¢

Renal losses

Diuretic excess

Mineral corticoid deficiency

Renal tubular acidosis

Osmotic diuresis

Cerebral salt wasting
syndrome

Extrarenal losses
Vomiting

Diarrhea

Third spacing of fluids
Burns

Pancreatitis

Trauma

Glucocorticoid deficiency

Hypothyroidism

Psychogenic polydipsia

Syndrome of inappropriate
antidiuretic hormone
(SIADH)

Acute or chronic Mephrotic syndrome
renal failure Girrhosis
Cardiac failure




Causes

Hypo-osmolar hypotonic hypoNa O“O
Serum Na* < 135 meq/L, serum Osm < 275 mosm/kg NephS

Check Urine Na, Urine Osm*

[ Assess Volume Status J www.nephsim.com

¢Je &

S
:‘,‘ﬂg = 4 Ic\u g Hypervolemic hypoNa

Eivonls w Primary polydipsia | SIADH ¥ curF
Vi Vi - (}O Hypothyroid [ 4 Cir.rhosis
Entr?renal Losses Urine Na > 20 Adrenal insufficiency Nephrotic syndrome
Urine Na < 20 Urine osm < 285

il Urine Na > 20 Urine Na <20
i Urine osm > 285 Urine osm > 285
‘1 RSW %

& csw

Urine Na > 20

Urine osm < 285




Treatment /




ACUTE HYPONATREMIA: INITIAL THERAPY
(FIRST SIX HOURS)

Asymptomatic

* |[n acutely hyponatremic patients with a serum sodium < 130 mEq/L
who are asymptomatic, treat with a 50 mL bolus of 3% saline (ie,
hypertonic saline) to prevent the serum sodium from falling further,
except in autocorrection condition




ACUTE HYPONATREMIA: INITIAL THERAPY
(FIRST SIX HOURS)

Symptomatic (even mild symptoms)

* Might be due to increased intracranial pressure (seizures,
obtundation, coma, respiratory arrest, headache, nausea, vomiting,
tremors, gait or movement disturbances, or confusion)

* Treat with a 100 mL bolus of 3% saline, followed, if symptoms persist,
with up to two additional 100 mL doses (to a total dose of 300 mL);
each bolus is infused over 10 minutes

* An alternative approach, recommended in by European organizations,
is to treat with two 150 mL bolus infusions of 3% saline, each given
over 20 minutes, measuring the serum sodium between infusions
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CHRONIC HYPONATREMIA: INITIAL THERAPY
(FIRST SIX HOURS)

Severe symptoms / known intracranial pathology

* In all patients with severe symptoms of hyponatremia (eg, seizures,
obtundation, coma, respiratory arrest), treat with a 100 mL bolus of
3% saline followed, if symptoms persist, by up to two additional 100
mL doses (to a total dose of 300 mL); each bolus is infused over 10 —
30 minutes

* An alternative approach, recommended by European organizations, is
to infuse 150 mL of 3% saline followed 20 minutes later by a second
150 mL bolus (if the serum sodium does not increase by 4 to 6 mEq/L
after the initial dose)
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CHRONIC HYPONATREMIA: INITIAL THERAPY
(FIRST SIX HOURS)

Severe hyponatremia

* |nitiate intravenous 3% saline beginning at a rate of 15 to 30 mL/hour,
administered via a peripheral vein

* Use 3% saline (rather than normal saline) in patients with and
without suspected hypovolemia

* Patients with severe hyponatremia are at risk of worsening symptoms if the
serum sodium falls further and, conversely, at risk of ODS if the serum
sodium rises too quickly

* The lower the serum sodium concentration, the greater the risk

* |sotonic saline can be given concurrently (with 3% saline), if needed, to
correct symptomatic hypovolemia or prerenal azotemia



CHRONIC HYPONATREMIA: INITIAL THERAPY
(FIRST SIX HOURS)

Mild to moderate hyponatremia

* Associated with absent or mild or moderate symptoms are often not
admitted to the hospital

* Do not treat with hypertonic saline

* |dentify and discontinue drugs that could be contributing to
hyponatremia

* |dentify and, if possible, reverse the cause of hyponatremia

* Limit further intake of water [eg, fluid restriction, discontinue
hypotonic intravenous infusions])
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CHRONIC HYPONATREMIA: INITIAL THERAPY
(FIRST SIX HOURS)

* In patients with reversible causes of hyponatremia who are likely to
develop a water diuresis during the course of therapy, or who are at
high risk of developing ODS, desmopressin can be given proactively
at the beginning of therapy with 3% saline (ie, before any treatment
is given to correct the hyponatremia)

e Use 1to 2 mcg of desmopressin, intravenously or subcutaneously,
every 6 — 8 hours for a period of 24 to 48 hours

* Although we prefer 3% saline to treat severe hyponatremia in
hypovolemic patients, some clinicians use normal saline instead; in
such cases, desmopressin should only be given after the serum
sodium has been increased by 4 to 6 mEq/L




Table 2. Comparison of the United States and European guidelines

European Guideline

Subject United States Guideline
Acute or symptomatic Severe symptoms: Bolus 3% NaCl
hyponatremia (100 ml over 10 min X 3 as needed)

Moderate symptoms: Continuous
infusion 3% NaCl (0.5-2 ml/kg per h)
Chronic hyponatremia
SIAD Fluid restriction (first line)
Demeclocycline, urea, or vaptan (second line)

Hypovolemic hyponatremia Isotonic saline
Fluid restriction
Vaptans®”
Minimum: 4-8 mmol/L per d,
4-6 mmol/L per d (high risk of ODS)
Limits: 10-12 mmol/L per d,
8 mmol/L per d (high risk of ODS)
Baseline Sy, =120 mmol/L:
probably unnecessary
Baseline Sy, <120 mmol/L:
start relowering with electrolyte-free
water or desmopressin after
correction exceeds 6-8 mmol/L per d

Hypervolemic hyponatremia

Cormrection rates

Management of overcorrection

Severe symptoms: Bolus 3%
NaCl (150 ml over 20 min 2-3
times as needed)

Moderate symptoms: Bolus 3%
NaCl (150 ml 3% over 20 min once)

Fluid restriction (first line)

Urea or loop diuretics + oral
NaCl (second line)

Do not recommend or recommend
against vaptan®

Recommend against lithium
or demedocycline

Isotonic saline or balanced
crystalloid solution

Fluid restriction

Recommend against vaptan

No minimum

Limit: 10 mmol/L per d
Start once limit is exceeded
Consult an expert to discuss
infusion containing electrolyte-free

water (10 ml/kg) with or without 2 ug
desmopressin iv

*“Do not recommend” when Sy, <130 mmel/L, “recommend against” when Sy, <125 mmolA.
®In liver cirthosis, restrict to patients where potential benefit outweighs risk of worsened liver function.”









Classification

Acute (< 48h)

Chronic (> 48h or
unclear)

Hypervolemic
Normovolemic

Hypovolemic
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dUSeEsS

LU VSN Hypernatremia Classification and Features According to Volume Status

i

Volume Status Clinical Conditions Diagnosis Ugsy, mOsm/kg H,0 Uy, mEg/L
Hypervolemic hypernatremia (ushing's syndrome (ortisol test >100 >20
Primary hyperaldosteronism History of hypertension and hypokalemia
Salt water intake Psychiatric disorder
latrogenic Hypertonic saline, enteral feeding, bicarbonate
infusion
Hemodialysis (inical history
Normovolemic hypernatremia Central DI History of CNS lesion, urinary concentration after Central DI <300
Partial DI desmopressin Partial DI >300
but <800
Nephrogenic DI History of nephrotoxic drugs, no response to <200
desmopressin
Hypodipsia History of poor oral intake >100
Medications Amphotericin, aminoglycosides, lithium, phenytoin <200
Renal hypovolemic hypernatremia Osmotic diuretics Hyperglycemia. High sodium level after comection >100
Loop diuretics Uinial history
Postobstructive diuresis (inical history
Extrarenal hypovolemic hypematremia Vomiting (inical history >800
Diarrhea
Gl fistulas
Sweating
Bums

Abbreviations: DI = diabetes insipidus; U,,.,= urine sodium; U, = urine osmolality.







have salt ﬁﬁisuning.

Bcute

¥

Chronic

Goal:
® Replace entire water deficit within 24 hours.

Initial fluid regimen:
m IV DSW at 3 to 6§ mL/kg/hour.
® Add ongoing hourly water losses, if known.

Monitor serum sodium and blood glucose every one to two hours,
Once the serum sodium is <145 mEg/L, reduce infusion rate to

1 mL/kg/hour and monitor serum sodium every two toe four hours
until a sarum sodium of 140 mEg/L is restored.

Modify the infusion rate if the pace of correction is too fast or too
slow. Also, the infusion rate may need to be decreased if
hyperglycemia develops.

Electrolyte replacement (either sodium replacement in a patient
with hypovolemia or potassium replacement in a patient with
hypokalemia) can be given as a separate infusion or combined
with the water replacement (eg, if the appropriate infusion rate
of D5W is 100 mL/hour, then one-half isctonic saline can be given
at 200 mL/hour).

Goal:
® Lower the serum sodium by 10 mEg/L in 24 hours.

Initial fluid regimen:
= IV D5W at 1.35 mLU/kg/hour.
® Add ongoing hourly water losses, if known.

Monitor serum sodium four to six hours after initiation of the
replacement regimen. If the target rate of correction is attained,
menitor serum sodium every 12 to 24 houwrs until normonatremia
is attained. If the desired rate of correction is not attainad,
madify the infusion rate and measure serum sodium after four to
six hours.

Electralyte replacement (either sodium replacement in a patient
with hypovolemia or potassium replacement in a patient with
hypokalemia) can be given as a separate infusion or combined
with the water replacement (eg, if the appropriate infusion rate of
D5W is 100 mL/hour, then cne-half isotonic saline can be given at
200 mL/howur).
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FIGURE 17-2. Adaptation of brain volume to hyponatremia and effect of correction. FIGURE 17-3. Adaptation of brain volume to hypernatremia and effect of correction.
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LG ER A kR Causes of Hypokalemia

Transcellular shifts Alkalosis®

Increased plasma insulin (treatment of diabetic ketoaddosis)
p-Adrenergic agonists

Hypokalemic periodic paralysis (congenital)

‘ a u S e S Thyrotoxic hypokalemic periodic paralysis
Decreased intake Fasting

Alwholism (worsened by hypomagnesemia)

Eating disorders

Gl loss Vomiting’, nasogastric suction

Diarrhea’ (induding laxative, enema abuse)
Malabsorption

Ureterosigmoidostomy

Enteric fistula

Villous adenoma

| Renal loss Diuretics {carbonic anhydrase inhibitors, loop diuretics, and
thiazide-like diuretics)”

Primary hyperaldosteronism

Secondary hyperaldosteronism

Licorice ingestion

Excessive use of chewing tobacco

Renal tubular acidosis

Postobstructive diuresis

Osmotic diuresis

Bartter's syndrome (mimics loop diuretic use)

Gitelman's syndrome (mimics thiazide diuretic use)
Apparent mineralocorticoid excess and related syndromes
(Conn's, Liddle's)

Drugs and toxins {aminoglycosides, echinocandins, @rbenicillin,
penicillins, amphotericin B, levodopa, lithium, thallium, cesium,
barium, toluene, theophylline, chloroquine, steroids, etc.)
Sweat loss Heavy exercise

Heatstroke

Fever

Other Hypomagnesemia

Acute leukemia and lymphomas

IV hyperalimentation

Recovery from megaloblastic anemia

Hypothermia (accidental or induced)

‘Frequently encountered etiologies in the ED.







LIRS Bl Symptoms and Signs of Hypokalemia

(ardiovascular Hypertension
Symptoms Orthostatic hypatension

| Potentiation of digitalis toxicity

Dysrhythmias (usually tachyarrhythmias)
T-wave flattening, QT prolongation, U waves, ST depression
Neuromuscular Malaise, weakness, fatique
Hyporeflexia

Cramps
Paresthesias

Paralysis

Rhabdomyolysis

Nausea, vomiting

Abdominal distention

lleus

Increased ammonia production

Urinary concentrating defects

Metabolic alkalemia, paradoxical aciduria
Nephrogenic diabetes insipidus
Endocrine Glucose intolerance






















T

| Pseudohyperkalemia Tourniquet use

Hemolysis (in vitro)*
Leukocytosis

Causes Mmoo

Intracellular to extracel- Acidosis®

lular potassium shift Heavy exercise

B-Blockade

Insulin deficiency

Digitalis intoxication

: Hyperkalemic periodic paralysis

" Potassium load Potassium supplements

Potassium-rich foods

IV potassium

Potassium-containing drugs

Transfusion of aged blood

Hemolysis (in vivo)

Gl bleeding

Cell destruction after chemotherapy

Rhabdomyolysis/crush injury*

Extensive tissue necrosis
. Decreased potassium Renal failure*
exaretion Drugs—potassium-sparing diuretics,” B-blockade, NSAIDs,

angiotensin-converting enzyme inhibitors, angiotensin Il
receptor blockers, cyclosporine, tacrolimus

Aldosterone deficiency”

Selective defect in renal potassium excretion (pseudohy-
poaldosteronism, systemic lupus erythematosus, sickle
cell disease, obstructive uropathy, renal transplantation,
type IV renal tubular acidosis)

*Frequent or important ED diagnostic considerations.
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Effect

Membrane
Stabilization

Agent
Gluconate

(10%)

F -

Dose
10mL IV over 10 min

Onset

Duration

Hypertonic (3%)

Normal Saline

Immediate

Unknow

Shifters

Insulin (Short
Acting)

10 units IV push with
25 — 40 g dextrose
(50% solution)

20 minute

4 — 6 hours

Albuterol

10 - 20 mg in 4 mL of
Normal Saline

nebulized over 10
minutes

30 minute

2 hours

Furosemide

40-80 mg IV x1

15 minute

Sodium

Bicarbonate

150mmol/L IV at
variable rate

Hours

Sodium

SO
Sulfonate

15-30gin 15-30
mL (70% sorbitol
orally)

> 2 hours

Definitive

Hemodialysis

Immediate




Initial Fluid & Potassium Replacement Potassium replacement:

Restoration of circulating volume is a priority Potassium level Potassium replacement mmol/L

Systolic BP (SBP) <90 mm Hg (mmollL) of infusion solution
Likely to be due to low circulating volume, but consider other :
causes such as heart failure, sepsis, etc. >55 Nil

o Give 500 mL of 0.9% saline solution over 10-15 minutes. If 35-55 40 mmol/L (3 g KCL)
SBP remains <90 mm Hg, repeat.
Most patients require between 500-1000 mL given rapidly. <35 Additional potassium required
Consider colloids e.g. Gelafundin if BP fails to pick up.

¢ Once SBP >90 mm Hg give 1000 mL of 0.9% saline over the
next 60 minutes.

Addition of potassium is likely to be required in the second litre of

fluid, especially if baseline potassium <5 mmol/L and to maintain

potassium between 4-5 mmol/L.

Caution:
Withold potassium replacement if no urine output.

Intravenous bicarbonate:
The use of intravenous bicarbonate is not indicated to correct acidosis
in DKA due to:
« Rise in pCO; in CSF which may lead to a paradoxical increase
in CSF acidosis.
o Delay in the fall of blood lactate and ketone level.
* Risk of cerebral oedema especially in younger age groups.

Systolic BP on admission 290 mmHg
o Give 1000 mL of 0.9% saline for first 60 minutes
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EZETEETY selected Causes of Hypocakemia

Cause Mechanism(s)
Decreased calcium absorption
C a u s e S Vitamin D deficiency
Decreased oral intake Malnutrition
Decreased intestinal absorption Intestinal bypass, gastrectomy
Deareased production of 25(0H)D, Liver failure
Decreased synthesis of 1,25(0H2)D, Renal failure, hyperphosphatemia
Malabsorption syndromes Malabsorption
. Increased calcium excretion/reduced bone resorption

Alcoholism Hypomagnesemia causing inhibition of PTH
secretion, PTH resistance to bone resorption

Hypoparathyroidism Genetic, autoimmune, surgical, tumoral

Pseudohypoparathyroidism Resistance to PTH action

Hypomagnesemia Inhibition of PTH secretion, PTH resistance
to bone resorption

Drugs (Table 17-25)

Malignancy Pseudohypocalcemia, hyperphosphatemia,
hypomagnesemia, vitamin D or PTH
deficiency, osteoblastic metastasis

Sepsis

Acute panareatitis Fatty acids combine with [(a**] to
form insoluble Ca** soaps and lead to a
reduction of serum [(a*]

Massive transfusions

Rhabdomyolysis

Abbreviations: 25(0H)D, = 25-hydroxyvitamin D;; 1,25(0H2)D, = 1,25-dihydroxyvitamin D,;
PTH = parathyroid hormone.




o
L UIRR VAT Symptoms and Signs of Hypocalcemia
Muscular Weakness, fatigue
Spasms, cramps
~ Neurologic Seizures
Tetany
Chvostek sign, Trousseau sign
Circumoral and digital paresthesias
Impaired memory, confusion
Hallucinations, dementia
Extrapyramidal disorders
Dermatologic Hyperpigmentation
Coarse, brittle hair
Dry, scaly skin
(ardiovascular Heart failure

Ventricular arrhythmias, QT prolongation leading to torsades
de pointes

Vasoconstriction

Skeletal Osteodystrophy

Rickets

Osteomaladia

~ . Miscellaneous Dental hypoplasia
(ataracts

Decreased insulin secretion



















Causes

EEETREETA Causes of Hypercaleemia

Cause Mechanism
Hypercalcemia due to increased bone

Ca** resorption

Primary hyperparathyroidism TPH

Malignancy

Osteolysis, PTH-related protein (PTHrP)
production

Thiazides

Pseudohyperparathyroidism PTH from non—parathyroid tissue source
Renal failure Secondary and tertiary hyper-PTH due to
chronic hypocalcemia

Addison’s disease T Albumin, bone resorption
Hyperthyroidism Increased bone resorption

| _Immobilization Osteoclast activation

| Hypercalcemia due to decreased urinary

. (d"* exaetion
Familial hypercalcemic hypocalciuria Mutation of CaSR

Increased kidney (a’* reabsorption in
proximal tubule

Hypercalcemia due to increased Gl Ca™*

| absorption

Granulomatous diseases (sarcoidosis,
tuberculosis, cocddioidomycosis,
histoplasmosis)

| Milk (calcium)-alkali syndrome

Vitamin D intoxication

1a-Hydroxylase activity

Tca** intake (calcium carbonate) and
absorption

Increased calcium absorption and bone
resorption

Abbreviations: (aSR = Ca"*-sensing receptor; PTH = parathyroid hormone.




_ _.'_ TABLE 17-28 Signs and Symptoms of Hypercalcemia
General (Cardiovascular

S y m pto m s Malaise, weakness Hypertension
Polydipsia, dehydration Dysrhythmias
o Neurologic Vascular calcifications
Confusion ECG abnormalities
Apathy, depression, stupor QT shortening
Decreased memory Coving of ST-T wave
Irritability Widening of T wave
Hallucinations Digitalis sensitivity
£ r Headache Gl
rca Icem la, Ataxia Anorexia, weight loss
EIevatl on Hyporeflexia, hypotonia Nausea, vomiting
; Mental retardation (infants) (onstipation
Metastatic calcification Abdominal pain
Band keratopathy Peptic ulcer disease
Conjunctivitis Pancreatitis
Pruritus Urologic
~ Skeletal Polyuria, nocturia
Fractures Renal insufficiency
Bone pain Nephrolithiasis

Deformities







Treatment
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What it doe - :










LUIRR B Causes of Hypomagnesemia
Redistribution IV glucose
Comrection of diabetic ketoadidosis
IV hyperalimentation

Refeeding after starvation
Causes N

i Postparathyroidectomy (hungry bone syndrome)

Osteoblastic metastasis (hungry bone syndrome)
Extrarenal loss Nasogastric suction (infrequent)
Lactation
Profuse sweating, bums, sepsis
Intestinal or biliary fistula
Diarrhea
Decreased intake Alcoholism (cirrhosis)
Malnutrition, poor intake
Small bowel resection
Malabsorption (steatorrhea)
Renal loss Ketoadidosis
Saline or osmotic diuresis
Potassium depletion
Phosphorus depletion
Familial hypophosphatemia
Tubulointerstitial renal disease
Drugs Loop diuretics
Aminoglycosides
Amphotericin B
Vitamin D intoxication
Alcohol
(isplatin
Theophylline
Proton pump inhibitors
Calcineurin inhibitors (cyclosporine, tacrolimus)
Endocrine disorders Syndrome of inappropriate antidiuretic hormone seaetion
Hyperthyroidism
Hyperparathyroidism
Hyperalcemic states
Primary or secondary aldosteronism




RICITRVETW symptoms and Signs of Hypomagnesemia

S y m ptO m S Neuromuscular Tetany

Muscle weakness

Chvostek and Trousseau signs
Cerebellar (ataxia, nystagmus, vertigo)
Confusion, obtundation, coma
Seizures

Apathy, depression

Iritability

Paresthesias

Gl Dysphagia

| Anorexia, nausea
- Gardiovascular Heart failure
Dysrhythmias
Hypotension
Miscellaneous Hypokalemia
Hypocalcemia
Anemia




Treatment







Causes

TABLE 17-22 fauses of Hypermagnesemia

Renal Failure

Acute or Chronic

Increased magnesium load

Magnesium-containing laxatives, antacids, or enemas’

Treatment of preedampsia/edampsia (mothers and
neonates)

Diabetic ketoacidosis (untreated)*
Tumor lysis
Rhabdomyolysis®

Increased renal magnesium
absorption

Hyperparathyroidism

Familial hypocalciuric hypercalcemia
Hypothyroidism

Mineralocorticoid deficiency, adrenal insufficiency
(Addison’s disease)

Most likely presentations relevant to the ED.




Symptoms

USSR VAR Symptoms and Signs of Hypermagnesemia

Magnesium Level (mEq/L) Clinical Manifestations

2.0-30 Nausea

3.0-40 Somnolence

4.0-8.0 Loss of deep tendon reflexes

8.0-12.0 Respiratory depression

12.0-15.0 Hypotension, heart block, cardiac arrest
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LU Ry il Causes of Hypophosphatemia

Shift from ECF to ICF without | Glucose
depletion of PO, Insulin

C a u s e S (atecholamines
Respiratory alkalosis
Shift from ECF to ICF with Hyperalimentation
depletion of PO,™ Refeeding syndrome
Decreased intestinal Low intake
absorption Malabsorption

. Chronic use of calcium acetate or bicarbonate, aluminum
hydroxide
Vitamin D deficiency
Increased renal loss Hyperparathyroidism

Increased fibroblast growth factor-23 (FGF-23)
Genetic hypophosphatemia mutations
Tubular acidosis

Fanconi's syndrome

Hypokalemia

Hypomagnesemia

Polyuria
Acidosis
Miscellaneous causes Alcoholism (poor intake, vitamin D deficiency)
Diabetic ketoacidosis (osmotic diuresis)
Toxic shock syndrome

Drugs See Table 17-30
Abbreviations: ECF = extracellular fluid; ICF = intracellular fluid.




Symptoms

LU R R Al Symptoms and Signs of Hypophosphatemia
Hematologic
« Reduced survival and function of platelets and red and white blood cells
« Impaired macrophage function
Neuromuscular

-« Weakness, tremors, circumoral and fingertip paresthesias, decreased deep tendon
reflexes, decreased mental status, anorexia

(Cardiac
~ + Impaired myocardial function
" Metabolic

« Insulin resistance




