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Total Body Water

25% Interstitial

fluid (includes fluid
between cells, lymph,
Gl fluids, spinal
column fluid, fluid in

33% eyes, tears, synovial
Extracellular fluid)
wa;zr 8% Blood
(60%) | Plasma

66% Intracellular

fluid (found inside
cells of every kind of
tissue, e.g., blood cells,
bone cells, muscle
cells, adipose cells)

Total Body water = 60 % Body weight

:l— Intravascular
33%
ECF 75% Interstitial

-




Osmolality

The formula to calculate effective osmolality
or tonicity is

£ 2 x [Na+] + glucose/18 }

(normal range, 275 to 290 mOsm/L).

When add free water ECF cro=%es the
cell membrane into ICF to equalize ECF
osmolality = TBW expansi=» and slight
reduction in osmolality.

When add isotonic saline no movement
of water into the cells ECF ex=ansion

only —>




Osmolar gap

The osmolar gap:

measured osmolality - calculated
osmolality.

Normal =10 mOsm/L.

If itis >15 mOsm/L, it means that a
nondetectable agent with osmotic
activity is present.

A consequent osmotic diuresis will
cause [Na+] deficit with volume
depletion that should be treated with
saline solution
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Total Body Water

Fluid loss > > — Osmolality >

Osmoreceptors in the hypothalamus
stimulate thirst and the release of
antidiuretic hormone

—Circulating blood volume, low-pressure
baroreceptors in the great veins and the
right atrium augment the effect on the
osmoreceptors,

-

[ e .
urine water reabsorption and
vasoconstriction.




Hyponatremia

Definetion:
Serum [Na+] <138 mEq/L.

Types:
1. Hyperosmolar hyponatremia:

Plasma osmolaliy [POSM] >295 mOsm/
kg H20

severe hyperglycemia (increase in
plasma glucose above the normal level
of 100 milligrams/dL decreases the
serum [Na+] by 1.6 mEq/L).

administration of osmotic agents such
as mannitol, glycerol, and maltose.




Hyponatremia

2. Iso-osmolar hyponatremia:
Plasma osmolaliy 275 - 295 mOsm/kg H20

occurs in severe hyperproteinemia or
hyperlipidemia.

Patients are asymptomatic; treatment is not
needed.

3. Hypo-osmolar hyponatremia:
Plasma osmolaliy <275 mOsm/kg H20.
Classification:

A. Hypervolemic hypernatremia.
B. Normovolemic hyponatremia.
C. Hypovolemic hyponatremia:
Renal
Extrarenal




11318 Clasifction, Diferentil iagnosis, and Festures of Hyponatremia According to Yolume Status

Clinical Canditions

Orthostatc Hypotension

Fdema

U MEGL

I, sl

I ypervalemic hypematremia
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(Ihoss
Nephrotc syndrame

Arute and chromic iy disease

Absent

s

(ompensateg: > 20
Jecompensated: <10

(ompensated: <100 I
Decompensate: 100

I Normovolemic ypanatremi

Peychagenic polydipsi
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I Renal ypovolemic Ayponatremia

i
Minerahcortioid defict
Salt-fosing nephoopathy

Nomally present

o
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I EutrarenalRypovolemi Ryponatremia

Vomifing
Diahes

Nomally present

o

¢l

31



Serum
osmolalily

¢ ¥

>280 mEqg/L <280 mEq/L

Psecudohyponalremia
= Hyperipidemia
* Hyperproleinemia

Whal is the

* Hyperglycemia volume status?
= Mannitol
L L
Hypovolemic: Euvolemic Hypervolemic:
poor skin turgor, edema, ascites,
dry MM third hear sound
* Gl losses
« Swealing « CHF
» Burns U Na <20 mEg/L = Nephritic syndrome | U Na <20 mEqg/L
= Cyslic fibrosis = Liver failure
* Exercise * Pregnancy
* Bleeding
U Na =20 mEqg/L U Na =20 mEq/L
Diuretic use Renal failure

= Psychogenic | y Na <20 mEq/L Urine
polydipsia sodium
= Alcohol use

U Na >20 mEg/L

» Hypothyroidism

= Addison disease

« SIADH

= Cerebral salt
wasling




Hyponatraemia treatment Algorithm

Normal Osmolality 285-295 mOsm (Psewdohyponatremia)
Hyperlipidaemia, Hyperproteinaemia

High Dsmolality =295 msm
(Pseudohyponatremia)

Low Osmolality <285 mOsm Hypotonic Hyponatremia,
natremi Hypertriglyceridemia, Hyperglobulinemia

“Trae hypp " Eg Hyperglycaemia, mannitol, glycine.
v v v
Euvolemia
Total body water § Total body water T1 Total Body Water
Total body sodium L Total body sodium T Total Body Sodium +

Urine Ma usually <20-30 mmol /L due te activation

of the renin-angiotensin- aldosterone system with

secondary renal sodivm conservation despite the

whole-body valume overload.
Urine Na = 20mmol/1, Benal Urine asmolality <100 Urine osmolallty =100
Urine Na <20mmol/1 logs -Divretics, renal fallure, l mOsm,/kg. mOsm kg reflects
; /1, Extra mineralocorticold deficiency . Urine sodium >20 mmol/L inappropriate antidivresis.
d:nal.l?h:mm?n:::ﬂ chronic pyelonephritis, Primary polydipsin, Urine sodium > 20 mmol/l
obstruction, pan t:1-1.-at itis nephrocalcinosis, proximal Causes: CCF, cirrhosis, nephrotic Insppropriate V] Causes: Hypothyroldism
bkl Stceietin ais l."nl renal tubule acisosis, ketonuria, syndrome (iatrogenic) Low solute (TSH level), Glucocorticoid
UL, eX e sweating. salt Iosing nephritis, cerebral fitake £ beer potomasis, deficiency ; SIADH.
salt wasting sydrome. l
1
l i Treatment:
Usually chronic (> 48 hours): Fluld restriction.

If acute (<48 hors): Hypertonic saline and loop

diuretic. Address underlying disease; restrict salt

Jreatment: Correct underiying cause
Acute (<48 hours): Consider hypertonic saline e.g.
and water intake;.

3% NaClL Stop diuretics, restore valume with 0.9%
Nacl

Treatments
Fluid restrict. Trear underlying couse. Assess chronicity of
disturbance and treat as below.

Chronie (=48 hours): 0,9% NaCl ta correct fluld
deficit and slowly correcting to baseline value,

Acute - Consider 100-mL bolus of 3% saline infused over

The chronicity of the sodium disturbance should direct
treatment. Correction needs to be much slower in chronic
cases. Treatment should aim to reverse symptoms and
prevent cerebral oedema in acute patients but not so
rapld as to pose a risk for developing osmaotic
demyelination in chronic patients.

Chronic- correct by 6 - 8 mmaol /1f
day. (Caution lor patients with
seviere malnutrition, alcoholism,
advanced liver disease - may
need to target 4 - 6 mmol/1/day),
Water restriction.

10 minutes and repeated twice as needed if severe neuro
symptoms. Continue to correct sodium to normal guickly
if hyponatremic for only several hours (up to 2 mmol/
hour) Onee symptoms have resolved correction can be
slowed. Il hypertonie saline is used seck expert advice and
consider intensive care admission. Measure sodium every
1-2 hours, Consider loop dinretic to enhance free water
clearance, Water restriction.




Clinical Features

Symptoms are effects on the brain.

Divided into:
Mild [Na+] 130-135 mEqg/L
Moderate [Na+] 120-130 mEqg/L

headache, nausea, disorientation,
confusion, agitation, ataxia, and
areflexia.

Sever [Na+] <120 mEqg/L

intractable vomiting, seizures, coma, and
ultimately respiratory arrest due to
brainstem herniation.




B/ UTLV 5 A Treatment of Hypanatremia Symptomatic With Saizures or Coma

Step 1 Assess for indication for 3% hypertonic saline: severe symptoms of
Myponatremia such as seizures of coma with suspected impending
brainstem herniation in setting of acute” or chronic’ hyponatremia.

Step 2 Imfuse 10— 150 mL of 3% hypertonic saline IV over 15-20 min.' .

Step 3 Measure serum sodium level afier each 3% hypertonic saline imfiasion. .

Step 4 Stop imfusion when symptoms improve or a tanget of a 5 mEg/l
(range, 4—6 mEq/L| increase in serum sodium concentration is
achieved.

Step 5 May repeat 150 ml of 3% hypertondc saline wp &0 3 total doses, or 3
tntal of 450 mL [V of 2% hypertoni saline. .

Step & Keep the [V line open with minimal volume of (.%% nomal saline wmtil

(ause-specinc reatment & started. Limit increase in sodium leved to no

| mare than 8-12 meq/L during the first 24 b or 18 mEg/L over 43 h.



<- W osmotic Demyelination Syndrome

It is caused by rapid correction of
hyponatremia (>12 mEq/L/24 h) as
water moves from cells to ECF yielding
intracellular dehydration.

Risk factors:

— [Na+] <120 mEqg/L, chronic heart failure,
alcoholism, cirrhosis, hypokalemia,
malnutrition, and treatment with vasopressin
antagonists such as tolvaptan.

Main symptoms are dysarthria,
dysphagia, lethargy, paraparesis or
quadriparesis, seizures, and coma.



(- W osmotic Demyelination Syndrome

The treatment of [Na+] overcorrection
consists of:

— Giving 5% dextrose in water at 3 mL/kg/h.
— Loop diuretics.

— Desmopressin.




Hypernatremia

Definetion:

Serum [Na+] >145 mEqg/L and serum
osmolality >295 mOsm/L.

When [Na+] and osmolality increase,
normal subjects become thirsty and drink
free water, and the Na+ level returns toward
normal.

Any situation that impairs the patient’s
sense of thirst, limits the availability of
water, limits the kidney’s ability to
concentrate urine, or results in increased
salt intake predisposes the patient to
hypernatremia.



RT3 XY Hypermatremia asificaion and Features Acoring o Volume Status

Volume Status Clinical Conditions Diagnosis U g, MOsm/Rg H0 Uy, MEQL
Hypeniolemic hiypematremia (shing's syndrome Cortisol test =100 =20
Primary hyperaldosteronism | History of hiypertension and hypokalemia
Salt water intake Psychiatric disorder
|atrogenic Hypertonic saline enteral feeding, biarbonate
infusion
Hemodialysis (hinical history
Normovolemi fiypematremia Central DI History of (NS lesion, unnary concentration after Central DI <300 =20
Partial O Gesmopressin Partial D 300
but <800
Nephrogenic DI History of nephrotoic drugs, no response to <
fesmopressin
Hypodipsia History of poor oral intake =100
Medications Amphatericin. aminaghyosides, (ithium phenytain -~ | <200
Renal hypovolemic hypematremia (smotic diuretics Hyperglycemia. High sodium leve] after comection =100 =20
Loap diuretics (linical history
Postobstructive diuresk (linical history
Extrarenal hypovolemic hypernatremia Vomiting (hinical history =800 <|0
Diarrhea
Gl fistulas
Sweating

Bums




Sodium >145 mEg/L

;

History and volume status

'

Y

Hypovolemic

* Dermal losses

* Gl losses

* Diurelics

« Postabsiruction

* Acule and chronic renal discase
= Hyperosmolar nonketotic coma

Euvolemic

= Diabeles insipidus
(cenitral, neghrogenic)

* Hypodipsia

* Fever

* Hyperventilation

= Mechanical ventilation

Hypervolemic

* latrogenic
(hypertonic saline,
tube feedings, antibiotic
containing sodium)

* Hyperaldosteronism

= Cushing discasc

Y

If cause is not clear from history,
oblain a urine and plasma osmolality

and urinary sodium.

7

Urine asmolality/plasma
osmolality <0.7 mOsm/kg

:

Urine osmolality/plasma
osmolality >0.7 mOsm/kg

=

Diabetes insipidus ; 1
':‘:"“":" ﬂ*‘-‘lfil;;?a'ﬂﬂ'ﬂlﬂ Urine sodium | Urine sodium |
CN’ psuld P >20 mEq/L 1 <20 mEg/L
# L 1 ; !
Renal Endocrine Gl losses Respiratory losses Skin losses
* Diurelics (osmolic, loop) = Cushing disease » Lactulose * Hyperventilation « Excessive
» Interstilial renal disease * Primary malabsorption swealing
= High-protein diet hyperaldosteronism = Infectious diarrhea |
* Diabetes mellitus



m Treatment of Hypernatramia

Treatment Indication and Commeants
lsotonic [0.9%) saline Lse for comection of volume deficrts.
Etiology-speafic therapy Treat fever with antipyretics, vomiting with antiemetics,

and diabetes insipidus with desmopressin (see “Diabetes
Insipidus” saction).

[.W or oral free water to
replace free water deficit
over 2-3id

In cases of chronik hypematremia, it is sugoested that
comecting (lowering) the sodism leved should oCour at a
rate of no more than 0.5 mEbg/Lrh or 1012 mEg/24 h

0.45% normal saline at
100 mLh

Correct volume deficits first. A commonly used infusion

for mild to moderate hypematremia, but this therapy
adds sodium to total body.

[.W to replace free water Reserved only for those cases whene acuity is known

deficit ower 1-2 h to be <6 h and the salt load is known to be lethal
(0.75—3.0 grams/kg of body weaght).

Hemodialysis An altermative or as a supplement to D)W to replace

free water deficit in [fe-threatening acute cases of salt
Ingestion.




Hypokalemia

Definition
serum [K+] of <3.5 mEq/L.




ML T R EM causes of Hypokalemia

Trans=cellular shifts Alkabasis—
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F=oowery foomm megalobliastic anaemrmia
Hypoifhwermmia ©asrredermrtal or ind e




Symptoms and Signs of Hypokalemiz

Lardiovascular Hypertension

Orthaostatic hypotension

Potentiation of digitalis tooacity

Dysritythmias {uswally tachyamhythimias)

T-wave flattening, OT profongation, U waves, ST depression

Neuromusoular Malaise, weakness, fatigue
Hyporeflexia

Cramps

Paresthesias

Paralysis

Ehabdomyalysis

Cal Nausea, vomiting
Abdominal distention
lleus

Renal Increased ammonia production

Urinary concentrating defedcts

Mietabolic alkalemia, paradoxical aciduria
Nephrogenic diabetes insipidus

Endocnns Glucose intolerance



Treatment

general principles in hypokalemia
correction:

1. Use potassium chloride and avoid
administering K+ in glucose solutions.

2. Maximum recommended [K+] in 500 mL of
a saline solution is 40 mEq, over 4to 6
hours in a peripheral line).

Higher concentrations ues a central line,
but not exceed 20 mEqg/h.

3. Reassessing serum [K+]
4. ECG monitoring

5. Add magnesium (20 to 60 mEqg/24 h) to
the infusion for optimize tubular reuptake

of potassium



Gl losses

* Vomiting

* Diarrhea

* Nasogastric tlube

* Laxative abuse

= Fistulas

= Villous adenoma

= Urelerosigmoidostomy
= Malabsorption

* Radiation enteropathy

Renal losses

Poor diclary intake

Intracellular shilts

]

L |

| |

Medications: diuretics = Alcoholism
(especially loop and

thiazide), ampholericin B,

= Tea and loas! diet
« Anorexia nervosa

+ Metabolic alkalosis
+ Insulin excess
= g-Adrenergic caltecholamine

aminoglycosides

excess (acule stress, B, agonists)
* Hypokalemic periodic paralysis

Mineralocorticoid excess (hypertensive)

= Intoxications (theophylline, catieine,
barium, toluene)

= Primary hyperaldosleronism

= Secondary hyperaldosteronism (CHF, cirrhosis,
nephritic syndrome, renin-producing lumors)

= Bartter syndrome

* Gilelman syndrome

= Exogenous mineraloconicoids

= Liddle syndrome

= Vasculilis

Osmotic diuresis (e.g. poorly controlled diabetes) -

Renal lubular acidosis (types | and 1) -
Treatment of hypokalemia |——r0
{ I - i
Mild to moderate | Severe |
K 2.5-3.4 mEg/L _ K <2.5 mEqg/L
PO replacement: IV replacement;

= KCl 40-120 mEq in divided doses

IV replacement only when PO repletion
contraindicaled

= Peripheral line:
o Up 1o 20 mEg/r
o Up to 60 mEg/L
= Central line {for concentrations >20 mEg/r)




Hyperkalemia

Definition:
measured serum [K+] of >5.5 mEq/L.

Due to release of intracellular
potassium caused by hemolysis.

Clinical manifestations of hyperkalemia
result from disordered membrane
polarization.

Cardiac manifestations are the most
serious.



ELTTTRETR T causes of Hyperkalemia
Fseudohyperkalemia Towmiiguest use
Hemolysis {in witro}™
Leukoofiosis
Thrombooytosis

Intracellular to extracel- Agddo=s"
|u|-E|r|::l-I]-IE|55-iI_II'I1 Ehi':t HEHW E:.:Erl:i_-l‘._e
p-Blockade

Insulin deficeEncy
Dagralis rnfoxacation

Hyp=rkalemic p=roddiic paralysis

Fotassium load Potassium supplements
Potassium-rich foods

IV potassium

Potassium-—containing drugs
Transfusion of a23ed Elood
Hemolysis {in wivo )

Gl bkeeding

Cell destnuction after cheaemoctherapy
Rhabdomyolysisdscre=h mjury”
Extensive tissue necrosis

Decreased polassium Renal failure™

SMLrELHEN Dirugs — potassium-sparing diuretics,” p-blockade, MSAIDs,
anngictensin—Converting enzyme imhibbtors, angictensin N
receptor blockers, cydosporine, tacrolimus

Aldosterones defidsency”

Selective defect in renal potassimm excretion §psewdo -
poaldosteronism, systemic lupus erytheematosus, sickle

el dissase, obhsiructive uropathy, renal transplantatsomn,
type I'VY renal tubular acidosis)




K =>=5.5 mEqg/L

l |

Common causes: renal failure,
hyperglycemia, specimen delay and
hemolysis, renal insufficiency,

acidosis, rhabdomyolysis, insulin

deficiency, adrenal insufficiency,
medications, massive blood
transfusions, tumor lysis, ischemic bowel

}

Weakness, nausea,
paresthesias,
palpitations,

ileus, flaccid paralysis

Repeat test.

Normal

1
¥ | }

Abnormal l

Pseudohyperkalemia:
IVF with K, hemolyzed
sample

| I

Check
medications.

ECG changes: peaked
T waves, T PR interval,
T ORS width, sine
wave patterm, PEA

l Yes

Treat as acute
hyperkalemia.

v

No suspicious I
medications |

¥

ABGs, GFR, Cr,
BUN, glucose,
electrolytes,

digoxin levels,
CPK, urine K+ |

v

v

Urine K =30 mEg'L
transcellular shift

Urine K <30 mEg/L:
impaired renal excretion

¥

Acidosis
Rhabdomyolysis
Hyperglycemia
Bums

Renal insufficiency
Adrenal insufficiency
Hyporaninemic
hypoaldosteronism

v

ACEI, ARBs, B-blockers,
MNSAIDs, penicillimn K,
TMP-SMX, digitalis,
K-sparng diuretics,
heparn, cyclospornne,
tacrolimus, pentamidine,
succinylcholine

4

Discontinue medication
or adjust dose.




Treatment

Based on the action mechanism can be
divided into:

Membrane stabilization (crucial for cardiac
tissue, must be done immediately),

Intracellular shift of K+,
Removal/excretion of K+ from the body.
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Hypocalcemia

[Ca2+] level < 8.8 mg/dL or lonized
[Ca2+] level <2.0 mEq/L (<4 mg/dL or
<1.1 mmol/L).




g 1N o o’ B Selected Causes of Hypocalcemia

Causs Mechanismis}

Cecreased alaum absonption

Vitaman ¥ defficency

Deoreased oral intake Malnutmtion
Decreased intestinal absonption Int=stinal bypass, gastrectomy
Deoreased production of 25{0H)ND, Liwer failure
Deoreased ssymtheesis of 1, 25(0H2Z20D, Eenal failure, hyp=rphosphatemia
Malabsorpton syndromes Malabsorptan
Increased calciom exaetiond'reduced bone resonpiion |
Alcoholism Hypomagnes2mia causing nhibiton of FTH
searetion, PTH resstance to bome resorption |
Hypoparathyroidism Genetic, amioimmune, surgical | tumoral
Psewudohypoparathyroidism Resistance to FTH action
Hypomagnes=mia Imhabition of PFTH seceton, FTH resistance

to bone resonpticn

Diugs (Tabde 17-25)

Malignancy Pseupdohypocalcemia, hiypenphosphatemia, '
hypomagnes2mia, vitamin D or PTH
deficiency, osteoblastic metastasis

Sepsis

AcCute panreabits Fatty acids combine with [Ca'*] to
form insoluble Ca'* soaps and kead to a
reduction of senam [Ca?+]

Massive transfusicns

Eha bdomyolysis



m Symptoms and Signs of Hypocalcemia

Muscular Weakness, fatigue
Spasms, aramps
Heurnlogic SeFures
Tetany

Chyostek sign, Trowsseau sign
Circnmoral and digital paresthesias
brmpairesd memory, confusion
Hallwinations, dementia
Extrapyramidal disorders

Dermatodogic Hyperpigmentaton
Coarse, brittle hair
Dy, scaly skin

Cardvascular Heart faillure

Ventnoular arrhythmias, 0T, prolongation kkading to torsades
de psimtes
Vasooonstrction

Skeletal Ostecdystrophy
Eick=ts
Osteomalaca

MEecsllanegus [ental hypoplasia
Cataracts
Cecreasad insulin secretion




Treatment

elemental Ca2+ (500 to 3000 mg) orally daily, in one
dose or up to three divided doses.

IV Ca2+ is recommended only in cases of
symptomatic or severe hypocalcemia (ionized
[Ca2+] <1.9 mEqg/L or <0.95 mmol/L).

IV Ca2+ gluconate is preferred over IV calcium
chloride (CaCl2)

(10 to 30 mL of 10% Ca2+ gluconate) given IV over
10 to 20 minutes and repeated every 60 minutes
until symptoms resolve or followed by a continuous
IV infusion of 0.02 to 0.08 mL/kg/h

Hypocalcemia is difficult to correct if
hypomagnesemia is also present.




Hypercalcemia

[Ca2+] >10.5 mg/dL or an ionized [Ca2+]
level >2.7 mEq/L.

Mild 10.5 - 11.9 mg/dL;

Moderate 12 - 13.9 mg/dL;

Severe >14 mg/dL

Each 1 g/dL reduction in the serum albumin
concentration will lower the total calcium
concentration by approximately 0.8 mg/dL (0.2
mmol/L) without affecting the ionized calcium
concentration and, therefore, without producing
any symptoms or signs of hypocalcemia



L 1 Ny b O r il Causes of Hyperalcemia

Causs

Mechanis=m

Hypercolcemuia due fo indragsed bane
O’ resorphion

Primary hyperparathyrosdi=m
Malignancy

P<=udohyperparathyroidism
R=nal failumre

Addison’s dseass
Hyperthyroidism
Immobilizatiamn

T PTH

Osteolysis, PTH-related protein (PTHrF]
prosductiomn

FTH from neon—parathyroid tissue Solnce

Seconedany and teraary hywper-FTH dee 1o
chironic hypocalcemia

T Albumin, bone resorption

Increased bone rescrption

O=tendast activation

Hypercolremia due (o derredsad Urivaary
' exoretion

Familial hypercalcemic hypocalcuria
Thiarides

Mutaton of CasSE

Inreased kidney Ca'* reabsonption in
proximal tubule

Hypercaicemia due fo incragsed & G
Eifait g ety

Granmulomatouws diseases (sarooadaosis,
Tuberculosis, Cocokdioadiomycosis,
histoplasmasis)

Miilk (caldum)-alkali syndrome

Witamin D intoxication

Ta-Hydroxylase activity

TCa" intake (@ldum carbonate] and
absorption

Inreased calcinm absorption aned bone
resonption



General
Malaise, weakness
Polydipsia, dehydration
Neurslogic
Confusion
Apathy, depression, stupor
Decreased memory
Irritabilhy
Halludnations
Headadhe
Ataxia
Hyporeflexia, hypotonia
Mental retardation (imfants)
Metastatic calafication
Band keratopathy
Conjunctvtis
Pruritus
Skeletal
Fractures
Bone pain
Deformities

5igns and 5ymptoms of Hypercalcemia

Cardiovasoular
Hypermension
Drwsrhythmias
Vascular calofications
E{G abnormalities
QT shortemng
Coving of 5T-T wawe
Wideming of T wawe
Dagitalis sensrtwity

Gl
Anorexia, wekght loss
Nausea, vomiting
Constipation
Abdominal pain
Peptic ulcer disease
Panceatits

Lirologi
Polyuria, nocturia
Fenal imsufficiency
MNephrolthiasis



Common causes: lab error, chronic
renal failure, postsurgical hypoparathyroidism,
hypoalbuminemia, hypomagnesemia,
hyperphosphalemia, medication, PTH deficiency or
resistance, vitamin D deficiency or resistance

l

Check labs: Repeal serum
calcium, ionized calcium,
electrolytes, BUN, creatinine,
magnesium, phosphorus,

albumin, LFTs, PT, PTT, PTH.

|

!

Serum calcium

!

Calcium <8.5 mg/dL,

»>8.5 mg/dL ionized or corrected calcium
g low, albumin normal or
slightly low
Probable false- | If ionized calcium not

positive result

available, correct calcium for
albumin; calcium concenliration
falls by 0.8 mg/dL for every
1 g/dL fall in albumin.

{

Calcium <8.5 mg/dL,
ionized or comrecled
calcium normal, albumin
low

!

It ionized calcium not
available, correct calcium for

albumin; calcium concenltration

falls by 0.8 mg/dL for every
1 g/dL fall in albumin.

!

'

1

\ 1

Magnesium low Phosphorus low ' PTH high | PTH low Hypoalbuminemia
1 1 ’ y d

ypoma ia | | Hypoparathyroidism | | Pseudohypoparathyroidism | | i 0nparathyroidism | Cirrhosis

4 bl | Rickels Abnormalities of vitamin D il .| Nephrotlic syndrome
Vitamin D metabolism Malnutrition
deficiencies Bumns
Chronic illness
Sepsis




Treatment

Symptomatic patients or asymptomatic
patients with [Ca2+] levels >14 mg/dL
should receive treatment starting with
volume repletion.

Administer 0.9% normal saline at 500 to
1000 mL/h for 2 to 4 hours as tolerated
by the patient.

3 to 4 L should be given over the first 24
hours, then 2 to 3 L per 24 hours until a
urine output of 2 L/d is achieved



Treatment

Furosemide is recommended to
promote a diuresis of 150 to 200 mL/h,
which increases the calciuric effect,
with an initial dose of 20 to 40
milligrams.

In very severe cases, it will be necessary
to receive hemodialysis to quickly
remove Ca2+ from blood.

for hypercalcemia associated with
malignancy, IV bisphosphonates are
now considered (Zoledronic acid,
Calcitonin).



Hypomagnesemia

serum magnesium concentration below
1.2 mEq/L,
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m Symiptoms and Signs of Hypomagnesemia

Heuromuscular

Tetany

Musde weakness

Chvostek and Trousseaw signs
Cerebedlar (ataxia, nystagmus, vertigo)
Confusion, obtundation, coma
Seizures

Apathy, depression

|rritability

Paresthesias

@

Dysphagia
Anarexia, nausea

' Cardovascular

Heart failure
Dysiythmias
Hypotension

 Miscallaneous

Hypokalemia
Hypocalcemia

| Anemia



Treatment

Hypokalemia, hypocalcemia, hypophosphatemia are
present with hypomagnesemia.

Hypocalcemia develops when Mg2+ <1.2 mg/dL.

For asymptomatic patients magnesium supplements
should be administered orally.

For severe and symptomatic hypomagnesemia, urgent
IV magnesium sulfate (MgS04).

In life-threatening conditions (torsades de pointes,
eclampsia), 1 to 4 grams or 8 to 32 mEq diluted in at
least 100 mL over 10 to 60 minutes under continuous
monitoring.

Spironolactone is effective in maintaining [Mg2+]
homeostasis as well as in reducing the incidence of
arrhythmias in congestive heart failure patients



Hypermagnesemia

serum magnesium concentration above
2.2 mg/dL.




RLLTRTE Y Causesof Hypermagnesemi

Aenal Failure Aaute or Chronic

I Increzsed magnesium load | Magnesium-containing laxatives, antacids, of enemas” I

Treatment of preeclampsia/eclampsia (mothers and
neonates)

Diabetic ketoaddosis (untreated)®
Tumar lysis
Rhabdomyalyss®

Increased renal magnesium | Hyperparathyroidism
absorption Familial hypocalciuric hypercakcemiz
Hypathyrowdism
Minerlocorticosd deficiency, adrenal insusficency
(Addison's disease]
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Treatment

Furosemide (40 to 80 mg IV) with fliuds
may be indicated (no R.F).

Calcium directly antagonizes the
cardiac effects of magnesium.

10 mL of 10% calcium chloride IV over 2
to 3 minutes.

Dialysis for patients with renal failure.




HYPONnatremia J-Ma =135
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Muscle spasmy cramps, twitching
Seizures urine loss, JJ-output
Shallow resp. weak pulse

weakness

-BP
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Cellular Mmiwmit ICF—>=ECF
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remal failure
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Drugs (K-sparing diuretic, ace inhibitors, MNSAIDS)
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TAke A BREATH




Acid-Base protocol

See Acidosis High — o See Ajk_aiosls
Algorithm Low ’ 9 Algorithm

Normal
Decreased Elevated
Normmal
Decreased Normal Elevated
Metabolic Acidosis Y Respiratory
and/or Respiratory No B;!?l ':ges Acidosis andfor
Alkalosis Metabolic Alkalosis

Normal pH: 7.35-7.45

Acidemia: pH < 7.35

Alkalemia: pH > 7.45

Nomal PaCO,: 35-45 mm Hg

Normmal HCO,:22-26 meqg/L

Anion Gap: Na - (Cl + HCO,)

Normal Anion Gap: 8-12

Excess AG = Observed AG - Normal AG

Deita HCO, = Normal HCO, - Measured HCO,

Diagnosis of Triple Acid-Base Disorders:
Bule 1: Triple acid-base disorders involve metabolic acidosis and metabolic alkalosis with one primary respiratory
disorder. Respiratory acdosis and respiratory alkalosis can not co-exist.
Rule 2: For high anion gap acidosis, the serum HCO, will fall by 1 meg/L for each meq increase in anion gap. This
relationship helps make diagnosis of mixed metabolic acidosis and alkalosis:
Calculate Delta Anion gap
Calculate Delta HCO,
If Excess AG is > Delta HCO,: Patient has superimposed metabolic alkalosis in addition to primary high AG metabolic
acidosis
If Excess AG is < Delta HCO,, suspect a combined high AG acidosis plus normal AG acidosis.
Rule 3: If AG is > 35, suspect a combined metabolic acidosis plus metabolic alkalosis.
Rule 4: In a patien! with metabolic acidosis. if excess AG + Measure HCO, is > 30, there is underlying metabolic
alkalosis: if < 23, there is associated non AG acidosis.




Acidosis

T

_Low“High"

Low

( Metabolic Acidosis )

Decrease in PaCO;
appropriate for decrease
in HCO,

Yes

Metabolic Meatabolic
Acidosis +
Respiratory

Acidosis

Metabolic
Acidosis Acidosis +
Respiratory

Alkalosis

Compensation for Metabolic Acidosis

For each meq/L decrease in HCO,, PaCO,
decreases by 1.2

Expected PaCO, = 1.5 x HCO, + 8 (+/- 2)
PaCO, = Last 2 digits of pH

High

C Respiralofy Acidosis )

Increase in HCO,
appropriate for increase
in PaCO,

Yes

espiratory
Acidosis +
Metabolic
Alkalosis

espiratory
Acidosis +
Metabolic
Acidosis

Respiratory
Acidosis

Compensation for Respiratory Acidosis

Acute: For every 10 mmHg increase in
PaCO,, HCO, increases by 1 meqg/L
Chronle: For every 10 mmHg increase in
PaCO,. HCO, increase by 3.5 meq/L




Alkalosis

High pH

Elevated

Elevated
+*

Metabolic Alkalosis

Increase in PaCO,
appropriate for decrease
in HCO,,

Compensation for Metabolic Alkalosis

For each meqg/L increase in HCO,, PaCO,
increases by 0.6 mm Hg

PaCoO, Low

Low
v

Respiratory Alkalosis

Decrease in HCO,
appropriate for decrease
in PaCOz2z

NMetabolic
Alkalosis

Compensation for Respiratory Alkalosis

Acute: For every 10 mm decrease in
PaCoO,, HCO, decreases by 2 meq/L
Chronic: For every 10 mm decrease in
LPaCO;,. HCO, decrease by 4-5 meqg/L




The

Habits of
Highly
Successful
Blood Gas
Analysts

ABG Interpretation




Step 1

Look at the pH
Is the patient acidemic pH < 7.35
or alkalemic pH > 7.45
< /.35+* ) Acidosis

-
.

Alkalosis

Normal
Mixed

" disorder



* Step 2

L]

Is it a metabolic or respiratory disturbance ?

Acidemia: With HCO, < 20 mmol/L = metabolic
With PCO, >45 mm hg = respiratory

Alkalemia:With HCO, >28 mmol/L = metabolic
With PCO, <35 mm Hg = respiratory




Step 3
If there is a primary respiratory disturbance, is
it acute?

Expect ApH =0.08 x A PCO, /10

* Step 4

* For a respiratory disorder is renal compensation OK?

Respiratory acidosis: <24 hrs: A [HCO4] =1/10 A PCO,
. >24 hrs: A [HCO;] = 3/10 A PCO,

Respiratory alkalosis:1- 2 hrs: A [HCO,] =2/10 A PCO,
. >2 days: A [HCO,4] = 6/10 A'PCO,




Respiratory acidosis

Respiratory Alkalosis | PCO2




* Step 5
* |f the disturbance is metabolic is the respiratory
compensation appropriate?

« For metabolic acidosis:
Expect PCO,=(15x [HCO;]} +8 + 2

[Winter's equation)

* For metabolic alkalosis:
= ExpectPCO,=(0.7x [HCO4])+21+15

* |If not:

* actual PCO, > expected : hidden respiratory acidosis
« actual PCO; < expected : hidden respiratory alkalosis




Metabolic Acidosis

Metabolic alkalosis




* Remember.......
v Respiratory
compensation

is always FAST ...12-24
hrs

v’ Metabolic compensation
* isalways 51 0OW...5-7
days




* Step 6

If there is metabolic acidosis, is there an anion gap?

Na - (Cl+ HCO, ) = Anion Gap usually <12

Normal AG -: (loss of HCO3, increase in chloride) —Diarrhoea,
RTA, carbonic anhydrase inhibitor use.

High AG-: If >12, Anion Gap Acldosis : Methanol
(Decreased excretion of acids)  Uremia
Diabetic Ketoacidosis
Paraldehyde
Infection (lactic acid)
Ethylene Glycol
Salicylate




e Step /

Does the anion gap explain the change in bicarbonate?

A anion gap (Anion gap -12) Delta Gap
Delta Gap + [HCO,] = 22-26 mmols/|

If Delta anion gap is greater(>26); consider additional
metabolic alkalosis

If A anion gap is less(<22); consider additional nonanion gap
metabolic acidosis




Nephrology

Acid-Base Disorders

ALGORITHMIC APPROACH
pH<T.36 7.36 < pH <7.44 pH = T.44
Acidemia Narmal Alkalemia
1
I l ! I ]
pCOy =40 HCOh < 24 HOO: & pCOy
Oy ol s noad PO < 40 HCOh > 26
Respiratory Acidosis Metabolic Acidosis Metabolic alkalosis
Ses Hypommia & | Soo Hypocamio & Geonoralion; loss of HC! +/ volume OR
Hﬁ;!tc:a:hl!a panpe Hypercarbla page T HCO3- in renal fadlere (Ca-alkall sx)
Cenlrad (=RR) JAG Central: anatbety, CVA, pain AND
CW/Pleura/NMS (+Ve) Systemic: pregnancy, fever Maintenance: preserve V & K over pH
LungfAirway (TVo) cirhosis, sepsis, hyperthyroid |y =3 TATI = TPCT HOO: reabsorption
HAGMA NAGMA Drugs: ASA (early), stefosds, Taigo = Ta-cell H* secretion
1 I G-agonists, progesierone (01> THD activity=> Taldo & H* secretion
T B-cell CVHC O exchange
2 ; = TH*M* exchange
Glycois (etnylene/propylens) < Uring AG Acidosis —* Relieved by =1
Oxoproline (acataminophen) (Na * K —C1) NH4+ excration, which is Ta-cell H*-ATPase secration
L-lactate represented by Cl- uo!
dactals ahort gt positve | Hegatve
[] —
Aspirin (late) impairrment in Appropriafe <20 I >40
Renal failure _ NH4+ arorafion  NH&+ axcretion ; ;
Emm FEACIH ;DA i) Saline Responsiva: Saline Resistani:
Sodiam thiosulfate + urine NHa" T urine NHa" Vomiling/NGT suction, HTN: Taldo (Conn, RAS),
Labs: ketones (UA, B-OHB), lactate, =¥ renal failure Turihen, astes. Sen, post hypercapnia, CF, Cushing, Liddle's, licorice,
5.oxoproling BTA: distal (+ K}, wreteral diversion, chioridorrhea semam K <2
Bartier (loop), Glieim:an
: =1 mnEaside
Lﬂm r———- AG = ek Clagy E.H'ITH K ,];?u: laxslives
A lissue hypoxia 1-2 Linng K >30: duretics
B no Essue hypoxia SASA T Pure HAGMA
sopsis, cancar, EiOH, L= AG +metaik
meds Em‘;ﬂ]‘“ AG |OG| Ingestions Toxin Manifestations
D shart-towel Ingestion? AMS, blumy vision, pupil dilation,
Methanol Formic acid napilled
Yes _ e Ethylene glycol Oxalic acid | AMS, L Ca, Ca axalale crystals —» AKI
' Osm Gap J:ﬁm Bl Propylene glycol | Lactic acid | AKI, fiver injury
I- Diethylens glycol | Diglycolic acid ﬁ}:';:f:'rm Pancreaiie, neanpalhy,
0G<10 ) OG>10 it Isopropyl alechol Aecalone AMS, fruity breath, pancrealiis. T lactals
+ Ethanol Acetaidehyde | KetoNlaclic acidosis + mel_alk 2/2 emesis
Salicylates
Acetaminophen

Alexander Blair, Sarah Street Elzabeth Kurtz
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