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Homeostasis

A relative constancy in the internal environment of
the body, naturally maintained by adaptive responses
that promote cell function and survival

Nov 2013 A R Tarakji, MD



T otal Body Fluid.

Intracellular
fluid

Extracellular
fluid

Nov 2013 A R Tarakji, MD
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Body Fiuid Compartments
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Body Fluid Compartments

= Fluid compartments are separated by thin semi-
permeable membranes with pores to allow fluid
movement and molecules of a specific size to pass while
preventing larger heavier molecules from passing

m The bodies fluid is composed of water and dissolved
substances known as solutes (electrolytes or non-
electrolytes)

= Electrolytes are substances that dissolved in solutions
and dissociated into particles called ions

o Positively charged ions
o Negatively charged ions
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Definitions:

o Osmosis: movement of water

o Diffusion: movement of solutes

a Filtration: movement of both solutes and water

a Osmolality:
a Osmoles in solution: mMOsm/kg water
0
0 For Na+, K+ and Cl-: 1 mEq =1 mOsm

2 Normal osmolality of body fluids: 283-292 mOsm/kg
water
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Diffusion is the
passage of particles
through a
semipermeable
membrane. Tea, for
example, diffuses
from a tea bag into
the surrounding
water.

Transport processes.
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Osmosis is the
movement of fluid across
a semipermeable
membrane from a lower
concentration of solutes
to a higher concentration
of solutes.
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Diffusion
and
Osmosis
can occur
at the

same time.

)
0,000

Filtration is the
passage of fluid
through the
membrane.




Initial condifion Equilibrium condition

Semipermeable membrane

-

Figure 1-1 ™ Schematic representation of osmotic water movement and the generation of an osmotic
pressure. The solute particles in compartment A cause water to move by osmosis from compart-
ment B across the semipermeable membrane into compartment 4. The water column in compart-
ment A will rise until the hydrostatic pressure generated by the water column (b) stops the flow of
water from compartment B into compartment A. This hydrostatic pressure is equal to the osmotic
pressure generated by the solution in compartment A.
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Body Fluid Compartments

m ECF and ICF are In
m ICFosm = ECFosm = Posm

IV ISF

Na*® 140

ICF

K* 140
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Isotonic solution Hypertonic solution Hypotonic solution
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Regulation Mechanisms of Finid and Electrolytes:

= Regulation of and IS achieved through
thirst and the osmoreceptor-antidiuretic hormone system

(vasopressin)

= The regulation of also occurs through
neurological and renal mechanisms

m The stretch receptors (baroreceptors)
m The Renin-Angiotension-Aldosterone System
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Afferent limb sensors of extracellular fluid volume
Cardiopulmonary (venous circulation)
Atria
Ventricular and pulmonary

Arterial
Extrarenal: aortic arch, carotid sinus,
Intrarenal: juxtaglomerular apparatus

Others
Central nervous system
Hepatic

Figure 8.4 The afferent limb (volume sensors) of the integrated
homeostatic response system for extracellular volume.
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Integrated homeostatic response to volume changes

Antinatriuresis

Renal effector mechanism

Activation of volume sensors

Volume contraction

Normal extracellular volume

Volume expansion

Activation of volume sensors

Renal effector mechanism

Figure 8.3 A general overview of the integrated homeostatic
response system regulating extracellular fluid volume during volume
contraction and expansion.
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Generation of medullary hypertonicity
Normal function of the thick
ascending limb of loop of Henle
Urea delivery
Normal medullary blood flow

Determinants of delivery of

NacCl to distal tubule:

GFR

Proximal tubular fluid and
solute (NaCl) reabsorption

= Water delivery Collecting system water
permeability determined by

—= NaCl movement Presence of arginine vasopressin
Solute concentration Normal collecting system
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Response to changes in serum osmolality
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The graph shows the maximum daily urine volume for several values of the minimum
urinary concentration (50 to 1200 mmol/L), assuming a daily solute load of 600 mmol/day.
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1 he I anear Relationship Between Urine
Spectfic Gravity and Uosm

SG Osmolality (mOsm/Kg H,0O)
1.010 300 - 400
1.020 700 — 800
1.030 1000 — 1200

Plasma SG ~ 1.008
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Increased plasma osmolality

decreased arterial circulating volume

or

Increased thirst

~

Increased water
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increased arterial circulating volume
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Decreased ADH release and thirst
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increased arterial circulating blood volume

Decreased plasma osmolality
or

Decreased thirst

Decreased ADH release

7
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and
decreased arterial circulating volume
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dysfunction | | fluid volume
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Sodium excretion
(pressure natriuresis)

Nov 2013 A R Tarakji, MD



Effective Arterial Blood 1 olume (EABL):

= Although the absolute volume of the intravascular
space Is an important component of circulatory
¢ ", the adequacy of the circulation (more
commonly called

) also Iis determined by cardiac output and
systemic vascular resistance
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Effective Arterial Blood 1 olume (EABL):

s | EABV:
= TCO
= T SVR
= T Renal Na retention

= T EABV:
=4 CO
= 4 SVR
= { Renal Na retention
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Effective Arterial Blood 1 olume (EABL):

m ECF volume and EABV can be of each
other

m Edematous states: increase in total ECF volume and
decreased EABV

m Postural changes may cause shifts that influence the
EABV without affecting the total blood volume
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Effective Arterial Blood V olume (EABL):

Intravascular
volume
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Clinical

Hypervolaemia

Hypovolemia

Hypervolemia

Symptoms

Thirst

Ankle swelling

Dizziness on standing

Abdominal swelling

Weakness

Breathlessness

Signs

Low JVP

Raised JVP

Postural hypotension

Peripheral oedema

Tachycardia

Pulmonary crepitations

Dry mouth

Pleural effusion

Reduced skin turgor

Ascites

Reduced urine output

Hypertension (sometimes)

Weight loss

Weight gain
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Confusion, stupor
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Plasma osmolality

IL— 280 to 290 mOsm/kg H,O ﬂ‘
f Decrease :1

f Increase :1

Supression Supression
of thirst of ADH release

Stimulation Stimulation

of thirst of ADH release

L )
&

Dilute urine

A

Disorder involving urine
dilution with H,O intake

{ )
</

Concentrated urine

2

|

Hyponatremia
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concentration with inadequate

Disorder involving urine

H,O intake
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Sodium and Water:

ECF volume= amounts of Sodium and water

Plasma Nat = between the amounts of Sodium and
water (Concentration)

Hyponatremia = Water Excess
Hypernatremia = Water Deficit

Hypervolemia (Edema) = Sodium Excess
Hypovolemia (Dehydration) = Sodium Deficit
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Sodium and Water:

Hyponatremia Hypernatremia
(Water Excess) (Water Deficit)

Hypovolemia Hemorrhagic Shock Diarrhea in Children
(Dehydration) with good oral water and Seniors
(Sodium Deficit) intake

Hypervolemia Advanced Hemodialysis Patient
(Edema) Congestive Heart after 3% Saline
(Sodium Excess) Failure Infusion
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Lonicity

» To the osmolality of a solution to that of another
solution (body fluid compartments)

» Used to compare the osmolality of intravenous solutions
to that of the serum:

» ISOTONIC
» HYPOTONIC
» HYPERTONIC
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Hypotonic

|sotonic

Hypertonic

Water will move

It will remain In the

Water will move from

from ECF into ICF | ECF ICF to ECF
Distilled Water NS (0.9% NacCl) 3% NaCl
0.45% NaCl (1/2) |Ringers Lactate 10%-50% Dextrose
0.33% NaCl (1/3) |2/3 DW-1/3 NS D5W-1/2 NS

5% Dextrose In D5NS

Water (D5W)

Amino acid solution
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Intravenous Solutions

Crystalloids vs Colloids

are intravenous solutions that contain
solutes that readily cross the capillary membrane

= Dextrose and electrolyte solutions

are intravenous solutions that DO NOT readily
cross the capillary membrane

= Blood, aloumin, plasma

Nov 2013 A R Tarakji, MD
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Solution Gluc | Na* | K* |Ca*™?| CI- |Lact| mOsm/L
D, W 100 | O 0 0 0 0

NS O (154 O O (154 O 308
2 NS 0) 77| 0O 0 /7| O 154
D. %2 NS 50 | 77 | O 0 77| O 216
2/3-1/3 33 | 50 | O 0 50 | O 285
Ringer's Lactate | 0O |130| 4 3 |[109| 28 274
D5W: 5 g dextrose/100 mL (50 g/L) Lytes: mEqg/L

D10W: 10 g dextrose/100 mL (100 g/L) Gluc: g/L

NS (0.9% NS): 0.9 g NaCl/100 mL (9 g/L)
15 NS (0.45% NS): 0.45 g NaCl/100 mL (45 g/L)
2/3-1/3: 2/3 D5W (33 g /L) + 1/3 NS (0.33 g NaCl/200mL or 33 g NaCl/L)
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Parental Fluid

ECF (1/3 TBW)

ICF (2/3 TBW)

IV (1/4 ECF) | ISF (3/4 ECF)
1000 ml D.W 80 mi 250 mi 670 ml
1000 ml NS 250 m| /750 m|
1000 ml %2 NS:
(500 ml NS) 125 ml 375 mi
(500ml water) 40 ml 125 ml 335 ml
Total 165 ml 500 ml 335 ml
1000 ml D.¥2NS 165 ml 500 ml 335 ml
1000 ml D, W 80 ml 250 ml 670 mi
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Normal water intake
(1.0—-1.5 L/d)

\Water of cellular
metabolism
(350—500 mL/d) SO
Intracellular Extracellular Total body water

compartment [compartment 42L
(27 L) (15 L) (60% body weight
T in a 70-kg man)

Water intake and distribution

£ )}

Fixed water excretion NV ariable water excretion

Filtrate/d
180L

Sweat Pulmonary
0.1 L/d 0.3 L/d

< <5

Total insensible losses Total urine output
~0.5 L/d 1.0-1.5 L/d

Water excretion
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Hyponatremia

Factitious Hyponatremia
Pseudohyponatremia

Results from laboratory artifact due to high
concentrations of proteins or lipids

Translocational Hyponatremia

Results from non-Na osmoles in serum (often
glucose or mannitol) drawing Na-free H,O from cells
[Na*] declines by 1.6 mEg/L for each 100 mg/dL [5.6
mmol/L] increase in serum glucose

A R Tarakji, MD 43



Hypotonie Hyponatremia: Causes

I

ﬂ IIAssessmenl of volume statusI ﬂ

Hypovolemia Euvolemia (no edema) Hypervolemia
*Total body water | Total body water T +Total body water 7
*Total body sodium *Total body sodium «- +Total body sodium !

{

UNa >20 UNa <20 UNa >20 UNa >20 UNa <20

b < @ 4} <7

Renal losses Extrarenal losses Glucocorticoid deficiency Acute or chronic Nephrotic syndrome
Diuretic excess Vomiting Hypothyroidism renal failure Cirthosis
Mineralcorticoid deficiency Diarrhea Stress Cardiac failure
Salt-losing deficiency Third spacing of fluids Drugs

Bicarbonaturia with Bums Syndrome of inappropriate
renal tubal acidosis and Pancreatitis antidiuretic hormone
metabolic alkalosis Trauma secretion

Ketonuria
Osmotic diuresis
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SIADH

Hypoosmolar Hyponatremia (Posm <275 mOsm/Kg H,O)

Inappropriate urine concentration (Uosm >100 mOsm/Kg
H,0)

Euvolemia, No diuretic use
Endocrine = normal Thyroid, adrenal and renal function

* Hypouricemia (<238 mcmol/L) and low Urea (<3.5 mmol/L)
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INa*/TH,0

K*, Na*
osmolytes/ &

Normonatremia Acute hyponatremia Chronic hyponatremia
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Hyponatrema: 1reatment

ﬁi Severe hyponatremia (<125 mmol/L) :ﬁ
@ : Symptomatic : B Asymptomatic

Acute Chronic Chronic
Duration <48 h Duration >48 h Rarely <48 h

3 3 Nz

Emergency correction needed Some immediate correction needed No immediate
Hypertonic saline 1-2 mL/kg/h Hypertonic saline 1-2 mL/kg/h correction needed
Coadministration of furosemide Coadministration of furosemide 7N
Change to water restriction upon
10% increase of sodium or if
symptoms resolve

Perform frequent measurement
of serum and urine electrolytes
Do not exceed 1.5 mmol/L/hr

or 20 mmol/d

{
<

Long-term management
Identification and treatment of
reversible causes
Water restriction
Demeclocycline, 300—-600 mg bid
Urea, 15-60 g/d
V2 receptor antagonists
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Hypernatremia: Canses
Assessment of volume stafus
| [
{ ! ]

Hypovolemia Euvolemia (no edema) Hypervolemia
+Total body water I +Total body water ¢ +Total body water T
+Total body sodium | +Total body sodium - +Total body sodium 11

v

U0 U0 U520

Renal losses Extrarenal losses Renal losses Extrarenal losses Sodium gains

QOsmotic or loop duretic Excessive sweating| | Diabetes insipidus | | Insensible losses Primary

Postobstruction Bumns Hypodipsia Respiratory Hyperaldosteronism

Intrinsic renal disease Diarthea Dermal Cushing's sydrome

Fistulas Hypertonic dialysis

Hypertonic sodium bicarbonate
Sodium chloride tablets
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Hypernatremia: 1reatment

Hypovolemic Euvolemic Hypervolemic
hypernatremia hypernatremia hypernatremia

4 W 4

Correction of volume deficit Correction of water deficit Removal of sodium
Administer isotonic saline until Calculate water deficit Discontinue offending agents
hypovolemia improves Administer 0.45% saline, 5% Administer furosemide
Treat causes of losses (insulin, dextrose or oral water to replace Provide hemodialysis, as
relief of urinary tract obstruction,|| the deficit and ongoing losses needed, for renal failure
removal of osmotic diuretics) In central diabetes insipidus with

& severe losses, aqueous vasopressin

(pitressin) 5 U SC q 6 hr

Correction of water deficit Follow serum sodium
Calculate water deficit concentration carefully to avoid
Administer 0.45% saline, 5% water intoxication
dextrose or oral water replacing {}
deficit and ongoing losses

Long term therapy

Central diabetes insipidus (see

Table 1-12)

Nephrogenic diabetes insipidus
Correct plasma potassium and
calcium concentration
Remove offending drugs
Low-sodium diet
Thiazide diuretics
Amiloride (for lithium-induced
nephrogenic diabetes insipidus)
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Potassium

m 98% of the total potassium is in ICF
= Serum potassium is 3.5 -5.5 mmol/L

= Extracellular concentration is not an accurate
reflection of the total body potassium

m Function:

= Conduction of impulses

= Acid base balance

= Protein synthesis and carbohydrate metabolism
m Potassium secretion Is under multiple controls:

= Sodium load delivered to the kidneys

= Acid base status

= Potassium intake

= Aldosterone levels
= Kidneys do not conserve potassium effectively

Nov 2013 A R Tarakji, MD
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HYPOKALAEMIA

Flattened
T wave = U
Normal ECG wave
R Sl

depression

P T
Moderate Severe

QS ,
Widened
Peaked QRS

\ T wave
i—

Loss
of P wave

HYPERKALAEMIA

Colledge et al: Davidson's Principles and Practice of Medicine, 21st Edition
Copyright © 2010 by Churchill Livingstone, an imprint of Elsevier, Ltd. All rights reserved.
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Filtered load
600—700 mEqg/d

10—-15%

PO o

™

\ﬁnﬂ---------

|

Urinary excretion
~90 mEqg/d
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‘ Hypokalaemia |

|| Alkalosis

= .
[ ? Redistribution Insulin excess
into cells - Catecholamine B, -agonists

Hypokalaemic periodic paralysis

r— Dieta
[ ! K intake e eary
g = i.v. therapy

. ( Excessive K losses \ .
Urine K L 5 Urine K
> 20-30 mmol/day < 20-30 mmol/day
y

v

RENAL GASTROINTESTINAL

With hypertension With normal - low blood pressure With alkalosis

* Hyperaldosteronism » With alkalosis Vomiting L
1° (incl. Conn’s syndrome) Diuretic therapy (loop and thiazide) Nasogastric aspiration
2° (with renal ischaemia) Bartter’s and Gitelman’s syndromes With acidosis

¢ Other forms of mineralocorticoid * With acidosis Diarrhoea

receptor activation Renal tubular acidosis (types 1 and 2) Laxative abuse

Cushing’s syndrome/ectopic ACTH Carbonic anhydrase inhibitor therapy Villous adenoma of rectum
Corticosteroid therapy * With variable pH Bowel obstruction/fistula
Apparent mineralocorticoid excess Post-obstructive diuresis Ureterosigmoidostomy

Liquorice/carbenoxolone Recovery after acute tubular necrosis
e Liddle’s syndrome Mg depletion

Colledge et al: Davidson's Principles and Practice of Medicine, 21st Edition
Copyright © 2010 by Churchill Livingstone, an imprint of Elsevier, Ltd. All rights reserved.
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Hypokalemia: Clintcal manifestations

. Arrhythmias, Digitalis toxicity

. Smooth muscle: lleus
. Skeletal muscle: Weakness, Paralysis,

Rhabdomyolysis

Glucose Intolerance

. Vasopressin resistance
. Increased ammonia production
. Metabolic alkalosis

Renal cysts, Interstitial changes

A R Tarakji, MD 56
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Hypokalemia

V.

Reverse correctable causes:

Discontinue diuretics
! | Correct magnesium deﬂcnency

Symptomatic
(arrhythmia + digitalis,
paralysis, or weakness)

<z

fj

Intravenous replacement
up to 40 mEqg/h
Continuous ECG monitoring
Serial serum K™ monitoring

Metabolic acidosis Metabolic alkalosis
(diarrhea or or normal pH

renal tubule acidosis)

4

K* citrate Normotensive
K™ bicarbonate {}

Hypertensive

</

KCI
Volume replacement

Consider K'—
sparing diuretic

A R Tarakji, MD
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| Hyperkalaemia |

2 Sourt _E In vitro haemolysis
PUTIoUS Very high white blood cell or platelet count

¥ Acidosis
? Redistribution Insulin deficiency
out of cells B-blockers
Hyperkalaemic periodic paralysis
Severe hyperglycaemia

v
27K intake ] [ Exogenous (diet, i.v. therapy)
Endogenous (haemolysis, rhabdomyolysis)

v

( i
{ Renal retention of K

=

Plasma creatinine Plasma creatinine
> 500 umol/L < 500 umol/L

RENAL FAILURE TUBULAR SECRETORY FAILURE

Acute renal failure (severe) With low aldosterone With normal - high aldosterone
Especially with acidosis/haemolysis/ Adrenocortical failure Tubular transport defects
rhabdomyolysis (Addison’s disease) (pseudohypoaldosteronism)
Chronic renal failure (advanced) Adrenal enzyme defects Tubulointerstitial disease (SLE, renal
Especially with oliguria/K load Hyporeninaemic hypoaldosteronism transplant, amyloidosis,

Drugs (NSAIDs, ACE inhibitors, obstruction/infection)

B-blockers, ciclosporin, prolonged Drugs (amiloride, spironolactone)
heparin therapy)

Colledge et al: Davidson's Principles and Practice of Medicine, 21st Edition
Copyright © 2010 by Churchill Livingstone, an imprint of Elsevier, Ltd. All rights reserved.
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Hyperkalemia: Clintcal manifestations

>

A

Nov 2013

hownhPE

T-wave abnormalities
Lengthened segments

. Brady-arrhythmias

lleus
Paresthesias
Weakness
Paralysis

Decreased ammonia production
Metabolic acidosis

A R Tarakji, MD

61



Hyperkalemia
ECG changes present?

No

Rule out spurious hyperkalemia | | Institute therapy based on clinical severity of hyperkalemia
Calcium gluconate 10-30 mL 10% solution (onset 1-2 min)
{} Sodium bicarbonate 50~150 mEq: (onset 15-30 min)
Glucose 25 ¢ intravenously and insulin 5-10 U intravenously
(onset 5-10 min)
Albuterol nebulizer 20 mg in 4 mL normal saline (onset 30 min)

K exchange resin: oral (onset 2 h) or enema (onset 60 min) 30-60 g
Hemodialysis (once started removes 25-30 mEg/h)

(Redraw potassium
without tourniquet)
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