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Disclosures

| am a Critical Care Physician




Emergency & Critical Care
aka, Hope -

Functional Restoration
Renewed Promise
Reunion of families
Second Chances

Salvage & Salvation

Healing
Making impossible Possible




Focus

Recognition, pre-hospital and ED
assessment & investigation
Management and disposition
Management of common complications
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Special Requests

Common electrolytes imbalances in cancer patients-Wilson
Okot

Clinical features of various electrolytes-William Kinani

Most common electrolyte imbalances, how to diagnose in a low
resource setting and initial mgt of such cases-Mazzinga Herbert
Common electrolyte imbalances in critical care and
management-Niringiye Gerald

Clinical signs to note without having lab results-Malinga Paddy
Causes and predisposing factors, Preventive measures, Mgt,
Complications-Paddy Mwebaza
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HYPOTONIC
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Different types of membrane transport ;
primary

. simple diffusion  facilitated diffusion  active transport
hydrophilic

(polar) head :'a: mc;l:ct:’tges a.m > molecule to
ipi ° t rted
of phospholipid * 1 ° transported -4 - Hetmnspas extracellular
\ I surface
3 ‘ s >
cell
/ v membrane
hydrophobic @ ﬂ:;+ Pi
(nonpolar) fatty acid \ intracellular
tail of phospholipid ° _ membrane o © surface
transporter )
proteins ~ ®
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A T lonic distribution

[Intracellular | Extracellular
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Mg?* is co-factor for Na-K and SERCA
pump. It also closes the K+ channel gate

Po4% provides the P in ATP
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Myocardial cell
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Electrolyte Homeostatic Functions

Osmosis ;
— Cell shape & size JL/\
Enzyme Function a 'S -
: Ty S Phase 1: transient efflux of K'
ACId-Base Phase 2; influx of Ca’ and Na'
QY ===s==rr Sl Rl
Electrophysiology Bl i
— Heart Ph 0: infl fNa’ Phase 4: Na+-K+pump
_ Muscle T S d s i iR BT
— Nerves
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Pathophysiology

Extracellular Electrolytes

Intracellular Electrolytes

« Gain or loss from the
body
— Intake
— Hormones
— Drugs
— Disease
 Fluid status changes
— Intake
— Hormones
— Drugs
— Disease

« Cellular shifts

— Disease

— Drugs

— Hormones
» Excretion

— Renal

- Gl

— Meds
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Clinical Presentation

Non-sensitive, non-specific

* Dead

Cardiac Arrest

Extreme Organ Dysfunction

 Part of another severe
Disease

Asymptomatic/Incidental
Finding ‘
Spurious/Factitious 7
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Resuscitate
Stabilize

7 & o
2§ B

Detect
Get Help

‘ Suport Organs

//.é L
Treat Cause

Approach to Care

Spot

Save-Resuscitate
Sustain-Organ Support
Stabilize-Underlying mechanism
Salve/Palliate-Underlying dx

Rehabilitate
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Potassium

L JL
vl

 |solated in 1807 from plant ash soaked in pots of water,
hence pot-ash

140 mmol/L intracellular, 4 mmol/L extracellular
« Normal Serum Levels 3.5-4.5 mmol/L
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Approach to Care

Spot

Save-Resuscitate
Sustain-Organ Support
Stabilize-Underlying mechanism
Salve/Palliate-Underlying dx




Hyperkalemia
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Pathophysiology

+25 mV
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* Irritability & Anxiety
* 1 BP
* EKG Changes

Spot

. H&P * Dysrhythmias - Irregular Rhythm

« Labs * Abdominal Cramping
- K,Na,Mg,Ca,U&C
— CBC * Diarrhea

— ABG,Glu

CJ”IL(_&Q

— Urine lytes/Osmo : :
ECG/EKG changes in hyperkalemia

. ECG P L . i -
— Brady, Tented T-waves, absent P, Wide QRS, ST-T changes, Wid|/ /= ey
— Sine wave VT, VF, Asystole

» Targeted Dx for underlying Dx

F 8.0
wids qrs 7.0 Aﬂ_l" i '
6.0 Py

b
tented T\~.a“.5a
EcHO i
mmol/l




Save l l
Stabilize |

MM TRY OF WEALTH



Salve/Palliate

« Diagnose underlying disease

— Transmembrane Shift: DM crisis, Acidosis, TLS, Rhabdo,
Ischemial/infarction, Compartment Syndrome, Endocrine, meds

— Decreased Elimination: AKI/CKD, Meds
— Increased Intake: Meds, Diet, Gl Bleed, Transfusion
« Continue Organ support as needed

— Essential consults: ICU, Nephro, Surgery, Oncology
— Disposition: ICU/HDU, Ward, OR
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Hypokalemia
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Spot

« H&P

 Labs
— K,Na,Mg,Ca,U&C
— CBC
— ABG,Glu

« ECG

, POTASS

&
IUM__DEFICIT

Ex>

* Alkalosis

% Shallow Respirations
* lrritability
* Confusion, Drowsiness

* Weakness, Fatigue
* Arrhythmias - Tachycardia

* Lethargy
* Thready Pulse

* | Intestinal Motility
Nausea
Yomiting
lleus

Irregular Rhythm and/or
Bradycardia

\ 4

— Long QT, U waves, ST-depression, Tiny T-waves
— Tachycardia, Frequent PVCs, Polymorphic VT, VF, Asystole

« Targeted Dx for underlying Dx
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Save
Stabilize :
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Salve/Palliate

* Diagnose & treat underlying disease
— Transmembrane Shift: Alkalosis, Drugs, Refeeding
— Increased Elimination: Diuretics, Endocrine, Meds
— Decreased Intake: Vomiting, Diarrhea, Starvation
e Continue Organ support as needed

— Essential consults: ICU, Nephro, Surgery, Oncology
— Disposition: ICU/HDU, Ward, OR
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Na

Sodium




Sodium

Most abundant Extracellular Electrolyte

140 mmol/L Extracellular, 10 mmol/L Intracellular
Normal Serum Levels 135-145 mmol/L

Kept out by the Na-K ATPase

Responsible for RMP, AP, Osmosis
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* HA,

swojdwAs jJo aouasaid nausea,
confusion,
seizures,
Shock
» Acute vs.
josuo Chronic)
Evaluation of Jo uoheolusp
Dysnatremia
snjels  Edema, JVD, skin
SWN|OA JO turgor, postural BP

JUSLLISSOSSY

» Cardiac, liver, renal
disease, drug history
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Approach to Care

Spot

Save-Resuscitate
Sustain-Organ Support
Stabilize-Underlying mechanism
Salve/Palliate-Underlying dx




Hypernatremia
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Pathophysiology

' ™
Loss of hypotonic Loss of free water Gain of hypertonic
fluid * Diabetes fluid
* Diuresis insipidus * Hypertonic saline
- Drugs . J/ * Sodium
- Osmotic * bicarbonate
. ngiu'ng - N\
~Rariea Diagnosis
» Fluid restriction
should increase
uOsm 30.
* Vasopressin
differentiates cDI,
nDI.
. J

}
Ay
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Immediate effect
of hypertonic state

Water loss

Normal brain
h osmola

fmal osmolali

Rapid
adaptation

Proper therapy
(slow correction of the
hypertonic state)

Cerebral,
. edema

- Improper
therapy

(rapid correction
of the hypertonic
state)

of organic
~{osmolytes’
high psrnqlgl_il\f);;y

A

adaptation




Trying to die
«Status Epilepticus
*Altered LOC

Spot ~ *Shock-Due to cause
e H&P Sick like a dog
e Labs *Hypovolemic
*Dehydration

_ ggg Mg, Ca,UsC *Orthostatic hypotension

— ABG.Glu *Hypervolemic

_ Serum OSMo Fluid overloaded

Urine lytes/Osmo _ ~Hypertensive

. ECG/ECHO/CXR/Abdo US Triggering Disease State

« Targeted Dx for underlying Dx
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Salve/Palliate
* Diagnose underlying disease

» Continue Organ support as needed

— Essential consults: ICU, Nephro, Surgery,
Oncology

— Disposition: ICU/HDU, Ward, OR
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Fluid volume status assessled by physical examination

Hypernatremia

|
Hypovolemic
Loss of water > Na+ loss

| |
Euvolemic
Loss of water

Check urinary Na+ Check urilnary Na+
| | | |
>20 mEg/L <10 mEg/L >20 mEg/L <10 mEg/L
l l l
Renal loss Extrarenal loss Renal loss Extrarenal loss
¢ Diuretic ¢ Gl-vomiting * Diabetes insipidus ¢ Insensible losses
* Glycosuria ¢ Gl-diarrhea Central Skin
* Renal failure ® Excessive Nephrogenic Respiration
sweating
* Respiratory loss
Treatment Treatment
¢ Saline then hypotonic e Water replacement
solutions * D5W at 1-2 mEq/L per hour

Diagnosis and Management of Hypernatremia. D5W indicates 5% dextrose in water; Gl, gastrointestinal tract; NA, sodium; NaCl,

sodium chloride; NaHCO3, sodium bicarbonate.
Source : Mayo Clinic Internal Medicine 8th

+ vasopressin for
central diabetes insipidus

| |
Hypervolemic
Gain of water and Na+

Check urinary Na+

>20 mEg/L
|

latrogenic
¢ Hypertonic NaHCOs3
¢ NaCl tablets
¢ Hypertonic solutions

Mineralocorticoid
¢ 1° hyperaldosteronism
¢ Cushing disease
¢ Adrenal

Hypertonic dialysis
¢ Hemodialysis
¢ Peritoneal dialysis

Treatment
¢ Diuretics + dialysis



Hyponatremia
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Pathophysiology

Immediate effect
of hypotonic state

Water gain
. {low osmolality), |

Normal brain
notmal osmolal

Rapid
adaptation

Proper therapy
(slow correction of the
hypotonic state}

O Lass 7
Water «—— of sodium,
;,potassiu!n,, v
| . and chloride
" {low-asmofality) -
& o0 B fmie o
G Gl -0 o
o e (rapid correction of | (How-esmolality) 1 Slow
IS (i adaptation

2y L) .

the hypotonic state}
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Spot

H&P

Labs

— K,Na,Mg,Ca,U&C
— CBC

— ABG,Glu

— Serum Osmo

— Urine lytes/Osmo

ECG/ECHO/CXR/Abdo US
Targeted Dx for underlying Dx

Trying to die
Status Epilepticus
*Altered LOC
*Shock-Due to cause
Sick like a dog
*Hypovolemic
*Dehydration

*Orthostatic hypotension
*Euvolemic
*Underlying cause
*Hypervolemic
*Fluid overloaded
*Hypertensive/Hypotensive
Triggering Disease State
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Save
Stabilize
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Salve/Palliate

« Diagnose & treat underlying disease
— Hypovolemia: Starvation|Diuretics|| T4||Cortisol| CSWS
— Euvolemic: SIADH

— Hypervolemic: Sepsis|Heart Failure|AKI/CKD|Liver Dx|Tea &
Toast|Beer Potomania

« Continue Organ support as needed

— Essential consults: ICU, Nephro, Surgery, Oncology
— Disposition: ICU/HDU, Ward, OR
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Hyponatremia
Serum olsmolality

Normal Low High
(250-285 mOsm/L) (<250 mOsm/L) (>285 mOsm/L)
Isosmotic hyponatremia Hyperosmotic hyponatremia

1) Pseudohyponatremia 1) Hyperglycemia

e Hyperlipidemia 2) Hypertonic infusions

* Hyperproteinemia ® Glucose ¢ Glycerol
2) Isotonic infusions * Mannitol ¢ Sorbitol

* Glucose ¢ Glycerol e Glycine e Ethanol

e Mannitol ¢ Sorbitol

¢ Glycine e Ethanol

Assess extracellular
fluid volulme state

| | | | | |
Hypovolemic Euvolemic Hypervolemic
Hypo-osmotic Hypo-osmotic Hypo-osmotic
Hyponatremic Hyponatremic Hyponatremic
: + . + . +
I—Urlnary Na - I—Urlnary Na — I—Urlnary Na —
<10 mEg/L >20 mEqg/L <10 mEg/L >20 mEqg/L <10 mEg/L >20 mEqg/L
Extrarenal Renal * Water intoxication e Renal failure e Cirrhosis » Acute/chronic
¢ Gl-vomiting * Diuretic * Hypothyroid e Heart failure renal failure
* Gl-diarrhea * Obstruction e Pain ¢ Renal failure
¢ Pancreatitis * Renal damage * SIAD
¢ Skin losses * Renal tubular * Emotion
e Lung losses acidosis e Adrenal
» Adrenal insufficiency
insufficiency
| | |
Treatment Treatment Treatment
¢ |sotonic saline e Water restriction (no symptoms) » Water restriction
(no symptoms) * |sotonic saline (no symptoms) * Furosemide diuresis
¢ Hypertonic saline ¢ Hypertonic saline (symptoms)
(symptoms) * Furosemide diuresis (symptoms)

Diagnosis and Management of Hyponatremia. GI indicates gastrointestinal tract; Na, sodium; SIAD, syndrome of inappropriate antidiuresis.

Source : Mayo Clinic Internal Medicine 8th



Osmotic Demyelination/Central Pontine Myelinolysis

1 risk if Na increased by >12 mmol/L/d
 Delayed presentation 2—6 days or weeks

 Often irreversible.
— Dysarthria
— Dysphagia,
— Paraparesis
— Lethargy
— Coma/seizures




Hypophosphatemia
(< 0.8 mmol/L)

|

v

Transcellular Shift

*Recovery From DKA
*Refeeding Syndrome
*Acute Respiratory Alkalosis
*Hypokalemia
*Hypomagnesemia

*Burns

A

Increased Excretion

Decreased Intake

l

i

y

Dietary deficiency

y

Gl

*Small bowel diarrhea
*Enteric Fistula

y

Malabsorption

Renal
Fepos > 5%

*Anorexia
*Chronic Alcoholism

*Hyperparathyroidism

*Vitamin D Deficiency/Resistance
*Hypophosphatemic Rickets
*Oncogenic Osteomalacia
*Fanconi Syndrome

*Osmotic Diuresis

*Acute Volume Expansion
*Acetazolamide and Thiazide

Hyperphosphatemia
(> 1.46 mmol/L)

l

*Aluminum/Magnesium
Containing Antacids
*Inflammatory Bowel Disease
*Steatorrhea

*Chronic Diarrhea

v

Transcellular Shift

Decreased Excretion
FEpos <20%

Increased Intake/
Absorption

Normally in Context of Impaired
Renal Function

Pseudo-
hyperphosphatemia

*Renal Disease

*Rhabdomyolysis

*Tumor Lysis

*Metabolic or Respiratory
Acidosis

eInsulin Deficiency

*Hypoparathyroidism
*Pseudo-hypoparathyroidism
*Acromegaly
*Bisphosphonate Therapy

THE REDUBLIC OF UCANOA
MM TRY OF WEALTH

*Hypervitaminosis D
*Phosphate Supplementation
*Phosphate Containing
Enemas/Laxatives

*Multiple Myeloma
Hyperbilirubinemia
*Hemolysis
*Hyperlipidemia
*Tumor Lysis




hdh ¢

* Hyopmagnesemia  Malignancy
* Renal * HyperPTH

insufficiency
* Sepsis
* Blood transfusion
» Alkalosis
 Pancreatitis
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* Drugs
- Furosemide

- Aminoglycoside

- Digoxin
- PPI
» Diarrhea
« EtOH abuse
*« DM
« AMI

* Renal
Insufficiency
» Hemolysis
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Thank You
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