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IMPORTANCE OF POTASSIUM
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@ In the heart (which is largely muscle and nerve),
the consequences can be fatal, e.g. arrhythmias.
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POTASSIUM BALANCE
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Potassium balance

Potassium Intake
30-100 mmol/day

~ 5 mmol/day
in faeces

Body distribution

ICF 3600 mmol

ECF 55 mmol

Renal excretlon
20-100 mmol/day
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PATHOPHYSIOLOGY @sol o Vi
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ECG changes seen in hyperkalaemia include the
classic tall ‘tented’ T-waves and widening of the QRS
complex, reflecting altered myocardial contractility.

(b)

(a)

Seen in
hyperkalemia

Normal
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:Increased intake >,leJl 65U (a
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Metabolic acidosis svlléiwV/ olox)l .3

woloxll s> (58 adasdl ©lgigydl Wlgiwe ¢ lai,l s
5ot Jalaall Lrzo LMl (] Jaw ald soMaiwVl
Jdslei (sde ahdl=xoll Wap adzdl 2, sl pgawligs
Azl clie ol de Asgoll il

.
H* @
Bioa Boos (B 3

@@

Normal Acldosls

Dr. Rama IBRAHIM 10



] o U] posvlios £, 4
:Pseudohyperkalaemia
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The evaluation of hyperkalaemia

Clinical question Think of
Is there an cbvious 2 Banal failurs
cause Haemolysis

lm@

|s there any biochemical

evidence of redistribution
out of cells

Rhabdomyolysis, acidosis, tumour lysis
(So: measure CK, bicarbonate, urate)

lmg

Could hypoaldo- s

. .. ACEI, ARBs, spironolactone,
steronism explain it

adrenal insufficiency

lr«m

Any other drugs which Any drug given as potassium salt, e.qg.

information, e.g. packet insen, formulary
" Mo

B ? Pseudohyperkalaemia, periodic paralysis

7 PEEEE——
could explain 2 sy | S0me penicillins. Always check drug
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TREATMENT a=dJlasJi
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SUMMARY

® Most potassium in the body is intracellular.

® The commonest cause of hyperkalaemia is renal
impairment.

® Severe hyperkalaemia is immediately life-
threatening and death may occur with no clinical
warning signs.

® Sometimes hyperkalaemia is artefactual -
pseudohyperkalaemia.
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PATHOPHYSIOLOGY @sol o Vi
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The evaluation of hypokalaemia

Clinlcal question

Is there an obvious

T

caLses

|s there any biochemical
avidence of redistribution
into cells

lmn

Is urinary loss the
cause (check urine
potassium)

=

|

I~

Is it loss from gut?

I.

Any drugs which could
explain

L.

Consider rarer causes

[ ]
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Think of

Vomiting/diarrhoea
Diuretics

High bicarb, low phosphate, low glucose

Conn's, Cushing's, low magnesium

(Vomiting, diarrhoea — see above),
villous adenoma, chronic laxative abuse

(Loop and thiazide diuretics — see above),
amphotericin, salbutamol, dobutamine,
vit B,,, folate

Liddle's, Bartter's, Gitelman's
{inherited tubulopathies)
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SUMMARY

@ Decreased intake of potassium rarely causes
hypokalaemia because potassium is present in most
foods.

@ Bicarbonate should always be measured in the
presence of unexplained hypokalaemia.

® Increased mineralocorticoid activity from various
causes leads to hypokalaemia.

® Low magnesium should be suspected in the
presence of persistent hypokalaemia.
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I+ CONCENTRATION

 Normal levels of blood o> | 20f e | L P
[H+] lie between 35 and 45 140]

nmol/L. g | T2

- Values greater than 120 B |
nmol/L or less than 20 o0

nmol/L are usually |
incompatible with life. ol 720

- In past, [H+] in blood was o :;J
described as pH, but now the - %ﬁ%

results are reported in molar
concentration, (nmol/L).

Q pH = - log [H*]
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The negative logarithmic
relationship between
[H+] and pH. 29




i+ AND CO2 PRODUCTHION
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U Interstitial fluid
/ CO, w—) CO, (dlssolvod in plasma)

€O, = C0,+ H;0 3%, H,C0; — 5 HCOy™ + H*

0, (dissolved in plasma)
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Blood

Renal tubular
lumen

Renal tubular Interstitial
cells fluid
P Nat P> Na+
— H* ﬁ (—b HCO3 » HCO3
H,CO5
Carbonate
dehydratase
> CO, H,0

Renal HCO-3
reabsorption
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[H*] 1s proportional to
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The [H+] is 40 nmol/L and
[HCO3-]is 25 mmol/L, i.e.
25000000 nmol/L.
Thus, changes in their
respective concentrations
are not directly linearly
comparable.
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INVESTIGATING ACID-BASE BALANCE
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DISTTURBANCES OFFACIDEBASE SITARUS

Acid-base disorders fall into two main categories:

1) Respiratory disorders:

v" A primary defect in ventilation that affects the PCO2.
a) Respiratory acidosis: increased PCO2.

b) Respiratory alkalosis: decreased PCO2.

2) Metabolic disorders:

v" The primary defect may be the production of nonvolatile
acids, or ingestion of substances that give rise to them, in
excess of the excretion ability of kidneys.

v Alternatively, the primary defect may be loss or
retention of H+ from the body, or it may be the loss or
retention of HCO3-.

a) Metabolic acidosis: decrease in bicarbonate.

b) Metabolic alkalosis: increase in bicarbonate.
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RESPIRATORY ACID BASE DISORDERS
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SUMMARY

@ In respiratory acidosis the blood [H+] is usually high, but
may be within the reference interval.

@ The PCO2 is always raised. In compensated conditions,
[HCO3-] is also raised.

@ Acute respiratory acidosis is a medical emergency and needs
to be dealt with by removing the source of the respiratory
problem.

@ In contrast to respiratory compensation in metabolic
disorders, the renal compensating mechanisms are much
slower to take effect.

@ In chronic respiratory disorders the [H+] often settles at a
new steady state, within the reference interval, at which
compensation is maximal.

@ Respiratory alkalosis is uncommon and can be a result of
mechanical over-ventilation or hysterical overbreathing.
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ARTERIAL BLOOD GAS
REFERENCE RANGE AT 37°C

pH 7.35-7.45 ujlei all> J: 8 puv
— 3545 Sy wlwl-gaosdl
HCO,;™ (mmol/L) ?2-264 . » _

Total CO, content (mmol/L) 2327 qJquI 0> ‘SL:QJfA
pO, (mmol/L) 80-110 U_w . L0
S0, (%) ~95 slsg prJ UbQS.O

O,Hb (%) ~95 wlos,Suull

Vgiley o 30) @0l VY] pass W Jgazdl G
wwlwi-uass Ujlei 08 b ulbuol oo

Table 3.1 lllustrative data for patients with simple disturbances of acid-base balance.
[H*] Pco, Plasma [HCO4] Plasma [total CO5]
(nmol/L) (kPa) (mmeol/L) (mmol/L)

Reference ranges 3644 4461 21.0-27.5 24-30
Respiratory acidosis o8 9.3 29 32
Respiratory alkalosis 29 3.2 20 22
Metabolic acidosis 72 3.2 8 11
Metabolic alkalosis 28 6.0 39 43
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SUMMARY

® In metabolic acidosis, the blood [H+] may be high or
normal, but the [HCO3-] is always low.

@ Respiratory compensation results in an lowered PCO2.

® The commonest causes of metabolic acidosis are renal
disease, diabetic ketoacidosis and lactic acidosis.

® In metabolic alkalosis, the [H+] is depressed and the
[HCO3-] is always raised.

@ Respiratory compensation results in an elevated PCO?2.

® The commonest causes of a metabolic alkalosis are
diuretic therapy and prolonged vomiting.
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CLINICAL CASE (1)

A young woman was admitted in a confused and
restless condition. History taking was not easy, but it
seemed that she had been becoming progressively
unwell over the preceding week or two. Acid-base
analysis was performed and results were as follows:

Blood gas

analysis Result Reference range
H* 78 3745 nmol/L
F.::,D? 3.2 4.5-6.0kPa
HCO3 3] 21-29 mmol/L
F‘Z’z 11.8 12-15 kPa

What is her acid-base disorder? What are the most
likely causes, and what investigations could narrow

this down?
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CLINICAL CASE (2)

A 70-year-old man was admitted to a hospital as
an emergency. He gave a history of dyspepsia and
epigastric pain extending over many years. He had
never sought medical attention for this. One week
prior to admission, he had started to vomit, and
had since vomited frequently, being unable to keep
down any food. He was clinically dehydrated, and
had marked epigastnc tenderness, but no sign of
abdominal rigidity. Analysis of venous and arterial
blood specimens gave the following results:

Serum Result Reference range
Urea 17.3 2.56.6 mmol/L
Na* 131 135145 mmol/L
K+ 2.2 3.6-5.0 mmol/L

Creatinine 250 60120 pmol/L
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Blood gas

analysis Result Reference range
H* 26 3745 nmol/L
Peo, 6.2 4.56.0 kPa
HCOs - 21-29 mmol/L

Fa 9.5 12-15 kPa

2

How would you describe this patient’s acid—base
status? What might have caused the various
abnormalities revealed by these results? Why is the
plasma [K*] so low?
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CLINICAL CASES

A 42-year-old man was admitted with a 2-day history of severe diarrhoea with some
nausea and vomiting. During this period his only intake was water. He was weak, unable to
stand and when recumbent his pulse was 104/minute and blood pressure was

100/55 mmHg. On admission, his biochemistry results were:

Na* K* Cl HCO;  Urea Creatinine
mmol/L umol/L,
131 3.0 86 19 178 150

® What is the most appropriate treatment for this patient?

A 76-year-old man with depression and very severe incapacitating disease was admitted as
an acute emergency. He was clinically dehydrated. His skin was lax and his lips and tangue
were dry and shrivelled locking. His pulse was 104/min, and his blood pressure was

95/65 mmHg. The following biochemical results were obtained on admission:

Nat K* Cl HCO; Urea Creatinine
mmol/L umol/L
172 3.6 140 18 22.9 155

® Comment on these biochemical findings.
® What is the diagnosis?
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