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Acid base balance
finition of PH (7.36-7.44)

\cidosis Alkalosis

ffer systems: Is a weak acid or base and salt of that acid or
)ase.

CO3 »HCO:s

vIain extracellular buffer is Bicarbonate 65%.
viain intracellular buffer is Proteins 30% Bone, and Phosphs



Acid base balance

Acids

Are molecules that have the ability to “cicase /7 ions
ixed acids Volatile acids
ases

re molecules that have the ability to accept or Bind with H™
lons.




pH of arterial blood

Normal pH range

Acidosis Alkalosis
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BICARBONATEBUFFERSYSTEM

0,+ H,0== H,CO,== H* + HCO

Addition of lactic acid

-isenenennmeees Exercise

omiting mesSSSSSSSSSSS——-




Continue
COz2 (gas) «—» CO2 (water ) + H20 «—» H2C03 «—»

H"+ HCOs"

Lung control CO: level

Kidney control HCQ:; level through.

¢ Reabsorption of HCOs Proximal renal tubules .

¢ Generation of HCOs Distal renal tubules .



How does lung control CO, level?

Shifting the equation to left .

Medullary ,Carotid body Chemoreceptors stimulate
respiration .

C0, diffuse 20 times faster than 0,



Acid base regulation

Maintenance of acceptable range of PH in ECF is
accomplished by //i7¢¢ mechanisms.

Chemical buffers
React Very Rapidly Seconds to minutes.

Reacts Rapidly minutes to hours .
Renal regulations
Reacts Slowly Hours to days.
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Bicarbonate
buffer system

First line of

defense against Chemical Phosphate

pH shift buffer system buffer system

Protein
buffer system

Respiratory
mechanism
Second line of Phvsioloaical (CO2 excretion)
defense against ke bia L

. buffers
P Renal

mechanism
(H* excretion)




Circulation Erythrocyte

H,O + TCO & >H,CO;—> H+ + HCO3

Carbonic
“anhydrase
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TCO, given off TRate of H+ secretion

From Thibodeau GA, Patton KT: Anatomy & physiology. ed S5, St Louis, 2003, Mosby

Mosby items and derived items copyright @ 2004, 2000 by Mosby, Inc.



Acidosis/alkalosis

£ PH changes has dramatic effects on cell
functions.

I Change in excitability of nerve and muscle cell.
I Influence enzyme activity.

I Influence K™ levels .

Basic Neural Processes



Accumulation Loss of
of acids bases

Increased concentration of Ht+

Acidosis pH drops

pH scale —A——————F4——"F——~F+—+—"1+—1+
7.4

pH rises Alkalosis

Decreased concentration of Ht

Loss of Accumulation
acids of bases




Henderson-Hasselbach equation

)yH=pK +1log BHCO:  24mEq/L p/|| R—
H2CO:s 1.2mEq/L 1

[he pH is Dictated by Kafio of HCO:s to COx.
fratiois 20 :1 PH is 7.4.
ncrease HCOs increase CO: to keep ratio constant.




H,CO, : Carbonic Acid
HCO; : Bicarbonate Ic
(Na*) HCO;-
(K*) HCO;-
(Mg**) HCOy
(Ca**) HCO;-

-metabolicbalance before onsetof acidosis
-pH7.4



Respiratory Control Mechanisms:

Works Within Minutes to control pH : maximal in 12-24
hours.

Only about 50-75% effective in returning pH to normal .

Exces ' n the blood act directly on respiratory
centers in the brain, carotid body .

CO, readily crosses blood-brain barrier reacting w/ H,O to
form H,CO;

H,CO; splits into H" & HCO; & the H" stimulates an increa
or decrease in respirations.




Renal control mechanisms

Don’t work as fast as respiratory mechanisms , functions
or Days to restore PH to normal level .

Regulate PH through exerting Acidic or Alkaline urine ,

xcreting excess H" , and Regeneration and Reabsorptior
f HCO;.

Lxcreting acidic urine decrease acidity of EC fluid,
xcreting alkaline urine remove base .




”l”” Normal Arterial Blood Gas (ABG)
Lab Values:

Arterial pH: 7.35 - 7.45
J HCO;: 22 — 26 mEQ/L
PaCO,: 35 — 45 mmHg
TCO,: 23 — 27 mmol/L
PaO,: 80 — 100 mmHg
S5a0,: 93% or greater (pulse ox)
Base Excess: -2 to +2
Anion Gap: 7 — 14




ACIDOSIS / ALKALOSIS

cidosis and Alkalosis are categorized as Verabolic or
espiratory depending on their Primary Cause.

N Metabolic Acidosis and Metabolic Alkalosis

~aused by an imbalance in the production and excretion of
\cids or Bases by the Kidneys .

¥ Respiratory Acidosis and Respiratory Alkalosis
Caused primarily by Lune or breathing disorders.

NB : 90% of ICU patients has Acid base disturbance

I8




Disorders of Acid-Base Metabolism

[s due to lake of balance between rate
Production of acid and base.
Body ability to compensate.

[ :Rapid rate of production of acid or base , or defe«
. physiological compensatory mechanismes.



Metabolic acidosis
HUSNES

ncrease acid production

dogenous acids

vhock (lactic acid).

Jiabetes (keto acids).

Renal failure (Sulfuric, Phosphoric acid) .
ngenous acids

vlethanol , Ethyl alcohol.

ncrease alkali excretion(GIT-Kidney
Jiarrhea, small bowel, pancreatic fistula.
Jretro — sigmoidostomy.

Renal tubular acidosis .




What is the most common cause
M A in surgical patients?

" Shock & Sepsis,—> Decrease tissue perfusion —
lactic Acidosis —>Anaerobic metabolism —,
wide anion gap. | |

= Severe anemia.

" Severe hypoxemia.



What is anion gap(AG)

>finition

AG is the Difference between measured
_ations and measured Anions.

AG=Na-(Cl-+HCO3)=8+4 MEQ /L
ncrease acid production increase AG.

ncrease alkali loss normal AG.
VE : Hypo albuminemia Reduce AG

fach 1 gm decrease albumin decrease
sape by 2.5.




Anion gap metabolic acidosis

Viethanol
(/Uremia .
'J
«_Diabetic ketoacidosis
Jiabeti p—_—
Propylene glycol
soniazid

L.actic acid

i.thylene glycol
Rhabdomyolysis
Salicylates



Non anion gap metabolic acidosis

Tistula (pan@

\
Uretro - enterostomy.

“Saline administration.
I'ndocrine (hyperparathyroidism).

Diarrhes>

(Carbonic anhydrase inhibitors.

Ammonium chloride
Renal tubular acidosis
Spironolactone



Symptoms

.ethargy , headache.

Jeep rapid breathing /Kussmaunl/’s breathing.
_ardiac arrhythmias , Decrease CO.
Jepression of CNS , Coma.

catment

[reat the Cause .
n severe cases give NaHCO;.

|

’H less than 7.2
1co; less than 12



EFFECTS OF pH

¥ The most general effect of pH changes
are on enzyme function

A Also affect excitability of nerve and
muscle cells

| ' pH . | Excitability

'pH ' Excitability



0.3X Wt x Base Deficit

0.3 x 70 x 10 =210mEq/l NaHCO,
Give half over 20 minute, rest over 4 h
8.4 % NaHco; 1ml=1mmol

4.2 %NaHco; 1ml=1/2 mmol

0.6 x Wt x (15 - plasma HCO,



What is compensated MA

* Look for paco: » expected pco:

1.5x HCO; +8

Yes compensated MA.

No added Respiratory Acidosis.



Metabqlic alkalosis

(Vomiting, Over diuresis , Ascites) Sensitive

= Loss of acid from GIT, or Kidney lcm(,ride

* Diuretic therapy

= Excessive alkali Administration Chloride
= Massive blood transfusion Resistanc
= Severe K depletion

= Mineralocorticoid excess



Patient with alkalosis is always K Deficit

K move into cell
K is lost in urine

So always give potassium

Urine should be adequate first.



Symptoms

Increase neuromuscular excitability , parathesia.
Carpo - pedal spasm.

Keynes-stokes breathing with period of apnea 5-30 s
Arrhythmias.

Muscle weakness paralytic ileuas.

Decrease cerebral blood tflow confusion.



What is paradoxical aciduria ?

farly in pyloric obstruction patient is loosing acid,
cidney excrete HCO3, so urine is alkaline.

_ater, volume depletion, Hypokalemia, lead
increase K Reabsorption and H secretion
ding to paradoxical aciduria .



Treatment ol msthloie SRR

= =

Vost of alkalosis is Volume Responsive. ™

S — /""//

[reatment by volume expansion by NaCL

ddd KCL

PaCO, in metabolic alkalosts is 0.7x HCO; +40




Respiratory acidosis

Retention of CO2 | (alveolar ventilation).

ir way obstruction , pneumonia, pleural effusion, fracture ril
iIsthma .

Jepression of respiratory center  (Morphine -CNS injury)
Jpper abdominal incisions.

[ense ascites, distension.

.arge PE .fever.

yopathy.



Symptoms of respiratory acidosis?
CO2 NARCOSIS
 Headache , blurred vision.

* Anxiety ,restless , tremors.

e Coma.



RESPIRATORY ACIDOSIS

' Decreased CO, removal
can be the result of:

1) Obstruction of air
passages

2) Decreasedrespiratior
(depression of
respiratory centers)

3) Decreased gas

exchange between
pulmonary capillaries
and air sacs of lungs

4) Collapse of lung




RESPIRATORY ACIDOSIS

1) Obstruction of air passages
N Vomit, anaphylaxis, tracheal cancer

Trachea

Tumor




NECOFINAITUNT AVIDUVOIIO

v 2) Decreased Respiration
A Shallow, slow breathing

A Depressionof the respiratory centersin the
brain which control breathing rates

¢ Drug overdose




RESPIRATORY ACIDOSIS

¥3) Decreased ‘ >
gas exchange B2 N\
between
pulmonary
capillaries and
air sacs of lungs

N Emphysema
A Bronchitis

A Pulmonary
edema




RESPIRATORY ACIDOSIS

v 4) Collapse of lung
s Compression injury, open thoracic
wound -

Leftlung
collapsed




Respiratory alkalosis

Hyperventilation
* Fever, pain , sepsis.

* Assisted ventilation.

* Head injury.

* Respiratory center lesion stroke, tumor
* Hysterical.

* Salicylate poisoning.

* Hypoxia, hypotension high altitude.

* Pulmonary embolism.



