Pathology of acid-alkaline balance and laboratory
diagnostics

pH of arterial blood
Normal pH range
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Respiratory acidosis  Respiratory alkalosis
Metabolic acidosis Metabolic alkalosis



Respiratory acidosis—
pCO2 1, pH |— Compensation-HCO3 1

Respiratory alkalosis —
pCO2|, pH 1— Compensation-HCO3 |

Metabolic acidosis—
pH|, HCO3 |—Compensation -pCO2 |

Metabolic alkalosis —
pH 1, HCO37— Compensation-pCO2 1



BUFFER SYSTEMS

Bicarbonate system -keeps the pH of the extracellular fluid
stable
Phosphate system -determines the pH of renal tubule fluid,
Intracellular fluid
Protein system- determines intracellular pH
Hemoglobin system - transports oxygen and carbon dioxide



Circulation Erythrocyte

v

TCO, given off TRate of H+ secretion

From Thibodeau GA, Patton KT: Anatomy & physiology. ed 5, St Louis, 2003, Mosby.
Mosbdy items and derived items copyright @ 2004, 2000 by Mosbdy, Inc



1) Normal blood pH Is 7.35-7.45,

2) pCO?2 of blood -35-45 mm. Hg.

3) Standard Bicarbonate (SB) 1s normally 22-26 mmol/I,
4) BB (buffer basis)-40-48 mmol/I,

5) BE — («Base Excess») —2.5umol/I

pH = pka (6.1) + log
HCO4/COo

.

HCO 3™ CO,



Organs involved In the regulation of acid-alkaline balance

Lungs, kidneys, liver, gastrointestinal tract
Stomach—HCI secretion,

Pancreas and intestine — secretion of bicarbonates

Kidney—acidogenesis and ammonogenesis processes,
secretion of phosphates



During metabolic acidosis HCO3— |, pH | in plasma
compensatory pulmonary ventilation 1,

CO2 elimination T — CO2 |

Excretion of HCO3- by kidneys |



TABLE =2-27 Causes and Manifestations of Metabolic Acidosis

CALUSES

MAMIFESTATMOMNS

Excess Metabolic Accids
i Imcreased SAomiomnm =)

Excessive productson of mmeetabolic aciads
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Wieakness
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Depression Of vital fonciiomns
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Carmdiawe asrrhythmaas
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Wiarm and Mushexd

Skeletal Systemm
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Increased rate and deptbh of resparatiomn
(i, KHossmaonl breathimg b
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During hypokalemia, secretion of H+ ions and
reabsorption of HCO3— 10ns are observed.
In hypokalemia, K+ moves from — intercellular space
to — extracellular space
In contrast, H+ — 1ons ESS —ISS.

A similar process occurs In the distal tubules of
the kidney.
Acidosis— H+ elimination 1 and K+ elimination | —
hyperkalemia
Alkalosis — H+ elimination |, K+ elimination



Nor
renal tu

mally, Cl- ions are reabsorbed along with Na+ in the
bule.

Whe

N vomiting and chlorine depletion — blood volume |

— kidney replaces Cl— anion with HCO3— and — HCO3—
reabsorption 1 .

Hypochloremic alkalosis pH 1,C1] — HCO3 reabsorptiont.
Hyperchloremic acidosis — Cl 1— HCOS3 reabsorption |.



During acidosis elimination of H+ ions T,
The elimination of K+ ions decreases,
resulting in plasma K+

Transcellular shifts at:

+
Acidosis HT K




During metabolic alkalosis plasma HCO3 1 and
pH 1
During compensasion pulmonary ventilation |
CO2 elimination | — CO2%
HCOS3 excretion by the kidneys 1



Causes of metabolic alkalosis
» loss of acidic stomach contents
(hypochloremia), vomiting,during aspiration
of acidic stomach contents through probes
* long-term use of diuretics
* Increased excretion of hydrogen ions
through the kidneys.



TaeLE 32-3 Causes and Manifestations of Metabolic Alkalosis

CAUSES

MANIFESTATIONS

Excessive Gain of Hicarbonate or Alkals

Ingestion or admimistration of
sOodium bacarbsomate

Audministration of hyperalimentation
solutions conlaining acetnle

Avdmmnmistration of parenteral solutions
contaiming lactate

Avdministration of cilrate-conLaiming
bloswd transfusions

Excessive Loss of Hyvdrogen Lons

Worminng
Crasiric suctlion
Binge-purge syndrorme
Potlassium deficat
Druretic therapy
Hyperaldosteronism
Milk-alkali syndrome
Increased Hicarbonate Hetention
Laoss of chlomde wiath becarbsonate retention
Volume Contraction

Loss of body fluds
Dniuretic therapy

Blosnd pEHL, HOCO, OO

pH increased

HCOy™ {primary ) increased
PCO, (compensatory ) increased
Meural Function

Conflasion

Hyperactive melexes

Tetany

Convulsions

Cardiovascular Function

Hy potensiom

Arrhythmias

Respiratory Function

Respirntory acidosis due o decreased
resparatory rale

~igns of Compensation

Decreased rate and depth of respiration

Increased wrine pH
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Causes of Alkalosis

CTonmnsasmplion of organic anbhions

SemneraE=atwowon

I Proteins deficiency I




During alkalosis H+ elimination |
K+ excretion 1, resulting in plasma K+

Alkalosis K — cHt

In alkalosis, the body loses Cl-—.
HCO3— reabsorption from the kidney increases?.
In hypochloremic alkalosis — blood pH 1
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* Vomiting
- loss of K+ and Cl- from organism

- Loss of volume === activation of aldosterone



In respiratory acidosis or hypercapnia blood
PCO2-1, plasma pH |

During compensation HCO3 s stored
In the body — HCO3 1

H+- elimination of kidneys 1



Acid-Base Imbalance  Primary Disturbance  Respiratory Compensation  Renal Compensation I

Metabolicacdosis ~~ Decrease i bicarbonate ~ Hypenventlation to decrease PCO, 1fno enal isease, ncreased H excretion
and increased HCO) reabsorpton

Metabolicakaogs ~~ Increase n icarbonate  Hypoventilation to increase PCO; 1 no el sease, decreased H excretion
and decreased HCO) reabsorpton

Respiatory acidoss —— Increasen PCO, None Icreased H' excretion and increased
HCO; reabsorpton
Respiratoryalkaoss —~~ DecreaseinPCO, —~ None Decreased H- excreton and decreased

HCO; reabsorption



TAEBLE 3z-4 Causes and Manifestations of Respiratory Acidosis

CAUSES

MANIFESTATIONS

Dvepression of Hespiratory Center
Drug overdose

Head ingury

Lung DMsease

Bronchial asthma

Emphysema

Chromnc bronchins

Proewmon

Pulmonary edema

Respiratory distress syndrome

Adrway UObstraction, Disorders of Chest
Wall and Respiratory Muscles
Paralysis of respiratory muscles

Chest injuries

K v phoscolmosis

Extreme obesity

Treatment with paralytic drags
Breathing Adr YWith High COy Content

Blood pH., COre, HUOK,
pH decreased
PCO, (primary ) increased
HOO, ™ (compensatory ) increased
MNeural Function
Dnlation of cerebral vessels and depression
of neural functon
Headachs
Weakmess
Behavior changes
Confusion
Depression
Paranoia
Hallucinanons
Tremors
Paralysas
Stupor and coma
Skin
Skin warmm amndd flushed
Signs of Compensation

Acead wrine




During respiratory alkalosis or hypocapnia blood
PCO2|, plasma pHY

[n compensation HCO3 elimination 1—HCO3 |,
H+ excretion |



TABELE 32-5 Causes and Manifestations of Respiratory Alkalosis

CALUSES MANIFESTATIONS
Excessive Ventilation Blood pH, CO,, HCO,
Anxiety and psychogenic pH increased
hyperventilation PCO, (primary ) decreased
Hypoxia and reflex sumulation of HCO;~ (compensatory ) decreased
venlilalion Neural Function

Lung disease that causes a reflex
siimulation of ventilation

Sumulation of respiralory center
Elevated blood ammonia level
Sahcylate woxacity
Encephalitis
Fever

Mechamical ventlation

Constrichon of cerebral vessels and
increased neuronal excitability
Dnzriness, pamc, hghtheadedness
Tetany
Numbness and tinghing of lingers and toes
Positive Chvostek and Troussean signs

SelLFures

Cardiovascular Function
Cardiac arrhythmias




Respiratory acidosis Is compensated by metabolic alkalosis
Respiratory alkalosis Is compensated by metabolic acidosis.
Metabolic acidosis Is compensated by respiratory alkalosis.

Metabolic alkalosis 1s compensated by respiratory acidosis.



Acid-base changes and its compensatory

 ——

| Low (;7-38) !I I Not;-l I I High (17-42) l

i } i * }
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(FPaCO, > 44 mmiHg) (HCO; < 22 mEg/l) (PaCO, < 38 mmiHg) (HOGOG > 26 miEg/)

Respératory CO.,
retention
W) (hypoventilation)
(FPaCO, < 40 mmiHg) (FPaCO, >40 mmHg)

(HCO; 24 mEg/) (HCO,;, 24 mEgn)



Gas content of blood
* blood pH - norm 7.35-7.45;
*pCO2 in blood — norm 35.0-45.0 mm Hg.
* pO2 in blood - norm 37-42 mm Hg.
* saturation of O2 - 95-100%
* Na+ -- norm 136.0-146.0 mmol/I.;
* K+ - norm 3.4-4.5 mmol/l,;
* Cat++ - norm 1.15-1.29 mmol/I;
* SB (Standard Bicarbonate) — norm 22-26 mmol/I;
* BB (Buffer Base) — norm 40-48 mmol/I.
* BE (Base Excess ) - norm £3.5 mmol/I.




. Indications for the analysis of gas content of arterial
blood:

e Diagnosis of metabolic and respiratory acidosis and
alkalosis

» Determination of the type of respiratory failure

* Instruction for oxygen therapy

e study of shortness of breath



PO2 In arterial blood Is normally 80-100 mm Hg. If
taken:

Pa O2 60-79 mm Hg. between — mild hypoxemia;
PaO2 40-59 mm Hg. between — moderate hypoxemia;
PaO2 <40 mm Hg. — called severe hypoxemia.



Standard bicarbonate: Under standard conditions

(when the temperature iIs -37°C and PC0O2-40 mm HQ) Is the
bicarbonate value in the blood.

Normally it Is 22-26 meV/I.

*True Bicarbonate: The actual bicarbonate in the bloodis the

value.

Normally 22-26 meV/L.
HCO3 >26 = Alkalosis
HCO3 <22 = Acidosis



If standard bicarbonate 1s less than actual bicarbonate —
respiratory acidosis,

If standard bicarbonate is greater than actual bicarbonate —
respiratory alkalosis

If standard bicarbonate Is equal to actual bicarbonate, but less
than normal — decompensated metabolic acidosis

If the standard bicarbonate equals the actual bicarbonate, but
exceeds the norm — decompensated metabolic alkalosis



*BE (Base Excess-alkaline excess):temperature
37°C and pCO2 40 mm Hg which Is the amount of
acld or base required to raise the pH of fully
oxygenated blood to 7.40.
The normal value of BE Is £2.5 mmol/I.

BE < 2.5 =metabolic acidosis

BE >2.5 =metabolic alkalosis




*Alveolar-arterial oxygen gradient:

It Is the difference between the partial pressure of
oxygen In the alveolar air and paO2.
Normally 5 mm.Hg
After 20 years of age every 10 years Increases
4 mm.H(g



* Measurement of arterial blood pH

* Determination of acidosis and alkalosis

Na+, K+, H+, Cl— etc.In serum, Na+ and K+ 1ons
account for 95% of cations,

Cl- and HCO3 1ons make up about 85% of the anions.



~Anion gap study (AG)
Plasma anion gap — is the difference between anions and
cations. (Na++ K) - (Cl- +HCI3)—(142+4) - (106+24)=8-16
mev/I,
Na - HCO3 - Cl= 8-16 meV/I,
Anion gap T—metabolic acidosis
If Cl- 10ons In the plasma Increase in proportion to the decrease
In HCO3, the anion gap Is normal, this is hyperchloremic
metabolic acidosis.
If metabolic acidosis Is due to non-volatile acid — anion gap 1.
Because the decrease of HCO3- 1ons was not proportional to
the increase of ClI- ions.
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In modern times, blood sampling for the study
of acid-alkaline balance Is carried out using a

PICO sampler, which provides high analytical
quality:.



*PI1CO sampler. Contains antithrombotic electrolyte
balanced dry heparin. PICOS50: Self-filling with 2 ml of
blood. This radiometer is manufactured by Medical

ApS, Denmark. %

* ABL80OOFLEX blood gas analyzer. Measure osmotic pressure in
body fluids OSMO STATION OM-6060-Made in Japan
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