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LAGTIC ACIDOSIS

“IF IT DOESN’'T CHALLENGE YOU, IT WON’'T CHANGE YOU”

Color index:
=  |mportant
= Extra explanation

* Please check out this link to know if there are any changes or additions.



https://docs.google.com/spreadsheets/d/1-afWw4SZJAIatD8SbO6hy9hYaM_UBJoYkDeVgY8rCnI/edit?usp=sharing

TEAMASS Acidosis Vs Alkalosis

» The respiratory system can compensate for (=5 ) metabolic acidosis or alkalosis
by altering alveolar ventilation.

» Metabolic acidosis > Hyperventilation.

» Metabolic alkalosis > Hypoventilation.
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pH of arterial blood

Normal pH range
High H+ concentrations | Low H+ concentrations

— Acidosis " |7 Alkalosis -

7.35 7.45
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Survival range
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 Know the condition s associated with excessive blood
lactate production.

* Recognize the importance and consequence of lactate
production.

|dentify fates of lactate.

Evaluate lactic acidosis as a medical emergency.
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- What are they?

Disorders that are caused by changes in bicarbonate concentration in the extracellular fluid (ECF), occur due to high

concentration or loss of hydrogen ions.

They can lead to: -

_ 1- Metabolic acidosis. 2-Metabolic alkalosis.

Hydrogen ions concentration Elevated Decreased
Bicarbonate level (HCO;") Decreased Elevated
Causes: - Impaired H+ excretion. - Loss of H+ in vomit.
- Increased H+ production or - Alkali ingestion.
ingestion. - Potassium deficiency.
- Loss of HCO3-
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@ NETABOLIC ACID-BASE DISORDERS

z -
Impaired H' Loss of H
excretion In vomit
H* decreased i
ek Incre%sed.H* Alal
production Sl
o ingestion ingesto
.. Potassium
Loss of HCOg deficiency
Fig. 1 Recognizing primary metabolic
acid-base disorders by inspecting the Flg. 3 Reasons for metabolic acidosis and alkalosis.
HCO;~ concentration.
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- What is it?

It is the difference between the sum of: cations (Na+ and K+) and anions (CI- and HCO,").

- Its importance: It helps in assessing acid-base problems.

- How?

After calculation the anion gap (By measuring all the cations, then measuring all
anions, and subtracting the two values) we look at the value:

(alkalosis) Low gap % Normal gap % (acidosis) High gap

l l i

—> Low anion gap - - High anion gap

Normal anion gap
X< 3 mEq\L > (3-11) mEq\L > X>11 mEq\L
- Alkalosis (more bicarbonate) - Acidosis (Less bicarbonate)

n Useful Video

Understand it, don’t only
memorize!

* The formula of AG is:

Because of that we consider the
value of:

- Alkalosis < 3 ( Bc anion in the
formula have —ve charge)

- Acidosis > 11 ( Bc cations in the
formula have +ve charge)


https://www.youtube.com/watch?v=sQnEFVNrY74

What is it?

A reduction in bicarbonate concentration of
extracellular fluid (ECF). When alkaline molecule (HCO;)

decreased = Acidic molecules will have the upper hand.
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metabolic
acidosis
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B METABOLIC ACIDOSIS

Renal failure affects the functioning nephrons therefore there is
no adequate excretion of various acids (they will accumulate
and cause the acidosis)

: : : When your body generate ATP by anaerobic
Lactic acidosis pathway, lactic acid levels_in your blood will get
elevated.

when can't produce enough insulin (plays a key role in
helping sugar (glucose) enter your cells.) Without
enough insulin, your body begins to break down fat as >

Diabetic ketoacidosis

fuel. This process produces a buildup of acids in the
bloodstream called ketones, eventually leading to
diabetic ketoacidosis if untreated.

Loss of bicarbonate (HCO4) stores through diarrhea.

i{9Z11owaw Ajuo 3 uop ‘31 puejsiapun

e.g. Aspirin poisoning leads to lactate
accumulation.
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Hyperventilation t[H conc] L oss of Arrhvthmi
Compensatory Stimulates consciousness, rc';. ythmia,
physiological respiratory coma. death cardaiac arrest
- response response ’ -

- It is deep, rapid and gasping respiratory pattern. HOW!?

- Your body is trying to get more O, and to remove CO,

- How to remember that hyperventilation happens when

there is metabolic acidosis?
sy i ) A8l Lo cllginl oy g (udaly ) (g (5 s Ll Ay
:Ooiud Olie (Hyperventilation)
.oxygen debtd) = g2 -)
.Lactic acid S5 35S (a ilall metabolism acidosisd) 3aa (e JHaS Y

It affects the heart by reducing
its contractility, one of the
methods is by an action
potential effect.

It causes an elongation owing to
inhibition of K+ exchange as a
consequence of reduced Ca?*
current.
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Metabolic Alkalosis

Causes Clinical effects

Increase in bicarbonate HCO;"

concentration in ECF. o
Hypoventilation

(Depressed breathing) ]

Loss of H* ions in gastric

fluid due to vomiting. chronic vomiting. Normal

. — . . Compensatory physiological
Remember: our stomach P Y phy g
vomiting does not cause it.
Is filled with acidic molecules. g response
Ingestion of sodium - Increase PCO, to
bicarbonate compensate alkalosis.
NaHCO; is alkaline - Respiratory arrest

Potassium K* deficiency loss of K through Kidneys

as a result of diuretic «—— That will cause reabsorption Confusion, coma, death

therapy of bicarbonate.
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METABOLIC ACIDOSIS

¢ Headache

* Changes in LOC

(Confusion, Tdrowsiness)

¢ Decreased BY

* Hyperkalemia o Kusamaul

* Muscle TWItCth@ (Compen@atory )

Hyperventilation

o Warm, 1 Abiliy of
lush Kidney to .
;Eg Z excrete acid or * Causes:
il - conserve base DKA
Wasodiaior) Severe Diarrhea
Renal Failure
H
* Nausea, pH ) (¥ Shock
Vomiting
Diarrhea

METABOLIC ACIDOSIS US METABOLIC ALKALOSIS

Reepiratione

ﬁ ©2007 Nursing Education Consultants, Inc.

u Metabolic Acidosis VS Alkalosis

METABOLIC ALKALOSIS

¢ Restlessness
Followed by
Lethargy

* Confusion
(L LOC, Dizzy, Irritable)

* Dysrhythmias * Nausea, Vomiting,

(Tachycardia) Diarrhea
o )3
ompensatory
Hypoventilation

* Tremors, Muscle Cramps,
Tingling of Fingers & Toes

{
* Cauges:
Severe Vomiting
Excessive Gl Suctioning
Diuretice
Excessive NaHCO%

* Hypokalemia

ﬁ ©2007 Nursing Education Consultants, Inc
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https://www.youtube.com/watch?v=eK2dBdBRvCU
https://www.youtube.com/watch?v=eK2dBdBRvCU
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What is it?

/

LAGTIC AGIDOSIS

An elevation in concentration of plasma lactate.

Occurs either
due to:

AN
|
p
Failure of
circulatory
system (hypoxia)

A

|

Disorders of
carbohydrate
metabolism

Some lactate is
metabolized to

CO2 and water
(Krebs cycle).

The skeletal
muscles
produce high
amounts of

lactate during
vigorous (hard)
exercise

TN

Lactate \
metabolism
in tissue

Lactate is
metabolized in
liver (60%) and
kidney (30%) to
glucose.



https://www.youtube.com/watch?v=eK2dBdBRvCU
https://www.youtube.com/watch?v=kVf0RXpW5c0
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The body tissues The lactate enters All tissues can

produce ~ 1500 blood si'Fream a.n(f produce lactate
metabolized mainly under anaerobic

by the I!ver (60%) conditions.
(Cori cycle)

millimoles of
lactate each day.

Weight lifting is anaerobic
process.

Pyruvate is
converted to lactate
by lactate
dehydrogenase
enzyme.

Cori cycle :

Because of exercising the muscles will produce lactate, which will enter
the blood stream and go to the liver, the liver then will convert the
lactate into glucose via gluconeogenesis, and ultimately the newly

formed glucose is transported to the muscles to be used for energy again.

REMEMBER:

the liver has the major role in
removing lactic acid from the body
(the kidneys also can do
gluconeogenesis (30%), but the
liver has the major role).
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Glycogen Glycogen PR

i 1 NADH +HE  NAD

/Fattyacids Glucose. oo / HOo \_/‘ HOH ,

R o s,

colysis m H_C—C-c = H—C—C"'c
el . “OH LDH | OH
Lactate H H H
/ Pyruvic acid Lactic acid

MUSCLE LDH: Lactate dehydrogenase

cori cycle

LACGTATE METABOLISM IN TISSUE

Lactic acidosis can occur due to:
|

Excessive tissue lactate production Impaired hepatic metabolism of lactate
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https://www.youtube.com/watch?v=eK2dBdBRvCU
https://www.youtube.com/watch?v=eK2dBdBRvCU
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Types and Causes of lactic acidosis
< > Type B

* Happens due to:
hypoxia in tissues (most common).

* How? LS sl 8 05 i
1- hypoxia causes - impaired oxidative phosphorylation + decreased ATP synthesis. & Ui s LS sulel)
2- In order to survive, the cell switches to anaerobic glycolysis for ATP synthesis. A3aS Jin gl ¢ BN
3- this produces lactate as a final product. G¥) Asiid) 2 (S Y

e 5 ) e
L5 + Oxygen debt: FESEL P (G TPRTY

The amount of oxygen required to recover from oxygen deficiency. Cagohall pda (e 1)

35 lall Jlat et

 Type Ais due to inadequate supply of oxygen to tissues in:

- Myocardial infarction. Sl g gl il e
- Pulmonary embolism. i A2 i &l
- Uncontrolled hemorrhage. 2 pulas ¢ QSO aes
- Tissue hypo-perfusion (inadequate blood supply to tissue, resulting in low Jading ¢ Lpneal) G

oxygen supply. ) (shock, cardiac arrest, acute heart failure, etc.) S

- Anaerobic muscular exercise.
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Types and Causes of lactic acidosis
Type A P > Type B

Happens due to:

disorders in carbohydrate metabolism.

Ve

Congenital lactic acidosis is due to deficiency of pyruvate dehydrogenase
enzyme. ( it is responsible of the conversion of the pyruvate into acetyl-coA, so
if it’s deficient pyruvate won’t get converted into acetyl-coA, therefore high
levels of pyruvate will accumulate which will ultimately lead to the
overproduction of lactic acid *the cell wants to utilize it* )

Chronic hepatic disease accompanied by shock or bleeding.

Liver failure.

Drug intoxication (mainly the hypoglycemic drugs, they affect the
mitochondrial function).
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%)iochemistryTeam

DIAGNOSIS AND TREATMENT

Diagnosis done by: measuring blood lactate levels.

* Levels:
Normal Hyperlactemia x severe lactic acidosis
i 2 mmols\L t 5 mmolsiL t
- X< 2 mmols\L
- (2-5) mmols\L - X> 5 mmols\L
— Normal > Hyper-lactemia

—>severe lactic acidosis

Treatment:

- Correcting the underlying conditions.
- Restoring adequate tissue oxygen.
- Avoiding sodium bicarbonate.

High doses
of sodium
bicarbonate
decrease
acidity

But activates
Phosphofruc
tokinase

Which lead
to Lactate is
production
in glycolysis
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In

2 Metabolic acid-base disorders

What are they | Disorders that are caused by changes in bicarbonate concentration in the extracellular
fluid (ECF).

occur due to high concentration or loss of H+ ions.

Metabolic A reduction in pbicarbonate concentration in ECF.

Acidosis - Leads to: 4 H+ ions conc. & J§ HCO3- level.
- causes: Impaired H+ excretion, Increased H+ production or ingestion, Loss of HCO3-.

Metabolic Increase in pbicarbonate concentration in ECF.

alkalosis - Leads to: | H+ions conc. & FHCO3- level.

- causes: Loss of H+ in vomit, Alkali ingestion (NaHCO3) , K+ deficiency due to diuretic therapy.

Metabolic Acidosis & Alkalosis

Acidosis -Causes: Renal disease |, renal tubular acidosis , lactic acidosis ,diabetic ketoacidosis,
poisoning , chronic Diarrhea.

-Clinical effects : hyperventilation (stimulated by elevated H+ ions), |oss of
consciousness, coma, death.

Alkalosis -Clinical effects : Hypovrntilation = increase in PCO2 - respiratory arrest.
Confusion , coma ,death.

What is it¢ It is the difference between the sum of: cations and anions.

How?2 « After calculation the anion gap we check the value:
If the value <3 mEg\L = alkalosis .
If the value > 11 mEg\L = Acidosis.




Lactic acidosis

It is an elevation in concentration of plasma lactate.

Occurs due to

Failure of the circulatory system ( hypoxia).
Disorders of carbohydrate metabolism.

Lactate metabolism

The tissues produce 1500 millimole of lactate each day.
60% of lactate is metabolized by liver (cori cycle).
Pyrovate is converted to lactate by lactate dehydrogenase enzyme.

Type A lactic acidosis

Happens due to: hypoxia in tissues (most common).
hypoxia causes: impaired oxidative phosphorylation + decreased ATP synthesis.

Oxygen debt: The amount of oxygen required to recover from oxygen deficiency.
Type A is due to inadequate supply of oxygen to tissues in:

- Myocardial infarction.

- Pulmonary embolism.

- Uncontrolled hemorrhage.

- Tissue hypo-perfusion (shock, cardiac arrest, acute heart failure, etc.).
It leads to chocolate cyanosis “brownish-blue color of the skin and blood”

Type B lactic acidosis

Happens due to: disorders in carbohydrate metabolism:

1-Congenital lactic acidosis is due to deficiency of pyruvate dehydrogenase
enzyme ( which is responisble for conversion of the pyruvate into acetyl-coA)
2-Chronic hepatic disease accompanied by shock or bleeding.

3-Liver failure.

4- Drug intfoxication.

Diagnosis and
tfreatment

Diagnosis by: measuring blood lactate levels.

Normal level is below 2 mmols/L , Hyperlactemia is between 2 & 5, and
severe lactic acidosis is above 5.

Treatment: Correcting the underlying conditions, Restoring adequate O2 1o
tissues , and Avoiding sodium bicarbonate.
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1.Ketone body formation is most likely to cause:

4. a patient with high pH levels and increased HCO3- in

A. infection

B. acidosis

C. bleeding

D. protein deficiency

2. What is the type of lactic acidosis associated
with hypoxia:

A. Hypoxic lactic acidosis

B. type A lactic acidosis

C. type B lactic acidosis

D. chronic lactic acidosis

3. to diagnose a patient with lactic acidosis
............... Analysis must be used:

A. glucose level in blood

B. lever enzyme activity

C. blood lactate levels

D. lactate levels in urine

blood. He will most likely be presenting with:

A. hyperventilation

B. decreased ventilation

C. severe abdominal pain

D. excessive sweating

5. what is the percentage of lactate metabolism in the
lever during strenuous exercise:

A. 90%

B. 50%

C.30%

D. 60%

6. Which of the following is (are) produced by the rapid
and incomplete breakdown of fatty acids?

A. Acetone and ketoacids

B. Lactic acid

C. Amino acid

D. Urea
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7. A diabetic patient came to the ER — emergency 9.All are true for renal handling of acids in

room- complaining of abdominal pain, nausea metabolic acidosis except :

and vomiting. Also he shows shortness of breath. = A. Hydrogen secretion is increased.

What is his underlying condition: B. Bicarbonate reabsorption is decreased.
A. Hyper-lactemia C. urinary acidity is increased.

B. lactic acidosis D. urinary ammonia is increased.

C. ketoacidosis

D. none of the above.

Explanation: the diabetic patient metabolizes
fatty acids in low insulin stages and ketone bodies
are formed causing the depletion in blood pH.
8.Lactic Acidosis:

A. Is caused only by rapid and incomplete
catabolism of fatty acids

B. is accompanied by the formation of large
amounts of ATP.

C. develops in response to prolonged anaerobic
catabolism

D. is caused only by extreme exercise
characterized by muscle soreness
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