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The pH is Metabolic, Now What?
Patrick McDonagh MS. RRT-NPS, ACCS, C-NPT.

Disclosures 

None To Report 
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Objectives

1.Respiratory Compensation for a Metabolic Acidosis 

2.Calculating How much Rate/Volume is Needed

What is a RRT’s Scope of Practice?

IT’s A SCOPE OF PRACTICE 

NOT
A SCOPE OF KNOWLEDGE

YOU ARE FREE TO KNOW WHATEVER 

YOU CHOOSE
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The Negative Effects of an Acidotic pH 

Hyperkalemia  

Oxygenating the Patient 

Hemodynamics

Neurological Patient 

Pregnant Patient: Oxygenating Two People

Causes of Metabolic Acidosis 

4 Questions to Ask Why? 

1.Lactic Acidosis

Improve oxygenation, Q, Kidney 

Function

2.DKA

Control glucose and Insulin 

levels

3.Renal Failure

Hydration – Cardiac Output -

Failure

4.Toxins

Stop intake and give antidote –

Treat the symptoms 

G: Glycols, such as ethylene glycol and propylene glycol

O: Oxoproline, a metabolite of paracetamol (acetaminophen)

L: L-lactate, the chemical responsible for lactic acidosis

D: D-lactate

M: Methanol

A: Aspirin

R: Renal failure

K: Ketoacidosis, ketones generated from starvation, alcohol, 

and diabetic ketoacidosis

•M: Methanol

•U: Uremia (chronic kidney failure)

•D: Diabetic ketoacidosis

•P: Propylene glycol, which is used as an inactive stabilizer in 

many medications

•I: Iron overdose, isoniazid (INH), or inborn errors of 

metabolism

•L: Lactic acidosis

•E: Ethylene glycol

•S: Salicylate
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Providing Respiratory Compensation: It’s Only Temporary 

Respiratory compensation is the physiologic 

mechanism to help normalize a metabolic 

acidosis, however, compensation never 

completely corrects an acidemia. It is 

important to determine if there is adequate 

respiratory compensation or if there is 

another underlying respiratory acid-base 

disturbance.

The aim of ventilation to compensating for a metabolic 

acidosis is by increasing the minute ventilation while to 

not to normalize pH. A target pH greater than or equal to 

7.15 seems reasonable. Medical treatment of metabolic 

acidosis and of its cause should be applied, as 

ventilatory compensation can only be symptomatic and 

temporary.

Maximal Respiratory Compensation 

Do we Change the RR or VT…. 

Or Both?
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Should we Target the ETCO2 or the paCO2?

ABG Changes 

pH change of 0.08 will move paCO2 10 in the opposite direction

pH 7.30 – paCO2 50

pH change of 0.10 will move K+ 0.6 in the opposite direction

pH 7.30– K+ 5.6

pH change of 0.15  will move HCO3 10 in the same direction

pH 7.25 – HCO3 14

Adjusting The Ventilator 

Have-Want Formulas

RR change= (current RR x current paC02) / desired paC02

VT change= (current VT x current paC02) / desired paC02

MV change= (current MV x current paC02) / desired paC02

The Negative Effects of Acidosis: Hyperkalemia 

Hyperkalemia can be the direct cause of 

metabolic acidosis from its effects on multiple 

components of renal metabolism. 

A rise in the serum pH (decrease in 

H+ concentration) will result in a shift of H+ out 

of the cell and potassium into the cell. The 

reverse occurs during acidemia with a shift of 

potassium out of the cell
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Hyperkalemia Range and Treatment  

Normal Range 

3.5 to 5 mEq/L

Calcium

Beta Agonist and Bicarb

Insulin

Glucose

Kayexalate

Diuretics/Dialysis 

QUESTION

Should We Directly Treat the Hyperkalemia or Fix 

the Metabolic Acidosis? 

Use of albuterol has been shown to decrease serum 

potassium levels by 0.3 to 0.6 mEq/L within 30 minutes; 

the decrease lasts for at least 2 hours. Doses from 10 to 

20 mg utilized in hyperkalemia are much higher than 

those used in management of acute bronchospasm

Albuterol and Hyperkalemia 
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Acidosis can cause pulmonary vasoconstriction, 

which is the narrowing of the pulmonary blood 

vessels.

This is because pH regulates voltage-gated 

potassium channels in the smooth muscle cells of 

pulmonary blood vessels.

The Negative Effects of Acidosis: Pulmonary Blood Flow  

The Negative Effects of Acidosis: Pulmonary Blood Flow  

Why would you optimize VT and PEEP for Lung 

Volumes/Recruitment and allow a metabolic pH 

decrease pulmonary blood flow by increasing PVR?

Then sit and wonder why your Patient is not 

Oxygenating……
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Ionized calcium, or free calcium, is the biologically active form of 

calcium necessary for many functions, including cell signaling, 

neurotransmission, and muscle contraction. At a low pH, an 

abundance of hydrogen ions effectively competes with free calcium 

for binding sites thus increasing free calcium in the serum.

The Negative Effects of Acidosis: Hemodynamics  

The Negative Effects of Acidosis: Hemodynamics  

Patient is not oxygenating and Hypotensive?

Check the pH Level 

pH < 7.20 = Decreased Contractility of the Heart 

67

It has been known for over 100 years that 

acidosis decreases the contractility of cardiac 

muscle due to small changes of pH levels.
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The Negative Effects of Acidosis: Neurological Patients  

Acidosis in severe disorders of metabolism, kidney 

and respiration impairs brain function which make 

the nervous system to be unable to regulate these 

organs well. Protecting the brain function is one of 

key strategies to block this negative loop.

Guidelines recommend maintaining a target paCO2 

range between 35–45 mm Hg to prevent cerebral 

ischemia in the case of low PaCO2 or hyperemia that 

could lead to elevated intracranial pressure if PaCO2 

is high

A Metabolic Acidosis can have either a 

hidden Respiratory Acidosis or Alkalosis 

The Negative Effects of Acidosis: Neurological Patients  

Hypotension

Oxygenation

pH (Metabolic Acidosis)
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Oxygenating Two People 

When adequate fetal oxygenation does not occur, 

metabolisms proceed along with an anaerobic pathway 

with production of organic acids, such as lactic acid. 

Accumulation of lactic acid can deplete the buffer 

system and result in metabolic acidosis with associated 

low fetal pH, fetal distress and poor Apgar score.
High Airway Pressures from 

Increased Pleural Pressure

ABG Interpretation 

pH 7.28

paCO2 24

HCO3 12

Metabolic Acidosis with a Secondary Respiratory Alkalosis

Normal HCO3 = 24 Normal paCO2 = 40

Current HCO = 12 Current paCO2 = 24

The paCO2 should decrease approx. the same amount as the HCO3

HCO3

24     (Normal)

- 12     (Current)

= 12  (Difference)

Target paCO2

40 (Normal)

-12 (HCO3 Difference)

28 is the new paCO2

Adjust Settings to obtain RR of 

RR change= (current RR x current C02) / desired C02

VT change= (current VT x current C02) / desired C02

MV change= (current MV x current C02) / desired C02

RR 24 x Current paC02 24

Desired pacO2 28

= New RR 20

What’s your interpretation?

Should we adjust the Rate?

Should we adjust the Tidal Volume?

Should we adjust Both?
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ABG Interpretation

Metabolic Acidosis with a Secondary Respiratory Acidosis

Normal HCO3 = 24 Normal paCO2 = 40

Current HCO =   20 Current paCO2 = 24

The paCO2 should decrease approx. the same amount as the HCO3

HCO3

24     (Normal)

- 10     (Current)

= 14 (Difference)

Target paCO2

40 (Normal)

- 14 (HCO3 Difference)

26 is the new paCO2

Adjust Settings to obtain VT of 

RR change= (current RR x current C02) / desired C02

VT change= (current VT x current C02) / desired C02

MV change= (current MV x current C02) / desired C02

VT 300 x Current paC02 34

Desired paCO2 26

= New VT 392

pH 7.15

paCO2 34

HCO3 10

What’s your interpretation?

Should we adjust the Rate?

Should we adjust the Tidal Volume?

Should we adjust Both?

ABG Interpretation 

pH 7.15

paCO2 40

HCO3 8

Metabolic Acidosis with a Secondary Respiratory Acidosis

Normal HCO3 = 24 Normal paCO2 = 40

Current HCO = 8 Current paCO2 = 40

The paCO2 should decrease approx. the same amount as the HCO3

HCO3

24     (Normal)

- 8     (Current)

= 16  (Difference)

Target paCO2

40 (Normal)

-16 (HCO3 Difference)

24 is the new paCO2

Adjust Settings to obtain Ve of 

RR change= (current RR x current C02) / desired C02

VT change= (current VT x current C02) / desired C02

MV change= (current MV x current C02) / desired C02

Ve 6.3 x Current paC02 40

Desired 24

= New Ve 10.5

What’s your interpretation?

Should we adjust the Rate?

Should we adjust the Tidal Volume?

Should we adjust Both?
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ABG Interpretation 

Metabolic Acidosis with a Secondary Respiratory Acidosis

Normal HCO3 = 24 Normal paCO2 = 40

Current HCO = 16 Current paCO2 = 40

The paCO2 should decrease approx. the same amount as the HCO3

HCO3

24     (Normal)

- 16     (Current)

= 8  (Difference)

Target paCO2

40 (Normal)

- 8 (HCO3 Difference)

32 is the new paCO2

RR change= (current RR x current C02) / desired C02

VT change= (current VT x current C02) / desired C02

MV change= (current MV x current C02) / desired C02

pH 7.10

paCO2 42

HCO3 16

What’s your interpretation?

Should we adjust the Rate?

Should we adjust the Tidal Volume?

Should we adjust Both?

A Visual Reference for Estimation of the paCO2 Goal

Adjusting The Ventilator
Have-want formulas

RR change= (current RR x current C02) / desired C02

VT change= (current VT x current C02) / desired C02

MV change= (current MV x current C02) / desired C02

23

24



10/26/2024

13

25

3 P’s of a Low ETCO2

1.Does the Patient have 

a Perfusing Pulse?

2. Is the Patient’s MAP 

below 65 mmHg?

3. Does the Patient have 

a Metabolic Acidosis?

Decreased ETCO2 – Not Always Respiratory

Patient Dependent 

Summary

The Negative Effects of an Acidotic pH 

Hyperkalemia  

Oxygenating the Patient 

Hemodynamics

Neurological Patient 

Pregnant Patient: Oxygenating Two People
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