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Learning 
Objectives

• 1. Learning the difference between time 
cycle and volume cycled ventilation

• 2. How to adjust the ventilator to 
compensate for high PCO2

• 3. Management strategies improve 
oxygenation

• 4. Evaluation of ABG
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Modes of 
Ventilation

• Volume-cycled ventilators:

• Gas flows to the patient until a preset 
volume is delivered to the ventilator 
circuit, even if this entails a very high 
airway pressure.

• Individuals require mechanical ventilation 
for different reasons.

• Examples: 

• Assist Control ( A/C)

• Synchronized intermittent mandatory 
ventilation ( SIMV)
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Modes of 
Ventilation

• Pressure Control Ventilation (PCV) is a mode 
of mechanical ventilation where:

• The ventilator controls all phases of the breath 
based on set parameters

• Breath delivery is at a set inspiratory pressure, 
optimizing oxygenation and reducing 
barotrauma risk

• The pressure remains constant, but the 
volume of air delivered can change based on 
lung compliance and airway resistance

• It is used to regulate pressures applied during 
mechanical ventilation
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How to 
Correct CO2 

and PaO2

Oxygenation

• Increased by increasing Fi02

• Mean Airway Pressure

• Peep

Carbon Dioxide Clearance

• Increasing TV

• Increasing Rate

• ( increased Minute Ventilation)
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Setting the 
Ventilator 
Settings

• Volume Cycled Ventilation

• Tidal Volume is set at less than 10 ml/kg 
for ideal body wt

• Lung protective strategy is 6-8 ml/kg 
for ideal body wt

• Respiratory rate : 10-20 BPM

• Fio2 starts at 100% and titrates down

• Peep Starts at 5 cm of water and titrated 
up

• Pressure support starts at 10 cm of water 
and titrates up for SIMV Ventilation
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SIMV VS A/C = Same 
mode of ventilation at 

High Rate

• Example of settings for 75 Kg person: A/C

• R: 14 

• Tidal volume 550ml 

• Fio2 100% 

• PEEP 5 CM H2O

• Example of settings for 75 Kg person: SIMV

• R: 14 

• Tidal volume 550ml 

• Fio2 100% 

• PEEP 5 CM H2O

• Pressure Support 10 cm H2O
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A/C and SIMV 
Differ when it 

comes to 
Spontaneous 

Breathing

• Patient can breathe spontaneous on either 
mode

• Rate set at 10 BPM they can breathe at 20 
BPM

• The first 10 BMP are the same the difference is 
in the spontaneous breathes. 

• A/C every breathe is the same 

• SIMV the spontaneous breathes are based on 
what the patient can do with pressure support 
help. PS = IPAP ( BIPAP)
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Adjusting PS to 
Obtain Desired 
Tidal Volume
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A/C Drawbacks
• If the patient is Tachypneic they can blow down 

their CO2 and become alkalotic.

• Why?
• High minute ventilation

• Every Breathe delivers the entire tidal volume

• Min vent = RR *TV
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SIMV 
Drawback

• If the PS is not titrated up appropriately the patient will 
have
• High PCOs from low tidal volume and decreased 

minute ventilation
• Acidosis from hypoventilation
• They will attempt to compensate by increasing the 

rate to blow off CO2

• Why?
• Low minute ventilation
• Spontaneous Breaths with deliver only what the 

patient can draw in 
• Min vent = RR *TV ( If they can not get volume they 

will try to make if up with rate)
• People that fail SIMV from tachypnea have not had 

adequate PS added
• PS does not add to the mean airway pressure. You 

can titrate as high as needed to get desired tidal 
volume. ( 10-25 cm H2O)
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Carbon Dioxide Calculation
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Adjusting to 
compensate 

for high PCO2

• Min vent = RR *TV

• Adjust based on Volume 

• Adjust based on Rate

• Example 

• PCO2 is 55mm Hg

• TV 350 ml

• RR 10 BPM

• Desired 40 mmHg PCO2
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Calculations

• Tidal Volume

• Equation

• Tidal Volume PCO2 =

(PCO2(Have) )*(TV)(Have)

______________________________________
___

(PCO2)(Want)

• Respiratory Rate equation

• Equation

• RR PCO2 =

(PCO2(Have) )*(RR)(Have)

___________________________________
___

(PCO2)(Want)
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Calculations

• Tidal Volume

• Equation

• Tidal Volume PCO2 =

(55)*(350)

___________________________________

(40)(Want)

=481.25   = 482ml

• Respiratory Rate equation

• Equation

• RR PCO2 =

(55 )*(10)(Have)

___________________________________

(40)(Want)

= 13.75   14 BPM
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Carbon Dioxide 
Calculation

Clinical Pearl 

• Increasing PaCO₂ → decrease VT or RR

• Decreasing PaCO₂ → increase VT or RR

• Assumes stable dead space and CO₂ 
production
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Management 
Strategies Improve 

Oxygenation

• Recruit lung to save the day

• Increased Fi02 is the rescue maneuver

• If you increase FiO2 you should increase 
PEEP

• Need to fix the Right to Left Shunt 
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Management 
Strategies Improve 

Oxygenation
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Management 
Strategies Improve 

Oxygenation
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Management 
Strategies 
Improve 

Oxygenation
FiO2 %

30 40 50 60 70 80 90 100

PEEP (cm 
H2O)

5 5 8 10 12 14 16 18

Wisniewski Simplified Version
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Mean Airway 
Pressure 

• Think of PEEP in terms of the Diastolic BP

• PEEP is the DP

• Mean Arterial Pressure is defined as 

• Biggest Contributor to MAP is the DP

• Biggest Contributor to Mean Airway 
Pressure is PEEP
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Mean 
Airway 

Pressure 
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Mean 
Airway 

Pressure 
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Mean Airway 
Pressure 
Increases

• Increasing the Time in Inhalation 
increase Airway pressure. More time at 
PIP

• More Flow through the same size tube 
has to increase pressure

• Increasing the Peak Inspiratory Pressure 
(PIP) adds to Airway pressure

• PEEP Moves the Lower end of the 
pressure reading upward
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ABG Analysis

• pH  7.35-7.45

• PCO2  35- 45 mmHg 

• PO2 60-90 mmHg

• Be  +2  to -2 

• HCO3   22-28 

We have addressed 

Fixing PCO2 , PO2
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ABG Analysis

• Fixing pH

• Acidosis

• Metabolic 

• BE - <  -4

• pH < 7.35

• PCO2  < 35 ( compensating) tachypneic patients 
are worrisome)

• HCO3 < 22

• Addressed this with Shock lectures 
Resuscitation is the answer

• Respiratory

• BE- > -4

• pH < 7.35

• PCO2  >45

• HCO3 >28 ( Compensatory mechanism)

• Mechanical Ventilation is the answer
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ABG Analysis

• Fixing pH

• Alkalosis

• Metabolic 

• BE - >  +2

• pH < 7.45

• PCO2  >45 ( compensating) slowed 
breathing (Bradypnea) patients are 
worrisome)

• HCO3 >28

• Respiratory

• BE- = neutral 

• pH > 7.45

• PCO2  <35

• HCO3 = 22 to 28  (slow  Compensatory 
mechanism)



@Cutting Edge Surgical Medical Group

Alkalosis is 
Lethal 
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Bicarbonate Deficit 
Calculation

Symbol Meaning

HCO₃⁻ dose
Total sodium bicarbonate needed 
(mEq)

0.3
Approximate bicarbonate 
distribution (30% of body weight)

Weight (kg) Patient body weight in kilograms

Base Deficit
Absolute value of base deficit 
(mEq/L)
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Next week • Look at pressure control ventilation

 Calculating tidal volume

 Managing Pressures

 Increasing oxygenation
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Disclaimer for Presentations
The Presentations provided by Cutting Edge Surgical Medical Group, a division of Paul J. Wisniewski, DO, Inc., are intended to offer 
general information and guidance based on current research, clinical best practices, and expert opinions in the medical field. These 
presentations are designed to assist healthcare professionals in making informed decisions regarding patient care, but they are not a 
substitute for personalized medical advice, diagnosis, or treatment.

Important Notes:

• The presentations are for informational purposes only and are not intended to replace professional medical judgment. They 
should be used as a reference and adapted to the specific needs of individual patients.

• Application of these presentations should be made by healthcare providers, taking into account the unique medical history, 
condition, and circumstances of each patient.

• While Cutting Edge Surgical Medical Group strives to provide the most accurate, up-to-date, and evidence-based information, 
we cannot guarantee that all content on the website is free from errors, omissions, or outdated information. Medical knowledge 
evolves rapidly, and presentations may be updated periodically.

• Cutting Edge Surgical Medical Group does not assume responsibility for the outcomes of any medical decision or intervention 
based on the use of these presentations. The use of this information is at the user's own discretion.

• Healthcare providers are encouraged to consult the latest peer-reviewed research, professional standards, and individual patient 
assessments before making clinical decisions.

For specific medical concerns, treatment advice, or patient management, please consult directly with a qualified healthcare provider.
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