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OUTLINE
•Scalar
• Pressure

• Flow

• Volume

•Recognizing Altered Physiological States

•Ventilator Alarms

•Loops
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SCALARS
Real-Time graphical representation of a variable

Vertical Axis – Pressure, Volume, Flow

Horizontal Axis – Time

Measured Parameters –
• Pressure

• Flow

Derived Parameters –
◦ Volume (From Flow)
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BASIC  WAVEFORMS

J.M. Cairo. Pilbeam’s Mechanical Ventilation. Elsevier, New York, 2024



Flow Scalars
Waveform depends on:

1. Mode 2. Settings 3. Type of Breath

Inspiratory Flow
◦ Positive

◦ Active in Nature

Expiratory Flow
◦ Negative

◦ Passive – Depends on Elastic Recoil and Resistance 
of Lungs

◦ Active – Patient Efforts
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PROTOTYPE: SQUARE WAVEFORM



Prototype – Square Wave or Constant Flow

Hasan A. Understanding Mechanical Ventilation. Springer, 2nd Edition; 2010 



The ‘square wave’ Flow Pattern 

The inspiratory flow rate
remains constant over
the entire inspiration.
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The expiratory flow is 
determined by the
elastic recoil of the 

respiratory system and 
resistance of intubated 

airways



The ‘decelerating ramp’ flow pattern

The inspiratory flow rate
decelerates as a function
of time to reach zero flow

at end inspiration

For a given tidal volume,
the inspiratory time is 

longer in this type of flow 
pattern as compared to 
the square wave pattern
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ARDS 
  

Airway Obstruction 
 

Hasan A. Understanding Mechanical Ventilation. Springer, 2nd Edition; 2010 



Effect o Flow Rate on Airway Pressure

Hasan A. Understanding Mechanical Ventilation. Springer, 2nd Edition; 2010 
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Increased Expiratory Resistance
Basics. In: Jean Michel Arnal, Robert Chatburn, Monitoring Mechanical Ventilation Using Ventilator 

Waveforms. 1st ed; Cham, Switzerland; Springer; 2018. pg.  1
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Insufficient Expiration Time
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Airway Pressures

PTA = Paw – Palv

PTR = Paw – Pbs

PTT = Palv – Pbs

J.M. Cairo. Pilbeam’s Mechanical Ventilation. Elsevier, New York, 2024





Hasan A. Understanding Mechanical Ventilation. Springer, 2nd Edition; 2010



Hasan A. Understanding Mechanical Ventilation. Springer, 2nd Edition; 2010



Pressure Scalar
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Driving Pressure



Hasan A. Understanding Mechanical Ventilation. Springer, 2nd Edition; 2010
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Increased Airway Resistance



29-Oct-25 21

Decreased Compliance



STRESS INDEX
Dimensionless coefficient

Quantitatively describes shape of the 
Pressure time curve

Preinstalled Software for Calculation
◦ Macquet Servo-I 

◦ Hamilton
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Driving Pressure



Volume-Time Scalar





Static and Dynamic Parameters
Compliance
◦ Δ volume/Δ pressure

Resistance
◦ Δpressure/ Δ Flow

Elastance
◦ Δ pressure/Δ volume



Cstat = Vt / (Pplat – PEEP)

Cdyn = Vt / (PIP – PEEP)

Normal Compliance
Males: 40 - 100 ml/cm H2O
Females: 35 - 100 ml/cm H2O



Pre-Requistes for Cstat Measurement

◦ VCV 

◦ Ideally paralyzed

◦ Square Wave Form

◦ Inspiratory Hold

◦ Expiratory Hold 



Inspiratory Hold



Exp. Hold





Troubleshooting Ventilator Alarms
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LOW-PRESSURE ALARM

1. Check for patient disconnection.

2. Check for leaks in the patient circuit related to the artificial airway 
and through chest tubes.

3. Confirm that the proximal pressure line is connected and 
unobstructed.

4. Low-pressure alarm may be accompanied by a low minute 
ventilation or low tidal volume (VT) alarm.



HIGH-PRESSURE ALARM

1. Check whether Raw has increased or CL has decreased 

2. Coughing, check for secretions or the patient is biting the ETT

3. Kinking or displacement of the ET; Check ET tube’s position

4. Ensure that the main inspiratory or expiratory lines are not kinked or obstructed.

5. Check that the patient is breathing synchronously with the ventilator.

6. Determine whether air trapping (auto-PEEP) has developed.

7. Ensure that the expiratory filter and expiratory valve are functioning properly.



LOW POSITIVE END-EXPIRATORY OR PEEP/CPAP ALARMS
1. Check the low-PEEP alarm is set below the applied PEEP level.
2. Determine whether patient is actively inspiring below baseline.
3. Determine whether a leak is present.
4. Confirm that the patient has not become disconnected from the ventilator.
5. Ensure that the proximal airway pressure (Paw) line is not occluded.



APNEA ALARM
1. Determine whether the patient is apneic.
2. Check for leaks.
3. Check the sensitivity setting to be sure the ventilator can detect patient effort.
4. Check the alarm-time interval and the volume setting, when appropriate.



Auto-PEEP
Additional pressure above the set PEEP
Due to Air trapping
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EXPIRATORY HOLD
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Respiratory Time Constant (RC)
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Product of Compliance (C) and Resistance(Raw) 
RC = C (L/cm H2O) x Raw (cm H2O/(L/sec)

Equals the length of time (in seconds)required for the lungs 
to inflate or deflate to a certain amount(percentage) of 
their volume.



◦ Theoretical model based upon the simple premise of a constant pressure 
generator connected to a single compartment with fixed resistance and a 
compliance component.

◦ Describes passive pressure control ventilation, whereby a fixed airway 
pressure produces an exponential curve for changes in flow, and volume 
changes between the proximal airway and the alveoli

◦ Rcinsp (Inspiratory time constant) - Essentially influenced by ventilator 
settings during the inspiratory phase

◦ RCEXP (Expiratory time constant) - Result of passive elastic recoil of the lung 
and the chest wall.
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Reference 
Values

Depta et al. Intensive Care Medicine Experimental (2025) 13:40
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ASV MODE AND GRAPH



ASV MODE AND GRAPH











ASV Graph

29-Oct-25 52



29-Oct-25 53



29-Oct-25 54



29-Oct-25 55



Volume
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Airway Resistance Graphic 



Ventilator Cockpit



LOOPS
• P-V Loop

• F-V Loop

• Quasi -Stat ic  Loop 
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LOOPS

Relationship between two respiratory variables 
plotted on X and Y axis

Each loop consists of an inspiratory and an 
expiratory curve

Both curves graphed together form a distinctive 
“loop” shape

Primary types of loop graphics are:

Pressure-volume (P-V) Loop

Flow-volume (F-V) Loop
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LOOPS

Relationship between two respiratory variables 
plotted on X and Y axis

Each loop consists of an inspiratory and an 
expiratory curve

Both curves graphed together form a distinctive 
“loop” shape

Primary types of loop graphics are:

Pressure-volume (P-V) Loop

Flow-volume (F-V) Loop

LOOPS



Pressure-Volume 
Loop 

Tracing begins in lower left-hand corner 

At end expiration, returns to the point of 
initiation

Tidal Volume - Highest point of PV loop on Y-axis

Peak Pressure - Same point read against the -
axis

Change in volume per unit change in pressure - 
compliance

PRESSURE-VOLUME 
LOOPS
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Spontaneous 

Breath

J.M. Cairo. Pilbeam’s Mechanical Ventilation. Elsevier, New York, 2024
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Mandatory Breath

VCV Mode



Controlled Breath

VCV Mode
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Airway Pressures 

and P-V Loop



• The drop in airway pressure prior to the positive pressure 
breath denotes the patient’s triggering effort

• Initial Clockwise followed by counter-clockwise movement

Patient-triggered breath 
in CMV Mode
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PV Loops in VCV 

Mode at Different 

Compliances

                                                                                                                             



PV Loop with 
Volume Loss



PV Loop and Flow
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Mandatory
Breath in PCV Mode



PV Loops in PCV 
Mode at Different 

Compliances



Quasi-Static Pressure-Volume (PV) Loop

• Diagnostic Maneuver

• With the patient completely passive, either a low constant flow or slow 

pressure ramp is used to inflate the lungs from 0 up to 40 cm H2O and 

then decreased gradually from 40 down to 0 cm H2O

• The slope of the PV loop at each point of pressure represents the 

compliance of the respiratory system



Assessing Potential for Recruitment
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Flow – Volume 
Loops

Flow (y-axis) is graphed against 
volume (x-axis)

Inspiratory Curve plotted above x-axis

Expiratory Curve plotted below x-
axis



F-V Loop in Spontaneous 

Breath



Flow

Volume

F-V Loop in VCV with 

Constant Flow



F-V Loop in VCV with different 

Constant Flow Rates



F-V Loop with Airway 

Resistance



F-V Loop in Air Trapping



F-V Loop in PCV with Different 

Pressures



Esophageal Catheter
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Insertion



Fix and Inflate





End Expiratory Hold





Target Pressures
End-inspiratory transpulmonary pressure: 20 – 25 cmH2O

Transpulmonary driving pressure: 10 -12 cm H2O

End-expiratory transpulmonary pressure: > 0 cm H2O

Bertoni et al.Critical Care. 2020 24:106









2019





Measurement of Maximal Inspiratory 
Pressure (MIP)

•Patient must be active, that means breathing spontaneously

•Set the Y-axis of the pressure curve manually: Positive 20, negative -120

•Set PEEP to 0

•Perform an expiratory hold

•Measure the minimum of the pressure curve 

•In this example the measured MIP is 44.6
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Thank You
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