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Respiratory waveform

Scalar waveform : parameters over time

Respiratory Waveform

* Flow —time
* Pressure — time
* Volume —time

Loop waveform

AMNNIFNA SnnTanSad
maindesmand auzivmemani awiinndosoalmi * Flow —volume
* Pressure — volume

Positive Pressure Ventilation Compliance and Resistance

* Compliance

=>Elasticity of the lung-thoracic
system to airway pressure and
volume changes

Inhaled tidal volume of 600 cc

* Airway resistance

=>Opposition of the lung-
thoracic system to the air flow

._.,_E



Lung Compliance Lung Compliance

Tidal volume of 500 cc, pressure

Lung compliance= 500/20=25 cc/cmH,0

Lung Compliance Lung Mechanics

Tidal volume of 500 cc, pressure « Compliance (C) = 1/Elastance (E)
» Compliance wia elastance ves respiratory system iuxaves lung
+ chest wall

*Eps=E +Eqy

* 1/C=1/C +1/Coyy

* mvia compliance uas lung dasissmnan transpulmonary
pressure

Lung compliance= 500/50=10 cc/cmH20 _




| Lung Compliance

ﬁ ~ 20 Plateau airway pressure

[ Transalveolar pressure= 20- (-5)= 25
Lung compliance= 500/25= 20 cc/cmH20
Compliance simlzimunziin passive inhalation

(]

Tidal volume 500 CC

Normal

Peak/ plateau pressure

P,= alveolar pressure

pressure

Lung C‘ompli"ance

& 20 Plateau airway pressure

Transalveolar pressure= 20-5= 15

Lung compliance= 300/15= 20
cc/emH20

[+]

mmbmiin lung compliance sasdritaiia
Tidal volume 300 CC chest wall compliance #esane

Stiff Chest Wall

Peak/ plateau pressure

= P,=airway pressure=peak airway pressure
P= Aiveolar pe':ssure:-gleateau airway pressure

P,=10

!:1':.P‘ra:ory
pause

Peak
pressure

Plateau pressure




Peak and Plateau pressure - _
Compliance s ,
High pressure alarm nel et Sl P - ;n“

Plateau pressure 20 cmH,0

Compliance = AV/AP
AR Cdyn = VT/(Pmax-PEEP) e a mr e
Cqua = VT/(P1-PEEP)
Cstat = VT/(P2-PEEP) =

Paw (em20)

Compliance Pause time (s)

Static
Quasistatic
Dynamic

23
1-15

<l
Add inspiratory pause 0.5 sec

— o Airway Resistance Clinical significance
Lung mechanics in volume control ventilation

* Normal compliance 60 - 100 mL/cmH,0 Increased Raw informs

of airway problems
« Effective respiratory compliance
« ARDS 35+5 mL/cmH,0 '
* Cardiogenic pulmonary edema 44+8 ml/cmH,0 .
Increased airway
« COPD 56 19 mL/cmH,0

pressures-Barotrauma



* Resistance = Driving Pressure / Flow rate . *W=PxV=[P-dV
= A Paw/flow e ':b&t Resistance * Unit : kg:m, Joules
* R total = Rrs + R tube z all S ol *1kgm=9.8)=10J
* Setting Jg N * 1 cmH,0/mL = 10-5 kg'm =10-4 J/mL=0.1J/L
gt 4 T * WOB ., = 0.47£0.22 J/L
» Constant flow 60 L/min (60 L/min = 1L/sec) b I (=0.51/L= 5 cmH,0/mL) l

* Pause time 1-2 sec

Resistance < 10 cmH,0

Introduction to ventilator graphics The Objective of Graphics

Allows the clinician:
The Goals of Mechanical Ventilation

* To “see” ventilator/lung interaction via graphs and X-Y plots
1. Improve Gas Exchange: Ventilation/Oxygenation (loops)

2. Improve Pulmonary Mechanics « Fine tune ventilat ttings

3. Improve Patient Comfort
« Rapidly troubleshoot the patient/ventilator interface
4. Decrease Work of Breathing



The Principles of Graphics The Principles of Graphics

Volume \
= W O T
A A

Volume, Flow and Pressure data helps the

clinician to “see” the work required to ventilate Example of simultaneous Volume,
Flow and Pressure graphs

The Volume Graph The Flow Graph ~ mechanical breath

1//\

Time

The volume signal describes the volume of air moved . s 5
during the inspiratory and expiratory phase of the breath. The flow signal describes the movement of gas in the airways.



The Pressure Graph
Volume Control Ventilation

\\Jﬂ
N PR
Yl

E===) Peak pressure (PIP)
Phtealu pressure (Ppl)
PEEP / CPAP
ln-h l ‘N

—
(1

The pressure signal describes the forces applied by
the ventilator to the respiratory system

For best interpretation, view all graphs simultaneously
ime

« Trigger time

* Rising time

* Pause time i
* Cycling off

* Expired time 2
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Flow pattern reveals autoPEEP or air-trapping Flow pattern revesls waterdn the circult

Flow ] [] 1 Fow| [] o DY ~1

Flow starvation (inadequate flow) Double Triggering




Long I-Time in Pressure Control ;
Pressure volume loop in VCV

Flow volume |00p Lung mechanics in pressure control ventilation in PCV




Delayed Termination in PRVC Premature termination in PSV

inspired terminal spiking in pressure time curve abrupt Inltial reversal in expiratory flow waveform

s Bvcusn - Tene 1 1 1
.. v N “ et et Yot ©
i ) T pefail 0.8 —
! S i | b (S £ sce Ti
Lol : )
w { n -a.e .
N P Ve > A asil]
ol ! ¥ 4 i abrupt drop from peak pressure to baseline
-l concave appearance rather than a normal gradual decay
et e

Anesth Analg 2001;92(1):161-165

Suspection to AutoPEEP when short Expiratory time

Premature termination in PSV

double trigger and stacked breath
MHQ’K
n./-l (1 e e e v 5 Inspiration ::
o. &
- == v L
s — K i s
neo g }; - o
~33 abrupt drop from peak pressure to baseline 5
ot rcave rather than a normal gradual decay

(| sema=
Flow is not reach to baseline



Expiratory air flow obstruction Summary

* Respiratory waveform is a part of respiratory monitoring

* Waveform provide
* Lung mechanics
* Compliance/ Elastance
* Resistance
* Ventilatory synchrony
Inspiration = =Y i N Respiratory complications

= Monitoring of response after treatment

Expiration s om— \ _




