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Lectures from History

Claudius Galenus 52555 Hi-Z i, Greek physician and scientist
EE/{Q%HR ﬂ:[l.;rﬁ /.HJ-I_/{Q A /E-iﬁﬁ -|_$D/\\\HF

““You can clearly see this for yourself, even after the animal is dead,
if you blow air through the rough artery into the whole lung and
then empty it out again by pressure”

“If, when the animal is already dead you blow air in through the
larynx, you will, of course, fill the rough arteries and you will see the
lung expanded to its greatest extent while the smooth arteries and
the veins in the lung maintain their size unchanged”

Resuscitation. 2001 May;49(2):119-22. Galen and the origins of artificial ventilation, the arteries and the pulse



Lectures from History

Galen, Greek physician
and scientist

1876, Alfred Woillez 1926, Wilhelm Schwake
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Figure 4. Pneumatic chamber: Patented by Wilhelm Schwake in Germany in 1926 (51). Schwake
was concemed with precise matching of the ventilator and the patient’s breathing pattern. Reprinted

Resuscitation. 2001 May;49(2):119-22. Galen and the origins of artificial ventilation, the arteries and the pulse The Evolution of Iron Lu;wg;j19358



Lectures from History

=Tl
| ST o 1960s, Bird Mark 7/8, NIV (volume/C)
= ’ Fig. 3. Poliomyelitis epidemic patients at Ranchos Los Amigos ’ ’
1911/ Drager S PUImOtor Hgspital, Califci/rnia, 19p53. (Fronﬁ) Reference 8.) ° Bennett TV_ZP & PR_2

1950s, Poliomyelitis epidemic

Fig. 4. Multi-person negative-pressure ventilator at Boston Chil-
dren’s Hospital, 1950s. (From Children’s Hospital Boston Archives,
with permission.)




Table 1. Generations of Intensive Care Ventilators

Generation Years

Distinguishing Features

First Early 1900s to mid-1970s

Second Mid-1970s thru early

1980s
Third Early 1980s through
late 1990s
Fourth Late 1990s to present
Future Only time will tell

Only volume-controlled
ventilation

First appearance of
patient-triggered inspiration

Microprocessor control

Plethora of ventilation modes

Smart ventilation providing
decision support

Robert M Kacmarek. The Mechanical Ventilator: Past, Present, and Future

No monitors, no alarms
|/E ratio fix 1:2
No PEEP

Still only Volume-controlled
Include Basic alarms
Closed-loop ventilation




Basic structure and main functional components

Pressurised oxygen

Blender

Control Valves/
unit M turbine

Sensors g

Humidifier

Exhaled gas

Breathe (Sheff). 2017,;13(2).84-98. Trends in mechanical ventilation: are we ventilating our patients in the best possible way?



Physics of Mechanical Ventilators

* Input power

* Drive mechanism

* Source of Gas supply
* Control circuit



Input power

* Pneumatic: compressed gas from wall outlets

Usually supplied via external power source as well as via
hospital’s central gas supply (approximately 50 psi)

e Electric

AC or DC (battery)current is used to drive the pistons and
compressors that generate pressure.



Drive Mechanism

* Power Transmission System which responsible for
breath delivery to the patient

* 3 types: pistons, bellows, and pneumatic circuits.

Servo 900 C Pneumatic Unit

—-s. = Solenoid valves

)
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Source of Gas supply

Both oxygen and air are required

* Air

Central compressed air, compressor, turbine flow
generator

* Oxygen

Central oxygen source, O2 concentrator, O2 cylinder
* Gas mixing unit — 02 blender




Open -Loop Feedback System

Lung
Stability

Set Paint

Ventilator
Settings

Actual Lung
Stability

Input + 9] —} Controller _} Output

Sensor Q

Physiologic
Changes




Phases of Mechanical Breath

Inspiratory phase

>

Triggering phase

Cycling phase
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Expiratory phase

Expiratory phase

clnitiation phase: Trigger variable
Mandatory/ Spontaneous
Time, Flow and Pressure
Inspiratory phase: Limit variable (Target)
Pressure, Flow or Volume

9Cyc|ing phase: Cycle variable
Time cycling, Flow cycling and Pressure
cycling

QExpiratory phase: PEEP variable
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Full support Mode

CMV

Continuous (control) Mandatory Ventilation

~

VCV

PCV

SIMV

PSV

CPAP

Y,
4 . N
Partial support Mode
Intermittent Mandatory Ventilation
4 . N
Spontaneous Breathlng
K Continuous Spontaneous Ventilation

ATC
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Full support Mode

CMV

VCV

Continuous (control) Mandatory Ventilation

\_ J

Partial support Mode

IMV

Intermittent Mandatory Ventilation

Spontaneous Breathing

CSV

Continuous Spontaneous Ventilation

PCV

SIMV

PSV
CPAP
ATC




Pressure
(cmH,0)

7\
),

Insp. effort

Common Ventilator Modes

* Mandatory/ Spontaneous

Controlled

* Time(Set Rate), Flow and Pressure

e Assist/Control mode

Mechanical breath
and without insp. effort

Time (sec)

/.

5| &) ( sedation, trigger A~ &)~ Control
« OJ5|&f > Assist mode




VCV (Volume control ventilation)

* Settings
* Trigger: P’'t or Time
* Target: Volume
* Limit: Inspiratory flow
* Rate

eVt = flow x Ti
* Advantages

Assured minute Ventilation

* Disadvantages

Unmet need for high breathing demand
Risk for Barotrauma

— Yolume (mil)

= Flow {l/min)

C— Paw (fcmH20)

— LY

— Palv (cmH20)



PCV (Pressure control ventilation)

* Settings
* Trigger: P’t or Time

= Volume (ml)

* Target: Pressure /N
* Rate . — e — _
A h, M - Eluw [(l'min)
* Ti, time of inspiration o N N N e
~ - y —
* Advantages |
Lower risk for barotrauma — Pva (cmH20)
N = " R — I
Better for high breathing demand i A ,?\ s i
o /N o / \_ I .

* Disadvantages

Unstable volume
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Full support Mode

CMV

VCV

PRVC

Continuous (control) Mandatory Ventilation

\_ J

Partial support Mode

IMV

Intermittent Mandatory Ventilation

Spontaneous Breathing

CSV

Continuous Spontaneous Ventilation

PCV

SIMV

PSV
CPAP
ATC

VAPS




PRVC (Pressure regulated volume control)

HMode FHAQLUET

¢ Settings PRYC | ‘!"“'”'““d“=| 05/11/2003 | eI | a |
* Trigger: P’t or Time
e Target: Volume
* Rate
* Ti, time of inspiration

o st VCV, then PCV (previous Pplt) ,
monitor Tv

* Advantages

Lower risk for barotrauma
Assured minute Ventilation

* Disadvantages




PRVC (Pressure regulated volume control)

* Settings
* Trigger: P’t or Time
* Target: Volume |
* Rate ol o) P
* Ti, time of inspiration P I
e 15t VVCV, then PCV (previous pplit) , -
monitor Tv

* Advantages \V

Lower risk for barotrauma - —- — time
. . . Pvent only Pmusc + Pvent
Assured minute Ventilation

* Disadvantages



VAPS (Volume assured Pressure support)

PRESSURE LIMIT o *E K E A
OVERRIDDEN == ’ :%I:I

: | \ Flow - BUZ
e Settings \, %égévgﬁg
e Target: Volume I
e Range of values for the . | . . [ -

|PAP

o E P A P TIDAL VOLUME .
' _ \ NOTMET — -
g .
st = TIDAL VOLUME MET \\
® 1 L p = TIDAL VOLUME MET
oop, _,
| | | |

* |[PAP min

* VT/60 ml/cmH20 + EPAP Q  nomo | NS T VT e
* 8cm/H20 + EPAPcmH20 - W | ’\l/_

SWITCH FROM FLOW CYCLE
TO VOLUME CYCLE
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Partial support Mode

IMV

Intermittent Mandatory Ventilation

~

SIMV

(522X 1F | VCV, PCV, PRVC) +
(B 2S5BS PSV, VS)




SIMV

! | C : ! l Flow
(L/min)

A\ A Pressure
(Gﬂ H;0)
M/W”me

TTme (sec)

(SeEZIFES VCV, PCV, PRVC) +
(B> Z 5285 PSV, VS)




f
Spontaneous Breathing
K Continuous Spontaneous Ventilation

~

| Psv |

| CPAP |

| ATC |




* Settings
* Trigger: Patient
* Target: Pressure
e Cycle: (%) Peak Insp Flow
* Flow, VT, and Ti can vary

500

o=

— Volume (ml)

100%
m—zs%

— Flow (I/min)
—Zero

g

25 Preset Pressure Level — Paw (cmH20)
10 ﬂ ‘{_ !_ — Pmus (cmH20)
5 N N \/—
-20
& xlung 5s 10s 155



* Settings:
* Trigger: Patient
e Target: Volume
* Cycle: (%) Peak Insp Flow

PRESSURE SUPPORT INCREASED

/ O NEETRGETHOHE

PRESSURE (cm H,0)

NN

FLOW (L/min)

VOLUME (ml)




CPAP (Continuous positive airway pressure)

Flow
(L/m) [ ‘ l ‘ [ \

Pressure
CPAP level

 Settings: It T AKEZBR

Volume

(mL) VAR

Time (sec)



ATC (Automatic tube compensation )

e Settings: * Not a mode, but a spontaneous
. IBW breath type
« Tube type (ETT/Trach. : :
b |>[;p (ETT/Trach.)  Overcome inspiratory WOB
« % of support through an artificial airway
| Paw ‘ N
| _O | @Pafv
How is it P A | 3.7 Hibils
wor killg? / \P trachea / ‘ P.;rachea
[ \  without ATC / \  with ATC
“\ . //;‘\\\ /// Without ATC, the patient ': f With ATC, the ventilator produces

\ //'/\\\ / . .
— ¥ — exactly this APtbe and relieves the

‘4 P mus has to generate APtube.
patient of the extra work.

P mus



Mandatory Minute Ventilation (MMV)

Mandatory

Target: Volume

Limit: Inspiratory flow

Rate

@&
A
s
[l
<
_l
X
J
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100%

-

set MV
Mandatory MV

y

ﬁmntaneuusly breathed MV

no spontaneous
breathing

beginning spontaneous
breathing

SIMV / PSV

sufficient spontaneous
breathing

Figure 3. Seamless apnoea ventilation and weaning during PC-MMV

The infant is transferred seamlessly from 100 % mandatory ventilation to 100 % spontaneous

breathing during PC-MMV without clinician intervention to reduce mandatory rate.

Disadvantages:
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Adaptive Support ventilation (ASV)
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Figure 2: Tidal volume against respiration rate

Figure 4: Security limits determined by adaptive support ventilation
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Adaptive Support ventilation (ASV)

- IRAREEE (IBW) + B0 ##BER B 2 th(%) /
Weaning

r'|_|'1ir'|"|_." ] I: ?.D L"I.rl-liﬂ 2 3
4 o

1.5 x VT high limit Finsp
crH20

60 / (3 x RCe) ,.l 5

fContro
4.4 % IBW Bt
f 9
1 L1 R S L fapont

16 510 BT

Phase 1 - Screening

* Stop deep sedation

* Reduce %MinVol (at most to 70%)

Phase 2 - Observation

* RR < 30 breaths/min, Pinsp < 15
cmH20, PEEP £ 8 cmH20, Oxygen <
40% for 30 min to 2 h, consider an
SBT.

Phase 3 - SBT

PEEP =5 cmH20, Oxygen = 30%

(I\/IinVol = 25% for 30 minutes /




Adaptive Support ventilation (ASV)

* Advantages

PEARIEIRTA - B/ Lung injury
— BRIV CREE - HEERF

* Disadvantages

Table 3: Advantages and disadvantages of adaptive support

ventilation

Advantages

Disadvantages

Versatile and extremely safe to
use

Ventilate virtually all intubated
patients actively or passively
Prevents tachypnea, auto-PEEP
and dead space

Less need of human manipulation
of the machine

Decreased time on the
mechanical ventilation

Adjusts to patient respiratory
effort

Does not allow direct programming of
VT, RR and |:E ratio

Limited experience in pediatric
patients

Operation algorithm tends to ventilate
with low VT and high RR

Only available in Hamilton ventilators

VT: Tidal volume; RR: Respiratory rate; auto-PEEP: Auto-positive end-expiratory

pressure; |:E: Inspiratory:Expiratory



D-3449-2011

PS

B A high patient effort
-
time
Flow A
time
Puent continuous pressure support

time

D-3450-2011

PPS

high patient effort

Pro A

-

time
Flow A

time
Prent proportional pressure support

time




Proportional Pressure Support (PPS)

* Proportional Pressure Support (PPS)

Pmus + Paw = V - Ers + F - Rys + PEEP;
Lung  Airway

* Flow Assist= 80% resistance o
* Volume Assist= 80% elastic

* Weaning
e FA. F22 6-8 cmH 20/L/s
e VA. BEZE 12 -14 cmH20/L

»
patient effort



Proportional Pressure Support (PPS)

Overcompensation of volume assist

* Tidal volume high

* Usage of expiratory muscle

* Flow rises too fast and drop abruptly

Overcompensation of flow assist

e Auto trigger, can’t correct by adjusting flow trigger

* May cause signs of volume assist overcompensation
* if clearly excessive of flow assist



Proportional Assist Ventilation (PAV)

* Proportional Assist Ventilation (PAV)

* IBW -~ tube type (ETT/Trach.) ~ tube ID
* % Support
 Expiratory sensitivity (Range: 1 to 10 L/min)

NEF4-10RFMR - FIkZBENEAIREMRET -
fii |15 FE 14 FIPEEP -

HiEE{RFPmusc around 5-10 cm H20

Flow ¢

Paw

X
Endo/IBW
FRRRZE TP

20 seconds

R 12 B R

ZHIE

K1E %
R



NAVA

Admit
patient

Set Ventilation Mode

NAVA v
Basic Trigg. Edi
NAVA level Trigg. Edi

00 pmH0f 150

¥y

NAVA Ppeak est.

15 cmH. O

Pressure Support

Trigg. Pressure

-0 1]

Backup ventilation

PC above PEEP

20

5 cmH.0 120
S —

Insp. cycle off

Resp. Rate

o cmH,0 50 1 % 0 4 b/min 100
R ——
0. conc PS above PEEP Ti
7 % 100 0 cmHO 120 010 o 500
I — -_—
Previous Mode tF;:ﬂe;sggfumml Cancel Accept

* Neurally Adjusted Ventilatory Assist (NAVA)

Status
4

09-07 1012
Ppeak [(cmH,0)

15

12

TiiTtot U . 38

MWe (Ifmin)

ano
o 167
ke 410
E?I peak 47
.;E-.',j-’-;. min [] . 3

FY

Additional
values

Neurally Adjusted Ventilatory Assist (NAVA)

Lower — Longitudinal muscle
esophageal 7\(~ Circular muscle
sphincter 1l

External Internal

Diaphragm
Costal part
Crural part
Phrenoe’sophageal = -~
\ .
ligament N * Sling fibers

Squamocolumnar junction

P IlQRS

Leads

-
I

4

Edisignal

P waves visible



Neurally Adjusted Ventilatory Assist (NAVA)

. Advantages
Edl Tngg/er = Edipeak[£ £70% 5
Edimin/s 2 e E L/ LA Iggap:t e Better Synchrony
Ex : set 0.5uV, Edimin 0.3uV
0.5+0.3=0.8uV, E0.8uViFHKBRK T EA ° Less ove r_Support
| &l Disadvantages
Edi peak(uV): = : :
BENREEEAEN o e Special device

Edi min(uV) g, 08 |Vl i, Need Edi signal
R RERQEl  Edimin 03 Ll ‘ e e Position of Edi catheter




Smart Care

55 mmHg

20 mmHg

etCO9

=)

——
(===

L]

Insufficient
Ventilation

-

2

Q

=

:

; O
Normal
Ventilation

Hyperventilation

A

35 bpm 30 bpm

15 bpm

fspn

|V >300
[ etco;, <55
Cfn  15-30
[ BW

[ copp

[ Neurologic Disorder

sB7E 7 MTSpontaneous RR ~ Tv ~ EtCO2

Classification

every 10 sec

every 10 sec

every 10 sec

Diagnosis

initial setup every 2/6 min

initial setup

initial setup

Normal Ventilation

Severe Tachypnoea

Insufficient Ventilation

Central Hypoventilation

Hyperventilation

Unexplained Hyperventilation

80Le®ed0d

( )
[ )
[ ]
[ Hypoventilation ]
[ )
[ )
[ )
[ )

Tachypnoea

Increase Ps

No change

Decreased




Airway Pressure Release Ventilation (APRV)

* Airway Pressure Release Ventilation (APRV)
Inverse I:E ratio
Settings: Phigh, Plow, Thigh, Tlow

Disadvantages: hemodynamic unstable due to intrathoracic pressure,
uncomfortable, fatigue during high pressure duration, CO2 retention

Spontaneous
Breaths

VIR

Flow




Airway Pressure Release Ventilation (APRV)

*PHigh at the PPlateau (or desired PMean + 3 cmH20)

A & P/V curve
upper inflection point 2% & Phigh
low inflection point 3% £ Plow

l

Volume (mL)
|
-':‘, >
0e
c
=
(0]
=
0
m
]
wn
m
N
‘J 4
‘ |
1
I
I
1
1
I
I
1
1
I
I
I
o
3o

F1& T-PEFR(peak expiratory flow rate termination) > 50% and

<75% -l /
3k Thign4 -6 % Tiow R IRMEAT R B B35 € 0.2-0.8 % > [ o o
EPER R ERE 08-1.5F Prossure (cm Hion




Airway Pressure Release Ventilation (APRV)

APRV @& 8 Drop and Stretch
1. FiO; <0.5

2. R 2 -3 cm HyO & 34 FEAK Phign > Piow’ AP A £ 8 ~ 12 cm H,O

3. MK EFoeFRIAR - X F R EAS A PaCO, #1t

4. EREB EFREAFHES  FRBZFAE CPAP & PSV i@
AAE X AE Phign < 16 cm H,O

5. Thigh > 12 -15 # (APRV =90 % CPAP)




High frequency oscillatory ventilation (HFOV)

* Settings:
 Amplitude(AP): (25%-100%)

Frequency: (5 Hz-15 Hz)
MAP: (6-25 cm)

* Follow up

* MAP:1R#EPa02 K CxRH ER#E R iE
ERA%E - B2 EFEES-9ME -
e Stroke volume: 1RIE PaCO2 X 5

e ZFiO02 < 40% * MAP <8-10H20 -

L

SRR IR E R -

BISEABGEERT - TEE
o] |MV

Stroke volume

i

Amplitude
Delta P =
Tv=
Ventilation

T

|_

FOV = CPAP with a wiggle



Personalised
ventilation
strategies

Al for mechanical ventilation

Ther Adv Pulm Crit Care Med. 2024 Nov 11;19:29768675241298918. Artificial Intelligence for Mechanical Ventilation: A Transformative Shift in Critical Care
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