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Concepts and Modes of Mechanical Ventilation Ventilation modes
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Control Modes

— every breath is fully supported by the
ventilator

—in classic control modes, patients were
unable to breathe except at the
controlled set rate

—in newer control modes, machines may
act in assist-control, with a minimum
set rate and all triggered breaths above
that rate also fully supported.
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SIPPV (or PTV or A/C) and SIMV
Terminology:

Triggered ventilation can be divided into patient triggered
(PTV), otherwise known as synchronous intermittent
positive pressure ventilation (SIPPV) or assist control
(A/C), the infant being able to trigger a positive pressure
inflation with each breath,

and synchronized intermittent mandatory ventilation
(SIMV), the infant being able to trigger only a pre-set
number of positive pressure inflations.
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Does the mode make the difference?




SIMV versus IMV in neonatal ventilation

T BW<I000gm  BW 1000-1499 gm
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wlsant drugs for seizures.

Conclusions: We found that SIMV was
at least as efficacious as conventional
IMV, and may have improved certain
outcomes in BW-specific groups.

Bernstein G etal. J PEDIATR 1996;128:453-63

PTV (A/C) versus IMV

Trigger No  Conventional
(% No (%

Death or chronic lung disease

219 (47.4) 220 (48.7)
232

62 (13.4) 47 (10.3)
402 411

Ultrasound abnormality to nearest 6 weeks

Yes
No

Median interquartile range of
ventilation duration in
survivors (days)

146 (34.5) 154 (36.5)
277 268

6,(3-15) 6, (3-15)

Baumer JH  Arch Dis Child Fetal Neonatal Ed 2000;82:F5-F10

There was no observed benefit from the use of PTV, wi

towards a

Although PTV has a similar outcome to IMV for treatmen
infants of 28 weeks or more gestation, within 72 ho

th a trend

tof RDS in
urs of birth, it was

abandoned more often. It cannot be recommended for infants of less

than 28 weeks’ gestation with the ventilators used i
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PTV (A/C) versus IMV

Trigger No  Conventional

%) 9

No (%)

Death or chronic lung disease
Yes
No

Pneumothorax
Yes

No

219 (47.4) 220 (48.7)
243 232

62 (13.4) 47 (10.3)
402 411

Ultrasound abnormality to nearest 6 weeks

Median interquartile range of
ventilation duration in
survivors (days)

146 (34.5) 154 (36.5)
277 268

6,(3-15) 6, (3-15)

Baumer JH  Arch Dis Child Fetal Neonatal Ed 2000;82:F5-F10

PTV with inspiratory times of between 0.2 and 0.25 seconds __, the ventilator
set to trigger at each inspiratory effort, backup rate of 35 breaths a minute.

IMV with ventilator rates set initially at between 40 and 65 breaths a minute ...
and initial inspiratory times between 0.2 and 0.6 second s

Synchronized mechanical ventilation for respiratory support

in newborn infants (Review)
Comparison 02. PTV / SIMV vs CMV

No. of No. of

Outcome title studies _participants

Statistical method

Effect size

01 Death 1729
02 Airleaks 1769

Relative Risk (Fixed) 95% CI

Relative Risk (Fixed) 95% CI

1.19 (0,95, 1.49]
1.03 [0.80, 1.34]

03 Duration of ventilation (hours) 1402

Weighted Mean Difference (Fised) 95% C1

34.78 [-62.11,

i4]

04 Exubation failure

05 Severe IVH

06 CLD (oxygen dependency at
28 days)

07 CLD (oxvgen dependent at 36

weeks PCA)
Comparison 03. PTV vs SIMV

No. of No. of

Outcome title studies _participant

Relative Risk (Fixed) 95% CI
Relative Risk (Fixed) 95% C1

Relative Risk (Fixed) 95% CI

Relative Risk (Fixed) 95% C1

Statistical method

0.93 1068, 1.28]
1.03 [0.74, 1.43]
0.910.75, 1.12]

0.90 (0.75, 1.08]

Effect size

01 Duration of weaning (hours) 3 120

02 Weaning failure 3 120
03 Extubation failure 3 120
04 Air leaks 3 120

Weighted Mean Difference (Fixed) 95% CI

Relative Risk (Fixed) 95% C1
Relative Risk (Fixed) 95% C1
Relative Risk (Fixed) 95% C1

42.38 [-94.35,
9.60]

078031, 1.93]
1.00 [0.37, 2.67)

0.80 (0.23, 2.83)

Greenough A et al. Cochrane Database of Systematic Reviews 2004, Issue 3. CD000456.

IMV, SIMV, SIPPV (or A/IC or PTV), PSV

Assist/Control




Pressure Control vs. Pressure Suppo

Constant insp. pressure Pressure

Decelerating, variable
inspiratory flow rate

Time cycled: (A)
e Pressure Control

Flow cycled: (B)
* Pressure Support

Termination Sensitivity = Cycle-off Criteria

Flow

- Peak Flow (100%)

SIMV versus SIMV + PSV

minimal ventilator setting
PIP 16 cm H20

FIO2 0.30

PEEP 5 cmH20

SIMV rate 15 breaths per minute

and remained on these settings
for 48 hours

al ventilator settings, %

m:

Time, d

Reyes ZC et al. Pediatrics 2006;118;1409-1417

PSV improves respiratory function in VLBW
infants when compared to SIMV

TABLE 2—Results Concerning Spontaneous Respiratory Rate (RR), Tidal Volume (Vy),
Minute Volume (Vmin), and Mean Airway Pressure (MAP) During Four Ventilation Phases’

First ventilation cycle Second ventilation cycle

Test phase 1: SIMV (4 hr) 2: PSV (4 hr) 3: SIMV (4 hr) 4: PSV (4 hr)

RR b/min: mean (SE) 56.08 (3.87) 43.63 (3.54) 53.05 (4.23) 43.18 (3.96)
Vr ml/kg: mean (SE) 457 (0.30) 027 528 (0.24) 696 (0.25)
Vynin mi/kg: mean (SE) 256.0 (23.86) 349.0 (24.44) 2710 (21.74) 388.0 (24.81)
MAP cm H,0: mean (SE) 7.06 (0.41) 773 (034) 7.05 (0.40) 756 (0.29)

'Results are reported as mean and SE in parentheses. A significant difference was observed by ANOVA for
repeated measures (RR, 2= 0.000000; Ve, P =0.000000; Vo, £=0.000000; MAP, P =0.018694). The
Newman-Keuls post hoc test showed the following dift : spontancous respiratory rate (RR) test phase
1vs. 2, P=0.000124; test phase 3 vs. 4, P =0.000238; volume (Vr), test phase 1 vs. 2, P =0.000121;
test phase 3 vs. 4, P =0.000121; test phase 1 vs. 3, P=0.016384; minute volume (V iy, test phase 1 vs.
P=0.000124; test phase 3 vs. 4, P=0.000123; ay pressure (MAP) test phase 1 vs. 2,
P =0.033747: test phase 3 vs. 4. P =0.121438.

Migliori C et al. Pediatr Pulmonol. 2003;35:364-367

SIMV versus SIMV + PSV

Reyes ZC et al.
Pediatrics 2006;118;14

endency, %

CONCLUSIONS. The results of this
study suggest that the addition of PS as
a supplement to SIMV during the first
28 days may play a role in reducing the
duration of mechanical ventilation in
extremely VLBW infants, and it may
lead to a reduced oxygen dependency

Time, d

TABLE3 Respiratory Outcomes Assessed From Birth Until Discharge or Death for All Infants and Within Birth Weight Strata
Variable. Allinfants BW 500-699 g BW 700-1000 g
SINV-+PS SV SIMV-PS [ SIMV
=53 3




Compliance Changes During Pressure Volume Ventilation

Controlled Ventilation
Tidal volume , is not affected by the
rapidly changing pulmonary mechanics

I
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Pressure Ventilation: Volume Ventilation
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Combination “Dual Control” Modes Combination “Dual Control” Modes

L B N . Volume Assured Pressure Support
Combination or “dual control” modes combine (Pressure Augmentation)

features of pressure and volume targeting to
accomplish ventilatory objectives which might Volume Support
remain unmet by either used independently. (Variable Pressure Support)

Pressure Regulated Volume Control

Combination modes are pressure targeted (Variable Pressure Control, or Autoflow)

Partial support is generally provided by pressure
support

) ) Airway Pressure Release
Full support is provided by Pressure Control y

(Bi-Level, Bi-PAP)

What you set

PRVC (Pressure regulated volume control)
PEEP

~ ~
A control mode, which delivers a set tidal

volume with each breath at the lowest
possible peak pressure.

What you set
198 nok Jeym

Delivers the breath with a decelerating flow
pattern that is thought to be less injurious to
the lung “the guided hand”.

Influenced by

Volume Guarantee: New Approaches in Volume Controlled Ventilation for Neonates.
Ahluwalia J, Morley C, Wahle HG.  Drager Medizintechnik GmbH.  ISBN 3-926762-42-X




Decelerating inspiratory flow pattern (square wave pressure
build up)

Pressure automatically adjusted according respiratory
mechanics to deliver set tidal volume

Set tidal volume

© Charles Gomersall 2003
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Jaecklin T et al. ICM 2007

Advantages of volume targeted ventilation

A significant increase in lung
compliance, such as following As the VT increases due to
exogenous surfactant administration improving compliance after
will lead to a proportional increase in surfactant administration, the
delivered VT unless the inflating ventilator automatically drops the
pressure is reduced

Pressure Limited Ventiation

Volume Guarantee
PIP = Pinsp.

Surfactant

Volume Guarantee: New Approaches in Volume Controlled Ventilation for Neonates.
Ahluwalia J, Morley C, Wahle HG.  Drager Medizintechnik GmbH.  ISBN 3-926762-42-X

PRVC Automatically Adjusts To
Compliance Changes

Complianceincrease
Preterm nfnt stigs

- Draeger Bebylog 8000+

- Draeger BuitaXL

o= Hamilton Galleo
Semens Savo-

o~ Bird VipGold

Resistance decrease (500 to 50 cmH20/It/s)
Preterm infant seting

- Draeger Babylog 8000+

- Drasger BvitaXL

= Hanilion Galileo
Siemens Savo-i

= Bird VipGold

V(i)
2

Jaecklin T et al. ICM 2007 number of breaths

PRCV: Advantages

Decelerating inspiratory flow pattern

Pressure automatically adjusted for changes in
compliance and resistance within a set range
Tidal volume guaranteed
Limits volutrauma
Prevents hypoventilation




PRVC: Disadvantages PRVC: Disadvantages

Pressure delivered is dependent on tidal volume
achieved on last breath
Intermittent patient effort = variable tidal volumes

Pressure delivered is dependent on tidal volume
achieved on last breath
Intermittent patient effort = variable tidal volumes

Pressure
Pressure

---Set tidal volume

Volume
Volume

-----Set tidal volume

© Charles Gomersall 2003 harles Gomersall 2003

SIMV and SIMV+VG

p <0.001
%

SV

Ventilation

Concept: deliver the set Vt
at the lowest airway
pressure possible

SIMV + VG o SIPPV SIPPV + VG P Value

PIP, mean (standard error) em of water 150(7.5) 187 (83) 17.19.3) 001
Mea 98 (4.6) 9.6(45) 008

mean (standard 6.9 (2.8) 6 )

PIP delivered to the patient (cm of water) 3>

SIMVAVG
WMode of veniilation n (standard 5.0 (56) 49(52) 5 48(34) 48(32)
SIPPV and SIPPV+VG

201(21) 289(2.1) 9 3316 (2.0) 3345(22)

Clinician (re) selects
VT set, PIP, PEEP,
Ti. Flow

031(03) 031(03) 38 10404 41004

59(22) 6022 7 64(28) 6429

B
5

p <0.001

l ra a s ia of 8.6 (8.8) 84(8.7) 7.7 (44) 7.6 (4.0)
o kPa
Ventilator delvers |
next breath Cheema IU Pediatrics 2001;107:1323-1328

L N

Ventilator adjusts ) —— PIP remains SRV SPPVNG
PIP to make Yes unchanged
VI =VTset Mode of ventiation

Cheema IU Pediatrics 2001;107:1323-1328

PIP delivered to the pal

o Vdelivered = VT s¢
No

PSV + VG (n = 3 PSV (n=23)

Volume targeted ventilation: A Self Weaning Mode

1.197£333

study (hours)

Methods:

ns. SD, standard deviation.

TABLE 3—Outcome’ o o .
SV VG - PSV group: The weaning strategy consisted of
V, Sl ‘"‘ reducing the pressure support level progressively
i i o o over time, so that the work of breathing was shifted

ndard deviation)

e medin) — from ventilator to the patient.

PSV-VG group: Weaning was a more automatic
process once appropriate levels of Vt had been
established.

o Similar blood gas goals (e.g., pH>7.25; pO2, 50-75
ey of due wof - =] mmHg; pCO2, 40-65 mmHg) were achieved during
weaning from mechanical ventilation in both groups.

20 (86%)

%)

Lista G Pediatr Pulmonol. 2004; 37:510-514




Outcome VTV: Death in Hospital

Analysis 01.01. Comparison 01 Volume-targeted vs pressure limited ventilation, Outcome 01 Death in
ospital
215 pressrefmited vertlation n he necrate

Presare fmitd

N

Not estmable
084 (022, 184]
8]

[0, 164
7 1512]

18]

Test for cnerl effect =128

The Cochrane Library 200

Immiin 1

Pressure-Regulated Volume Control Ventilation vs. S ynchronized
Intermittent Mandatory Ventilation for Very Low-Bir th-Weight Infants

Table 2. Ventilator Settings and Acute Physiological Measurements

Simv* PRVC* RR (95% CI)t MD (35% Cijt

At6hofage
On assigned mode 102108 (94)% 1021104 (98)% 1,04 (0.98-1.10) NA
0 029(0.13 031 (0.16) NA 0.02(-0.02t0 0.06
Ventilator rate, breaths/min§ 40(10) NA 5(27)
Peak inspiratory pressure, cm H,0 5 NA -12(-1910-04)
[ Mean airway pressure, cm H,0 NA 02(-061002
Tidal volume, mUkgl 4 ) NA 24(-3910-08)
Minute ventilation, mL - g'* - min 4(-831093)
Paco,,torr 2(-1104
Oxygenation index 06(-011013
Aterial o alveolar 0, ratio 050 (020 047 (021 ~0.03 (-0.09 0 0.03)
At12h of age
On assigned mode 101108 (94)% 94103 (91)% 0.98(0.90-1.05)
i 029(0.13) NA
Ventiator rate, breaths/ming NA
Peak inspiratory pressure, cm H,0 5 NA -14(-2110-08)
[ Mean airway pressure, cm H,0 (13) NA 03(-01100.7)
Tidal volume, mUkgl 78 (5 NA -35(-5010-20)
Minute ventilation, mL - kg™ - min 5 NA 14 (-5410 81
Pagy, torr 6 5 A 1(-5106]
Pacoy torr ®) -1(-3102)
Oxygenation index ) -06(-041015

Atterial to alveolar O, ratio 044 (0.19) 043 (018} ~0.01 (-0.06 10 0.05)

D’Angio CT etal. Arch Pediatr Adolesc Med. 2005;159:868-875

Lung-protective ventilation strategies in neonatology: What do we
know—What do we need to know?

Anton H. van Kaam, MD, PhD; Peter C. Rimensberger, MD
Crit Care Med 2007; 35:925-931

A total of 24 RCTs and 3 systematic reviews comparing various
CMV modes and settings and 2 RCTs investigating permissive
hypercapnia reported no differences in mortality or
bronchopulmonary dysplasia.

NA
~0.01 (-0.0510 0.03)
9(7-1

Outcome VTV: Duration of mechanical ventilation

Analysis 01.04.  Comparison 0| Volume-targeted vs pressure limited ventilation, Outcome 04 Duration of
intermittent positive pressure ventilation (days)

Revies: Vol e presure i o the necrate

Comparisan petarstad s pressure e entiation

Sutecrner 04 Duration of nterrittent positive pressure ventistion (days)

Study Valume targeted 2 fivited i Mean Diference (Foced t Weighted Mean Differerce (Fired)
N MensD) N gl

01 Volume puararee

ot applicable

The Cochrane Library 2007
Issue 1

Pressure-Regulated Volume Control Ventilation vs. S ynchronized
Intermittent Mandatory Ventilation for Very Low-Bir th-Weight Infants

Table 3. Respiratory Outcomes

SImv* PRVC* RR (95% CI)t D (95% Cjt
Alive and extubated at 14 days 447108 (41) 38/104 (37) 090 (0.64-1.26) A
Alive and extubated at 28 days 55/106 (52) 477104 (45) 087 (0.66-1.15) NA
Alive and extubated at 36 weeks’ PMA 88/105 (84) 87/104 (84) 1.0 (0.89-1.12) NA

Alive without BPD at 36 weeks’ PMA 601105 (57) B6/104 (63) 1.1(0.89-1.38) NA

BPD in survivors at 36 week’ PMA 32/92 (35) 27/93 (29) 0.83 (0.55-1.27)

Died before discharget 131107 (12) 13/104 (13) 1,03 (050-2:11)

Age at final extubation in survivors, d§ 24 (0-154) | 33(0-138) | NA 9(-2610206)
Final extubation by 14 days 36/108 (33) 20/104 (19) 0.58 (0.36-0.93)1

Conclusion:

In mechanically ventilated
infants with birth weights of 500
to 1249 g, using PRVC
ventilation from birth did not
alter time to extubation.

D'Angio CT et al. Arch Pediatr Adolesc Med. 2005;159:868-875




