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Technology Assessment:

Health Technology Assessment (HTA) defines

the systematic analysis of short and longterm

conseguences of the application of
medical technologies with the aim of supporting

decisions in policy-making and practice.

Pereth M, Schwartz FW
Bundesgesundheitsbl - Gesundheitsforsch — Gesundheitsschutz 2001; 44:857-864




Neonatal Mechanical Ventilation and the Pulmonary Injury Sequence

PULMONARY INJURY SEQUENCE

surfactant deficiency

i—‘ Alveolar atelectasis ﬁ

Need for high [ 02 ] Tidal breathing

l ¥
. Y High distending

> 02 toxicity «— | pressure :

A 3 : /
' inflammation / 4
\\u,ﬁ Stretch and distorsion

— Celluiarmﬂmbi'anecﬁsruptiun QJ

Protein rich cedema ( hyaline membranes)

v

Higher [ O2 ]fnd pressure

Barotrauma PIE, BPD
NN Rocouri @ J.M. Bertrand




Technology 1:

HFOV
1989 - 2003

Elective high frequency oscillatory ventilation versus
conventional ventilation for acute pulmonary dysfunction in
preterm infants (Review)
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Analysts A1L01,  Comparlisen 01 HFDY vs ©F (all crlals), Quecome 1 Dearh by 2630 days

all trials

Death by 28 — 30 days
RR (96% CI): 1.08 (0.86, 1.35)
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Oxygen at 28 — 30 day
RR (96% CI): 0.95 (0.83, 1.09)




coma 04 CLD at IB-30 days (02 + aray) in

all trials

CLD at 28 — 30 days (O2 + xray)
RR (96% CI): 0.86 (0.74, 1.01)

01 HFOY ws C¥ {all trials), Dutcome 05 Death aor CLD at 28-30 days

Death or CLD at 28 — 30 days
RR (96% CI): 0.90 (0.80, 1.01)




5 or discharges

SUREELS

Death by 36-37 weeks or discharge
RR (96% CI): 0.98 (0.83, 1.16)

2 Death aor CLD at 34.37

w=len b by

Death or CLD at 36-370 weeks
RR (96% CI): 1.08 (0.86, 1.35)




SUREELS

Analysis 01.07. Comparison 01 HFOV vs CV (all trials), Outcome 07 CLD at 36-37 weeks PMA or discharge
in survivors
Review: Elective high frequency oscillatory ventilation versus conventional ventilation for acute pulmonary dysfunction in preterm infants
Comparisor: O HFOW ws OV (all trials)
Cutcome: 07 CLD at 36-37 weeks PMA or discharge in survivors
Study HFCOW v Relative Risk (Fixed) Relative Risk (Fied)

n/M /M 5% Cl ) 95% Cl

Clark 1992 3/1% o — 0 023 [007,073]
Courtney 2002 0201 210 - : 079 062, 1.00]
Gerstmann 996 I7/64 Fi5% 5 05803
Jehnson 2002 165/300 /25 3 5% [ 0.85, 1.14]
Moriette 2001 244108 3 7.9 079 [ 050, 1.26]
Plavka [99% 3419 ) 036 [0, 113]
Rettwitz-\Volk |998 /41 W .0 Mot estimable
Thome (998 34126 30/129 7. (09071, 1.
an Reernpts 2003 240122 [9/133 i 138079, 23

Total (%5% Cl) (010 016 10 088 [ 0.79,0.
Total events: 338 (HFOW), 380 (CV)
Test for heterogeneity chi-square= 1707 df=7 p=0.02 F =5%.0%

Test for overall effect z=2.17  p=0.03

Favors HRCV Favors CV




com 05 Death pr CLD at 28-30

with volume recruitment

CLD at 36- 37 weeks or discharge

RR (96% CI): 0.88 (0.79, 0.99)

CLD at 28 — 30 days

RR (96% CI): 0.53 (0.36, 0.76)

Death or CLD at 28 — 30 days

RR (96% CI): 0.956 (0.40, 0.77)




Cumulative Metaanalysis: HFV vs CMV
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Cumulative Metaanalysis: HFV vs CMV
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Cumulative Metaanalysis: HFV vs CMV
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The authors e Optimising conventional mechanical ventilation strat-

conclusions egy appecared to be as effective as high frequency
ventilation in improving pulmonary outcome in preterm
infants

e Purchasing costly HFV ventilators appears to be
unnecessary for most neonatal intensive care units

Thome UH Arch Dis Child Fetal Neonatal Ed 2005;90:F466—F473




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 16 RCTs and 4 systematic reviews comparing HFOV
with CMV failed to show consistent differences in mortality and
bronchopulmonary dysplasia.

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.

No RCT in newborn infants has substantiated so far that
avoiding large tidal volumes and low positive end-expiratory
pressure during CMV is lung protective in newborn infants.




Based on the experimental evidence, HFV should be combined
with an optimal recruitment strategy using oxygenation as an

indirect marker for lung volume (FiO2 below 30%).

Methods Results
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Technology 2
Volume Targeted Ventilation: 2001 - 2007

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

SIPPV and SIPPV+VG
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Technology 2
Volume Targeted Ventilation: 2001 - 2007

SIPPV SIPTV - VG

andard error) cm of water
Mean airv sure, mean {stand
error} cm of £5
[ixpired tidal volume, mean (standard 5.0 (5.6) 1.9 (5.2 = 4.8(3.4)

error ) ml
3316 (2.0)

ctional inspired oxygen, mea 0.31 (0.3) 0.31(0.3) 38 404 (0.4)
(standard error)
. 6.0(2.2) 6.4 (2.8)

i—-l‘lnl‘} klPa -

['ranscutaneous partial pressure of 8.6 (8.8) 84 ) 7.7 {4.4)
, mean (standard crror) kI’a

Cheema |lU Pediatrics 2001:107:1323-1328




PSV + VG (n—30) PSV (n—123)

Birth weight (g) 1,125 1. 370 1,197 1 333
GA (weeks) 285x2 294+ 1.6 |
Antenatal steroids 20 (50%) 20 (86%) [OPSV+VG
Age at study (hours) 3L2 312 ; W PSY

Lp — ns. SD, standard deviation.

TABLE 3—Outcome

PSV VG PSY Days of life

group (n=3() group (n=23)

Length of ventilation (days: 8.8 113 12343
mean = standard deviation)
Surfactant (doses: median) | |

e

2 r:i"mi

mPFsY

BPD (n)’ 3(10%) 4 (17%) {

CLD (n)"
Deaths (n)
IVH (>3) (n)
PLV (n)

e

(10%) 4 (17%)
(16%) O (26%)
(39%) 2 (8%)
(3%) 2 (8%)
ROP (=2) (m) (6%) | (4%)
PIE (n) (6%) 2 (R Days aff life
PDA closure (n) 22 (73%) 200 (R6%)
PNX (n) 0 (0%) 3(13%)

M D = = n

‘ROP, retinopathy of the premature; PIL, pulmonary interstitial
emphysema; PNX, pneumothorax; PDA. patency ol ductus arteriosus;
BPD, bronchopulmonary dvsplasia. P = ns.

05 dependency at 28 days.

*0; dependency at 36 weeks.

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




Volume targeted ventilation: A Self Weaning Mode

Methods:

PSV group: The weaning strategy consisted of
reducing the pressure support level progressively
over time, so that the work of breathing was shifted
from ventilator to the patient.

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

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




Infants at less than 30 weeks of gestation with RDS

HFOV (n=13)

PSV+ VG (n=12)

Mechanical ventilation at 7 days
O--therapy duration (days)

NCPAP duration (days)

Mechanical ventilation duration (days)
Second dose of surfactant

Patent ductus arteriosus

Pneumothorax

Intraventricular hemorrhage
Periventricular leucomalacia
Retinopathy of prematurity
Necrotizing enterocolitis
Length of stay 1n intensive care
Length of stay in hospital
Mortality

3/13 (23)
20,3 L 14.6
6.9 142
411 1.1
12/13 (92)
11/13 (85)

2/13 (15)
[/13 (8)
2/13 (21)
0/13
2604 +11.8
66.2+19.9
2/13 (15)

212 (17)
2201159
52124
45122
12/12 (100)
9/12 (75)
1/12 (8)
212 (17)
1/12 (8)
312 (25)
0/12
273+ 124
62.8 +£24.2

2112 (17)

1.000
1.000
0.644
1.000
0.854
0.704
1.000

'Mean + SD or rate (9).

C Dani Pediatr Pulmonol. 2006; 41:242-249




Weaning Criteria:

FiO2 0.40
MAP 6 cmH20,
PO2 50 mmHg and pCO2 50 <65 mmHg

Lista G et al. Pediatr Pulmonol 2006; 41:357-363




Outcome VTV: Death in Hospital

Analysis 01.01. Comparison 01 Volume-targeted ve pressure limited ventilation, Qutcome 01 Death in
hospital
Reviewr  Volume-tarpeted verass pressure-limited ventilation in the necnate
Compartsan: 01 Volurme-tarpeted v pressure limited wventilation

Outcornes 01 Death in hespital

Study YWelume targeted Pressure limited Relative Rizk (Foeed) Relative Rk (Fecad)
r' ' 95% [ 95%

B Wolume puarartae
Keszler 200 NG N 1 Mat estmakble

Lista 200 - 3 D64 [ 072, 1.84 ]
e

Subtotal (F5% Ch Led [ Q22 184 ]
Total everts 5 (Molurme targeted), & {Fressura limited)
Test for heterogenesity: not applicable

Test for averall effect z=08% p=04

02 Yalurme controlled

Fotrowsla | 957 4L &30 33 Lia[2I%

Sinha | 957 el {15 .00 [ QOT, 1512

Subtotal (F5% CI 52 55 558 D&l [ ol

Total events § (Wolurme targeted], 9 (Pressure limited)

Test for heterogensity chi-square=0L |& di=1 p=0a% 12 =010%

Test for averall effect z=098 p=03

Total (95% O el 000 D2 [ 230, 129 ]
Total everts [0 (Volume targeted), 15 (Fressure imited)

Test for heterogensity chi-square=0 & df=2 p=092 12 =0.0%

Test for overall effect z=1.28  p=02
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The Cochrane Library 2007,




Outcome VTV: Duration of mechanical ventilation

Analysic 01.04. Comparison 01 Volume-targeted vs pressure limited ventilation, Outcome 04 Duration of
intermittent positive pressure ventilation (days)
Resvizwe  Volume-tarpeted versie pressure-limited ventilation in the recnate
Comparsan: 01 Wolume-tarpeted v pressure limited ventlation

Outcomes 04 Duration of intarmmittent positive pressure veritilation {days)

Study Valurme targeted Preszura limited Weiphted Mean Ciflerence (Foead) Weight Wesighted Mean Differerce {Fixed)

M Mean{=0)) M Mean{50} 95% C (% 95%

Ol Yolume puarartae
Lista 2004 ) ) (3.00) 3 -
i

Subtotal (F53% ) 30
Test for heteropenaity: not applicable

Tast for overall effect z=4.21

2 volume controlled

dinha | 957 ! SID{2TE) 5 o -1.65 [ -4.08, 0

Substotal (953 Ch 25 L 0 -1.65 [ -4.08, 0

Test for heteropenaity. not applicable

Test for overall effect z=132  p=02

Total (953 Oy 55 48 193 [ 428, -157 ]
Test for heteropenatty chi-square= .53 di=| p=0122 |2 =34 B%

Test for overall effect z=4.24  p=000002

S0 100

Farscrs ol tarpeted Favours press d

The Cochrane Library 2007,
Issue 1




Outcome VTV: Severe IVH (grade 3 — 4)

Analysis 01.11. Comparison 01 Volume-targeted vs pressure limited ventilation, Outcome || Severe IVH
(grade 3 or 4)
Reovicws Wolumetasgeted versas prossure-linitzd ventlat on ir thc neonate
Comparizer: - 21 Vol ne-lergecd e prossues Tonited voallacion

Cumco e Sevez W igrace 2e-)

Sy Walume tergomed ! R acive <isk [ =raed) W gk Pz azive sl (Fxod)
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02 viol e cortralled
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Subtonal (P53 1
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[t (4a¥ (00 a2 1000
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Performance of neonatal ventilators in
volume targeted ventilation mode

Airway
Pressure
Waveforms:

T1 of 0.35 sec

Peak inflating
pressure of 25 cm
H20

PEEP of 5 cm H20.

Volume guarantee
level 10 mL

Draeger Babylog 8000
(Draeger Medical, Germany),

SLE 5000 infant ventilator
(SLE systems, UK),

Stephanie paediatric ventilator
(F. Stephan Biomedical, Germany)

V.1.P. Bird Gold
(Viasys Healthcare, USA)

Atul Sharma et al Acta Padiatrica 2007; 96: 176-180




Performance of neonatal ventilators in
volume targeted ventilation mode

Settings:

Inflation time of
0.35 sec

Peak inflating
pressure of 25 cm
H20

PEEP of 5 cm H20

Volume guarantee
level 10 mL

Lung model:
Crs =0.4 mL/cm H20
Rrs = 70 cm/H20/L/sec

“similar to the compliance and resistance of
babies with the respiratory distress syndrome”

Results: Measured volume delivery

All ventilators delivered a lower Vt than
preset

Atul Sharma et al Acta Padiatrica 2007; 96: 176-180




Time constant: T = Crs x Rrs

Resulting time constant:

T = 0.4 mL/icm H20 X 70 cm/H20/L/sec = 0.28 sec

Will pressure equilibrium

be reached in the lungs?

e w5 ingpiratory volume
& pressure

_ expiratory volume
.~ &pressure

o
=
@)
>
-
Q
e
O
Q
>
O
L
0
o

Time Constanis

3 X T =3 X (0.4 mLicm H20 X 70 cm/H20/L/sec) = 0.84 sec




IS VTV Safe’) Complianceincrease oo po o,

Vvt (ml) Term infant settings . Draeger EvitaXL

50 —o— Hamilton Gdlileo
Siemens Servo-i
—o—Bird VipGold

set Vi =28 ml

O A

6 11 16 21 26
number of breaths

Resistance decr ease (500 to 50 cmH20/It/s)
Vt (ml) Term infant settings

70 1 —o— Draeger Babylog 8000+
60 - —o— Draeger Evita XL

—— Hamilton Galileo

50 - Siemens Servo-i

—o— Bird VipGold
40 +

30 A

set Vit =28 ml

20 -

6 11 16 21 26

Jaecklin T et al. ICM 2007 number of breaths




Is VTV safe?

Jaecklin T et al. ICM 2007

Complianceincrease
Preterm infant settings

Vvt (ml)

40 ~ —o— Draeger Babylog 8000+
35 A —o- Draeger Evita XL
30 - —— Hamilton Galileo
25 Siemens Servo-i
20 - ——Bird VipGold
15

0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1 6 1 16 21 26 31 36

number of breaths

Resistance decr ease (500 to 50 cmH20/It/s)
Preterm infant setting

—o— Draeger Babylog 8000+

—o— Draeger Evita XL

—— Hamilton Galileo
Siemens Servo-i

—o- Bird VipGold

6 17 16 21 26 31 36

number of breaths




IL &
ng/ml

41,0014
35,0077
."“,'.I!U'J-
22,0047

20,00

15.00

10,004
5,00-

0,004

Effects of Ventilation With Different Tidal Volumes
3 ml/kg versus 5 ml/kg

VG 5.0 (n=15) VG 3.0 (n=13)

Birth weight (g) 1,150 £ 360 1.085 =290

Gestational age (weeks) 27+1.2 2716

a/APO, 0.15=0.05 0.15+=0.04

Antenatal steroids, complete 12 (80%) 12 (BO%)
course (two cycles), n (%)

1
P =ns.

7

* pe0.05 VG 3.0 vs VG 5.0 group o p=D05 ViG 30 vs VG 5.0 group Days of life

Lista G et al. Pediatr Pulmonol 2006: 41:357-363



Effects of Ventilation With Different Tidal Volumes
3 ml/kg versus 5 ml/kg

TABLE 3— Outcomes of Neonates in Two Groups'

VG 5.0 group VG 3.0 group
(n=15) (n=15)

Length of ventilation 92+4 16.8 4%
(days; mean £ SD)

Surfactant 2+ 1 241
(number of doses: median)

BI’D (n) 2 (13%) (20%)

IVH (»>/=3) (n) 1 (6.0%) (6.6%)

PLV (n) 1 (6.0%) (0.0%)

ROP (>/—2) (n) 0 ()

PIE (n) | (6%) I (6%)

PNX (n) 0 0

PDA closure (n) 11 (73.3%) 10 (66.6%)

Postnatal steroid therapy 2/15 (13%) 3/15 (20%)

Decaths (n) 1 (6.6%) 1 (6.6%)
|
|

'In terms of incidence of hronchopulmonary dysplasia (BPD),
retinopathy of prematurity (ROP), pulmonary interstitial emphysema
(PIE), pneumothorax (PNX), and patency ol ductus arteriosus (PDA).
*P =0.05.

Lista G et al. Pediatr Pulmonol 2006: 41:357-363




Technologie 3:

Maintenance of spotaneous breathing efforts:

Pressure Support
BIPAP
APRV




HFOV (n=13)

PSV + VG (n=12)

Mechanical ventilation at 7 days
()5-therapy duration (days)
NCPAP duration (days)
Mechanical ventilation duration (days)
Second dose of surfactant

Patent ductus arteriosus
Pneumothorax
Bronchopulmonary dysplasia
Intraventricular hemorrhage
Periventricular leucomalacia
Retinopathy of prematurity
Necrotizing enterocolitis

Length of stay in intensive care
Length of stay in hospital
Mortality

3/13 (23)

203+ 14.6

6.9+42
4.1+x1.1
12/13 (92)
11/13 (85)
0/13
4/13 (31)
2/13 (15)
1/13 (8)
2/13 (21)
0/13

264 £11.8
66.2+19.9

2/13 (15)

2/12 (17)
220£159
52+24
45+22
12/12 (100)
912 (75)
1/12 (8)
3/12 (25)
2/12 (17)
1/12 (8)
3/12 (25)
0/12
273124
62.8 £24.2
2/12 (17)

"Wean + SD or rate (%).

Dani C Pediatr Pulmonol 2006: 41:242—-249

HFOV: The high-volume startegy was used
PSV + VG: Vt 5 ml/kg, PEEP of 3 cmH20

Ventilatory Goal: pH >7.20 , pCO2 <65 mmHg, and pO2 >50 mmHg.




Pressure-Support and flow termination criteria

The non synchronized patient during Pressure-Support
(ilnappropriate end-inspiratory flow termination criteria)

Nilsestuen J Respir Care 2005;50:202-232.




Pressure-Support and flow termination criteria

Termination Criterion 5% Termination Criterion 5%

™
I
L |

30
L= ] - 1
Ha g 1 ...

Ll X1
2o

=m S
i q Hau
—2al -20

Termination Criterion 35% Termination Comegion 45%

i

l—.«f'-\l:' X

1
0.8

b

-3 N
a6

o m
Hpg

«~ 1]
2a

om

: : : : : Nilsestuen J
Increase in RR, reduction in VT, increase in WOB Respir Care 2005




Health technology assessment is only useful

when the policy environment is mature enough

to handle its results

van Beusekom I, Kahan J.

Annu Meet Int Soc Technol Assess Health Care Int Soc Technol

Assess Health Care Meet. 2002; 18: abstract no. 323.




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

Have the study questions be addressed adequately?

Most of the RCTs show weaknesses in the design, which may
explain the inconsistent effect of high-frequency ventilation on

bronchopulmonary dysplasia.

RCTs on CMV only focused on comparing various modes and
settings, leaving the important question whether reducing tidal
volume or increasing positive end-expiratory pressure is also lung
protective in newborn infants unanswered.







