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‘Goals

= To understand the development of the auditory
system in and ex utero

= To describe what preterm infants perceive in the
hospital environment

= To adapt the hospital environment to the
auditory expectancies of preterm infants

= To use evidence-based strategies/interventions
for “auditory nurturance” in the NICU.

= To discuss gaps in knowledge and opportunities
for future research

= Why the auditory environment matters ?

» Auditory system development

n Differences between the pre and postnatal environment
m Responsiveness to the post-natal auditory environment

= Long term consequences of the early auditory Experiences

m Strategies for auditory nurturance

Nideap Trainer’s meeting, Bologna 2016 3
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‘ Brain development and Environment (2)

* « Critical periods »
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Environment and Brain development (3)

Environment and brain development (4)
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Knudsen I. Journal of Cognitive Neuroscience 2004
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Deprivation

Language retardation ?

Pineda et al 2013
Enriched auditory
environnement ...
Targe of Range of Han et al 2006
Prtente s Lol Webb et al 2015

Nidcap Trainer's meeting, Bologna 2016
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Environment and brain development (5) o . 8 "
2 Mother’s voice and heartbeat sounds elicit auditory
Early experience impairs perceplual discrimination mitwe - plasticity in the human brain before full gestation
W G P, M K ok el e I P s S Alexandra R, Webb®, Howard T. Heller”, Carol B. Benson®, and Amir Lahav*"
3 #1 v s
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b & A Thickness of the AC B Width of the Frontalhorn of LV € Width of the body
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K §rag ) - 40 VPT Newborns
- I ; - GA 29 wks
i {..45: musemalsond = Mother’s sound
2  Contral 3 hr/day during 30 d
¢ W e
s - Cr US at 30 DOL
« Enlarged cortical areas specifically responsible for this frequency integration
but less efficient (poor discrimination) in rats REH LR c Webb AR et al PNAS 2015
Nidcap Trainer's meting, Bologna 2016 Brain SUUCtUres Nidcap Trainer's meeting, Bologna 2016

Félix, 25 wks, 740 ¢ Language development

Early communicative skills
ASD

Auditory system development

Attention deficit

Manon, 27 wks, 600 g S °

Auditory development (1) Auditory development (2)

L= . :
S TRE | B i KEX
J i = N From Brown & Graven 2000 from Pujol et al.2009
: 3 h - o Q Developmental event Timing (weeks)
1 - IHC et OHC histologically visible 10a12
[ 'f"ﬂ' h- 1 g Ciliogenesis of IHC and OHC 12+
= =, IHC Maturation - synapses with the auditory nerve 15
OHC Maturation - synapses with the auditory nerve 22
Outer and middle ear Inner ear Maturation of the stereocilia 22
From Hall 2000 |
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Auditory development (3) Fetal maturation of pitch perception
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otteveel et Hepper and Shahidullah, 1994
Sensory systems development (1) Sensory systems development (2) 16
* Resting state network (« Resting state network »)
— Spontaneous during sleep (= Fluctuations at low frequencies )
synchronised (Times) in f MRI
— Specific activation in the areas :
* Visual (A) Term
* Somato-sensory (B)
Touch 9-17 wks | 20 wks 14 wks (whole body) 24 wks (Somes. EP) * Auditory Cortex (C)
¢ Langage
Nociception 7 wks 20 wks 16-20 wks 25 wks (NIRS) + Memory
Vestibular 5 wks 14 wks 24 wks (Moro réflex) -
Gustatory 10 wks | 18-20 wks 26-30 wks - — Connectivity
Olfactory 4-7 wks | 11-14 wks 28 wks (earlier ?) 30 wks (not explored before) — Present from 26 weeks
(NIRS orbito-frontal cortex)
Auditory 10wks | 22 wks 23-25 wks 24-27 wks (AERP)
Visual 10 wks | 24-26 wks 25 wks 29-31 wks (VERP cortical)
Kuhn st ai Arch Ped 2011 Fransson et al 2010 Preterm infants

The NICU : an atypical environment
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Which differences between the in . P

H Exemal ( Noise /m
utero environment and the @@ Nigy )| (e )
. . Loud Discontinuous & variable
« nosocomial » environment?
Coey

Highly pitched
—
\/

Strong, imitating

T
Light levels
<50 lux //" - Light
ft tactile and vestibular Painful
stimulations stimuli Frequent
Repeated

Lickliter R 2000, 2012 ; Lasky R et al. 2005 ; Liu, 2007 ; Kuhn P, 2011; White R, 2012
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Evaluation of the postnatal auditory environment (1)

Evaluation of the postnatal auditory environment (2]

* Sound pressure levels in NICU:
— High SPLs, High Frequencies
— Chaotic, impredictible

Sound pressure levels
recorded in incubators

Philbin K et al 1999

* Auditory Environment in neonatal units:
— Persistence of high sound pressure levels

+ 0,22 dBA/weeks

]

5,5% of time in the
range of the AAP
recommandations

L, A

Measures/week &
over 20 h -
o * e & &
In the CRIB PIA, wk
22 ELBW

FaGLeE 1

Lasky RE etal. Pediatrics 2009

Evaluation of the postnatal auditory environment (3)

Evaluation of the postnatal auditory environment

* Auditory Environment in neonatal units:
— Persistence of high sound pressure levels

g4
24
T
E
-]
g #1
-l
T —— Ventilaior
- - o Maes cannuls
— CPAP
= ¢ Ao b
-l

Cirafle oo akbed Oittast | ncubalens O Crib wr aeTret

Lasky RE Pediatrics 2009

Niveaux sonores sous CPAP

Fif= iy ~

F —— B i men
= 10 bywimin

Bhomsg snps sy il S
T
{r//'
[

Vepipettrary Jilia)

Figurs T Cropheiol repieiansonns of Soieass o o il feig
ety bow sabposidl Rire oot

Surenthiran S et al Arch Dis Child 2003

Evaluation of the postnatal auditory environment (5)

Evaluation of the auditory environment-Transport

A
el 5 days measurements
= oo 8 commn | N2NICU
- Spectral histograms
= 10 0o 4 ]
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Modse lewel (B}

Daytime noise levels Leq 60 dbA
Night time 58,7 dBA

Sound >50dBA:
F<500hz 100% of time
F>500Hz57% of time

2 &5 8

Percentage exposure (%)

20-500 5013150 31516300 630116 000

Lahav A Acta Paed 2015 Frequency (Hz)
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Excessive exposure of sick neonates to sound during transport
Buckland et al ADC 2003
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What is the responsiveness of preterm - \ # A |

infants to their auditory environment ? WHWM
GL,

| r.I .
£ et _._...-ﬁ'l' ' .'ll "-Jli 1 .}'"N:.._,_.-..

al

-
1 -
T
2 newborns 34 wks, 7 d. of life
9 SPs in 4 hrs, 6 led to desaturations
Nidcap Trainer’s meeting Bologna 2016 Long et al. Pediatrics 1980
Responsiveness 10 sound stimuli 27 Responsiveness — Sensitivity to noise (4)
Infants born very preterm react to variations of the acoustic environment
in their incubator from a minimum signal-to-noise ratio threshold of 5 to 10 dBA
“¥7 HsL vsBSL, p <0.0001 & RiSEAReH m
_ ez i o
E an
‘n=11 E am a rat
3 ; e ‘ Sommeil ‘HR RR Oxygenation ‘
+31.6 weeks GA gon f. :
«D5to D7 g, '
« Skin conductance measured '_’ ) ; =
out of the care = g i | 26 very preterm infants 28 Wks é
E
« Autonomic Activations after . & Male vsfemale, p = 0.03 eSound Peaks Identification E
SP > 65 dBA in a background ) L T -5-10 dBA > background noise[I]
noise < 55 dBA [T — }_f_“ = ~10-15 dBA > background noise 16
1 I I o « Background noise levels
Precare electrodermal responsefsecond bo sownd -50a59 dBA
stimuli. dbbreviation: EDR, electrodermal response. « 600 SPs during sleep
® Sleep disruption: 33 to 47 % according to SPs
SalavitabarA. et al 2010 Kuhn P et al. 2012, 2013
o s e s
Objectives Multisensory processing |

Sound Interferes with the Early
Tactile Manual Abilities of Preterm
Infants

Fleur Lejeune’ ", Johanna Parrai”, Frédérique Beme- Audéoud’, Leila Marcus’,
y & §

— What is the maturation of pitch perception in VPI exposed to an
atypical auditory environment ?

— What is the impact of the sound frequency on the

responsiveness and the well being of the very preterm infant ? , Silence condition

|capabilites to memorize tactile the shape of an object in case of concomitant noise

63 premature Newborns: GA 30 weeks Post-Natal Age of 17 to 20 days
Sci Rep 2016
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Attractiveness for biologically meaningful stimuli: mother (father)

Responsiveness to vocal stimulations (1)

Social interactions
Meaningful stimuli

- Maternal voice

~

3
&

* Foetus:

— Cardiac responses:
+ Increase

« deceleration
Lecanuet et al. 1986, 1989,1992
De casper 1994, Groome 1997,1999
Krueger 2004

— Orient towards the
mother's voice
« Moon & Fifer 2000

Lecanuet et al 1992

“r

* Full term newborn .9

— Behavioural Responses
« arousal,
« Orientation (head, eye, pupilla)
Querleu 1984
— Orienting cardiac reflex =
sustained attention
Graham 1992
— Sucking activity (play-back
of the mother's voice)
DeCasper & Fifer 1980
Moon & Fifer 1994

Very preterm infants ?

DeCasper & Fifer Science 1980

Early auditory Discrimination

mpact of the mother’s voice (1)

Syllabic discrimination in premature human infants
prior to complete formation of cortical layers
PNAS 2012  Mahmoudzadeh et al.
* Cortical responses from 29 weeks in auditory and language
processing areas in a discrimination task (ba vs ga)
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Live maternal speech and singing have beneficial effects on hospitalised preterm infants.

Manucla Filippa', PhD. Emmanuel Devouche™, PhD, (].'fm Arioni’, MDD, Michel Imberty’, PhD,

Maya Graticr™

v 18 couples “mother-infant”

v' GA >29 weeks and Birth weight
>1000 g

v Post menstrual age 34 weeks
[32-38]

v’ Maternal talking and singing
during1h (13-14h)

Acta Paediatr 2013

v 1 5a02 et HR (p < 0.001)

v | Critical events (bradycardia,
Desaturations , apnoea) (p < 0.001)

v 1 quiet awake state (talking)

v'1 deep sleep state (singing)

- - J = DS (%) AS (%) QA (%) Total (%) Total N
- B i B
4 A~ N M1E N | T i NS 46 50 4 100 164
T . -
5 - 1 .ﬁr‘ |.&’4 Singing 19 64 17 100 78
L = Lo =4
= F m w4 = m m [ Speaking 19 60 21 100 63
— S —
mmsn gy ""':'m_ Mean 34 56 10 100 305
Voice perception in fetuses (4) 35 Mother’s Voice perception in newborns (3)

Presentation at 100 dBa

On the mother's belly (3¢ T):
* MV (Mother’s Voice)

« UFV (Unfamiliar Voice)

« PT (Pure tones)

Analysis on 3 fetuses on 6 fMR]

Specific Activations:
= « Left Sup Temporal areas
= |
i l. + Vioices > PT
LR " -I-
o=
ll *Specific for MV

Jardri et al 2012 Int J Dev Neuroscience

+ Cortical Activation specific for the mother’s voice

— 16 newborns (21 h of life)

— Mis Match Negativity on cortical ERP
— Son/al 212 ms, 85 % témoin, 7.5% Mother, 7.5% Stranger
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Beauchemin et al 2011 *
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Neural language networks at birth Neuron PrBE'°"e Speech: Carenral Voica
ocessing in Infants

Daniela Perani*®<', Maria C. Saccuman®, Paola Scifo™, Alfred Anwander®, Danilo Spada®, Cristina Baldoli®™*,
Antonella Poloniato’, Gabriele Lohmann®, and Angela D. Friederici™'

PNAS | September 20, 2011 vol. 108 no. 38 16061

Pascal Bolin'* and Marko-Holene Grosbras'

Temporal Voice Areas vocal sounds

Adults Newboms

non-vocal sounds

Suparior temporal suicus (STS)  Sylvian fissure
B c D

—— B Temporal voice areas
-

i9.3.  Functional connectivity results. Correlation value of low-pass-filtered residuals of language experiments in (A) adults and (B) newborns with seeds I Gl & {
roca's anca (Upper) and in the posterior superior temporal sulcus (pSTS) and superior tem poral gyrus (STG). For adults, Talairach coordinates are given. As M {3
luch coordinates are available for newborrs’ brains. the newroanatomical location is given.
7-month-old 4 to 5-years-old young adult u
7 DEVELOPMENTAL AXIS 8
Supplementary Stimulation: Music ? Supplementary Stimulation: Music ?
+ Support physiological and behavioral stability by music Combining Kangaroo Care and Live Harp Music Therapy
listening in the Neonatal Intensive Care Unit Setting
1704 \ a1, Thes 3 ey : 2 wadn N w4
109 | Aweske r3
1604 . . o el I\ e
- & u{ e e'g'e R
LSS 2 |0 L6\ A o
L Bt e Y : :«Jf;\/-.\s;\z/\,\ Y e |
i A RN = = e
£ w0 \ %2 A o RMT [re——— — . i a1 .
< \\ i ' ~+- S| = i 2 - 52 mother infant dyads
2 10 i, § 4 _
N U] | psen prep— P - o 3'2 to 37 wks G.A .
o] det Durng aiec N/ e | x/' “ - ! - Live harp music during SSC
Ir] . .
wb | \ il e - RS R A T . has a significant effect on
0 10 20 0 0 N @ M W0 W W 0 W 20 W W S0 & W W 0 100 - - .
Time (Minms) . — - maternal anxiety
— 31 newborns > 32 GAand > 1500 g
— Controled for: ambiant noise /ABR / 1H post prandial
— Music: female voice + harp .
E=i e = s Schlez A et al. Isr Med Ass J 2011
Amon S et al Birth 2006 : e — chiezAetal foried Ass

Access 1o biologically meaningful simuli: vocal exposure and language

Importance of Parent Talk on the Development of Preterm Infant Vocalizations
Melinda Caskey. Bonnie Stephens, Richard Tucker and Betty Vohr
Pediarrics 2011:128:910: onginally published online October 17. 2011:

» Exposure to voices

— Hypothesis:
* Production of vocalization at 32 wks PMA ?

Long term consequences ? » Does the exposure to adult language in NICU
increase vocalizations between 32 and 36 weeks ?
— Methods:
« LENA language digital analyzer (count of words, vocalizations,
excluding crying and autonomic noise)
* 16 h recordings at 32 & 36 wks
« Identification of « reciprocal conversations »: vocalizations and
adult word in the following 5 s.
« Analysis in binomial regression
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Ong term effect auditory environmentand language Cong term effect of the auditory environment and language
Importance of Parent Talk on the Development of Preterm Infant Vocalizations : :
Melinda Caskey. Bonnie Stephens, Richard Tucker and Betty Vohr Ad u |t Ta | k n the NICU Wlth Preterm |nfa ntS d nd
Pediarrics 2011:128:910: onginally published online October 17. 2011: Deve |0pmenta| Outcomes
36 newborns = ¥
GA 27 [23-30] - ks e
Birthweight 896 [480-1415 - (
g [ ! i WHAT'S KNOWN ON THIS SUBJECT: It is known that adult
1st recording 32 +/-2 weeks - . z & language input is important to healthy language development and
2nd 36 +/-2 weeks i that preterm infants are at risk for language delay
1 =
Langage: ] . T
- 15 % vocalizations ; o gun, * - = WHAT THIS STUDY ADDS: This is the first study to provide
- 85 % adult voices 88% female voice o ga=" s - evidence that preterm infants’ exposure to adult words in the
PN | - - NICU before the mother’s due date are associated with better
nfant Vocalizations: PP ———— N p ames - A 18 months’ correct
- 5/h 4 32 weeks - ) 'Log‘mnvc and language outcomes at 7 and 18 months’ corrected
- 10/h & 36 weeks P —O-TCT N
Conversations (reciprocal vocalizations) :
- +20% per 1000 adultwords at 32 wks Caskey M et al Pediatrics 2014
- +10% par 1000 mots adultes a 36 SA
- > during parental presence (p<0.05) 44
Architecture —Acoustic envir tand exp etol stimuli

Architecture —Acoustic environment and exposure to language stimuli

* Comparison of the developmental effets of multiple room vs
single/private room:
— 136 preterm infants <30 Wks

— Comparison leftto right asymetry in the sulcus area at terme
(langage)

Normal term control Open ward Private room
(n=12) (n=20) (n=23)

-3 0 +3
right deeper [ il et deeper
[ statistic

Pineda R et al J pediatr 2014

Significant differences with detrimental effects for newborns
in private rooms...

— NLlanguage performances at 2 years

— More motor problems

— Persisting in multivariate analyses for confounding factors

* But!
— More families with Medicaid in private rooms
— Few parental presence and veryfew KMC

— Differentresults if private rooms with high family’s presence ?

Pineda R et al J pediatr 2014

Architecture —Acoustic envir tand exp etol stimuli

Architecture —Acoustic envir tand etol stimuli

* Single room :
— « too quiet » ?
— Closed incubators limiting ambiant noise
— Social isolation, deprivation in language stimuli
— Deprived environment if parental absence

=

Rand & Lahav Acta Paed 2013

* Room with multiple beds

— «Too loud? »

— Open crib increase the exposure to artificial sounds and numerous
differentvoices

— Reverberation, complex sound stimuli, chaotic and continuous
— No/poor acces to vocal stimuli

Rand & Lahav Acta Paed 2013
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Architecture —Acoustic envir tand

p e to stimuli Architecture —Acoustic envir tand exp etol stimuli
18-Month Follow-Up of Infants Cared for in a Single-Family Room
Heonatal Intensive Cane Linit Table 111. Neurodevelopmental outcome scores at 18 months in the open-bay NICU and SFR-NICU by
invols
Ry M Lgdwe P50 By | Ssinbury PR KaSheisen Howey, PR Lyoee W Drmereon, M imelvement
Rosmare Rguby =0 Aobot Lapiock, N °. Margbe® Tauh, AW, Linda L. Lagaess, P50 ' ey R Yobe, MDY ared L]
s F Py, M Open-bay NICU SFR-NICU
Bayley-lil composite WighMl Effect P LowMl  Hightl Eftect P NCU /M
MICU scores® (=35) sz vale (n=50) (n=73) size value Pwalue P
o Eervip— Cognitive composite Q1(128) 026 .14 78(118 08132 040 O 4 03
Cpeni-Bary Language composite 200(184) 057 (1] 8291400 97165 072 <0; 15 <00
” Famidy Receplive commumcabion ) 1935 047 03 6926 8629 057 001 10 <00
a4 — Roam Expressive commumcation 8) 85@) 043 03 1226 9428 073 <001 L] <001
Motor composite 909 (1200 93.0(10.1) 014 39 8921400 S43(111) 034 03 54 19
Fine motor 91R4) 07RO 020 2 8IRS 1008 030 02 2 %6
1 Doy Gross molor 17R2 80(1.9) 0.10 59 1326 842 037 o 57 16
L | 4 Diys 216 VPT infants
L BT - Mean GA 27 +/- 1,7 wks
i Conclusions: High maternal involvement is associated with
- - Open-bay rooms (n=93) .
T T T T TR - SF rooms (n=123) improved 18 month neurodevelopmental outcome
Porelk In the MICY especially in infants cared for in a SFR-NICU
Lester BJ, Pediatrics 2014, J Pediatr 2%16 Lester BJ, Pediatrics 2014, J Pediatr 205%6

Generalrecommendations / Sound

» Implement efficient strategies to continuously lessen SPLs and
attenuate their variations near VPlIs, to protect infants from
deleterious exposure to noise.

» Respect the Recommendations for permissible noise criteria
levels in the neonatal intensive care unit (NICU)

- Leq<45dBA — <40 dBA

Recommendations - L10<50-55dBA

— Lmax<65dBA

— Attention to signal to noise ratio also !

AAP Pediatrics 1997
Philbin et al. Sound Study Group J Perinatol. 1999
Recommended Standards for NICU design 2006,2012

+ Avoid auditory deprivation and Provide a nurturing environment
with language stimuli and direct talking (especially parents)

i) Cochrane
w o Library

A it e

Figure 2. Forest plot of comparison: | Silicone earplugs versus no earplugs, outcome: 1.6 Mental
Developmental Index (Bayley Il) at 18 to 22 months corrected age.

i one e phigs. No e pgs Mean Dt ence Mean Differ ence
Study or Subgroup _ Mean SO Total Mean SO Total Weight IV, Fixed, 95% CI W, Fixed, $5% CI
Aoou Tumk 2009 % 1202 6 70 633 6 1000% 1400031 =
sound reduction management in the necnatal Intenslve care O e C S uwopnuen e
i i " 3 S SUORANY: Mol sppiconts 100 30 [} 50 100
unit for preterm or very low birth weight infants (Review) Tout for oversd adct 2= 262 = 001) ne earpiugs. o sarpiugs

NICU. B
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Generalrecommendations / Sound

General recommendations / Sound

Health care authorities

Acoustic engineering

Architecture / building
Noise criteria material
Multidisciplinary noise

ng

Measures / Information
Action plan

Individual talking

Newborn

¥//
\_ Parents

T

Presence !
Skin to skin
Direct talking and singing

Adapt to the newborn’s
signs and behaviour

+ Practical applications

Recommended Acoustic Environnement

| Exposure to deleterous stimulations 1 Exposure to the maternal/human voice

‘ SSC in a quiet environment ‘

‘ Recommandations ...SNR ! ‘

- Pitch and Level of the alarms
- reverberation incubator

- steril bag

Architecture

Behaviors /Strategies

Materials ‘ Visitors — Primary caregivers ‘

Encouraged to talk to their infants

‘ Motherese language and direct talking

Auditory protection in special
circumstances

13

Gaps in knowledge

Conclusion

* Opportunities for future research are the evaluation
of:

* - The hedonic responses of preterm infants to
specific auditory stimuli.

* -The long term effect of the early auditory
environment on early communication abilities,
language development and the bonding process.

* - The benefit (?) of additional auditory stimuli (music
> recorded maternal sounds)

* T- Which babies would benefit at best ?

¢ Possible to adapt the HOSPITAL environment to the infants needs

o Multidisciplinary Team work

¢ Protect VPT from the hospital auditory stressors

e Supporting access to direct biological meaningful signals coming
from the mother (father) during multimodal conruent experience
of SSC o

¢ Individualization of the auditory environment in the NIDCAP ®
context nideap

¢ Early maternal vocal contact appears essential for providing more
nurturing environment

¢ Future areas of research !

¢ More humane neonatal care

¢ Maternal Voice Intervention and Preterm Infant Brain Development
Bridging the Gaps Between Research and Practice
M. Filippa, P.Kuhn, B. Westrup
Springer 2017

¢ Ultra - intervention meeting
B. Westrup and the KI NIDCAP Team
Stockholm 2017 March 234
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