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DIMAR ¢ una azienda facente parte delle piccole/medie imprese (PMI) e
operante nel settore del biomedicale, specializzata nella produzione e com-
mercializzazione di dispositivi medicali e tecnologie altamente innovative

SHU LO WUDWWDPHQWR GHOO-LQVXIAFLHQ]D -UHVS
ne non invasiva (NIV). Fondata nel 2002, al momento annovera tra i propri

clienti, 125 ospedali italiani, servendo circa 500 reparti, oltre a due distri-

butori multinazionali che, a loro volta, servono centinaia di strutture in tutta
Europa, per un totale di qualche migliaio di reparti. | maggiori utenti sono i

reparti di terapia intensiva, pneumologia, primo soccorso, emergenza, me-

dicina, ematologia e infettivologia, cardiologia e neonatologia.

La dirigenza di DIMAR ha pit di 30 anni di esperienza nella conduzione

di aziende operanti nel settore della ventilazione, come Dar, Mallinkrodt,

5XVFK 7HOHAH[ 6WDUPHG &RYLGLHQ H GDO VL
WUDWWDPHQWR LQYDVLYR GHOO-LQVXIAFLHQ]D UHV
UHDOL]]D]JLRQH GL VLVWHPL LQQRYDWLYL GL 9HQWL
VHJXH RJQL IDVH GHL SURJHWWL GDOO:-LGHD]JLRQH
JLRQH DYYLHQH WUDPLWH O-XIAFLR YHQGLWH GL ',0¢
FRQWUDWWL FRQ GLVWULEXWRUL PXOWLQD]ERQDOL
WXWWR SDUWHFLSDQGR GLUHWWDPHQWH D JDUH G-I
FLSDOL FOLHQWL GHOO-D]JLHQGD VRQR TXLQGL GL G>
LO PHUFDWR ,WDOLDQR H GLVWULEXWRUL LQWHUQD
SHU LO PHUFDWR LQWHUQD]LRQDOH

',085 KD VHPSUH FUHGXWR QHOO-LQYHVWLPHQWR QH
VWUDWHJLD YLQFHQWH SHU HPHUJHUH VXOOD FRQF
ha deciso di specializzarsi in dispositivi per la Ventilazione Non Invasiva,
RITUHQGR OD VROX]LRQH GHO IXWXUR VLD LQ DPELYV
4AXHVWL SURGRWWL LQIDWWL ULGXFRQR GUDVWLFDF
QR HVVHUH LPSLHJDWL LQ VYDULDWL DPELHQWL
Maurizio Borsarii, SURSULHWDULR XQLFR GHOOD ',0$5 QH
SULPD YHUVLRQH GL FDVFR FRPH LQWHUIDFFLD LGR(
FD 1HO KD IRQGDWR 6WDUPHG OD SULPD D]JLHQ(C
FDVFKL SHU OD 9HQWLOD]JLRQH 1RQ ,QYDVLYD DFTX
LO 6L %RUVDUL KD IRQGDWR ',085 FRQ O-LQW!
VRAD JOREDOH VXOOD 1,9 VXSSRUWDWD GD LQQRYD
,Q ',0$5 WXWW D ricerd W SViluppbo W pr&@luzione e commercializ-
]JDJILRQH GHL SURGRWWL gq LQFHQWUDWD VXOOD VRG

2>
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Continuous Positive Airway Pressure
With Helmet Versus Mask in Infants
With Bronchiolitis: An RCT

(@caprna Gred ink BA0%, Warce Fissim, BT, Tiners Msrches, WIF, Son e De Luce, WP, Livss Hapotisno, WOF, kas Sakm, WEO®
&naras Wafer, WIf, Paak Peicai WIF, kiecon Gamaaco W2 Siarga Comli WP, Edeeron Camerii MO

ez Nanvasive congimuis positive airwiy pressure (CPAR) |5 asaally applisd with
a nasal or facal mask to treat mikd acute respiratone Gidure (ARF) im innts. A pediatric
lielmet has now been miroduced in clinical practice to deliver CPAP. This study compared
treatment Gailure rates durlng CPAF delivers] by Belmel or Faclal mask i infants with
respicatary syncytial virus-induced ARE,

snimond. In this mualticenter randomized condrolled trial, 30 infants with respimtocy syncytial
virus-inducid ARF were randomzzed 1o receive CPAP by hedmet o= 17} or facial mosk

[ = 13), The: primary enidpolot was tresatment Bxiluee rate [defined as due to inoleramoe ar need
Tor Inmabsation). Secondary catcames woere CPAF application tdme. rimber ol patients
reguiring sedation, and complicatioms with sach imerface.

wmwpr; Compared with thie facal mask, CPAR by belnoet had & lower reatmens fallure rate dis
ta intoderance [3/17 [1T4) vs 7013 (54061 P = 009, and fewer infants requared sedation
(617 [35%)] vs 13,03 [100%), P = .D23); the imtobation rates were similar In soccessfully
treated patients, CPAP resalted in becter gas exchange and breathing panern with both
Iterfices, Mo majar camplications duse to the Interfaces aciurred, but CPAP by mask hd
higher rates al cutaneous sores and [ealkes,

comsimmgis: These findings confirm that CPAF delivered by helmer @5 bestor ilerated thae
CPAP delivered by facial mask and recuires leis sedation. [n addition, it is safe to wso and froe
from adverse evenss, even in a prolonged cinical setting,

WHAT'S HNOWH OF THES SUBJTTT: |n g pravioils P DU Spmarieses of Amttena and Srbod Sore Foutmocs IO B drocda, Camndcls daggnes
R W Tl P O Dnaorrem) of Assmte i W IR U0 IR TR A

Wwrimmm prysinioge: randomized comrolisd W Pamat ” Pty Lyt e Socewt Ve, forw, Sty Ry of M, M )
fral, continuous poaitive feeway pressur oy o et 40 Ik s, el g 0 brsoe A il Dicwes i P dikes oty
e Agurtved of Tegad Sevm ow' pmde! Tty ey of (ke B ALY e i - LW

hemet wan feasble ond efficent in mprovim

jas dsshangd in padifne sl risprbany
halke's du b Broschishts Or Do, Peias Soma, On Lusa, gon Uebferind porpepiastoss) s cenigesd (e ptady el oo
E e ik Masusergrl OFs Pusira, Marches, Damise Rowiori B, and WMol saim e o

WITAT THIS ATHDY S00S: Cominunun poaitive bt bl arsbyin @l reneesd eed rvmsad The el fie Be Leca designad the dina
ooliecs ion i ramenits, coordnred and pperessd cefte colechin, condeced T Eatgical

BIPWHY Irassure Simin etred Dy Raimes Tdiien . ooy wn cstusd by rowssovin) s raarasboripl; el ol dnhirs Bppesrsi th ool Fiapuespl i
the raie of nonrwasise respratory suppor absarial

faikers omd prowdes Imger applician Bme with 1Fas il s meny Fegderet @l wweantnecards giv Lot e KL 1891 {5681

|leas spdabion thar o lical mash, In sddtion L= wrvrncpm kit e e it 154 dpeite 301 141

il 10 uEE 40l frae Peomm dileeris st

G Foky

D0E: 0 B e 16 ] 1

Acraping bnr mabive 1on Bec 33 304

feldreas crTapniEes 1 Gna Dhaln, 0B Eras goanracsabictem
HOWALS (ESN Hembary Snel [AT4ER; eirn 10ERE
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Respiratory syncytial virus (RSV)
bronchiolitis i one of most

guardians before enrollment. The wial

lower resplratory tract Infections In
infants and is the main reason for
haspitalization in developed
countrics 'S Inflammation triggers
the obstruction of small airways,
resulting in reduced lung function
and rapud, shallow breathing 4 Up to
8% of infants with acute RSV
bronchsolitis are admitted to a PICU
ding no ol y
support (NRS) because of recurrent
apnea or acute respiratory fatlure
[ARF)* Continuous pesitive alrway
pressure (CPAP) ks widely provided
as first line NRS by many PICU
teams.” ¥ In Infamts the choloe of
interface is crucial for NRS success.
Currently, pediatric interfaces include
sasal cannulas, nasal and facial
mask, and pediatric helmes. Nacal
canmdas are used to deliver CPAP
precerm infants, but expiratery flow
limitation dwe to obstruction of the
nestrils and prong distodgement has
been described 07! Nasal and facial
masks are often used for infants and
older chikdren. However. leaks
around the mask may cause
discomfort and make it necessary 1
interrupt nt. ' 710 A pediatri
helmet has been used to deliver
CPAP in nconates, infants, and
preschool children with ARF17-33
In this population, CPAP by helmet
was better tolerated than a facial
mask, with no major complications
and less nood for sedation -1

The alm of this prospective
multicenter randomized controlled
trial (RCT) was to compare the fadure
rates of helmet and fadal mask CPAP
In infamts admitted to a PICU for RSV-
related ARF.

METHODS

This prospective, nonblinded,
multicenter RCT compared hedimet
and facial mask CPAP in infants with
RSVerelated ARF. The trial was
approved by local institutional review
boards. Written Informed consent
was obtalned from parents /legal

OGS Nolume 36 numbor & Ageil 2015

was conducted according to the
ethical standards leid down in the
1964 Declaration of Helsinki.
Consecutively admitted patients to

3 labian PICUs (Fondazione [RCCS Co°
Granda, Ospedaie Maggiore
Polidinica, Milarg University Haspital
A Gomell,” Catholic University of
Sacred Heart, Rome; and Children's
Hospital Vittore Buza, Istituts Chinke
di Perfezionamento, Milan) with RSV-
related ARF wore followed from
January 2008 w Janusary 2010

Inclusion criteria were (1) age 6 to
12 manths: (2) diagnosis of RSV
Infection consistent with clinical
features (history of cough, bilateral
wheezing, and proloaged expiration;
supporting chest x-ray findings of
hyperinflation) and positive
immunofluorescance test in
nasopharyngeal swabs; and (3) ARF,
defined by partial pressure of
oxygen. arterial (Paoz)fraction of
Ingpired oxygen (Fio;) <300 after
hreathing 0, through i Venturd
mask (Fio, 0.5) for at least 15
minutes, plas 2 of the following:
respiratory rate (RR) >2S0
depending on age, accessory
mascles recraitment, and

parad 1 abdominal e

Exchision aiteria were (1)
emergoncy need for mtubation; (1)
Glasgow coma scale <<12; (3) major
ackdosis [pH «27.25); [4) cough or gag
reflex impal rment; (3) uppersalrway
obstruction; (6) facial/gastric
surgery: (7) respiratory exhaustion
with impending nced for intubation;
(8) hemodynamic nsrability (defined
as need for vasopressor or inatropes);
or (%) enroliment i other research

p Is. All path ing the
inclusion criteria were randomized o
receive helmet or fadial mask CPAP as
first-line intervention

Concealed rundomization was
conducted centrally through

# computer-generated block
randomization schedule. A telephone
service was available at all times for
assignment of patients,

Donrdosded frons by guest o July 28, 2017

Grap

A detailed description of the CPAP
free=flow circuit has been
publighed.?* CPAP was maintained by
a generator able to deliver gas flow
up to 140 L/minute and an
underwater bubbling valve. The
pediatric helmet (Castar Starmed,
Mirandola, Italy) has a 27-cm collar
diameter and 6-L internal wolume. It
® made of transparent latex-free
palyvinyl chloride and is secured to
a soft collar that adheros to the
wfant’s neck The system Is
harnessed to the diaper for stability.
One helmet port is connected to the
gas source and the other to an
underwater positive end expiratory
pressure valve. There are two safety
SYStoms: @ pressure monitoring
device with overpressure safety
valve (opening at circult pressure
=20 o H0) and an anti-asphiyada wive
{allowing room air in f pressure
inside the helmet falls below

3 emH;0). High fresh-gas flow

{235 1/minute) was wsed to avold
00, robreathing, 71 112527

All patents were kept In

3 semirecumbent position. In all
centers a standard ocormascal mask
[Profilc Lite Gel size XSS, Respironics,
Murryswille, PA) was used, and its sze
wis chosen to fit the face ay well as
possible. It was connectod to the CPAP
ciroult by a Y-connector. Skin besions
were prevented by using colloid
dressings (DwoDERM. ConvaTec
Decside, UK), The mask was initially
placed mamally then after & short
time secured on the patient’s face by
2 head cap

A heated humidifier was used for both
groups (MR730 humidifier; Fisher &
Paykel Healthcare Corp, Auckland,
New Zealand). The humidification was
continuous in the mask group and
intermiktent (n the helmet group
because the mixing chamber «ffect
could result in overbeating of gases
and raln-out effect. The nurse In
charge turned the humidifier off for
shoet intervals when rain-out occurned
inside the helmet.

o
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After stabtlzation with an oxygen
Ventur mask, as a first step we tested
CPAP In Increasing steps of 2 cm H;0
(from 4-10 cm H,0) to obtain
maximum alveolar recruitment at
lowest Fioy, This approach aimed to
avald delivery of inappropriately high
Fiog In the absence of optioal alveolar
recruitment.

The CPAP Tevel wiss chosen 1o obtiln
pulse axygen satumtion {Spos) =M%
with Fio, <06, CPAP was dollvered
continously in the first 24 hours umil
oxygenation and clinkcal status
lmgnovecl Patients with Spo; =94%,
Fio, =04, and no musde recruitment
were then weaned by redhucing CPAP
in steps of 2 am H;0, then switched
to oxygen therapy at Fioy <04,

CPAP <4 cm 1,0 without signs of
muscle recruitmsent. The protecol was
interrupted in case of CPAP treatment
failure, and the patient was managed
at the attending physiclan’s discretion
(including nonirvasive pressure
Suppoet ventilation as an intecmediate
step before endotracheal intubation).
The attending physician was not
lavolved (n the trial.

Medical treatment of infants with
acute bruncliolitls reasdned
unchanged for study purposes, per
the standand hospital protocol,

A nasogastric tube was placed for
enteral feeding.

Endpoiats and Definitinas

The trial primary endpoint was
treatment fallure rates for the helmes
and faclal mask CPAP groups.
Treatment failure was defined as
discontinuation of the
LFAP trial bocause of intolerance to
the Interfaoe and/or veed for
Intubation. Intolerance to the
Interface was assessed using the
objective pain scale (0PS) and
COMFORT scal e 2022 OPS € a scale

distress. The COMPORT scale s

a nonintrusive tool for assessing the
efficacy of pharmacologic
interventions in intubated children,
with high interrater agroement and
Internal consistency. Scores range
from 1 to 40; @ score between 18 and
26 Indicates that the dilld s awake
and calm, =17 suggests sedation, and

revised Pediatric Index of Mortality
(PIM2), RR, beart rate (HR),
noniavasive blood pressire, and
arterial bleod gases were recorded at
the following intervals: <10, baseline,
spoutancous breathing with oxygen
therapy delivered by a Vonturl mask
with Fioy 0.4 (Tyco Healthcare,
Mansficld MA): T1, 1 hour after

=26 denotes distress 190

Paticnts were not sedated before
enrollment. If sedation was required,
an intravenous midazolam bolus of
0.1 mg/kg was delivered, followed by
continuous infusion (01 mg/kg per
hour) according to the PICU protocol.
Intoferance was defined as OPS =4
and COMFORT =26 after 30 minutes
of midazolam continuous infusion.

Major adverse clinical events
ncluded (1) pneumothoras, (2)
hypercapnic cosa and (3) cardiac
arrest. Complications related to the
interface were reconded as (1) skin
sores (0, no sore; 1, area of red ot

starting CPAP; and T2 spantaneons
breathing (Venturi mask Fio; 0.4)
after 24 hours of CPAP. in
successfully treated pathents.?

OFS and COMFORT scores were
recorded at TO and T1. Stundan

Fioz of D4 while on oxygen therapy at
T2 was chosen according to the
weaning criteria to test the effect of
CPAP without the risk of a sudden
drop In oxygenation,

‘The insertion of an indwelling arterial
catheter only for research purposes
was judged unethical while on NRS,
Arterial blood samples were aollected

change In color that did not Exde
within 30 minutes after prossure was
romoved; 2, moderate skin
breakdown: 3, skin ulcer; 4, skin
necrosis; (£) gastric distension,
evaluated by visual inspection. or
(3) eye irritation {inflammation of
palpebral and /or bulbar conjunctiva
over the exposed surface of the
sclera), seored as O (not present)

or 1 (present).™

Mayjor leaks were defined as leaks
causing depressurization in the
dreult and needing interface
replacement. Criterta for
endotracheal intubation included (1)
fallure to maintain Paoy =60 mm Hg
with Fioy =0.6; (2) clinical signs of
exhaustion; (3) need to protect
dirways and/or manage copious
tracheal secretions; and (4)
hemodynamic impairment,

designed for infants and chikdren, Meanrements

containing S c D data icluded
changes In systelic bloaul pmswm uuu!«. wcigh'. cmunlul hun
crying, movement, agkation, and dis y dysp
complaings of pain. Target scores dhrway obsun:ﬂon, or any other

range from 1 to 4, OPS =4 denoting

ot

underlying discase. After enrollment,

Dowrdoaded Srom by guest on fuly IS, 2017

at scheduled times Spo, and
slectracardiography werns
continuously displaved. Hours of
delivered CPAP, Fio,, CPAP lovel,
number of patients needing
continuous intravenous sedation,
PICY length of stay (LOS), and
mortality wore also recorded on the
dinical data chart. Nasopharyngeal
swabs were coltected with

¢ technique. The
clinical diagnosis of RSV infection was
confirmed with a rapid enzyme-
linked Immmunosorbent assay.

Statistics

PAP predicred 3 fafiure rate using the
facial mask of ~50%7" We estimated
2 difference between groups of at feast
30% in the priesary endpoint, Given
atype 1 emvor of 0.05 and a type 2 error
of K%, this resulted In 2 sample sae of
30 patients per study arm, An interim
analysic was condicted after
enrollment of 30 patients to detect the

L =

in primary endp
groups, with normal spproximation of
a 2ided o level of 001

SP3S software (SPSS, Chicago, IL) was
used for all analyses. Data

A

CaEmi ot &
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distribution was deternuned with the
Shapiro-Wilk test, Descriptive
statistics were calculated for
quantitative variables (median
[interquartie range]) and qualitative
variables (absolute frequencies and
percentages). Continuoas data were
analyzed with the Mann-Whitney

17 1est. Categorical data were analyzed
by y* or Fisher cxact test.

Differences in physiologic parameters
over time were compared by the
Friedman Q test for repeated
measures, and a post hoc analysis
(Wikcoxon M test) was done if overall
P was <.05. Significance was taken at
P < 05. Al statistical analyses were
donie by an investigator with
expertise in statistics, blinded to
treatment,

The flow chart of participants’
progress is reparted in Fig 1. All
enrolled patients completed the trial
The study was stopped at interim
analysis because the primary
endpoint was achieved with high
significance in favor of helmet

The main baseli
characteristics of the patkents are
presented in Table 1; there were no
differences in demographic
characteristics and respiratory
support parameters between groups.
The primary endpoint and outcome
parameters are shown in Table 2.

The treatment fallure rate was higher
with the mask (¥ = ,.009) mainly
because of intolerance (P = .014).
Patients who did not tolerate the
mask were dl successfully switched
to a heimet. Intubation rates were the
same in both groups (P = .290). All
patients were intubated within the
first 24 hours because of worsening
of gas exchange.

No major adverse events occurred
(cardiac arrest, pncumothorax, or
safety system fallures). The number
of days on CPAP was similar in both
groups (P = 72), as was continuous
CPAP application time in the first 24

PEDATACS Yolume 126 number & Aoril 2015
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bours (= .091). Total appli

time of CPAP during the PICU stay
was longer with the helmet (P =
J004). Air leaks, skin sores, and the
need for sedation were all more
frequent In the mask group (P = 023,
016, and 001, respectively). No
differences were found between
groups with respect to gastric
distension, cye irvitation, PICU LOS,
and moctality.

Physiologic parameters are shown in
Table 3. In the overall analyss Paoy
P, increased significantly over time
(F = 001 for hekmet and P = 006 for
mask), whereas RR (P » 001 and P =
004) and HR (P = 002 and P = 016)
dropped significantly in both groups

Domrdosded Som by guest oa July Zs, 2017

pared with TO. Changes in pH
and PaCO; were small over time and
not significantly different in the
2 groups at each time point,
OPS and COMFORT scores increased
significantly only during CPAP by
mask compared with baseline with
axygen mask (OPS, P = 001
COMFORT, P = .001) and helmet
CPAP (OPS, P = .001; COMFORT, P =
£001),

DISCUSSION

These results suggest that helmet
CPAP was better tolerated than facial
mask CPAP, with less need for
sedation. Its application in mild
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TABLE 1 Basehine Cnarectensstics of Patients

mismatch, and respiratory pattern
stabilization” In infants with severe

Feime [ ?
a ” 13 RSV bronchlolitis, CPAP reduces the
age. mo 92 (3to 11 2309 w  esophageal pressure time product, and
Ma'o ginder 3un 8 Us) L] 6 to 7 cm H0 CPAP was assocated
g ke 83 7te W ol 3 with the greatest musde unioading
2 0 (5to4s) 0¢GN =% ¢
Cavses of resoratory lalure "::.wem::l l': bm?.‘ p:lll:'l‘l
RSVLromholins 2 00 300 g and Enorable clinical outcome:
RSVbroncholng and conection 3 (s s o B |n this serics, all infants needing NRS
Comertycites
' " were <1 year old. Younger children
Pelmonary Brorchedysplatas 0D 205 0
Congental heart daoaco 2000 108 w  cope less well with NRS than older
Eplepay 2010 245 78 ones, who are more cooperative. In
Newrorwusculer daemse 1063 0 2 young infants, the oronasal interface is
Prenous sommission for RS 3are san 2] the first-line choice when
AR bevatns per minite & (310 70 6 G5 to 78 @
[ 04 (04005 08 Mo ds) @  dministering NRS, but the need for
o iFa 043 (045-0681 043 0048 10 0.5 7 tight-fitting interfaces may lead to
Pao,fo, W7 (151 1o 208 165 (155t 130 @0  higher failure rates due to intolerance
PeCC, W 55 (45063 5@G7t058) £ and the greater need for sedation.??34
Artariad pht IR3wie I3 G308 5
Base excess mEgd 0(-15%12 15(-0910 12 «  The helmet was reported to be
Serum bicartonate. mEQ/L B0 2 QM0 1 efficient in delivering CPAP in
R baars per mnate 54 (164 0 . 155 (2285 U9 ® 3 physiologic RCT in healthy adult
Systohc bload pressure, k2 145 (129 10 159 135 (11810 149 $1 yolunteers: helmet CPAP was as
Lacate serum, madl 12 (106 20 139 09 W75 10 106 48 » .
Bady tempseaturs, °C T (360 TH 360 (6510 370 g3 cffective as mask CPAP in increasing
Duts dre epreisnt 48 7 (0 or medan Ertergutle regd end L ,lungvolulumd
compensating for airway pressure
pediatric ARF is feasible and free 2 groups had similar demographic oscillations without the need for
from adverse events, thus allowing characteristics and were well a reservoir bag and without €0,
longer treatment than with the mask  matched for etiology and severity of rebreathing at high gas flow rates
The facial mask was prone to leaks ARF. Endpoints were clearly defined (=30 L/minute), regandless of the
and caused skin lesions despite the in ad . thus minimizing size of the helmet.?%-37 From
use of protective pads. subjective interpretation of the data. a physiologic point of view, the more
To our knowledge. this Is the first The main physiologic CPAP effects in ~ <Ostant the ‘;;‘:‘“";i:“ more
RCT comparing the efficacy of CPAP infants result from airway splinting, P'°"°‘"'°°"' ¢ . e 00"
by helmet and factal mask in end expiratory lung volume Increase, :l:? ranry “:n ;::;d :‘ K
ini ing.
a prolonged dinical setting, The reduced ventilation/ perfusion guion in O dalivery ol
TABLE 2 Primary Endpeint aed Dutcome Messures vedlar collap P ¢
Hedmet Mesk a monitoring system on the circuit is
2 7 I therefore recommended 1o detect loss
Tresvsert taiure son 780 we  of pressure should disconnection occur.
Reasons for treatmert fadure No depressurization has been detected
W"“’"‘"’ . “; ; g ‘,'; during treatment with a helmet,
23-27
i e il o 0 ® according to previous reports.
Days o0 AP Iwy 2(1t0 D 7 The pediatric helmet was introduced
CORP Gelirered in the Srst 24 heers, b 221002 16 (7 to 2) % in dinical practice to increase the
P Odwered dureg PICU stay h* 2820106 8 Qw2 08 "
Patents requinng sedation e 13 €100 w  \nfant’s comfort while on CPAP. The
Sion gares see 1 0 B 651 i helmet is supposed to have several
Ar leaks 0 4G o advantages over nasal or whole-face
Gastric datension o 0 % masks: it allows frec movement of the
Ty entation - g : : nfant’s head as well as a good
P L05, ¢ 316N 5QBLEN s interaction with the eaviranment
P10 nortaly 0 0 ® while maintaining a geod seal without

Outs ore expressed 43 # M0 o medan rterguetie rengd

* Maan-Whangy ¥ teat end Fiaber cect ¢ teat
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compression.?? ¥ In preterm infants
with mild respiratory distress, CPAP

CHOMI ot o

2>
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TADLE 3 Physioboge Parametars

Parpreler ™ n 72

Panto,

Wetmee 177 131 0 200 NG 186 10 224" IV @Enaet

Mk 03138 W 130 4 080 10 2" 40 bt o arn
e, W

Helmet S5 UERED LEBIWEN LR R RS )

Mtk 50 3705 I9US59 11 G1wES
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by helmet resulted in better wlerance
and less axygen desaturation than use
of nasal prongs.’” In preschool
children with ARF of mixed cticlogies,
CPAP by belmet was safe and well
tolerated and resulted in an carly
Increase in oxypenationt* CPAP by
helmet was also effective and well
tolerated in hypoxemic children with
parenchymal disease and in infants
with RSV bronchiolitis, with less need
for selation and longer application
u‘mllvls

Pud.

d- B ‘" ™y
during NRS i not standardized and,
1o our knowiedge, no specifically
designed score has yet been
published. 0PS ks easy to apply and
we chose it to reduce the risk of bias
due to Interobserver varlability
across nurses in different units,”® To
conflrm the OPS resuls, we also used
the COMFORT scale for cach patient

At baseline and during CPAP.?® Both
seeres rose significantly from
baseline with the mask and between
groups, thus reinforcing the finding
of greater intolerance and more nead
for sedation with the mask We are
aware that the 2 scores we used o
evaluate distress are not validated for
children on KRS, and as ne specific
scales are available in the literature,
further studies involving a larger
number of PIUSs are called for to define
# new podiatric NRS tolerance score,

The trial has several kmitations, First,
it was not blinded for treatment,
since B was knpossible to hide the
Interface from coregivers. Sccond,
only Infants with falrly mild RSV
related ARF were included, so our
results cannat be applied to other
patients and diseases Third, acute
hronchiolitis leading 10 PICU
admission occurs often in babies aged

1 to 4 mwonths®"* The median age of
our popalation was higher because in
Itady younger babies are often
admitted to NICUs owing to

a refatively low number of PICUs. >
Our population also had more severe
parenchymal disease than the classic
RSV dlinical presentation; the high
percentage of bactertal coinfection
may explain the more severe hypoxia
we found.

Other issues call for comment, too.
Flrst, susp at interd s
may be debatable, but the results in
favor of the helmet were convinaing
enough to make it illogical and
unreasonable to continue to treat
patients with the mask. Secoml, new
extra-small full-face masks can now be
obealned to deliver NRS in PICLL bt
they were not avaikadle when this trial
was dooe. Further studles are stll
needed to estblish their efficacy and
feasibility In Infants and young
children with ARF, Third, it Is also
dehatable whether to routinely take
arterial blood samples to evaluate gas
exchange during pediatric NRS. The
S/F ratio (peripheral axygen /
inspired oxygen fraction) ks 3 useful
ool to monitor NRS treatment and
outcome, but It had not yet been
validated at the time of the tial?¢

The helmet is a suitable and safe
device for delivering CPAP In Infants
with miki RSV bronclsiolitis needing
NRS in a PICU. In addition, the helmer
is better tolerated than the facial
mask, avolding skin lesions and
allowing longer treatment.

We thank all the parents of children
participating in the trial, and the
nurses and physiaans involved.
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Helmet Versus Nasal-Prong CPAP in Infants With
Acute Bronchiolitis

Juan Mayordomo-Colunga MD PhD, Corsino Rey MD PhD, Alberto Medina MD PhD,
Pablo Martinez-Camblor PhD, Ana Vivanco-Allende MD PhD, and Andrés Concha MD PhD

BACKGROUND: Nusal prongs are frequently used to deliver noninvasive CPAP in bronchiolitis,
especially In the youngest children, A helmet interface is an alternative that might be comparable
1o nasal prongs. We sought to compare these interfuces. METHODS: We performed o prospective,
randomized, crossover, single-center study In an 8-bed multidisciplinary pediatric 1CU in 2 uni-
versity hospital. Infants age <3 months who were consecutively admitted to the pediatric 1ICU
during a bronchiolitis epidemic season and fulfilled inclusion criteria were recrulted. Subjects were
randomly allocated to receive CPAP via a helmet or nasal prongs for 60 min. The subjects were then
placed on the other CPAP system for another 60-min period (helmet then nasal prongs [H-NP] or
nasal prongs then helmet [NP-H ). Measurements were taken at 30, 60, 90, and 120 min. Fallure was
defined as the need for further resplratory support. RESULTS: Sixteen subjects were included,
with 9in the H-NP group and 7 in the NP-H group. CPAP significantly reduced respiratory distress,
showing no differences between the H-NP and NP-H groups In terms of improving the Modifled
Wood's Clinfcal Asthma Score from 4.8 = 1 10 3 = 0.9 and 2.7 = 1.7 points at 60 min and 120 min
in the H-NP group, respectively, and from 4.2 = 0.9 to 2.8 = 0.9 and to 2.9 = 0.9 at 60 min and
120 min, respectively, in the NP-H group. Sedatives were used In only 3 subjects (2 in the NP-H
group, P = .77). The failure rate was similar in both groups (3 of 9 subjects vs 3 of 7 subjects,
P = 70). No significant differences were seen for heart rate, breathing frequency, Fy, , or trans-
cutancous oxygen saturation response. CONCLUSIONS: Our results suggest that CPAP delivered
by nasal prongs and CPAP delivered by helmet are similar in terms of efficacy in young infants with
acute bronchlolitis, Key words! bronchiolitis; contimeous positive airway presxiure; nopinvasive vensi-
lation; helmet; nasal prongs; infams. [Respir Care 201 8:63(4):455-463, © 2018 Dacdalus Enterprises|

Introduction

Bronchiolitis is the leading cause of admission in chil-
dren younger than 1 y worldwide, No effective treatments
are available, apart from hydration, oxygen, and upper
airway suctioning if needed,' Noninvasive CPAP has been
proven (o be effective is i respiratory support in moderate
to severe broachiolitis® to avokl invasive ventilation by

D Mayondomo-Calungs, Rey, Madma, Vivanco-Allende, amd Coocha
we affilated with the Pediatric Inlomive Care Usit, Depaniment of Pe.
distncs, Hospatad Universitanio Central de Astunias, Usiversity of Oviedo,
Onsedo, Spain. D Mastines-Camblor s adliligad with the Gebel School
of Medicioe at Dastmouth, Dartmosth Colkege. Hunover, New Hainp-
shire, and wigh the Universidad Astdnoma de Chile, Santiago, Chile
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decreasing respiratory muscles upload’ and maintaining
patency of the lower airways. CPAP is usually delivered
via nasal prongs or o nasal mask.** However, the effec-
tiveness of nasal CPAP might be limited due 10 air leakage
through the child’s mouth, airway obstruction from secre-
tions, or nasal injury.*»

A helmet interface has been proposed as an alternitive
10 pasal administration of CPAP in infants and preschool
children with acute respiratory failure,”'* in preterm

Corespondeace: Jaan Mayosdomo-Colenga MD PR, Seccidn de Ca-
dubon Totemivens Pedidiricon, Area de Gevtion Clinica do Pedssrda, Hos
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Infants, * and also in Infamts suffering dropchiolitls in con-
junction with heliox. ™ Furthermore, helmet-delivered
CPAF has shown i d tod and d effec-
tiveness when companed 1o face mask in a crossover study”
and in infonts with acute respiratory fallure* A recent
multi-center randomized controllad trial in respiratory syn-
cytial virus bronchiolitis also described better tolemance
and less peed of sedation when using the helmel compared
with the face mask, although intubation rates did not dif-
fer.” Helmet CPAP has also been compared (o high-flow
nasal cannula oxy genation in mild to moderase respiratory
distress in children < 2 y old, with simiar results re-
Fwd.l’

Smudl infants with bronchuolitis requining respiratory
support fave been treated in owr pedistie ICU with CPAP
by means of the helmet interface and nasal prongs, as in
other stodies.™ 51407 The abjective of this stixly was 10
compare the elfectivencss of CPAP deliverad via a helmet
or via nusal prongs in terms of clinkeal assessment of the
work of bresthing

Methods
Subjects

Subjects were conmsecutively admitted infants uixler
3 months of age diagaosed with bronchiolitis, with a Mod-
ifed Wood's Clinicl Asthma: Score (M-WCAS) = 4,
veneus Prg, = 680 mm Hg. or Sy, << 92% despite nebu-
lized adrenalin for ar least | b (modified from Manindn-
Torres'). The diagnosis of bronchiolitis was made if a
child with a previous upper respintory infection became
tachypncic and exhibited profonged expiratory time, wheez-
Ing. rales, respiratory accessory muscle activation, and hy-
permnflation on chest radiograph. ™

Exclusion enteria included cardiorespiriary smest, nev-
rological impairment with inability % maiman asrway pa-
tency. hemodynamic instability, imability o mansge secre-
lmn\ck\pﬂc I’rcqucm suctioning, undrainad prcumothoras,

QUICK LOOK

Current knowledge

BronchioBtis is one of the most substantial health bur-
dens for infants woeldwide. Management s supportive.
focusing on maintaining oxygenation and hydration
of the patient. CPAP has been proven to be elfective
as @ respiratory in moderate 1o severe bron-
chiolitls. There are several interfacas available 1o
deliver CPAP,

What this paper contributes to our knowledge
Infants with bronchiolitis were mndomized to receive
CPAP vii ooc Interface and then ammher (helmet ol
towved by nasal proags. or nasal prongs followed by
hedmet). Sedation sz, CPAP duration, CPAP fadlone
rutes, and clinical vanables were similar between groups.
Baoth methods of CPAP delivery were fomad 1o be equally
cffective at reducing respintory distress.

and hypercapnic coma. Other adverse events considensd 1o
be mild or moderate were pressure soees, gastric disten-
ton, and copjunctivitis.

Study Pretocol

Subjects were Kept in a semirecumbent pisition, suxl
suctioning of L was perfl d as ded. The
first subject was randomly allocated 1o receive CPAP s
ther by means of a helmet. interface (CaStar: Starmed,
Mirandola, 1taly) or masal prongs (Infant Flow driver, Via-
sys. Comshohocken, Peansylvania) for 60 min. Subsequent
subjects included in the study were ultermatively allocated
W receive helmet-delivered CPAP or CPAP via nasalprongs
in the first period. After the first 60 min, o careful suc

cy 1 heart di severe pul Y con-
ditkon, a.w nnnlnc deliciencies.

This rescarch project was approved by the Rescarch
Ethies Commiee of Hosplial Universitasio Central de As.
turias. Written informed consent was obtained from sub-
Jects” patents or guardims

Definitions

CPAP tailtre was defined as the need to intubate the
infant ox switch lo noaivasive veatilation (NIV) due 10
worsening clinical coadition. Major adverse events were
defined s the appearance of hemodynamic instility, se-
vere arrhythmins, barctruuma (22, pneumothorax, poeu-
momedizstinum. or massive subcitanénus emphysera),

456

ing of secretions was performed, and subjects were
then phed on the other CPAP sy stem for amother 60-min
period. Meastrements were taken ot basedine and ot 30, 60,
90, and 120 min. The group in which CPAP was initially
delivered by helmet followed by nasal prongs was named
the H-NP group. The other cohort was namex] the NP-H

After this 120-min period, CPAP was maimained with
the system used in the second phase of the study for as
long as consadered necessary by the clinickan m charge. I
asubject’s clinical condition worsened atany time, such as
with increasing respiratory distress, hyposemsa, hypercap
nia, or exhaastion, the siending physician deciiad whether
10 change to NIV by means of a face mask or to mtubate
the subject

RESPRATORY CARE @ Arki. 2018 VoL 63 No 4
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CPAP Equipment

When using the helmet interface, CPAP was delivered
via 2 noainvasive ventilator (CF 8000 Drager, Lubeck,
Germany) connected to an air-oxygen port ot a flow of
30 LAnin wath the intent to avord rebreathing.'™ A colt
cushion wis placed inside the helmet 10 avoid pressure
soces on the neck or occipital region. When using nasal
prongs, the CPAP system was the Infans Flow driver (Vis.
Sysh

Initial optimal CPAP was set to mamtain S, > 92%
using the bowest Fio, . Minimum CPAP was setat 5 cm H,0.
A cascade-type heated humilifier was used in all cases
(MRRS0, Fisher & Paykel, Auchlund, New Zealund) A
gastric tube was inserted in all subjects 1o avoid gostric
distention and to feed a subject when possible,

If & subject appcared distressed, intravenous midazo-
fam boluses were administered (0.05-0.10 mg/kg), aml,
if needed, a continuous perfusion was started
(0.05-0.10 mg/kg/h). No subject received any nebulized
medications, sysiemic corioosterids, or caffeine. The el
for sedation and the occurrence of adverse evenis was also
recorded. A nasopharyngeal swah specimen was fested for
respiratory syncytial virus in all cascs.

End Polnts

The primary end poist wis w0 compare the clinical re-
sponse of the H-NP group with that of the NP-H group in
terms of the M-WCAS. Secondary end poimts includad the
comparison of other vanables (i, heart rate, beeathing
trequency, S, . and Fig ) and the vamation percentage 1o
initial value (VPIV) of these figures between both groups.
Other secondary end points were the comparison of CPAP
faihure, the occumence of adverse events, and the use of
sedatives between the groups.

Statistical Analysis

Following Grizzele's swdy, we analyzed tw possible
carryover effect, as well as the penod effect.® The normal
distribution of variables was assessed using (e Shapiro-
Wilk test. A paired 1 test was performed to analyze dif-
ferences between both treatment groups. The evolution of
varables was measured o cach momeat as VPIV, Givena
moment | and a varable A, the varsation percentage of
variable A af moment | (AVP1) was casured acconding
to the formuls AVPL = 100 X (Al — AOYAD, where AD
Is the Indtiad salue of variable A

Sample size was calculated based on M-WCAS and was
compuied to detect mean differences between heimet and
nasal CPAP patieats of over 15% with a power of 0.8
(1 — type-2 error) and 4 type-1 error of 0.05. Based on a
previoas pilot study, we assumed that M-WCAS nunged
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from 10% to 20%. resulting in o minimum sample size of
7 per group,

Results

A total of 17 subjects fulfilled the inclusion criteria and
completed the crossover study pertod; | subject was ex-
clnd.dbo:a\pc he was dugmstd with cystic fibrosis after

No subject sbaton or switching to
NIV during the 2-h study pcru.L and Do apnes reguinng
intervention were registered (3 hypopocos in the NP-H
group, s 2 hypopacas in the HNP group) Subject char-
acteristics are shown in Table 1.

In the H-NP group, | subject showed poor tolerance of
the masal prongs vsed in the sccond pant of the study and
was switched back o helmet-delvered CPAP nearly 5 b
laser, Similaly, | subject in o the NP-H group was changed
bock 10 nasal-prong CPAP after the crossover study due to
poor tokerance of the helmet No adverss events occumed
during the crossover phase, The level of CPAP delivered
did nox differ between groups with the following values
G em H,0): 6,1 £ 1.2 at 30 min, 62 = 1 at 60 min,
6.2 = L1 at %0 nun, and 6.2 = 0.9 ot 120 min.

Two subjeces, both in the H-NP group, required intubation.
One developed severe hypoxemis due 1o preumothorax 6 h
afier the crossover pliase while receiving masal prong CPAP.
The other subjeet was chinged back to the heimat interface
2 hafter the crossover phase due 1o increasing dustress with
the nasal proags, but 3 b kter e was placed on NIV and was
tinally insubated 8 b mr \pnn from these 2 subjects, who
M:cc © ', 4 subjects expericroed

distress despite CPAP treatment ond
were plnmlm NIV, nbvuhg the need for intubation; 3 sub-
Jeets belonged to the NP-H group and | subject was in the
H-NP group. Thus, CPAP failuee occurred i1 3 cases in esch
groap. Figure | presests the distribution of subjects in the
study and the clinical outcome i each groap. Apart from the
previowsty mentionsd pneumothon, no ofher advense evenis
were registered. The duration of CPAP did not differ between
the 2 groups. All of 1he subjeces of the sty survived

Clinleal Score

M-WCAS impeoved significantly from bascline in both
the H-NP group and the NP-H group (Fig. 2). In the H.-NP
grop, M-WCAS fell from 4.8 = 1103 £ 09 at 60 min
(P <001 andto 2.7 = L7 at 120 min (7 << 001, In the
NP-H group, M-WCAS decreased from 42 = 09 10
28 = 0.9 at 60 min (P < 001}, and to 29 = 0.9 a
120 min (P < .001). Figure 2 peesents the evolution of the
VIV of M-WCAS during the crossover phase and for 6 b
n both groups. No statistically signihicant dafferences were
detected in M-WCAS improvement between the 2 groups.
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Heart Rate

In H-NP group, the heart-rate VPIV did not reach sta-
tistical significance until 6 b In the NP-H group, heart-rate
VPIV significantly decreased from 30 min (P = 033), and
this decrease wis maintained throughout the first 6b. How-
ever. there were no significant differences between the

2 groups (Fig. 3).
Respiratory Rate

Chnical evolttion of bresthing frequency did not dfer
wany moment between tie study groups (Fig. 4). In the
H-NP group. VPIV wus already statistically significart st
) min (P = 033), while in the NP-H group it did mn
achieve statistical significance until 6 b (P = 01). In the
NP-H group, there was o significant increase in the vari-
ation percentage of beeathing frequency at 90 min (after
switching to helmer-detivered CPAP at 60 min)

Fy,, and S,

We found no significant percentage vanabions 1 imtial
values for Fy, and S, in both groups. No differences in
Fio, o 8, were found between treatment groups either.
Use of Sedatives

No differences were found batween 2 groups. During
the 2-h period, only 3 subjects required sedatives (all dur-

458

Ing the first hour): 2 subyects in NP-H group (1 single
bolus usad 1 bolus plus continuous mfusion of midazolam),
and 1 subject in the H-NP group (bolus plus continuous
infusion of midazolom).

Discussion

To our knowledge, this is the fint mndomized sidy
comparing helmet-delivered CPAP and CPAP delivered
whi nasal peongs in young infants with moderits to severe
respiratory syncytial virus broachiolitis. The results re-
ported here suggest that the hefmet mterfuce might be an
alermative o mesal prongs 1o treat bronchioltis in infanis
up to 3 momhs of age. The 2 groups were comparabie in
fens of severity. hypercapnie, and eoeling vital signs. In
addiion, the crossover design of the study minimized the
possible bias of age.

In our study, both CPAP systems scemed to be sble to
significantly decrease the clinkcal score shorly sfier CPAP
initiation. This relef in the work of breathing was main-
tamed troughoot the stxdy time in most cases (Fig. 2).
Unsurprisingly, heart rate and breathing froquency signif-
icantly decreased after CPAP mitiation, as descnbed in
previous studies ™' ! The slighe differences seen in heast
nqu -“EL‘I y' laty mn,‘“ l.' 4
by the sample size. However, s response &d not signif-
icantly ditfer between groups (Figs. 3 and 4),

The effectiveness of CPAP in moderately severe bron-
chiolitis has been reponted in severnl studies. In o random-
zed controdled trind, Thia et al? showved Increased effec-
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tiveness in reducing Peg, when CPAP wis delivered
initinlly in parsson with initial sp breathing.
Cambonks e ul’ reported the efficacy of nasal-prong CPAP
in uploading respiratory msscles and relicving respiratory
distress. Martinén- Tomres et al'® ako found CPAP to be
effective in diminishing CO; valwes ad improving clini-
cal score. These propentes scemed to be enhanced by the
ackBtion of helio, Funthenmore, olher stidies (i random-
uxdcmlmllcdmnhlluvevhmn‘ In the intubali

Essourti ct @l found that the optimal CPAP level in
infants with hypercapaic broachiolites was 7 cm H,0. We
used a lower CPAP level of about 6 cm H,O, similar wo the
findings of Milkesi ¢t al.* The need for further respiratory

may seem high i our study (6 of 16 subjects,
37.5%). This might be related to the exclusive inclusion of
infants < 3 months old, as young age is one of the most
relevant sk factons * However, only 2 subjects were even-
tually intubated, and this infubation rate of 12% was sim-

mte after ducing Xy support (stiadies
cover NIV and CI’AI') appmocb:\ in infanis with severe
bronchioldss. = Proposed reasons for these positive effects
of CPAP wre divarse. This type of respirtory suppot bas o
widening effect on the terminal airazys, which prevents air
way collapee, recruits underveniilated srews, and idtineaely
improves alveolar ventilation.™* This support ako scems to
reduce akrway resistance, which could contribule to a de-
crease in the work foad on the mspiratory muscles, Thus,
CPAP is able to rduce the work of breathing and mmprove
ventibation-perfusion misnetch,
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flar 1o peevious stdies'*31 o even Jower 234 n any
case. the small sample size docs not allow further conclu-
s30ns 10 be maxdke regarding this point

Helmet-delivescd CPAP his been irasing recemtly in
oxdul and pediatric populations, - 1= 4275 Most studies have
shown that the helmet has an increased Jokerability and
cffectiveness,*” with fewer adverse effects than other inter-
faces 740 However, other researchers hawve repocted better
pitient-ventilator synchroay with a face mask thaa with 2
helmet =72 although this i of Wmost Importance when
Celivering pressure support NIV, wd not with CPAP*
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T comparison with nasal prongs, the helnet I some avokds Moctuations in the delivered pressiee due 1o ocal
theoretical advantages. It allows a good interaction with leaks; and it avoids nasal injuries. During the 2-h study,
the environment withous Himiting an infan’s head move- Wlerance wis good In bath groups only 3 children re-
ments, reducing the nisk of dslodging the interfoce: it quired sedatives), and no differences were found. This
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CPAP tolioed Dy halmaet CPAR
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could be due to the fact that most of these advantages
might be more importapt in the long term, allowing pro-
longed treatmenis when using the helmes, as suggesied by
other uuthors ™ Despite these advantages, it should be
taken into account that nokse level might be greater when
cmploying o helnxt,'" and that the use of a pacifier is
challenging, although not impossible,

We used 3 heated humsdificr in all cases. According to
some suthoes, adding this system is advisoble for CPAP
defivery. ™ Some experts have describexd the inlenmitient
use of a heated humidifier to avoid overheating of gases
and rain.o effect® Heating ond bumidifying the inspira.
tory fresh gas flow might belp avoid the development of
atelectasts secondary 10 mucous plugging. We also placed
a soft cushiion inside the belmet for exch subject 1o mvoid
pressure sores (we had none). Miles! et al'' used a small
cushion in the same way afler finding pressures sores al
the skull base in 3 of the fist 6 subjects inchaded in their
study

An important issuc that should be addressed when using
helmet-delivered CPAP is CO, rebreathing. ' The volume
of te belmet does not dacctly affect e inspired partial
pressure of CO,. The muin determinants of inspired partial
pressure of CO, are the amount of €O, produced by the
patient and the flow of fresh gas passing through the hel-
me1.* [n the sbsence of akr leaks, CO, rebreathing occurs.
For this reason, helmet-delivered CPAP should naxt be per-
formed with closed-circuit (eg, double-limb) ventilators.™
However, some experimental studics &d not find signifi-
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cant differences regarding the effective dead space volume
amoag different interfaces (including the helmet).*! We
therefore used high gas Nows (3> 30 L/min with helmet-
delivered CPAP 1o avoxd rebreathing, as other suthors do¥

This suxty has severn) limitviens. The small size of the
samplc prechudes any definitive conclusions. However, it
was sutficient to suggest simiar clinical response to both
methods of CPAP i this special group of subjects. Lack of
a washout period between interface chanpes may have had
a carryover effect on the second et of the study, This
possible bias was lowered, however, because it was pees-
ent in both groups. Furthermore, we decided not 1o estab-
lish a wishout period because we thought that the clinical
sstuation of 3 eniteally 1l mfane might worsen scutely due
10 withdrawing CPAP therapy for some time. The pon-
blinded design of the study Is ancther limitation. which
camnot be avoided for obvious ressons. In addition, the use
of sedatives was based on carcgivers' impressions, nol on
validated scakes, Finadly, o would have been very infor-
mative to have recorded esophagead pressure. so that we
could quantify the reliet in the woek of breathing with cach
intesface, 3%

This study has some strengths. It is the tind randomized
study comparing CPAP delivered via helmet and nasal
prongs in infans with moderate to severe beonchiolitis,
This study focuses on 3 very specific and challeaging pop-
ulation of small infants with bronchiofitis. This type of
patient represents one of the more time- and resource-
consuriing paticnts during winter periods in most pedistric
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1CUs, and thuss. our strdy might be of somse heip for many
physicians. In conclusion, our results suggest that CPAP
debiverad via helmet o via masal prongs has simabar efhi-
cacy in very small infants with moderate to severe bron-

chiolkis.
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Supporto ventilatorio non invasivo in un caso di infezione disseminata da BCG in un bambino con
immunodeficienza combinata grave sottoposto a trapiznto aploidentico di cellule staminaki
ematopoietiche

N. Decembrino, S. Rosso, M. Belliato, F. Sciutti, L. Bassi, E. Seminari, P. Comoli, M. Zecca

Caso clinico: Bambino di 15 mesi affetto da SCID (Tcell-,B-cell+, NK-cell-) giunto in Italia per essere
sottoposto a trapianto di midollo. All'eta di 3 mesi sottoposto a vaccinazione con BCG per cui sviluppava
infezione tubercolare trattata con isoniazide e rifampicina con risposta parziale. All’arrivo in Italia presenza
di noduli cutanei diffusi, infiltrati polmonari multipli, noduli retro peritoneali, grave malnutrizione (peso 5,2
Kg) ¢ dispnes; dalle lesioni cutance ¢ dall’aspirato gastrico veniva isolato Mycobacterium tubercolosis
complex per cui veniva avviata terapia combinata con isoniazide ad alte dosi, rifampicina ¢ linezolid, e
Ozterapia ad alti flussi (HFNC), 10 L/min, FiO2 40% (sistema Optiflow - Fisher and Paykel). In seguito a
miglioramento clinico il paziente veniva sottoposto a trapianto di cellule staminali emopoietiche da donatore
aploidentico (madre) in respiro spontanco. In fase di attecchimento ematologico perd (G +15 dal TCSE)
ricomparsa di febbre, noduli cutanei ¢ distress respiratorio ingravescente trattato con HFNC con scarso
bcneﬁao (FR 65/min, P/F 230). Al controllo TC torace si osservavano estese lesioni consolidative ¢ plurime

i nodulari bilaterali per cui si avviava, in unita trapianto, CPAP con helmet (Covidien-Dimar) (8
cmH:20, flusso 30 L/min, FiO2 35%) con netto miglhioramento della dinamica respiratoria mentre la terapia
antibiotica veniva ulteriormente potenziata con aggiunta di moxifoxacina e linezolid e.v. La biopsia delle
lesioni cutanee (infiltrato di elementi istiomacrofagici e linfociti T, in assenza di micobatteni) e il profilo
immunitario (buona risposta alla stimolazione con PPD) eseguiti suggerivano la presenza di una risposta
immunologia TB-specifica. 1l supporto con CPAP ¢ stato proseguito per 12 giomi continuativamente per poi
avviare svezzamento progressivo alterando CPAP con HFNC, fino alla sospensione definitiva della CPAP
dopo 22 giomi. Discussione: nei pazienti immunodepressi la ventilazione invasiva (MV) ¢ il ricovero in ICU
sono gravati da alto tasso di mortalita. 1.’applicazione precoce di un supporto ventilatorio non invasivo con
pressione positiva continua pud essere efficace nell’evitare il ricorso alla MV. L’utilizzo della CPAP nel
reparto di degenza ¢ fattibile ¢ riduce il tasso di trasferimenti in ICU. La CPAP con casco, in eta pediatrica, &
ben tollerata anche per numerosi giomi. L'HFNC ¢ efficace in fase di svezzamento dalla CPAP ¢ come
supporto respiratonio iniziale.
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Randomized Comparison of Helmet CPAP Versus High-Flow Nasal
Cannula Oxygen in Pediatric Respiratory Distress

Giovanna Vitlitt MD. Muna Concetta Vitaliti MD, Mana Carla Finocchiaro MD,
Vita Antonclla Di Stefano MD, Picro Pavone MD, Nassim Matin MD,
Nazgol Motamed-Goni MD, Riccardo Lubrane MD. and Raffacle Falsaperda MD

BACKGROUND: The carrent study slmed to compare the efMcacy and safety of 2 noninvisdve
resplratory support mcthods, which induded helmet CPAP and high-flow nasal cannula (HFNC) in
chilldren with respiratory distress admitied to a pediatric Intermediate care unit. METHODS: This
study was a prospective observational study conducted on children with respiratory distress (age
1-24 moaths) who were admitted to our acute and emergency operative unit. All included sub jects
were randomly treated with helmet CPAP or HFNC In a 121 fashion until thelr dinkcal picture,
oxygen saturation, and srterial blood gas (ABG) parameters reselved. The efficlencles of helmet
CPAP and HFNC were evalusted by breathing frequency. S, ABG pH. ABG P, ABG P,
and P, /Fy, , recorded once at biseline and then after 1 and 6 h of treatment, Both noninvisive
respiratory support modalitles were pared with » 1 group of subjects with respiratory
distress under standard therapeutic pharmaceutical protocols, RESULTS: We found that both
helmet CPAP and HENC were eflicient in lmpmlq; the clinical conditions of subjects with mild.
to-moderate respiratory distress, although il resp to helmet CPAF was more efficient and
rupid compared with HFNC. Children who received respliratory suppart had o better clinical course
I terms of hospitalization, days of Intravenoas rehyd ration therspy, and days of drog sdmbnstration
camparcd with the control group (P < 001), CONCLUSIONS: Based on our knowlcedge, the present
study is the frst research comparing the effects of CPAF and HFNC in respiratory distress resolution
Ina pediatric hm-muﬂnle care setting. [t alms to identify the most eflickent treatnent (o aveld pediatric
ICU admiss and heal intubation and red the administration of drugs and days of
thon, Key novds: manimsive respiiotny u'npun pediatric intermediute cures offictency; CPAP:
HENC: acwte respinatory fatlure. |Respir Care 2017,62%):1036 - 1042, © 2017 Daedalus Enterpases |

Introduction cial 1o avold death. long-term disabilities, and high hospi-

tal costs. When respirtocy distress Is confirmed, s

Marsging a child with respiratory distress is challeng- treatment cequires adoquacy of gas exchange. followed by
Ing lor primary care padiatricians; proper trestment i cru- the diagnosts of the underlying coses and complicat

Among etological cuuses of respirtoey distress in

childhod, bronchiolitis is the most common etiology in

D Vidii, Vitalisi, Pavose. sd Fabspals we sfidisnc! widh e Pe- Infanis < |y of age adminted 10 the hospital ' Prioe
e Conerdl 0ad Acuee aad Frcepency Opermive Cnlt Pulicliaico- studics showed that bronchiolitis represents 17,17 of all
Vitonn Frmaniele Unnewaty Hospenl, Upiversgy of Catsesa, Cutams,

Ealy. Des Frmachizea mnd T Siefano ane affitored wid the Podatre

General and Acute ond Emmergency Operative Uag, Canizzam Hospoal,

Catas, Iudy. D Mate ood Motssed-Gorgi are affilised with the

School of Modicine, Tehian Univarsiny of Madical Sviescon, Tehem, The ey have dincdowed no coadlion of mces

B Dy Lobwsso b afilbecd wih 8¢ Paliark Negtrokyy Operane

Unit La Sopronzs Univensstr of Rooe, Ty Cearrespoodence: Giovaana Vitdsi MD. AOU Pobchirico.OVE, Vis

Mohixito n. €28 95100 Catani Italy, Dand. gowvitals Gy o s,

T present study wees fumdod by Neade Il Spa, prast isaaba 1746,
pesformed o8 October 27. 2016, DOL 10418 ropeae 0384
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non-clective pediatric ICU admissions, wiuch imposes a
heavy resouree burden.® Due to this reas o, namerous stud-
ies have focusedd on the efficacy of vanous medications for
the management of Infants with bronchiolitis. inchuding
adrenaline, steroks, salbutamobalbuterol. and hypertonk
saline Muids. Nevenheless, none of these sties were six-
cessful in showing an improvement of the outcome. a
lessening of the burden on healin-care Sysiems. or 4 fe-
duction in the number of pediotrc ICU admissions,

The most recent guidelines for management of infants
with bronchiolitis and/or other canses of respiratory dis-
lrcss in hospitals emphastze the tmportance of oxygen ther-

¥ supy of hydration in
hypoxm‘ Respiratory support has traditionally been the
comerstone of imensive care settings and is muzlly pro-
vided through an escalation of therapies from noainvasive
methods 1o intubation and mecdunical ventilaton.* 7

Among proposed nominvasive respi Y Support methods
In children with heoachiolitls sndor other etiologic cates,
some previous studics have investigated the cfficacy of high-
fow nasal cannula (HFNC) sdministeation,’ wheress other
studics have used CPAP, duc to its ability to ncrease func-

C

QUICK LOOK

Current knawledge

The most recent guidelines for management of infants
with broschiolitis and'or other cases of sespaory dis-
tress in hospitals emphssize the imporsance of oxyaen
therapy, nespiratory sspport, s makilenance of hydea-

tion in hypoxia. Resparatory support has traditionally been
the comenstooe of intensive cae, and & i vanlly peo-

vided through an escalation of therapics from noninvasive
methods to intubation and mechsnkeal ventlation.

What this paper contributes to our knowledge
The cument stly bs the finst research comgpraring the
effects of CPAP and high-flow nasal cannula (HFNC)
In respiratory distress resclution in a pediatric interme-
diate care setting. Both helmet CPAP nd HENC meth-
ods were efficient in improviag the clinical conditions
of subjects with mild-to-moderate respiratory distress.
although clinkcal response (o helmet CPAP was more
efficient and rapid compared with HENC.

tionad el capacity witha of apnek: episodess-1*

Although there Is a sufficient amount of data in the
Iterature on BONMVIsIVe respiratory support m the padi-
atric ICU, s wse in pediatric itermadiax cre wnits lus
not been investigated properly. The aim of the present
study was 10 evaluate the elficacy amd safiety of 2 noain-
vasive methods of respiratory support in subjects with pe-
disric respleatory disiress adminad to the pediairic scute
and emergency room: helmet CPAP snd HFNC.

Methods

The present study wis 3 prospective interventional study
in pediatric patients admitted to the emergency department
due to respiratory distress. All chilldien with respiratory
failure from the emergency room are admitted to the in-
termediate Gire arc This zome has been dedicated for
those patients who need a monitored setling more infen-
sive than ordinary recovery but pot so invasive as (o ustify
their admission to pediatric ICU. This area includes a pro-
fessional nurse dedicated for the care of a maximum of 4
paticnts and is furmished with technicd and instrumental
equipment only for critical patients. This aren i well-
defined and follows the criteria published by Zimmer-
man ﬁﬂ“Muﬁmsmlommcmdcm

critical patients are admitted 0 our pediatric mtanmadiake
care unit, pomg an initial , and according 1o
Zinmernan's clilm'a. those paticnts \\hu do not impeove
their clinical condition and blood gas analysis parametens
afler 1h of noninvasive support are then admisted 0 our
peneml padiotric ward or padintne [CU. Our subjcts were
selected from 2 bealth-care services (the Pedistrie Acute and

RESPRATORY CARE @ AUGUST 2017 VoL 62 No 8

Emergency Operative Unit, Policlinico-Vittorio Emanueie
University Hospital, Univensity of Catanii, Raly amd Use Pe-
dimtne Acute and Emergency Operative Unit, Canmizzaro Hos-
PRl Catamice iy ). from November 2014 w December 2015,

We includad children with respiraiory distress between |
2 24 months of age, with hemodyramically smble hypox-
amin. Patients < | or > 24 months of age, those with signs
axVor symploens of centrul apnea andfor chronic respiralory
failure, those with cyasogen heart discase. and patients with
hemodynamically unstable by poxens i :equiring invasive ven-
tlation were excluded from the study,

“The seventy of imitial p ad any resp Y dis-
tress was assessed o admisshon by recording clinical sigrs
and symptoms, heant rate and breathing frequency. S, . and
aerial blood gis (ABG). ATl indudad subjocts were ran-
dormily treated with helmet CPAP or HFNC in o 1:1 fashion
until (heir clinkal condithon, oxygen suturation, anl ABG
paramcters improved. The randomization process was per-
formed by otr central compater program. in which aill data
were appropriately recorded, Blinding was not possible
because the interfaces make it obvious, All subjects
underwent routine blood tests at admission, and those
with signs of bacterial 1nfection received broad-spec.
trum antibiotic therapy according to the guidelines sug-
gested by Esposito et al.*

Helmet CPAP (CPAP. Dinr SRL [Mimedobs, Italy]
and Age Medical; helmet: StrMeod Ventukit, Intersurgs-
cal, Mizndobs, Tuly) was applied for a mean durstion of
9.7 =782 h while maintxining o CPAP of 47 cm H,0,
alr flow of 30 L/min, and Fy, of 21%
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Table 1. Demogriphic Usea of Incheded Subyocts
Ape Sex Weaiglt 2 . 2 Dusion of Treatment
Sobject Grovp (mcan = SDmol  (FomakMak)  tmcon = SD kg Dixgocsde ol Adekiesion (mcas = SDhY
Helmet CPAP S0 33 (R S0 =108 Faonchiohes (u = 165 p =4y T =TR2
HINC NS=28 1 139=207 Beonchaoltss (v = 15K = 3K 725 = 1252
accle mham (v = 2
Conrol gooep §33x24 W 8IS =218 Beonchiolsis (n = 15k p & (n = d) 3576 = 34
PENC = fagn o sl samunta

igh-flow humidified air and oxygen was adminisicred
by nasal cannulx (Airvo 2, Fisher & Paykel Healthcare,
Avcklid, New Zealamd) at flows of 1-3 LAghmin with
Fyg, sufficient to maintain Sy, between 96 and 98%. These
were ined according to the intemstions]
glldclincs for HFNC in children."
To evalace the efliclency of helmet CPAP and HFNC
support in children with respintory distress, the following
were idered ( ded once at baseline and
then | amd 6 h oafter the onset of trewment): frex

Tuble 2. Chnicel ind Astesiad Blood Gas Presmeters Befose and
Aftcr Treawnens Wb Helesot CPAP

Afer i h Al 68

Staded Pasrcsn. A BReBe ey of Trewesen
mean £ 8 vem = 51 (aican = SD)
Sy @ WO+ RGNS VIKRHITS W
P, mm Ha 00 $62=900 SKLs30) A0
P, mmHg MWE=12% T3 de=ie <000
oM TH20M TIW00 82
Urcathing froquency, 688 2726 47247922 M2:i672 R

Si¢1, ABG pH, ABG Pyiiy . ABG Py, . and Py My Fur
thermore, both frestment groups were compared with a
control group of subjects with respiratory distress (who
did not receive any respiratory support) in terms of total
days of admession and treatment
duning hospialization. After initiol trestment in the pediatric
Intenmedise care seiting, all subjocts were then hospitalized
and gored in o g J pediatne operative unit.

This sty was :ppmved by the tocal ethical committee
of the University of Catanda, Italy. Informed consent was
obtuped from subjects’ parents. Betore data publication,
pareals signed consent for anonymous publication of the
data o8 well,

Statistical Analysis

Data analysis was performed by standard statistical soft-
svare, All results were expressed as mean = SD values. Power
calculation was determined with a free sod open source on-
line codeulator (hitp:/Avww. powerandsamplesize.com, Ac-
cessed March 22, 201 7). Comparison within groups was ke
using o Student ¢ sest for paired groups b diff

P Fos; IS5.5 = 4508 2605 = S455 2606 =S365 <0
Tabie b Chinsead el Antenial Blood Gae Parsmeten Refoss sad
After Teratmert Wed High.How Ovypen by Nasal
Conwrala
Al Buseline Afcr | ) Alce 6 b
Stated Passtctn (mea = SD) % Traitwet  of Trrtmwent ¥
(exan = SO (aean &SIy
S0 % Mol IM TN =0W VNI 0w
¥, mm g GLXA T IR AMEX - 1N AldN s IA am
P, mmHg a2 64 H=24 45'25-1 0
M M=ol TS0 137s 30
f . HET 2698 k6 =2d) xs::a.>w
Tircamhing froquency.
P, 8, QIS4 = WM WO =KW METI L 04 R

(12 females and 8 males ) were treated wath helmet CPAP,
20 (8 femules and 12 males) were wreated with HFNC. axd
20 subyects in the control group. Demographic data of the
included subjects are shown in Table 1. Subjects” diagno-
o+ included bronchiolitis in 31 cases (77.5%), pncamonia

between values were pornumlly distributed, P = (43
was considered to be statistically significant. Three-way
analysis of vanance was used to compare the efficiency of
respakory suppoet m belmet CPAP subjects, HENC subjacts,
ond the matchad control group m terms of durcon of hos-
pitalizion and adminiieral phanmacokgic therapy,

Results

The current study mcluded 60 subjects, Forty subjects
with mild-w-moderate respiratory distress, of whom 20

1038

in 7 cases (17.5%), and acule asthima in 2 cases (5% ).

After | h of trestment. bebmet CPAP subjects showed a
statisticadly sigriticant improvement of ABG pH (# = 103),
ABG P g, (P~ 001 aml Pg, [Fy, (P < .001) (Tabie 2).
wherens wbjms treated with HENC demonstraled a stalisti-
clly significant improvement of S0, % (P = 009), P,
(P = 009) and P g, [Fy,, (P = 009) Fable 3), These resuls
remained stable after 6 h of treament

After initial trestment, all subjects were hospitalized
and monitored m a general pedistric operative unit. EAf-
viencies of both noniavasive support mededs were com-
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Tahie 3. Comparicos of Savjects Receiving Nonavasve Soppoet Wieh a Comtaol Geoap in Terms of Lengeh of Hopwal Admisdon and

Medicatum Use
: whjects Rooger Sabpcts Rocaving Coomol Groap
Indexes of Efficiency Ml CPAP W~ 01 HENC Oxyen o — 20 (=20, g
Dxxation of beopitaizein, mean = SDJ 4911 [N SN =) K91 = 167 <00
Une of wervedi at wandard doses, e = SD & i2zon 702 =042 £ 2008 <)
Use of abutemol ot saedasd doser, mesn = SD d J2=z042 702 =04 91 =0 <
Use il sotibiotics ot standoed dowes, (ecan = SDd 12218 312 43082 o1
Barvenom rebydration, mean £ SDJ 9= 11 382218 T2 o

FENC = b s woes cominds

e teganling moninvasive duration before clinical wd
ABG improvement and total days of hospitalization. Find-
ings suggested a more rapid clinical response 10 helmet
CPAP than HFNC with fewer days of hospitalization in
the first group of subjects (Table ). Funthermore, one of
the HFNC-trestod suibjects was acdmitted 1o the padistrc ICU
due 10 HFNC failure, with subsequent requirement of endo-
tracheal intubation and invisive ventilation. No casc of fail-
mmmmwmmmmmcpm
Finally, children with resp d with

i pressure in the upper airway durkng inspication, diereby
reiducing the work that the patient ks required to perform.
The flow during expirtion washes omt the dexd space of
the upper alrway, reducing the ventilutoey requirement
for the patient. The expiratory resistance provides some
PEEP, thereby increasing functional residual copacity and
oxygenation, and the small amount of PEEP delays small
airway closure during expiration, improving tidal ventila-
tion. Nevertheless, the tlow mast be humidified for nasal

helmet CPAP and HENC were curpued with a matched
randomized control group of 20 children with respiratory
distress (whose demographic dota are shown in Tablke 1)
which were treated with standand pleemaceutical proto-
cols only. Current findings suggestad that venlilated subjects
Fewdu bester clinieal course i terms of hespredizition; days of
intmwvenous rehydeation therapy: and days of administration
of (systemic and/Aor inhaledd) sierolds, inhaled salbutamol. and
systemic antibiotics (77 < 001 {sce Table 4).

Discussion

This study showed that both helmxt CPAP and HFNC
methods were efficient in improving the clinical condi-
tiors of subjects with mild-to-moderate respiratory dis-
tress when compared with & control group, although clin-
beal resporese to hielmet CPAP was more efficikent and rupid
compared with that of HFNC-treated chikiren. Morcover,
whereas hetmet CPAP was responsibie for a staristicaily
significant improvensent of pH, ABG Pog . and P /Py,
HFNC was moce effective in improving S,O‘!- ABGP,,.
and Py, My

HENC therapy delvers a high tlow and heated humid-
ificd oxygen into the nasal passages. Humidified delivery
prevents mucous plugging and improves comioet.!* In de-
tail. HFINC exceeds die pesik inspiratory flow so that a
precise By, can be delivered without dilston of the ad
ministered oxygen through entrainmen of room akr into
the nasal passages during inspiration. By exceeding peok
Inspiratory flow, HFNC therapy provides some of the driv-

RESPRATORY CARE ® AUGUST 2017 VoL 62 No 8

fort, and this hismadficaton might Empeove mocus ek
ance and prevent mucows plugging: however, this [s a minoe
beneft compared with the otker phystologic benefits.

However, the clinical efficacy of HINC as a therapeutic
approach to bronchiolitis as oaly been reported in pon-
experimental observidioral studics, which indicates lock
of appropriately powered mndormized studies with well-
defined clinkally important outcomes. 4 Some clinical
studies using HFNC in o nonrandomized design have
shown 3 reduction in istubation rates in critically il in-
fants in intensive care settings.” 7 Pilot studies have also
Investigated the use of HENC in general pediatric ward
settings. suggesting that this method is safe and efficient. '™
Their resubis indicote thut pedsatric 1CU admission rates
coukd be significantly reduced by 2.5 tmes compared with
a control group.** Franklin et al lave proposed an exlen-
sive prospective randomized, conrolled trial on the use of
HENC in children with bronchiolitis to assess the cffi-
clency of this method in resolving respintory distress and
avoiding admission 10 the pediatric ICU?

The current study hizhlights the efficiency of HENC in
impeoving clinical conditions and blood gas exchanges of
children affected by bronchiolitis. This treatment revealed
asivistically significant improvement of 5., % (P = (09),
ABG Pyy (P = 009, and Py Py (P = 009) when
compared with parumeters recorded at basekne (see Table
3), which are [ with the meclanism of action of
HENC. Nevertheless, HENC fatled i one subject, who
negaired endotracheal veatlation due w grdual deterios
mtion of climical conditions nnd lsck of resporse to ron
invasive support afier the first 24 h Futune sindies shoukd
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clarify risk factors for eventual HFNC failare in pedistnic
pratients with respiratory dstress.

Our study showed a more etficient response in helmet
CPAP-trested subjects comparad with the HFNC group,
During CPAP administration, the paticnt’s arway is main-
tained throughout the respiratory cycle at a selected con-
stant pressure (CPAP), which is higher than the atmo-
spheric pressure. This method ksused to improve respiratory
mechanics and gas exchange In patkenes with intact nev-

lar function, rop Ming a supportive therapy in
patients with various forms of respiratory distress. CPAP
acts through improving aterial oxygenation and respira-
tory mechanics and reducing the patient’s respiratory drive
s effon.* ¥ Becnese the nspindory effon creales ancg-
ative pressure inside the thony, the vemtricie ofterload is
decreased. Accordingly. o decrease i inspiraiory effort
implics a reduction in the keft ventricle afterfoad. There-
fore, venous return and ventricle sizes are decreased with
a parallel drop in the nall tension and myocandal oxygen

ion, <! In ts with non-hydrostatic pudmio-

uary edenma, ('PAP could Improve g exchange am re-

Y hanics, thereby i 12 the end-expiratory
Iung volume aod preverting alveolar collapse "3 The
alveolar extension provides a grealer gas cxchange sur-
face, which improves the respiratory mechanics of venti-
lation and results in a consequent decrease of Py in
blood gas analysis ™ ¥ Morcover, CPAP has been dem-
onstrated 10 be efficient in subjects with respiratory dis-
tress associdted with neurologicnl conditions, such as su-
toimmune encephalitis >

In the current study, CPAP was delivered by helmet,
since the lack of pressure pomnts on the face helps to avold
skin necrosis and pain. It also reduces discomfort and
improves the patient’s tolerance, Similar to HENC, helmet
CPAP was founsd to be efficient in improving respiratory
distress after the first fow hours of treament, and its in-
fuence was proved o be more effective on ABG pH
(P = D43 ABG Py, (7.000), and Py, Ty, (P < 001)
changes (see Table 21 None of the subjects treated with
CPAP requised tmsfer to the pediawic ICU in this study,
Compared with HENC, helmet CPAP showed a highor
cfficiency in resolving respirstory distress (see Table 4),
This was mostly dise 10 the cffect of CPAP on alveolar
extension, which calses an increase of the alveolar surface
responsibic for blood gas exchange. Nevertheless, we have
to consider that our CPAP group was younger than the
HFNC subjects, s comtained more feoales and fower
osthma causes. Their blood gases at baseline were also
wildly different. slihough we Fave to consider tul younger
age s a risk factor for respiratory instability, respiratory
distress worsening, and trestment fallure. On the other
hand, the amount of extrathoncic dead space is different
in dilferent-sized chaldren. It one of the theories for HENC
“improving” ventilation s dead space washout, then smaller

C

children would be more likely to benefit, but akso lasger
children wiih higher Oows cn benelit from this methd of
resp y support. This ption highlights the need
for further stratification stdies on the efficiency of HFINC
and CPAP in different age groups.

The efficiency of CPAP in padatric respiratory distress
Tas been investigated since 1981, when Beaskey amd Jones™
rerrospectively described 23 children with beonchioBitis,
showing o positive awecome afier treatment with CPAP
Nevertheless, fow data have sinee been published i this
regaed, and the experiences on pedintric wanks outside of
ncopatal ICU and pediatric ICU settings are scarce. To our
knowledge, the first study on the use of noninvasive re-
spiratony support in 4 noo-intemsive care seiting was pub-
lished in 2005 by Prado et al.* who prospectively evalu-
ated the medical records of 13 subjects (between | noath
and 13 y of age). In that study, the presence of palmonary
resnctive diseases (30% of cases) was found to be the
main indicaton for bi-kevel positive abrway pressure. In
the ofher cases, NIV was performed in subjacts who vsed
NIV at home und had exacertations of their netromuscu-
lar respiratory disease phus subjects with hypoxic and hy-
percapaie respirstory distress. In this stsdy, only one
subject required intubation for mechanical ventilation.
while all the other subjects improved.

In 2008; Thia et aF** published a randomized controlied
trial investizating the use of nasal CPAP in bronchiolitis in
o pediamic ivermediate care seting, which incladed 29
children treated randomly by CPAP or standard trestment.
The anthors found that CPAP significantly decreased P
levels compared with standard Morcover, CPAP
demonstrted a significantly stronger reduction i Poeg
when il was used at first, compared with when it was used
aflerward. CPAP was well-Jolerated, and no complications
were delected,

A systematic review of Jat and Mathew™ included 2
studies of 50 subjects < 12 months of sge. In one sy,
the authors found i high risk of bias for meomplete o
come daty and selective reporting, whereas both Studies
had an unclear risk of bias for several domains. inchuling
nmndom sequence generation. The effect of CPAP in chil-
dren with acuie bronchiolits was found indeterminie due
o imprecision 1 the effect estimate, One trial found
that CPAP sgnificantly improved breathing frequency
compared with no CPAP appBcation. whereas the other
study reported po difference between groups with no nu.
merical data to pool. Clanges in aterial oxygen saluraton
were measuredt m only one trol, and the results were im-
previse, The effect of CPAP on the change in Pog was
also impeecise. Chanze in Py, , hospital admission rate
(fromemergency department to iospiial), duration of emer-
geney department stay, requirement for ICU admission,
Iocal nasal effects, and shock were not assessed 1 either
study . Therefore, it was concluded tha the effect of CPAP
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in children with acute bronchiolitis is uncertain due o
limited evidence available, which underscores the necd for
further stixBes and more extensive trials. &

Reviewing the lite on the 2 af d non-
invasive support modalities, very few studies that com pare
the efficacy of CPAP venus HFNC in resolving respina-
tory diswess and avolding pediatric ICU admissions have

C

due 1o the heterogeneity of the population admitted to our
complex O,.U. during the stdy period. Morcover, the dif-
ferent age and size of the 2 studied groups may represent
an importast influence on the final results, as far as blood
gas differences at admission between the studied groups.
before any trestment was performed. Therefore, this oy

age further study with a larger sampk size and 2

been pubiished. In fact, there is conflicting evidence about
the ability of HENC devices to produce cBaically impor-
tant PEEP. since some research studies have demonstrated
that HFNC kvels of PEEP are too bow to be clinically
important.#-%

One retrospective case xﬂicw comgprred 2 methods of
noninvasive support in 34 with bronchiolitis ud-

more uniform distnbution of demogriphle psrameters of
the included subjects,

The significance of the current findimgs is due 1o vast
economic burden of broochiolitis in children. since the
economic burden of mfants hospitalized with bronchiolitis
u estimated to be 173 billion United States dollarsdy. In

mitted to ped:.mv. ICU during bronchiolitis scasons of 2
consecutive years.™ Infants admitted during the first vear
received CPAP, whereas thine in the subseguent year re-
ceived HENC with oxygan flow of up to 3 Lkg/min (up to
a maximum of & Limin). The suthors described a signifi-
cant mean maximum breathing frequency in Fy, and a
significant increase in the noninvasive respiratory sippom
but they found no differences between the 2 groups for
both of these parameters.’' To our knowledge, this is the
only study comparing the efficiency of HINC and CPAP
In children with respiratory distress. Smnce the atoremen-
tioped study was performsd in o pediatric ICU settng, we
can confirm that the current study is the first ever per-
formex) on CPAP versus HENC efficiency in a pedistrc
intermediate cure setting.

Previous literaure has alresdy underscored the need 10
perform further clinicad studics 10 evaluate the effect of
CPAP andd HFNC on important clinkeal outeonses and with
varous kvels of care. 7 In the current study, we found a
decrease of pediatric 1CU admumn of 9? @ (oaly one
HFNC-treated case required cal intubation in the
pediaine ICU). Helmet CPAP was found to be more effi-
cient than HFNC in resolving mspnr.lu) distress, This
correlation was observed regarding of
Clromn sdmission 1o eviderce of clinical and ABG impwmr-

approximataly 11,000 infants with bronchiolitis
lcqtm:husplal almission per year. In 2013, 1.254 of these
11,000 cases (12%) were admitied 0 o pedistric ICUM
Therefore, it s muu m whncx new pmuuh for the

of y de-
partments 1o avoid hlgb rutes of pdutlc o sdwiu\nm

Conclusions

To our knowledge, the current stdy is the first paper
cxmmg the effects of CPAP znd HFNC in respiratory
resolution in a pediatric b Mate care senting.

The significance of lhs study is due to the economic bur-
den of respiratory distress In padiatric patients: therefore,

it aims to ideatify the most cfficient method of treatment

10 avox! pediatric 1CU ad s and end heal intu-
botion und lso o reduce the administration of medica-
tions and days of hospitalization,

CPAP and HENC aire concepuually aractive modalities
for infants with respirstory di and bronchiolitis and
may impeove physiological and climical osteomes dssoci-
ated with respiratory distress and faikure. To date. odser-
vational studies have supgested that CPAP and HFNC
redace the need foe inlensive care, but no evidenee from
randamized ¢ iled triaks has del i this 10 be
the case. High-quality randomized controlled trials using

ment) and durution of hospitalization ond phar 1
drieg slministration (see Tahln 1 and 4, Mnm\a was
found that supported subjects had a better clinical course
compared with the coatrol group (20 children sffecied by
mikd-to-moderate respirtory distress for bronchiolitis),
since their 1otal length of haspiinl stay and pharmaceutical
drug comumption were statistically and significantly lower
than the control group (see Table 4). It should be noted that
rontine blood aalyses were caried out for all of the childien
af adrission, anc for those with signs of bactenial infections,
broad-spectoum astibiotic therapy was stuted o the onset of
tzation. There wis no septic shock neported

We should mention hat our siudy also presenis some
such as t all that wos pot
blinded and the choice for heterogeneous disease groups,

weak

RESPRATORY CARE @ AUGUST 2017 VoL 62 No 8

e

I methodology shouk! be considered to Wenfity
whether HFNC and CPAP coafer benefits on important
chinical cutcomes for infants with bronchiolitis.
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Applicazione precoce defla CPAP con casco nel reparti
di oncoematologla pediatrica: fattibllith ed outcome
N Decombeko’, M. Pgard, A Comett’, §. Recagun’, £, Borgers®, M. Bt
M Jeisa!

' Oncoemaalop Pedara FCCS Foncasone Policince San Matee, Pavia
¥ Hanioagone 2. IRCCS Forduione Poicionco Sen Mattea, Pavds

La mortalitd ded bambini con pato-

logia oncoernatologica ncoverati in
terapla intensiva (ICU) ¢ edevata {20-
40%), ¢ aumenta fmo o 70% in caso
dinsufficienza respieatocla (ARF) con
necosdta i ventibizione meccanica
MV). Le complicanze respltatorie
el pazienti ematologic %0no di tipo

di polmaciti; inoltre 'enceme letto caplam
& particolarmente sensibile agh effetti della leucostasi,
o danno da d'temio-rwmmpu & al cytokine storm

midolio sono ks categoria a maggior rischio perchd, oltre
oo profonda e prolungata vmunoscppressions, svilup-
pano frequentemente patologle da danno endotelale
0 b malattia dol trapianto contro l'ospite (GVHD), dhe
POssono avere ned polmone l'organc bersagho, n questi
pazienti b MV conferisce un rischio doppio di mortalits
in ICU. Uutiizzo precoce della ventilazione non invasiva
a pressione positiva ([continues positive alnway pressure
(CPARY) per corregpere lipossia, in adulti con patologia
ematologica ha dimostrato di fidurre acidenza & MV,
praze al rechtomento & stablizzazione di aree ateletta-
siche e alls riduzione del work of breathing.

Objettivi

LUabiettivo di guesto lavoro ¢ stato valutare fattib®es ed
efficacia delfapplcazione precoce defla CPAP in reparto
di Oncoematologia pediatrica per ridurre Iinsorgenza di
ARF & il ricovero in ICU per MV,

Materiofi e metodi
Sono stati analizzat retrospettivamente tutti | pazienti
trattati con helmet CPAP presso il reparto di Oncoema-
Pedatrica dellIRCCS Policinico San Matteo di
Pavia dha ottobre 2011 a ottobre 2016, La CPAP con hel-
met fcaschi Dimar, generatore Easy Flow monitor, Co-
vidkon: Fig. 1) ¢ stata appicata nes casi di ARF n prima
knea o come rescue {dopo falkmento di ossigeno terapia
con maschera 0 alto Musso), 3 scopo terapeutico o pal-
Fativo. Misura di cutcome primania & stata b fatrbifita
di applicarione intesa come tolleranza ally metodica e
assenza di eventi avvers; end polnt secondado b naces-
sitd di ricovero in ICU per MV.

Risultoti

Sono risultati analizzabill | doti di 26/32 pazienti tratta-
fi, 15 maschi & 11 femmine, eth mediana 12 anni [2-20
anni). Diciotto pazienti avevano ricevuto tnnl.mto alo-
genico di midollo (HSCT), 8 chemioterapia La

nite infettiva  stata 3 principsie causa di ARF 116/26
parients, 61,5%), in 9/16 casi ad etiologla virale. Il 50%
dei pazienti mostrava un quadro radiologico di consoli-
daments polmonar, il 32% interessamento misto inter-
stizio-parenchimale. La Sa02 media in aria amblente era
86% ¢ la FR media 44 atti/min. La hCPAP ¢ stata appli-
cata in 19/26 pazient) a scopo curativo (Fig. 2 e in 7/26
palliativo, per una media & 11 giorni [range interguartile
434 in 6 pazient! dopo insuccesso dallHFNOZ, Nond
5000 stati fallimenti por discomfort né eventi avvorsi be-
gati alla WCPAP. Dieci pazienti sono stati trasferiti in ICU
(34 6%) di cui 1 solo decoduto. Solo 3 pazienti hanno
ricevuto MV, in 2/3 associata ad ECMO, Tra i parametri
analizzati, solo elevati livelli di FIO2 in corso di hCPAP
000 risultati correlati al trasferimento in ICU & alla MV
{Fig. 3.

Conclusionl

La hCPAP & risultata ben tollerata; la sua applicazions
precoce in reparto. pud ridurre fevoluzione delfARF, 13
necessitd di trasferimento in ICU ¢ di MV,

AL RV WL
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Progetti Formativi

Un progetto formativo sulla disostruzione delle vie ae-
ree in pediatria patrocinato dal'Ospedale Meyer
Critiora Bemucd ! Fruncesce Gruola

AU Wieper Frwane

La diffusione delle manovre & disostruzione delie vie
seree per ['etd pediatrica & un progetto di educazione
saritamnvokoatumcolomdwqtmresl

-
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Uostruzione defle vie acree & un evento abbastanza fre-
quente nel bambini e 8 suo rapsdo riconoscmento ¢ trat-

tamento pud prevenire 12¢ gravi, anche fatadi,
Secondo | dath ISTAT. il 27% delle morti dlassificate come
nei bambing ¢a 0 & 4 anni, aviene per sof-
focamento causato da inatazione di cibo o & un “corpo
cstraneo”. Passando nelle fasce deta 5-9 ¢ 10-14 anni,
b percentuale di morti per soffocamento diminuisce pro-
gressivamente (11,5% e 4,7% rispettivamentel, ma rimane
comungue ra le pit sigrificative tra Je cause accidentali.
1 decessi 000 per o pia attribuibill al fa1to che o as-
siste all'evento NON & adeguatamente formato a rico-
noscere e gestire levento, Lunica possibilita di risolvene
Tostruzione completa delle vie aeree infatti & affidata al
commetto esercizio delle Manovre dil Disostruzione che,
e applicate tempestivamente, $ono ivavita,
dalla natura o dalls dimensione del
mpomdbd&tmmedemnﬁunm e
che ogruno deve Imparare a ricanoscere, & se fostny-
ziane delle vie respiratodie @ parziale o completa Tutte

nan deve fare chi & presente all'evento,
mwmemmmiammmmv
segnamento @& tall monowvre nelfambito scokastico; tale

(fnsegnant, gentord.
Dal 2013 ad oggi sono stati formati 530 operator delle
scuole delnfanza e Primaria della provincia di Firenze
¢ Prato,

1 corsi per il persanale scolastico vengono effettuat! nel-
ke sedi di appartenenza In orarfo extra scolastico ¢ ha
L2 durata i 2 ore. La docenza € svolta da alcuni medici
¢ infermier dell'Azienda Universitaria Anna
Meyer di Firenae, istruttor] certihicati IRC per | corsi di
ranimazione di base.

1 materiale didattico & costituito da slides proparate dai
docenti ¢ b parte pratica € svolta su manichini BLS lat-
Lane @ bambing. La vehstazione di apprendimento del
riconoscimento di situazione & ostruzione completa o
ncompleta e dells cometta esecuzione dedle manovre di
disostruzione viene fatta in itinere durante le stazioni di
apprendimento. Al tesmine del corso viene rilasciota a
clascun partecipante. oltre all'asttestato di partecipozio-
ne, una brochure lllustrativa delle manovre da disostru-
Zione in formato A4 come promemona personale ¢ una
scheds in A3 per Faffessione nel locall scolastici
quali la mensa o la palestra
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Utilizzo della NIV mediante Casco-CPAP nel paziente oncologico: caso clinico.

Francesco Belva, Mana Elena Cucuzza, Luce Lo Nigro, Piera Samper, Claudia Mel, Giovanns Russo,
UOC & Fresoiog o Oreologiy Pedintrly, Axends Univeradanks Ospodalenn, Polcnico - Vieoro Emanseie, Calwin

Iatroduzione |

La NIV [Non Invasive Ventilation) & una fecrica di supporto katoro che ha 1 di ndurre § lavoro respratono e mighorare
gli scambi gassosl, senza lutikzzo di protesi endotrachaale. | criteri richiesti per Mutilzzo della NIV sono: dispnoa severa, utilzzo
ded muscol accesson, Sat0, < 90%: PalyFiO,< 200, pH <7.35 > 7.2, paziente vigle che 1espira autoromamento

L' oblettivo di questo lavore ¢ stato di
Valutare 'utilizzo della CPAP (Continuous
Positive Alrway Pressure), cloé
Papplicazione dl una pressione positiva
Continua durante tutte il cicle respiraterio
con casco (DIMAR-italy), In un paziente
glco con insuffick rospiratoria
Ipossiemica, In alternativa alla intubazione.

Bowisignar CPAF werks the same wity 21 the Durbines of 3 Jot engine.

- e
e r— B s 4 st o
i | 40 gt ol et

Materiall ¢ metodi | oIl || [ S e—
e g
Paziente di sette anni, a%etto ca Leucemia Linfoblastica Acuta, diagy =

aif'ets di due anni, plurirecidivato e sotiopoesto & vmm oloomco Ca soredla,
Ricoversto presso 1'V0.0.C. & Oncoemalologa Pedalncs delilUnversitd di
Catana per distoss mepiraforo a causas & una GVHD 4Gmﬂ Versus Host
Dissase) polmonare, | suol i alfi

erano | FR 40
atifminuto, FC 130imn, Sat O, 85% in mn ambaente, pH 73 PaCC2 < 40
mmitg, dwmmzodmmaccnun nte vigle o collaborant

muCPAPeonuwo0|wopouuommnw$mo,>95%
con una PEEP compresa tra € e 12 cmbH 0 ed una FIO2 < 50%. Un
migloamenio cola ossigonaziona & & navalo gid dopo due ofe JaTinizo
della ventiazione, attraverso il rscontro di una riiwzione della FR della FC e
un grogressvo mighoramento del tappodo PaO R0, Luilizze del casco
qualo Mterfaccia sl & dmostrato estromamentn tollecalo dal pazienta

— N——

[ Conclusionl |

La NIV mediarte Casco-CPAP, offre un
mportante supporto  venBlaterio  nel
dellinsus. rospmm
acuta Ip vea nol p
¢ rappresenta una abdl alemaltiva lh
niutnzone endolracheale, Il panenie &
stato soltcposio a ventlaziona per renta
girry, @ 1a GVHD & stata tenuta sotio
conrofio, inizialmonrto madiante
con  Dx al
dosaggic di 02 mogide, e
sucone vamaente con Mot predresdone al
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