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e Non-invasive ventilation first used
in Boston Children’s Hospital in
1928

e Used extensively during polio
outbreaks in 1940s — 1950s

The iron lung created negative pressure in abdomen
as well as the chest, decreasing cardiac output.

e Invasive ventilation first used at
Massachusetts General Hospital in
1955

e Now the modern standard of
mechanical ventilation

Iron lung polio ward at Rancho Los Amigos Hospital
in 1953.
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British Thoracic Society Standards of Care Committee. Non
invasive ventilation in acute respiralory failure. Thorax, 2002, 57,
192211,

American Thoracic Society

International Consensus Conferences in Intensive Care

Medicine: Noninvasive Po
Acute Respiratory Failure

ve Pressure Ventilation in

O ANIZED TOINTLY 8Y THE AMERICAN THORACC S0C1ETY, THE EURoPE AN RESPIRATORY SOCTETY, THE EUROPEAN S0CTETY
OF INTENsrvE CARE MEDCINE AND THE SOCIETE DF REANBMATION DE LANGUE FRANCAISE. AND APPROVED Y THE ATS

|Bowan oF Dmecmoms. Decemuer 2000

Neninvasive pasitive pressute venfilation (NPPV ) was applied
fir=t to patients with chronic pulmanary discase but is now be-
ing uzed b2 suppart thess with acute respiratory failure (ARF).
An International Comsenaus Conferenve in Intensive Care
Medicine consdering the rok of NPPV in ARF was held i
Paris, France, from April 13-14, 2000 sponsored by the Crit
<l Care Assombly of the Amerian Therasic Sosicty (ATS),
the European Respirabory Sasicty (ERS ), the European Soci-
ety of Intensive Care Medicine (ESICM), and the Société de
Réanimation de Langue Frangaize (SRLF).

The methods of the Consenaus mere establizhed by the Na-
ticnal Instinates of Health (1) and adapted rubsequently for
use in eritical care medicine (2). Briefly. the process oo
peied fous phases Fil, Bvs key qusstins were formulated
by the ssientifio advizors designed to
the evaluation of noninvasive ventilatory support i s current
andl furure roles. Second. a comprehensive liverature search
s performed and ke articles prosiculated to a jury of 10
“linician scizutists whe were nat experts in the ficld under dis-
ausmicn. Third, autharities in NPPV selected by the Organiz-
ing Committes and scientifio advisors delivered fooused pre-
seniations during a fwa-day symposiom atieoded by e jury
andl abaut 150 delegates. Bach presentation was followsd by
debate and discussion. Finally, the jury summarized the avail-
able evidence in Tespanse to the quesions over the v diys
immediately after the conference.

Far the purpecss of this report, NPPV was defined as amy
form of ventilatory aupport applied without the use of an en-
dotzacheal tube, and was considered 1o inslude sontinuous
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positive airsay pressure (CPAF), with or without inspiratary
presare support; volume- and presare-rycled syste
partional asmis ventilation (FAY), anc adjuncts such as the
use of helium-orygen (heliox) gas mixtures. The term aoute
respintory failure | ARF) was coaddered to include patients
with acute lung injury (ALI} and acute respiratory distress
sadrome | ith i

tive airflow limitation (i.c., asthma and COPD; acutely dec-
cmpersated patients with the ckesity hypoventilation syn-
drome (OHS) and cardiogenic pulmonary edema (CFE)
paticnis developing ARF in the perioperative period; and
thoze with sither difficulty weaning from invasve mechaical
ventilatory support, or in whom endotracheal intubation (ETT)
was consider=d inappropriate. The information presenicd o
the jury was designed to addsess the following five questions.

QUESTION 1: WHAT ARE THE RATIOMNALE, POTENTIAL
BEMEFITS, AND GOALS FOR NPPY?

Patients require ventilatery assistance to reduce the Pa_y, (Fis-
ure 1) andlor to improwe oxpgenation (Figure 2). If they can
receive appropriate noninvasve ventilatory assitance. pa-
ticnts are spared the discomfart and risks assoiated with en-
datracheal intubaticn (ETT). Although shadies susgest that
NPPV iz asmaciated with a reduced incidence of nesccomial
poeumonia, methodological problems mandate Teinvestiga-
tion of this issue. Potential benefits must ko balanced =t
the discomfort of  nasal or facial mask and risks 5
NPPYV (eg. failure to provide sufficient oxygenation or E‘D&
climination, cye or nasal trauma, gasiric distensdon mpisation).

The goals of NPPV differ depending upen the clinisal son-
text. During acule decampensations of asthma or COPD, the
gnal & 1o {ednce CO. by unloading the Tespiratory muscles
and augmenting alveolar ventilation, thereby siabilizing arte-
ial pH i the udalying problem con be teversed. When
employed during episedes of hypoxemic ARF the goal is to
ensure an adequate Pac; until the underlying problem can be
reversed. When apglid ontivususly o patiens withchrusio
ventilatory failure the goal of NIPPV & to provide sufficient
oxygenation andior CO; elimination tn”taln life by revers.
ing atelestasis or resting the respiratory muscles When ap-
plied intermittently to paticnts with OFIS, the goal is to limit
deep- and pesition-induced adverse changes in oxppenat

"
and CO elimination and their pathophysiological sequelae by
cnting the upper airvay, increazing lung velume, and aug-
menting alveclar ventilaticn. In cardiogenic pulmonary edema,
the goal of NPPV is to improve oxgenation, reduce work of
breathing, and inerzase cardias cutput.

consensus conferences in intensive care medicine;
positive pressure ventilation in acute respiratory failure.

Respir Crit Care Med, 2001
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INTRODUCTION
Momere kinure
Nondrwashe vemllaka (NIV) eefers to the
prosiston of vemillaccey suppeet tough the
patien’s upper aleway using 3 mask o stmilae
device, Tl techrique & discin puishad feom those
WL Bypars the Lppar aeweyy with 3 1raches]
rute, larymgesl mask, or cracheosiomy and are
therefre consklered. invashe. [n 1his documere
NIV refers to Dondmasie poshive pressure
vemllack, and eehier less commurily us ed tech-
niques such a5 ememal negache peassure oo
reking ek will non be discussed. [KIPPV Is an
akermathve abbreiacka but Lt & mere cumber.
)

Therem 2000:57:192-211

Asgvey of sane sdmissions n Leeds bs sug-
Fested ehat, LT TV was used I all palents with
dwenlc charcilve pulmenary diseass | COPD)
With 3 pEE of <735 |H" 45 Cmeld) afier inhlal
medtial cranment, 3 ppicl disteln generl
haspln] saring 3 pepulidan of 350 000 would
Expat 12 122an spourid 0 panlenes per year
® Non-fiweaste ikt Bar et TATWE [0 be an
st SALAMENT (G TE RAPETIIC PEpURITOT
e parecudarly fn RIOREE SbSTGE puETD-
Ty e, Racribeter for NIV sondd e eatiatie 34
AT per i e a7 hosplaals MRy @ Sttt sk
panonc. [A]

foe “nin-invastve” oe sl
Cencimrucus poslddve alrway peessure (CPAF] in
this documen refers 15 1he Qa-rvasive apptic-
thon of poshive aleway peassure, sgain ustng 1 face
or pasal mask rabeer tan L0 ccajuncan with
Invastve technlques. Alhough 1 might be cpen 1o
debate a5 10 whetber 1be use of noo-vatve
cute resplraiory fallure consioges ven-
clatory ;ppoee, 1t 1 induded in 1his dccumere
berause of the cnfusion which communiy irses
berween BTV and CPAP in dindcal peacice.

Background
One of the first descriprions ofche s of K1V g
sl mrasske wag for the ereatmiant of hyp-vendls.

all panlers with respira-
.a—,ﬁu.m Hused irdlscimimarely, pectemewho
would be managed more approprately by wa-
cheal Inrubaton will recelve subcpumal weal-
menr. Use of NIV I peclems o whom It &
wnlikely to b benetidal is also undesirabile, I b
essenclal bt NIV ks applled 0 an appecprine
dlinkal area by appecpriately crained suaff using
the opeimaa) venillas o wode, Seicings, e mer-
Eace far a1 pacient with adequate manl oring.
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Purpazs f thiz daurmen

den 3 clgh o palens wiih
disease obe n

has begome widely lmpted 2z the stardant
methed of poaAdrvashe vecllalm ussd

tercs with chirun: Eypercapni< respearary falure
caued by chest wall defoemy, Dewrarusad
mmsr.wlmp.llmd-oemm respleiory drive. T has

\n aue respiraery fallure based oo the awall-
able evidance and define Mrinimum SLMAIeds
¢ the prostslon =€ an acuie NIV service

* Igendfy which palents with 10xe respeacey

pey replaced a5 exernal
nmn\!pmu :ennullnnammm # Desaibe the opcimal appllcacion of different
Within 2 few years LY was 7 and pailent ineefaces

stariing 1o be used In acus ypescapni mpm.
sty flluse i patenss with el

eatfier than an Urpalred rex mvpmmml
anecoceal fepans were followed by laeger series
and then by randomissd wials. Analysts of ihes
trlals has shown than NIV &

Abbreviainra: AHF, 2
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foe acule hypescapnk resplranoey fallure, 5 wil
be discus sed under the s2olon on Indicacis. It
b 3 muber of potereial advanages, pariios.
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A, czriinuous masciokory vertaics; COFD, chronkc
ranteny e CPAF,cattven paitive
ey prai {EFAP, gy pitiv e

aszodarsd momalley and moshigiy feom peat-
e 5uch 25 poewmunis. Pressure an fensive
care unit beds 15 oft en high, and KTV an. beused
In mher Clinical apeaas and 2150 31 an earkler stage
than 1eaches] inrubauon. Invermkten vendlatory
asststance |s posskde with XT%, dlowing pradl
weaning and also mermal eacing, drinking, and
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Table 1—Evidence To Support Use nf NPFPV ﬁ;r ]}:ﬂfrellt Types uf Acute Respiratory Failure

Type of Evidence

Evidence

Stmng I':m]lr:iplo controlled trials)

Less strong (single controlled trial or multiple case series)

Weak (few case series or case reports)

COPD exacerbations

Acute tardingonic pulmonary edema*
Immunm-mnprmms{ld patients
Facilitation of weaning in COPD patients

Asthma

Cystic fibrosis

Fﬁstnpvrmiw respiratory failure
Avoidance of extubation failure
DNI patients

Upper airway obstruction

Acute respiratory distress ﬁ}ndr-:mw {ARDS)
Trauma

Obstructive sleep apnea, obesity hypoventilation

*Evidence strongest for CPAP.

Timothy Liesching,et al. CHEST 2003,124:699-713
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The Use of Noninvasive Positive Pressure
Ventilation in the Emergency Department*

£
Results of a Randomized Clinical Trial
Kelly A Wood, MD; Larey Lewis, MD; Benjamin Von Harz, RRT; and
Marin H. Kollef, MD, FCCP

re ventilation (WPPV) in

Objective: To determine

the use of i ive positive press

Official publication of the Amesicas C allege of Chest Phyiicians

the emergency department (ED) will reduce the need for tracheal intubation and mechanical
| ove ll l
CHEST Use of a Ventilatory Support System (BiPAP) sm...g ED of Barnes-Jewish Hospital, a nmur-uh-ufhll.uhdh_uchmi, hospital.
3 i H i | 5 Twenty-seven ahc‘nls meeting a predetermined definition of acute respi v distress
ONLINE Oor AcUte rhespiratory Failure in = | i P gap L ?
EmeraEncz DeEartment | Interventions: Conventional medical therapy for the various etiologies of acute respiratory
. . | distress and the application of NPPV |
Janzt M. Poponick, Jefirey ?. Renston, Richarc P. Sennett and Charles | Measurements and muhm The primary outeome measure was the need for tracheal intubation and |
L. Ememan | mechanieal ventilation. S v also sed included hospital mortality, hospital length
| of stay, acquired organ systom derang , and the utl of rosy care porsonnal. |
Chest 1999,11€;166-171 Sixteen patients (539.3%) were randomly assigned to receive e ional medical therapy plas NPPY,
DOl 10.1378/chest.116.1.166 | and 11 patients (40.7%) were randomly lﬁlglll.‘d to receive: conventional medical therapy without
| NPFV. The i'w» groups were similar at lh: hml. of randomization in the ED with regard to
The onlne version of this aricle, aleng with updated information and demographic char haospital acl and severity of illness. Tracheal intuha-
services can be found onling on the World Wide Web at: tion and mechanical ventilation was required in seven patients (43.5%) neccmng conventional |
hitpoifchestjioumal .chespubs.omg/content!1 1611 E6E_full htrrl medical therapy plus NPPV and in five paticnts (45.5%) iving dical therapy alone |
| {relutive ris 96 95% confidence inberval=0.41 to 2.26; p=0.930). There was a trend towards a
greater hospital mortality rate among patients in the NPPV group (25%) compared to patients i in the:
Study objectives: Bilevel pressure ventilation has had proven success in the treatment of acute | conventional medical therapy group (0:0%) (p=0.123), Among patients who subsequently req
respiratory failure (ARF). The purpose of this study was to identify patient characteristics early in the mochanical ventilation, these in the NPPV group had a longer time interval from ED ardval to the
course of acute illness that can predict the suceessful use of bilevel pressure ventilaion. | start of mechanical ventilation compared to patients in the ional lical therapy group
Methods Ventilat — i . il - i (EiPAP wdel ST-I); Respironics: (26.0227.0 h vs 4.826.9 hy p=0.055).
M::rr}'nil.lcfnl‘.\? :.:; t‘:ﬂ?;?m;::m‘% r J:;Lmu “.;:}'. .":RF. The system ‘::; | Conclusions: We conclude that the application of NPPV in the ED may delay tracheal intubation and

ﬂu initiation of mechanical ventilation in

me patients with acute respiratory distress. We also

ttrated to patient comfort. Once stable settings had been achieved for 30 min, a postirial arterial

blood gas (ABC) measurement was obtained. Patient charts were reviewed for pretrial and posttrial | ated that the application of NPPV was associated with an increased hospital mortality rate.
ABG levels, along with demographics, APACHE (acute physiology and chronic health evaluation) [T Based on these preliminary observations, larger clinical investigations are required to determine if
score. Clasgow Coma Scale (CCS), and length of stay (LOS) data. athwerse patient outeomes can be attributed to the early application of NPPV in the ED. Additionally, |
Results: Bilevel pressure ventilation trials were performed on 58 patents. In 43 patents improved patient selection eriteria for the optimal administration of Nm'_i" the ED need to I’* |
(74.1%), the trials were successful. Of the 15 patients (25.9%) in whom the trials were nnst developed. (CHEST 1898; 113:1339-46)
successful, 13 puﬁc“[g r(_\qu'ir._-d intubation. The pre trial ABC levels did not prl:d.icl SUCCess, Kery wordsa scber respimate +z critical caney wiechamical wentilibion: novinvsive positive pressure ventilition; ootoomes

- evaduatinn; Cl=confidence intenal. ED=cmerzency |

as there were no significant differences between the success and failure groups for pH and Abbrevintions: acnte plysiokogy and chrmnic
=lnspiratory positive alrway pressure; NPV =mondvashe |

Pac0y. respectively: 726 vs 7.26 mm Hg and 75.3 vs 72.8 mm Hg. After 30 min. posttrial ABG department; E ‘_'I‘T'“‘"'r:‘ I¥ sy pressures 1P
levels far pH and Paco, predicted successful aveidance of intubation: 7.34 vs 7. mm Hg positive presssunc ventilation: Sal; =arterid safurstion ongen
{p < 0.002) and 61.9 vs 73.0 mm Hg (p < 0.04), rn:-rpccl.“ y. There were no significant
differences between the success and failure groups in age, E;l:ndcr_ CCS, or APACHE 11

There were differences between the success and filure groups for LOS data (ventilator days,

Iili;d;:;af:ﬂjh:cgggl‘ d..r?:;ecl'n!‘i‘:ls‘lﬂd days {(p < 0.01), 4.2 vs 12.3 days (p < 0.02), and 75 . ] T}rc management of aoute respiratory distress is
Conclusion: Successful treatment with bilevel pressure ventilaton could not be predicted by common in the emergency department (ED}

setting. Tracditomally, endotracl ‘heal intubation and
mechanical ventilation have been emploved in pa-
tients with acute respiratory distress who are unable
to meet their ventilatory requirements. Howeve
this form of medical management cam be associa

pretrial data (including pH and Paco,) obtained in the emergency department; however, a
successiul outcome could be determined quickly with a 30-min trial. Successiul treatment
with bilevel pressure ventilation significantly reduced LOS data.

Clinical implications: Our inability to predict success based on initial data supports the use of
bilevel pressure ventilation trials fer all stable patients with ARF. If the patient’s condition
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fails to improve within 30 min, intubation amd mechanical ventilation is indicated. Repring requests: Martn H. Kollef. MD, FOCF, {"'I-"""“' and with various adverse outeomes, including infection
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AL Survey oOf the Use of Woninvasive WVentilation
in Academic Emergency Departments in the United States

Iean IR Iless PhDy RIRT. Jessica M Pang,

and Carlos A Camargo Jr MDD DaPII
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psthma COPD CHF

Asthma  COPD CHF
Fig. 2. Use of noninvasive ventilation in the emergancy depa tment

Fig. 2. Percentage of cases in which noninvasive ventilation is
(ED), compared to elsewhers in the hospital. COPD = chronic used in the emergency department. COPD = chronic obstructive
ol lnautive pulmwnary dissase, GHF = vongestive hearl Tailure, pulmonary dizease. CHF = congestive heart failure.

A Survey of the Use of Noninvasive Ventilation in Academic

Emergency Departments in the United States. Respir Care
2009;54(10):1306 —1312.
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experience from the past 10 yvears
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gained the dignity of first line intervention for ac:ute exac:erhanun of chronic_obstructive pulmanary

disease, asauring reductmn of the intubation rate, rate of infection and morality. Despite positive

results, NIV still remains controversial as a treatment for acute hypoxemic respiratory failure, largely due

to the different pathophysiology of hypoxemia. The infection rate reduction effect achieved by NIV
application is crucial for immunocompromised patients for whom the endotracheal intubation

represents a high risk. Improvements in skills acquired with experience over time progressively allowed
successful treatment of more severe patients.

Keywords COPD, helmet, hypoxemic respiratory failure, immunocompromised, noninvasive ventilation
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Flgure 2. Effects of Noninvasive Wentilztion on Death

Mertality, Favors ;| Fawors
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Ventlation
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Flgure 2. Effects of Moninvasive Ventilation on heed to Intubate

Data markers are proportional to the amount of data con‘ributed by each trial.
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Efficacy and safety of non-invasive ventilation in the treatment of
acute cardiogenic pulmonary edema - a systematic review and

meta-analysis
Jodo C Winck!, Luis F Azevedo??2, Altamiro Costa-Pereira23, Massimo Antonelli* and
Jeremy C Wyatt?

Cemiegd Care 2006, 10:RED (doi;1 01186/ cod4Q05)
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I'm .r.'rmnﬂsmup.'r'mm'.wn' Patients: Evidence is accu-
lmﬂating to support the use of NPPV in immuno-
L‘II:IIII]__'I-I‘{H]'iiEiE‘I:] patients with acute respiratory failure.
Among 40 patients who developed acute respiratory
failure f{}]I{}Wlng solid organ transplant, those ran-
domized to receive NPPV more often had increases

in Pa0,/F10, ratios (60% wvs Z5%, |'c.~;l:|--r:-:~tix-'c|}-':_

p =0 03)., lower intubation rates (20% wvs T0%.
respectively; p = 0.05), and lower mortality rates

(20% wvs 0% I‘E'Eil:l{f'll'_"ti‘lr’{?]}-'; p = 0.05) than conven-
tionally treated control subjects.?? In addition, the

Antonelli M, Conti G, Buh M. et al. Noninvasive ventilation
for treatment of acute respiratory failure in patients under-
going solid organ transplantation: a randomized trial. JAMA
'-"(FD'[} 283235241
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