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IMPORTANCE Helmet noninvasive ventilation has been used in patients with COVID-19 with the
premise that helmet interface is more effective than mask interface in delivering prolonged
treatments with high positive airway pressure, but data about its effectiveness are limited.

OBJECTIVE To evaluate whether helmet noninvasive ventilation compared with usual
respiratory support reduces mortality in patients with acute hypoxemic respiratory failure
due to COVID-19 pneumonia.

DESIGN, SETTING, AND PARTICIPANTS This was a multicenter, pragmatic, randomized clinical
trial that was conducted in 8 sites in Saudi Arabia and Kuwait between February 8, 2021, and
November 16, 2021. Adult patients with acute hypoxemic respiratory failure (n = 320) due to
suspected or confirmed COVID-19 were included. The final follow-up date for the primary
outcome was December 14, 2021.

INTERVENTIONS Patients were randomized to receive helmet noninvasive ventilation
(n = 159) or usual respiratory support (n = 161), which included mask noninvasive ventilation,
high-flow nasal oxygen, and standard oxygen.

MAIN OUTCOMES AND MEASURES The primary outcome was 28-day all-cause mortality. There
were 12 prespecified secondary outcomes, including endotracheal intubation, barotrauma,
skin pressure injury, and serious adverse events.

RESULTS Among 322 patients who were randomized, 320 were included in the primary
analysis, all of whom completed the trial. Median age was 58 years, and 187 were men
(58.4%). Within 28 days, 43 of 159 patients (27.0%) died in the helmet noninvasive
ventilation group compared with 42 of 161 (26.1%) in the usual respiratory support group (risk
difference, 1.0% [95% CI, −8.7% to 10.6%]; relative risk, 1.04 [95% CI, 0.72-1.49]; P = .85).
Within 28 days, 75 of 159 patients (47.2%) required endotracheal intubation in the helmet
noninvasive ventilation group compared with 81 of 161 (50.3%) in the usual respiratory
support group (risk difference, −3.1% [95% CI, −14.1% to 7.8%]; relative risk, 0.94 [95% CI,
0.75-1.17]). There were no significant differences between the 2 groups in any of the
prespecified secondary end points. Barotrauma occurred in 30 of 159 patients (18.9%) in the
helmet noninvasive ventilation group and 25 of 161 (15.5%) in the usual respiratory support
group. Skin pressure injury occurred in 5 of 159 patients (3.1%) in the helmet noninvasive
ventilation group and 10 of 161 (6.2%) in the usual respiratory support group. There were 2
serious adverse events in the helmet noninvasive ventilation group and 1 in the usual
respiratory support group.

CONCLUSIONS AND RELEVANCE Results of this study suggest that helmet noninvasive
ventilation did not significantly reduce 28-day mortality compared with usual respiratory
support among patients with acute hypoxemic respiratory failure due to COVID-19
pneumonia. However, interpretation of the findings is limited by imprecision in the effect
estimate, which does not exclude potentially clinically important benefit or harm.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04477668
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N
oninvasiverespiratorysupportintheformofnonin-
vasiveventilationandhigh-flownasaloxygenhasbeen
usedwidelyforpatientswithacutehypoxemicrespi-

ratoryfailureduetoCOVID-19,1anddataaboutitseffective-
nessareemerging.2-4Helmetnoninvasiveventilationhasbeen
usedinpatientswithCOVID-19withthepremisethathelmet
interfaceismoreeffectivethanmaskinterfaceindelivering
prolongedtreatmentswithhighpositiveairwaypressurebe-
causeitisassociatedwithfewerairleaksandbetterfittingfor
differentfacialcontours.5Additionally,helmetnoninvasive
ventilationmaybeassociatedwithlessriskforskinpressure
injury,eyeirritation,andaerosolgeneration.6

Helmetventilationhasbeeninusefor2decadesincertain
countries,especiallyItaly;anditsusehasincreasedduringthe
COVID-19pandemic.7InMarch2020,theUSFoodandDrugAd-
ministrationissuedEmergencyUseAuthorizationstoseveral
manufacturersforhelmetuseinacutehypoxemicrespiratory
failurefromCOVID-19.8Supportingdataforhelmetnoninva-
siveventilationaremainlybasedonnon–COVID-19popula-
tions.Asystematicreviewthatincludedobservationalstudies
andrandomizedclinicaltrialsshowedthathelmetcompared
withmasknoninvasiveventilationmightbeassociatedwithsta-
tisticallysignificantlowermortalityandendotrachealintuba-
tion;however,theeffectofhelmetnoninvasiveventilationcom-
paredwithhigh-flownasaloxygenwasuncertain.9Anetwork
meta-analysisofrandomizedclinicaltrialspublishedbeforeMay
2020foundthathelmetnoninvasiveventilationmightsignifi-
cantlyreducemortalityandendotrachealintubationinnon–
COVID-19populationscomparedwithmasknoninvasiveven-
tilation,high-flownasaloxygen,andstandardoxygen,although
theevidencewasgradedaslowquality.10Therefore,theeffect
ofhelmetnoninvasiveventilationonmortalityinCOVID-19
populationsremainsunclear.

Theobjectiveofthisstudywastoevaluatewhetherhel-
metnoninvasiveventilationcomparedwithusualrespiratory
supportwouldreduce28-dayall-causemortalityinpatientswith
acutehypoxemicrespiratoryfailureduetoCOVID-19.

Methods
TrialDesignandOversight
TheHelmet-COVIDtrialwasaninvestigator-initiated,prag-
matic,multicenterrandomizedclinicaltrialthatwascon-
ductedin7sitesinSaudiArabiaand1inKuwait(eTable1in
Supplement2).11,12Detailsofthetrialdesignhavebeenre-
portedpreviously11,12andareavailableinthetrialprotocoland
statisticalanalysisplaninSupplement1.Helmetnoninvasive
ventilationwasintroducedinJune2020inSaudiArabiaaspart
oftheCOVID-19pandemicresponsetoaugmentthecapacity
forrespiratorysupport.Anationaltreatmentprotocolandtrain-
ingprogramweredeveloped.Foreachnewsitejoiningthe
study,atrainingsessionwasprovidedalongwithatraining
video,posters,andwrittenprotocol(eTable2andeFigure1in
Supplement2).Thetrialprotocolwasdesignedbytheman-
agementcommitteeandapprovedbytheinstitutionalre-
viewboardsatallparticipatingsites.Aprioriordeferredin-
formedwrittenorwitnessedoralconsentwasobtainedfrom

allpatientsorsurrogatesinaccordancewithlocalapprovals.
ThestudyfollowedtheCONSORTreportingguidelines.

Patients
Weenrolledadultpatientsadmittedtotheintensivecareunit
withacutehypoxemicrespiratoryfailure(theratioofPaO2to
fractionofinspiredoxygen[FIO2]<200despitesupplemental
oxygenwithaflowrate≥10L/min)andsuspectedorcon-
firmedCOVID-19pneumoniabyreversetranscriptase–
polymerasechainreaction.Afulllistofeligibilitycriteriaispro-
videdineTable3inSupplement2.

Randomization
Eligiblepatientswererandomlyassignedina1:1ratiotoeither
thehelmetnoninvasiveventilationgrouportheusualrespi-
ratorysupportgroup.Acentralizedcomputer-generatedran-
domizationsystemwithundisclosedvariableblocksizesof
4and6wasused.Randomizationwasstratifiedbycenter.

Intervention
Inthehelmetnoninvasiveventilationgroup,ahelmet(Subsalve)
wasappliedaccordingtoawrittenprotocol(eTable2inSupple-
ment2).Helmetnoninvasiveventilationwasdeliveredinpres-
suresupportmodethroughanintensivecareventilator,with
initialsettingsofpressuresupportof8to10cmH2Oandposi-
tiveend-expiratorypressure(PEEP)of10cmH2OwithFIO2of
1.0,targetingaflowrateofatleast50L/minwithaninspira-
toryrisetimeof50msandendflow/cyclingoffof50%ofmaxi-
malinspiratoryflow.13Ifneeded,PEEPwasincreasedby2cm
H2Oevery3minutestoachieveoxygensaturationbypulseox-
imetrygreaterthanorequalto90%onFIO2lessthanorequal
to0.6,andpressuresupportwasincreasedby2cmH2Oevery
3minutestoachieverespiratoryratelessthanorequalto25/min
anddisappearanceofaccessorymuscleactivity.Themaximal
allowedairwaypressure(pressuresupportplusPEEP)was
30cmH2O.13Interruptionsofthehelmetwereavoidedorkept
ataminimumatleastinthefirst48hours.14Dexmedetomi-
dineinfusionwasallowedtoimprovecomfortwithhelmetnon-
invasiveventilation.Otherintravenoussedativessuchasben-
zodiazepinesorintravenousnarcoticswerenotpermitted.

KeyPoints
QuestionWhatistheeffectofnoninvasiveventilationdelivered
byhelmetcomparedwithusualrespiratorysupport(mask
noninvasiveventilation,high-flownasaloxygen,andstandard
oxygen)ontheriskofmortalityamongadultswithacute
hypoxemicrespiratoryfailureduetoCOVID-19?

FindingsInthisrandomizedclinicaltrialthatincluded320adults
withacutehypoxemicrespiratoryfailurerelatedtoCOVID-19,
randomizationtohelmetusecomparedwithusualrespiratory
supportresultedinmortalitywithin28daysin27.0%vs26.1%,
respectively.Thisdifferencewasnotstatisticallysignificant.

MeaningHelmetnoninvasiveventilationdidnotsignificantly
reduce28-daymortalitycomparedwithusualrespiratorysupport
amongpatientswithacutehypoxemicrespiratoryfailuredueto
COVID-19pneumonia;however,interpretationofthefindingsis
limitedbyimprecisionintheeffectsizeestimate.
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Ifapatientcontinuedtobeintoleranttothehelmet,heorshe
wastreatedaccordingtotheusualrespiratorysupport.

Intheusualrespiratorysupportgroup,patientswere
treatedaccordingtotheclinicalpracticesofeachsite,which
includedmasknoninvasiveventilation,high-flownasaloxy-
gen,andstandardoxygen.

Cointerventions
Thedecisiontouseendotrachealintubationinbothgroupswas
atthediscretionofthetreatingteam,althoughcriteriaforen-
dotrachealintubationwereprovidedasaguide(eFigure1and
eTable2inSupplement2).Otheraspectsofcriticalcareman-
agement,includingtherapeuticsforCOVID-19,werepro-
videdinaccordancewithlocalprotocols.

DataCollection
Patients’demographiccharacteristics,severityofillness,ar-
terialbloodgasmeasurements,andrespiratorysupportwere
documentedatenrollment.Datawererecordedontheinter-
ventionandcointerventionsintheintensivecareunitupto
28daysafterrandomization,includingtherespiratorysup-
portmodalities,vasopressortherapy,kidneyreplacement
therapy,corticosteroidtherapy,useofimmunemodulators,

COVID-19antiviraltherapy,andfluidbalance.Thenumberof
hoursofhelmetnoninvasiveventilationandotherrespira-
torysupportmodalitieswascalculatedandthesettingsofthe
helmetandmasknoninvasiveventilation(pressuresupport
levelandPEEP)wererecorded.Thenumberofpatientsfor
whomhelmetnoninvasiveventilationwasremovedbecause
ofintolerancewasdocumented.Respiratoryrate,theratioof
oxygensaturationbypulseoximetrytoFIO2,dyspneaandde-
vice-relateddiscomfort(measuredthrough0-10visualana-
logscalescores)(eFigure2inSupplement2),andPaCO2(among
patientswhohadserialarterialbloodgasmeasurements)were
documentedduringthefirst4days.15

Outcomes
Theprimaryoutcomewas28-dayall-causemortality.There
were12prespecifiedsecondaryoutcomes(10reportedhere),in-
cludingendotrachealintubationwithin28days,intensivecare
unitmortality,hospitalmortality,intensivecareunit–freedays,
invasiveventilation–freedays,kidneyreplacementtherapy–
freedays,andvasopressor-freedaysatday28(eTable4in
Supplement2).Adverseeventsincludedskinpressureinju-
ries,barotrauma,andseriousadverseevents(cardiovascular
eventsanddevicemalfunction).Inaddition,mortalityand

Figure1.Screening,Randomization,andParticipantFlowintheHelmet-COVIDRandomizedClinicalTrial

659Patients with hypoxemic respiratory
failure were assessed for eligibility

266Excluded

71Eligible but were not randomized 
69Declined consent
2Clinical team decision

70Not suspected or confirmed COVID-19
48Glasgow Coma Scale score <12
30Prior intubation during this hospital admission
25Imminent intubation
21PaO2/FIO2 ratio <200
16Had “do not intubate” orders 
15Pregnant
10Not able to follow instructions 
9Already treated with helmet

5Enrolled in a competing trial
2Had tracheostomy

7Required >1 vasopressor to maintain
mean arterial pressure >65 mm Hg

8Chronic carbon dioxide retention
(CO2 >45 mm Hg)

322Randomized

160Randomized to helmet noninvasive ventilation162Randomized to usual respiratory support 

159Included in the primary analysis
146Included in the per-protocol analysis

161Included in the primary analysis
157Included in the per-protocol analysis

152Received helmet noninvasive ventilation

7Did not receive helmet ventilation
1Excluded after randomization (intubated

by the time of randomization)

146Received ≥1 h of helmet noninvasive
ventilation

6Received <1 h of helmet noninvasive
ventilation

157Received usual respiratory support
4Received helmet noninvasive ventilation
1Excluded after randomization (intubated by

the time of randomization)

FIO2indicatesfractionofinspired
oxygen.Randomizationwasstratified
accordingtosite.
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Table1.BaselineCharacteristicsinthePrimaryAnalysisPopulationintheHelmetNoninvasiveVentilationandUsualRespiratorySupportGroups

Characteristica

No.(%)
Helmetnoninvasiveventilation
(n=159)

Usualrespiratorysupport
(n=161)

Age,median(IQR),y57(47-66)59(50-67)

Sex

Women57(35.8)76(47.2)

Men102(64.2)85(52.8)

BMI,median(IQR)30.1(26.7-35.2)29.9(26.7-34.7)

LocationbeforeICUadmission

Emergencydepartment86(54.1)86(53.4)

Hospitalward46(28.9)54(33.5)

TransferfromoutsidehospitalICUorward27(17.0)21(13.0)

APACHEIIscore,median(IQR)b13(10-16)14(10-17)

SOFAscore,median(IQR)b2(2-4)3(2-4)

Comorbiditiesc

Anychroniccomorbidityc108(67.9)117(72.7)

Diabetes86(54.1)95(59.0)

Chroniccardiacdisease57(35.8)52(32.3)

Chronicpulmonarydisease24(15.1)19(11.8)

Chronickidneydiseasewithdialysis8(5.0)8(5.0)

Malignancy8(5.0)10(6.2)

ConfirmedCOVID-19atenrollmentd156(98.1)157(97.5)

Physiologicparametersbeforerandomization,median(IQR)

PaO2,mmHg60(52-70)60(54-70)

FIO280(70-100)80(60-100)

PaO2:FIO2ratio73(60-93)76(61-111)

PCO2,mmHg36(32-39)35(32-39)

HCO3,mEq/L24(22-26)24(22-26)

pH7.43(7.40-7.46)7.43(7.40-7.46)

Quadrantswithinfiltratesonchestradiograph,No.(IQR)e4(3-4)4(3-4)

Respiratorysupportatbaseline

High-flownasaloxygen93(58.5)78(48.4)

Masknoninvasiveventilation45(28.3)64(39.8)

Standardoxygenf21(13.2)19(11.8)

Respiratoryrate,median(IQR),breaths/min31(27-35)30(26-33)

Awakepronepositioning30(18.9)26(16.1)

Daysfromonsetofsymptomstoemergencydepartmentvisit,median(IQR)6(3-8)5(3-8)

DaysfromonsetofsymptomstoICUadmission,median(IQR)8(5-10)7(5-11)

DaysfromICUadmissiontorandomization,median(IQR)2(1-2)2(1-2)

Organsupport

Vasopressors13(8.2)12(7.5)

Kidneyreplacementtherapyforacutekidneyinjury03(1.9)

Abbreviations:BMI,bodymassindex(calculatedasweightinkilogramsdivided
byheightinmeterssquared);FIO2,fractionofinspiredoxygen;ICU,intensive
careunit;SOFA,Sequential[Sepsis-related]OrganFailureAssessment.
aThenumberofpatientsforeachvariableisthetotalnumberofpatientsinthe

respectivegroup.Therewerenomissingvalues.Percentagesmaynottotalto
100becauseofrounding.Additionaldetailsonbaselinecharacteristicsare
providedineTable8inSupplement2.

bTheAPACHEIIscoremeasuresseverityofillnessandisbasedonage,medical
history,andphysiologicparameters.Thescorerangesfrom0to71,withhigher
scoresindicatingmoreseverediseaseandhigherriskofdeath.TheSOFAscore
rangesfrom0to24,withhigherscoresindicatingagreaterdegreeoforgan
dysfunction.

cDataoncomorbiditieswereobtainedfromthemedicalrecord.Other
comorbiditiesincludedmild,moderate,orsevereliverdisease;chronic

neurologicdisease,hemiplegiaorparaplegia,ordementia;andAIDS/HIVand
rheumatologicdiseases(eTable8inSupplement2).

dCOVID-19infectionwasconfirmedbypolymerasechainreactiontestfor
SARS-CoV-2fromrespiratoryspecimens.Aftertheresultsoftestingwere
obtainedatenrollment,additionalpatientswereconfirmedtohaveCOVID-19,
totaling157of159(98.7%)inthehelmetnoninvasiveventilationgroupand
160of161(99.4%)intheusualrespiratorysupportgroup.Nopatients
receivedadiagnosisbyrapidantigentestorsolelybyclinicalcriteria.

eThenumberofquadrantswithinfiltratesonchestradiographwasreportedas
determinedbyresearchcoordinatorreviewofimagesandconfirmed
subsequentlywithradiologyreporting.

fStandardoxygenincludedoxygendeliveryviaanydeviceotherthanhigh-flow
nasalcannulaornoninvasiveventilationregardlessoftheFIO2deliveredto
thepatient.
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qualityoflifemeasuredwithEuroQoL5D-5Latday180were
plannedtobereportedseparately.Forpatientswhoreceivedin-
vasiveventilation,werecordedtimetoendotrachealintuba-
tion,invasivemechanicalventilationsettings,andtheuseof
oxygenrescuetherapies.Hospitallengthofstaywasevalu-
atedasaposthocsecondaryoutcome.

SampleSizeCalculation
Thebaseline28-daymortalitywasestimatedtobe40%ac-
cordingtoearlyreportsthatwereavailableatstudy
planning.16,17Thetreatmenteffectofriskdifferencewasesti-
matedtobe–15%accordingtoavailabledatafromanetwork
meta-analysisinnon–COVID-19populations;helmetnonin-
vasiveventilationsignificantlyreducedmortalitycompared
withstandardoxygen(riskdifference,–19%;95%CI,–37%to
–9%),high-flownasaloxygen(riskdifference,–15%;95%CI,
–34%to–5%),andmaskinvasiveventilation(riskdifference,
–13%;95%CI,–27%to–5%).10Theplannedsamplesizeof320
patientswasestimatedtoprovide80%powertodetectare-
ductionintheprimaryoutcomefrom40%to25%,account-
ingfora5%losstofollow-up.16,18Thedataandsafetymoni-
toringboardrevieweddataafter110and220patientshad
completedfollow-upandrecommendedcontinuingwithen-
rollment.TheO’Brien-Flemingmethodwasusedtoaccount
forαspendingandconsideredP<.048forthefinalanalysis
tobesignificant.

StatisticalAnalysis
Theprimaryanalyseswereconductedwithpatientsana-
lyzedaccordingtotheirrandomizationgroup;theprimary
analysispopulationincludedallrandomizedpatientsexcept
thoseidentifiedasineligibleafterrandomization.Theper-
protocolpopulationconsistedofallrandomizedpatientswho
receivedtheallocatedintervention(helmetnoninvasiveven-
tilationfor≥1hourinthehelmetnoninvasiveventilationgroup
andnohelmetnoninvasiveventilationintheusualrespira-
torysupportgroup).Therewerenomissingoutcomesdata.

Theprimaryoutcomewascomparedbetweengroupsin
theprimaryanalysispopulationwithaχ2testandtheresult
wasreportedasriskdifferenceandrelativeriskwith95%CIs.
Asasecondaryanalysis,theeffectoftheinterventiononthe
primaryoutcomewasevaluatedinanunadjustedCoxpropor-
tionalhazardsmodel.Theproportionalhazardsassumption
wasevaluatedwiththesupremumtest,whichindicatedthat
theproportionalityassumptionwasmet(P=.99).Addition-
ally,theeffectoftheinterventionontheprimaryoutcomewas
evaluatedinageneralizedlinearmixedmodeladjustingfor
thefollowingprespecifiedcovariates:respiratorysupportat
baseline(masknoninvasiveventilationvsothers),baseline
PaO2:FIO2ratio,bodymassindex(>30vs≤30,calculatedas
weightinkilogramsdividedbyheightinmeterssquared),age,
APACHEIIscore,andtime(beingenrolledinthefirstorsec-
ondhalfofthestudytoaccountforchangesinoutcomesdur-
ingtheCOVID-19pandemic)andenrollmentcenterasran-
domeffect.Thetime-to-eventdistributionswerecompared
betweenthehelmetnoninvasiveventilationandusualrespi-

ratorysupportgroups,usingKaplan-Meiercurvesandlog-
ranktests.Similaranalyseswereconductedintheper-
protocolpopulation.

Weconductedanalysesofsecondaryoutcomesandsub-
groupanalysesintheprimaryanalysispopulationonly.We
comparedtheprimaryoutcomeinthefollowingprespecified
subgroups:PaO2:FIO2ratioof101to200andPaO2:FIO2ratioless
thanorequalto100,bodymassindexofgreaterthan30and

Table2.SummaryofInterventionsandCointerventions
inthePrimaryAnalysisPopulation

Variablea

No.(%)
Helmetnoninvasive
ventilation
(n=159)

Usualrespiratory
support
(n=161)

HelmetNIVuseduringthe28-d
studyperiod

No.ofpatients152(95.6)4(2.5)

Totaldurationofhelmetuse,
median(IQR),h

43(19.5-70.5)0(0-0)

Noninvasiverespiratorysupportinthefirst48h

HelmetNIV

No.ofpatients151(95.0)3(1.9)

Durationofuse,median(IQR),h34(15-46)0(0-0)

MaskNIV

No.ofpatients43(27.0)111(68.9)

Durationofuse,median(IQR),h0(0-5)14(0-26.5)

HelmetormaskNIV

No.ofpatients154(96.9)111(68.9)

Durationofuse,median(IQR),h40(24-48)14.0(0-27)

High-flownasaloxygen

No.ofpatients91(57.2)122(75.8)

Durationofuse,median(IQR),h3(0-15)23(4-39)

Standardoxygen

No.ofpatients25(15.7)33(20.5)

Durationofuse,median(IQR),h0(0-0)0(0-0)

Noninvasiveventilationsettings(viahelmetormask),day1

Highestpressuresupportlevel,
median(IQR)[No.],cmH2O

8(8-10)[152]8(0-10)[102]

HighestPEEP,median(IQR)[No.],
cmH2O

10(10-10)[152]10(8-10)[102]

Cointerventionsduringthestudyperiod

Vasopressors/inotropes74(46.5)79(49.1)

Dexmedetomidineuseduring
noninvasiverespiratorysupportb

69(43.4)41(25.5)

Awakepronepositioning42(26.4)49(30.4)

Kidneyreplacementtherapy21(13.2)20(12.4)

COVID-19therapeutics

Corticosteroids159(100.0)161(100.0)

Tocilizumab104(65.4)80(49.7)

Abbreviations:NIV,noninvasiveventilation;PEEP,positiveend-expiratorypressure.
aAllcalculationsareprovidedforallpatientsineachgroup,withtheexception

ofnoninvasiveventilation(helmetormasknoninvasiveventilation)settings,
whichwereprovidedforpatientsreceivingnoninvasiveventilation(helmetor
masknoninvasiveventilation).Additionaldetailsontheinterventionsand
cointerventionsareprovidedineTable8inSupplement2.

bDexmedetomidinewasusedforcomfortandtoimprovecompliance;
benzodiazepinesandotherintravenoussedativeswerenotused.
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lessthanorequalto30,olderthan65yearsandaged65years
oryounger,APACHEIIscorehigherandlowerthantheme-
dianvalue,andrespiratorysupportatenrollmentwithmask
noninvasiveventilationandothertypes(eTable5inSupple-
ment2).Additionally,weconductedposthocsubgroupanaly-
sesaccordingtothecenterexperiencewithhelmetnoninva-
siveventilationbeforethetrial(centerswith>50vs≤50patients
treatedbeforethetrial),thecenterexperiencewithmasknon-
invasiveventilationbeforethetrial(≥20yearsvs10-19years),
andbaselinePaCO2(>35mmHgvs≤35mmHg)(eTable5in
Supplement2).Heterogeneityoftheinterventioneffectson
theprimaryoutcomeamongsubgroupswasevaluatedwithtest
ofinteractionusinglogbinomialregression.Analysesofsec-
ondaryoutcomes,prespecifiedsubgroups,andposthocsub-
groupswereadjustedformultipletestingwiththefalsedis-
coveryrate.19Therewasnoimputationformissingvalues.Tests
were2-sidedandatthe5%significancelevelandwerecon-
ductedwithSASversion9.4(SASInstitute).

Results
Patients
Characteristicsoftheparticipatingsitesincludingtheexperi-
encewithhelmetnoninvasiveventilationaresummarizedin

eTable1inSupplement2.FromFebruary8,2021,toNovem-
ber16,2021,weassessed659patientsforeligibility.Among
322patientswhowererandomized,320wereincludedinthe
primaryanalysis;159wereassignedtothehelmetnoninva-
siveventilationgroupand161totheusualrespiratorysup-
portgroup(Figure1;eTables1and6inSupplement2).
Medianagewas58years,133patientswerewomen(41.6%),
and187weremen(58.4%).All320patientscompletedthe
study;thefinalfollow-updatefortheprimaryoutcomewas
December14,2021.Mostrandomizedpatientshadconfirmed
COVID-19bypolymerasechainreactiontestforSARS-CoV-2
fromrespiratoryspecimens;theresultsofpositivetestswere
knowneitheratrandomizationorsoonafter,totaling157of
159patients(98.7%)inthehelmetnoninvasiveventilation
groupand160of161patients(99.4%)intheusualrespiratory
supportgroup(Table1).

Thecharacteristicsofthepatientsatbaselinedidnotdif-
fersignificantlybetweenthe2trialgroups(Table1;eTable7
inSupplement2).MedianPaO2:FIO2ratioonenrollmentwas
73(IQR,60-93)inthehelmetnoninvasiveventilationgroup
and76(IQR,61-111)intheusualrespiratorysupportgroup.

Intervention
Intheprimaryanalysispopulation,helmetnoninvasiveven-
tilationwasusedfor152ofthe159patients(95.6%)inthe

Table3.PrimaryandSecondaryOutcomes

Variablea

No.(%)

Riskdifference
(95%CI)b

Effect,βestimate
(95%CI)PvalueFDR

Helmetnoninvasive
ventilation
(n=159)

Usualrespiratory
support
(n=161)

Primaryoutcome(28-dmortality)c

Primaryanalysis43(27.0)42(26.1)1.0(−8.7to10.6)Relativerisk,1.04(0.72to1.49).85

Per-protocolanalysis41/146(28.1)41/157(26.1)2.0(−8.1to12.0)Relativerisk,1.08(0.74to1.56).70

Secondaryoutcomes

ICUmortalityd56(35.2)60(37.3)−2.0(−12.6to8.5)Relativerisk,0.95(0.71to1.26).700.91

Hospitalmortalityd61(38.4)64(39.8)−1.4(−12.1to9.3)Relativerisk,0.97(0.73to1.27).800.91

ICU-freedaysatday28,
median(IQR)e

12(0to20)8(0to19)Mediandifference,
4.0(−2.8to10.8)

0.08(−0.32to0.48).700.91

Mechanicalventilation–freedays
atday28,median(IQR)e

28(0to28)23(0to28)Mediandifference,
5.0(−2.6to12.6)

0.05(−0.28to0.38).760.91

Kidneyreplacement–freedays
atday28,median(IQR)e

28(0to28)28(0to28)−0.02(−0.33to0.30).920.92

Vasopressor-freedays
atday28,median(IQR)e

28(0to28)25(0to28)Mediandifference,
3.0(−2.8to8.8)

0.05(−0.27to0.37).760.91

HospitalLOS,median(IQR),df18(11to26)17(11to30)Mediandifference,
1.0(−2.1to4.1)

−0.16(−0.33to0.00).050.42

Endotrachealintubation75(47.2)81(50.3)−3.1(−14.1to7.8)Relativerisk,0.94(0.75to1.17).570.91

Timetointubation,
median(IQR)[No.],d

5(4to10)[75]4(2to8)[81]

Abbreviations:FDR,falsediscoveryrate;FIO2,fractionofinspiredoxygen;
ICU,intensivecareunit;LOS,lengthofstay;PEEP,positiveend-expiratory
pressure.
aThenumberofpatientsforeachvariableisthetotalnumberofpatientsinthe

respectivegroupunlessotherwisespecified.Categoricaloutcomeswere
comparedwithaχ2test,andtheresultswerereportedasriskdifferenceand
relativeriskwith95%CIs.Continuousoutcomeswerecomparedwith
generalizedlinearmixedmodelsandtheresultswerereportedasβestimates
with95%CI.Denominatorofthepercentageisthetotalnumberofsubjectsin
eachgroup.Falsediscoveryratewasusedtoadjustformultipletestingforthe
analysesofthefollowingsecondaryoutcomes:ICUmortality,hospital
mortality,ICU-freedays,mechanicalventilation–freedays,kidney

replacement–freedays,vasopressor-freedays,endotrachealintubation,and
hospitalLOS(hospitalLOSwasaposthocsecondaryoutcome).

bRiskdifferenceswereexpressedaspercentages.
cSecondaryanalysesoftheprimaryoutcomeintheprimaryanalysispopulation

andper-protocolpopulationarereportedineTable9inSupplement2.
dICUandhospitalmortalityaredefinedasdeathintheindexICUadmissionor

hospitaladmission,censoredbyday180.
eICU-freedays,mechanicalventilation–freedays,kidneyreplacement–freedays,

andvasopressor-freedaysarecalculatedaccordingto28-dayobservation.
fHospitalLOSwasaposthocsecondaryoutcome.
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helmetnoninvasiveventilationgroupand4ofthe161pa-
tients(2.5%)inthecontrolgroup(Table2).Inthefirst48hours,
patientsinthehelmetnoninvasiveventilationgroupwere
treatedwithhelmetnoninvasiveventilationforamedianof
34hours(IQR,15-46hours)andwithmasknoninvasiveven-
tilationfor0hours(IQR,0-5hours)comparedwithpatients
inusualrespiratorysupport,whoreceivedhelmettreatment
for0hours(IQR,0-0hours)andmasknoninvasiveventila-
tionfor14hours(IQR,0-26.5hours).Atotalof58of159pa-
tients(36.5%)inthehelmetnoninvasiveventilationgroupdis-
continuedthehelmetbecauseofintoleranceafter20.5hours
ofuse(IQR,3-48hours).Furtherdetailsregardingrespira-
torysupportarepresentedineTable8inSupplement2.Coin-
terventionsincludingvasopressors,kidneyreplacement
therapy,corticosteroids,andtocilizumabwerenotdifferent
betweenthe2groups(Table1;eTable8inSupplement2).

PrimaryOutcome
Deathfromanycausewithin28daysoccurredin43of159
patients(27.0%)and42of161patients(26.1%)inthehelmet

noninvasiveventilationandusualrespiratorysupportgroups,
respectively(riskdifference,1.0%[95%CI,−8.7%to10.6%];
relativerisk,1.04[95%CI,0.72-1.49];P=.85).Secondaryanaly-
sesoftheprimaryoutcomeintheprimaryanalysispopula-
tionandtheper-protocolpopulationwereconsistentwiththe
mainanalysis(Table3;Figure2;eTable9andeFigure3in
Supplement2).

SecondaryOutcomesandAdverseEvents
Therewerenosignificantdifferencesbetweenthe2groups
inanyoftheprespecifiedsecondaryendpoints(Table3;
eTable10inSupplement2).Within28days,75of159
patients(47.2%)requiredendotrachealintubationinthehel-
metnoninvasiveventilationgroupcomparedwith81of161
patients(50.3%)intheusualrespiratorysupportgroup(risk
difference,−3.1%[95%CI,−14.1%to7.8%];relativerisk,0.94
[95%CI,0.75-1.17]).Forpatientswhoreceivedinvasiveventi-
lation,thetimetoendotrachealintubation,invasive
mechanicalventilationsettings,andtheuseofoxygenrescue
therapieswerenotsignificantlydifferentbetweenthe2

Figure2.Kaplan-MeierTime-to-EventCurvesforMortalityandEndotrachealIntubation
intheHelmetNoninvasiveVentilationandUsualRespiratorySupportGroups
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groups.Therewerenosignificantdifferencesinserialrespi-
ratoryrate,ratioofoxygensaturationbypulseoximetryto
FIO2,dyspneaordevicediscomfortvisualanalogscalescores,
Sequential[Sepsis-related]OrganFailureAssessment(SOFA)
scores,andPaCO2levelbetweenthe2groups(eFigure4in
Supplement2).Barotraumaoccurredin30of159patients
(18.9%)inthehelmetnoninvasiveventilationgroupand25
of161(15.5%)intheusualrespiratorysupportgroupwithin
the28daysofenrollment.Skinpressureinjuryoccurredin5
of159patients(3.1%)inthehelmetnoninvasiveventilation
groupand10of161(6.2%)intheusualrespiratorysupport
group(Table4;eTable10inSupplement2).Therewere2
seriousadverseeventsinthehelmetnoninvasiveventilation
groupand1intheusualrespiratorysupportgroup(eTable11
inSupplement2).

SubgroupAnalysisandPostHocAnalyses
Therewasnostatisticallysignificantheterogeneityoftreat-
menteffectbetweenthe2studygroupsacrossanyofthepre-
specifiedsubgroupsbyPaO2:FIO2ratio,bodymassindex,age,
APACHEIIscore,andrespiratorysupportatenrollment(eFig-
ure5inSupplement2).Therewasnostatisticallysignificant
differenceinthehospitallengthofstaybetweenthe2study
groups.Therewasnostatisticallysignificantheterogeneityof
treatmenteffectbetweenthe2studygroupsacrossanyofthe
posthocsubgroupsbycenterexperiencewithhelmetnonin-
vasiveventilationbeforethetrial,centerexperiencewithmask
noninvasiveventilationbeforethetrial,andbaselinePaCO2

level(eFigure6inSupplement2).

Discussion

Helmetnoninvasiveventilationdidnotsignificantlyreduce
28-daymortalitycomparedwithusualrespiratorysupport
amongpatientswithacutehypoxemicrespiratoryfailuredue
toCOVID-19pneumonia.However,interpretationofthefind-
ingsislimitedbyimprecisionintheeffectestimate,whichdoes
notexcludepotentiallyclinicallyimportantbenefitorharm.

Inthispragmatictrial,noninvasiverespiratorysupportin
theusualrespiratorysupportgroupwasnotrestrictedtoa
singlemodalityasusedinothertrials.Patientsintheusualre-
spiratorysupportgroupreceivednoninvasiverespiratorysup-
portatthediscretionofthetreatingteams,allowingthealter-
nateuseofmasknoninvasiveventilation,high-flownasal
oxygen,orstandardoxygenaccordingtoclinicalresponse.This
approachpermittedflexibilityinmanagingsuchaheteroge-
neousconditionthatmightevolveduringthecourseofdays
andwasmorereflectiveofusualclinicalpractice.20,21

Inthistrial,highinterventionfidelitywasachieved,with
152ofthe159patients(95.6%)inthehelmetnoninvasiveven-
tilationgroupreceivingtheallocatedintervention;PEEPlev-
elsanddurationofusewerecomparabletoorexceededthat
ofotherreports.13,14Theuseofhelmetnoninvasiveventila-
tionintheusualrespiratorysupportgroupwasinfrequent,
occurringforonly4ofthe161patients(2.5%).Nevertheless,
thestudyhighlightstheintoleranceofsomepatientsforhel-
metnoninvasiveventilation.Ofpatientswhoinitiallyagreed
tohelmetnoninvasiveventilation,4.6%(7/159)declinedit.

Table4.MechanicalVentilationParameters,Therapies,andAdverseEvents

Helmetnoninvasive
ventilation
(n=159)

Usualrespiratory
support
(n=161)

Mechanicalventilationparametersinthefirst24hofintubation,median(IQR)[No.]

Peakpressure,cmH2O32(30to35)[70]32(29to34)[76]

Plateaupressure,cmH2O30(27to31)[53]29(26to30)[57]

PEEP,cmH2O12(10to14)[74]12(10to14)[78]

FIO2,%100(65to100)[74]100(80to100)[77]

Tidalvolume,mL400(350to436)[71]390(350to400)[74]

Respiratoryrate,breaths/min30(26to34)[74]30(25to32)[77]

Therapiesreceivedduringinvasivemechanicalventilation

Neuromuscularblockerinfusion52(32.7)53(32.9)

Pronepositioning41(25.8)53(32.9)

Recruitmentmaneuvers17(10.7)14(8.7)

Inhalednitricoxide15(9.4)12(7.5)

Tracheostomy11(6.9)17(10.6)

Extracorporealmembraneoxygenation4(2.5)2(1.2)

Adverseevents

Barotraumaa30(18.9)25(15.5)

Skinpressureinjuryatnose,face,neck,
andaxillae(higheststageduring
interventionperiod)

5(3.1)10(6.2)

Seriousadverseeventsb

Cardiovascularevents2(1.3)1(0.6)

Devicecomplication(helmetdeflation)00

Abbreviations:FIO2,fractionof
inspiredoxygen;PEEP,positive
end-expiratorypressure.
aBarotraumaincludes

pneumothorax,mediastinalair,and
subcutaneousemphysema.
Barotraumawasdocumentedfor
the28daysofenrollment,including
thetimeofinvasivemechanical
ventilation.

bSeriousadverseeventsincluded
adverseeventsthatwere
consideredtoberelatedtothe
studyinterventionsbutwerenot
capturedasoneoftheotherstudy
outcomes.Theseseriousadverse
eventsincluded2patientswho
experiencedcardiacarrestinthe
helmetnoninvasiveventilation
groupand1whoexperienced
ST-segmentelevationmyocardial
infarctionintheusualrespiratory
supportgroup.
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Anadditional36.5%ofpatients(58/159)discontinuedhel-
metnoninvasiveventilationbecauseofreportedintolerance,
althoughthisoccurredafter20.5hoursofuse(IQR,3-48hours).

Thelackofastatisticallysignificantbenefitofhelmetnon-
invasiveventilationcomparedwithusualrespiratorysup-
portinthestudycouldberelatedtoseveralfactors.First,the
observed28-daymortalityinthestudypopulationwaslower
thantheestimateusedforsamplesizecalculation,reflecting
thedecliningmortalityduetoCOVID-19duringthepan-
demicandresultinginreducedstudypower.Thesamplesize
calculationassumedariskdifferenceof−15%;therefore,the
trialresultsdonotexcludethepossibilityofalesserbutclini-
callyimportanttreatmenteffect(amortalityreductionofas
muchas8.7%orincreaseofasmuchas10.6%).Second,pres-
suresupportandPEEPlevelsintheusualrespiratorysupport
weresimilartothoseinthehelmetnoninvasiveventilation
group.Inonetrial(n=83),helmetnoninvasiveventilationre-
sultedinfewerendotrachealintubationsandlowermortality
comparedwithmasknoninvasiveventilationprovidedwith
lowerPEEP.13Onestudyfoundthathelmetusedwiththesame
pressuresupport,PEEP,andpressurizationtime(0.2sec-
onds)aswiththemasksettingsresultedinagreaterinspira-
torymuscleeffortandworsenedpatient-ventilatorsyn-
chrony,butthisdifferencewasabolishedby50%increasesin
bothpressuresupportandPEEPcomparedwiththemaskset-
tings,togetherwiththeshortestpossiblepressurizationtime
(ie,0.05seconds).22,23Inthecurrentstudy,theshortestpos-
siblepressurizingtimewasusedwithhelmetnoninvasiveven-
tilation,whichwouldlikelyexplainthesimilarrespiratoryrates
anddyspneaanddevicediscomfortinthe2groups.Whether
higherpositivepressurewithhelmetnoninvasiveventilation
wouldhaveresultedinimprovedoutcomesremainstobede-
termined.Third,theabilityofhelmetnoninvasiveventila-
tioninreducingself-inflictedlunginjurymighthavebeenne-
gated,atleastinsomepatients,byinducinglargetidalvolumes,
whichisinherentlychallengingtomonitorwithhelmettreat-
ment.Weusedlevelsofpressuresupportthatwerecompa-
rabletowhathadbeenusedinothertrials,andthePaCO2lev-
elsweresimilarinthe2groupsamongpatientswhohadserial
arterialbloodgasmeasurements.Fourth,theapparentdis-
cordancebetweentheresultsofthecurrentstudyand2other
trialsmayberelatedtothecontrolgroupselection.13,14Onetrial
comparedhelmetnoninvasiveventilationwithhigh-flowna-
saloxygenalone;theother,withmasknoninvasiveventila-
tionwithlowerPEEPthanwhatwasusedinthecontrolgroup

inthecurrentstudy.13,14Fifth,thelackofdifferenceinthecur-
rentstudymayberelatedtothestudypopulationwithCOVID-
19.Furtherworkisneededtoevaluatewhetherhelmetnon-
invasiveventilationeffectsvaryacrosspatientpopulations.
Sixth,theeffectofhelmetnoninvasiveventilationmayde-
pendonparticipatingsites’experiencewithnoninvasiveven-
tilationingeneralandinhelmetnoninvasiveventilationinpar-
ticular.However,wedidnotobserveastatisticallysignificant
subgroupeffectaccordingtositeexperience.

Thestudyincludedpatientswithsevereacutehypox-
emicrespiratoryfailureduetoCOVID-19,withlowPaO2:FIO2

ratioonamedianFIO2of0.8atrandomization.Asistypical
ofCOVID-19patients,mostoftheminitiallyhadsingle-organ
failure,asreflectedbytherareneedfornonrespiratoryorgan
supportatrandomizationandlowAPACHEIIandSOFAscores.
Thischaracteristicrepresentsanoptimalwindowfortheuse
ofnoninvasiverespiratorysupport.Subsequently,nonrespi-
ratoryorganinvolvementdevelopedinmanypatients,asre-
flectedbythenumberofpatientswhorequiredvasopressors
andkidneyreplacementtherapyandbytheincreasingSOFA
scoresduringthestudyperiod.

Limitations
Thisstudyhasseverallimitations.First,thesamplesizemay
havebeeninadequatetodetectaclinicallyimportanttreat-
menteffect,ashighlightedearlier.Second,thetreatmentallo-
cationcouldnotbeblindedtopatientsorcaregiversbecauseof
thenatureoftheintervention.Third,thestudydesigndidnot
allowdirectcomparisonbetweenhelmetnoninvasiveventila-
tionandeachmodalityinusualrespiratorysupport.Fourth,
giventhepandemicsituation,therewasashorttimetotraincen-
tersonhelmetuse,atherapythathasalearningcurve.Fifth,
moderatelevelsofPEEPwereusedinthehelmetnoninvasive
ventilationgroup;theuseofhelmetnoninvasiveventilationwith
higherlevelsofPEEPdeservesfurtherstudy.

Conclusions
Helmetnoninvasiveventilationdidnotsignificantlyreduce28-
daymortalitycomparedwithusualrespiratorysupportamong
patientswithacutehypoxemicrespiratoryfailuredueto
COVID-19pneumonia.However,interpretationofthefind-
ingsislimitedbyimprecisionintheeffectestimate,whichdoes
notexcludepotentiallyclinicallyimportantbenefitorharm.
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