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BACKGROUND: High-flow nasal-cannula (HFNC) may be an oxygen modality useful for prevent-
ing invasive mechanical ventilation and mortality; however, its role in acute hypoxemic respiratory
failure is not clearly defined. We sought to evaluate the impact of HFNC on mortality across
immunocompromised subjects compared to alternative noninvasive oxygen therapies, namely con-
ventional oxygen therapy and noninvasive ventilation (NIV). METHODS: We systematically searched
the major databases to identify randomized, controlled trials (RCTs) or observational studies (until
May 2018). We included studies reporting the use of HFNC in immunocompromised subjects and
evaluated its impact on mortality and invasive mechanical ventilation. RESULTS: Upon review of
6,506 titles, 13 studies (1,956 subjects) fulfilled our inclusion criteria (4 RCTs, 9 observational
studies). The predominant cause of immunocompromised status was cancer. Bacterial pneumonia
was the most common cause of acute hypoxemic respiratory failure with a median P,,,/Fq, of
145 mm Hg (interquartile range 115-175). HFNC was used as the first oxygen strategy in 474 sub-
jects compared to NIV (242 subjects) and conventional O, therapy (703 subjects). There was a 46 %
rate of invasive mechanical ventilation and 36% mortality. Mortality at the longest available
follow-up was lower with HFNC compared to the oxygen therapy controls (NIV or conventional O,
therapy) in 7 studies (1,429 subjects; relative risk 0.72, 95% CI 0.56-0.93, P = .01). There was a
lower rate of invasive mechanical ventilation with HFNC compared to the oxygen therapy controls
across 8 studies (1,529 subjects, relative risk 0.81, 95% CI 0.67-0.96, P = .02). These results were
robust across a series of sensitivity analyses. CONCLUSIONS: There exists a need to develop a greater
evidence base evaluating the utility of HFNC in immunocompromised subjects. In our exploratory
analysis, HFNC was found to decrease mortality and use of invasive mechanical ventilation compared
to alternative noninvasive oxygen controls. These results are meant to be exploratory. Higher-quality
studies evaluating a more homogeneous population are needed to further elucidate its benefit. Key
words: high-flow nasal oxygen; noninvasive ventilation; oncology, immunosuppressed; acute respiratory
failure. [Respir Care 2018;63(12):1555-1566. © 2018 Daedalus Enterprises]

Introduction

Acute hypoxemic respiratory failure (AHRF) is the most
common cause of critical illness in immunocompromised
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patients.! Patients who progress to require invasive me-
chanical ventilation are subject to increased mortality.?
Increased mortality may be attributed to many factors,
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including aggressive or drug-resistant pathogens, greater
frailty at the time of ICU admission, and host response.3->

In hypoxemic immunocompromised patients, noninva-
sive oxygen therapy may be delivered via simple face
mask (conventional oxygen therapy), through noninvasive
ventilation (NIV), or with a high-flow nasal cannula
(HFNC). Although earlier studies in immunocompromised
subjects receiving NIV compared to conventional O, ther-
apy suggested a reduced need for intubation, these results
have been called into question in recent years.®® One trial
included a predominantly solid organ transplant popula-
tion with pulmonary edema, for which there is ample ev-
idence of benefit of NIV7; another trial was composed of
subjects with hematologic malignancy who had a mortal-
ity rate in excess of 80%, a finding that has changed in
recent years. These findings have been challenged by
more recent evidence suggesting a lack of benefit with
NIV .8-11

The HENC is a newer device that has recently been
shown to provide a survival benefit in critically ill, non-
immunocompromised, hypoxemic patients compared to use
of NIV or conventional O, therapy.'?> However, this evi-
dence has been inconsistent across the literature.!3-14 The
mechanisms of effect that lead to better oxygenation in-
clude washout of CO, from the anatomical dead space,
generation of PEEP, and more stable Fi due to the higher
flows administered.!5-1¢ Furthermore, in contrast to low-
flow systems, heated humidification prevents airway dry-
ness, preserving mucociliary function and enhancing clear-
ance of secretions.!>10

It is unclear whether these promising results with HFNC
translate to the immunocompromised population. With the
goal to reserve intubation in those failing noninvasive ox-
ygenation strategies, there is a need to better understand
these therapies in this unique population. Therefore, we
undertook a systematic review to review the body of
literature to date (as of May 2018) to examine the use of
HFNC compared to other modalities of oxygenation in
immunocompromised subjects with AHRF. We evalu-
ated the data for homogeneity and considered perform-
ing a meta-analysis to determine the impact of HFNC
on mortality and invasive mechanical ventilation. Any
meta-analyses performed are intended only for the gen-
eration of hypotheses.

Methods
Search Strategy
A comprehensive search strategy was developed to iden-
tify published literature on the use of HFNC (see the sup-
plementary materials at http://www.rcjournal.com). At the

time of the search, specific subject headings for high-flow
therapy were unavailable in the databases used. The strat-
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egy was devised using an extensive list of appropriate text
words and phrases. Key words were either mined from
sample articles and product descriptions or generated
through input from subject specialists on the team. The
search was not focused on any particular population, out-
come, or study type to keep it sufficiently sensitive.

The following databases were searched from inception
through May 15, 2018: MEDLINE, MEDLINE In-Process
& Other Non-Indexed Citations, Embase, Cochrane Data-
base of Systematic Reviews, Cochrane Central Register of
Controlled Clinical Trials, and CINAHL. Additionally, we
searched a clinical trials registry (http://clinicaltrials.gov)
for unpublished and ongoing studies. A supplementary
search was conducted in PubMed for non-MEDLINE re-
cords. No language restrictions were applied.

Study Selection

Eligibility was determined by 2 reviewers (MCS, AM).
Studies of HFNC for AHRF including only immunocom-
promised subjects were independently selected and re-
viewed by reviewers. Disagreements were resolved by con-
sensus or in discussion with a senior author (LM). We
included any observational studies or randomized, con-
trolled trials (RCTs) of adult immunocompromised sub-
jects undergoing HFNC for AHRF. RCTs were included if
HENC was compared to NIV or conventional O, therapy.
If both HFNC and NIV were included in a cohort, the
cohort was categorized based upon which modality pre-
dominated in a 24-h period. We excluded pediatric studies
and studies involving the application of HFNC in the post-
extubation or peri-procedural setting.

Study Outcomes

After our descriptive review, we inspected each study
for clinical heterogeneity to evaluate the feasibility of per-
forming a meta-analysis. Our primary outcome of interest
was mortality at the longest available time point reported
comparing HFNC to any oxygen therapy control (ie, a
combination of NIV or conventional O, therapy). Second-
ary outcomes included the rate of invasive mechanical
ventilation for HFNC compared to an oxygen therapy con-
trol (NIV or conventional O, therapy) during that hospi-
talization. We conducted subgroup analyses evaluating
mortality and invasive mechanical ventilation in the sub-
groups of the oxygen therapy control (HFNC vs NIV and
HENC vs conventional O, therapy). We performed a sen-
sitivity analysis restricting the meta-analysis to RCTs and
observational studies that used propensity-score matching.
Finally, across studies that conducted multivariable anal-
ysis, we evaluated factors that were found to be statisti-
cally significantly associated with mortality and invasive
mechanical ventilation across this population.
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Data Abstraction and Study Quality

Data from included studies were independently ab-
stracted by the reviewers using a standardized data collec-
tion form. Study design, patient demographics, immuno-
compromised status, characteristics of oxygen delivery
methods, and patient outcomes were collected. Two au-
thors (MCS and AM) independently assessed potential
sources of bias using the Cochrane Collaboration Risk of
Bias Tool'” for RCTs and the Newcastle-Ottawa Scale for
observational studies.'8

Data Analysis

Data were summarized using medians and interquartile
ranges (IQRs) or mean = SD where appropriate. For the
meta-analyses, we compared HFNC to oxygen therapy
control (combination of conventional O, therapy or NIV)
for our primary analysis. Meta-analysis included RCTs or
any observational studies and were weighted using the
inverse variance method. Categorical outcomes were eval-
uated using relative risk (RR). Study results were pooled
using Review Manager (RevMan version 5.2; Cochrane
Collaboration, Oxford, United Kingdom) with a 2-sided
significance level of 5%. Individual study and summary
results are reported with risk ratios and 95% Cls. Random
effects models were used for all analyses.!® Statistical het-
erogeneity among trials was assessed using the I? statistic,
defined as the percentage of total variability across studies
attributable to heterogeneity rather than chance, and using
published guidelines for low (I = 25-49%), moderate
(I? = 50-74%), and high (I = 75%) heterogeneity.2°

Results
Search Results

Our search strategy identified 6,506 citations. Further
screening of 223 full texts yielded a total of 13 studies that
fulfilled our inclusion criteria and focused on immuno-
compromised subjects (see PRISMA Flow Diagram in the
supplementary materials at http://www.rcjournal.com).?!-33

Characteristics of Included Studies

Thirteen studies reporting on 1,956 subjects were in-
cluded in this systematic review. The studies included 8 ret-
rospective, cohort studies (532 subjects),?2-24.27:30-33 | pro-
spective observational study (915 subjects, 859 of whom
were appropriate for analysis),?' and 4 RCTs, 2 of which
were post hoc analyses of previous RCTs (565 subjects)
(Table 1).25-26:28.29 Two of the observational studies and
1 post hoc analysis of a previous RCT used propensity-
score matching techniques.?8-2%3! Nine studies compared
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HENC to an oxygen therapy control (3 NIV/conventional
O, therapy, 3 NIV, 3 conventional O, therapy). Outcomes
of interest for our meta-analysis were reported in 8 studies
(1,529 subjects, 3 RCTs, 1 prospective observational study,
4 retrospective cohort studies).?!-24:26-29.31.32 The 4 RCTs
were not considered to be at high risk of bias; however,
they were unblended, and 2 of the 4 were post hoc anal-
yses of randomized trials.?®2° The observational studies
were of moderate to high quality with 6-9 points awarded
on the Newcastle Ottawa Scale (see the supplementary
materials at http://www.rcjournal.com).

Immunocompromised Population and Acute Hypoxic
Respiratory Failure

The leading cause of immunosuppression was related to
an oncologic diagnosis with a predominance of hemato-
logic malignancy (11 of 13 studies). Two studies focused
primarily on solid organ transplant.>+32 Infectious pneu-
monia (mainly bacterial) was the predominant cause of
respiratory failure across this cohort (49-83%). Fungal
infections, where reported, were found in 3—15% of cases.
Opportunistic infections, particularly Prneumocystis jirove-
cii pneumonia, were reported in 7-24% of cases and was
the primary focus of 1 study.?? The rates of no diagnosis
for AHRF ranged from 4% to 13%.

There existed variable definitions of AHRF (Table 3),
with most subjects demonstrating moderate hypoxia de-
spite supplemental oxygen or tachypnea. HFNC was ini-
tiated in the emergency department, acute care ward, or
ICU, with the latter being the most common site of initi-
ation (10 of 13 studies). The median P, /Fo, across the
studies was 145 mm Hg (IQR 115-175). The duration of
HENC therapy varied widely, ranging from 2 h to 80 h.
HFNC F,g, ranged from 0.60 to 1.00 with flows of 21—
60 L/min (Table 3). Rates of intubation varied across the
studies given the variable time points of assessment. In
1 study, the need for intubation was reported at 9% 24 h
after HFNC initiation.?° For the remaining studies that
evaluated intubation rates at 28 d or hospital discharge, a
median intubation rate of 46% (IQR 25-67%) was re-
ported. The longest follow-up mortality time points are
reported in Table 3 with a median mortality of 36% (IQR
14-58%).

Mortality and Intubation/Invasive Mechanical
Ventilation

Mortality at the longest available follow-up was reported
in 7 studies (1,429 subjects).?!-24.27-29.31.32 Jsing a random
effects model, HFNC compared to an oxygen therapy con-
trol (NIV or conventional O, therapy) was associated with
a decreased mortality (RR = 0.72, 95% CI 0.56-0.93;
I = 48%, P = .01) (Fig. 1A). Eight studies reported on

1557



HFNC IN IMMUNOCOMPROMISED SUBJECTS

eoudsAp pue

21095 Ansuadoid = g4

eruownaud 124041 sus€ooumaug = Jrd

UONR[IIUA JAISBAUTUOU = AN
Aderoy) uaSAxo [euonUAAUOd = 10D
B[nuuLd [eseu MoJ-ys1iy = DNAH

am[rey K101emdsar gnoe = YV
‘pajeurwiopaid 10D INq ‘WLIE [0NUOD A} UT Papn[oul AIN pue 10D ‘pajeurwiopaid JNJH NQ ‘WL UONUSAINUI AU} UI Papn[our a1om AIN Pue JINAH ||

-amsodxo Jo y 7 §

JIROJA] 10] PayoIRW §¢] pue derua Ioj Suryorew 2100s Aisuadord ur payojew (g7
*s100[qns _ 21eQNIUT JOU Op,, SAPN[OXH L

“PAISI] SAWIOIINO 0} PN JON

uonnjosar woydwAg AIN ONAH 190UBD PAOUBAPE [IIM S102[qng s)un 2Ied ANOY 0€ [e1n pa[[oNuod paziwopuey  £10¢ cz[e 10 INH
UOIB[JUIA IV P s1o0lqns
[EOTUBYOOUW QAISBAUT *AJI[RIIOIA QUON. ONHH KoueuSipew o13o[01ewo no1 S Apms 110y00 2anoadsonay  S107 22[8 10 29
UONB[IIUSA [BOTUBLOIW QAISBAUL TV
‘Anrerowr N “Airersow [eydsoy-uy 10D JONAH Pim spoalqns juedsuen Sung NO1  (soposide o) Lg Apms 110y00 2an0adsonay G107 z¢[® 10 8OOy
UOnB[IUIA (Suryorewr
[EIUBTORU QATSEAUT *Ay[eriowt -8 [|AIN 10 LOD [ONAH AV P s109[qns o150[00uQ NndI E8LI Sd) Apms 11040d aAnddsoNdY  GT0T 1£[€ 39 HEON
AIN
10 UOTB[NUSA [BOTUBIIOUL SAISBAUL 10D SONAH JIV Wi s100(qng NndI 001 [BL PI[[ONUOD PIZIWOPURY  CTOT  oc[BI9 S[eI]
JYV A s1alqns
UOTIB[IJUIA [BOIUBYOIW JAISBAUL QUON ONAH Koueurew d130[0JeWOH no1 9¢ Apms 11040d aandadsonay  910¢ ol 19 epeIeH
UONB[NUIA
[EOTURYIIW DATSEAUT ‘K)[eriouw p-87 AIN ONAH JIV Wi s100(qng NnodI S11 Apms 11040d PaydIN - 9T0T  sclB 12 KoIpno)
[e1n pa[jonuod
Arpestowr 0D “Apenow p-o6 AIN ‘LOD ONAH JIV YA spalgng NoI 8 pozZIwopuer Jo sisK[eue 20y 1504 9[0T s2l® 19 JBL]
UONEB[NUIA Juounredop
[edTURYOOW QAISBAUI ‘A)I[BIIOIN QUON JONAH AV s s300[gns o130j00uQ Koudgrowrg 11 Apms 1104od 2andadsonady 9[0T e[® 10 AanQg
UONEB[NUIA (Suryorewr Sq) [ PA[[ONUOD
[EOIUBYOAUI QAISEAUT ‘A)I[E)IOW P-8T 10D ONJH JAV A s1algng Nnal kege pazIwopuel jo sisA[eue 204 150d  LI0T  ecl® 10 QBN
J4v
Arenow ND ‘Aifentowr [edsoy-uy AIN ONAH ym s302[qns juerdsuen [eudy noI 8¢ Apmys 11040d aandadsonoy  L107 e ng
UONB[NUIA ddV pue
[BOTUBYOIW QAISBAUT ‘A)I[ELIOW P-(9 QUON ONAH drd Pim $199[qns ATH-UON NI ‘Plem [eIoudn) s Apms 11040 aAndadsonay  L10¢ ccl® 10 wry]
UONB[NUIA [EdIURYIIUI
QAISBAUT ‘A)ferIow 0D
“Aperrow [eydsoy-ur ‘Ayerouwr p-06 AIN ‘10D ON:H JAV YA s1algng noI L6s8 Apms 11040 2andadsold  LI0T el 10 Ae[nozy
%SAWO2INQ [onuo) UOTJUIAIAU] uonendog uoneoo| u ‘ordureg udisog e X Apmg
sonsuRoRIRy) APMIS [ 9Bl

RESPIRATORY CARE ® DECEMBER 2018 VoL 63 No 12

1558



HFNC IN IMMUNOCOMPROMISED SUBJECTS

PAIL[AI-TOOUBD 96/

11 UOISIOA ‘21098 AZ0[01sAyq Inoy payrduis = SJvs
T UOISIOA ‘uonenjeAq yi[eaH ooy) pue A30jo1sfyd anoy = qHOVIV
eruownaud 124041 sus€ooumaug = Jrd

JUAWSSISSY 2In[ie ur3IQ [eNUaNbag = vJ0S

aguer opnrenbiour = YOI

KoueuSiew o130[01ewY = WH

UONB[NUIA JAISBAUIUOU = AN

Kdeoy) uaSAxo [euonuaAu0d = 10D

B[nuued [eseu MoJ-ysiy = DNAH

'SISNEO UMOUNUN SIPN[OUT ST} JT Tea[ouf) §

syuoned ur ofqissod KoueuSijew ouo uey) AUOIN I
‘SULIE [ONU0D PUe JNJH U2m1aq udye) a5eIoAy L
"SAIN[ILJ/S955900NS JNH U99M1aq UaYe) dFBIOAY 4

Ly 19 “Iooued-uou 9|7 PIOS %001 czl® 19 INH
oL 9°0 ¥ L1 ‘Tl AHOVdV 0T ¥ 0§ 1910 %6 %6 dId %81 %8S H %001 B 19 997
09 y/¥ *VdOS SS 190 %81 %E8 suny %001 zc[B 39 BOOY
9/9 ‘V40S
6S 8¥/Ly ‘11 SAV'S §1910 9%6¢ %S9 EPHOS %8€ WH %0L 1¢[€ 39 MEBYON
€/S°€ ‘VdOS 19410 9%EE ASBASIP OTWR)SKS
0L LE/TY T SAVS +79 ‘umouyun 9 ¢ %L dfd %L stsdas 9506 pue juerdsuen 9,9¢ PIOS %€T ‘WH %19 sl 30 S[eTo
1930 %81
89 (28T YOD 65 ‘umouyun 94 %El %99 H %001 ocl® 39 epeIey
/€ VA0S uornoJur ASBASIP OIWR)SKS
L9 9v/Ty ‘11 SAVS +09 umowyun %4 %6 PAUSWNIOP %68 pue juerdsuen 9,87 PHOS %L1 ‘WH %9S  ce[® 12 Koapno)y
PIOS %G1
ASBASIP OIWAISKS ‘popn[oxa eruadonnou
0L TE0E/6T 11 SAVS +79 umouyun 9,9 popnpxyg %S dfd %¥C  [eHA IO [eLISI0Rq 968 pue juefdsuen 9,96 punojord WH %0¢ scl® 39 1Bl
9¢ ¥ F €T ‘I HHOVdV Ir*a 100 %81 %6 %TL PIOS %001 ¢ele 19 Lo
/€ ‘(21008 eSung
19 Korendsor ou) vJOS  (0L~CS ¥OD €9 umouyun 9,¢ %S %TT PE [eHNq %Y %6 %8 %8 62[t 19 eIl
[eSuny o€ [enA
69 61/0 “+11 FHOVdV LY %91 TetI1eq %1T [euaI %001 vele32 L,
aseasIp
99 ¥ “+VdOS %LS dfd %001 OLWAASAS %61 %ST PIOS %T1 ‘INH %61 eclB 30 Wy
reSuny 945G [eIIA AsBISIp
09 (01-1) L ‘1 £ep V4OS  (IL—#S ¥OD €9  umouyun g¢| %S [BUOIOBG %0  DIAASKS %/ %8 PIOS 9%G¢E ‘INH %TS  1zle 1 Aenozy
% (AIN/LOD) ) heliile) bmﬂ%%%:& spIuownaug oummm%wwmwo rIUOWNAUJ AEliile) hwwmwfwﬂ%m A3o0[0ouQ
SN [00U0)/ONAH £ a3y Apmg
Ait1orag aseastq e A1ojendsoy ANdy Jo sesne)) uorssaxddnsounuwy jo £3ojong
uone[ndod pastwordwosounww] g 9[qe],

1559

RESPIRATORY CARE ® DECEMBER 2018 VoL 63 No 12



HFNC IN IMMUNOCOMPROMISED SUBJECTS

eruownoud 124041

1soowmnaug = d1d

amirey K101eadsar anoe = JYV

Kouonbaxy Suryearq = J

UONB[IIUDA QAISBAUIUOU = AN
Adeoy) ua§Axo reuonuaAuod = 100
e[nuued [eseu MO[J-ysry = DNJH

‘ds F ueoly L

‘aInrej A101e11dsa1 2INdR JO UONTULJAP ) ST SIY) ‘SAPNIS JSOUI U] 4

Yoom | < Koueyoadxe o1 O andsop
(oreos Suner ouewnu) (O[/¢ 1SLI[

9%0¢ 001 L F 1T je eoudsA( Iooued paosueape A[[eo0] c[® 10 InH
KoueuSiewr
[eo130[0)BWY
(fevdsoy-ur) 9,79 %8¢ 6S L0T F 9°¢¢ 001 a aanrey Krojendsar ooy zel® 19 997
%08 = “©1g andsop 9,66 < uonEINES
(Tevdsoy-ur) 9,69 BbTL L€0°0 ¥ 80 urejurew JouUued pue UuIl/syiedlq ¢g < J e[t 39 BOOY
(P 80) %SY %0S 9T1/8CI1 urw/ 6 < 0 1€ 19 MeYON
ssansip Arojendsar jo suSis pue
(Kuo 1 Kep urysyIRaIq OF < J 10 966 < 7S 10
uo pIjen[eAd) %6 z 0S—0F o3uey 001/821 UQ3AXO0 U/ 9 UOISSIWPE WOIJ U 7/ > 5[ 19 ORI
ssansip A1ojendsor
(am[rey DNJH 1one jo wcmwm [eoturD) UIwy/syieaIq
parered %19) %<1 88 (00'1-0€°0 98uex) 090 (09-S1) O §T <J %06 > "°°S 10J UBAx0 Uty ¥ 0¢[? 19 epRIeH
00€ > “©L1/0°q ssonsip K1orendsor
(P 82) %0€ By 8¥ #(00'1-0$°0) 09°0 (0S-0%) 0S 171/6v1 JO SUSIS [BIIUI[D JO UIW/SYILAIq ST = J  Le[8 19 KoI1pnoD
SH ww g = “©°°g pue
(P 06) %6T %9Y 8P L1707 8L°0 w1 ¥ 8y 6Y1/SS1/8€E1 00€ > “L4/©°d pue utwysyrealq ¢z < § 5c[® 19 L]
(tendsoy-ur) 9,9¢ %81 w KoueuStrew prjos yim juaned jnpe Auy eI 10 AamnQ
Y TL > ssusip
B K1oyendsar 10 urw/O¢ < eoudAyor)
(P 82) %¥T %6 (O rentun) 001 10 1B WOOI U0 FH W 09> ©O°d  6[¢ 10 AR
8 ww gp = ©©2'q
(rendsoy-ur) 9,91 PSE (Ol rentun) 09'0 (mory renwun) g 8Y1/0S1 00T > “©44/°"d pue urwysyrealq ¢z < § w8 NL
(P 09) %S¢ %9S (samqrey) G7z/($9s$900mSs) TGT dfd pue IV el 30 W3]
y g/ > swoydwAs
dsoy pue un/g 9 < Surnboy
pue SH ww )9 = “©°J 10 Ire wWoox
(P 06) %y %6 4 1 £ep (00'1-09'0) 08°0 T Aep (0S-0%) 0S €91/2T1 %06 > UOHBINES IO UIW/SYILaIq 0¢ < J  (c[8 12 Aenozy
(dn-moroj . .
S Y DNAH o1 urwy/ T “Mofq (AIN/LOD) *INHH 0] UONEOIPUJ/CLINLID
wamwmw% vonrantl Jo uonenQ LR ueIpop omoyONAIT P0" Anug Apms

s[elaq e[nuue)) [eseN Mol-UStH € d[qeL

RESPIRATORY CARE ® DECEMBER 2018 VoL 63 No 12

1560



HFNC IN IMMUNOCOMPROMISED SUBJECTS

A HFNC Oxygen Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight, % IV, Random, 95% CI Year 1V, Random, 95% CI
Roca 2015 1 22 15 18 16.3 0.60 (0.38-0.96) 2015 —=—
Mokart 2015 25 69 37 69 19.7 0.68 (0.46 —0.99) 2015 —
Coudroy 2016 12 60 22 55 121 0.50 (0.27 - 0.91) 2016 —
Frat 2016 4 26 20 56 5.9 0.43(0.16-1.13) 2016 e
Azoulay 2017 78 187 272 649 28.9 1.00 (0.82-1.21) 2017 -
Tu 2017 2 20 4 18 25 0.45(0.09-2.17) 2017 —
Lemiale 2017 21 90 23 90 14.6 0.91 (0.55-1.53) 2017 =
Total (95% Cl) 474 955 100 0.72 (0.56 — 0.93) L 4
Total events 153 393
Heterogeneity: Tau? = 0.05; Chi? = 11.62, df = 6 (P = .07); |2 = 489 f t t d
Test forgovergll effect: Z = 2’.49 P= .01)’ ( ! "’ 0.01 0.1 ! 10 100
Favors HFNC Favors control
B HFNC Oxygen Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight, % IV, Random, 95% Cl Year 1V, Random, 95% CI
Lemiale 2015 5 52 4 48 1.9 1.15(0.33-4.05) 2015 —
Mokart 2015 33 69 36 69 16.5 0.92 (0.66 —1.28) 2015 e
Roca 2015 13 22 16 18 13.9 0.66 (0.45-0.98) 2015 ™
Coudroy 2016 21 60 30 55 12.3 0.64 (0.42-0.98) 2016 ™
Frat 2016 8 26 30 56 6.7 0.57 (0.31-1.07) 2016 -/
Azoulay 2017 77 187 263 649 271 1.02 (0.84 —1.23) 2017 *
Lemiale 2017 40 90 48 90 18.6 0.83(0.62-1.13) 2017 -
Tu 2017 4 20 9 18 3.0 0.40 (0.15-1.08) 2017
Total (95% Cl) 526 1,003 100 0.81(0.67 — 0.96) ¢
Total events 201 436 . . . .
Heterogeneity: Tau? = 0.02; Chi2 = 10.67, df = 7 (P = .15); |2 = 34% 0.01 01 1 10 100

Test for overall effect: Z = 2.40 (P = .02)

Favors HFNC Favors control

Fig. 1. A: Forest plot depicting HFNC compared to oxygen control (continuous oxygen therapy or noninvasive ventilation) on mortality
across randomized trials and observational studies. Mortality time point used was 90 d for Azoulay et al and Frat et al, hospital mortality
for Tu et al and Roca et al, and 28 d for Lemiale et al, Coudroy et al, and Mokart et al. The results demonstrate a decreased mortality with
the use of HFNC with a risk ratio of 0.72 (95% CI 0.56-0.93), 1> 48%, P = .01 using a random effects model. B: Forest plot depicting the
effect of HFNC compared to oxygen control (continuous oxygen therapy or noninvasive ventilation) on rates of intubation across random-
ized trials and observational studies. The results demonstrate a decreased risk of intubation with the use of HFNC with a risk ratio of 0.81
(95% Cl 0.67-0.96), I? 34%, P = .02 using a random effects model.

the need for intubation and invasive mechanical ventila-
tion (1,529 subjects).?!,24.26-29.31,32 HENC was found to be
associated with a decreased need for invasive mechanical
ventilation compared to an oxygen control (conventional
O, therapy or NIV) (RR = 0.81, 95% CI 0.67-0.96;
I? = 34%, P = .02) (Fig. 1B). These results were similar
when restricted to RCTs and matched observational stud-
ies only (see the supplementary materials at http://
www.rcjournal.com).

Across the subgroups of oxygen therapy controls (NIV
or conventional O, therapy), HFNC compared to NIV was
found to be associated with a decreased mortality (4 stud-
ies, with 545 subjects; RR = 0.60, 95% CI 0.37-0.97;
IP=52%,P= .04)21.24.27.28 put not conventional O, ther-
apy (5 studies, with 1,097 subjects; RR = 0.80, 95% CI
0.62-1.05; I* = 49%, P = .11) (Fig. 2).212829.31.32 In the
subgroup analysis comparing HFNC to NIV, there was no
difference in rates of invasive mechanical ventilation
(4 studies, with 545 subjects; RR = 0.67, 95% CI 0.43—
1.04; I> = 68%, P = .07) (Fig. 3).21:2427:28 There was also
no difference in rates of invasive mechanical ventilation

RESPIRATORY CARE ® DECEMBER 2018 VoL 63 No 12

comparing HFNC to conventional O, therapy (6 studies,

with 1,197 subjects; RR =

0.90, 95% CI 0.78-1.03;

I = 0%, P = .12) (Fig. 3).21:2628.29.31.32 The results are
summarized in Table 4 and Table 5.

Factors Associated With Mortality and Invasive
Mechanical Ventilation

To further evaluate predictors of mortality and invasive

mechanical ventilation, we evaluated any study that con-
ducted multivariable logistic regression analysis to char-
acterize variables associated with increased mortality or
the need for ventilation. Five studies evaluated predictors
of these outcomes (Table 4). Consistent predictors of mor-
tality or invasive mechanical ventilation included age, se-
verity of illness score and the use of NIV or non-HFNC
oxygen therapy.

Discussion

This systematic review identified 13 studies evaluating
the efficacy of HFNC in 1,956 immunocompromised
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HFNC Oxygen Therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight, % M-H, Random, 95% CI Year M-H, Random, 95% CI
HFNC vs. NIV on Mortality
Frat 2016 4 26 12 26 3.9 0.33(0.12-0.90) 2016
Coudroy 2016 12 60 22 55 8.7 0.50 (0.27 - 0.91) 2016 —
Azoulay 2017 78 187 74 153 21.4 0.86 (0.68 — 1.09) 2017 -
Tu 2017 2 20 4 18 1.7 0.45(0.09-2.17) 2017 —_—
Subtotal (95% Cl) 293 252 35.8 0.60 (0.37 — 0.97) R 2
Total events 96 112

Heterogeneity: Tau? = 0.12; Chi? = 6.25, df = 3 (P = .10); I = 52%
Test for overall effect: Z = 2.08 (P = .04)

HFNC vs. Conventional O, on Mortality

Mokart 2015 25 69 37 69 14.9 0.68 (0.46 —0.99) 2015 —

Roca 2015 11 22 15 18 121 0.60 (0.38 —0.96) 2015 —a—

Frat 2016 4 26 8 30 3.4 0.58 (0.20 —1.70) 2016 —_—

Lemiale 2017 21 90 23 90 10.7 0.91 (0.55-1.53) 2017 —

Azoulay 2017 78 187 198 496 23.1 1.04 (0.85-1.28) 2017 -

Subtotal (95% Cl) 394 703 642 0.80 (0.62 — 1.05) Ol

Total events 139 281

Heterogeneity: Tau? = 0.04; Chi? = 7.85, df =4 (P = .10); I = 49%

Test for overall effect: Z=1.59 (P = .11)

Total (95% Cl) 687 955 100 0.75 (0.61 — 0.93] ¢

Total events 235 393

Heterogeneity: Tau? = 0.04; Chi? = 15.22, df = 8 (P = .06); 1> = 47% b t t |
Test for overall effect: Z = 2.66 (P = .008) 0.01 0.1 1 10 100
Test for subgroup differences: Chi2 = 1.10, df = 1 (P = .29); I2 = 9.3% Favors HFNC Favors control

Fig. 2. Forest plot depicting HFNC compared to NIV or conventional oxygen therapy on mortality across randomized trials and observational
studies. Mortality time point used was 90 days for Azoulay et al and Frat et al, in-hospital for Roca et al, and 28 days for Lemiale et al and
Mokart et al. The results demonstrate a difference in mortality using a random effects model comparing HFNC vs. NIV but not HFNC vs
conventional oxygen therapy.

HFNC Oxygen Therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight, % IV, Random, 95% CI Year 1V, Random, 95% CI
HFNC vs. NIV on Intubation
Coudroy 2016 21 60 130 55 9.8 0.64 (0.42-0.98) 2016 ——
Frat 2016 8 26 17 26 5.2 0.47 (0.25-0.89) 2016 —_—
Azoulay 2017 77 187 61 153 17.0 1.03 (0.80 - 1.34) 2017 ]
Tu 2017 4 20 9 18 24 0.40 (0.15-1.08) 2017 B e — |
Subtotal (95% ClI) 293 252 34.4 0.67 (0.43 — 1.04) O
Total events 110 117

Heterogeneity: Tau? = 0.12; Chi? = 9.25, df = 3 (P = .03); I = 68%
Test for overall effect: Z=1.81 (P = .07)

HFNC vs. Conventional O, on Intubation

Mokart 2015 33 69 36 69 13.1 0.92 (0.66 — 1.28) 2015 -

Roca 2015 13 22 16 18 1.1 0.66 (0.45-0.98) 2015 -]

Lemiale 2015 5 52 4 48 1.5 1.15(0.33 -4.05) 2015 _—

Frat 2016 8 26 13 30 4.4 0.71 (0.35-1.44) 2016 —_—

Lemiale 2017 40 90 48 90 14.7 0.83(0.62—1.13) 2017 —-t

Azoulay 2017 77 187 202 496 20.7 1.01(0.83-1.24) 2017

Subtotal (95% Cl) 446 751 65.6 0.90 (0.78 — 1.03) :-

Total events 176 319

Heterogeneity: Tau? = 0.00; Chi? = 4.51, df =5 (P = .48); I = 0%

Test for overall effect: Z = 1.57 (P = .12)

Total (95% Cl) 739 1,003 100 0.82 (0.70 - 0.97) ¢

Total events 286 436

Heterogeneity: Tau? = 0.02; Chi? = 14.29, df =9 (P = .11); 2= 37% } ; ; |
Test for overall effect: Z = 2.37 (P = .02) 0.01 0.1 1 10 100
Test for subgroup differences: Chi? = 1.59, df =1 (P =.21); 12=37.1% Favors HFNC Favors control

Fig. 3. Forest plot depicting HFNC compared to the comparator subgroups of NIV and conventional oxygen therapy on invasive mechanical
ventilation rates across randomized trials and observational studies. No difference in rates of invasive mechanical ventilation were noted
using a random effects model.
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Table 4.

HFNC IN IMMUNOCOMPROMISED SUBJECTS

Predictors of High-Flow Nasal Cannula Failure

Study

Outcome

Multivariable Analysis

Odds Ratio (95% CI)

Azoulay et al?!

Kim et al33
Frat et al?8

Coudroy et al??

Roca et al??

In-hospital mortality

Invasive mechanical ventilation
Invasive mechanical ventilation

90-d mortality

Invasive mechanical ventilation

28-d mortality

Invasive mechanical ventilation

Age 1.18 (1.09-1.27)
Day 1 SOFA Score 1.12 (1.08-1.16)
Day 1 P,o,/Fio, < 100 1.60 (1.03-2.48)
Direct admission to ICU 0.69 (0.54-0.87)
COT 4.16 (2.91-5.93)
HFNC 5.54(3.27-9.38)
NIV failure 3.65 (2.05-6.53) (ref

Indeterminate cause of ARF

no intubation)
1.43 (1.04-1.97)

SOFA score 1.74 (1.05-2.89)
Age 1.1 (1.0-1.1)
NIV as first-line treatment 4.4 (1.4-14)
Age 1.1 (1.0-1.1)
NIV as first-line treatment 3.3(1.2-5.0)
SAPS 11 1.04 (1.00-1.8)

NIV as first-line treatment

Vasopressors within 24 h of admission to ICU

Age

NIV as first-line treatment

Vasopressors within 24 h of admission to ICU

HFNC (decreased risk of invasive mechanical ventilation)

3.23 (1.39-7.06)
4.12 (1.32-12.84)
1.03 (1.00-1.07)
2.83 (1.02-7.91)
3.70 (1.49-9.19)
0.11 (0.02-0.69)

SOFA = Sequential Organ Failure Assessment

COT = conventional oxygen therapy

HFNC = high-flow nasal cannula

NIV = noninvasive ventilation

ARF = acute respiratory failure

SAPS = Simplified Acute Physiology Score, version II

Table 5.  HFNC Compared to Oxygen Therapy for Acute Hypoxemic Respiratory Failure
Outcomes Anticipated Absolute Relative Effect Participants, n Certainty
Effects (95% CI) (95% CI) (Studies, no.) of Evidence
HENC vs oxygen control 412 per 1,000 296 per 1,000 (230-383) 0.72 (0.56-0.93) 1,429 (7 RCT, post hoc RCTs, Moderate
on mortality matched observational studies,
observational studies studies)
HFNC vs oxygen control 435 per 1,000 352 per 1,000 (291-417) 0.81 (0.67-0.96) 1,529 (8 RCT, post hoc RCTs, Moderate

on invasive mechanical
ventilation

The population was immunocompromised subjects with acute hypoxemic respiratory failure.
HENC = high-flow nasal cannula
RCT = randomized controlled trial

matched observational studies,
observational studies)

subjects with AHRF. The evidence base to date includes
4 RCTs, 8 retrospective studies, and, most recently, the
largest study to date, a prospective observational cohort
study.?! Intubation and mortality rates were 46% and 36%,
respectively. In our exploratory analysis, we found that
mortality and invasive mechanical ventilation were de-
creased with the use of HFNC compared to any oxygen
therapy control (ie, NIV or conventional O, therapy).
Across the oxygen therapy subgroups, HFNC was associ-
ated with a decreased mortality compared to NIV but not
compared to conventional O, therapy. No differences in
invasive mechanical ventilation were seen in the subgroup
analyses comparing HFNC to NIV or HFNC to conven-

RESPIRATORY CARE ® DECEMBER 2018 VoL 63 No 12

tional O, therapy. Consistent predictors of mortality and
invasive mechanical ventilation noted across 5 studies us-
ing multivariable logistic regression analysis were age,
severity of illness, and NIV (or non-HFNC oxygen ther-
apy).

This is the largest systematic review and meta-analysis
to evaluate noninvasive strategies of oxygen support in the
immunocompromised patient population. Our main objec-
tives included highlighting the characteristics and evidence
to date in this subset of subjects. Importantly, rates of
intubation and mortality across this immunocompromised
cohort have decreased compared to historic controls, high-
lighting the improved outcomes across immunocompro-
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mised subjects.!-> However, the population was not homo-
geneous, with transplant subjects having lower rates of
intubation and overall mortality compared to the oncologic
and hematologic malignancy subjects. Given the higher
mortality across this subset of subjects if they do progress
to intubation, strategies to support them to prevent intu-
bation remain important. This review highlights the need
for higher-quality data dedicated to this particular popu-
lation. Across this collected data, which was pooled for
hypothesis generation, it suggests potential benefit of HFNC
compared to any oxygen therapy control given the lower
mortality and rates of invasive mechanical ventilation that
we noted. Our results contrast with some of the findings
from recently published systematic reviews comparing
HENC to conventional O, therapy and NIV in 1,715 and
2,004 general medical/surgical subjects with AHRF, re-
spectively.3+35 Neither analysis demonstrated a difference
in the rates of invasive mechanical ventilation or mortality.
A third, larger meta-analysis of > 3,000 subjects also
demonstrated results discordant with our findings.'3 Inves-
tigators found a reduced rate of invasive mechanical ven-
tilation for HFNC compared to conventional O, therapy
but not NIV, and they found no mortality difference be-
tween modalities. The difference in findings from these
recent reviews may be attributable to the different popu-
lations included in other meta-analyses and our study. A
large RCT of > 800 post-cardiac surgery subjects com-
prised a significant proportion of each analysis.'* Post-
cardiac surgery AHREF is vastly different from AHRF in
the immunocompromised population for several reasons,
including differences in etiology and severity of AHRF.
Post-cardiac surgery, cardiogenic pulmonary edema, or at-
electasis may be more common, which may benefit from
positive pressure delivered via either HFNC or NIV. This
could, in part, explain the absence of benefit of one mo-
dality over the other.

The benefit of HFNC compared to the pooled oxygen
controls may be attributable to more effective alveolar
oxygen delivery, PEEP generation, humidity-induced mu-
cociliary clearance, or dead space washout. It is possible
that the results are predominantly driven by the compari-
son between HFNC and NIV. It is theorized that NIV
could be associated with harm. One possible explanation
for the finding of benefit of HFNC compared to NIV but
not noted with conventional O, therapy could be the pres-
sure levels generated with NIV compared to pressure trans-
mitted via HFNC. During NIV, patients may generate tidal
volumes that are above those considered lung-protective
(> 8 mL/kg tidal volume based upon ideal body weight),
and this mechanism was hypothesized as a potential con-
tributing factor in the trial by Frat and colleagues.!23¢
Injurious tidal volumes could be exacerbated in the setting
of spontaneous breathing, thus facilitating further ventila-
tor-induced lung injury.37-4° This, in turn, could worsen

1564

hypoxemia and generate conditions requiring invasive me-
chanical ventilation. It is possible that conventional O,
therapy may not precipitate lung injury in the same way as
NIV. The survival benefit seen in the HFNC versus NIV
analysis may further support the argument of injurious
ventilation during NIV. In one study, tidal volumes 1 h
after initiation of NIV were 11 mL/kg across those who
died compared to 7.6 mL/kg across those who survived,
and half of the subjects on NIV had a tidal volume of
= 9.5 mL/kg.?® Immunocompromised patients typically
present to the ICU with higher illness severity and multi-
ple organ dysfunction® and are therefore at higher risk of
ventilation-associated lung injury, potentially exacerbated
by injurious tidal volumes during NIV. A further hypoth-
esis could be that oxygen therapy control groups (NIV or
conventional O, therapy) may delay the identification of
the etiology for respiratory failure due to the time needed
to obtain computed tomography or fiberoptic imaging if
indicated, leading to a higher risk of indeterminant cause
of AHRF.?! Indeterminant causes of AHRF has been shown
to be associated with increased mortality. Given the small
numbers, it remains unclear whether there was a higher
proportion of unknown causes of AHRF in the oxygen
therapy controls compared to the HFNC group. Addition-
ally, the oxygen therapy control groups, especially NIV,
could lead to an interruption in important ICU interven-
tions such as feeding and mobilization, which may be
particularly important in the immunocompromised popu-
lation.

Strengths of our review include that this is the largest
study to evaluate the evidence to date in this subset of
subjects and to explore the potential differential impact of
noninvasive oxygenation strategies on a unique critically
ill population. This review, however, has several limita-
tions. First, there was a small number of high-quality stud-
ies included in the meta-analysis, which increases the risk
of bias. We included the totality of the literature (ie, RCTs
and observational studies) in an attempt to utilize impor-
tant subgroups or post hoc analyses to conduct our explor-
atory analysis. Given this expected limitation, we also con-
ducted a series of sensitivity analyses of the “higher-quality”
studies (ie, RCTs and observational studies with matching)
and evaluated the results of multivariate analyses across
the subset of studies, adjusting for confounders. These
analyses demonstrated similar results compared to our pri-
mary analysis. Second, heterogeneity exists with respect to
the underlying immunocompromised population (eg, on-
cology and transplant), definitions of AHREF, indication
for therapy, duration of therapy, administration of nonin-
vasive oxygen strategies, and criteria for intubation. How-
ever, despite these differences, the signal of effect was
similar across most studies. Third, various modalities of
NIV currently exist; however, no study reported on the use
of face-tent oxygen delivery or more restrictive tidal vol-
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ume compared to the modalities explored.*! These limita-
tions and the results of this review support the need for
larger studies with homogenous inclusion criteria. The re-
sults of this systematic review are meant to be hypothesis-
generating and to highlight the characteristics across this
population of AHRF. Future study will necessitate larger
RCTs specifically enrolling immunocompromised subjects
to compare conventional O, therapy, NIV, and HFNC head
to head.

Conclusion

HFNC is a unique oxygen-delivery modality that holds
theoretical promise for the treatment of AHRF in immu-
nocompromised patients. However, the current body of
literature demonstrates that there is a paucity of high-qual-
ity data in this specific population to guide evidence-based
therapy. In our exploratory analysis, the data suggest that
HEFNC may prevent mortality and invasive mechanical ven-
tilation in selected settings; however, this remains a hy-
pothesis that needs to be further evaluated with higher-
quality data dedicated to this population. This analysis
strongly states the need for further research with clinical
and physiological studies, including larger RCTs specifi-
cally enrolling immunocompromised subjects to more
clearly elucidate the benefit of HFNC in this population.
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