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Abstract

Purpose Although the most recent systematic review and meta-analyses on acute respiratory distress syndrome (ARDS)
have shown that the use of steroids decreases mortality in adult patients, its benefits and risks may differ depending on the
type and dosage of the steroid. Therefore, we conducted a network meta-analysis (NMA) to compare the differences in the
efficacy among different doses and types of steroids.

Methods We searched MEDLINE, CENTRAL, ICHUSHI, ClinicalTrials.gov, and WHO ICTRP databases from the earli-
est records to March 2021 for randomized control trials, which compared steroids with placebo or conventional therapy
for ARDS. Using the random-effects model, we compared various categories of steroids (high-dose methylprednisolone,
low-dose methylprednisolone, hydrocortisone, dexamethasone, and no steroid) concerning hospital mortality, incidence of
infection, and ventilator-free days (VFD).

Results We analyzed nine studies involving adult patients (n=1212). Although there were no significant differences between
the groups in terms of the mortality and incidence of infection, the number of VFD were greater when using low-dose meth-
ylprednisolone than when not using any steroids (Mean difference: 6.06; 95% confidence intervals: [2.5, 10.5]). Moreover,
the rank probability showed that low-dose methylprednisolone might be the optimal treatment, whereas using no steroid or
high-dose methylprednisolone may be inferior to other treatments in terms of mortality, infection, and VFD.

Conclusion This NMA suggested that the effect of steroids on the outcome in patients with ARDS might depend on the type
of the steroid drug administered. Moreover, further studies are needed to identify the optimal type and dosage.
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Introduction

Acute respiratory distress syndrome (ARDS) is defined as
acute respiratory failure due to non-hemodynamic pulmo-
nary edema caused by inflammatory cytokines, and it is
associated with a high mortality rate [1, 2]. Inflammatory
cytokines were modulated by a pro-inflammatory transcrip-
tion factor, nuclear factor-kappa B (NF-kB) [3, 4]. Steroids
are expected to treat ARDS by attenuating NF-xB by the
action of the glucocorticoid receptor a.

The most recent systematic review and meta-analyses
(SR/MA) on ARDS have shown that the use of steroids
decreases mortality and increases ventilator-free days (VFD)
[5]. Another recent SR/MA suggested that early and longer
administration of steroids in patients with ARDS might
reduce mortality [6]. In these SR/MA, different types and
dosages of steroids, such as high-dose methylprednisolone
[7], low-dose methylprednisolone [8—10], hydrocortisone
[11], and dexamethasone [12, 13] were used. In addition,
the biological half-life and anti-inflammatory potency of
steroids vary depending on its type. Though the differences
in the type and dosage of steroids might affect outcomes,
the optimal steroid regimen in terms of the benefit-risk ratio
in ARDS remains unclear because these pairwise SR/MA
assessed over all efficacy and outcomes of steroid by com-
paring groups of patients that did and did not use steroids.

We hypothesized that the steroid type influences the out-
come in ARDS patients and sought to verify this by per-
forming a network meta-analysis (NMA). Therefore, we
conducted this systematic review and NMA to identify the
optimal steroid therapy among patients with ARDS.

Methods
Protocol

We conducted this SR according to the Preferred Reporting
Items for Systematic review and Meta-Analyses extension
statement for reviews incorporating network meta-analyses
(Online Resource 1) [14].

Eligibility criteria

We included randomized control trials (RCTs) that compared
steroids for established ARDS. We did not search for quasi-
randomized studies, cohort studies, case—control studies, and
case series. ARDS was diagnosed according to the Ameri-
can European Consensus Conference (AECC) [15] definition
(1994) or Berlin (2012) diagnostic criteria [16]. During our
search for studies published before the establishment of the
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AECC, we included patients with acute respiratory failure,
which was defined as follows: an acute onset of hypoxemia
with a PaO, to FiO, ratio (P/F ratio) of <200 mmHg, bilat-
eral noncardiogenic pulmonary edema, no clinical evidence
of increased left atrial hypertension, and a pulmonary artery
wedge pressure < 18 mmHg in the presence of a pulmonary
artery catheter. Patients who had been previously treated
with corticosteroids and immunosuppressive drugs or had
cardiogenic pulmonary edema and hypercapnia without
hypoxia were excluded. As we investigated the effects of
steroids in established ARDS patients, we excluded patients
with oxygenation of 200 < P/F ratio <300 and no ventilation.
We also excluded patients who were administered inhaled
steroids because of the limited effects on the lungs without
collapse.

We categorized interventions according to the received
four types of steroids based on previous studies [7-10, 12,
13, 17, 18] and compared the results obtained from the fol-
lowing five groups: high-dose methylprednisolone, low-
dose methylprednisolone, hydrocortisone, dexamethasone,
and no steroid. We defined high-dose methylprednisolone
as > 1000 mg/day on the first day, 1000 mg/day on the sec-
ond and third day, and tapering from the fourth day. We
defined low-dose methylprednisolone as a methylpred-
nisolone dose of 1.0-2.0 mg/kg/day after loading dose of
1.0-2.0 mg/kg/day from the first day to 14th day, which was
administered for at least 3 weeks with tapering. We defined
hydrocortisone as 200-300 mg/day for 7 days. We defined
dexamethasone as any dosage for 10 days. We defined no
steroid as a placebo or conventional therapy.

The primary outcome of this SR was hospital mortality.
The secondary outcomes were incidence of infection and
number of VFD. When data on hospital mortality were not
available, we collected data on the longest mortality within
28-60 days after randomization.

Information sources, search strategy, study
selection, and data collection process

The searched databases were MEDLINE via PubMed, the
Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Igaku Chuo Zasshi (ICHUSHI). The ICHUSHI
Web is the largest database of Japanese medical journals,
containing approximately 10 million manuscripts from 6000
journals. We comprehensively searched these databases for
relevant studies published from the earliest records to March
2021. We also searched for ongoing and unpublished trials
in the following trial registers: ClinicalTrials.gov and the
World Health Organization International Clinical Trials Plat-
form Search Portal (WHO ICTRP) in March 2021. The list
of search terms is shown in Online Resource 2. Additionally,
we manually searched reference lists of included studies,
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previous SR/MA [6, 19-22], and articles citing these studies
(based on citation information from the Web of Science).

When the screened records did not contain the necessary
information, we inquired the authors for details. Two or more
reviewers independently screened the titles and abstracts of
the studies in the first screening. Articles included in the
first screening were assessed for eligibility according to the
inclusion criteria by reading the full texts. When the review-
ers disagreed with the inclusion, conflicts were resolved by
consensus. Two or more reviewers independently extracted
data from full manuscripts. We extracted data pertaining to
study characteristics such as study design, locations of the
study center, sample size, information of participants (age,
diagnostic criteria, and main etiology of ARDS), interven-
tions, comparisons, low tidal ventilation as conventional
therapy, and outcomes. We contacted the authors of the
studies to collect sufficient information if necessary. The
relevant data of the included studies were summarized using
Microsoft Excel and Cochrane Statistical Package Review
Manager (version 5.3; Cochrane Collaboration, Copenhagen,
Denmark).

Geometry of the network

We constructed network plots for each outcome in this
NMA. Each node corresponded to a treatment strategy.
The edge presented direct comparisons between interven-
tions and comparators and added to the number of included
studies.

Abstraction of data and assessment of the risk
of bias

Two or more reviewers independently classified the risk of
bias for each included study as high, low, or unclear. We
assessed the following seven domains for risk of bias using
the Cochrane risk of bias assessment tool [23]: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessor,
incomplete data outcome, selective reporting, and other
bias. When reviewers disagreed with the decision on the
risk of bias, conflicts were resolved by discussing with a
third reviewer.

Data synthesis

We conducted a pairwise meta-analysis using the random-
effects method to assess for direct associations between
interventions and outcomes. We integrated the dichotomous
variables as risk ratios (RR) with 95% confidence intervals
(CI) and continuous variables as mean differences (MD)
with 95% CI. We assessed heterogeneity using visual inspec-
tion of forest plot and /? statistics. We assessed indirectness

by checking patient characteristic of each included studies.
We assessed publication bias by checking the number of
studies that had not been published on ClinicalTrials.gov
and WHO ICTRP.

We conducted an NMA using the Bayesian random-
effects method to derive direct and indirect estimates com-
paring all interventions and comparisons. We integrated the
dichotomous variables as odds ratios (OR) with 95% cred-
ible intervals (Crls) and continuous variables as MD with
95% Crls. We assessed intransitivity by checking patient
characteristic of each direct comparison as the source for
indirect estimates. We assessed imprecision by each 95%
CrIs crossing clinically important intervals of OR defined as
0.8-1.25. We assessed incoherence using the node-splitting
method [24]. We derived rank probability for each interven-
tion and comparison from the results of the NMA within a
Bayesian framework and decided treatment hierarchy using
surface under the cumulative ranking curve (SUCRA) [25].

We assessed the certainty of evidence (CoE) for each esti-
mate using the Grades of Recommendation, Assessment,
Development, and Evaluation Working Group (GRADE)
approach for NMA [26, 27]. First, we assessed the CoE for
direct estimate using five considerations (risk of bias, het-
erogeneity, indirectness, publication bias, and imprecision).
Second, we assessed the CoE for the indirect estimate by
considering the CoE for the direct estimate of the common
comparator related to the indirect estimate and using two
considerations (intransitivity and imprecision). Finally, we
assessed the CoE for network estimate by considering the
CoE for direct and indirect estimates and using two consid-
erations (incoherence and imprecision).

We defined statistical significance as 95% Cls and Crls
that did not cross the value 1.0. We used the Cochrane Statis-
tical Package Review Manager (version 5.3; Cochrane Col-
laboration, Copenhagen, Denmark) for the pairwise meta-
analysis. We performed NMA using JAGS and R (version
4.0.4; The R Foundation, Wien, Austria) software, whereas
the rjags and gemtc packages were used for the Bayesian
approach. We then created the table showing the summary
of findings [28].

Results
Study selection

A flow diagram of this study is shown in Fig. 1. After elimi-
nating the duplicates, we assessed 2810 records through
databases and other source searches. We excluded 2714
records by screening the titles and abstracts and 96 records
using full texts. On assessing the remaining 54 records for
eligibility, we found two articles [8, 29] published from the
same study. Subsequently, we identified 15 eligible studies.
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Fig.1 Flow diagram of this ) — — .
study. CENTRAL Cochrane S Records identified th_rough database Additional records identified
Central Register of Controlled ] searching through other sources
e'n ral Register of Controlle: 8 total (n =2759) total (n=340)
Trials, ICHUSHI Igaku Chuo % MEDLINE via PubMed (n=2084) ClinicalTrials.gov (n=51)
Zasshi, ICTRP World Health 8 CENTRAL (n=582) ICTRP (n=289)
Organization International = ICHUSHI (n=93)
Clinical Trials Platform Search l l
Portal Records after duplicates removed | Records excluded
(n=2810) 7] (n=2714)
g’ Full-text articles excluded, with reasons
H (n =42)
2
8 Background article (n=3)
il Different intervention (n=0)
Additional records Different population (n=5)
identified through Records screened Non randomized (n=33)
citation search (n=0) (n =96) Conference abstract (n=1)
)
i Studies excluded, with reasons (n=38)
2 Full-text articles
a assessed for eligibility > Abstracts of other included studies (n=31)
k= (n=54) Different population (n=1)
@ Abstracts awaiting classification (n=5)
l Different study design (n=1)
)
Studies included in . .
qualitative synthesis (rieituulct:lsles excluded for protocols without
15 studies (16 articles) '
; 1
S
% 9 Studies included in quantitative synthesis (1212 participants)
c
1 high-dose methylprednisolone vs. no steroid (99 participants)
3 low-dose methylprednisolone vs. no steroid (295 participants)
2 hydrocortisone vs. no steroid (223 participants)
3 dexamethasone vs. no steroid (595 participants)
a_—

Among the 15 eligible studies, we excluded six studies with
unpublished outcomes (Online Resource 3). Two of the six
excluded studies had completed recruitment, but we did not
get a reply from the authors regarding the outcome data,
proportion of ARDS, and diagnostic criteria for ARDS.
Finally, we included nine studies (n=1212) for quantita-
tive synthesis, the details of which are provided in Table 1.
The network of eligible comparisons for the meta-analysis
is shown in Fig. 2.

Study characteristics

One study compared high-dose methylprednisolone with
placebo [7]. Three studies compared low-dose methylpred-
nisolone with placebo [8—10], two studies compared hydro-
cortisone with placebo [11, 30], and three studies compared
dexamethasone with no steroid and were not used as placebo
[12, 13, 31]. Direct pairwise comparisons are provided in
Online Resource 4.

The most common etiology was pneumonia 57.1%
(692/1,212). Ventilation strategy of six studies was low tidal
ventilation [9, 11-13, 31, 32]. We grouped 28-day mortality
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for two studies [12, 30], 60-day mortality for three studies
[9, 11, 31], and 45-day mortality for one study [7] to assess
hospital mortality. VFD were measured in eight studies,
while VFD of one study [8] were obtained from the author.
We converted 95% CI of VFD to a standard deviation in one
study [12]. Data on infections were collected from nine stud-
ies. One study [13] assessed new infections in the ICU, while
another study [31] assessed pneumonia in the ICU. The
observation period for infection was 28 days in two studies
[9, 12], 7 days in one study [7], 1 year in one study [10], and
up to discharge in one study [11]. Two studies [8, 30] did not
report the observation period for the infection. Two studies
[12, 31] did not use a placebo and had unplanned termina-
tion of the recruitment of participants. We received no reply
about the data on 60-day mortality and infection from the
authors of one of the studies [31].

Risk of bias and CoE

We assessed the overall risk of bias of four studies [7-9, 11]
as low, that of four studies [10, 12, 30, 31] as unclear, and
that of one study [13] as high using the Cochrane risk of bias



m

Journal of Anesthesia (2022) 36:107-121

FT/ST) %€9
ON sisdog

ON [1e1p 10N

BJep ON
6661 210Joq
paystqnd pmg

BJep ON
6661 210Joq
paystqnd pmg

(SuLI3S %6°0)
0qodR[d

(Tonuey)
0qade[d

Aqrep
sown 4 3y/3w
€1€0°0
Te-1eheq
$290°0
:0€-67hed
STI1°0 :8T-Crhed
ST0:1T-S1dea
S0 :¥I-14eq
3
/3w 7 :3urpeo]
Quo[
-ostupaid[AyIoN

Aqrep soum
Sy/8uw o¢ :1Aeq

Quo[
-ostupaxd[AyIoN

] BLISILID ODHYV
10)971ed AI10)IR
Areuownd e jo
Qouasaxd oy ur
SHuww g1 S o1ms
-soxd oFpam
A1911e A1eu

-ownd v (1r)
BUWIOPD
Areuowrnd
oruagorpreouou

[exoreqig (1)
J10W 10 %0
Jo uonereyur
ua3Axo yIm
€0> amssaxd
renaed ua3Axo
Ie[odATe/INSSAId
renaed uagAxo
PooIq [eLIa)IE 1O
SHww (), > oIns
-saxd Tenaed
ua3Axo sed

Aireg  pooiq [eLay (1)

vsn

L'STFIS/9ST+LY 8661

ds F uedpy 8/91 [8] geHmpaN

vsn
PIFOS/THIF S L861
asFueo 67/0S [L] preusag

QW00 SQaVv
Arewid pauuely jo ASofone urejy

K391e1)S UOTIR]
-TJUA [EPT} MO

uostedwo)

SPI0Ia)S
Jo uowsoy

skep /< Q1e]
skep / > :A[req
Josuo SAYV
wo1j proIals Jo
Surwun voneniuy

Sayyv jo
BLIOILIO UOISN[OU]

s1eak Anuno)
‘[0NUOY/PIOIAS  [0NUOI/PIOIAS Teak
a8y sjuaned jo oN oyiny

SOIpN}S POPN[OUT IO S[TEId( | d|geL

pringer

a's



Journal of Anesthesia (2022) 36:107-121

112

(LLTILY) %¥T

A[rep 9ouo Fw

sisdog 01 :01-94eq SS9 10 00T uredg
8¢ Kep 01 skep (LLTILYT) %ES 0T :s—1heq onel 4/d se eLo) STF8S/HTF9G ®0C0C
901J-I01B[UA eruIOwINAUJ sox  oqooedoN  ouoseylowexaq Aeg  -10 UIRg/DDAV s Fueoy 8C1/6€1 [€1] Te[IA
A[rep 9ouo Fw
T-AOD 01 :01-94ed SAYV o1oA9s [1zelgq
8¢ Kep 01 skep SYVS 01 °np 0z :s—1heq -O)-deIopowt  T°¢T+LT9/8°ST+109 0c0¢
Q01J-101B[JUA rruUownaug sox  oqooeldoN  ouoseyjowexeq Aeg  Se BLIQILID ulpleg s Fueoy 8¥1/1S1 [z1] wizewoy,
(Am(ur Suny
Aqrep sowmn 9 Sux J)noe papnouy) puereyy,
(L61/001) %1S (Tre3ap 10N) 0S :L-1Aed BN 09T FCH9/€°LTFS¥9 910¢
ON rruownaug SOR 0Qade[d  QUOSIOJOIPAH Apreq urreg/DDAV s Fueoy 66/36 [11] 0oASuoy],
A[rep sowm ¢ BUIYD
(971D %ETH (eumtes 9%6°0) 3w OOT :L-TAeq ECSIF65S/6'7T1 869 (41414
ON eruUOwINAUJ PaqLIOSap 10N 0Qade[{  QUOSHIOJOIPAH Apeg BLIQILID DDAV s Fueoy $1/21 [og] nrry
suorsnjur sno
-nunuod Aq Aep
/39/3w GTT°0
:87—9zkeq
§T°0 :st-teked
S0 :TZ-S14eq
I ‘vI-14ed
(T6/ST) %91 3y
Q1008 sisdog /3w | :3urpeo] vSn
Amfur Sun ur (16/8€) BT (suL13s %6°0) Quof ECIFTES/CSTFI0S L00T
uononpai jurod-| BIUOWNAUJ SOX 0qoaoe[d  -ostupaId[AyIon Apreq BLIAILIO DDAV ds Fuesy 87/€9 [01] tInpay
skep
1970 yo Surradey,
Arep sown g Sw
S0 :TC-ST4eq
A[rep sown 4 3w
S0 FI-Theq
(081/0%) %TT 3
sisdog /3w 7 :3urpeo] vSn
09 (081/9L) %T¥ (esonxap %¢) Quof SOT+T6v/061F0 6V [6]
Kep 1e A)7RIIoN BIUOWNAUJ SOx 0qoaoe[d  -ostupaId[AyIoA e BLIOILID DDAV ds Fueo|y 16/68 9007 31equIs
skep £ < Qpe]
skep £ > :A[eqg
jsuo SAV s1eak Anuno)
Qwo2)No SV K3orens uone| SPIOI®)S  WOIJ PIOIA)S JO SAQYV jo ‘[O1UO/PIOIR)S  [0XUOI/PIOIAS Ieok
Arewid pouuelq Jo ASo[ono urejNy  -nuoA [epn mo  uostredwo)) Jouowr3oy Surun uopenmu]  BLIILIO UOISN[OU] a3y sjuened jo oN oyny

(ponunuoo) | sjqey

pringer

Qs



Journal of Anesthesia (2022) 36:107-121 13

assessment tool. Domains of risk of bias for each outcome
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Fig.2 Network plot. A Hospital
mortality B incidence of infec-
tion C Ventilator-free days.

A Hospital mortality

@ Low-dose

B Incidence of infection

@ Low-dose

Each node corresponded to a Hydrocortisone methylprednisolone Hydrocortisone methylprednisolone
treatment strategy. The edge
presented direct comparisons ®\ @
between interventions and N\ High-dose High-dose
comparators and added to the N\ methylprednisolone methylprednisolone
number of included studies \ ® ®
Dexamethasone \ Dexamethasone
o ®
\@ No steroid ©® No steroid

C Ventilator-free days

Hydrocortisone @)

Dexamethasone

@

Low-dose
methylprednisolone

®

@ No steroid

dexamethasone. There was no statistical association when
the reduction of incidence of infection compared low-dose
methylprednisolone with dexamethasone (OR 0.74 95%
Crl [0.32, 1.77], 49 less patients per 1000 patients, CoE:
very low). Using hydrocortisone as a reference compara-
tor, high-dose methylprednisolone (OR 1.73 95% CrI [0.33,
8.45], 95 more patients per 1000 patients, CoE: very low)
was not associated with increasing incidence of infection.
There was no statistical association when the reduction of
incidence of infection compared low-dose methylpredniso-
lone with hydrocortisone (OR 0.56 95% CrI [0.19, 1.60], 71
less patients per 1000 patients, CoE: low). Using low-dose
methylprednisolone as a reference comparator, high-dose
methylprednisolone (OR 3.06 95% Crl [0.70, 14.1], 272
more patients per 1000 patients, CoE: very low) was not
associated with increasing incidence of infection. The rank
probability of the incidence of infection was in that order of
low-dose methylprednisolone, dexamethasone, hydrocorti-
sone, no steroid, and high-dose methylprednisolone (Fig. 3).

VFD

Network estimate for VFD was created from seven RCTs
including 1094 patients (Table 3). Low-dose methylpred-
nisolone was associated with increasing VFD compared
with no steroid (MD 6.00, 95% CI [3.39, 8.61]; CoE: high).

@ Springer

Other comparisons with no steroid showed that the other
treatments were not associated with increasing VFD. Using
dexamethasone as a reference comparator, low-dose meth-
ylprednisolone (MD 2.40 95% CrI [— 2.87, 8.70], CoE: very
low) was not associated with increasing VFD. There was no
statistical difference in association with VFD when hydro-
cortisone was compared with dexamethasone (MD — 1.54
95% Crl [— 8.34, 4.87], CoE: very low). Using hydrocorti-
sone as a reference comparator, low-dose methylpredniso-
lone (MD 3.99 95% CrI [— 1.90, 11.1], CoE: moderate) was
not associated with increasing VFD. The rank probability
of VFD was in the order of low-dose methylprednisolone,
dexamethasone, hydrocortisone, and no steroid (Fig. 3).

Discussion

The present study revealed that although there were no sig-
nificant differences in hospital mortality and incidence of
infection among all comparisons, including steroids and no
steroid, low-dose methylprednisolone resulted in a greater
improvement of VFD compared with no steroid. Though
the CoE of most comparisons was very low, the anticipated
absolute effect and rank probability indicated that the effect
of steroids on the outcome in ARDS patients might vary
depending on the type and/or dose of steroids.
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Table 2 Risk of bias summary

Study Random Allocation con- Blinding for Blinding for Incomplete  Selective Other sources
sequence cealment participants and outcome asses- outcome outcome of bias
generation personnel sors data reporting

a. Risk of bias summary of hospital mortality

Bernard 1987 [7]  Low risk Low risk Low risk Low risk Low risk Unclear risk ~ Low risk

Meduri 1998 [8] Low risk Low risk # Low risk # Low risk # Low risk Unclear risk  Low risk

Steinberg 2006 [9] Low risk Low risk Unclear risk Low risk Low risk Low risk Low risk

Meduri 2007 [10] Low risk Low risk Low risk ? Low risk ? Low risk High risk * Low risk

Liu 2012 [30] Unclear risk Unclear risk Unclear risk Low risk Low risk Unclear risk ~ Low risk

Tongyoo 2016 Low risk Low risk Low risk Low risk Low risk Unclear risk ~ Low risk

[11]
Tomazini 2020 Low risk Low risk High risk® Low risk Low risk Low risk Low risk
[12]

Villar 2020a [13]  Low risk Low risk High risk® Low risk Low risk High risk® Low risk

Villar 2020b [31]  Low risk Low risk High risk® Low risk Low risk Low risk Low risk

b. Risk of bias summary of incidence of infection

Bernard 1987 [7]  Low risk Low risk Low risk Low risk Low risk Unclear risk Low risk

Meduri 1998 [8] Low risk Low risk® Low risk® Low risk® Low risk Unclear risk  Low risk

Steinberg 2006 [9] Low risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk

Meduri 2007 [10] Low risk Low risk Low risk® Low risk® Low risk High risk? Low risk

Liu 2012 [30] Unclear risk Unclear risk Unclear risk Unclear risk Low risk Unclear risk ~ Low risk

Tongyoo 2016 Low risk Low risk Low risk Low risk Low risk Unclear risk ~ Low risk

(11]
Tomazini 2020 Low risk Low risk High risk® Unclear risk Low risk High risk® Low risk
[12]
Villar 2020a [13]  Low risk Low risk High risk® Low risk Low risk High risk® Low risk
Villar 2020b [31]  Low risk Low risk High risk® Unclear risk Low risk Low risk Low risk
c. Risk of bias summary of ventilator-free days
Meduri 1998 [8] Low risk Low risk® Low risk? Low risk Low risk Unclear risk ~ Low risk
Steinberg 2006 [9] Low risk Low risk Unclear risk Low risk Low risk Low risk Low risk
Meduri 2007 [10] Low risk Low risk Low risk? Low risk Low risk Low risk® Low risk
Liu 2012 [30] Unclear risk Unclear risk Unclear risk Low risk Low risk Unclear risk ~ Low risk
Tongyoo 2016 Low risk Low risk Low risk Low risk Low risk Unclear risk ~ Low risk
(11]

Tomazini 2020 Low risk Low risk High risk® Low risk Low risk Low risk High risk!
[12]

Villar 2020a [13]  Low risk Low risk High risk® Low risk Low risk Low risk High risk!

*We got information by author contact in Meduri [8] and Meduri [10]. Meduri [8] REPLY: Central randomization by a third party in order to
conceal the allocation; Physicians and all medical personnel were blinded. Meduri [10] REPLY: The randomization is double blind and will
remain blind throughout therapy to physicians, nursing care teams, research investigators, outcome assessor, participants and their family mem-
bers. The primary objective of this prospective double blind, randomized clinical trial is to assess the effects of prolonged methylprednisolone
therapy on the following response by days 7 and 28 of therapy: improvement in lung injury score, number of ventilator-free days, mortality

bThese studies did not use placebo in control group
“Not planned outcomes in pre-published protocol

4The study was stopped earlier than planned

The analysis of individual patients’ data from RCTs
showed that low-dose methylprednisolone reduced mortality
and VFD compared to placebo, although this SR/MA did not
compare each steroid regimen [32]. Prolonging any steroid
was suggested to improve mortality of patients with ARDS
regardless of the type of steroids [33]. In addition, recent

SR/MAs was demonstrated for early and longer steroids in
patients with ARDS and its effectiveness on mortality was
verified by synthesizing studies on low-dose methylpred-
nisolone and dexamethasone [6]. One recent retrospective
propensity-matched cohort study suggested that the pulsed
methylprednisolone therapy worsened the 60-day mortality
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Table3 NMA-SoF table
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a. Estimates of effects, credible intervals, and certainty of the evidence for improving hospital mortality in pati with ARDS

Bayesian NMA-SoF table
BENEFITS
Patient or population: Patients with ARDS @ Low-dose
Interventions: High-dose methylprednisolone, low-dose methylprednisolone, hydrocortisone, @
dexamethasone, no steroid High-dose

methylprednisolone

Comparator (reference): One of the other therapies other than the therapy included in intervention ®
Outcome: Hospital mortality or mortality for 28-60 days Dexamethasone

®
Setting(s): Inpatient

® Nosteroid
Geometry of the Network*
Total studies: 9 RCT o Anticipated absolute effect*** (95% Cr! n 0
oralstld 8 © Relative effect** patedlabsoluteleticern @SpeICrT) Certainty of the . xsss |IDNterpretation
Total Participants: 95% C With reference id Ranking f Findin;
1222 (95% Crl) e With intervention Difference EYCELLE (SUCRA) | °fFindings
High-dose
‘methylprednisolone ™ 33 per 1000 fewer $000 .
. : -
1 ) 0.10t07.58) 633 per 1000 600 per 1000 (from 486 fower 0296 | 1 1 directness? and @0%)
(Direct evidence; 1 RCT; more) Imprecision’
99 participants)
Low-dose
methylprednisolone 138 per 1000 fewer BHOO 1
2 © ‘;‘;:9‘ ) 339 per 1000' 201 per 1000 (from 290 fewer to 94 ow % -
(Direct evidence; 3 RCT; . ! more) Due to Imprecision®
295 participants)
H; Tt
ydrocortisone N 138 per 1000 fewer ©B00 2
- 416 per 1000" 278 per 1000 from 362 fewer to 198 -
3 (Direct evidence; 2 RCT; (0.08102.33) per per (from oy Do Hamecision’ (67%)
223 participants)
Dexamethasone ors 71 per 1000 fewer @egggv s
X ! R
4 (Direct evidence; 3 RCT; (023103.12) 480 per 1000 409 per 1000 (from 3“;:2)“ 0262 [ nstand @
595 participants) Imprecision’
5 [No steroid Reference No estimabl i Noestimabl No estimable Reference comparator (245% ) -
High-dose ®000
. 36 per 1000 more
methylprednisolone 116 ! Very Low B
©0.05,129) 404 per 1000' 440 per 1000 (fom 352 (f;:;cr w093 | oot and R
(No direct evidence) Tmprecision’
Low-dose
. 95 per 1000 fewer 9000
methylprednisolone 0.66 | Very Low -
(0.07,3.04) 404 per 1000 309 per 1000 (from 35'9“ ‘f)er:;er 0269 Dus 0 Rk of i and -
(No direct evidence) Imprecision’
Hydrocortisone 012 76 per 1000 fewer 932?8
- 404 per 1000' 328 per 1000 (from 365 fewer to 343 - -
. X Due to Risk of bias* and
(No direet evidence) (0.06,4.35) more) ot Rikof i
Dexamethasone
Reference No estimabl No estimabl No estimable Reference comparator - -
(No direct evidence)
High-dose
. 113 per 1000 more 9000
methylprednisolone 1.62 Very Low
©.13,310) 327 per 1000' 440 per 1000 (ﬁemZGﬁKf)eww)ertoéll mm"dimqulm - -
(No direct evidence) Tmprecision’
Low-dose 16 per 1000 ©300
. per 1000 fewer
methylprednisolone 0 0.93 - 327 per 1000" 311per1000  (from 276 fewer to 456 Low - -
(0.11,7.42) ‘more) Due to Imprecision®
(No direct evidence)
Hydrocortisone
Reference No estimabl No estimabl No estimable Reference comparator - -
(No direct evidence)
High-dose 000
methylprednisolone 174 118 per 1000 more Very Low .
(0.18,30.0) 256 per 1000" 374per1000  (fom 198 fomer 0656 | us o Indreinss and -
. . Imprecision®
(No direct evidence)
Low-dose
methylprednisolone | geference comparator Noestimable | No estimable No estimable Reference comparator . -
(No direct evidence)
"ARDS: Acute respiratory destress syndrome; SUCRA: Surface under the cumulative ranking curve

NMA-SoF table definitions

* Solid lines represent direct comparisons

** Network Metanalysis (1) estimates are reported as odds ratio. Crl: credible interval. Results are expressed in credible intervals as opposed to the confidence intervals (7) since a Bayesian analysis has been conducted.
*#** Anticipated absolute effect. Anticipated absolute effect compares two risks by calculating the difference between the risk of the intervention group with the risk of the control group.

##++ Rank and SUCRA are presented. Rank statistics is defined as the probabilities that a treatment out of » treatments in a network meta-analysis is the best, the second, the third and so on until the least effective treatment
+ Information is reported from studies included in the network metanalysis for the comparison displays.

GRADE Working Group grades of evidence (or certainty in the evidence)

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Explanatory Footnotes

' Mortality is reported from reference comparators in each comparison.

* Serious indirectness. Ventilation strategy of this direct evidence for this comparison is not low tidal ventilation.
3 Very serious imprecision. Due to wide confidence intervals in these estimates.

#Serious risk of bias. Due to lack of blindness for participants and personnel.
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Table 3 (continued)

b. Estimates of effects, credible intervals, and certainty of the evidence for incidence of infection in patients with ARDS
Bayesian NMA-SoF table

Patient or population: Patients with ARDS

@ Low-dose
Interventions: High-dose methylprednisolone, low-dose methylprednisolone, hydrocortisone, I y
dexamethasone, no steroid @
High-dose
Comparator (reference): One of the other therapies other than the therapy included in “‘e'}‘yll”g“m'““e
intervention

. . . Dexamethasone
Outcome: Incidence of infection

Setting(s): Inpatient ® Nosteroid

Geometry of the Network*

Total studies: 9 RCT q Anticipated absolute effect*** (95% CrI a
P Relative effect™* L (GS2ICID Certainty of the . waxs | INterpretation
g B With reference | oy juteryention|  Difference evidence e of Findings
1222 o (SUCRA)
High-dose
methylprednisolone " 51 per 1000 fower #000 .
1 (0.46 10 6.88) 102 per 1000 163 per 1000 (from 52 fewer to 337 Due o Indirectness? and (17%) N
(Direct evidence; 1 RCT; more) Imprecision®
99 participants)
Low-dose
methylprednisolone 0.56 i 131 per 1000 fewer OO0 1
2 oo 417per 1000 | 286 per 1000 (from 240 fewer t0 23 Moderate s -
(Direct evidence; 3 RCT: more Due to Imprecision*
205
Hydrocortisone 3 ber 1000 00
2 per 1000 more
3 101 186 per 1000° 188 per 1000 (trom 95 ewer 10 169 O 3 -
(Direct evidence; 2 RCT; (044 10241) oty Dueto hnamcison? @%)
223 participants)
Dexamethasone
50 per 1000 fe H000
4 0.77 285 per 1000' 235 per 1000 (naomp 30 fewer 60 eryLow 2 -
(Direct evidence; 3 RCT; 04310 1.32) o Due to Risk of bias’, ©1%)
595 participants) Tmprecision’
5 |No steroid Reference comparator No estimable | Noestimable No estimable Reference comparator (3:, % -
High-dose
. 174 per 1000 more ©000
methylprednisolone 2.26 . it Very Low .
©055.102) 232 per 1000 406 per 1000 (om0 fewer 0 523 ey Low -
(No direct evidence) Imprecision’, and Risk of bias’
Low-dose
: 49 per 1000 fewer HO0O
methylprednisolone 0.74 ) ' Very Low .
032, 1.77) 232 per 1000 183 per 1000 (from "’;L‘r‘:}” 101161 e to Imprecision’ and Risk -
(No direct evidence) bias
Hydrocortisone - 53 per 1000 more 8000
. or 100" et 3 ery Low ,
049, 354) 232 per 1000 285 per 1000 rom 103 fverto 0 | versbow .
(No direct evidence) more) of bias®
Dexamethasone
Reference comparator No estimable No estimable No estimable Reference comparator - -
(No direct evidence)
High-dose
. 95 per 1000 more SO0
methylprednisolone 173 e 00, .
(033,8.45) 181 per 1000 276 per 1000 (from 1 13\&.3“ 10468 | b e o Indirectness’ and -
(No direct evidence) Imprecision
Low-dose 71 per 1000 f 600
: per 1000 fewer
methylprednisolone 0 1‘;5:5 . 181 per 1000' | 110 per 1000 (from 141 fewer to 80 Low - -
(0.19,1.60) more) Due to Imprecision®
(No direct evidence)
Hydrocortisone
Reference comparator No estimable No estimable No estimable Reference comparator - -
(No direct evidence)
High-dose
N 272 per 1000 more ©000
methylprednisolone 3.06 ’ Very Low ;
©70.181) 351 per 1000 623 per 1000 omTotoweross | o LY -
(No direct evidence) Imprecision
Low-dose
methylprednisolone Reference comparator No estimable No estimabl No estimabl Reference - -
(No direct evidence)

ARDS: Acute respiratory destress syndrome; SUCRA: Surface under the cumulative ranking curve,
NMA-SoF table definitions
* Solid lines represent direct comparisons

** Network Metanalysis (1) estimates are reported as odds ratio. Crl: credible interval. Results are expressed in credible intervals as opposed to the confidence intervals (7) since a Bayesian analysis has been conducted.
*#** Anticipated absolute effect. Anticipated absolute effect compares two risks by calculating the difference between the risk of the intervention group with the risk of the control group.

#+++ Rank and SUCRA are presented. Rank statistics is defined as the probabilities that a treatment out of  treatments in a network meta-analysis is the best, the second, the third and so on until the least effective treatment
F Information is reported from studies included in the network metanalysis for the comparison displays.

GRADE Working Group grades of evidence (or certainty in the
High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect i likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

ence)

Explanatory Footnotes

*Incidence of infection is reported from reference comparators in each comparison.

2 Serious indirectness. Ventilation strategy of this direct evidence for this comparison is not low tidal ventilation.

*Very serious imprecision. Due to wide confidence intervals in these estimates.

*Serious imprecision. Due to wide confidence intervals in these estimates.

$Very serious risk of bias. Due to lack of blindness for participants, personnel and outcome assessors, and unselective outcomes reporting.

@ Springer



118 Journal of Anesthesia (2022) 36:107-121

Table 3 (continued)

c. Estimates of effects, credible intervals, and certainty of the evidence for ventilator-free days in patients with ARDS

Bayesian NMA-SoF table

Patient or population: Patients with ARDS :
Hydrocortisone @)
Interventions: Low-dose methylprednisolone, hydrocortisone, dexamethasone, no steroid
Comparator (reference): One of the other therapies other than the therapy included in Low-dose
Dexamethasone methylprednisolone
intervention @ ()
Outcome: Ventilator-free days for 28 days
Setting(s): Inpatient
@ No steroid
Geometry of the Network™
. . ici o, ek . . .
Total studies: 7 RCT Relative effect Anticipated absolute effect (95% Crl) Certainty of Ranking*** | Interpretatio
. . o, . . ge
Total Participants: 1094 | (95% CrI) A ol el TR S o evidence (SUCRA) | n of Findings
Low-dose
methylprednisolone | The mean difference in increasing oY e 1
1 - Study population + VFDs was 6.06 higher (2.5 higher to A o -
X . 110.5 high High (93%)
(Direct evidence; 3 RCT; : 10.5 higher)
295 participants) |
Hydrocortisone i - :
2 | The mean difference in increasing DDHOO 3
X . - Study population | VFDs was 2.10 higher (3.15 lower to Low -
(Direct evidence; 2 RCT; 7.09 higher) Due to Imprecision' (39%)
223 participants)
Dexamethasone
The mean difference in increasing ‘G/BO(BO 2
_ : i ery Low ~
3 (Direct evidence; 2 RCT; Study population ;/gg) ;i‘gﬁzg“ higher (0.56 lower to Due to Imprecx‘slovn’ and Risk (62%)
576 participants) of bias®
. Reference ; . 4
4 No steroid No estimable No estimable Reference comparator o -
comparator (7%)
Low-dose H
methylprednisolone | The mean difference in increasing HO00
ylp - Study population { VFDs was 2.40 higher (2.87 lower to Vervam:v
i A Due to Imprecision' and Risk
i . : 8.70 higher) of bias?
(No direct evidence) i
Hydrocortisone The mean difference in increasing HO00
- Study population VFDs was 1.54 lower (8.34 lower to Very Low
. . 4.87 high Due to Imprecision' and Risk
(No direct evidence) 87 higher) of bias?
Dexamethasone Reference
No estimable No estimable Reference comparator
. . comparator
(No direct evidence)
Low-dose fon dif - . 5
: : The mean difference in increasing (S]]
methylpredmsolone - Study population VFDs was 3.99 higher (1.90 lower to Moderate
| 11.1 higher) Due to Imprecision®
(No direct evidence)
Hydrocortisone Reference
No estimable No estimable Reference comparator
. . comparator
(No direct evidence)
ARDS: Acute respiratory destress syndrome; VFDs: Ventilator-free days; MD: Mean difference; SUCRA: Surface under the cumulative ranking curve
NMA-SoF table definitions
* Lines in the network graphic represent direct comparisons
** Estimates are reported as mean difference and credible interval (Crl). Results are expressed in credible intervals as opposed to the confidence intervals since a Bayesian analysis has been conducted.
*** Rank and SUCRA are presented. Rank statistics is defined as the probabilities that a treatment out of 1 treatments in a network meta-analysis is the best, the second, the third and so on until the least effective
treatment.
GRADE Working Group grades of evidence (or certainty in the evidence)
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
Explanatory Footnotes.
! Very serious imprecision. Due to wide confidence intervals in these estimates, defined two VFDs as clinically meaning deference of VFDs.
2 Very serious risk of bias. Due to lack of blindness for participants and personnel, and unplanned discontinuation of trial.
3 Serious imprecision. Due to wide confidence intervals in these estimates, defined two VFDs as clinically meaning deference of VFDs.
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Fig.3 Rank probabilities in the
network meta-analysis
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and VFD [18]. In contrast to previous SR/MAs, our direct
pairwise comparisons show that any of the steroids were not
associated with reducing hospital mortality and incidence of
infection compared with no steroid. Based on these results,
any type of steroids might not build up a steadfast position.

Though previous studies provided results of a pairwise
comparison with placebo, we created indirect estimates of
comparisons among steroids by NMA and verified estimates
of hospital mortality, the incidence of infection, and VFD
among each steroid. This NMA for patients with ARDS
revealed that low-dose methylprednisolone or hydrocorti-
sone relative to dexamethasone may reduce hospital mor-
tality (95 per 1000 patients fewer, 76 per 1000 patients
fewer, respectively), high-dose methylprednisolone relative
to hydrocortisone may increase hospital mortality (113 per
1000 patients more), and high-dose methylprednisolone
relative to low-dose methylprednisolone may increase hos-
pital mortality (118 per 1000 patients more). Low-dose
methylprednisolone relative to hydrocortisone may reduce
incidence of infection (71 per 1000 patients fewer), while
high-dose methylprednisolone relative to other steroids may
increase incidence of infection (95-272 per 1000 patients
more). Low-dose methylprednisolone relative to hydro-
cortisone and dexamethasone may increase VFD (6.06,
2.40 higher, respectively). In addition, the rank probabil-
ity showed that low-dose methylprednisolone may be the

Rank | [l Rank 1
Rank 2 Rank 2 [
Rank 3 [ 2 Rank 3 [
Rank 4 Rank 4
Rank Rank §
©
© -
% -
s
o~
s
= s - 1
High-dose  Low-dose
N methyl- methyl- Hydo-  Dem- No steroid
No steroid A 5 cortisone methasone
preduisolone  predaisolone
Rank | [l
Rank 2

Rank 3 I
Rank 4

No steroid

optimal treatment, whereas high-dose methylpredniso-
lone and no steroid may be the inferior to other treatment
in terms of hospital mortality, incidence of infection, and
VFD. Though the evidences were uncertain, considering
these results and point estimates, our NMA suggested that
the effect of steroids on outcome vary depending on the
types of steroids.

Our NMA has several limitations. We could not use
EMBASE for our database search. However, we consider
studies that were included as appropriate, as we manually
searched the reference list of the included articles and their
reference lists and checked previous SRs/MAs. Although we
performed an NMA, each comparison included only a few
studies. In addition, NMA for VFD did not include studies
using high-dose methylprednisolone. Conventional therapy
strategies besides steroids may vary among eligible studies.
In particular, compliance with the low tidal ventilation strat-
egy, which was the strategy to improve mortality, was low in
1999 or earlier. Though the definition of infection was not
reported in some eligible studies and was discrepant between
studies, the definition of each study conformed to the general
criteria. There may be an unexplained heterogeneity among
eligible studies other than different definitions of infection
because a placebo was not used in studies on dexametha-
sone. However, we made efforts to minimize heterogene-
ity by including patients with mechanical ventilation and
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checking age, diagnosis criteria, and etiology. Finally, we
could not deny the possibility that not only the types of ster-
oids but also the duration of administration might affect our
results. We have defined the types and protocols of steroids
based on previous studies, as previous RCTs did not verify
different durations among steroids; however, we could not
stratify results by the duration of steroids. Considering past
studies, as low-dose methylprednisolone was administered
the longest duration among the types of steroids, favorable
outcomes of low-dose methylprednisolone may be obtained.
Therefore, we could not draw conclusions on the optimal
steroid agent. Further studies including these above studies
must confirm our results.

In conclusion, our results indicate that the effect of ster-
oids on outcome might vary depending on the type of ster-
oids in ARDS patients. Further studies are needed to identify
the optimal type and dosage.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00540-021-03016-5.
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