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Abstract

Introduction: This study is aimed to investigate the association of intraosseous (I0) versus intravenous (IV) route
during cardiopulmonary resuscitation (CPR) with outcomes after out-of-hospital cardiac arrest (OHCA).

Methods: We systematically searched PubMed, Embase, Cochrane Library and Web of Science from the database
inception through April 2020. Our search strings included designed keywords for two concepts, i.e. vascular access
and cardiac arrest. There were no limitations implemented in the search strategy. We selected studies comparing 10
versus IV access in neurological or survival outcomes after OHCA. Favourable neurological outcome at hospital
discharge was pre-specified as the primary outcome. We pooled the effect estimates in random-effects models and
quantified the heterogeneity by the / statistics. Time to intervention, defined as time interval from call for
emergency medical services to establishing vascular access or administering medications, was hypothesized to be a
potential outcome moderator and examined in subgroup analysis with meta-regression.
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Results: Nine retrospective observational studies involving 111,746 adult OHCA patients were included. Most
studies were rated as high quality according to Newcastle-Ottawa Scale. The pooled results demonstrated no
significant association between types of vascular access and the primary outcome (odds ratio [OR], 0.60; 95%
confidence interval [Cl], 0.27-1.33; £, 95%). In subgroup analysis, time to intervention was noted to be positively
associated with the pooled OR of achieving the primary outcome (OR: 3.95, 95% Cl, 1.42-11.02, p: 0.02). That is,
when the studies not accounting for the variable of “time to intervention” in the statistical analysis were pooled
together, the meta-analytic results between 10 access and favourable outcomes would be biased toward inverse
association. No obvious publication bias was detected by the funnel plot.

Conclusions: The meta-analysis revealed no significant association between types of vascular access and
neurological outcomes at hospital discharge among OHCA patients. Time to intervention was identified to be an
important outcome moderator in this meta-analysis of observation studies. These results call for the need for future
clinical trials to investigate the unbiased effect of 10 use on OHCA CPR.
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Introduction

In the United States, there are more than 300,000
out-of-hospital cardiac arrests (OHCA) every vyear,
and the survival rate at hospital discharge is around
10% [1]. Resuscitation guidelines [2, 3] suggest epi-
nephrine should be administered in a timely fashion,
especially for patients with initial non-shockable
rhythms. The alpha-adrenergic effects of epinephrine
produce systemic vasoconstriction, increasing coron-
ary and cerebral perfusion pressures, which are be-
lieved to be beneficial in facilitating return of
spontaneous circulation (ROSC) [4].

Ewy et al. [5] indicated survival was greatest when epi-
nephrine was given very early but decreased rapidly with
increasing delay in epinephrine administration. Hansen
et al. [6] also revealed that each minute from arrival of
emergency medical services (EMS) to epinephrine ad-
ministration was associated with a 4% decrease in odds
of survival for adult OHCA. Hence, obtaining rapid, reli-
able vascular access during cardiopulmonary resuscita-
tion (CPR) is critical for OHCA. However, although
intravenous (IV) administration is typically recom-
mended [2, 3], establishing IV access is not always fast
or practical [7].

Updated guidelines by American Heart Association
consider intraosseous (IO) access an acceptable vascu-
lar access [8], while European guidelines suggest con-
sidering IO access when IV access is difficult [3].
After proper training, IO access could be established
more rapidly than IV access by EMS in the field with
a high success rate [7]. Nonetheless, whether this
technical advantage could be translated into clinical
benefits during CPR has not yet been proven by clin-
ical trials. To better understand the clinical effects of
vascular access used during cardiac arrest, we con-
ducted this systematic review and meta-analysis to de-
termine if the route of medication administration was

associated with neurological or survival outcomes of
OHCA.

Methods

This systematic review and meta-analysis were per-
formed in accordance with the guidelines of PRISMA
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses) [9] and MOOSE (Meta-analysis of Ob-
servational Studies in Epidemiology) [10]. The study
protocol was registered with PROSPERO. The registra-
tion number is CRD42020179894.

Data sources and searches

Two investigators (YLH and MCW) independently
searched the databases, including PubMed, Embase,
Cochrane Library and Web of Science, from the data-
base inception through April 2020. Our search strings
included designed keywords for two concepts, i.e. vascu-
lar access and cardiac arrest (Additional file 1). We set
no restrictions on publication year or language. To en-
sure completeness, we also screened relevant review arti-
cles and meta-analyses for references not captured by
our search strategy.

Study selection

Two investigators (JW and JE) independently scanned
the titles and abstracts of all retrieved articles to deter-
mine whether the articles were pertinent to this review.
We used the following prespecified inclusion criteria: (a)
population included patients with OHCA, (b) compari-
son between 10 and IV access for medications adminis-
tration during CPR, (c) outcomes included survival or
neurological results, and (d) study designs included ran-
domized controlled trials, quasi-randomized controlled
trials, and observational studies (cohort studies and
case-control studies). Case series, reviews, editorials,
comments and studies on non-human subjects were not
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included. We excluded studies that included trauma pa-
tients. Full-text articles were retrieved if either of the in-
vestigators considered the abstract potentially suitable.
After retrieving the full reports of potentially relevant
studies, two investigators (JW and JE) independently
assessed each study’s eligibility on the basis of the inclu-
sion criteria. Differences of opinion regarding study eli-
gibility were settled by consultation with another
investigators (TCL and EPCH).

Data extraction and quality assessment

In this review, favorable neurological outcome at hos-
pital discharge was pre-specified as the primary out-
come. Short-term survival and survival at hospital
discharge were the secondary outcomes. Since the defi-
nitions for short-term survival were various, we ab-
stracted those outcome data for which the timing was
closest to hospital admission.

Two investigators (CHH and EHC) independently ex-
tracted qualitative and quantitative data according to a
predesigned spreadsheet (Excel [Microsoft]) that was
pilot-tested beforehand; a third investigator (WJC) adju-
dicated discordant assessments. Data were extracted for
author information, publication year, study design, study
setting, patient number, patient characteristics, selection
method for intervention and comparator, definitions of
outcomes, unadjusted/adjusted effect estimates and their
corresponding 95% confidence intervals (CIs). The pa-
tient number was extracted on an intention-to-treat
basis. If more than one adjusted effect estimates were re-
ported in a single study, we selected the representative
effect estimate according to the following hierarchy of
priority: (a) effect estimates derived from multivariable
statistical model, (b) effect estimates specifically adjusted
for time to intervention, (c) comparison between pa-
tients categorized by first attempted vascular access, (d)
effect estimates comparing IO versus IV access for active
medications, and (e) effect estimates calculated with the
largest patient number. If an adjusted effect estimate
was not available, an unadjusted one was recorded or
calculated manually for analysis. If included studies pro-
vided additional effect estimates of IO versus IV access
for patients with shockable rhythms, these estimates
would also be extracted.

Without blinding to study authors or journals, two in-
vestigators (CHH and EHC) independently assessed the
study quality using the Newcastle-Ottawa Scale, which
rates the quality of observational studies in a standard-
ized and structured format [11]. Conflicts were resolved
either by consensus or by the adjudicator (W]C).

Data synthesis and analysis
Odds ratio (OR) was selected as the primary effect es-
timate for data synthesis. Since the proportion of
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patients recovering favorable neurological outcome in
OHCA was relatively small, all other measures of ef-
fect estimates, such as risk ratio (RR), were assumed
to approximate the OR and pooled in meta-analyses
if OR could not be obtained. Weighted means of the
ORs, with their associated 95% Cls, were calculated
in random-effects models (DerSimonian-Laird method
[12]) with the Knapp and Hartung adjustment [13].
Heterogeneity = was  estimated using restricted
maximum-likelihood estimation [14] and quantified by
the I statistics, with /°>50% deemed as the presence
of significant heterogeneity [15, 16].

To examine heterogeneity, we performed subgroup
analysis based on predefined moderator variables, in-
cluding study year and location, selection method for
intervention and comparator (defined as vascular access
of first attempted versus actual access for medications
administration), EMS response time (defined as time
interval from call to EMS arrival), time to intervention
(defined as time interval from EMS call to establishing
vascular access or administering medications) adjusted
in analysis, and type of effect estimates pooled in meta-
analysis (adjusted versus unadjusted). In the subgroup
analysis, the effect sizes stratified on the same moderator
were re-estimated and compared in mixed-effects meta-
regression analysis to examine the impact of each mod-
erator on pooled ORs. Additional effect estimates for pa-
tients with shockable rhythms were also synthesized in
the subgroup analysis. Finally, the presence of publica-
tion bias was examined using funnel plots.

The metafor package and rma function were used to
perform meta-analysis and meta-regression in the R
3.6.3 software (R Foundation for Statistical Computing,
Vienna, Austria). In the statistical testing, a 2-sided p <
0.05 was considered statistically significant.

Results

Search results and study characteristics

After a systematic literature search, we included nine
studies [17-25] involving 111,746 adult OHCA patients
(Fig. 1; Table 1). All studies were retrospective observa-
tional studies and included patients between the years
2007 and 2017, most of which were conducted in North
America [17-21, 23, 25].

The patient demographic data were similar across in-
cluded studies, except the study by Daya et al. [23],
which exclusively enrolled patients with shock-refractory
OHCA. Because all studies were retrospective, studied
patients were not randomized to 10 or IV access; in-
stead, patients were categorized according to the first
attempted vascular access [17, 19-21, 25] or the actual
access through which the medications were administered
[18, 22-24]. Because multiple EMS agencies were in-
volved across the included studies, the policies regarding
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Records excluded

Irrelevant topic: 1306
Not original research: 42
Ineligible population: 1
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Meta-analysis/review: 22
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Full-text articles excluded,
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Not original research: 19
Abstract/Poster: 6
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Fig. 1 Literature search and study selection flow diagram

IO use were various: some recommended IO use at the
discretion of healthcare providers [17, 23], some recom-
mended IO use after failed attempt in establishing IV ac-
cess [18, 21, 23, 24], and others recommended IO as the
primary attempt [23].

Most studies used multivariable analysis to adjust
the confounding effects of multiple variables, except
two studies [17, 21]. Despite using multivariable ana-
lysis, Daya et al. [23] and Nolan et al. [24] mainly
studied the interaction between vascular access and
different medications administered, without provid-
ing the effect estimates directly comparing IO versus
IV access for the whole cohort. Daya et al. [23] only
provided the adjusted RRs comparing 1O versus IV
access in the placebo group, for whom the epineph-
rine or other medications were still administered
through 10 or IV access, and accordingly, these RRs
were abstracted. In contrast, for the Nolan et al. [24]
study, only the unadjusted OR calculated manually
from the provided data in the group receiving adren-
aline was abstracted. Five studies [18, 20, 22, 23, 25]
provided the effect estimates adjusted by time to
intervention. Three studies [19, 20, 25] provided

additional effect estimates for a subgroup of patients
with shockable rhythms, which would be pooled with
the effect estimates of the total cohort provided by
Daya et al. [23].

Most studies [19, 20, 23-25] used Modified Rankin
Score<3 to define the favorable neurological outcome
at hospital discharge whereas Baert et al. [22] defined
it as Cerebral Performance Category Score<2. Short-
term survival was defined differently across the in-
cluded studies, including any ROSC [19, 21], ROSC
before arrival at emergency department (ED) [25],
ROSC at ED arrival [17, 20, 24], and survival to hos-
pital admission [18, 22, 23].

Most studies achieved similarly high Newcastle-
Ottawa Scale scores (Additional file 2), except two stud-
ies [17, 21] which only provided unadjusted effect esti-
mates for short-term survival.

Quantitative synthesis

All studies provided ORs as the effect estimates, except
that Daya et al. [23] reported RRs. For the primary out-
come (Table 2), 6 studies [19, 20, 22—25] reported the
neurological outcome at hospital discharge; for
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secondary outcomes (Table 3), 9 [17-25] and 7 [18-20,
22-25] studies reported short-term survival and survival
at hospital discharge, respectively.

For the primary outcome, the pooled results demon-
strated no significant association between vascular access
type and neurological outcome (OR, 0.60; 95% CI, 0.27—
1.33; %, 95%; Fig. 2a; Table 2). For the secondary out-
comes, IO access was inversely associated with short-
term survival (OR, 0.71; 95% CI, 0.59-0.85; I, 86%;
Table 3; Fig. 2b) while not significantly associated with
survival at hospital discharge (OR, 0.66; 95% CI, 0.42—
1.04; I?, 89%; Table 3; Fig. 2c).

Significant heterogeneity was observed across the main
analyses. In the subgroup analyses (Tables 2 and 3), the
meta-regression analysis suggested that time to interven-
tion may be a significant outcome moderator. For the
primary outcome, when the studies not adjusting time
to intervention were pooled, the heterogeneity decreased
and IO access was inversely associated with favorable
neurological outcome (OR, 0.22; 95% CI, 0.17-0.30; I,
0%; Table 2). The meta-regression analysis indicated that
time to intervention was positively associated with the
pooled OR of favorable neurological outcome (OR: 3.95,
95% CI, 1.42-11.02, p: 0.02; Table 2).

For the secondary outcomes, when studies were strati-
fied on time to intervention, the heterogeneity of the
pooled ORs decreased for both subgroups despite that
the associations between vascular access and survival at
hospital discharge remained non-significant (Table 3).
The meta-regression analysis also indicated that time to
intervention was positively associated with the pooled
OR of survival at hospital discharge (OR: 2.37, 95% CI,
1.62-3.45, p: 0.01; Table 3).

For the primary outcome, the funnel plot did not re-
veal obvious publication bias, according to mixed-effects
meta-regression model (Additional file 3).

Discussion

Main findings

This systematic review identified nine retrospective ob-
servational studies comparing IO versus IV access in
adult OHCA patients. The meta-analytic results revealed
no significant association between types of vascular ac-
cess and neurological or survival outcomes at hospital
discharge. Substantial heterogeneity was noted across
these pooled effect estimates. Subgroup analysis with
meta-regression indicated that “time to intervention”
was a significant outcome moderator. That is, when the
studies not accounting for the variable of “time to inter-
vention” in the statistical analysis were pooled together,
the meta-analytic results between IO access and
favourable outcomes would be biased toward inverse
association.
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Comparisons with previous studies

Two previous meta-analyses [26, 27] indicated that IO
access was associated with worse OHCA outcomes,
compared with IV access. In Morales-Cané et al. study
[26], the synthesized OR from three studies [18-20] in-
dicated significant association between IO access and
lower survival at hospital discharge (P, 30%). Subse-
quently, after adding the study by Zhang et al. [25] to
the previous results [26], Granfeldt et al. [27] indicated
that IO access was not only associated with lower sur-
vival (I°, 71%) but also worse neurological outcome at
hospital discharge (I°, 89%), though the heterogeneity of
this expanded meta-analysis increased substantially.
Interestingly, it was the latest Zhang et al. study [25] that
predominantly influenced the pooled results by Gran-
feldt et al. [27], accounting for approximately 60 and
40% of the total weighting in the fixed-effects and
random-effects model, respectively. Nonetheless, in the
Zhang et al. [25] study, approximately 47% of patients
were excluded from the final analysis, resulting in a
highly-selected cohort, thereby probably magnifying the
statistical association between vascular access type and
outcomes.

Compared to these previous studies [26, 27], our study
further included results from secondary analyses [23, 24]
of two large clinical trials [28, 29]. As a result, the
weighting for each study in our random-effects model
was more comparable across all pooled outcomes, abat-
ing the dominant influence exerted by the Zhang et al.
[25] study and shifting the ORs from favoring IV access
toward being inconclusive. Nonetheless, our heterogen-
eity was still substantially high, as noted by Granfeldt
et al. [27], necessitating a measured interpretation of our
analysis and further investigation of the sources of the
heterogeneity.

Interpretation of current analyses

Despite that most of the included studies used multiple
statistical methods to account for confounding factors
and were rated as high quality on Newcastle-Ottawa
Scale, the inherent limitations of the retrospective obser-
vational study design may still limit the interpretation of
current meta-analytic results, indicating the need for a
high-quality clinical trial.

First, the selection method in vascular access, i.e. first
attempted versus actual access, may lead to confounding
by indication. Successful IV cannulation can be challen-
ging during CPR because of compromised peripheral
vasculature. Depending on the EMS policy, IO access
may be used as the last resort for medications adminis-
tration [18, 21, 23, 24] because of its high success rate
during CPR [7]. Characteristics of patients for whom IV
access was difficult may be different from those for
whom IV access is more easily established, such as
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A 10 group (n) IV group (n)
Favourable Poor Favourable Poor
Neurological Neurological Neurological Neurological
First author, year Recovery  Recovery  Recovery  Recovery Weights (%) OR (95% Cl)
Kawano, 2018 10 650 945 11550 i 15.002 0.22[0.11, 0.42]
Mody, 2019 86 2982 706 15957 & 17.831 0.88[0.68, 1.14]
Baert, 2020 24 1544 25 1543 - 17.691 1.30[0.97, 1.73]
Daya, 2020 37 192 137 688 ~m- 17.468 1.09 [0.79, 1.51]
Nolan, 2020 7 1109 67 2448 — 13.925 0.23[0.11, 0.50]
Zhang, 2020 142 7833 1190 26568 - 18.084 0.53[0.43, 0.65]
Random-effects model
12 (total heterogeneity / total variability): 94.83% e—— 0.60[0.27,1.33]
Test for Heterogeneity: Q (df=5) = 54.2271, p<0.0001 —
0.05 0.25 1 4
Favour IV Favour 10
B. 10 group (n) IV group (n)
Short-term  Short-term Short-term  Short-term
First author, year survival non-survival survival non-survival Weights (%) OR (95% CI)
Clemency, 2017 110 442 155 633 e 9.458 1.02 [0.77,1.35]
Feinstein, 2017 83 137 482 539 [ 8.271 0.72[0.52, 1.00]
Kawano, 2018 158 502 4783 7712 - 11.485 0.58 [0.48, 0.70]
Mody, 2019 551 2517 3920 12743 - 13.059 0.80[0.72, 0.89]
Nguyen, 2019 91 251 192 261 i 8.72 0.49 [0.36, 0.67]
Baert, 2020 232 1336 345 1223 - 12.291 0.67 [0.57,0.78]
Daya, 2020 91 138 322 503 - 11.497 0.98 [0.81, 1.18]
Nolan, 2020 174 942 616 1899 - 11.555 0.57[0.47, 0.69]
Zhang, 2020 1422 6553 6808 20950 ] 13.663 0.71[0.66, 0.76]
Random-effects modgl o - 0.711[0.59, 0.85]
122 (total heterogeneity/ total variability): 86.45%
Test for Heterogeneity: Q (df=8) = 38.0193, p<0.0001 !
0.05 0.25 1 4
Favour IV Favour 10
C, 10 group (n) IV group (n)
Survival at  Non-survival at Survivalat Non-survival at
hospital hospital hospital hospital
First author, year discharge  discharge discharge  discharge Weights (%) OR (95% Cl)
Feinstein, 2017 30 190 195 826 - 13.082 0.87[0.54, 1.40]
Kawano, 2018 25 635 1287 11208 . 13.765 0.40[0.26, 0.61]
Mody, 2019 142 2926 955 15708 - 16.383 0.90[0.73, 1.11]
Baert, 2020 28 1540 38 1530 — 13.055 0.76 [0.47, 1.23]
Daya, 2020 52 177 170 655 ~m  15.809 1.08 [0.83, 1.41]
Nolan, 2020 11 1105 96 2419 —— 11.045 0.25[0.13, 0.47]
Zhang, 2020 249 7726 1620 26138 - 16.861 0.65 [0.56, 0.76]
Random-effects modgl o S 0.66 [0.42, 1.04]
172 (total heterogeneity/ total variability): 88.75%
Test for Heterogeneity: Q (df=6) = 33.7635, p<0.0001 !
0.05 0.25 1 4
Favour IV Favour 10
Fig. 2 a Forest plot for pooled odds ratio of favorable neurological outcome at hospital discharge; b Forest plot for pooled odds ratio of short-
term survival; ¢ Forest plot for pooled odds ratio of survival at hospital discharge. 10, intraosseous; IV, intravascular; OR, odds ratio

higher proportions of obesity in the former, which by it-
self may be associated with worse outcomes [30, 31].
Second, not accounting for time to intervention may
introduce resuscitation time bias [32], i.e. longer time to
intervention, hence longer CPR time, may itself be in-
versely associated with outcomes, irrespective of which
type of vascular access was used. Indeed, our meta-
regression analysis indicates that when time to

intervention is adjusted, the pooled ORs may be directed
toward favoring IO access, compared with those pooled
with studies not accounting for time to intervention. To
better deal with resuscitation time bias, risk set matching
[32], such as time-dependent propensity score matching
[33], may be employed, however such an analysis would
necessitate a larger number of cases than currently exists
in the OHCA literature. Moreover, establishing 10 or IV
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access itself does not benefit patients but rather the
medications administered through the established ac-
cess. Therefore, compared with time to establishing vas-
cular access, adjusting time to administering
medications through access of interests may be more
relevant to the comparison between 10 versus IV access;
nonetheless, only two studies [20, 22] had considered
timing of medication administration in their analysis.

Future implications

Because of the above-mentioned risks of bias, the meta-
analytic results should be applied cautiously in clinical
practice. Previous studies [5, 6] demonstrated the
chances of achieving favorable neurological or survival
outcome rapidly decreased with delay in adrenaline ad-
ministration. In a swine model, Zuercher et al. [34]
showed that early IO adrenaline administration was su-
perior to delayed IV adrenaline injection in achieving
24-h survival. Therefore, despite that the meta-analytic
results demonstrated inconclusive or non-significant as-
sociation between either vascular access with OHCA
outcomes, emergency care providers should still take
into account the influence of delay in medication admin-
istration on outcomes when they attempt to establish
vascular access, especially for patients with non-
shockable rhythms [35]. It should especially be empha-
sized that no relevant clinical outcome-directed studies
were identified in current review for pediatric patients,
whose vascular access was difficult to be obtained during
CPR. The trade-off between the technical advantage by
IO access in facilitating early medications administration
and the potentially reduced medications effects by 10
route should be further examined in future clinical trials.

Study limitations

There are some limitations in our study. First, we did
not have enough information to include the site of 10
insertion in the subgroup analysis. Humeral 1O access of
adrenaline administration has been shown to reach
higher maximum serum concentration in a shorter time,
compared with tibial IO access, thereby leading to higher
chances of survival [36]. It was possible that differences
in IO site selection could partly explain the substantial
heterogeneity. Second, for each study, we only abstracted
one representative effect estimate for synthesis in the
meta-analysis, without testing combinations of all poten-
tially available effect estimates. Nonetheless, we thought
that a hypothesis-driven meta-analysis with a predefined
algorithm for abstraction could probably avoid type I
error. Finally, despite that all included studies used ac-
cepted assessment systems to categorize neurological
outcomes, these outcomes were retrospectively assessed
in most studies, which may introduce misclassification
bias, leading to non-significant results.

(2021) 29:44 Page 10 of 12

Conclusions

The meta-analysis revealed no significant association be-
tween types of vascular access and neurological or sur-
vival outcomes at hospital discharge among OHCA
patients. Time to intervention was identified to be an
important outcome moderator in this meta-analysis of
observational studies. These results call for the need for
future clinical trials to investigate the unbiased effect of
IO use on OHCA CPR.
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