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Abstract

Aim: To conduct an overview of systematic reviews and meta-analyses to summarize the ever-growing evidence on drug use during advanced life
support.

Methods: We searched Embase, Medline, Cochrane central register of controlled trials and Web of science for systematic reviews and meta-
analyses reporting on drug use during advanced life support from inception to March, 2020. Two reviewers independently assessed all abstracts
for eligibility, extracted data and assessed risk of bias using the AMSTAR-2 tool. Corrected covered areas were calculated from publication citation
matrices to account for potential risk of bias. Data were graphically represented using forest plots.

Results: Twenty-two head-to-head drug comparisons from 47 included articles were analysed. Adrenaline significantly increases the incidence of
return of spontaneous circulation and survival to hospital discharge, but not the incidence of neurological intact survival. Vasopressin alone or in
combination with adrenaline is not superior to adrenaline alone. There is a trend favouring lidocaine over amiodarone in shockable cardiac arrest.
The risk of bias assessment of included studies ranged from very low to very high and the overlap between articles was moderate to high.
Conclusions: In line with the guidelines, we currently suggest that a standard dose of adrenaline should be administered during resuscitation, how-
ever, studies assessing lower doses of adrenaline are pressing. There is no rationale for the combination of vasopressin and adrenaline or vaso-
pressin alone instead of adrenaline. In addition, lidocaine is a valuable alternative for amiodarone and maybe even preferable for shockable
cardiac arrest. However more research is necessary.
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Introduction

The International Liaison Committee on Resuscitation (ILCOR)
updates Advanced Life Support (ALS) guidelines every 5 years.
They are formed by expert consensus, using state of the art evi-
dence. ILCOR published the latest ALS guidelines in March 2021."
These guidelines pay a lot of attention to drug use during cardiac
arrest (CA), which has led to more research of these drugs in recent
years.

Initial research focused on the return of spontaneous circulation
(ROSC) as the primary outcome.? These studies demonstrated a
significant beneficial effect for several drugs. However, in the last
decade, more long-term outcomes were investigated, such as sur-
vival to hospital discharge and neurologically intact survival.® Unfor-
tunately, the beneficial effect of several drugs is less convincing or
even absent for these long-term outcomes.®> As a consequence,
the use of drugs and their dose has been questioned in recent
years.*® More primary studies are needed to determine which drugs
result in a significant improvement in long-term outcomes.

Meanwhile, a lot of high-quality evidence is available, sometimes
with contradicting findings. *7® As a result, the overview might get lost.

The aim of this overview is to provide a synopsis of systematic
reviews and meta-analyses analysing any drug use during CA. It will
provide an overview of the highest quality of published evidence for
each drug. In addition we were interested if two reviewers, reviewing
only systematic reviews and meta-analyses would end up with the
same recommendations as the most recent ALS guideline.

Methods
Review question

Does, among adults (>18 years), suffering from an in- or out-of-
hospital cardiac arrest (l-and OHCA) and regardless of the initial
rhythm, the administration of any drug during cardiopulmonary
resuscitation or within 15 minutes after ROSC and compared to

any other drug or placebo, change survival outcomes (ROSC, hospi-
tal discharge or neurological intact survival)?

Data sources and search strategy

This overview of systematic reviews was registered with PROS-
PERO on March 10th, 2020 with registration number 172,778
before starting data extraction. A comprehensive search strategy
was drafted by the review authors (HV, HG). Subject headings
(MeSH), synonyms and free text with various spellings were
used.

We searched Medline (Pubmed), Cochrane central Register of
Controlled Trials (CENTRAL), Embase and Web of Science from
inception to March 16th, 2020. Modified search strategies were
used for each database to include specific search filters and
terms. We searched PROSPERO for ongoing trials on March
10th, 2020, using the same terms of our search strategy. A
detailed search strategy is available in the appendix. (Appendix I.
Search strategy)

Eligibility criteria and study selection

Systematic reviews and/or meta-analyses reporting on drug adminis-
tration during ALS in adults (>18y) suffering from non-traumatic CA
were eligible for inclusion. Drugs had to be administered during CA
or within 15 minutes following ROSC. To be eligible for inclusion,
either ROSC, survival to hospital discharge or neurological intact sur-
vival had to be one of the reported outcomes.

We excluded non-English articles, animal studies, studies in
patient subgroups (eg. patients with Brugada, patients with Wolff
Parkinson White syndrome, pregnant women), provoked CA (eg.
surgery or conversions) and traumatic CA.

Two reviewers (HV, HG) independently assessed all abstracts for
eligibility based on the criteria above using Rayyan QCRI.° Dupli-
cates were manually excluded. Full texts of all potentially eligible
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Fig. 1 - PRISMA flow diagram of study selection.

studies were independently assessed for inclusion by both reviewers
(HV, HG). Any disagreement was resolved by consensus.

Outcomes

Outcomes of interest were ROSC, survival to hospital discharge and
neurological intact survival. Neurological survival has many outcome
measures, including cerebral performance category (CPC), Glasgow
outcome scale (GOS) and modified Rankin scale score (MRs). The
Utstein guidelines on reporting about resuscitation recommend using
either CPC or MRs."® The outcome measures and cut-offs of each
individual study were used.

Data collection and processing

Two reviewers (HV, HG) independently extracted all data using a
pre-formed standardized data collection form. The following data
were extracted from the systematic reviews and meta-analyses: title,
publication year, drugs used, study design, population, population
size, intervention, comparison with different doses and outcomes.
The pooled effect outcomes of meta-analyses were extracted either
as odds ratios (OR) or risk ratios (RR) with their 95.0% confidence
intervals (Cl). Only outcomes of ROSC, survival to hospital discharge
and neurological intact survival were extracted. Data of both review-
ers were subsequently compared, and any disagreement was
resolved by consensus and re-examination of the full text. When data
was not available in the systematic reviews or meta-analyses, it was
extracted from the primary articles.

The extracted data were graphically represented in forest plots
for each separate drug comparison. We did not pool any data and
did not calculate any summarized effect. We reported and
graphically represented the summarized effect measures of the
meta-analyses. A separate forest plot was drafted for studies report-
ing either in OR or in RR. When the intervention and outcome were
reversed in the meta-analysis, we inverted both OR or RR and their
confidence intervals.

Quality assessment and data analysis

Two reviewers (HV, HG) independently assessed risk of bias and
methodological quality using the AMSTAR-2 tool, an instrument for
critical appraisal of systematic reviews.'' Any disagreement was
resolved by consensus.

Finally, we constructed a publication-citation matrix to graphically
present overlap of primary articles between systematic reviews
(Appendix V. Publication-citation matrices for each drug compar-
ison). To account for this potential risk of bias, a corrected covered
area (CCA) for each publication-citation matrix was calculated as
well as for each pair of included systematic reviews or meta-
analyses (Appendix V. Corrected covered areas for each pair of indi-
vidual systematic reviews or meta-analyses). We interpreted the
CCA according to pieper et al. Where a CCA of 0.0% to 5.0% should
be interpreted as slight overlap, 5.0% to 10.0% as moderate overlap,
10.0% to 15.0% as high overlap and more than 15.0% as very high
overlap.'?

Results
Study selection

The initial search identified 10,729 unique records of which 10,669
were excluded based on title and abstract. Sixty articles were
reviewed as full text for eligibility, of which 13 were excluded
because they did not meet the inclusion criteria. A list of excluded
studies and their reason for exclusion is available in the appendix.
(Appendix Il. List of excluded studies and their reason for exclu-
sion). The remaining 47 systematic reviews and meta-analyses
were included. Fig. 1 shows a PRISMA flow diagram of study
selection.

Characteristics of included studies and risk of bias
assessment

Forty-seven systematic reviews and meta-analyses were included.
Table 1 shows an overview of the most important systematic reviews
and meta-analyses. A list of all included studies and their detailed
risk of bias assessment can be found in the appendix. (Appendix
Ill. Characteristics of included studies and reference list of primary
articles).

Adrenaline versus placebo

As shown in Fig. 2, eight out of nine meta-analyses reported higher
rates of ROSC when using adrenaline.>”'>'® This was in line with
four included systematic reviews without meta-analysis. These stud-
ies also agree upon a beneficial effect of adrenaline on outcome
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Table 1 - Overview of included systematic reviews and meta-analyses for different drugs.

Systematic review/ meta-analysis Number included trials Number included patients in total RoB
Adrenaline versus placebo

Atiksawedparit et al. 2014'° 15 (1 RCT, 14 0OS) 637 078 Low RoB
Aves et al. 2020° 17 (17 RCT) 21 510 Very low RoB
Belletti et al. 2018%° 28 (28 RCT) 14 848 Very low RoB
Finn et al. 2019” 26 (26 RCT) 21 704 Very low RoB
Holmberg et al. 2019'” 89 (15 RCT, 67 OS) 1562 925 Very low RoB
Huan et al. 2019'® 4 (4 RCT) 8967 Low RoB
Kempton et al. 2019'° 5 (5 RCT) 17 635 Low RoB

Lin et al. 2014°° 14 (14 RCT) 12 246 Very low RoB
Loomba et al. 2015'* 14 (1 RCT, 13 0S) 655 853 Low RoB
Lundin et al. 2016°° 88 (48 IS, 40 OS) 20 086 High RoB
Morales-Cané et al. 2016'° 26 (9 RCT, 17 0OS) 762 456 Moderate RoB
Ng et al. 2019'° 2 (2 RCT) 8548 Very low RoB
Pan et al. 2015° NA NA Very high RoB
Patanwala et al. 2014%° 10 (2 RCT, 8 0S) 436 108 Low RoB
Perkins et al. 2019° 2 (2 RCT) 8548 Low RoB
Reardon et al. 20137" 9 (1 RCT, 8 0S) 434 733 Moderate RoB
Shao et al. 2017 8 (1 RCT, 7 OS) 1131 111 Very high RoB
Lidocaine versus placebo

Ali et al. 2018° 32 (14 RCT, 16 OS) 58 546 Very low RoB
Chowdhury et al. 2018%? 31 (13 RCT, 18 0S) 39 914 Very low RoB
Huang et al. 2013* 17 (10 RCT, 7 OS) 3932 Low RoB
Khan et al. 2017%° 11 (7 RCT, 4 OS) 5200 Low RoB
Lundin et al. 2016%° 88 (48 1S, 40 0S) 20 086 High RoB

Mc Leod et al. 2017* 8 (8 RCT) 4464 Very low RoB
Ong et al. 2011%7 25 (9 RCT, 14 0OS) NA Moderate RoB
Sanfillipo et al. 2016*° 7 (3 RCT, 4 OS) 4381 Low RoB
Lidocaine versus amiodarone

Ali et al. 2018° 32 (14 RCT, 16 OS) 58 546 Very low RoB
Aves et al. 2020° 17 (17 RCT) 21 510 Very low RoB
Chowdhury et al. 2018*? 31 (13 RCT, 18 0S) 39 914 Very low RoB
Huang et al. 2013** 17 (10 RCT, 7 OS) 3932 Low RoB
Khan et al. 2017*° 11 (7 RCT, 4 OS) 5200 Low RoB
Lang et al. 2010*° 5 (5 RCT) 1101 Moderate RoB
Lundin et al. 20162° 88 (48 1S, 40 OS) 20 086 High RoB

Mc Leod et al. 2017* 8 (8 RCT) 4464 Very low RoB
Ong et al. 20117 25 (9 RCT, 14 OS) NA Moderate RoB
Sanfillipo et al. 2016*° 7 (3 RCT, 4 OS) 4381 Low RoB
Magnesium versus placebo

Ali et al. 2018° 32 (14 RCT, 16 OS) 58 546 Very low RoB
Chowdhury et al. 2018*° 31 (13 RCT, 18 0S) 39 914 Very low RoB
Huang et al. 2013** 17 (10 RCT, 7 OS) 3932 Low RoB
Khan et al. 2017*° 11 (7 RCT, 4 OS) 5200 Low RoB
Lundin et al. 2016°° 88 (48 1S, 40 0S) 20 086 High RoB

Mc Leod et al. 2017* 8 (8 RCT) 4464 Very low RoB
Ong et al. 2011%7 25 (9 RCT, 14 OS) NA Moderate RoB
Reis et al. 2007*° 5 (5 RCT) 499 Very high RoB

RCT = Randomised controlled trial, OS = observational study, IS = interventional study.

ROSC.?°#224 For outcome of survival to hospital discharge, six out
of ten meta-analyses demonstrated a significant benefit of adrena-
line use.>”'*'® On the other hand, Patanwala et al. found a signif-
icantly worse survival to hospital discharge when using adrenaline.?®
Four systematic reviews without meta-analysis were not convinced
of any beneficial effect of adrenaline use on long-term out-
comes.?°222* For neurologically intact survival, none of the included
meta-analyses demonstrated a significant beneficial effect.>”'%8:25
Two meta-analyses even reported significantly worse outcome when
using adrenaline.’*"® In addition, three included systematic reviews
stated there was no beneficial effect on long term outcomes.??2#26

The results of meta-analyses comparing adrenaline versus placebo
are graphically represented using forest plots in the appendix.
(Appendix VI. Results of meta-analyses comparing adrenaline ver-
sus placebo).

Adrenaline versus placebo stratified by rhythm

When stratifying for rhythm, four recent meta-analyses demonstrated
that adrenaline is more effective to reach ROSC in CA with a non-
shockable rhythm.®'3'>17 However, the effect is less pronounced
for more long-term outcomes, such as survival to hospital discharge.
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A
Adrenaline Placebo
Study ID Events Total Events Total Odds Ratio [95% CI] 0Odds Ratio [95% Cl]
Kempton 2019 1748 4900 638 4915 3,10 [2,16; 4,45] ——
Loomba 2015 8229 41754 32857 598504 2,84 [2,28; 3,45] —
Morales-Cané 2016 NA NA NA NA 2,02 [1,49; 2,75] ——
Ng 2019 1521 4287 490 4261 4,25 [3,79;4,75] ——
0,20 Favo.urs placet;o 7 1,;)0 Favour;Mrenan;ne A 5,00
B
Adrenaline Placebo
Study ID Events Total Events Total Risk Ratio [95% CI] Risk Ratio [95% Cl]
Atiksawedparit 2014 304 1010 401 1371 0,93 [0,50; 1,75]
Aves 2020 1521 4287 490 4261 3,09 [2,82; 3,39] o
Finn 2019 1530 4341 497 4332 2,86 [2,21;3,71] —_—
Holmberg 2019 1521 4247 490 4222 3,09 [2,82; 3,39] —e—
Huan 2019 1560 4388 504 4334 3,05 [2,79; 3,34] ——
o,éo Favo.ursplaubo 1,;30 Favour;Mrenalﬁe » 5,00

Fig. 2 - Results of meta-analyses comparing adrenaline versus placebo for ROSC. A. ROSC in Odds Ratio. B. ROSC in

Risk Ratio.

HDA SDA
Study ID Events Total Events Total Risk Ratio [95% CI] Risk Ratio [95% CI]
Aves 2020 35 1920 29 1963 0,83 [0,51; 1,35] —_—
Finn 2019 67 2928 74 2875 0,91 [0,65; 1,26] —_—
Lin 2014 35 1920 29 1963 0,83 [0,51; 1,35] —_—
0,20 Favours SDA 1,® Favours HDA 5,00

Fig. 3 - Results of meta-analyses comparing high dose adrenaline versus low dose adrenaline for neurological intact

survival.

Three meta-analyses studied the effect on neurological intact sur-
vival but could not find a significant difference, although a similar
trend could be observed. ®'%'*The results of meta-analyses com-
paring adrenaline versus placebo stratified for rhythm, are graphi-
cally represented using forest plots in the appendix. (Appendix VII
results of meta-analyses comparing adrenaline versus placebo strat-
ified for rhythm).

High dose adrenaline (HDA) versus low dose adrenaline
(SDA)

Using HDA resulted in slightly higher rates of ROSC compared to
SDA.**7:29.2426 On the contrary, there was no significant effect on
survival to hospital discharge. Fig. 3 shows that for HDA there even
was a modest, yet insignificant negative trend for neurological intact
survival.*>726 Lin et al. stratified for rhythm and did not find any sig-
nificant result for either rhythm.?® The results of meta-analyses com-
paring HDA and SDA are graphically represented using forest plots
in the appendix. (Appendix VIII. Results of meta-analyses comparing
high dose adrenaline versus low dose adrenaline).

Vasopressin versus adrenaline

Six meta-analyses compared vasopressin with adrenaline. Overall,
no significant beneficial effect was found for either of these
drugs.”'517:2628 Accordingly, none of the five included systematic
reviews without meta-analysis reported any benefit of using vaso-
pressin over adrenaline in an unselected patient population.°242°-31
However, for a subgroup of in-hospital CA patients, Layek et al. reported
a significant increase in the incidence of ROSC when using vaso-
pressin.?” On the contrary, Wyer et al. did not find any significant bene-
ficial effect of vasopressin in either subgroup in their systematic review
without meta-analysis.*° The results of meta-analyses comparing vaso-
pressin and adrenaline are graphically represented using forest plots in
the appendix. (Appendix IX. Results of meta-analyses comparing vaso-
pressin versus adrenaline).

Vasopressin and adrenaline versus adrenaline alone

Eight meta-analyses investigating the use of a combination of vaso-
pressin and adrenaline compared to adrenaline alone failed to
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A
Amiodarone placebo
Study ID Events Total Events Total Odds Ratio [95% CI] Odds Ratio [95% CI]
Chowdhury 2018 NA NA NA NA 1,04 [0,87; 1,24] ——
Khan 2017 NA NA NA NA 1,05 [0,70; 1,54] S et
Laina 2016 NA NA NA NA 0,78 [0,57; 1,06] —
Sato 2017 1015 2298 1978 3913 1,25 [0,91; 1,71] —
0,20 Favo;arsplacet;o . 1,00 Favour;Aniodar;ne » 5,00
B
Amiodarone placebo
Study ID Events Total Events Total  Risk Ratio [95% CI] Risk Ratio [95% CI]
Ali 2018 458 1220 455 1317 1,13 [0,93; 1,37] 3
Huang 2013 46 75 73 105 0,88 [0,71; 1,10] S——r
Mec Leod 2017 NA NA NA NA 1,06 [0,95; 1,18] T
o,éo Favo;lrsphce!;o » 1,00 Favour;Amder.one » 5,00

Fig. 4 - Results of meta-analyses comparing amiodarone versus placebo for ROSC. A. ROSC in Odds Ratio. B. ROSC in

Risk Ratio.

A
Lidocaine placebo
Study ID Events Total Events Total Odds Ratio [95% CI] Odds Ratio [95% CI]
Chowdhury 2018 NA NA NA NA 1,73 [0,85; 3,51]
Khan 2017 NA NA NA NA 1,51 [1,06; 2,37] e —
0,20 Favours placebo 1,00 Favours Lidocaine 5,00
B
Lidocaine placebo
Study ID Events Total Events Total Risk Ratio [95% CI] Risk Ratio [95% CI]
Ali 2018 396 992 366 1059 1,16 [1,03; 1,29] —
Huang 2013 83 185 25 105 1,88 [1,29; 2,75] —_————
Mc Leod 2017 NA NA NA NA 1,15 [1,03; 1,28] ——
0,20 Favoursplacebo 1,00 Favours Lidocaine 5,00

Fig. 5 - Results of meta-analyses comparing lidocaine versus placebo for ROSC. A. ROSC in Odds Ratio. B. ROSC in

Risk Ratio.

demonstrate any significant beneficial effect for any outcome. On the
contrary, more recent studies even demonstrated a slightly negative,
however insignificant, trend for long-term outcomes.®”:'%17:26.:32-34
In contrast, Sillberg et al. reported trends of increased ROSC inci-
dence favouring an adrenaline/vasopressin combination. Neverthe-
less, this result was not confirmed for more long-term outcomes.®®
Mentzelopoulos et al. found the adrenaline/vasopressine combina-
tion to be significantly superior to adrenaline alone for both ROSC
incidence and survival to hospital discharge in asystolic CA. Further-
more, they also found that vasopressin might have better long-term
outcomes than adrenaline when drugs were administered within 20

minutes of CA.® Zhang et al. reported a beneficial effect of the com-
bination in Asian populations, but not in other regions.®* Lundin et al.
also mentioned a significantly increased ROSC incidence when
using an adrenaline/vasopressin combination in a specific subgroup
of patients with acidosis.?®

Two meta-analyses stratified for rhythm, but neither found any
significant difference in any outcome.>'® The results of meta-
analyses comparing vasopressin and adrenaline are graphically rep-
resented using forest plots in the appendix. (Appendix X. Results of
meta-analyses comparing an adrenaline/vasopressin combination
versus adrenaline alone).
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A
Amiodarone Lidocaine
Study ID Events Total Events Total Odds Ratio [95% CI] Odds Ratio [95% CI]
Chowdhury 2018 NA NA NA NA 0,95 [0,61; 1,08]
Khan 2017 NA NA NA NA 0,70 [0,41; 1,02]
0,20 Favours Lidocaine 1,;10 Favours Amiodarone 5,00
B
Amiodarone Lidocaine
Study ID Events Total Events Total Risk Ratio [95% CI) Risk Ratio [95% CI]
Ali 2018 350 974 396 992 0,90 [0,80; 1,01] ———
Mc Leod 2017 NA NA NA NA 0,92 [0,83; 1,03] ——
0,20 S 1,60 P e— 5,00

Fig. 6 - Results of meta-analyses comparing amiodarone versus lidocaine for ROSC. A. ROSC in Odds Ratio. B. ROSC

in Risk Ratio.

Vasopressin, adrenaline and methylprednisolone versus
adrenaline alone

The combination of vasopressin, adrenaline and methylprednisolone
was significantly better compared with adrenaline alone in achieving
ROSC."?° Lundin et al. even mentioned that the combination is
beneficial for survival to hospital discharge as well as neurologically
intact survival.?® However, this was based on only 2 RCT, both per-
formed by Mentzelopoulos et al. One RCT, including 99 Greek CA
patients, showed a significant increase in ROSC and survival to hos-
pital discharge.*®* The second RCT, including 268 adult IHCA
patients, found a significantly superior effect of the combination on
ROSC and neurologically intact survival.®” Belletti et al. found the
combination the most likely of all treatments to be the best in their
network ranking meta-analysis.*®

Amiodarone versus placebo

Eight meta-analyses investigated the effects of amiodarone com-
pared to placebo.®*?*° Three of them only looked at shockable
rhythms.®39“% Studies which included irrespective of rhythm, how-
ever, also mainly investigated VFib/VT. Khan et al. and Mcleod
et al. performed a network meta-analysis. “°*' HYPERLINK "SPS:
refid::bib40_bib41"

The results of meta-analyses for ROSC are presented in Fig. 4.
Despite some reported higher survival to hospital admission inci-
dence, none of the meta-analyses and systematic reviews demon-
strated any significant effect for the outcomes of interest.®°~%°
The results of meta-analyses comparing amiodarone and placebo
are graphically represented using forest plots in the appendix.
(Appendix XI. Results of meta-analyses comparing amiodarone ver-
sus placebo).

Lidocaine versus placebo
Six meta-analyses investigated the effects of lidocaine compared to

placebo.®40~4244:45 Khan et al. and Mc Leod et al. performed a net-
work meta-analysis.*®*" Ali et al. and Khan et al only included stud-

ies with shockable rhythms.®“° As illustrated in Fig. 5, four meta-
analyses found a significant increase in ROSC incidence if lidocaine
was used over placebo.®*%*"** For survival to hospital discharge,
only Khan et al. was able to find a significant beneficial effect in their
network meta-analysis.*° However, the other five meta-analyses
also demonstrated a favourable trend towards lidocaine
use.541424445 Eor neurological intact survival, no significant result
or trend could be observed. Lundin et al. showed no beneficial effect
for lidocaine versus placebo for the outcomes ROSC and survival to
discharge.?® Ong et al., however, demonstrated an increased rate of
survival to hospital discharge after the administration of lidocaine in
patients with VF.*”

The results of meta-analyses comparing lidocaine and placebo
are graphically represented using forest plots in the appendix.
(Appendix XII. Results of meta-analyses comparing lidocaine versus
placebo).

Amiodarone versus lidocaine
Six meta-analyses compared amiodarone with lidocaine. 640424445
For ROSC as shown in Fig. 6, all meta-analyses demonstrated a
non-significant favourable trend towards lidocaine.®“°*? For survival
to hospital discharge, only Khan et al. found lidocaine to be signifi-
cantly superior to amiodarone in shockable rhythms.*° None of the
meta-analyses found any significant result for neurological intact sur-
vival. Two systematic reviews without meta-analysis found no differ-
ence in survival to discharge when comparing amiodarone and
lidocaine.*®*” Ong et al. also failed to prove a difference in survival
with intact neurological outcome in patients with pVT or VFib.*’
The results of meta-analyses comparing amiodarone and lido-
caine are graphically represented using forest plots in the appendix.
(Appendix XIIl. Results of meta-analyses comparing amiodarone
versus lidocaine).

Magnesium versus placebo

None of the seven meta-analyses could find any significant effect for
all outcomes of interest. Although, a very slight favourable trend
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towards magnesium was observed for survival to hospital discharge
and neurological intact survival 602444849 Two  systematic
reviews showed no differences in ROSC incidence following magne-
sium administration.?®*” Lundin et al. did not find any beneficial
effect on survival to hospital discharge.*®

The results of meta-analyses comparing magnesium versus pla-
cebo are graphically represented using forest plots in the appendix.
(Appendix XIV. Results of meta-analyses comparing magnesium
versus placebo).

Thrombolytics versus placebo

Two meta-analyses compared thrombolytics with placebo. Li et al.
found a significant beneficial effect for all outcomes of interest.*°
For ROSC and survival to hospital discharge, Wang et al. also found
a favourable trend.>" Tay et al. concluded that thrombolytics were
more effective in pre-hospital settings, especially in patients with a
thrombotic event.> Lundin et al. reported higher rates of ROSC,
but no differences in survival to hospital discharge.?®

The results of meta-analyses comparing thrombolytics versus
placebo are graphically represented using forest plots in the appen-
dix. (Appendix XV. Results of meta-analyses comparing thrombolyt-
ics versus placebo).

Beta-blockade versus placebo

Chowdhury et al. reported a non-significant favourable trend towards
beta-blockade, although this is based on one study by Driver et al.*?
In 2019, Gottlieb et al. performed a meta-analysis investigating beta-
blockade versus placebo in shock refractory VF/VT with a larger
sample size. They found a significant beneficial effect for all out-
comes.* In contrast, Lundin et al. described no differences in rates
of ROSC and intact neurological survival.?° Miraglia et al. concluded
recently that there is limited evidence for esmolol use in refractory
VF/VT.>

The results of all meta-analyses comparing beta-blockade versus
placebo are graphically represented using forest plots in the appen-
dix. (Appendix XVI. Results of meta-analyses comparing beta-
blockade versus placebo).

Comparisons of other drugs

The head-to-head comparisons of other drugs in our included sys-
tematic reviews and meta-analyses can be found in the appendix.
(Appendix XVII. Comparisons of other drugs).

Discussion

Overviews of systematic reviews are most frequently employed
where multiple systematic reviews already exist on related topics
and aim to systematically synthesize the results. They can be a
useful tool to support decision-making by clinicians and developers
of clinical guidelines. They can also play a valuable role if evi-
dence exists but is conflicting. While the evidence synthesized
within an overview may be used to generate new insights and
understanding, it is important to note that overviews are funda-
mentally a method of bringing together, summarizing and enhanc-
ing accessibility of existing evidence.®® For all interventions, with

available data, results are presented as comparisons. Most
reviews compared an intervention with placebo or standard care.
However, there were few direct comparisons between different
forms of the same intervention, and even fewer comparisons
between different interventions.

ILCOR recommends, in their general adult CA algorithm, the sys-
tematic use of adrenaline, with and without a shockable first rhythm.
They also recommend amiodarone, but only within the shockable
rhythm approach. Our findings are, as one could predict, very sim-
ilar to the recent ILCOR ALS guidelines.’ We do believe that adrena-
line currently still has its place in ALS protocols. However, there is
growing evidence that the use of adrenaline in adults with OHCA
does not result in survivors with an improved neurologic outcome.’A
standard dose of adrenaline increases ROSC, survival to hospital
admission and discharge incidence compared with placebo. How-
ever, there was no difference in neurologic outcome at discharge
observed. As previously stated in the Paramedic2 trial, adrenaline
has multiple and complex adrenergic effects with a nonlinear
dose-response relationship.® Higher doses improve coronary perfu-
sion but also disrupt cerebrovascular autoregulation, and thus, pos-
sibly, can lead to further neurologic damage.® At this stage, we
suggest that there is an urgent need for studies investigating lower
doses of adrenaline. Other alternatives such as a continuous infusion
or a maximum dosage should be considered. Fisk et al. found in their
retrospective study that a standard dose of adrenaline (1 mg) is not
beneficial over a lower dose of adrenaline (0.5 mg) for all out-
comes.>® The Canadian Resuscitation Outcomes Consortium will
perform a RCT to evaluate a low cumulative dose (maximum
2 mg) compared with the current standard dose (NCT03826524).
Most of the systematic reviews could not perform an adequate
meta-analyses due to the heterogeneous population. RCT focusing
on more homogeneous populations and evaluating ROSC and neu-
rologic short- and long term outcomes need to be designed. This will
enable future systematic reviews to meta-analyze consistent data
across trials to improve the certainty of pooled effects.

Although the adrenaline/vasopressin combination did not improve
outcomes when compared to adrenaline alone, a combination with
methylprednisolone seemed significantly better in reaching ROSC
and survival to hospital discharge than adrenaline alone. However,
these results were only based on 2 RCT investigating IHCA.*3” Fur-
ther research is needed to determine the methylprednisolone effect
on all outcomes.

Antiarrhythmic drugs are administered in the prehospital setting
primarily for their immediate effects, namely to terminate VFib/VT in
order to restore and stabilize an organized rhythm. Our results indi-
cate that lidocaine is equally or even more effective than amiodarone
for shockable rhythms. This is based on the results of 9 systematic
reviews and meta-analyses with a borderline non-significant increase
in ROSC incidence following lidocaine administration.®#0~#2:44-47
Nonetheless, it must be mentioned that the only common reference
used in this overview and the ILCOR guidelines is the meta-
analysis of Ali et al.° In contrast to our study design, ILCOR also
included RCT and guidelines. This is a known limitation of an over-
view of reviews. We might have missed important information from
recent RCT. The European Resuscitation Council Guidelines for
Resuscitation of 2018 were not included in this overview yet. They
concluded that the beneficial effects on ROSC were similar for amio-
darone and lidocaine.®® In addition, the optimal time at which one of
these drugs should be given remains unknown. It is likely that their
efficacy is progressively decreasing with delayed administration.
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One may state that we still have no answer to what matters the most:
providing the right antiarrhythmic drug at the right time for the right
group of patients. Future research focusing on early administration
in select patients may help to further elucidate the role of antiarrhyth-
mic drugs in OHCA.

The ILCOR guidelines made a weak recommendation for the use
of thrombolytics in suspected PEs during CA. Although at present,
there is insufficient evidence for this recommendation, we certainly
understand the importance from a clinical perspective. As we did
not include RCT and guidelines, therefore we are possibly lacking
recent evidence concerning thrombolytics use.

Five RCT referred to the ILCOR guidelines, which are included in
the systematic reviews and meta-analyses of our overview of
reviews. °’%" The 2020 International Consensus on Cardiopul-
monary Resuscitation and Emergency Cardiovascular Care Science
considered an increased risk of bleeding after thrombolysis, but
major bleeding complications did not occur more often.®?

Our study design has some flaws. A limitation of overviews of
systematic reviews is the overlap of the same primary articles used
in meta-analyses. As a consequence, certain primary articles
included in multiple systematic reviews or meta-analyses can have
more impact on the results of our analysis than single used primary
studies. This risk of bias was addressed for by drafting publication-
citation matrices and calculating CCA. However, it is still under dis-
cussion how to interpret and account for this CCA. Attention must
be paid for certain comparisons, certainly when overlap is high to
very high.

Although trial inclusion and patient characteristics of the studies
were similar, there was a time interval of over 3 decades between
the first and last included trial. This may result in a substantial vari-
ability such as in CPR protocols, defibrillation protocols, and quality
of provided CPR differences. As this was inconsistently reported
across the included randomized trials, we were not able to assess
the possible influences on the relative efficacy of antiarrhythmic
drugs used during OHCA resuscitation. In addition, there were also
important differences in post-resuscitation care such as the use of
targeted temperature management and percutaneous coronary
intervention.

Almost all indirect comparisons for each drug yielded only a low
or very low evidence quality, with confidence intervals that may
include substantial benefit or substantial harm for most comparisons.

Conclusion

Standard dose adrenaline still has a place in resuscitation proto-
cols. There is sufficient evidence that there is no place anymore
for high dose adrenaline, as it may worsen neurological outcome.
Furthermore, vasopressin alone or in combination with adrenaline
does not seem to have beneficial effects and is therefore not rec-
ommended. Lidocaine seems to be a valuable alternative for amio-
darone but it is still under discussion which one is the agent of
choice in shockable. Large RCT are necessary to confirm these
findings. Several studies concerning the use of methylpred-
nisolone, magnesium, beta-blockade and thrombolytics suggest
promising results. However, they often had a small sample size
or a specific patient population. This overview provides a useful
summary of systematic reviews and meta-analyses investigating
drug use during ALS. It may therefore be a useful tool to find
summarized data and potential research gaps. Nonetheless, great

caution should be taken comparing results of separate meta-
analyses since an overview is not a comparative design, but rather
a summary of data.
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