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Abstract

Aim: Prior studies have reported increased out-of-hospital cardiac arrests (OHCA) incidence and lower survival during the COVID-19 pandemic. We
evaluated how the COVID-19 pandemic affected OHCA incidence, bystander CPR rate and patients’ outcomes, accounting for regional COVID-19
incidence and OHCA characteristics.

Methods: Individual patient data meta-analysis of studies which provided a comparison of OHCA incidence during the first pandemic wave (COVID-
period) with a reference period of the previous year(s) (pre-COVID period). We computed COVID-19 incidence per 100,000 inhabitants in each of 97
regions per each week and divided it into its quartiles.

Results: We considered a total of 49,882 patients in 10 studies. OHCA incidence increased significantly compared to previous years in regions
where weekly COVID-19 incidence was in the fourth quartile (>136/100,000/week), and patients in these regions had a lower odds of bystander
CPR (OR 0.49, 95%CI 0.29-0.81, p = 0.005). Overall, the COVID-period was associated with an increase in medical etiology (89.2% vs 87.5%,
p < 0.001) and OHCAs at home (74.7% vs 67.4%, p < 0.001), and a decrease in shockable initial rhythm (16.5% vs 20.3%, p < 0.001). The
COVID-period was independently associated with pre-hospital death (OR 1.73, 95%CI 1.55-1.93, p < 0.001) and negatively associated with survival
to hospital admission (OR 0.68, 95%Cl 0.64-0.72, p < 0.001) and survival to discharge (OR 0.50, 95%CI 0.46-0.54, p < 0.001).

Conclusions: During the first COVID-19 pandemic wave, there was higher OHCA incidence and lower bystander CPR rate in regions with a high-
burden of COVID-19. COVID-19 was also associated with a change in patient characteristics and lower survival independently of COVID-19 inci-
dence in the region where OHCA occurred.
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Background

Out-of-hospital cardiac arrest (OHCA) is a major health issue with a
survival rate of between 4.6%—16.4% depending on the region.'?
After SARS-CoV-2 emergence,®* the World Health Organization
declared the “Coronavirus disease 2019” (COVID-19) pandemic on
11st March 2020.° Many countries reported a major increase in
OHCA during the first pandemic wave compared to the same period
in previous years,® ' although this was not seen everywhere.'* 2% A
potential relationship between COVID-19 pandemic waves and an
increase in OHCA incidence was reported,>*2® but data are limited.
Moreover, COVID-19 has the capacity to affect the chain of survival
(i.e. actions to be implemented, from the community response to in-
hospital treatment, to increase OHCA survival)®® particularly as it
relates to bystander cardiopulmonary resuscitation (CPR), with a
number of studies reporting a decrease in its occurrence during
the pandemic,® %7227 whilst some saw no change'''®'®2° and
others even an increase'®>?%, A change in witnessed status and in
OHCA location was also highlighted,®”°® likely a result of quaran-
tines and social distancing. A dramatic reduction in various outcome
measures were reported regardless of COVID-19 incidence during
the first wave in most regions.” 91115212829 Tg date, only data at
a regional/country-level or aggregated meta-analyses have been
published. An individual patient data (IPD) meta-analysis®° is there-
fore useful to further investigate the relationship between OHCA and
COVID-19, especially during the first wave, when the world was
unprepared, thus enabling better readiness in case of future
pandemics.

The aim of this study was to assess how the first COVID-19 pan-
demic wave in 2020 affected OHCA incidence, therefore the OHCA
incidence was modelled accounting for the background regional
COVID-19 incidence. Moreover, we evaluated also how COVID-19
pandemic affected bystander CPR rate and OHCA patients’
outcome.

Methods

This is an IPD meta-analysis coordinated by the Fondazione IRCCS
Policlinico San Matteo (Pavia,ltaly). The reporting of this systematic
review followed the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses for Individual Patient Data (PRISMA-
IPD) guidelines®' and the protocol was registered at the International
Prospective Register of Systematic Reviews (PROSPERO)
(CRD42021275184).

Eligibility criteria

The study question was framed using the Population, Intervention,
Comparison, Outcome (PICO) format. The two PICOs were “Among
adults, did the COVID-19 pandemic compared to the pre-pandemic
period, affect OHCA incidence?” and “Among adult OHCA patients,
did the COVID-19 pandemic compared to the pre-pandemic period
affect the bystander CPR rate and OHCA patients’ outcome?“.

We considered the following endpoints: bystander CPR, pre-
hospital death (i.e. death before the initiation of patient transport to
hospital), survival to hospital admission (i.e. patient in whom a ROSC
was sustained until arrival at the emergency department and transfer
of care to medical staff at the receiving hospital - corresponding to

the Utstein recommendations’ core outcome “Survived event?)
and survival to hospital discharge (or at 30-days).

We included data from published observational studies. Only
those studies providing a comparison of the OHCA incidence during
the first pandemic wave (COVID-period) with a reference period of
the previous year(s) (pre-COVID period) and indicating the bystan-
der CPR rate, the witnessed status, and the OHCA location were
considered.

The study included only subjects already considered in the pub-
lished papers, both for the 2020 period and for the comparison one
(s)-

All languages were included if there was an English abstract.

Information sources, search strategy and study selection
On 1st February 2021, we searched PubMed and Embase for origi-
nal studies published before 31st December 2020 regarding OHCA
during COVID-19 (query search in Appendix1).

Two reviewers (EB, RP) independently screened all titles and
abstracts retrieved from the systematic search, then independently
reviewed the full texts of all potentially relevant publications passing
the first level of screening. In case of disagreement, a third reviewer
(SS) was included as a tiebreaker.

Data extraction

Once eligible publications were identified, the corresponding
research groups were asked to participate via e-mail. If they did
not respond to an initial inquiry, one follow-up email was sent approx-
imately 2 weeks later.

Those groups that agreed to participate provided a dataset
(Appendix2) following Utstein-style 2014.%? All the registries partici-
pating in this study have been approved by ethics committees, if
required, and appropriate data transfer agreements have been
realised.

Risk of bias assessment
We used the Newcastle-Ottawa quality assessment scale to assess
the methodological quality for the included cohort studies.**

Statistical analysis

We performed analyses using Stata, rel.17 (StataCorp, College Sta-
tion, USA). A 2-sided p-value < 0.05 was considered statistically sig-
nificant. For post-hoc comparisons, the Bonferroni correction for
significance level was applied. Data are described, based on an
assessment of normality, with the mean and standard deviation or
the median and interquartile range if continuous and as counts and
percent if categorical, overall, by cohort and by bystander CPR.

According to Utstein recommendations,®® we considered all the
patients for analysing the effect of COVID-19 incidence on OHCA
rate and only the patients in whom CPR was started by EMS for
the other analyses.

We computed the weekly COVID-19 incidence (Monday-to-
Sunday) per 100,000 inhabitants in each region for 2020. A total of
97 regions were analysed: five in Italy, one in Australia, one in Eng-
land, 51 in the U.S., 10 in Spain, 25 in Switzerland and four in
France. The COVID-19 incidence was divided into quartiles and their
association with OHCA counts were modelled using negative bino-
mial regression. Incidence rate ratios with respect to the lowest quar-
tile were computed together with their 95% confidence intervals



RESUSCITATION 194 (2024) 110043 3

(95%Cl). The analyses were adjusted for the number of OHCAs in
the preceding year and the week when the OHCA occurred.
Huber-White robust standard errors were computed to account for
intra-study correlation.

Multivariable logistic models including a set of predefined candi-
date predictors of the different endpoints were fitted, while computing
Huber-White robust standard errors to account for intra-study corre-
lation. Predictors were type of cohort (Pre-COVID/COVID), age, sex,
medical etiology, bystander witnessed, public place, bystander CPR,
shockable rhythm, quartiles of incidence of COVID-19, and pre-
hospital death. Odds ratios (OR) and 95%CI were estimated from
the models. The model area under the receiver operating character-
istic curve (AUC-ROC) was computed to assess model
discrimination.

Results

The results of literature search are described in the PRISMA flow dia-
gram (Fig. 1): a total of 82 studies were found via the search criteria
and via manual search, 64 were excluded. No disagreement was
identified between the two reviewers. Consequently, the patient level
data was requested from 18 research groups (Supplementary Tab.1)
and was provided from 10. Across the 10 studies, 49,882 patients
were included, 28,213 in pre-COVID period and 21,669 in COVID
period. The distribution of patients among the studies is presented
in Supplementary Tab.2. The risk of bias, according to the
Newcastle-Ottawa scale, was considered low for all 10 studies con-
sidering that all the data come from existing OHCA registries which
enrol all the consecutive cases of OHCAs in a region, the method
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Fig. 1 - PRISMA IPD Flow Diagram.
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Table 1 - Negative binomial regression regarding change in OHCA rate considering the quartile of COVID-19

incidence.

Model Wald Chi2(5) 95.18, model p < 0.001

IRR (95%Cl) p-value
Quartiles of incidence of COVID-19 <0.001
<6 1.0
6 —-32 1.19 (0.79 — 1.8) 0.4
32 - 136 1.71 (0.95 - 3.07) 0.07
> 136 2.41 (1.32 — 4.40) 0.004
preOHCA 1.02 (1.01-1.02) <0.001
Week 1.00 (0.98-1.02) 0.876
Post-hoc comparisons; p for significance p<0.008
IRR (95%Cl) p-value
Quartiles of incidence of COVID-19
6-32vs <6 1.19 (0.79-1.80) 0.4
32-136vs < 6 1.71 (0.95-3.07) 0.07
>136vs <6 2.41 (1.32—4.40) 0.004
32-136 vs 6-32 1.43 (1.14-1.80) 0.002
> 136 vs 6-32 2.02 (1.41-2.89) <0.001
> 136 vs 32-136 1.41 (1.06-1.87) 0.017

IRRs (incidence rate ration) express by how much the count in the low incidence quartile is multiplied in the other quartiles.

60

40
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Predicted number of events

T
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o

T T
32-136 > 136

Quartiles of weekly COVID-19 incidence

Fig. 2 - Number of OHCA events stratifies by quartiles of OHCA incidence (Unadjusted negative binomial regression).

of enrolling OHCAs patients was unchanged before and during the
pandemic and that the controls are the patients with the same criteria
(suffering OHCA) before the outbreak.

OHCA and COVID-19 incidence

The negative binomial regression evaluating the change in OHCA
counts accordingly to the COVID-19 incidence for each region in
each week of the year shown in Table 1 and Fig. 2 highlights that
the number of OHCA significantly increased compared to the previ-

ous years in regions in which the weekly COVID-19 incidence was
in the fourth quartile (higher than 136/100,000/week).

Patients’ characteristics

Comparing patients’ and OHCASs’ characteristics in pre-COVID and
COVID period, an increase in medical etiology (87.5% vs 89.2%,
p < 0.001) and home as OHCA location (67.4% vs 74.7%,
p < 0.001) was seen, as well as a decrease in shockable initial
rhythm (20.3% vs 16.5%,p < 0.001), survival to hospital admission
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Table 2 - Comparison between patients’ and OHCAs’ characteristics in COVID and pre-COVID period.

Variable Pre-COVID coviD P
(n = 18434) (n = 16703)
Males, n (%) 11,688 (63.4) 10,329 (61.8) <0.01
Age, years [IQR] 0.44
<54 5015 (27.2) 4392 (26.5)
54-67 4964 (26.9) 4524 (27.3)
67 - 79 4675 (25.4) 4202 (25.4)
>79 3754 (20.4) 3439 (20.8)
Etiology of arrest, n (%) <0.01
Medical 16,125 (87.5) 14,893 (89.2)
Trauma 332 (1.8) 204 (1.2)
Drowning 98 (0.5) 60 (0.4)
Overdose 850 (4.6) 811 (4.9)
Electrocution 16 (0.1) 7 (0.1)
Asphyxial (external causes) 271 (1.5) 249 (1.5)
Unknown 742 (4.0) 479 (2.9)
Country <0.001
Australia 1359 (7.4) 450 (2.7)
England 658 (3.6) 1135 (6.8)
Italy 420 (2.3) 493 (2.9)
Spain 1600 (8.7) 1443 (8.6)
Switzerland 527 (2.9) 564 (3.4)
USA 13,870 (75.2) 12,618 (75.5)
OHCA location, n (%) <0.001
Home 12,436 (67.4) 12,485 (74.7)
Nursing residence 1763 (9.6) 1731 (10.4)
Workplace 181 (1.0) 71 (0.4)
Educational 4 (0.02) 1 (0.01)
Street 1352 (7.3) 944 (5.6)
Public building 1649 (8.9) 956 (5.7)
Sport 209 (1.1) 81 (0.5)
Other 284 (1.5) 270 (1.6)
Unknown 556 (3.0) 164 (1.0)
Witnessed status, n (%) <0.001
Bystander witnessed 7998 (43.4) 6888 (41.2)
Unwitnessed 8131 (44.1) 7636 (45.7)
Witnessed by EMS 2114 (11.5) 2108 (12.6)
Unknown 191 (1.04) 71 (0.4)
Bystander CPR, n (%) 8663 (53.8) 7482 (52.1) <0.01
AED connected, n (%) <0.001
Yes 5323 (28.9) 4471 (26.8)
No 12,865 (69.8) 11,962 (71.6)
Initial rhythm, n (%) * <0.001
Shockable 3549 (20.3) 2699 (16.5)
Not shockable 13,943 (79.7) 13,643 (83.5)
Mechanical CPR, n (%) * <0.001
Yes 3833 (24.7) 4023 (27)
No 9574 (61.6) 8359 (56.1)
Unknown 2125 (13.7) 2529 (17)
Outcome, n (%) * <0.001
Pre-hospital death 7754 (42) 8945 (53.6)
Transported with ROSC 4791 (26) 3238 (19.4)
Transported with ongoing CPR 5879 (31.9) 4495 (26.9)
Unknown 10 (0.1) 25 (0.1)
Survival to hospital admission, n (%) <0.001
Yes 5810 (31.5) 3812 (22.8)
No 11,599 (62.9) 11,517 (69)
Unknown 1025 (5.6) 1374 (8.2)

(continued on next page)
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Table 2 (continued)

Variable Pre-COVID coviD p
(n = 18434) (n = 16703)
Survived to hospital discharge, n (%) * <0.001
Yes 1761 (9.6) 732 (4.4)
No 14,755 (80) 13,335 (79.8)
Unknown 1918 (10.4) 2636 (15.8)

Mann-Whitney U test was used for comparison of continuous variables and Chi-square test was used for comparison of categorical variables.
EMS: emergency medical service; OHCA: out-of-hospital cardiac arrest; CPR: cardio-pulmonary resuscitation; ACLS: advanced cardiac life support (i.e.

endotracheal intubation, administration of drugs, mechanical CPR); ROSC: return of spontaneous circulation.
T Among those in whom resuscitation was attempted by EMS and excluding those witnessed by EMS.

¥ Among those in whom resuscitation was attempted by EMS.
" Among those in whom ACLS was initiated.

Table 3 - Multivariable logistic regression model for
the probability of receiving bystander CPR. Area
under ROC curve = 0.56.

Candidate predictors OR (95%Cl) o]
Cohort

PreCOVID 1.0

COVID 1.09 (0.96-1.23) 0.17
Age Group 0.52

< 54 1.0

55-67 0.99 (0.89-1.09) 0.79

68 — 79 1.07 (0.98-1.18) 0.12

> 79 1.07 (0.88-1.31) 0.50
Sex

Female 1.0

Male 0.93 (0.85-1.00) 0.06
Medical etiology

No 1.0

Yes 1.16 (0.8-1.70) 0.43
Bystander witnessed

No 1.0

Yes 1.28 (0.99-1.67) 0.06
Public

No 1.0

Yes 2.27 (1.25-4.14) 0.007
Quartiles of incidence of COVID-19 <0.001

<6 1.0

6 — 32 0.73 (0.45-1.19) 0.21

32-132 0.64 (0.38-1.12) 0.12

> 136 0.49 (0.29-0.81) 0.005

Bonferroni correction has to be considered if the candidate predictor has more
than two categories: the statistically significant p-value is less than 0.025 if
there are three categories and is less than 0.017 if there are four categories for
the shown comparisons against the reference category.

(31.5% vs 22.8%,p < 0.001) and survival to hospital discharge (9.6%
vs 4.4%,p < 0.001) (Table 2). The comparison among patients’ char-
acteristics according to the different quartiles of COVID-19 incidence
in the COVID period is presented in Supplementary Tab. 3.

Percentage of bystander CPR

We found that the OHCA occurrence in a public location was posi-
tively associated with the probability of receiving bystander CPR
(OR 2.27, 95%CI 1.25—4.14,p = 0.007), whilst the OHCA occurrence

in a region with a weekly COVID-19 incidence in the fourth quartile
was negatively associated with that (OR 0.49, 95%CI 0.29-0.81,p =
0.005) (Table 3). These associations were not confirmed restricting
the analysis to patients in the Utstein Comparator Group (i.e. bystan-
der witnessed and a shockable initial rhythm). (Supplementary
Tab.4).

Survival outcomes

The multivariable logistic regression model demonstrated that
OHCAs occurring during the COVID period were associated with
an increased likelihood of pre-hospital death (OR 1.73, 95%CI 1.5
5-1.93,p < 0.001). Other predictors of increased likelihood of pre-
hospital death included older age groups, male gender and medical
etiology. The different quartiles of incidence of COVID-19 were not
associated with pre-hospital death, while public location and shock-
able initial rhythm were negatively associated with this outcome
(Supplementary Tab.5).

Concerning survival to hospital admission, older age groups,
male gender, medical etiology, bystander CPR and the COVID per-
iod (OR 0.68, 95%CI 0.64-0.72,p < 0.001) were negatively associ-
ated with this outcome. The different quartiles of incidence of
COVID-19 were not associated with survival to hospital admission,
whilst witnessed events, a public location and a shockable initial
rhythm were positively associated with that (Table 4). The adjusted
survival to hospital admission comparing pre-COVID and COVID
period within quartiles of COVID-19 incidence is presented in Sup-
plementary Fig. 1.

The COVID period was negatively associated with survival to
hospital discharge (OR 0.50, 95%CI 0.46-0.54,p < 0.001). More-
over, older age groups and medical etiology were inversely associ-
ated with survival to hospital discharge, whilst witnessed events, a
public location and a shockable initial rhythm were positively associ-
ated with survival to hospital discharge. No associations were
observed for gender or bystander CPR (Supplementary Tab.6).

Discussion

This study is the first IPD meta-analysis designed to specifically eval-
uate the global impact of the first COVID-19 pandemic wave on
OHCA incidence, patients’ characteristics, and survival outcomes.
The main results of our study, which included 49,882 patients from
10 different studies in 97 regions, six countries and three continents,
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Table 4 - Multivariable logistic regression model for
the probability of surviving to hospital admission

Area under ROC curve = 0.71.

Candidate predictors OR (95%Cl) p
Cohort

PreCOVID 1.0

COVID 0.68 (0.64-0.72)  <0.001
Age Group <0.001

<54 1.0

55-67 0.89 (0.85-0.94)  <0.001

68 — 79 0.75 (0.71-0.80)  <0.001

>79 0.57 (0.49-0.67)  <0.001
Sex

Female 1.0

Male 0.78 (0.75-0.81)  <0.001
Medical etiology

No 1.0

Yes 0.54 (0.46-0.63)  <0.001
Bystander witnessed <0.001

None

Bystander 2.40 (2.01-2.86) <0.001

EMS 3.67 (3.32-4.07)  <0.001
Public

No 1.0

Yes 1.37 (1.20-1.57) <0.001
Bystander CPR

No 1.0

Yes 0.93 (0.87-0.99) 0.02
Shockable rhythm

No 1.0

Yes 2.74 (2.17-3.47) <0.001
Quartiles of incidence of COVID-19 <0.01

<6 1.0

6—32 1.08 (0.93-1.25) 0.31

32 - 136 0.99 (0.81-1.21) 0.92

> 136 1.08 (0.96-1.21) 0.18

Bonferroni correction has to be considered if the candidate predictor has more
than two categories: the statistically significant p-value is less than 0.025 if
there are three categories and is less than 0.017 if there are four categories for
the shown comparisons against the reference category.

were: 1)the rate of OHCA during COVID-19 pandemic significantly
increased in regions with a high burden of COVID-19 infections
(>136/100,000/week); 2)an increase of OHCAs with medical etiology
and occurring at home as well as a decrease in shockable initial
rhythm was found during COVID period; 3)the occurrence of OHCA
in a region with a weekly COVID-19 incidence in the fourth quartile
was negatively associated with bystander CPR; 4)a decrease in
the percentage of patients who survived until hospital admission
was highlighted independently by the COVID-19 incidence of the
region where the OHCA occurred.

Results from previous studies have shown a significant variability
concerning the increase in OHCA incidence in different countries
during the first pandemic. A dramatic surge in OHCA was highlighted
in the Lombardy region in Italy,® in Paris area,” in some areas of Eng-
land,?®3* U.S.,""?' Canada® and in Brazil.*® On the contrary in
other areas of the same previously reported countries such as the
Padua®® and Bologna'® areas in ltaly, certain regions in the U.
S.1016.18 and in other continents like Asia®”*® and Australia,*® the
OHCA incidence during the first pandemic wave was similar com-
pared to the same period of the previous years. The different burden
of COVID-19 infection in different areas was considered as a possi-

ble explanation of this regional difference: a higher OHCA incidence
in regions with a high county-level of COVID-19 mortality rate was
outlined in the U.S.?' whilst a correlation between OHCA and
COVID-19 incidence was highlighted in Lombardy Region.?* How-
ever, these data are limited in number and areas and, moreover,
are difficult to compare given the different indicators used to estimate
the effect of COVID at local level. We chose to use the COVID-19
incidence per 100,000 inhabitants in each region where the patient
had the OHCA in the week when the OHCA occurred to better
explore the impact of COVID-19 infection. Therefore, using the neg-
ative binomial regression evaluating the change in OHCA counts
accordingly to the COVID-19 incidence for each region in each week
of the year, we were able to demonstrate that the OHCA rate signif-
icantly increased only in regions in which the weekly COVID-19 inci-
dence was in the fourth quartile (>136/100,000/week), compared to
the previous years.

This result confirms the preliminary evidence highlighted above
and represent a practical finding of non-negligible importance as
may help governments and healthcare politics, in case of future pan-
demics,“° to identify territories with a higher risk of increased OHCAs
through contagion trend monitoring. The reasons behind this
increase in the regions highly burdened by COVID-19 may be multi-
ple: direct virus’ effect, as the increase of cardiovascular and respi-
ratory causes leading to OHCA directly linked to SARS-CoV-2
infection*'#?; indirect pandemic effect, as the fear of patients to in-
hospital contagion which prevented them to activate the EMS, prob-
ably more common in the areas most affected by the pandemic,****
and the burden on EMS system.”*® Therefore, in circumstances
such as this, decision-makers should consider the reallocation of
EMS resources and perform awareness campaign to stimulate the
citizens to call EMS in case of symptoms suspected for a time-
dependent disease at least in those regions where a weekly increase
in pandemic incidence is observed.

Our study also confirmed that in many regions, in very different
and distant geographical areas, during the COVID period there
was an increase in OHCAs due to medical etiology and in OHCAs
occurring at home. This latter evidence is easily explained by the
numerous “lockdowns” implemented worldwide,*® the former is prob-
ably due both to the direct effect of the SARS-CoV-2 infection out-
lined above and the relative reduction of other OHCAs causes, as
trauma, which are typical of the social life inhibited during pan-
demic.*” Also a decrease in shockable rhythm was confirmed in
COVID period, and the reason may reside both in the increase of
respiratory failure and the resulting hypoxia as the cause of OHCA
due to SARS-CoV-2 infection*® and in the increase of EMS arrival
time which was outlined in some settings and which was also due
to the time needed to wear personal protective equipment by EMS
personnel.” 1949

Concerning bystander CPR, the OHCA occurrence in public loca-
tions during the COVID period was associated with an increase in the
percentage of bystander CPR, but it was highlighted that the percent-
age of bystander CPR was reduced by about 50% in the regions with
a weekly COVID-19 incidence in the fourth quartile. Conversely, if
the level of weekly COVID-19 incidence was lower than the threshold
of 136/100,000/week, the association with the level of COVID-19
incidence and the difference in percentage of bystander CPR com-
pared to the previous year was not confirmed. This association
was not confirmed also restricting the analysis to the Utstein Com-
parator Group. The reason behind this evidence could be sought in
the fear of bystander to perform CPR,*° especially concerning
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mouth-to mouth ventilation,®' which was already present before the
pandemic and which could have been exacerbated by the peculiar
transmission of SARS-CoV-2. The absence of an association
between COVID-19 incidence and bystander CPR rate in the Utstein
Comparator Group, could reside in the presence of someone who
witnessed the event, most probably at home, given the lockdown.
If bystanders witness the event, they are more willing to start CPR
rather than if they find the patient already in cardiac arrest.>® A recent
meta-analysis had demonstrated that lockdown did not influenced
the bystander willingness to perform CPR.>® However, the difference
compared to regions with high-incidence of COVID-19 in our study
may be explained considering that they included the entire 2020 year,
including OHCAs occurred after the end of the first pandemic peak,
used aggregated data and did not evaluate the COVID-19 incidence
in each region.>®

Even more alarming than the increase of OHCA incidence and
the decrease of bystander CPR is the dramatic worsening of
patients’ outcome. Indeed, on one hand, the common predictors of
better outcome (i.e. younger age, female gender, non-medical etiol-
ogy, public location and shockable initial rhythm)®* were confirmed
also during pandemic. However, on the other hand, it was highlighted
that the OHCA occurrence during the COVID period was associated
with worse outcome independently of the previous predictors and
independently of the COVID-19 incidence in the region where the
OHCA occurred. The percentage of patients who died before trans-
port to the hospital increased by 73% and the percentage of patients
who survived to hospital admission and to hospital discharge
decreased by 32% and 50% respectively.

Our data regarding outcome confirm, on a wide population of
OHCA patients from different countries with great difference in
COVID-19 incidence, that also in regions only marginally affected
by the pandemic the survival after OHCA dramatically decreased®®
and highlighted that this was independent of known predictors of out-
come. The reasons behind this evidence are not completely clear
and, accordingly to preliminary evidence, EMS response time and
prehospital on-scene management may have an important role.>®
Future studies focused on this aspect are needed to avoid that the
COVID-19 pandemic continues to negatively impact the outcome
of OHCA patients lasts for a long time.*® Moreover, our results
may provide important evidence for global planning to improve the
preparedness of community and health-care system in case of future
pandemics.

Limitations

Our study has limitations. Firstly, not all the studies published about
this topic in the selected timeframe agreed to join. However, this is
the first IPD meta-analysis published so far on this topic, overcoming
the limitations of studies coming from a single region/country. Sec-
ondly, we focused only on the first pandemic wave, which, however,
represents the moment when the world was unprepared, thus
enabling better readiness in case of future pandemics. Furthermore,
more comprehensive IPD metanalysis may refine the results of our
manuscript. Moreover, some evidence highlighted an increase in
OHCA occurrence also during the other pandemic waves, therefore
it is reasonable to believe that our results may also apply to other
pandemic waves.>*

Conclusions

The first COVID-19 pandemic wave in 2020 had a strong impact on
OHCA, increasing the OHCA incidence in regions with a high-burden
of COVID-19 infections, decreasing the bystander CPR rate. More-
over, a decrease in the rate of survival to hospital admission was
demonstrated independently by the COVID-19 incidence of the
region where the OHCA occurred.
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