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A B S T R A C T

Introduction/aim: Out-of-hospital cardiac arrest (OHCA) with shockable pulseless ventricular tachycardia or 
fibrillation not responding to defibrillation is a medical challenge. Novel treatment strategies have emerged for 
so-called refractory ventricular fibrillation not responding to three or more defibrillations but the evidence for 
optimal timing for these strategies is sparse. The primary aim of this observational study was to assess survival in 
relation to total numbers of defibrillations in OHCA.
Methods: This is a registry-based retrospective cohort study based on data reported by the emergency medical 
services to the Swedish Registry of Cardiopulmonary Resuscitation and the National Patient Registry. All OHCA 
patients aged 18 years or older with an initial shockable rhythm in Sweden from January 1, 2010 and December 
31, 2020 were included. Exposure was total number of defibrillations, and primary outcome was survival to 30 
days. Logistic regression was used to adjust for patient and resuscitation characteristics.
Results: Over the study period a total of 10,549 patients were included. Among them, 3,006 (28.5%) received 
only one shock, 1,665 (15.8%) two shocks, 1,336 (12.9%) three shocks, 1,064 (10.1%) four shocks and 3,478 
(33.0%) five or more shocks. In the adjusted analysis an exponential decrease in the 30-day survival was found 
for each additional defibrillation. For patients receiving one, two, three and four defibrillations, the adjusted 
probability of survival was 42%, 36%, 30% and 25% respectively.
Conclusions: In this registry-based retrospective cohort study, additional defibrillations were associated with a 
lower survival. This association persisted after adjustments for patient and resuscitation characteristics.

Introduction

Out-of-hospital cardiac arrest (OHCA) is the third most common 
cause of mortality in Europe.1 The annual incidence of OHCA where 
emergency medical services (EMS) attempted resuscitation is 19 – 97 / 
100 000 person/years, with an average survival rate of only 8 %. 
Important factors that positively affect outcome are shockable rhythms 
(pulseless ventricular tachycardia (pVT) and ventricular fibrillation 
(VF)), early cardiopulmonary resuscitation (CPR), short time to first 
defibrillation, witnessed event, public location and early return of 
spontaneous circulation (ROSC).2 However, even though an initial 

shockable rhythm is associated with better outcomes, only about 1 out of 
3 patients survive to 30 days in Sweden.3 Some OHCA patients with 
shockable rhythm do not respond to defibrillation at all,4 whereas others 
might have a termination of pVT/VF but with recurrent episodes of VF.5

The term refractory ventricular fibrillation (RVF) is commonly used 
when the resuscitation does not result in a sustained ROSC after three or 
more consecutive defibrillations.2,6–8 Advanced treatment involving 
drug administration, hospital admission to enable percutaneous coro-
nary intervention (PCI) or extracorporeal membrane oxygenation 
(ECMO), finding reversible causes, maximizing defibrillator energy level 
and considering changing the placement of the pads are currently 

* Corresponding author.
E-mail address: gabriel.riva@ki.se (G. Riva). 

Contents lists available at ScienceDirect

Resuscitation

journal homepage: www.elsevier.com/locate/resuscitation

https://doi.org/10.1016/j.resuscitation.2024.110435
Received 1 September 2024; Received in revised form 3 November 2024; Accepted 11 November 2024  

Resuscitation 205 (2024) 110435 

Available online 15 November 2024 
0300-9572/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

mailto:gabriel.riva@ki.se
www.sciencedirect.com/science/journal/03009572
https://www.elsevier.com/locate/resuscitation
https://doi.org/10.1016/j.resuscitation.2024.110435
https://doi.org/10.1016/j.resuscitation.2024.110435
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2024.110435&domain=pdf
http://creativecommons.org/licenses/by/4.0/


recommended in patients with RVF (2). Patients with RVF have been 
found to have lower survival as compared to non-RVF,7 but it has also 
been suggested that each additional defibrillation attempt is linked to 
worse survival even if the criteria for RVF are not met.4 These findings 
suggest an opportunity to increase survival in OHCA by developing 
alternative strategies to increase defibrillation success. Novel ap-
proaches to defibrillation, such as double sequential defibrillation, have 
emerged as a treatment option for RVF.8 However, further evaluation is 
needed before potential implementation2 and additionally, the evidence 
for optimal timing for these interventions is sparse.

The primary aim of this observational study was to assess survival in 
relation to each additional defibrillation in OHCA. The secondary aim 
was to observe potential differences in patient and resuscitation char-
acteristics based on the number of defibrillations received.

Methods

Study design and study population

This registry-based retrospective cohort study is based on data from 
the Swedish Registry of Cardiopulmonary Resuscitation (SRCR) and the 
National Patient Registry (NPR). The study population comprised all 

patients 18 years and older suffering OHCA with an initial shockable 
rhythm from January 1, 2010 and December 31, 2020. Exposure was 
defined as the total number of defibrillations during resuscitation and 
primary outcome 30-day survival.

Patients with missing data on the number of defibrillations (expo-
sure) and 30-day survival (primary outcome) were excluded.

The Swedish registry of cardiopulmonary resuscitation

SRCR is a nationwide quality registry in Sweden launched in 1990.3

The registry includes all patients with OHCA where treatment was 
initiated by the EMS.9 It consists of data reported from all EMS organi-
zations in Sweden’s 21 regions.9 Data is reported by the EMS team using 
a modified Utstein style standard form.10 To prevent incomplete indi-
vidual reporting, data is also filled in retrospectively from EMS charts.11

The National patient registry

The NPR has been described thoroughly elsewhere.12,13 It is a 
nationwide registry in Sweden launched in 1964 consisting of data on 
inpatients from hospitals and specialist clinics, and outpatients from 
private and public healthcare. It is estimated that the registry covers 99 

Table 1 
Patient and Resuscitation Characteristics.

Variables Total (n =
10,549)

1 shock 
(n = 3,006)

2 shocks 
(n = 1,665)

3 shocks 
(n = 1,336)

4 shocks 
(n = 1,064)

5 or more shocks (n =
3,478)

Missing, n 
(%)

Age, median (Q1, Q3) 71 (61, 79) 71 (61, 80) 72 (62, 80) 72 (62, 80) 70 (62, 78) 70 (61, 78) 802 (7.6)
Female sex, n (%) 2,168 (20.6) 771 (25.7) 395 (23.7) 255 (19.1) 195 (18.3) 552 (15.9) 6 (<0.1)
Witnessed OHCA, n (%) 8,733 (84.3) 2,522 (86.0) 1,402 (85.7) 1,125 (85.4) 877 (83.8) 2,807 (81.8) 184 (1.7)
OHCA at home, n (%) 6,066 (57.6) 1,520 (50.7) 874 (52.5) 755 (56.6) 634 (59.6) 2,283 (65.7) 12 (0.1)
Treatment before EMS arrival, n (%)       
Bystander CPR 6,546 (63.6) 1,650 (57.6) 1,059 (65.3) 886 (67.0) 722 (68.8) 2,229 (65.0) 260 (2.5)
Bystander 

Defibrillation*
464 (4.4) 147 (4.9) 88 (5.3) 64 (4.8) 35 (3.3) 130 (3.7) 10,009 (94.9)

Advancedtreatment, n (%)       
Adrenaline 7,829 (75.0) 1,434 (48.6) 1,030 (62.9) 1,058 (80.0) 954 (90.0) 3,353 (96.7) 112 (1.1)
Amiodarone 4,191 (40.7) 87 (3.0) 106 (6.7) 489 (37.9) 615 (58.7) 2,894 (83.7) 261 (2.5)
Intubation** 3,089 (29.8) 647 (22.0) 406 (24.8) 393 (30.0) 361 (34.6) 1282 (37.4) 187 (1.8)
Laryngeal mask airway** 3,462 (60.0) 727 (43.6) 512 (56.7) 457 (62.9) 379 (67.2) 1,387 (72.5) 4,776 (45)
Mechanical chest compression 4,489 (44.1) 840 (29.0) 659 (41.0) 641 (49.4) 527 (51.4) 1,822 (54.2) 361 (3.4)

Time intervals,median (Q1, Q3)  
− min

      

Detection of OHCA to start of CPR 2.0 (0.0, 6.0) 1.0 (0.0, 4.0) 1.0 (0.0, 5.0) 2.0 (0.0, 7.0) 2.0 (0.0, 7.0) 3.0 (0.0, 8.0) 1,403 (13.3)
Detection of OHCA tofirst shock 12.0 (6.0, 17.0) 9.0 (2.0, 

15.0)
11.0 (6.0, 
16.0)

12.0 (8.0, 
17.0)

13.0 (8.0, 
18.0)

13.0 (8.0, 18.0) 1,510 (14.3)

Detection of OHCA to EMS arrival 10.0 (5.0, 16.0) 8.0 
(− 0.75, 14.0)

9.0 (5.0, 15.0) 10.0 (6.0, 
15.0)

11.0 (7.0, 
16.0)

11.0 (7.0, 17.0) 1,975 (18.7)

Emergency call toEMS arrival 9.0 (6.0, 14.0) 9.0 (6.0, 
15.0)

8.0 (5.0, 13.0) 8.0 (6.0, 13.0) 8.0 (6.0, 13.0) 9.0 (6.0, 14.0) 1,153 (10.9)

Outcomes, n (%)       
30-day survival 3,419 (32.4) 1,407 (46.8) 690 (41.4) 442 (33.1) 302 (28.4) 578 (16.6) 0.0 (0)
ROSC at any time 6,010 (57.5) 2,071 (70.6) 1,111 (67.0) 840 (63.0) 609 (57.5) 1379 (39.9) 105 (1.0)

Comorbidities prior to the event, n 
(%)***

      0 (0)

Atrial fibrillation 2,562 (24.3) 645 (21.5) 379 (22.8) 310 (23.2) 270 (25.4) 958 (27.5) 
Heart failure 2,736 (25.9) 646 (21.5) 414 (24.9) 340 (25.4) 293 (27.5) 1,043 (30.0) 
Diabetes type 1 652 (6.2) 177 (5.9) 99 (5.9) 81 (6.1) 79 (7.4) 216 (6.2) 
Diabetes type 2 1,837 (17.4) 489 (16.3) 273 (16.4) 207 (15.5) 224 (21.1) 644 (18.5) 
Myocardial infarction 2,737 (25.9) 764 (25.4) 432 (25.9) 324 (24.3) 294 (27.6) 923 (26.5) 
Stroke 1,010 (9.6) 303 (10.1) 147 (8.8) 117 (8.8) 96 (9.0) 347 (10.0) 
Ischemic heart disease 3,052 (28.9) 767 (25.5) 479 (28.8) 374 (28.0) 329 (30.9) 1,103 (31.7) 

* Missing values for bystander defibrillation were assumed as no defibrillation.
** Intubation or laryngeal mask airway at any time during the prehospital treatment by the EMS.
*** Patients with missing values for the comorbidities were considered to not have the diagnosis. CPR, cardiopulmonary resuscitation; EMS, emergency medical 

service; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; SMD, standardized mean difference; Q, quartile.
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% of these patients. However, no primary care is included. The registry 
data consists of diagnoses and surgical procedure codes, according to the 
International Classification of Diseases (ICD)-10 codes.

Data collection

Patients and resuscitation characteristics were retrieved from the 
SRCR, see Table 1. Initial shockable rhythm was defined as either pVT or 
VF detected by the emergency medical services (EMS) upon arrival, or if 
defibrillation had been performed by bystanders using an automated 
external defibrillator (AED) before EMS arrival. We assumed that pa-
tients who received bystander defibrillation by an AED before EMS 
arrival had an initial shockable rhythm even if an initial non-shockable 
rhythm (asystole or pulseless electrical activity (PEA)) or missing data 
were registered at ambulance arrival. ICD-diagnoses prior to the OHCA 
were retrieved from the NPR. The following ICD-diagnoses were 
collected; atrial fibrillation (I48), heart failure (I50), diabetes type 1 
(E10), diabetes type 2 (E11), myocardial infarction (I21, I22), stroke 
(I69, I63, I64) and ischemic heart disease (I25). These diagnoses were 
included since they are common in this study population with preva-
lences from 6.2 % to 28.9 % and were considered relevant in the OHCA 
group with shockable rhythm.

The Swedish emergency medical system

In suspected OHCA, generally two EMS units are dispatched, staffed 
with nurses trained in prehospital care, performing advanced cardio-
vascular life support (ACLS) in accordance with the European Resusci-
tation Council guidelines.2 In addition, there has been a dual dispatch 
system in many regions in Sweden since 2005, where first responders i.e. 
trained firefighters and police officers are also dispatched to the site of 
the OHCA with an AED.14 In 2016, a mobile application was launched in 
Stockholm where CPR-trained volunteers sign up to be dispatched as 
responders to OHCA if they are close to the location.15 In 2024, this 
system was active in 14 out of 21 regions in Sweden. The aim for these 
volunteers is either to perform CPR or fetch and use an AED. Drones are 
also used as an additional way of delivering an AED to the site of OHCA 
as fast as possible, but the use of drones is still limited to one region.16

Statistical analysis

All patients were stratified by the total number of defibrillations 
performed. Continuous variables were presented as median and quar-
tiles (Q1, Q3), and categorical variables as counts and percentages (n, 
%). In Table 1, missing values for bystander defibrillation were assumed 
as no defibrillation before EMS arrival to address the substantial amount 
of missing data. Multivariable logistic regression was used to adjust for 
potential confounders in the natural spline analysis and was presented as 
a curve. The outputs, odds ratio and 95 % confidence interval, from this 
regression were presented in the supplementary Table 5. Adjustments 
were made for age (years), sex (male/female), witnessed status (yes/no), 
location (home/other), bystander CPR (yes/no), time from emergency 
call to EMS arrival in minutes and year of cardiac arrest as a continuous 
variable. We also adjusted for comorbidities (yes/no); atrial fibrillation, 
heart failure, diabetes type 1, diabetes type 2, myocardial infarction, 
stroke and ischemic heart disease. Patients with missing values for the 
comorbidities were considered to not have the diagnosis.

Variables were treated as potential confounders if they were present 
before the first defibrillation, with the potential to affect both exposure 
and outcome. Bystander defibrillation was not included due to the 
substantial amount of missing data. Patients with unreliable data in the 
estimated time to EMS arrival, with negative values and extremely long 
delays of more than 60 min, were excluded from the regression analysis. 
A bubble chart with counts and cumulative percentages was used to 
display the distribution of OHCA patients for each additional shock.

Additionally, a separate analysis of patient and resuscitation 

characteristics was performed dividing patients into two groups non- 
RVF (1 or 2 shocks) and RVF (3 or more shocks), and the 30-day sur-
vival rate in these groups was compared over time. Patients who had an 
initial non-shockable rhythm (or missing data on initial rhythm) but 
received at least one defibrillation due to conversion to shockable 
rhythm at any time during the resuscitation, were not included in the 
primary analysis, but analyzed separately. Finally, the main analysis was 
repeated with stratification by patient sex. R V.4.3.2 for Mac OSx was 
used in all statistical analyses.

Ethics

All patients reported to the SRCR who survive to 3 months receive a 
mail with information that they are included in the register, the type of 
data that is stored and their full right to withdraw from further partic-
ipation if they so wish. The current study using pseudonymized data 
from the register was approved by the Swedish Ethical Review authority 
(DNR 2023–05406-01, submitted 2023/09–29).

Results

Overall, 55,108 patients were registered in SRCR between January 1, 
2010 and December 31, 2020. 11,445 patients remained after the 
exclusion of those aged below 18 years (n = 635, 1.2 %), without 
shockable rhythm (n = 36,801, 66.8 %) and missing data on first rhythm 
(n = 6,227, 11.3 %). After further exclusion of patients with missing data 
on the number of shocks (n = 896, 7.8 %) a total of 10,549 patients 
remained and were included in the final analysis. There was no missing 
data on 30-day survival. Among the included patients, 3,006 (28.5 %) 
received one shock, 1,665 (15.8 %) two shocks, 1,336 (12.9 %) three 
shocks, 1,064 (10.1 %) four shocks and 3,478 (33.0 %) 5 or more shocks 
(Fig. 1, flowchart).

Patient and resuscitation characteristics

Overall, the median age was 71 (Q1-Q3, 61–79) years and 20.6 % 
were females. Most OHCA were witnessed (84.3 %) and most occurred at 
home (57.6 %) compared to public locations. Of all patients, 63.6 % 
received bystander CPR and 4.4 % received bystander defibrillation 
before EMS arrival. The overall median time delay from the emergency 
call to EMS arrival was 9 (Q1-Q3, 6–14) minutes. The study population 
was fairly evenly distributed throughout the decade, with around 9.5 % 
of all patients each year, except for the last two years which contained 
lower proportions of 8.2 % in 2019 and 5.2 % in 2020 (Supplementary, 
Table 1). Several differences could be observed in patient and resusci-
tation characteristics based on the number of defibrillations received. 
The proportion of females and witnessed OHCA was lower for each 
additional shock. On the contrary, a higher proportion of OHCA at 
home, administration of adrenaline/amiodarone, intubation and me-
chanical chest compressions was observed for each additional shock. 
The time from OHCA detection to CPR initiation, first defibrillation and 
EMS arrival was observed to be longer as the number of shocks 
increased. The delay from emergency call to EMS arrival followed a 
more stable and no-changing trend. For a detailed presentation of the 
patient characteristics and missing data on respective variables, see 
Table 1.

Survival to 30 days

In total, 32.4 % of all included patients survived to 30 days (Table 1). 
There was a negative association between survival and the total number 
of shocks delivered. The adjusted survival rates for each additional 
shock were observed as an exponential decrease. For patients receiving 
one, two, three and four shocks, the adjusted probability of survival was 
42 %, 36 %, 30 % and 25 % respectively (Fig. 2, panel A). In this 
adjustment analysis, the total number of patients was 8,376. As the 
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number of shocks delivered increased, the number of patients decreased 
(Fig. 2, panel B).

When patients were divided into non-RVF (1–2 shocks) and RVF (3 
or more shocks) survival was 49.9 % for non-RVF and 22.5 % for RVF 
(Supplementary, Table 2). Survival was higher in the later years of the 
study for RVF, whereas survival was higher for 1 or 2 shocks during all 
years but with no apparent trend over time (Fig. 3). In the separate 
analysis on excluded patients that did not have initial shockable rhythm 
or bystander defibrillation, but still received a defibrillation at any point 
during resuscitation, we found a 30-day survival of 6.3 % (Supplemen-
tary, Table 4). In sex-specific analyses, an exponential decrease in 
adjusted survival rates for each additional shock was also found for 
males, but was less distinct in females (Supplementary, Fig. 2 panels A 
and B).

Return of spontaneous circulation

Among all patients, 57.5 % achieved ROSC at any time (Table 1). The 
proportion of ROSC decreased as the number of shocks increased. The 
ratio between survival to 30 days and ROSC was 0.68 among those 
receiving only one shock, 0.62 for two shocks, 0.53 for three shocks, 
0.50 for four shocks and 0.42 for five or more shocks.

Discussion

In this nationwide registry study over 11 years including all adult 
OHCA with an initial shockable rhythm, the main finding was a lower 
30-day survival for each additional defibrillation attempt, which fol-
lowed the appearance of an exponential decrease. This association 
persisted after adjustment for age, sex, witnessed status, location, 
bystander CPR, EMS response time, year of OHCA and several important 
comorbidities.

Previous studies have also found a lower survival rate for each 
additional shock in line with our findings.4,17 Holmén et al.4 assessed the 
association between 30-day survival and the number of shocks in Swe-
den in the period from 1990 to 2015. Holmén et al.4 reported lower 
survival rates compared to our findings (33.7 % vs. 42 % one shock, 

27.6 % vs. 36 % two shocks, 19 % vs. 30 % three shocks and 18 % vs. 25 
% four shocks).

Moreover, in the comparison of 30-day survival between non-RVF (1 
or 2 shocks) and RVF (3 or more shocks), we found substantially lower 
survival rates among RVF patients (22.5 % vs. 44.9 %, Supplementary 
Table 2). Alhenaki et al.7 recently found similar results with the same 
division of groups during similar years. This definition of RVF has 
clinical implications since advanced treatment such as intravenous 
drugs, transportation and alternative defibrillation strategies should be 
considered after the third shock.2 In our study about 1 out of 2 patients 
(Supplementary, Table 2) would be considered as RVF and qualify for 
advanced treatment.

However, our study highlights a clinically important decrease in 
survival before the third shock, and there is no apparent cut-off point.

The reason for a lower survival rate for each additional shock is 
probably multifactorial. A longer resuscitation attempt as a consequence 
of the need for more defibrillations may impact survival. Previous 
studies have found an association between longer resuscitation time and 
lower survival.7,18 Another speculation is that differences in patient 
characteristics, such as previous disease burden or severity of the acute 
cardiac condition, could affect both defibrillation success and survival. 
In other words, the disease burden may act as a confounder of the as-
sociation between the number of defibrillations and survival.

Our study also found a gradual decline in the ratio between 30-day 
survival and ROSC. This suggests that longer resuscitation time trans-
lates to lower survival even after ROSC. This may be a consequence of 
brain injury or organ failure due to the extended period without spon-
taneous circulation leading to hypoperfusion. Conversely, survival may 
increase if sustained ROSC can be obtained with fewer defibrillations.

We also found several differences regarding patient and resuscitation 
characteristics in relation to the number of defibrillations. Suffering 
OHCA at home is well known to be associated with a worse chance of 
survival,2 and this is in line with our finding of an increased proportion 
of OHCA at home as the number of shocks increased. Well-known pos-
itive prognostic factors were observed with fewer defibrillations, 
perhaps most importantly time from recognition to first shock (9 min for 
1 shock vs. 13 min for 4 and 5 or more shocks). This highlights the 

Fig. 1. Flowchart with patient selection. OHCA, out-of-hospital cardiac arrest; SRCR, Swedish Registry of Cardiopulmonary Resuscitation; PEA, pulseless electrical 
activity; EMS, emergency medical service.
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Fig. 2. Adjusted survival rates and patient distribution for each additional shock. Panel A. Adjusted natural spline. Adjustment with logistic regression for age, 
sex, witnessed status, location, bystander cardiopulmonary resuscitation, emergency medical services response time, year of out-of-hospital cardiac arrest, atrial 
fibrillation, heart failure, diabetes type 1, diabetes type 2, myocardial infarction, stroke and ischemic heart disease. 8,376 patients were included. 1,973 patients were 
excluded due to missing data and 200 patients due to unreliable data in the estimated time for emergency medical services arrival (negative values and extremely 
long delays of more than 60 min). Odds ratios and 95% confidence interval from this regression analysis are presented in Supplementary, Table 5. Panel B. Bubble 
Chart. Cumulative percentage of all cases in y-axis. Counts of varying sizes of yellow circles represent the total number of patients who received each defibrillation. 
10,349 patients were included. 200 patients were excluded for the same reason as in Panel A. (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.)
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importance of reducing time to first defibrillation.
Early defibrillation could be affected by public access defibrillation 

programs,9 usage of the mobile application to recruit volunteers to fetch 
AED́s and perform CPR15 and initiation of dual dispatch systems.14

These interventions could also act synergistically since early CPR has 
been found to prevent the deterioration of shockable rhythms into non- 
shockable rhythms over time.19

Another important finding was a temporal trend of unadjusted 30- 
day survival over time. The trend among those who received 3 or 
more shocks was associated with a higher survival rate in the later years 
of the study period, while the survival rate was higher and stable for all 
years among those with 1 or 2 shocks. We can only speculate on the 
reasons for this finding but improved post-resuscitation care during the 
later years of the study period may be one possible explanation.

Regarding clinical implications, the findings of this study may be 
informative on when to consider advanced treatment such as antiar-
rhythmics or alternative electrode pad placement (e.g. vector change or 
double sequential defibrillation) when VF persists despite defibrillation. 
The only randomized trial on double sequential defibrillation8 found a 
survival benefit with either vector change or double sequential external 
defibrillation among patients in refractory VF defined as VF as initial 
rhythm that persisted despite three consecutive shocks. Our study sug-
gests a poor and rapidly decreasing survival even among patients clas-
sified as non-refractory, which raises the question of whether it would be 
favorable to initiate advanced treatment or alternative defibrillation 
strategies earlier, after 1 or 2 failed defibrillations. Prospective studies of 
alternative defibrillations strategies are needed regarding when, and 
after how many shocks, it may be beneficial to change defibrillations 
strategy. Currently there is one ongoing pilot trial comparing double 
sequential defibrillation as soon as possible after one failed defibrillation 
to standard treatment (clinical trials NCT06447805) and hopefully 
others will follow.

Strengths and limitations

This is a large study including all OHCA with shockable rhythm over 
more than a decade from a mandatory national register which increases 
power and generalizability. We also consider the adjusted analysis to be 
a strength, where we adjusted for both resuscitation and patient char-
acteristics including comorbidities. However, there are also several 
limitations to consider. First, the registry-based study design implies 
limitations due to potential bias and risk for residual or unknown con-
founders. Second, we only had data on the total number of 

defibrillations and lacked granularity on transitions of rhythms or re- 
fibrillation. Among patients who have successful defibrillation after 
one shock, more than 50 % will have recurrent ventricular fibrillation 
after successful shock.2 Therefore, the observed decrease in survival 
with additional shocks could in part be due to recurrent arrhythmia and 
not related to defibrillation failure. Third, even though we adjusted for 
previous comorbidities, the exact cause of cardiac arrest such as primary 
ischemia, chronic ischemia with or without heart failure, arrhythmo-
genic cardiomyopathies or channelopathies was unknown and these 
conditions may confound the association between the number of de-
fibrillations and survival.

Conclusions

In this registry-based retrospective cohort study, additional de-
fibrillations were associated with a lower survival. This association 
persisted after adjustments for patient and resuscitation characteristics. 
The result from the adjusted analysis suggests a poor and rapidly 
decreasing survival before the third shock. It is therefore warranted for 
future studies to assess outcomes in shockable OHCA when advanced 
treatment and novel strategies are initiated before the third shock.
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