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Abstract

Background: Out-of-hospital cardiac arrest (OHCA) is a life-threatening emergency characterized by low survival rates. 
Vascular access is critical for drug administration during resuscitation. While intravenous (IV) access is the standard, 
intraosseous (IO) access may provide practical advantages in certain emergencies.

Objectives: This meta-analysis aimed to compare IO versus IV access in adult OHCA patients regarding their impact on 
survival and neurological outcomes.

Methods: A systematic search of MEDLINE, Embase, and Cochrane CENTRAL through November 2024 was conducted, 
including randomized controlled trials (RCTs) comparing IO and IV access in adult patients with OHCA. Meta-analyses 
employed a random-effects model. A p-value < 0.05 was considered statistically significant. Analyses outcomes included 
survival with a favorable neurological outcome, survival to hospital discharge, return of spontaneous circulation 
(ROSC), and sustained ROSC. Subgroup analyses were conducted based on initial rhythm and bystander-performed 
cardiopulmonary resuscitation. The certainty of the evidence was determined using the GRADE approach. Results: Three 
RCTs involving 9,119 patients were included. IO access showed no significant differences compared to IV access in terms 
of survival with favorable neurological outcome (OR 1.07; 95% CI 0.88–1.30; p = 0.49; I² = 0%), survival to hospital 
discharge (OR 0.97; 95% CI 0.80–1.19; p = 0.80; I² = 0%), ROSC (OR 1.00; 95% CI 0.83–1.22; p = 0.97; I² = 64%), or 
sustained ROSC (OR 0.92; 95% CI 0.80–1.06; p = 0.25; I² = 44%).

Conclusions: IO and IV access yield comparable outcomes in OHCA patients, supporting their use based on clinical 
context and provider expertise. Further research is needed to confirm these findings across diverse healthcare settings.
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Introduction
Cardiac arrest outside the hospital is a medical 

emergency with an alarmingly low survival rate. This event 
affects millions of people around the world, imposing a 
considerable burden on health systems due to the high 
costs of pre-hospital care, prolonged hospitalization, and 
the need for neurological rehabilitation for most survivors.1 
Studies show that the effectiveness of pre-hospital care and 
intervention agility are directly associated with the chance 

of spontaneous circulation (ROSC) return and favorable 
neurological results.2 

Vascular access is fundamental in the management 
of out-of-hospital cardiac arrest (OHCA). Currently, 
intravenous (IV) access is often the first choice method 
used for drug administration during cardiorespiratory 
resuscitation.3 However, its use may be limited in situations 
where its implementation is challenging and can result in 
delays in care and potential complications.4 In these cases, 
the use of intraosseous (IO) access is seen as a viable option 
due to its speed and ease of administering drugs directly 
into the bone marrow, making it promising for critical 
management scenarios in emergency contexts.5

However,  uncer ta in t ies  pers i s t  regard ing  the 
comparability of IO and IV routes in terms of effectiveness 
in improving return of spontaneous circulation (ROSC) 
and neurological outcomes. While some studies suggest 
that IO access may represent a promising alternative when 
IV access is not feasible, the available evidence remains 
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Illustration of intraosseous (IO) and intravenous (IV) vascular access routes in patients with out-of-hospital cardiac arrest (OHCA).

inconclusive, particularly in critical scenarios such as 
OHCA.6 These limitations hinder the acceptance of IO as 
an equivalent option to IV, highlighting the need for further 
research to confirm its role in emergency vascular access.

This meta-analysis aims to synthesize the best available 
evidence on the effectiveness of IO versus IV access in 
patients who experienced OHCA and to inform and 
enhance clinical decision-making.

Material and methods
This meta-analysis was conducted and reported in 

accordance with the Cochrane Collaboration and the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) statement guidelines.7,8 It is 
also registered in PROSPERO under registration number 
CRD42024609147. Modifications to that protocol are 
described in Supplementary Appendix 1.

Eligibility criteria
Inclusion in this meta-analysis was restricted to studies 

that met all the following eligibility criteria: (1) randomized 
controlled trials (RCTs); (2) comparing IO versus IV vascular 
access for OHCA in adults; and (3) focusing on outcomes 
such as return of spontaneous circulation, sustained return of 
spontaneous circulation, and survival to hospital discharge. 
There were no language restrictions.

Study selection and data extraction
We systematically searched MEDLINE, Embase, 

and Cochrane Central Register of Controlled Trials 
from inception to November 01, 2024. The search 
combined terms related to drug administration routes 
(such as ‘intraosseous’ and ‘intravenous’), out-of-hospital 
emergency settings (such as ‘prehospital’, ‘paramedic’, 
and ‘EMS’), and cardiac arrest (such as ‘cardiac arrest’ 
and ‘resuscitation’). The complete search strategies are 
described in Supplementary Table 1. The references from 
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all studies, previous systematic reviews, and meta-analyses 
were also manually searched for additional studies. 

Two researchers (M.S. and R.P.) independently screened 
records based on titles and abstracts to identify potentially 
eligible studies. Subsequently, the same reviewers 
independently assessed the full-text documents for eligibility 
and extracted data from the included studies using a pre-
established data extraction table in Google Sheets (Google). 
Any disagreements were resolved through consensus.

Outcomes
The primary outcome was survival with favorable 

neurological outcomes. A score of 3 or less on the modified 
Rankin scale indicates a favorable neurologic outcome. 
Secondary outcomes included: return of spontaneous 
circulation, sustained return of spontaneous circulation, and 
survival to discharge. A subgroup analysis was conducted to 
investigate the likelihood of survival by initial rhythm (shockable 
or non-shockable) and bystander-performed cardiopulmonary 
resuscitation (CPR). Since these analyses were not prespecified 
in the PROSPERO protocol, they were considered exploratory 
and interpreted as hypothesis-generating.

Quality assessment
Quality assessment of RCTs was performed using the 

Cochrane Collaboration’s tool for assessing risk of bias in 
randomized trials (RoB-2).9 Two authors conducted bias risk 
assessment independently (M.S. and R.P.). Discrepancies were 
resolved through consensus among the authors.

Certainty of Evidence
Two independent reviewers (M.S. and L.L.) evaluated 

the certainty of the evidence for the primary and secondary 
outcomes using the GRADE (Grading of Recommendations, 
Assessment, Development and Evaluations) framework.10

Publication bias
The publication bias was not assessed. According to 

Cochrane, tests for publication bias should be applied only 
when there are at least 10 studies in the meta-analysis.8,11

Statistical analysis
Treatment effects were compared using Odds Ratios 

(ORs) with 95% confidence intervals (CIs) for binary 
outcomes. Given the expected heterogeneity across studies, 
we used the DerSimonian and Laird random-effects model 
for all reported outcomes. We used the Cochran Q test 
and I2 statistics to assess heterogeneity; P values <0.1 and 
I2 >40% were considered significant.8 A p-value < 0.05 
was considered statistically significant for all outcomes. To 
explore potential sources of heterogeneity, we performed 
sensitivity analyses using a leave-one-out approach, in 
which the meta-analysis was repeated sequentially after 
removing each study. With this method, we could evaluate 
the influence of individual trials on the overall pooled 
estimates and heterogeneity. Review Manager, version 5.3 
software (The Cochrane Collaboration).

Results

Study selection and characteristics
We initially identified 352 studies in three electronic 

databases. After screening, seven texts were selected for full-
text review. After full-text review, four studies were excluded 
because they failed to meet the inclusion criteria: one12 did 
not address the outcomes of interest; two were secondary 
analyses; and the study by Daya et al.13 was excluded due 
to non-randomized route selection based on local EMS 
protocols, which compromised comparability and validity. 
Three studies14-16 that met the selection criteria were included. 
The flowchart for screening studies is shown in Figure 1.

This meta-analysis included 9,119 patients: 4,466 (49%) 
with IO vascular access and 4,725 (51%) with IV access. The 
baseline characteristics of the included RCTs are presented 
in Table 1.

Efficacy outcomes
A random-effects model meta-analysis demonstrated 

that the IO drug route, compared to IV vascular access, was 
not associated with a statistically significant difference in 
the primary outcome, survival with favorable neurological 
outcomes (Figure 2). Similarly, no significant differences 
were observed for the secondary outcomes, including return 
of spontaneous circulation (Figure 3), sustained return of 
spontaneous circulation (Figure 4), and survival to hospital 
discharge (Figure 5).

Figure 1 – PRISMA flow diagram of study screening and selection.
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Subgroups
Subgroup analyses were conducted to evaluate patients 

with different initial rhythms (shockable and non-shockable) 
and those who did or did not receive bystander-performed 
CPR. There was no difference in the survival rate between 
the IO vs IV groups for those with initial shockable rhythm 
(OR 1.10; 95% CI 0.90 to 1.36 p = 0.35; I2 = 0%); non-
shockable rhythm (OR 0.96; 95% CI 0.76 to 1.21; p=0.76; 
I2=0%); and bystander-performed CPR (OR 0.96; 95% CI 
0.81 to 1.13; p=0.59; I2=0%.)

The findings from these analyses were consistent with the 
results of the overall combined analysis of all studies. These 
results are available in Supplementary Figure 1.

 
Sensitivity Analyses

Regarding the ROSC outcome, moderate heterogeneity 
was observed (I² = 64%). In leave-one-out sensitivity analyses, 
heterogeneity decreased to 0% when the PARAMEDIC-3 trial 
was excluded, indicating that this study contributed the most 
to the variability across trials.

Quality assessment
All three studies were considered to have a low risk of bias. 

Detailed assessments are provided in Supplementary Figure 2.

GRADE Certainty of Evidence
Mode-certainty evidence indicates that IO and IV access 

yield similar outcomes for ROSC, sustained ROSC, survival 
to discharge, and neurological survival. Detailed evidence 
certainty is summarized in Table 2.

Discussion
OHCA is a public health emergency, with survival outcomes 

heavily reliant on the speed and quality of prehospital 
care. Efficient drug administration is critical to restoring 
circulation and preventing irreversible brain damage.17,18 
Early intervention, including cardiopulmonary resuscitation 
and defibrillation, is essential, as each minute without action 
reduces the likelihood of survival by approximately 10%.19,20 
In this context, vascular access for drug delivery plays a pivotal 
role in patient management.

Currently, IV access is considered the gold standard due 
to its efficacy in drug delivery, which contributes to the 
return of spontaneous circulation and hospital survival.6 
However, IO access has emerged as a viable alternative 
in emergencies where IV access is difficult or time-
consuming. While IO access has proven effective in many 
scenarios, uncertainties remain regarding its comparison 
with IV access, particularly regarding pharmacokinetics, 
absorption, and its impact on clinical outcomes such as 
survival and neurological function.1,21,22

Studies suggest that drug distribution via IO access may be 
impaired in cases of low circulatory perfusion, while IV access 
allows for more efficient distribution.23 However, IO access 
has the advantage of being faster, especially when IV access 
is unfeasible.24 Furthermore, the choice between the two Ta
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Figure 2 – Forest plot for survival with favorable neurological outcomes. IV: Inverse Variance method; CI: Confidence Interval.

Figure 3 – Forest plot for return of spontaneous circulation (ROSC). IV: Inverse Variance method; CI: Confidence Interval.

Figure 4 – Forest plot for sustained return of spontaneous circulation. IV: Inverse Variance method; CI: Confidence Interval.

Figure 5 – Forest plot for survival to hospital discharge. IV: Inverse Variance method; CI: Confidence Interval.
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methods may depend on the access site (tibia or humerus), 
with the humerus being more effective for drug distribution.25

The findings from the PARAMEDIC-3 and Reades et al.12 
studies contribute significantly to understanding vascular 
access strategies during OHCA. PARAMEDIC-3 demonstrated 
that IO and IV access had similar survival and neurological 
outcomes, but IO was associated with a lower ROSC rate.15 
On the other hand, Reades et al. showed that tibial IO access 
offers clear advantages over IV and humerus IO, with higher 
first-attempt success (91%) and shorter time to access (4.6 
minutes).12 These differences highlight that while IO is effective 
and rapid in emergencies, the choice of insertion site and the 
provider’s experience play crucial roles in the success of the 
procedure.

Our meta-analysis, comprising 3 studies and 9,119 patients, 
compared the effects of IO and IV access in OHCA. The 
results showed that both methods yielded similar outcomes 
in terms of survival, favorable neurological outcomes, hospital 
discharge survival, ROSC, and sustained ROSC, as shown in 
the central figure. These findings suggest that IO access is 
equivalent to IV access in terms of clinical outcomes, allowing 
physicians to make decisions based on clinical circumstances, 
such as vascular access feasibility or available time. 

An important consideration when interpreting ROSC 
findings is the lack of a uniform definition across the included 
trials. In the PARAMEDIC-3 trial, ROSC was defined as 
any return of spontaneous circulation after randomization, 

regardless of its duration. In contrast, the IVIO trial required 
ROSC to be sustained for at least 20 minutes, while the 
VICTOR trial used an even more restrictive definition, 
requiring circulation to be maintained for at least two hours. 
This variability in operational definitions likely contributed to 
the heterogeneity observed in the pooled analysis. In fact, our 
leave-one-out sensitivity analysis showed that heterogeneity 
decreased to 0% when the PARAMEDIC-3 trial was excluded, 
underscoring its influence on study-level variability.

Subgroup analyses showed no significant difference 
between IO and IV groups in patients with shockable and non-
shockable initial rhythms, as well as with or without bystander-
performed CPR. These results reinforce the equivalence 
between the approaches, highlighting the flexibility in choosing 
the access method based on patient conditions and healthcare 
provider availability. In critical scenarios, this flexibility can be 
crucial for patient survival. 

Therefore, our meta-analysis indicates that while IV access 
remains the standard in many protocols, IO access provides 
an effective alternative, particularly in challenging situations.

Finally, cost-effectiveness and applicability in different 
healthcare contexts should be considered. Most of the 
trials included were conducted in high-income countries 
with well-established and advanced prehospital emergency 
systems, which may limit the extrapolation of our findings to 
low-resource settings, such as parts of Brazil. While IV access 
is universally available and inexpensive, IO access requires 

Table 2 – Summary of Findings: GRADE Working Group grades of evidence

Outcome and follow-up Patients 
(studies), N

Relative 
effect 

(95% CI)

Absolute effects (95% CI)

CertaintyIntravenous 
vascular 
access

Intraosseous Difference

Return of spontaneous 
circulation 

9277 
(3 RCTs)

OR = 1.00 
(0.83 to 1.22)

324 per 1.000
324 per 1.000 
(285 to 369)

0 fewer per 
1.000 

(from 39 
fewer to 45 

more)

⨁⨁⨁◯ 
Moderatea

Sustained return of  
spontaneous circulation

9250 
(3 RCTs)

OR = 0.92 
(0.80 to 1.06)

270 per 1.000
254 per 1.000 
(229 to 282)

16 fewer per 
1.000 

(from 42 
fewer to 12 

more)

⨁⨁⨁◯ 
Moderatea

Survival to discharge
6756 

(2 RCTs)
OR = 0.79 

(0.47 to 1.34)
202 per 1.000

166 per 1.000 
(106 to 253)

35 fewer per 
1.000 

(from 96 
fewer to 51 

more)

⨁⨁⨁◯ 
Moderatea

Survival with favorable  
neurological outcomes

9191 
(3 RCTs)

OR = 1.07 
(0.88 to 1.30)

46 per 1.000
49 per 1.000 

(41 to 59)

3 more per 
1.000 

(from 5 fewer 
to 13 more)

⨁⨁⨁◯ 
Moderatea

a The wide confidence intervals suggest uncertainty around the effect estimate, making the results less precise. CI: confidence 
interval; OR: odds ratio.
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specific devices and training, which may represent an additional 
challenge in these contexts. Future studies should evaluate not 
only clinical outcomes but also economic and logistical aspects to 
inform decision-making across diverse healthcare systems better.

Limitations
This study has some limitations. The limited number of 

included studies restricts the generalizability of the findings. 
Moderate heterogeneity in outcomes, such as survival to 
hospital discharge and sustained ROSC, may reflect differences 
in intervention protocols, patient characteristics, or selection 
criteria. Additionally, most studies were conducted in high-
resource settings, potentially limiting applicability to low-resource 
environments. Adequate training for IO access is essential to 
ensure the efficacy and safety of the procedure. Although IO 
insertion requires skill and practice, once mastered, this technique 
provides rapid and effective vascular access in emergencies, 
reducing response time compared to IV access. Another important 
limitation of our meta-analysis is the small number of eligible RCTs, 
which inevitably restricts the breadth and generalizability of the 
findings despite the methodological rigor of focusing exclusively 
on randomized evidence. Although observational studies were 
excluded from our review due to inherent biases, well-designed 
observational research may provide useful contextual information, 
particularly in populations or scenarios underrepresented in RCTs. 
Another limitation of our review is that subgroup analyses were 
not prespecified in the PROSPERO protocol. These analyses were 
therefore exploratory and should be interpreted as hypothesis-
generating rather than confirmatory. Despite these limitations, the 
robust methodology supports the conclusion that IO and IV access 
are equivalent in OHCA management. Future studies with larger 
samples and consistent protocols across diverse settings, as well 
as the integration of randomized and high-quality observational 
data, are needed to strengthen these findings and provide a more 
comprehensive perspective.

Conclusion
This systematic review and meta-analysis demonstrated that IO 

access is comparable to IV access for clinical outcomes in patients 
with OHCA. Both methods showed no significant differences in 
survival with favorable neurological outcomes, ROSC, sustained 
ROSC, or survival to hospital discharge. These findings highlight 
the equivalence of IO and IV access, emphasizing the flexibility of 
either method based on clinical circumstances, such as vascular 

access difficulty or available time. While IV access remains the 
standard in many protocols, IO access is an effective alternative, 
especially in challenging situations. The results of this study can 
guide clinical decision-making in emergency settings, ensuring 
that the choice of vascular access method aligns with the patient’s 
needs and available resources. Further research, particularly with 
larger and more diverse samples, is needed to strengthen these 
findings and address potential limitations.
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