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Abstract

Objective: During cardiac arrest, current guidelines recommend attempting intravenous access first and to consider intraosseous access if intra-
venous access is unsuccessful or impossible. However, these recommendations are only based on very low-certainty evidence. Therefore, the
“Intravenous vs Intraosseous Vascular Access During Out-of-Hospital Cardiac Arrest“ (IVIO) trial aims to determine whether there is a difference
in patient outcomes depending on the type of vascular access attempted during out-of-hospital cardiac arrest. This current article describes the clin-
ical VIO trial.

Methods: The IVIO trial is an investigator-initiated, randomised trial of intravenous vs. intraosseous vascular access during adult non-traumatic out-
of-hospital cardiac arrest in Denmark. The intervention will consist of minimum two attempts (if unsuccessful on the first attempt) to successfully
establish intravenous or intraosseous vascular access during cardiac arrest. The intraosseous group will be further randomised to the humeral or
tibial site. The primary outcome is sustained return of spontaneous circulation and key secondary outcomes include survival and survival with a
favourable neurological outcome at 30 days. A total of 1,470 patients will be included.

Results: The trial started in March 2022 and the last patient is anticipated to be included in the spring of 2024. The primary results will be reported
after 90-day follow-up and are anticipated in mid-2024.

Conclusion: The current article describes the design of the Danish IVIO trial. The findings of this trial will help inform future guidelines for selecting
the optimal vascular access route during out-of-hospital cardiac arrest.
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The treatment of OHCA consists of basic and advanced life sup-
port, where current guidelines support the use of pharmacological
treatments during cardiac arrest.*® This include amiodarone/lido-
Out-of-hospital cardiac arrest (OHCA) occurs in an estimated 4 mil- caine and adrenaline for patients with a refractory shockable rhythm,
lion people each year globally of which approximately 5,000 happen and adrenaline for patients with a non-shockable rhythm.*° Adrena-
in Denmark."* OHCA is a detrimental condition with an extremely |ine triples the rate of return of spontaneous circulation (ROSC) and
low survival rates with only approximately 14% being alive after increases overall 30-day survival by approximately one-third, while

30 days in Denmark."“ Of those with a non-shockable rhythm, which  amjiodarone and lidocaine increase short-term outcomes, albeit with
accounts for more than 80% of all OHCA, less than 10% are alive uncertain effect on long-term survival.5”

after 30 days, and in contrast to those with a shockable rhythm, sur-
vival has not improved substantially over the last decade.’*

Introduction

Given the favourable role of
administered drugs during cardiac arrest, the type and location of
vascular access may be of importance to patient outcomes. Current
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guidelines recommend to attempt intravenous access first and to
consider intraosseous access if intravenous access is unsuccessful
or not possible.*® However, this recommendation is based on very
low-certainty evidence.® Therefore, the “Intravenous vs. Intraoss-
eous Vascular Access During Out-of-Hospital Cardiac Arrest (IVIO)”
randomised clinical trial aims to determine whether there is a differ-
ence in patient outcomes depending on the type of vascular access
(intravenous or intraosseous) attempted during OHCA.

Methods

Protocol

The full trial protocol is provided in the Supplemental Material, and all
previous versions are available on the trial’s website.® The trial and
the protocol was developed in accordance with the International
Conference on Harmonization (ICH) guidelines'® ' and the Stan-
dard Protocol Items: Recommendations for Interventional Trials
(SPIRIT) statement.’®'* The trial was prospectively registered at
the EU Clinical Trials Register (EudraCT Number: 2021-005922-
82) on 30 October 2021, updated to EU Clinical Trials number:
2022-500744-38-00 on 4 July 2022, and ClinicalTrials.gov (Identifier:
NCT05205031) on 24 January 2022.

Design

The IVIO trial is an investigator-initiated, randomised, parallel group,
patient and follow-up outcome assessor-blinded, superiority trial of
intravenous vs. intraosseous vascular access during adult OHCA.
The intraosseous group will be further randomised to humeral or tib-
ial access.

Setting

This nationwide trial will be conducted in the pre-hospital setting in
Denmark, where emergency medical technician-manned ambu-
lances can attempt and establish intravenous vascular access, while
three distinct units can attempt and establish both intravenous and
intraosseous vascular access during OHCA: physician-manned vehi-
cles, paramedic-manned ambulances or vehicles, and helicopter
emergency medical services (HEMS). HEMS will not participate in
the trial. OHCA patients that receive their initial vascular access by
HEMS or an emergency medical technician-manned ambulance will
not be eligible. A list of participating centres is provided in the full pro-
tocol in the Supplemental Material.

Eligibility criteria

Patients will be included based on the following criteria: OHCA (de-
fined as an unconscious patient with abnormal breathing, and a loss
of pulses requiring chest compressions where the prehospital sys-
tem is activated), age >18 years, and indication for intravenous or
intraosseous vascular access during cardiac arrest. Exclusion crite-
ria are blunt trauma, penetrating trauma, or burn injury suspected
to be the cause of the cardiac arrest, prior enrolment in the trial,
and a working intravenous or intraosseous vascular access already
in place at the time of randomisation.

Interventions

The intervention will consist of attempts to successfully establish an
intravenous or intraosseous vascular access during the cardiac
arrest, and this will happen as soon as possible after the patient
has been randomised by opening an opaque envelope. Fig. 1 shows

the trial flow chart. The pre-hospital clinician will be required to
attempt the intervention twice at a minimum, if the first attempt is
unsuccessful. An attempt is defined by skin penetration with the
peripheral venous catheter or the intraosseous needle, and a suc-
cessfully established peripheral venous or intraosseous access will
be assessed by clinical judgement. Protocol deviations will be mon-
itored and registered.

Allocation

Patients will be randomised in a 1:1 ratio to either intravenous or
intraosseous vascular access. The intraosseous group will be further
randomised to the humeral or tibial site in a 1:1 ratio. The full alloca-
tion ratio will therefore be 2:1:1 for intravenous access, tibial
intraosseous access, and humeral intraosseous access. Envelopes
containing the allocation will be opened on site of the cardiac arrest
when the patient is deemed to fulfil all inclusion criteria and none of
the exclusion criteria, thus ensuring allocation concealment.

Blinding

Due to the nature of the intervention, the pre-hospital clinicians per-
forming the intervention cannot be blinded. Patients along with any
legally designated representatives will be blinded. As it is common
to note vascular access during cardiac arrest in the patient’'s medical
records, clinicians involved in post-resuscitative care will not neces-
sarily be blinded either. For the same reason, investigators involved
in data entry will also not be blinded meaning that outcomes such as
ROSC and mortality are entered without blinding. However, there is
little — if any — subjectivity in evaluating these outcomes and blinding
is therefore likely to be of minor importance.'®™'” Outcome asses-
sors performing the follow-up interviews will be blinded.

Outcomes

The primary outcome will be sustained ROSC, defined as palpable
pulses or other signs of circulation without the need for chest com-
pression for at least 20 minutes.

Key secondary outcomes include survival and neurological out-
come at 30 days. Neurological outcome will be assessed with the
modified Rankin Scale (mRS); scores 0-6 will be presented as
counts and percentages, while the outcome will be dichotomised
as favourable (MRS 0-3) vs. unfavourable (mRS 4-6).

Several additional outcomes are also collected, with a full list pro-
vided in the Supplemental Material. These include survival, neurolog-
ical outcome, and quality of life at 30, 90, 180 days, and one year
after the cardiac arrest. Health-related quality of life will be assessed
by the EQ-5D-5L questionnaire,'® which is supported by the AHA'®
as well as the COSCA-initiative.?® Specific adverse events are also
collected. The outcomes adhere to the “Core Outcome Set for Car-
diac Arrest” (COSCA) guidelines.?®

Sample size

The sample size is based on the primary outcome of sustained
ROSC to detect group differences between intravenous and
intraosseous access, and the trial is therefore not powered to detect
differences within the intraosseous subgroup (humeral vs. tibial).

In our setting, we have previously found a sustained ROSC-rate
of 27% in an adult non-traumatic OHCA population who received at
least one dose of adrenaline.?’ The original sample size was calcu-
lated assuming an overall ROSC-rate of 27% with 31.5% in the ben-
eficial intervention group and 22.5% in the harmful intervention group
(relative treatment effect of 40%). Based on a chi-squared test and
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Fig. 1 - Trial flow chart.

an alpha of 0.05, a sample size of 762 patients (i.e., 381 in each
group) was needed to obtain 80% power.

The sample size was updated and increased in October 2022,
after additional funding made expansion to additional sites possible.
The updated sample size was calculated with the same assumptions
of the overall ROSC-rate, but assuming ROSC-rates with 30.5% in
the beneficial intervention group and 23.5% in the harmful interven-
tion group enabling us to detect an increased relative treatment
effect of 30%. Based on a chi-squared test and an alpha of 0.05, a
sample size of 1,262 patients (i.e., 631 in each group) was needed
to obtain 80% power.

Based on data from the pre-planned interim analysis after the first
400 included patients, the overall proportion with the primary out-
come of sustained ROSC was 34%, which was higher than antici-
pated (an overall sustained ROSC rate of 27% as noted above).
Given the new estimate and a fast inclusion rate, we re-estimated
and increased the sample size on 14 June 2023. Assuming ROSC
rates of 30% and 38% in the two groups (corresponding to a relative
treatment effect of approximately 27%), and 90% power, 1,470
patients are needed. The final sample size is therefore 1,470
patients.

Statistical analysis plan
A detailed statistical analysis plan is provided in the protocol provided
in the Supplemental Material.® The reporting will adhere to the Con-

solidated Standards of Reporting Trials (CONSORT)-guidelines.?***
Fig. 2 shows the proposed CONSORT flow diagram.

All analyses will, unless noted otherwise, be conducted on a mod-
ified intention-to-treat basis including all randomised patients that
met all inclusion criteria as well as no known exclusion criteria at
the time of randomisation. The patient is considered randomised
once the randomisation envelope has been opened. Patients will
be analysed according to their assigned group.

The primary and secondary outcomes (binary variables) will be
presented as counts and proportions in each group. Results will be
reported as both risk ratios and risk differences. P-values will be
obtained from Fisher's Exact test.

Three sensitivity analyses will be performed. Firstly, we will esti-
mate the risk ratio with 95% confidence intervals while adjusting for
strong prognostic factors including age, whether the cardiac arrest
was witnessed, whether early cardiopulmonary resuscitation (CPR)
was initiated or not (i.e., bystander CPR or EMS-witnessed arrest),
and the initial rhythm.?*” Secondly, we will exclude patients who
were randomised but did not receive any attempt at intravascular
access (i.e., at least one attempt at any modality of vascular access
during the cardiac arrest). Thirdly, per-protocol analyses will be con-
ducted, including patients who received attempts with the allocated
modality.

Subgroup analyses will be performed on both the absolute and
relative scale. The analyses will include five pre-defined subgroup
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Draft of CONSORT flow diagram OHCA: Out-of-hospital cardiac arrest, ROSC: Return of spontaneous

analyses for the primary and key secondary outcomes according to
1) initial rhythm (shockable vs. non-shockable), 2) whether or not
the OHCA was witnessed by a bystander, 3) whether or not the
OHCA was witnessed by the ambulance staff, 4) whether or not
bystander CPR was performed, and 5) sex.

Secondary Bayesian analyses will be performed for the primary
and key secondary outcomes in order to aid interpretation of the
results.?® Given the limited evidence on vascular access during car-
diac arrest, we will primarily use noninformative prior probability dis-
tributions and the results obtained from the trial to obtain posterior
probability distributions for risk ratios. Sceptical, neutral, and opti-
mistic prior probability distributions will also be used consistent with
a recent trial by our group.?’.

Interim analyses will be conducted by an independent data-
monitoring committee at four predetermined milestones (50, 200,
400, and 800 enrolled patients, respectively). There are no formal
stopping criteria for efficacy, futility, or safety.

Data collection and follow-up

Data on trial ID, number of attempts with the allocated intervention,
type of vascular access with initial success, time of initial successful
vascular access, time of first adrenaline during cardiac arrest, dis-
placement or other problems with the vascular access until hospital
arrival, and the primary outcome ROSC will be obtained from the
pre-hospital team through a trial-specific case report form. Additional
data will be manually obtained from the electronic medical records by
trained research staff. A centrally-located, trained, and blinded
researcher will assess mRS and health-related quality of life using
a standardised telephone interview, which ensures good reliability
and validity.?* 2 Details of the included variables and their defini-
tions are provided in the Data Dictionary on the trial website.’

Clinical treatment
The clinical management of the included patients (other than the
interventions) will be at the discretion of the treating pre-hospital
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and in-hospital teams to test the interventions in a real-life clinical
scenario. In general, management will adhere to the intra- and
post-cardiac arrest guidelines provided by the European Resuscita-
tion Council®*® and the Danish Resuscitation Council®*, but no speci-
fic treatments will be prohibited or mandated and further treatment
will not be monitored. There will be no general restrictions on patient
entry into other clinical trials, although this will be evaluated on a
case-by-case basis.*®

Ethical considerations and consent

A detailed description of the ethical considerations is provided in the
protocol located in the Supplemental Material. The trial was
approved by the regional ethics committee (case number: 1-10-72-
347-21) on 13 January 2022 and the Danish Medicine Agency
(EudraCT Number: 2021-005922-82) on 30 October 2021. The trial
was initiated 1 March 2022. On 1 February 2023, the trial transitioned
to the European Regulation No. 536/2014.

For patients who survive to hospital admission, but remain unable
to provide consent, written consent from a legally designated repre-
sentative is obtained as soon as possible. If the patient regains con-
sciousness, written consent is obtained from the patient.

Data sharing

Six months after the publication of the last results, all de-identified
individual patient data will be made available for data sharing.*® Pro-
cedures, including re-coding of key variables, will be put in place to
allow for complete de-identification of the data.

Discussion

The current article, along with the full protocol available in the Sup-
plemental Material, describes the design of the IVIO trial. The objec-
tive of this trial is to compare the effect of intravenous vs.
intraosseous access during OHCA on patient outcomes.

Although the effectiveness of drugs during cardiac arrest has
been challenged,®” recent randomised clinical trials have yielded evi-
dence in favour of using both adrenaline and amiodarone/lido-
caine.®” Given the favourable role of drugs in the management of
cardiac arrest, the type and location of vascular access could poten-
tially impact patient outcomes for several reasons. Firstly, time to
successful vascular access could have an impact as earlier drug
administration may lead to increased survival.”*® Secondly, there
are substantial hemodynamic changes during cardiac arrest, result-
ing in plasma concentrations of endogenous adrenaline increase
up to 300-fold during cardiac arrest>® which increases blood flow to
the heart and brain’®“*? while constricting blood to visceral
organs?®*>%® and the peripheral circulation. Furthermore, the
venous return during closed-chest compressions may primarily come
via the superior caval system.** Therefore, the anatomical place-
ment of the vascular access may be important.

Both intravenous and intraosseous access have advantages and
disadvantages. When a drug is administered into a healthy circula-
tion through an upper limb intravenous catheter, clinical effects are
noted as early as 20 seconds after injection.*> The disadvantage
of peripheral venous catheter placement during OHCA lies in the ini-
tial success rate, where first attempt success rate seems much lower
than both the tibial and the humeral access.*® While intraosseous
access requires identification of anatomic landmarks, it does not —
like the peripheral venous access — require placement of a proximal

tourniquet nor identification of a blood-filled peripheral vein. Various
anatomical locations are available for intraosseous access and sig-
nificant differences are described in both first attempt success rate
of tibial vs. humeral intraosseous access (95% vs. 71%) as well as
mean time to initial success (4.6 vs. 7.0 minutes after arrival on
site).*® Furthermore, the tibial access was found to displace less
often than the humeral (5% vs. 20%), but not significantly different
to peripheral venous access (5% vs. 6%).*° There are several factors
that could explain these differences. During CPR, increased move-
ment and crowding in the upper area of the patient may favour the
tibial site for accessibility compared to both upper limb intravenous
access and the humeral site. While potential initial peripheral vaso-
constriction, followed by vasodilation, complicates intravenous
access, a thick layer of overlying soft tissue may complicate the hum-
eral site in contrast to the tibial site, which may be easier to recognise
given the flat and larger surface area.

If the selected drug route does not enable rapid drug delivery to
the central circulation, drug administration may not be clinically ben-
eficial. Animal models have consistently found that tibial drug admin-
istration during cardiac arrest leads to slower peaks and lower levels
of plasma concentration than both humeral®”*° and peripheral
venous drug administration*’~>’, whereas the humeral drug adminis-
tration reaches slightly lower plasma concentrations than peripheral
venous drug administration,*”~49:58-60,

The International Liaison Committee on Resuscitation has high-
lighted the uncertainty regarding the optimal vascular access route
during cardiac arrest and an urgent need for randomised clinical tri-
als.® This is based on a 2020-systematic review, identifying six
observational studies comparing peripheral venous to intraosseous
vascular access during adult OHCA.®' Two of these studies were
deemed to have critical risks of bias primarily due to concerns of con-
founding, and the remaining four were pooled for meta-analyses.®*~
55 Although intravenous access was associated with higher rates of
ROSC and mid-term survival (e.g., at hospital discharge), the find-
ings of the observational studies should be interpreted very carefully
as the included studies were deemed to have a serious risks of bias
mainly due to concerns about confounding and selection bias.®’
There are several factors that — if not corrected for — could be
sources of confounding, e.g., preferred use of intraosseous access
in the obese or those with severe hypovolemia. Another important
source of bias is “resuscitation time bias” as described in detail
elsewhere.®®.

Two randomised clinical trials comparing different vascular
accesses have been published.*®®” One only addressed
procedure-related characteristics as described earlier,*® while the
other evaluated the effect of implementing intraosseous access in
a pre-hospital system.®” In the latter cluster-randomised trial,
patients were randomised to intravenous access only or intravenous
plus intraosseous access if initial intravenous attempts were unsuc-
cessful. Although the intravenous plus intraosseous group demon-
strated a higher success rate in achieving vascular access, there
were no statistical differences in ROSC-rates. However, several lim-
itations may challenge the generalisability of these findings, including
intraosseous access being used as a “rescue therapy”. There are
currently no published randomised clinical trials directly testing intra-
venous vs. intraosseous vascular access during cardiac arrest while
also reporting ROSC or survival.®'.

Therefore, to address this evidence gap, the IVIO trial was initi-
ated. The findings of this and other similar trials will help inform future
guidelines for selecting the optimal vascular access route during
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OHCA. The trial was started in March 2022 and the last patient is
anticipated to be included in the spring of 2024. The primary results
will be reported after 90-day follow-up and are therefore anticipated
in mid-2024.
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