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ABSTRACT

Background: The optimal initial vascular access strategy for out-of-hospital cardiac arrest
(OHCA) remains unknown. Our objective was to evaluate the association between peripheral
intravenous (P1V), tibial intraosseous (T10), or humeral intraosseous (HIO) as first vascular
attempt strategies and outcomes for patients suffering OHCA.

Method: This was a secondary analysis of the Portland Cardiac Arrest Epidemiologic Registry,
which included adult patients (>18 years-old) with EMS-treated, non-traumatic OHCA from
2018-2021. The primary independent variable in our analysis was the initial vascular access
strategy, defined as PIV, TIO, or HIO based on the first access,attempt. The primary outcome
for this study was the return of spontaneous circulation' (ROSC) at emergency department (ED)
arrival (a palpable pulse on arrival to the hospital)..Secondary outcomes included survival to:
admission, discharge, and discharge with a favorable outcome (Cerebral Perfusion Category
score of <2). We conducted multivariable logistic regressions, adjusting for confounding
variables and for clustering using a mixed-effects approach, with prespecified subgroup
analyses by initial rhythm.

Results: We included|2,993 patients with initial vascular access strategies of PIV (822 [27.5%)]),
TIO (1,171 [39.1%]), and HIO (1,000 [33.4%]). Multivariable analysis showed lower odds of
ROSC at ED arrival (adjusted odds ratio [95% CI]) with TIO (0.79 [0.64-0.98]) or HIO (0.75
[0.60-0.93]) compared to a PIV-first strategy. These associations remained in stratified analyses
for those with shockable initial rhythms (0.60 [0.41-0.88] and 0.53 [0.36-0.79]) but not in

patients with asystole or pulseless electrical activity for TIO and HIO compared to PIV,



respectively. There were no statistically significant differences in adjusted odds for survival to
admission, discharge, or discharge with a favorable outcome for TIO or HIO compared to the
PIV-first group in the overall analysis. Patients with shockable initial rhythms had lower
adjusted odds of survival to discharge (0.63 [0.41-0.96] and 0.64 [0.41-0.99]) and to discharge
with a favorable outcome (0.60 [0.39-0.93] and 0.64 [0.40-1.00]) for TIO and HIO compared to
PIV, respectively.

Conclusions: TIO or HIO as first access strategies in OHCA were associated with lower odds

of ROSC at ED arrival compared to PIV.



INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) remains a leading cause of morbidity and mortality in
the United States, affecting 356,000 individuals annually.® Despite gradual improvements in
OHCA survival over time, survival remains poor and around 10% nationally.>® Patterns of
survival vary significantly across communities and emergency medical services (EMS)

systems.*®

In addition to differences in bystander defibrillation and cardiopulmonary
resuscitation (CPR) rates,” variation in EMS culture and treatment protocols, as.well as system
design and quality are thought to account for some of these observed geographic survival

differences.'%*®

An important component of OHCA resuscitation=involves the expeditious administration of
medications, such as epinephrine and antiarrhythmics, as faster delivery may be associated with
improved patient outcomes.**%+ Thése! medications can be administered via peripheral
intravenous (PIV) or intraosseous (10) vascular access approaches. Although a PIV may be the
gold standard for medication delivery, it takes longer to place with a lower rate of success
during a resuscitationfthan an 10, which may explain why 10 use continues to increase and is
often preferred by EMS providers.?” While current guidelines recommend initial delivery of
Advanced Life Support (ALS) medications via the IV route except where not feasible, 10
access is frequently relied upon as a primary or rescue vascular strategy for OHCA by EMS
systesm.”® However, multiple observational studies have suggested that a tibial 10 (TIO) may

be associated with worse OHCA outcomes compared to an PIV.?*%’ Given the use of 10 as both



a primary and a rescue vascular access strategy, these observational studies reporting lower
survival with TIO use compared to PIV may be biased by an inability to distinguish patients
receiving an 10 as an initial access strategy from those receiving it later during resuscitation as
a rescue procedure after failed attempts at a PIV. Furthermore, most prior studies on 10 use
evaluated T1O placement, which may be less efficacious in the low-flow state of cardiac arrest

than an upper extremity 10, such as a humeral 10 (H10).?2%

The objective of this study was to evaluate the association between“the first vascular access
attempt strategy of PIV, TIO, and HIO and the rate of return/of'spontaneous circulation (ROSC)
at Emergency Department (ED) arrival, defined @as a palpable pulse on hospital arrival, in
OHCA patients who were still in cardiac arrest at the time of the initial vascular access attempt.
Compared to prior investigations, ours iS unique in that we evaluate outcomes based on the
intended initial strategy of vascular.access; this serves to remove potential bias of patients

receiving an 10 as a rescue route of access after failed PIV attempts.

METHODS

Study Design: This was a secondary analysis of the Portland Cardiac Arrest Epidemiologic
Registry (PDX Epistry). PDX Epistry is an ongoing observational cohort registry of OHCA
patients treated within the Portland, Oregon metropolitan area by participating EMS agencies
and hospitals. PDX Epistry is approved by the Institutional Review Board at Oregon Health and

Science University (IRB #00001736).



Study Setting: The study included patients treated by combinations of 16 different fire-based
and transport-based ALS capable EMS agencies transporting to 14 hospitals in a geographic
area spanning three counties in Oregon covering a total population of approximately 1.75
million. All patients in PDX Epistry are served by a dual-ALS response EMS' system.
Fire-based EMS agencies provide ALS first response and transport is provided.by both fire and
private ALS ambulances in the region. Participating agencies follow /Similar. cardiac arrest
treatment guidelines in the region and only paramedics or emergency medical technician
intermediates (EMT-I) can place vascular access (IV or 10)/TnthesPDX Epistry region, due to
the dual-ALS response structure it is exceedingly sare for nen-paramedics to attempt vascular
access during OHCA. Following national guidelines, regional protocols recommend IV
placement unless this is determined to not be feasible or is unsuccessful by the treatment team.
The ultimate decision of first vascularaccess attempt is determined by the paramedics on-scene.

Patients in this study period were treated from January 1, 2018, through December 31, 2021.

Patient Population: Adult patients (age >18 years-old) with non-traumatic OHCA with EMS
resuscitationattempted (cases eligible for inclusion if EMS CPR or any defibrillation performed)
by participating agencies. The PDX Epistry database is maintained using REDCap and analysis
of the research dataset was conducted using STATA 17.0 (College Station, TX). Patients were
excluded if they had achieved ROSC prior to the initial vascular access attempt. We further

excluded cases with missing information regarding initial vascular access strategy (PIV, TIO, or



HI0) or missing timing of vascular access or initial ROSC (if ROSC was obtained), as the goal
was to evaluate the differences in outcome by vascular access strategy in OHCA. Prespecified
subgroup analyses included stratifying patients by the first EMS recorded rhythm, shockable or
non-shockable, and subgroups of non-shockable rhythms including pulseless electrical activity

(PEA) and asystole.

Variables: The primary independent variable in our analysis was the jinitial“vascular access
strategy, defined as PIV, TIO, or HIO. The additional variables,used to adjust for potential
confounding included age, sex, witness status (bystander or EMS);y bystander CPR, bystander
AED application, arrest location (home, assistedaliving; healthcare facility or clinic, public
location), 911 call to EMS arrival time, year, and county of arrest. These variables were chosen
as they are felt to be associated with the'outecome (ROSC or pulses present at ED arrival) but
not on the causal pathway using.a direct acyclic graph approach. In addition, adjustment for
year accounts for the increasing use over time of HIO from 2018 to 2021 that could be
confounded by the ./COVID*19 pandemic’s impact during the latter years of the cohort
(2020-2021). The dual-ALS response structure of our study region, which sometimes includes
mutual aid response, often results in multiple fire agencies being on-scene at one time. Each
county is primarily served by a unique private ground transport-EMS agency, accordingly the
county where the arrest occurred was used to consider any clustering effects. Data abstraction
was performed by trained research assistants using standardized forms for collecting

information for the Epistry database.



Outcomes: The primary outcome for this study was ROSC at ED arrival, defined as a palpable
pulse as documented by EMS. ROSC at ED arrival reflects the most distal prehospital care
outcome and helps to eliminate the potential for differences in care by treating hospital that
could further confound outcomes. The secondary outcomes included survival te® hospital
admission, survival to hospital discharge, and survival with good neurological recovery
(determined as a Cerebral Performance Category [CPC] of 1 or 2). Process outecomes included
the number of vascular access attempts, successfully obtaining the“primary vascular access
strategy, first-attempt success of the primary access stratégy, and timing of care elements
including time from EMS arrival on-scene to first successfulwascular access, first defibrillation

(if performed), first epinephrine dose (if given), and-first amiodarone dose (if given).

Statistical Analysis: We used deseriptive statistics to characterize the sample stratified by the
first vascular access strategy. Unadjusted outcomes are reported as means and 95% confidence
intervals (Cls) with statistical testing against the reference (PIV) made separately for TIO and
HIO groups using t-tests with unequal variance for continuous variables and chi-squared tests
for binary ‘outcomes. We conducted multivariable logistic regressions, adjusting for
confounding variables and for clustering by county of arrest using a mixed-effects approach.
Continuous variables were checked for normality visually prior to conducting regressions.
Logistic regression models were evaluated for evidence of specification error, goodness of fit

testing, and collinearity. We report adjusted odds ratios and results stratified by initial rhythm,



given evidence that antiarrhythmic medications in shockable arrest may differ in efficacy by
route of administration.”> We collapsed the categorical variable for arrest location to only
private (home or assisted living) or public (health care facility or clinic or public location) due
to small numbers of events in health care facilities or clinics. We performed multiple sensitivity
analyses including excluding cases where arrests were witnessed by EMS, where the primary
access strategy was not ultimately successful, and data during the early transition,to HIO use
categorized by a county using an HIO as a first attempt on less than 25% of ‘cases in a given
year. Our study was 80% powered to detect an unadjusted abselute”difference in ROSC or
sustained pulse at ED arrival of 6% in the separate comparisons:of T1O to IV and HIO to IV. All
comparisons were two-tailed with significance «determined at an alpha of 0.05 without

corrections for multiple comparisons.

RESULTS

There were 3,900 non=traumatic EMS-treated adults (age >18 years old) OHCA cases enrolled
in PDX Epistry from¢2018-2021, and the initial vascular access attempt site of PIV, TIO, or
HIO as well'as covariates and outcomes were known for 2,993 cases who did not have ROSC
prior to the first vascular access attempt (Figure 1). The initial vascular access strategies in the
study cohort were PIV (822 [27.5%]), TIO (1,171 [39.1%]), and HIO (1,000 [33.4%)]).
Compared to patients with either 10-first strategy, PIV-first patients tended to be more male

with EMS-witnessed arrests with shockable initial rhythms (Table 1). The proportion of cases



by vascular access strategy, specifically HIO compared to TIO use, varied by year from

2018-2021.

In unadjusted analyses, patients with a PIV-first access strategy had a higher proportion of
palpable pulses at ED arrival (ROSC at ED arrival of 32.5%) relative to those with a TIO
(25.0%, risk difference [95% CI]: 7.5% [3.5%-11.5%]) or HIO (23.5%, risk difference [95%
Cl]: 9.0% [4.9%-13.1%)]) first strategy. Compared to the PIV-first group; patients with TIO or
HIO as the first attempt had lower survival to hospital admission {(PIV 35.4%; TIO 30.5% risk
difference [95% CI]: 4.9% [0.7%-9.1%]; HIO 27.8% (risk difference [95% CI]. 7.6%
[3.3%-11.9%] ), survival to hospital discharge (P1\/.14.4%; O 8.8% risk difference [95% CI]:
5.6% [2.8%-8.4%]; HIO 7.9% risk difference “[95% CI]: 6.5% [3.6%-9.3%]), and good
neurologic outcome at discharge (PIV (13.9%; TIO 8.0% risk difference [95% CI]: 5.8%
[3.1%-8.6%]; HIO 6.9% risk difference [95% CI]: 7.0% [4.2%-9.7%)]). Stratifying outcomes by
the initial rhythm at time of EMS arrival demonstrated that patients with shockable rhythms
who received 10 access had-a lower proportion of ROSC at ED arrival relative to those with a
PIV first strategy(TI1O risk difference [95% CI]: 12.6% [4.0%-21.1%], HIO risk difference [95%
Cl]: 16.2% [7.6%-24.9%]) (Figure 2). Compared to patients with shockable initial rhythms who
received a PIV as first attempt, those with TIO and HIO attempts had lower unadjusted survival
to discharge (T1O risk difference [95% CI]: 8.4% [0.5%-16.3%], HIO risk difference [95% CI]:
12.0% [4.0%-19.9%]) and survival with a good neurologic outcome (TIO risk difference [95%

Cl]: 9.2% [1.4%-16.9%], HIO risk difference [95% CI]: 12.1% [4.2%-19.9%]), respectively



(Figure 2). Secondary outcomes among IO patients relative to PIV patients were not
significantly different in those presenting with non-shockable initial rhythms. There were no
differences in unadjusted outcomes between TIO and HIO (p-values>0.2). Results for
additional prehospital outcomes, including ROSC at any time (regardless of rearrest) and
sustained initial ROSC to ED arrival without any episodes of prehospital re-arrest, were similar

to ROSC at ED arrival and are listed in Supplemental Table 1.

Multivariable logistic regression analysis shows that, compared to the group with a PIV-first
strategy, the adjusted odds of ROSC at ED arrival were significantly lower for TIO (OR 0.79
[0.64-0.98]) or HIO (OR 0.75 [0.60 — 0.93]) in all jpatients. Evaluating only those with
shockable initial rhythms revealed significantly lower odds of ROSC at ED arrival for TIO (OR
0.60 [0.41-0.88]) and HIO (OR 0.53 [0.36-0.79]) compared to PIV (Table 2). This significance

was not present when evaluating those‘with PEA or asystole as an initial rhythm (Table 2).

Secondary outcomes were net significantly different in all patients for TIO or HIO compared to
the PIV-first group for survival to admission, survival to discharge, or survival with a good
neurologic outcome (Table 2). Patients with shockable initial rhythms showed lower adjusted
odds of survival to admission for HIO (OR 0.63 [0.43-0.92]), survival to discharge for both TIO
(OR 0.63 [0.41-0.96]) and HIO (OR 0.64 [0.41-0.99]), and good neurologic outcome at
discharge for TIO (OR 0.60 [0.39-0.93]) relative to the PIV-first group (Table 2). There were no

significant differences when evaluating secondary outcomes by initial rhythms of PEA or



asystole (Table 2). There were no differences comparing HIO to TIO on adjusted analyses
across all rhythms and outcomes (Table 2). Results for additional prehospital outcomes,
including ROSC at any time (regardless of rearrest) and sustained initial ROSC to ED arrival
(without any re-arrest), were generally similar to ROSC at ED arrival and are listed in

Supplemental Table 2.

Among patients with arrests not witnessed by EMS, time from EMS arrival to:first successful
vascular access was fastest for TIO (6.40 minutes) compared to PIV (7.02 minutes, p<0.001) or
HIO (7.11 minutes, p<0.001) with no significant differences between PIV and HIO (p=0.603).
These results were similar when using time of 911 call“assthe reference, rather than time of
EMS arrival on-scene (Table 3). For patients with.initial shockable rhythms, there were no
significant differences across vascular access, strategies for time from EMS arrival to initial
shock, first epinephrine dose, or first.amiodarone dose (Table 3). For patients with PEA arrests
not witnessed by EMS, time.from EMS arrival to initial epinephrine was similar for TIO
compared to PIV (p=0.775); but significantly slower for HIO than PIV (p=0.030) or TIO
(p=0.013) (Table'3). Among non-EMS witnessed arrests where patients presented with an initial
rhythm of asystole, TIO was significantly faster than PIV (p<0.001) or HIO (p<0.001) (Table 3),

and there was no difference between HIO and P1V (p=0.78).

A PIV-first strategy required 1.19 (95% C.I. 1.16 — 1.22) attempts on average before access was

achieved — more than either the HIO or TIO approach, where average number of attempts



before vascular access success was 1.05 (95% C.I. 1.03 — 1.06, p<0.001) and 1.05 (95% C.I.
1.04 — 1.07, p<0.001), respectively. Accordingly, vascular access was more likely to be
successful on the first attempt at both 10 locations compared to PIV (Table 3, p-values <0.001).
A PIV was eventually successful in 79% of patients with a PIV-first strategy, significantly lower

than the eventual success rates of both HIO (95%, p<0.001) and T10O (98%, p<0.001):

We performed multiple sensitivity analyses to assess the robustness of our results related to our
primary outcome of ROSC at ED arrival. Excluding EMS-witnessed eases did not significantly
change the results, with retained significantly reduced adjustediodds (95% CI) of ROSC at ED
arrival for TIO and HIO relative to PIV in the overall'analysis (TIO OR 0.75 [0.60-0.95] and
HIO OR 0.73 [0.58-0.93]) and in patients with,sheckable rhythms (TIO OR 0.59 [0.40-0.89]
and HIO OR 0.52 [0.35-0.79]) without significant differences for patients with PEA or asystole.
Excluding patients that did nottachigeve success (regardless of number of attempts) at their
primary access strategy did not change the results, with similar significantly reduced adjusted
odds of ROSC at ED arrival-overall (TIO OR 0.74 [0.59-0.93] and HIO OR 0.71 [0.56-0.89])
and in subgroups,of patients with shockable rhythms (T1O OR 0.58 [0.39-0.87] and HIO OR
0.53 [0.35-0:80]) without significant differences for patients with PEA or asystole. Next, we
excluded data from years when HIO use was under 25% of all vascular access attempts for a
given county to account for any confounding during years when HIO use was rarely being used.
In this subset, there were no differences in the overall adjusted odds ratios of ROSC at ED

arrival (HIO OR 0.73 [0.57-0.93]) or in the subgroup of shockable rhythms (HIO OR 0.51



[0.33-0.79]) without significance for patients with PEA or asystole. Finally, we included airway
management choice (bag-valve-mask only, endotracheal intubation, supraglottic airway) in the
multivariable models, though this was excluded in the primary analysis as it may be on the
casual pathway between more rapid access and drug delivery and earlier field ROSC. This
analysis had similar results, with significantly reduced adjusted odds of ROSC at ED arrival
overall (TIO OR 0.78 [0.63-0.97] and HIO OR 0.75 [0.60-0.94]) and in subgroups of patients
with shockable rhythms (TIO OR 0.65 [0.44-0.97] and HIO OR 0.63 [0.42-0.95]) without

significant differences for patients with PEA or asystole.

DISCUSSION

In this study we report that TIO or HIO access as afirst attempt is associated with lower odds of
ROSC at ED arrival when compared to’ patients where PIV was used as the initial attempt,
particularly among patients withyshoekable initial rhythms. These associations remained after
adjustment for multiple potential confounders, though given this is a retrospective and
non-randomized study, additional unmeasured confounders may remain. Notably, ROSC at ED
arrival did not appearito differ by anatomic site of 10 placement (TIO or HIO). Our study adds
to the growing body of evidence suggesting that 10 as a first access strategy in OHCA is
associated with lower odds of ROSC by the time of hospital arrival and, for those with

shockable initial rhythms, may be associated with worse survival outcomes.

Few studies exist evaluating outcomes among patients using the initial strategy for vascular



access, including different sites of 10 placement. A recent meta-analysis by Hsieh et al.
identified nine retrospective studies totaling 111,746 adults experiencing OHCA evaluating
vascular access strategy and patient outcomes.®® This study showed pooled effect estimates
demonstrating no association between 10 and favorable neurologic outcome or survival at
hospital discharge. However, in the same meta-analysis, pooled effects for ROSC at ED arrival
across studies favored the IV route (OR 0.71 [0.59 - 0.85]). Feinstein et al.,* and more recently
Mody et al.,”® demonstrated decreased rates of ROSC in association with attempted 10 access
compared to attempted PIV. Mody et al. assessed outcomes by attempted access (PIV or TIO) in
19,731 patients with OHCA and showed that 10 access attempts*were associated with lower
rates of sustained ROSC independent of differences in timing of key interventions. However,
they did not investigate how anatomic location‘ofthe 10 or initial rhythm contributed to these

differences in outcomes.

Mechanisms exist that may explain why 10 access appears comparatively worse in patients
with shockable rhythms, ‘as<Compared to a PIV. Unlike those with non-shockable rhythms,
patients with VF'er pulseless VT often receive antiarrhythmics, such as amiodarone or lidocaine,
to treat refractory or recurrent VF/VT. Recent evidence suggests antiarrhythmics, particularly
amiodarone, may be effective only when given via PIV with no difference compared to placebo
when given via an 10.% A proposed explanation is that this may be in part due to the lipophilic
nature of amiodarone and lidocaine and the higher lipid content in bone marrow.** Porcine

models have shown important differences in absorption of both antiarrhythmic and vasoactive



agents, >3

across access routes, with studies tending to favor greater absorption (as measured
by point estimates for maximum concentration and time to maximum concentration) for both
therapies via the PIV route — particularly when compared to TIO.* Any role that interactions
between lipophilic antiarrhythmic medications administered via the 10 route plays in driving
outcomes may be minimized among non-shockable patients, where multiple high doses
epinephrine — with a highly hydrophilic catechol moiety — may lead to less sequestration in the

fatty bone marrow and more equivalent efficacy between routes.*®

The anatomic site of 10 access has been suggested as an‘additional, important mediator in
clinical studies evaluating vascular access approaches. Physical proximity to the heart, faster
flow rates and lack of SVC venous valves inyminimizing regurgitant flow — have all been
proposed as mechanisms suggesting that humeral or other upper extremity access could be a
superior access site to T10.%*3%% Q(r study showed no association between 10 site (TIO vs.

HI10) and ROSC compared to RIV.

In this study, we utilized the first-attempted access strategy to mitigate potential confounding by
the ‘1O as a rescue strategy’ paradigm that likely undermines studies demonstrating inverse
associations between 10 use and ROSC at ED arrival. Cases where the patient has been down
for considerable time in a ‘no flow’ state represent a challenging scenario for intravenous access
due to collapsed vasculature and these patients are overall much less likely to have a favorable

outcome. If these factors motivate providers towards an 10 first initial strategy it can appear as



if 10 as an initial strategy correlates with worse outcomes simply because these patients are
comparatively ‘sicker’. We attempted to account for this by adjusting for arrest characteristics
and the time from 911 call time to EMS arrival in all models. We did not adjust for time to
medication administration as we considered time to be on the causal pathway of drug
administration and outcome, with the hypothesis that an 10 route would result in faster drug

delivery than a PIV and have a theoretical benefit as a result.

Limitations

Our study has multiple limitations. Most importantly among‘these,«as this was an observational
study; it is likely there remain unmeasured confounding, risk.of selection bias, and confounding
by indication despite extensive efforts to control*for. these. Specifically, first vascular access
attempt was up to paramedic discretion, though per guidelines PIV was recommended as a first
attempt. As a result, there maytbe ‘unmeasured confounders in those where a PIV was not
chosen that are associated with worse outcomes. There may additionally be charting errors,
regarding initial access attempt location, though without reason to suspect these would not
occur at random ‘across all comparison groups. We used several strategies to minimize potential
biases. First,'we focused on the first strategy of vascular access to eliminate instances where an
IO was used as a rescue after a failed PIV attempt. Patients with failed PIV-first attempt and a
successful rescue 10 would be included in the PIV-first strategy group. Second, we excluded
patients who achieved ROSC prior to the access attempt, which required detailed timing

measurements including the time of access attempt and time of initial ROSC (even if this was



brief and not sustained). This would help eliminate bias where a PIV might be chosen by EMS
for patients rapidly achieving ROSC whereas an 10 was chosen for those still pulseless. Third,
we present an analysis excluding EMS witnessed cases to reduce the bias that may occur for
patients with PIV placed or nearly placed by EMS prior to arrest. Fourth, we adjusted our
analyses by county of care to account for potential differences in protocols, training, and
experience with PIV, TIO, and HIO placement. Finally, we include a variable,for year of
treatment in our adjusted analysis in the event that the COVID-19 pandemic impacted outcomes
in 2020 and 2021, since use of an HIO was more common in these.years than in 2018 and 2019.
Nevertheless, as other investigators have noted, it is difficult“to control for all potential
confounders in observational cardiac arrest research.3® Qverall, these limitations and our
findings support the need for a large, multisite “randomized controlled trial studying initial

vascular access strategy in the EMS systems in.the United States.

CONCLUSIONS

We found that 10 aceess as=an initial vascular access strategy in patients experiencing OHCA,
particularly those with a shockable initial rhythm, is associated with lower odds of ROSC at ED
arrival, regardless of anatomic site (TIO or HIO), when compared to a PIV-first strategy. For
patients with shockable initial rhythms, there were also significantly lower adjusted odds of
survival to discharge for both TIO and HIO relative to PIV. Randomized controlled trials are
needed to determine the optimal initial vascular access strategy in OHCA and if this strategy

should differ based on whether the initial rhythm is shockable or non-shockable.



REFERENCES:

10.

11.

12.

13.

Tsao CW, Aday AW, Almarzooq ZI, et al. Heart Disease and Stroke Statistics—2022
Update: A Report From the American Heart Association. Circulation 2022;145(8) (In
en). DOI: 10.1161/CIR.0000000000001052.

Sasson C, Rogers MAM, Dahl J, Kellermann AL. Predictors of Survival From
Out-of-Hospital Cardiac Arrest: A Systematic Review and Meta-Analysis. Circ:
Cardiovascular  Quality and Outcomes 2010;3(1):63-81. (In en). DOL:
10.1161/CIRCOUTCOMES.109.889576.

Yan S, Gan Y, Jiang N, et al. The global survival rate among adult out-of-hespital
cardiac arrest patients who received cardiopulmonary resuscitation: a systematic review
and meta-analysis. Crit Care 2020;24(1):61. (In en). DOI: 10.1186/s13054-020-2773-2.
Peters GA, Ordoobadi AJ, Panchal AR, Cash RE. Differences in, Out-of-Hospital
Cardiac Arrest Management and Outcomes across Urban, Suburban;-and Rural Settings.
Prehospital Emergency Care 2022:1-8. (In en). DOI: 10.1080/10903127.2021.2018076.
Okubo M, Schmicker RH, Wallace DJ, et al. Variation in'Survival After Out-of-Hospital
Cardiac Arrest Between Emergency Medical Services Agencies. JAMA Cardiol
2018;3(10):989. (In en). DOI: 10.1001/jamacardio:2018.3037.

Huebinger R, Jarvis J, Schulz K, et al.CCommunity Variations in Out-of-Hospital
Cardiac Arrest Care and Outcomes in ‘Texas. Prehospital Emergency Care
2022;26(2):204-211. (In en). DOI: 10.1080/10903127.2021.1907007.

Girotra S, van Diepen S, Nallamothu BK, et al. Regional Variation in Out-of-Hospital
Cardiac Arrest Survival in the United States. (In en).

Blewer AL, Schmicker RH, Morrison'LJ, et al. Variation in Bystander Cardiopulmonary
Resuscitation Delivery and Subsequent Survival From Out-of-Hospital Cardiac Arrest
Based on Neighborhood-Lkevel Ethnic Characteristics. Circulation 2020;141(1):34-41.
(Inen). DOI: 10.1161/CIRCULATIONAHA.119.041541.

Rivera NT, Kumar SL, Bhandari RK, Kumar SD. Disparities in Survival with Bystander
CPR following Cardiopulmonary Arrest Based on Neighborhood Characteristics.
Emergency Medicine International 2016;2016:1-8. (In en). DOI:
10.1155/2016/6983750.

Garcia RA; Girotra S, Jones PG, et al. Variation in Out-of-Hospital Cardiac Arrest
Survival Across Emergency Medical Service Agencies. Circ: Cardiovascular Quality
and Outcomes 2022;15(6) (In en). DOI: 10.1161/CIRCOUTCOMES.121.008755.
Nichol G. Regional Variation in Out-of-Hospital Cardiac Arrest Incidence and Outcome.
JAMA 2008;300(12):1423. (In en). DOI: 10.1001/jama.300.12.1423.

Govindarajan P, Lin L, Landman A, et al. Practice variability among the EMS systems
participating in Cardiac Arrest Registry to Enhance Survival (CARES). Resuscitation
2012;83(1):76-80. (In en). DOI: 10.1016/j.resuscitation.2011.06.026.

Lin C-H, Ng YY, Chiang W-C, et al. Variation of current protocols for managing



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

out-of-hospital cardiac arrest in prehospital settings among Asian countries. Journal of
the Formosan Medical Association 2016;115(8):628-638. (In en). DOI:
10.1016/j.jfma.2015.10.003.

Hansen M, Schmicker RH, Newgard CD, et al. Time to Epinephrine Administration and
Survival From Nonshockable Out-of-Hospital Cardiac Arrest Among Children and
Adults. Circulation 2018;137(19):2032-2040. (In en). DOI:
10.1161/CIRCULATIONAHA.117.033067.

Rahimi M, Dorian P, Cheskes S, Lebovic G, Lin S. Effect of Time to Treatment With
Antiarrthythmic Drugs on Return of Spontaneous Circulation in Shock-Refractory Out-
of-Hospital ~ Cardiac  Arrest. JAHA  2022;11(6):¢023958. (In en)s. DOL:
10.1161/JAHA.121.023958.

Perry E, Nehme E, Stub D, Anderson D, Nehme Z. The impact of time:to amiodarone
administration on survival from out-of-hospital cardiac arrest. Resusc Plus
2023;14:100405. (In eng). DOI: 10.1016/j.resplu.2023.100405.

Lupton JR, Neth MR, Sahni R, et al. Survival by time-to-administration of amiodarone,
lidocaine, or placebo in shock-refractory out-of-hospital cardiac arrest. Acad Emerg
Med 2023;30(9):906-917. (In eng). DOI: 10.1111/acem.14716.

Lee DK, Kim YJ, Kim G, et al. Impact of early intravenous amiodarone administration
on neurological outcome in refractory ventricular fibrillation: retrospective analysis of
prospectively collected prehospital data. “Scand’ J Trauma Resusc Emerg Med
2019;27(1):109. (In eng). DOI: 10.1186/s13049-019-0688-1.

Okubo M, Komukai S, Callaway .CW, Izawa J. Association of Timing of Epinephrine
Administration With Outcomes in-Adults With Out-of-Hospital Cardiac Arrest. JAMA
Netw Open 2021;4(8):e2120176. (In eng). DOI: 10.1001/jamanetworkopen.2021.20176.
Soar J, Berg KM. Early Epinephrine Administration for Cardiac Arrest. JAMA Netw
Open 2021;4(8):2120725.(In'eng). DOI: 10.1001/jamanetworkopen.2021.20725.

Ross EM, Mapp J, Kharod CU. 152 Time to Epinephrine in Out-of-Hospital Cardiac
Arrest: A Retrospective ‘Analysis of Intraosseous Versus Intravenous Access. Annals of
Emergency Medicine 2016;68(4):S61. (In en). DOl:
10.1016/j.annemergmed.2016.08.165.

Reades R, Studnek JR, Garrett JS, Vandeventer S, Blackwell T. Comparison of
First=Attempt< Success Between Tibial and Humeral Intraosseous Insertions During
Out-of<Hospital Cardiac Arrest. Prehospital Emergency Care 2011;15(2):278-281. (In
en). DOI: 10.3109/10903127.2010.545479.

Panchal AR, Bartos JA, Cabafias JG, et al. Part 3: Adult Basic and Advanced Life
Support: 2020 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Circulation
2020;142(16_suppl_2):S366-s468. (In eng). DOI: 10.1161/cir.0000000000000916.
Feinstein BA, Stubbs BA, Rea T, Kudenchuk PJ. Intraosseous compared to intravenous
drug resuscitation in out-of-hospital cardiac arrest. Resuscitation 2017;117:91-96. (In
en). DOI: 10.1016/j.resuscitation.2017.06.014.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mody P, Brown SP, Kudenchuk PJ, et al. Intraosseous versus intravenous access in
patients with out-of-hospital cardiac arrest: Insights from the resuscitation outcomes
consortium continuous chest compression trial. Resuscitation 2019;134:69-75. (In en).
DOI: 10.1016/j.resuscitation.2018.10.031.

Tan BKK, Chin YX, Koh ZX, et al. Clinical evaluation of intravenous alone versus
intravenous or intraosseous access for treatment of out-of-hospital cardiac arrest.
Resuscitation 2021;159:129-136. (In en). DOI: 10.1016/j.resuscitation.2020.11.019.
Hamam MS, Klausner HA, France J, et al. Prehospital Tibial Intraosseous Drug
Administration is Associated with Reduced Survival Following Out of Hospital Cardiac
Arrest: A study for the CARES Surveillance Group. Resuscitation 2021;167:261-266.
(Inen). DOI: 10.1016/j.resuscitation.2021.06.016.

Daya MR, Leroux BG, Dorian P, et al. Survival After Intravenous Versus Intraosseous
Amiodarone, Lidocaine, or Placebo in Out-of-Hospital Shock-Refractory Cardiac Arrest.
Circulation 2020;141(3):188-198. (In en). DOI:
10.1161/CIRCULATIONAHA.119.042240.

Dalsey WC, Barsan WG, Joyce SM, Hedges JR, Lukes SJ;, Dean LA. Comparison of
superior vena caval and inferior vena caval access using awradioisotope technique during
normal perfusion and cardiopulmonary resuscitation. Annals of Emergency Medicine
1984;13(10):881-884. (In en). DOI: 10.1016/S0196-0644(84)80661-7.

Hsieh Y-L, Wu M-C, Wolfshohl J, et al. Intragsseous versus intravenous vascular access
during cardiopulmonary resuscitation<fer_out-of-hospital cardiac arrest: a systematic
review and meta-analysis of observational,studies. Scand J Trauma Resusc Emerg Med
2021;29(1):44. (In en). DOI: 10.1186/s13049-021-00858-6.

Burgert J, Gegel B, Loughren M, et*al. Comparison of tibial intraosseous, sternal
intraosseous, and intravenouss routes of administration on pharmacokinetics of
epinephrine during cardiac,arrest: a pilot study. Aana j 2012;80(4 Suppl):S6-10. (In
eng).

Holloway BSNMMy, Jurina MSNSL, Orszag BSNJD, et al. Effects of humerus
intraosseous versus’ intravenous amiodarone administration in a hypovolemic porcine
model. Am J Disaster Med 2016;11(4):261-269. (In en). DOI: 10.5055/ajdm.2016.0248.
Hampton/ BSNK] Wang BSNE, Argame BSNJI, Bateman BSNT, Craig DNPCW,
Johnsen PD. The effects of tibial intraosseous versus intravenous amiodarone
administration in a hypovolemic cardiac arrest procine model. Am J Disaster Med
2016;11(4):253-260. (In en). DOI: 10.5055/ajdm.2016.0247.

Yauger YJ, Johnson MD, Mark J, et al. Tibial Intraosseous Administration of
Epinephrine Is Effective in Restoring Return of Spontaneous Circulation in a Pediatric
Normovolemic But Not Hypovolemic Cardiac Arrest Model. Pediatr Emer Care
2022;38(4):€1166-e1172. (In en). DOI: 10.1097/PEC.0000000000002127.

Hooper A, Nolan JP, Rees N, Walker A, Perkins GD, Couper K. Drug routes in
out-of-hospital cardiac arrest: A summary of current evidence. Resuscitation
2022;181:70-78. (In en). DOI: 10.1016/j.resuscitation.2022.10.015.



36.

37.

38.

39.

1 - Introduction to the Endocrine System. In: White BA, Porterfield SP, eds. Endocrine
and Reproductive Physiology (Fourth Edition). Philadelphia: Mosby; 2013:1-e2.

Lairet J, Bebarta V, Lairet K, et al. A Comparison of Proximal Tibia, Distal Femur, and
Proximal Humerus Infusion Rates Using the EZ-1O Intraosseous Device on the Adult
Swine ( <i>Sus scrofa</i> ) Model. Prehospital Emergency Care 2013;17(2):280-284.
(Inen). DOI: 10.3109/10903127.2012.755582.

Pasley J, Miller CHT, DuBose JJ, et al. Intraosseous infusion rates under high pressure:
A cadaveric comparison of anatomic sites. Journal of Trauma and Acute Care Surgery
2015;78(2):295-299. (In en). DOI: 10.1097/TA.0000000000000516.

Rea TD, Cook AJ, Stiell IG, et al. Predicting Survival After Out-of-HospitalCardiac
Arrest: Role of the Utstein Data Elements. Annals of Emergency Medicine
2010;55(3):249-257. (In en). DOI: 10.1016/j.annemergmed.2009.09.018.



Table 1. Patient characteristics by 1st access strategy in out-of-hospital cardiac arrest

Peripheral IV Tibial 10 Humeral 10
(n=822) (n=1171) (n = 1000)

Age, years (median [interquartile range]) 67 (53-77) 62 (50-72) 64 (52-74)
Male sex, n (%) 589 (71.7) 739 (63.1) 666 (66.6)
Bystander witnessed, n (%0) 288 (35.0) 452 (38.6) 357 (35.7)
EMS witnessed, n (%0) 182 (22.1) 103 (8.8) 78 (1.8)¢
Bystander CPR, n (%) 438 (53.3) 634 (54.1) 596 (59.6)
Bystander AED shock, n (%0) 25 (3.0) 20 (1.7) ‘ZQ &2) !
911 call to 1st EMS arrival, - minutes (median = 5.3 (4.1-6.8) 5.4 (4.1-7.0) 5.2(3.8-6.6)
[interquartile range])
Arrest Location, n (%0) /A\}

Home 611 (74.3) 856 (73:1) 728 (72.8)

Assisted Living 67 (8.2) 97,(83),  91(9.1)

Health care Facility or Clinic 10 (1.21) 18 (1'5) 12 (1.2)

Public Location 134 (16.3)=, $200 (17.1) 169 (16.9)
Initial rhythm, n (%0)

VFINT 253(308), 258(220)  231(23.1)

Asystole 324 (39.4) 661 (56.5) 553 (55.3)

PEA 221@6.9) 246 (21.0) 208 (20.8)

Unknown non-shockable 24 (2.9) 6 (0.5) 8 (0.8)
Year of Arrest, n (%) {7?

2018 181 (22.0) 323 (27.6) 91 (9.1)

2019 J\Y 164 (20.0) 322 (27.5) 199 (19.9)

2020 224 (27.3) 294 (25.1) 270 (27.0)

2021 ) 253 (30.8) 232 (19.8) 440 (44.0)

Abbreviations: SD = Standard{Deviation, EMS = Emergency Medical Services, AED = Automated external

defibrillator, CPR =

Cardiopulmonary Resuscitation, VF =

Ventricular fibrillation, VT = Ventricular

Tachycardia, PEA = Pulseless Electrical Rhythm. Means with Standard Deviations are presented for continuous

variables.



Table 2. Adjusted odds for patient outcomes by initial prehospital vascular access strategy
in out-of-hospital cardiac arrest

aOR (95% CI) for Tibial Intraosseous versus Peripheral Intravenous Access (reference)

Overall VFIVT PEA Asystole
. 0.79 0.60 0.92 0.89
ROSC at ED Arrival (0.64-0.98) (0.41-0.88) (0.61-1.39) (0.60-1.32)
Survival to Admission 085 087 104 089
(0.68-1.07) (0.60-1.27) (0.69-1.56) (0.59-1.26)
Survival to Discharge 0.76 063 057 243
(0.53-1.09) (0.41-0.96) (0.28-1.15) (0.744.37)
. 0.72 0.60 0.59 1.83
Good Neurologic Outcome o, o1 (0.39-0.93) (0.29-1.21) (0'56-6.04)
aOR (95% CI) for Humeral Intraosseous versus Peripheral IntravenousAccess (reference)
Overall VFIVT PEA Asystole
. 0.75 0.53 0.78 0.92
ROSC at ED Arrival (0.60-0.93) (036-:079)  , (051-221) (0.63-1.37)
Survival to Admission 083 063 713 091
(0.66-1.04) (0.43-0.92) (0.73-1.73) (0.62-1.34)
Survival to Discharge 0.78 R6A 0.79 192
(055-1.10)  (0.41%0.99) (0.39-1.60) (0.55-6.75)
Good Neurologic Outcome 071 § 061 1.50
(0.50-1.02)4,  (0%40-1.00) (0.28-1.31) (0.40-5.67)
aOR (95% Cl) for Tibial Intraosseous versus Humeral Intraosseous Access (reference)
Overally, ", VFINVT PEA Asystole
ROSC at ED Arrival 1.06 0.89 0.85 1.04
0.85:1.31) (0.59-1.33) (0.55-1.30) (0.75-1.44)
. .. 1.03 0.72 1.09 1.05
Survival to Admission (0:83-1.27 (0.49-1.06) (0.64-1.45) (0.77-1.45)
. . S 098 1.01 1.38 0.83
survival'to Dischargey, g 5 6g.1.40) (0.63-1.62) (0.65-2.96) (0.34-1.98)
. 1.01 1.06 1.03 0.82
Good Neurglogic Outcome 701 47) (0.66-1.72) (0.46-2.31) (0.31-2.19)

Abbreviations:T?OgC :7Return of spontaneous circulation; aOR = Adjusted Odds Ratios; 95% CI = 95% Confidence Intervals;
ED = Emergency Department; Survival to Admission = Survival to Hospital Admission; Survival to Discharge = Survival to
Hospital Discharge; Good Neurologic Outcome = Survival to Hospital Discharge with a Cerebral Perfusion Category Score of 1
or 2; VF/VT = ventricular fibrillation or ventricular tachycardia (pulseless); PEA = Pulseless Electrical Activity. Multivariable
analyses: Overall group includes all adjusting variables and categorical variable for initial patient rhythm. Bolded values
indicate those with p<0.05.




Table 3. Process Outcomes by 1st Attempt Strategy and Initial Rhythm

| VFIVT PEA Asystole
PIV TIO HIO PIV TIO HIO PIV TIO HIO
Attem 1.19 1.06 1.06 1.20 1.05 1.06 1.18 1.04 1.05
pts (1.13-1. | (1.03-1.  (1.02-1. (1.14-1.  (1.02-1. (1.02-1. (1.13-1. (1.02-1. (1.03-1.
before 25) 10) 09) 26) 08) 09) 23) 05) 07)
success
ful
placem
ent PV
g E 1% 0.77 0.95 0.95 0.68 0.95 0.97 0.70 0.96 0.96
% <attemp (0.72-0.  (0.92-0. (0.92-0. (0.61-0. (0.92-0. (0.95-0. (0.65-0. (0.95:0. (0.94-0.
%, ot 83) 98) 97) 74) 97) 99) 75) 98) 98)
§ & success |
a £ Succes  0.86 0.97 0.95 0.77 0.96 0.95 (0177 0.98 0.95
sful (082-0. (0.950. (0.92:0. (072:0. (0.940. (0,920 4072-0. (0.97-0. (0.94-0.
placem  90) 99) 98) 83) 99) 98) 81) 99) 97)
ent
(regar
dless of
attemp
ts)
S  Time 11.75 | 1176 | 1211 7 12337 1184 = 1255 = 1318 @ 1241 = 1273
E  from (11.21- | (11.34- (11.62- h(14.77- (11.36- (11.98- (12.69- (12.06- (12.37-
é 911 12.28) | 12.17) (.1259) § 12.97) @ 1231) 13.11) @ 13.67) 12.76)  13.08)
E Call to
| success
% ful 1%
& access
'<c() Time 6.33 6.05 6.66 6.83 6.42 7.32 7.51 6.54 7.23
%Efrom (5.88-6: | (5.69-6. (6.25-7. (6.28-7.  (5.99-6. (6.80-7. (7.08-7. (6.26-6. (6.95-7.
S s EM 78) 41) 07) 37) 84) 83) 93) 83) 52)
5) § arriva
E to
S success
< ful 1%
ﬁ access
g Time 8.04 7.70 8.30 8.20 8.09 9.24 9.07 8.04 8.99
g from (7.50-8. | (7.28-8.  (7.86-8. (7.65-8. (7.59-8. (8.48-9. (8.61-9. (7.76-8. (8.66-9.
Z EMS 57) 12) 73) 75) 59) 99) 52) 33) 31)
¢  arrival




to 1%
epinep
hrine

Time 481 4.55 4.98 - - - - - -
from (4.27-5. | (4.08-5. (4.52-5.
EMS 35) 03) 45)
arrival
to 1%
shock

Time 12.93 13.20 13.97 - - - - o -
from (11.91- | (12.23- | (12.88-
EMS. 13.95) | 14.17) 15.05
arrival
to 1%
amiod
arone

Abbreviations: PIV = Peripheral intravenous 1V, TIO = Tibial int w,lumeral intraosseous, ROSC =
return of spontaneous circulation, VF = ventricular fibrillation, =wventricular tachycardia, PEA = pulseless
electrical activity, ED = emergency department, EMS = Emer y Medical Services



Non-Traumatic OHCA (2018 - 2021) with EMS
n = 3900
l < 18 yrs. at Time of OHCA (n=89) I
| 3811 |
I No IV/IO attempted (n=168) I
Location of first attempt 1** access strategy missing (n=111
| 3532 | :
| Missing Primary Outcome (ROSC at ED arrival (
| 3531 |
» Missing Time Interval to 1st Acc =227)
T
I Missing time to (n=41) |
3263
1%t access attempt (n=168) |
ondary outcome information needed for
. G A Itivariable analysis (n=102)
(n=2993)

Figure 1. Flow of included subject&@tions: ROSC = return of spontaneous circulation, VF =

ventriclar fibrillation, VT = ve

emergency departme()@

%‘ ar tachycardia, PEA = pulseless electrical activity, ED =
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Figure 2A. Patients with VF/VT initial Rhythm
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Figure 2B. Patients with PEA initial Rhythm
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Figure 2C. Patients with Asystole initial Rhythm



