Hoskins et al.
International Journal of Emergency Medicine
https://doi.org/10.1186/s12245-022-00467-9

International Journal of

(2022) 15:65 ..
Emergency Medicine

RESEARCH  OpenAcess
®

Check for
updates

Current utilization of interosseous access
in pediatrics: a population-based analysis using
an EHR database, TriNetX

Meloria Hoskins'", Samantha Sefick?, Adrian D. Zurca?, Vonn Walter®, Neal J. Thomas>* and Conrad Krawiec?

Abstract

Background: When central or peripheral intravenous access cannot be achieved in a timely manner, intraosse-

ous (I0) access is recommended as a safe and equally effective alternative for pediatric resuscitation. IO usage and
its complications in the pediatric population have been primarily studied in the setting of cardiac arrest. However,
population-based studies identifying noncardiac indications and complications associated with different age groups
are sparse.

Results: This was a retrospective observational cohort study utilizing the TriNetX® electronic health record data.
Thirty-seven hospitals were included in the data set with 1012 patients where an 10 procedure code was reported

in the emergency department or inpatient setting. The cohort was split into two groups, pediatric subjects < 1 year
of age and those > 1 year of age. A total incidence of 10 line placement of 18 per 100,000 pediatric encounters was
reported. Total mortality was 31.8%, with a higher rate of mortality seen in subjects < 1 year of age (39.2% vs 29.0%; p
= 0.0028). A diagnosis of cardiac arrest was more frequent in subjects < 1 year of age (51.5% vs 38.0%; p = 0.002), and
a diagnosis of convulsions was more frequent in those > 1 of age (28.0% vs 13.8%; p <0.01). Overall, 29 (2.9%) subjects
had at least one complication.

Conclusions: More I0s were placed in subjects > 1 year of age, and a higher rate of mortality was seen in subjects
< 1 year of age. Lower frequencies of noncardiac diagnoses at the time of IO placement were found in both groups,
highlighting 10 may be underutilized in noncardiac settings such as convulsions, shock, and respiratory failure. Given
the low rate of complications seen in both groups of our study, IO use should be considered early on for urgent vas-
cular access, especially for children less than 1 year of age.
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Background

Obtaining vascular access is often a vital first step
to providing fluid resuscitation and medications for
children presenting with a wide variety of emergent
clinical conditions [1-5]. Peripheral venous access
is the most common intravascular access used in the
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pediatric population. However, smaller veins, patient
anxiety, changes in vascular tone, and particular physi-
ological characteristics (i.e., increased subcutane-
ous adipose tissue thickness) make obtaining venous
access difficult in pediatric emergencies [6, 7]. When
central or peripheral intravenous access cannot be
achieved in a timely manner, intraosseous (IO) access
is recommended as a safe and equally effective alterna-
tive for delivering fluids and medications [8—12]. This
includes high-risk populations experiencing cardiac
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arrest, respiratory failure, sepsis, shock, major trau-
matic injuries, and status epilepticus [6, 13].

The use of intraosseous space to administer fluids and
medications was first described in the 1920s. It became
more frequently utilized in North America in the 1940s
when research demonstrated its safety in pediatric patients
[14-16]. The IO route allows access to the systemic venous
circulation via the placement of a hollow needle through
the cortex of the bone into the medullary cavity, usually
through the proximal tibia or distal femur. A network of
intramedullary venous sinusoids drains directly into the
central venous system, allowing blood sampling and the
ability to administer any traditionally intravenous flu-
ids or medications [7, 17, 18]. Because it allows quick
and safe access, the most recent American Heart Asso-
ciation’s Pediatric Advanced Life Support (AHA PALS)
update recommends that IO cannulation be the vascular
access method of choice when intravenous access has not
been established within 30 s of resuscitative care [11, 19].
Despite the benefits, IO access does not come without risk.
Studies have reported the most common complications of
IO usage include extravasation, infection (cellulitis and
osteomyelitis), compartment syndrome, lower extremity
fractures, and thrombosis [6, 7, 20-22].

Many of the current published studies mainly focus
on IO usage in the setting of cardiac arrest, respiratory
failure, and trauma [20-23]. While these conditions
are the most widely known indications for 10 access
in children, its use in pediatrics has been expanded to
include severe hemodynamic disorders, neurological
compromise, shock, and severe bleeding [7, 12, 14, 17,
24]. The frequency of its use for noncardiac arrest indi-
cations, the type of patient population, and the com-
plication rate are presently unknown. Examining the
frequency, patterns of care, and complications of IO
usage in cardiac and noncardiac settings while compar-
ing different age groups may assist in understanding
how IO usage has evolved in pediatric practice.

The objective of this present study is to utilize an elec-
tronic health record (EHR) database, TriNetX, and to
evaluate the current usage, clinical characteristics, and
complications of pediatric IO access in multiple healthcare
organizations (HCOs). By stratifying the study population
by age, we aim to better understand any differences in pat-
terns of care and outcomes after IO use between age groups.
We hypothesize that IO access is primarily used in younger
pediatric patients, complications are rare, and the use of IO
in this population has expanded beyond cardiac indications.

Materials and methods

Study design

This is a retrospective observational cohort study utiliz-
ing the TriNetX® electronic health record (EHR) data
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of pediatric subjects aged 0 to 18 years who were found
to have an IO procedural code [Common Procedural
Terminology (CPT): 36680]. TriNetX® is a global fed-
erated research network that provides EHR data ele-
ments (i.e., diagnoses, procedures, laboratory values) of
approximately 68 million patients in 56 large healthcare
organizations predominately in the USA. The data is de-
identified and aggregated within a real-time user-friendly
browser-based software accessible to the study authors.
Because no protected health information is provided,
we received a waiver from the Penn State Health Institu-
tional Review Board (IRB) to perform this study.

Data collection

TriNetX provided a de-identified dataset of electronic
medical records (diagnoses, procedures, medications)
from all eligible patients from 37 US HCOs up to the date
of the database query. TriNetX is compliant with United
States federal law which protects the privacy and security
of healthcare data, the Health Insurance Portability and
Accountability Act (HIPAA). TriNetX is certified to the
ISO 27001:2013 standard and maintains an information
security management system (ISMS) to ensure the pro-
tection of the healthcare data it has access to and to meet
HIPAA Security Rule requirements. Any aggregate data
displayed on the TriNetX platform, or any patient level
data provided within the data set generated by the Tri-
NetX platform, only contains de-identified data as per the
de-identification standard defined in Section §164.514(a)
of the HIPAA Privacy Rule. A formal determination by a
qualified expert as defined in Section §164.514(b)(1) of
the HIPAA Privacy Rule was performed and attested to
the process by which the data is de-identified.

On August 12, 2021, we analyzed the following EHR
data: age, sex, race, ethnicity, International Classifica-
tion of Diseases (ICD) 9th and 10th edition diagnostic
codes on the same day of the 10 procedure and up to
and including 3 months thereafter, non-IO critical care
procedures required, medications, patient encounters
reported, and mortality. Ages were provided in years.
The data were de-identified, and no date of birth was
provided; thus, ages were approximate for subjects older
than 1 year of age. For example, a child born in 2018 with
an IO procedure code is noted on January 1, 2021; the
subject was determined to be 3 years of age. In children
less than 1 year of age, we were unable to calculate the
exact months; thus, they were given an age of 0. We split
the cohort into two groups, pediatric subjects less than
1 year of age and those equal to or greater than 1 year of
age. Due to the number of different codes that may be uti-
lized for each clinical critical condition, complex chronic
conditions, procedures, and medication, we categorized
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each code as outlined in Supplemental Table 1. Complex
chronic conditions were defined based on a list devel-
oped by Feudtner et al., which incorporates any medical
condition that is expected to last at least 12 months [25].

This dataset does not include IO use during operating
room procedures because the TriNetX database does not
include the timing of procedure code placement and does
not report the operating room as a potential location.
Because not all encounter types may be reported in this
dataset (i.e., listed as unknown), we opted to include all
subjects with an unknown and inpatient encounter type.
This approach was undertaken as most subjects receive
an IO in an emergency setting; however, if the coding/
billing did not occur during the emergency setting, the
encounter type was labeled unknown in the database.

To gain an understanding of the incidence of pediatric
ED visits and admissions where interosseous access was
utilized, on October 4, 2021, we used TriNetX browser-
based real-time analytical features to determine the total
number of ED visits and inpatient admissions within
the TriNetX database. We set the query to evaluate this
within the same time period of our initial analysis.

Statistical analysis

Summary counts and percentages of demographic char-
acteristics, diagnostic categories, and other variables of
interest in the two age group categories were computed
with RStudio version 1.4.1106 [26]. Fisher’s exact test
was used to assess the statistical significance of bivari-
ate associations. When assessing race only, subjects of
“unknown” race were removed from the analysis. Because
of the exploratory nature of this study, no adjustment for
multiple testing was applied.

Results

Patient demographics

There were 37 hospitals in the data set with 1012 pedi-
atric patients where an IO procedure code was reported
in the emergency department or inpatient setting. Those
less than 1 year of age accounted for 268 (26.5%) of the
study population, while 744 (73.5%) pediatric subjects
were more than 1 year of age. Encounter type (i.e., emer-
gency vs inpatient) was listed for 606 of the patients
within the data set. In patients where encounter type
was recorded, 364 (60.1%) IO lines were placed during
ED visits, while 242 (39.9%) procedures occurred dur-
ing inpatient encounters. Within the TriNetX database,
there were 4,114,773 pediatric ED visits, and 1,428,217
pediatric admissions, generating an IO line placement
incidence of 9 per 100,000 ED visits and 17 per 100,000
pediatric inpatient admissions. There were 406 subjects
that received IO where the encounter type was unknown.
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When including all pediatric subjects where an 10 pro-
cedure code was reported, there is a total incidence of 18
per 100,000 pediatric encounters.

Table 1 presents demographics including gender, age,
ethnicity, and race of the pediatric patients in this cohort.
The mean age of the > 1 year group was 3.9 years (£ 4.3).
While there were more IOs placed in subjects older than
1 year, the mortality rate was higher in patients less than
1 year of age (39.2% vs 29.0%; p = 0.0028).

Reported diagnostic codes

When grouped into diagnostic categories, diseases of the
circulatory system and diseases of the respiratory sys-
tem were the most common for both groups (Table 1).
For those with a disease of the circulatory system, there
was a higher frequency of subjects less than 1 year of age
with an IO procedural code in comparison with those
older than 1 year of age (64.9% vs 51.2%; p = 0.001).
Conversely, diseases of the nervous system and injury,
poisoning, and certain other consequences of external
causes were both more frequent in subjects more than 1
year of age with an 1O procedural code (33.9% vs 20.5%; p
< 0.01 and 32.1% vs 19.4%; p < 0.01, respectively).

The most common diagnosis at the time of IO place-
ment for both groups was cardiac arrest, followed by res-
piratory failure, shock, and convulsions (Fig. 1). Of the
intraosseous access procedure codes reported within the
TriNetX database, a diagnosis of cardiac arrest was more
frequent in children less than 1 year of age compared
to children 1 year or older (51.5% vs 38.0%; p = 0.002).
Additionally, a higher frequency of 10 placement was
identified in subjects more than 1 year of age with con-
vulsions (28.0% vs 13.8%; p < 0.01).

Reported medical services

Critical care procedure codes that were reported to be
provided included critical care services, invasive mechan-
ical ventilation, and cardiopulmonary resuscitation
(Table 1). Both invasive mechanical ventilation and car-
diopulmonary resuscitation were more commonly used
in subjects less than 1 year of age (63.8% vs 50.9%; p =
0.00034 and 45.9% vs 33.7%; p = 0.000512, respectively).

Reported medications administered

The most common type of medication reported to be
administered on the same day IO access procedural
code was placed was intravenous fluids for both groups,
followed by cardiac arrest medications and electrolyte
administration (Table 2). For subjects more than 1 year
of age, anti-epileptics were used more frequently than in
those less than 1 year of age (23.1% vs 17.5%; p = 0.0566).



Hoskins et al. International Journal of Emergency Medicine (2022) 15:65 Page 4 of 8
Table 1 Clinical characteristics and demographics of pediatrics subjects with intraosseous access procedural code
Total < 1year of age > 1 year of age p-Value
Total number of subjects (n) 1012 268 744 -
Less than 1 year of age 268 268 (100.0%) 0 (0.0%)
1to 5 years of age 584 0 (0.0%) 584 (78.5%)
6to 10 years of age 80 0 (0.0%) 80 (10.8%)
11 to 15 years of age 55 0 (0.0%) 55 (7.4%)
Above 16 years of age 25 0 (0.0%) 25 (3.4%)
Gender (n (%)) 0423
Male 576 (56.9%) 157 (58.6%) 419 (56.3%)
Female 434 (42.9%) 110 (41.0%) 324 (43.5)
Unknown 2(0.2%) 1(0.4%) 1(0.1%)
Mean age (mean +/— SD) 28+40 - 39+43 -
Ethnicity (n (%)) 0.0125
Hispanic or Latino 133 (13.1%) 23 (8.6%) 110 (14.8%)
Not Hispanic or Latino 642 (63.4%) 171 (63.8%) 471 (63.3%)
Unknown 237 (234% 74 (27.6%) 163 (21.9%)
Race (n (%)) 0.299
Black or African American 358 (35.4%) 104 (38.8%) 254 (34.1%)
Other® 27 (2.7%) 7 (2.6%) 20 (2.7%)
Unknown 193 (19.1%) 55 (20.5%) 138 (18.5%)
White 434 (42.9%) 102 (38.1%) 332 (44.6%)
Diagnostic categories (n (%))
Diseases of the circulatory system 555 (54.8%) 174 (64.9%) 381 (51.2%) 0.000109
Diseases of the respiratory system 479 (47.3%) 120 (44.8%) 359 (48.3%) 0354
Diseases of the nervous system 307 (30.3%) 55 (20.5%) 252 (33.9%) <0.01
Injury, poisoning, and certain other consequences 291 (28.8%) 52 (19.4%) 239 (32.1%) <001
of external causes
Certain infectious and parasitic diseases 230 (22.7%) 54 (20.1%) 176 (23.7%) 0.269
Encounter type (n = 606%); (n (%))
Emergency 364 (60.1%) 107 (39.9%) 257 (34.5%) 0.12
Inpatient 242 (39.9%) 63 (23.5%) 179 (24.1% 0933
Critical care services provided (n (%))
Critical care services 706 (69.8) 183 (68.3%) 523 (70.3%) 0.536
Invasive mechanical ventilation 550 (54.3%) 171 (63.8%) 379 (50.9%) 0.00034
Cardiopulmonary resuscitation 374 (37.0%) 123 (45.9%) 251 (33.7%) 0.000512
Complex chronic diseases (n (%)) 0(30.6) 75 (28.0%) 235 (31.6%) 0.28
Deaths (n (%)) 321 (31.7%) 105 (39.2%) 216 (29.0%) 0.0028
Cardiac arrest 258 (25.5%) 91 (34.0%) 167 (22.4%) -
Convulsions 65 (6.4%) 18 (6.7%) 47 (6.3%) -
Respiratory failure 39 (3.9%) 7 (2.6%) 32 (4.3%) -
Shock 30 (3.0%) 5(1.9%) 25 (3.4%) -

2 Only 606 subjects were reported to have an emergency or inpatient encounter listed within the dataset. PAmerican Indian or Alaska Native, Asian, Native Hawaiian,

or Other Pacific Islander

Intraosseous access diagnostic code complications

Overall, 29 (2.9%) subjects had at least one complica-
tion on the same day of the IO procedure and up to
and including 3 months thereafter. Of these, 21 (72.4%)
subjects were less than 1 year of age, and 8 (27.6%) were

greater than 1 year of age. Although the overall com-
plication rate was rare in this cohort for both groups,
potential IO complications reported include lower
extremity thrombosis, fractures, cellulitis/abscess, pul-

monary embolism, and osteomyelitis (Fig. 2).
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Table 2 Type of medications administered on the same day
intraosseous access procedural code placed

<1yearofage > 1yearofage p-value

Fluids 123 (45.9%) 346 (46.5%) 0.887
Cardiac arrest medications 115 (42.9%) 310 (41.7%) 0.773
Electrolyte administration 106 (39.6) 287 (38.6%) 0.826
Emergency anti-infectives 67 (25.0%) 212 (28.5%) 03
Anti-epileptics 47 (17.5%) 172 (23.1%) 0.0576
Cardiac therapy 31 (11.6%) 104 (14.0%) 0347
Discussion

Intraosseous access is often necessary to provide rapid
resuscitation during pediatric emergencies. This study
aimed to evaluate the current utilization, clinical charac-
teristics, and complications of IO access in children among
a large sample of hospitals using an EHR database, Tri-
NetX. We found that more IO lines were placed in pediat-
ric subjects > 1 year of age, and a higher mortality rate was
seen in subjects < 1 year. Additionally, our findings show a
higher frequency of 10 placement in subjects < 1 year of
age with cardiac arrest and a higher frequency of 1O place-
ment in patients > 1 year of age with convulsions.

By evaluating two different age groups within the pedi-
atric population in a multicenter fashion, while restricted
to the limitations of this dataset, we have expanded our
knowledge of 10 usage and outcomes. Furthermore, due
to physiological reasons and the different approaches that
are taken in emergency settings, it may be more reason-
able to examine younger children separately from older

children whenever possible. For example, it is more dif-
ficult to gain emergent vascular access in smaller and
younger children due to smaller veins and involuntary
movements. Thus, more IOs are placed in older sub-
jects, and a higher rate of complications and deaths are
observed in younger subjects, possibly due to the inabil-
ity to achieve prompt access. By stratifying our popula-
tion by age, we demonstrated differences in outcomes
between these two groups, which is novel to this study.

While IO access is reported as a safe and rapid approach
to pediatric resuscitation, there is minimal population-
based data at present showing its utilization outside of
cardiac arrest. Based on the lower frequencies of noncar-
diac diagnoses found in the study subjects at the time of
IO placement, IO access may be underutilized in noncar-
diac settings such as convulsions, shock, and respiratory
failure. Given the current AHA PALS guidelines and its
interchangeable efficacy profile with other forms of vascu-
lar access, this should not be the case [9, 11, 19].

In the setting of neurological disease, a higher fre-
quency of IO placement was seen in older pediatric sub-
jects than in those less than 1 year of age in this study.
There are many possible reasons for these findings. For
example, administering intramuscular (IM) medications
for seizure control is generally effective, but older chil-
dren may need larger doses of medications, which may
be easier to achieve with an IO. The lower frequency seen
in subjects less than 1 year of age may highlight the dif-
ficulty in obtaining IO access in younger children, espe-
cially during excess involuntary muscle contraction. It
is also possible there was a reluctance or discomfort in
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obtaining IO access in a young child. Alternatively, IO
access may not have been considered necessary as intra-
venous access may have been successfully obtained, espe-
cially if the patient is otherwise healthy. Nevertheless,
quick vascular access is essential to administer medica-
tions necessary to treat convulsions and prevent further
complications, regardless of age. Thus, 10 placement
should be considered as soon as possible if other vascular
access attempts appear to be futile when children experi-
ence convulsions, especially given the relatively low risk
of complications in our study.

Despite including diagnoses other than cardiac arrest
and respiratory failure in this study, the mortality rate
was similar to other studies evaluating IO usage [23, 24].
Given the American Heart Association’s PALS recom-
mendation, the mortality rate recorded in our study may
seem high based on the similar safety profiles and effi-
cacy of IO access compared to other intravascular access
forms. For example, in the pediatric intensive care unit
(PICU), the overall mortality rate has historically been
reported to be 2% [11, 27]. However, children who pre-
sent to the emergency department and inpatient setting
often have preexisting medical conditions, comorbidities,
and often are extremely ill (even before they reach the
PICU). Vascular access in these patients can be challeng-
ing to achieve. Thus, the high mortality rate seen in both

groups in this study population is likely a marker of the
inherently poor prognosis of critically ill and medically
complex pediatric patients who require IO access.

We identified possible complications 1 day to 3 months
after IO use in this population, including lower extremity
thrombosis, fracture, cellulitis/abscess, pulmonary embo-
lism, and osteomyelitis. Our study demonstrates similar
complication rates as previously reported [17, 18, 23,
28]. In this data set, the low incidence of complications
reported may be explained by the mortality rate. More
complications likely occurred with patients who did not
survive and thus were not reported within the EHR. It
should also be considered that not all complications were
recorded, and perhaps the reported complication rate is
lower than the actual rate. Finally, it is possible that the
reported complications were unrelated to IO placement.
Nonetheless, because complication rates continue to be
reported as low, IO use should be considered early on for
urgent vascular access.

The study was not without limitations. The exact tem-
poral relationship between IO placement and outcomes
is unknown due to constraints within the TriNetX data-
base, which only allows users to determine when CPT
and ICD codes are billed. We can only assume that the
patient receives IO placement and is diagnosed on the
same day they are billed. Additionally, we would have
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expected a higher mortality rate among this popula-
tion due to the likely prognosis of critically ill patients
receiving IO placement. Therefore, it is possible that not
all IO placement codes were recorded correctly within
the EHR, or some procedures took place but were not
documented at all. It should also be considered that
IO procedural codes are not necessarily recorded for
missed attempts. In our study, the location of IO place-
ment for 40% of the encounters was not reported. It is
possible that the patient received an IO line in a clini-
cal setting that was not the emergency department or
inpatient area. Even though it was unknown where these
encounters occurred, we opted to include these subjects
as IOs are typically utilized as an emergency tool in the
ED or inpatient setting. Additionally, we must consider
that patients who survived in a hospital represented
within the TriNetX database may not have survived in a
non-TriNetX hospital if they were transferred out of the
TriNetX hospital. Due to dataset limitations, the sever-
ity of the illness was unknown. However, the patient
population was likely critically ill due to IO usage in
emergencies. Furthermore, the data was de-identified
such that no information was provided about the hos-
pitals within the database (including whether they were
pediatric-based hospitals). Despite these limitations, the
data set provided a large sample size using population-
based sampling of 37 different HCOs across the USA.

Conclusion

In conclusion, we found that more IOs were placed in
subjects > 1 year of age, and a higher mortality rate was
seen in subjects < 1 year of age. Lower frequencies of
noncardiac diagnoses at the time of IO placement were
found in both groups, highlighting IO may be underuti-
lized in noncardiac settings such as convulsions, shock,
and respiratory failure. Given the low rate of complica-
tions seen in both groups of our study, IO use should be
considered early for urgent vascular access, especially for
children less than 1 year of age.

Abbreviations

IO: Intraosseous; AHA PALS: American Heart Association’s Pediatric Advanced
Life Support; EHR: Electronic health record; HCO: Healthcare organization;
CPT: Common procedural terminology; IRB: Institutional Review Board; HIPAA:
Health Insurance Portability and Accountability Act; ISMS: Information security
management system; ICD: International Classification of Diseases; ED: Emer-
gency department; IM: Intramuscular; PICU: Pediatric intensive care unit.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512245-022-00467-9.

Additional file 1: Supplemental Table 1. Diagnoses Evaluated During
Time Period of Intraosseous Access Procedural Code.

(2022) 15:65

Page 7 of 8

Acknowledgements
None.

Authors’ contributions

MH and CK conceptualized and designed the study. MH drafted the manu-
script and reviewed the initial analysis. CK collected and organized the data,
carried out the initial analysis, and reviewed and revised the manuscript for
important intellectual content. VW conducted the data analysis and revised
the manuscript for important intellectual content. SS, NT, and AZ reviewed the
initial analyses and revised the manuscript for important intellectual content.
The authors read and approved the final manuscript.

Funding

The project described was supported by the National Center for Advanc-

ing Translational Sciences, National Institutes of Health, through Grant UL1
TR002014 including TriNetX network access. The content is solely the respon-
sibility of the authors and does not necessarily represent the official views of
the National Institutes of Health.

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available but are available from the corresponding author on reason-
able request.

Declarations

Ethics approval and consent to participate

The study was performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Because no protected health information is
provided, the study received a waiver from the Penn State Health Institutional
Review Board to perform this study. Written consent was obtained from all
participants and from a parent and/or legal guardian.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Penn State College of Medicine, 500 University Drive, PO. Box 859, Hershey,
PA, USA. “Pediatric Critical Care Medicine, Department of Pediatrics, Penn State
Hershey Children’s Hospital, 500 University Drive, PO. Box 850, Hershey, PA,
USA. *Division of Biostatistics and Bioinformatics, Department of Public Health
Sciences, Pennsylvania State University College of Medicine, 500 University
Drive, Hershey, PA, USA. “Department of Public Health Sciences, Pennsylvania
State University College of Medicine, 500 University Drive, Hershey, PA, USA.

Received: 2 August 2022 Accepted: 10 November 2022
Published online: 29 November 2022

References

1. LeelJ,Yang WC, Lee EP, et al. Clinical survey and predictors of outcomes
of pediatric out-of-hospital cardiac arrest admitted to the emer-
gency department. Sci Rep. 2019;9(1):7032. https://doi.org/10.1038/
$41598-019-43020-0.

2. Fleischmann-Struzek C, Goldfarb DM, Schlattmann P, Schlapbach LJ, Rein-
hart K, Kissoon N. The global burden of paediatric and neonatal sepsis: a
systematic review. Lancet Respir Med. 2018;6(3):223-30. https://doi.org/
10.1016/52213-2600(18)30063-8.

3. Balamuth F, Weiss SL, Neuman M|, et al. Pediatric severe sepsis in U.S.
children’s hospitals*. Pediatr Crit Care Med. 2014;15(9):798-805. https://
doi.org/10.1097/PCC.0000000000000225.

4. Evans IVR, Phillips GS, Alpern ER, et al. Association between the New York
Sepsis Care Mandate and In-Hospital Mortality for Pediatric Sepsis. JAMA.
2018;320(4):358. https://doi.org/10.1001/jama.2018.9071.


https://doi.org/10.1186/s12245-022-00467-9
https://doi.org/10.1186/s12245-022-00467-9
https://doi.org/10.1038/s41598-019-43020-0
https://doi.org/10.1038/s41598-019-43020-0
https://doi.org/10.1016/S2213-2600(18)30063-8
https://doi.org/10.1016/S2213-2600(18)30063-8
https://doi.org/10.1097/PCC.0000000000000225
https://doi.org/10.1097/PCC.0000000000000225
https://doi.org/10.1001/jama.2018.9071

Hoskins et al. International Journal of Emergency Medicine

20.

21.

22.

23.

24.

25.

(2022) 15:65

Weiss SL, Peters MJ, Alhazzani W, et al. Surviving Sepsis Campaign
International Guidelines for the Management of Septic Shock and
Sepsis-Associated Organ Dysfunction in Children. Pediatr Crit Care Med.
2020;21(2):e52-e106. https://doi.org/10.1097/PCC.0000000000002198.
Naik V, SsP M, Rayani B. Vascular access in children. Indian J Anaesth.
2019;63(9):737. https://doi.org/10.4103/ija.lJA_489_19.

de S& RAR, Melo CL, Dantas RB, Delfim LVV. Acesso vascular por

via intradssea em emergéncias pedidtricas. Rev Bras Ter Intensiva.
2012,24(4):407-14. https://doi.org/10.1590/50103-507X2012000400019.
Von Hoff DD, Kuhn JG, Burris HA, Miller LJ. Does intraosseous equal intra-
venous? A pharmacokinetic study. Am J Emerg Med. 2008;26(1):31-8.
https://doi.org/10.1016/j.ajem.2007.03.024.

Horton MA, Beamer C. Powered intraosseous insertion provides safe and
effective vascular access for pediatric emergency patients. Pediatr Emerg
Care. 2008;24(6):347-50. https://doi.org/10.1097/PEC.0b013e318177a6fe.
Wimmer BSNMH, Heffner BSNK, Smithers BSNM, et al. The comparison of
humeral intraosseous and intravenous administration of vasopressin on
return of spontaneous circulation and pharmacokinetics in a hypov-
olemic cardiac arrest swine model. Am J Disaster Med. 2016;11(4):237-42.
https://doi.org/10.5055/ajdm.2016.024.

. Topjian AA, Raymond TT, Atkins D, et al. Part 4: Pediatric Basic and Advanced

Life Support: 2020 American Heart Association Guidelines for Cardiopul-
monary Resuscitation and Emergency Cardiovascular Care. Circulation.
2020;142(16_suppl_2). https://doi.org/10.1161/CIR.0000000000000901.
Peshimam N, Bruce-Hickman K, Crawford K, et al. Peripheral and central/
intraosseous vasoactive infusions during and after pediatric critical care
transport: retrospective cohort study of extravasation injury. Pediatr Crit
Care Med. 2022; Publish Ahead of Print. https://doi.org/10.1097/PCC.
0000000000002972.

Luck RP, Haines C, Mull CC. Intraosseous access. J Emerg Med.
2010;39(4):468-75. https://doi.org/10.1016/j jemermed.2009.04.054 Epub
2009 Jul 9. PMID: 19545966.

Drinker CK, Drinker KR, Lund CC. the circulation in the mammalian bone-
marrow. Am J Physiol-Leg Content. 1922;62(1):1-92. https://doi.org/10.
1152/ajplegacy.1922.62.1.1.

Heinild S, Sendergaard T, Tudvad F. Bone marrow infusion in childhood. J
Pediatr. 1947;30(4):400-12. https://doi.org/10.1016/50022-3476(47)80080-0.
Tocantins LM, O’neill JF, Price AH. Infusions of blood and other fluids via
the bone marrow in traumatic shock and other forms of peripheral cir-
culatory failure. Ann Surg. 1941;114(6):1085-92. https://doi.org/10.1097/
00000658-194112000-00015.

Tobias JD, Ross AK. Intraosseous infusions: a review for the anesthesiolo-
gist with a focus on pediatric use. Anesth Analg. 2010;110(2):391-401.
https://doi.org/10.1213/ANE.Ob013e3181c03c/f.

Reuter-Rice K, Patrick D, Kantor E, Nolin C, Foley J. Characteristics of
children who undergo intraosseous needle placement. Adv Emerg Nurs
J.2015;37(4):301-7. https://doi.org/10.1097/TME.0000000000000077.
Maconochie IK, Aickin R, Hazinski MF, et al. Pediatric Life Support 2020
International Consensus on Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care Science With Treatment Recommendations.
Pediatrics. 2021;147(Supplement 1):2020038505B. https://doi.org/10.
1542/peds.2020-0385058B.

Moen TC, Sarwark JF. Compartment syndrome following intraosseous
infusion. Orthopedics. 2008;31(8):815.

Molacek J, Houdek K, Opatrny V, et al. Serious complications of
intraosseous access during infant resuscitation. Eur J Pediatr Surg Rep.
2018,06(01):e59-62. https://doi.org/10.1055/5-0038-1661407.

van Rijn RR, Knoester H, Maes A, van der Wal AC, Kubat B. Cerebral arte-
rial air embolism in a child after intraosseous infusion. Emerg Radiol.
2008;15(4):259-62. https://doi.org/10.1007/510140-007-0681-2.

Scrivens A, Reynolds PR, Emery FE, et al. Use of intraosseous needles in
neonates: a systematic review. Neonatology. 2019;116(4):305-14. https://
doi.org/10.1159/000502212.

Hansen M, Meckler G, Spiro D, Newgard C. Intraosseous line use, com-
plications, and outcomes among a population-based cohort of children
presenting to California hospitals. Pediatr Emerg Care. 2011;27(10):928-
32. https://doi.org/10.1097/PEC.0b013e3182307a2f.

Feudtner C, Hays RM, Haynes G, Geyer JR, Neff JM, Koepsell TD. Deaths
attributed to pediatric complex chronic conditions: national trends and
implications for supportive care services. Pediatrics. 2001;107(6):E99.
https://doi.org/10.1542/peds.107.6.€99.

Page 8 of 8

26. RStudio Team. RStudio: integrated development environment for R.
Boston: RStudio, PBC; 2021. http://www.rstudio.com

Burns JP, Sellers DE, Meyer EC, Lewis-Newby M, Truog RD. Epidemiol-
ogy of death in the PICU at five U.S. teaching hospitals*. Crit Care Med.
2014;42(9):2101-8. https://doi.org/10.1097/CCM.0000000000000498.
Fiorito BA, Mirza F, Doran TM, et al. Intraosseous access in the setting of
pediatric critical care transport. Pediatr Crit Care Med. 2005;6(1):50-3.
https://doi.org/10.1097/01.PCC.0000149137.96577.A6.

27.

28.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/PCC.0000000000002198
https://doi.org/10.4103/ija.IJA_489_19
https://doi.org/10.1590/S0103-507X2012000400019
https://doi.org/10.1016/j.ajem.2007.03.024
https://doi.org/10.1097/PEC.0b013e318177a6fe
https://doi.org/10.5055/ajdm.2016.024
https://doi.org/10.1161/CIR.0000000000000901
https://doi.org/10.1097/PCC.0000000000002972
https://doi.org/10.1097/PCC.0000000000002972
https://doi.org/10.1016/j.jemermed.2009.04.054
https://doi.org/10.1152/ajplegacy.1922.62.1.1
https://doi.org/10.1152/ajplegacy.1922.62.1.1
https://doi.org/10.1016/S0022-3476(47)80080-0
https://doi.org/10.1097/00000658-194112000-00015
https://doi.org/10.1097/00000658-194112000-00015
https://doi.org/10.1213/ANE.0b013e3181c03c7f
https://doi.org/10.1097/TME.0000000000000077
https://doi.org/10.1542/peds.2020-038505B
https://doi.org/10.1542/peds.2020-038505B
https://doi.org/10.1055/s-0038-1661407
https://doi.org/10.1007/s10140-007-0681-2
https://doi.org/10.1159/000502212
https://doi.org/10.1159/000502212
https://doi.org/10.1097/PEC.0b013e3182307a2f
https://doi.org/10.1542/peds.107.6.e99
http://www.rstudio.com
https://doi.org/10.1097/CCM.0000000000000498
https://doi.org/10.1097/01.PCC.0000149137.96577.A6

	Current utilization of interosseous access in pediatrics: a population-based analysis using an EHR database, TriNetX
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Study design
	Data collection
	Statistical analysis

	Results
	Patient demographics
	Reported diagnostic codes
	Reported medical services
	Reported medications administered
	Intraosseous access diagnostic code complications

	Discussion
	Conclusion
	Acknowledgements
	References


