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Introduction: Emergency vascular access is rarely required during neonatal resuscitation. We aimed to analyze frequency of use, success, and complication rates of intraosseous (IO) vascular access in neonates at a single tertiary neonatal intensive care unit.

Method: We performed a questionnaire-based survey among pediatric residents, pediatricians, and neonatologists, asking for the use of IO access in neonates between April 1st, 2015, and April 30th, 2020. We then reviewed electronic patient charts of all identified neonates for demographic data as well as indications and complications of IO puncture.

Results: All 41 questionnaires were answered. Nine physicians had attempted IO access 15 times in a total of 12 neonates. Among them were eight term neonates, three preterm neonates, and one former extreme preterm neonate at a post-menstrual age of 42 weeks (m:f = 6:6). The overall success rate was 75%. IO access was attempted primarily during post-natal resuscitation (11/12 neonates, 91.7%) and after unsuccessful peripheral venous puncture (8/12 neonates, 66.7%). It was used to administer adrenaline, fluid and/or blood, and emergency sedation after intubation. Minor short-term complications were reported in three of nine successful IO punctures (33.3%).

Discussion: Over the study period of 61 months, IO access was rarely attempted during neonatal resuscitation. Our success rate was lower than reported elsewhere, suggesting that IO puncture may be more challenging in neonates than in older infants and children. No severe short-term complications occurred.
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INTRODUCTION

Emergency vascular access and drug administration are rarely needed during neonatal resuscitation. Of 30,839 neonates, 0.12% required chest compressions and/or adrenaline during resuscitation in the delivery room (1). As decreasing gestational age increases the likelihood of delivery room resuscitation, this rate rises up to 2.7% among preterm neonates between 30 and 34 weeks of gestation (2). Among neonates admitted to the neonatal intensive care unit at the Children's Hospital of Philadelphia, frequency of resuscitation was 2.2% (3).

Pediatric advanced life support guidelines recommend inserting an intraosseous (IO) needle “in critically ill children, if attempts at establishing intra-venous (IV) access are unsuccessful after 1 min” (4). However, in comparison to the pediatric population there is scarce evidence related to IO access in neonates. Ellemunter et al. (5) reported about IO access during resuscitation of 27 preterm and term neonates within 5 h after birth. The initial success rate was 100%, three IO needles had to be replaced due to dislocation, and there were not any major complications or long-term side effects in this cohort (5). Glaeser et al. (6) reported 23 instances of IO access in neonates, with successful insertions in 78% of infants below 1 year of age.

Randomized trials for the evaluation of IO access are still missing. Yet, there are several simulation-based studies. In the simulation-based delivery room study by Rajani et al. (7), IO access was achieved in shorter time when compared to umbilical venous catheterization with no differences in technical error rate.

Nevertheless, severe complications have been described following IO access in neonates and infants, including bone fracture, osteomyelitis, compartment syndrome, and limb ischemia requiring amputation (8–10). In the light of the abovementioned ambiguous evidence, we analyzed frequency of use, success, and complication rates of IO access at our institution.



MATERIALS AND METHODS

We performed a questionnaire-based survey at our neonatal intensive care unit, followed by a retrospective electronic patient chart review.


Setting

The Division of Neonatology at the Department of Pediatrics and Adolescent Medicine, Medical University of Graz, Austria, is a tertiary 47-bed neonatal intensive care unit covering 8,000 births a year, 3,500 of them being inborn patients. Post-natal stabilization and neonatal resuscitation is being performed according to current guidelines (11). For administration of emergency drugs during neonatal resuscitation, either umbilical venous catheterization, peripheral venous puncture or IO access is being used, depending on patients' gestational age, birth weight, and the treating physicians' individual decision.

A battery powered IO access device (Arrow EZ-IO, Teleflex Medical Europe Ltd., Ireland) has been in use since April 1st, 2015. Since its introduction, frequent simulation-based practical trainings regarding its utilization have been delivered to physicians and nurses.



Data Acquisition

For this purpose, we composed an electronic eight-question questionnaire. A pediatric resident and a neonatal nurse, who were both not involved in study design and data analysis, tested the first draft of the questionnaire for clarity of language and content. Finalized questionnaires were sent by e-mail to all pediatric residents, pediatricians, and neonatologists with clinical duties at our institution between April 1st, 2015, and April 30th, 2020. Participation was voluntary. If there was no response after 2 weeks, we contacted colleagues personally.

Based on the answered questionnaires, we identified patients from electronic medical records and retrospectively collected demographic data as well as indications and complications of IO puncture. We defined success with IO access by (i) correct local puncture and (ii) successful administration of medication and/or fluid, based on questionnaire reports and patient chart review.



Statistical Analysis

We used Microsoft Excel 2015 (Microsoft Corporation, United States of America) for descriptive data analysis. Numerical data are presented as absolute and relative values.




RESULTS

All 41 forwarded questionnaires (100%) were answered and returned. During the study period of 61 months, nine of the 41 physicians (22.0%) had attempted IO access 15 times in a total of 12 neonates. Six of the 15 IO access attempts (40%) had been undertaken by residents and nine (60%) by fellows and neonatologists, respectively. All punctures were attempted at the proximal tibia. Eight of the 12 patients were term neonates, three were preterm neonates, and one former extreme preterm neonate received IO access at a post-menstrual age of 42 weeks. Ten of the 12 neonates (83.3%) required IO access during post-natal transition in the neonatal resuscitation suite, while the other two patients (16.7%) had IO access established at the neonatal intensive care unit. Demographic patient data and clinical outcomes are summarized in Table 1.


Table 1. Demographic data and clinical characteristics of analyzed neonates.
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Eight of the nine physicians (88.9%) had previously trained IO access using simulation-based methods. IO access could be successfully gained in nine of 12 patients (75.0%). In six of the 12 neonates (50.0%) IO access was successful on the first attempt, while in three further neonates (25.0%) it was successful on the second attempt. In the remaining three patients (25.0%) an alternative vascular access route was used after one unsuccessful attempt.

IO access was attempted during post-natal resuscitation in 11 neonates (91.7%). In eight of the 12 neonates (66.7%) IO access was attempted after unsuccessful peripheral venous puncture and in four patients (33.3%) it was attempted primarily. IO access was used to administer adrenaline (n = 5), fluid and/or blood (n = 3), and emergency sedation after intubation (n = 1). Minor short-term complications (paravasation, local skin reactions and/or local soft tissue infections) were reported in three of nine successful IO punctures (33.3%; Supplementary Figure 1).



DISCUSSION

In general, IO access was rarely required during the study period, with a mean of 3.0 attempts per year at our institution. The success rate of IO access was lower compared to previous reports with heterogeneous patient cohorts. In 30 children aged between 2 weeks and 9 years, IO access was successfully achieved in every patient with a first-attempt success rate above 80% (12). Among critically ill children with a mean patient age of 5.5 years, IO access could be successfully gained in 94% (13). In severely dehydrated children ranging from 3 months to 2 years of age, all of those assigned to receive IO fluid resuscitation had IO access successfully secured within the first 5 min (14).

The lower rate of success in our cohort—especially on the first attempt—may be explained by neonates' small medullar cavity in comparison to children. A radiographic study in term neonates found mean medullary diameters of 7.7 ± 0.4 mm (anterior-posterior) and 7.4 ± 0.7 mm (lateral) at the proximal tibia (10), emphasizing the need of correct anatomical landmark identification before puncture. In neonates as well as in children, IO puncture should be performed at the antero-medial surface of the tibia one to two centimeters below the tibial tuberosity (10).

Another reason for our lower success rate may be the IO access device itself. Fuchs et al. (15) reported highest success rates with the manual technique using a Butterfly needle (61.1%), followed by hand-twisted EZ-IO needle insertion (43%) and then the semi-automatic needle insertion using the Arrow EZ-IO system (39.7%). However, it has to be noted that our clinical results using the semi-automatic Arrow EZ-IO system were considerably better than the ones from Fuchs et al. (15) in preterm and term stillborns.

Although the majority of physicians had trained IO needle placement prior to its actual clinical use, the overall success rate was only 75% in our study. Hence, contrary to other skills such as bag-valve-mask ventilation (16), neonatal IO access may require more extensive and/or more regular training to achieve competency. A randomized controlled trial found simulation-based multidisciplinary team training at intervals of 6 weeks compared to 6 months to result in significantly higher IO success rates (17). Low-dose high-frequency training has been shown to improve skill retention and may further help improving IO success rates (18). Therefore, we will aim at integrating brief simulation-based IO access training to our weekly interprofessional resuscitation exercises at least once per month.

IO access was primarily attempted during neonatal resuscitation after birth, which is in accordance with other reports (5). It is interesting to note that IO access was mainly attempted after unsuccessful peripheral venous puncture, although the majority of our patients was in critical cardio-circulatory condition and required resuscitation. While peripheral intravenous access during post-natal stabilization of preterm neonates is successful in most cases at first attempt (19), it could only be gained in 17% of infants presenting in cardiac arrest at a mean age of 5 months (20).

Minor short-term complications associated with IO access occurred in 33.3% of cases, but none necessitated specific therapeutic intervention. We cannot report on potential long-term sequelae of IO access. Nevertheless, Claudet et al. (21) found no long-term negative effect on tibial growth after emergency infusion into bone marrow.

In their recent systematic literature review, Scrivens et al. (22) summarized IO access in a total of 64 neonates. While acknowledging that no study so far has directly compared umbilical venous catheterization to IO access in neonates, the authors concluded that IO access “should be available on neonatal units and considered for early use in neonates where other access routes have failed” (22). Accordingly, another literature review recommended IO access to “be considered in situations with difficulty in establishing other access” (23). Although we have to point out the moderate success rate in our study, we can add to this body of evidence supporting the usability of IO access in late preterm and term neonates.


Limitations and Strengths

We identified patients requiring IO access through a questionnaire-based survey and cannot completely rule out inconsistencies in data reporting. On the other hand, the high questionnaire return rate should allow for a fair representation of the use of IO access at our institution. Furthermore, we verified responses from the survey through patient chart review in order to improve the quality of study data.




CONCLUSIONS

IO access was rarely attempted during neonatal resuscitation. Despite offering regular simulation-based training, our success rate was lower than reported by other groups, suggesting that IO access in neonates may be more challenging to achieve than in older infants and children. While short-term complications were reported in a third of patients, no severe complications occurred.
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Patient Sex  Gestational  Birth Delivery ~ Apgar  Dayofl0 IOaccess  Diagnosis Outcome

number age (weeks)  weight mode 1/5/10 access  successful
(grams) attempt
1 f 3842 3500 cs 0/0/0 1 Yes (2nd Placenta abruption,  Died day 1
attempt) prenatal asphyxia
2 m 36+6 3000 cs 011 1 Yes Perinatal asphyxia with ~ Survived to discharge
HIE I
3 f 4142 4642 cs 0/0/0 1 Yes Placenta abruption,  Died day 1
perinatal asphyxia
4 f 2045 730 VD nd 121 Yes Severe BPD, PHT, Died before discharge
acute hypovolemia due
to norovirus infection
5 m 40+ 6 3400 cs 2/1/0 1 Yes (2nd Perinatal asphyxia, Survived to discharge
attempt) long-QT syndrome
6 m 4042 4120 VE 0/5/7 1 No (1 attempt) Shoulder dystocia, Survived to discharge
perinatal acidosis
7 m 3640 2800 cs 0/0/0 1 No (1 attempt) Umbilical cord tear, ~ Died day 1
perinatal asphyxia
8 f 4143 3550 VD 9/10/10 1 No (1 attempt) Post-natal asphyxia, Died day 2
tight ventricular
hypertrophy, pulmonary
sclerosis, PHT
9 f 3944 3000 cs 0/0/0 1 Yes Perinatal asphyxia Died day 3
10 m 3841 2800 cs 41416 1 Yes (2nd Congenital Died day 1
attempt) diaphragmatic hernia,
omphalocele, scoliosis
11 m 3543 2600 cs 6/3/4 1 Yes Perinatal acidosis, Sunvived to discharge
cerebral infarction
12 f 3742 nd. cs 51872 1 Yes Congenital Died day 1

diaphragmatic hernia

BPD, bronchopulmonary dysplasia; CS, cesarean section; HIE, hypoxic ischemic encephalopathy; IO, intraosseous; n.d., not documented; PHT, pulmonary hypertension; VD, vaginal
delivery; VE, vacuum extraction (vacuum-assisted vaginal delivery).
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