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Abstract rapid and safe vascular access is required, thus it can be
used in every situation where a vascular access is impos-
sible to obtain, regardless of the clinical conditions of the
patient and the elapsed time.

Background: Several scientific associations recommend
the use of the intraosseous access as a valid alternative to
the intravenous route, which is often difficult to find in emer-
gency conditions, as a safe and effective way for drugs and Keywords

fluids administration and for blood sampling.
Intraosseous, Vascular, Access, Trauma, EZ-IO, Pre-hos-
Aim of the study: The purpose of this study was the evalu- pital, Emergency

ation of the use of the EZ-10® device, by the S.U.E.M. 118 of

Padua, in terms of efficacy and safety in obtaining intraos-

seous vascular access for fluids and drugs infusions in an Introduction
out-of-hospital emergency setting.

L CUEISCII UL SR AT (E M AR O L i, tance in both in and out-of-hospital emergency care.
all cases of pre-hospital |0 access within the operational . . Lo .
areas of the Pre-hospital Emergency Service (SUEM 118) Quick treatment of medical and traumatic situations,
of Padua were prospectively recorded. Data were collected along with correct resuscitation maneuvers, can de-
by using a standardized grid and by consulting the online crease the mortality and morbidity rates of a critical pa-

computer server Galileo. Data were then analysed by using tient [1]. The peripheral venous catheter (IV) represents
the Statgraphics Centurion and Microsoft® Excel software. . .
the actual standard of care, although during cardio-cir-

Rapid intravascular access is of paramount impor-

Results: 89 patients required an intraosseous vascular ac- culatory arrest, shock conditions, sepsis, burns, major
cess. Needles’ placement using the EZ-10 device was suc- . .

cessful in 97.75% (87/89). Considering only first attempts, trauma and ep;lepsy, the fallure rate_was reported. to
the success rate is 95.51% (85/89). No immediate com- be up to 10-40% [2-4]. Patients suffering fr.om obesity,
plications were observed. After one year, one patient was edema, dehydrated ones, on chemotherapies, or those
found to have an abscess at the insertion site, but there are who do drugs intravenously, peripheral intravenous

insufficient data to establish the cause. Pain was evaluat-
ed in 38 patients, after administration of Lidocaine and the
Mean value was calculated to be 3 and standard deviation

access may be difficult to obtain, thus representing a
delay that affects the patient’s management [5]. The

(sd) 2. Only one patient reported unbearable pain (10/10). intraosseous vascular access intraosseous (l0) is a val-
Conclusions: The high percentage of successful insertions id a.lternatI.\/e Fo parenter:.ﬂl drugs and fluids a.clmlnls-
along with low complication rates, shows that the use of tration, which is characterized by ease of learning and
intraosseous vascular access should be considered as first effectiveness equal to the peripheral catheterization in
line treatment in out-of-hospital emergencies, whenever a terms of pharmacokinetics and clinical efficacy [6]. It is
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a recommended route in both pediatric and adult pa-
tients in case of difficult peripheral venous cannulation,
because it is safer and quicker to obtain, if compared
to the central venous catheter (CVC) in out-of-hospital
settings [5].

According to the 2015 update of the European
Resuscitation Council guidelines, the 10 access is a
rapid, safe and effective way to administer drugs,
fluids and blood products [7]. Moreover, “whenever a
venous access is difficult or impossible to obtain, the
intraosseous access should be considered (10). Although
it is usually considered as an alternative vascular
access in children, its use is currently accepted also
for adults. The intraosseous injection of drugs allows
to reach a suitable concentration of drug in a time
which is comparable to the injection through a central
venous catheter. The recent availability of mechanical
instruments for intraosseous administration has made
this technique easier to use”.

In fact, as claimed by Drinker [8-10], the bone tissue,
beyond its structural, metabolic-hormonal functions
and bone marrow reserve, is also a highly-vascularized
organ. Subsequent studies [8,9] demonstrated that
the intraosseous compartment, within the spongeous
portion of both long and flat bones, hides an extremely
extensive vascular network which is non-expandable
and incompressible. Through the latter, it is possible to

administer any drugs, fluids and blood products.

The use of the 10 access as a vascular immediate
alternative access to unsuccessful peripheral venous
access in emergency conditions was recently introduced
in their guidelines by the following societies: American
Heart Association (AHA), European Resuscitation Council
(ERC), American College of Emergency Physicians (ACEP),
American Academy of Pediatrics (AAP), American College
of Surgeons (ACS), the American College of Critical
Care Medicine (ACCM), the US National Association for
Emergency Medical Service Physicians (NAEMSP) and
US Army Committee on Tactical Combat Casual Care
(TCCC) [11], whose directions are illustrated in Table 1.

According to the ALS protocol, attempts of peripheral
cannulation in adult patients should be carried out
for more than 120 seconds. Recent studies propose
to reduce this time to 90 seconds or, eventually, to
proceed with an intraosseous vascular access after 2
failed attempts of peripheral venous cannulation.

The EZ-10® device was approved by the FDA in 2004
for its use both in pediatric patients and adult, which is a
battery-powered drill and stainless needles, specifically
designed for intravascular access [12] (Figure 1).

Purpose of the Study

The purpose of this study was the evaluation of the
use of the EZ 10°® device, in terms of efficacy and safety

EZ-10® Power Driver and Needle Sets: Description

Safety Cap
Needle Set EZ-10® 45mm
(>40 kg, excessive
tissue, humerus)
EZ-10® 25mm '
EZ10° 15mm  (*40k9) '
(3-39 kg)
W —— Stylet
=
- — Hub
EZ-10® Power Driver

— Catheter

Figure 1: EZ-I0 semiautomatic device, equipped with a battery-powered drill and set of needles (15G, 25G, 45G).
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in obtaining an intraosseous vascular access for fluids
and drugs infusions in an out-of-hospital emergency
setting. The study was performed by the Pre-hospital
Emergency Service (SUEM 118) of Padua.

We focused on simplicity of use, effectiveness and
pain management. Moreover, immediate complications
following intraosseous needle insertion and after one
week were also checked. We then compared our data,
collected from February 2012 to May 2016, with the
data reported in the literature.

Materials and Methods

This prospective observational study was conducted
from February 2012 to May 2016 (52 months), at the
Pre-hospital Emergency Service (SUEM 118) of Padua.

The EZ-10 device

Based on the data in the literature, the medical and
nursing staff was trained to use the EZ-10, a portable
battery-powered drill, which was approved by the FDA
in 2004. Both medical cars and helicopter of the S.U.E.M.
118 of Padua are equipped with this device.

In 2012, part of the staff took part at a training course
in Rotterdam based on intraosseous vascular access
management. The participants could then arrange a
training session for the entire team of the Pre-hospital
Emergency Service (SUEM 118), which lasted 4 hours:
one hour lecture and three hours of core training on the

Table 1: Indications for 1O access.

1 Sepsis

2 Therapeutic cooling

3 Altered level of consciousness
4 Respiratory arrest

5 Cardiac arrest

6 Status epilepticus

7 Kidney failure

8 Diabetes

9 Haemodynamic instability

10 Shock

11 Major trauma

12 hypovolemia

13 Obesity

14 Stroke

15 Overdose

16 Burns (2°-3° degree over body surface area >30%)
17 Dehydration

18 Anafilaxis

19 Cardiac arrhythmias

use of the EZ-I0® device using artificial bones, provided
directly by the manufacturer.

The criteria used for the positioning of intraosseous
vascular access were those outlined in the ERCguidelines,
according to which the intraosseous vascular access
must be searched when a valid peripheral vascular
access cannot be found within 120 seconds or within 60
seconds, in adult or pediatric patient, respectively, along
with one or more of the conditions listed in Table 1.

Compared to guidelines, the medical and nursing
staff of S.U.E.M. 118 of Padua used the intraosseous
route whenever it was necessary to find a vascular
access, regardless of the presence or absence of the
clinical conditions listed above.

The insertion was considered effective if the needle
resulted securely fastened to the bone after insertion
and the operator could infuse 10 ml of saline solution
without encountering any resistance and extravasation
around the needle.

The first phase of the study involved a questionnaire,
which was specifically designed for data collection
of patients in which the EZ-IO device has been used.
The questionnaire was filled in at the end of every
intervention.

The total number of procedures performed by the
S.U.E.M. 118 of Padua during this study was 16918,
89 of which required the insertion of an intraosseous
vascular access.

The questionnaire was completed by the operator
who performed the intraosseous access, whereas part
of the data relating to remote complications were
searched online, via the Galileo program for medical
records.

Statistical Analysis of Data

An electronic database (using Microsoft Access 2007)
was created with the collected data, which were then
analyzed using the software Statgraphics. Mean, mode
and standard deviations were calculated were possible
and then used to compere the results. Moreover,
the latter were then compared with data from other
prospective studies in the literature regarding the use
of the intraosseous vascular access.

Results

The number of interventions carried out with the

Table 2: Interventions performed by the Pre-hospital Emergency Service (SUEM 118) both by medical cars and helicopter, from

February 2012 to May 2016.

Mission Year 2012 2013 2014 2015 2016 TOTALE
Medical cars 1-2 3583 3560 3594 3625 1440 15802
Helicopter 257 224 242 302 91 1116
Total 3840 3784 3836 3927 1531 16918

lo Patients 22 24 14 24 5 89
Usage percentage 0.57% 0.63% 0.36% 0.61% 0.33% 0.53%
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two medical cars during this study was 15802, plus
1116 performed by the helicopter, resulting in 16918
interventions from February 2012 to May 2016 (Table 2).

89 patients required an intraosseous vascular
access. The total number of accesses taken is 91, as for
2 patients the access was taken 2 times.

Demographic and clinical data of patients involved
in this study (Table 3)

Sex or age of 7 out of 89 patients is unknown.

Summary statistics and confidence interval (IC) are
shown in Table 4 and Table 5, excluding cardiac arrest.

Success rate and type of intervention

89 patients required the positioning of an intraosse-
ous vascular access.

Table 3: Breakdown of patients by sex and age.

The percentage of successful intraosseous access
using the EZ-10 device was 97.75% (87/89). Considering
the first attempt success, the percentage is 95.51%
(85/89).

For one patient, some difficulties during aspiration
were encountered after needle insertion, with
subsequent successful repositioning of the needle in the
contralateral limb.

In one patient, the needle was first inserted into the
soft tissues and then promptly removed and successfully
repositioned within the bone by a second operator.

2 cases of needle malfunction were reported, one
concerning difficulties during infusion, while, as far as
the other is concerned, no pharmacologic effect was
observed after administration of drugs through the
intraosseous route.

42% of intervention, which required the placement

Male Female Overall of an intraosseous device involved patients in cardiac
Adults 49 27 76 arrest. 30% of patients were rescued for traumatic
Children<15yo 3 3 6 reasons while the remaining 28% suffered from medical
Overall 52 30 82 emergencies (Figure 2).
Table 4: Summary Statistics.
Systolic Blood Press Diastolic Blood Press Heart Rate Sp0,%
Overall 37 37 37 37
Mean 119.973 66.2432 91.0811 90.1892
Standard deviation 35.2905 23.5719 27.8192 13.6317
Variation coefficient 29.4153% 35.5838% 30.5434% 15.1146%
Minimum 50.0 30.0 45.0 45.0
Maximum 200.0 120.0 140.0 100.0
Range 150.0 90.0 95.0 55.0
Table 5: Confidence intervals at 95%.
Mean Std error Lower limit Higher limit
Systolic BP max 119.973 5.80171 108.207 131.739
Diastolic BP min 66.2432 3.87519 58.384 74.1025
HR 91.0811 4.57345 81.8057 100.356
Sp0,% 90.1892 2.24104 85.6441 94.7342

TYPE OF INTERVENTION

Trauma
30%

Cardiac
Arrest
42%

Medical
28%

Figure 2: Percentages of intervention of S.U.E.M. 118 of Padua according to type.
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Insertion sites, type of needles and operators

The number of needles used deviates from the
number of patients because in 2 cases (two adult
patients) the needle was repositioned (Table 6).

Both fluids and drugs could be administered through
the 10 access (Table 7).

Evaluation of correct positioning

An intraosseous vascular access was considered
correctly positioned if no immediate complications,
such as edema of the insertion site, difficulties during
aspiration or infusion could be observed.

Table 6: Needle insertion site, absolute numbers and percent-
ages.

Site N° of patients Use%
Humerus 10 10.99%
Distal Tibia 2 2.20%
Proximal Tibia” 79 86.81%
Overall needles used 91 100.00%

*2 of which are needles used as a second attempt (see previous
analysis).

Table 7: Types of drugs and fluids used and their frequency.

Fluids and drugs administration through an
intraosseous vascular access was carried out in 88
placements out of 91 (96.7%) (Table 8). 85 of the latter
were positioned correctly on the first attempt, while 2
were inserted correctly at the second attempt (Table 9).
Only once, the doctor, despite a correct needle insertion,
did not detect any effect of the drugs administered
through the access (Table 10).

In one patient, however, the device did not work,
thus it was removed.

The proportion of successfully positioned needles is
95% with a level 1-a = 95%.

Pain management

The following table and figure show the Perception
of pain during the administration of drugs and fluids
to patients with GCS > 9, according to the NRS scale,
after administration of lidocaine and its distribution of
frequencies (Table 11 and Figure 3).

Immediate complications, after one week and
after one year

No short-term complications were identified, such

Drug type N°patients ¢ extravasation, compartment syndrome or fractures,
ﬁmlre . ;g the latter mainly related to the use of a semi-automatic
naigesics device. For 3 out of 89 patients (3.37%) difficulties
Curari 12 ing infusi '
, , were reported, concerning infusion, which were mostly
Hypnotics/Sedatives 17 e . .
R . related to a wrong positioning of the device.
Succinylcholine 2
Corticosteroids 1 As far as long term complications are concerned,
Antibiotics 1 only 38 patients could be studied because:
Effortil 4 . .
Amiodarone 5 * 33 patients died on the spot.
Flumazenil and Naloxone 1 2 patients died upon arrival at the emergency room.
Magnesium Sulfate 3
Insulin 1 Table 10: Percentages of incorrect insertion, divided by at-
Atropine 1 tempts.
Furosemide 4 Incorrect First attempt Malfunctioning Total fails
Calcium Chloride 1 insertion
Sodium bicarbonate 1 2 1 3
Fluids % MARGINAL  66.67% 33.33%
Physiological Solution 65 % TOTAL 2.20% 1.10%
Lactated Ringer 17
Plasma Expander 14 Table 11: Perception of pain during the administration of drugs
ER 1l 0 and fluids to patients with GCS = 9, according to the NRS
Glucosate 2 scale, after administration of lidocaine.
Physiological Solution + Ringer Lactate 10 NRS Value Scale N° of patients
Physiological Solution + Ringer Lactate + ER Il 4 0 5
2 1
Table 8: Percentages of correct insertion. 3 19
Correct Insertion Insertion Fails Used Needles 4 9
88 3 9 5 3
96.70% 3.30% 10 1

Table 9: Percentages of correct insertion, divided by attempts.

Correct insertion |First Attempt Second Attempt First Attempt but no pharmacological effect Total Success
85 2 1 88

% MARGINAL 96.59% 2.27% 1.14%

% TOTAL 93.41% 2.20% 1.10%
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Figure 3: Distribution of frequencies of the NRS scale value.

Table 12: Comparison of the success rates reported in the literature and percentages of this study.

Author Year 10 suitable patients Interventions Use% Study length
Gazin, et al. [13] 2010 39 9876 0.39% 1 year
Schalk, et al. [14] 2011 74 18615 0.40% 2 years
Santos [15] 2012 58 8378 0.69% 2 years

This study (Padova) 2016 89 16918 0.53% 5 years

* 4 patients died within 7 days from the date of
intervention.

* 12 patients moved to different facilities than the
Clinical University Hospital of Padua and ULSS 16
Ospedale Sant’Antonio, thus no follow up could be
performed.

CVC/CVP placement

In 46 out of 89 patients (51.68%) a peripheral venous
catheter could be placed, 3 of which were positioned in
the out-of-hospital setting by the staff of Pre-hospital
Emergency Service (SUEM 118) of Padua. Due to poor
venous heritage, 8 of these patients (17.39%) required
a central venous catheter (CVC) upon arrival at the
emergency room, whereas for 2 patients (4.35%) both
types catheters were positioned.

Out of the 43 remaining patients, who were not
suitable for a peripheral vascular access, 29 died,
whereas 10 could not be assessed either due to lack of
information or because they were transferred to other
facilities. Finally, in 4 patients it was impossible to find a
peripheral vascular access due to anatomical difficulties.

Discussion

The results of this study demonstrate the efficacy
and the safety of the intraosseous vascular access in
the management of the out-of-hospital emergency,
according to data collected by the Pre-hospital
Emergency Service (SUEM 118) team of Padua.

The period of this study goes from February
2012 to May 2016 (52 months), during which 16,918

Paoli et al. Int J Anesthetic Anesthesiol 2018, 5:082

interventions were performed, 89 of which required
the use of an intraosseous vascular access, thus the
0.53%. In fact, this value deviates from those obtained
in other studies in the literature (Table 12); considering
the study by Gazin, et al. [13]. in 2010, the percentage
of intraosseous vascular access was of 0.39%. The
following year, similar values were also obtained by
Schalk, et al. [14] (0.40%), whereas, in Switzerland,
the study conducted by Santos [15] in 2012 reported
a much greater frequency of intraosseous device use,
equal to 0.69%.

These differences follow multiple explanations. The
three studies differ, in the first place, for their duration:
in fact, the one conducted in Padua is the longest (five
years), if compared to the other three. Other critical
points are the different area of expertise and the differ-
ent annual number of calls each emergency Care Unit
receives. As far as Padua is concerned, the S.U.E.M. 118
is equipped with 2 medical cars and a helicopter, both
active 24/7 but only in case of emergency. Medical cars
serve the territory of ULSS 16 Padua, excluding the ter-
ritory of Piove di Sacco and neighboring municipalities,
which are managed by Piove di Sacco, with a total pop-
ulation of 367,731 inhabitants (as of 2010). The helicop-
ter rescue service, on the other hand, covers the entire
Veneto region and there are 4 bases (Padua, Verona,
Treviso and Pieve di Cadore). These settings are very
similar to those of Santos [15], whereas in the studies
by Gazin [13] and Schalk [14] the Emergency Care Units
covered an area of over a million citizens. Another ex-
planation for these different percentages can be related
to the fact that, in the other three studies, the intraos-
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Table 13: Missions carried out by the S.U.E.M. 118 of Padua in the study period and rates of use of the intraosseous access.

Mission (Year) 2012 2013 2014 2015 2016 Total
Total 3840 3784 3836 3927 1531 16918
lo patients 22 24 14 24 5 89
Use percentage 0.57% 0.63% 0.36% 0.61% 0.33% 0.53%

seous access could be performed not only by the doctor
or nurse but also by paramedics. 0.53% was calculated
on the total number of operations performed in the 52
months of observation, in fact, from an annual analysis
of the number of 10 accesses taken, the percentages are
fluctuating (Table 13).

In 2013 and 2015 the proportion of patients suitable
for the intraosseous access was similar to that reported
by Santos, whereas, in 2014 its use was lower, as
there were only 14 interventions out of 3836 which
required an intraosseous access. If compared to the
study conducted by Schalk [14], the percentage turns
out to be greater, also due to the smaller number of
interventions carried out (16918 interventions in Padua
in 5 years against 18615 interventions in 2 years). In
addition, we considered only major interventions,
which required the presence of the physician and the
nurse on the field. Minor interventions, which represent
most the incoming calls to 118, are dealt by volunteers,
which are not allowed to place any vascular access.
Therefore, if all incoming calls had been included in the
study, the percentage would have been even lower.
Moreover, not every request for major intervention
required an emergency treatment, thus there was no
urge to place a vascular access as quickly as possible.
Finally, the intraosseous vascular access is still a second-
choice treatment, according to the current guidelines,
compared to the peripheral one. We must underline
that, the high training level of the Emergency Care crew
in obtaining a peripheral access might have contributed
to opt for the latter, which remains the actual standard
of care. Objectively, the use of the intraosseous access
by the medical and nursing staff, during the study, of the
Emergency Unit has allowed us to establish that such
a technique is to be used whenever a vascular access
is needed, and we are not able to get it, regardless of
the clinical condition of the patient and the number of
attempts made.

An international review of the literature states the
|0 route is very underutilized compared to its potential
because CVCis preferred as second and third choice [16].
About this, Hallas, et al. [17] created a questionnaire,
which ended with the question “Have you ever been
in a clinical situation, where an intraosseous vascular
access would have been useful, but you did not use
it? If so, why?” and it was given to the members of the
Danish Society for Emergency Medicine (Dasein). 700
doctors and 53 nurses and paramedics took part at
the study. 23.5% of the respondents happened to be
in that situation. The lack IO devices followed by a lack
of information and theoretical and practical training

Paoli et al. Int J Anesthetic Anesthesiol 2018, 5:082

to the use of this technique are the main reasons they
did not opt for the intraosseous access. Some of them
did not even know it existed. A more recent study,
conducted in Varsavia [18], on a group of 60 newly
qualified doctors confirms what Hallas highlighted six
years ago; In fact, only 6.7% of respondents said they
received specific training for the 10 during this study,
while 100% of the new doctors stated that the use of
the intraosseous device should be an essential part of
the medical background of every doctor. Before the
advent of the semi-automatic EZ-I0 device, the Pre-
hospital Emergency Service of Padua was equipped
with the Jamshidi needle, which was more difficult to
use, especially in adult patients, but also had a greater
risk of micro-fractures at the insertion site and other
possible complications. Unfortunately, there are no
previous studies conducted by the S.U.E.M. 118 of
Padua about this manual needle, but doctors and
nurses, who participated in this study, reported that the
semi-automatic EZ-10® was easier to use than Jamshidi.

Patient characteristics

The predominance of males in our sample of study
is in line with the literature and is probably due to the
greater number of traumatic and cardiovascular events,
compared with those of medical nature.

The medical emergencies, which led to the
positioning of an 10 vascular access, was 25%, whereas
30% of its use can be related to traumatic events.

The highest percentage of use of the EZ-10® device is
duringthe cardiovasculararrests (42%), datacomparable
with the literature, as stated in the studies by Gazin, et
al. [13]., Santos, et al. and Schalk, et al. [14,15], who also
reported in their groups a predominance of this type of
events.

This is because the use of intraosseous vascular
access was included in the AHA and ERC guidelines for
the management of cardiovascular events first (2005),
and only three years later the American College of
Surgeons Committee on Trauma recommended its
use for trauma as well. The endotracheal route, which
was used in trauma only, it was abandoned in 2010,
recommending the use of |0 access for any resuscitation
conditions.

Ease of use

The number of correct placements by using the EZ-
I0® device was 88 out of 91 (96.7%), thus very much
alike what stated in the literature, as shown in Table 14.

2 out of 3 cases of incorrect placement were
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Table 14: Comparison of the success rates and the sample size of the studies in the literature with the following Thesis.

Publication Type of study Sample size Success (%)
Torres, et al. [34] Observational prospective 107 (114 10) 100 (114)
Tan, et al. [35] Observational prospective 42 93 (39)
Leidel, et al. [5] Controlled randomized 40 (B.I.G. + EZ-10) 85 (34)
Myers, et al. [36] Retrospective 60 (62 10) 87 (54)
Schalk, et al. [14] Observational prospective 77 97 (75)
Gazin, et al. [13] Observational prospective 39 85 (33)
Reades, et al. [37] Observational prospective 88 69 (61)
Sunde, et al. [31] Retrospective 49 96 (47)
Paxton, et al. [4] Observational prospective 30 97 (29)
Frascone, et al. [38] Observational prospective 19 95 (18)
Ong, et al. [39] Observational prospective 35 100 (35)
Horton, et al. [40] Observational prospective 95 94 (89)
Frascone, et al. [41] Observational prospective 89 88 (78)
Davidoff, et al. [19] Observational prospective 250 97 (242)
Gillum, et al. [42] Observational prospective 125 94 (118)
Santos, et al. [15] Observational prospective 58 (60 10) 90 (54)
Studio Padova Observational prospective 89 (91 10) 96.7 (88)

repositioned by another operator with a positive result,
while the third one was removed by the operator
because of malfunctioning.

The marginal rate of success in the first attempt is
96.59% (85/88), while the total percentage of success
is 93.41% (85/91). The percentage increases to 98.86%
and 95.61%, respectively, marginal one and total one, if
one includes the 10 accesses successfully inserted with
a second attempt.

Obesity delayed the localization of reference points
on two occasions, making the needle insertion more
difficult: difficulty during aspiration was observed in one
case, which resulted in the removal of 10 access and its
repositioning by a second operator in the contralateral
limb successfully. In the second patient, the intraosseous
needle was placed in the soft tissues but promptly and
properly relocated by another operator in the proximal
tibia. In one case, the |0 access could not be used
because of resistance during aspiration.

Due to the small size of this sample, it is not possible
to establish if there are any differences between the
positioning by medical personnel rather than nurses.
A review of the literature shows that 10 access is
performed by doctors in most of the EU countries,
whereas in American studies, nurses and paramedical
staff are those who mainly use the device. Studies on
larger samples (247 patients), however, demonstrated a
success rate at the first attempt of 91%, which increases
to 94% if second attempt successes are included [19].

The intraosseous vascular access is more reliable and
faster to obtain than peripheral or central catheters,
thus the delay in the execution of resuscitation
maneuvers and transfer of the patient to the hospital
decrease, improving the patient’s outcome [5,20].
Back in 2006, Minville showed in his study that, in
emergency conditions, the percentage of success at the
first attempt in obtaining a peripheral vascular access
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can reduce to 76% [21]. Muir, et al. [22] proved that,
although the infusion time through the 10 access is
significantly higher than the IV route, the 10 access is
quicker to obtain, thereby it nullifies the advantage of
IV route on the 10 one.

Although several studies revealed a lower rate of
correct insertion at the first attempt of humeral 10
access than tibial, Johnson, et al. [23] showed that 10
humeral access has a greater infusion flow (213 mL/
min) compared to the tibial (103 mL/min), therefore,
it turns out to be the most appropriate site to be used
in case of cardiopulmonary resuscitation. Moreover,
Douma proved the that it is possible to place 2 humeral
I0 accesses simultaneously, with no complications,
increasing greatly the flow of infusion [24].

In terms of pharmacokinetics, there is a statistically
significant difference in Maximum Concentration (Cmax)
obtainable using the sternal |0 compared to IV route, as
well as between the 10 tibial route and the IV access [25].
In his study, Burgert [25] demonstrates that the serum
concentration of 1 mg of epinephrine administered via
IV is 5.87 and 2.86 times greater than the serum concen-
tration detected after tibial and sternal 10 administration
respectively. Statistically significant differences also exist
concerning the maximum time (Tmax) required to reach
these concentrations between the use of the tibial IO ac-
cess and the IV route, as well as between the tibial |0 and
the sternal 10 access, where |0 tibial requires longer time
87. 0n the other hand, there are no statistically significant
differences in Tmax between the intravenous route and
the sternal 10 access [25].

Animal studies suggest that the Cmax of adrenaline is
reached more quickly when administered intravenously
than through the intraosseous route, even if the sternal
I0 way has a very close pharmacokinetics to the IV
access.

Proximal tibia was the most used insertion site
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(91.82%), similarly to different studies in the literature,
according to which the tibial 10 access has a higher rate
of success in the first attempt and It is the fastest site for
a vascular access to be obtained during Cardiovascular
Arrest, if compared to humeral 10 and peripheral
venous catheterization. In 2015, during the National
Congress of the Italian Resuscitation Council in Parma
the new 2015 CPR guidelines proved the 10 access to
be just as much important as the IV access. In trauma
management, the literature confirms that the 10 access
can be used to quickly administer life-saving drugs
in a simple and complication-free way, thus it can be
considered an alternative way of obtaining a vascular
access. This turns out to be of vital importance during
resuscitation of a traumatized patient.

Obesity was the major obstacle in this study,
because of difficulties in locating the landmarks, thus in
positioning the device. To shorten the time of placement
of a vascular access in patients with BMI > 30 kg/m?
practical training of the personnel could be improved.
As well, proper training material for obese patients
could be asked to be provided by the manufacturer.

Effectiveness of the device

For one patient, despite a correct insertion of
the intraosseous device, no pharmacological effect
could be detected after administration of drugs. The
insertion was correct because no limb edema after
administration of 10 ml of saline was observed. We
were not able to explain this finding because studies on
pharmacokinetics show clinical significant differences in
74 serum levels of drugs administered by intraosseous
and IV ways only in case of certain antibiotics, such as
ceftriaxone, chloramphenicol, phenytoin, tobramycin,
and vancomycin. No response at all was reported only
in two pediatric patients with supraventricular 24-26
tachycardia after injection of adenosine.

The results of our study proved the device to be an
excellent tool not only for out-of-hospital emergencies.
In fact, in one case the intraosseous access, which was
positioned in the extra-hospital setting, was effectively
used by the anesthetist in the operating room to induce
anesthesia. In another patient, the 10 access was used
by the emergency room doctor to administer Pantorc
and Ketorolac, given the difficulties they encounter on
finding a valid peripheral access.

The present study also showed that the intraosseous
vascular route can be used to provide adequate fluid
resuscitation, in fact in 46 out of 89 patients (51.68%)
a peripheral venous access could be found. For three
of these patients the catheters were placed by same
rescuers.

Complication rating

No short-term complications such as extravasation
or compartment syndrome could be observed, despite
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Table 15: Comparison between the error percentages reported
in the literature with the present study.

Publication % Complication No. of patients
Torres, et al. [34] 0 114
Leidel, et al. [5] 34

0
Myers, et al. [36] 0 54
Gazin, et al. [13] 0 33
Reades, et al. [37] 0 61
Sunde, et al. [31] 4 47
Frascone, et al. [38] 26 18
Ong, et al. [39] 0 35
Horton, et al. [40] 0 89
Davidoff, et al. [19] 0.8 242
Gillum, et al. [42] 0 125
Santos, et al. [15] 0 58
Padova 2013 3.2 31
This study (Padova) 2016 1.12 89

the use of a semi-automatic device. For only 3 out of 89
patients (3.37%) infusion difficulties could be reported,
but mainly related to a wrong positioning of the device.
None of these patients manifested any complications
later.

One-week-complications could be assessed in 38
patients only, but none emerged from our survey data.
For one patient only the ER report shows the presence
of an abscess, one year after, where the intraosseous
needle was originally inserted. No additional data are
available at the moment. Due to the lack of information,
it is not possible to establish if this incident might be a
consequence of the intraosseous vascular access.

Considering both immediate and one-week
complications, the percentage is 1.12% (1/89), as shown
in Table 15.

The detected percentage of complications is 1.12%,
data that is comparable in terms of sample size and
percentage of complications to most prospective
observational studies in the literature. Compared to a
previous study conducted here in Padova in 2003 (31
patients), where the complication rate was 3.2%, this
decrement is likely to be a consequence of a greater
sample size, but mostly because of an improvement and
refinement of the ability to obtain 10 vascular accesses.

Pain management

Most rescued patients were in cardiacarrest. A studio
[26], which datesto 2013, proposed the following clinical
scenario: “You are rescuing a patient in overdosed with
GCS 6, who needs an intraosseous vascular access.
Your colleague tells you that pre-infusion of lidocaine
before fluids administration is unnecessary. Is there any
evidence about that?” There are no case-control studies
in the literature regarding the efficacy of lidocaine in
relieving pain during intraosseous infusion, but there
are studies that show that increasing doses of lidocaine
in fact reduce the perceived pain, consequently it has
some effect [26].
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Pain during the 10 infusion is a consequence of the rap-
id increase of the intramedullary pressure. Within these
non-expandable cavities there are numerous pain recep-
tors. However, there are few studies in the literature that
deal with the management of pain during infusion.

As far as insertion pain is concerned, three studies
describe it using the VAS score (1-10) with an average
of 3.7 [27-29]. 5 studies on the level of pain perceived
during infusion, which also used the VAS score (1-10),
reported an average value of 5.4 [19,27-29].

In this study, according to Italian Society of Anesthe-
sia, Analgesia, Resuscitation and Intensive Care (SIAARTI)
guidelines on emergency pain management, we assessed
pain during needle insertion and during infusion in 38 pa-
tients, excluding those in cardiac arrest or unconscious.

The medical and nursing staff involved in the project
were trained to administer anesthetics in all conscious
patients before starting the infusion of fluids and
medications.

All conscious patients were treated with 40 mg of li-
docaine pre-infusion and 50% of them still experienced a
pain level of 3. Only one patient experienced a pain level
of 10 on the NRS scale, that required the removal of nee-
dle. Finally, 5 patients did not experience any pain.

Pain management is still a challenge. Similarly, in a

study conducted by Schalk [14], 18 out of 22 conscious
patients experienced pain, although no quantification
scales were used. 29.7% of the participants complained
about pain, more during infusion rather than during
needle insertion. For only one patient infusion had
to be stopped because too painful, thus a central
venous catheter was inserted. 20-40 mg Lidocaine
was administered in 4 out of 22 patients who did not
complained any discomfort and in 8 out of 18 patients
with pain.

The data obtained by Cooper, et al. [30] are also very
interesting, concerning the insertion of 32 intraosseous
vascular access using the EZ-10 device in the military
field: all conscious patients experienced pain and for 3
patients it was even stronger than wounds caused by
the fighting.

The Pre-hospital Emergency Service (SUEM 118) of
Padua decided to adopt the Vidacare pain management
procedure, as recommended by Dr. Richard Hixson
(Figure 4).

However, where appropriate and under prescription
of the physician, analgesia was obtained by intranasal,
transoral or 10 administration of Fentanyl, or by using
ketamine.

Patient with intraosseous (10) needle in Flush the 10 needle with up to 10 ml
situ and responsive to pain. sodium chloride 0.9% over 5 seconds. * Age Weight  Volume of 2% (ml) Volume of 1% (mi)
- (kg)  imiof2%=20mg/ml  1mlofi%=10 mg/ml
e Initial  Subsequent Initial Subsequent
Aspirate marrow for laboratory analysis, Administer subsequent (lower) dose of PR 3 o i R T
| cross-match and culture if required. | 10 lidocaine over 30 seconds. * —— = o e i T
- L 7 weeks s 042 0.06 025 012
Exclude contra-indications to lidocaine: Inject or infuse fluids and medication 3months 6 015 0.07 032 0.15
underpressure as fequifed. *® 5 months T 07 0.08 0.35 017
Sino-atrial disorders, all grades of AV il i 5 Bz Mk . o
block, severe myocardial depression, ) . i 2 = LE: L2 Lk
: If discomfort re-occurs, consider o e e = o e
acute porphyria. i :
repeating the subsequent (lower) dose Sess 5 s e o 5
% of 10 lidocaine at a maxin'.lum frequency Sy - s T . o
| Consider cautions to lidocaine: of once every 45 minutes. * ! = 16 0.4 02 08 0.4
| 5years 18 045 0.22 (11} 0.45
Epilepsy, respiratory impairment, i Gyears 0 0s 035 1 05
impaired cardiac function, bradycardia, * Observe for extravasation, el 23 057 028 11 0.5
severe shock, myasthenia gravis, hepatic hypersensitivity and other side-effects s - e i = o
and renal impairment, congestive with every |10 lidocaine injection: PR S5 = 545 T e
cardiac failure, hypertension, elderly, 2 — 0 S 5% e 5
post-op cardiac surgical patients, Dizziness, parasthesia, nystagmus, rash, e = o s = o
reduce dose in debilitated patients. drowsiness, confusion, convulsions, 12years 19 087 0.48 19 087
= % respiratory depression, bradycardia, iSyee a4 11 055 23 11
1 h ension, methaemaglobinaemia.
Monitor patient clinically. Consider o ! : KX 5" oA e = Rk
o 5 2 3 15 years 54 1.3 0.67 i) 13
additional monitoring as indicated. If extravasation occurs, site a new 10 Joyenn “ e o s e
| needle. If side effects occur = e o = =
Administer initial (higher) dose of 10 | immediately stop administration and Ad 70 17 087 34 17
lidocaine over 1 to 2 minutes. * treat as appropriate. o = 5 7 5
-, The lower volumes of 2% Bdocaine (<1 mi) maf_be Volume Syringesize
* The internal volume of the 10 needle and extension set must be considered when e R i oam tmi
calculating administration speed. Ensure the 10 needle and other ‘dead-space’ has e neiances Us e apgs iyt iathe sy g mtoey By bl 25ml
i 1 o) the volume to administer to ensure maximum
been totally cleared of lidocaine before flush, medication or fluids are commenced. accuracy: 25-5mi sml
Hixsan, MO AN 1. Whil al care has boan takan fo i e, any decision made ar i rodiy such i oty
Figure 4: Richard Hixon's protocol for administration of preservative-free lidocaine.
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Conclusions

The EZ-10 device should be considered as first choice,
in the field of extra-hospital emergencies, when a rapid
and safe vascular access is needed. This is supported
by the positive trend we observed in our study and
by the high percentage of correct insertion and low
complication rate. We proved it to be an excellent tool
in the extra-hospital setting, but which can also be
used by medical and nursing staff during intra-hospital
emergencies, whenever a peripheral vascular access
cannot be found, both for drug administration and
induction of anesthesia.

The device is easy to use as proved by the staff of the
Pre-hospital Emergency Service of Padua, who could
manage it properly after only four hours training and
one hour frontal lecture, followed by practical exercises
on mannequins and fresh eggs.

The medical and nursing staff, in this study, show the
efficacy, effectiveness and safety of this technique to
quickly locate a valid vascular access. The latter turned
out to be of vital importance for prompt administration
of fluids and drugs, not only in patients with any of the
clinical conditions indicated in the ERC guidelines. In
fact, the 10 access was used in all those situations where
a vascular access could not be found, regardless of the
clinical condition of the patient, the elapsed time and
the number of attempts.

As further proof of our 5 years of practical experience
on the field using the intraosseous vascular access, last
February 2016 the Advanced Simulation Unit organized
the course “Alternative vascular access to intravenous:
intraosseous and intranasal” (Figure 5). The course, as
part of the simulARTi project of the Anesthesiology and
Intensive Care unit, directed by Professor Carlo Ori of the
Department of Medicine, University of Padua, is divided
into lectures, with advanced electronic simulators and
practical exercises during a cadaver session. The aim of
the course is to give theoretical and practical notions
concerning the management of intraosseous and
intranasal accesses.

Intranasal and transoral routes are of vital impor-
tance for drugs administration in emergency conditions,
because of their advantageous pharmacokinetics. In
fact, in particular circumstances, they are still preferred
over the 10. For example, during pain management, we
must not ignore the SIAARTI guidelines, according to
which the type of analgesic and the route of adminis-
tration should be selected based on an adequate pain
assessment. Considering the environmental and clinical
conditions the medical and nursing staff of S.U.E.M. 118
of Padua faces every day, |0 administration, although
safe and effective, is not always the most suitable way
for obtaining the desired therapeutic effect.
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Figure 5: Alternative vascular access to intravenous: intraosseous and intranasal. simulARTi project of the Anesthesiology
and Intensive Care unit, directed by Professor Carlo Ori of the Department of Medicine, University of Padua.
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