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Abstract

Background: Peripheral intravenous catheterization, one of the most common clinical procedures, poses procedural challenges with
respect to the first-attempt insertion. Failure to insert a catheter on the first attempt can result in treatment delays and complications,
morbidity, and catheter failure. Objective: The objective of this study was to assess, in a pragmatic setting, the first-attempt insertion
success rate of a novel peripheral intravenous catheter featuring a glide-on-contact design of the plastic cannula tip. Methods: This
was a prospective, single-arm, single-center trial. One hundred consecutive emergency department patients requiring peripheral
venous access who provided informed consent were enrolled. Nine emergency department operators (5 physicians and 4 nurses)
took part in the study. Veins were located by visualization and palpation in all cases. Results: First-attempt insertion was successful
in 89%. Insertion site, laterality, demographic and medical history parameters, and the order in which participants were enrolled in
the study did not significantly affect first-attempt success. A total of 116 insertion attempts were required to obtain access in all 100
participants. The mean (SD) grade of operator satisfaction with the procedure on a 5-point Likert scale (5—very satisfied) was 4.98
(0.14). Conclusions: The novel peripheral intravenous catheter with a glide-on-contact plastic cannula tip resulted in a high first-
attempt success rate for accessing the target vessel.
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Introduction

Peripheral intravenous catheterization, the introduction of a short
plastic catheter into a peripheral vein, is the most common method
of obtaining vascular access for venous sampling and intravenous
administration of solutions, medications, and blood products. In the
past few decades, peripheral intravenous catheterization has been
one of the most common clinical procedures, with over a billion of
short peripheral catheters (SPCs) marketed worldwide per annum
and over 400 million inserted annually in hospitalized patients
in the United States [1-3]. Nurses are the primary SPC inserters
worldwide, responsible for roughly 70% of all procedures, though
considerable regional variation exists (26% to 97%) [1].

Despite the long history of use, SPC insertion attempts may fail
repeatedly [4], exposing patients to more pain and increasing
the likelihood of extravasation, infiltration, and treatment
delays [3,5,6]. First-attempt insertion failure is associated with
phlebitis, a predictor of SPC failure [4,7] linked to catheter-
associated bloodstream infection [4]. Failure to promptly insert
SPC also presents a formidable financial challenge, considering
the equipment costs, clinician time, and treatment of potential
complications [4,8].

The gauge of the catheter and its relation to the vessel diameter and
the needle tip form factor are the major catheter-related attributes
predicting first-attempt success [9,10]. The importance of the angle
of penetration for cannula insertion with different shaped needle
tips [11,12] and the superiority of an SPC featuring a guidewire
over a “regular” SPC apparent in some settings [13] suggest
additional factors may affect the insertion success. While the shape
of the plastic cannula tip has been associated with catheter-related
complications and catheter failure [4], the interaction between the
cannula tip and vessel wall during insertion has been overlooked
in the literature.

The authors hypothesized that an SPC cannula with a glide-on-
contact tip design could minimize traumatic collision with the
vessel wall and, therefore, facilitate insertion success rates. The
purpose of this study is to evaluate the first-attempt and overall
success rate of catheter insertion as well as the safety of a gliding
peripheral intravenous catheter (GPIV). The uniquely-shaped
tip of the GPIV catheter plastic cannula features asymmetry,
with the negative, convex slope in the plane perpendicular to the
longitudinal axis of the tip resulting in bottom part of the cannula
being shorter and establishing a surface that is hypothesized to glide
on contact with the vessel wall, thereby reducing the likelihood of
tissue trauma (Figure 1).

Figure 1: GPIV vs “regular” SPC: (A) GPIV cannula tip; (B)
cannula and needle are advanced into the vein; (C) cannula is
advanced over the needle and encounters the vessel wall opposite
the site of penetration; (D) the potentially traumatic contact of the
advancing plastic cannula tip of a “regular” SPC with vessel wall
opposite the site of penetration is envisioned to be avoided with
the glide-on-contact design of the tip of GPIV.

The design of this trial, conducted in a low-resource hospital, was
pragmatic regarding the setting, users, selection of participants,
intervention, outcomes, and relevance to practice, with the
standard institutional clinical practice preserved, to maximize
external validity of the results [14,15].

Methods

This was a prospective, single-arm study. SPCs were inserted
by 9 emergency department (ED) clinicians, five of whom were
physicians (2 with 25 and one each with 5, 10, and 20 years of
experience) and 4 nurses (1, 5, 7, and 20 years of experience) at a
single site in the Dominican Republic (Clinica Canela, La Romana,
Dominican Republic).

Participants

Consecutive patients, 18 years of age or older, requiring SPC
insertion were recruited to the study. All participants had to be
able to understand and sign the consent form. Exclusion criteria
were pregnancy or lactation, need for emergency venous access,
and history of venous grafts or previous surgery at the target vessel
access site.
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Investigational Device

GPIV (ViTal, Embrace Medical Ltd., Tel Aviv, Israel) is an 18-
or 20-G, 1.25- or 1.75- inch—long (respectively) SPC with a
radiopaque polyurethane cannula and a stainless-steel needle
with a passive safety shield, attached to an acrylonitrile butadiene
styrene flash chamber. No training was provided on the use of the
device.

Investigational Procedure

After consent was obtained, participants underwent SPC insertion
following the standard institutional procedures. There were no
protocol limitations or guidance on insertion site selection. The
protocol did not require or preclude use of difficult intravenous
access (DIVA) assessment tools and/or assistive technologies. Up
to 4 attempts were allowed before GPIV insertion would be deemed
a failure, in which case the institutional standard SPC would be
used. All successive attempts were made at a site different from the
one(s) at which access had already failed.

Outcomes

The primary endpoint was the first attempt success rate.
Successful insertion was defined as withdrawal of non-pulsatile
blood or infusion of saline without evidence of extravasation.
GPIV insertion would be regarded as having failed if there was
extravasation with initial infusion, inability to draw blood, or
inability to obtain access.

The secondary endpoint was the incidence of the device- and
procedure-related adverse events.

Exploratory analyses included the number of attempts required
to obtain successful access; user (nurse or physician) satisfaction
at the time of insertion, measured on S5-point Likert scale (5 -
very satisfied, 4 - somewhat satisfied, 3 - neutral, 2 - somewhat
unsatisfied, 1 - very unsatisfied); participant-graded pain associated
with insertion, measured on 5-point Likert scale (5 being the
maximum and 1 being the minimum); and the incidence of device
deficiencies and of adverse events, both expected and unexpected,
related or unrelated to GPIV or the procedure.

Safety Analysis

All adverse events that occurred, whether considered related to the
study device and/or procedure or not, were reported, coded with the
Medical Dictionary for Regulatory Activities (version 24.1), and
mapped to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) v. 5.0. The International
Medical Device Regulators Forum (IMDRF) technical document
IMDREF terminologies for categorized Adverse Event Reporting
(AER): terms, terminology structure and codes Annex E (Health
Effects-Clinical Signs, Symptoms and Conditions Terms and
Codes) was consulted at the time of event coding. Safety analyses
were conducted by reviewing safety listings and narratives.

Statistical Analysis

Safety analysis was conducted on the intention-to-treat (ITT)
dataset comprising all consented participants. Efficacy analyses
were conducted on the modified ITT (mITT) dataset comprising
all participants from the ITT dataset in whom GPIV insertion
was attempted. Continuous variables were summarized by a
mean, median, standard deviation, minimum, and maximum, and
categorical variables by a count and percentage. Fisher’s exact test
calculating two-sided P value was used for analysis of potential
risk factors for failure. Cochran-Mantel-Haenszel test was used
to assess the relationship between the demographic and medical
history parameters of the study participants and their order of
enrolment in the study, in terms of success in the primary outcome.
Statistical analysis was performed with IBM SPSS Statistics
version 29.0.0 (IBM, Armonk, NY, USA).

Results

One hundred consecutive ED patients were screened for
participation in the study between November 2021 and March
2022. There were no screen failures, and catheterization with GPIV
was attempted in all consented participants, who then formed
the analysis set for safety and efficacy analyses. No participants
withdrew or were withdrawn from the study or excluded from
analysis. Demographic variables and vital signs of the study
participants are summarized in Table 1. Thirty-two percent of the
study participants were dehydrated. Fifteen percent suffered from
heart disease.
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Sex
Female % (n/N) 56% (56/100)
Male % (n/N) 44% (44/100)
Ethnicity
Hispanic, Latino/a, or of Spanish origin % (n/N) 91% (9/100)
Not of Hispanic, Latino/a, or Spanish origin % (n/N) 9% (9/100)
Race
Black or African American % (n/N) 89% (89/100)
White % (n/N) 11% (11/100)
N 99
Age, years Mean (SD) 37 (13.67)
Median [Range] 33 [19-81]
N 100
Height, ft Mean (SD) 5.5(0.31)
Median [Range] 5.4[4.9-6.9]
N 100
Weight, 1b Mean (SD) 161 (35.27)
Median [Range] 156 [100 — 313]
N 100
Body mass index, kg/m? Mean (SD) 26.9 (5.66)
Median [Range] 25.9[17.7-50.5]
N 99
Systolic blood pressure, mmHg Mean (SD) 112 (12.86)
Median [Range] 110 [69 — 160]
N 99
Diastolic blood pressure, mmHg Mean (SD) 70 (6.87)
Median [Range] 70 [51 —90]
N 100
Heart rate, beats per minute Mean (SD) 86 (10.65)
Median [Range] 86 [63 —113]
N 99
Body temperature, °C Mean (SD) 37 (0.71)
Median [Range] 37 [36 —39.5]

Table 1: Demographics and Vital Signs.

The first-attempt success rate was 89% (two-sided exact 95% CI, 81.17%-93.75%). The majority of first attempts to insert GPIV involved
dorsal (n=50) and antecubital (n=41) sites (Table 2). In 61 of the 100 participants, right-sided sites were chosen for the first attempt.
Insertion site selection nor laterality significantly affected first-attempt success rate (Fisher’s exact test, P=.47 and P=.49, respectively).
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Attempts
1 2 3 4
Accumulating success rate Accumulating success rate Accumulating success rate
Accumulating success rate — 100%
—89% —96% -99%

N sites Success N sites Success N sites Success N sites Success

All All R L All All R L All All R L All All R

Sites N N N % % % N N N % % % N N N % % % N N N % %
all 100 61 89 89 90.2 87.2 11 6 7 63.6 833 40 4 2 3 75 50 100 1 1 1 100 | 100
AC 41 21 37 90.2 95.2 85 3 2 3 100 100 100 2 1 2 100 | 100 | 100 1 1 1 100 | 100

dorsal 50 33 45 90 90.9 88.2 4 1 2 50 100 333 2 1 1 50 0 100 0 0 0

forearm 9 7 7 77.8 71.4 100 4 3 2 50 66.7 0 0 0 0 - - - 0 0 0 - -

R —right; L — left; AC — antecubital

Table 2: Insertion Attempts and Success.

There was no association between first-attempt success and the
demographic variables or the medical history- including gender
(Fisher’s exact test, P=.86), ethnicity (Fisher’s exact test, P=1),
race (Fisher’s exact test, P=.42), dehydration (P=.43), and history
of heart disease (Fisher’s exact test, P=.46) of the participants.
There was no difference in first attempt success between the first
30 participants and the latter 70.

Vascular access with GPIV was obtained in all participants. A
second attempt was required in 11 participants, a third-in 4, and a
fourth-in 1 participant. A total of 116 insertion attempts were made
to obtain successful access in 100 participants, bringing the mean
(SD) number of attempts to 1.16 (0.51).

The mean (SD) grade of pain at the time of insertion, as reported
by the participants, was 1.8 (0.92). Users were very satisfied
(Likert scale grade 5) with the insertion procedure in 98% of
the participants. In the two remaining cases, users graded their
satisfaction as 4. Mean (SD) satisfaction was 4.98 (0.14).

Adverse events included CTCAE Grade-1 extravasation (n=4)
and hematoma (n=1), all of which resolved spontaneously without
sequelae.

Discussion

The SPC insertion success research focuses mainly on the use of
assistive technologies and the size, shape, and design features of
the SPC needle [9-12,16-19]. To the best of the authors’ knowledge,
this is the first report of a first-attempt insertion success rate
assessment in which the tip of the plastic cannula is the element of
interest. In this study, the first-attempt insertion success rate with a
catheter featuring a glide-on-contact design of the plastic cannula
tip was 89%. The lower bound of the first-attempt SPC insertion

success rate with and without assistive devices varies greatly in
literature [9]. The performance goal of 90%, advocated by some
authors as “clinically relevant and acceptable” [20], has rarely
been sustained in the data published in the last two decades [9,21-
28], including recent publications of the threshold proponents
[17]. The reported inpatient and ED first-attempt success rates in
adults infrequently exceed 80% [5,21,22,28].

The 89% (two-sided exact 95% CI, 81.17%-93.75%) first attempt
success rate in the current pragmatic study with a heterogenous
group of inserters, exceeds other studies with the exception of a
trial of an over-the-wire SPC reported by Idemoto et al more than
a decade ago [13]. Unlike the device reported here, use of the over-
the-wire SPC required extensive preclinical and clinical training,
prior to enrolling patients [13]. First-attempt insertion of the over-
the-wire SPC comparator in that study (Insyte Autoguard, Becton,
Dickinson and Company, Sandy, UT, USA) was successful in only
47% of the cases, underscoring the extent to which the first-attempt
success rate can vary with different SPCs in adult populations.
The results of Idemoto et al were not reproduced in a later study
with registered nurses inserters [29] and a comparable study
population. The apparent difficulty that a study of army combat
medics had with the over-the-wire SPC [30], even after receiving
training analogous to that reported by Idemoto et al, suggests that
SPCs requiring adaptation of the insertion technique may not be
appropriate for all users. Further, a recent study also suggests that
clinicians think that over-the-wire SPC may not be suitable for all
patients [31].

As expected in a pragmatic setting, the insertion preferences
of operators in this study deviated from the recommendations
of the Infusion Nurses Society (INS) with respect to insertion
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site selection [32]. Globally most SPCs are placed in the hand,
antecubital veins, and the wrist, and only the minority of SPCs, as
low as 21% in some territories, are placed in an area of non-flexion
(forearm) [1]. In Latin America, doctors are much more likely to
insert SPCs into the hand, wrist, or antecubital fossa than they
are into forearm, while nursing technicians, nursing assistants,
registered nurses, and IV teams are equally likely to choose
recommended and non-recommended sites [33]. The root of the
practice of antecubital fossa insertions by ED operators is the belief
that patients may require “fluid resuscitation and administration of
highly concentrated drugs during clinical deterioration scenarios”
[34]. The departure from the guideline recommendations is not
expected to affect interpretation of the effectiveness results of this
study [9].

This study was conducted in a low-resource center and neither
required nor precluded use of assistive technologies. None of the
inserters used such technologies in any of the study participants.
This deviates from the INS recommendations but aligns with
the known issue of inserters’ preference and limited availability
of devices such as ultrasound, especially in “small, underfunded
healthcare services” where “ultrasound ranks low on priority list”,
despite the evidence-based recommendations [35,36]. With regard
to the primary effectiveness outcome assessment in this study, not
using assistive technologies could be speculated to represent the
worst-case scenario.

Finally, in this pragmatic study, the inserters were not required to
use DIVA assessment tools, and none of them utilized such tools
voluntarily.

This is in line with the known worldwide difficulties in
implementing evidence-based practice recommendations due to
insufficient resources, especially in regional, rural, and remote
settings [33,35]. In addition, the 2024 update of the INS guidance
asserts that DIVA assessment tools must be population-specific
and acknowledges that generalizability of such tools is uncertain
[32]. With the ever-growing number of instruments using diverse
terminology to assess DIVA [20,37-40], such non-harmonized
approach could be one of the reasons DIVA reporting in clinical
trials is often subpar [27]. When reported, the prevalence of
DIVA in clinical trials ranges between 6% and 87.7%, depending
on the definition applied [37]. Some researchers also argue that
adoption of DIVA assessment tools in the context of clinical
practice is impeded because grading on the existing scales takes
up a lot of valuable time and the tools are perceived as complex
and inconvenient [41]. Alternatives to DIVA assessment have
recently been proposed [41]. Overall, the impact of the lack of
DIVA assessment in this study on interpretation of the study results
may not be different than the impact of use of different assessment
tools in the absence of harmonization of DIVA assessment.

Limitations of the Study

This was a single-center study. Single-center studies may have
the proclivity for overestimation of the effect size. However,
this bias has been, at least partly, offset by not recruiting roll-in
participants and not providing any training or guidance on the use
of the investigational device to the multiple inserters who were
unfamiliar with the device prior to the study.

The single-arm study design lacks innate mechanisms for
reduction of the selection bias. In this study, the selection bias
has been significantly reduced through consecutive sampling
and performance of calculations on the dataset comprising data
from all consented participants. Also, as discussed above, DIVA
assessment was not conducted in this study, which could mean that
the first-attempt and overall success rate could be lower in certain
populations which may have been underrepresented in the study.

Conclusions

Efficiency and speed are hallmarks of medicine. SPC insertions are
often made with limited information on the patient [42], limited
access to assistive technologies and limited, if any, experience
with their use [35,43]. Considering the expected reduction in
complications associated with repeated insertion attempts, the
60% worldwide prevalence of SPCs in inpatient wards alone
[44], and the cost savings anticipated under the conditions of
reduction in the number of insertions and personnel time [45], an
SPC with a high first-attempt success rate is where the interests
of all stakeholders converge. This is especially true in light of the
questionable value of infrared devices [28], the non-negligible
procurement and maintenance costs of ultrasound being a major
obstacle to its use [46-48], and the substantially longer time it may
take to achieve first-attempt insertion when assistive devices are
used, time inserter may not have in emergency [49].

The current report of a promising nominal success of GPIV in
establishing peripheral venous access on the first attempt suggests
that the shape of the plastic cannula tip may play arole in the success
of peripheral intravenous catheterization. Comparative, multi-
center studies, potentially involving use of vascular visualization
technologies, may help further understand the contribution of the
plastic cannula tip form factor to the efficacy and safety of SPCs.
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