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Abstract

Background

Peripheral venous cannulation is one of the most common procedures in medicine. It is
associated with noticeable pain and apprehension, although in most cases it is performed
without any anesthesia due to lack of a painless, cost-effective option, which would provide
rapid local anesthesia with subsequent significant reduction in the experienced pain. We
conducted an open-label placebo-controlled clinical trial to evaluate the efficacy and safety
of a 2% lidocaine injection using the commercially available microneedle device Minron-
Jet600 (NanoPass Technologies Ltd, Israel) to achieve rapid local anesthesia prior to
peripheral venous cannulation.

Methods

One hundred and two subjects were randomly allocated into two groups. In the first group,
100pL of lidocaine hydrochloride (2%) was injected intradermally to subjects using the
Microndet600 device in the left arm (MJ-Lido) and 100uL of saline was injected intradermally
using the device in the right arm (MJ-Saline). In the second group, 100uL of lidocaine hydro-
chloride (2%) was injected using the Microndet600 device into the left arm (MJ-Lido), with
no injection into the right arm of subjects (No pretreatment). In both groups the intradermal
injection was performed at the cannulation site prior to insertion of a 18G cannula into a
median cubital vein in both arms. As a primary variable, a score of cannulation-induced pain
was indicated by subjects using a 100-point visual analog scale immediately after cannula-
tion. As a secondary variable, subjects in Group 2 also indicated their preference to receive
the anaesthetic injection with MicronJet600 in the future by using the 5-point Likert scale.
Also, as a secondary variable, the duration of skin numbness after lidocaine injection was
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indicated by performing a superficial pin-prick with a 27G needle at 15, 30 and 45 minutes,
at distances of 1, 2 and 3 centimeters from the injection site.

Results

A significant pain reduction (11.0-fold) was achieved due to the lidocaine injection compared
to the cannulation without any pretreatment (p< 0.005). After the lidocaine injection the
anesthesia was effective up to 2 centimeters from the injection site and remained for up to
30 minutes. Eighty percent of subjects from the second group preferred cannulation after
the lidocaine injection over cannulation without any pretreatment. No significant side effects
were identified.

Conclusion

Intradermal injection of anaesthetic with Micronjet600 was found to be a safe and effective
option for providing rapid local anesthesia for peripheral intravenous cannulation.

Trial regiatration

The clinical trial was registered, before the patient enroliment began, in the Research Regis-
try publicly accessible database (registration identifier: researchregistry4662). Also, the trial
was registered in ClinicalTrials.gov (registration identifier: NCT05108714) after its
completion.

Introduction

Intravenous cannulation is a common painful procedure which is, however, usually performed
without local anaesthesia [1]. The simplest approach involving injection of a local anaesthetic
into the skin using a regular needle is, in itself, painful therefore several techniques were previ-
ously tested for reducing pain in intravenous cannulation, with each having specific limitations
which reduce convenience [2-7]. Intravenous cannulation requires local anaesthesia, which
simultaneously provides an immediate effect, cost-effectiveness and simplicity, with a mini-
mum of discomfort to the patient [8].

The use of hollow microneedles is currently one of the most promising techniques for pro-
viding local anaesthesia in superficial interventions involving skin and subcutaneous adipose
tissue, in particular for peripheral venous cannulation [9]. To date, several commercially avail-
able, microneedle-based devices can be found on the market. Among them is the hollow
microneedles based device, MicronJet600 (MJ600) by NanoPass Technologies Ltd, Israel,
which was approved by regulatory authorities in many territories, including the United States
and the European Union. MicronJet600 was primarily investigated as a device for nearly-pain-
less [10] intradermal injection of vaccines [10-18]. The device is also considered promising for
use in other intradermal applications [19], including intradermal injection of anaesthetics.

To test the efficacy of Micron]Jet600 to provide rapid local anaesthesia for peripheral intra-
venous cannulation via intradermal injection of micro-amounts of anaesthetic, with a subse-
quent decrease of the intervention-related pain score as a primary variable, an open-label
placebo-controlled clinical trial was conducted. To assess safety of the intervention, potential
side effects were estimated. Further, preference of cannulation, preceded by the intradermal
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injection of anaesthetic, over the cannulation without any pretreatment, duration and area of
skin numbness after the lidocaine injection, were assessed as the secondary variables.

Materials and methods

The trial was registered prior to patient enrollment in the Research Registry publicly accessible
database (registration identifier: researchregistry4662, principal investigator: Chavdar Pavlov,
date of registration: 29 January 2019, URL: https://www.researchregistry.com/browse-the-
registry#home/registrationdetails/5c4d811ac41374086209410f/). Also, the trail was registered
in ClinicalTrials.gov (registration identifier: NCT05108714) after its completion. The authors
confirm that all ongoing and related trials for this drug/intervention are registered. The study
received ethical approval from the Local Ethics Committee of First Moscow State Medical Uni-
versity (Extract from Minutes No. 07-17 of the Local Ethics Committee meeting of
13.09.2017) and written informed consent was obtained from all subjects participating in the
trial. The study was conducted in accordance with the Declaration of Helsinki (2013) protocol
and CONSORT (Consolidated Standards of Reporting Trials) (Fig 1). Study subjects, healthy
volunteers and patients at University’s Clinical Hospital 2 (Moscow, Russia) were enrolled
between January 29th, 2019 and March 15™, 2019. The recruitment ended after the number of
enrolled participants exceeded the designated sample size for each group.

Study design

A single center, open-label placebo-controlled clinical trial to evaluate the efficacy and safety
of 2% lidocaine injection, using the commercially available microneedle device MinronJet600
(NanoPass Technologies Ltd, Israel), to achieve rapid local anesthesia prior to peripheral
venous cannulation.

Study objectives

The primary objective was to evaluate, in terms of VAS score, the efficacy of intradermal
administration of low doses of lidocaine 2% solution using MicronJet600, to reduce the pain
associated with peripheral venous catheter insertion. Secondary objectives included identifica-
tion of potential side effects from intradermal administration of lidocaine with the

Enrollment | Assessed for eligibility (n = 145) |

Excluded (n=16)

+ Declined to participate (1=10)

+ Not meeting inclusion criteria (n=6)

Randomized (n=129)

1 -
v 1
Allocated to MJ-Lido vs MJ-Saline group (n=66) Allocated to MJ-Lido vs No pretreatment group (n=63)

+ Experienced unsuccessful cannulation (n=10) e (o . Experienced unsuccessful cannulation (n=7)
+ Experienced unsuccessful MicronJet600 injection (n=4) . injection (n=4)

« Passed through all steps of allocated intervention (n=52) « Passed through all steps of allocated intervention (n=50)

. 2 l
Follow-up | Provided feedback 24 h post-intervention (n=50) |

Fig 1. Consolidated standards for reporting of trials diagram.
https://doi.org/10.1371/journal.pone.0261641.g001

‘ Provided feedback 24 h post-intervention (n=52)
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Micron]Jet600 and assessment of the area and duration of skin numbness by performing a gen-
tle superficial pinprick with 27 G hypodermic disposable needle, at various distances from the
injection site, at various time points. Subjects’ preference for local anaesthetic injection with
Micron]et600 prior to future cannulations was also assessed.

Participants

One hundred and two healthy volunteers were pre-screened for eligibility. Inclusion criteria
included any gender, age between 18-65 years, and absence of all exclusion criteria. The main
exclusion criteria included pregnancy or breast feeding, evidence of allergy to lidocaine, pres-
ence of pain of any localization and character not associated with the study, or treatment with
any analgesics, any local tissue damage at the site of intervention, and serious systemic dis-
eases. After being considered eligible for the study and signing the informed consent form, the
subjects were randomly allocated into two groups by the first observer AR (Observerl). Simple
randomization was performed to allocate subjects into two groups using the Microsoft Excel
random number generator. The subjects who were allocated random even numbers were
assigned to the first study group (MJ-Lido vs MJ-Saline) while the subjects who were allocated
random odd numbers were assigned to the second study group (M]J-Lido vs No pretreatment).

Intervention

Prior to the intervention, each subject had his or her median cubital vein identified by palpita-
tion of the cubital fossa area by a nurse, to determine the site for intravenous cannulation. Fur-
ther, the cannulation site was wiped with ethanol swabs. Each subject from the MJ-Lido vs
M]J-Saline group received an injection of 100 pL of 2% lidocaine hydrochloride injectable solu-
tion (Biokhimik, Russia) into the left arm at the cannulation site and an injection of 100 pL of
saline solution (Biokhimik, Russia) placebo into the right arm at the corresponding site. Each
injection was immediately (t = 0) followed by cannulation with an 18 G peripheral venous
catheter. In the second group MJ-Lido vs No pretreatment, each subject received the injection
of 100 pL of 2% lidocaine into the left arm at the cannulation site which was followed by the
cannulation with an 18 G catheter, while the right arm of each subject was cannulated with an
18 G catheter without any pretreatment. Thus, each subject was his or her own control. This
trial design was chosen to identify the presence or absence of a placebo-related effect.

The injections of both lidocaine and placebo were performed with MicronJet600 (Fig 2(A))
placed on a 1 mL syringe (Fig 2(B)), prefilled with a 27G needle. The injection procedure lasted
approximately 4 seconds with the a flow rate of approximately 25 pl/sec. The intradermal

(A) (B)

Fig 2. Micron]Jet600 compared to the 27 G hypodermic needle (A), and MicronJet600 placed on 1 mL syringe (B).
https://doi.org/10.1371/journal.pone.0261641.g002
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injection with Micron]Jet600 was considered successful if a bleb, of approximately 10-15 mm
in width and 3-6 mm in height, was formed at the site of injection. A cannulation was consid-
ered successful when a small amount of blood was present in the cannula’s hub following the
cannula insertion. Each cannulation was performed by moving the cannula only forward
when inserting into the vein. In case of unsuccessful insertion, any attempt at reinsertion was
prohibited. Immediately after the insertion, the cannula was removed and the site of cannula
insertion was then wiped with ethanol swabs and covered with an adhesive bandage. All injec-
tions and cannulations were performed by the same highly-qualified staff nurse of the Univer-
sity’s Clinical Hospital 2, who had previously undergone training on the proper use of
Micron]Jet600 based on the training materials provided by NanoPass Technologies Ltd, Israel.
After each cannulation, as a primary endpoint variable, the subjects scored the pain experi-
enced using a 100-point visual analog scale (VAS), ranging from no pain (0) to unbearable
pain (100) [20], presented by the second observer AP (Observer2), and the scores were
recorded. The pain experienced by subjects due to cannulation in each of the cases (following
lidocaine injection, placebo injection, or without pretreatment) was also evaluated in terms of
the VAS-score. Thus, in the context of the current study, VAS-score = 0 was considered as a
lack of pain, VAS-score<10 as a mild pain score, VAS-score<20 as an acceptable pain score,
VAS-score>20 as an unacceptable pain score. s a secondary endpoint variable, the duration of
skin numbness due to lidocaine injection was assessed by performing a gentle superficial pin-
prick with a 27 G hypodermic disposable needle, perpendicularly to the arm at the distance of
1, 2 and 3 cm from the injection site in the distal direction at 15 (t = 15), 30 (t = 30) and 45
(t = 45) minutes after the injection. The pinpricks were performed by the Observerl. For each
subject, a single 27 G hypodermic needle was used at each time point, and the needle disposed
of after the procedure. The pain experienced due to the pinpricks was also assessed, by the sub-
jects, in accordance with the provided 100-point VAS scale and recorded by Observer2. After
the cannulations were performed in both arms of the subjects in the MJ-Lido vs No pretreat-
ment group, the subjects were asked whether they would prefer to receive an anaesthetic injec-
tion with Micron]Jet600 prior to cannulations in future. After the cannulations were
performed in both arms of the Group 1 subjects (M]-Lido vs MJ-Saline), the subjects were
asked whether they would prefer to receive anaesthetic injection with Micron]Jet600 prior to
the cannulations in the future. The preference assessment was performed with the 5-point
Likert scale where 1 was defined as strong disagreement, 2 as disagreement, 3 as lack of any
preference, 4 as agreement and 5 as strong agreement. To assess possible side effects of the
intervention, the cannulation site was examined for evidence of swelling, edema, hematoma,
or hemorrhage at 60 minutes after the procedure. Further, the subjects were contacted by
phone, 24 hours after the injection, and asked about any evidence of study-related adverse
events. A general study scheme is presented in Fig 3.

Statistical analysis

Regression modeling and results visualization were performed using R (version 3.6.3) environ-
ment for statistical computing (R Foundation for Statistical Computing, Vienna, Austria) and
third-party packages Ime 4 1.1-21, clubSandwich 0.4.1 and emmeans 1.4.8 available on the
CRAN repository. Linear mixed effects models (implemented in the Ime4 1.1-21 package)
were used to model VAS scores after interventions: assuming random intercepts, random
slope for repeated measurements (corresponding to coefficients for 30 min and 45 min) for
each study participant, and measurement time (15, 30 and 45 min)-distance (1, 2 and 3 cm)
interaction. For all models Sandwich cluster-robust variance-covariance matrix estimators
(implemented in the clubSandwich 0.4.1 package) were used to address heteroskedasticity, the
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Exclusion

MJ-Lido vs No pretrea

Fig 3. General study scheme.
https://doi.org/10.1371/journal.pone.0261641.9003

Satterthwaite method was used to approximate degrees of freedom and the Tukey method was
used to adjust p-values obtained from pairwise comparisons. Cohen’s d was used as a stan-
dardized effect size estimate.

Sample size

A sample size of 40 subjects per group was calculated to detect an effect size of (expected differ-
ence on the VAS score between two time points at a specific distance) 1 with standard devia-
tion in the effect of 2.2, using a paired t-test with 80% power and 5% type I error rate assuming
a two-sided significance testing procedure. At the same time, an additional 22 subjects (102
subjects in total) were enrolled in order to compensate for dropouts.

Results

One hundred and twenty-nine subjects gave informed consent and were enrolled in the study;
66 subjects were allocated into Group 1 (MJ-Lido vs MJ Saline) and 63 into Group 2 (M]-Lido
vs No pretreatment). Ten subjects from Group 1 and 7 subjects from Group 2 had at least one
unsuccessful cannulation; these subjects were excluded from the study. Four subjects from the
Group 1 and 6 subjects from Group 2 were also excluded from the study due to unsuccessful
injections with MicronJet600 at the first attempt. In these cases, owing to deviations in the
technique for the injection, insufficient penetration of the microneedles into the skin led to a
major leakage of the injected solution onto the skin (10 out of 186 injections, 5.4%, resulted in
major leakage). Thus, data from 52 subjects from MJ-Lido vs MJ Saline (Group 1) and 50 sub-
jects from M]J-Lido vs No pretreatment (Group 2) were analyzed (Table 1).

The results from the linear mixed effects model of VAS score after the cannulation are pre-
sented in S1 Table. According to the results (Fig 4), the mean pain score of the cannulation
was 3.6 (95% CI from 2.6 to 4.6) for the MJ-Lido, 41.5 (95% CI from 38.2 to 44.8) for the
MJ-Saline and 39.7 (95% CI from 35.7 to 43.7) in the absence of pretreatment. The pain reduc-
tion effect caused by intradermal administration of 100 pL of 2% lidocaine compared with
both saline injection and no pretreatment was statistically significant (p < 0.0001) with corre-
sponding Cohen’s d estimates -4.5 (95% CI from -4.9 to -4.2) and -4.3 (95% CI from -4.8 to
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Table 1. Baseline demographic characteristics.

Characteristics Treatment group
MJ-Lido vs MJ-Saline (N = 52) M]-Lido vs No pretreatment (N = 50)

Sex—no (%)
Male 35 (67%) 29 (58%)
Female 17 (33%) 21 (42%)
Age-years (+)
Min 18 18
Max 59 63
Mean 28.6 (£11.3) 30.2 (£13.6)
Median 24.5 28.4
Body Mass Index (BMI)
Mean (SD) 24.8 (£3.6) 25.3 (£3.1)
Range 18.8-34.3 17.4-31.7

https://doi.org/10.1371/journal.pone.0261641.t001

-3.9). Also, no placebo-related effect was determined (Cohen’s d = 0.2, 95% CI from -0.4 to
0.8, p=0.8).

The distribution of cases between four VAS-score groups (VAS-score = 0, VAS-score<10,
VAS-score<20 and VAS-score>20) was estimated in percentage for the scenarios with the
lidocaine (n = 102) or placebo injection (n = 52) prior to cannulation, or without any pretreat-
ment (n = 50). Thus, the distribution of cases in the scenario when lidocaine injection pre-
ceded the cannulation was 54.9%, 95.1%, 100% and 0% for VAS-score = 0, VAS-score<10,

401 | S J—
30
o
§ IE] Lidocaine
w |E| Placebo
<>E 201 E’ No pretreatment
10+
0 - L‘

Fig 4. Mean estimates of VAS scores with corresponding 95% confidence intervals for pain experienced by the subjects after
cannulations preceded by the lidocaine injection (MJ-Lido vs MJ-Saline and MJ-Lido vs No pretreatment groups (red bar), saline
injection (MJ-Lido vs MJ-Saline group, green bar), or performed without any pretreatment (MJ-Lido vs No pretreatment group,
blue bar).

https://doi.org/10.1371/journal.pone.0261641.9g004
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Fig 5. The bar chart shows the distribution of subjects between the groups ranked by VAS-score for the cases of
the injection of 100 pL of 2% lidocaine or placebo prior to cannulation, or cannulation without any pretreatment.
Thus, the non-shaded bar, slightly shaded bar, moderately shaded bar and entirely shaded red bar represents the
percentage of subjects related to the groups: VAS-score = 0, VAS-score<10, VAS-score<20, VAS-score>20,
respectively.

https://doi.org/10.1371/journal.pone.0261641.9005

VAS-score<20 and VAS-score>20, respectively; the distribution of cases in the scenario when
placebo injection preceded the cannulation was 0%, 1.9%, 0% and 98.1% for VAS-score = 0,
VAS-score<10, VAS-score<20 and VAS-score>20, respectively; the distribution of cases in
the scenario when cannulation was performed without any pretreatment was 0%, 4%, 8%

and 92% for VAS-score = 0, VAS-score<10, VAS-score<20 and VAS-score>20, respectively
(Fig 5).

The results from the linear mixed effects model of VAS score after the cannulation are pre-
sented in S2 Table. The dependence of skin numbness after the intradermal lidocaine injection
was determined to be statistically significant for both predictors: distance of the pinprick from
the injection site with 27G needle, time after the injection and their interaction (p<0.0001). As
expected, skin numbness was significantly higher at t = 15 and the distance of 1 cm with the
mean VAS of 4.5 (95% CI from 3.5 to 5.5) as compared to other time points and distances: 9.0
(95% CI from 8.1 to 10.0), 10.9 (95% CI from 9.7 to 12.0), 11.0 (95% CI from 9.8 to 12.2), 12.4
(95% CI from 11.0 to 13.8), 12.2 (95% CI from 10.9 to 13.6), 11.7 (95% CI from 10.6 to 12.7),
12.3 (95% CI from11.0 to 13.5), 12.1 (95% CI from 11.1 to 13.2) for t = 15 and 2cm, t = 15 and
3cm, t=30and 1 cm, t =30 and 2cm, t = 30 and 3cm, t =45 and 1cm, t = 45 and 2cm, t =45
and 3cm, respectively (Table 2). Fig 6 depicts the alteration of the average pain scores at three
time points in relation to the distance from the injection site. At the end of the study (t = 60),
no subjects indicated a feeling of skin numbness at the injection site.

Adverse events of lidocaine injection with MicronJet600 were visually assessed right after
the injection (t = 0) and at the end of the study (t = 60min); Thus, at t = 0, there were no
adverse events indicated. A bleb (wheal) of 10-15 mm in length and 3-6 mm in height was
formed in all subjects immediately after the injection, which is considered a sign of successful
intradermal injection. At t = 60 min, a slight erythema of the injection site was noticeable in

Table 2. Mean estimates with corresponding 95% confidence intervals for VAS pain score due to pin-pricks with
a 27G needle at three time points at 15, 30 and 45 minutes after the lidocaine injection with MicronJet600, and
distances at 1, 2 and 3 centimeters from the injection site.

Time (min) Distance (cm)
1 2 3
15 4.5 (95% CI: 3.5-5.5) 9.0 (95% CI: 8.1-10.0) 10.9 (95% CI: 9.7-12.0)
30 11.0 (95% CI: 9.8-12.2) 12.4 (95% CI: 11.0-13.8) 12.2 (95% CI: 10.9-13.6)
45 11.7 (95% CI: 10.6-12.7) 12.3 (95% CI: 11.0-13.5) 12.1 (95% CI: 11.1-13.2)

https://doi.org/10.1371/journal.pone.0261641.t1002
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Fig 6. The multi-line chart demonstrates mean estimates of VAS scores with 95% confidence intervals for pain experienced by
subjects due to the superficial pin-pricks with 27 G needle for three different time points at 15, 30 and 45 minutes after the
lidocaine injection with MicronJet600, and at 1, 2 and 3 centimeters from the injection site.

https://doi.org/10.1371/journal.pone.0261641.9006

subjects with pale skin. Further, 24 hours after the study, there were no reports of erythema or
swelling at the site of lidocaine injection and cannulation. At the same time, 9 subjects (8.8%
in total from Groupl and Group2), 5 subjects (9.6%) and 4 subjects (8%) complained of local
hematoma around the cannulation site for the scenarios when cannulation was performed
after the lidocaine injection, after placebo injection, or without any pretreatment, respectively.
However, local hematoma is considered a common adverse event of the cannulation itself and
there was no evidence for correlation between the injections with MicronJet600 prior to can-
nulation and an increased prevalence of hematomas.

Discussion

Currently, there is an unmet need in clinical practice in which common painful procedures,
including intravenous cannulation, are performed without proper or any anaesthesia. This can
cause pain, anxiety and discomfort to patients. In this study, the efficacy and safety of intrader-
mal administration of anaesthetic with MicronJet600 to provide local anaesthesia for periph-
eral intravenous cannulation was tested. According to the results of this open-label placebo
controlled clinical trial, the intradermal injection of 100 uL of 2% lidocaine with MicronJet600
significantly decreased the pain score experienced by subjects due to insertion of 18 G cannula
into a median cubital vein. The difference between pain scores experienced due to intravenous
cannulation with and without local anaesthesia provided by the lidocaine injection substan-
tially exceeded the average clinically significant difference of 9-13 on the 100-point VAS [21,
22]. Further, there were no statistically significant differences between the average VAS-scores
due to cannulations after placebo injection and without any pretreatment, which demonstrates
the absence of a placebo-related effect. Moreover, intradermal injection of 2% lidocaine with
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MicronJet600 provided local anaesthesia for 15-30 minutes, and therefore can be effectively
used in diverse cases of mid-term surgical intervention involving skin and subcutaneous fat.
No significant adverse events from the intervention were identified.

At the same time, this study has several limitations such as the number of subjects per
group; time points for pain score measurement after the intravenous cannulation; volume and
concentration of the anaesthetic and type of anaesthetic. Also blinding could has been per-
formed more rigorously, although it is difficult to blind (disguise) the use of the Micron]Jet600
device; the intraindividual comparisons are confounded with the application side, which has
an unclear effect on the study result; since there is no evidence regarding the difference of pain
sensitivity between arms in population, arms were not randomised. Further, it is worth men-
tioning that the comparison within Group2 is confounded with the MicronJet600 use. In addi-
tion, the study was not powered for adverse events. Finally, the study did not involve a control
group whereby subjects would receive regular intradermal injection of lidocaine with a hypo-
dermic needle.

Although no direct comparison was made between local anaesthesia with the MicronJet600
and its most competitive alternative, Jet injectors, it is anticipated that the use of MicronJet600
is more effective. In a clinical trial by Lysakowski, Dumont, Tramer, Tassoniy [23] the effec-
tiveness of local anaesthesia with intradermal jet injection of lidocaine with J-Tip (National
Medical Products Inc, CA, USA) was investigated; the average pain scores, experienced by sub-
jects following a 18-G cannula insertion into a vein on the dorsal part of the arm and measured
with 10-point Numerical Verbal Scale (NVS), were: 3.9, 4.2 and 1.7 for the scenarios of cannu-
lation without pretreatment, cannulation after the injection of 500 pL of saline and cannula-
tion after the injection of 500 pL of 2% lidocaine, respectively. Consequently, the average pain
scores for cannulation with no pretreatment, and cannulation with the preliminary intrader-
mal injection of the placebo, were comparable between the current study and the study by
Lysakowski, Dumont, Tramer, Tassoniy [23]. Thus, the average 100-point VAS pain scores
versus 10-point NVS were: 39.7 vs 3.9 for cannulation without any pretreatment, and 41.5 vs
4.2 for cannulation after the placebo injection. The reduction in the average pain score of the
cannulation by intradermal administration of 2% lidocaine, however, was substantially higher
in case of the MicronJet600 intradermal administration. It resulted in an 11.0-fold reduction
(from 39.7 to 3.6) in VAS pain score, compared to the jet injection intradermal administration
which resulted in only 2.3-fold reduction from 3.9 to 1.7 in NVS pain score. Moreover, in the
current study, a significantly lower amount (100 uL) of 2% lidocaine was administered in com-
parison with the study by Lysakowski, Dumont, Tramer, Tassonyi (500 pL) [23] which illus-
trates further the greater effectiveness of MicronJet600 as a tool for providing intradermal
administration of anaesthetics to achieve rapid local anaesthesia over the jet injection method.

The adverse events of cannula insertion after the lidocaine injection with Micron]Jet600
were insignificant. The only obvious sign of the injection was the formation of a bleb, which is
considered a sign for successful intradermal injection. Additionally, as the intradermal injec-
tion of only a small amount (100 uL) of 2% lidocaine with MicronJet600 was sufficient to
achieve the substantial reduction of pain, the technique is considered safe in terms of preven-
tion of serious complications if the injection was accidentally performed in a subject with lido-
caine hypersensitivity.

Conclusions

Overall, intradermal administration of low doses of lidocaine 2% solution with MicronJet600
is effective in reducing the pain associated with a peripheral venous catheter insertion proce-
dure, providing a sufficient rate of local anaesthesia immediately post-injection. No significant
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adverse events were associated with the intervention, which signifies its high safety. Further,
80% of subjects from the MJ-Lido vs No pretreatment group preferred cannulation after the
lidocaine injection over the cannulation without any pretreatment.
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