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Original research article

Clinical use of electrical stimulation with
the Veinplicity® device and its effect

on the first attempt success rate of
peripheral intravenous cannulation:

A non-randomized clinical trial

Fredericus Hf van Loon!?2, Freek JP Willeleens?, Marc P Buise?,
Hendrikus HM Korsten?3, Arthur RA Bouwman?
and Angelique TM Dierick-van Daele*

Abstract

Background: Peripheral intravenous cannulation is one of the most frequently performed medical procedures.
Venadilation, which can be achieved with different techniques, is an important factor for first attempt success, The
objective of this study was to compare the first attempt success rates upan peripheral intravenous cannulation after
applying a tourniquet, with venous dilation by electrical stimulation using the Veinplicity® device, or a combination of
both techniques, in participants at moderate risk of a difficult peripheral intravenous access.

Methods: This non-randomized clinical trial was carried out in adult patients divided into three paralle] study groups,
consisting of cannulation with a tourniquet (control group), cannulation after electrical stimulation without using a
tourniquet (intervention group 1), and cannulation afrer applying electrical stimulation followad by the application of a
tourniquet on the selected upper extremity {intervention group 2). The primary outcome was the first attempt success
race of peripheral intravenous catheter placement.

Results: In all, 141 participants were included in this study, with an overal! success rate of 86%. Success rates of
78%, 88%, and 92% were observed in the control group, intervention group |, and intervention group 2, respectively
(p=0.25, x*=2.771, df=2). A higher first attempt success rate was detected in participants in intervention group 2, when
compared to the control group (p=0.04, x2=4.63, df=1).

Conclusion: Increase in first attempt success was clinically relevant when electrical stimulation with the Veinplicity®
device was combined with the application of a tourniquet in participants at moderate risk of a difficult peripheral
intravenous access.
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Question Additive score
Is the participant at an emergency or unplanned indication for surgery? 1

Was it difficult to insert 2 peripheral intravenous catheter in the past?

Is there an inability to identify the targst vein by visualizing the extremity?

1

Is there an inability to identify the target vein by palpating the extremity? 1
1

1

Does the target vein have a diameter of at most 2 millimeters?

L

Figure 1. The A-DIVA scale is represented as an additive scoring system to caleulate the predicted risk for an individual
participant; the scores for existing risk factors are added to give an approximate estimation of a difficult intravenous access. Scores
are added after answering a question with “yes.” Based on a participants individual score, they were classified to either a low risk
group (A-DIVA score G or 1), moderate risk group (A-DIVA scare 2 or 3), or high risk group (A-DIVA scere 4 or 5).H

Introduction

Peripherzl intravenous cannulation is clinically indispen-
sable, with an estimated prevalence of 85% in modern
health care.!? The first attemnpt success rate of peripheral
intravenous cannulation, however, is approximately 83%
according to the results of a recently published meta-anal-
yscs.? Failed attempts of intravenous cannulation do not
only put patients in distress and pain but also results in
delayed treatment, increased nursing and medical work-
load, raised overall hospital costs due to multiple attempts,
and an increased risk of complications such as infection,
vein injury, and infiliration.>*7

Peripheral intravenous cannulation requires technical
skills from the practitioner, and traditionally involves vein
and equipment selection before canmulation.? With the tra-
ditional approach to peripheral intravenous cannulation,
suitable veins are selected based an their visibility and pal-
pability.%!¢ Venodilation is recommended to facilitate sue-
cessful cannulation and is associated with an increased
success rate, because dilated veins are generally larger and
have an increased leve! of visibility and palpability. 181113
Common techniques to create dilated veins include local
warming and tourniguet application.'* Another quite novel
and modern technique is the use of electrical stimulation of
the extremity to achieve venodilation.

The Veinplicity® device (Physeon GmbH, Schaffhausen,
Switzerland) is an electrical stimulation device that can be
used as an adjunct for peripheral intravenous cannulation.
Electrical stimulation of the nerves and muscles of the
selected extremity is said (o increase local blood volume,
and therefore improve the practitioners’ ability to gain intra-
vernous access. Besides increasing blood flow, stimulation
with the Veinplicity® device is expected to induce other tem-
porary physiological changes, namely, thickening of the
vein wall, increased stability of the vein, and an expanded
vessel diameter, as mentioned by the manufacturer.

This study focused on the effectiveness of electrical
stimulation on peripheral intravenous cannulation in those
paticals with an expecied dilficult intravenous acccss.
The existence of a difficult intravenous access can be esti-
mated with the A-DIVA scale (Figure 1).!! This additive

five-variable scale is a reliable predictive model that
serves to identify patients with a difficult intravenous
access prospectively, and subsequently allows clinicians
to classify them according to their individual risk score
into either a low, moderate, or high risk profile.!! Briefly,
a score on the A-DIVA scale will predict the likelthood of
failed perigheral intravenous catheter placement in a
group of patients with & similar risk orofile, whereby a
higher score indicates a higher risk for difficult intrave-
nous catheter placement and an increased risk for failure
on the first attempt of peripheral intravenous cannulation.
Using the A-DIVA scale, clinicians are alerted to potential
issues and the possibilizy of using techniques such as elec-
trical stimulation on a low threshold and in an earlier time
frame, to avoid these issues.

In this study, the eifect of electrical stimulation was
compared to both the traditional technique of peripheral
intravenous cannuiation and the combination of the device
with a tourniquet, on the first attempt success rate in par-
ticipants at moderate risk of a failed first attempt according
ta the A-DTVA scale. This study hypothesizes that the first
atternpt success rate will increase up to 90% in patients at
moderate risk according to the A-DIVA scale when the
Veinplicity® device is used to achieve vencdilation for
peripheral intravenous cannuiation, whether or not com-
bined with application of a tourniquet.

Methods

Ethical considerations

The Medical research Ethics Committees United (MEC-U,
Nieuwegein, The Netherlands) reviewed the study proto-
col {ref: R17.053), and it was registered in the Dutch Trial
Register (ref: 7150). Written informed consent was
obtained from alf participants before inclusion. The study
was carried out in accordance with the Medical Research
Involving Human Subjects Act and guidelines of Good
Clinical Practice (GCP), and according to current hospital
guidelines for peripheral Intravenous cannulation, as well
ag the international standard for peripheral iiiravenous
catheter placement, 121518
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Design

This non-randomized clinical tral was carried out in three
study groups using stratified permuted blocks, Treatment in
the sindy groups consisted of either cannulation with the tra-
ditional approach using palpation and visualization after
application of a tourniquet to the selected exftremity (control
group), cannulation afier clectrical stimulation without
using a tourniquet (intervention group 1), or cannulation
after first applying electrical stimulation and then applying a
toumniquet to the selected upper extremity (intervention
group 2). Participants were consecutively divided into one
of three study groups based on coincidence, because each
treatment strategy was applied for a period of 4weeks.
During this period of 4 weeks, no other technique of periph-
eral intravenous cannulation was applied, so it was not pos-
sible for participants to change between study groups or
intervention, nor did they or the practitioners have any influ-
ence on the applied treatment. Blinding of both participant
and the practitioner was not possible due the simple fact that
the applied technique was obvious to both. The study was
performed in the preoperative holding area of the operating
theater complex of the Catharina Hospital (Findhoven, The
Netherlands), which is a tertiary teaching hospital.

Study groups

Before cannulation, 2 tourniquet was secured around the
chosen arm of the participants in the control group to
ensure dilation of the veins, at least 10 em proximal to the
elbow crease.’** The tourniquet was tightened while
maintaining pulsations of the radial artery, as tested manu-
ally by palpating the artery.2’ The tourniquet was removed
after cannulation.

For participants in intervention group 1, the target vein
was not dilated by using a tourniquet, but with electrical
stimulation with the Veinplicity® device. The device was
connected to the participant via two electrodes placed on
the selected arm for peripheral intravenous access {white
electrode patch on the palmar surface of the hand and the
blue electrode patch on the bicep of the arm), which were
then attached to the stimulator using the main cable, as
shown in Figure 2. In turning on the device, a physical
response could be obssrved. If muscle fasciculation was
not present, the mtensity of stimulation was slowly
increased until a response was observed, The participant
experienced tingling, but no painful sensation. If the stirn-
ulation was not tolerable, the intensity was lowered to a
tolerable level that still produced muscle fasciculation.
The stimulation was continued for at least 2min, but no
more then 10min. Stimulation was discontinued and the
device removed when the target vein had become visible
and/or palpable. Peripheral intravenous canmulation was
then performed. The procedure of electrical stirulation
was done according to the guidelines and policy of the
manufacturer,

L

Figure 2. Display of the Veinplicicy® electrical stimulation
device, with the connected patches. Picture is taken with
permission from the manufacturer of the device (Physeon
GmbH).

For participants in intervention group 2, electrical stim-
ulation was performed in the same way as described for
intervention group 1. Directly after disconnection of the
stimulation. device, a tourniquet was applied to keep the
target vein dilated. The tourniquet was applied at least
10em proximal to the elbow crease while maintaining pul-
sations of the radial artery, similar to the procedure as
described in the control group. The tourniquet was
removed after cannulation.

Peripheral intravenous cannulation

A peripheral intravenous catheter is a small hollow catheter
that is advanced over a needle into a peripheral vein through
the skin. The puncture site was prepped with chlorhexidine
0.5% in ethanol 70%. Nurse anesthetists and PACU (post
anesthesia care unit) mirses (those specialized in post anes-
thesia care), who were familiar with the study protocol,
obtained the peripheral intravenous access. A peripheral
intravenous catheter was inserted in the upper extremity,
and veins on the dorsal and ventral surfaces of the upper
extrernity, including the metacarpal, cephalic, basilic, and
median veins on the dorsal side of the hand, fore amm, and
elbow crease, were considered for cannulation. Short intra-
venous catheters sized 14-22 gauge (Venflon Pro Safety;
BD Infusion Therapy AB, Helsingborg, Sweden) were
inserted; the size of the inserted catheter depended on the
clinical situation and was chosen by the practitioner.
Intravenous cannulation was performed according to prac-
tice guidelines and hospitaf policy. 12722 In all study groups,
peripheral intravenous cannulation was performed when
the practitioner was shle to delect a suitable, dilated vein by
palpating and/or visualizing the extremity. Throughout the
study, peripheral infravenous cannulation was performed
by experienced nurse anesthetists and PACU nurses, who
gained at least | year of experience in intravenous catheter
placement. Practitioners were trained in Veinplicity® device
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usage by the manufacturer with an oral presentation, fol-
lowed by a hands-on training in at least 10 patients.

Participants

Participants at moderate risk for a failed fist attempt of
peripheral intravenous cantulation according to the A-DIVA
scale were eligible to participate in this study, regardless the
medical specialism or type of surgery they were admitted
for, if they were aged 18 years ot older, conscious, and able
to adequately answer questions. Risk classification of par-
ticipants on the A-DIVA scale was performed by the practi-
tioner prior to cannulation. A potential participant who met
any of the following criteria was excluded from participa-
tion in this study: participants in whom an intravenous cath-
cter was already inserted, participants who were unwilling
or unable to provide consent, participants with medical
devices implanted in the body (pacemaker or implantable
cardioverter defibrillator (ICD), for example), and partici-
pants who did not understand questions or generate ade-
quate data due to physical or communicational disorders.

Sample size calculation

The current study focused on participants with a moderate
risk profile according to the A-DIVA scale (A-DIVA score
of 2 and 3), who had a relative risk (RR) for an unsuccess-
ful first attempt of .3 (95% confidence interval (CI)= 1.24—
1.55) according to a previous study by Van Loon et al.!t
This means that 63% of participants with a modcrate risk
profile had an unsuccessful first attempt of inserting a
peripheral intravenous catheter.!! Actually, we hypothe-
sized that the success rate would increase to as high as 30%
in this category of participants when electrical stimulation
was used. Power analysis indicated that at least a sample
size of 39 participants with a moderate risk profile accord-
ing to the A-DIVA scale was required in each study group,
assuming a mean difference of 27% with respect to the inci-
dence of a successful first atternpt as a result from a previ-
ous study, with ¢=0.05 and $=0.80." Finding of at least
that 27% difference in successful peripheral intravenous
cannulation on the first attempt between the study group in
which the traditional technique was applied (control group)
and the groups in which electrical stimulation was used
{intervention groups) witl result in a first atiempt success
rate of 90% in the intervention groups, which was denoted
as both a clinicatly relevant and statistically significant dii-
ference. Finally, 45 participants were asked to participate in
each study group, with a total of 135 participants with a
moderate risk profile throughout this study, allowing for
10% attrition due to data collection incompletencss.

Quicome measures

The primary outcome was the first attempt suceess rate of
peripheral intravenous catheter placement. An attempt was

defined as one percutaneous nesdle puncture, regardless
the amount of subcutaneous exploration from the single
puncture site.’ After a failed attempt, a new attempt was
considered as any change in localizing a vein, followed by
a new percuianeous puncturc. After each punclure, the
practitioner checked and registered whether the attempt
was successful or not. Peripheral intravenous caanulation
was defined as successful if blood returned in the catheter
and/or a saline flush could be injected without compromis-
ing the vein or without signs of subcutancous infiltra-
tion.[H® After two failed atfempts with electrical
stimulation, peripheral intravenous cannulation was exe-
cuted using the traditional technique, as described in the
contral group. The time needed for ntravenous cannula-
tion, pain score upon infravenous cannulation, the relation
between the success rate and participant demographics
(age, sex, length, weight, American Society of
Anesthesiologists (ASA) physical status, medical history,
and comorbidities), and the relationship between the suc-
cess rate and procedure-related data (size of the vein in
millimeters measured by placing a ruler on the selected
vein, size of the inserted catheter, side of cannulation, site
of cannulation, duration of electrical stimulation, and the
intensity of stimulation) were assesscd as secondary out-
come parameters. Thme needed for intravenous cannula-
tion was registered in minutes, from applying the tourniquet
in the control group or fram applying electrical stimulation
in the intervention groups, until an iniravenous catheter
was inscrted suecessfully. Participant satisfaction, the pain
score upon intravenous cannulation, and the practitioner
satisfaction were measured on an 11-point verbal mumeric
rating scale (VNRS), with “0” representing no pain or
totally not satisfied and “10” representing the worst pain
imaginable or totaily satisfied. The VNRS is a valid and
reliable scale to measure pain intensity and satisfaction,
although the VNRS evaluates only one componenl of the
pain experience and pain intensity, or satisfaction. -2

Statistical analyses

The Kolmogorov—Smimov test assessed the normality
assumption for continuous variables, which were expressed
as mean and standard deviation, Those without normal dis-
tribution, on the confrary, were represented as median with
the minimum and maximum value. Discrete variables
were expressed as frequencies with percentages. The stc-
cess rate was calculated as the number of successful first
attempts divided by the total number of first attempts, and
multiplied by 100%. The success rates of the intervention
and control groups were compared visually first, and sta-
tistical analysis was performed afierward. Comparison of
variables was performed using the chi-square test for test-
ing categorical (discrete) unpaired measurements in more
than two study groups; the one-way apalysis of variance
(ANOVA) test for unpaired, normally distributed, continu-
ous variables in more than two study groups; or the
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Table I. Demographic data and baseline characteristics of the participants included in this study, divided intc either one of three

study groups.

Control group

Intervention group Intervention group 2

Tourniquet | Veinplicity® Veinplicity® -+
(N=45) (N=48) tourniquet (N=48)
Sex {mzle: famale) 10: 35 27: 21 22: 26
Age {years) 52+18 54xr |8 55x14
Length (centimeters) 168 +7 174+ 10 174x9
Weight (kilograms) 86 =25 8819 8924
ASA classification (ASAF: ASA 2: ASA 3: ASA 4) 10:27: 8: ¢ [1:19:18: 1 10:27: 10 1
Smoking (yes: no) HD: 35 14: 34 12: 36
Alcohol abuse (yes: no) 5: 40 3: 45 2: 45
Drugs abuse (yes: no) I: 45 2: 46 [: 47
Cardiovascular diseases {yes: no) 2: 36 12: 36 15:33
Pulmonary diseases {yes: no) 4: 41 & 42 3: 45
Renal faiture (yes: no) 0: 45 3:45 I: 47
Chemotherapy (yes: no} 7.38 12: 36 8: 40
Diabetes mellitus (yes: no} 6: 39 7: 41 9: 39

Kruskai~Wallis test for unpaired continuous variables
without normal distribution in more than two study groups.
The Mann-Whitney I7 test was used to determine ditfer-
ences between two study groups, in addition to the
Kruskal-Wallis or one-way ANOVA test. The relation
between the success rate and participant demographics and
the relation between the success rate and procedure-related
data were detected with the use of Spearman’s rho or
Pearson’s ho correlation analysis, based on the normality
assumption for continuous variables, The RR for unsuc-
cesstul first attempts was calculated afterward and repre-
sented with 95% CL. Throughout the study, a p value less
than 0.05 was denoted as statistically significant. SPSS,
version 25.0 (SPSS Inc., Chicago, Tllinois, USA), was
used for all statistical analysis, The results of this non-ran-
domized controlled trial are reported according to the
TREND statemnent. 2

Results

A total of 141 participants were included for final analysis
in this study, divided over three study groups. The conirol
group consisted of 45 participants, while 48 participants
were included in both intervention groups [ and 2. All
three study proups were comparable with respect to the
demographics and baseline characteristics of the included
participants, as shown in Table 1.

The overall success rate of first attempt peripheral
intravenous cannulation throughout this study was 86%,
whereby success rates of, respectively, 78%, 88%, and
92% were observed in the control group (traditional
approach), intervention group 1 (electrical stimulation),
and intervention group 2 (electrical stimulation combined
with a touniquet) (p=0.25, ¥2=2.771, df=2). A clinically
relevant and statistically significant higher first attempt
success rate was detected in participants in intervention

group 2, when compared to the control group (p=0.04,
x*=4.63, df=1). On the contrary, no relevant and signifi-
cant difference was observed in interveation group 1 in
compearison to the control group (p=0.23, x2=1.97, df=1)
with respect to the first attempt success rate, and between
both intervention groups (p=0.50, x2=0.45, df=1). A
median mumber of I attempt was needed to achieve suc-
cessful intravenous access in all three study groups
(p=0.24, H=2.89, df=2). The RR for & failed first attempt
of petipheral intravenous cannulation was 2.1 (1.0-4.8) in
the control group, with a first attempt fajlure rate of 22%
(12.3-36.5). The RR in intervention group 1 was 0.8 (0.3—
2.0) with 2 risk of an unsuccessful first attempt of 12%
(5.5-25.1), while the RR and failure rate on the first
attempt in intervention group 2 were 0.5% (0.2-1.4) and
8% (2.8-20.1).

Differences in stimulation time (p=0.09, /=925,
Z=-1.69) and intensity of stimuiation (p=0.66, U/=1095,
Z=-().44) could not be detected between both intervention
groups in which clectrical stimulation was used. The diam-
cter ofthe dilated target vein was, on the contrary, increased
significantly in participants from intervention group |
(p=0.03, U=731, Z=-2.78) and intervention group 2
(p=0.01, U=635, Z=-3.43) when compared to the control
group, although there was no significant difference
between these two intervention groups {(#=0.35, U=1027,
Z=-0.94). Despite, no clinically relevant difference could
be objected in dilated vein diameter between the control
group, intervention group 1, and intervention group 2, with
diameters of, respectively, 3 (1-5), 3 (1-8), and 3 (1-7)
mm. Other data related to either the procedure of periph-
eral intravenous cannulation or regarding the applied inter-
vention throughout the study were comparable between
the three study groups, as represented in Table 2,

A known history of a difficult intravenous access cor-
related positively with the outcome of interest (p=0.01,
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Table 2. Data related to the procedure of intravenous cannulation, divided into sither ane of three study groups.

Contrel group

Intervention group

Intervention group 2

tourniquet I Velnplicity® Veinplicity® +
(N=45) (N=48) tourniquet (N=48)
Successful first attempt (yas: no) 3510 42: 6 44: 4
Success rate on the first attempt 78% 88% 92%
Total number of attempts I {14 I (1-6) F(1-3)
Duration of stimulation (minutes) NIA 5(3-11) 5{2-12)
Intensity of stimulatien N/A & {4-9) 6 (3-8)
Expectation of difficult intravenous access (yes: no) 8: 37 37 8: 40
Difficult intravencus cannulation in the past {yas: no) i0: 35 11:37 10: 38
Palpable vein {yes: no) 378 41:7 43:5
Visible vein {yes: no} 44: | 41:7 44: 4
Diameter of the vein {millimeters) 3{1-5) 3{1-8) 3 (1-7)
Side of cannulation {Jeft: right) 12: 33 13:35 14: 34
Place of cannulation on the extremity {dorsum of the 870 3495 42: 4 2
hand: lower arm: elbow crease)
Size of the inserted cathezer (22: 20: 18: 16 gauge) 5:27:11:2 0:29:19: 0 [:25:21:1
Time to successful intravenous cannulation {minutes) 3(1-8) 4(3-13) 4 (3-15)
Pain score {| |-points VINRS) 3{0-8) 2{0-8) 3 (-9
Patients satisfaction {1 1-points VNRS) 7 (2-9) 8 (1-9) 7 (2-10)
Practitioners satisfaction {11-points VNRS) 8 (6-9) 7 (49 7 (4-8)

WNRS: verbal numeric rating scale.

Diameter of the vain is represented as mean * standard deviation. Number of atcempts. duration of stimulation, intensity of stimulation, a partici-
pants paih score, a participants score for satisfaction, and the praciitioners score for satisfaction are represented as median {minkmum—maximem).

p=0.23). An inability to detect the target vein by palpating
(p<0.001, p=0.23) or visualizing (p=<0.001, p=0.23)
the selected extremity, and the diameter of the dilated tar-
get vein (p=0.04, p=0.18), correlated positively with the
outcome of intcrest as well. Any correlation between the
other measured and recorded variables could not be
obtained, assuming that the outcome measure was not
biased by any of these factors. Adverse events (such as
skin irritation, inflammation, and skin burns or local ery-
thema of the skin), related to the intervention, were not
registered during the study period.

Discussion

This study proved the effect of electrical stimulation on the
first attempt suceess rate of peripheral intravenous cannula-
tion in paticnts at moderate risk of a difficult intravenous
access. When compared to the traditional technique of pal-
pating and visualizing the extremity after applying a tourni-
quet, the first atternpt success rate increased by 10% up to
289, when electrical stimulation was used. Moreover, the
success rate was even higher when the device was com-
bined with a tourniquet, resulting in a first attempt success
rate for peripheral intravenous cannulation of 92%.

The baseline first attempt success rate for peripheral
intravenous cannulation using the traditional approach,
regardless of a participants risk profile on the A-DIVA
scale, was 83% in a previous study.'" Of the participants
with a moderate risk profile according to the A-DIVA scale

from that study, 63% of patients suffered a failed first
attempt.!! Participants in that study with a low or high risk
profile according to the A-DIVA scale had a first attempt
success rate, on the contrary, of, respectively, 5% and
7%.1! In this study, focusing only on participants with a
moderate tisk profile on the A-DIVA scale, participanis
had a baseline success rate of 78% when using the tradi-
tional technique, which was slightly higher when com-
pared to the previous study by Van Loon et al.ll As the
circumstances regarding peripheral intravenous cannula-
tion with the traditional approach were not changed or
improved in the period between the previous and current
studics, this increase in baselinc success is considered by
the researchers to be coincidental. In addition, the sample
size of participants included in the control group was con-
siderably smaller when compared to the total cohort of
parlicipants in the moderate risk group in that previous
study. !

The first attempt success rate rose above the level of
90% in the group of participants in whom electrical stimu-
lation was combined with tourniquet use. Although this
level of 90% was chosen arbitrarily, it seems to be a weli-
accepted level, especially for those suffering a moderate
risk of a failed first attempt. This study was deliberately
performed in participants at moderate risk only for several
reasons. The success rate in participants at low tisk accord-
ing to the A-DIVA scale was already 95%, which was
thought to be acceptable.!! Compared to these low risk par-
ticipants, additionat techniques are strongly recormended
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for those at moderate and high risk of a difficult intrave-
nous access. In those participants with a high likelihood of
a failed first attempt, identification of the target vein by
palpating and visualizing the extremity remains hardly pos-
sible, even after applying venodilation techniques.32 New
techniques to make the target vein visible, like infra-red
and ultrasound for instance, are supposed to be more appro-
priatc techniques in this category of patticipants 38927
Nevertheless the deployment of medical devices, including
the Veinplicity® device, should be decided on evidence-
based guidelines and prediction scales.212%-30 Risk identifi-
cation with the A-DIVA scale prior to peripheral intravenous
cannuiation can guide effective and efficient use of addi-
tional techniques for this medical procedure,3%2! The appli-
cation of electrical stimulation, when combined with
tourniguet use, is an appropriate additional technique for
petipheral intraverous canmulation and can be applied earfy
and easily by different health care practitioners. Its usabil-
ity in daily clinical practice and quick leaming curve makes
it particularly suitable in participants at moderate risk of a
failed first attempt. Ultrasound, on the contrary, may be
considerably more expensive for this group of participants
due 1o higher device-related costs and the need for special-
ized trained staff,331.32

Venodilation is an important part of peripheral intrave-
nous cannufation, 141920 The odds ratio for an unsuccessful
first attempt increased to 42.7 (22.9-79.7) when the target
vein could not be detected by both palpating and visualiz-
ing the extremity, as a result of a previous published study,!!
Several techniques have been developed and were part of
research projects in the past decades, including local warm-
ing and tourniquet application.1%203! Yamagami et al. con-
cluded in a previous study that local warming may be an
effective and practical technique for venodilation for
peripheral intravenous cannulation.! To add on this, towmi-
quet application after local warming of the forearm resulted
in a significant increased cross-sectional area of the vein,
when compared to tourniquet application =zlone33
Furthermore, the combination of local warming and tourni-
quet use appears to be safe, and without adverse effects for
the participant.** Topical application of nitroglycerine 4%
omtment in combination with local warming also decreased
the number of cannuiation attempts and facilitated the
insertion of an intravenous catheter.3* However, topical
nitroglycerine acts systematically and therefore requires
considerably longer to produce venodilation than local
heating, as stated by Lenhardt et al. ¥ Other techniques, like
vein tapping or keeping the extremity down, seem to be
cffective as well, but were not applied throughout this
study. The study was performed in participants receiving a
short peripheral intravenous catheter solely, which was
inserted according to routine treatment, in whick oniy the
technique to create venous dilation was changed.

The Veiaplicity® device, on the contrary, is a neuromus-
cular electrical stimulator that causes muscle coniraction

either by activating the muscle itself (direct) or the nerve
supplying 2 muscle group (indirect).?s A physiological
response to muscle contraction is an increase in blood flow
with an increased diameter of the veins on the stimulated
extremity.®* Although no clinically relevant difference was
observed in the diameter of the vein between the three
study groups, it is significant that the combination of elec-
trical stimulation with tourniquet usage resulted in the best
results. As expected by the researchers, applying a tourni-
quet after a decent period of electrical stimulation main-
tains the effect, as the increased blood volume is held in
the veins of the extremity.

Despite the predominantly positive result of this study,
the increased blood velume and its effect should be quanti-
fred in further studies, for example, with venous occlusion
plethysmography.?® This also applies to the stabilizing and
vem wall thickening effect of Veinplicity® use, which
could not be demonstrated in this study. Further research
should subsequently focus or identification of risk factors
and prevention of failed intravenous cannulation.B!137.38
The impact of the combination of electrical stimulation
with other venodilation techniques, such as local warming
or nitrogiycerine use, on the success rate of peripheral
infravenous cannulation and target vein characteristics
should be the subject of further research projects as
well. 112203334 Eyrthermore, unidimensional and validated
prediction scales should be created in order to classify
those participants at risk ol failed atterapts of intravenous
cannulation prospectively. Guidance on the application of
additional technical devices, such as the Veinplicity®
device or ultrasound, can be based on these prediction
scales. This will guide the practitioner on the appropriate-
ness and timing of the deployment of different devices, for
different degrees of risk of failed intravenous cannulation,
ultimately resulting in more cffective and efficicnt use of
these techniques.

Limitations

A limitation to the study concept and design was the lack
of randomization. An optimal allocation procedure
attempts to minimize the variance of the estimated (reat-
ment effect in the presence of covariates. 310 Allocation
bias can be induced by a lack of randomness in the treat-
ment allocation.® In an attempt to deal with this rigk of
bias, stratified permuted blocks were created, in which
participants were treated in consecutive groups. An advan-
tage of the use of permuted blocks is the consistent control
of treatment imbalance within each siratum, although per-
muted block stratification and treatment in consecutive
groups lacks treatment allocation randomness and is therc-
fore vulnerable to sclection bias.®® Another issue that can
have possibly influenced the study results is the presence
of the Hawthorne effect. The Hawthome effect is a preva-
lent observer effect that causes behavioral changes among
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practitioners because they feel they are being observed or
merely participating in an cxperiment.*!* This phenome-
non can both provide insight into individuals’ behavior and
confound the interpretation of experimental manipula-
tons. 4 In this study, participants were only included if
they had moderate risk according to the A-DIVA scale, cre-
ating a possible awareness of difficulty upon peripheral
intravenous canmulation by the practitioner. This could
have resulted in more attention to the procedure, which
can explain the higher success rates upon the first attempt
when compared to a previous study."! Blinding of the lreat-
ment applied to the participant could have dealt with the
probiem of the Hawthorne effect.*#* Nonetheless blinding
of treatment for both the participant and the practitioner
was not possibie, unfortunately.

Conclusion

In conclusion, as a result of this study, we found that the
first attempt success rate increased with the use of the
Veinplicity® device in participants at moderate risk of a
difficult access of peripheral intravenous cannulation, as
calculated with the A-DIVA scale. However, the increase
of the first attempt success tate was only clinically relevarnt
when electrical stimulation was followed by the applica-
tion of a tourniquet.
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