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Abstract

Objectives: Successful placement of a peripheral intravenous catheter (PIVC) on the first
attempt is an important outcome for difficult vascular access (DVA) patients. This study
compared standard technique, ultrasonography (USG), and near-infrared light (NIR) in
terms of success in the first attempt in patients with DVA.

Methods: This was a prospective, randomized controlled study. The study was conducted in
a tertiary care hospital. Emergency department patients who describe DVA history, have no
visible or palpable veins, and were assessed by the nurse to have a difficult PIVC were
included to study. The PIVC procedure was performed on patients by standard, USG,
or NIR device techniques. For all approaches, the success of the first attempt was the primary
aim. Total procedure time, the total number of attempts, and the need for rescue interven-
tion were secondary aims.

Results: This study evaluated 270 patients. The first attempt success rates for USG, stan-
dard, and NIR methods were 78.9%, 62.2%, and 58.9%, respectively. The rate of first
attempt success was higher in patients who underwent USG (USG versus standard, P =
.014; USG versus NIR, P = .004; standard versus NIR, P = .648). The total median
(IQR) procedure time for USG, standard, and NIR methods was 107 (69-228), 72 (47-
134), and 82 (61-163) seconds, respectively. The total procedure time was longer in patients
undergoing USG (standard versus USG, P <.001; NIR versus USG, P = .035; standard
versus NIR, P = .055). The total median (IQR) number of attempts of USG, standard,
and NIR methods were 1 (1-1), 1 (1-2), and 1 (1-2), respectively. A difference was found
among the groups regarding the total number of attempts (USG versus NIR, P = .015; USG
versus standard P = .108; standard versus NIR, P = .307). No difference was found among
groups in terms of the need for rescue methods.

Conclusion: It was found that USG increases the success of the first attempt compared with

the standard method and NIR in patients with DVA.

Yalginh S, Karbek Akarca F, Can O, Uz I, Konakgt G. Comparison of standard
technique, ultrasonography, and near-infrared light in difficult peripheral vascular
access: a randomized controlled trial. Prebosp Disaster Med. 2022;37(1):65-70.

Introduction

Peripheral intravenous catheterization (PIVC) is a frequently performed procedure in emer-
gency medicine practice. Performing procedures on the first attempt is important to reduce
patients’ pain and anxiety and increase trust in health care personnel. Patient, disease, and
practitioner-related factors influence the success of the procedure.

Difficult vascular access (DVA) is often described as a failure to obtain vascular access
after two unsuccessful attempts.l_5 Patients with non-visible and non-palpable veins,
who describe a DVA history based on previous hospital admissions, and are assessed by
the experienced nurse as a challenging procedure are presumed to be difficult PIVC.%”

Health care professionals often use the standard methods with at least two attempts when
encountering patients with DVA. In case of failure in these, they can seek help from a more
experienced health care professional or try again from different anatomical locations.®
Another approach with an increasing frequency of application in recent years is bed-side
ultrasonography (USG). It is known that the method, which physicians initially applied,
was also successfully applied by nurses.” With the advances in technology, one of the
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methods to find a place in daily practice in patients with DVA is the
near-infrared light (NIR) device. However, data on the efficacy of
adult patients are very limited in the literature on this subject.

Well-designed randomized controlled trials are needed in adult
emergency department patients with DVA, comparing standard
techniques with alternative methods, investigating the procedure’s
success in the first attempt. '

This study aimed to compare USG, NIR, and standard tech-
nique on the first attempt procedure success for PIVC in adult
patients with DVA. The second aim was to investigate whether
a difference is found among the methods regarding total procedure
time, the total number of attempts, and the need for rescue
procedures.

Material and Methods

Study Design and Setting

This prospective, three-armed, randomized controlled trial was
conducted from March 2019-February 2020 in an emergency
department of an academic tertiary care hospital. The study was
started after the approval of the local ethics committee
(Approval number: 18-7/32). Written informed consent was
obtained from the nurses and patients before participating in the
study. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
(Supplementary File 1; available online only).!!

The study included patients describing DVA history (>two trial
histories during vascular access on a previous visit), with no visible
or palpable veins on the upper extremity, and who were assessed to
have a difficult procedure by the senior nurse (according to classi-
fication: easy-moderate-difficult).® Patients who did not provide
consent, pregnant, <18 years of age, and urgent critical interven-
tion needs were excluded.

The study nurses identified patients who needed PIVC in the
emergency department and met the study criteria. After obtaining
informed consent from the patients, they were included in the
study. The PIVC procedure was performed on patients with the
method corresponding to the randomization scheme. To establish
a standard approach among the procedures, 18-gauge and 20-
gauge catheters were used for the arm and forearm regions and
other regions, respectively. The procedure time was started at
the application of the tourniquet by the study personnel. The time
was stopped when at least S5ml of blood was obtained after veni-
puncture, or at least Sml of saline was administered successfully,
and the practitioner terminated the procedure. When two attempts
were unsuccessful, the third and subsequent attempts were consid-
ered rescue interventions, and these interventions were left to the
practitioner’s discretion.

Study Outcomes

For all methods, the first attempt success status was the primary
outcome. Total procedure time, the total number of attempts,
and the need for rescue intervention were secondary outcomes.

Sample Size

The first attempt success for PIVC is approximately 50%.!? To
increase this success to 70% with 0.05 Type 1 error and 0.80 stat-
istical power, the number of patients to be recruited was calculated
as 88. The study population was planned as a total of 270 patients,
with 90 patients in each group.

Randomization

The randomization scheme was created by the study coordinator.
According to the randomization scheme, case report forms were
numbered with an equal number for each group (standard, ultra-
sound, and NIR) and distributed equally to the study nurses.
After the participants were included in the study, they were blinded
to which procedure would be applied. The study nurses performed
the procedure with the corresponding method by randomly pulling
the case report form in a closed and invisible envelope when they
encountered patients with study inclusion criteria (Figure 1).

Statistical Analysis

Statistical analyses were performed using the IBM SPSS Statistics
for Windows (Version 25.0; IBM Corp.; Armonk, New York
USA). The suitability of continuous variables to normal distribu-
tion was examined using analytical methods (Kolmogorov—
Smirnov). Descriptive analysis was performed using the median
and interquartile range (IQR) for non-normally distributed varia-
bles and means and standard deviations (SD) for normally distrib-
uted variables. In the comparison of independent groups, Kruskal—
Wallis tests were used for non-normally distributed data. The
Mann-Whitney U test was performed to test the significance of
pairwise differences for multiple comparisons using Bonferroni
correction. For categorical variables, the difference among groups
was evaluated with the Chi-square test. A P value less than .05 was
considered to show a statistical result.

Training of Study Nurses
The nurses who had over two years of experience in emergency
medicine were informed before the study start. Consent was
obtained from senior nurses who wanted to participate in the study.
A pre-test of ten questions with theoretical and practical content
was applied to measure their knowledge level regarding the use
of ultrasound and NIR devices. The principles of determining
the venous structures in the upper extremity in the transverse
and longitudinal planes, measuring the vessel’s depth, recognizing
the arterial structures, and performing the procedure on the trans-
verse and longitudinal planes on the dummy were questioned for
the ultrasound device. For the NIR device, the principles of device
usage and the importance of an appropriate angle were questioned.

A score above 80% in the pre-test was accepted as a success by
the study team. Nurses with a test result <80% were considered
unsuccessful and underwent four hours of theoretical and four
hours of practical training. In theoretical training, emergency
medicine physicians experienced in the use of USG explained vas-
cular access with a single operator method in the transverse and
longitudinal planes. Also, USG device introduction, principles
of use, linear probes and features, horizontal and longitudinal
planes concepts, determination principles of venous structures,
differentiation of veins from artery and nerve structures, anti-
sepsis techniques, and case report form documentation were
explained. SonoSite Edge (FUJIFILM SonoSite, Inc.; Bothell,
Washington USA) was used for ultrasonographic procedures.

For the NIR device, the device’s introduction, principles of use,
the distance between the light and area to be treated, and how the
device should be positioned were explained. AccuVein AV 400
(AccuVein Inc.; Cold Spring Harbor, New York USA) was used
for procedures using NIR.

In practical training, ultrasonographic recognition of the normal
venous structures of the upper limb on live models, target vein
diameter, skin depth measurement, tracing of the target vein, gain
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<18 yaers:17
Declinedtoparticipate (n=12 )
Pregnant(n=11)

Randomized (n=270)

}

[ Allocation |
l

Allocated to ultrasound
(n=90)
+ Received allocated
intervention (n=90)

l

Allocated to standard
(n=90)

+ Received allocated

intervention (n=90)

|

Allocated to near-
infrared (n= 90)
+ Received allocated
intervention (n=90)

[ Follow-up ]l

!

Lost to follow-up (n=0)

Lost to follow-up (n=0)

l

Lost to follow-up (n=0)

Analysis ] l

l

Analysed (n=90)

First attempt success status (n):

Analysed (n=90)

First attempt success status (n):

Analysed (n=90)

First attempt success status (n):

¢ Successful:71 * Successful:56 * Successful:53

+  Unsuccessful: 19 * Unsuccessful:34 * Unsuccessful:37

Figure 1. Patient Flow Chart and First Attempt Success Status.

settings, and arterial-vein separation were provided. It was ensured
that each nurse performed at least three procedures on horizontal
and longitudinal axes ultrasonographically on the forearm manne-
quin. In the practical training of the NIR device, adjusting the
device distance, positioning the device perpendicular to the area
to be treated, and identifying the vascular structures while the
device was operating were shown.

A post-test that included the same questionnaire in the pre-test
was applied to all nurses after theoretical and practical training, and
nurses who achieved >80% were included in the study. Based on
the literature data, each nurse was allowed to obtain vascular access
ten times under the supervision of the emergency medicine physi-
cian before starting the patient recruitment for research.'?

Results

The patient enrollment was conducted from April 2019 through
February 2020. Sixteen senior emergency nurses were invited to
the study. It was determined that none of the nurses could be suc-
cessful for the pre-test evaluation. Therefore, all nurses were

Yalginli © 2022 Prehospital and Disaster Medicine

subjected to theoretical and practical training. The pre-test and
post-test scores of these nurses were 29.8 (SD = 18.1; min-max:
10-80) and 76.9 (SD =19.2; min-max: 41-96). The post-test
results of eight nurses were successful. Because two of the eight
nurses with sufficient post-test evaluation did not agree to partici-
pate, six senior nurses were included in the study. The mean work
experience of the nurses included in the study was 7.8 (SD =3.1)
years (min-max: 5-12).

The study evaluated 270 patients (Figure 1). The distribution of
age, sex, and DVA criteria were similar among the groups. The
most common preferred area for PIVC was the antecubital region
(55.6%) in all three groups. The demographic information of the
patients is shown in Table 1.

The first attempt success was higher in patients who underwent
USG (78.9%) compared with the standard (62.2%) and infrared
(58.9%) groups. A statistically significant difference was found
in success in the first attempt among the groups (P = .010).
The total median (IQR) procedure time for USG, standard, and
NIR methods was 107 (69-228), 72 (47-134), and 82 (61-163)
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Standard Near-Infrared Light Ultrasound Total P Value
n:90 n:90 n:90
Age (Median- IQR) 68.5 (51-76) 64 (49-77) 64 (53-76) 65 (51-76) .866
Sex .384
Male 34 (37.8) 30 (33.3) 39 (43.3) 103 (38.1)
Female 56 (62.2) 60 (66.7) 51 (56.7) 167 (61.9)
Difficult Vascular .055
Access Criteria of
Patients
(1) Patient 9 (10.0) 6 (6.7) 3(3.3) 18 (6.7)
Statement (>2
attempts on previous
visit)
(2) Invisible Veins 2(2.2) 1(1.1) 2(2.2) 5(1.9)
(3) Nurse 7(7.8 2(2.2) 0 (0.0) 9 (3.3)
Statement (difficult
anticipation)
1and 2 7 (7.8) 6 (6.7) 4 (4.4) 17 (6.3)
2and 3 19 (21.1) 23 (25.6) 32 (35.6) 74 (27.4)
1and 3 10 (11.1) 6 (6.7) 4(4.4) 20 (7.4)
1,2,and 3 36 (40.0) 46 (51.1) 45 (50.0) 127 (47.0)
Total 90 (100.0) 90 (100.0) 90 (100.0) 270 (100.0)

Table 1. Demographic Features of Patient Groups

seconds, respectively. Differences were determined among the
groups in terms of total procedure time (P = .001). The procedure
time was longer in patients undergoing USG. The total median
(IQR) number of attempts of USG, standard, and NIR methods
were 1 (1-1), 1 (1-2), and 1 (1-2), respectively. A difference was
found in terms of the total number of attempts among the groups
(P = .046). This difference occurred between USG and infrared
groups (P = .014). The total number of attempts did not differ
between the USG and standard technique groups (P = .141).
No difference was found among groups in terms of the need for
rescue methods (P = .250). Ultrasonography was the most pre-
ferred rescue method among patients (55.9%). Near-infrared light
was the least preferred rescue method among patients (6.8%).
Comparison of study outcomes among patient groups is shown

in Table 2.

Discussion

This is the first study comparing standard technique, NIR, and
ultrasound in terms of first attempt success for PIVC in adult
patients with DVA. This study found that the first attempt success
rate was higher in the ultrasound group than the standard and NIR
groups. No difference was found between standard versus USG
and standard versus NIR groups regarding the total number of
attempts. Still, more attempts were performed in the infrared
device group than in the ultrasound group. The duration of the pro-
cedure was longer than the other methods in patients using ultra-
sound. No difference among groups was detected in terms of the
need for rescue methods. Ultrasound was preferred more frequently
in patients in need of rescue methods.

The first attempt success cannot be achieved in approximately
50% of patients for PIVC.!? In the presence of DVA, patients
are exposed to multiple interventions, resulting in increased pain
levels.>1* Thus, being successful in the first attempt is important

Yalginli © 2022 Prehospital and Disaster Medicine

in patients undergoing PIVC. As an alternative to the standard
method, it is desired to increase the success rates by using techno-
logical devices, such as ultrasound and NIR.

A current meta-analysis comparing standard technique and
ultrasound indicates that PIVC success can be increased with ultra-
sound in patients after multiple failed attempts. It is also empha-
sized that ultrasound is superior to the standard approach in
decreasing puncture number and achieving success in a shorter time
and provides advantages for patients with difficult or moderate vas-
cular access features rather than its routine use.”™' In studies con-
ducted in intensive care patients and patients with DVA features,
71%-81% success in the first trial has been reported with ultra-
sound.'®!® Although the use of ultrasound in patients with
DVA is generally considered superior to the standard method, it
is also reported that there is no difference in terms of success, dura-
tion, and patient satisfaction.!? In this study, similar to the litera-
ture data, the first attempt success was achieved in 78% of patients
undergoing PIVC with ultrasound. In terms of first attempt suc-
cess, ultrasound was superior to standard and NIR methods.
However, despite having DVA features of patients, the higher first
attempt success rate (62%) of the standard technique based on lit-
erature data may be related to nurses’ experience level. This may
also have caused no difference among groups (ultrasound and stan-
dard) regarding the total number of attempts and the need for res-
cue methods. In the future, studies with nurses of different seniority
levels could clarify these situations.

Several studies were conducted in which emergency nurses per-
formed vascular access procedures using ultrasound. In these stud-
ies, it was stated that nurses trained in ultrasound could perform the
procedure as successfully as emergency residents.?> When the ultra-
sound-guided procedure is performed in patients with DVA, the
success rate has increased, and the total procedure time has
decreased.?! At the same time, the frequency of needing physician
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Standard Near-Infrared Light Ultrasound Total P Value
n:90 n:90 n:90 n:270
First Attempt .010
Success 6482
Yes 56 (62.2) 53 (58.9) 71 (78.9) 180 (66.7) 014°
No 34 (37.8) 37 (41.1) 19 (21.1) 90 (33.3) 004¢
Total 90 (100.0) 90 (100.0) 90 (100.0) 270 (100.0)
Need for Rescue .250
Method
Yes 17 (18.9) 25 (27.8) 17 (18.9) 59 (21.9)
No 73 (81.1) 65 (72.2) 73 (81.1) 211 (78.1)
Total 90 (100.0) 90 (100.0) 90 (100.0) 270 (100.0)
Procedure Tim_e 72 82 107 920 .001
E.SSESSSS) g"l‘;d'a” (47-134, (61-163, (69-228, (58-161, 0557
86-128) 104-173) 140-209 122-158) <.001®
.035¢
Number of Total 1 1 1 1 .046
ﬁgg‘?‘gg;“ﬂc"i;"a” (-2, (-2, -1, (-2, 3072
1.35-1.74) 1.49-2.00) 1.25-1.64) 1.45-1.70) .108°
.015°

Yalginli © 2022 Prehospital and Disaster Medicine

Table 2. Comparison of Study Outcomes Between Patient Groups

*Standard versus Near-Infrared Light.
b Standard versus Ultrasound.
¢Near-Infrared Light versus Ultrasound.

intervention has decreased with the application of the procedure by
nurses with the help of ultrasound in patients with DVA.?
Considering the literature data, it is understood that nurses who
perform the PIVC procedure most frequently in clinical practice
should be trained in obtaining vascular access with ultrasound to
overcome the difficulties during DVA.?? There are various propo-
sitions about the content of this training. Moore, et al reported that
nurses could reach >80% success by performing at least 25 success-
tul procedures under supervision after four hours of didactic and
practical training to become independent ultrasound practi-
tioners.”* In the study of Feinsmith, et al, after four hours of theo-
retical and practical training, nurses who performed ten successful
procedures under the supervision of a physician or nurse experi-
enced in the use of ultrasound were evaluated. The first attempt
and overall success rates were determined as 68% to 81% after
1-10 attempts and 87% to 96% after 21-30 attempts, respectively.’
In the current study, after four hours of theoretical and four hours of
practical training, the senior nurses who performed ten successful
procedures under supervision achieved a 78% and 84% first attempt
and overall success rates with ultrasound, respectively. The fact that
ultrasound was the most preferred rescue method in this study sug-
gests that nurses adopted the ultrasound-guided method.
However, unlike the literature, the procedure time was longer than
other methods, suggesting that nurses did not gain sufficient dex-
terity experience. This suggests that the number of ten exams
determined in this study should be increased for nurses who did
not have sufficient experience in the use of ultrasound before.
Because the infrared light device offers ease of use compared to
ultrasound and can be applied after relatively brief training, it seems
attractive for the health care professionals who need assistant

devices in the presence of DVA. However, there are no studies
on the use of NIR in the presence of DVA in adult patients. A
study involving non-selected emergency department adult patients
compared to the standard method reported that using an infrared
light device did not differ in terms of the number of attempts, first
attempt success, operation success, time to successful catheter
placement, and procedure pain. In addition, in the same study,
it is also emphasized that the infrared light device should be inves-
tigated in adult patients with DVA.?* Almost all of the data related
to NIR are related to studies in the pediatric age group. In these
studies, there are conflicting data about the routine use of the
NIR device. A positive effect on first attempt success is not
reported on overall pediatric patients, but it is reported that it
may be beneficial in patients with DVA. But no evidence clearly
recommends the use of NIR routinely.>*72% The current study
did not determine the superiority of NIR over ultrasound or stan-
dard method in adult patients with DVA. Therefore, this study
does not recommend using NIR to achieve success in the first
attempt in adult patients with DVA. This needs to be investigated
in future studies.

Limitations

This study conducted in a single-center is a limitation. Considering
that other nurses would not have time to study due to workload,
only senior nurses were included in the study. This situation
may have limited the evaluation of the results from the variation
in seniority among nurses. As a method of rescue, preferring ultra-
sound more frequently among nurses may have created a bias due to
the nature of the study. The fact that the device getting time was
not included in patients who underwent the procedure using USG

February 2022

https://doi.org/10.1017/5S1049023X21001217 Published online by Cambridge University Press

Prehospital and Disaster Medicine


https://doi.org/10.1017/S1049023X21001217

70

Difficult Peripheral Vascular Access Techniques

and NIR may have resulted in a shorter procedure time in these
methods. Compared with other studies in the literature, this study
had a sufficient sample size, which increases the strength of the
research.

Conclusion

Ultrasonography increases the success of the first attempt com-
pared with the standard method and NIR in patients with
DVA. Even nurses who have no previous experience with ultra-
sound can perform this procedure successfully after a short training
and increase their skill. It was found that NIR does not constitute

an advantage in procedure success in adult patients with DVA.

These results do not support the use of NIR for adult PIVC.
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