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Abstract

Background: Venous access, a prerequisite for anesthesiological and surgical intervention in pediatric patients, is
often difficult to establish and potentially painful. AV300 uses near infrared laser light to improve visibility of peripheral
veins and could help cannulating them. The aim of this study was to examine if use of Accuvein® AV300 vein viewer
could facilitate venous cannulation in children.

Methods: From January to March 2011, 238 consecutive pediatric patients (0-17 years) preceding surgical interven-
tions were included. All participants including newborns, infants and children were allocated to groups [control group
(124 patients) and intervention group (114 patients)] in a non-random way. Randomization was not feasible because
data was acquired retrospectively from a clinical quality management project. In control group, peripheral IV cannula-
tion was performed without supporting device, in intervention group with support of AV300. Time and number of
attempts until successful venous cannulation were defined as primary end points.

Results: Median time until successful cannulation was 2 min (range 0.1-20, quartiles: 25 %: 1; 75 %: 5) in the inter-
vention group and 1 min (range 0.1-18, quartiles: 25 %: 0.2; 75 %: 2) in the control group (p < 0.01). Median number
of attempts was higher in the intervention group (2; range 1-6, quartiles: 25 %: 1; 75 %: 3) than in the control group
(1; range 1-6, quartiles: 25 %: 1; 75 %: 2, p < 0.01). Rate of cannulations successful at first attempt was 0.45 (51 of 114,
95 % Cl 0.35-0.54) in the intervention group and 0.73 (90 of 124, 95 % Cl 0.65-0.81) in the control group (p < 0.01).

Conclusions: In our study we were not able to reduce neither time nor number of attempts until a successful venous
cannulation in children using the vein viewer. Given certain limitations of our study as the lack of randomization and
no control for inter-operator variability, the conclusions drawn from it are also limited, but by our results laser-sup-
ported cannulation cannot be recommended for standard procedures.
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Background

In many clinical situations a fast and effective venous
access is essential for patient’s safety and care: for rehy-
dration, in emergency situations, application of systemic
drugs and for every anesthesiological procedure. While
inhalational anesthesia induction in children has been
standard care throughout the world for many years,
the prerequisite of a peripheral venous access prior to
the induction becomes more and more part of clinical
practice, at least in elective procedures. The aim is to
establish the venous access fast, with few attempts and
without causing pain in the pediatric patients. It has been
shown that there are effective ways to reduce pain [1] by
applying local anesthetics on the puncture site prior to
puncture.

In many pediatric patients the venous access is difficult
to establish due to their thicker layer of subcutaneous tis-
sue compared to adults, particularly in children younger
than 3 years [2]. In these cases the prolonged procedure
can result in more pain, trauma and subcutaneous hem-
orrhage from frequent attempts. For the latter, people
tried to use different methods to dilate the subcutane-
ous vein to enhance visibility, and facilitate cannulation
[3-5], and—more important—many viewing system were
invented to facilitate the locating of superficial veins at a
peripheral site [6-9]. The AccuVein® AV300 acts as one
of the vein imaging techniques using near-infrared (NIR)
light [9-13]. It is a portable, non-contact vein viewer
for improving the detection of subcutaneous veins. NIR
light emitted from the imaging system is used to locate
the vein to be punctured. However, up to now and to
our knowledge, few reports are available about its effects
on subcutaneous vein cannulation in pediatric patients
in a pre-operation setting. This trial aims to investigate
whether the AV300 could reduce time until and number
of attempts for successful peripheral vein cannulation in
pediatric patients in a pre-operation setting.

Methods

The study was approved by the IRB of Charité
(EA1/171/11) and registered at clinicalTrials.gov (ID:
NCT01434537) on July 29th, 2011. The ethics commit-
tee waived the need for written informed consent for the
intervention group, since this retrospective study was
performed as an analysis of a project accompanying the
introduction of an already approved device into clinical
standard of our department. The project was initiated
from the Department of Anesthesiology and Intensive
Care CVK/CCM, Charité-Universitaetsmedizin Berlin,
and not from the manufacturer of the device. No data
were handed out to the manufacturer. Only because the
project revealed information that seemed to be impor-
tant to publish, the ethics committee was asked whether
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to retrospectively analyze and publish the anonymous
data and agreed to do so. From January 2011 altogether
238 consecutive pediatric patients from 0 to 17 years
of age preceding surgical interventions in the pediat-
ric operating room of the Campus Virchow-Klinikum,
Charité-Universitaetsmedizin Berlin, were included
in the trial. All of the participants including newborns,
infants and children were allocated to two groups in
two timeframes of each 4 weeks: The first consecutive
114 patients were allocated to the intervention group,
the next 124 into the control group. Randomization was
not feasible because data was acquired retrospectively
from a clinical quality management project. In the con-
trol group, peripheral IV cannulation was performed as
usual without any supporting device. In the intervention
group, the same intervention as in the control group was
done but with support of AV300 vein viewer (AccuVein®,
LLC, 40 Goose hill Rd, Cold Spring Harbour, NY) fol-
lowing the User Manual of AccuVein® model AV300 vein
viewing system [13]. During IV insertion, the AV300 was
held by an assistant perpendicularly about 18 cm over
the patient’s limb where the vein was expected to be
located. Sometimes, in order to get a good visualization
of the target vein, the height or the angle of the device
had to be slightly altered. The AV300 should not beam
directly in the eyes because the device emits two Class
2 lasers, a red one with the wavelength of 642 nm and
a near-infrared one at 785 nm. Due to the absorption
of the near-infrared light by hemoglobin, the vein can
be visualized [13]. Before the start of this study doctors
and nurses were trained for the use of the vein viewer by
an anesthetist that was trained by the manufacturer. It
is common practice in our clinic that everyone must be
trained for every device before using it the first time on
patients.

The catheters used for venous cannulation were BD
Insyte Autoguard Winged 24GA from Becton-Dickin-
son Infusion Therapy Systems Inc., Sandy, Utah, USA; BD
Neoflon 24GA and 26GA, BD Venflon Pro Safety 22GA
from Becton-Dickinson Infusion Therapy AB, Helsing-
borg, Sweden.

All IV cannulations were performed by skilled and
experienced anesthesiologists, residents and nurses. The
time from the beginning of the first cannulation attempt
(first skin-needle contact) was measured by a member of
the research team. The end of the procedure was defined
as the successful establishment of a vein access easily
flushable by sterile 0.9 % sodium chloride solution.

Data were collected on gender, age, weight, presence
of general anesthesia or not, received local anesthesia
(EMLA®, a mixture of lidocaine and prilocaine) or not,
needle size, the time and number of attempts until suc-
cessful cannulation for both groups.
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Data were analyzed by SPSS for windows version 18
(SPSS Inc., Chicago, IL). Results were given by rates (in
%) with 95 % confidence limits as well as by median and
25-75 %-quartiles for continuous variables because of
deviations from normal distribution. Chi square and
nonparametric (Mann—Whitney) testing was used to
access the differences in demographic data (gender, age,
weight, received general anesthesia or not, received local
anesthesia or not, needle size, first-attempt success rate)
between both groups. Explorative data analysis including
checks for normal distribution (P-P plots) was applied.
Time and number of attempts until successful venous
cannulation were defined as primary end points. Differ-
ences in outcome variables were analyzed by nonpara-
metric tests (Mann—Whitney-U-test). Rates were tested
using the Chi square test. P-values <0.05 were considered
statistically significant. All tests should be understood
as constituting exploratory data analysis, such that no
adjustments for multiple testing have been made.

Results

Basic characteristics: There were 238 pediatric patients
involved in the trial, 124 in the control group, and 114
in the intervention group. The youngest patient was
<1 month; the oldest 17 years and 5 months old, mean
age was 48.4 (median: 24) months. Differences between
both groups were tested with Chi square-test as well as
Mann-Whitney-tests and there were no statistically sig-
nificant differences found in distribution of gender, age,
weight and presence of general anesthesia. There were
no differences found in the sizes of the used needles
(p = 0.069). The only difference in this main group was
that in the intervention group the proportion of patients
with applied local anesthetics (EMLA®) was higher
(p = 0.003) (Table 1).

Median time until successful venous cannulation was
2 min (range 0.1-20, quartiles: 25 %: 1; 75 %: 5) in the
intervention group and 1 min (range 0.1-18, quartiles:
25 %: 0.2; 75 %: 2) in the control group (p < 0.01) (Fig. 1).

Median number of attempts was higher in the inter-
vention group (2; range 1-6, quartiles: 25 %: 1; 75 %: 3)
than in the control group (1; range 1-6, quartiles: 25 %: 1;
75 %: 2, p < 0.01) (Fig. 2). The rate of cannulation which
were successful after the first attempt was 0.45 (51 of 114,
95 % CI 0.35—0.54) in the intervention group and 0.73 (90
of 124, 95 % CI 0.65-0.81) in the control group (p < 0.01).

If the subgroup of 171 patients of 72 months and
younger is regarded, there was no difference in the use
of EMLA® between the two groups. In this subgroup
median time until cannulation was 1 min (range 0.1-18,
quartiles: 25 %: 1; 75 %: 2) in the control and 2 min (0.1-
20, quartiles: 25 %:1; 75 %: 6) in the experimental group
(p < 0.01) (Fig. 3). The median number of attempts was
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Table 1 Basic characteristics
Control group Intervention
count (% within group count (%
groups) or within groups) or
median (IQR), median (IQR),
n=124 n=114
Gender
Male 72 (58.1) 59(51.8) p=0.362
Female 52(41.9) 55(48.2)
Age (months)
0-3 12(9.7) 19(16.7) p =0.346
4-12 24(19.4) 28 (24.6)
13-24 22(17.7) 15(13.2)
25-72 28(22.6) 23(20.2)
>73 38 (30.6) 29 (25.4)
Weight (kg)
<5 9(7.3) 11 (9.6) p=0.538
5-9.99 37(29.8) 41 (36.0)
10-19.99 38(30.6) 29 (25.4)
20-39.99 24 (19.4) 24.(21.1)
>40 16 (12.9) 9(79)
General anaesthetic (sevoflurane or N,O)
No 52(41.9) 41 (36.0) p=0.356
Yes 72 (58.1) 73 (64.0)
Local anaesthetic (EMLA®)
No 67 (54.0) 39(34.2) p =0.003
Yes 57 (46.0) 75 (65.8)
LAin >72 months
No 28(73.7) (20.7) p < 0.001
Yes 10 (26.3) 23(79.3)
LA in <72 months
No 39 (45.3) 33(38.8) p = 0440
Yes 47 (54.7) 52(61.2)
Size of needles (GA)
26 0(0) 3(2.6) p =0.069
24 59 (47.6) 63 (55.3)
22 57 (46.0) 38(33.3)
20 8(6.5) 10 (8.8)

IQR interquartile range, GA Gauge, LA local anesthetic, EMLA® Eutectic Mixture of
Local Anesthetics

higher in the intervention group (2, range 1-6, quartiles:
25 %: 1; 75 %: 4) than in the control group (1, range 1-6,
quartiles: 25 %: 1; 75 %: 2; p < 0.01) (Fig. 4). The rate of
cannulation which were successful after the first attempt
was 0.38 (32 of 85, 95 % CI 0.27—0.48) in the intervention
group and 0.66 (57 of 86, 95 % CI 0.56—0.76) in the con-
trol group (p < 0.01).

Discussion
The results of this trial indicate that in our study group
use of the Accuvein® AV300 vein scanner was not able to
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Fig. 3 Time until successful venous cannulation in subgroup up to
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Fig. 2 Number of attempts until succesful venous cannulation (CON
control; EXP experimental group)

reduce neither the time needed for establishing a periph-
eral venous access nor the needed number of puncturing
attempts.

Our findings are comparable to those of a trial exam-
ining a similar device in an emergency room setting
where the use of the vein viewer could not facilitate the
venipuncture either [14]. Though another study group
found that in a similar setting the use of such a device
may decrease time of venous cannulation in children age
0-2 years [15].

These results differ substantially from a recent study
showing that a vein viewing system similar to the
device used in our study was able to facilitate venous
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Fig. 4 Number of attempts until succesful venous cannulation in
subgroup up to 72 months (CON control; EXP experimental group)

cannulation of peripheral veins in difficult veins [16]. A
study with a randomized-controlled design on another
non-contact vein viewing system using the technique of
transillumination reported a good visibility of peripheral
veins, higher success rates at the initial attempt and less
time taken until successful peripheral venous cannulation
[7].

The use of local anesthetics like EMLA® might have an
influence on the results of these studies as it was reported
that EMLA® could cause vasoconstriction of the periph-
eral veins and pallor or edema at the application site and
therefore make vein cannulation more difficult [17, 18].
Though one investigation indicated the skin-related side
effects of EMLA® were mild and transient, and might not
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have an influence on vein cannulation [19], EMLA® is
still thought to be one of the potential confounders in our
trial. In our study our results seemed to point in the same
direction, with EMLA® being in a higher proportion in
the intervention group, but when analyzing a subgroup of
children of 72 months and younger there was no signifi-
cant difference in the use of EMLA® (Table 1). Neither
in this group without the EMLA® difference, the use of
the AccuVein® AV300 was able to reduce neither the time
nor the number of attempts until successful cannulation
of peripheral veins either.

Another product designed on the basis of NIR (Vein-
Viewer®, Luminetx Corporation, Memphis, Tenn.), pre-
sented prominent value in facilitating venipuncture and
IV catheterization [9, 20, 21]. A clinical observation
reported a high rate of satisfaction from fifty question-
naires was but there was no control group [20]. Another
investigator argued in a recent publication that no ben-
efit was shown for the first-attempt success rate during
the pediatric IV cannulation with aid of VeinViewer®
in a randomized controlled trial [14]. Recently Szmuk
et al. reported that the use of the same device could
even worsen the first-attempt cannulation rate in a rand-
omized trial [22].

In our study, errors in size and position between the
vein shadow and the vein itself may have contributed
to the outcome. In some cases, it was difficult to get an
IV insertion due to the enlarged vein images with aid of
the AV300; meanwhile, a failing detection of the target
vein depth was thought to be an obvious disadvantage.
In addition, the target site chosen for IV insertion was
just exposed in the NIR beam and punctured directly,
often leading to deformation of the vessel image by the
needle pressing. So the endeavor to avoid the deforma-
tion of the vein image would offer one of the solutions to
improve the first-attempt success rate as using the NIR
devices [20]. A recent study found that a similar device
could facilitate the venous access in difficult cases [16]. A
recently published cluster randomized trial came to the
conclusion that even if vein visibility was enhanced, near-
infrared devices do not improve cannulation [23].

The main limitation of our trial is the lack of randomi-
zation which causes a bias. The sample size was large
compared to similar studies but might have still been too
small. The influence of the person practicing the veni-
puncture was limited by the fact that only experienced
persons were in charge but this fact could be controlled
better by stratifying the staff or switching after the half of
the study into the other group. Observer bias could have
been caused by the fact that the member of the research
team measuring the time until successful cannulation was
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not blinded. A dummy vein viewer would need to have
been used in the control group to control for. The comor-
bidities and ASA classification of the patients should also
be taken into account in a future study to clarify the ben-
efit and utility of these devices based on NIR.

Conclusions

In our study the use of the Accuvein® Vein Viewer was
not able to reduce neither time nor number of attempts
until a successful venous cannulation. Thus, its use in
standard procedures with easy cannulations cannot be
recommended within the limitations of this study.

Even if the findings of these studies including the pre-
sent examining the benefit of vein viewing systems are
inconsistent, there might be a place for using them in
cases where peripheral veins are poorly visible or inexpe-
rienced medical staff performs the cannulation.

Abbreviations

ASA: American Society of Anesthesiologists; CCM: Campus Charité Mitte; Cl:
confidence interval; CVK: Campus Virchow-Klinikum; EMLA®: Eutectic Mixture
of Local Anesthetics); GA: Gauge; IQR: interquartile range; IRB: institutional
review board; IV: intravenous; LA: local anesthetic; NIR: near-infrared.

Authors’ contributions

AR: data collection, data analysis, interpretation and writing the paper. PY:
patient recruitment, data collection and writing up of the first draft of the
paper. LML: study design, patient recruitment, data interpretation and final
text revision. IN: study design and revising drafts and final version. CDS:
study design, providing resources and final text revision. KDW: data analysis,
interpretation and final text revision. All authors read and approved the final
manuscript.

Author details

! Department of Anesthesiology and Intensive Care Medicine Campus Charité
Mitte and Campus Virchow-Klinikum, Charité-Universitaetsmedizin Berlin,
Augustenburger Platz 1, 13353 Berlin, Germany. 2 Department of Anesthe-
siology, The Second Affiliated Hospital of Jiaxing University, Jiaxing, China.

* Department of Anesthesiology and Intensive Care Medicine, Pediatric
Anesthesia, Clinical Center Barnim, Werner Forssmann Hospital, Eberswalde,
Germany. * Institute of Medical Biometrics and Clinical Epidemiology, Charité-
Universitaetsmedizin Berlin, and SOSTANA GmbH Berlin, Berlin, Germany.

Acknowledgements

The authors thank Dr. med Sascha Tafelski for his help with the statistical analy-
ses. Appreciation is also given to Dr. med Ulrike Knipprath, all residents and
nurses working in pediatric operating rooms in Campus Virchow-Klinikum,
Charité-Universitaetsmedizin Berlin for their support during the trial. The
device used during the study was supplied by the manufacturer for testing
purposes. All other resources were made available by the Department of
Anesthesiology and Intensive Care Medicine Campus Charité Mitte and Cam-
pus Virchow-Klinikum, Charité-Universitaetsmedizin Berlin, Berlin, Germany
without any external funding.

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interests

Received: 21 October 2014 Accepted: 9 September 2015
Published online: 21 September 2015



Rothbart et al. BMC Res Notes (2015) 8:463

References

1.

Koh JL, Harrison D, Myers R, Dembinski R, Turner H, McGraw T. A
randomized, double-blind comparison study of EMLA and ELA-Max for
topical anesthesia in children undergoing intravenous insertion. Paediatr
Anaesth. 2004;14(12):.977-82.

Yen K, Riegert A, Gorelick MH. Derivation of the DIVA score: a clinical
prediction rule for the identification of children with difficult intravenous
access. Pediatr Emerg Care. 2008;24(3):143-7.

Shykoff BE, Hawari Fl, 1zzo JL Jr. Diameter, pressure and compliance
relationships in dorsal hand veins. Vasc Med. 2001;6(2):97-102.

Crandall CG, Johnson JM, Kosiba WA, Kellogg DL Jr. Baroreceptor

control of the cutaneous active vasodilator system. J Appl Physiol.
1996;81(5):2192-8.

Nee PA, Picton AJ, Ralston DR, Perks AG. Facilitation of peripheral intrave-
nous access: an evaluation of two methods to augment venous filling.
Ann Emerg Med. 1994;24(5):944-6.

Doniger SJ, Ishimine P, Fox JC, Kanegaye JT. Randomized controlled trial
of ultrasound-guided peripheral intravenous catheter placement versus
traditional techniques in difficult-access pediatric patients. Pediatr Emerg
Care. 2009;25(3):154-9.

Hosokawa K, Kato H, Kishi C, Kato Y, Shime N. Transillumination by light-
emitting diode facilitates peripheral venous cannulations in infants and
small children. Acta Anaesthesiol Scand. 2010;54(8):957-61.

Simhi E, Kachko L, Bruckheimer E, Katz J. A vein entry indicator device for
facilitating peripheral intravenous cannulation in children: a prospective,
randomized, controlled trial. Anesth Analg. 2008;107(5):1531-5.

Zeman HD, Lovhoiden G, Vrancken C. The clinical evaluation of vein
contrast enhancement. Conf Proc IEEE Eng Med Biol Soc. 2004;2:1203-6.
Zharov VP, Ferguson S, Eidt JF, Howard PC, Fink LM, Waner M. Infrared
imaging of subcutaneous veins. Lasers Surg Med. 2004;34(1):56-61.
Morgan NY, English S, Chen W, Chernomordik V, Russo A, Smith PD,
Gandjbakhche A. Real time in vivo non-invasive optical imaging using
near-infrared fluorescent quantum dots. Acad Radiol. 2005;12(3):313-23.
Cuper NJ, Verdaasdonk RM, de Roode R, de Vooght KM, Viergever MA,
Kalkman CJ, de Graaff JC. Visualizing veins with near-infrared light to facil-
itate blood withdrawal in children. Clin Pediatr (Phila). 2011;50(6):508-12.

20.

21.

22.

23.

Page 6 of 6

. AV300 A. AV300 User Manual, AV300 Operating Guide: AccuVein®, LLC;

2009.

. Perry AM, Caviness AC, Hsu DC. Efficacy of a near-infrared light device in

pediatric intravenous cannulation: a randomized controlled trial. Pediatr
Emerg Care. 2011;27(1):5-10.

. Chapman LL, Sullivan B, Pacheco AL, Draleau CP, Becker BM.

VeinViewer-assisted Intravenous catheter placement in a pediatric
emergency department. Acad Emerg Med: Off J Soc Acad Emerg Med.
2011;18(9):966-71.

. Kim MJ, Park JM, Rhee N, Je SM, Hong SH, Lee YM, Chung SP, Kim SH.

Efficacy of VeinViewer in pediatric peripheral intravenous access: a rand-
omized controlled trial. Eur J Pediatr. 2012;171(7):1121-5.

. Teillol-Foo WL, Kassab JY. Topical glyceryl trinitrate and eutectic mixture

of local anaesthetics in children. A randomised controlled trial on choice
of site and ease of venous cannulation. Anaesthesia. 1991,46(10):881-4.

. Evers H, von Dardel O, Juhlin L, Ohlsen L, Vinnars E. Dermal effects of

compositions based on the eutectic mixture of lignocaine and prilocaine
(EMLA). Studies in volunteers. Br J Anaesth. 1985;57(10):997-1005.

. Egekvist H, Bjerring P. Effect of EMLA cream on skin thickness and sub-

cutaneous venous diameter. A randomized, placebo-controlled study in
children. Acta Derm Venereol. 2000;80(5):340-3.

Strehle EM. Making the invisible visible: near-infrared spectroscopy and
phlebotomy in children. Telemed J E Health. 2010;16(8):889-93.

Miyake RK, Zeman HD, Duarte FH, Kikuchi R, Ramacciotti E, Lovhoiden G,
Vrancken C. Vein imaging: a new method of near infrared imaging, where
a processed image is projected onto the skin for the enhancement of
vein treatment. Dermatol Surg. 2006,32(8):1031-8.

Szmuk P, Steiner J, Pop RB, Farrow-Gillespie A, Mascha EJ, Sessler DI. The
VeinViewer vascular imaging system worsens first-attempt cannulation
rate for experienced nurses in infants and children with anticipated dif-
ficult intravenous access. Anesth Analg. 2013;116(5):1087-92.

de Graaff JC, Cuper NJ, Mungra RA, Vlaardingerbroek K, Numan SC, Kalk-
man CJ. Near-infrared light to aid peripheral intravenous cannulation in
children: a cluster randomised clinical trial of three devices. Anaesthesia.
2013;68(8):835-45.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

® Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( ) BioMed Central

J




	Peripheral intravenous cannulation with support of infrared laser vein viewing system in a pre-operation setting in pediatric patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




