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Background: the accuvein av300 device helps in venipuncture and intravenous (iv) 
cannulation. it uses infrared light that can be absorbed by the blood hemoglobin so that veins 
location is clearly viewed on the skin’s surface.

Objectives: to assess the effectiveness of the av300 device over the standard technique in 
increasing the first-time success rate (SR) for pediatric patients who needed IV cannulation.

Methods: This was a prospective crossover study of patients aged 0-18 years scheduled 
for surgery or examination under anesthesia but without having an existing iv access and after 
providing consent form. patients were randomized into two groups; cannulation with av300 
or standard insertion performed by experienced pediatric anesthesiologists and residents under 
training.

Results: A total of 184 pediatric patients were included in this study. The difficult veins 
children were younger than those with easy veins (5.4±3.2 vs 4.3±3.7 P = 0.04). The first-attempt 
SR was similar for all participants, 67% (95% CI, 57-77%) when using AV300 and 70% (95% CI, 
61-79%) when using the standard method (P = 0.9). The same applies when comparing the first-
attempt SR between easy and difficult veins groups. The successful cannulation time of difficult 
veins by residents was longer in the standard vs. AccuVein group respectively 65s (27-168) vs 50s 
(15-222).

Conclusion: intravenous cannulation using acccuvein 300 Was not superior to the standard 
method in children except for a shorter time to cannulation in patients with difficult veins.

1 associate professor, department of anesthesiology, director of pediatric anesthesia, director of operating Room, american 
university of Beirut medical center.

2 Professor of Anesthesiology, Interim Chairperson, Department of Anesthesiology and Pain Medicine, American University 
of Beirut medical center.

3 clinical department administrator, Radiation oncology department, american university of Beirut medical center.
4 Professor of Anesthesiology, Vice Chairperson of Anesthesia Department, Department of Anesthesiology, American 

university of Beirut medical center.
5 instructor of anesthesiology, department of anesthesiology, american university of Beirut medical center.
6 project coordinator, operating Room, american university of Beirut medical center.
7 doralina l. anghelescu, md: member, division of anesthesiology, director, pain management service. division of 

anesthesiology, st Jude children’s Research hospital, memphis, tn, usa. email address: doralina.anghelescu@stjude.org



174 Roland n. Kaddoum et. al

Introduction

intravenous cannulation is usually performed 
by inserting an intravenous catheter blindly through 
the skin, into the lumen of a peripheral vein. finding 
a suitable vein for intravenous cannulation may pose 
a challenge, especially in young children, in children 
with a history of prematurity or dark skin1, in obese 
patients2, and in patients with a history of repeated 
diagnostic or therapeutic procedures requiring multiple 
venous cannulations. Difficult cannulation with 
multiple attempts is a frequent problem, and various 
techniques have been tried to improve the chance of 
successful first time cannulation. The use of several 
light emitting techniques has been reported, and their 
limitations have been noted. existing machines can 
be large and difficult to transport, requiring a power 
cord to function3. some must touch the patient’s skin, 
which is associated with a risk of burns. the accuvein 
av300 (accuvein llc, cold spring harbor, ny, 
USA) uses infrared reflection and does not touch the 
patient’s skin and therefore avoids the risk of infection 
at the iv insertion site and the risk of patient burn and 
was used for iv insertion3-7. in a previous study, the 
use of av300 was not found superior to the standard 
technique of inserting an intravenous cannula in 
unselected pediatric patients7. many variables may 
affect the success rate of intravenous cannula insertion 
in pediatric patients including prematurity, younger 
age, and dark skin. Yen et al. found an overall first 
attempt success rate of 75% in 615 pediatric patients, 
while patients with difficult intravenous access (DIVA) 
score of 4 or more had less than 50% first attempt 
success rate of intravenous insertion1. the aim of 
our randomized crossover study is to evaluate the 
cannulation success rate using the av300 either as 
the first attempt, or as a second attempt if the standard 
technique has failed, having each patient as his own 
control and therefore minimizing the many variables 
that might affect the success rate.

Methods

after approval of this study by our institutional 
Review Board, written informed consent was obtained 
from the parent or guardian of each participant. the 

child’s assent was obtained for children older than 
7 years of age. Research candidates were recruited 
by screening the patients scheduled for surgery on 
the day prior to surgery, based upon the inclusion/
exclusion criteria. inclusion criteria included patients 
younger than 18 years of age, American Society of 
anesthesiologist physical status (asa) status i, ii or 
iii, undergoing elective surgery or examination under 
anesthesia, which did not have existing intravenous 
access. exclusion criteria included existing intravenous 
access, malformations or infections at the potential site 
of insertion, need for emergency surgery, and inability 
or unwillingness of parent or legal guardian to give 
written informed consent.

Patients who fulfilled the inclusion criteria and 
provided informed consent were assigned to one of two 
groups using a randomization program that assigned 
research participants into group a (accuvein av300 
assisted intravenous catheter insertion) or group B 
(standard technique of insertion of the intravenous 
cannula). After pre-anesthetic evaluation, the research 
participant was brought to the operating room and 
standard monitors were applied (eKg, spo2, Blood 
pressure (Bp)) if tolerated. anesthesia was induced 
via face mask with sevoflurane in 100% O2. the 
anesthesiologist and resident decided on a site believed 
to be the best for cannulation and on the size of the 
venous cannula as 22 gauge or 24 gauge. When the 
supervising anesthesiologist deemed it appropriate, 
the venous cannulation was attempted by the resdient, 
according to the randomization groups, either with 
the accuvein device (group a) or blindly (group B). 
A rating of the vein attempted as either difficult or 
easy to cannulate was established by the attending 
anesthesiologist before randomization.

an observer member of the research team 
recorded the time between the placement of the 
tourniquet and the successful cannulation. if the 
first cannulation attempt was not successful with 
the assigned technique, the second attempt was 
made using the alternative technique. patients who 
were randomized to the standard group (group B) 
and had an unsuccessful first attempt underwent 
the second attempt using the av300. patients who 
were randomized to av300 (group a) and had an 
unsuccessful first attempt by the resident underwent 
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the second attempt using the standard technique. after 
the first two attempts, the supervising anesthesiologist 
took over for two additional attempts using the same 
sequence as the resident. A maximum of 4 attempts for 
each patient were allowed and the number of attempts 
were recorded by the observer. After 4 attempts, 
the patient was dropped from the study and further 
attempts at cannulation used the standard technique. 
A successful first attempt success was defined as 
successful cannulation on the first attempt and a failed 
first attempt was defined as more than 1 attempt to 
attain cannulation.

Statistical Analysis

A block-randomization using stratification as 
per vein assessment (easy vs difficult veins) was 
implemented to assign patients to the accuvein 300 
(group a) and standard method (group B) groups. 
Based on the literature, an increase of 28% in the 
first attempt success rate of cannulation for patients 
with easy veins (from 70% to 90%) was considered 
clinically significant7. With α = 0.05 and β = 0.2, 62 
patients were recruited for each group. as for patients 
with difficult veins, an increase of 87% in the first 

attempt success rate of cannulation (from 40% to 
75%) was considered clinically significant; therefore 
30 patients were recruited in each group. thus, 
the total number was 184; 92 patients randomized 
to Group A (AV300 assisted cannulation) and 92 
patients randomized to group B (standard cannulation 
technique). These 92 patients in each group are divided 
into two subgroups: 62 patients with easy veins and 30 
patients with difficult veins. The first attempt success 
rate was estimated with a 95% confidence interval (CI). 
normally distributed continuous data were reported as 
mean±sd and analyzed using student t test with equal 
variances. categorical data were reported as numbers 
and percentages and were analyzed using fisher exact 
test. Medians and ranges were analyzed using Mann-
Whitney U test. a P value <0.05 was considered 
significant.

Results

Between February 2013 and February 2014, 
184 patients were enrolled and randomly assigned 
to the accuvein 300 vs the standard method groups. 
Each group included 62 patients with easy veins and 
30 patients with difficult veins whereby none of the 

Table 1 
Demographic Characteristics of Patients with Easy Veins versus Difficult Veins

Easy veins
N = 124

Difficult veins
N = 60

P

age (years) 5.4±3.2 4.3±3.7 0.04
Weight (kg) 21.3±11.6 19.6±12.5 0.4
height (cm) 110.9±21.5 104.8±25.9 0.1
gender (m/f) 77/47 38/22 0.9
level of resident
pgy1
PGY2
pgy3
PGY4

4
34
37
49

3
15
21
21

0.8

asa class
asa 1
ASA 2
asa 3

91
30
3

39
19
2

0.5

gauge of iv cannula
22G
24G

79
45

23
37

0.001

values are means±sd and numbers
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Table 3 
Comparison of First Attempt Success Rates with the AccuVein 

300 Device versus Standard Method
Group First 

attempt 
success 

rate

First 
attempt 
failure 

rate

95% CI of 
first attempt 
success rate 

(%)

P

overall
accuvein 300
standard 
method

64 (70)
62 (67)

28 (30)
30 (33)

61-79
57-77

0.9

easy veins
accuvein 300
standard 
method

46 (74)
44 (71)

16 (26)
18 (29)

63-85
60-82

0.8

Difficult veins
accuvein 300
standard 
method

18 (60)
18 (60)

12 (40)
12 (40)

42-78
42-78

1

values are numbers (%) and medians (range)

Table 4 
Demographic Characteristics of Patients with Easy Veins in 

the Standard Technique versus AccuVein 300
Standard 
technique

N = 62

AccuVein
N = 62

P

age (years) 5.3±3.6 5.5±2.9 0.8

Weight (kg) 21.8±13.7 20.8±8 0.6

height (cm) 110.7±24.8 111.1±18.4 0.9

gender (m/f) 38/24 39/23 0.9

level of resident
pgy1
PGY2
pgy3
PGY4

3
17
21
21

1
17
16
28

0.4

asa class
asa 1
ASA 2
asa 3

45
15
2

46
15
1

0.8

gauge of iv cannula
22G
24G

38
24

42
20

0.5

values are means±sd and numbers

Table 2 
Cannulation Characteristics of Patients with Easy Veins versus Difficult Veins

Easy veins
N = 124

Difficult veins
N = 60

P

Success rate at first attempt 90 (73) 36 (60) 0.09

success rate distribution
Resident success at first attempt
Resident success after switching to the other technique
Attending success at first attempt*
Attending success after switching to other technique*

90 (73)
24 (19)
8 (80)
2 (20)

36 (60)
10 (17)
10 (71)
4 (29)

0.09

0.8

1

1

Resident performed successful cannulation 114 (92) 46 (77) 0.004

Resident cannulation time (sec)** 44 (6-350) 60 (15-222) 0.03

Attending cannulation time (sec)* 47 (15-90) 55 (15-106) 0.7

number of pricks to successful cannulation 1 (1-4) 1 (1-4) 0.03

values are numbers (%) and medians (range)
*n = 10 in easy veins group and n = 14 in difficult veins group
**n = 114 in easy veins group and n = 46 in difficult veins group
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cases were excluded. the demographic characteristics 
of patients, described in the easy versus difficult veins 
categories are presented in table 1. patients with 
difficult veins were younger than patients with easy 
veins (4.3±3.7 vs 5.4±3.2 P = 0.04,) and a 24 gauge 
cannula was used more often in patients with difficult 
veins. the cannulation success rate in patients with 
difficult veins versus patients with easy veins was 
lower when residents attempted the cannulation (77% 
vs 92% P = 0.004), and it took a longer time (60s (15-
222) vs 44s (6-350) P = 0.03) and a higher number of 
attempts (1 (1-4) vs 1 (1-4) P = 0.03) irrespective of 
the technique used (Table 2).

The overall first attempt success rates were 
similar between the standard and accuvein groups 
respectively (67% (95% CI 57%-77%) vs 70% (95% 

CI 61%-79%), P = 0.9), in easy (71% (95% CI 60-82) 
vs 74% (95% CI 63-85), P = 0.8), as well as in difficult 
veins (60% (95% CI 42-78) vs 60% (95% CI 42-78), P 
= 1) subgroups (Table 3).

as for the subgroup analysis, in the group 
with easy veins, the demographic characteristics 
were similar between the standard and the accuvein 
groups (Table 4). The cannulation characteristics were 
similar between the 2 groups (Table 5). In the group 
with difficult veins, demographic characteristics were 
comparable between the standard and the accuvein 
groups (table 6). the cannulation characteristics were 
also similar between the standard and the accuvein 
groups, except for a longer residents’ cannulation time 
to successful cannulation in the standard vs accuvein 
group respectively 65s (27-168) vs 50s (15-222) P = 
0.01) (table 7).

Discussion

in our randomized crossover trial comparing the 
av300 to the standard technique of intravenous line 
insertion in anesthetized pediatric patients we found 

Table 6 
Demographic Characteristics of Patients with Difficult Veins in 

the Standard Technique versus AccuVein 300
Standard 
technique

N = 30

AccuVein
N = 30

P

age (years) 4.8±4.2 3.7±3.2 0.3
Weight (kg) 21.7±14.7 17.5±9.6 0.2
height (cm) 109.8±28.5 99.2±22 0.2
gender (m/f) 19/11 19/11 1
level of resident
pgy1
PGY2
pgy3
PGY4

2
8
9
11

1
7
12
10

0.8

asa class
asa 1
ASA 2
asa 3

20
9
1

19
10
1

1

gauge of iv cannula
22G
24G

11
19

11
19

1

values are means±sd and numbers

table 5 
Cannulation Characteristics of Patients with Easy Veins in the 

Standard Technique versus AccuVein 300
Standard 
technique

N = 62

AccuVein
N = 62

P

Success rate at first 
attempt

44 (71) 46 (74) 0.8

success rate distribution
Resident success at first 
attempt
Resident success after 
switching to the other 
technique
Attending success at first 
attempt*
attending success 
after switching to other 
technique*

44 (71)
13 (21)
4 (80)
1 (20)

46 (74)
11 (18)
4 (80)
1 (20)

0.8

0.8

1

1

Resident performed 
successful cannulation

57 (92) 57 (92) 1

Resident cannulation time 
(sec)**

40 (15-152) 52 (6-
350)

0.1

attending cannulation 
time (sec)*

60 (15-90) 47 (30-
69)

0.7

number of pricks to 
successful cannulation

1 (1-4) 1 (1-4) 0.7

values are numbers (%) and medians (range)
*n = 5 in standard technique group and n = 5 in AccuVein group
**n = 57 in standard technique group and n = 57 in AccuVein 
group
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no difference between the two groups in the first 
attempt success rate. this was already demonstrated 
by Kaddoum et al in a previous study7. The first 
attempt success rate was also the same when analyzed 
by subgroups (easy and difficult veins). However, in 
the difficult veins subgroup we found a difference in 
the time to successful cannulation. this partially met 
our hypothesis that such device would be beneficial 
for difficult veins patients more than easy ones. The 
AccuVein AV300 is the first hand-held tool established 
to facilitate the visibility of superficial veins using 
infrared light. for better visualization, the device 
should be held approximately at right angle and at 15-
18 cm from the skin. It has recognized advantages; 
it is a portable device with lightweight that requires 
no power cord8. The finding of this study may be 
considered a clinically valuable outcome for av300 

since it matched what we were originally assuming, 
that using this device will reduce the difficulty of 
insertion mainly for children with difficult veins. This 
was evidenced by a shorter time to cannulation when 
the device was used.

though several studies have investigated 
the efficacy of the near-infrared (NIR) devices or 
techniques during intravenous access, none have 
showed that they have major impact on the success 
rates at first attempt or the time it requires to complete 
a successful cannulation. Besides, using real-time 
visualization techniques became a standard of care 
during intravenous access in nursing practice10. in a 
randomized controlled study performed in a tertiary 
referral center in netherlands, the vasculuminator, 
a near-infrared vascular imaging device, showed 
no significant difference in first attempt success rate 
(59% with the device vs. 54% without, P = 0.41). 
the vasculuminator has certain limitations in its 
visualization depth where it uses transillumination 
of near-infrared light while having the image on a 
monitor located above the limb. another concern with 
the VascuLuminator is its requirements for eye-hand 
precise coordination during the puncture11. another 
randomized study used the veinviewer, a different niR 
intravenous assistive device, in a pediatric oncology 
clinic that showed similar results. nevertheless, 
VeinViewer had significant reduction in procedural 
time and patient experience with the nurses who used 
the device was higher than those who did not (P≤ 
0.05)12. additional studies using veinviewer, by sun 
et al and Szmuk et al, reported conflicting outcomes; 
using VeinViewer worsened the first attempt success 
rate and it improved finding the first available vessel 
respectively13,14. a more recent randomized study in 
our institution utilized the ultrasound as a real-time 
viewing technique in femoral artery cannulation in 
children where the reduction in the number of attempts 
and time to cannulate were significant. Also, there was 
a major increase in first attempt success rate (45% with 
ultrasound vs. 25% without, 95% CI P = 0.025)9,15. all 
these studies and other systematic reviews reaffirm 
again the challenge behind the success of intravenous 
cannulation in pediatric patients in different clinical 
situations and settings15.

Regarding AccuVein 300, a non-randomized 

Table 7 
Cannulation Characteristics of Patients with Difficult Veins in 

the Standard Technique versus AccuVein 300
Standard 
technique

N = 30

AccuVein
N = 30

P

Success rate at first attempt 18 (60) 18 (60) 1
success rate distribution
Resident success at first 
attempt
Resident success after 
switching to the other 
technique
Attending success at first 
attempt*
attending success after 
switching to other technique*

18 (60)
4 (13)
6 (75)
2 (25)

18 (60)
6 (20)
4 (67)
2 (33)

1

0.7

1

1

Resident performed 
successful cannulation

22 (73) 24 (80) 0.5

Resident cannulation time 
(sec)**

65 (27-168) 50 (15-
222)

0.01

attending cannulation time 
(sec)*

55 (15-106) 54 (29-
73)

0.7

number of pricks to 
successful cannulation

1 (1-4) 1 (1-4) 0.9

values are numbers (%) and medians (range)
*n = 8 in standard technique group and n = 6 in AccuVein group
**n = 22 in standard technique group and n = 24 in AccuVein 
group
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study in pediatric operating room in Berlin showed that 
it has no impact on the improvement of the cannulation 
time or the number of attempts. it reported that success 
at first attempt was 0.45 using AccuVein 300 (51 of 
114, 95% CI 0.35-0.54) vs. 0.73 without (90 of 124, 
95% CI 0.35-0.54) and the median time until successful 
venous cannulation was 2 min using AccuVein 300 vs. 
1 min without (p< 0.01)16. though the Berlin study 
used the same device we are evaluating, it displayed 
bias in the sample size and in the selection of research 
participant without being originally ASA classified16. 
same result has been also presented by aulagnier et al 
when he used accuvein 300 in adults in an emergency 
department and found that failure and pain did not 
differ from standard method17. all these common 
findings including ours reiterate that this apparatus 
might be needed only for pediatric patients who have 
difficult veins, when clinical practitioners do not have 
enough experience with cannulation such as residents, 
and feel less anxious with its availability.

In 2013, AccuVein LLC announced a new 
version of vein illumination devices, AccuVein 400, 
which can be held in any direction and has broader 
viewing range than accuvein 300. it allows better 
visibility with 10 mm depth that makes it easier to 

identify large as well as small veins. a recent study in 
a rehabilitation center in new york highlighted a new 
benefit from the AccuVein 400 device in the reduction 
of hospital readmissions in addition to the elimination 
of the need to call for support to cannulate18. yet, 
there are no further studies pertaining to AV400 use to 
increase the first attempt success rate. This study has 
some limitations; the sample of children with difficult 
veins was rather small. also, there might be observer 
bias in recording the time and number of attempts. 
Another limitation is the fact that the classification of 
veins as easy or difficult was subjective. However, our 
overall analysis of cannulation characteristics of easy 
versus difficult vein clearly showed the accuracy of 
the classification since residents had a higher failure 
rate, took a longer time and a higher number of skin 
punctures to cannulate in the difficult veins group. In 
conclusion, the accuvein av300 apparatus does not 
increase the first-attempt success rate in anesthetized 
pediatric patients. it might be useful to decrease the 
cannulation time for difficult veins when practitioners 
are not experienced. performing similar studies 
using AccuVein 400 might be recommended with 
anticipation of better outcomes than accuvein 300 in 
addition to stratification of patients by age and obesity. 



180 Roland n. Kaddoum et. al

References

1. Yen K, RiegeRT a, goReliCK mh. derivation of the diva score: 
a clinical prediction rule for the identification of children with 
difficult intravenous access. Pediatric emergency care; Mar 2008, 
24(3):143-147.

2. nafiu oo, buRKe C, Cowan a, TuTuo n, maClean S, TRempeR KK: 
comparing peripheral venous access between obese and normal 
weight children. Paediatric anaesthesia; Feb 2010, 20(2):172-176.

3. aulagnieR J, hoC C, maThieu e, dReYfuS Jf, fiSChleR m, le 
guen m. Efficacy of AccuVein to facilitate peripheral intravenous 
placement in adults presenting to an emergency department: a 
randomized clinical trial. Acad Emerg Med; Aug 2014, 21(8):858-
863.

4. lee gS: use of accuvein for preventing complications from 
accidental venipuncture when administering dermal filler injections. 
Journal of cosmetic and laser therapy: official publication of the 
European Society for Laser Dermatology; Feb 2015, 17(1):55-56.

5. de gRaaff JC, CupeR nJ, mungRa Ra, VlaaRdingeRbRoeK K, numan 
SC, KalKman CJ: Near-infrared light to aid peripheral intravenous 
cannulation in children: a cluster randomised clinical trial of three 
devices. Anaesthesia; Aug 2013, 68(8):835-845.

6. SanChez-moRago gV, SanChez Coello md, VillafRanCa 
CaSanoVeS a, CanTeRo almena Jm, migallon buiTRago me, 
CaRReRo CaballeRo mC: [viewing veins with accuvein av300]. 
Revista de enfermeria; Jan 2010, 33(1):33-38.

7. Kaddoum Rn, angheleSCu dl, paRiSh me, eT al: a randomized 
controlled trial comparing the accuvein av300 device to standard 
insertion technique for intravenous cannulation of anesthetized 
children. Paediatric anaesthesia; Sep 2012, 22(9):884-889.

8. Accuvein. AV300 User Manual. 2011; https://learn.accuvein.com/
wp-content/uploads/2014/05/ACU0004604_AV300UserManual-
en1.pdf. Accessed November 7, 2017.

9. SiddiK-SaYYid Sm, aouad mT, ibRahim mh, eT al: femoral 
arterial cannulation performed by residents: a comparison between 
ultrasound-guided and palpation technique in infants and children 
undergoing cardiac surgery. Paediatric anaesthesia; Aug 2016, 
26(8):823-830.

10. obeR S, CRaVen g: Infusion Nursing Standards of Practice influences 
the Boards of Registration in nursing on advisory rulings regarding 

peripherally inserted central catheters. Journal of infusion nursing: 
the official publication of the Infusion Nurses Society; Mar-Apr 
2012, 35(2):81-82.

11. de gRaaff JC, CupeR nJ, Van diJK aT, TimmeRS-RaaiJmaaKeRS bC, 
Van deR weRff db, KalKman CJ: evaluating niR vascular imaging 
to support intravenous cannulation in awake children difficult to 
cannulate; a randomized clinical trial. Paediatric anaesthesia; nov 
2014, 24(11):1174-1179.

12. RameR l, hunT p, oRTega e, KnowlTon J, bRiggS R, hiRoKawa 
S: effect of intravenous (iv) assistive device (veinviewer) on 
iv access attempts, procedural time, and patient and nurse 
satisfaction. J Pediatr Oncol Nurs; Jul 2016, 33(4):273-281.

13. Sun CY, lee KC, lin ih, eT al: Near-infrared light device can 
improve intravenous cannulation in critically ill children. Pediatrics 
and neonatology; Jun 2013, 54(3):194-197.

14. 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 difficult intravenous access. Anesthesia 
and analgesia; May 2013, 116(5):1087-1092.

15. paRK Jm, Kim mJ, Yim hw, lee wC, Jeong h, Kim nJ: utility 
of near-infrared light devices for pediatric peripheral intravenous 
cannulation: a systematic review and meta-analysis. European 
journal of pediatrics; Dec 2016, 175(12):1975-1988.

16. RoThbaRT a, Yu p, mulleR-lobeCK l, SpieS Cd, weRneCKe Kd, 
naChTigall i: peripheral intravenous cannulation with support of 
infrared laser vein viewing system in a pre-operation setting in 
pediatric patients. BMC research notes; Sep 21, 2015, 8:463.

17. aulagnieR J, hoC C, maThieu e, dReYfuS Jf, fiSChleR m, le 
guen m: Efficacy of AccuVein to Facilitate Peripheral Intravenous 
placement in adults presenting to an emergency department: a 
Randomized clinical trial. Acad Emerg Med; Aug 2014, 21(8):858-
863.

18. Accuvein. AccuVein Vein Illumination Improves Outcomes at St. 
James Rehabilitation Center. https://www.accuvein.com/2014/01/
accuvein-vein-illumination-improves-outcomes-at-st-james-
rehabilitation-center/. Accessed October 2, 2017.


