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Introduction
Acquiring venous access in infants and young children 
can be very challenging and time consuming even for 
the most skilled hands. In this age group, veins are very 
small and embedded in a thick layer of subcutaneous fat, 
which make them less palpable and visible. Numerous 
previous venipunctures add significantly to the 
difficulty of cannulations. Failure to perform peripheral 
intravenous cannulation (PIVC) of a child during 
induction of anesthesia may necessitate alternative 
solutions such as central venous cannulation or a venous 
cutdown. These alternatives are more time consuming 
and carry a higher risk of complications [1,2].

Ultrasound (US) guidance has been proved to increase 
the success rate of central venous cannulation in both 

adults [3] and pediatrics [4]. More recently, US guidance 
has also been used during PIVC in adults [5–7]. The 
use of US was found to result in a faster access with 
fewer insertion attempts and decreased incidence of 
complications compared with traditional cannulation 
techniques [7]. Similar studies performed in the 
pediatric age group have also shown very encouraging 
results [8,9].

The first use of transillumination to facilitate venous 
access dates back to 1975 [10]. However, its use in 
anesthesia practice is still uncommon. It depends on 
the use of a high-powered, cold source of light to 
illuminate subcutaneous tissues. Deoxygenated blood 
in veins absorbs the light; hence, veins are seen as dark 
lines within the illuminated area. Previous studies 
using this technique in children with difficult venous 
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the managing anesthesiologist. Preparations for PIVC 
were performed as usual in both groups; the arm or the 
leg was positioned hanging downward; a tourniquet 
was applied above the puncture site; and skin was 
disinfected using alcohol.

In the US group, the veins were visualized using a 
25-mm 6–13 MHz high-frequency linear transducer 
(Sonosite M-Turbo; Sonosite Inc., Bothell, 
Washington, USA). Real-time US-guided cannulation 
was performed using a short-axis view to visualize 
veins in cross-section (Fig. 1) and an out-of-plane 
approach to cannulate the vein. Veins were identified 
by being compressible with mild probe pressure. A 
dual-operator technique was used during cannulation. 
Another physician performed the ultrasonography and 
centered the vein in the middle of the screen, whereas 
the managing anesthesiologist advanced the cannula 
into the vein using a free-hand method (Fig. 2).

In the Veinlite group, the veins were visualized using 
a Veinlite EMS (TransLite, Sugar Land, Texas, 
USA), which is a portable transilluminator that uses 
a patented side-transillumination method to visualize 
veins. When the Veinlite ring is placed on the skin, a 
ring of bright fiberoptic light is directed at an angle 
into the skin and focused under the skin (Fig. 3). This 
light uniformly illuminates the small region of skin 
and subcutaneous tissue within the open area of the 
C-shaped ring without areas of shadow. This shadow-
free side-transillumination technique allows for better 
visualization of veins [13].

The primary outcome measure was the first-attempt 
success rate, which was defined as successful cannulation 
achieved at the first attempt. Successful cannulation 
was confirmed by a 10 ml normal saline flush with 

access showed a high success rate of PIVC [11,12]. 
Veinlite, the transillumination device used in our study, 
was previously tried and found to facilitate PIVC 
in pediatric patients compared with the traditional 
cannulation technique [13].

The objective of this prospective randomized study 
was to compare the efficacy of US guidance and 
transillumination techniques in facilitating PIVC in 
pediatric patients with difficult venous access.

Patients and methods
This study was conducted during the period from 
January 2013 to August 2013 at the Cairo University 
Specialized Children’s Hospital. After approval from 
the research ethics committee and obtaining written 
informed consent of the guardians, we included 
80  children, less than 6 years of age, with an ASA 
physical status I or II, undergoing elective surgery, 
and having difficult venous access. We evaluated the 
potential for difficult venous access using the Difficult 
Intravenous Access (DIVA) score (Table 1) [14]. This 
score is well validated in pediatric patients [15,16]. 
Patients with a DIVA score of at least 4 have more 
than 50% likelihood of failed cannulation on the first 
attempt [15]. Patients were included in this study only 
if they had a DIVA score of at least 4. Exclusion criteria 
were hemodynamic instability, need for emergency 
surgery, and parental refusal.

Before induction of anesthesia, the patients were 
randomly assigned, using sealed envelopes containing 
computer-generated random numbers, to one of the 
two groups: the US group (n = 40) and the Veinlite 
group (n = 40). All children were cannulated after 
being anesthetized using inhalation induction with 
sevoflurane by face mask. All cannulations were 
performed by the same anesthesiologist, with more 
than 10 years experience in pediatric anesthesia and 
more than 1 year experience in using US guidance 
and Veinlite transillumination as aids for PIVC. 
Cannulation was performed using the same type of 
intravenous cannula (BD Venflon; Becton Dickinson, 
Helsingborg, Sweden) in all patients. Either a 22- or a 
24-G cannula was used according to the discretion of 

Table	1	Difficult	Intravenous	Access	(DIVA)	score	[14]
Variables Score
Veins not visible after tourniquet 2
Veins not palpable after tourniquet 2
Age: <1 year/1–2 years 3/1
History of prematurity 3

The sum of point values of the variables is the DIVA score 
(range 0–10).

Figure 1

Ultrasonographic image of the basilic vein (white arrow) in a short-axis 
view scanned at the antecubital fossa.
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no signs of infiltration or hematoma formation. An 
attempt was defined as each puncture of the skin with 
the needle. Redirection of the needle tip while under 
the skin was not considered a separate attempt.

The secondary outcome measures included the time 
to successful cannulation, overall success rate of 
cannulation, and the number of attempts required 
to achieve successful cannulation. Time to successful 
cannulation started when the anesthesiologist 
started examining the patient for a suitable vein for 
cannulation and ended when normal saline solution 
was flushed through the intravenous cannula. Overall 
success of cannulation was defined as successful 
cannulation within four attempts. If cannulation was 
unsuccessful after four attempts, the intervention 
was considered to have failed. The decision whether 
to continue cannulation attempts or perform central 
venous cannulation or a venous cutdown was left to the 
discretion of the managing anesthesiologist.

The size of the inserted cannula (22 or 24 G) as well 
as the site of cannulation (upper limb or lower limb) 
were recorded in all patients who were successfully 
cannulated. Any incidence of arterial puncture was also 
reported in the two groups.

Statistical analysis
Using α and β errors of 0.05 and 0.2, respectively, a 
total sample size of 80 patients, equally allocated into 
two groups (40 patients per group), had a statistical 
power of 80% to detect an assumed difference of 
30% or more between the first-attempt success rates 
in the two groups. Statistical analysis was performed 
using computer programs Microsoft Office Excel 2010 
(Microsoft Corporation, New York, USA) and SPSS 
16.0 (SPSS Inc., Chicago, Illinois, USA). Data are 

presented as mean ± SD, median (range), and number 
(percentage) as appropriate. Categorical data were 
compared using the Fisher exact test. Continuous 
data were compared using the Student t-test. Ordinal 
data were compared using the Mann–Whitney U-test. 
P value less than 0.05 was considered statistically 
significant.

Results
The study included 80 children (40 children in the US 
group and 40 children in the Veinlite group). Table 2 
shows the demographic data of both groups. There was 
no significant difference between the two groups with 
respect to age, sex distribution, height, weight, BMI, or 
ASA physical status. The DIVA scores recorded in the 
two groups were also comparable.

The US group showed a significantly higher first-
attempt success rate [33/40 (82.5%) patients] compared 
with the Veinlite group [23/40 (57.5%) patients, 
P < 0.05]. The overall success rate of cannulation was 
also higher in the US group [37/40 (92.5%) patients] 
than in the Veinlite group [32/40 (80%) patients], but 
this difference did not reach statistical significance 
(Table 3).

Figure 2

Dual-operator technique during ultrasound-guided peripheral 
intravenous cannulation.

Figure 3

Veinlite EMS side-transillumination method to visualize veins.

Table 2 Demographic data
Variable US (n = 40) Veinlite (n = 40) P value
Age (months) 19.8 ± 13.8 18.4 ± 11.2 0.62
Sex (male/female) 24/16 21/19 0.65
Weight (kg) 11.9 ± 2.9 11.6 ± 2.5 0.65
Height (cm) 81.3 ± 11.2 79.9 ± 11.0 0.58
BMI (kg/m2) 17.8 ± 1.9 18.1 ± 1.7 0.47
ASA physical status 
(I, II)

23/7 26/4 0.51

Values are expressed as mean ± SD or number of patients; 
ASA, American Society of Anesthesiologists; US, ultrasound.
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The time to successful cannulation was significantly 
less in the US group (67.1 ± 19.3 s) compared with the 
Veinlite group (94.1 ± 49.9 s, P < 0.01). The difference 
in the number of cannulation attempts required in the 
two groups was not statistically significant (Table 3).

Of the 37 successful cannulations performed in the 
US group, 33 (89.2%) were performed using a 22-G 
cannula and four (10.8%) using a 24-G cannula. 
However, in the Veinlite group, of the 32 successful 
cannulations performed, 27 (84.4%) were performed 
using a 22-G cannula and five (15.6%) using a 24-G 
cannula. Cannulation was performed in the upper 
limb in 31 (83.8%) patients in the US group and in 
28 (87.5%) patients in the Veinlite group. All these 
differences were not statistically significant (Table 3). 
There were no incidences of arterial puncture in either 
group.

Discussion
The present study demonstrated that using either US 
guidance or Veinlite transillumination during PIVC in 
children with difficult venous access results in a high 
success rate of venous cannulation. However, the use of 
US guidance was associated with a higher first-attempt 
success rate than the use of transillumination. The time 
to achieve successful cannulation was also significantly 
less with the use of US compared with the use of 
transillumination.

PIVC depends on palpation and/or visualization 
of target veins. This may not be possible in children 
because they have smaller veins and increased 
subcutaneous fat. Numerous previous cannulations 
in a child add significantly to the difficulty of PIVC. 
In previous studies, the first-attempt success rate of 
PIVC in pediatric patients has been shown to be as 

low as 46% in one study [17] and 48% in another 
study [18]. Both of these studies were performed on 
a general pediatric population, whereas in our study 
we only included children with predicted difficult 
venous access. Therefore, the high success rates of 
PIVC that we achieved in our study using US guidance 
and transillumination (92.5 and 80%. respectively) 
clearly show that both of these techniques increase 
the likelihood of successful intravenous placement in 
children.

Our results are in agreement with several previous 
studies on the use of US guidance for PIVC in children. 
Doniger et al. [8] performed a randomized controlled 
trial on 50 children younger than 10 years of age. 
They found that the success rate of US-guided PIVC 
was 80% compared with 64% when using traditional 
attempts. They also found that US-guided PIVC 
required significantly less time, fewer attempts, and 
fewer needle redirections than traditional approaches. 
Benkhadra et al. [9] also performed a prospective 
randomized study on 40 children less than 3 years 
old with difficult venous access. They found that US 
guidance significantly increased the first-attempt 
success rate (85 vs. 35% using traditional approach) and 
decreased the time and number of attempts required to 
achieve successful cannulation.

In contrast with our results, Bair et al. [19] found that 
the use of US guidance did not result in a significant 
difference in cannulation success compared with the 
standard technique, and they reported a first-attempt 
success rate of only 35% when using US. This may be 
due to the fact that they used a ‘static’ US technique in 
which they visualized the vein using US and marked the 
skin overlying the vein with a pen tip. The nurses then 
immediately used this skin impression as a landmark 
for cannulation attempts. In our study, we used real-
time US guidance, which allows real-time visualization 

Table 3 Cannulation data
Variable US (n = 40) Veinlite (n = 40) P value
DIVA score 5.6 ± 1.3 5.8 ± 1.4 0.52
Success on first attempt 33/40 (82.5) 23/40 (57.5) 0.03*
Success on 2–4 attempts 4/40 (10) 9/40 (22.5) 0.22
Overall success rate 37/40 (92.5) 32/40 (80) 0.19
Number of required attempts 1 (1–3) 1 (1–4) 0.17
Time to successful cannulation (s) 67.1 ± 19.3 94.1 ± 49.9 0.007*
Size of cannula used for successful cannulation 0.72

22 G 33/37 (89.2) 27/32 (84.4)
24 G 4/37 (10.8) 5/32 (15.6)

Site of successful cannulation 0.74
Upper limb 31/37 (83.8) 28/32 (87.5)
Lower limb 6/37 (16.2) 4/32 (12.5)

Incidence of arterial puncture 0 0 1.00

Values are expressed as mean ± SD, median (range), or n (%) of patients; DIVA score, Difficult Intravenous Access score; US, ultrasound; 
*P < 0.05 designates a statistically significant difference.
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of the vessel during cannulation. This may explain the 
higher success rate in our study compared with Bair 
and colleagues.

Previous reports on the use of transillumination to aid 
PIVC in pediatrics have shown very positive results. In 
agreement with our results, Atalay et al. [12] reported 
a success rate of 80% with the use of transillumination 
during PIVC in 100 children less than 3 years of age 
with difficult venous access. They used a 200-W cold-
light source with its fiberoptic cable, which they placed 
against the palmar or plantar surface of the hand or 
foot. Goren et al. [11] used an otoscope as the source 
of light for transillumination in 100 children who had 
no visible veins under normal lighting conditions. By 
the use of transillumination, they were able to visualize 
a vein in 40 of these patients, and cannulation was 
successful in all 40 patients. The only previous study 
conducted specifically on Veinlite transillumination 
in pediatric patients was performed by Katsogridakis 
et al. [13]. They performed a randomized controlled 
trial on 240 pediatric patients and found that the use 
of Veinlite during PIVC was associated with a success 
rate of 85%, and that PIVC was 2.1 times more likely 
to be successful in the first attempt with the use of the 
device.

We are not aware of any previous studies comparing the 
use of US guidance and transillumination during PIVC 
in pediatric patients. Although our results showed 
that both techniques resulted in a high overall success 
rate, the use of US guidance had the clear advantage 
of a higher first-attempt success rate in significantly 
less time compared with the use of transillumination. 
This makes the use of US guidance more favorable, 
especially when cannulation is performed during 
induction of anesthesia. In children, because of their 
natural fear for needles, anesthesia is most commonly 
induced by inhalation through face mask. Any delay 
in PIVC results in prolonging of the induction time, 
which may expose the child to risks for hypotension 
and laryngospasm.

The majority of patients in the two groups were 
cannulated using a 22-G-sized cannula with only 
few patients requiring a 24-G cannula because of the 
very small size of the targeted vein. The fact that the 
managing anesthesiologist chose a larger bore cannula 
in most of the patients is another proof that the used 
techniques facilitated PIVC. Most of the patients in 
the Veinlite group were cannulated in the dorsum of 
the hand, whereas most of the patients in the US group 
were cannulated in the antecubital fossa. This was 
because these locations provided the best visualization 
in the two groups. Recently, US-guided cannulation of 
the great saphenous vein at the ankle level in infants 

has been tried and found to result in a very high success 
rate [20].

This study has several limitations. First, as we were 
using two completely different techniques, blinding 
was not possible. Second, we excluded children who 
were hemodynamically unstable as well as those 
requiring emergency PIVC during emergency surgery. 
The medical condition of these two groups of pediatric 
patients may make PIVC even more challenging, 
which might impact the success rate of the studied 
techniques. Third, the study was performed in a 
specialized pediatric hospital, with all the cannulations 
performed by an anesthesiologist with high experience 
in pediatric anesthesia and pediatric venous access. 
Further studies are needed to assess the benefit of using 
both techniques in settings where pediatric PIVC is 
less commonly performed. It is in these settings that 
the aid provided by these two techniques is actually 
more needed. The anesthesiologist performing the 
cannulations was also experienced in the use of both US 
guidance and transillumination as PIVC techniques. It 
is difficult to predict which technique would be more 
useful if used by inexperienced hands. Although the 
use of US reveals the vein in a clearer way, it does have 
a learning curve. An absolute beginner might find it 
significantly hard to use during peripheral cannulation. 
In contrast, transillumination, although less illustrative 
of the vein, is simpler to use and requires very minimal 
training.

Conclusion
The use of either US guidance or transillumination 
allows for a high success rate of PIVC in pediatric 
patients with difficult venous access. We found the 
use of US guidance to be superior to transillumination 
because it was associated with a higher first-attempt 
success rate and shorter time to achieve successful 
cannulation, which makes it a useful aid for cannulation 
during inhalation induction of anesthesia.
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