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Chapter 1

Peripheral venous and arterial access
Obtaining peripheral access to the blood vessels is common practice in the
hospital. Peripheral venous access is essential for diagnosis by blood analysis (blood withdrawal) and administration of fluids and medication (intravenous cannulation). Peripheral arterial access (arterial cannulation) is used
for hemodynamic monitoring and blood sampling, for example during cardiothoracic surgery and in the intensive care. Each procedure has its specific
techniques, instrumentation and preferred locations. Blood withdrawal is often performed in the antecubital fossa or, if no vein can be found there, on
the back of the hand. A hypodermic needle is inserted and a blood sample
is collected in a tube. Intravenous cannulation is most often performed on
the back of the hand, the lower arm or, in a small child, in the foot or scalp.
An over-the-needle-catheter is inserted in the vein and the needle is retracted
when flashback of blood is seen in the hub of the catheter, after which the
catheter is further advanced into the vein and thereafter flushed with saline
(figure 1).

Step 1: Insert the over-theneedle catheter into the vessel
lumen.

Step 2: Remove the needle
when flashback of blood is
seen in the hub, while
advancing the cannula into the
vessel lumen.

Step 3: After the cannula is
fully advanced into the vessel
lumen, fixate the cannula to the
skin of the patient.

Figure 1. Insertion of an intravenous cannulation in three steps.

Veins can be seen through the skin as a bluish shadow or can be felt
through the skin (palpation). Most often, a combination of vision and palpation is used to locate the veins. Although instrumentation is somewhat different, the method for peripheral arterial access is comparable to intravenous
cannulation, with the radial or ulnar artery in the wrist as the preferred location. The brachial or femoral artery can also be used, often in combination
with a guidewire. Arteries are not visible through the skin, but the pulse can
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be located by palpation or anatomical landmarks can be used.
Especially in the case of children, these procedures can be notoriously
difficult, mostly due to small vessels covered by a layer of subcutaneous fat.
A dark skin color can also hamper the procedure because of a low contrast
between blood vessels and skin color.1 These features make it difficult to
localize a blood vessel. For a successful cannulation, advancement of the
cannula into the small vessel lumen after hitting the blood vessel is also an
important aspect of the procedure. Although there is not much literature
available on predictors of difficult intravenous cannulation, there is some
literature on success rates of intravenous cannulation in children. Table 1
presents an overview of success rates found in the literature.
Table 1. Overview of success rates and cannulation time in literature.

Publication

Location

Choudhry 1998

Surg. dept.

Nafiu 2010

Surg. dept.

Tsai 1987

Prehosp.

Lillis 1992

Prehosp.

Black 2005

Emerg.

Taddio 2005

Emerg.

Arendts 2008

Emerg.

Frey 1998

Child hosp.

Linniger 2003

Child hosp.

Friedland 1992

Child hosp.

Yen 2008

Emerg.

Grouping
Early
Late
Lean
Obese
Infant
Preschool
Child
Adolescent
Bevel up
Bevel down
Lidocaine
Placebo

Success 1st
attempt
68%
74%
59.2%
40.8%

71%
75.6%
60.0%
74%
55%
75%

RN
Physician
IV nurse
Before
After

Cannulation Nr.
of
success
patients

28.6%
65.5%
84.5%
92.2%
84%

44%
23%
98%
53%
74%
86%
75%

86%

78
72
56
47
7
29
58
348
300
201
195
69
73
177
197
416
43
249
214
35
615
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Choudhry et al. investigated intravenous cannulation in pediatric patients
from two to eight years old prior to elective non-cardiac surgery, and found
that early cannulation was as safe as late cannulation after induction.2 In the
same setting, Nafiu et al. found that cannulation of obese children up to 18
years old was more difficult than of lean children.3 In the studies of Tsai et al.
and Lillis et al., cannulations performed in a prehospital emergency setting
were evaluated among age groups; both found that younger patients were
more difficult to cannulate.4, 5 Black et al. concluded that the needle is best
inserted bevel up in children up to 18 years of age, with the exception of very
small infants where the bevel down technique is superior.6 Another study at
an emergency department in children up to 17 years of age by Taddio et al.
investigated the use of lidocane, which facilitated intravenous cannulation as
opposed to a placebo.7 Arendts et al. evaluated children up to 12 years of age,
also at an emergency department, and found that there was no difference in
success of intravenous cannulation between two different topical anesthetics.8
Frey analyzed the amount of successful cannulations among different grades
of operators at a pediatric hospital and concluded that a specialized IV nurse
performed far better than other professions.9 Lininger investigated success
at first attempt at a pediatric hospital with patients up to 20 years of age.10
Friedland et al compared success at first attempt before and after introduction
of a new type of catheter.11 Only one study specifically analyzed predictors
for success of cannulation and found absence of visibility or palpability of
the vein, a history of prematurity, a younger age and a dark skin color to
be predictive for difficulty of cannulation.1 As far as we know, there is no
literature on success of venipuncture for blood withdrawal in children. Only
limited research has been published on success of arterial cannulation in
children; Schindler et al. presented a success rate in children of less than 5 kg
of 67%, which increased to about 80% in larger children.12 In adults, it is a
fairly easy procedure, with a high success rate (90%).13, 14
To conclude, these figures show that in about 20 to 40% of cases, more than
one attempt is necessary for a successful intravenous cannulation. For arterial
cannulation, this figure (more than one attempt) is even higher. Multiple
attempts cause an increased risk of development of complications such as
skin bruising, phlebitis or nerve damage.15 A failed or prolonged procedure
of peripheral venous access is considered a painful and traumatic experience
for many children, which may cause a lifelong fear for needles.16 In small
children that are not anesthetized, a failed first attempt might also lead to
fear and struggling of the child, thereby making the next attempt even more
difficult and stressful.
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Several solutions have been proposed to improve success of intravenous
cannulation by increasing vein visibility and palpability. One solution is
warming of the puncture site in order to dilatate the vein, but the effect of this
procedure is doubtful.17 Veins and arteries can be visualized with ultrasound,
but this technique requires much skill and training.18 For arterial cannulation, guidewires have been proposed (Seldinger technique), which seem to be
helpful.19 To enhance the visibility of veins light sources can be used. Visible
light sources (broad spectrum white and red light) are being used for some
time, but can cause heat burns due to the high intensities used to penetrate
the tissue.20 Visible light has a low contrast and a small penetration depth,
and is therefore mainly suitable for neonates. The properties of near-infrared
(NIR) light allow a larger penetration depth and a higher contrast. Therefore,
with NIR light, it is also possible to penetrate thicker tissue layers, such as
hands and wrists of children and adults.21

Near-infrared light
Near-infrared (NIR) light is electromagnetic radiation with a longer wavelength (from 700 up to 3000 nm) than visible light (350–700 nm, figure 2). It is
invisible to the human eye. Infrared light was discovered in 1800 by William
Herschell, who discovered that, after white light was refracted by a prism,
there was still a measurable temperature rise on a target beyond the red part
of the spectrum.

VIS

UV

NIR
NIR window

350

750

1100

wavelength (λ) in nm

Figure 2. Part of the electromagnetic spectrum showing ultraviolet (UV) light, visible (VIS) light
and near-infrared (NIR) light. The near-infrared window is shown in grey.
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Light interaction with biological tissues
Behavior of (near-infrared) light in tissue is characterized mainly by two phenomena: absorption and scattering. A light particle (photon) can be absorbed
by molecules known as chromophores during interaction with tissue. A photon can also be redirected during interaction with molecules, which is called
scattering. The amount of absorption and scattering is wavelength and tissue
(chromophore) dependent and is determined respectively by the absorption
coefficient µa and the scattering coefficient µs .22 There is a preferred direction of scattering depending on wavelength and size of the chromophores,
described by anisotropy factor 1 (mean cosine scattering angle).22 For the
amount of forward scattering, the reduced scattering coefficient µ0s is used,
which is defined as µs (1−1). Figure 3 shows a schematic view of an absorption
event and a scattering event when a photon interacts with a molecule.
molecule

1. Absorption

photon path

2. Scattering

photon path
scattering angle

Figure 3. Schematic view of an absorption event and a scattering event.

Blood vessels are covered by a layer of subcutaneous fat, followed by the
dermis and finally the epidermis. The epidermis is typically 0.1 mm thick,
while the dermis is about 0.5 mm to a few millimeters thick, depending on
anatomical location and patient characteristics. The blood vessels are buried
in the subcutaneous fat at a depth of up to a few millimeters. The main
chromophores are melanin (’brown’ pigment) and lipids in the epidermis,
and hemoglobin (in the red blood cells), water and lipids in the dermis and
subcutaneous fat.23 Absorption by most of these chromophores is far less in the
near-infrared part as compared to the visible part of the spectrum. However,
absorption by water typically starts to increase above 900 nm (figure 4).
The scattering behavior of photons in tissue is usually described by Mie
and Rayleigh scattering. Rayleigh scattering is scattering by particles smaller

Chart1
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Figure 4. Absorption coefficient of the chromophores water,
melanin, oxyhemoglobin and deSeite 1
oxyhemoglobin.

than a tenth of the wavelength (such as cell organelles) and is isotropic,
while Mie scattering is scattering by particles larger than the wavelength
(such as collagen fibers) and is mainly forwardly orientated.24 The amount of
Mie and Rayleigh scattering is inversely related to wavelength, but Rayleigh
scattering decreases more rapidly. Mie scattering is dominant in the nearinfrared spectrum and therefore most relevant to our purpose. The most
important scatterers are collagen and fat in skin and hemoglobin in blood.23 If
scattering is much higher than absorption, which is the case in most types of
tissue in the near-infrared spectrum, light becomes quickly isotropic, allowing
for diffusion theory to be used to calculate light transport in tissue.25 Modeling
and calculation of light transport in tissue is considered not relevant for the
scope of this thesis and will not be discussed.
The decreased absorption and scattering of chromophores, described above,
leads to a wavelength region between 700 to 1100 nm in which deep tissue
penetration is possible (figure 2). At the low end of this region, absorption
of hemoglobin and melanin and scattering are high, while at the high end
absorption of water is increasing rapidly.26 The region in between is called
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the near-infrared window and enables visualization of blood vessels, since
the concentration of hemoglobin in blood vessels is high enough to generate
a large contrast between tissue and blood vessels.

Visualization of blood vessels with near-infrared light
The near-infrared window is used for several medical imaging purposes, such
as spectroscopy and tomography. In the 70s, visualization of peripheral blood
vessels was explored by several researchers for the first time, using infrared
photography or a TV infrascope.27 The used methods did not allow real-time
visualization.
More recently, due to technological developments, new techniques have
become available to make real-time NIR imaging possible, mostly due to
intense narrowband NIR light sources (light emitting diodes, LEDs) and cameras with a high sensitivity for NIR light. The new methods of visualization
of blood vessels were not immediately used to facilitate peripheral venous or
arterial access, but for biometric identifications by vein patterns, monitoring
of physiological parameters such as local blood flow and oxygenation.28, 29
However, more recently, several researchers have explored the possibility of
using visualization of blood vessels to facilitate peripheral venous or arterial
access.30
At present, three devices have been developed commercially for this purpose and more are in the process. The Vascular Viewer, developed by IRIS
(Bethlehem, PA), is based on transillumination with NIR light and the puncture site has to be inspected through a one-eye piece on an intensified camera.31 Viewing the puncture site through the eye piece can be a drawback
during practical use. Two other systems, based on reflection of NIR light, are
the VeinViewer (Christie Medical Innovations, Memphis, TN) and the AccuVein (AccuVein LLC, Cold Spring Harbor, NY). Both devices project an image
of the veins back onto the puncture site.32 Possible disadvantages of those
devices are the loss of normal vision on the puncture site and loss of detail by
image processing.
At the start of the research described in this thesis, only the VeinViewer,
at that moment still a bulky device, and the Vascular Viewer were available,
but rather expensive. Therefore, researchers at the department of Medical
Technology and Clinical Physics of the University Medical Center Utrecht felt
a need for developing a practical, relatively low cost, vascular imaging system
based on transillumination of NIR light: the VascuLuminator. The device
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provides a highly detailed image of the natural anatomy of the vasculature
without unrealistic enlargement of the veins, while normal vision on the
puncture site remains intact (figure 5 and figure 6).

Figure 5. Veins in the hand of an adult woman, skin type II, with (left to right) the VeinViewer,
the AccuVein and the VascuLuminator.

Figure 6. Veins in the hand of an adult woman, skin type IV, imaged with (left to right) the
VeinViewer, the AccuVein and the VascuLuminator.

Aim and outline of the thesis
The aim of this thesis is to quantify the clinical problem of peripheral venous and
arterial access in children and to evaluate the clinical effectiveness of a newly developed
device (the VascuLuminator) to assist peripheral venous and arterial access.
In oprder to obtain an indication of the size of the clinical problem and
clues for selecting patients that are difficult to cannulate, we investigated
success at first attempt of intravenous cannulation in children and determined
predictors for difficult intravenous cannulation (chapter 2). To this end, a
prospective cohort study was conducted at the outpatient care unit and the
operating room.
Chapter 3 describes the background of visualization of blood vessels with
NIR light and the choice of the wavelength used for the VascuLuminator.
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Furthermore, considerations for the design, development and safety of the
VascuLuminator are described. A phantom experiment was conducted to
estimate whether the VascuLuminator will be able to visualize veins and
arteries typically used for peripheral access.
In chapter 4, we explore the feasibility and clinical usability of a prototype
of the VascuLuminator in blood withdrawal in children up to six years old.
The study was designed as an observational study. Failure at first attempt (i.e.
the first attempt did not lead to successful blood withdrawal) was the main
outcome parameter.
Arterial cannulation is also known to be difficult in young children, since
tiny arteries can be hard to locate underneath a layer of subcutaneous baby
fat.Therefore, visualization of the artery might facilitate arterial cannulation.
Chapter 5 describes an observational study, evaluating the effectiveness of a
prototype VascuLuminator for arterial cannulations in children up to three
years old. The main outcome parameter was time to successful arterial cannulation and secondary outcome parameters were time to first flashback of
blood (indicating the artery was penetrated) and the number of punctures.
In chapter 2 it was found that in a third of patients, more than one attempt is necessary to obtain an intravenous cannula. Therefore, in chapter 6
the effectiveness of the VascuLuminator in intravenous cannulation prior to
surgery in children up to 18 years of age was evaluated. A cluster randomized
clinical trial was conducted to all consecutive patients scheduled for elective
non-cardiothoracic surgery, obtaining an intravenous cannulation in the operating room. The main outcome parameter was success at first attempt (first
attempt leading to a successful cannulation), time to successful cannulation
was a secondary outcome parameter.
Chapter 7 describes the clinical evaluation of the VascuLuminator in a
hospital in Curacao within a population of children with a dark skin color,
which is assumed to be a potential factor for difficult intravenous cannulation. A cluster randomized clinical trial was conducted in children with a
dark skin color, obtaining an intravenous cannulation prior to elective, noncardiothoracic surgery. The main outcome parameters were success at first
attempt and time to successful cannulation. Subgroup analyses in children
less than three years of age and anticipated as difficult in advance were performed.
In the final chapters, the thesis is concluded with a general discussion
describing implications of our research and suggestions for future research
perspectives, followed by a summary.
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Abstract
Introduction. It is generally believed that certain patient characteristics (e.g.
Body Mass Index and age) predict difficulty of intravenous cannulation in
children, but there is not much literature evaluating these risk factors. In this
study, we investigated predictive factors for success rate at first attempt and
time needed for intravenous cannulation.
Methods and Materials. In a prospective cohort study, we observed characteristics of intravenous cannulations in pediatric patients at the operating room
(n = 1083) and the outpatient care unit (n = 178) of a tertiary referral pediatric hospital. Time to successful intravenous cannulation, success at first
attempt and potential predictors for difficult cannulation (age, gender, skin
color, BMI or weight-to-age z-score, the child being awake or anesthetized,
operator profession and surgical specialty) were recorded. Regression models
were constructed to find significant predictors.
Results. Success at first attempt was 73% and 81% respectively. In the operating
room age, operator and surgical specialty were predictive for a successful first
attempt and time to successful cannulation. No significant predictive factors
were found for the outpatient care unit. BMI or weight-to-age was not related
to difficult intravenous cannulation.
Conclusions. The present study shows that in one fifth to one third of the patients, intravenous cannulation required more than one attempt. It is difficult
to predict with accuracy the difficulty of intravenous cannulation solely with
easily obtainable patient characteristics.

Introduction
Intravenous cannulation is a common procedure in every pediatric hospital
and is essential for administration of fluids and medication in ill children.
However, obtaining adequate venous access can be difficult and is often timeconsuming. Especially when multiple punctures are required before venous
access is obtained, the procedure will be traumatic to the child, which may
cause a lifelong fear for needles.1, 2
It is widely believed that certain patient characteristics, such as high BMI or
younger age, make intravenous cannulation more difficult. However, there is
not much literature on predictive factors for difficult intravenous cannulation
in pediatric patients. Most of the available literature evaluates intravenous
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cannulation in emergency settings and not in operating room or outpatient
settings.3, 4
Anticipation of potential problems with intravenous cannulation allows
for patient and parental education and the appropriate application of technology designed to facilitate intravenous cannulation (e.g. red light and nearinfrared light). Therefore, the present study aimed to determine factors influencing the success of peripheral intravenous cannulation in pediatric patients.

Methods and Materials
This prospective observational cohort study was conducted at two different departments of a tertiary referral pediatric hospital (Wilhelmina Children’s Hospital, University Medical Center Utrecht, the Netherlands). Measurements of all peripheral intravenous cannulations in children (0–18 years)
during five months were collected at the operating room and the outpatient
care unit. The study was approved by the local Medical Ethics Committee,
which waived the need for informed consent because the patients were not
subjected to any investigational actions. In accordance with the Dutch law on
personal data protection, patient confidentiality was guaranteed.
At the operating room, all consecutive patients undergoing scheduled
non-cardiac surgery were enrolled. Intravenous cannulation was most often
performed after the child had been anesthetized using inhalation induction
with sevoflurane by face mask. On the patient’s request, mostly in older children, intravenous cannulation is performed awake, followed by intravenous
induction of anesthesia with propofol. If requested by the awake patient,
a local anesthetic (EMLA, Eutectic Mixture of lidocaine and prilocaine, AstraZeneca, Södertälje, Sweden) is applied and covered with a plastic foil dressing for at least 60 minutes prior to intravenous cannulation. The cannulations
were performed by anesthesiologists and nurse anesthetists or by trainee
anesthesiologists /trainee nurse anesthetists. The attending anesthesiologist
decided who is to perform the cannulation. Intravenous cannulations at the
outpatient care unit were performed for various reasons, including diagnostic
tests (e.g. an allergy provocation test) and intravenous medical treatment. The
cannulations were performed in the awake child by a trainee pediatrician or
nurse. EMLA was used in all patients.
The main outcome parameters were success at first attempt (i.e. the first
attempt leads to a successful cannulation) and time to successful cannulation in seconds. An ‘attempt’ was defined as every penetration of the skin
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with or without flashback of blood, and was considered successful when the
line could be flushed freely with saline without any signs of extravasation.
Redirection of the needle tip while underneath the skin was not counted as
a separate attempt. Time was measured with a stopwatch, starting with the
first application of the tourniquet and stopped when the intravenous line
was partly secured and could be flushed adequately. When cannulation was
unsuccessful, time was stopped as soon as the operator decided to abort the
procedure. In the operating room, the time measurements were conducted
by a member of the anesthetic team not performing the cannulation. At the
outpatient care unit, however, only one staff member is present, who performed the cannulation and recorded time of the procedure. In this case, the
time measurement was started directly before securing the tourniquet and
stopped immediately after partly securing and flushing the line.
The following potential predictive factors for difficult intravenous cannulation were considered: age, gender, BMI or weight-to-age z−score, presence
of a dark skin color (Fitzpatrick skin type V or higher), the child being awake
or anesthetized, profession of the operator and surgical specialty (if applicable).5 BMI was calculated from data on height and weight. For children
younger than two years of age, BMI is not applicable and therefore weightto-age was used. BMI and weight-to-age were converted to a z−score with
the use of age and gender specific growth charts from the Centers for Disease
Control (CDC), to allow for comparison of patients of different ages.6
Data are presented with mean and standard deviation (±SD) or median
and interquartile range (IQR), where appropriate. Dichotomous data are presented as a ratio to the total and a percentage. A Kaplan-Meier survival
analysis was performed to describe the time to successful cannulation. The
influence of each separate explanatory variable on success at first attempt
and time to successful cannulation was explored, using univariable logistic
regression and univariable Cox regression respectively. Then a multivariable
regression models were constructed, including all explanatory variables, to
find independent predictive factors for success at first attempt and time to
successful cannulation. The models were checked for collinearity and interaction among variables. Single imputation, using a regression model with all
explanatory variables, was conducted to impute missing values of predictors.
Cases with missing outcome variables were excluded from the analyses. All
analyses were checked for outliers. A P < .05 was considered statistically
significant. SPSS statistical package (version 17, Chicago, Ill) was used for all
statistical procedures.
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Results
In total 1083 patients were enrolled in the operating room and 178 in the
outpatient care unit (table 1). Success at first attempt and time to cannulation
in the operating room and the outpatient care unit for all patients and for a
subgroup of neonates, infants and toddlers are shown in table 2.

Table 1. Demographic data of the patients enrolled in the study for each department. Values
are median (interquartile ranges) or proportion (%).
Characteristics

Operating room

Outpatient Unit

Age in years
Male gender/total
BMI or weight percentile
Dark skin color/total
Awake during procedure/total
EMLA used/total
Location/total
hand
foot
other
Profession of the operator/total
anesthesiologist
trainee anesthesiologist
nurse anesthetist
trainee nurse anesthetist
nurse
trainee pediatrician
Surgical specialty/total
otolaryngology
ophthalmology
maxillofacial surgery
pediatric interventions
neurosurgery
general surgery
urologic surgery
reconstructive surgery
orthopedic surgery

6 (2–10)
626/1082 (57.9)
0.43 ( 0.13–0.73)
49/1037 (4.7)
184/1058 (17.4)
146/1054 (13.9)

12 (8–15)
109/176 (61.9)
0.55 (0.20–0.77)
37/177 (20.9)
178/178 (100)

899/1062 (84.7)
164/1062 (15.4)
67/1062 (6.3)

56/178 (31.5)
1/178 (0.6)
131/178 (73.6)

299/1022 (29.3)
211/1022 (20.6)
367/1022 (35.9)
145/1022 (14.2)
27/177 (15.2)
150/177 (84.3)
154/1083 (14.4)
89/1083 (9.0)
29/1083 (2.7)
121/1083 (11.7)
48/1083 (4.4)
185/1083 (17.2)
284/1083 (26.3)
82/1083 (7.7)
71/1083 (6.6)
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Table 2. Main outcomes of intravenous cannulation in all patients and in different age groups.
Values are mean (±SD and proportion (%).

All patients
Success at first attempt/total
Time (s)
Neonates/infants (< 1 year)
Success at first attempt/total
Time (s)
Toddlers (1–< 3 years)
Success at first attempt/total
Time (s)
Kids (3–< 12 years)
Success at first attempt/total
Time (s)
Adolescents (12–18 years)
Success at first attempt/total
Time (s)

Operating room

Outpatient Unit

779/1083 (71.9)
140 (±7)

144/178 (80.7)
182 (±16)

84/160 (53.5)
235 (±21)
126/196 (64.6)
186 (±25)

7/8
177 (±44)

411/534 (78.0)
110 (±8)

70/91 (76.9)
196 (±26)

158/193 (84.9)
103 (±7)

67/78 (85.9)
164 (±19)

Cumulative successful cannulation rate versus time in both locations is
shown in a Kaplan-Meier plot (figure 1). Intravenous cannulation failed in
three patients (0.3%) in the operating room. Since these patients were scheduled for minor procedures (lumbar puncture and muscle biopsy), the intervention was continued under inhalational anesthesia by face mask, without
intravenous access. In ten patients (5.6%) at the outpatient care unit intravenous cannulation failed, and the patients were referred to the pediatric
anesthesiologist. In the operating room, the dorsum of the hand was the most
favorite cannulation site, followed by the foot. In a small number of patients,
another location such as the lower arm, the antecubital fossa or the scalp was
used. In the outpatient care unit, the antecubital fossa and lower arm were
the most favorite cannulation sites (table 1).
The variable ‘success at first attempt’ was missing in 18 cases (1.7%), and
‘time to successful cannulation’ was missing in 11 cases (1.0%) in the operating
room, and therefore these cases were excluded from the analyses. There were
no missing outcomes for the outpatient care unit. In the operating room 86
values (7.9%) of the explanatory variables were missing and imputed by single
imputation. Data on the profession of the operator consisted of more than two
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Figure 1. Kaplan-Meier plot showing cumulative cannulation rate versus time for each department (P < .001). Operating room (solid line) and outpatient care unit (dotted line). The marks
indicate procedures that did not succeed. Only part of the plot is shown.

categories at the operating room and could therefore not be imputed; these
cases (n = 61, 5.6%) were excluded from analyses. In the outpatient care unit
45 values (25.3%) were missing and imputed, of which 42 values on BMI or
weight-to-age. In 194 patients (17.9%) over two years of age in the operating
room and 18 (10.1%) at the outpatient care unit, data on height were missing
and the CDC chart for weight-to-age for children of two to 18 years was used
to calculate the z−score.
Figure 2 shows the odds ratio (OR) with 95% confidence interval (95%
CI) for a successful first attempt in the operating room for each explanatory variable (univariable and multivariable odds ratio’s). The univariable
analyses showed that a higher age, a higher BMI or weight-to-age, or when
the patient was awake, were associated with a higher probability of success at first attempt. Compared to the nurse anesthetist, every other type of
operator—including anesthesiologists—had a lower probability of success at
first attempt. Also, being scheduled for a neurosurgical or general surgical
procedure was associated with a lower probability of success at first attempt
(compared to otolaryngologic surgery). When adjusted for the influence of
other explanatory variables, the multivariable analysis showed lower probability for success at first attempt for a lower age, all operators compared to the
nurse anesthetist and for some surgical specialties (maxillofacial surgery, neu-

30

Chapter 2

rosurgery and general surgery). However, in the multivariable analysis, both
BMI or weight-to-age and being awake were no longer significant predictors
for success at first attempt.
Figure 3 shows the hazard ratio (HR) with 95% CI for successful cannulation in the operating room in univariable and multivariable analyses; a
higher hazard ratio indicates a higher risk ratio for a shorter time to successful
cannulation. In the univariable analyses, higher age (hazard ratio 1.05) was
Figure 2. Forest plot of univariable (squares) and multivariable (diamonds) odds ratios with
95% confidence intervals of predictors of a successful first attempt at the operating room.
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predictive for a shorter time to successful cannulation, whereas all operators (compared to the nurse anesthetist) and pediatric interventions, general
surgery, neurosurgery and reconstructive surgery (compared to otolaryngologic surgery) were predictive for a longer time to successful cannulation.
In the multivariable analysis, also an awake patient, female gender, maxillofacial surgery and urologic surgery were significant predictors for a longer

Figure 3. Forest plot of univariable (squares) and multivariable (diamonds) hazard ratios with
95% confidence intervals of predictors for probability of a shorter time to successful cannulation at the operating room.
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time to successful cannulation. EMLA-use showed a high collinearity with
the factor ‘child being awake or anesthetized’, since only awake patients received EMLA. This explanatory variable was therefore removed from further
analyses. A separate univariable analysis in awake patients showed that application of EMLA had no significant influence on success at first attempt
(114/134 with and 35/39 without EMLA, P = .60) or time of cannulation (113 s
(±9) with and 99 s (±13) without EMLA, P = .49).
At the outpatient care unit, where all intravenous cannulations were performed in awake children, we did not find any significant predictor for a
successful first attempt or time to cannulation, both in the univariable and in
the multivariable analyses (figures 4 and 5).

Discussion
The present study showed a success at first attempt of intravenous cannulation of about 70%–80%, which is consistent with other studies that have
reported rates between 60% and 80% in different clinical settings.3, 4, 7–10 The
present study was conducted in two different clinical settings (operating room
and outpatient care unit), which provides insight in intravenous cannulation
from a broader view. Multiple punctures can cause an increase in complications such as skin bruising, phlebitis or nerve damage.11, 12 A failed or
prolonged intravenous cannulation is considered a traumatic experience for
many children, which may cause a lifelong fear for needles.2 Furthermore,
a difficult procedure is time-consuming and costly, even more so when the
patient needs to be referred to the pediatric anesthesiologist or another IVspecialist for intravenous cannulation.
The difficulty of intravenous cannulation cannot be predicted very well
by objective patient characteristics. Only age and female gender showed to
be significant predictors of difficult intravenous cannulation in the operating
room. Our finding of a younger age as a predictor of difficult intravenous
cannulation is in agreement with the literature.3, 4, 8, 13 Furthermore, profession of the operator and certain surgical specialties showed to be predictors
of difficult cannulation.
Of note is the observation that experienced nurse anesthetists seemed
more adept in intravenous cannulation than pediatric anesthesiologists. In
our hospital (and in the Netherlands), (pediatric) nurse anesthetists are very
skilled in intravenous cannulations because of a long time of practical experience, which is valuable in extremely difficult intravenous cannulations.
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Figure 4. Forest plot of univariable (squares) and multivariable (diamonds) odds ratios with
95% confidence intervals of predictors of a successful first attempt at the outpatient care unit.
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Figure 5. Forest plot of univariable (squares) and multivariable (diamonds) hazard ratios with
95% confidence intervals of predictors for probability of a shorter time to successful cannulation at the outpatient care unit.
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Therefore, we are not surprised that nurse anesthetists were faster and more
successful in intravenous cannulations than anesthesiologists, some of whom
were relatively inexperienced pediatric anesthesia fellows. This observation
is in agreement with a previous study by Frey et al., which showed that nurses
specialized in intravenous cannulation were more successful than physicians
on the ward of a pediatric hospital.14 The small difference between staff and
trainees could be the result of selection bias, since cannulations that were a
priori perceived as possibly difficult might have been more often performed
by the anesthesiologist or nurse anesthetist.
After correction for other characteristics, almost all surgical specialties
(with the exception of ophthalmology and orthopedic surgery) were predictive for a difficult cannulation. This might be related to indirect predictors
such as differences in physical status (cachexia, previous intravenous cannulations, venous atrophy by phlebitis-causing medication). Since all operators
were scheduled equally over all surgical specialties, the difference cannot be
a result of a difference of skill among the operators.
At present, we do not have an explanation for the remarkable finding that
female gender appears to be predictive for difficult cannulation. This might
be caused by other variables that were not measured in this study (such as
prematurity or previous surgery), or it could indeed be related to gender itself.
Further study is required to distinguish between those two possibilities.
We were unable to identify any significant predictive factor for difficult
cannulation at the outpatient care unit, despite a conveniently large sample
size (178 patients). Surprisingly, in both departments BMI or weight-to-age
was not a predictor of difficult intravenous cannulation, although the proportion of overweight patients in our sample was sufficient (> 85th percentile:
154 patients at the operating room and 17 patients at the outpatient care unit).
This observation is in contrast to the findings of Nafiu et al., who reported
that in obese children, success at first attempt was 18.4% lower than in lean
children.15
A previous study showed that age and visibility and palpability of the
vein, but not BMI, were important predictors for difficulty of intravenous
cannulation.4 We did not take into account the visibility and palpability of the
vein in our study, since we wanted to find predictors that can be known before
the start of the intervention. Also, behavior of the patient during the intravenous cannulation in awake children, which might also influence difficulty,
was not recorded.
The relatively low success rate at first attempt and possible complications of multiple punctures give room for further improvement of the present
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practice. In a previous study, Frey et al. showed that the use of IV specialty
teams with IV nurses considerably improved the success of cannulation (to
98%), although the comparative success percentages of the other performers
(physicians and nurses) were remarkably low (23% and 44%).14 Yet another
study did not find any influence on success of cannulation by profession of
the performer.15 Other studies investigated several approaches to improve
vein visibility or palpability in order to increase the success rate. One clinical
trial in adults showed that warming of the puncture site, to induce dilatation
of the vein, decreased time to cannulation and increased success rate of the
first attempt.16 On the other hand, the use of a heated lidocaine /tetracaine
patch showed no improvement in success rate or time in adults, compared
to a non-heated lidocaine /tetracaine patch.17 Another option is to visualize
veins with ultrasound. However, only one small study in pediatric patients
(50 patients) showed a positive effect on the number of attempts and time to
cannulation, whereas these positive effects of ultrasound could not be confirmed by others.18–20 Visualization of subsurface blood vessels is also possible
with light. Visible light sources have been used with some success, but they
can cause heat burns.21, 22 A new technology, using red light, was shown to be
successful in reducing failed first attempts.23 Another technology is the use
of near-infrared light for the same purpose.24
There are some limitations to the present study. Firstly, measurement
forms were completed by self-report, which could potentially lead to bias.
This is specifically the case at the outpatient care unit, where time measurements had to be performed by the operator. Secondly, although profession
of the performer was taken into account, it is difficult to control for the level
of skill of the operator. Thirdly, there are much more possible predictors that
could have been taken into account, such as the use of medications, presence of diseases, prematurity, or multiple previous (cardiac) surgery that are
likely to impede intravenous cannulation. In every pediatric hospital there are
scarce but notorious patients that are known to be a great challenge in intravenous cannulation. However, analyzing an overload of possible predictors
could lead to false positive findings. Finally, at the outpatient care unit, many
data were missing (25%). Most of the missing data was data on BMI, therefore
the results on BMI as a predictor of difficult intravenous access might be less
reliable in the outpatient care unit.
In conclusion, the present study showed that, even in a specialized hospital, still in one fifth to one third of the pediatric patient population more than
one puncture is necessary for successful intravenous cannulation. Difficulty
of intravenous cannulation is poorly predictable by objective risk factors; age
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was the most important direct predictor.
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Abstract
Obtaining access to blood vessels can be difficult, especially in children. Visualization of subsurface blood vessels might be a solution. Ultrasound and
visible light have been used for this purpose, but have some drawbacks.
Near-infrared light might be a better option since subsurface blood vessels
can be visualized in high contrast due to less absorption and scattering in
tissue as compared to visible light. Our findings with a multispectral imaging
system support this theory. A device, the VascuLuminator, was developed,
based on transillumination of the puncture site with near-infrared light. The
VascuLuminator was designed to meet the requirements of compact and safe
use. A phantom study showed that the maximum depth of visibility (5.5 mm
for a 3.6 mm blood vessel) is sufficient to visualize blood vessels in typical
locations for peripheral venous and arterial access. A quantitative comparison was conducted of the VascuLuminator and to two other vessel imaging
devices, using reflection of near-infrared light instead of transillumination.
The VascuLuminator is able to decrease failure at first attempt in blood withdrawal in pediatric patients from 10/80 (13%) to 1/45 (2%; P = .05).

Introduction
Peripheral venous and arterial access
Peripheral venous and arterial access are commonly required in the hospital.1
Although the procedure is frequently performed, it can be difficult, especially
in children. Subcutaneous fat or a dark skin color hamper visualization of
blood vessels underneath the skin.2 When no blood vessel can be located,
the physician or nurse has to perform a blind stick based on anatomical
knowledge.
A possible solution to this problem is enhancement of localization by
visualization of subsurface blood vessels. Ultrasound has been used for this
purpose, but requires skill, extra assistance and is expensive.3 Another option
is the use of white or red light sources transmitting through thin body parts
such as the hands or wrists of neonates.4 However, penetration depth and
quality of visibility are limited. In addition, these light sources might cause
skin burns as a result of excessive heat production.5 The use of near-infrared
(NIR) light might be a better solution. Therefore, a device was developed at our
department based on transillumination with NIR light: the VascuLuminator.
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Development of the VascuLuminator
The VascuLuminator is based on the principle of transillumination; a NIR
light source is placed underneath the puncture site and the image is captured
by a camera and presented on a display (figure 1). In more detail, the VascuLuminator consists of a compact infrared sensitive CCD camera with VGA
resolution (640x480) and adjustable focus lens. A filter is used to block all visible light below 850 nm. The camera can be positioned single-handedly above
the puncture site. After releasing the grip, the camera remains on this location
by itself, due to a spring-balanced articulated arm. The camera is connected
to an 8” LCD display. Display and camera are aligned to each other, so that
the orientation of the puncture site on the display is similar to the orientation
of the puncture site itself.
Due to the position of the display and the magnification of the lens at
working distance (∼ 20 cm), the size of the image of the puncture site and
the distance of this image to the eyes of the observer is similar to the size
and distance of the puncture site. This allows effortless switching between
puncture site and display without re-focusing or large movements of the
eyes (figure 2). A high power NIR Light Emitting Diode (LED, SFH 4235,
Osram, Munich, Germany) of 850 nm is used as the light source. The NIR light
transilluminates the puncture site from underneath and is scattered by the
tissue, providing a diffuse background of light. The subsurface blood vessels
become visible as dark lines on the display (figure 2). There are two concepts of
transillumination with a near-infrared light source possible; the LED, housed
inside an aluminum socket, can either be placed directly underneath the
puncture site, or it can be attached to the device in connection with a light
guide to transport the light to the puncture site. A prism is then used to render
the light beam perpendicular to the light guide into the tissue.
The basic concept of the VascuLuminator aimed to establish an easy, compact, safe and reliable device with minimal interference in the usual routine
of vessel puncturing. This is necessary to provide a good acceptance and a
successful implementation in a clinical setting. Easy use is realized by allowing single-handed control and manipulation. Also, switching sights between
the image on the display and the puncture site is optimized.
Camera and display are mounted on a flexible arm, which can rotate along
its vertical axis and has one elbow joint. Therefore, the arm accommodates
three translational degrees of freedom for the display /camera combination.
Both the camera and the display can also rotate along their horizontal axis,
thus adding another two degrees of freedom. Because of those five degrees of
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freedom, the VascuLuminator can be placed in different positions and orientations when used, such as opposite the chair or bed of the patient or behind
the back of the user. Safety is guaranteed by preventing heat production of
parts in contact with the patient. Reliability is guaranteed by a long duration
of functioning on the battery operated power source (±14 h) and by omitting
image processing, which can be sensitive to artifacts.
During the development of the VascuLuminator, various design, safety
and optimization features had to be investigated, as well as clinical effectivity
of the final concept. In this paper, we will discuss these steps that have resulted
in the device that has recently obtained CE-approval partly based on the
results of our experiments.

Materials
Optimal wavelength for subsurface visualization of blood vessels
Blood vessels that are used for peripheral venous and arterial access are
typically located up to a few millimeters below the skin surface. The blood
vessels are embedded in a layer of subcutaneous adipose tissue, at a depth
of 1 mm to several millimeters. On top, the epidermis (∼ 0.1 mm) is situated,
followed by the dermis (∼ 1 mm).
The main chromophores in epidermis, dermis and subcutaneous adipose
tissue are melanin, blood (mostly hemoglobin), lipids and water. In the visible part of the spectrum, melanin and hemoglobin are highly absorptive,
counteracting deep tissue penetration. In the NIR part of the spectrum (700–
1400 nm), there is much less absorption by melanin and hemoglobin. However, above 900 nm, absorption of water is increasing, again preventing deep
tissue penetration. This creates a so-called “near-infrared window” between
700 to 1000 nm, where deep tissue penetration with light is possible.6 Scattering of light by tissue is also an important factor in characterizing the depth of
tissue penetration. In the NIR region scattering is less than in the visible region, but it still causes a larger light attenuation than absorption in light-tissue
interaction.
The NIR window can be used to penetrate skin and subcutaneous adipose
tissue up to a depth of several centimeters. The absorption of NIR light by
blood (hemoglobin) in the blood vessels is still sufficient to generate a high
contrast between blood vessels and surrounding tissue, as can be seen in figure
3. A detailed description of the equations used to calculate transmission of
light through tissue can be found in Appendix A.
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Figure 1. The VascuLuminator. (1) The
camera inside a handgrip. (2) The display.
(3) The LED light source, emitting NIR light.
It is attached to the display by a magnet
and should be placed underneath the puncture site during use. (4) The camera/display
unit is mounted on a flexible arm with three
translational degrees of freedom. (5) The
VascuLuminator is stand-alone and has its
own power source.
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Figure 2. Close-up of the display and camera in use. The display and the puncture
site are at the same distance to the eye
of the user. The puncture site is shown approximately life-sized on the display.

To support the theory and determine the wavelength range with maximum contrast between blood vessels and surrounding tissue, a multispectral
imaging system was used.7 With this system, images over a wavelength range
of 650 to 1000 nm with a step interval of 20 nm were collected by video captures
from the camera source. The hand of a volunteer was transilluminated with a
broad spectrum white light source with a NIR component (tungsten-halogen
lamp). For each wavelength, a contrast index was calculated by dividing the
intensity of pixels at the location of skin tissue by the intensity of a blood
vessel.
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Figure 3. Transmission (%) of light through different skin types and a vein (1 mm). The skin
consists of epidermis (0.1 mm), dermis (1 mm) and subcutaneous adipose tissue (2 mm).

Safety of NIR light for eye and skin
It is important that the light generated by the LED is safe for the eye during
normal use. Since NIR light is not visible, and therefore a blinking reflex
is absent, this also includes longer exposure times. Furthermore, the light
generated by the LED is absorbed and can possibly heat the skin.
To investigate safety of the NIR light for the eye, the international standard
62471 cie s 009:2002 “Photobiological safety of lamps and lamp systems” was
used. First, luminance (LIR ) of the VascuLuminator was calculated. Then, the
luminance of the VascuLuminator was compared with exposure limits (EL), as
determined by the international standard, for two different situations; a short
exposure of maximum 10 s and prolonged exposure times. See appendix B for
the equations from the international standard 62471 cie s 009:2002 that were
used.
In case of skin exposure, the international standard gives only one exposure limit for the total spectrum range of light from 380 nm to 3000 nm. However, NIR light has a large tissue penetration depth; therefore the absorbed
energy is distributed in several cubic centimeters. As mentioned before, other
wavelengths have a much higher absorption due to chromophores like blood

Safe and effective near-infrared visualization of blood vessels

45

and water resulting in a penetration depth in the order of micrometers (e.g. at
2.9 µm). Therefore a much smaller volume is absorbing the same amount of
energy, resulting in a higher temperature increase. The international standard
is not adapted for narrow band light sources like LEDs yet and cannot be
applied in this case. Direct measurements of temperature rise of the tissue in
vivo will provide an accurate estimation of the safety of the NIR light source
for the skin.
Measurements were performed using both concepts as described above:
the NIR LED in direct contact with the skin and the NIR light guide. A Picotech
TC-08 thermocouple data logger (Pico Technology, Cambridgeshire, UK) was
used to record temperature. The NIR light source was attached in direct
contact with the skin of the hand of a volunteer, with a k-type thermocouple
placed between the skin and the light source. A basic starting temperature
level was measured for 100 s, whereafter the light source was turned on for
1700 s. A second thermocouple measured the environmental temperature. For
each light source, six measurements were performed: on the inside of both
hands, on the back of both hands and on the inside of the lower arms on both
sides.

Performance on depth of visibility in vivo and in vitro
To determine the performance of the VascuLuminator on depth of visibility,
a tissue phantom was constructed. The basis of the phantom consisted of
water and Intralipid. Intralipid is a solution of water and purified soybean
oil, used for intravenous feeding, and has been used as scatter material in
tissue phantoms before. A concentration of 0.1% Intralipid generates a µ0s of
approximately 0.9 mm−1 , which is comparable with tissue.8 Absorbance of
Indian ink was measured on a spectrometer, and was diluted into Intralipid
mixture to obtain a µa of 0.01 mm−1 . The blood vessels were made of epoxy
resin. TiO2 was mixed with the resin (3.5 mg/ml) to obtain a µ0s of 3.5 mm−1 .9, 10
Absorbance of phtalocyanin powder (Lukas pigments, Genuine Green) was
measured on a spectrometer and diluted into the resin to obtain a µa of approximately 0.5 mm−1 . This mixture is injected with a syringe into urinary
catheters, which were removed after curing. Four sizes of blood vessels, according to human anatomy of typical blood vessels for peripheral access, were
created this way: 1 mm, 1.6 mm, 2.6 mm and 3.6 mm.
The Intralipid mixture was poured into a glass container with a depth of
30 mm. The VascuLuminator LED was placed underneath the container to
transilluminate the phantom tissue. The blood vessels were lowered stepwise
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(with steps of 0.5 mm) into the Intralipid mixture, while for every step an
image was captured from the VascuLuminator camera. Observers were asked
to rate the maximum depth of visibility for each vessel from the resulting
images. In vivo measurements were performed to compare the maximum
depth of visibility with average measures of vessel depth and thickness.
Veins (n = 24) and arteries (n = 12) of the hand and wrist were measured
in adult volunteers using ultrasound. The same veins and arteries were also
imaged with the VascuLuminator to evaluate visibility.

Comparison of three vessel imaging devices
A quantitative assessment of one single device is difficult to translate to the
perceived visibility of a blood vessel in a clinical situation. Therefore, we
deemed it useful to conduct a quantitative comparison of the VascuLuminator
to two other devices currently on the market: the VeinViewer (Luminetx,
Memphis, TN) and the AccuVein (AccuVein LLC, Cold Spring Harbor, NY).
Both devices use reflection of NIR light instead of transillumination and use
image enhancement. The VeinViewer employs a NIR LED as light source,
while the AccuVein scans the tissue with a NIR laser beam.
Since a liquid/epoxy phantom would interfere with the reflected NIR, a
tissue phantom was constructed. The phantom consisted of muscle tissue of
a pig. Three graphite rods of 0.5, 0.7 and 1 mm diameter were used as blood
vessel phantoms. The rods were placed upon a base layer of tissue of 50 mm
thickness. Subsequently, layers of 1.4 mm thickness were added step by step,
and each step was imaged by the three devices. A total of five layers were
added. The resulting image was captured by camera. The relative intensity
of the peak absorption to a white reference of muscle tissue without blood
vessels, averaged over the length of the sample, was calculated (∆I).

Effectiveness of the VascuLuminator in blood withdrawal in pediatric
patients
An observational clinical study was performed to evaluate the effectiveness of
the VascuLuminator in pediatric patients and has been reported previously.11
In short, patients up to six years of age, attending the clinical laboratory for a
blood withdrawal, were included. The study was approved by the local Medical Ethics Committee, which waived the need for written informed consent.
First, baseline parameters of the usual procedure of blood withdrawal
were measured during two months (n = 80). Subsequently, the VascuLu-
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minator was introduced and used during blood withdrawal for one month
(n = 45).
The main outcome was failure at first attempt, defined as the number of
patients to the total in which more than one puncture was required to perform
the blood withdrawal. The difference in failure at first attempt between both
groups was evaluated with a Chi-square test. Furthermore, the nurses were
asked to rate the VascuLuminator after each procedure as positive, neutral or
negative.

Results
Optimal wavelength for subsurface visualization of blood vessels
The maximum intensity ratio between blood vessel and surrounding tissue is
found between 850 to 900 nm (figure 4). This corresponds with the theoretical
calculations, which show that transmission of light in this range is at its
maximum in the skin, while transmission of light through the vein is low
(figure 3).
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Figure 4. Contrast index of light intensity at each wavelength between blood vessel and surrounding tissue.
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Safety of NIR light for eye and skin
The LIR of the VascuLuminator LED is 1.45 × 103 Wm−2 sr−1 at maximum intensity. The EL for exposure duration of maximum 10 s is 2.81×105 Wm−2 sr−1 .
For longer exposures time is omitted from the equation because of naturally
occurring eye movements, resulting in an EL of 0.60 × 105 Wm−2 sr−1 . In conclusion, the luminance of the VascuLuminator LED is ample below the limits
as determined by the international standard.
Figure 5 shows the rise in temperature both by the NIR light itself, using
a light guide, and by the NIR LED in direct contact with the skin. As can be
seen only a slight rise in temperature of ∼ 1◦ C is observed when the light
guide was used. However, when the NIR LED was placed directly in contact
with the skin, the temperature rise is much higher (7◦ C), because the LED
itself generates much heat.
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Figure 5. Temperature rise of the tissue by NIR light guide and by the NIR LED in direct skin
contact. Measurement of the light guide is shown by the solid line and of the LED in skin
contact by the dotted line. Vertical lines show the SD values. The light source was turned on
at 100 s. Environmental temperature was stable at 22◦ C.
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Performance on depth of visibility in vivo and in vitro
Vein and artery depth and thickness, derived from ultrasound measurements,
are shown in figure 6. Mean arterial size was 2.3 mm(±0.4) with a mean depth
of 3.1 mm(±0.7); mean vein size was 1.4 mm(±0.5) with a mean depth of
1.5 mm(±0.4). All blood vessels were visible with the VascuLuminator.
The maximum depth of visibility in relation to the vessel size, as determined by the observers from the phantom images, was 2.6 mm for a blood
vessel of 1 mm, 3.4 mm for a vessel of 1.6 mm, 4.4 mm for a vessel of 2.6 mm
and 5.6 mm for a vessel of 3.6 mm (figure 6). As figure 6 demonstrates, arteries
and veins from the in vivo measurements are located underneath the line of
maximum visibility, indicating they should be visible with the VascuLuminator, which was indeed the case. Figure 7 shows a sample of the phantom
veins at several depths.
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Figure 6. Maximum depth of visibility in vitro compared to in vivo veins and arteries of different sizes and at different depths. The black line indicates the maximum depth of visibility
correlated to vessel thickness in vitro. Depth and thickness of veins and arteries in vivo, obtained from the ultrasound test, are also shown. All veins and arteries were also visible with
the VascuLuminator, which is to be expected since they are located below the line of maximum
visibility.
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Figure 7. Phantom images of the four different sizes of blood vessels at increasing depth.

Comparison of three vessel imaging devices
Figures 8, 9 and 10 show the relative intensity (∆I) of phantom blood vessels
of 0.5, 0.7 and 1 mm thickness to a white reference of tissue without vessels,
imaged by three different vessel imaging devices. For the blood vessel of 1
mm, performance is comparable, while for the thinner blood vessels of 0.5
and 0.7 mm, the VeinViewer showed the highest contrast. A probable cause
for this notable better performance specifically for the smaller vessels is the
use of image enhancement by the VeinViewer.

Effectiveness of the VascuLuminator in blood withdrawal in pediatric
patients
The VascuLuminator was able to visualize the veins in the hand of all children
and in most (41/45, 91%) of the children also at the inside of the elbow. Failure
at first attempt dropped from 10/80 (13%) to 1/45 (2%, P = .05) when the
VascuLuminator was used. The nurses rated the use of the VascuLuminator
in 26/45 cases positively. Figure 11 shows veins in the hand of a 3-year old
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Figure 8. Relative intensity of a
phantom blood vessel of 1 mm to
the surrounding muscle tissue of a
pig at increasing depth for three different NIR vessel imaging devices.
For both the AccuVein and the VeinViewer, the setting with the finest
detail was used (respectively S3
and Fine).
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Figure 9. Relative intensity of a
phantom blood vessel of 0.7 mm to
the surrounding muscle tissue of a
pig at increasing depth for three different NIR vessel imaging devices.
For both the AccuVein and the VeinViewer, the setting with the finest
detail was used (respectively S3
and Fine).
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pig at increasing depth for three different NIR vessel imaging devices.
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child with a dark skin color, figure 12 of veins at the inside of the elbow
of a 12-year old. Figure 13 shows the veins in the hand of an adult before
and after application of a tourniquet. After application of the tourniquet, the
veins slightly increase in size and the image is darker, probably due to stasis
of blood in the microcirculation, absorbing more NIR light.

Figure 11. Veins in the hand of a child of
three years old with Fitzgerald skin type VI.

Figure 12. Veins in the inside of the elbow
of a child of twelve years old, Fitzgerald
skin type III.

Figure 13. Veins in the hand of an adult volunteer, before (a) and after (b) application of a
tourniquet. Vein size slightly increases and the overall image becomes darker, probably due
to stasis of blood in the microcirculation.
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Discussion
NIR light is able to penetrate tissue deep enough to visualize the blood vessels
used for peripheral venous and arterial access, due to less absorption and
scattering as compared to visible light. Based on this knowledge, a new device
to visualize blood vessels underneath the skin, the VascuLuminator, was
developed at our department. The results of the present study show that the
VascuLuminator meets the requirements of safe and comfortable use in a
clinical setting.
A temperature measurement showed that NIR light itself does not cause
a relevant rise in temperature, which was also theoretically not expected, as
opposed to broad spectrum visible light sources.5 However, when the LED
was in direct contact with the skin, there was a significant temperature rise.
This could lead to potential problems, for example during long exposures
(more than 15 minutes) or stasis of blood in the tissue, in which case heat
distribution is limited. Also, in certain patients (e.g. a neonate in an incubator),
the initial temperature is expected to be higher, which could lead to an even
quicker rise of temperature to dangerous levels. Therefore, we can conclude
that it is not safe to use a LED in direct contact with the skin, because the
electric components of the LED generate heat, as opposed to the NIR light
itself.
The phantom study showed that thicker vessels will be visible to a greater
depth than smaller vessels, as expected, and that maximum depth of visibility
(5.5 mm for a 3.6 mm blood vessel) is sufficient to visualize blood vessels used
for peripheral venous and arterial access.
The VascuLuminator was able to decrease the failure at first attempt in
pediatric patients up to six years of age during blood withdrawal. In almost
all patients, it was able to visualize the relevant blood vessels used for blood
withdrawal. The clinical and technical results of our studies have led to a
recent CE approval for the VascuLuminator.
There are some points of further development. Firstly, in thicker body
parts, such as the elbow in older children and adults, all transilluminated
NIR light will be absorbed before reaching the other site of the arm. Investigations to a solution of this problem are aimed at finding other ways to couple
the NIR light into the tissue, for example from the side instead of underneath,
to decrease the traveling distance of the light. Furthermore, at present there is
no image enhancement used. As can be seen in figure 14, a small adjustment
in contrast levels already improves the image. However, image enhancement
will require implementation of digital camera system with a processor, in-
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Figure 14. A small adjustment of contrast levels improves the image of the phantom blood
vessels, as compared to figure 7

stead of the simple, low cost semi-analog system that is presently used. Also,
processing of images might possibly lead to a higher risk of artifacts. Secondly,
the VascuLuminator requires extra skill in eye-hand coordination, since the
user has to switch views between puncture site and display. Finally, the light
source has to be kept underneath the puncture site, which can be done by the
user while stabilizing the hand of the patient, or by the use of tape.
Visualization of blood vessels with NIR light has been described by oth12–14
ers.
However, techniques to build flexible, real-time systems are only
recently available. There are three devices presently on the market, differing
in approach of visualizing blood vessels. The Vascular Viewer (IRIS, Bethlehem, PA) is also based on transillumination with NIR light, but the puncture
site has to be inspected through a one-eyed intensified camera.15 With this
approach, the puncture site is blocked for normal inspection. The VeinViewer
(Luminetx, Memphis, TN) and the AccuVein (AccuVein LLC, Cold Spring
Harbor, NY) use reflection of NIR light and project an image back onto the
puncture site to render the blood vessels visible.16 An advantage of this is
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that the user can look directly at the puncture site when performing the
puncture. However, normal view on the puncture site is again blocked and
this technique requires image processing, which can be sensitive to artifacts.
Since penetration of thick body parts is circumvented by using reflection of
NIR light, it is also possible with those devices to visualize superficial blood
vessels in the elbow, but maximum depth of visibility with reflected light is
limited as compared to transilluminated light, because most of the scattering
in tissue has a forward direction.17 However, our figures 8, 9 and 10 show that
performance is quite comparable for all three devices, possibly because the
use of image enhancement in the VeinViewer and AccuVein. The VeinViewer
shows the highest contrast specifically for the smaller blood vessels.
Recently, two randomized clinical trials have been reported on the use of
the VeinViewer during intravenous cannulation at emergency departments.
In the study of Perry et al.18 there was no improvement in success rate, while
in the study of Chapman et al., there was only a significant improvement in
time in a subgroup of children up to two years of age.19 An observational
study to the use of the VeinViewer did show a clinical improvement when
used for intravenous cannulation in children of all ages.20 As far as we know
the AccuVein has not been evaluated for clinical use thus far.
Another option is the use of a thermal camera, with far-infrared light
to visualize blood vessels. Again, blood vessels at the elbow can easily be
visualized. A disadvantage of this solution is that it is still expensive and it
can be difficult to orientate since the image on the display is not comparable
with the normal view.

Conclusion
The VascuLuminator is effective in visualizing blood vessels used for peripheral venous and arterial access and meets the requirements of safe and
comfortable use in a clinical setting. The VascuLuminator was able to visualize blood vessels in the hand and wrists of children and adults and at the
inside of the elbow in smaller children. Failure at first attempt dropped from
13% to 2% when the VascuLuminator was used during blood withdrawal in
patients up to six years of age.
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Appendix A
Since the contribution of scattering is much larger than of absorption, NIR
light entering the tissue becomes isotropic after a few millimeters. Therefore,
light distribution in tissue can be described by diffusion theory, being almost
as accurate in this case as Monte Carlo simulation.17 In diffusion theory, the
effective attenuation coefficient is defined as:21

µe f f =

p
3µa (µa + µ0s )

With this formula, we can estimate the transmission of light T[%] that passes
through a homogenous medium of a certain thickness d[mm]:

T = e−d µe f f
This formula is used to determine T for the dermis and subcutaneous adipose tissue. However, diffusion theory cannot be used to calculate T for the
epidermis, since the absorption coefficient of light in the epidermis is much
higher for most wavelengths. Scattering is omitted for this layer, because it is
very thin, therefore we can use the following formula to estimate transmission
through the epidermis:

T = e−d µa
A multiplication of T for all layers results in an overall estimation of transmission of the skin at each wavelength in the visible and NIR spectrum. The
calculation of optical properties of the skin follows Jacques (1998) and data
on µa and µ0s of blood is respectively derived from Prahl (1998) and Roggan
(1999).22–24 The µa of the epidermis is calculated for a volume fraction of
melanin of 2%, 15%, 30% and 40%, respectively for a light skin, an olive skin,
a dark skin and a very dark skin. The amount of blood in the dermis is taken
as 0.2% and the oxygenation of blood is 65% (typically for venous blood). The
vein in this example is 1 mm thick, a typical measure for veins of the dorsal
hand. Calculation µ0s of subcutaneous adipose tissue follows Bashkatov (2005)
and a is derived from Simpson (1999).25, 26
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LIR =
dΦ
θ
dA
dΩ
R(λ)

dΦ
R(λ)
cos θ dA dΩ
power emitted by the fiber (0.12 W, measured by a Coherent
FieldMaxII-TO with a PM30V1 optical sensor, California, USA)
angle of light beam diverting from perpendicular axis to pupil
surface (0◦ , looking straight into the beam)
surface of completely dilated pupil (3.90 × 10−5 m2 )
solid angle of light beam (1.06 sr)
burn hazard function at a specific wavelength (0.5 at 850 nm)

EL =

5000
α t0.25

EL =

6000
α

α

at a maximum duration of exposure of t < 10 s
at indefinitely long exposure times

visual angle subtended by apparent source at eye of observer (0.1
rad, worst case)
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Abstract
Introduction. The present study aims to evaluate for the first time the value
of visualizing veins by a prototype of a near-infrared (NIR) vascular imaging
system for venipuncture in children.
Methods and Materials. An observational feasibility study of venipunctures in
children (0–6 years) attending the Clinical Laboratory of a pediatric university
hospital during a period of 2 months without (n = 80) and subsequently during
a period of 1 month with a prototype of a NIR vascular imaging system (n
= 45) was conducted. Failure rate (i.e., more than one puncture) and time of
needle manipulation were determined.
Results. With the NIR vascular imaging system, failure rate decreased from
10/80 to 1/45 (P = .05) and time decreased from 2 s (1–10) to 1 s (1–4, P = .07).
Conclusions. This study showed promising results on the value of a NIR vascular imaging system in facilitating venipunctures.

Introduction
Venipuncture and intravenous cannulation are among the most common and
widespread medical procedures performed in children today.1 However, it is
often painful and can be traumatic, especially in young children.2–4 Gaining
access to a blood vessel may be problematic, since the physician or phlebotomist performing the procedure will have to be able to see or palpate the
vessel underneath the skin; otherwise a blind puncture may be necessary.
Subcutaneous fat and tiny veins, which are specifically present in young children, are notorious for complicating the procedure. A dark skin will make a
venipuncture even more difficult, because of the low contrast between blood
vessels and skin color.5
Difficult procedures result in multiple puncture attempts and may sometimes even require general anesthesia. Also, multiple punctures increase the
risk of complications such as bruising, phlebitis, infiltration and nerve injury.6–8 In extreme cases, it may even be necessary to perform a venostomy.9
If only a small sample volume is needed, a capillary puncture in the fingertip or heel lancing may be an alternative for venipuncture. However, it has
been shown that heel lancing can be more painful and time consuming than
a venipuncture.10
A system to visualize blood vessels, that are otherwise not palpable or visible, may be a valuable tool to increase the success of venipuncture and reduce

Near-infrared visualization to support blood withdrawal

63

complications. For this purpose, white or red light sources have been used
to transilluminate thin body parts such as the hands or wrists of neonates.11
However, the penetration depth and the quality of visibility are limited. In
addition, these light sources might cause skin burns as a result of excessive heat production.12 The use of near-infrared light (NIR), typically with a
wavelength between 700–1000 nm, might be a good alternative, since it can
penetrate up to several centimeters into tissue thanks to a combination of reduced scattering and absorption compared with visible light.13 It is minimally
absorbed by melanin in the epidermis, even in dark skinned children. On the
other hand, NIR light is still absorbed by blood, which enables discrimination
between blood vessels and surrounding tissues.
The Department of Medical Technology and Clinical Physics of the University Medical Center Utrecht developed a device to facilitate vein localization,
based on NIR light transillumination. Objectives of this study were to explore
the efficacy and acceptability of a prototype of a NIR vascular imaging system
in venipunctures for blood withdrawal in children of 0 to 6 years of age and
to investigate possible areas for improvement of the prototype. Presently, no
other study has been reported that investigates the efficacy of NIR light for
venipunctures.

Methods and Materials
The NIR vascular imaging system consists of a compact infrared sensitive
camera with VGA resolution (640x480). Visible light is discarded by a filter
blocking all light below 800 nm. The camera is mounted on an articulated
arm in combination with a compact 8” LCD (Liquid Crystal Display) monitor
(figure 1). High power NIR Light Emitting Diodes (LEDs) of 850 nm are used
to transilluminate the puncture site, from underneath, through the hand or
arm. A safety limit is set to the power to prevent heating of the skin.14 The
transilluminated NIR light is scattered by the tissue and provides a diffuse
background of light, while subsurface blood vessels become visible as dark
lines on the LCD monitor. The NIR vascular imaging system is able to visualize
veins in the hand as well as in the wrist in children and adults (figure 2). In
younger children, it is also possible to visualize veins in the elbow or foot
(figure 3). In older children, this is dependent on the size of the child. The
phlebotomist or physician can use the NIR vascular imaging system as a tool
for additional guidance besides normal vision and palpation.
An observational study was conducted in infants and children between 0
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Figure 1. Picture of the prototype near-infrared vascular imaging system in use. The LED is
placed underneath the puncture site, the camera and monitor are located directly above the
puncture site.

to 6 years of age referred for blood withdrawal by a venipuncture to the phlebotomy station of the Department of Clinical Chemistry and Hematology
in the Wilhelmina Children’s Hospital, University Medical Center Utrecht.
Children and infants between 0 to 6 years were included, since it was expected that the NIR vascular imaging system was able to visualize veins in
both hand and elbow in all patients of this age. At first, venipunctures were
evaluated during two months, two days a week (n = 80), while the prototype
NIR vascular imaging system was being prepared. Then the prototype was
implemented and used on all consecutive patients during one month, two
days a week (n = 45). After this month, points of necessary improvement
were determined and the device was withdrawn for further adjustment. The
same phlebotomists performed the venipunctures in both periods. The study
was approved by the local Medical Ethics Committee. The committee waived
the need for written informed consent because patients were not subjected
to any investigational actions and only patient information relevant to usual
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Figure 3. Veins in the antecubital fossa of a
child, visualized with the near-infrared vascular imaging system.

care was obtained. According to the Dutch law on personal data protection,
patient confidentiality was guaranteed. The prototype of the NIR vascular
imaging system was approved for clinical use by the local Department of
Medical Technology and Clinical Physics.
At the phlebotomy station, a venipuncture is routinely performed in the
hand or elbow of the patient by trained pediatric phlebotomists. When the NIR
vascular imaging system was used, the light source was placed underneath
the puncture site and the camera and display were located above the puncture
site. The phlebotomist could use the NIR image to perform the venipuncture,
but could combine this with palpation, if the vein was palpable.
The main study outcomes were failure rate and manipulation time. Failure rate was defined as the ratio of the number of venipunctures with an
unsuccessful first attempt to the total number of venipunctures. A venipuncture was defined as the whole procedure of performing a blood withdrawal.
An attempt was defined as a penetration with a needle through the skin; a
successful attempt is defined as an attempt that resulted in blood flow into
the collection tube. Manipulation time was defined as the time in which the
needle is underneath the skin in search for the vein, during the first attempt.
Time was measured with a stopwatch and started as soon as the needle en-
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tered the skin. Time was stopped as soon as the needle was withdrawn when
the attempt was not successful, or flash back of blood was seen if the attempt
was successful. Potential confounders were age, gender, whether or not the
patient had a dark skin color (Fitzpatrick skin type V or higher)15 and whether
or not the vein was invisible by subcutaneous fat padding tissue at the site
of the first attempt. This was recorded by the observer prior to the venipuncture. After each venipuncture, the phlebotomist was asked by the observer
to rate the use of the NIR vascular imaging system during the venipuncture
as positive, neutral or negative. All data were collected on a data collection
sheet by the same observer during all venipunctures.
Categorical data were expressed as proportion and evaluated by a Chisquare test. Continuous data (manipulation time and age) were presented as
median with interquartile range (IQR), and evaluated by a Mann-Whitney
U test. Potential confounders (age, gender, skin color and presence of fat
padding) were evaluated by a multivariable logistic regression. All statistical
analyses were performed with SPSS version 17 (SPSS Inc. Chicago, IL).

Results
Demographic data, with a P-value of the difference between both groups,
is shown in table 1. The NIR vascular imaging system was able to visualize
Table 1. Demographic data of both groups, together with a p-value to evaluate differences
between the groups.

Age in years, median (IQR)
Dark skin/total (%)
Fat padding/total (%)
Male gender/total (%)
Failure rate/total (%)
Manipulation time (s), median (IQR)

Without NIR

With NIR

P

3 (1–5)
7/80 (9)
65/80 (81)
42/80 (53)
10/80 (13)
2 (1–10)

1 (0–4)
2/45(4)
40/45 (89)
27/45 (60)
1/45 (20
1 (1–4)

.006
.371
.263
.418
.052
.068

blood vessels in the hands of all infants and children, however in four patients
there were no veins visible in the antecubital fossa. The phlebotomists rated
the use of the NIR vascular imaging system during the venipuncture in 26
of the 45 cases positively. The NIR vascular imaging system was not rated
negatively in any of the cases, even when the child was considered to be easy
to puncture since the vein was palpable or visible by eye.
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The failure rate was lower (P = .05) with (1 out of 45, 2%) than without
the use of NIR vascular imaging system (10 out of 80, 13%). Table 2 shows the
crude odds ratio (OR) and the OR after adjusting for potential confounders,
together with the OR of each confounder itself. Since the OR does not decrease
when adjusted, the difference does not seem to be caused by the confounders.
The time of needle manipulation showed a tendency to be shorter (= .07) with
(median 1 s, IQR 1–4) than without the NIR vascular imaging system (median
2 s, IQR: 1–10).
Table 2. The crude and adjusted odds ratio (OR) with a 95% confidence interval (95% CI) of
having a successful first attempt when the near- infrared vascular imaging system was used.
The odds ratios and 95% confidence intervals of the confounders themselves are also shown.
OR

95% CI

NIR used, crude
NIR used, adjusted

6.3
7.1

(0.8–50.8)
(0.8–60.3)

Age (yrs)
Female gender
Dark skin color
Fat padding tissue

1.1
0.5
0.3
0.4

(0.8–1.6)
(0.1–1.9)
(0.0–1.9)
(0.0–3.9)

Discussion
This first feasibility study of a NIR vascular imaging system in venipunctures
in children aged 6 years and younger showed promising results; there was a
clinical relevant improvement of venipunctures. Time of needle manipulation
was shorter and failure rate decreased, however sample size was too small to
draw solid conclusions. Multiple punctures can lead to more procedural pain
and stress during the next treatment or might even cause a lifelong fear for
needles.3 Furthermore, the NIR vascular imaging system was rated positively
by the phlebotomists in more than half of the cases.
Throughout the study, some important points for technological improvement were determined, which forced us to abort the observational study.
Firstly, the device was not flexible enough to guarantee effortless use in all
conditions (e.g. a lively child). An improved version of the NIR vascular imaging system is utilized with a more flexible arm which can be manipulated with
one hand. Secondly, the prototype NIR vascular imaging system was sensitive
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for environmental light. This problem is solved in a newer version, by adjusting camera sensitivity and using a pulsed light source, synchronized with
the shutter speed of the camera. Transillumination of thicker, more muscular
body parts, such as the arms of older children and adults, remains problematic. However, transillumination of wrists and hands appear to be possible
in most cases, and those sites can be used if venipuncture in the arm does
not succeed. Methods to improve transillumination in those cases are being
investigated.
Our study has various limitations, in that it is a relatively small observational study, and various forms of bias could occur. The non-randomized
enrollment of patient might be a source of bias. Therefore, we looked at potential confounders and tried to standardize the procedure as much as possible.
Also the same group of phlebotomists (experienced in venipunctures in children) performed the venipunctures during the whole study. Furthermore,
obviously this study was not blinded and performed in unequal sized groups
of patients. Because essential improvements had to be made in the design of
the prototype, we were not able to include more patients in the study. Also,
it has to be considered that the study was executed in a specialized children’s hospital were the phlebotomists are very experienced in performing
venipunctures in children.
Vessel viewing systems based on NIR light have also been developed
and commercialized by others, such as the VeinViewer (Luminetx, Memphis,
TN), the AccuVein (AccuVein LLC, Cold Spring Harbor, NY) and the Vascular
Viewer (IRIS, Bethlehem, PA). The VeinViewer and the AccuVein use reflection
of NIR light instead of transillumination. Both instruments project a green or
red colored image of the tissue, with exception of the blood vessels, back
on the puncture site. Zeman at al. reported a study on the performance of
the VeinViewer to visualize vessels in pediatric patients.16 They were able to
visualize veins in 93% of the cases. Subcutaneous fat and skin color did not
influence the results. The VeinViewer was also successful in visualizing feeder
veins in a pilot study for varicose treatment.17 A clinical study to investigate
the use of the VeinViewer for blood withdrawal or intravenous cannulation
has not been reported. The Vascular Viewer is, similar to our NIR vascular
imaging system, based on NIR transillumination. However, the image of the
vessels has to be observed through one eye-piece of a light intensified camera,
so the physician has no normal vision on the puncture site. In an abstract of
an oral presentation, a significant decrease in time and number of arterial
punctures using the Vascular Viewer was reported.18
The NIR vascular imaging system in the present study distinguishes itself
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from these systems by the use of a LCD display instead of covering the
puncture site by projection or by looking through an eye piece. By using a
separate display both normal and infrared view are available for the physician
at the same time, and therefore there is minimal interference with the standard
procedure. Further studies to other applications such as arterial and venous
cannulation, using the new, improved version of the NIR vascular imaging
system are being conducted.

Conclusions
This study is the first study to investigate the use of NIR light for venipuncture.
It showed promising results in facilitating venipunctures in young children.
The NIR vascular imaging system was able to decrease the number of failed
punctures and was considered as a valuable tool by the users.
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Abstract
Introduction. Arterial cannulation is a common anesthetic procedure that can
be challenging and time-consuming in small children. By visualizing the position of the radial artery, near-infrared (NIR) vascular imaging systems might
be of assistance in arterial cannulation. The present study evaluates the effectiveness of a NIR vascular imaging system in arterial cannulation in infants.
Methods and Materials. An observational study was conducted in patients up
to three years old, undergoing arterial cannulation prior to cardiothoracic
surgery. Arterial cannulation was performed as usual in 38 patients, and
subsequently with the NIR vascular imaging system in 39 patients.
Results. Time to successful cannulation was 547 s (171–1183) without and 464 s
(174–996) with the NIR vascular imaging system (P = .76) and time to first
flashback of blood was 171 s (96–522) and 219 s (59–447) respectively (P = .38).
There was a tendency in favor of the NIR vascular imaging system in success at
first attempt: 12/38 and 7/39 respectively (P = .29) and in number of punctures:
6 (2–12) and 3 (1–7) respectively (P = .10).
Conclusions. The present study did not show a significant clinical improvement when near-infrared light was used during arterial cannulation in small
children. There is a large difference between time to first flashback of blood
and time to successful cannulation, indicating that inserting the cannula, and
not localizing the artery, is the main difficulty in arterial cannulation in children.

Introduction
Arterial cannulation is essential for invasive hemodynamic monitoring and
blood sampling during major (cardiothoracic) surgery and in the intensive
care unit. The radial artery is the typical location for arterial cannulation, but
the ulnar, brachial or femoral arteries are good alternatives.1, 2
In adults it is a fairly easy procedure, with a high success rate (>90%).1, 3, 4
However, in small children arterial cannulation can be a challenge, because
precise localization of the tiny artery and subsequently inserting a cannula is
difficult.5 Therefore, the procedure of arterial cannulation in small children
can be time-consuming and the success unpredictable. Also, multiple punctures may contribute to a higher incidence of complications, such as arterial
occlusion, hematoma, thrombosis and ischemic damage or nerve injury.6
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A previous study showed that visualization of veins with near-infrared
(NIR) light facilitates blood withdrawal in children.7 In the present study, we
hypothesized that visualization of the artery with a NIR vascular imaging
system might decrease time to successful arterial cannulation.

Methods and Materials
During a 10 month period, an observational study was conducted in children
up to three years old requiring arterial cannulation in the radial or ulnar
artery prior to cardiothoracic surgery at a tertiary referral pediatric hospital
(Wilhelmina Children’s Hospital, University Medical Centre Utrecht). During
the first five month period, arterial cannulations performed with the standard
technique, based on palpation of pulsation or anatomical landmarks (n = 38),
were observed. Subsequently, after introduction of a NIR vascular imaging
system, arterial cannulations performed with the assistance of this device
(n = 39) for the next five months were observed. Patients were excluded if
they already had an arterial line in situ or if the cannula was placed directly
into the femoral artery for a clinical reason. Study design and method of
inclusion were approved by the Medical Ethics Committee, which waived
the need of informed consent because the patients were not subjected to any
investigational actions. Patient confidentiality was guaranteed in accordance
with the Dutch law on personal data protection.
All arterial cannulations were performed by the same four experienced
pediatric anesthesiologists and five experienced nurse anesthetists in both
groups, while patients were under general inhalational anesthesia with sevoflurane. Depending on the type of surgery and anesthesiologist, the radial or the
ulnar artery at the wrist was the preferred location for arterial cannulation.
If the cannulation of the radial artery failed in both wrists, we attempted to
cannulate an ulnar artery after compressing this artery to verify the patency
of the radial artery. If necessary, the brachial artery or the femoral artery
was cannulated. The cannulations were performed with an over the needle
technique (Abbocath 22 G or 24 G, Abbott, Chicago, IL).
The NIR vascular imaging system has been described in detail previously.7
In short, a small NIR light source is used to transilluminate the puncture site.
The NIR light, invisible to the human eye, is processed by a NIR sensitive
camera and projected on a display, located above the puncture site (figure
1 and 2). The blood vessels are visible on the display as dark lines against
a white background of tissue. The needle is also visible on the display, but
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Figure 1. The NIR vascular
imaging system in use during arterial cannulation.
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Figure 2. Image of display during arterial cannulation of
the left radial artery in an infant (two years old) with the
NIR vascular imaging system. The needle (x), radial (y)
and ulnar (z) arteries are visible on the display.

becomes obscured by surrounding blood when entering the blood vessel.
Palpation of the artery remains possible and could be used in combination
with the NIR vascular imaging system during the procedure.
At first, the anesthesiologists and nurse anesthetists were not experienced
with the use of any near-infrared imaging system for blood vessel visualization. Therefore, prior to the start of the study, all members received a short
training on the practical and clinical use of the NIR vascular imaging system.
The device was designed to be intuitive in use, and the two-dimensional image on the screen is easily interpretable. The study started after a two-month
introduction period in which there was ample opportunity to get acquainted
with the device and user feedback was used to improve the final design.
Therefore, it was not deemed necessary to implement long training sessions
before the start of the study.
The NIR vascular imaging system is able to visualize the radial and ulnar
artery, but not the femoral or brachial artery. If a cannulation did not succeed at
the wrist, the brachial or femoral artery was cannulated without the assistance
of the NIR vascular imaging system.
Total time to successful cannulation was the primary outcome measure.
Time to the first flashback of blood (indicating that the artery was penetrated),
success at first attempt and number of punctures were secondary outcome
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measures. Time recording started as soon as the anesthesiologist initiated the
search for an artery by palpation, anatomical landmarks or used the NIR
vascular imaging system to locate the artery. The endpoint time to successful
cannulation was reached when the arterial line, either in the wrist or in another location, could be flushed with saline and an adequate arterial pressure
waveform was obtained. If the anesthesiologist decided to abort the procedure and requested an arteriotomy by the surgeon, time measurement was
also stopped and the cannulation was noted as unsuccessful. The endpoint
time to first flashback of blood was reached as soon as flashback of blood
was seen in the catheter hub for the first time after the start of the procedure.
Success at first attempt was the number of patients in which the first puncture
led to a successful cannulation. Total number of failed punctures of the entire
procedure was subdivided into attempts and failures to get more insight in
the cause of failure of arterial cannulation: whether locating the artery or advancing of cannula was the main cause of failure. An attempt was defined as
every skin penetration that did not lead to a successful cannulation or flashback of blood. A failure was defined as a penetration of the skin leading to
flashback of blood not leading to a successful cannulation. If flashback was
seen in the catheter hub, an effort was made to advance the cannula in the
artery. If this did not succeed, the catheter was retracted and a subsequent
attempt could be made. The attending anesthesiologist decided if the same
site was used or if another site was chosen for this subsequent attempt. The
outcomes time to successful cannulation, attempts and failures encompassed
the whole procedure, including a switch of sites.
Age in months, weight, skin color, presence of complicating factors (trisomy 21, availability of only one wrist for cannulation, dystrophy), mean
arterial blood pressure and use of catecholamines (dopamine, milrinone and
/or phenylephrine) during the cannulation were recorded. Type of surgery
was classified into mortality category, according to O’Brien et al.8 A dark skin
color was defined as skin type V or VI on the Fitzpatrick skin type scale.9
Weight was converted to a weight-for-age z−score by the method as proposed by the Centers for Disease Control, allowing for comparison between
different ages.10 Palpability of the artery and visibility of the artery with the
NIR vascular imaging system were determined by the performer. All patients
were included, even if no artery was visible with the NIR vascular imaging
system. All measurements were performed by one observer (NC).
Assuming a time to successful cannulation of about 600 s (±120) and a
clinically relevant decrease of 90 s with a power of 80% and a significance
level of 5%, 30 patients should be included in each group. During two periods
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of 5 months all consecutive patients, up to three years old, undergoing arterial
cannulation prior to cardiothoracic surgery were included.
Data were analyzed using SPSS version 17 (SPSS Inc. Chicago, IL). Continuous data are presented as mean and standard deviation (SD) or median with
interquartile ranges (IQR) if not normally distributed. Dichotomous data are
presented as a proportion and a percentage. Differences of continuous data
between both groups were compared with a t-test, or a Mann-Whitney U test
when appropriate. A Fisher’s exact test was used for dichotomous data. A
Kaplan-Meier log-rank test, taking censored data (i.e. unsuccessful cannulations) into account, was used to describe time. To adjust for confounders, a
Cox proportional-hazards regression was used for time to successful cannulation and time to first flashback of blood. Results are presented as hazard ratio
(HR) with a 95% confidence interval (95% CI). A logistic regression was used
to adjust for confounders on success at first attempt and results are presented
as odds ratio (OR) and a (95% CI).

Results
A total of 77 patients were included. Demographic parameters were comparable between the two groups (table 1). In 32 out of 39 patients, it was possible
to visualize the arteries with the NIR vascular imaging system. Median time
to successful cannulation was 547 s (171–1183) without and 464 s (174–996)
with the use of the NIR vascular imaging system, which was not a significant
difference (P = .76, table 1, figure 3). There was a slightly faster time to first
flashback of blood without (median 171 s [96–522]) than with (median 219 s
[59–447]; P = .38) the use of the NIR vascular imaging system (table 1, figure
3). Adjustment for confounders did not significantly alter the results (table 2
and 3), and revealed that age (HR 1.08 [1.04–1.12]) and weight-for-age (HR
1.30 [1.11–1.53]) were predictors for a shorter time to successful cannulation.
Age (HR 1.05 [1.02–1.09]) and weight-for-age (HR 1.17 [1.01–1.35]) were also
predictors for a shorter time to first flashback of blood.
There was an apparent advantage of the NIR vascular imaging system in
the total number of punctures and success at first attempt. The first attempt
was successful in seven out of 38 patients without and in 12 out of 39 patients
with the NIR vascular imaging system (P = .29, table 1). After adjustment
for confounders, this was not a significant difference (table 4). Age was a
significant predictor for success at first attempt with an OR of 1.12 (1.04–
1.21). The number of punctures was somewhat less with the NIR vascular
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imaging system (3 (1–7) than without (6 (2–12); P = .10). The number of
successful cannulations in the wrist with the device (24/39 (62%)) compared
to the number of cannulations without the device (19/38 (50%)) is indirectly
informative about the profit of the device (P = .34, table 1). The remaining
patients (15/39 with and 19/38 without the device) ended up with femoral or
brachial lines.
In 11 of the 39 patients with no palpable artery, the NIR vascular imaging
system was successfully used to perform the cannulation. In two of the 39
patients, no arteries could be visualized with the NIR vascular imaging system
and in another five the arteries were only visible with difficulty. In two of these
patients, there was a successful cannulation in the wrist by palpation and in
another two cannulation did not succeed at all.

Table 1. Demographic data and main results with and without the NIR vascular imaging system. Values are median (interquartile ranges) or proportion (%).

Age in months
Male gender/total
Weight in kg
Dark skin color/total
Complicating factors/ total
Cannulation by anaesth./ total
Median invasive blood pressure
Use of catecholamines/ total
Mortality category of surgery
Cannulation time in s
Time to flash back in s
Number of punctures
Number of attempts
Number of failures
Success at first attempt/ total
Successful cannulation/ total
Successful cannulation wrist/ total
Arteries visible with NIR/ total
a
b
c

Mann-Whitney U test
Fisher’s exact test
Kaplan-Meier log-rank test

Control Group

NIR Group

P

3 (0–6)
26/38 (68)
4.5 (3.5–5.9)
1/38 (3)
5/38 (13)
26/38 (68)
51 (39–65)
24/38 (65)
3 (2–3)
547 (171–1183)
171 (96–522)
6 (2–12)
3 (1–10)
1 (0–3)
7/38 (18)
36/38 (95)
19/38 (50)
-

4 (2–12)
19/39 (49)
5.0 (3.8–8.7)
1/39 (3)
6/39 (15)
33/39 (85)
43 (32–61)
21/39 (54)
3 (2–4)
464 (174–996)
219 (59–447)
3 (1–7)
1 (0–4)
1 (0–2)
12/39 (31)
36/39 (92)
24/39 (62)
32/39 (82)

.22a
.11b
.28a
.99b
.99b
.11b
.75a
.36b
.53a
.76c
.38c
.10a
.11a
.55a
.29b
.99b
.34b
-
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Figure 3. Kaplan-Meier plot of time to first flashback of blood and time to successful cannulation. Control group cannulated with the standard technique (solid lines) and the group
cannulated with assistance of the NIR vascular imaging system (dotted lines). The crosses
denote cases in which the procedure did not succeed.

Table 2. Crude and adjusted HR and 95%CI for probability of a shorter time to successful
cannulation when the NIR vascular imaging system is used.

NIR vascular imaging system used
adjusted for weight-for-age (a)
adjusted for (a) and age (b)
adjusted for (b) and complicating factors (c)
adjusted for (c) and gender (d)
adjusted for (d) and operator anaesthesiologist (e)
adjusted for (e) and mean arterial blood pressure (f)
adjusted for (f) and use of catecholamines

HR

95% CI of HR

1.06
0.97
0.85
0.84
0.81
0.76
0.76
0.76

(0.67–1.70)
(0.61–1.55)
(0.53–1.36)
(0.52–1.35)
(0.51–1.31)
(0.46–1.26)
(0.46–1.26)
(0.46–1.27)
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Table 3. Crude and adjusted HR and 95% CI for probability of a shorter time to first flashback
of blood when the NIR vascular imaging system is used.

NIR vascular imaging system used, crude
adjusted for weight-for-age (a)
adjusted for (a) and age (b)
adjusted for (b) and complicating factors (c)
adjusted for (c) and gender
adjusted for (d) and operator anaesthesiologist (e)
adjusted for (e) and mean arterial blood pressure (f)
adjusted for (f) and use of catecholamines

HR

95% CI of HR

1.31
1.23
1.17
1.16
1.12
1.06
1.06
1.05

(0.83–2.08)
(0.78–1.95)
(0.74–1.87)
(0.73–1.85)
(0.71–1.78)
(0.66–1.69)
(0.66–1.69)
(0.65–1.71)

Table 4. Crude and adjusted OR and 95% CI for success of first attempt when the NIR vascular
imaging system is used.

NIR vascular imaging system used, crude
adjusted for weight-for-age (a)
adjusted for (a) and age (b)
adjusted for (b) and complicating factors (c)
adjusted for (c) and gender
adjusted for (d) and operator anaesthesiologist (e)
adjusted for (e) and mean arterial blood pressure (f)
adjusted for (f) and use of catecholamines

OR

95% CI of OR

1.97
2.01
1.65
1.65
1.59
1.68
1.62
1.76

(0.68–5.71)
(0.69–5.95)
(0.50–5.53)
(0.49–5.53)
(0.47–5.39)
(0.48–5.89)
(0.45–5.78)
(0.48–6.38)

Discussion
The present study is a clinical evaluation of a NIR vascular imaging system
used for arterial cannulation. In most patients it was possible to visualize
the arteries in the wrist with the NIR vascular imaging system. With the use
of the NIR vascular imaging system there was a tendency towards a lower
number of attempts, and an increase in success at first attempt and successful
cannulation in the wrist. In 11 patients without a palpable pulse, the NIR
vascular imaging system was successfully used for arterial cannulation in
the wrist. However, the present study did not show a clinical significant
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improvement in arterial cannulation with the use of a NIR vascular imaging
system in small children.
The absence of a clinical significant improvement of arterial cannulation
with the NIR vascular imaging system might be explained by the type of NIR
vascular imaging system used in the present study. The present NIR vascular system employs projection of an image of the vessels on a display above
the puncture site, which requires skill in eye-hand coordination. Projection
of the vessels as an image on the skin, such as employed by the AccuVein
(AccuVein LLC, Cold Spring Harbor, NY) and the VeinViewer (Christie Medical Innovations, Memphis, TN) might overcome this problem, but inhibits
normal visibility of the puncture site itself and can possibly cause artifacts.
Also, those devices use reflection of NIR light instead of transillumination,
with theoretically less depth of visibility. The application of these devices in
arterial cannulation has never been evaluated as far as we know. Furthermore,
in a previous study we were able to demonstrate that the used NIR vascular
imaging system facilitated venipuncture in children.7
Another explanation is that visualization of arteries in general is not
enough to improve the success rate of arterial cannulation in children. This is
supported by our observation in the present study that time to first flashback
of blood was relatively short in relation to the entire procedure: approximately
three minutes (171 s without NIR) for a total procedure time of approximately
nine minutes (547 s without NIR). This indicates that the real problem in small
children is not locating the artery, but advancing the cannula in the artery and
staying within the arterial lumen. On the other hand, it is also possible that the
artery is hit off center, which would impede advancing the catheter, because
the vessel axis and needle axis are poorly aligned. However, we think this is
not very likely, since the device was able to visualize arteries in most cases
(32 out of 39) in high detail. We think that localization is only a small part
of the procedure besides advancing the cannula. Therefore, we believe that
improving localization would probably not have additional benefit.
Unfortunately, the needle is blocked from view on the display after penetrating a blood vessel, due to the surrounding blood. Therefore it is not
possible to determine with the NIR vascular imaging system if, for example,
the needle is transfixed in the opposite vessel wall. Previous research showed
that there is very little variation in the anatomy of the radial and ulnar arteries
in humans. Sometimes, the radial artery is absent, but other anatomical variations are rare.11 This might explain why anatomical landmarks are reliable
enough for localization of the radial artery and are appropriate for arterial
cannulation when there is no palpable pulse. A much larger anatomical vari-
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ation in veins might explain why the NIR vascular imaging system is effective
in venipuncture.
Due to the fact that the arteries are buried deep within the tissue, there
is quite a large amount of scattering of light. Scattering is reduced with increased wavelength, and is therefore much less with NIR than with visible
light.12 However, use of a wavelength above 1000 nm is impractical, since
absorption of water will reduce penetration depth. Furthermore, more sophisticated and expensive techniques are necessary to process wavelengths
above 1000 nm. Scattering of light is tissue and wavelength dependent and
cannot be decreased by using, for example, a stronger light source. Information that is available in the light penetrating the tissue might be enhanced
by using image processing techniques, providing a higher contrast, but this
does not increase tissue penetration and may increase ‘vessel-like’ artifacts.
Since we use transillumination of light, instead of reflection, there is no light
reflecting directly from the surface that has to be filtered out by polarization.
Adjustment for confounding did not alter the main results, but other
predictors for difficulty of arterial cannulation were found. Younger age was
predictive for a more difficult arterial cannulation, an effect that is also seen
with intravenous cannulation.13 In patients with a low body weight for their
age, arterial cannulation was more difficult. This probably corresponds with a
poorer overall physical condition or smaller arteries of underweight patients.
In the present study, arterial cannulations were performed by experienced
pediatric anesthesiologists and pediatric nurse anesthetists. It might be possible that with less experienced performers, not used to locating the artery
by palpation, the use of a NIR vascular imaging system may be of additional
value. To the best of our knowledge, only one abstract has been published
evaluating a NIR vascular imaging system in a teaching institution, assisting
arterial blood gas sampling in adults, which showed a significant decrease in
mean time of the procedure and number of skin sticks.14
In contrast to the introduction of pharmaceutics, regulations for medical
devices are less strict, and therefore medical devices are not always thoroughly
evaluated in a clinical setting before market introduction.15 The golden standard for clinical evaluation of a medical device should be demonstration of
benefit in a randomized clinical trial. However, there are several design issues; for example, the type of user to be studied (only experienced vs. a mix of
experienced and inexperienced users), the selection of the most appropriate
endpoint (success rate, time to successful cannulation), and appropriate selection of clinically meaningful effect size and sample size. For example, a randomized clinical trial with only very experienced anesthesiologists increases
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internal validity but has limited external validity, and this also accounts for
other interventions in the procedure that deviate from the usual practice.16
A drawback of the present study is the choice of outcome measure. Eventual failure of arterial cannulation or occurrence of significant complications
would be the best primary outcome measure; however these are rare events,
requiring a much larger study population which is impractical. Therefore we
opted for another clinical relevant outcome measure, which was objective and
might give insight in the effectiveness of the NIR vascular imaging system in
assisting arterial cannulation: time to successful cannulation.
Absence of randomization is another drawback of the study. However we
doubt whether randomization would have significantly changed the results
and conclusion of the present study since patient characteristics are almost
comparable between both groups (table 1) and correction for potential confounders did not alter the results (table 2, 3 and 4).
The results of the present study might be influenced by a lack of clinical
experience by the operators with the device. Most new technical devices
require operator training and experience to maximize their utility. The NIR
imaging system is very intuitive and easy in use, and furthermore gives
only a two-dimensional image. We doubt that extended training with the
device would have improved the results further. The study started after a
two-month introduction period in which there was ample opportunity to
get acquainted with the device. Also, user feedback was used to improve the
final design. Furthermore, we have questioned the involved anesthesiologists
systematically at the end of the inclusion period. Each stated to have sufficient
experience with the NIR imaging system, but all expressed that they felt its
additive value was limited. Actual clinical use of the device after the study
period is also informative and reflects a lack of perceived additional value.
At present, the NIR imaging system is available daily at the pediatric OR
complex, but hardly used by the pediatric cardiac anesthesiologists.
Several other methods have been suggested to facilitate arterial cannulation in infants and children. To visualize the radial artery, ultrasound and
transillumination have been used. Transillumination with visible light for visualization of the radial artery has been described by two studies; however,
both did not include a control group.17, 18 The results for ultrasound are inconclusive in children; one study found a significant difference in success and
number of attempts when ultrasound was used by experienced performers,
whereas another study with staff inexperienced with the use of ultrasound
did not report a significant difference.19, 20 These findings may relate to the
main disadvantage of ultrasound: it requires experience and skill for optimal
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use since ultrasound requires three dimensional insight. NIR requires much
less experience than ultrasound guidance since only a two-dimensional image
is displayed on a screen (figure 1 and 2) whereas ultrasound is informative in
three dimensions.
The results of our study suggest that the search for a solution for difficult
arterial cannulation should not focus on localization of the artery, but on new
techniques facilitating insertion of the cannula after penetration of the artery.
The use of guidewires might therefore be an interesting option (Seldinger
technique). A guidewire allows for protrusion of a cannula, even if the needle
is accidentally caught in the opposite vessel wall, by retracting the needle
and protruding the cannula over the wire. As far as we know, only one
study has been conducted in pediatric patients, showing a significant shorter
cannulation time and higher success rate.21 In adults, only a benefit with
Seldinger technique was found in patients with a poor palpable pulse.22, 23 It
is a local custom of our pediatric cardiac anesthesia team not to use guidewires
to assist arterial cannulation, although we are aware that the use of guidewires
has been proven to increase success rates in children. Therefore we could not
compare NIR imaging with the guidewire technique.
We conclude from the present study that the use of a NIR vascular imaging system does not significantly improve time and success rate of arterial
cannulation in small children, although there is a tendency in favor of success
at first attempt and number of punctures. Future developments should probably be aimed at the insertion of the arterial cannula after penetration of the
vessel wall and most likely not at the localization of the artery.
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Abstract
Introduction. Intravenous cannulation is a widespread medical procedure,
which can be difficult in children. Visualization of veins with near-infrared
(NIR) light might support intravenous cannulation. Therefore, we investigated the effectiveness of a NIR vascular imaging system (VascuLuminator),
in facilitating intravenous cannulation in children in the operating room.
Methods and Materials. This was a pragmatic, cluster randomized clinical trial
in all consecutive children (0–18 years) scheduled for elective surgery and
in need of intravenous cannulation at a tertiary pediatric referral hospital.
Daily operating rooms (770 patients) were randomized for allocation of the
VascuLuminator or control group. The primary outcome was success at first
attempt; the secondary outcome was time to successful cannulation.
Results. Success at first attempt was 70% (171/246) with and 71% (175/245)
without the use of the VascuLuminator (P = .69). Time to successful cannulation was 162 s (±14) and 143 s (±15) respectively (P = .26). In 83.3%, the vein
of first choice was visible with the VascuLuminator.
Conclusions. Although it was possible to visualize veins with NIR in most
patients, the VascuLuminator did not improve success rate or time to obtain
intravenous cannulation. This can either be caused by a lack of advantage of
visualization of veins in general, problems with the type of system used in
this study or characteristics of the patient population in this study.

Introduction
Intravenous cannulation is one of the most widespread medical procedures
performed in children.1 Especially in children, gaining access to a vein can
be problematic, and in about a third of the patients multiple punctures are
required.2, 3 Multiple puncture attempts cause pain and distress, and increase
the risk of complications such as hematoma or nerve injury.4, 5
Visualization of veins which are invisible to the naked eye could be an
aid to facilitate intravenous punctures. To this end, ultrasound has been
used, but with inconclusive results, mainly because the use of ultrasound
requires skill and experience.6–8 Transillumination with visible (mostly red)
light (e.g. Weesight, Philips, Amsterdam, the Netherlands or Astodia, Futuremed, Granada Hills, CA) might be another option; however, penetration
depth of visible light is limited and therefore only suitable for neonates.9 Near-
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infrared (NIR) light is known for its deep tissue penetration, and is therefore
more suited to visualize veins in older children.10
A previous study with a prototype of a NIR vascular imaging system
showed it to be useful for blood withdrawal.11 In the present study, we hypothesized that success at first attempt would be higher and time of cannulation would be shorter when a NIR vascular imaging system is used as
guidance during intravenous cannulation in pediatric surgical patients.

Methods and Materials
The study was a pragmatic cluster randomized clinical trial, conducted in the
operating room complex of a tertiary pediatric referral hospital, randomizing
the assistance of NIR during intravenous cannulation. This hospital has an
annual visit rate for elective non-cardiac surgery of 6000 pediatric patients,
with a patient mix of 5% neonates and 40% patients with an ASA score of II or
higher. The present trial is registered at the Dutch Trial Registry (NTR2277).
The NIR vascular imaging system (VascuLuminator), has been described
in detail previously.11 In short, a small NIR light source is used to transilluminate the puncture site. The NIR light, invisible to the human eye, is processed
by a NIR sensitive camera and projected on a display, located above the puncture site (figure 1). On the display, a two-dimensional image of the veins at
the puncture site is shown. A patent was filed for the VascuLuminator, which
is owned by the University Medical Center Utrecht. Authors N.J. Cuper and
R.M. Verdaasdonk are listed as co-inventors.
When the NIR vascular imaging system was allocated, the performer was
obliged to use the NIR vascular imaging system to visualize the veins prior to
the start of the intravenous cannulation, but it was left to the discretion of the
performer whether to use the device during the intravenous cannulation. In
the control group intravenous cannulations were performed as usual without
the guidance of any device.
Intravenous cannulation (BD Venflon 18, 20, 22, 24 G, Franlin Lakes, NJ or
Abbocatt 20, 22 or 24 G, Abbott Laboratories, Chicago, IL) was most often performed after the child had been anesthetized using inhalation induction with
sevoflurane by face mask. If requested by the patient (mostly in older children), a local anesthetic (EMLA, Eutectic Mixture of lidocaine and prilocaine,
AstraZeneca, Södertälje, Sweden) was applied and covered with a plastic foil
dressing for at least 60 minutes prior to intravenous cannulation in awake
children. The cannulations were performed by experienced pediatric anes-
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Figure 1. VascuLuminator in use during intravenous cannulation. The veins are shown on a
black-and-white display. The near-infrared light source (LED) is placed underneath the hand.

thesiologists and nurse anesthetists or by trainee anesthesiologists /trainee
nurse anesthetists. The attending anesthesiologist decided which team member was to perform the cannulation prior to start of the cannulation, before
visualization of the veins with the NIR vascular imaging system. Prior to the
start of the study, there was an introduction period with the VascuLuminator
and all members received training in operating the NIR imaging system. The
VascuLuminator is designed to be intuitive in use, and the image on the screen
is clear and easily interpretable.
The study was designed as a pragmatic trial with randomization on the
level of the anesthetic team (the performer). The presence and allocation
of the VascuLuminator at the operating complex was block randomized by
computer in clusters of a week. Because only two NIR vascular imaging
systems were available during the present study, each day two operating
rooms (accommodating two surgical specialties) were randomized to participate. Subsequently, all consecutive patients up to 18 years old, scheduled for
elective non-cardiac surgery in the selected operating rooms, were included.
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The daily operating room, operated by one anesthetic team, is therefore the
relevant cluster in the present study.
The study design and method of inclusion were approved by the Medical
Ethics Committee. The Medical Ethics Committee waived the need for individual informed consent by the patients and parents since the intervention
(use of the NIR vascular imaging system) would not harm the patient and the
present pragmatic cluster randomized clinical trial is conducted on the level
of the performer, not on the level of the individual patient.12 The performers
were, at any time, allowed to use standard techniques during cannulation
(such as palpation), besides visualization with the NIR vascular imaging system. Patient confidentiality was guaranteed in accordance with the Dutch law
on personal data protection.
The primary outcome parameter in this study was success at first attempt
(i.e. the first attempt leads to a successful cannulation). An attempt was defined as every penetration of the skin with the needle. Redirection of the
needle tip while underneath the skin was not counted as a separate attempt.
Total time of cannulation was a secondary outcome. Timing, using a stopwatch, was started as soon as the search for a vein was initiated, whether by
palpation or by looking (with or without the VascuLuminator). Timing was
stopped when the cannula was secured and could be flushed adequately with
saline. Measurements were registered by self-report by a member of the anesthetic team not performing the cannulation. When the NIR vascular imaging
system was used, it was recorded if veins could be seen at the location of the
first puncture. Furthermore, the perceived usefulness of the VascuLuminator
in the procedure was noted (yes or no). Patient characteristics (age, gender,
weight and heigth, skin color and whether or not the patient was awake), profession of the performer (anesthesiologist, nurse anesthetist or trainee, which
includes trainee anesthesiologists and trainee nurse anesthetists), location
of the punctures and surgical specialty were recorded to check for equality
among groups. Weight and length were converted to BMI percentiles by the
method as proposed by the Centers for Disease Control (CDC).13 When a
patient was younger than two years, or data on heigth was missing, weightto-age percentiles were used. Skin color was determined using the Fitzpatrick
skin type scale, in which type V and type VI indicate a dark skin color.14
In a previous study, we found that success at first attempt for intravenous
cannulation in children is about 70%.3 An increase in success at first attempt
to 85% with the use of the NIR vascular imaging system was considered
to be clinically relevant. If clustering would not be taken into account at
all, the relevant clinical effect could be detected by including a total of 270
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patients (assuming two-sided testing with a level of significance of 0.05 and
a power of 80%). If clustering would be taken into account at the level of the
performer (which would be too conservative in this situation), we would need
540 patients (assuming an intracluster correlation of 0.1, and 25 performers
participating in the study).15 Since randomization is not strictly performed
at the level of the performer but on the level of the daily operating room,
the actual needed sample size would lie in between these two estimates.
Therefore, out estimated sample size was selected at 400 patients. Assuming
a dropout rate of 30% of the patients due to exclusion of patients or staff
forgetting to complete a measurement form, we aimed to include 600 patients.
SPSS statistical package (version 17, Chicago, Ill) was used for all statistical
procedures. Data are presented with mean and standard deviation (±SD) or
median and interquartile range (IQR) where appropriate. Dichotomous data
are presented as a ratio to the total and a percentage. Numbers of punctures
were compared between groups with Mann-Whitney U test and are presented
as median with interquartile ranges (IQR). A Kaplan-Meier log-rank test was
performed to describe the time to successful cannulation. A logistic regression is used to generate an odds ratio (OR) with a 95% confidence interval
(95% CI) for success at first attempt and a Cox proportional hazards survival
regression, taking censored data (i.e. unsuccessful cannulation) into account,
to generate an hazard ratio (HR) with a 95% confidence interval (95% CI)
for time to successful cannulation. Pre-specified subgroup analyses were performed on patients younger than three years old and children with a BMI
> 85th percentile, since it was expected that in those groups the NIR vascular imaging system might specifically show an advantage. For both success
at first attempt and time to successful cannulation, intracluster coefficients
(ICC) were calculated using variance estimations from a linear mixed model
to evaluate the influence of clustering on outcomes. A P < .05 was considered
statistically significant.

Results
A total of 770 patients distributed among 179 daily operating rooms were
included from May 2010 to November 2010. Seventy-seven Patients were
excluded because they already had a cannula in situ or their surgery was
cancelled, while for another 199 patients both the primary and secondary
outcomes were not registered (figure 2). Finally, 494 patients were analyzed
(246 in the control group and 248 in the VascuLuminator group, table 1 and fig-
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ure 2). Patient characteristics and other parameters were equally distributed
between clusters and patients, with the exception of profession of the performer: anesthesiologists more often performed cannulations in the control
group (34%), than in the NIR vascular imaging system group (21%, P = .02).
There was no difference among the proportion of trainees in both groups.
The success at first attempt was 70% when the NIR vascular imaging
system was used, compared to 71% in the control group (P = .69, table 2). Figure 4 shows success at first attempt over a period of time for each subsequent
group of 50 patients. The ICC for success at first attempt was very small (0.05),
indicating that the variance within clusters was not very different from the
variance between patients outside clusters. Time to successful cannulation in
the NIR vascular imaging system group was 162 s (±14) and 143 s (±15) in the
control group (P = .26, table 3 and figure 3). Median total number of attempts
was 1 (IQR: 1–2) in both groups, with a maximum of 10 in the control group

Included for randomization:
179 clustersa, n = 770

Allocated to control group:
94 clusters (n = 383)
Measurements not completed:
n = 109
Excluded from measurementb: n = 28

Allocated to VascuLuminator:
85 clusters (n = 378)
Measurements not completed:
n = 90
Excluded from measurementb: n = 49

Analyzed patients:
74 clusters (n = 246)
Missing outcomes:
success rate: n = 1
time to cannulation: n = 4

Analyzed patients:
75 clusters (n = 248)
Missing outcomes:
success rate: n = 2
time to cannulation: n = 18

Figure 2. Flow diagram of the progress of patients through the phases of the present cluster
randomized clinical trial.
a
b

clusters consist of daily operating rooms
exclusion criteria: patient already had a cannula in situ or surgery was cancelled
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Table 1. Demographic data with and without the VascuLuminator (VL). Values are median
(interquartile ranges) or proportion (%).

a
*

Control Group

VL Group

Number of patients (clustersa )
Surgical specialty/total
otolaryngology
ophthalmology
urologic surgery
general surgery
reconstructive surgery
pediatric interventions
neurosurgery
maxillofacial surgery
orthopedic surgery

246 (74)

248 (75)

21 / 8
32 / 8
85 / 23
44 / 14
34 / 10
13 / 3
5/3
4/2
8/3

14 / 6
29 / 10
79 / 20
49 / 15
38 / 10
16 / 5
6/4
12 / 3
5/2

Age in years
Age range in years
Male gender/total
BMI or weight percentile
Dark skin color/total
Awake during procedure/total
Location/total
hand
foot
other
Profession of the operator/total
anesthesiologist
nurse anesthetist
trainee

4.9 (1.2–9.4)
0.0–18.5
144/246 (58.5)
0.46 (0.15–0.71)
5/246 (2.0)
41/235 (17.4)

5.0 (1.8–9.8)
0.0–18.7
160/248 (64.5)
0.49 (0.20–0.78)
13/248 (5.2)
38/223 (17.0)

185/240 (77.1)
36/240 (15.0)
22/240 (9.2)

195/235 (83.0)
37/235 (15.7)
14/235 (6.0)

78/229 (34.1)
52/229 (22.7)
99/229 (43.2)

47/223 (21.1)
76/223 (34.1)
100/223 (44.8)

clusters consist of daily operating rooms
significant at the .05 level

and 12 in the NIR vascular imaging system group (P = .56).
Success at first attempt in children younger than three years of age was
52.5% in the control group and 54.7% in the NIR vascular imaging system
group (P = .88, table 2). Time to successful cannulation was 228 s (±35) and
257 s (±33) respectively (P = .36, table 3). In children with a BMI or weight-toage above the 85th percentile success at first attempt was 75.0% and 70.0% (P =
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Table 2. Success at first attempt (%) and risk difference (%) with a 95% CI in both groups.

All patients
Patients < 3 years
Patients > 85th perca
a

Control Group

VL Group

Risk Difference

175/245 (71.4)
52/99 (52.5)
21/28 (75.0)

171/246 (69.5)
47/86 (54.7)
28/40 (70.0)

1.9 (-6.1 - 9.9)
2.1 (-12.1 - 16.2)
5.0 (-16.9 - 24.8)

BMI or weight-to-age percentile

Table 3. Mean time to cannulation in s (±SD) and HR with a 95% CI in both groups. An HR >
1 indicates a higher chance of successful cannulation within a certain period of time when the
VascuLuminator is used.

All patients
Patients < 3 years
Patients > 85th perca
a

Control Group

VL Group

HR (95% CI)

143 (15)
228 (35)
118 (23)

162 (14)
257 (33)
179 (36)

0.90 (0.75–1.08)
0.78 (0.65–1.17)
0.74 (0.45–1.21)

BMI or weight-to-age percentile

.79, table 2), respectively, and time to successful cannulation was 118 s (±23)
and 179 s (±36, P = .21, table 3).
Because of potential bias between both groups in profession of the performer, an adjusted OR (95%CI) and an adjusted HR (95%) were calculated
using a logistic and a Cox proportional hazards regression, respectively. Adjustment of the outcomes for profession of the performer had little effect; for
success at first attempt, the adjusted OR (95%CI) was 0.85 (0.57–1.27) and for
time to successful cannulation the adjusted HR (95%CI) was 0.84 (0.70–1.02).
In 145/174 (83.3%) patients, the vein of the first puncture was visible with
the NIR vascular imaging system. The NIR vascular imaging system was
recorded as useful by the anesthetic team in 38/176 (21.6%) patients during
the intravenous cannulation, these patients were 2.6 (1.1–5.4) years old, BMI
/ weight-to-age percentile was 0.53 (0.24–0.87) and 3/38 (7.9%) had a dark
skin color. Success at first attempt in the group of patients in which the NIR
vascular imaging system was found to be useful was 74% (28/38) and not significantly different from patients where the NIR vascular imaging system was
not considered useful (67.6%, 92/138, P = .56). Time to successful cannulation
in this group was 213 s (±47).
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Figure 3. Kaplan-Meier plot showing cumulative cannulation rate versus time (P < .26).
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Succes at first attempt
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50-99

100-149
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Patients

Figure 4. Success at first attempt for each subsequent amount of 50 patients in both control
and VL group with a 95% confidence interval.
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Discussion
Recently, various NIR devices have been launched to support intravenous
cannulation. Although it is generally believed that visualization of veins with
NIR might aid intravenous cannulation, thus far only one NIR device (the
VeinViewer) has been evaluated systematically in a randomized clinical trial
in a pediatric emergency department.16
In the present study we evaluated the clinical use of another one of such
a device at the operating rooms of a tertiary pediatric referral university
hospital. The NIR vascular imaging system was able to visualize the veins in
over 80% of the patients and was considered helpful, improving vein visibility,
in 20% of the cases. Nevertheless, the use of the NIR vascular imaging system
did not result in a significant improvement in success at first attempt or time
to successful cannulation. Even when the NIR vascular imaging system was
considered useful, the rate of success at first attempt was not significantly
higher. In a subgroup of patients in whom the veins were not visible with
the NIR vascular imaging system (20% of the patients), the success at first
attempt was significantly lower, as compared to the control group, indicating
that these patients were difficult to cannulate.
In interpreting our findings several aspects have to be taken into account.
Firstly, we chose a pragmatic, cluster randomized clinical trial instead of a
classic explanatory randomized clinical trial. An explanatory randomized
clinical trial is generally considered the golden standard to evaluate efficacy
of an intervention, but may lack external validity. In contrast, a pragmatic
clinical trial is better suited to evaluate effectiveness of an intervention in
daily clinical practice, but may have shortcomings on internal validity.17 We
opted for a pragmatic trial because it better fits the research question of evaluating the effectiveness of an assisting device in a standard clinical situation.
The NIR vascular imaging system in the present study is intended as an
assisting tool, not as a complete replacement of the standard procedure. To
our opinion, clinical effectiveness of such a device cannot be isolated from
daily clinical practice. Therefore, a pragmatic design, in which standard clinical practice was minimally altered, would maximize external validity. In the
present study this included use of a heterogeneous group of users, minimal
intervention in the usual care and a minimum of exclusion criteria.18 Another advantage of randomization on cluster level was minimizing the risk
of ‘contamination’. Since the investigator was not present at the operating
room during the procedures, there is a potential risk of contamination (i.e.
the VascuLuminator is used in a patient who is not randomized to the Vas-
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cuLuminator group, but where it is deemed to be useful) if patients were
to be randomized individually. By using a clustered design, the risk of contamination was avoided, since the VascuLuminator was not available at the
operating complex on control days.
Secondly, about 25% of the forms was not completed. This was most likely
due to the anesthetic team forgetting to complete the measurements, since
self-report was used to collect the data. However, the number of incomplete
forms was distributed evenly over both groups, and is therefore not likely a
source of bias. This is also supported by the fact that patient characteristics
and surgical specialties were equally distributed between both groups in the
patients that were measured.
Thirdly, the profession of the performer might be a source of bias. The
nurse anesthetists were more likely to perform a cannulation in the group with
VascuLuminator compared to anesthesiologists than in the control group. The
difference might be caused by the fact that the attending anesthesiologist,
deciding on who was to perform the cannulation, was aware of allocation
of the device, since he or she was part of the anesthetic team. However,
adjustment by performer did not significantly alter the results. Also, in our
previous study, we showed that the influence of profession of the performer
is relatively small, and that nurse anesthetists have a higher success at first
attempt than anesthesiologists.3 Therefore, any bias by performer would have
been in favor of the NIR vascular imaging system.
The absence of clinical improvement with the NIR vascular imaging system in the present study might be related to either the visualization of veins
in general, the type of NIR vascular imaging system used (in particular the
way the vein images are displayed: on-screen versus projected on the skin),
the characteristics of the patient population or the effect of a learning curve.
An explanation might be that difficult insertion of the cannula, instead
of localization of the vein, is the primary cause of failure of intravenous
cannulation in children. Unfortunately, palpability and visibility of the vein
without the NIR device was not taken into account in this study. However,
patients in whom the NIR vascular imaging system was deemed to be useful
can be considered a proxy for lack of visibility and palpability of the vein.
Nonetheless, there was also no significant improvement in success at first
attempt in this ‘difficult’ subgroup. In a previous study we showed that the
VascuLuminator appeared to be helpful in blood withdrawal from the hand
and elbow in children up to 6 years old.11 However, blood withdrawal is a
fundamentally different technique than intravenous cannulation, as it only
requires successful entry of the needle into the vein and does not require

Near-infrared visualization to support intravenous cannulation

101

insertion of a cannula for 10 − 30 mm. Moreover, the initial success rate of
blood withdrawal was much higher (about 87%) than that of intravenous
cannulation, as observed in the present study (about 70%).
It might also be possible that the type of NIR vascular imaging system
used in the present study is an explanation for the absence of improvement
on clinical outcome. The VascuLuminator presents an image of the veins on
a display/monitor, which requires extra skills in eye-hand coordination while
puncturing a vein. On the other hand, most anesthesiologists are familiar with
this skill by the increasing use of ultrasound for central venous cannulation
and peripheral nerve blocks.19, 20 Presently, there are two other devices on
the market, the VeinViewer (Christie Medical Innovations, Memphis, TN)
and the AccuVein (AccuVein LLC, Cold Spring Harbor, NY), that attempt
to bypass this problem by projecting the image of the veins directly onto
the puncture site. A disadvantage, however, of that solution is the resulting
absence of normal vision on the puncture site. Also, detail might be lost and
artifacts might be more likely to occur by projecting a simplified image of the
veins on the puncture site. A recent clinical trial to the use of one of those
NIR vascular imaging systems (the VeinViewer) in pediatric patients at an
emergency department was also unable to demonstrate an improvement in
success at first attempt.16
Another reason for the lack of effect found in the present study might be
the characteristics of the patient population. The VascuLuminator was originally developed to overcome the problems with vein cannulation used in
children with a very dark skin color. Those patients are known to be difficult
to cannulate because of low visual contrast between the dark skin color and
the vein, which might lead to problems with localization of the optimal puncture site. It is possible that in these patients, visualization of veins with NIR
techniques is more useful. Unfortunately, only 18 patients with a dark skin
color (4%) were included in the present study, a number too small to draw
any meaningful conclusions regarding the benefits of vein visualization in
children with a dark skin color. Therefore, the potential utility of these NIR
devices will need to be separately studied in children with dark skin color.
Subgroup analyses did not indicated any group of patients in whom the NIR
vascular imaging system might have a beneficial effect. Instead, we found
success rate at first attempt to be highly comparable between groups.
As for the effect of a learning curve on the results, figure 4 gives an
indication that such an effect is not present, because success rate does not
significantly increase with time. Also, the device is developed to be very
intuitive in use, with a clear and easily interpretable image of the veins on
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the screen, and there was an introduction period with the VascuLuminator of
three weeks in advancement of the study.
Despite the apparent lack of effect of the VascuLuminator in improving
success rate of venous cannulation, there is still a persisting clinical problem
in intravenous cannulation in children. As the present study shows, success at
first attempt, even in specialized hospitals, is only about 70%, and for patients
younger than three years old, it is a mere 53% (table 2), which corresponds to a
previous study by our group.3 In the present study, visualization of veins with
near-infrared light did not improve the clinical success rate of intravenous
cannulation. There remains a clear need to improve venous cannulation in
young children. The results of this study suggest that technical solutions to
this problem should not merely focus on visualization of veins, but also on
tools that may improve the actual process of inserting the cannula into the
vein.
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Abstract
Introduction. Poor vein visibility can make intravenous cannulation challenging in children with a dark skin color. We studied the effectiveness of a
near-infrared (NIR) vascular imaging device (VascuLuminator) to facilitate
intravenous cannulation in children with a dark skin color at the operating
room.
Methods and Materials. All consecutive children (0–15 years) requiring intravenous cannulation at the operating room of a general hospital in Curaçao
were included in a pragmatic cluster randomized clinical trial. The device was
made available to anesthesiologists at the operating complex in randomized
clusters of one week.
Results. Success at first attempt was 63% (27/43) in the NIR group vs. 51%
(23/45) in the control group (P = .27). Time to successful cannulation was
53 s (34–154) in the NIR group and 68 s (40–159) in the control group (P =
.54). Subgroup analysis showed a higher success at first attempt in children
younger than 3 years of age, (NIR group: 61% (14/23) vs. control: 35% (8/23);
P = .08) and in patients in whom cannulation was anticipated to be difficult
(NIR group: 50% (8/16) vs. control: 8% (1/13); P = .03).
Conclusions. NIR vascular imaging showed promising results in improving
success at first attempt in intravenous cannulation in children < 3 years and
in children anticipated to be difficult to puncture with a dark skin color.

Introduction
Performing intravenous cannulation in children can be difficult; even in a
specialized pediatric hospital the success at first attempt was only 70% in
patients under general anesthesia.1 Infants have tiny veins and a thick layer
of subcutaneous fat, which can make it difficult to locate the veins. A dark
skin color adds further difficulty, because of the low contrast between veins
and skin color.2, 3
The department of Medical Technology and Clinical Physics at the UMC
Utrecht developed a non-invasive near-infrared (NIR) vascular imaging device, (VascuLuminator, De Koningh Medical Systems, Arnhem, NL), which
might facilitate venipuncture and intravenous cannulation, particularly in
children with a dark skin color. The device uses transillumination with nearinfrared light to visualize veins regardless of the color of the skin, including
those that would otherwise not be visible.4

Near-infrared visualization in children with a dark skin color

107

An explorative study with a prototype of the VascuLuminator showed
promising results in facilitating venipuncture in children aged 6 years and
less,4 but for improving the success rate of intravenous cannulation in a
randomized clinical trial the device showed inconclusive results in unselected
pediatric patients.5 However, most patients in that study had a light skin
color, whereas the VascuLuminator was specially devised for children with
a dark skin color. Therefore, we hypothesized that in dark-skinned children
the device would likely be effective in facilitating intravenous cannulation. In
a population of children with predominantly a dark skin color undergoing
surgery, we studied the effect of using the NIR device on success rate and
time to intravenous cannulation.

Methods and Materials
The present cluster randomized clinical trial was performed in a primary
general hospital at Curaçao in the Caribbean (St. Elisabeth hospital, Willemstad, Curaçao ). All consecutive children in need for intravenous cannulation
during working hours (7:30 Am–4:00 PM) at the operating room of the St.
Elisabeth Hospital were prospectively included in the study from February
2011 until May 2011.
The design and ethical considerations of a similar cluster randomized
clinical trial have been discussed before.5 In short, the availability of the VascuLuminator to anesthesiologists at the operating complex was randomized
by computer in clusters of one week. In the NIR group intravenous cannulation was aided by the device, whereas the device was not available at the
operating room in the control group. Intravenous cannulation (BD Venflon
18, 20, 22, 24 G, Franklin Lakes, NJ or BD Insyte with BD Vialon biomaterial
24 G, Franklin Lakes, NJ or Terumo Surflo (winged and ported) 22 G, Somerset, NJ) was typically performed after the child had been anesthetized using
inhalation induction with sevoflurane by face mask. The exact type of cannula
used was dependent on availability (at the time of study there was a materials
supply problem in the hospital). If the patient requested intravenous induction of anesthesia (mostly older children), a local anesthetic (EMLA, Eutectic
Mixture of lidocaine and prilocaine, AstraZeneca, Södertälje, Sweden) was
applied and covered with a plastic foil dressing for at least 60 minutes prior
to awake cannulation. The study design was approved by the Medical Ethics
Committee of the St. Elisabeth Hospital, which waived the need for informed
consent because there was no burden on the subjects since the procedure of
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intravenous cannulation already needed to be done and there were no risks
associated with the use of the device.
The veins were visualized with the VascuLuminator, which is based on
transillumination of NIR light as described before.4 In short, a small NIR light
source is used to transilluminate the puncture site. The NIR light, invisible
to the human eye, is processed by a NIR-sensitive camera and projected
on a display, located above the puncture site (figure 1). The performer of the

Figure 1. VascuLuminator in use during intravenous cannulation. The veins are shown on a
black-and-white display. The near-infrared light source (LED) is placed underneath the hand.

intravenous cannulation could use the device as an assistive tool for guidance,
since normal inspection and palpation of the puncture site are not hampered
by the device.
In weeks where the NIR device was allocated, the performer was obliged
to use the device to visualize the veins prior to the start of the intravenous cannulation, but it was left to the discretion of the performer whether to use the
device during the actual intravenous cannulation. In the control group intravenous cannulation took place as usual without guidance from the VascuLu-
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minator. All punctures were performed by an anesthesiologist as scheduled
by the operating scheme.
The primary outcome of interest was success at first attempt, which was
defined as the percentage of procedures in which the intravenous cannulation succeeded at the first attempt. An attempt was defined as a penetration
with a needle through the skin. Secondary outcomes of interest were time
to successful cannulation, whether the procedure succeeded and helpfulness
of the VascuLuminator (as perceived by the operator). Time measurement of
the procedure started at the moment the performer initiated the search for
a suitable vessel by palpating or looking (with the device, when assigned)
and ended at the moment the intravenous line was flushed or the procedure
was aborted. A successful procedure was defined as an intravenous cannula
successfully placed in a vein, which could be flushed without restriction. All
observations were performed by one independent researcher (OvdW). The
helpfulness of the VascuLuminator was determined by the performer of the
intravenous cannulation in three grades: helpful, partly helpful or not helpful.
Partly helpful was used if the performer was of the opinion that the device
aided the puncture, but the cannulation would probably also have succeeded
without help of the device. Additionally, height and weight of the patient, skin
color, anticipated difficulty and puncture site were registered. Skin color was
determined by the Fitzpatrick skin type scale, a six point scale in which type
I is a very light skin color and type VI is a black-brown skin.6 The anticipated
difficulty was determined by the performer of the intravenous cannulation
before the start of the procedure and was graded in: very easy, easy, average,
hard or very hard.
Since there were no data available on the success at first attempt of intravenous cannulation in children with a dark skin color for a reliable sample
size calculation, the sample size was based on an observational study in a tertiary children’s hospital in the Netherlands with predominantly a light skin
color (success at first attempt: 70%).1 We assumed the success at first attempt
to be lower (50%) in a population predominant with children with a dark skin
color. Assuming that success at first attempt would increase from 50% to 80%
in the NIR group (30% risk reduction for failed intravenous cannulation), the
estimated required sample size was 90 patients (two groups of 45, α = 0.05,
power = 0.80).
All statistical analyses were performed using SPSS statistics version 18,
Chicago, Ill. Continuous data were presented with mean and standard deviation (SD) or median and interquartile range (IQR), if appropriate. Dichotomous data were presented as a ratio to the total and a percentage. Success at
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first attempt was evaluated using a Chi-square test. For the outcome time to
successful cannulation a Mann-Whitney U test was performed. A P-value of
.05 was considered to be statistically significant.

Results
In total, 111 children underwent surgery on the operating room during working hours from February 1, 2011 until May 13, 2011. Five children were excluded from the study because they already had an intravenous cannula in
situ and eighteen children were excluded because they did not need an intravenous cannula. Eighty-eight patients were included in the study (45 patients
in the control group and 43 patients in the NIR group, figure 2). Patient charTotal number of patients
n=111
Excluded for randomization
n = 5 (IV in situ)
Included for randomization

n = 18 (no IV placed)

n = 88

Allocated to control group

Allocated to VL group

n = 45

n = 43

Figure 2. Flow diagram of the progress of patients through the phases of the present cluster
randomized clinical trial.

acteristics were equally distributed between patients (table 1). Seven different
anesthesiologists performed the intravenous cannulations and all cannulations finally succeeded.
Success at first attempt was slightly but not significantly (P = .27) higher
in the NIR group (27/43, 63%) than in the control group (23/45, 51%; table 2).
Median time to successful cannulation was 53 s (34–154) in the NIR group and
68 s (40–159) in the control group (P = .54, figure 3).
Subgroup analysis in children younger than 3 years of age showed that
success rate at first attempt was 14/23 (61%) in the NIR group and 8/23 (35%)
in the control group (P = .08, table 2).
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Figure 3. Kaplan-Meier plot showing cumulative cannulation rate versus time. Control group
(black line) and VascuLuminator group (dashed line). Only part of the plot is shown.

Table 1. Demographic data with and without the VascuLuminator (VL). Values are mean
(±SD), median (interquartile ranges) or proportion (%).

Age in years
Male gender/total
BMI or weight percentile
Dark skin color/totala
Awake during procedure/total
Location/total
hand
other
Needle size (G)
Anticipated difficulty
a

Fitzpatrick skin type V and VI

Control Group

VL Group

2.9 (1.2–5.1)
27/45 (60.0)
0.37 (±0.30)
33/45 (73.3)
4/45 (8.9)

2.7 (1.4–6.2)
25/53 (58.1)
0.40 (±0.34)
32/43 (74.4)
2/43 (4.7)

39/45 (86.7)
6/45 (13.3)
22 (22–24)
3 (2–4)

38/43 (88.4)
5/43 (11.6)
22 (22–24)
3 (2–4)
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Table 2. Success at first attempt (%) and risk difference (%) with a 95% CI in both groups.

All patients
Patients < 3 years
High anticipated difficultya
Dark skin colorb
a
b

Control Group

VL Group

Risk Difference

23/45 (51.1)
8/23 (34.8)
1/13 (7.7)
17/33 (51.5)

27/43 (62.8)
14/23 (60.9)
8/16 (50.0)
20/32 (62.5)

11.7 (−8.7–30.8)
26.1 (−2.5–49.4)
42.3 (8.5–65.2)
11.0 (−12.5–32.8)

Anticipated difficulty hard or very hard
Fitzpatrick skin type V and VI

Median time to successful cannulation was 66 s (40–248) in the NIR group vs.
120 s (47–390) in the control group (P = .21).
In the subgroup a priori anticipated to be difficult to cannulate (‘hard’ or
‘very hard’), the success at first attempt was significantly higher in the NIR
group (8/16, 50%) than in the control group (1/13, 8%; P = .03; table 2). Median
time to successful cannulation was 102 s (40–664) in the NIR group and 310 s
(132–660) in the control group (P = .07) within this subgroup anticipated to
be difficult to puncture.
The VascuLuminator was deemed helpful by the performer in 20/43 cases
and partly helpful in 9/43 cases.

Discussion
This is the first study showing a beneficial effect of a NIR vascular imaging
device assisting peripheral intravenous cannulations. Previous evaluations of
various types of NIR vascular imaging devices did not show any additional
clinical value. In a previous randomized clinical trial evaluating the clinical
value of the VascuLuminator prior to surgery in 494 unselected children with
predominantly a light colored skin, our group was unable to demonstrate
improved success rate of intravenous cannulation.5 Evaluations of another
device (VeinViewer, Christie Medical Innovations, Memphis, TN) were inconclusive; a clinical evaluation of the VeinViewer in 323 children receiving
intravenous cannulation at an emergency department showed an improvement in intravenous cannulation in children younger than two years of age,
whereas another study, also at an emergency department (n = 123), showed
no difference in first-attempt success rate between the standard approach and
use of device.7, 8 A clinical trial in 600 children was aborted because the Vein-
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Viewer appeared to have a negative effect on the success rate of intravenous
cannulation.9
In the present study in a population of children with a dark skin color,
we observed a trend towards higher success at first attempt with the VascuLuminator during the procedure. The results are in particular promising in
children younger than 3 years old. In the subgroup of children anticipated to
be difficult to cannulate, there was a significant improvement in success at
first attempt when the VascuLuminator was used.
A previous study with the VascuLuminator assisting intravenous cannulations, performed in a tertiary pediatric hospital in the Netherlands, showed
no difference in success at first attempt (70% vs. 71%) or time to successful
cannulation between the VascuLuminator group and the control group.5 The
population in the present study, consisting of patients with a dark skin color,
are considerably more difficult to cannulate (success at first attempt 51% without the VascuLuminator) than the patients in the previous study. With the use
of the VascuLuminator the success at first attempt increased to 63% and approached the success at first attempt in children with a light skin color, with
or without the use of the device (70 or 71%).5 The same trend is visible in the
subgroup analysis: in children younger than 3 years of age the success at first
attempt increased from 35% to 61% and in the subgroup of children with high
anticipated difficulty the percentage increased significantly from 8% to 50%.
Therefore, visualization of veins with NIR seems to be useful in children in
whom it is hard to locate the veins with the naked eye and is likely not useful
in children where the veins are already visible (as was the situation in the
previous study.5
There are some limitations to the present study. Firstly, the clinical effect
was smaller than anticipated for the sample size calculation, and therefore the
sample size was too small to show a statistically significant effect on the primary outcome. Because there were no prior data available on success at first
attempt in a population of children with a dark skin color, a complete sample
size calculation could not be performed. Nevertheless, in the subgroup analyses of children under 3 years of age and of children with a high previously
anticipated difficulty the effect of the VascuLuminator on first attempt success
was clinically relevant.
Secondly, the anesthesiologists on Curacao are obviously more experienced in performing intravenous cannulations on children with a dark skin
color than anesthesiologists working in areas with a pediatric population who
are predominantly light skinned. Therefore, the results of the present study
are not generalizable to anesthesiologists not used to a population of children
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with a dark skin color, in whom initial success in this population is likely to
be lower and the advantage of the use of NIR might be larger.
To accurately estimate the benefits of using NIR to cannulate veins in
children with a dark skin color, a new study with a larger sample size would
be necessary. Based on the present observations (increase of success at first
attempt from 51 to 63%) a cohort of 566 patients would be needed to confirm
or refute the advantage of a NIR vascular imaging device with an of 0.05 and
a power of 0.80. When the study would be performed in children under 3
years of age, with an improvement of the success at first attempt from 35% to
61%, the sample size should be 130 patients (α = 0.05, power = 0.80).
In conclusion, this is the first study which showed an improvement in
success at first attempt of a NIR vascular imaging device in children with a
dark skin color. The results in facilitating intravenous cannulation in children
with a dark skin color are promising, especially in young children (3 years)
and in children with a high anticipated difficulty.
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Introduction
Peripheral venous and arterial access is often required in a children’s hospital
and encompasses a large part of daily medical interventions. At first sight,
these procedures may appear to be fairly easy. However, even in a specialized
hospital, in one fifth to one third of the pediatric patient population more than
one puncture is necessary for successful intravenous cannulation (chapter 2),
while for arterial cannulation in infants only 20% of patients is successfully
cannulated after one attempt (chapter 5). Multiple punctures are traumatic
and can lead to complications.1–4 Several options for successful intravascular
access have been proposed in literature, most of which are aimed at improving
the visibility of a vein. Evaluation of the clinical value of proposed methods
and techniques, such as warming the puncture site or the use of ultrasound
to increase visibility, are inconclusive.5–9 Initially, visible light has been used
to visualize blood vessels, using white light sources or devices with red light
(e.g. Veinlite by Translite, Sugar Land, Tx or Astodia by Futuremed, Granada
Hills,CA).10, 11 A drawback of visible light is the potential to cause burns, when
a broad spectrum light source (a combination of white and near-infrared light)
is used, and the fact that depth and clarity of visibility are limited.12 Compared
to visible light, near-infrared (NIR) light in theory has the advantage of a
higher penetration depth and image quality resulting from less scattering and
absorption by tissue.13 Based on this knowledge, we developed a NIR vascular
imaging device, the VascuLuminator, designed to visualize subsurface blood
vessels.
This thesis describes the development and clinical evaluation of the VascuLuminator to facilitate peripheral venous and arterial access in children in
various clinical settings. In this chapter, I will discuss some considerations on
the development and clinical evaluation of medical devices in general and
the choice of study design. Furthermore, the implications of the results of the
research described in the thesis are discussed, concluding with an overview
of suggestions for future research.

Development of medical devices
When developing a medical device, it is important to involve users to optimize
clinical usability.14 The development of the VascuLuminator was directed by
interviews with medical staff and usability testing in a small clinical setting
assisting blood withdrawal at the phlebotomy station (chapter 4). In this pro-
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cess the initial concept design was extended to a commercial design and the
visualization of blood vessels on a display was not perceived as a drawback
by the medical staff. However, when the device was extensively used during
the clinical evaluation on arterial and intravenous cannulation, some users
appeared to have difficulties with the extra eye-hand coordination required in
this design (chapters 5 and 6). A lesson learned from this is that it is advisable
to distribute prototype versions of a medical device in development at an
early stage to be extensively evaluated for usability by future users.
Specifically, early clinical evaluation should be extended to a broad spectrum of clinical settings. Another challenge when introducing a new device
is the culture and, more in particular, the attitudes towards new technology.
Unless the new device brings improvements that are instantly recognized,
potential users may tend to adhere to their existing practices and techniques
until substantial scientific evidence has been accrued.

Importance of clinical evaluation of medical devices
At the start of the study almost everyone, including the medical staff, expected
that the VascuLuminator would definitely be able to improve peripheral venous and arterial access. Especially the ability of the device to clearly visualize
most candidate veins was very encouraging. Furthermore, with a fifth to a
third of failed first attempts (chapter 2), it seemed there was enough room
for improvement. However, except for an explorative study in venipuncture
(chapter 4) and in children with a dark skin color (chapter 7), the VascuLuminator did not consistently improve the success rate of peripheral venous
access, although it slightly improved the success rate of radial artery access.
Possible reasons for this absence of clinical effectiveness are more extensively
discussed below.
Since regulations for medical devices are less strict than for drugs, clinical
effectiveness is not always investigated. Low risk devices, classified as class
I or II (FDA) or class I, IIa or IIb (EU directive 93/42/EEC) are devices that
are generally non-invasive and cannot do harm or injury to the patient.15
For those devices, clinical trials with human subjects are not mandatory to
obtain a CE-mark.15 FDA regulations are slightly stricter than EU-regulations.
However, class I and II devices can obtain an FDA-clearance (but not an FDAapproval) without additional clinical studies, if the device is substantially
equivalent to a previously cleared device.
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This lack of thorough clinical investigation can lead to inefficient allocation of resources if devices later appear not to be effective or even harmful
after prolonged use.16, 17 On the other hand, extensive regulation can stifle innovation; ideally, there should be a fine balance between sufficient regulation
to ensure safety and effectiveness on one hand, and room for rapid innovation
on the other.18 A possible solution would be to permit early temporary approval of innovative medical devices after safety has been ensured, followed
by more extensive post-marketing clinical studies in human subjects to obtain
permanent approval.15 Our experience from the research in this thesis is illustrative for the importance of investigating clinical effectiveness of medical
devices in clinical trials, even if at first sight it seems unquestionable that a
device is clinically effective.

Considerations on study design
Since the VascuLuminator was developed as a guidance tool and is not harmful to the patient in any way, a waiver for informed consent was granted by a
Dutch medical ethics committee for the observational studies and the clinical
trial described in chapter 6. According to Schellings et al, informed consent
can be waived if a cluster-randomized trial is more fitting, for example when
the subject of the intervention is the caregiver instead of the individual and
there is no disadvantage of the intervention.19 In the clinical trials described
in chapters 6 and 7, this condition is met, since the device is an assistive tool
which can aid the procedure, but always leaves the possibility to fall back on
cues from the standard practice (normal visibility and palpability). However,
a waiver of informed consent issued by the Institutional Review Board can
also be a disadvantage. Since regulations of informed consent are often stricter
in other countries (e.g. the United States) as compared to the Netherlands, it
might prove more difficult to get the study published when patients were
subjected to the device without written informed consent.
With the clinical investigation of a new medical device, it is not possible
to double-blind the performer, for the obvious reason that the performer will
be aware of the allocation of the device when using it. Therefore, in chapters
4 and 5 we opted for an observational design, since randomization would
at first sight not have additional value if blinding is not possible. However,
it remains difficult to completely exclude possible factors that might influence the results, such as staff rotations or seasonal effects on the case mix.
This problem can partially be solved by confounder analyses, but random-
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ization remains the optimal solution. For this reason, a randomized design
was chosen for the subsequent studies (chapters 6 and 7). Reasons to opt for
pragmatic cluster randomized clinical trials in chapters 6 and 7 (in which the
device was available or not in randomized periods) were external validity
and the risk of contamination. Since the VascuLuminator is a guidance tool
and not a replacement for the standard procedure, clinical effectiveness and
the daily clinical situation are tightly connected. For such a device, aspects
such as user-friendliness and usability in the normal clinical practice are very
important. In a pragmatic design with minimal alteration of the standard
clinical situation and a minimum of exclusion criteria, this external validity
is maximized.20, 21 Contamination (i.e. use of the VascuLuminator in a patient not randomized to the intervention group) could likely have occurred
in a standard randomized clinical trial, since measurements were collected
by self-report and the investigator was therefore not present at the operating
room. The clustered design, with operating days/weeks as clusters, ensured
that this could not happen, since the VascuLuminator was not available on
control days/weeks.

Explanations for limited clinical effectiveness
Although a first exploration of the clinical effectiveness of the VascuLuminator
for blood withdrawal (chapter 4) showed promising results, further studies
were less conclusive. A study to the use of the VascuLuminator for arterial
cannulation showed no improvement in time to cannulation and only a small
improvement in success at first attempt (chapter 5), while for intravenous
cannulation prior to surgery, there was no effect at all on time to cannulation
or success at first attempt (chapter 6). However, when we restricted the study
population to children with a dark skin color, there was a clinically relevant
increase in success of intravenous cannulation at first attempt when the VascuLuminator was used, especially in children younger than three years of
age and in children with a high anticipated difficulty (chapter 7). In the following subsections we discuss several possible explanations for the limited
clinical effectiveness of the VascuLuminator in a general pediatric population,
despite the ability of the device to visualize most of the relevant blood vessels. Firstly, it might be related to some human factors design issues of the
VascuLuminator. Secondly, there are indications that not vessel localization,
but advancement of the cannula into the vein or artery is the main difficulty,
in which case the VascuLuminator would only be a partial solution. A third,
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and related, issue is the skill of the performer. Also, a learning curve effect
might be present (i.e. the device only becomes clinically useful after a sufficient learning period). Finally, it could be that the VascuLuminator is only
useful in specific groups of patients.

Design issues
First, the design of the VascuLuminator may not be optimal from a human
factors perspective. Other devices, such as the VeinViewer (Christie Medical
Innovations, Memphis, TN) and the AccuVein (AccuVein LLC, Cold Spring
Harbor, NY) project an image of the blood vessels directly onto the puncture
site. Disadvantages of this approach are that the puncture site is blocked from
normal inspection and that the projected image is simplified and therefore
less detailed and more prone to artifacts.
Therefore we opted for a design which presents an image of the blood
vessels on a small LCD display positioned just above the puncture site. With
this design, the image on the display of the VascuLuminator maintains its fine
detail, and therefore enables an estimation of vessel depth and visualization
of very small blood vessels in real size. Also, the puncture site is not blocked
from normal inspection. However, extra skill in eye-hand coordination is
required, since the image of the blood vessels is shown on a separate display
and not on the puncture site. On the other hand, once the vein is located on
the display, it is not strictly necessary to keep looking at the display while
performing the cannulation itself. The device can thus be compared with a
car navigation system used for orientation: find your way (i.e. blood vessel)
and proceed as usual.
The different approach of design taken by manufacturers that project the
vessel image on the hand is likely not superior, because studies on clinical
effectiveness of the VeinViewer and AccuVein were as inconclusive as those
of the VascuLuminator. One study on the VeinViewer did show a significant
improvement in time to intravenous cannulation and a small, non-significant
improvement in success at first attempt in patients younger than two years
of age, but in older patients there was no difference in time or success at
first attempt.22 Another study did not show a difference in success at first
attempt in intravenous cannulation in children (0–20 years) at an emergency
department.23 In an abstract of a recent clinical trial the authors report that the
VeinViewer worsened success rate, which was reason to abort the study.24 A
study on the AccuVein, reported in an abstract, did also not show a difference
in time and number of punctures of intravenous cannulation at the operating
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room.25
All the mentioned devices lack information on the depth of the blood
vessels below the skin surface, which might be another reason for the limited
clinical effectiveness. However, in all devices palpation could still be used to
estimate the depth of a vessel below the skin. Nonetheless, if a vessel is neither
palpable nor visible, any information, even if only two-dimensional, is still
worth more than no information at all. On the other hand, it is conceivable
that the use of this kind of technical solution to vein access creates a distraction
for the performer on the standard technique of cannulation.

Advancement of the cannula
The results of the clinical evaluation of arterial and intravenous cannulation
(chapters 5 and 6) suggest that not locating the vein or artery, but the subsequent advancement of the catheter into the vessel lumen is the main difficulty
in most patients. More specifically, beginners are more likely to inadvertently
exit the vessel again when advancing the cannula, resulting in subcutaneous
placement of the intravenous cannula. In that case, visualization of blood
vessels alone would not be a complete solution to improve peripheral venous
or arterial access.
In arterial cannulation, as described in chapter 5, we were able to show that
time to first flashback of blood was relatively short in relation to the entire
procedure: approximately three minutes (171 s) without NIR visualization
for a total procedure time of approximately nine minutes (547 s) without
NIR. Also, there is very little anatomical variation of the arteries in the wrist,
explaining why anatomical landmarks might be sufficient to localize the radial
or ulnar artery.26
Anatomical variation in veins is much larger and we did not investigate
whether advancing the catheter is also the main reason for a failed first attempt
in placing intravenous catheters. However, this might be a possible explanation for the finding that success at first attempt increased in venipuncture with
the VascuLuminator, since insertion of a catheter is not a part of this procedure
and penetration of the vein is sufficient for a successful blood withdrawal.
Initial success at first attempt without a device is also larger in venipuncture
than in intravenous cannulation.

Skill of the performer
The influence of skill of the performer on success of peripheral venous or
arterial access might especially be important in successful advancement of
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the cannula after penetrating the vein or artery. There is some literature on
the influence of self-rated skill or years of experience on success of peripheral
venous access. Larsen et al. found that nurse experience and self-rated competence was not a predictor for success at first attempt in adult patients, but a
difference in success became apparent in subsequent attempts.27 The largest
effect was found between nurses with less than a year experience and those
with more than one year of experience, indicating a threshold effect. However, the ROC (receiver operating characteristic) curves had a poor prognostic
value, indicating that the effect of competence and experience on success of
cannulation was small.27 Jacobson et al. showed that in adult patients, a
higher self-rated skill led to a higher incidence of successful cannulations in
a shorter time. A higher score on visibility and palpability of the vein also led
to more successful cannulations.28 Frey et al. reported success rates of 44%,
23% and 98% respectively for nurses, physicians and a specialized IV nurse
in a pediatric hospital.29 However, the IV nurse was a single person and performed only 43 intravenous cannulations in this study. In a study conducted
in an emergency setting with adult patients, specialized emergency nurses
were significantly better at intravenous cannulation than anesthesiologists
and emergency physicians. Students showed the lowest success rates.30 In
our own study, described in chapter 2, we found a small effect of profession
of the operator on success of cannulation. Nurse anesthetists had the highest probability of a successful first attempt, followed by the anesthesiologists
and the trainees. In conclusion, an effect of skill on success of peripheral venous access is clearly present, albeit small, but profession seems to have less
predictable value on success of peripheral venous access.
If skill is mainly related to proper advancement of the cannula (as opposed
to initially entering a vein), it cannot be expected that the use of a NIR imaging
device will greatly improve the success rates in less experienced performers.
However, it might be possible that NIR imaging devices can play a role in
education, if localization of the vein is perceived as difficult in the beginning
by trainees. The device might also give information about the direction of the
blood vessel or about the presence of hematomas or vessels spasms. Further
research is required to investigate this theory.

Learning curve
We cannot exclude the possibility that a prolonged learning curve might also
be a possible reason for the observed lack of effectiveness with intravenous
cannulation. In that case, it might be that only after extensive use of the
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VascuLuminator an increase in success of intravenous cannulation can be
detected. However, we did not expect this to be the case, since the device was
designed to be intuitive in use, and the two-dimensional image on the screen
is easily interpretable. Also, it is intended to be an assisting device, giving
extra clues about vein localization next to palpation and normal visibility, but
not substituting the standard procedure. Furthermore, one may question the
clinical utility of a vessel viewing device if a very long learning curve precedes
successful use.

Effectiveness in specific patients
Finally, the VascuLuminator might be effective only in specific groups of patients, which we either did not include, or who were present in subgroups too
small to have an effect on the total population. In the studies described in this
thesis, most often a general population of pediatric patients was included,
without prior selection on visibility of veins or on anticipated difficulty. One
might argue that we should have limited the study population to pediatric
patients with a priori anticipated difficult cannulation, for example children
whose veins are neither visible nor palpable. Our decision to include ‘all
comers’ was partly motivated by the results of chapter 2, indicating that is
not possible to reliably predict the difficulty of intravenous cannulation. Furthermore, we expected that in the third of patients in which the first attempt
failed (chapter 2), localization of the veins would be the main problem of
intravenous cannulation. This expectation was also based on reports of previous research on this topic that was mostly aimed at improving localization
(e.g. dilatation of the veins by heat, ultrasound and visible light).
In relation to the inference from our studies that the problem of intravenous cannulation appears to be more a problem of advancing the catheter
than a problem with vein localization, it is possible that there would still be
an effect in the group of patients in which the veins are not visible. The results
from the study performed in dark skinned children in Curaçao—described
in chapter 7—seem to support this notion, since in these patients veins are
typically more difficult to visualize. The difference in success at first attempt
without NIR in this population (50%) compared to the population in the study
in chapter 6 (70%), might possibly consist of patients in which the vein was
not visible, which can explain why the VascuLuminator did have an effect
in this group by equalizing the success rate with that of the population of
patient with mostly a light skin color (chapter 6). The largest effect was seen
in very young patients, in which palpability of the vein might also be an issue,
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due to subcutaneous fat, and visualization is therefore of extra importance.
These results are supported by a study of Chapman et al., who found a shorter
time to cannulation in a subgroup of patients of two years and younger, in a
population partially consisting of children with a dark skin color.22
Other examples of populations where the VascuLuminator might have an
advantage are patients with medical conditions known to hamper intravenous
cannulation (circulatory problems, chemotherapy, use of corticosteroids) or
patients that are otherwise known to be difficult to puncture in advance.
During our research, it happened several times that the VascuLuminator was
used by medical staff on patients not enrolled in the study, indicating they
perceived some advantage in patients with known difficult venous access.
Our results described in chapter 7, where a significant improvement in success at first attempt was found in a group of patients previously anticipated
as difficult to cannulate, also support the notion that there might be a clinical
effect of the VascuLuminator in such patients. For future studies on the effectiveness of NIR devices, we recommend to select groups of patients based on
poor visibility of veins or known or anticipated difficulty with intravenous
cannulation.31

Further development of the VascuLuminator
Further development of the VascuLuminator could include image enhancement. However, compared to devices already using image enhancement, the
performance of the VascuLuminator was comparable (chapter 3) and the VascuLuminator was able to visualize the blood vessels in most patients in our
studies. Image enhancement might be useful if there is a large contrast of
overexposed and dark areas in one image, which can for example be the case
in the small limbs of neonates. Image enhancement can only enhance information that is already present; it will have no effect on blood vessels that are not
visible because they are buried too deeply inside the tissue. Since scattering
of light is the main cause for the invisibility of those blood vessels, use of a
stronger light source will also not be a solution.
At this moment, it is not possible to visualize veins in the antecubital fossa
of older children and adults. The reason for this is the use of transillumination
of light, which cannot penetrate a thick muscle mass. A possible solution
would be to couple the NIR light into the tissue in another way, for example
from the side or from above (reflection) instead of underneath, to decrease
the traveling distance of the light. However, in adults even a larger part of
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difficult cannulations might be related to advancement of the cannula instead
of localization of the veins, since the specific problem of presence of baby fat
combined with tiny blood vessels is not present in adults.

Future research
A study described by Perry et al. on the VeinViewer showed no difference
in success at first attempt in a population consisting for 20% out of patients
with a dark skin color.23 Therefore, it would be interesting to investigate if the
increase in success at first attempt of our study in children with a dark skin
color (chapter 7) would be maintained in a study with a larger sample size.
Furthermore, it is worthwhile to conduct a study into the effectiveness of
NIR vascular imaging devices in a selected population of patients that are
known to be difficult to cannulate. Selection of this population could be done
by using a prediction rule to anticipate difficulty of cannulation in advance
(e.g. DIVA-score), selecting patients with poorly visible veins or by including
patients that are referred to a specialist team because of difficulty of cannulation (e.g. IV-nurses or pediatric anesthesiologists). A drawback of the last
option is that the cannulations are then performed by very experienced performers, which could limit generalizability. Elaborating this line of thought, a
study on NIR vascular imaging devices with inexperienced performers might
also be informative; maybe in that group of users, guidance with localization
of the blood vessels would prove beneficial.
In chapter 5, we found a small, non-significant increase in success at
first attempt in arterial cannulation. A future study with a larger sample
size could confirm or refute these results. On the other hand, there was no
influence on time of cannulation, which is by far the most important parameter
in arterial cannulation, since the patients are already asleep and a difficult
arterial cannulation consumes a large amount of anesthesia time.
In this thesis, indications were found that the main problem of peripheral
venous and arterial access is advancement of the cannula instead of localization of the blood vessel, which could by affirmed by further research. An
in-vitro experiment, in which imaging techniques are used to visualize the
path of the needle through a blood vessel, could determine exactly what is
happening when advancement of the cannula fails. If advancement of the
cannula indeed appears to be the main problem, it might make more sense to
investigate new techniques facilitating insertion of the cannula after penetration of an artery or vein, or to investigate possible combinations of improving
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both visualization and advancement of the cannula. Especially for peripheral venous access, overall time of the procedure is very short, therefore any
technique should be very easy to use and not require extra procedural time.
A possibility is modification of the shape of the needle, guided by the results of the in-vitro study mentioned before, to improve ease of advancement
through the vessel lumen or to prevent obstruction of the needle into the
opposite vessel wall. Also, localization by pressure might be more effective
than localization by visualization, since only veins that are patent enough for
cannulation will be detected by pressure. An example of such a technique is
the Vein Entry Indicator.32
For arterial cannulation, more advanced techniques can be used, since
the problem is larger and a difficult cannulation consumes much valuable
anesthesia time (chapter 5). Modifications to needle shape might also be a
solution here. Another possibility is connection of a light fiber, emitting NIR
light, to the needle. In that way, advancement of the needle can be followed
using a NIR vascular imaging device and adjusted if necessary.
Finally, it would be valuable to compare all available NIR imaging devices
in a thorough randomized clinical trial.

Conclusions
Intravenous cannulation remains a problem in small children, with success
rates at first attempt not exceeding 70%. The VascuLuminator was able to
visualize blood vessels in most patients. The design of the VascuLuminator—
with a separate LCD display to show the vessel image—requires some extra
hand-eye coordination, and this appeared to be a problem for some users.
Unexpectedly, the only clinically relevant benefit of the device appeared to
be in venipuncture. For intravenous cannulation in a general pediatric population, we were unable to demonstrate a clinically significant benefit, with a
possible exception in dark-skinned children and patients with a priori known
difficult cannulation. The main problem with difficult peripheral venous and
arterial access appears to be the successful advancement of the cannula into
the vessel, rather than the localization of the vein or artery. Future research
should focus on ways to facilitate successful cannula advancement within the
vessel.
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Summary

This thesis describes the development and clinical evaluation of a device,
the VascuLuminator, which was developed as a guidance tool for peripheral
venous and arterial access by visualizing blood vessels underneath the skin
with near-infrared (NIR) light. Since not much is known on the amplitude
of the clinical problem, nor on predictive factors for difficulty of intravenous
cannulation, we describe a study (chapter 2) evaluating predictors of difficult
intravenous cannulation in the operating room and the outpatient care unit of
a tertiary pediatric university hospital. During six months, all children up to
18 years old were included. In the operating room, intravenous cannulations
were performed by anesthesiologists, nurse anesthetists and trainees. In the
outpatient care unit, trainee physicians and nurses performed the cannulations. The main outcome parameters were success at first attempt (i.e. the first
attempt leads to a successful cannulation) and time to successful cannulation
in seconds. The following potential predictors were considered: age, gender,
BMI or weight-to-age z-score, a dark skin color (Fitzpatrick skin type V or
higher), the child being awake or anesthetized, profession of the operator and
surgical specialty (if applicable). A total of 1083 patients were included in the
operating room and 178 in the outpatient care unit. Success at first attempt
was 73.1% in the operating room and 80.7% in the outpatient care unit. Time to
successful cannulation was 140 s (±7) and 182 s (±16) respectively. Age, being
awake, gender, operator and surgical specialty were found to be predictive for
difficulty of intravenous cannulation. A younger child, the specialties maxillofacial surgery, neurosurgery and general surgery and an operator other
than a nurse anesthetist resulted in a lower probability of a successful first
attempt. The same predictors, together with the specialties pediatric interventions, urologic surgery and reconstructive surgery, being awake and female
gender led to a longer time of cannulation. Surprisingly, BMI or weight-toage was not a predictor for difficulty of intravenous cannulation. Influence
of the predictors found in our study on difficulty of cannulation was small
however. For the outpatient care unit, no predictors were found at all. Therefore, we concluded that difficulty of intravenous cannulation is not very well
predictable. Our most important conclusion is that still in a third to a fifth
of the patients multiple punctures are required for a successful intravenous
cannulation. This figure implies that there is still room for improvement of
the current practice, with NIR light to visualize subsurface veins as a possible
solution.
The development and theoretical background of the VascuLuminator, together with in vitro and in vivo experiments during the development and
refining of the device, are described in chapter 3. The VascuLuminator con-
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sists of a NIR emitting LED which is placed underneath the puncture site.
The light, absorbed by blood and scattered by other tissue, is processed by a
NIR-sensitive camera. An LCD display shows an image of the blood vessels as
dark lines against a light background of tissue. The camera can be positioned
using one hand. Puncture site and display are at the same distance to the eye
of the user, allowing effortless switching between both; the image on the display is approximately life-sized. Normal vision of the puncture site remains
possible. Measurements with a multispectral imaging system showed that the
optimal contrast between blood vessels and tissue, within the NIR window,
was found between 850 and 900 nm, as expected from theory. A phantom
tissue experiment showed that the maximum depth of visibility with the VascuLuminator is sufficient to make commonly used peripheral blood vessels
in the wrist and hand visible. However, in the lower arm and elbow of larger
children and adults, visualization of peripheral blood vessels becomes impossible with the current design, because most of the NIR light is absorbed
by the muscle tissue before reaching the opposite side of the puncture site.
A possible solution of this problem might be reduction of the length of the
pathway of the light, for example by coupling the NIR light into the tissue
from the side instead of from underneath. Another limitation of the present
design is the fact that the VascuLuminator requires extra skill in eye-hand
coordination, since the user has to switch views between puncture site and
display. Also, the NIR LED has to be kept underneath the puncture site, which
can be done by the user while stabilizing the hand of the patient, or by the use
of tape. When the VascuLuminator was compared to two other NIR devices,
overall results were comparable.
In the next chapter, chapter 4, we explore the clinical usability of a prototype VascuLuminator in blood withdrawal in children up to 6 years of age.
To this end, we conducted an observational study in which children were
included to the standard procedure during two months (n = 80), followed
by implementation of the prototype VascuLuminator, which was then used
during one month (n = 45). The main outcome parameters were failure at first
attempt (i.e. the first attempt did not lead to a successful blood withdrawal)
and time of manipulation (i.e. time the needle is underneath the skin in search
for a vein). The results of this feasibility study were promising; failure at first
attempt dropped from 10/80 (13%) to 1/45 (2%, P = .05) and there was a tendency (P = .07) to a shorter manipulation time from 2 s (1–10) to 1 s (1–4). In
26 out of 45 cases, the phlebotomist rated the use of the VascuLuminator positively. Veins were visible with the device in the hands of all patients, however
in four patients there was no visible vein in the antecubital fossa. To conclude,
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the first clinical experiences with VascuLuminator were promising in blood
withdrawal in patients up to 6 years of age.
Arterial cannulation in infants is known to be a challenge, because precise localization of the tiny artery and subsequently inserting a cannula is
difficult. In chapter 5, we explored whether the assistance of a prototype VascuLuminator was able to decrease procedural time and increase success at
first attempt. An observational study was conducted in children up to three
years old, receiving an arterial cannulation prior to cardiothoracic surgery.
During five months, arterial cannulations were performed as usual (n = 38),
after which the VascuLuminator was introduced and used for the next five
months (n = 39). The VascuLuminator was used as an assisting device during
the procedure, but palpability remained possible. It was only possible to visualize arteries in the wrist with the device. If the cannulation did not succeed in
the wrist, the brachial or femoral arteries were used without the device. Total
time to successful cannulation was the primary outcome parameter. Time to
the first flashback of blood (indicating that the artery was penetrated), success at first attempt (number of patients in which the first puncture led to a
successful cannulation) and number of punctures were secondary outcome
parameters. Time to successful cannulation was 547 s (171–1183) without and
464 s (174–996) with the use of the VascuLuminator (P = .76) and time to first
flashback of blood was 171 s (96–522) and 219 s (59–447; P = .38) respectively.
Success at first attempt was 7/38 and 12/39 (P = .29) respectively. In 11 of the
39 patients, the VascuLuminator was successfully used while there was no
palpable pulse. Although the device was able to visualize arteries in the wrist
in most patients (32/39), this did not lead to a significant improvement in
time of arterial cannulation. However, there was a tendency towards a lower
number of attempts, and an increase in success at first attempt and successful
cannulation in the wrist. Of note is the finding that time to first flashback of
blood is much shorter than total time of cannulation. This might indicate that
not locating the artery, but advancing the cannula into the arterial lumen is
the real problem, which is supported by the fact that anatomical location of
the arteries is not very variable. Therefore, it might be more useful to aim
further research at techniques that improve the insertion of the cannula in the
artery, such as the use of guidewires.
In chapter 6, the VascuLuminator was evaluated in intravenous cannulation in patients up to 18 years of age, scheduled for elective, non-cardiothoracic
surgery during five months. The study described in this chapter is a pragmatic
cluster randomized clinical trial, with the daily operating room as the cluster to which the device was allocated or not. Measurements were performed
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by self-report of the anesthetic team. The primary outcome parameter was
success at first attempt, total time of cannulation was the secondary outcome
parameter. A total of 246 patients in the control group and 248 in the VascuLuminator group were analyzed. The success at first attempt was 70% when the
VascuLuminator was used, compared to 71% in the control group (P = .69).
Time to successful cannulation was respectively 162 s (±14) and 143 s (±15,
P = .26). Success at first attempt in children younger than three years of
age was 52.5% in the control group and 54.7% in the VascuLuminator group
(P = .88) and time to successful cannulation was 228 s (±35) and 257 s (±33)
respectively (P = .36). In children with a BMI or weight-to-age above the 85th
percentile success at first attempt was 75.0% in the control group and 70.0%
(P = .79) in the VascuLuminator group and time to successful cannulation was
118 s (±23) and 179 s (±36, P = .21). In 145/174 (83.3%) patients, the vein of the
first puncture was visible with the VascuLuminator and in 38/176 (21.6%) patients, the device was recorded as useful. Although the veins were visible in
over 80% of the patients, this did not lead to a higher success at first attempt
or a shorter time of cannulation. In conclusion, the use of the VascuLuminator
during intravenous cannulation prior to surgery was not clinically effective.
The population in the previous studies mostly had a light skin color,
whereas the VascuLuminator was especially devised for children with a dark
skin color. Therefore, the study described in chapter 7 aimed to evaluate the
effectiveness of the VascuLuminator when used for intravenous cannulation
in a population of children with a dark skin color. During four months, all
consecutive children (0–15 years) in need for an intravenous cannulation at
the operating room of a primary general hospital in Curaçao were included
in this pragmatic cluster randomized clinical trial. The presence of the VascuLuminator at the operating complex was randomized in clusters of a week.
Success at first attempt was 63% (27/43) in the VascuLuminator group vs. 51%
(23/45) in the control group (P = .27). Time to successful cannulation was 53 s
(34–154) in the VascuLuminator group and 68 s (40–159) in the control group
(P = .54). Subgroup analysis showed a higher success at first attempt in children younger than 3 years of age (VascuLuminator group: 61% (14/23) vs.
control group: 35% (8/23); P = .08) and in patients anticipated to be difficult
(VascuLuminator group: 50% (8/16) vs. control group: 8% (1/13); P = .03). To
conclude, the VascuLuminator showed promising results in improving success at first attempt in intravenous cannulation in children with a dark skin
color younger than three years old and in children with a dark skin color that
were anticipated to be difficult to puncture.
In chapter 8, implications of the results of the research described in this
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thesis are discussed and suggestions for future research are given. Despite
the fact that the VascuLuminator was able to visualize blood vessels in most
patients, the only clinically relevant benefit of the device appeared to be in
venipuncture. For intravenous cannulation in a general pediatric population,
we were unable to demonstrate a clinically significant benefit, with a possible
exception in dark-skinned children and patients with a priori known difficult
cannulation. The most important issue of difficult peripheral arterial and
venous access appears to be the successful advancement of the cannula into
the vessel lumen, instead of localization of the vein or artery. However, a
benefit might be expected in specific subgroups of children in whom the veins
are poorly visible (e.g. because of a dark skin color) or that are anticipated in
advance as difficult to puncture. Suggestions for future research are aimed at
affirming or refuting clinical effectiveness in children with a dark skin color,
patients with poorly visible veins and patients that are expected to be difficult
to cannulate. Also, a comparison of all available NIR vascular imaging systems
in a randomized clinical trial might be worthwhile. However, the main focus
of future research should, in our opinion, focus on ways to facilitate successful
cannula advancement within the vessel.
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Het onderwerp van dit proefschrift is de ontwikkeling en klinische evaluatie
van een medisch apparaat dat bedoeld is om aanprikken van bloedvaten te
vergemakkelijken. Het apparaat, de VascuLuminator, maakt de bloedvaten
onderhuids zichtbaar met behulp van infrarood licht. Aangezien er niet veel
bekend is over de grootte van het probleem van moeilijke veneuze toegang, is
er allereerst een onderzoek uitgevoerd (hoofdstuk 2) naar de voorspellende
factoren hiervoor op de operatiekamer en de dagbehandeling van een universitair kinderziekenhuis. Gedurende zes maanden zijn alle patiënten onder
de 18 jaar geı̈ncludeerd die een intraveneuze cannulatie moesten ondergaan.
Op de operatiekamer werden de procedures uitgevoerd door anesthesisten,
anesthesiemedewerkers en leerlingen. Op de dagbehandeling werden zij uitgevoerd door arts-assistenten en verpleegkundigen. De belangrijkste uitkomsten waren succes van de eerste poging (dat wil zeggen, de eerste poging
leidt tot een succesvolle cannulatie) en tijdsduur van succesvolle cannulatie
in seconden. Mogelijke voorspellers waren: leeftijd, geslacht, BMI of gewichtnaar-leeftijd, donkere huidskleur (Fitzpatrick huidtype V of hoger), wakker
of onder anesthesie tijdens de procedure, beroep van de uitvoerder en type
chirurgie. In totaal zijn er 1083 patiënten geı̈ncludeerd op de operatiekamer en
178 op de dagbehandeling. Het succespercentage van de eerste poging was
73.1% op de operatiekamer en 80.7% op de dagbehandeling. Tijdsduur tot
succesvolle cannulatie was 140 s (±7) en 182 s (±16) respectievelijk. Leeftijd,
een wakker kind, geslacht, beroep en type chirurgie bleken de moeilijkheid
van intraveneuze cannulatie te voorspellen. Een lagere leeftijd van het kind,
kaakchirurgie, neurochirurgie en algemene chirurgie en een beroep anders
dan anesthesiemedewerker verkleinen de kans op een succesvolle cannulatie.
Deze voorspellers, samen met pediatrische interventies, urologische chirurgie
en plastische chirurgie, een wakker kind en het vrouwelijke geslacht leidden
tevens tot een langere tijdsduur. De invloed van deze voorspellers was echter klein, en voor de dagbehandeling werden in het geheel geen significante
voorspellers gevonden. Concluderend kunnen we dus zeggen dat de voorspelbaarheid van moeilijke intraveneuze cannulatie klein is. Belangrijker nog
is het feit dat in een derde tot een vijfde van de patiënten meer dan één poging
nodig is voor een succesvolle intraveneuze cannulatie. Het lijkt er dus op dat
er nog voldoende ruimte voor verbetering van de huidige praktijk is, waarbij
het zichtbaar maken van bloedvaten mogelijk een oplossing kan zijn.
In hoofdstuk 3 bestudeerden we de theoretische achtergrond van bloedvaten zichtbaar maken met infrarood licht en beschrijven we de ontwikkeling
van de VascuLuminator. Ook in-vitro en in-vivo experimenten komen aan
bod. De VascuLuminator bestaat uit een infrarode lichtbron (LED) die onder
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de punctieplaats wordt gehouden. Het licht schijnt door het weefsel heen en
wordt daarbij verstrooid door het weefsel en geabsorbeerd door het bloed
in de bloedvaten. Een infraroodgevoelige camera projecteert het resulterende
beeld op een monitor, waarbij de bloedvaten als donkere lijnen afsteken tegen een lichte achtergrond. De camera kan met één hand bediend worden.
De punctieplaats en de monitor bevinden zich op dezelfde afstand tot het
oog van de gebruiker, zodat men makkelijk tussen beiden kan switchen. De
afbeelding van het weefsel en de bloedvaten wordt op werkelijke grootte
weergegeven en het normale zicht op de punctieplaats is onverstoord. Metingen met een multispectraal systeem lieten zien dat een golflengte tussen de
850 en 900 nm het hoogste contrast tussen bloedvaten en omringend weefsel
gaf. Door middel van een experiment met fantoomweefsel werd aangetoond
dat de maximale diepte van zichtbaarheid met de VascuLuminator voldoet
om de meest gebruikte perifere bloedvaten in hand en elleboog zichtbaar te
maken. Met het huidige ontwerp is het echter niet goed mogelijk om bloedvaten in de elleboog en onderarm zichtbaar te maken bij oudere kinderen
en volwassenen, omdat een groot deel van het infrarode licht door deze dikkere weefsels wordt geabsorbeerd en dus niet de andere kant van het weefsel
bereikt. Een mogelijke oplossing hiervoor kan gezocht worden in het verkleinen van de afstand die het licht door het weefsel moet afleggen, bijvoorbeeld
door het licht vanaf de zijkant in plaats van de onderkant in te koppelen
in het weefsel. Een andere beperking van het huidige ontwerp is dat extra
oog-hand coördinatie noodzakelijk is, omdat de gebruiker niet alleen op de
punctieplaats, maar ook op de monitor moet kijken. Verder moet de lichtbron
op zijn plaats gehouden worden onder de punctieplaats, dit kan gedaan worden met de hand die toch al de punctieplaats stabiliseert of door middel van
tape. Bij een vergelijk tussen de VascuLuminator en twee andere soortgelijke
apparaten waren de resultaten in contrast van het beeld vergelijkbaar.
In het volgende hoofdstuk, hoofdstuk 4, onderzochten we de klinische
bruikbaarheid van een prototype VascuLuminator bij bloedafname bij kinderen tot een leeftijd van 6 jaar oud. Een observationeel onderzoek is hiertoe
uitgevoerd, waarbij eerst gedurende twee maanden kinderen zijn geprikt
volgens de standaard methode (n = 80), gevolgd door een periode van een
maand waarin de kinderen werden geprikt met behulp van het apparaat
(n = 45). De belangrijkste uitkomsten waren faalkans van de eerste poging
(oftewel, de eerste poging leidde niet tot een succesvolle bloedafname) en
tijd-van-manipulatie (de tijd dat de naald zich onder de huid bevond terwijl
er naar een bloedvat werd gezocht). De resultaten van deze eerste haalbaarheidsstudie waren veelbelovend; de faalkans nam af van 10/80 (13%) naar 1/45

142

Samenvatting

(2%, P = .05) en tijd-van-manipulatie nam af van 2 s (1–10) naar 1 s (1–4). In
26 van de 45 gevallen werd het apparaat positief beoordeeld door de gebruiker. De bloedvaten in de handen konden in alle patiënten zichtbaar worden
gemaakt, het was echter in vier patiënten niet mogelijk om bloedvaten in
de elleboog zichtbaar te maken. Concluderend waren de eerste resultaten
met de VascuLuminator als hulpmiddel bij bloedafname bij kleine kinderen
veelbelovend.
Arteriële cannulatie bij jonge kinderen is een moeilijke procedure, omdat
de pulsatie van de arterie niet altijd goed te voelen is door de kleine vaatjes,
waardoor de arteriën lastig te lokaliseren kunnen zijn. In hoofdstuk 5 werd
onderzocht of met behulp van de VascuLuminator de tijd van de procedure
afnam en de slagingskans van de eerste poging toenam. Wederom werd er
een observationeel onderzoek uitgevoerd, waarbij kinderen onder de drie
jaar die hartchirurgie moesten ondergaan werden geı̈ncludeerd. De eerste vijf
maanden werd de procedure uitgevoerd zoals gewoonlijk (n = 38), daarna
werd de VascuLuminator gebruikt als hulpmiddel tijdens het prikken (n =
39). Naast het gebruik van de VascuLuminator was ook palpatie nog steeds
mogelijk tijdens het prikken. Aangezien het alleen mogelijk is de arteriën
in de pols zichtbaar te maken met de VascuLuminator, werd er bij het niet
slagen van de procedure in de pols overgaan op cannulatie in de lies of
elleboogholte zonder het apparaat. De belangrijkste uitkomstmaat was totale
proceduretijd. Secundaire uitkomstmaten waren tijd tot eerste terugstroom
van bloed (wat aangeeft dat de arterie correct gelokaliseerd is), succes van de
eerste poging en totaal aantal pogingen. De proceduretijd was 547 s (171–1183)
zonder en 464 s (174–996) met apparaat (P = .76). Tijd tot eerste terugstroom
van bloed was 171 s (96–522) en 219 s (59–447, P = .38) respectievelijk. In 11
van de 39 patiënten werd de VascuLuminator met succes gebruikt terwijl er
geen voelbare pulsatie van de arterie was. Hoewel in het grootste deel van
de patiënten (32/39) de arteriën zichtbaar gemaakt konden worden met de
VascuLuminator, was er geen significante verkorting van de proceduretijd.
Er was wel een tendens naar een kleiner aantal pogingen en een grotere kans
op succes met de eerste poging en succes met aanprikken van de arteriën
in de pols bij het gebruik van de VascuLuminator. Wat tevens opvalt, is dat
de totale proceduretijd zoveel langer is, zowel met als zonder apparaat, dan
de tijd tot eerste terugstroom van bloed. Dit lijkt erop te wijzen dat niet het
lokaliseren van de arterie, maar het vervolgens opschuiven van de cannula
in het vaatlumen het voornaamste probleem is bij arteriële cannulatie bij
kinderen. Deze bevinding wordt ook ondersteund door het feit dat variatie
in arteriële anatomie klein is, waardoor anatomische herkenningspunten met
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succes gebruikt kunnen worden bij het aanprikken. Verder onderzoek zou zich
daarom misschien beter kunnen richten op methoden om dit opschuiven van
de cannula te vergemakkelijken, bijvoorbeeld door gebruik van voerdraden.
In hoofdstuk 6 beschrijven we de evaluatie van de VascuLuminator als
hulpmiddel bij intraveneuze cannulatie in kinderen. Gedurende vijf maanden werden alle kinderen, ingepland voor electieve, niet-cardiale chirurgie,
geı̈ncludeerd in een pragmatische cluster gerandomiseerde klinische trial,
met de operatiedagen als cluster waaraan het apparaat werd toegewezen
aan de hand van randomisatie. Alle metingen werden uitgevoerd door middel van zelfrapportage door het anesthesieteam. Succes bij de eerste poging
was de belangrijkste uitkomstmaat, gevolgd door totale proceduretijd. In
de controlegroep werden uiteindelijk 246 patiënten geanalyseerd en in de
VascuLuminatorgroep 248. Succes bij de eerste poging was 70% in de VascuLuminatorgroep en 71% in de controlegroep (P = .69). Proceduretijd was
respectievelijk 162 s (±14) en 143 s (±15), P = .26). In een subgroep van kinderen jonger dan drie jaar was het succespercentage bij de eerste poging 52.5%
in de controlegroep en 54.7% in de VascuLuminatorgroep (P = .88). Proceduretijd in deze groep was respectievelijk 228 s (±35) en 257 s (±33), P = .36). In
de subgroep van kinderen met een BMI of gewicht-naar-leeftijd boven het 85e
percentiel was het succespercentage 75.0% in de controlegroep en 70.0% in de
VascuLuminatorgroep (P = .79). Proceduretijd in deze groep was respectievelijk 118 s (±23) en 179 s (±36), P = .21). In 45/174 (83.3%) van de patiënten was
het bloedvat, gekozen voor de eerste poging, zichtbaar met de VascuLuminator en in 38/176 (21.6%) werd de VascuLuminator nuttig bevonden door de
gebruiker. Ondanks dat de bloedvaten in de meeste gevallen zichtbaar waren
met de VascuLuminator, heeft dit niet geleid tot een grotere kans op succes van
de eerste poging, noch tot een kortere proceduretijd. Concluderend kunnen
we stellen dat het gebruik van de VascuLuminator bij intraveneuze cannulatie
in kinderen voorafgaand aan chirurgie, geen klinisch voordeel heeft geleverd.
De onderzoekspopulatie beschreven in het vorige hoofdstuk had voor het
overgrote deel een lichte huidskleur. Aangezien de VascuLuminator speciaal
ontworpen is met de moeilijkheden van het aanprikken van donkere kinderen op het oog, evalueren we in hoofdstuk 7 het gebruik van de VascuLuminator specifiek in deze groep. Gedurende vier maanden zijn alle kinderen
geı̈ncludeerd die een intraveneuze cannulatie ondergingen voorafgaand aan
chirurgie in een perifeer ziekenhuis in Curaçao. De aanwezigheid van de
VascuLuminator tijdens de intraveneuze cannulatie werd gerandomiseerd in
wekelijkse clusters. Het succespercentage bij de eerste poging was 63% (27/43)
in de VascuLuminatorgroep en 51% (23/45) in de controlegroep (P = .27).
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Proceduretijd was respectievelijk 53 s (34–154) en 68 s (40–159). In een subgroep van kinderen jonger dan drie jaar was er een hoger succespercentage
van de eerste poging bij gebruik van de VascuLuminator (61% [14/23] versus 35% [8/23]; P = .08). Het succespercentage was significant hoger met de
VascuLuminator in een subgroep van kinderen vooraf ingeschat als moeilijk
(50% [8/16] versus 8% [1/13], P = .03). Concluderend vertoonde de VascuLuminator veelbelovende resultaten in verhogen van het succespercentage in
intraveneuze cannulatie bij kinderen met een donkere huidskleur, specifiek
in de subgroepen jonge kinderen en moeilijk te prikken kinderen.
In hoofdstuk 8 wordt uitgeweid over de implicaties van de resultaten
van het onderzoek in dit proefschrift. Tevens worden er suggesties gedaan
voor verder onderzoek. Hoewel de VascuLuminator in staat was in de meeste
patiënten de bloedvaten zichtbaar te maken, kon er toch maar in beperkte
mate klinische effectiviteit worden aangetoond. Er was een verbetering te
zien op het gebied van bloedafname, maar niet op het gebied van intraveneuze cannulatie bij een algemene groep pediatrische patiënten, met een
mogelijke uitzondering van patiënten met een donkere huidskleur. Het voornaamste probleem van moeilijke intraveneuze en arteriële cannulatie lijkt te
liggen op het gebied van opschuiven van de cannula in het vaatlumen, en
niet zozeer in moeilijkheden met betrekking tot de lokalisatie. Er kan echter
wel een voordeel verwacht worden bij gebruik van de VascuLuminator in
kinderen waarbij de vaten moeilijk te zien zijn (bijvoorbeeld door een donkere huidskleur) of die anderzijds vooraf ingeschat worden als moeilijk te
prikken. Verder onderzoek kan zich daarom richten op het gebruik van de
VascuLuminator in deze populatie. Verder zou het waardevol zijn om de beschikbare apparaten die bloedvaten zichtbaar maken met infrarood licht te
vergelijken in een grote gerandomiseerde klinische trial. Tevens is het aan te
raden om toekomstig onderzoek te richten op methoden om het opschuiven
van de cannula in het vaatlumen te verbeteren.
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Mijn promotietraject begon niet als zodanig. In eerste instantie was er slechts
sprake van een tweejarig onderzoek. Al vrij snel bleek dat er meer in zat en
dit heeft uiteindelijk geleid tot dit proefschrift. Uiteraard voltooid men een
dergelijk proces zelden alleen; hierbij wil ik dus iedereen bedanken die een
bijdrage heeft geleverd aan de totstandkoming van dit proefschrift.
Prof. Verdaasdonk, beste Ruud, zonder jouw ambitieuze idee om iets te
gaan doen met infrarood licht om bloedvaten zichtbaar te maken, geı̈nspireerd
door je eigen ervaring met je zoontje, was dit hele proefschrift er niet geweest.
Ik vond het een voorrecht om met je te werken en ben steeds weer onder
de indruk van de creativiteit en het enthousiasme waarmee je zo vaak tot
interessante nieuwe ideeën komt. Ook dit idee heeft toch maar weer geleid
tot een mooi nieuw medisch apparaat, de VascuLuminator.
Prof. Kalkman, beste Cor, toen het duidelijk werd dat het ontwikkeltraject
van de VascuLuminator over zou gaan in een promotietraject, ben ik met u in
contact gekomen. Ik heb veel gehad aan uw begeleiding ten aanzien van de
methodologie van het klinische onderzoek en uw hulp bij het schrijven van de
publicaties. Uw kritische blik heeft mij gedwongen goed na te denken over de
implicaties van mijn onderzoek en daarmee het proefschrift meer diepgang
gegeven.
Prof. Viergever, beste Max, al vrij snel, na een presentatie van mijn kant, zag
u wel toekomst in het onderzoek. Met u als (toen nog enige) promotor hebben
we subsidie aangevraagd en het tweejarige onderzoekstraject uit kunnen
bouwen tot een promotietraject. Ik wil u bedanken voor uw hulp en inzet.
Dr. De Graaff, beste Jurgen: in de tweede helft van mijn promotietraject
werd jij mijn co-promotor. Met jouw hulp heeft het klinische deel van mijn
proefschrift een enorme boost gekregen. Ik heb ontzettend veel van je geleerd
op het gebied van het opzetten van kwalitatief goed onderzoek en het schrijven van publicaties. Deze kennis zal mij in de toekomst nog steeds van nut
blijven. Ik heb erg veel waardering voor de enorme inzet en het enthousiasme
waarmee je mij begeleid hebt en alle tijd die je er in gestoken hebt.
De leden van de beoordelingscommissie, prof. Van Bel, prof. De Jong, prof.
Van Solinge, prof. Loer en prof. Van Leeuwen wil ik bedanken voor de tijd en
moeite die zij hebben gestoken in het lezen van mijn proefschrift.
Mijn directe (oud)collega’s van Klinische Fysica, Herke Jan, John, Alex,
Annemoon, Leo, Rick, Rens, Stefan, Tjeerd en Mathijs wil ik bedanken voor
de fijne samenwerking en prettige werksfeer. Ik heb erg veel waardering
voor het gemak waarmee ik altijd bij jullie terecht kon als ik ergens niet
uitkwam of hulp nodig had. Ik heb het altijd erg naar mijn zin gehad op
de afdeling. Rowland, jouw praktische bijdrage aan het ontwikkelen van
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de VascuLuminator was, durf ik wel te zeggen, onmisbaar. Vanaf de eerste
prototype ‘Vaatimager’ die we zelf in elkaar geklust hebben tot je hulp bij
het repareren van kapotte VascuLuminators die ik zo hard nodig had in de
kliniek. Ik vond het erg gezellig om een kamer met je te delen en heb veel
van je geleerd, van het solderen van LEDjes en het knoeien met epoxy tot de
zoölogie van inktvissen en de ecologie van tuinvogels in Bilthoven.
Ook mijn collega’s van de Medische Technologie wil ik bedanken voor
alle hulp bij het ontwikkelen en repareren van VascuLuminators, met name
Bert, Arie en Kees. Daarnaast wil ik mijn collega’s van de afdeling Medische
Technologie en Klinische Fysica bedanken voor de prettige werksfeer.
Halverwege mijn promotietraject ben ik aangeschoven bij de wekelijkse
researchmeetings van de DP&S-onderzoekers. Dit bleek een verstandige zet;
een brainstormsessie met jullie op één van deze meetings over mijn onderzoek en de problemen waar ik tegen aan liep, heeft mij weer een stuk op weg
geholpen. Ook wil ik Linda bedanken voor al haar hulp bij de methodologische kant van het onderzoek, hiermee heb ik mijn onderzoek duidelijk op een
hoger niveau kunnen tillen. Olga, bedankt voor je bijdrage aan het opzetten
van een onderzoek in Curaçao en leuk dat het op het laatste moment toch nog
gelukt is om deze resultaten een plaatsje te geven in mijn proefschrift.
De priklaboranten van de prikpoli op het WKZ, de arts-assistenten en
verpleegkundigen van afdeling Pauw, de anesthesiemedewerkers en anesthesisten van de OK WKZ en de verpleegkundigen van de verkoever WKZ,
zonder jullie inzet en hulp had ik nooit het klinische onderzoek zo uitgebreid
kunnen uitvoeren en zoveel metingen kunnen verzamelen. Ook heb ik veel
gehad aan jullie tips en adviezen over het onderzoek of over de VascuLuminator. Heel erg bedankt dat jullie naast jullie drukke werkzaamheden toch de
mogelijkheid zagen om metingen te doen voor mijn onderzoek.
Paranimfen Kim en Mirjam; bedankt dat jullie mijn ‘grote moment’ met
mij willen delen. Kim, we kennen elkaar al vanaf de studie. Tijdens onze
reis naar Australië hebben we elkaar echt goed leren kennen en daar ben
ik blij om. Ook jij bent nu bezig met je promotie, dus we hebben uitgebreid
de hobbels op de weg naar een proefschrift met elkaar kunnen delen tijdens
lange wandelingen in het bos met de honden. Binnenkort hoop ik jouw boekje
tegemoet te zien! Mirjam, mijn zus, met sommige dingen lijken we zo erg op
elkaar, met andere dingen zijn we zo verschillend, maar dat maakt het juist
leuk. Ik wens je veel succes met de laatste loodjes van je opleiding, want ik
weet zeker dat jij een ontzettend goede schooljuf zal zijn.
Mijn ouders hebben mij voor een groot deel gemaakt tot wie ik ben. De
drang om van alles te willen weten heb ik van huis uit meegekregen. Mijn
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wetenschappelijke carrière werd al vroeg gestimuleerd doordat jullie mij aan
hebben gemeld voor Professor Post, waarmee ik als kind voor het eerst kennis
maakte met de interessante wereld van de wetenschap. Papa en mama, heel
erg bedankt voor jullie steun en liefde.
Lieve Alex, een half jaar voor ik met mijn promotietraject begon, leerde
ik jou kennen. Ik kan niet uitdrukken hoe blij ik ben dat het toeval ons goed
gezind was. Wel wil ik nog zeggen dat het fijn is te weten dat er iemand is die
er altijd voor je is en die altijd achter je staat, wat er ook gebeurd. Recentelijk
zijn we samen aan een zeer belangrijk ‘nieuw project’ begonnen: het met liefde
opvoeden van onze Julian tot een fijne volwassene met een gezonde interesse
in de wereld om hem heen.
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