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Abstract

Background: Central venous catheter (CVC) insertion is a common procedure. However, it has a complication rate of

up to 15%. Ultrasound-guided (USG) central venous catheter insertion (USG-CVC) is recommended to reduce com-

plications. USG punctures require hand–eye coordination. USG puncture training requires an adequate training phan-

tom that mimics the ultrasound characteristics and in addition provides haptic feedback of tissue and veins. However,

the commercially available phantoms are expensive. The aim of this proof of concept study was to produce a low-cost,

realistic phantom to improve hand–eye coordination. The quality and utility of the phantom were reviewed by several

participants experienced in USG punctures. Methods: This study took place in a peripheral teaching hospital and an

academic centre. All available participants (n = 20) experienced in USG-CVC insertion were asked to perform a USG

puncture on the phantom. In addition, participants reviewed the quality and different properties of the phantom by

completing a questionnaire. Results: The age of the participants ranged from 24 to 55 years. Participants were surgical

residents and surgeons with an average experience of 10–50 blind CVC procedures and 20–50 USG-CVC procedures.

The phantom was rated moderate (mean, 3 out of 5) from a realistic perspective and good (mean, 4 out of 5) from a

procedural perspective. Training of hand–eye coordination and the overall rating was good (mean, 4 out of 5).

Conclusions: Overall, the phantom was rated good, especially for training of hand–eye coordination. These findings

confirm the feasibility of this easy to make, affordable home-made phantom for USG puncture training.
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Introduction

Central venous catheter (CVC) insertion is a common pro-

cedure in medical practice. Insertion of these catheters facil-

itates the measurement of haemodynamic variables and

administration of medication and nutrition that cannot be

administered safely through peripheral venous catheters.

However, CVC insertion has a complication rate of up to

15%.1-3 In order to reduce these complications, ultrasound-

guided central venous catheter (USG-CVC) insertion is

recommended, because it allows direct visualization of intra-

venous needle and catheter insertion. USG-CVC insertion is

a widely accepted method that improves successful insertion

and reduces the complication risk of CVC placement.1-5 For

this reason, various international guidelines (such as the

NICE and the AAGBI guidelines) support the use of ultra-

sound in CVC puncture to improve the safety of vascular

accesss.6,7

In addition to CVC puncture, ultrasound (US) is also more

frequently used in dialysis shunt puncture and guided punc-

tures in young children.8-10 Ultrasound-guided punctures

require good hand–eye coordination. It is important to

practice these skills in vitro before performing them on

patients. Simulation-based instead of patient-based technical

skills training has generated much enthusiasm and is

becoming common practice.2,11-13

Ultrasound-guided puncture training requires an adequate

training phantom that mimics the US characteristics and

provides haptic feedback of real tissue and veins in a suffi-

cient way. Phantoms are available (e.g. Blue Phantom) in

various forms with one thing in common: they are expen-

sive, with prices up to $6000 (http://www.sonositeeducation.

com/). Many institutions do not have access to funds for

these expensive models and therefore cheaper phantom

models are warranted. The aim of this proof of concept
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study was to evaluate whether it is feasible to produce and

evaluate a low-cost, but realistic, phantom to provide train-

ing for dual-handed movements and the hand–eye coordi-

nation needed for USG-CVC and other US-guided

punctures. In addition, the quality and utility of the phan-

tom as experienced by participants during US-guided

punctures was reviewed. Training for further procedural

steps after gaining successful venous access fell outside

the aims of this study.

Methods

All materials for the production of the phantom had to be

available in a general hospital or regular store (Table 1).

After a literature search (PubMed, Google Scholar and

other non-conventional websites such as YouTube.com),

we found several articles describing a home-made US

phantom.13-17 We combined several techniques and even-

tually came up with a durable phantom made from gela-

tine. This model differs from other models because of the

prefilled tubes, the affordable silicone layer, which mimics

the skin and, most importantly, the relatively long expira-

tion date due to the addition of antiseptic solution to the

gelatine solution.

There was no need for any form of institutional review

board approval for this proof of concept study as no

patients were involved and there were no additional

health care costs.

Preparing the phantom
A step by step approach is shown in Table 2. The primary

ingredient for the phantom was a gelatine mixture (Dr.

Oetker gelatine powder). First, the desired volume for

our model was defined. For every 250 mL, 35 g of gelatine

powder was mixed with 250 mL of water just below boiling

point to minimize excessive water evaporation. The

Table 1 Materials

Water

Unflavoured gelatine powder

Sugar-free Metamucil

Latex/silicone tubes (thin walled and variable diameters)

Thin silicone dressing (e.g. a silicone baking mat)

Aseptic alcohol-based solution

Red colour additive

Plastic container

Hot glue gun

Table 2 Preparation guide

Step 1: prepare the gelatine mixture

Mix 35 g of gelatine powder per 250 mL of water just below boiling
temperature

Add one tablespoon (15 g) of Metamucil for every 250 mL of water

Add 15 mL of alcohol-based antiseptic solution (chlorhexidine 0.5% in
alcohol 70%, Orphi Farma) per 250 mL of water

Step 2: prepare the vein and artery

Fill the silicone tubes with red-coloured water (tap water coloured with
red food colouring) and seal them off at each end with hot glue
(standard hot glue gun will suffice)

Step 3: prepare the container

Place the tubes in the container, in the desired configuration and
location, fix the tubes to the container wall with hot glue

Make sure the tubes are placed at a minimum depth of 1.5 cm from the
surface

Rinse the container with antiseptic solution

Step 4: fill the container

Pour the gelatine solution into the container after it has cooled down
but is still liquid

Place the container in the fridge

Step 5: the artificial skin

Cut the silicone (baking) mat to the desired size

Place this silicone layer on the chilled gelatine solution to mimic the skin

Rinse the silicone layer and the surface of the gelatine with antiseptic
solution
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gelatine was completely dissolved in the water before one

tablespoon (15 g) of Metamucil for every 250 mL of water

was added. These fibres mimic the echo-density or scatter-

ing of human tissue seen with ultrasound. When partially

cooled down, 15 mL of alcohol-based antiseptic solution

(chlorhexidine 0.5% in alcohol 70%, Orphi Farma) per

250 mL of water was added to optimize aseptic properties

and hence durability.

Container
A plastic container (26 � 15 � 7 cm) was used. A gelatine

mixture with a total volume of approximately 2.75 L was

needed to fill this container (Table 2). The tubes simulating

the vessels were measured so that they would just fit in the

container. If desired, curves can be made using a slightly

longer tube, to mimic a curved vein to increase the level of

difficulty. We used silicone tubes normally used as laparo-

scopic gas tubes in the operating theatre (silicone, inner

diameter 5 mm, wall thickness 1 mm). The silicone tubes

were filled with red-coloured water (tap water coloured

with red food colouring) and were sealed at each end

with hot glue (a standard hot glue gun was sufficient). To

mimic veins, the tube was not entirely filled with water to

make it easily compressible. To mimic an artery, a tube of

smaller diameter with less compressibility was used. We

used a silicone tube (inner diameter 2 mm, wall thickness

1 mm) but other materials, for example, a stiff gastric tube

could also be used to mimic the lesser compressibility of an

artery. Both tubes were placed inside the container and

attached to the container wall with hot glue. The vein and

artery were placed parallel to each other in the same model

in order to mimic a real-life situation, but other anatomic

variations can also be mimicked (Fig. 1). Finally, the con-

tainer and tubes were cleaned with alcohol to improve asep-

tic properties. In addition to the silicone gas tubes just

described, other non-conventional tubes can also be used,

for example, a racing bicycle tyre.

Filling the container
The hand-warm gelatine mixture was poured into the con-

tainer. Debris was filtered out with a spoon. The container

was filled in such a manner that the tubes were situated

approximately 1.5–2 cm beneath the gelatine surface. This

is important to seal puncture holes automatically when

training. The phantom was chilled in a refrigerator at 5–

7�C for approximately 2–3 h until the gelatine hardened.

Skin top layer
A silicone dressing (La Cucina silicone baking mat) was cut

in the shape and dimensions of the container and placed on

the gelatine surface to mimic the skin. The gelatine and

silicone dressing were covered with a thin layer of alcohol,

again for better aseptic properties.

Questionnaire
In two hospitals, one peripheral teaching hospital and one

academic centre in the south of the Netherlands, a total of

20 medical practitioners with experience in USG-CVC

insertion were asked to perform a US-guided puncture on

this model. In addition, they were asked anonymously to

assess the quality of the phantom by completing a question-

naire. We collected personal information (e.g. age, gender,

hand preference), general medical experience and specific

ultrasound and CVC insertion experience from all partici-

pants. To assess the quality of the phantom, participants

were asked to rate realism and procedural aspects using a

5-point Likert scale, ranging from 1 (absolutely unrealistic/

negative/bad compared with the real-life situation) to 5

(very realistic/positive/excellent compared with the real-life

situation). For example, with regard to vein compressibility/

compliance a score of 1 was considered absolutely unrealis-

tic compliance compared with the real-life situation and a

score of 5 indicated very realistic compliance. Participants

were also asked to give a free text commentary after

Figure 1. Ultrasound image. From left to right: longitudinal image with needle; transverse image; longitudinal image with two vascular
structures, vein above artery.
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completing the questionnaire. No additional information or

instructions were given before testing the model.

Results

Six females and 14 males aged 24–55 years (mean 35 years,

SD � 9.0) participated in the study. All but two were right-

handed. Participants were surgical residents and surgeons,

with an average experience of 10–50 non-USG-CVC proce-

dures and 20–50 USG-CVC procedures.

The results of the questionnaire are shown in Table 3.

Realism, including global impression, movement of the

transducer head over the surface and haptic feedback of

the gelatine mixture and veins to compression and needle

puncture were rated moderate (mean, 3 out of 5) by parti-

cipants. Procedural aspects, such as US-guided puncture

training and training of hand–eye movement were rated

good (mean, 4 out of 5). Taking realism and procedural

aspects into account, participants rated the phantom as

good (mean, 4 out of 5).

Discussion and conclusion

As the costs of current US phantoms are high, there is a

need for the development of low-cost phantoms. The pre-

sent proof of concept study shows that it is possible to

produce a realistic phantom for training on US-guided

punctures using inexpensive and easily accessible products.

There are only a few published articles describing phantoms

made out of gelatine, all with different compositions. In

addition, several sets of instructions for manufacturing sili-

cone phantoms can be found on online.13-15 However, no

structured evaluations of the performance of these models

in practice are available in the literature.

Our model differs from others due to the combination of

prefilled tubes, the affordable silicone layer mimicking the

skin and, most importantly, the relatively long expiration

date due to the addition of the antiseptic solution to the

gelatine mixture.

The phantom used in the present study was rated good

(mean, 4 out of 5) by 20 independent medical professionals

in terms of realism and procedural aspects. This confirms

the feasibility of these phantoms for US-guided puncture

training.

US-guided punctures, in any form, require simultaneous

bimanual hand movements and hand–eye coordination. In

daily practice, residents often practice these procedures

directly on the patient, guided by their supervisors.

However, it is common to practice surgical techniques on

simulation models and the available literature indicates the

benefits of these simulation models.16-19 Our model is espe-

cially designed to practice these skills without increasing the

cost of educational programmes. The total costs are less

than $10 per phantom and, when stored in a cooler, it

can be used for longer than a month. Production time

depends on experience with the phantom; our average pro-

duction time was 20–30 min.

To reduce costs, readily available materials were used and

gelatine was the core substance for the phantom. Although

the gelatine substance used in our model gave results resem-

bling the ultrasound signal in human tissue, the different

ultrasound signals for different layers (e.g. epidermis,

muscle) of real human tissue are not taken into account

in this model. In addition, the use of tubes does not opti-

mally mimic compliance of vessels. Usage of other materials

would probably optimize the overall performance of the

model, although this might increase the costs. It is debatable

if these improvements are necessary as the training of

hand–eye coordination needed for US puncture is the

main purpose of this model. Training on further procedural

steps after gaining successful venous access is not possible

with this model.

There are some limitations to this proof of concept study.

The handling of this basic model was assessed by a small

group of 20 experienced medical professionals in only two

medical centres. There was no comparison with an alterna-

tive model, therefore randomization or blinding was

Table 3 Outcomes questionnaire

No. of participants 20

Age, years (range, � SD) 35 (24–55, � 9.0)

Realism, mean (range)

Global impression 3 (2–5)

Transducer motion over surface 4 (2–5)

Haptic feedback of the tissue 3 (2–4)

Resistance of the materials on needle puncture 3 (2–4)

Compliance of the veins 3 (2–5)

Compliance of the artery 3 (2–4)

Procedural aspects, mean (range)

Is it possible to perform the different steps
of USG
puncture on this model?

4 (1–5)

Is this a good tool for training USG puncture? 4 (3–5)

Do you think hand–eye coordination will
improve when training on this phantom?

4 (4–5)

What’s your overall opinion about the
phantom? (mean, range)

4 (3–5)
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impossible. The questionnaire was structured but not vali-

dated, although its design was based on other comparable

studies.20-22

Even though the questionnaire was not validated, most par-

ticipants rated the phantom as useful and representative and

as a good tool to train US-guided venous punctures. Despite

the limitations discussed, the authors believe that the results

are representative and reproducible. At a cost of less than

$10 per model, hand–eye coordination can be practised in a

safe in vitro environment.

In conclusion, the present study shows that a home-made,

gelatine phantom is a promising alternative to expensive

commercial phantoms for training of US-guided punctures.

Consequently, these easily accessible models could be used

as a basic training tool for other medical workers such as

specialized nurses for dialysis shunting or for punctures in

paediatric patients. The model from this study is currently

in development. In the future, it is important to test this

model in a structured educational course to evaluate

whether training with this model will improve procedural

performance of the trainee. This also requires further devel-

opment and testing. A multi-centre, blinded, head-to-head

comparison with an official/commercial phantom would be

interesting to assess the additional value of an expensive

model over a gelatine-based model.
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Supplementary material

Video 1. A low cost gelatine phantom for simulating ultra-

sound guided central line placement: demonstration of use.

Available online at https://youtu.be/EnH9rmjelRk
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