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Abstract. The central venous access procedure is used for placing a catheter
for venous interventions, defibrillator devices or even filters when required. The
access depends on patient-related factors that may increase the procedure’s
difficulty. However, when performing the procedure on newborns, the level of
difficulty rises considerably and any mistake may cause damages on tissues,
lungs or the accessed vein, those can affect the medical condition of the patient.
This work focus on the development of an augmented reality application for
training pediatricians in the central venous access in newborns while allowing
handling surgical tools. The system has a 3D marker tracking, that enables the
user interact with models of surgical tools such as syringe, blunt guidewire,
dilating device and catheter, each one of them shows up over the marker. The
prototype is programmed in Unity3D with the use of AR Vuforia library and an
Oculus VR with an attached webcam. The system makes a suitable tracking of
the surgical instruments within a controlled lighting. To conclude, finished and
suitable prototype will be tested with the help of medical students to validate
their impact as simulator training in this technique.
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1 Introduction

The central venous access (CVA) procedure is used for placing a catheter for venous
interventions, defibrillator devices or even filters when required [1]. The access
depends on patient-related factors that may increase the procedure’s difficulty. How-
ever, when performing the procedure on newborns, the level of difficulty rises
considerably because of the high vulnerability of them, and any mistake may cause
serious damages on tissues, lungs or the accessed vein (those can adversely affect the
medical condition of the patient), increasing risk of the life of the patient.

Training for performing this procedure is possible through adult simulation man-
ikins that allow executing the access in a controlled environment, presenting different
simulated scenarios that will be overcome by the user [2]. Even though the adult
manikins share anatomical features with the newborns, the experience is not the same
due to the difference in size of the workspace and anatomical structure.
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The use of systems that involves simulation techniques into the medical field is
helpful to improve medical abilities because it allows students or residents to practice
procedures without time restrictions with several cases and multiple situations [3].
However, it is a challenge to combine features of physical manikins with virtual
simulators through augmented reality (AR) [4–6].

This work focus on the development of an AR application for training pediatricians
in the CVA procedure in newborns, while allowing handling surgical instruments such
as needle, blunt guidewire, dilating device and catheter. The AR system was pro-
grammed in Unity3D [7] with Vuforia [8] and uses an Oculus VR [9] with a coupled
webcam to track 3D markers, offering 3D visual cues over the newborn’s 3D virtual
model built from a standard newborn’s anatomy and medical references. The paper is
organized as follows: Sect. 2 describes the AR system architecture, system evaluation
is presented in Sect. 3 and finally, conclusions and future work are presented in Sect. 4.

2 System Architecture

The CVA simulation system is composed by a live video signal of AR targets, which
represents the surgical instruments related to the procedure, a virtual environment with
the newborn model and a mixed view of real and virtual signals delivered to the user as
Fig. 1 depicts.

Initially, the user handles the AR targets and a webcam located at its head register
all the movements in order to provide interaction with the surgical instruments. The
computer provides the position and orientation tracking information of the targets and
associates it to the surgical instruments for the required interaction with the 3D new-
born model in the virtual environment. For the output, a Head Mounted Display is used
to deliver stereo visual cues to the user. Figure 2 presents the set-up of the system.

Fig. 1. CVA system architecture using AR
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2.1 Development of the Virtual Environment

Unity3D software was used for the development of the virtual environment. The 3D
models developed include the whole body skin, skeleton and circulatory system of a
newborn, and the CVA equipment (syringe, blunt guidewire, dilating device and cathe-
ter). In order to accomplish this task, measures of each real instrument were taken. The
selected tool for 3D targets trackingwasVuforia because its Cylinder tracking feature that
was effective in different light and movement conditions, and suits to the syringe’s shape.
An image was created having in mind the developer specifications of Cylinder Target
creation and according to the dimensions in pixels of the 3 ml syringe, then it was printed
and positioned over the real syringe. The target image and its performance in real envi-
ronment using a developed scene in Unity3D are showed in Fig. 3.

To characterize the interaction between a needle and soft tissue were taken as a
reference the three-stage procedure describe by Barbé [10], first the needle presses the
tissue surface which is deformed, then the needle penetrates the tissue cutting it while

)b)a

Fig. 3. (a) Cylinder target image. (b) Target registered in AR environment

Fig. 2. AR system set-up for interaction
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the surface and frictional forces attract the skin to the surface of the needle, finally the
needle is removed and the tissue again follows the direction of its movement. After the
models of the patient and syringe were textured thus it proceeded to make an animation
using key frames to add motion to the syringe and a Lattice as father of the patient
mesh to achieve the maximum deformation (Fig. 4) eventually rendering format is
chosen as video to be used in Unity3D.

The visualization part was achieved by adding two cameras one for each eye as
daughters of ARCamera and selecting a plane in which project the image captured by
two BackgroundCameras that are synchronized with the video received by the main
camera, which are used to divide the screen. Figure 5 shows an example of two images
of the system for the stereo viewing.

Fig. 4. Key frame animation for syringe displacement and skin deforming

Fig. 5. Main scene binocular AR implementation
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3 Application Test

For this initial stage, the evaluation of the prototype was made selecting different
surgical instruments and doing movements of the marker between the camera and the
total extension of the arm, maximizing this distance. Later, the user can interact with
the instruments and the 3D model of the newborn moving the marker until a desired
area is reached. As a visual aid for the user, the opacity of the skin can be changed in
order to visualize internal organs.

The tests with the Oculus and Vuforia’s prefabs, using a Microsoft LifeCam Studio
webcam, were successful in recognizing the objective and its location. However, the
illumination level affects the target detection, the light reflection of the paper where the
marker is printed changes vision of the user. Images of the final prototype working over
the user view are shown in Fig. 6.

4 Conclusions and Future Work

The selected AR library and the designed targets exhibited an adequate performance for
an interactive use. This performance was greatly influenced by ambient light and the
autofocus used on the webcam, so these features were controlled and fixed. As for the
developing of the prototype using Unity3D, it was possible to integrate the components
of AR with the hardware chosen. The results obtained in tests, shows that although the
webcam does not provide an adequate view of the working environment as the eyes of
the user due to its location over the HMD, the interaction with surgical instruments and
the newborn’s body permits a proper interaction. This concludes that the developed
prototype can be used as a tool in a first approach to the CVA procedure.

Fig. 6. AR system for CVA in newborns and its detailed view from the catheter side
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Regarding future work, the integration of haptic feedback could improve the
real-ism of the simulator letting user to feel the needle insertion. A 3DUI could be
integrated to help the selection of surgical instruments as well as audio cues as in
operating room are present. For the tracking of the syringe, it is proposed to use 3D
tracking instead of image patterns to improve the system response. Finally, an evalu-
ation with medical students is proposed in order to validate the impact of the simulator
for training in this technique.
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