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Overview

Within the project Med arp a® a medical Augmented Reality (AR) system for minimally invasive inter-
ventions including a transparent display (g. 1) as core componert has beendeveloped. The clinician is
enabledto seethe anatomical information aswell asthe virtual instrument in front of the operation area.
Thus, the systemsernesas ‘'window into the patient'. Main focus of that developmen wasan improvemert
in ergonomicsfor the usageof an AR systemin a clinical ervironment { avoiding wiring of the clinician,
the usageof non-sterilizable head-mourted displays as well as frequert head movemerts like for corven-
tional navigation systems. Being designedas a general purpose system, it has been tested with three
clinical scenarios: high-dose-rate brachytherapy, cardiac surgery planning/preparation, and punctures in
pneumology

System comp onents

The Med arp a system's componerts are embedded in respectively attached to a trolley. A swivel arm
mounted on top of it allows the transparent display to be moved easily to the desiredplace (g. 2). The
real view on the patient is enhancedwith virtual information about his anatomical structures obtained
from CT, MRI, or any other 3D imaging modality. The positions and orientations of the patient, the
instrument, the display, and the surgeon'sviewpoint have to be known in order to provide the virtual

overlay. The tracking tasks are performed employing a hybrid tracking system combining an optical and
an electromagneticcomponert. The non-commercialoptical tracking systemEOS, deweloped at the ZGDV,

consistsof a pair of CCD camerasequipped with infrared lters. Seweral six degrees-of-freedonsensorsin
form of rigid bodies basedon infrared markers can be tracked with a static position accuracy of approx.
1 mm. Active infrared landmarks are attached to the display as well as the physician's glasses. An
electromagnetictracking system (pciBir d, Ascension ) delivers information about the poseof the patient
himself and of the instrument. The latter oneis embeddedinto a handle that contains an electromagnetic
sensorenabling a six degrees-of-freedontracking. The transparert display is basedon a modi ed 17°TFT

screenallowing a resolution of 1024 768 pixels. Due to the available display technology the transparency
is restricted. But if sucient light can be supplied to the obsened scene{ as possible with operation
theatre illumination systems{ the display meetsthe transparency requiremerts ( g. 3).

Instrumen t navigation

The displayed instrument is equipped with a virtual elongation and a clipping plane de ned by its orienta-
tion which can be aligned orthogonal or perpendicular to the instrument's axis. A color-coding signalizes
the poseof the instrument { red: pointing besidea target, yellow: pointing onto a target, green: touching
the target with the instrument's tip (g. 4). In addition, a virtual model of the real instrument is visualized
together with the volume data, and prede ned target regionsappear highlighted. The visualization is done
utilizing OpenSG?.

Clinical trials

The system has beentested seweral times in a clinical environment. In all three clinics that have been
partners in the Med arp a project such a systemhasbeeninstalled. All together 16 phantom tests, 2 tests
with pig cadavers, and one test using a human cadaver have beenexecuted( g. 5). Within thesetests the
navigation accuracy of the systemhasbeeninvestigated. During that evaluation phaseimprovemerts have
beenapplied to the AR systembasedon the feedbad of the clinicians. The actual navigation accuracyis
lessthan 3mm represeriing an overall error that incorporates the errors of the optical and the magnetic
tracking system as well as setup inaccuraciesintroduced by the clinician. Depending on the length and
exibilit y of needlesusedfor navigation, the error canincrease,suc that the choice of medical instruments
is an important factor.

After the successfutest phasethe rst two patients have beentreated at the Clinical Complex O en bach
employing the Med arp a system. From the user's side a gain in ergonomicscould be obsened. The
transparent display allows an e cient and conveniert navigation while eliminating the need for head
movemerts betweenthe operation area and the display if comparedto other navigation solutions.

IMed ical Augmented R eality for Patients, web: http://www.medarpa.de
2http://www.opensg.org
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Figure 1: Visualization of an abdominal MRI data set on the transparent display. A maximum intensity
projection employing a rainbow color scalingis used. The kidneys and adjacert structures appear in blue.



Figure 2: The Medarp a system during a test at the University Hospital in Frankfurt, Germany. The
transparent display is attachedto a swivel arm and is placed above the patient. The instrument is tracked,
and its position is shaowvn together with the anatomical information on the display.



Figure 3: Needlenavigation using a phantom: A previously acquired CT scanis displayed. The transparent
display provides a direct view on the operation areathat is augmerted with anatomical information and
navigation support. The registration of the patient in combination with the hybrid tracking systemallowsa
perfect overlay of the augmerted view above the phantom. The color coded navigation support asdescribed
above is shown.
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Figure 4. Color coded instrument for guidanceto the target position (small red sphereinside the coronary
artery). A corntrast-enhancedCT data set of the thorax is shovn. Red: pointing o target (upper left); Red
with ring: pointing roughly to the target to assistnavigating into the correct direction, the ring minimizes
its sizewhen pointing closerto the target (upper right); Yellow: pointing into the direction of the target
(lower left); Green: the instrument's tip hasreaced the target position (lower right).



Figure 5: Testsof the Med arp a systemin a clinical ervironment: setup test for brachytherapy treatment
{ seealsothe corresponding video clip (upper left), instrument navigation in a pig cadaver (upper right),
and in a human cadaver (bottom)



