
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Image-based verification of patient setup and treatment geometry in
radiotherapy

Ploeger, L.S.

Publication date
2003

Link to publication

Citation for published version (APA):
Ploeger, L. S. (2003). Image-based verification of patient setup and treatment geometry in
radiotherapy. [, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/imagebased-verification-of-patient-setup-and-treatment-geometry-in-radiotherapy(b08e1ce8-0954-416b-94a1-07e0871f38cb).html


Chapte rr  3 

Applicatio nn of video imagin g for improvemen t of 
patien tt  setup 
Lennertt S. Ploeger, Michel Frenay, Anja Betgen, Josien A. de Bois, Kenneth 
G.A.. Gilhuijs and Marcel van Herk 

In:In: Radiotherapy & Oncology 68, 279-286 (2003) 

Abstrac t t 

Backgroundd and Purpose: For radiotherapy of prostate cancer, the patient is 
usuallyy positioned in the left-right (LR) direction by aligning a single mark on 
thee skin with the projection of a room laser. The aim of this study is to 
investigatee the feasibility to improve patient setup along the LR axis using a 
room-mountedd video camera in combination with previously acquired CT data. 
Materiall and methods: The camera was mounted in the treatment room at the 
caudall side of the patient. For 22 patients with prostate cancer 127 video and 
portall images were acquired. The setup error determined by video imaging 
wass found by matching video images with rendered CT images using various 
techniques.. This setup error was retrospectively compared with the setup 
errorr derived from portal images. It was investigated whether the number of 
correctionss based on portal imaging would decrease if the information 
obtainedd from the video images had been used prior to irradiation. Movement 
off the skin with respect to the bone structures was quantified using an 
analysiss of variance method. The SD of the magnitude of motion of the skin of 
thee patient with respect to the bone was estimated to be 1.1 mm. 
Results:: The measurement of the setup error was most accurate for a 
techniquee where outlines and groins on the left and right side of the patient 
weree delineated and aligned individually to the corresponding features 
extractedd from the rendered CT image. The standard deviation (SD) of the 
systematicc and random components of the setup errors derived from the 
portall images in the LR- direction were 1.5 and 2.1 mm, respectively. When 
thee setup of the patients was retrospectively adjusted based on the video 
images,, the SD of the systematic and random errors decreased to 1.1 and 1.3 
mm,, respectively. From retrospective analysis, a reduction of the number of 
setupp corrections (from 9 to 6 corrections for 127 fractions) was expected 
whenn the setup would have been adjusted using the video images. 
Conclusion:: Video imaging is an accurate technique for measuring the setup 
off prostate cancer patients in the left-right direction. The outline of the patient 
iss a more accurate estimate of the setup of the bone structures than the mark 
onn the patient's abdomen. 
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3.1.3.1. Introduction 

Portall imaging plays an important role for measurement and improvement of 
thee patient setup in external beam radiotherapy [1]. Because verification of 
patientt setup is widely performed, the magnitude of setup errors for various 
treatmentt sites is well documented. There is evidence that for patients with 
prostatee cancer the setup error along the left-right (LR) axis is larger than the 
setupp error along the other axes [9]. In our hospital, the random setup error 
alongg the LR axis is larger (1.9 mm SD) than along the anterior-posterior axis 
(1.44 mm SD) and the cranio-caudal axis (1.1 mm SD) [8]. 

Conventionally,, the patient is positioned by aligning marks on the skin to the 
projectionn of the room lasers. The larger magnitude of the setup errors in the 
LR-directionn may be explained by the fact that only a single mark on the 
patient'ss abdomen is available for alignment to the room lasers. For the 
anterior-posteriorr (AP) direction, accurate localization of the isocenter of 
patientss treated in the pelvic area is often achieved by using a fixed-height 
techniquee [6]. For the cranio-caudal (CC) direction, the setup is based on the 
alignmentt of two lateral marks on the skin and the mark on the abdomen, 
althoughh a mismatch of this latter mark is allowed. The lateral marks are likely 
too be more stable than the single mark on the patient's abdomen because of 
theirr proximity to the pelvic bone. Therefore the mark on the abdomen is 
ignoredd when it is not possible to align all three marks simultaneously. 

Imagingg of the skin of the patient may improve the setup of the patient prior to 
irradiation.. Many institutions use correction protocols to reduce systematic 
setupp errors [2]. When the initial patient setup is improved, fewer corrections 
aree required because the setup errors remain within the limits. Since 
correctionss are labor intensive, a reduction of the workload of the radiation 
technologistss and of the number of acquired portal images might be achieved. 
Thiss is especially important for intensity-modulated radiotherapy, where 
treatmentt fields are typically too small for patient setup verification purposes, 
makingg the use of enlarged localization images necessary. 

Variouss authors proposed incorporation of body contour information to 
improvee the setup accuracy [7,13,16]. Some studies showed improvement of 
thee setup accuracy of prostate cancer patients in the lateral and AP directions 
[13,16].. Registration of surface data to a model of the patient requires a 
dedicatedd contouring device to acquire a 3-dimensional surface description. 
Currently,, there are no solutions commercially available for use in the 
treatmentt room. 

Otherr groups utilize video cameras to improve the accuracy of the patient 
setupp [11,14]. The methods described by Milliken era/, and Johnson etal. are 
aimedd at computer-assisted setup of patients. They used an interactive 
techniquee that is based on real-time subtraction of images. In this technique, 
livee video images are aligned with a reference video image, usually taken 
duringg the first radiation fraction. The advantage of this technique is that it is 
fast,, sensitive and easy to implement. A disadvantage, however, is that any 
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setupp error at the time that the reference video image is acquired results in a 
systematicc error over the course of the treatment. Furthermore, using the 
subtractionn method, the accuracy may be compromised when the outer 
contourr changes during treatment, i.e., due to respiration or weight loss. 

Inn the above-mentioned studies, the inherent inaccuracy of video imaging with 
respectt to portal imaging was not quantified in detail. When bone is 
consideredd as a reference of the target volume, movement of the skin of the 
patientt with respect to the bone structures limits the overall accuracy. An 
estimatee for the magnitude of movement of the skin of the patient relative to 
bonee structures is therefore required to evaluate the potential use of a video 
basedd technique. 

Inn this paper a straightforward solution for improvement of the setup accuracy 
iss presented. We propose to use a video camera and planning CT data to 
improvee patient positioning in the LR-direction only, i.e., to solve problems 
relatedd to the use of a single mark on the patient's abdomen. In this study, a 
retrospectivee evaluation of video images is performed and the results are 
comparedd with patient setup errors determined from portal images. The aim of 
thiss feasibility study is to test the potential improvement of the patient setup 
alongg the LR-axis using a room-mounted video camera compared to the 
conventionall patient setup using the mark on the patient's abdomen. 

3.2.3.2. Material  and methods 

Videoo images were acquired with a room-mounted camera. The position of 
thiss camera with respect to the isocenter and the scale of the images was 
establishedd by imaging a phantom. Video images and portal images of 
patientss with prostate cancer were acquired. Because two different modalities 
weree used for estimating the setup error, we will refer to the setup error 
estimatedd from video images as the video setup error and the error estimated 
fromm portal images as the portal setup error. The video setup error of the 
patientss was determined independently from the portal setup error and the 
errorss were compared. In the next sections, details of the procedure will be 
presented. . 

Imag ee acquisitio n 

AA commercially available web camera (Axis 2100 Network Camera, Axis 
Communicationss AB, Lund, Sweden) was used. The original wide-angle lens 
wass replaced by a zoom lens (Kowa Optimed Inc., Torrance, CA, USA), 
adjustedd for a field-of-view of 50 cm x 37.5 cm at the isocenter. The camera 
wass mounted on the ceiling under an oblique angle of approximately 50  at 
2.77 m from the isocenter at the caudal side of the patient (Fig. 3.1). In this 
way,, the patient was visible regardless of the gantry rotation of the linear 
accelerator.. The images consisted of 640 x 480 pixels, i.e., the pixel size was 
0.88 mm x 0.8 mm. 
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Figur ee 3.1 Schematic diagram of the position of the camera with respect to the isocenter. The 
givenn angles and distances are based on the phantom measurements. 

Althoughh the camera was never directly exposed to irradiation, an increasing 
numberr of pixels of the CCD chip of the camera became irresponsive over the 
coursee of time due to radiation damage. By applying a median filter to the 
images,, this effect was almost completely suppressed. However, after 10 
monthss the quality of the filtered images was no longer acceptable and the 
cameraa was replaced. 

Forr calibration of the camera, a custom-made phantom was developed. On 
thiss box-shaped phantom, painted ball bearings were placed in a grid at 6 cm 
intervals.. After careful alignment of the phantom to the room lasers, a video 
imagee was acquired. To calibrate the camera setup, a 3-dimensional (3D) 
computerr model of the phantom was iteratively aligned to the appearance of 
thee phantom in the image by performing shifts, rotations and perspective 
transformations.. The calibration procedure was repeated regularly during the 
coursee of this study to evaluate the stability of camera setup. Next, the 
perspectivee distortion was corrected using a back-projection algorithm. This 
proceduree adjusts the image in such a way that a (conceptual) plane through 
thee isocenter, parallel to the treatment table, appears as a rectangle instead of 
aa trapezium (Fig. 3.2). 
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(a)) (c) 

(b)) (d) 

Figur ee 3.2 Video images before and after correction for perspective distortion. Image (a) 
showss an unprocessed image of the phantom used for calibration, and image (b) shows an 
unprocessedd image of a prostate cancer patient. Images (c) and (d) show the result after 
applyingg the back projection algorithm. 

Portall images were acquired using both a liquid-filled ionization chamber 
EPIDD (Varian PortalVision Mark II, Varian Inc., Palo Alto, CA, USA) and an 
amorphouss silicon flat panel imager (Elekta Oncology Systems Ltd., Crawley, 
Westt Sussex, United Kingdom). Acquisition of portal images and video 
imagess was synchronized, i.e., a video image was acquired directly after 
acquisitionn of each portal image in AP direction. Portal images were also 
takenn in the lateral direction to estimate the 3D setup error. 

Patien tt  grou p 

Imagess of 22 patients with prostate cancer were acquired. The patients were 
treatedd with both 8 MV AP and 18 MV lateral beams on an Elekta SL20i 
acceleratorr (Elekta Oncology Systems Ltd., Crawley, West Sussex, United 
Kingdom).. None of the patients were immobilized. Setup of the patients was 
performedd according to the standard technique, where the skin marks were 
alignedd to the projection of the room lasers. A CT scan was available for all 
patients.. In total, 127 video images and the same number of portal images 
weree acquired. Our clinical setup verification procedure based on portal 
imagess was applied to correct the patient setup when needed [2]. This 
proceduree uses the shrinking action level protocol and is based on the 
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measurementt of two or more fractions. The initial threshold for the length of 
thee vector was set to 6 mm. This way, it is possible to remove systematic 
setupp errors while the number of acquired and analyzed portal images is low. 

Referenc ee imag e fo r measurin g th e displacemen t wit h respec t to 
th ee planne d treatmen t positio n 

Fromm the CT scan a volume rendering was created that shows the skin of the 
patientt comparable to the appearance of the patient in video images (Fig. 
3.3).. The main parameter for the algorithm is a threshold that is used for 
detectingg the skin of the patient. In this study, a value of -500 Hounsfield units 
wass used. The resulting volume rendering was perspective corrected using 
thee procedure for video images to create an image that was comparable to the 
videoo images. 

Figur ee 3.3 An example of a volume rendering created from a CT scan used for comparison 
withh video images. The volume rendering was created in the same geometry as the video 
imagess and then perspective corrected to make it resemble a video image. 

Matchin gg technique s 

Videoo images of patients were matched to the volume-rendered CT image 
andd - independently - to the video image of the first fraction. For the first 
method,, the video setup error with respect to the planned position was 
measured.. In the second method, the video setup error with respect to the first 
fractionn was determined. Based on this information, it was possible to 
comparee the accuracy of matching a pair of video images to the accuracy of 
matchingg a video image to a rendered CT image. All methods (video as well 
ass portal based) measured the setup error in the LR-direction only and for the 
remainderr of this paper the term setup error refers to the LR-direction only. 
Alignmentt of the studied video image with the reference image was also 
allowedd in the CC-direction during registration for all described methods to 
improvee the stability of the matching algorithm. 
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Forr quantifying the operator variations all matches were performed by three 
observers.. Firstly , the images were matched manually. Using this technique, 
thee studied video image was shifted by the keyboard while the reference 
imagee remained in place. In a "combined image view" [18] the reference 
imagee and the video image acquired for a specified field were displayed 
simultaneously.. In this view, the upper-left and lower-right quadrants are used 
forr displaying the reference image, while the upper-right and lower-left 
quadrantss are used for displaying the studied video image. The user 
interactivelyy controls the point where the images are cut and it is possible to 
togglee between the reference and the studied video image. The 
correspondencee of the images was best checked visually by quickly 
alternatingg their display. 

Thee secon d group of matching techniques used delineated features of the 
patient.. The outline of the abdomen and part of the legs and the groins of the 
patientss were manually delineated in all collected video images and the 
renderedd CT image. The outlines always included the indentation where the 
abdomenn connects to the legs and were extended in both directions over a 
distancee of at least 5 cm. Each delineated feature consisted of several line 
segments.. Selected parts of the delineation in a video and a reference image 
weree matched automatically by minimizing the sum of the shortest distances 
betweenn the line segments of a delineated feature drawn in both the video 
imagee (Fig. 3.4) and the reference image (e.g., Fig 3.3). 

Figur ee 3.4 Delineated structures used for matching: the right outline (A), the right groin (B), 
thee left groin (C), and the left outline (D). 

Finally ,, the position of the abdominal mark in the video images was 
determinedd to investigate the correlation between the portal setup error and 
thee position of the mark. 
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Comparin gg th e video-base d matc h to th e porta l matc h 

Forr each patient, between 2 and 11 image pairs (on average 6) consisting of a 
portall and a video image were acquired. The portal images were matched in 
2DD [5] to estimate the portal setup error with respect to the planned position. 
Forr data analysis, the match results were separated into systematic and 
randomm errors [3]. The possibility of reducing both the systematic and random 
errorss was analyzed by retrospectively adjusting the portal-based setup 
deviationn using the video data. However, the magnitude of the potential 
improvementt is limited by both the matching accuracy of the reference 
techniquee (i.e., matching the portal images to the digitally reconstructed 
radiographs)) and the video technique. To separate these sources of 
inaccuracy,, an analysis of variance was performed. 

Analysi ss  of varianc e 

Inn the analysis of variance [4], the following model was used: 

(3.1) ) 
s s 
B B 

D D 

== b + 

== 6 + 

== shs 

***  + 

ssBB, , 
 < ?5 -

ÖS ÖS 

ssB B 
wheree S and B denote the measured position of the skin of the patient (using 
thee video images) and the bone structures (using the portal images), 
respectively.. The true position of the bone is given by b, having variance a\. 
Thiss is the setup error of the bone structures of the patient after alignment of 
thee patient to the room lasers. Movement of the skin of the patient with 
respectt to bone is represented by Sbs (variance: <T^ ). The accuracy of the 

proceduree to register the skin of the patient is given by Ss (variance: ajs), and 

thee accuracy of registering the bone structures by SB (variance: a2
Ss). The 

differencee between S and B is denoted by D. From Eq. 3.1, the following 
equationss were derived for the variances in the setup of all patients: 

<rJ=<r6
22 + < , (3-2) 

^ - 22 _ / T 2 J . / - P 2 I / T 2 

Thee left sides of the equations were directly calculated from the data. To solve 
thee unknowns on the right side of the equation, one more variancee needs to 
bee known. Since three observers measured the patient setup based on the 
mismatchh of a video image and a reference image (either a rendered CT 
imagee or a video image) independently, it is possible to estimate the intra-
observerr variation of the registration procedure of the skin of the patient, a2

Ss. 
Thatt is, once the intra-observer variation is established, it is possible to solve 
thee remaining variances <r2,<rj and a\E from Eq 3.2. The intra-observer 

variationn of the registration procedure of the skin of the patient was obtained 
ass follows. In the pair-wise difference between observers P and Q, both b and 
SSbsbs are eliminated: 
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SSQQ-S-SPP=b=b + ölu+Ss.e-(b + öl„+ö sA (3.3) 
wheree Sp and SQ denote the position of the skin patient measured by these 

twoo observers. When a third observer R is added, three equations similar to 
Eq.. 3.3 are obtained. The corresponding random variation of the registration 
proceduree of the skin of the patient is given by SSP, SSQan6 SSR. From Eq. 

3.3,, the following relation for the variances of the differences of 
measurementss performed by observers P and Q is derived: 
o\o\ =<J]  + <rj . (3.4) 

°S.QP°S.QP °S,Q °S,P 

Similarr equations hold for the differences between observers R and P and 
betweenn R and Q. The variances of the differences in measurements of the 
positionn of the skin are denoted by al , crl and crl for the differences 
rr  J °S,QP °S.RP °S,RQ 

betweenn Q and P, R and P, and R and Q, respectively. The variances of the 
randomm variations in operator P, Q, and R {CT]SP , o\ and <J]SR , respectively) 
weree solved from Eq. 3.4. These three variations were averaged to obtain an 
estimatee for the variation of the registration procedure of the skin of the patient 
a]a] . To assess the reliability of the analysis of variance technique, a Monte 
Carloo study based on the model was performed. 

Video-base dd correction s 

Finally,, it was investigated whether there is potential to reduce the number of 
correctionss based on portal imaging if the information obtained from the video 
imagess would be used prior to irradiation. For this purpose, the actual number 
off setup corrections that were performed for the patients in this study was 
comparedd with the number of corrections of setup errors found in a re-
evaluationn of the data. In this re-evaluation the result of the video match was 
subtractedd from the LR setup error measured with the portal images. 
However,, the correction procedure still worked on the vector length of the 
portall setup error, i.e., in 3D [2]. As a result, it was not possible to reduce the 
numberr of corrections that were required because of errors in the CC-direction 
andd the AP-direction. 

3.3.3.3. Results 

Calibratio n n 

Calibrationn measurements of the position of the camera were started directly 
afterr installation, at day 0. Shortly after installation, a relatively large drift with 
respectt to the initial camera pose was observed (Fig. 3.5). The main source of 
thiss drift was sagging around the left-right axis of the camera, probably caused 
byy the weight of the zoom lens. Because the camera was attached to the 
ceilingg of the treatment room under an oblique angle of approximately 50", 
thiss sagging appeared as a translation of the phantom in cranio-caudal 
direction.. Furthermore, a small rotation around the vertical axis of the camera 
wass observed which appeared as a shift of the phantom in the LR direction. 
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Figur ee 3.5 Calibration results for the video camera over a period of more than 100 days. 
Translationss are specified in the cranio-caudal (CC) direction, the left-right (LR) direction and 
thee anterior-posterior (AP) direction, and rotations around the AP axis, CC axis or LR axis. 
Shortlyy after mounting the camera, the deviations are largest due to sagging of the camera. 
Becausee the camera was attached to the ceiling of the treatment room under an oblique angle 
off approximately , this sagging appears as a translation of the phantom. 

Patien tt  measurement s 

Firstly,, results are given for matching CT to video. On average, the systematic 
andd random portal setup errors after subtraction of the video setup error were 
smallestt and most consistent between the observers for a technique where 
thee outlines and groins were matched separately to the corresponding 
featuress of the rendered CT image. For this technique the SD of the 
systematicc and random video setup errors were 1.1 mm and 1.3 mm, 
respectively,, while the SD of the portal setup errors were 1.5 mm and 2.1 mm, 
respectively.. The lowest intra-observer variability was found for the same 
technique,, while the highest variability was found for the manual matching 
method.. As derived from the analysis of variance, the largest contribution to 
thee measured setup errors was due to the setup error of the bone structures 
(Tablee 3.1), while the standard deviation of movement of the skin with respect 
too bone was estimated to be 1.1 mm. 
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Tablee 3.1 Standard deviations (in mm) due to setup inaccuracies and matching inaccuracies 
forr matching CT to video . These results were obtained for 22 prostate cancer patients and 
thee components were separated using analysis of variance. The standard deviation of the 
setupp error of the bone structures is given by ab, the standard deviation of movement of the 

skinn with respect to bone by <J5 , and the standard deviation of registering the bone 

structuress by aSjt . The bottom row indicates the RMS of the stochastic error of the computed 

value,, which was determined in a Monte Carlo study. 

n=22 n=22 

Estimatedd value 
RMSS error 

CTCT** ^  asB 

2.33 1.1 0.8 
0.88 0.6 0.6 

Similarr results were obtained for video-to-video matching (Table 3.2). Here, 
thee video image that was acquired simultaneously with the portal image of the 
firstt fraction was used as the reference video image, while for portal image 
analysiss the first portal image was used as a reference image. For this video-
to-videoo matching procedure, the standard deviations (SD) of systematic and 
randomm portal setup errors after subtraction of the video setup error were 
smallestt for the same matching technique as for the video to CT match. The 
SDD of the setup error of the bone structures with respect to the reference 
portall image was larger than the SD of the setup error with respect to the 
planningg CT scan (3.5 mm versus 2.3 mm), because the portal setup error 
duringg the first fraction was relatively large. 

Tablee 3.2 Standard deviations (in mm) due to setup inaccuracies and matching inaccuracies 
forr matching vide o to video . The symbols are the same as those used in Table 3.1. 

n=22 n=22 

Estimatedd value 
RMSS error 

** a*.
3.55 0.7 1.3 
1.22 0.7 0.7 

Thee agreement between the systematic video setup errors determined using a 
renderedd CT image and the portal setup error was high (Fig. 3.6). 
Furthermore,, the correlation between the video setup error and the portal 
setupp error was higher than the correlation between the mark position and the 
portall setup error. This indicated that video imaging has the potential to 
reducee setup corrections based on portal imaging because the video setup 
errorr corresponds well with the portal setup error. This reduction of the 
numberr of setup corrections was indeed observed when the setup was 
retrospectivelyy adjusted based on the video images: 9 corrections were 
actuallyy performed, while the number of corrections for the retrospectively 
adjustedd setups would have been 6. 
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Figur ee 3.6 Plot of the systematic setup error established from the mark on the skin of the 
patientt and the video setup error established from the patient outlines, versus the portal 
patientt setup error. Each diamond or square represents the systematic setup error of one 
patient.. The video images were matched by aligning patient outlines and groins determined in 
thee video image to the reference outlines in a rendering of the external of the patient from the 
CTT scan. The dotted line is for visual comparison only. 

3.4.3.4. Discussion 

VideoVideo imaging is an accurate technique for estimating the portal setup error of 
prostatee patients in the LR direction, i.e., a good correspondence between the 
resultss based on portal imaging and video imaging was observed. Because 
thee setup of the patients was verified by our correction protocol that aims to 
removee systematic errors, almost no reduction of the systematic portal setup 
errorr in the LR direction was observed. However, a significant improvement of 
thee random component of the patient setup in the left-right direction can be 
achievedd when it is possible to correct the patient setup accurately based on 
thee results of the video matching. Because this study is a feasibility study, the 
resultss of the video match were not actually used to shift the patient. 

Thee best results were obtained fora technique where the outlines and groins 
weree matched separately to the corresponding features of the rendered CT 
image.. The following reasons possibly explain why this technique was 
superiorr to other tested methods. Firstly, because the features were matched 
separately,, deformations in the outline of the patient because of e.g. weight 
losss were allowed. Then, the LR translation is estimated accurately and is 
independentt of a setup error in the CC-direction. Finally, since the 
delineationss essentially follow the top of each leg, the method tries to find a 
mismatchh between the location of the axis of symmetry of the patient during 
acquisitionn of the CT scan and during treatment. Apparently, this combination 
off allowing deformations while looking for symmetry gives the best results. 
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Usingg the video system, the SD of the systematic and random errors of the 
retrospectivelyy adjusted patient setup (1.1 and 1.3 mm) became comparable 
too the errors in the cranio-caudal direction (1.2 and 1.0 mm) and thee anterior-
posteriorr direction (1.3 and 1.5 mm), for this group of 22 prostate cancer 
patients.. Without video imaging, the SD of systematic and random setup 
errorss in the left-right direction were larger: 1.5 and 2.1 mm, respectively.. 

Johnsonn et al. also showed that it was possible to reduce setup errors using a 
video-basedd patient positioning system [11], for a different patient group 
(head-and-neckk cancer patients). The main addition of our study, besides 
focusingg on a different patient group, is that our proposed method allows 
measurementt of the patient setup error with respect to the CT data. Both the 
optimall method found in this study (based on delineated features) and the live 
subtractionn method of Johnson et al. are potentially extendable to be 
automatedd for reduction of the workload. 

Hadleyy [7] proposed an automated system to register a surface model of the 
patientt to the video images of the patient during treatment. The advantage of 
suchh a system is the ability to quantify the patient setup in 3D. A reported 
disadvantage,, however, is the limited accuracy to quantify positioning errors in 
patientss with prostate cancer. The most notable inaccuracy in establishing the 
patientt setup was along the cranio-caudal axis, probably due to the cylindrical 
shapee of patients in the pelvic area. In our study, the setup errors were not 
quantifiedd in this direction. Although the accuracy in the LR and AP directions 
reportedd by Hadley was better than the accuracy in the CC-direction, they 
weree probably adversely influenced by the inaccurate result in the CC 
direction.. Although a disadvantage of our technique is that we measure the 
setupp error in one direction only, this simple procedure proved successful for 
alll patients and has a very high accuracy. 

Inn contrast to techniques that locate the skin of the patients, radiographic 
techniquess that locate the target volume more directly are currently being 
developed.. Examples of these techniques are cone-beam tomographic 
imagingg [10] and visualization of implanted marks [15]. Cone-beam CT 
imagingg involves acquisition of multiple kilo-voltage radiographs as the gantry 
rotatess through 360 degrees of rotation. A back-projection algorithm is applied 
forr reconstructing the volumetric image. The setup of the patient can be 
adjustedd according to the imaged location of the target volume before the 
treatmentt starts. A simpler, but more invasive procedure utilizes implanted 
marks.. Fiducial marks of radiopaque material, often gold, are implanted in or 
nearr the tumor. The projected location of the marks with respect to the field 
edgee is established using portal images. Deviation of the location of the mark 
withh respect to the planned position is used to correct the patient, either 
beforee or after the actual treatment. For patients with prostate cancer it was 
shownn that marks can be automatically detected in portal images obtained 
withh 1-2 MU [12]. 

Thee advantage of both techniques is that the position of the target volume is 
directlyy visualized and therefore motion of the target volume with respect to a 
referencee structure (e.g., bone structures or skin marks) becomes irrelevant. A 
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disadvantagee of the cone-beam CT technique, however, is that it requires 
elaboratee and expensive modifications to the treatment machine, while the 
techniquee that utilizes implanted marks requires implantation of the mark 
usingg a modified biopsy needle or surgery. Furthermore, both methods are 
basedd on x-ray imaging and are therefore poorly suited for setup assistance 
whilee the technicians are in the room. 

Anotherr approach is to use stereoscopic x-ray imaging to measure setup 
errorss of the pelvic bone by means of orthogonal verification films. It was 
shownn that x-ray assisted patient positioning improves setup accuracy at the 
costt of an increased treatment time [17]. 

WeWe are currently investigating the feasibility of replacing the rendered CT 
imagess with video images. For this purpose, we mounted a camera in the CT 
roomm as an alternative method to obtain reference images. This solution 
allowss for measuring the displacement with respect to the planned treatment 
positionn based on video images only, i.e., without the need to acquire the CT 
scann and create the volume rendering. A more important advantage of a 
referencee image acquired with a video camera is that the field-of-view is not 
limitedd by the number of slices in the CT scan (e.g., as in Fig. 3.3). 

Besidess quantitative analysis of the video images, the images appear to 
containn additional valuable information about causes for setup errors. For 
instance,, non-reproducible positioning of the legs was revealed for some 
patients.. More careful positioning possibly avoids relatively large setup errors. 
Ass a result, it is possible that the gain of video imaging will be larger than our 
resultss indicate. 

3.5.3.5. Conclusions 

Videoo imaging is an accurate method for determining the left-right position of 
patientss with prostate cancer. The outline of the patient is a more accurate 
estimatee of the setup of the bone structures than the mark on the patient's 
abdomen.. Thus, improvement of setup of patients with prostate cancer in the 
left-rightt direction by means of video imaging is possible, depending on the 
accuracyy of setup corrections. It is anticipated that the additional work of 
analyzingg the video images will be compensated by fewer corrections. The 
largestt source of inaccuracy in the video matching is movement of the skin of 
thee patient with respect to the bone structures (1.1 mm SD). 
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