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…a short History of Intensity Modulated Treatments
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2000-2005

Studies

2005-2010
Mature 
IMRT

2010-2015

Vmat

2015-2020
Hypofract.

SBR
ART

Technology Film Electronic Arrays 3D Dose Reconstruction Online Ready

% Patients <1 10 80 Close to 100



Early IMRT Adaptor from Germany

Courtesy
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…a Modern Implementation



Requirements for a State-of-the-Art Patient Plan QA System

 Efficient: easy set-up, no hybrid plan

 Precise: high error-detection capability. Avoid false positives

 Meaningful: potential consequences for the patient shall be 
evaluated

 Redundant: verification chain shall encompass many components

 Adaptable: customer shall be able to tailor results of verification to 
his needs

The solution: 

Advanced online-capable detector:

Advanced software, rendering results in 3D patient anatomy: 
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Dolphin®

Advanced Technology



Cable-free design 
➤ Wireless data connection

➤ Battery powered 

➤ Integrated Gantry angle sensor calibrated in factory  

Slim design
➤ Maximum clearance

➤ Supports SRS / SBRT cases with non-coplanar beams

• Independent from the couch orientation

• Non-coplanar beams can be verified without 

collapsing the beam to zero

Easy attachment
➤ Linac head accessory mounts supported

➤ Accessory coding

➤ Double lock for maximum security

Setup: Ready in 1 Minute!

Advanced Detector Design



Advanced Detector Design

 1513 air-vented plain parallel ionization chambers 

 5 mm high resolution spacing (15 x 15 cm² inner area)

 Full 40 x 40 cm² treatment field size coverage

 Small chamber volume

 3.2 mm diameter, 2 mm electrodes gap

 Device is based on the same physical principle as the 

MatriXX with Compass 

 It can be used for Pre-treatment QA

 Chambers and detector design with reduced attenuation

 Once the device is attached the beam is still fully usable 

for patient treatment

 The system is ready for online verification 

* Dolphin is released for pre-treatment QA. Approval for online use during patient treatment is pending by Linac manufacturers.
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Limitations of Phantom-based QA
Is the 2D g approach telling us really the truth ?



Which Criteria to be used?

• 3% d dose in accordance with other QA procedures

• 3mm DTA is already quite high, specially for SBRT etc.

• 100% passing rate should be required, but cannot achieved in 
practice. 98%, 95% or even less are common choices

• g local or global?

• Threshold for relevant field signals?

• Additional criteria?

• No hot/cold spot cluster?

• Correlation to critical anatomical structures
11



Is 2D QA really clinically sufficient ?



Results for H&N case, 3%/3mm, N=83
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ROI Metric Mean Error [%] Range [%]

min max

Spinal Cord D1cc 3.2 -11.1 15.7

Contralateral Parotis Mean Dose 4.5 -10.9 12.0

Ipsilateral Parotis Mean Dose 1.5 -3.7 4.1

Larynx Mean Dose 5.7 -15.9 9.2

CTV D95 1.3 -3.7 2.6

Gamma Passing Rate : g<1 for 95% of Pixels

g method for pre-treatment QA:

Unsufficient predictive power for

patient outcome



Is Gamma analysis sufficient?
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Conclusion
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DVH

Needed for

Clinical

Assessment of

PTV

And

OAR
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Conclusions
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COMPASS Software
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C.W. Röntgen, Würzburg 1895  (just ~100 km from IBA)



Origin of the Medical Valley 
(Siemens)-Reiniger   (now: Siemens Healthineers)
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Historic Siemens-Reiniger x-ray tube



Welcome to Nuremberg
22
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Underweysung der Messung, mit 

dem Zirckel und Richtscheyt, in 

Linien, Ebenen unnd gantzen 

corporen

durch Albrecht Dürer zů sammen getzogen /

vnd zů nutz allen kunstlieb habenden

mit zů gehörigen figuren / in

truck gebracht / im jar.

M. D. X X v.

Lines   1D

Planes   2D

Whole Bodies 3D

Instructions how to measure with

COMPASS and ruler lines, planes and

whole bodies



Protect, Enhance and Save Lives - 24 -

Albrecht Dürer, wood engrave

Beamlets 2D plot
3D Anatomy
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The novel approach:

• Go to the 3rd 

dimension

• Patient anatomy



From Plan to (ideal) Fluence
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Dose Computation
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 Fluence backprojection + ‚collapsed cones‘ out of MC kernel +     dose superposition



Dose in Patient Anatomy -> DVHs
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Detector Response Kernels (for MatriXX, BU=2cm)
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Probability of creating a signal, depending on energy and radial distance
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Comparison
between
predicted and
measured
responses gives
input for
perturbative
effective fluence
determination



COMPASS 2018 – new DOLPHIN kernels

COMPASS 4.0

10 MV Mannheim report from 2016

COMPASS 2018

same data, new kernels



DOLPHIN & COMPASS
Clinical experience



Trial Report on Dolphin

Kumamoto University Hospital

Yuji Nakaguchi et al. Preliminary Data to be Published
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Kumamoto Evaluation - Reproducibility
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Number of measurement

Absolute dose calibration initially measured with Farmer type ion 

chamber. Calibration difference for following measurements was 

within 0.2%. 

There's no need of absolute calibration every time.

Geometric calibration and reproducibility

Number of 

measuremen

t

Field (mm) offset (mm)
Angle 

(°)X Y X Y

1 0,00 0,00 -0,600 0,500 0,00

2 0,00 0,00 0,700 -0,400 0,10

3 0,00 0,00 0,400 -0,400 0,00

4 1,00 0,00 0,900 -0,500 0,00

5 1,00 0,00 1,000 -0,500 0,00

6 1,00 0,00 0,900 -0,400 0,00

7 0,00 0,00 0,800 -0,400 0,10

8 0,00 0,00 0,700 -0,400 0,00

9 0,00 0,00 0,400 -0,400 0,00

10 1,00 0,00 0,900 -0,500 0,10

Mean 0,40 0,00 0,610 -0,340 0,03

St. Dev 0,52 0,00 0,47 0,30 0,05



Kumamoto SBRT Lung & Liver cases - DOLPHIN 
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Lung

Liver

AP LR

CONCLUSION

…For clinical cases, COMPASS can detect 

small changes for dose profiles and DVH. 

COMPASS system also showed good 

agreement with MC. Finally, we confirmed 

the feasibility of using the new COMPASS 

system with the new transmission detector 

for SBRT…



Experience from a customer in Germany

 2 Sites, ca. 30km apart from each other

 highest level of supply outside a university (level 
IV)

 3 Linacs

 approx 1400 pat/year. 110-140 pat/d

 8 physicians, (5+2) physicists, 10 
radiographers

 Pinnacle 9.10

 IMRT since 2007, VMAT since 2010 (~ 100% 
now)

 SBRT (Body and Head)

 Patient Plan QA (100%): Compass with 
MatriXX, since 8/2016: Dolphin (Pre-T)

 Rating by state-council: „AA“ 37

Bayreuth

Kulmbach



WHY ARE WE USING THE DOLPHIN

1. faster measurements 

1. faster setup: no wiring

2. highly reproducible positioning  less QA before 1st Measurement  

2. high resolution (at the central area)

3. 40x40 scm field size

OUR WORKFLOW:

COLLECT RA 10 PLANS PER SESSION PER 
LINAC (TYPICALLY 1 SESSION PER LINAC 

PER WEEK - IN THE EVENINGS OR DURING 
THE WEEKEND.

MatriXX

Gantrymount

Dolphin 

pretreatment

Setup 10 min 2 min

Pre Measurement 

Checks 10 min none

Measurement time 

per patient plan 2 min 2 min

Calculation time per 

patient 5 min 5 min

sum for 10 plans 90 min 72 min

TIME CONSUMPTION IN THE EVENINGS/WEEKENDS FOR 

THE PHYSICIST



WHY ARE WE USING THE DOLPHIN

1. faster measurements 

1. faster setup: no wiring

2. highly reproducible positioning —> less QA before 1st Measurement  

2. higher resolution (at the central area)

3. 40x40 scm field size

MUCH HIGHER 

CONFIDENCE IN 

MEASUREMENT IN 

CRITICAL AREAS (STEEP 

GRADIENTS OR SMALL 

VOLUME AREAS)



WHY ARE WE USING THE DOLPHIN



WHY ARE WE USING THE DOLPHIN

1. faster measurements 

1. faster setup: no wiring

2. highly reproducible positioning —> less QA before 1st Measurement  

2. higher resolution (at the central area)

3. 40x40 scm field size

FIELDS ARE TOO WIDE FOR „NORMAL“ 

DEVICES OR EPIDS  SEPARATE 

VERIFICATION OF NEWLY GENERATED 

SUB-PLANS (TWICE THE TIME NEEDED 

FOR MEASUREMENT)



Dolphin® used in Turkey for SRS and SBRT treatment
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Bora Tas, Asst. Prof. and Chief 

Medical Physicist at the 

Gaziosmanpasa Hospital in Istanbul, 

Turkey:

“We are now using Dolphin to 

perform patient QA for our advanced 

and challenging stereotactic cases 

and for our Head & Neck treatments. 

Compared to our previous table 

based QA solution we can now 

measure and verify our patient QA in 

significantly less time”.



DOLPHIN & COMPASS 2018



Error sensitivity study, Tallinn, NEMC, Estonia:

Sensitivity study, induced errors

 Increased gap

 Shifted gap

 Underdose

 Overdose

4 different anatomical locations

COMPASS best in class

Weakest System only 

finds 50% of the errors! 

COMPASS – the best solution in the market



COMPASS as a Machine QA tool
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Repeatibility & Stability
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Profiles FFF 40x40 

Is this Device limited to Patient-QA?

Startup, 

sampling

40ms
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Dolphin & COMPASS 2018 – News, details

Support of most relevant treatment energies

 6 MV & 6 MV FFF photon beams

 10 MV & 10 MV FFF photon beams

Enhanced precision

 Enhanced accuracy of the detector model for Dolphin (Dolphin kernels)

 Highest precision for error detection

Online ready

 Validation project progressing

 High energy activation tests passed



Further Functionality Enhancements

Increased TPS compatibility

 Import of beams with up to four arcs (e.g. 
for Monaco)

 Support of overlapping contours (e.g. for
Monaco)

 Structure (ROI) Management for a flexible 
handling of density overrides

Simplified installation and licensing

 License manager for easier licensing

 More guidance for the SQL server
installation

 Enabling of the network configurations with
subnetworks

Flexibility of reporting

 Possibility to switch off the IBA and
COMPASS logo in the report generation

Software legacies and regulatory updates

 E.g. Upside down display of some plans, 
Domain state error solved, gantry angle 
display problems fixed, counts per frame
issue eliminated, Query and Retrieve for
Eclipse

 Satisfy regulatory demands: fully compliant
and updated documentation, detailed risk
analysis review
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