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Disclaimer

I do not endorse any products, manufacturers, or 

suppliers. 

Nothing in this presentation should be interpreted as 

implying such endorsement
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Agenda

 IT in RO

 R&V

 OIS

 QA
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IT is vital  in the process of cancer care

 Cancer care has changed

 Patients used to get either surgery, CT or RT…: it is common for 

patients to get combined therapies, 2 or all 3 of the above

 To perform diagnosis can be necessary to integrate different 

information

 To perform the therapy can be necessary to combine different 

information and so concerning the follow-up 

 Integration of information: this has increased the need for 

(computer) communication between different departments 

within the hospital (or among hospitals)
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Most health care processes 

involve continuously exchanging information

 Within the workgroup, to record and 
manage the care of individual patients

 Between specialized diagnostic and 
treatment departments, to request 
services and to report results

 Across organization boundaries 
between hospital doctors and 
community staff, to ensure continuity 
of care

 From the care provider to payers and 
regulatory agencies, for revenue and 
accountability
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The process of care: RO is only one step 
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RO involves a complex set of sub-processes (mainly clinical, 

but very often:  technological, physical) and accompanying 

workflow to evaluate, plan, deliver, and monitor patient 

treatments

The workflow includes a mixture of process steps requiring 

clinical decisions at many points, quality assurance checks 

along the way, on-line and off-line evaluations, and careful 

patient monitoring

Computerized decision support is a fundamental component 

to a number of these phases

Record & Verify and Patient Information System

RO is a complex world



RO is a complex world

“The most important feature related to the complexity and sophistication 

of  “new technology” is the omnipresence of computers” 

[ICRP Preventing Accidental Exposures from new EBRT Technologies, 2009]

RO is “Computer-driven RT and software-based devices”

<..digital linacs, VMAT, SABR, 4DRT, ART, MRgRT..>
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Advances in Radiation Oncology
Developments hold promise to 
improve clinical radiation oncology 
computing 

 Cloud-based service models
 server-based “virtual machines” 

that facilitate remote user 
access and leverage centralized 
computations while minimizing 
large data transfers over 
network

 Parallel computation
 distributed calculation 

frameworks for dose calculation 
and enterprise software systems 
(HPC, GPU..)

 Aggregate data analyses
 the synthesis of quantitative 

information from a multiplicity 
of measurements

 Automation



Radiology Oncology workflow

A multi-actor and technological environment
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The Radiation Oncology staff

• Each of  these operators can have access to the data with different rights

• Every their actions must be registered by the system of  management of  

the whole treatment (username, password…digital signature to give legal values 

to the activities around the pt)

Radiation oncologist

Medical Physicist

Radiation Therapist

“Dosimetrist”

Nurse

Secretary

System Administrator (=Medical Physicist)
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Patient Information System
The information infrastructure which is directly related to the planning (TPS), 

delivery (TDS), quality assurance, and archival of patient treatments 

Record & Verify and Patient Information System

Record & Verify System

The software that checks the TX parameter  (position of the couch, collimator, 

gantry, leaves positions, and any beam modifiers etc) before a treatment is 

given. 

It links with the TPS or PIS and the control system of the linear accelerator or 

TDS (often the R&V system is part of the control system)

It has tolerance levels built into them. These allow some parameters to be 

allowable as long as they are within a certain range of the expected value. 

Different parameters have different tolerance levels (depending on the type of 

technique too)

A username/password entry so staff can authorize a TX



TPS TMS R&V TDS
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R&V (V&R) functionality

 The R&V S Verifies and Records all aspects of each individual TX

 Each time the patient is treated, the linac requests the TX parameters 

from the R&V, sets the beam-defining devices, informs the R&V of its 

positions, and waits for the R&V to verify that the positions are within 

tolerance

 Once the linac receives the approval, it delivers the radiation and sends 

the delivered treatment information to the R&V so that it can record the 

dose (dose tracking) and treatment parameters that were used to treat 

the patient

 This process of downloading, verifying, treating, and recording is 

repeated for every single treatment field. There is also a transfer of 

images, structure sets, markers, other information (“this is the last 

fraction” bla bla)
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Network infrastructure: robustness!!

Siochi et al.: RO IT resource management, JACMP, 2009
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It is important that the network infrastructure efficiently handles the transfer of 

these large amounts of data, otherwise patient treatment could be either 

delayed or compromised 



IT in RO (Siochi, 2011)
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Record and verify systems (RVSs) were initially developed to 

reduce the risk of treatment errors, where the treatment 

parameters used for a given fraction were set manually and 

could differ from the ‘prescribed’ (or ‘intended’) parameters 

[IAEA, HHR No.7 2013]

At the very beginning, only the R&V (o V&R) 

systems

“Programmable Electrical Medical System or subsystem including its associated 

peripherals, that is used to compare the set-up of a Radiotherapy Treatment machine 

to predetermined set-up conditions prior to the start of a proposed Radiotherapy 

Treatment and each Treatment session, and record actual Treatment sessions. 

It also provides a means of preventing the machine operation if the actual set-up is 

not the same as the pre-set intended set-up, within User defined tolerances.”

IEC 62274 ed.1.0, «Safety of Radiotherapy RVSs», 2005 

Record & Verify and Patient Information System



“Quality Assurance of Radiation Therapy: The 
Challenges of Advanced Technologies’’

Dallas, TX, 20-22 febraury, 2007

[ASTRO, AAPM, NCI] 

 It was the 1980s before the first 
commercial CCTD System, the 
Scanditronix MM50 Racetrack 
Microtron, became available. (..) 
incorporated a fully computerized 
control system, MLC, and photon and 
electron beams (to 50 MeV) flattened 
with CC-scanning

 (..) Modern RT is performed with CCDS 
which are electronically linked to the 
TPS

 (..) Random transcription errors, which 
invariably happen as human transfer 
information manually, are no longer the 
most important issue, as transfer are 
automated

 More important are the much less, but 
potentially more severe systematic 
errors, which can occur, especially in 
interface between systems  

Afterwards.. not-only R&Vs but CCDTS

Computer-controlled treatment 

delivery (CCTD) process

R&V is a part of the control 

system of the delivery process
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Control Console (R)evolution (TDS)

1985 2010
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The evolution of the process

Eric Ford, Future of Radiation Medicine,

Feb 17, 2011, Scottsdale, AZ
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 R&VSs are ‘medical devices’ (..) evolved into complete Radiotherapy 

Information Management Systems that interface with Imaging Systems, 

Treatment Planning computers (TPS) and Treatment Delivery Systems 

(TDS) [IAEA, 2013]

TMS   Treatment Management System

RTIS  Radiation Therapy Information System

DMS  Data Mangement System

OIS    Oncology Information System

EMR  Electronic Medical Record System

EHR  Electronic Health Record System

 TMS is typically a combination of an OIS with R&VS

[Siochi et al., JACMP, 2011]

TMS, RTIS, OIS, PIS and other acronyms
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TMS/OIS/RTIS
RT-PACS

Fig 1 – IAEA HHR No.7 (2013) (“redited”)

R&V systems have evolved in DBs that include not only treatment machine parameters, but

also scheduling, images, assessments, document import and Health Level 7 (HL7) support

(Siochi et al., JACMP, 2009)
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Today…the cloud

1980 ≥ 2015
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Advances in Radiation Oncology
Developments hold promise to 
improve clinical radiation oncology 
computing 

 Cloud-based service models
 server-based “virtual machines” 

that facilitate remote user 
access and leverage centralized 
computations while minimizing 
large data transfers over 
network

 Parallel computation
 distributed calculation 

frameworks for dose calculation 
and enterprise software systems 
(HPC, GPU..)

 Aggregate data analyses
 the synthesis of quantitative 

information from a multiplicity 
of measurements

 Automation

Med Phys, 41(1), Jan 2014



Hwiyoung Kim, 2014

We’re still here (1980’s!)

Single workstation

model

Virtual machines

parallel computing environments

- Cloud-based 

service 

models

- Aggregate 

data 

analysis

- Parallel 

computation

- Automation

Computing Systems in RT - New paradigms
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Cloud Computing is “a model for enabling ubiquitous, convenient, on-

demand network access to a shared pool of configurable computing

resources (e.g. networks, servers, storage, apps and services) that can 

be rapidly provisioned and released with minimal management effort or 

service provider interaction” (NIST, 2011)



Stratosphere of Cloud Computing

 CaaS = Communication As A Service

 SaaS = Service As A Service 

 PaaS = Platform As A Service

 IaaS = Infrastructure As A Service
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Cloud Computing in RO - literature

AAPM, Meeting 2014
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RO manages, produces and shares a lot of 

different types of data

Patient data

Images data (CT, MR, 
PET, DRR etc etc)

Planning data

Treatment data

Quality Assurance 
data
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OIS needs to be connected with Hospital 

Information System HIS

 Download Patient Registration or Demographics 
information (ADT)

 Upload Billing information

 Upload Radiation Oncology scheduling and 
treatment summary

Patients are typically registered in the HIS hospital-wide information system, 
which serves as a source of patient demographic, billing, and insurance 
information (USA)

The HIS also provides clinical, laboratory, and radiology information 

The communication between the hospital and departmental system for 
registration, billing, and transcription, is usually HL7 interface-based (that is 
encoded using the Health Level 7 HL7 standard)
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RO could be integrated into PACS-RIS

Data Base 
Server

CR/ DR QA
WorkstationComputed

Radiography
or DR

Gateway or
Frame Grabber

Film
Digitizer

Archive

DICOM
Modality

Web Server

RIS

Diagnostic
Workstations (DICOM)

Image

Server

(RAID)

Clinical 
Workstations (DICOM)

Diagnostic
Workstation
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DICOM (Digital Imaging and 

Communications in Medicine standard)
 During the 1980s the need for simplification and standardization became

apparent in order to ensure and maintain connectivity and interoperability of  
all pieces of  equipment

 The medical equipment industry, represented by the National Electrical
Manufacturers Association NEMA and the medical community, represented by 
the American College of  Radiology ACR, joined forces to develop the Digital 
Imaging and Communications in Medicine standard (DICOM)

 The “winner” release was: DICOM v3

 DICOM was first developed to address connectivity and interoperability in 
radiology, but then it was extended to other modalities

 During the RSNA conference in 1994, a meeting was held at which a clear
need was expressed for standardization of  the way radiotherapy data (such as
treatment plans, doses and images) are transferred from one piece of  
equipment to another: ex. TPS (BRAND A)  LINAC (BRAND B) 
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DICOM3: basics (1)

DICOM v3.0 standard is large and consists of 16 different parts, each 

part addressing a particular functional side of DICOM

The standard defines fundamental network interactions such as:

Network Image Transfer: Provides the capability for two devices to 

communicate by sending objects, querying remote devices and 

retrieving these objects

Open Media Interchange: Provides the capability to manually 

exchange objects and related information (such as a report). DICOM 

standardizes a common file format, a medical directory and a physical 

media. Examples include the exchange patient imaging study for 

remote consultation

Integration within the Health Care Environment: Hospital workflow 

and integration with other hospital information systems have been 

addressed with the addition services such as Modality Worklist, 

Modality Performed Procedure Step, and Structured Reporting. This 

allows for scheduling of an acquisition and notification of completion
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DICOM3: basics (2)

 Data Element 

- Unit of information, with defined data type and structure

- Standard elements are uniquely indexed by ‘tag’ and name 

(e.g. patient name, CT slice position, gantry angle)

 Information Object

- Set of elements which together describe a physical entity, like 

a document (e.g. CT scan..)

 Service Class 

- Action which can be performed on information objects to 

facilitate the network functionality (e.g. transferring data 

between systems, archiving to media, printing)

 Service Object Pair (SOP)

- A defined action which can be performed on a particular 

object  (e.g. CT image can be printed)

DICOM3: basics (2)
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Multiplicity of data and RO-specific data
 Structures

 Plan (geometrical parameters, MU, position leaves, constraints, 
tolerances tables…)

 RT-DOSE

 DVHs

 Registration transform

 Radiobiological values

 Setup patient data

 IGRT/ART data

 Delivery data

 In-vivo dosimetry results

 Patient-QA summary

 (Clinical) decisions

 …

Record & Verify and Patient Information System



DICOM-RT objects (1)

At the end of 1999, an ad-hoc Working Group, later to become 
Working Group 7 defined 7 Radiotherapy DICOM Object:

1. RT Structure Set: containing information related to patient 
anatomy, for example structures, markers and isocenters. These 
entities are typically identified on devices such as CT scanners, 
physical or virtual simulation workstations or TPS

1. RT Plan: containing geometric and dosimetric data specifying a 
course of TX and/or BT (e.g. beam angles, collimator openings, 
beam modifiers, and BT channel and source specifications)

The RT Plan entity is created by a TPS before being transferred 
to a R&V system or treatment device

An instance of the RT Plan object usually references an RT 
Structure Set instance to define a coordinate system and set of 
patient structures
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3. RT Image: specifying radiotherapy images that have 
been obtained on a conical imaging geometry, such as 
those found on conventional simulators and portal 
images (EPID). It can also be used for calculated 
images using the same geometry, such as digitally 
reconstructed radiographs (DRRs)

3. RT Dose: containing dose data generated by a TPS in 
one or more of several formats: 3D dose data; isodose 
curves; DVHs; or dose points

567.RT Beams Treatment Record, RT Brachy Treatment 
Record and RT Treatment Summary Record: 
containing data obtained from actual RT treatments. 
These objects are the historical record of treatment and 
are linked with the other “planning” objects to form a 
complete picture of the treatment

DICOM-RT objects (2)
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Patient-data: Dicom and Dicom-RT
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Dicom file

Representation of patient name element 

Physical encoding depends upon specified 

transfer / storage format
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e.g. Imaging: CT-planning (.dcm)
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RT-structure set (.dcm))
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RT-plan (.dcm)

Record & Verify and Patient Information System



The Dicom Conformance Statement

• The standard specifies that the manufacturer of any device 

claiming DICOM conformance shall provide a DICOM 

Conformance Statement that describes the DICOM 

capabilities of its medical equipment 

• Conformance statements provide a foundation to determine 

connectivity and assess the potential inter-operability of two 

products, and in some cases identify potential problems 

• It is not sufficient for a vendor to simply claim conformance to 

DICOM

• The statement “This product is DICOM” has even less meaning in 

the radiotherapy domain, in which inter-operability is a very 

complex issue

• For RT applications, it is usually not possible to determine 

interoperability a priory – this must be established through 

extensive testing
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 RAID (Redundant Array of Inexpensive Disks) disks 
generally required 

- Can automatically make duplicate copy of all data, and alert 

user if one copy/disk fails before both copies are lost

 Backup servers are important too

 Ideal final archive:

 RT-PACS

 RT-Cloud

 ..new IT solutions

The Storage
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The actors: Mosaiq (Elekta)
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The actors: Aria (Varian)

Record & Verify and Patient Information System



The actors: RayCare (Raysearch)
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QA IT : what does it mean?
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QA IT (R&Vs) in RO - guidelines

 Many documents mentioned them

 Most recent and dedicated documents:

 IAEA HHR No. 7 : 2013

 Canadian Guidelines (Canadian Partnership for Quality in RT): 

27 Jan 2017

 Key-words

 “R&Vs-related errors” (systematic errors)

 Data TX-transfer

 Integrity

 Logical Consistency

 Not useful documents: not updated up
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R&VS-related errors: “taxonomy”

 Data transfer: corrupted data or lack of 
registration or incorrect registration (criticism 
in software /network)

 Manual input

 Violation of approved procedures (override)

 Inconsistency followed a Plan-revision

Patton GA et al., Facilitation of Radiotherapeutic 

error by computerized R&Vs

IJROBP., Vol. 56, No. 1, 2003

IAEA HHR No.7 (IAEA, 2013)
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QA IT - AAPM TG53 (1998)

Data transfer

Numerous potential problems can develop 

during the transfer of treatment planning 

information from the RTP system to the paper 

chart, treatment machine, R&V system, or 

anywhere else. The issues listed in Table 3-23 

must be considered as part of the QA

for the planning process
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QA IT - IAEA TRS No. 430 (2004)

Output of the treatment planning information and 

transfer of that information to the patient chart 

and/or the treatment machine is an important 

aspect of the planning and delivery process that 

requires appropriate QA. 

Correct transfer is critical because any error or 

misinterpretation of information transferred from 

the TPS to the therapy machine (or chart) will 

result in a systematic error in all the treatment 

fractions that are delivered (..)

 If files are transferred across a network, it should 

be understood who transfers them (..)

 Although direct transfer to patient management 

systems is very efficient, it is also potentially 

dangerous if it leads to inadequate review of 

data before they are used to deliver a treatment. 

It is important to ensure that sufficient 

redundancy checks are in place.
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 Some of the tests performed at 

installation must be repeated regularly 

(acceptance tests and commissioning) 

as part of the local ongoing QC

programmed and on each occasion 

where there is a possibility that some 

change has occurred in the treatment 

planning process

QA IT - IAEA HHR No.7 (2013)
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QA IT - Technical Quality Control Guidelines for Data 
Management Systems  by Canadian Association of 
Provincial Cancer Agencies (CAPCA)  (2017)
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The N.Y. Times Radiation Boom

QA IT SAFETY
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 Independent checking is a mainstay of  

error reduction from transcription and 

communication errors, but is subject to 

automaticity errors

 Modern R&V systems reduce random 

transcription errors, but require QA 

regimens to prevent systematic errors

 Protocol checklists will prevent the 

implementation of unauthorized plans

Radiotherapy Risk Profile 

Technical Manual WHO (2008)

QA IT & safety 
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 Clear protocols should exist for the use of 

R&V systems in assisting treatment set-up. 

The source documentation should be used 

by operators to confirm the patient set-up 

and the beam parameters set on the linear 

accelerator (..) 

 Verification should be performed using 

active rather than passive procedures to 

reduce the risk of involuntary automaticity

 Prior to turning on the treatment beam, the 

key parameters of MUs, beam energy and 

beam modification should be verified and 

confirmed by both operators using the 

source documentation 

Towards Safer Radiotherapy (2008)

QA IT & safety
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QA IT & safety

The TMS is one of the newest and most 

quickly evolving systems involved in 

radiation therapy. As such, the QA program, 

which should be associated with safe use of 

the system, is less well-described and 

understood than almost any other system 

Astro (2012)

TG35(1993)

ASTRO IHE-RO
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QA IT & safety (upgrade!)
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QA IT & safety (upgrade!)
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QA IT & safety (upgrade!)
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Database Rosis, Safron, RO.ILS
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 J. Van Dyk, D. Georg, J.C. Rosenwald

 29 references

 Although it is recognized that there are several risks of error related 
to data exchange between all these components (..), this report will 
not address these issues

 (..) Errors might be partially attributed to a lack of appropriate human 
control, since it is perfectly clear that human and organizational 
factors are mostly responsible for accidents 

 (..) It has been further advocated that the radiation therapists, if not 
properly informed, could be naturally inclined to relax their attention 
due to an ‘excessive reliance’ on the system

 (..) Errors are also often due to a lack of well defined workflow and 
procedures. Some other errors might be due to problems in the 
system design or implementation

IAEA HHR No.7 - Background
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 To describe the acceptance tests and the commissioning process

 IEC 62274 ed.1.0 standard (2005)

 Since there is no existing descriptive document explaining what an 

RVS really is, this report also contains a short description of the 

database structure and the main functionalities currently encountered 

in most existing RVSs. This should help the reader to acquire a 

better understanding of the whole system

 This report will not address the details of the human and 

organizational aspects, which remain fundamental for the safe 

use of RVSs

 MPs with specialized RO physics training and practical clinical 

experience (+ computer specialists)

IAEA HHR No.7 - Goals
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IAEA HHR No.7 -
Acceptance/Commissioning/QC

 Unlike for a TPS, it is difficult for an RVS to clearly differentiate 

‘acceptance’ testing from ‘commissioning’. The reason is that an RVS 

‘sits’ between the TPS and the treatment machines and that the main 

issues are related to safe interoperability between these pieces of 

equipment (..)

 At the time of acceptance, the RVS configuration must be consistent 

with data input from the local TPS and data output to the local 

treatment machines (..)

 The ‘commissioning’ process (..‘all testing, data input and 

verification checks that are needed to get the system ready for 

clinical use’..), must be performed in conjunction with the final 

installation by the manufacturer and therefore partly merged with 

the ‘acceptance’
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IAEA HHR No.7 - Parametrization
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IAEA HHR No.7 - Acceptance: type vs site

 Type tests 

 Refer to those tests that are to be carried out by the manufacturer to 

establish compliance with specified criteria

 Accompanying documents’/user’s manual

 Site tests

 Refer to those tests that are to be carried out by the installer and the 

user together to establish compliance with specified criteria, i.e. 

acceptability (..)

 Subset of the ‘type tests’ 

 These tests should be repeated after installation of a new version of 

the software 

 The tests will provide an educational opportunity (..) will demonstrate 

to the user that the results using the hardware and software as 

installed at the user’s site are consistent with the type tests performed 

by the manufacturer at the factory
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IAEA HHR No.7 - Acceptance tests (site)

[20] Medical Electrical Equipment — Safety of Radiotherapy

Record and Verify Systems, Report IEC 62274 ed.1.0 (2005)
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IAEA HHR No.7 - Acceptance tests (site)

[20] Medical Electrical Equipment — Safety of Radiotherapy

Record and Verify Systems, Report IEC 62274 ed.1.0 (2005)
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IAEA HHR No.7 - Site test: details

 A.1. GENERAL TESTS

 Demographics pt data (4)

 Treatment prescription and delivery (32)

 Delete a pt from the RVs (2)

 A.2. END-TO-END TEST: FROM A TPS TO TDS WITH AN RVS (14)

 A.3. CONVERSION OF TREATMENT PLANS BETWEEN MACHINES

 Conversion of TPlans between matched machines (2)

 Conversion of TPlans between non-matched machines (4)
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IAEA HHR No.7 - Site test: ..homeworks

 TRY to insert a patient with ID associated with 

another patient..

 TRY to access to the system as not authorized 

user..

 TRY to load @TDS WS an unproved plan..

 STOP the plan delivery, check MU, re-load the 

Treatment, ..

 TRY to override as not-authorized user..

 TRY to delete a patient not yet delivered

 Test fields from IAEA-TECDOC-1540
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IAEA HHR No.7 – Ongoing QC
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 It takes into account the manual input data (outdated!)

 QC R&V data: chart-review based

 3D-CRT oriented

IAEA HHR No.7: summary
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Preview report TG201 (JACMP, 2011)

 This report does not give 
descriptions of the various systems 
and the exchange of data among 
them. It is assumed that medical 
physicists who wish to implement 
these recommendations 
understand the systems in their 
clinic

 The purpose (..) is to provide 
clinics with a checklist and a 
diagnostic tool can help determine 
what data transfer related quality 
assurance steps to be 
implemented to make their 
radiation treatments safer  
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Preview report TG201

ADMINISTRA
TION

TREATMENT 
DATA

DATABASE 
STATE

IMAGING

 QA program

 Clinical Workflow

 Patient-specific QA

 Manually-handled data

 Historical treatment record

 Logical consistency

 Information integrity

 Planning

 Verification
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Preview report TG201 - Administration

 QA program
 A data transfer QA program should be 

established by a MP

 MPs understand the flow of data (..) and are responsible 

for ensuring that the delivered Tx         matches the 

physician approved plan

 Testing patient-specific Tx data transfer

 Data Transfer complements measurements or 

independent calculations of dose distributions

A

 Clinical treatment scenarios should be used for verifying the automated transfer        

functionality

 Synchronize Hospital data (HIS) with RO-IS

 Log of transactions and mechanisms to verify uptime (both sender & listener) 

 Periodic tests (benchmark cases), upgrades

 Evaluated by using benchmark cases with known data transfer problems

 Re-evaluated and, if necessary updated (mitigation process etc) 
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Know your own data flow

Distributed Data System Centralized Data System

Information 

Should match

Siochi, AAPM/COMP 2011
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Environments

• SINGLE DATA BASE

Eclipse + Aria + VARIAN linacs

• DISTRIBUITED DATABASE: e.g.

Eclipse + Mosaiq + Varian Linac

Pinnacle + Mosaiq + Elekta Linac

MinMaestro+Monaco + Mosaiq + Elekta

Raystation+RayCare+Elekta linac
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Preview report TG201 - Administration

 Clinical workflow
 A robust clinical workflow including checkpoints at all data exchange interfaces

 Example: a secondary MU calculation by a different MP is one checkpoint TMS-TPS

 Updated  with new hardware, software or procedures

 Test DICOM compatibility as a part of commissioning (ATP) and documents 

work-arounds

 Warning and error messages should not be ignored. User should notify the 

physicist, investigate the message and documents their findings

 A culture of “click through the warning messages” should be discouraged

 Items that are used in the TPS but that need to be manually entered or modified 

in the TMS should be included in a checklist to remind users to complete

 Example: bolus

 Policies and procedures in place to handle treatments that are interrupted by 

network or software problems

 This also in the case of a power outage

A

Record & Verify and Patient Information System



DATA TRANSFER

(Med Phys, 2010)

IMRT PLAN
 Rectum ca

 5 Gy x 7 fx

 IMRT S&S

 7 fields, 35 segments (10, 18 MV)

3D-EPID in-vivo dosimetry
 ϒmean=2.0; 

 reconstructed @iso: 4.56 Gy vs 4.87 Gy from TPS (underdosage: 6.3%)

Detected critical event

 27 of 35 segments (control points) were corrupted

Diagnosis
 Transfer (d): ETC  ETC Database

 “Lost delayed-write data” (Windows XP, event ID50): cluster of errors  in ETC WS network-transfer 

log-files were found

 Leaves&jaws were stored in separate tables: probably, one record containing leaves posotions was 

lost, causing asynchrony among leaves and jaws positions
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Reporting: MLC-corruption [IJRBP, 84(4), 2012]

 Survey MSKCC: 2001-2010

 The MLC and IMRT technologies .. were not 

associated with a significant number of events 

(..). SMLC and DMLC events were 

uncommon, with only 5 reported

 2 SMLC events both had a “human error” 

component

 The 3 DMLC events (..) seemed to be 

software related. These events (..) all 

detected (..) at the machine, occurred when 

leaves incorrectly retracted to the open 

position at the start of treatment. All 3 were 

irreproducible, but one was eventually traced 

to a rare software problem known to the 

vendor but not to our clinical staff.

 (..) our own software, implemented in 2008, to 

verify proper delivery of IMRT fields daily 

through comparison of the planned and 

delivered leaf motion as recorded in 

accelerator log files (Varian Dynalog files). 

Any discrepancy is reported (..) by an email 

We believe that the changing role of R&V systems 

inherent in an EMR environment, the introduction 

of ever more complex technology, and the 

emergence of hypofractionated treatment 

paradigms may all lead to new types of errors, 

which may be even riskier than those we have 

encountered in the past. 
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Preview report TG201 - Administration

 Clinical workflow
 Adopt a change driven QA paradigm and check the TMS when activities with 

the potential to change treatment data occur 

 If the prescription is changed after a plan is entered, an independent review should be done to 

ensure the plan is still appropriate. 

 A simple change, such as increasing the number of fractions, could cause critical structure 

tolerance doses to be exceeded.

 Complexity in RT (e.g.: ART, 4DRT)

 Control strategy of TMS

A
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TMS: Built-in check strategy: one example
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TMS: Built-in check strategy: one example
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Preview report TG201 – Treatment Data
 Patient-specific QA (QC!*)
 Whenever possible, patient-specific QA of data transfer should be implemented 

on the actual data that will be used for treatment, rather than a copy of the data

 QA mode

 Unless the copy is compared to the original to ensure they are exactly the same, tests on the 

copy will only give you confidence to treat with the copy

 Patient-specific verification of Tx parameters in the Tx DB to ensure that they 

match those in the plan, prior to Tx-approval

 Checking a representative shape for a DMLC plan (e.g., CIAO) does not guarantee that the 

control points are correct  IMRT QA: control-point-by-control-point comparison!

 The transfer of coordinate system-dependent data (images, dose, and Tx 

parameters) should be verified for proper orientation and registration

 Non standard treatment geometries such as prone and/or feet-first

 Independent MU checks performed on the data that gets downloaded to TDS
 3DCRT: AAPM TG114, Booklet Estro 10, software commerciali, altri TPS; IMRT, VMAT: letteratura

Tx

* Point/Counterpoint Med Phys 40(7), 2013
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Preview report TG201 – Treatment Data
 Manually-handled data
 Check items that are manually entered into TMS or imaging systems

 E.g. n. fx per week or per day, dose limits, field name, TTables, setup info,IGRT schedules

 Check items that are manually positioned for delivery (blocks, bolus..)

 Some type of interlock mechanism or tagging system (e.g. barcodes) may be needed

 Dedicated procedure for RT systems that are not directly tied into EMR/TMS

 Amendments to a Tx plan should be recorded in the TMS or TPS and be 

independently verified

 Example: couch attenuation

 Check mechanisms that transfer clinical setup data (e.g., S, VS) to the TMS

Tx
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 Historically treatment record
 Dose tracking problems resolved prior to the next Tx delivery to ensure the 

proper operation of dose-based system functions. 

 Procedures to correctly track dose for situations that the TMS can not handle

 .. certi approcci adattivi

 Delivered Tx compared against the intended plan

 In vivo  portal dosimetry

 to augment the weekly chart check (i.e., reviews of the TMS Tx history log) by searching for 

delivery parameters (including DMLC control points) that are out of tolerance

 Patient’s dose history



Preview report TG201 – Database State
 Logical Consistency
 Check all related data in (TMS +TPS) for 

logical consistency. Inconsistent items 

should be corrected (conflicting 

information)

 When checking a plan, MP should check the 

TPS and the TMS for unusual data or departure 

from the norm (New York Times accident docet)

 Prescriptions, DRR

 Verify that a Tx unit is compatible with the 

parameters in the TD database (beam-

matched machines included)

 Mostly manual but automatic checks are 

work in progress

McNutt, 2014
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Preview report TG201 – Database State
 Information integrity
 Data transfer is meaningless if the data source are corrupted 

 Periodic QA (checksum approach)

 When unintended changes to the Tx DB are discovered, this should be followed 

by a comparison of the affected data against the Tx plan prior to the next 

treatment of the field.

 Scenarios exist where the treatment DB and its supporting files can be inadvertently changed 

(e.g. unintended unapproval during a weekly chart check, windows directories being re-

arranged, primary database fails and is not synchronized with the backup).

 Security risk management (anti-virus, firewall, privacy) without compromising 

the TD’s ability to treat correctly and efficiently

 For RT-systems that use a single centralized DB, ensure synchronization 

between intended plan and delivery

Record & Verify and Patient Information System
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Check that

delivered plan 

=

intended plan



QC: integrity of DB after upgrade TMS

 MCT: software home-made 
written by using 
Microsoft.NET technology 
(plan data XML format 
extracted)

 New plan compared to old 
plan

 Aria™ 8.9  Aria™ 11: 
(warning: different platform: 
Sybase  MS SQL server)
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db



Upgrade TMS or a new TMS: transition: a critical 

point
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Preview report TG201 – Imaging
 Planning
 Check integrity of images transferred from Imaging systems to TPS (including 

image quality and patient demographics (name, ID).

 Changes to images (e.g. bit-depth) but also to demographics information if they are entered 

multiple times

 The assignment of primary and secondary images for planning should be 

checked, specifically at the image registration stage

 Verification
 The transfer of IGRT data from the TPS to the Tx unit’s IGRT system should to 

be verified to ensure the correct points of interest are matched to the correct 

treatment sites, and that reference and treatment images are registered

 The transfer of imaging data from the TPS to the TMS should be verified to 

ensure that the TMS and the TPS display all images correctly

Record & Verify and Patient Information System
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Maintenance as a part of QA program

 Backup, Archive

 Check DB log-files

 Remote monitoring service
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CAPCA guidelines
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CAPCA guidelines
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CAPCA guidelines
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CAPCA guidelines
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CAPCA guidelines
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“check of every thing”?

RT: Complexity“Manual” Chart-review (printout/screen) 

✚

Independent calculation

✚

pre-Treatment verification:

Can we do it?

What is ?

Is it enough?
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QA: New strategies

• Patient-specific QA each fx (Real Time) 

• In vivo EPID-dosimetry

• Fluence measurement (Field Monitor)

• Delivery system check (machine delivery 

log-file based)

• ……

http://www.wienkav.at/kav/kfj/91033454/physik/irohome.htm
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“Manual” Chart-review 

(printout/screen) 

✚

Independent calculation

✚

pre-Treatment verification:

Can we do it?

What is ?

Is it enough?

“check of every thing”?



New approaches: TG100-like

• Current QA guidance documents are based 
on prescriptive approaches evaluating 
technical performances of radiotherapy 
equipment

• There has been a growing recognition that 
quality and safety impairment arises from 
weakness in radiotherapy processes

• A good QM program should be process 
centric, prospective and risk based
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“Manual” Chart-review 

(printout/screen) 

✚

Independent calculation

✚

pre-Treatment verification:

Can we do it?

What is ?

Is it enough?

“check of every thing”?



An useful approach: 

FMEA - Failure Modes and Effects Analysis

• A Practical approach for improving Patient Safety: a 

semi-quantitative way to identify and give a priority 

to risks before they become errors

• AAPM (TG100) has decided to apply it to Radiation 

Oncology (after the New York times accident)

• The modus operandi is: 

- Study the workflow and create a process map

- Identify weak points

- Score each weak point 

- Rank and prioritize by score 

- Develop mitigation strategies
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Siochi, 2014

Design robust clinical workflows and meaningful tests

There is anything 

regarding FTA/FMEA tools 

in the preliminary report 

TG201 (JACMP, 2011)
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Incorporating the TG100 philosophy: risk analysis and 

error scenarios
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Automation
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“Manual” Chart-review 

(printout/screen) 

✚

Independent calculation

✚

pre-Treatment verification:

Can we do it?

What is ?

Is it enough?

“check of every thing”?



“Classic” chart review

(paradigm from AAPM TG40)

A number of operators review the various 

entries in the Rx chart. They should 

address the following items:

Patient identification 

 Initial physical evaluation of patient and 

pertinent clinical

Treatment planning 

Signed and witnessed consent form

Tx execution

Clinical assessment during Tx

QA checklists

AAPM recommends that

Before the third fraction following the start 

or a field modification (with SBRT, before 

1st fx)

Charts be reviewed at least weekly

At the completion of Tx

IJROBP, 84(3), 2012
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How to make “Chart review” more adequate/efficient 

and automatic?
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Integrity
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Siochi et al. (JACMP, 2009)

Electronic RT plan QA system (EQS): software 
modules with well documented processes and 
policies (3DCRT&IMRT)

(1) Plan quality assessment: CERR
(Computational Environment RT Research), an independent 
plan review program developed in Matlab; independent 
calculation of DVH from the RTOG plan data [Med. Phys. 
(5) 2003] 

(2) TPS parameter export to R&V DB: LEX
reads the TPS data and creates an RTP-Connect 

file that can be imported into R&Vs DB (Visual Basic Net)
performs a number of checks on the planning 

data to ensure that they are compatible with the 
requirements of the TDs and the R&V DB, flagging the user 
to fix any inconsistencies.

(3) Data integrity verification between R&V 
and TPS: RTP-filter

another (extra safety) in-house application reads 
the R&V data file (exported as RTP-Connect file) al R&Vs 
and compares it against TPS (Visual Basic 6.0) 

RTP-Filter informs the user of any differences as 
well as any logical inconsistencies in the data. it also 
performs independent MU check and creates QA reports 
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Siochi et al. (JACMP, 2009)

Physicist

(Robust) Checking Point

Physician/Dosimetrist

RTT
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 Extracting the plan data from R&Vs, (after the approval, the fields are 

modified manually by RTT&MP to incorporate additional info: couch 

coordinates, field sequence, DR)

 Report was developed to extract diagnosis-prescription-plan parameters into 

excel spreadsheet; macro in Visual Basic guides the review process

 CHART CHECKING is divided into:

(1) Intra-plan review: confirms diagnosis/prescription/plan 

correlation/accuracy of transfer of plan parameters and plan parameters self-

consistency

(2) Inter-plan Review: compares (Statistical Process Control 

formalism) the current plan to previous similar cases and identifies outlying 

plan parameters, potentially due to atypical circumstances or due to errors

The category of similarity is according to diagnosis, anatomic site, 

laterality, delivery technique, fractionation scheme 
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IHE-RO: QA with Plan Veto

 IHE-RO has worked to develop an 

automatic Quality Assurance with Plan 

Veto (QAPV) integration profile, which 

would define communication standards 

and tools for verification of treatment data 

immediately before treatment

The Quality Check Requester QCR 

QCR is TDS. It creates a Dicom Unified 

Procedure step item to request a QCP to 

perform a pre-treatment verification of 

treatment parameters and to validate 

them against the planned data

A Quality Check Performer QCP 

compare data sent from TMS to TDS with 

the approved plan data created by TPS 

and generates a structured report 

identifying any critical issues found.

QCR is expected to trigger a veto of plan 

delivery if critical problems are identified

The IHE-RO (Integrating The Healthcare Enterprise 

Radiation Oncology) seeks to improve the 

interoperability  of RO computer systems and share of 

information through coordinated use of established 

standard such as DICOM and HL7.

[http://www.astro.org/ihero]
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IHE-RO
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QAPV - FMEA

IJROP, 88(5), 2014
 FMEA methodology is used to assess failures 

in accurate communication of DICOM RT plan 

parameters and estimate risk from possible 

failure modes due to errors in transferred data

 The probability of detection (undetectability) 

was established for scenarios with and 

without the use of QAPV

 The evaluated DICOM RT plan parameters 

were identified from DICOM RT plan export 

parameters in addition to the Advanced 

Radiotherapy Objects Interoperability IHE-RO 

profile

 Analysis and group discussion of each RT 

plan parameter and their associated errors

 An “event” is an error or a near-miss (events 

from a multi-institutional ILS)

 The FMEA values demonstrate that the 

implementation of QAPV could reduce the 

Risk Priority Number values in 15 of 22 (68%) 

of evaluated parameters, with an overall 

average reduction in RPN of 68 (range, 0-

216) 
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QAPV - work in progress
IJROP, 88(5), 2014

The analyzed data show that QAPV 
theoretically has the potential to improve 
the safety of RT operations

It is unclear how complicated it would be 
to support such a system and how often 
a clinic would encounter false-positive or 
false-negative alerts

Low specificity could lead to unintended 
consequences, such as unnecessary 
delays in treatment or wasted 
time/personnel investigating false 
positives

It is doubtful that such a system would 
become mandatory, and it is unclear at 
this time to what extent it would become 
a standard of care 
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“Plan-review”: new methods
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Data mining – Machine learning – Bayesian probabilistic network



Advanced Scripting – Plan Checker



QA in R&V and OIS - summary

 Lack of guidelines or inadequate 

guidelines

 Check of the information (quality of data), 

not only check integrity of data and 

logical consistency

 Automation of QA (Plan Checker)

 Quality = Safety  workflow
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Arrivederci

“2001: a space odissey”, S Kubrick, 1968
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