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Advances in Radiation Technologies and 

Significance for Radiological Community 

• Now available!: Advanced imaging and treatment 
procedures for benefit of our patients 

• New technologies require: higher-level education and 
training for understanding and operating devices 

• Operator roles have changed: from “active, manual 
mode” to “observer mode” 

• Quality Assurance: all steps and devices undergo QA. 
Now, QA is for processes & software in “black boxes” 

• These days: very important to verify initial parameters as 
correct – they may be used for entire procedure 

• Challenge: Tendency that “computer is always right” 

• Challenge: Recognizing correct / incorrect operation 

Medical Uses of Ionizing Radiation 

• No regulations limit medical radiation dose 
– Practice guidelines, recommendations and regulations specify the 

accuracy and safety aspects of medical radiation procedures 

   “no ionizing radiation dose without benefit” 

• Imaging procedures 
– Accuracy and safety aspects include: device performance, quality 

assurance of images per dose, safety interlocks, “5 min fluoro 
timer”, dose rate calibration, patient ID, radioactive agent 

• Treatment procedures 
– Accuracy and safety aspects include: device performance, quality 

assurance, safety interlocks, dose rate calibration, patient ID, 
daily, weekly, and total dose accuracy 

“Correct patient, anatomic site, and dose” 



• NCRP Report 160 

Some “Recent” Radiation “Events” 

 
Have called attention to treatment safety 

Many were published in the NY Times 

• Imaging: 2009 

• Treatment: 2005 - 2010 



FDA Advisory: CT Brain Perfusion Dose 
3-4 Gy (avg 0.5 Gy or 500 mGy) delivered:  

http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm185898.htm 

Cause: operator error, and training 

– pre-set imaging parameters 

adjusted and stored at higher levels 

Recent CT Overdose: Pediatric, CA 

 

“151 scans” 

2.5 – 11 Gy; 39% increased risk of Ca 

Cause: operator error in programming 

the CT unit 

http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm185898.htm


 

October, 2009 

Photo: NY Times, Aug 1, 2010 

 

January, 2010 

Photo: NY Times, Jan, 2010 



Radiation “Events” are Not New 
However, perhaps more visible 

• Initial “events” after ionizing radiation 

discovered 115 years ago 

• Occupational exposures 

 

• More recent events associated with 

practices and technologies 

• A review – some cases and causes … 

 

The Original Computer Radiation Dose Event 
“Malfunction 54” 1985-87  US, Canada 

• First “computer-
controlled” linear 
accelerator 

• Basic programming 
language 

• Therapist able to out-run 
the computer program 

• Reprogrammed for 
electron treatment at 
photon beam current 

• Result: 250 Gy in ~ 2s 

• Patients injured, died 
from localized overdoses  

Cause: poorly 

written software - 

inadequate 

software/safety 

checks and 

controls. 

 

The program 

could be edited on 

the fly! 



Scotland: Brain Radiation Treatment: 2006 

Event 

• Brain radiation 
treatment 

• 19 overdoses 

 

Cause? 

• Incorrect 
calculation 
point? 

• Missing wedge? 

“New Event” Feb 2010: 76 Cases, Linac SRS 

 



 

February, 2010 

50% overdose for “small fields” 

Cause: calibration error by physicist 

(wrong size ionization chamber) 

Florida: another linear accelerator radiosurgery case: 

• 77 patients 

• 50% overdose due to calibration error: due to a 

spreadsheet programming/calculation error 

• 1st 3 fxs delivered without issue 

• Upon IMRT plan revision: “Save All” 

• However,  not all data saved 
– Fluence data saved; DRR saved in part 

– MLC control points NOT saved 

• No verification plan created (for physics QA) 
– Verification plan would have shown no MLC in use 

• Treatment plan has valid MUs 

   but no MLC control points 

• Patient treated for 3 fractions: beams delivered 
without MLC shapes or motions 

  field was “wide open” 

• We received and reviewed a 9-page letter from the 
vendor to explain various manners of incorrect 
program terminations 

New York: IMRT  

What can go wrong in radiation treatment? 

Ola Holmberg, Ph.D., IAEA, Vienna, Austria 

Safety in Radiation Therapy – A Call to Action, June 24-25, 2010 



• 1st 3 fxs delivered without issue 

• Upon IMRT plan revision: “Save All” 

• However,  not all data saved – computer “crash” 
– Fluence data saved; DRR saved in part 

– MLC control points NOT saved 

• No verification plan created (for physics QA) 
– Verification plan would have shown no MLC in use 

• Treatment plan has valid MUs 

   but no MLC control points 

• Patient treated for 3 fractions: beams delivered 
without MLC shapes or motions 

  field was “wide open” 

• We received and reviewed a 9-page letter from the 
vendor to explain various manners of incorrect 
program terminations 

New York: IMRT  

What can go wrong in radiation treatment? 

Ola Holmberg, Ph.D., IAEA, Vienna, Austria 

Safety in Radiation Therapy – A Call to Action, June 24-25, 2010 

This entire area 
irradiated in full 

• IMRT MUs about 4-5 times 

higher than 3D-CRT 

• High dose received to non-

target volumes 

3 x 13 Gy = 39 Gy 
 

Reportedly - 

• Plan was revised 

• IMRT QA not done 

• Overworked and rushed personnel 

• Control console not observed 

• Patient concerns not listened to 

New York: IMRT  This entire area 
irradiated in full 



Can Digital Image Errors Occur? 

 Yes – Example: Mirror-Image Mistakes 

GAMMA KNIFE TREATMENT TO WRONG SIDE OF BRAIN  
 
"On October 24, 2007, a medical event occurred at Leksel Gamma Knife facility 
which resulted in the total dose delivered differing from the prescribed dose by 
more than 20%.  
 
"Due to a left - right reversal of the treatment planning MRI images, the patient's 
left side was targeted and treated rather than the right side. The error resulted in 
an 18 mm shift of isocenter across midline of the brain. The collimator diameter 
selected for the treatment was 18 mm, thus resulting in some overlap of the 
delivered 50% isodose volume with the correct intended target lesion volume. 
The event resulted in approximately 7% of the lesion volume receiving the 
prescribed dose of 18 Gy to the 50% isodose, rather than the preferred 95% of 
the lesion volume.  
 
 
http://www.nrc.gov/reading-rm/doc-collections/event-
status/event/2007/20071029en.html 
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What Really Happened 
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RESULT - 18 mm 
shift across midline 
(exaggerated here) 
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RESULT - 18 mm 
shift across midline 
(exaggerated here) 



New Kinds of Errors 

ICRP Pub 86 (2000) ICRP Pub 112 (2010) 

ICRP 86 – “A Forecast” (2000) 

 



ICRP 86 – “A Forecast” (2000) 

 

IGRT Safety 

IGRT safety includes: 

• Technical components 

• Process components 

• Culture aspects 

• Team aspects 

 

• Risk of geometric miss 

• Risk of inadequate communication 



IGRT Safety -Checklist Approach 

Fig. 1. Diagram of end-to-end checklist development, 
implementation, and maintenance process. 

IGRT safety includes: 

• Technical components 

• Process components 

• Culture aspects 

• Team aspects 

 

• Risk of geometric miss 

• Risk of inadequate communication 

IGRT Safety Events 

• FDA MAUDE Adverse Event Report: 06/07/16 
– https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5702676&pc=IYE 

• Event Description: The kv source arm was not in the extended 

(imaging) position; however, the kv beam was not inhibited. This means that kv 

images used for patient positioning could be taken with the kv source at an incorrect 

position. With the kv source shifting in the g direction the kv iso-centre will shift also in 

the g direction by an amount proportional to the ratio between the kv source/iso centre 

and the panel/iso centre. Trainee personnel were present at the hospital and it was 

reported that the users were heavy handed with the kv source during arm extension. 

The dampener on the kv source arm assembly was checked and appeared to function 

correctly. The shift of the kv source position was estimated to be approximately 8mm 

out of position in the g direction, this was the closest the arm could be without dropping 

into the locked position. The issue was fixed on site by turning the switch on the atp pcb 

in the kv generator off and then on again. Xvi 4. 2. 1 should have the switch in the off 

position. The inhibit then worked as intended. The hospital added a visual marker on 

the kv source (room lasers) and added kv source position to daily qa check. 

Customer is reviewing cases that had a shift larger than 8mm. 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5702676&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5702676&pc=IYE


IGRT Safety Events 

• FDA MAUDE Adverse Event Report: 06/07/16 
– https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5702676&pc=IYE 

• Manufacturer Narrative: A shift of kV source of 8mm would result in 

an image (and therefore patient shift) of 4.3mm. However, the risk assessment will 

consider that the kv source arm could stop at any position either greater or less than this 

amount under the fault condition. Detection of a small shift would be difficult compared 

to a large shift, though a small shift has a low severity. To consider worst case scenario, a 

shift of kv iso centre of 10mm has been applied (high severity but low detectability), kv 

source shift of 18.7mm. Severity: normal treatment: a 6mm error would represent a major 

mistreatment. Normal treatments are unlikely to be non coplanar. Stereotactic treatment: 

a 3mm error would represent a major mistreatment. Likelihood: occasional - this an 

uncommon use error (heavy handed use). This fault has not been reported before. 

• Cause: operator error, device interlock failure 

IGRT Safety Events 

• FDA MAUDE Adverse Event Report: 05/31/16 
– https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5652840&pc=IYE 

– Event Description: When xvi registration results were sent to mosaiq 

(msq), an error appeared on xvi stating msq had not received the registration 

results. The customer had already shifted the patient but as they wanted to record 

the shift, a retry was attempted, which caused the patient to be moved off 

target. Due to this xvi was re-scanned and the patient shifted back to the correct 

treatment position. Analysis of the msmq logs on the sequencer and xvi for the 

affected patient confirmed that the issue occurred due to an msmq exception logged 

on xvi. This indicates there was a fault in the windows messaging queuing service on 

the xvi workstation. … Xvi was unaware that the shifts had been received by msq 

and displayed the warning with the prompt to cancel or retry sending the shifts. 

Initial investigation highlights the 'retry' message is not applicable to this particular 

failure mode and could be confusing to the user. 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5702676&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5702676&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5652840&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5652840&pc=IYE


IGRT Safety Events 

• FDA MAUDE Adverse Event Report: 05/31/16 
– https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5652840&pc=IYE 

– Manufacturer Narrative: The risk assessment concluded as follows: 

severity: if unnoticed, a shift performed twice could put an organ-at-risk in the 

path of the mv beam, and potentially result in death or severe injury. (major). 

Likelihood: the initiating event is human error, the likelihood probable. The 

workflow is unusual, to result in harm, the user must: choose to resend the move 

when there is a visual indicator on the cma activation that the results have been 

received by msq and move the patient using the asu buttons even though this task 

will have been recently completed. 

• Cause: operator error, lack of knowledge 
 

IGRT Safety Events 

• FDA MAUDE Adverse Event Report 
– https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=4181365&pc=IYE 

– Event Description: …one of the three transponder beacons, implanted 

into a pt for a prostrate treatment, was not working properly (however, it was). The 

user utilized a custom crf (coordinate reference frame) not supported …This 

resulted in a prone/supine inversion from the treatment plan versus the beacon 

plan. The user attempted to localize the pt with all 3 beacons and ... received a 

rotational alignment error, warning that the threshold of 60 degrees of rotation was 

exceeded …The user attempted to localize 14 times and received the same error 

message. The user then disabled one of the three beacons in order to localize using 

only two beacons. The system detected a target rotation of 50 degrees … and 

presented a warning … The user decided to override this warning and localize the 

pt with data provided and … the pt received 10 fractions of treatment … the 

localization of the isocenter  was off by 1.13 cm … The user alleges that there was 

no misadministration and that they treated the pt as they intended. 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5652840&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=5652840&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=4181365&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=4181365&pc=IYE


IGRT Safety Events 

• FDA MAUDE Adverse Event Report 
– https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=4181365&pc=IYE 

• Event Description: Based on the analysis of the information 

obtained, the manufacturer believes that an unintended exposure to radiation 

potentially occurred. The method used to investigate the device consisted of 

evaluating the log files form the system which tracks inputs and outputs from the 

system and allow analysis of the use of the device. The results of the 

investigation show that the system operated as intended. The customer 

installed a new treatment planning system and started using a custom crf that 

was different from the manufacturer’s crf, but did not change how they entered 

the plan. This is the root cause for the prone/supine inversion. 

• Cause: operator error, lack of knowledge 
 

IGRT Safety Events 

Conclusions 

• Device faults resulting in systematic errors can 

occur with IGRT 

• Device mis-calibration resulting in systematic 

errors could occur with IGRT 

• Operator error/lack of knowledge resulting in 

single or systematic errors can occur with IGRT 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=4181365&pc=IYE
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=4181365&pc=IYE


Classes and Causes of Events 
Classes of Errors 
• Missed all/part of target 46% 

• Wrong dose 41% 

• Wrong patient 8% 

• Other – eg, technology 5% 

Causes of Errors 
• QA flawed 28% 

• Data entry & calc errors 20% 

• Mis-ID: patient, site 14% 

• Setup error (blocks, wedges) 11% 

• Patients physical setup wrong 8% 

• Flawed treatment plan 6% 

• Hardware malfunction 5% 

• Software/data transfer, software 5% 
overrides, communication 

Deviation Rates [~ 1.2- 4.7% per course] 

 



Deviation Rates [~ 1.2- 4.7% per course] 

• Error rate is greater than zero (D > 0) 

• Various definitions exist for error rates 

• Severity of errors can vary 

– From inconsequential to severe 

• Radiation oncology field operates on probability 

– Physics ~ 3%   how well can you calibrate? 

– Geometry, positioning ~ 5% 

– Biology ~ variable (site, patient, etc) 

– Goal: Dose delivered within 10%  (biology from there) 

Impact of Errors 

Individual Impact Example 

Physician - Individual patient 

- Class of patients 

- Prescription error 

- Poor brachytherapy technique 

Therapist - Individual patient 

- Particular technique  

- Wrong isocenter; wrong data 

- Incorrect beam matching 

Physicist - Individual patient 

- Class of patients 

- All patients (eg, an 

irradiation device) 

- MU calculation error 

- Incorrect wedge use (RTP) 

- Linac calibration error 

Therapists often assigned blame - 

 - because, there is no error in dose delivery until “ON” is pushed 



Now What Do We Do? 

• High standards for Quality Assurance of radiation treatments 

– Comprehensive QA, from the Start and End-to-End, based on nat’l 

consensus documents and practices, state/federal regulations 

– QA for all devices, computer systems, and data transfer processes, 

with clinical oversight by designated individuals 

– Two pairs of eyes – double check; the in-house “time-out” 

– Possible errant or unsafe conditions must be questioned 

– Team: “we’re in this together” – we must communicate 

• Education and training for all participants – “technology” 

– We must be the experts for our devices, systems, and processes 

– Each one must know his/her roles and responsibilities 

Conclusions 

• Radiation imaging and treatment are on the 

national scene 

• Radiation imaging and treatment very safe, 

beneficial, and effective, but is not without 

risk to patients 

• Professional societies, government now 

addressing very important issues 

• Culture of Safety – at each institution 



Conclusions 

• Radiation Treatment is an assembly line of a 

complex process. Team members must be 

empowered to act and answer to the best 

interests of patients for their health and safety. 

• Technology is a key tool – it must be 

understood and used safely 

• To Err is Human: we must be careful out there 

“The patient comes first” 


