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Did you?

ÇI heard thaté

ÇI would like to learn toé

ÇWe have to improveé

ÇOur clinic is about to start doingé

ÇWe need to prepare toé

ÇI never made an error but I worry thaté

ÇOur (Medical Director/ Chief of/Safety 
Officer, é) warned us that if é ever 
happenedé

ÇWe were told thaté



Once upon a timeé

Radiotherapy accidents were so rare 
and far betweené

éthat when we learned about one, it 
happened in a land far awayé 

And the circumstances were so 
special and unusual...

So we were surprised and shocked, 
but surely this could not happen to 
us, nor in our environment.



Except that é

It was really not so.

There were quite a few other cases about which 
we did not know.

And some were repeats of similar ones,

So, why talk about this now?



Most Medical Physicists 
worked for many years in 

the background, almost 
unheard and unseen.

ÅBut  suddenly we became 

famous!!!

































Nov 2001: New York 

State law requires a 

license to practice

Medical Physics!  



Letõs consider a few common beliefs:

ÇAccidents in radiotherapy are very 
rare

ÇThe majority of accidents happened 
long ago and/or in the developing 

world

ÇAccidents are linked to equipment of 
low/high technology



1992 USA







A most infamous accident: 

Riverside, Ohio

1974-1976

Warning for the audience ! 

The next few slides contain NO scandalous material nor juicy 

pictures about fancy equipment  failures!





Typical 

dosimetric 

calculation

=

Computation of 

Beam- ON time 

for a Co-60 

treatment















At Riverside, whose fault was it? 

ÅAxt ? ïno question 

Åébut he got quite an amount of help! Really a team 

effort!

ÅAdministration hired unqualified staff

ÅConflicting priorities on workload ïNew Linac vs. 

ñroutineò work

ÅNot enough staff to do it all

ÅThere was no external audit

ÅNo peer review or analysis of morbidities

ÅThere was no significant QC program and no attempt 

to use redundant methods of verifying critical data 

ÅPhysician ignored `suspiciousô clinical signs





The Therac-25 accidents
ÅJune 1985-January 1987

Å6 accidents of massive overdoses.

ÅDeaths and serious injuries. 

ÅThe ñworst series of radiation accidentsò in the 35-year 

history of medical accelerators.

1. Kennestone Center, 

Marietta, Georgia

2. Hamilton Cancer center, 

Ontario

3. Yakima Valley, Washington

4. East Texas Cancer Center, 

Tyler, Texas
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Part 2: Case studies of major 
accidental exposures in 
radiotherapy

Å Nine major case studies ïdescriptions of events, 
discovery of problems, consequences and lessons 
to learn

Å Discussion on some newer case studies (2004-2007)

Module 2.3: Accelerator software problems (USA and Canada)

(http://rpop.iaea.org)

http://rpop.iaea.org/


IAEA Prevention of accidental exposure in radiotherapy 39

Photon vs. electron treatment head

From OôBrien 1985 



A combination of technical features

1. The Theracôs scanning electron beam mode

ïThe electron pencil beam is scanned by two 

computer controlled electromagnets in two 

orthogonal directions to cover the treatment field

2. The beam current 

in the photon 

mode about 1000 

times higher than 

in e-mode. 



IAEA Prevention of accidental exposure in radiotherapy 41

Illustration of chest treatment with electrons (Nucletron)

1 - Marietta, June 1985

ÅApproximately 6 months 
experience with the new 
machine

ÅA breast cancer patient 
treated with 10 MeV 
electrons commented
You burned me!
after the radiation session

ÅThe treated area felt 
warm when the 
technologist checked
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Time line of events
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The Therac-25 accidents

Timeline

1985

ÅJUN 3rd: Marietta, Georgia, overdose. Physicist asks 

AECL if non-scanning e-beam could be delivered and 

overdose given.  AECLôs Aswer: Not Possible

ÅNo official report filed since it is not required.

ÅJUL 26th: Hamilton, Ontario, Canada, overdose.  AECL 

notified and determines a micro-switch failure was the 

cause.

ÅOCT - Georgia patient files suit against AECL and 

hospital.

ÅDEC - Yakima, Washington. Severe and abnormal skin 

reaction interpreted as an overdose.



The Therac-25 accidents

Timeline
1986

ÅFEB 24th: Letter from AECL to Yakima saying overdose 

was impossible and no other incidents had occurred.

ÅMAR 21st: Tyler, Texas, overdose. Experienced staff,  

noticed obscure ñMalfunction 54ò console message. AECL 

notified and claims overdose impossible and no other 

accidents had occurred. Suggests hospital might have an 

electrical problem.

Å APR 7th: Tyler machine put back in service after no 

electrical problem could be found. 

ÅAPR 11th: Second Tyler overdose. AECL again notified. 

Physicist and Therapist manage to reproduce the error. 

Software problem found. Dose estimate: More than 4,000 

cGy !!



The Therac-25 accidents

Timeline
1986

ÅMAY 2nd: FDA declares Therac-25 defective. Asks 

for CAP and proper re-notification of Therac-25 

users.

ÅJUN ïDEC: Multiple  exchanges between AECL and 

FDA about corrective action and user notification

1987 

Å JAN 17th: Second overdose at Yakima.

ÅFEB - Hamilton clinic investigates first accident and 

concludes there was an overdose.



The Therac-25 accidents

Timeline
1987 

ÅFEB 10th: FDA sends notice of adverse findings to 

AECL declaring Therac-25 defective under US law 

and asking AECL to notify customers that it should 

not be used for routine therapy. Health Protection 

Branch of Canada does the same thing. This lasts 

until August 1987. 

ÅJUL 21st: Fifth (and final) revision of CAP sent to 

FDA.

1988

ÅNOV 3rd: Final safety analysis report issued.
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Characteristics of the accidents

ÅThree cases involved carousel rotation prior to treatment 
(confirmed)

ÅThe accelerator malfunctioned shortly after ñbeam onò, 
reporting a malfunction code at the console
ÅThe codes were cryptic and not recognized by the operator as 

indicating a serious error

ÅIn several cases, the operator repeated the exposure one 
or more times

ÅFollowing treatment, the patients complained of burning 
sensations, sometimes accompanied by a feeling of electric 
shock

ÅIn each case, the patients received doses of between 40 
and 250 Gy in a very brief exposure (1-3 seconds)
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Summary of causes of accidental exposure

ÅManufacturer recycled software
ÅEarlier model functioned somewhat differently, so software was not 

entirely suitable

ÅNewer model relied entirely on software for safety, whereas older 
model had mechanical and electrical interlocks

ÅThe safety of the newer system was not evaluated as a whole, only 
the hardware was evaluated since software had been in use for 
yearsé

ÅThe manufacturer had no mechanism for investigating and 
reporting accidents
ÅAfter the first accident, the manufacturer refused to believe the 

equipment was at fault

ÅThe FDA was not notified, nor were other users

ÅThe vendor kept their opinion that this machine was safe



Who was at fault in the Therac -25 

accidents? 
ÅAECL? ïno question 

Åébut they got plenty of help! Again a real team effort!

ÅPatient complaints were not investigated immediately by 

the appropriate staff 

ÅVery atypical clinical outcomes did not trigger an 

immediate and thorough inquiry

ÅThree of the four clinics failed to investigate vigorously 

and immediately some suspicious linac performance.  

The facilities did not assume the primary responsibility 

for equipment function and accepted the manufacturerôs 

explanations for quite some time. 

ÅThere were no regulations for error reporting

ÅNo communication between institutions or user groups



A Textbook Case In Engineering, Sotware design, and Professionalism 










