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About MRMC Radiation Therapy:

MRMC serves NE South Carolina and Southern
North Carolina

Treat approximately 750-800 new patients per
year

Technlques include 3D conformal, IMRT, HDR
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® The historical errors presented are not an attempt
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Learning Objectives:

Introduction to the Radiation Therapy Process

Review of the rate of errors within Radiation
Therapy (literature)

What is considered a “Misadministration” in SC?

History & Taxonomy of Radiation Therapy Errors -
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Learning Obijectives:

® |ntroduction to the Radiation Therapy Process

® Review of the rate of errors within Radiation
Therapy (literature)

® What is considered a ‘““Misadministration’ in SC?

® History & Taxonomy of Radiation Therapy Errors -
“What We Know”

® |ntroduction to Lean Healthcare Principles
® |ntroduction & History of the P-FMEA
® Application of the P-FMEA to Radiation Therapy

® Future Applications of the P-FMEA



The Radiation T herapy
Process - Global View
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How Many Errors are Occurring in
Radiation Therapy!?

2008 World Health Organization (WHO) published the “Radiotherapy Risk
Profile”

retrospective review of 30 years of reported radiation therapy incidents

findings included:

® from 1976 to 2007, 3125 patients were reported to be affected by
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2008 WHO Report - All
Incidents

Patient Assessment
Decision To Treat
Prescription

Positioning & Immobilization

Simulation, Imaging & Volume Determination

-Commissioning

T S Ty
y -._. *:_t, Pl ¥R .- ".
) h o

Monday, April 8, 2013



2008 WHO Report - Fatalities

Patient Assessment
Decison To Treat
Prescription

Positioning & Immobilization

Simulation, Imaging & Volume Determination
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How Many Errors are Occurring in
Radiation Therapy!?

® New York Times reported:

® between 2001-2008, 621 events were reported
in New York State

® most were minor, however...
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How Many Errors are Occurring in
Radiation Therapy!?

® in 2005, Eric Klein, et. al., (Washington University, St. Louis,
MO) reported:

® |[03“events” in 3964 (2.5% incidence rate per course)
courses of therapy initiated (over a 30-month period)

® stratifi ed each error type in terms of frequency, Iongewty,
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Errors in Radiation
Therapy - Handicaps
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Errors in Radiation
Therapy - Handicaps

® |ack of a national database

® Voluntary reporting

® |[ack of reporting structure for incidents and
near misses

® Dissemination of events/data to other parties

® “Knee-jerk” response to errors - not resolving
the “root cause” - we all jump to box 5
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SCDHEC Misadministration -
defined

® South Carolina Department of Health and

Environmental Control defines a therapy
“Misadministration” as (RHB 9.153):

® Radiation delivered to the wrong patient

® Radiation delivered to the wrong site

® Radiation delivered with the wrong mode
of treatment




SCDHEC Misadministration -
defined

® Performance of a therapeutic procedure other
than that ordered by the prescribing physician

® Error in calibration, time of exposure, or treatment
geometry that results in a calculated total dose >
- the total prescribed treatment dose by more than
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RT Errors - Historical

® Description of the incident
® TJobin’s Taxonomy

[ D .
i v |;.'..'f ol gy » = B -I' 4 LI K - ¥ I _ 2 LR st 3 - i = s )
e Rl et Tl T B AR ey N RN T TPV & 1 W s o= X
Q amt B o urodd Y ] L A L TA T T R PE il T . s B v, "
o . - 2 —rt e ' > s - . gt 2 ! A s - -
: P

—

Monday, April 8, 2013



RT Errors - Historical

® Therac-25 (TX,WV, Canada)

e ]982-1990

® 3 fatalities; 4 others with severe
or debilitating injuries

® treatment programming change
resulted in electron beam at x-
ray tube currents - dose > 40Gy
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RT Errors - Historical

® |ncorrect Linac Repair (Spain)
e [990

® |5 fatalities (most within | year;lung & spinal cord
injury)
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RT Errors - Historical

Error in the calculation of the dose rate of a Co-60
teletherapy unit (Costa Rica)

1996

® |3 fatalities (varies by report from 4-17)

® value of 0.3min interpreted as 30 seconds (rather than 18
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RT Errors - Historical

® TPS modification - block
entry (Panama)

V 5 e —
2000 Ampuur accepts in&
and calculates wrong

6 treatment time by about :
| 7 fatalities from radiation i +100 % i
7

(for 5% transmission
overexposure factor of the blocks)
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RT Errors - Historical

Machine Malfunction (Poland)

2001

5 reported overdoses

Power outage led to a burned out fuse on a
control board for the accelerator; failure of
the mterlock cwcwt governlng th|s CB
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RT Errors - Historical

® Change from physical wedges to Dynamic Wedges
(France)

e 2004

® | fatality; others with severe complications

Monday, April 8, 2013



RT Errors - Historical

Improper jaw size during SRS (France)

2004

normal tissue irradiated; patient developed “fibrosis &

oesotracheal fistula” requiring surgery; patient died
from “brutal haemorrhage” a few days after surgery
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RT Errors - Historical

® Procedure change (Scotland)
® 2005

® |5-year old patient undergoing
whole CNS irradiation (brain +
spine) received 67% overdose to

.
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RT Errors - Historical

Small held scenano

® Commissioning (mis)-
measurements (France)

e 2007

® |arge chamber used to make
small field measurements for

SRS

® 200% overdose for some
patients

® Taxonomy - Human Error
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RIT Errors - Historical
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RT Errors - Historical

® Failure to follow accepted practice/protocol (USA)

® March 2005

® Detailed in NY Times article (“Radiation Boom” series by Walt
Bogdanich)

® Plan change after treatment initiation was not “QA’d” in a timely
fashion; patient received IMRT MU with NO mlc-modulation (jaws
were wide open), resulting in a brutal overdose for 3 fractions
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RT Errors - Historical

® Failure to implement treatment plan (USA)

® April 2005 (significance with previous case; state inspectors had
reinforced need to ensure proper accelerator programming)

® Detailed in NY Times article (“Radiation Boom” series by Walt
Bogdanich)

® Physical wedge was either incorrectly positioned or |
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RT Errors - Historical

® other incidents within New York State reported by the NYT:
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| 4-year old girl received double the prescribed dose for 10
treatments (faulty calc, failure to verify)

2 prostate cancer patient irradiated to the wrong location 32 of 38
treatments and |19 of 38 treatments (equipment not tested
following repairs)

3 |-year old vaginal cancer patient over-dosed by 80%; risk of fistula
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RT Errors - Historical

® SRS unit mis-calibrated (Florida, USA)
e 2005

® /7 brain cancer patients over-dosed by >50%
(from 2004 to 2005); disposition of most of the
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RT Errors - Historical

SRS unit - leakage outside of conical applicator due to incorrect field size
(lllinois, USA) - Toulouse, France anyone!

2009

4 patients over-dosed to regions of the brain that were not intended to
be treated

50-year old mother of 3 converted to an invalid (currently in a nursing
home, unable to communicate other than “blinking her eyes and
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RT Errors - Historical

® SRS unit - improperly calibrated using an ion
chamber “too large” for the purpose of the
measurements (sound familiar, France?)

e 2004-2009
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What does this have to
do with me!

® in the span of 22 months between 2007
and 2009, 6 events which required
reporting to the state of SC occurred at
MRMC (read “misadministration’)

® No patients were injured, but they did not
receive “optimal” care

® My platform is now burning...




Burning Platform

® 2 wrong patients (Tx Delivery)
® 3 wrong sites

® 2 instances where incorrect reference images
were generated resulting in the patient being
- incorrectly setup/irradiated (Planning
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Organizational Latent Conditions:
Factors -Excessive cost cutting
-Inadequate promotion policies

Unsafe Latent Conditions:

Supervision -Deficient training program
-Improper team pairing

Preconditions Latent Conditions:
for Unsafe Acts -Poor CRM
-Mental Fatigue/Distractions

Unsafe Acts Active Conditions:
-Failed to identify correct surgic
-Failed to verify correct medication

Failed or Absent
Defenses

Accident and Injury
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What do we do!

® engaging our colleagues within Operational
Effectiveness (OE), we decided to use Lean
principles to analyze the “gap” in our
processes

® live by the mantra “we don’t have bad
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P-FMEA

® we assembled a multidisciplinary team (physicists,
dosimetrists, administrators, therapists, nurses),
each with a stake in the process

® we mapped our current processes in as much
detail as we could
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P-FMEA

® Occurrence = |, rarely happens

® Occurrence = |0, happens all the time

® Detection = |, easy to see
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P-FMEA

® for each failure mode, the product of the
scores for Occurrence, Detection, and
Severlty is known as the RPN, or Risk
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Process Risk Profile Number =

Category

Process
Step

Failure Mode

Occurrence
(1-10)

Detection
(1-10)

Severity
(1-10)

Risk Profile
Number

Prescription

Prescription Written by
Oncologist

Orders Not Dated - Initial

Delay In Treatment

3

1

1

3

Prescription

Prescription Written by
Oncologist

lllegible Prescription

Prescription Intent Not Carried Out

10

Prescription

Prescription Written by
Oncologist

Unclear Prescription (Not enough info)

Wrong Treatment

Prescription

Prescription Written by
Oncologist

No Written Orders

Wrong Treatment / Delay In Treatment

Prescription

Prescription Written by
Oncologist

Unrecognized Changes In Prescription (Date)

Delay In Treatment

Diagnostic

Patient Diagnostic Studies

Pull Study For Incorrect Patient

Incorrect Site

Diagnostic

Patient Diagnostic Studies

No Access To Appropriate Study

Delay In Treatment

Diagnostic

Patient Diagnostic Studies

Delay In Access To Appropriate Study

Incorrect Volumes In Treatment

Immobilize /
CT

Immobilization Initial Set-
up

Inadequate Immobilization

Incorrect Treatment / Re-Image / Delay

Immobilize /
CT

Immobilization Initial Set-
up

Reproducibility Of Set-up

Incorrect Treatment / Re-Image / Delay

Immobilize /
CT

Planning CT

Insufficient Data

Re-Image / Delay

Immobilize /
CT

Planning CT

Inadequate Contrast Studies

Incorrect Treatment

Immobilize /
CT

Planning CT

Nonstandard Patient Orientation

Incorrect Treatment / Incorrect Plan/Delay

Immobilize /
CT

Planning CT

Missing Accessory

Re-Image / Delay

Immobilize /
CT

Assign Patient

Limited Communication Regarding Patient

Incorrect Treatment / Delay

Immobilize /
CT

Image Transfer / Patient
Creation

Call Wrong CT Data Set

Incorrect Treatment (Big)

MD Contour

Chart To MD

Wrong Data Set Used

Incorrect Treatment / Delay In Treatment

MD Contour

Pull Diagnostic

Pull Wrong Data Set

Incorrect Treatment

MD Contour

Tumor & Targets

Inaccurate Volumes Set

Increased Side Effects / Delay In Treatment

MD Contour

Tumor & Targets

Lack Of Consistency

Delay In Treatment

MD Contour

Tumor & Targets

Lack Of Clarification

Incorrect Treatment / Delay In Treatment

MD Contour

Tumor & Targets

No Read back

Incorrect Treatment

Dosimetrist
Contour

Contour Normal & Critical
Structures

Contour Wrong Structure

Incorrect Treatment / Increased Side Effects

Dosimetrist
Contour

Contour Normal & Critical
Structures

Failure To Contour Critical Structure

Increased Patient Side Effect

Dosimetrist
Contour

Expand MD's Contours

Unrealistic Expectations

Delay In Treatment

Dosimetrist
Contour

Expand MD's Contours

Monday, April 8, 2013

Incorrect Margin On Volumes

Incorrect Treatment / Delay In Treatment




Severity 27 & Severity > 7 .
Dorecton s orignal

Category

Process
Step

Failure Mode

Effect

88

Treatment

Field Light / Accessory

Failure To Detect Error

Misadministration / Incorrect Treatment

81

Film

Field Check Form

Failure To Follow Standard Work

Misadministration / Incorrect Treatment

71

Physics

DRRs

Incorrect Plan

Sentinel Event / Misadministration / Delay In Treatment

72

Physics

DRRs

Incorrect Point

Sentinel Event / Misadministration / Delay In Treatment

Prescription

Prescription Written by
Oncologist

lllegible Prescription

Prescription Intent Not Carried Out

MD Contour

Tumor & Targets

Lack Of Clarification

Incorrect Treatment / Delay In Treatment

MD Contour

Tumor & Targets

No Read back

Incorrect Treatment

Treatment Checks

MD Approval

Sign Off On Incorrect Plan / Film

Misadministration / Incorrect Treatment

Planning

Isocenter Placement

Wrong Placement

Sentinel Event / Misadministration / Delay In Treatment

Plan Output

DRRs To Impac

Incorrect Placement Iso

Misadministration / Incorrect Treatment / Delay In Treatment

Plan Output

DRRs To Impac

Incorrect Reference Image For MD

MD Approves Error - Non Detection

MD Contour

Tumor & Targets

Inaccurate Volumes Set

Increased Side Effects / Delay In Treatment

Film

MD Approval

Failure To Detect Error

Misadministration / Incorrect Treatment

Film

Iso Verification /
Treatment Fields

Failure To Detect Error

Misadministration / Incorrect Treatment

Dosimetrist
Contour

Contour Normal &
Critical Structures

Contour Wrong Structure

Incorrect Treatment / Increased Side Effects

Plan Output

Print Plan

Source Data for iso pair does not match DRR

Misadministration/Sentinel Event

Plan Output

Send To Simulation

Send Incorrect Images

Misadministration / Incorrect Treatment / Delay In Treatment

Plan Output

Send To Impac

Send Incorrect Images

Misadministration / Incorrect Treatment / Delay In Treatment

Plan Output

DRRs To Impac

Send Incorrect Images

Misadministration / Incorrect Treatment / Delay In Treatment

Physics

Verify Iso Coordinates

False +

Sentinel Event / Misadministration / Delay In Treatment

Immobilize /
CT

Image Transfer /
Patient Creation

Call Wrong CT Data Set

Incorrect Treatment (Big)

Plan Output

Send To Simulation

Send Incorrect Plan

Misadministration / Incorrect Treatment / Delay In Treatment

Iso Verification

Set-up Marks

Incorrect Set-up Marks

Incorrect Treatment / Delay In Treatment

Iso Verification

Daily Shifts

Incorrect Shifts (sim)

Delay In Treatment

Treatment

SSDs

Failure To Set Correct SSDs

Incorrect Treatment

Physics

Rad Calc Check MU

False + Calculation

Patient Injury / Delay In Treatment

Monday, April 8, 2013
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Patient ID

Failure To ID Patient

Sentinel Event / Misadministration




Value of the Work/Data

® From February 2007 to April 2009, 6
misadministrations requiring reporting to
the patient and the state

® From April 2009 to now, NO treatment
events have been detected or reported (48

lelaliy

® Tracking the perceived impact of process
changes on patient safety




Lean Healthcare - A3 Thinking

named for “A3” paper format for printing - seriously!
logical extension of the scientific method

box | - Reason for Action

box 2 - As Is Condition

box 3 - Desired State

box 4 Gap (def‘ ne the reasons for dlfference between box 2 and box 3)
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