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workflow, quality improvement,

and patient safety within radiation
oncology departments
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afety challenges within the field
S of radiation oncology have

gained increasing attention in the
mainstream media and among organi-
zations such as the Food and Drug Ad-
ministration (FDA), American Society
for Radiation Oncology (ASTRO), and
the American Association of Physicists
in Medicine (AAPM) over the last de-
cade."? Prior data has suggested that
changes in workflow, transfer of mis-
information, increasing workload of
radiation oncology services and com-
plexity of treatment delivery are fre-
quent sources of errors, underscoring
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the importance of established processes
for patient safety and mechanisms for
quality improvement for ensuring the
safe delivery of radiation therapy.>-
Patterns of care recommendations
are outlined in the American College of
Radiology (ACR) Appropriateness Cri-
teria and the National Comprehensive
Cancer Network (NCCN) guidelines;
however, dedicated procedures at the
departmental and institutional level are
essential as well.? The ACR Practice
Parameters discuss typical components
of a quality improvement program in-
cluding peer review, periodic auditing
of radiation oncology medical records,
review of physics quality improve-
ment, review of incident reports and
deviations, and patient outcomes.? Sug-
gested components include new patient
review, chart review (both clinical and
physics), image verification review,
and incident reporting and learning sys-
tem to facilitate quality improvement
projects. The International Atomic
Energy Agency (IAEA) has identi-
fied that optimization of patient safety

within radiation therapy require per-
sonnel-, system-, and equipment-level
initiatives.* Voluntary error reporting
systems and comprehensive quality as-
surance programs have been shown to
significantly decrease error rates within
radiation oncology.” This article will
review areas susceptible to error within
radiation oncology workflow, present
primarily personnel- and system-level
initiatives implemented within our de-
partment and other institutions to mit-
igate errors and enhance safety, and to
describe efforts to incorporate quality
improvement and patient safety into
resident education.

Incident Reporting Systems

The systematic documentation, re-
porting and analysis of incidents is
a critical first step in the quality im-
provement process. A national system
for incident reporting within radiation
oncology has been proposed by the Ca-
nadian Partnership for Quality in Ra-
diation (CPQR) therapy to standardize
taxonomy and classification of severity
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Table 1. Simulation Verification Checklist at the Cleveland Clinic

1st Page to Physician Team from Simulation Team
When Patient is En Route to Simulation

1. Verify patient name and date of birth
2. Verify not pregnant, if female

a. Verify treatment site

and prescription dose
5. Access simulation request and verify:
a. Set-up

¢. Position

d. Immobilization

e. Markers

f. Bolus

0. Contrast

h. Motion management

j. Treatment start date

6. Verify site technique (ie, 2- or 3-figld)
7. Start CT simulation

Ready to Place Isocenter

3. Access consent form within electronic medical record

4. Access prescription within Mosaiq integrated information software
a. Verify diagnosis, category, stage, treatment intent, protocol, treatment site,

b. Site and laterality (must match consent)

i. Superior and inferior borders of CT scan

2nd Page to Physician Team from Simulation Team:

Key: CT = computed tomography

of incidents. A list of 26 core elements
was generated, which included event
description, severity classification with
a medical acute injury and dosimetric
scale, hazards, and mitigating factors,
and was reviewed by a panel of experts
for consensus.® Similarly, ASTRO and
AAPM implemented the Radiation On-
cology Incident Learning System (RO-
ILS) in 2014, with 425 facilities across
the United States, which facilitates col-
lection of incidents within a national
database with generation of quarterly
aggregate reports on events throughout
the country with suggestions on pro-
cess improvement.5® As there is likely
variation across institutions regarding

descriptions and classifications of in-
cidents, initiatives such as these serve
as a model for a systematic method for
incident reporting, which can improve
multi-institutional data collection and
implementation of interventions across
systems.

The Workflow Enhancement (WE)
Team serves, in part, as a structured re-
porting system for incidents and errors
specific to our department, separate
from our institution’s incident reporting
system.!? Errors are reported anony-
mously online through the department’s
intranet site or can be reported at the
biweekly process improvement meet-
ing. Errors can be reported by physi-
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cians, radiation therapists, dosimetrists,
medical physicists, residents, nurses,
and administrative staff. Forms con-
tain patient identifiers, including name
and medical record number, error cate-
gory/type, and description of the error,
and all forms are recorded into a secure
Excel database. An analysis of all in-
cidents submitted to the WE Team in
2013 demonstrated 10 incidents. The
number of patients treated per day was
significantly associated with increased
risk of incidents (p < 0.003) and the
ratio of patients to physicians was sig-
nificantly associated with errors (p <
0.03).% Increased workload as a risk fac-
tor for error has been identified within
other institutional reporting systems as
well.!'! Additionally, communication
breakdown and changes in workflow
are also well-established sources of
error in the literature.>* Workflow pro-
cesses, communication protocols, sys-
tematic checks to mitigate these sources
of errors and departmental stressors are
discussed below.

Implemented Initiatives
CT Simulation Time-out/
Checklist Procedure

The efficacy of safety checklist pro-
cedures in reducing errors is well es-
tablished in the surgical literature and
is now a national patient safety goal
standard.”'? The computed tomogra-
phy (CT) simulation procedure is one of
the first steps within the radiation ther-
apy treatment planning process and its
accurate completion is critical. Failure
to complete this step can lead to sub-
stantial downstream effects, including
additional, unnecessary testing; patient
treatment delays; and errors in treat-
ment delivery. An analysis of incident
reports through the WE Team at our
institution identified 136 simulation-re-
lated events reported between 2014 and
2016. Examples of simulation-related
events included wrong site imaged,
failure to administer contrast, failure to
place mouthpiece, etc. A safety check-
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Table 2. Rates of Quarterly Noncompliance to Daily and Weekly Metrics
Before and After QMAP Implementation at the Cleveland Clinic

Metric Definition Miss rate Miss rate
Pre-QMAP 2011 Post-QMAP 2016

Plan completion Plan ready 4 hours before scheduled treatment 14.8% 4.0%

CBCT review Physician reviewed CBCT on day of acquisition 8.0% <1.0%

Weekly physics check ~ Completed on or before the 5th fraction of each 5-fraction block 10.2% <1.0%

Weekly physician Completed on or before the 5th fraction of each 5-fraction block 6.1% 2.0%

on treatment visit

Key: QMAP = Quantitative Metric and Automatic Auditing Program, CBCT = cone-beam computed tomography

list and time-out procedure were im-
plemented to address the errors noted
in the simulation process. A pocket
safety checklist card was distributed
to all physicians (Table 1) and verbal
communication between the radiation
therapist and physician was required
prior to the patient’s simulation.'? One
year after implementation of this safety
procedure, the number of simulation-re-
lated events reported to the WE Team
decreased by 57% (p <0.0001)."* Spe-
cific safety checklists have now been
introduced for prostate and gynecologic
brachytherapy, intraoperative radiation
therapy (IORT), and stereotactic radio-
surgery (SRS) procedures.

Quantitative Metric and
Automatic Auditing Program
(OMAP)

Process consistency, automation,
workflow standardization, and fre-
quent checks and reminders are effec-
tive mechanisms for reducing errors
and streamlining processes involving
multiple teams. At our institution, our
incident reporting system identified
timely checks of cone-beam CTs, plan
completion, weekly physics checks, and
weekly physician on treatment visits, as
areas of improvement, with quarterly
late checks of these tasks ranging from

about 6% to 15%. Timely and accurate
completion of these tasks is imperative
to identifying potential errors and opti-
mizing patient safety. To mitigate this,
our department implemented a Quanti-
tative Metric and Automatic Auditing
Program (QMAP). Acceptable time
frames for completing each task were
agreed upon. A software program was
developed using Mosaiq (Elekta, Stock-
holm, Sweden) integrated information
software to generate an automatic time-
stamp upon completion of each critical
clinical task, as well as reminders if a
task was not completed. In addition to
reminding the responsible party, a des-
ignated triage team is also notified to
help mitigate a workflow delay before it
occurs. The rates of timely completion
of daily and weekly metrics before and
after QMAP implementation are sum-
marized in Table 2.

Similarly, the University of Michi-
gan reported on the development of a
Plan-Checker Tool (PCT) within the
Eclipse Scripting Application Pro-
gramming Interface (Varian, Palo
Alto, California) as another effort to
automate workflow, improve effi-
ciency, and reduce treatment delays.'*
Their software includes a system of
automated and manual checks of a
plan’s suitability for treatment. The

highest frequency error identified
was within the category of secondary
check software, with examples includ-
ing a plan not exported to the treat-
ment planning system and a reference
point not having a location to calculate
MUs (18%). Other examples include a
mislabeled field name, scheduling er-
rors, and plan and prescription incon-
sistencies. They were able to automate
19 of 33 checklist items, which led to
a 60% reduction in the number of pa-
tient delays due to errors in the treat-
ment planning process after 6 months
of PCT implementation. PCT did not
reduce the number of errors found
during the physics check; however, it
increased the identification of errors
that help avoid treatment delays and,
most importantly, potential errors in
treatment delivery.'* Automation is an
important tool for improving quality
and workflow.

Structured Peer Review

Across providers, there can be sub-
stantial variability in patient position-
ing, target volume delineation, choice
of dose fractionation, and normal tis-
sue dose constraints within the radia-
tion treatment planning process. The
AAPM and the European Organization
for Research and Treatment of Cancer
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(EORTC) have recommended quality
assurance rounds with treatment plan
peer review to ensure patient outcomes
are not affected by interprovider vari-
ability.!> The impact of structured peer
review is well illustrated by a study of
1,247 plans reviewed in quality assur-
ance rounds from 2004 to 2010 in a Ca-
nadian radiation oncology department.
Plans were peer reviewed and graded
as being adequate (A), needing minor
suggestions of change to a plan for a
future patient (B), or requiring signifi-
cant change before delivery of the next
fraction (C). They determined that 6%
of plans were graded B and 1% were
grade C and that mean years of expe-
rience were less for the plans graded C
compared to those graded A (p =0.02),
highlighting the importance of peer re-
view for physician education.'® Treat-
ment plan peer review often occurs
after a patient has started treatment, so
as to avoid treatment delays. Despite
increased logistical concerns, there
may be value in prospective peer re-
view before a patient starts treatment.
Mitchell et al published their experience
with prospective peer review of 422
cases over 2 years and identified that
20.6% of cases were marked as having
a variation, with 0.7% having a major
deviation. They found that a change in
contours was recommended in 10% of
cases, with peer review requiring, on
average, 7 minutes per case.'” Their
data suggests that prospective peer re-
view is a feasible practice and influ-
ences changes in practice.

Our institution has implemented sev-
eral established processes for structured
peer review, which requires the follow-
ing in order to be effective: active par-
ticipation from providers; a supportive
and respectful environment; support
from leadership to maintain dedicated
time and reduced interruptions; and
availability of facilities and technology
to access images, electronic medical re-
cord data, planning images, and remote
capabilities for off-site participants.

Most time is dedicated to our weekly
retrospective chart review of all new
patient treatment starts, which includes
participation of physicians, physics,
dosimetry, and therapists. To increase
consistency of practice patterns across
hospitals within our integrated health-
care system, we have implemented
monthly, disease-site specific, retro-
spective peer review. Prospective peer
review efforts include all stereotactic
body radiation therapy (SBRT) treat-
ment plans and head and neck treat-
ment plans and, most recently, review
of challenging cases across hospitals
within our integrated healthcare sys-
tem. This includes a voluntary review
of contours and dosimetry using dis-
ease-site-specific teams of experts. The
ultimate goal of prospective peer re-
view is to standardize treatment plans
and establish the same quality of care
throughout the enterprise. In addition,
the reduction in variability potentially
may reduce treatment errors through
consistency.

Quality Improvement, Patient
Safety in Radiation Oncology
Resident Education

The Accreditation Council for Grad-
uate Medical Education (ACGME)
mandates resident and fellow partic-
ipation in quality and patient safety
education; however, release of the
Clinical Learning Environment Review
demonstrated that trainee knowledge
of formal methods for patient safety re-
porting and analysis can be improved.'®
Our department encourages resident
participation in the WE Team and,
in keeping in line with ACGME re-
quirements, a resident-led quality and
patient safety project is implemented
within the department annually. Ex-
amples of resident-led initiatives in our
department include standardization
of disease-site-specific simulation re-
quest templates, creation of dosimetric
score cards to standardize treatment
plan evaluation, and implementation
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of atlas-based auto-segmentation to
standardize normal tissue contouring.
Encouraging education of the science
and methods of quality improvement
and patient safety for trainees will pro-
mote these processes in practice and
lead to lasting change. Also, developing
a mindset of quality improvement and
safety will lead to ongoing continuous
improvement as residents graduate and
enter practice.

Implementing and
Sustaining Change

Although these initiatives were in
a large academic, tertiary care center,
many of these strategies can be imple-
mented in much smaller centers by uti-
lizing all members in the department
including physicists, dosimetrists,
therapists, nurses, and administrative
staff. For instance, our WE Team em-
ploys all members of the department
to discuss issues and develop mul-
tidisciplinary solutions to minimize
recurrence. To implement and sus-
tain these strategies, a safety culture
with a blame-free environment must
be developed. With this in place, an
effective incident learning and report-
ing system can be developed. Ford et
al summarizes the key components of
an incident learning system, including
identifying and addressing cognitive
bias, which can impede effective solu-
tions.! This bias includes imagining
that a wrong decision is being made
at that time to identify cognitive mis-
steps, considering the opposite (ie,
imagining that the opposite conclusion
is correct), recalibration whereby one
acknowledges that bias can calibrate
thinking, and crowd wisdom.

Conclusion

Avoiding harm and providing the
best care is the responsibility of the
health care system. As such, quality
and patient safety should be priorities,
which, in turn, can be improved by
a safe environment and structured

December 2018

www.appliedradiationoncology.com

APPLIED RADIATION ONCOLOGY " 11



APPLIED RADIATION ONCOLOGY

OPTIMIZING WORKFLOW, QUALITY IMPROVEMENT, AND PATIENT SAFETY

SA-CME (see page 7)

system to report near misses and er-
rors, standardization and automation of
workflow, and a structured peer review
process. Commitment to these pro-
cesses is a collective effort on both the
individual and system level.
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