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Learning Objectives

• To understand that we all practice in systems with “Quality Gaps”

• To understand that physicians should foster a quality 
improvement/patient safety culture

• Focusing on safety improves quality

• To discuss two case studies of ”Quality Gaps” in my practice



8 studies 
(4 adult, 4 
pediatric)

RT deviations 
ranged from 8% 
to 71% (median 
32%)



12% of plans had 
deficiencies with a 
predicted major 
impact on tumor 
control probability

Major deficiencies 
correlated with # of 
patients enrolled



21 RTOG HNC trials
1997 to 2002

High accruing

Low accruing



21 RTOG HNC trials
1997 to 2002Per protocol

Acceptable Variation

Unacceptable Deviation



SEER-Medicare
6212 patients
788 rad ocs

Risk of all cause mortaity 
decreased by 21% for every 
additional 5 patients per provider 
per year
(HR=0.79; 95%CI, 0.67 to 0.94)



Quality Safety



Quality Safety



Quality
Safety



Culture of Medicine

• Quality & safety are a personal responsibility

• Errors are unacceptable
– Expected to function without error 
– Error’s are seen as someone’s fault
– Not reported/covered up (fear of litigation, reaction of colleagues)

• Error prevention  “Blame Culture”

– Work/train/study harder will lead to less errors.
– Blame culture is used to encourage proper performance.
– Lessons learned are private and do not consider a systems 

perspective (work-arounds)

Leape JAMA 1994

"The single greatest impediment to error prevention is…that we punish 
people for making mistakes.” – Lucian Leape, MD 



Errors will occur

• Errors are part of the human condition  how 
we learn

• It is impossible to avoid mistakes, even the 
avoidable ones

• Error-free performance is unattainable

• Errors are indicative of system flaw rather than 
character flaw 

Presenter
Presentation Notes
While the proximal error is often a “human error,” the root causes of the error are often due to poor system and organizational design. Workers are not so much the actors of their own errors. Rather they are themselves victims of a badly designed environment/system. Errors are indicative of a systems flaw rather than a character flaw. 



Good old days of Medicine

Presented by:

Spear, S.J. and S.J. Spear, The high-velocity edge : how market leaders leverage operational excellence to 
beat the competition. 2nd ed. 2009, New York: McGraw-Hill. xxiv, 407 p. 



Oncology is Complex & Complicated

Presented by:

• Multidisciplinary
• Many hand 

offs/transitions of care
• Intensive treatments

We Work in Systems    
not as Autonomous 
Individuals

We need to embrace 
systems based thinking

Spear, S.J. and S.J. Spear, The high-velocity edge : how market leaders 
leverage operational excellence to beat the competition. 2nd ed. 2009, New York: 
McGraw-Hill. xxiv, 407 p. 



Patient Safety Culture
• “…  the product of individual and group values, attitudes, 

perceptions, competencies, and patterns of behavior that determine 
the commitment to, and the style and proficiency of, an 
organization’ s health and safety management.”

• “DNA” of a safety culture
– Acknowledging the high-risk nature of processes
– Having a blame-free environment where workers are able to report 

errors/near errors without fear of punishment 
– Encouraging collaboration across ranks and disciplines to improve safety
– Organizational/leadership commitment of resources to address safety 

concerns. 





Adopted from IHI:  Engaging Physicians in a Shared Quality Agenda

Engaging 
Physicians 
in Quality 
and Safety

Involve physicians 
from the beginning

Discover common purpose
 Improve patient outcomes
 Reduce hassles and wasted time

Make physicians 
partners, not customers

Identify and activate championsUse “Engaging” Improvement Methods
Standardize what is standardizable
Generate light, not heat, with data
Make the right thing easy to try & do

Make physician 
involvement visible



Event Reporting Systems
• Program through which all workers can 

confidentially report Errors and Near-errors in their 
daily work/processes in the interest of improving 
quality and safety

• Aviation Safety Reporting System (1960’s)

• Anesthesia Quality Institute

• Radiation Oncology Incident Learning System



Chera Semin Radiat Oncol 22:77-85



UNC Continuous Quality Improvement

Presenter
Presentation Notes
At UNC our continuous quality improvement program is centered around:Making better systems by focusing on our processesANDGetting everyone in our dept involved in improving our processes.  We do this by using the appropriate QI tools and fostering a No blame culture.  Our CQI program is driven by two QI tools: A home grown ILS called the good catch program which we use to monitor the performance of our processesA3 tool which we use to formalize QI initiatives. Thus we monitor our process with the good catch program, thereby identifying targets from improvement, modify our processes using the A3 tool, improve the process, and so on and so forth.   Today, I would like to present some results of our CQI program.



UNC Radiation Oncology AHRQ scores
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UNC Radiation Oncology Press Ganey

We believe our focus on 
quality and safety have 
improved our patient 
satisfaction scores

• Top 5 clinic for 9 fiscal 
quarters (2011 to 2015) 

• 2015 Exceptional Patient 
Service Award (1 of 15 
recipient clinics, out of 
total 145 clinics)

• 2015 Carolina Care Most 
Recommended Clinic 
award 





Hierarchy of Effectiveness

Human factor engineering 
concept that helps us 
categorizes error prevention 
strategies broadly as more 
effective (system orientated) 
and less effective (human 
orientated).

Presenter
Presentation Notes
The hierarchy of effectiveness is a human factor concept that helps us categorizes error prevention strategies broadly as more effective (system orientated) and less effective (human orientated). Education and Training are the least effective at improving patient safety. Automation and forcing functions are the most effective.



• PlanIQ feasibility DVH
– Impossible
– Difficult
– Challenging
– Probable

• Based on an ideal dose fall-
off from the prescription 
dose at the target boundary

Delivered Plan

IQ Plan

Parotid



Contralateral Parotid Contralateral Submandibular Larynx

• 10 patients with oropharynx cancer from Phase II
• Re-planned with & without PlanIQ information

Delivered plan

Replan without PlanIQ

Replan with PlanIQ



Hierarchy of Effectiveness

Human factor engineering 
concept that helps us 
categorizes error prevention 
strategies broadly as more 
effective (system orientated) 
and less effective (human 
orientated).
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3P’s:  Pregnancy, Pacemaker, Prior Radiation

• Critical medical history for Radiation Oncology

• Pregnancy
– Spontaneous abortion 
– Birth defects

• Pacemaker Failure
– Exclude from the radiation field
– Monitor patients more closely

• Prior Radiation  Toxicity with re-irradiation

Every Radiation Oncology Clinic has Policies and Procedures



Good Catches related to the 3P’s

• 8 “good catches” related to the 3P’s (July to Dec. 2012)

– Pregnancy status not confirmed prior to treatment

– No one knew patient had pacemaker

– Prior radiation was not accounted for in the radiation planning 
process



Example:  Good catch # 519

• 70 year old female with Left oral tongue cancer

• 10 Years ago had right breast cancer. Right breast/supraclav were treated

• Documented in consult note that she had prior radiation

• Outside records were obtained and reviewed

• 2 month interval from my consult and starting radiation

• Prior radiation was not accounted for  right neck was re-irradiated



What is an A3?
 Formalized way of performing Plan-Do-Study-Act (Deming cycle)
 Adopted from Toyota Production System A3

PROBLEM

CURRENT STATE

TARGET STATE

GAP ANALYSIS COUNTERMEASURES

COMPLETION PLAN

CONFIRMED STATE

INSIGHTS

Presenter
Presentation Notes
The major tool that we use to drive QI projects is the “A3” tool.  Basically, the A3 tool is a formalized way to help anyone in my department think through a QI initiative.  It is designed around the Plan-Do-Study-Act (Deming cycle).  By filling out this form staff are performing the deming cycle for QI.  An A3 is not done by one person but by a team of stakeholders that are mentored by their supervisors and the Quality safety committee.  Often A3’s are initiated when targets for improvement are found from reported good catches.



3P’s:  Pregnancy Pacemaker Prior radiation

• Countermeasure
– Checklist completed by nurses & verified by 

doctors
– Hard stop – must be verified prior to simulation

• Sustainability
– 100% of 3Ps completed & approved prior to 

simulation
• 92% of 3Ps entered prior to simulation
• 85% of 3Ps approved prior to simulation

Implemented March 2013



Hierarchy of Effectiveness

Human factor engineering 
concept that helps us 
categorizes error prevention 
strategies broadly as more 
effective (system orientated) 
and less effective (human 
orientated).
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Disgruntled Physicians

• “Something else I need to sign”

• Passive Aggressive behavior
– Not signing the 3P’s  delays at simulation

• Really didn’t like “Hard Stop” at simulation
– “We can’t be so @#%*! rigid!”



Multiple Plan-Do-Study-Act

• Something else I need to sign
– Integrated into an existing physician order

• Point of care urine pregnancy test
– Nurse enters order for physician

• Other workers in our department need to know 3Ps
– Incorporate 3Ps into their existing checklists

• 3Ps not being done for patients seen in Multi-disciplinary Clinic
– Re-educate residents



Good Catch # 959 August 20, 2014

“Head and neck cancer patient with prior radiation.  Needs 
replan because cord and brainstem dose to high.  I was away on 
vacation last week.  Not explicitly stated in treatment planning 
note what I wanted the cord and brainstem to be limited to.  I 
reviewed it when I came back and caught it.  3p's were done 
correctly. Outside records received. 

Combination of expedited planning, remote review, cross-
coverage, and lack of explicit expectations in documentation.”

-Submitted by Myself



Team QA:   Verbal Timeout



GoodCatch #1774 

Patient D.C multiple site treatment. At Timeout, planning 
Dosimetrist looked at the Sim Assessment and indicated prior 
XRT. Attending was unaware of prev tx, there were no 
records so the plan was signed. Upon further investigation, 
the resident indicated in his consult note that there was prior 
(sacrum/?ilium). Dosimetry felt there was a high potential for 
overlap, resident indicated that they had emailed (admin) to 
obtain records. Today, Monday morning, we do not have the 
previous records and should not proceed until we do as the 
designed LSpine fld extends into the sacrum. Resident to call 
patient and alert the machine. -Submitted by Anonymous

Sept 12th, 2016



Conclusions: How do we address the 
quality gap?

• Focusing on safety improves quality

• Recipe for success:
1)Physician engagement/leadership
2)Event Reporting System
3)Empower the frontline staff 



Impact of Simulation-based Training on 
Workload and Performance of Providers 

Interacting with EHR
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Agenda: 

- Motivation for work  
- Background information
- Studies & Results 

• Workload in clinical environment
• Workload  Performance 
• Simulation-based training
---- Q/A 

- Future Work 
• Epic workflows and usability
• Neurofeedback



Motivation for the work

1. Limited understanding regarding ‘good’ vs. ‘poor’ 
usability, workflow, and performance.

1. Limited understanding of the impact of local factors 
(e.g. environmental stressors, workspace design, 
communication, and processes) on performance.

2. Limited understanding of how user behaviors impact 
vendor’s ability to changing their systems. 



Consultation Planning Physics QA Treatment

UNC

Time-line & Interactions with Computers

IMRT case: 
54 steps, 15 
hand-offs (to 
initiate
therapy)

Error rate: 
≈ 5% of the > ≈600,000 patients 
receiving RT per year in the US; 

Serious/lethal events occurring ≈ 
1 of 1,000-10,000 patents



HarmActions

The Joint Commission Report 
on EHR-related errors 

6%

A complimentary publication of 
The Joint Commission 
Issue 54, March 31, 2015
N=120 



Usability                          33%

HarmActions

The Joint Commission Report 
on EHR-related errors 

6%

A complimentary publication of 
The Joint Commission 
Issue 54, March 31, 2015 

Terezakis SA, Harris KM, Ford E, et al. An evaluation of departmental radiation oncology incident reports: 
Anticipating a national reporting system. Int J Radiat Oncol Biol Phys. 2013;85:919-923.

Out of 4407 reported incidents 149 potentially severe  79 (53%) that were 
submittable to a NRS were related to human error or to the human-software interface.



Workflow and communications 24%

Usability                          33%

HarmActions

The Joint Commission Report 
on EHR-related errors 

6%

A complimentary publication of 
The Joint Commission 
Issue 54, March 31, 2015 



Workflow and communications 24%

Usability                          33%

HarmActions

The Joint Commission Report 
on EHR-related errors 

6%

A complimentary publication of 
The Joint Commission 
Issue 54, March 31, 2015 

Policies & procedures 6%



Workflow and communications 24%

We need to focus here We tend to focus here
Latent failures predispose us to make errors!

Usability                          33%

HarmActions

The Joint Commission Report 
on EHR-related errors 

6%

A complimentary publication of 
The Joint Commission 
Issue 54, March 31, 2015 

Policies & procedures 6%
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Survey Results

Positively Worded Questions 2010 % Positive 2013 % Positive Difference
When a lot of work needs to be done quickly, we work together 
as a team to get the work done. 89% 90% 1

My supervisor or manager seriously considers staff suggestions 
for improving patient safety. 81% 83% 2

The actions of hospital management show that patient safety is a 
top priority. 88% 86% -2

Mistakes have led to positive changes here. 82% 83% 1

Patient safety is never sacrificed to get more work done. 64% 67% 3

We have enough staff to handle the workload. 31% 39% 8

In this unit, people treat each other with respect. 80% 84% 4

Hospital management provides a work climate that promotes 
patient safety. 83% 80% -3

We are given feedback about changes put into place based on 
event reports. 53% 54% 1

We are informed about errors that happen on this unit or clinic. 50% 49% -1



- We can develop training to enhance users’ ability to 
understand usability and local factors affecting users 
interactions with EHRs?

- We can quantify factors affecting users interacting with 
EHRs? 

- We can develop models for selecting proper level of 
cognitive control for individuals and teams? 

What can we do? 



Term: 
Mental Workload 

Total  Measures

Subjective
(NASA TLX)

Objective

Aviation > 6,000 2,450 527

Transportation 
(Driving)

> 7,000 2,200 642

Power Plants > 3,000 1,650 42

Healthcare 1,480 331 87

Google Scholar: 
NASA-TLX > 58,600

ErrorsWorkload



Workload in clinical environment

Performance 
degradation 
could be 
expected

Performance 
degradation 
could be 
expected

Mazur et al IJROBP 
83(5):e571-6, 2012

Studies & Results



Stressors in clinical environment

Mazur et al IJROBP 
83(5):e571-6, 2012

Studies & Results



Studies & Results



Workload can impact willingness 
to approve the plan

“Easy” vs. “Difficult” 
Case

• There was a 
significantly lower 
NASA-TLX scores 
for participants who 
were willing to 
approve the plan (vs. 
those not willing) 
(p=0.004)• Easy: palliative opposed lateral 2-field brain.

• Difficult: curative 4 field post-operative 
pancreas. 

Mazur et al., PRO 4(2), 71–75, 2013 



Willingness to approve 
plan:
• 75% (6/8) during cross 

coverage
• Both unapproved 

had NASA TLX > 
55

• 100% (8 of 8) during 
regular coverage.

• Cross- vs. Regular:  p<0.001 
(ANOVA)

Mosaly, et al., PRO 3(4), e179-86, 2013. 

Easy: palliative opposed lateral 2-field brain.

Workload increases when you 
cross-cover
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Ordinal 
logistic 
regression: 
relationship 
test statistic 
= 5.37; 
p = 0.02. 
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Grade 0: No error
 
 
expected
clinical consequence
Grade 1: Mild: No direct
 
clinical impact
to have a meaningful
treatment, but not likely
Altered the intended
Grade 2: Moderate:

NASA-TLX approx. 50
Reduced perfomance:

NASA TLX = 50

Mazur et al., PRO 4(2), p71-75, 2014. 

Workload impacts performance



RT 
providers

YES

NO

‘Current’

‘Enhanced’

‘Current’

‘Enhanced’

Assess Mental Workload & Performance  

Pre-intervention 
assessment: mental 

workload & performance

Post-intervention 
assessment: mental 

workload & performance 

Randomization to +/-
simulation-based training 

Randomization to +/-
enhanced 

environment
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Hypothesis #1: Providers exposed to simulation training will show an improvement 
in performance and more-optimal levels of mental workload.

Hypothesis #2: Enhancements to the user interface and cognitive workflow will be 
associated with an improvement in providers’ performance and with more-optimal 
levels of mental workload.

Simulation-
based Training 
to Enhance 
Patient Safety 
in Radiation 
Oncology

Studies & Results



Current lab
• VisionTrack ISCAN
• Tobii X-60
• SMI glasses
• BrainVision
• ABM EEG 
• NeXus

• Epic Playground
• Mosaiq
• PLUNC
• Elekta Emulator 

• Computers
• Printers
• Phones





Design of responses 
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Control
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Participants subjected to 
simulation-based training 
showed higher level of 
procedural compliance during 
post-assessment than 
participants in the control group; 
p=0.01. 

Participants subjected to 
simulation-based training took 
longer to complete the post-
assessment scenario 
compared to participants in 
the control group; p=0.01. 

Key findings 



Descriptive statistics [mean and (standard deviation)] on 
subjective/objective workload and performance scores. 


		

		Group

(sample size)

		Subjective workload (NASA-TLX)



Max=100

High workload>55

		Procedural Compliance 



Optimal=1

		Clinical Evaluation



Optimal=100

		



Time to Scenario 
Completion (min)



		Pre-Assessment: 



Whole Brain RT (WBRT)



(training scenario)

		Radiation Oncologists 

(RO [n=8])

		57 (7)

		0.7 (0.3) 

		82 (16)

		17 (10)



		

		Dosimetrists 

(DOS [n=5])

		56 (26)

		0.7 (0.1)

		N/A

		17 (8)



		

		Physicists

 (PHY [n=5])

		48 (13)

		0.6 (0.1)

		N/A

		28 (13)



		Pre-Assessment: 



Sarcoma

		Radiation Oncologists (RO [n=8])

		56 (13)

		0.5 (0.2)

		62 (16)

		21 (9)



		

		Dosimetrists 

(DOS [n=10])

		48 (21)

		0.5 (0.5)

		N/A

		20 (11)



		

		Physicists 

(PHY [n=10])

		52 (21)

		0.7 (0.4)

		N/A

		37 (8)



		Post-Assessment: 



Sarcoma



(Control Group)



		Radiation Oncologists (RO [n=4])

		53 (9)

		0.3 (0.3)

		65(3)

		34 (26)



		

		Dosimetrists 

(DOS  [n=2])

		58 (9)

		0.1 (0.2)

		N/A

		50 (14)



		

		Physicists 

(PHY [n=3])

		56 (19)

		0.6 (0.3)

		N/A

		41 (14)



		Post-Assessment: 



Sarcoma



(Intervention Group)



		Radiation Oncologists (RO [n=4])

		62 (14)

		0.9 (0.1)

		69(15)

		53(8)



		

		Dosimetrists 

(DOS [n=3])

		63 10)

		0.8 (0.4)

		N/A

		57 (2)



		

		Physicists 

(PHY [n=3])

		57 (6)

		0.7 (0)

		N/A

		49 (5)









Pre- vs. Post Directives: Control vs. Intervention



2009 2010 2011 2012 2013 2014 2015 2016 Total
Grants (Federal/State) 1 1 2 4
Grants (Industry) 1 1 1 3
Books 1 1
Book Chapters 1 1
Editorials 1 1 1 1 2 3 9
Journal Manuscripts 1 4 2 1 6 14
Conference Manuscripts 1 1 2 4 8
Conference Abstracts/Talks 5 1 3 5 8 11 20 3 56

Research Productivity
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