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Abstract

Advances in diagnostic imaging have helped revo-
lutionize the practice of medicine. These advances 
have enhanced physicians’ understanding of dis-
eases, improved diagnostic accuracy, and contrib-
uted tremendously to patient care. However, 
heterogeneity and on warranted variation in prac-
tice of radiology exists locally, regionally, nation-
ally, and globally. Variations in diagnostic 
radiology practices are well-documented numer-
ous. Even in a single radiology practice substantial 
unexplained variation exists in how imaging tests 
are requested, scheduled, performed, reported, 
communicated, and how frequently appropriate 
follow-up diagnostic and therapeutic tests and pro-
cedures are performed. Such unexplained words 
and variations in practice of diagnostic radiology 
can lead to some optimal quality of care, waste, 
and a diminished patient experience of care. 
Initiatives to close such performance gaps enhance 
the value of radiologists and diagnostic imaging to 
individual patients and to the healthcare system. 

To improve quality, initiatives to define, mea-
sure, improve and monitor quality are critical. In 
this chapter, we define quality, describe the impor-
tance of measuring quality and characteristics of 
good quality metrics in radiology. We well describe 
examples of diagnostic radiology quality metrics in 
safety, timeliness, effectiveness, and patient cen-
tered domains. We will briefly describe the process 
for creation, presentation, and distribution of quality 
metrics to enable managing and leading the changes 
needed to improve the care of individual patients 
and the performance of the healthcare system.
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mailto:rkhorasani@bwh.harvard.edu


72

 Key Points

• Diagnostic imaging has contributed substan-
tially to patient care and the practice of medi-
cine, but is accompanied by continuing gaps 
in quality of care and patient safety.

• The Institute of Medicine has defined six 
domains of healthcare quality—safe, timely, 
effective, efficient, equitable, and patient cen-
tered. Additional domains include measures 
of “value” as well as evaluations of patient 
experience and provider well-being.

• Quality measures serve to identify and quan-
tify performance gaps, evaluate interventions 
to improve performance, monitor and sustain 
the gains achieved, and demonstrate account-
ability and value.

• Measures for accountability and value should 
optimally assess patient outcomes but process 
measures can serve as effective tools for per-
formance improvement.

• Good quality metrics are clinically meaning-
ful to good patient care, can be created and 
maintained with high quality using available 
data, are actionable, relate to a target for qual-
ity improvement, and have good validity and 
reproducibility.

• Exemplar measures for diagnostic radiology 
include percent of critical results communi-
cated within appropriate predefined timeframes 
(safety domain), timeliness of examination and 
reporting completion, adherence to evidence-
based clinical practice guidelines (effective-
ness), and patient satisfaction with radiology 
services (patient-centeredness).

• Data from disparate database systems such as 
the picture archiving and communication system 
and electronic health record can be aggregated to 
form a radiology data warehouse from which 
quality measures can be constructed using visu-
alization and analytics software tools to populate 
a performance dashboard or scorecards.

• Quality measures alone are insufficient to 
improve performance, which requires leading 
and managing change to address technology, 
processes, and behaviors (personnel).

1  Overview

Advances in diagnostic imaging have helped rev-
olutionize the practice of medicine. These 
advances have enhanced physicians’ understand-
ing of diseases, improved diagnostic accuracy, 
and contributed tremendously to patient care. 
However, imaging studies are also associated 
with potential safety risks including kidney injury 
(Mitchell et al. 2012), allergic reactions from 
intravenous contrast, and exposure to radiation 
(Sodickson et al. 2009; Gee 2012). Despite ben-
efits, significant performance gaps remain in 
diagnostic radiology relevant to quality of care. 
In their seminal report, Crossing the Quality 
Chasm, the Institute of Medicine (IOM) identi-
fied waste as a substantial feature of our health-
care delivery system (Institute of Medicine 
2001). Heterogeneity and unwarranted practice 
variation contribute to this waste. Variations in 
diagnostic radiology practices are well docu-
mented and numerous. For example, in one large 
urban emergency department (ED), use of head 
CT for patients with trauma ranged by physician 
from 7.2 to 24.5% of patient encounters (with a 
single outlier of 41.7%) (Andruchow et al. 2012). 
Nationally, among 34 million Medicare fee-for-
service beneficiaries in 2012, the average adjusted 
CT utilization intensity ranged from 330.4 stud-
ies per 1000 beneficiaries in the lowest decile 
hospital referral region (HRR) to 684.0 in the 
highest decile HRR; adjusted MR imaging utili-
zation intensity varied from 105.7 studies per 
1000 beneficiaries to 256.3 (Ip et al. 2015).

Even in a single radiology practice, substantial 
unexplained variation exists among radiologists 
in the frequency of follow-up recommendations 
in radiology reports, such as for pancreatic 
cysts—with a 2.8-fold difference in recommenda-
tion rates between readers (Ip et al. 2011), and in 
adherence to evidence-based guidelines for fol-
low-up recommendations for pancreatic cysts 
(Bobbin et al. 2017), pulmonary nodules (Lu et al. 
2016), and renal masses (Maehara et al. 2014). 
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Variations among radiologists in terminology 
used to convey diagnostic certainty (Khorasani 
et al. 2003; Hillman et al. 2004) can create ambi-
guity and confusion. Such unexplained and 
unwarranted variations in practice of diagnostic 
radiology can lead to suboptimal quality of care, 
waste, and a diminished patient experience. 
Initiatives to close such performance gaps will 
enhance the value of radiologists and diagnostic 
imaging in health care.

2  What Is Quality?

In 2001 as a part of Crossing the Quality Chasm 
(Institute of Medicine 2001), the IOM identified 
six domains of healthcare quality which have 
come to frame the definition of quality in the 
United States today:
• Safe: Avoiding harm to patients from the care 

that is intended to help them.
• Effective: Providing services based on scien-

tific knowledge to all who could benefit and 
refraining from providing services to those not 
likely to benefit (avoiding underuse and mis-
use, respectively).

• Patient centered: Providing care that is respect-
ful of and responsive to individual patient pref-
erences, needs, and values and ensuring that 
patient values guide all clinical decisions.

• Timely: Reducing waits and sometimes harm-
ful delays for both those who receive and 
those who give care.

• Efficient: Avoiding waste, including waste of 
equipment, supplies, ideas, and energy.

• Equitable: Providing care that does not vary in 
quality because of personal characteristics 
such as gender, ethnicity, geographic location, 
and socioeconomic status.
More recently, additional domains have been 

proposed, including those of value, as well as 
evaluations of patient experience and provider 
well-being. The IOM domains are not mutually 
exclusive; several are interrelated and interven-

tions to improve quality in multiple domains have 
the most leverage to improve overall healthcare 
quality. For example, ensuring timely booking 
and conduct of appointments for imaging proce-
dures will improve efficiency of the system (and 
potentially equitable distribution of care) in addi-
tion to timeliness. However, improvements in 
timeliness and efficiency should not come at the 
expense of patient safety or effectiveness, and an 
ability to perform more MRI and CT scans must 
be coupled with assurances that only appropriate 
orders are completed (i.e., be effective by refrain-
ing from providing services to those not likely to 
benefit), and that unnecessary radiation exposure 
and other patient safety risks are minimized.

3  Why Measure Quality?

“Quality” and “value” have become integral com-
ponents of the US healthcare regulatory, compli-
ance, and reimbursement systems. In order for 
radiology to successfully compete for resources in 
our rapidly changing healthcare system, we must 
be able to measure, demonstrate, and continually 
improve quality and value. However, measuring 
quality is necessary but not sufficient to change 
performance. “Insanity is doing the same thing 
over and over and expecting different results” 
(attributed to Albert Einstein). Therefore, to 
improve performance (quality, safety, and effi-
ciency) and create value, we must successfully 
manage change, changes that address people, pro-
cesses, and technology. Within this framework, 
quality measures serve multiple purposes, includ-
ing to (1) identify and quantify performance gaps, 
(2) evaluate interventions to improve performance, 
(3) monitor and sustain the gains achieved, and (4) 
demonstrate value or accountability (Boland et al. 
2017), such as adherence to regulatory or accredi-
tation requirements. Measures for accountability 
or value should optimally assess patient outcomes; 
however, process measures can serve as effective 
tools for performance improvement.

Quality Metrics: Definition, Creation, Presentation, and Use
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4  Characteristics of Good 
Quality Metrics

“Not everything that counts is measurable, not 
everything that is measurable counts” (attributed 
to Albert Einstein). In other words, not all pro-
cesses or desired outcomes can be measured, and 
while a process could be measured, not all pro-
cesses can have meaningful effects to achieve the 
desired outcome(s). It is also important to distin-
guish metrics (e.g., radiology report turnaround 
time) from target performance (e.g., 80th percen-
tile at 6 h). Characteristics of good quality met-
rics include the following:
• Clinically meaningful: The motivation behind 

a metric must be trusted by the people who 
will be using it and affected by it. Gaining user 
trust and support is significantly easier when a 
metric is sincerely clinically meaningful to the 
ultimate goal of good patient care. Aligning 
and demonstrating how a metric will affect 

patients as well as the interests of the clinician 
users will greatly improve impact. Metrics to 
address compliance requirements are critical 
to ensuring that necessary processes are in 
place. However, compliance metrics alone 
limit the opportunity to motivate clinically 
meaningful changes in practice to create value 
in healthcare delivery.

• Relates directly to a defined target for quality 
improvement (QI): A metric must be clear and 
focused on an objective for QI. To optimize 
practice, measurement should be embedded in 
change management initiatives to address 
technology, people, and process gaps to enable 
the desired goals. Simply measuring perfor-
mance may have short-term effects on perfor-
mance of some, but any such gains are likely 
to be varied among users and unsustainable 
over time.

• Distinguish metrics from target performance: 
A good quality metric enables adjustment of 

BWH Diagnostic Radiology Dashboard
Week Ending: August 13, 2017

BWH: Slots
(as of 8/13)

• Click on a Department to view Resource utilization
• Click on a Week to view Schedule
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Fig. 1 Weekly scorecard of capacity utilization for CT and MRI slots (target = 85%)
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the performance target, when clinically or oper-
ationally relevant, to ensure continuous QI.

• Easy to measure: This requirement seems 
simple, but numerous complexities may be 
encountered in accessing and comprehending 
the data necessary to create a quality met-
ric. For example, if a metric is a proportion, 
the data in the numerator and denominator 
must be explicitly defined and measurable. 
There are several important caveats to con-
sider. An important QI initiative in your prac-
tice may require data recording and capture by 
people who observe or participate in your cur-
rent workflow. Such “manual” data collection 
strategies are often used in QI initiatives. 
However, to sustain any gains from such ini-
tiatives once the QI team has completed their 
work, easily measured, system-generated data 
will be needed to efficiently monitor the prac-
tice’s performance over time to help avoid 
sliding back to prior behaviors, processes, or 
outcomes.
An asset utilization metric for an expensive 

capital asset such as MRI helps illustrate some of 
the complexities. If the metric is % of time the 
scanner is in clinical use, the numerator can be 
the number of minutes a patient was in the 
room (time stamp of patient entering the room 
subtracted from the timestamp of the patient 
leaving the room) for all the patients scanned 
each day, divided by the denominator of the total 
number of minutes the scanner was operational 
that day. This may seem simple enough, but it 
would require each timestamp for each patient be 
accurately and consistently documented, and 
available (easily extracted), and that expected 
and unexpected scanner downtime be accurately 
captured and available for calculation each day. 
Also, inefficient or unnecessarily long imaging 
protocols will not be apparent—a single patient 
scanned all day in the scanner will result in a 
100% capacity utilization, utterly underrepre-
senting the performance gap. Thus a second met-
ric may need to be added to measure the length of 
each exam—which is by necessity varied across 
different body parts and indications for the study. 
Figure 1 illustrates a weekly scorecard of a capac-
ity utilization metric for CT and MRI, based on 

the proportion of predetermined appointment 
slots used at each imaging location at a large, 
urban, academic medical center radiology prac-
tice, Brigham and Women’s Hospital (BWH), in 
Boston, MA.
• “Easily” obtained: This attribute is particu-

larly important to the sustainability of a metric 
and related QI efforts. The data needed to cre-
ate the metric should optimally reside in sys-
tems used in your practice, and the data should 
optimally be extractable from your opera-
tional systems for reporting using commer-
cially available, off-the-shelf data visualization 
tools. The more that data to construct a metric 
can be automated, the more sustainable it is. 
An important caveat is the limitation of most 
systems used in clinical operations to visual-
ize and present data in meaningful forms suit-
able for QI initiatives. Practices focused on QI 
will thus need to invest in data visualization 
and analytics tools, and human resources 
capable of extracting the needed data from 
operational systems. The advent of machine 
learning techniques such as natural language 
processing (NLP) is helping certain metrics, 
previously unsustainable over time, become 
more feasible. For example, NLP can replace 
manual chart review for indications when 
assessing the appropriateness of MRI lumbar 
spine examinations performed in the ED for 
back pain. It is likely that artificial intelligence 
will help further automate the creation of use-
ful metrics.

• Reproducible: A foundation of the scientific 
process, a metric must be calibrated and 
 reproducible, measuring the same thing 
consistently.

• Valid: Credibly measures the desired attribute. 
For example, if a technologist enters the time-
stamp manually for each patient entering and 
leaving a scanner, errors may occur by delays 
in data entry or erroneous data entry into sys-
tems. The proportion of such erroneous data 
can make a metric for patient exam time 
invalid for QI or performance monitoring 
purposes.

• Easy to explain: A metric’s ultimate purpose 
is to be consumed by a user. If a metric is too 

Quality Metrics: Definition, Creation, Presentation, and Use
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convoluted, despite how ideologically accu-
rate it may be, its message cannot be conveyed 
in a meaningful manner so as to affect behav-
ior and, ultimately, meaningful change and 
improvement.

• Actionable: A metric whose results cannot be 
acted upon is useless as it will not produce the 
desired change or improvement.

• A good quality metric enables identification 
of performance gaps and opportunities for 
improvement. If the ideal target performance 
of a quality metric is achieved by all in your 
practice, the metric is no longer a tool for 
QI. Rather it may become a useful tool for 
marketing your practice’s services. Thus a 
useful metric should help identify processes, 
behaviors, or outcomes that should be 
improved.

5  Examples of Imaging Quality 
Metrics

Quality measures for diagnostic radiology can be 
defined in each of the six IOM domains of qual-
ity. A recent report of the American College of 
Radiology’s Economics Committee on value-
based payment models also provides a very use-

ful framework for developing clinically 
meaningful metrics for your practice (Boland 
et al. 2017). As one example, Fig. 2 displays a 
“dashboard” of key quality, safety, and perfor-
mance metrics for the Radiology Department at 
BWH, arrayed by IOM quality domain. The sub-
sections that follow review exemplar imaging 
quality metrics in several domains.

5.1  Safety

Failure to promptly communicate critical imag-
ing test results is not uncommon and such delays 
are a major source of malpractice claims in radi-
ology and a potential source of patient harm. 
Therefore, communication of critical results from 
diagnostic procedures between caregivers was 
named a 2011 Joint Commission national patient 
safety goal. BWH established an enterprise-wide 
communication of Critical Test Results policy for 
communication of critical imaging results 
(Khorasani 2009), and developed an automated 
system, Alert Notification of Critical Results 
(ANCR), designed to facilitate such communica-
tion (Lacson et al. 2014a, b, 2016; O’Connor et al. 
2016). Nearly 50,000 critical result alerts are gen-
erated annually; >98% have closed loop acknowl-

Fig. 2 Radiology Department Quality Dashboard at Brigham and Women’s Hospital
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edgement within the timeframe stipulated by 
BWH policy. The BWH dashboard tracks the 
daily percentage of critical results with closed 
loop acknowledgment within BWH policy param-
eters, critical results (‘alerts’) acknowledged over 
time, as well as the number of alerts that are over-
due (unacknowledged beyond the timeframe stip-
ulated by BWH policy parameters). Target 
performance is >95% of critical results acknowl-
edged within policy timeframe (1 h for Level 1 or 
red alerts; 3 h for Level 2 or orange alerts; 15 days 
for Level 3 or yellow alerts) (Lacson et al. 2014b).

5.2  Timeliness

These metrics should be created and measured for 
various modalities and care settings. At BWH, 
timely ambulatory MRI access is defined as the 
third available outpatient appointment. The third 
appointment is used because using the next avail-

able appointment invariably overstates capacity, 
as one or two cancellations occur daily. This is 
also congruent with how the healthcare delivery 
system reports outpatient access to other special-
ists. Inpatient and ED MRI access is defined by 
the time it takes from an examination request until 
it is performed (target performance: 90% of 
exams performed within 5 and 12 h, respectively). 
Clicking on the summary measure for ED or inpa-
tient access on the dashboard’s home page (Fig. 2) 
links to a more detailed weekly scorecard of per-
formance for CT and MRI for ED and inpatients 
(Fig. 3) that depicts performance for these met-
rics. At most practices, this information resides in 
the Radiology Information System (RIS). At 
BWH, because of the full adoption of an elec-
tronic health record (EHR) and embedded com-
puterized provider order entry (CPOE) system for 
all imaging studies, the request time is taken from 
the CPOE database, and the examination comple-
tion is taken from the RIS module of the EHR.
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Various timeliness of interpretation metrics 
can be constructed with data obtained from the 
RIS or report generation databases (e.g., 
speech recognition solutions), depending on 
the practice setting. These measures span the 
timeliness and efficiency domains of quality. 
Examination and report milestones can be des-
ignated as follows: (1) examination complete 
(all images obtained), (2) examination dictated 
by the radiologist, (3) report transcribed and 
ready for the radiologist’s signature, and (4) 
report signed and finalized by the radiologist. 
The time interval between each milestone 
describes practice or individual radiologist 
performance for the timeliness of reporting. 
For example, the time from completion to 
finalization depicts report turnaround time, 
while the time from transcription (a report in 
preliminary status created by a trainee, or in a 
small and diminishing number of practices 
where a transcriptionist translated the voice 
file into text for edit and signature by the radi-

ologist) to finalization refers to radiologist sig-
nature time. With the use of speech recognition 
technology, the time from dictation to tran-
scription may be irrelevant at many practices.

The BWH Radiology Dashboard tracks the 
hours from preliminary to final report (prelimi-
nary reports are generated by a trainee), as well 
as the hours from examination completion to 
final report. Target performance for signature 
time is 90% of reports within 6 h, 7 × 24 × 365 
inclusive of all care settings—ED, inpatients, and 
outpatients. Clicking on the summary measure 
on the dashboard’s home page (Fig. 2) links to a 
more detailed analytics module displaying vari-
ous additional complementing metrics such as 
proportion of reports generated by trainees in dif-
ferent radiology subspecialty divisions (Fig. 4a) 
or the number of imaging studies completed each 
hour of each day (averaged over a predefined 
time period) to enable optimization of the radi-
ologist workforce for timely delivery of needed 
clinical care (Fig. 4b).

120

100

80

60

40

20

0

0% 20% 40% 60%

PtoF Compared to % Read with trainee

PtoF Compared to % Read with trainee

80% 100%

90
th

 P
to

F
 (

H
ou

rs
)

Division

Abdomen
Angio/IR
Breast
CRD
DFCI
ED
MSK
Multi-Division
NCVI
Neuro
Nuc Med
Thoracic
Ultrasound
-

Reports by Modality and Exam Code

Modality Reports

116,070 15.7% 5.0
13.6
4.8
5.7
14.7
69.8
17.2
4.1

3.0
2.9
18.7
2.5 6.4

26.7
6.3
6.2
46.8
50.9
25.4
149.8
22.8
4.6
32.2
16.6
8.2 51,651

30,791
30,845
22,261
22,383
6,209
5,376
2,741
2,913
1,670
685
710
3

None

58.9%
12.4%
10.3%
49.9%
68.4%
87.5%
60.3%
0.0%
63.2%
67.3%
88.2%
27.1%

62,911
40,915
38,700
34,621
9,154
6,893
3,549
2,925
1,838
802
731

3,930

116,070
62,911
40,915
38,700
34,621
9,154
6,893
3,549
2,925
1,838
802
731
18

%Read w/
Trainee PtoF 90th CtoF 90th Patients Exams

X-Ray
Computed Tomography
 Breast Image/Intervention
Ultrasound
Magnetci Resonance
Interventional Radiology
Nuclear Medicine
Radiology Consultation
Bone Densitometry
GI/GU/Fluoro
Fluoro
3D Reconstruction
None

a

b
4,000

2,000

0

0:
00

 A
M

6:
00

 A
M

12
:0

0 
PM

18
:0

0 
PM

4,000

2,000

0

4,000

2,000

0

4,000

2,000

0

4,000

2,000

0

4,000

2,000

0

4,000

2,000

0

Hour

Mon

Fri Sat Sun

Tue

Exams By Completed Day and Hour

Wed Thu

0:
00

 A
M

6:
00

 A
M

12
:0

0 
PM

18
:0

0 
PM

Hour 0:
00

 A
M

6:
00

 A
M

12
:0

0 
PM

18
:0

0 
PM

Hour 0:
00

 A
M

6:
00

 A
M

12
:0

0 
PM

18
:0

0 
PM

Hour

0:
00

 A
M

6:
00

 A
M

12
:0

0 
PM

18
:0

0 
PM

Hour0:
00

 A
M

6:
00

 A
M

12
:0

0 
PM

18
:0

0 
PM

Hour0:
00

 A
M

6:
00

 A
M

12
:0

0 
PM

18
:0

0 
PM

Hour

Day Total Reports

Sat
323039
19470
16036
52133
59605
59540
58678
57577

Sun
Mon
Tue
Wed
Thu
Fri

Fig. 4 (a) Scorecard of hours from preliminary to final 
(PtoF) report vs. %trainee-generated reports by subspe-
cialty division, January–June, 2017. (b) Scorecard of the 

number of imaging studies completed each hour of each 
day (averaged over January–June, 2017)

R. Laroya and R. Khorasani



79

5.3  Effectiveness

Measures in the domain of effectiveness assess 
whether services are provided based on scientific 
knowledge to those who could benefit and not 
provided to those not likely to benefit (avoiding 
overuse and waste). Numerous measures are 
possible to assess the appropriateness of the 
radiology examination ordered (“the right proce-
dure”), e.g., the % of appropriate head CT orders 
among ED patients with head trauma. For most 
radiology practices, the determination of appro-
priateness can typically be made by comparing 
the order indications to appropriate use criteria, 
such as the American College of Radiology 
(ACR) Appropriateness Criteria® (American 
College of Radiology 2017), or to published evi-
dence-based or local best practice guidelines. 
Such metrics for adherence to evidence can be 
constructed and used in QI initiatives. 
Multifaceted health information technology-
enabled QI initiatives can improve adherence to 
evidence-based guidelines during the radiology 
test ordering process (Gupta et al. 2014; Raja 
et al. 2014; Ip et al. 2014),  reaching 85% adher-
ence to Wells criteria when ordering chest CT 
for pulmonary embolism in the ED and 96% 
adherence to American College of Physicians 
guidelines for use of MRI in primary care 

patients with low back pain. Similar multifac-
eted interventions have been shown to improve 
report signature time (Andriole et al. 2010), 
quality of multiparametric prostate MRIs 
(Silveira et al. 2015), and quality of rectal cancer 
staging MRI reports (Sahni et al. 2015). Tracking 
and improving appropriate use of imaging will 
be an important focus of QI initiatives and poten-
tial target of federal regulations (Protecting 
Access to Medicare Act of 2014) as we transi-
tion from transactional healthcare financing to 
value-based payment systems.

Most practices have some program for inter-
pretation accuracy as part of their quality assur-
ance programs. More recently, information 
technology (IT) solutions have been developed 
and implemented at some practices. The ACR’s 
RADPEER® system is an example of such a pro-
gram and can be integrated into a picture 
archiving and communication system (PACS). 
While interpreting a current examination, a radi-
ologist can review the report of a prior examina-
tion and agree or disagree with the prior 
interpretation. The substance of the disagreement 
can also be graded. Using such software, one can 
create metrics at the practice or individual radi-
ologist level, using peer-reviewed agreement or 
disagreement as a proxy for accuracy of 
interpretation.
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5.4  Patient Centered

Although debate persists regarding survey con-
tent, timing of survey administration, and rele-
vant risk adjustment methodologies, there is 
evidence that self-reported measures of patient 
experience are distinctive indicators of healthcare 
quality (Manary et al. 2013). Thus engaging 
patients and eliciting their feedback to motivate 
improvements have become major initiatives 
across the nation’s healthcare delivery systems. 
However, there are few reports of such initiatives 
in radiology. Surveys are typically delivered to 
patients on paper or electronically, using standard 
survey content to enable comparison between 
peer institutions. Results of surveys are presented 
as mean patient satisfaction scores and percentile 
rankings when compared to peer institutions. 
Free text comments from patient respondents can 
be categorized as negative, positive, or mixed. 
Given the multitude of imaging locations within 
some practices (distributed by physical location 
and modality for example) it is possible to create 
a heat map based on the percentage of surveys 
with negative patient comments to identify tar-
gets for performance improvement (Fig. 5). 
Though it remains to be seen if such an approach 
can help improve patient satisfaction perfor-
mance, experiments with various strategies to 
engage and train the workforce to improve patient 
interactions will be needed to shape optimal 
intervention to address this import quality 
domain.

6  Creation, Presentation, 
and Distribution of Quality 
Metrics

In a typical practice, multiple health IT systems 
are used in clinical operations. In radiology, such 
systems include the EHR, RIS module, report 
generation system (e.g., speech recognition sys-
tem), and PACS, among others. Each system has 
its own database, often with different definitions 
for similar data/milestones. Combining the data 
from these various databases can provide a very 
useful infrastructure for developing metrics. 

However, in reality, informatics challenges as 
well as needed human resources with appropriate 
skills hamper such an approach in many 
 organizations. Still, the most practical approach 
for quality metrics creation and reporting requires 
creating a new database (a data warehouse), popu-
lated by data from the disparate systems in use 
(Prevedello et al. 2008). Business intelligence 
refers to the set of tools needed to integrate, store, 
analyze, and present data from nonintegrated 
sources. Integration is a key process step to ensure 
that data from different sources are checked for 
consistency and subsequently converted into a 
unified format. This integration is referred to as 
Extract Transform Load (ETL) process and can 
be used to extract data from each database to pop-
ulate the data warehouse. This process can be 
enhanced to normalize data across the varied 
operational databases to help automate the near-
real-time population of the data warehouse.

The normalization of data is needed to mini-
mize heterogeneous encoding of data across vari-
ous databases. A simple example is to validate 
and ensure that a milestone called “exam begin” 
in one system is or is not the same as “exam start” 
in another operational system. Such attention to 
detail is critical when creating the data warehouse 
to help ensure that metrics can ultimately be clini-
cally relevant, accurate, and reproducible. 
Relational databases, where data are represented 
in numerous related tables, are very common but 
are not ideal for ad hoc analysis because of addi-
tional needed data processing to easily understand 
the results of queries. Another method of organiz-
ing the data is using multidimensional data cubes 
using On-Line Analytical Process (OLAP) tools 
to enable the user to better understand the results 
during ad hoc queries. Relational databases can 
thus be enhanced by connecting to OLAP tools to 
enable easily understood real-time queries to the 
data warehouse (Prevedello et al. 2010). Once the 
data warehouse is created, analytic and visualiza-
tion tools can thus leverage the normalized data in 
the warehouse to create near-real-time views of 
desired metrics. Although definitions are some-
what arbitrary, a dashboard often refers to near-
real-time, online view of performance measures, 
analogous to a speedometer in an automobile. A 
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scorecard, in distinction, will refer to a static view 
of performance updated at some predetermined 
interval (e.g., weekly, monthly). Analytics tools in 
contrast enable a user to create numerous custom 
queries of the data warehouse as needed. Figure 1 
represents the current BWH quality “dashboard” 
with key quality, safety, and performance indica-
tors on the home page with some updated daily, 
others weekly or monthly.

7  Managing Change

Creating and publishing the results of quality 
metrics alone is highly unlikely to result in sus-
tainable meaningful improvement in your prac-
tice. Rather, performance improvement requires 
managing change in your practice, including 
leaders who can address technology, process, and 
people issues to create and sustain gains. Within 
such a change framework, quality measures are a 
necessary, but not sufficient, tool. Successful 
change management is a discipline to its own and 
requires dedicated skills and resources (Khorasani 
2004; Kotter 1995), a topic beyond the scope of 
this chapter.

 Conclusion

National initiatives (Choosing Wisely—
An Initiative of the ABIM Foundation 
[Internet] 2015; Medicare Access and CHIP 
Reauthorization Act of 2015 (MACRA) 
[Internet] 2015) are under way to improve 
quality, reduce waste, and transform the 
healthcare system from its current transac-
tional payment model to one based on quality 
and value. Measuring, monitoring, and report-
ing radiology quality measures, combined 
with multifaceted change management initia-
tives to address information technology, care 
processes, and behaviors (people) of provid-
ers who order radiology studies, and those 
who perform and interpret them, can encour-
age and enable evidence-based practice, 
improve quality and patient experience of 
care, and reduce waste. Additional research 
will continue to inform best practices to 
develop, measure, and employ quality mea-

sures as part of meaningful interventions to 
improve the healthcare delivery system.
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