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Structured Abstract

Purpose: To create a Patient Safety Learning Laboratory on the theme of improving radiology-related quality 
and safety

Scope: Imaging-related care in the outpatient, emergency department, and inpatient settings

Methods: We used design thinking, human factors engineering, and implementation science principles to 
realistically characterize existing practices, conduct deep problem analyses, identify key areas for 
improvement, brainstorm and prioritize interventions, implement and iterate interventions, and evaluate final 
outcomes. We conducted three distinct projects: one focused on optimizing ordering of CT pulmonary 
angiography for the detection of pulmonary emboli in the emergency department; one focused on optimizing 
interventional radiology procedures for inpatients, with particular attention to handoffs between IR and inpatient 
teams; and a third focused on management and follow-up of incidental radiologic findings, with specific focus 
on incidental pulmonary nodules.

Results: We identified numerous process failures and opportunities for improvement in all three focus areas, 
including lack of routine calculation of risk of PE, lack of standard policies and procedures for pre- and post-IR 
care, and inconsistent reporting of incidental findings. Inadequate communication and handoffs between 
providers was a consistent theme across all three projects. We conducted a number of interventions, including 
autocalculation of risk scores, audit and feedback reports, peer comparison dashboards, institution of new 
work procedures, standardization of policies, training sessions on optimal pain and sedation management, 
creation of new templated notes in the electronic health record, and macros for radiology reports.

Key Words: Radiology, communication, handoffs, incidental findings, pulmonary embolism, informatics, 
decision support



A. Purpose

The goal of this grant was to create the NYU Patient Imaging Quality and Safety Laboratory (PIQS Lab): a 
dynamic learning environment focused on improving safety and quality for patients undergoing radiologic 
imaging or procedures. The PIQS Lab was composed of three synergistic, interdisciplinary projects. Though 
related in scope, each of the projects had a distinct research team, methodology, and focus. Project 1 focused 
on maximizing appropriate utilization of diagnostic imaging in the ambulatory setting, Project 2 focused on 
improving the safety of inpatient vascular interventional radiology, and Project 3 ensured appropriate follow-up 
of radiological test results.

Each project included distinct specific aims. Nearly all are now complete, though some evaluations (Aims 3) 
are still in progress.

Project 1: Maximizing appropriate utilization of diagnostic imaging in the ambulatory care setting

Aim 1: To examine and characterize the sequence of events and interacting systems within the ambulatory 
imaging ordering process in order to define the potential sources of failure leading to inappropriate imaging in 
the ambulatory setting.

Aim 2: To use design thinking to generate, develop, and test solutions to ameliorate the potential sources of 
failure during the imaging ordering process in the ambulatory setting.

Aim 3: To evaluate the effect of interventions on improving imaging quality and safety in the ambulatory care 
setting.

Project 2: Improving the safety of inpatient vascular and interventional radiology procedures

Aim 1: To comprehensively study and characterize failures in inpatient procedural consultation between 
referring clinical teams and the Vascular and Interventional Radiology (VIR) section.

Aim 2: To use a design and engineering approach to improve the safety of inpatient VIR procedural 
consultation by addressing failures in shared sensemaking and in aspects of the underlying sociotechnical 
system.

Aim 3: To evaluate the effect of systemic improvements to inpatient VIR procedural consultation on patient 
safety outcomes including case delays, near-miss/inappropriate procedure rates, and repeat visits.

Project 3: Ensuring appropriate follow-up of radiological test results

Aim 1: Perform problem analyses to identify the causes of inappropriate follow-up of radiological test results

Aim 2: Design, develop, and implement solutions of inappropriate follow-up of radiological test results

Aim 3: Evaluate the effect of systemic improvements while considering unintended consequences



B. Scope

Background and Context (adapted from original grant application)

The NYU Patient Imaging Quality and Safety Laboratory (PIQS Lab) is focused on improving safety and 
outcomes for patients undergoing radiologic imaging or treatment. This multidisciplinary laboratory connects 
experienced clinicians in the NYU Departments of Radiology, Emergency Medicine, Medicine, Orthopedics, 
Surgery, and Urology with operations researchers and improvement staff at NYU Langone Medical Center 
(NYULMC), the NYU Department of Population Health, the NYU Wagner School of Public Policy, and NYU 
Stern School of Business and with design experts at the world-famous design firm IDEO. The PIQS Lab will be 
jointly housed in the NYULMC Center for Healthcare Innovation and Delivery Science (CHIDS) and the NYU 
Department of Radiology. Together, we will comprehensively redesign our systems to improve the quality and 
safety of diagnostic and therapeutic radiology.

Every year, 400 million radiology tests are performed in the United States at a cost of over $100 billion,1

making radiology a central feature of both inpatient and outpatient healthcare. Done well, radiological studies 
assist in the timely and accurate diagnosis of disease, helping patients avoid prolonged symptoms or more 
invasive testing. Interventional radiology is now also an important option for diagnosis and treatment of acute 
illness, replacing more invasive and risky surgical procedures and shortening recovery time. However, 
radiologic imaging and intervention also carry risks. In the short term, patients risk allergic reactions to 
contrast material (0.2-0.7% for CT contrast;2,3 <0.1% for MRI contrast4,5), contrast extravasation,2 anesthesia-
related complications (0.2% for hemodynamic instability6), and injury from metallic objects in MRI machines 
(very rare). In the medium term, patients risk CT contrast-induced nephrotoxicity (likely rare7,8) and major 
procedural complications, such as bleeding or infection (variable; as high as 10% for percutaneous drainage 
procedures9). Most worrisome, in the long term, patients risk cancer (up to 2% of all cancers in the United 
States may be attributable to CT scan radiation),10,11 nephrogenic systemic fibrosis (a rare but potentially fatal 
condition caused by MRI contrast),12 missed diagnosis or treatment from lack of follow-up, and, most 
commonly, identification of incidental findings (12-30% of studies13-15) that create a cascade of often 
unnecessary further imaging or interventions. Many of these risks have been demonstrated to be avoidable or 
ameliorable through systems-based improvements.16-21 In addition, all are greatly compounded by 
overutilization: 20-50% of radiologic results do not change clinical management, potentially unnecessarily 
exposing patients to substantive risks for no benefit.22-24

Opportunities for error exist at every point along the process of radiologic evaluation: ordering the study or 
intervention,22,25,26 performance,2,27 interpretation and recommendation,28,29 and follow-up.30 Indeed, the very 
fact that radiology is so central to modern medicine makes it also a key locus for failures in teamwork, 
communication, cognition, workflow, technical skill, and information technology. To address these issues and 
develop efficient, scalable, generalizable solutions, we propose the PIQS Lab. The PIQS Lab will improve 
patient safety and reduce risks of radiologic imaging through three synergistic projects (Figure 1), in 
collaboration with a group of systems experts and design experts and supported by common administrative 
and information technology cores.

In the first project, we will examine and redesign the radiology ordering process. Unlike surgeries or 
medications, which are ordered by the same clinicians who perform or administer them, radiology studies 
uniquely are ordered by clinicians who are typically not expert in radiology and often have little knowledge 
about the best test or intervention to order. Little to no decision support is available to the ordering clinician in 
most environments, and direct communication with the expert radiologist is a rarity. Clinicians are often 
unaware of prior similar tests ordered by other providers or of cumulative radiation doses received by the 
patient. Radiologists, in turn, may be unaware of crucial contraindications to imaging, such as allergies, 
impaired renal function, or embedded metallic objects. This multidisciplinary project will redesign the ordering 
process to ensure patients receive the correct test the first time without adverse consequences or 
unnecessary duplication. The second project will focus on interventional radiology procedure ordering and 
conduct for hospitalized patients.



Like ambulatory patients, hospitalized patients are at risk of undergoing an inappropriate or redundant 
intervention because of failures in the ordering process. Moreover, their acuity of illness coupled with the 
dynamically changing pace of inpatient medicine adds several more layers of complexity to the system. 
Inpatients undergoing interventional procedures may be clinically unstable; may be receiving medications that 
need to be altered or held in anticipation of the procedure; may have coagulation disorders requiring 
identification and management prior to an invasive procedure; may need to be prepared for the procedure by 
withholding food and drink; may need to be monitored or receive treatments during or after the procedure; and 
must be appropriately counseled to provide informed consent. This project will apply lessons learned from 
ambulatory ordering redesign to improve the ordering process for inpatients and will explore safety risks 
unique to this acutely ill population. The third project will connect these two populations by focusing on the 
aftermath of the test: ensuring that, once the right study is performed, the results are reported in the most 
timely and usable fashion and that both the results and the patients themselves are followed up appropriately. 
We and others have found that radiologists are not consistent in their recommendations and often do not 
follow evidence-based guidelines;29 that their reports are not optimally helpful to the ordering clinicians;31 and 
that clinicians do not consistently perform recommended follow-up – either by over-aggressively following up 
benign findings or by missing necessary follow-up for worrisome findings.30 Lost follow-up is of greatest 
concern in cases in which the radiologist identifies an “incidental” but important finding that may need longer-
term follow-up, particularly in cases in which the clinician who should be responsible for long-term follow up 
(i.e., a primary care physician) is not the one who ordered the initial radiology test (i.e., an emergency 
physician).14,15 This third project will identify challenges to appropriate follow-up in both ambulatory and 
hospitalized patients and will test a number of interventions to improve patient safety after a radiology study or 
procedure is performed.

Setting

This project took place entirely within the NYU Langone Health System, a large quarternary care health system 
in New York City. Project 1 was focused on the emergency department setting (four distinct EDs); project 2 
was focused on interventional radiology at the main hospital campus and its interactions with the internal 
medicine service; project 3 was focused on both the inpatient and ambulatory settings.

Participants

Studies conducted as part of this large center grants included as participants the patients undergoing radiology 
studies/procedures, nurses, physicians, transporters, housekeeping, and IT staff. Specific inclusion criteria 
differed by study but in general included any patient or staff involved in the radiology process.

Incidence

The incidence of relevant radiologic studies varied by study. Approximately 1.8% of all ED patients underwent 
a CT pulmonary angiogram (>3,500 patients included in the study). Approximately 22% of pulmonary CT scans 
were found to have an incidentally identified pulmonary nodule (>1,000 patients included in the study). There 
were approximately 1,500 interventional radiology cases per year (>4,500 patients included in the study).

C. Methods:

Study Design

We conducted a variety of studies as part of this grant, each of which used a slightly different design. However, 
a common theme across all projects was an overall approach to systems redesign.



For all projects, we sought to develop 
successful shared sensemaking32,33 – 
a collective ability to make sense of 
complicated, dynamic, and ambiguous 
information without oversimplifying or 
ignoring discordant data – and 
wholesale system redesign: alterations 
in workflow, skills, culture, staffing 
patterns, equipment, incentives, and 
information technology. Our approach 
to systems redesign was based on 
process-based theories of change, 
which emphasize accounting for 
complexity; involving all stakeholders; 
tightly linking interventions to an in-
depth problem analysis; taking a 
sequential rather than wholesale 
approach; starting with easier, low-impact interventions; iterating and rapidly abandoning failures; and using 
data to monitor progress and reassess interventions.34-37 This theoretical model has been very successfully 
adapted by the design company IDEO, which partnered with us for all three projects to apply design thinking to 
radiology safety.38-40

Accordingly, first, we spent time understanding radiology diagnostic and intervention processes through direct 
observation, 360° interviews, chart reviews, adverse event reviews, and root cause analyses. Second, we 
created concepts for possible interventions using techniques from design firms (e.g., brainstorming, 
storyboarding, and creating composite, representative characters) and from operations management (i.e., 
service blueprinting). We made it a particular priority to include all relevant stakeholders in the design phase, 
including attending physicians and trainees in radiology and relevant specialties, nurses, radiology technicians, 
front desk staff, and our patient advocates. Then, we developed prototype interventions and tested and revised 
them on a small scale. For several projects, we then implemented the revised interventions to scale across the 
health system. Then, we conducted evaluations appropriate to the nature of the intervention, making full use of 
quality improvement and program evaluation methods, from qualitative analysis to quasi-experimental designs.

Data Sources/Collection

Data for these projects were largely drawn from the electronic health record at NYU Langone Health (Epic 
Systems, Verona, WI) as well as from the adverse event reporting system, interviews and focus groups, and 
surveys of staff and patients. We also collected phone log data and pager data to track communication events, 
and obtained patient experience survey results.

Interventions

We conducted a series of interventions, including:

1. an automatic calculation of the Geneva Score for risk of pulmonary embolism
2. a best practice alert in the EHR tied to the auto-calculated score that triggered on order of a CTPA
3. a monthly audit and feedback report to ED clinicians
4. a quality dashboard in Tableau illustrating CTPA quality-related outcomes on the provider and patient

level
5. a natural language processing tool to identify CT scans with incidental pulmonary nodules
6. an automatic guideline concordance calculator for CTPA
7. a standardized note template for interventional radiology consult



8. a standardized note template for post-IR procedure reporting
9. a dedicated IR consult position
10. a push notification to clinicians for IR procedure acceptance and for scheduled event
11. incorporation of scheduled IR events into unit nurse workflow for easy visualization
12. standardized scripting for transporters
13. low health literacy-suitable frequently asked questions brochures for every major IR procedure
14. pre/peri/post procedure music for patients via headphones for relaxation
15. a standardized macro for reporting of incidental findings
16. a dedicated dashboard for tracking of incidental findings
17. direct phone calls to patients with high priority incidental findings to ensure follow-up

Measures

Measures for the projects in this grant included:

1. proportion of CTPA that were guideline-concordant
2. yield of CTPA
3. D-dimer order rate per capita
4. CTPA order rate per capita
5. proportion of pre- and post-procedure notes that included all key elements
6. frequency of calls to IR with questions about procedure or timing
7. use of pain and sedation medications during procedure
8. pre/post procedure patient anxiety as measured by a standard instrument
9. frequency and type of adverse event reports

Results

This grant has generated numerous problem analyses and subsequent interventions. We have conducted 
dozens of qualitative interviews, reviewed hundreds of adverse event reports, spent over 100 hours in 
direct observations, led four half-day design charrettes, and implemented half a dozen interventions. 
Examples of some of the most important results the program has generated are:

Assessment of the frequency of non-guideline concordant CTPA ordering in the ED

We assessed 212 consecutive ED encounters with CTPA ordered and found that the frequency of 
guideline-discordant studies ranged from 53 (25%) to 79 (37%) depending on the scoring system used; 
46 (22%) were guideline discordant under all three scoring systems. Of these, 18 
(39%) had at least one patient-specific factor associated with increased risk for PE but not included in 
the risk stratification scores (e.g., travel, thrombophilia). These findings were reported in the Journal of 
the American College of Radiology.41

Development and implementation of a clinical decision support tool to promote guideline-
concordant CTPA ordering

This tool combines risk stratification and lab results to generate a recommendation to the provider if, 
and only if, they are attempting to order a guideline discordant exam. To determine a patient’s level of 
risk, we developed an autocalculated version of the risk stratification. The results of the development 
and validation of this autocalculated version of the revised Geneva score were published in Academic 
Emergency Medicine.42 Providers may decide to override the BPA; however, they need to acknowledge 
a reason for doing so before proceeding.



Development and implementation of a CTPA dashboard

The CTPA dashboard provides personalized and comparative ED-wide data on various CTPA ordering 
metrics. In addition to these generalized metrics, the dashboard also presents patient-specific data for 
providers to review. The dashboard is complementary to the CDS tool above, because it provides a 
consistent source of data that can be accessed by ED physicians at any time.

Development and implementation of an audit and feedback email intervention

The monthly audit and feedback emails acts as a way to provide physicians with a concise version of 
the data seen in the CTPA dashboard by pushing this information directly to their inbox. Providers who 
have ordered guideline-discordant exams receive an email that includes personalized data on their 
ordering behavior. The emails also contain a link to their CTPA dashboard so that they can easily 
review the cases discussed.

Collectively, the three interventions above were applied to 1,910 patients undergoing CTPA, who were 
compared to 1,677 patients in the pre-intervention period. Guideline concordance increased 
significantly (p<0.001) from 66.9% (1122/1677) to 77.5% (1480/1910). CTPA order rate and D-dimer 
order rate also increased significantly (from 17.1 to 18.4 per 1,000 patients, p=0.035, and 30.6 to 37.3 
per 1,000 patients, p<0.001, respectively). Percent yield showed no significant change (12.3% pre- 
vs.10.8% post-intervention; p=0.173). SPC analysis showed sustained special-cause variation in the 
post-intervention period for guideline concordance and D-dimer order rates, temporary special-cause 
variation for CTPA order rates, and no special-cause variation for percent yield. A paper reporting these 
findings is under review.

Assessment of adverse events associated with peri-procedural handoffs

We reviewed 375 adverse event reports related to vascular interventional radiology over a 6-year 
period. More than half (207, 55.2%) of reports involved no harm to patients; one (0.3%) involved severe 
permanent harm, and six (1.6%) involved death. Reports were filed from radiology (183, 48.8%), 
medical specialties (90, 24.0%), surgical specialties (52, 13.9%), and six other major specialties (50, 
13.3%). The most commonly reported adverse events were procedural complications (109, 29.1%), 
many of which had implications for post-procedure care. Additional types of adverse events particular 
to peri-procedural handoffs included treatment or transfer delays (47, 12.5%), pre-procedure 
optimization failures without delay (7, 1.9%), unanticipated changes in clinical condition following 
transfer (13, 3.5%), performance/near performance of the incorrect procedure (13, 3.5%), and multiple 
transfers for procedures because of poor coordination (2, 0.5%). Results of this study informed several 
of our subsequent interventions; an associated manuscript is under review.

Development and implementation of standardized documentation and communication for 
vascular interventional radiology

In our problem analyses, we identified a significant need for standardized communication between VIR 
and the referring specialties that included the key information needed by both sides. We implemented 
two standardized notes, which utilize a smartphrase within the EHR to delineate helpful pieces of 
information for the referring provider. We developed one note for pre-procedure communication and 
another for post-procedure communication. Audits demonstrated a mean of 3.5 key elements included 
in pre-procedure notes prior to standardization compared with 15.3 post-intervention (p<0.001) and 4.7 
key elements in post-procedure notes compared with 15 in post-intervention notes (p<0.001); these 
results were stable over a 1-year post-intervention period.



Pre-intervention staff surveys showed that 52.9% of non-VIR staff lacked confidence in knowledge of 
how to prepare patients for VIR procedures, compared with 30% after (p=0.40). Incoming phone calls 
to VIR decreased from 19,625 in the 6 months pre-intervention to 9,370 in the 6 months post-
intervention (p<0.001); this work was presented at the Society of General Internal Medicine annual 
meeting and the American Medical Informatics Association meeting.

Development of patient education materials for vascular interventional radiology procedures

In qualitative interviews with patients, we identified a need for proactive communication between 
providers and patients, who are often too ill to take the initiative to ask key questions. To address this 
issue, we developed a series of frequently asked question documents specific to each procedure. Each 
was reviewed by a patient literacy team to ensure appropriate language level, was standardized with 
other patient communication materials, and was embedded into the procedure order to ensure 
consistent receipt. Full implementation of these materials into routine workflow is ongoing.

Vascular interventional radiology staff and medicine staff training

Qualitative interviews with patients identified inadequate pain control to be a consistent problem during 
procedures; interviews with staff identified discomfort with pain and sedation dosing during conscious 
sedation procedures as a major barrier. We therefore held multiple in-services with VIR nurses and 
doctors with improved sedation outcomes. In addition, referring providers expressed a desire to learn 
more about VIR itself. To address this, we held in-services for referring providers on the basics of VIR 
and reasons to order a VIR consult.

Randomized trial of pre-/intra-procedure music for relaxation

We conducted a randomized trial of giving patients music to listen to before and during their procedure 
to determine whether it influenced anxiety scores and total pain and sedation medication use. We 
enrolled 126 patients (61 in intervention, 63 in control). We found no significant difference in mean dose 
of pain medication or sedation.

Development of a natural language processing tool to identify incidental pulmonary nodules

Using a tool developed at NYU, we trained and validated a natural language processing tool to identify 
incidental pulmonary nodules from unstructured radiology reports. The sensitivity and specificity of the 
algorithm was 96% and 86%, respectively. This algorithm was published in the Journal of the American 
College of Radiology.43

Direct outreach to patients newly identified with incidental pulmonary nodules

We conducted a pilot intervention to contact patients immediately after hospital discharge who had 
newly diagnosed pulmonary nodules requiring long-term follow-up. We created a registry and 
dashboard within the EHR to which patients were automatically added once a nodule was identified. 
Using a central coordinator based in the Cancer Center, we contacted patients by phone after 
discharge. Those who did not already have a plan for follow-up were referred to a dedicated nodule 
clinic established for the purpose. Of 45 patients with new nodule diagnoses over 3 months, we 
reached 29, of whom 10 were not aware of the diagnosis. The program was halted because the small 
numbers per week could not justify the staff allocation.
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