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source of medical error in the outpatient set-
ting [9]. Communication of test results is 
particularly vulnerable during transitions 
of care, such as the transition of patients be-
tween hospital and outpatient settings, which 
is a common occurrence for patients of hos-
pital-based radiology practices [10].

Malpractice lawsuits alleging failure of 
communication of radiologic test results are 
prevalent and are becoming more so [11]. In-
adequate communication of abnormal ra-
diologic test findings to the referrer is the 
third most common primary cause of medi-
cal malpractice lawsuits against radiologists 
in the United States [12]. Errors identified in 
malpractice claims are often multifactorial, 
with breakdown in communication identified 
as a causative factor in as many as 80% of 
malpractice lawsuits involving radiologists 
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R
ecommendations for follow-up 
imaging associated with abnor-
mal radiology test results are 
present in 2–5% of all radiology 

reports [1, 2]. A recommendation in a radiol-
ogy report implies a risk for the development 
of malignancy or other serious medical con-
dition. Reported compliance with obtaining 
recommended follow-up imaging for an ab-
normal radiologic finding is highly variable 
(range, 29–77%) [3, 4]. Inconsistent follow-up 
places patients at risk for delay in diagnosis.

Delayed cancer diagnosis is associat-
ed with patient harm, increased health care 
costs, and malpractice claims [5–8]. A 2011 
report from the American Medical Associ-
ation identified communication breakdowns 
between radiologists, referring providers, 
and office-based practitioners as a significant 
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OBJECTIVE. The purpose of this study was to determine whether a multistage tracking 
system could improve communication between health care providers, reducing the risk of 
delay in diagnosis related to inconsistent communication and tracking of radiology follow-
up recommendations.

MATERIALS AND METHODS. Unconditional recommendations for imaging follow-
up of all diagnostic imaging modalities excluding mammography (n = 589) were entered into 
a database and tracked through a multistage tracking system for 13 months. Tracking inter-
ventions were performed for patients for whom completion of recommended follow-up im-
aging could not be identified 1 month after the recommendation due date. Postintervention 
compliance with the follow-up recommendation required examination completion or clinical 
closure (i.e., biopsy, limited life expectancy or death, or subspecialist referral).

RESULTS. Baseline radiology information system checks performed 1 month after the 
recommendation due date revealed timely completion of 43.1% of recommended imaging 
studies at our institution before intervention. Three separate tracking interventions were stud-
ied, showing effectiveness between 29.0% and 57.8%. The multistage tracking system in-
creased the examination completion rate to 70.5% (a 52% increase) and reduced the rate of 
unknown follow-up compliance and the associated risk of delay in diagnosis to 13.9% (a 74% 
decrease). Examinations completed after tracking intervention generated revenue of 4.1 times 
greater than the labor cost.

CONCLUSION. Performing sequential radiology recommendation tracking interven-
tions can substantially reduce the rate of unknown follow-up compliance and add value to the 
health system. Unknown follow-up compliance is a risk factor for delay in diagnosis, a form of 
preventable medical error commonly identified in malpractice claims involving radiologists 
and office-based practitioners.
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[13]. Missed opportunities resulting in a pre-
ventable delay in the diagnosis of malignan-
cy related to noncompliance with follow-up 
imaging recommendations occur for 15% of 
lung cancer diagnoses [5].

Although it seems reasonable to assume 
that tracking recommendations would lead 
to an increase in recommended examination 
completion, this has not been documented 
in the literature. Published studies have at-
tempted to measure the effectiveness of elec-
tronic health record (EHR)–based alert no-
tification systems, primarily within the U.S. 
Department of Veterans Affairs. A study of 
1196 alerts found no statistically significant 
difference in the rate of proper follow-up be-
tween acknowledged and unacknowledged 
alerts for abnormal test results [14]. Sending 
EHR-based alerts to both the primary care 
provider (PCP) and the ordering clinician 
decreased the likelihood of timely follow-up, 
a finding that was attributed to diffusion of 
responsibility [15]. Missed test results have 
also been attributed to alert fatigue when 
EHR-based alerts are used [16].

Despite the increase in national atten-
tion to the problem of medical errors since 
publication of the Institute of Medicine’s 
report To Err is Human: Building a Safer 
Health System in 1999 [17], millions of pa-
tients continue to be affected by preventable 
medical errors each year. Adopting the sci-
ence of high-reliability systems into health 
care practice is currently a focus of the Joint 
Commission [18]. High-reliability systems 
have a goal of achieving zero patient harm. 
Reaching this goal requires a preoccupation 
with failure and the development of resilient 
multistep processes.

Materials and Methods
A three-stage system known as the Backstop 

system was developed to track recommendations 
for follow-up radiologic imaging studies and im-
age-guided interventional procedures. All imag-
ing modalities were included, with the exception of 
mammography. Recommendations were tracked 
for patients from the emergency department and 
inpatient and outpatient settings. Recommenda-
tions meeting the inclusion criteria included those 
for abnormal findings with malignant potential and 
vascular aneurysm. The criteria were designed to 
align with existing American College of Radiolo-
gy white papers on incidental findings and other 
common recommendation guidelines, such as the 
Fleischner Society criteria. Both indeterminate le-
sions requiring further characterization and find-
ings requiring interval follow-up were included.

Radiologists flagged reports with unconditional 
recommendations meeting the inclusion criteria at 
the time of dictation, and these reports were then 
entered into a custom database management sys-
tem (Access, 2010 version, Microsoft) developed 
in house for this tracking system. Unconditional 
recommendations were presented in the following 
format: “CT chest recommended in 6 months.” 
Conditional recommendations, such as “MRI ab-
domen should be considered for further character-
ization if warranted clinically,” were not included. 
Each recommendation that was entered into the 
database management system required a specific 
imaging modality (or modalities) that would sat-
isfy the recommendation plus a recommendation 
due date. If a range was provided for the recom-
mendation due date, then the longest time interval 
was used for tracking purposes. Individual recom-
mendations were tracked instead of patients or re-
ports, because some reports contained more than 
one recommendation with distinct recommended 
imaging modalities and due dates.

All tracking interventions were directed to the 
patient’s PCP. Using PCPs as the sole contact for 
follow-up interventions eliminated potential con-
fusion for the clerical navigator regarding which 
provider was responsible for arranging follow-up. 
If no PCP was documented for a patient, a letter 
was sent directly to the patient explaining that a 
radiology recommendation was overdue and en-
couraging the patient to obtain a PCP and discuss 
the recommendation with him or her.

Timely follow-up was defined as completion of 
the recommended imaging test or procedure with-
in the interval from 1 month before to 1 month af-
ter the recommendation due date. For example, 
timely examination completion for a study recom-
mended in 6 months was obtained between 5 and 7 
months after the initial study. One month after the 
recommendation due date, the radiology informa-
tion system was queried to determine whether the 
recommended study had been completed or sched-
uled. If it was completed, this was documented, 
and tracking for this recommendation was closed. 
If it was not completed, the stage 1 intervention 
was performed. This intervention consisted of re-
sending the radiology report in question to the pa-

tient’s PCP along with a cover letter explaining that 
an outstanding recommendation had been identi-
fied. This form was then faxed back to the clerical 
navigator with an explanation as to why the recom-
mendation was not performed, if such an explana-
tion could be identified by the PCP’s office staff.

One month after the stage 1 intervention was 
performed, the radiology information system was 
again queried regarding completion of the recom-
mended study. If the study was not completed, the 
stage 2 intervention (a telephone call from the cler-
ical navigator to the PCP’s office staff or nurse) 
was performed. If no information obtained from 
this telephone conversation allowed us to close the 
tracking of this recommendation, we again que-
ried the radiology information system the follow-
ing month. For studies that still were not complet-
ed, the stage 3 intervention (a direct telephone call 
from the radiologist to the PCP) was performed. 
For any recommendation that could not be closed 
after this discussion, a letter was sent to the pa-
tient explaining that an overdue radiology recom-
mendation existed and encouraging the patient to 
contact his or her PCP (Table 1). Satisfactory clin-
ical closure was categorized as surgical biopsy or 
resection, limited life expectancy or death, and 
other forms of appropriate clinical management 
inclusive of subspecialist referral. Recommenda-
tions could be cancelled by the radiologist at any 
stage if additional information was obtained that 
eliminated the risk to the patient from the abnor-
mal finding, most commonly identification of a re-
mote comparison study showing lesion stability 
that was performed at an outside institution.

Results
A total of 879 follow-up recommendations 

were entered into the tracking system from 
February 1, 2015, to February 29, 2016. This 
represented 1.3% of all 69,867 diagnostic ra-
diology studies performed in our health care 
system over these 13 months. A total of 589 
of the 879 entered recommendations (67.0%) 
were tracked to completion within the time 
frame of this project. The remaining recom-
mendations had due dates after the end of the 
study period.

TABLE 1: Tracking Intervention Timeline

Intervention Description of Intervention Intervention Timing

Stage 1 Resend the radiology report 1 month after recommendation due date

Stage 2 Clinical navigator makes telephone call to 
PCP office 

2 months after recommendation due date

Stage 3 Radiologist makes telephone call to PCP 3 months after recommendation due date

Patient letter Send letter directly to patienta As soon as tracking efforts were stopped

Note—PCP = primary care provider.
aLetter was sent to all patients without examination completion or clinical closure.
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Baseline (Preintervention Stage)
For 254 of the 589 recommendations 

(43.1%) that were tracked and closed, the rec-
ommended study was completed at our in-
stitution in a timely manner (within a month 
before or after the recommendation due date) 
(Table 2). An additional 10 recommended 
studies (1.7%) were completed more than 1 
month before the recommendation due date. 
Of these 10 examinations, seven (70.0%) did 
not resolve the clinical question, and gener-
ation of an additional recommendation was 
required. In these cases, the initial recom-
mendation was considered closed, and a new 
recommendation was entered to prevent du-
plicate tracking of a single abnormal finding. 
For nine patients (1.5%), an alternative im-
aging study was performed that resolved the 
clinical question despite the imaging modal-
ity not matching the recommended imaging 
modality. Four recommendations were clini-
cally closed after biopsy or resection. During 
data entry, 16 patients (2.7%) were identified 

as not having a documented active PCP. The 
remaining 296 recommendations (50.3%) en-
tered the first stage of the tracking system.

Stage 1 (Resend the Report)
In the month after the stage 1 intervention 

was performed, a total of 60 patients (20.3%) 
were confirmed to have undergone imag-
ing (Table 2). Information obtained after the 
stage 1 intervention allowed clinical closure 
for 25 recommendations (8.4%). Tracking 
was discontinued for eight patients (2.7%) at 
risk for being lost to follow-up (Table 3). The 
effectiveness of the stage 1 intervention in-
clusive of examination completion and clini-
cal closure was 29.0% (Table 4). The remain-
ing 203 tracked recommendations (68.6%) 
were advanced to stage 2.

Stage 2 (Call From Clerical Navigator to 
Primary Care Provider)

In the month after the stage 2 interven-
tion was performed, a total of 55 patients 

(27.1%) were confirmed to have undergone 
imaging (Table 2). Information obtained af-
ter the stage 2 intervention allowed clinical 
closure for an additional 45 recommenda-
tions (22.2%). Tracking was discontinued for 
39 patients (19.2%) at risk for being lost to 
follow-up (Table 3). The effectiveness of the 
stage 2 intervention inclusive of examination 
completion and clinical closure was 51.7% 
(Table 4). The remaining 64 tracked recom-
mendations (31.5%) were advanced to stage 3.

Stage 3 (Call From Radiologist to Primary 
Care Provider)

In the month after the stage 3 intervention 
was performed, a total of 12 patients (18.8%) 
were confirmed to have undergone imaging 
(Table 2). Information obtained after stage 3 
intervention allowed clinical closure for an 
additional 18 recommendations (28.1%). The 
radiologist cancelled eight recommendations 
(12.5%). Examination completion or clinical 
closure was not possible for the remaining 

TABLE 2: Intervention Outcomes by Stage for 589 Recommendations

Intervention Outcome At Baseline (n = 589)

After Intervention(s)

Stage 1 (n = 296) Stage 2 (n = 203) Stage 3 (n = 64) Aggregate (n = 589)

Examination completion 273 (46.3) 60 (20.3) 55 (27.1) 12 (18.8) 400 (67.9)

Completion identified in hospital radiology information 
system

254 (93.0) 41 (68.3) 18 (32.7) 4 (33.3) 317 (79.3)

Completion outside of hospital 0 (0.0) 15 (25.0) 33 (60.0) 7 (58.3) 55 (13.8)

Alternative imaging performed 9 (3.3) 4 (6.7) 4 (7.3) 1 (8.3) 18 (4.5)

Examination completed early 10 (3.7) 0 (0.0) 0 (0.0) 0 (0.0) 10 (2.5)

Clinical closure 4 (0.7) 25 (8.4) 45 (22.2) 18 (28.1) 92 (15.6)

Subspecialist referral or resolution 0 (0.0) 13 (52.0) 29 (64.4) 10 (55.6) 52 (56.5)

Limited life expectancy 0 (0.0) 10 (40.0) 13 (28.9) 0 (0.0) 23 (25.0)

Biopsy 4 (100.0) 2 (8.0) 1 (2.2) 0 (0.0) 7 (7.6)

Recommendation cancelled 0 (0.0) 0 (0.0) 2 (4.4) 8 (44.4) 10 (10.9)

Examination completion after patient letter was sent 2 (0.3) 1 (0.3) 5 (2.5) 7 (10.9) 15 (2.5)

Note—Data are number (%) of recommendations.

TABLE 3: Reasons Why Tracking Was Discontinued for 97 Patients Who Were at Risk for Being Lost to Follow-Up

Reason for Discontinuation

Timing of Discontinuation

At Baseline Stage 1 Stage 2 Stage 3 Aggregate

No PCP 16 (100.0) 2 (25.0) 2 (5.1) 1 (2.9) 21 (21.6)

Patient was noncompliant 0 (0.0) 4 (50.0) 23 (59.0) 19 (55.9) 46 (47.4)

PCP was informed 0 (0.0) 1 (12.5) 9 (23.1) 14 (41.2) 24 (24.7)

Patient was not active patient of listed PCP 0 (0.0) 1 (12.5) 4 (10.3) 0 (0.0) 5 (5.2)

Out-of-network PCP 0 (0.0) 0 (0.0) 1 (2.6) 0 (0.0) 1 (1.0)

All, no. of patients/total patients (%) 16/589 (2.7) 8/296 (2.7) 39/203 (19.2) 34/64 (53.1) 97/589 (16.5)

Note—Except where indicated otherwise, data are number (%) of patients. PCP = primary care provider.
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34 patients (53.1%), despite all three inter-
ventions having been performed, and these 
patients were at risk for being lost to fol-
low-up (Table 3). Either these patients were 
identified as noncompliant with PCP efforts 
to obtain recommended follow-up (19) or 
the PCP had lost track of the recommenda-
tion and expressed intent to order the rec-
ommended imaging test now that he or she 
had been reminded (14). Each of these 34 pa-
tients received a letter. The effectiveness of 
the stage 3 intervention inclusive of exami-
nation completion and clinical closure was 
57.8% (Table 4).

Letters to Patients
Letters were sent to a total of 97 patients at 

risk for being lost to follow-up (Table 3). Of 
the 97 letters sent, 15 (15.5%) resulted in ex-
amination completion at our hospital. Exam-
ination completions associated with patient 
letters are presented in Table 2.

Complete Tracking System
The combined multistage tracking sys-

tem increased the number of recommended 
imaging studies completed at our hospital 
from 254 (43.1%) to 317 (53.8%). In addition 
to these 63 imaging studies completed at our 
hospital, after one of our three interventions 
was completed, eight recommended imaging 
studies were performed at affiliated hospitals 
and 15 recommended imaging studies were 
performed at nonaffiliated imaging centers. 
After intervention, six patients had an alter-
native imaging study performed at our insti-
tution that answered the clinical question. 
Fifteen patients completed recommended 
imaging examinations after receiving a let-
ter from our department explaining the over-
due recommendation. From the 312 recom-
mendations for imaging studies, a total of 
107 such studies (34.3%) were completed af-
ter tracking intervention was done (Table 5).

The tracking system also provided infor-
mation on acceptable clinical nonimaging 
follow-up and imaging tests performed at 

other facilities before our intervention that 
was not available to the clerical navigator on 
review of our radiology information system. 
The number of recommendations for which 
an acceptable rationale for clinical closure 
existed increased from four recommenda-
tions (0.7%) before tracking intervention to 
92 recommendations (15.6%) after interven-
tion. These recommendations included 52 
patients managed clinically (by referral to a 
specialist or clinical resolution), 23 who had 
a limited life expectancy or died, and sev-
en patients who underwent biopsy. Ten rec-
ommendations were cancelled on the basis 
of additional comparison study informa-
tion obtained through intervention. In addi-
tion to these 88 clinical closures, information 
was obtained that confirmed preintervention 
completion of recommended imaging for 15 
recommendations at affiliated hospitals and 
17 recommendations at nonaffiliated sites. 
Three patients were identified as having an 
alternative imaging test performed before in-
tervention that answered the clinical ques-
tion. Information allowing confident closure 
of the recommendation directly attributable 
to tracking intervention was identified for 
123 of the 312 recommendations (39.4%) for 
which intervention was performed.

When information on imaging comple-
tion was combined with information obtained 
that led to clinical closure; the tracking sys-
tem confirmed satisfactory follow-up for 507 
of 589 recommendations that were closed 
(86.1%). The remaining 82 recommendations 
(13.9%) remained lost to follow-up, largely re-
lated to patient factors (Table 3). Through our 
tracking efforts, our health system was able to 
reduce the rate of patients at risk for delay in 
diagnosis (i.e., patients with unknown compli-
ance plus those who were lost to follow-up) 
from 53.0% to 13.9% (for a 74.0% reduction).

Discussion
Despite the increasing attention given to 

incidental findings by the American College 
of Radiology, delay in diagnosis, a form of 

preventable diagnostic medical error com-
monly identified in malpractice claims in-
volving radiologists and office-based practi-
tioners, persists [10, 15, 19]. Communication 
breakdowns between hospital-based referring 
providers and office-based practitioners place 
radiologists and their patients at risk [8–10]. 
Given the serious or fatal harm that can be as-
sociated with a delay in the diagnosis of ma-
lignancy, a high-reliability safety-net track-
ing system was implemented with the goal of 
adding value to our health system by reducing 
the risk of diagnostic medical error.

A number of strategic considerations were 
required in the development of the Back-
stop tracking system, given what is, to our 
knowledge, the absence of a similar report-
ed system in the literature. Because commu-
nication breakdowns are difficult to measure 
and eliminate, we chose to support the com-
munication and tracking systems currently 
in place, performing tracking interventions 
only for patients without confirmed exami-
nation completion 1 month after the recom-
mendation due date. This approach encour-
aged a collaborative relationship with our 
PCPs, whose office-based practices assisted 
with our interventions. We partnered exclu-
sively with PCPs and their offices to avoid 
confusion regarding whether the referring 
hospital-based provider, subspecialist pro-
vider, or PCP was responsible for arranging 
the follow-up examination.

Tracking could not be performed for rec-
ommendations lacking actionable character-
istics—namely, a specific imaging modality 
and due date. Addenda were requested and 
obtained for all tagged recommendations 
lacking specificity. This single action was 
100% effective in improving this aspect of 
the recommendations entered into the track-
ing system. Tracking is also impractical for 
conditional recommendations because de-
termination of whether conditional clinical 

TABLE 4: Outcomes of Recommendation Tracking by Intervention Stage

Outcome

Intervention Performed

Stage 1 (n = 296) Stage 2 (n = 203) Stage 3 (n = 64)

Examination completion 60 (20.3) 55 (27.1) 12 (18.8)

Clinical closure 25 (8.4) 45 (22.2) 18 (28.1)

Examination completion after patient letter 1 (0.3) 5 (2.5) 7 (10.9)

Tracking stage effectiveness 86 (29.0) 105 (51.7) 37 (57.8)

Note—Data are number (%) of recommendations.

TABLE 5: Recommended Imaging 
Studies Completed After 
Tracking Interventions 
Were Performed

Examination
No. (%) of Imaging 
Studies Completed

CT 64 (59.8)

MRI 14 (13.1)

Ultrasound 21 (19.6)

Radiography 8 (7.5)

Total 107 (100.0)
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criteria have been met cannot easily be per-
formed by non–clinical navigator staff. The 
risk of abnormal radiologic results associat-
ed with conditional recommendations is typ-
ically lower than that associated with uncon-
ditional recommendations.

Many referring offices used disparate 
EHR systems, which did not allow us to in-
clude EHR notifications in the tracking sys-
tem used in this study. Development of an 
EHR-centric tracking system within a high-
ly integrated health system may have altered 
our choice of tracking interventions. Involv-
ing patients in the tracking process aligns 
with a patient-centered care model and pro-
vides a low-cost mechanism to improve 
compliance [20]. Every patient for whom we 
could not document examination completion 
or clinical closure was informed of the out-
standing recommendation via a letter.

Nonimaging or clinical follow-up of ab-
normal radiologic results has not been well 
described in the literature given the difficul-
ty of manually obtaining this information. 
Through our tracking efforts, we were able to 
identify the relative frequency of satisfactory 
nonimaging closure composed of subspecial-
ist referral, limited life expectancy or death, 
and biopsy (Table 3). Subspecialist referral to 
oncologists and surgeons accounted for 57% 
of nonimaging closure. Limited life expectan-
cy (inclusive of patients receiving palliative 
care and deceased patients) was the only oth-
er category of clinical closure that occurred 
frequently (25%). Although the risk of delay 

in diagnosis may not be completely eliminat-
ed after PCP referral to a subspecialist, it pre-
sumably was reduced substantially, and track-
ing the subsequent workup was considered 
beyond the scope of the present study. An op-
portunity to identify nonclinical closure be-
fore intervention would be present in health 
systems that share an EHR system integrated 
with that of office-based providers. Exami-
nation completions performed outside of the 
health system and with the use of alternative 
imaging modalities identified by our tracking 
system (representing 14% and 5% of exami-
nation completions, respectively) would po-
tentially be misconstrued as noncompliance 
by an automated EHR-based tracking system.

Performing the three intervention stages 
sequentially likely reduced the effectiveness 
of stage 2 and 3 interventions because of se-
lection bias. Despite this, the effective closure 
rate of stage 2 (51.7%) and stage 3 (57.8%) in-
terventions remained higher than the closure 
rate of the stage 1 intervention (29.0%). None 
of the interventions tested resulted in an ef-
fective closure rate high enough to approach 
a high-reliability system if used in isolation, 
confirming our suspicions during the de-
sign of the Backstop system. Consequently, 
we believe that multistage tracking systems 
beginning with minimally intrusive inter-
vention and progressing to more disruptive 
interventions will be required to eliminate 
preventable medical error related to incon-
sistent communication between providers. 
Patient factors, such as lack of a PCP and 

noncompliance with either obtaining sched-
uled imaging studies or attempts to schedule 
office appointments to discuss actionable ra-
diologic findings, accounted for 72% of the 
13.9% of tracked patients without confirmed 
closure. Mailing a letter to these patients re-
sulted in an examination completion rate of 
15.5%, the lowest effective closure rate for an 
intervention studied. Although this rate is in-
fluenced by selection bias, it also shows that 
more aggressive patient contact interventions 
may be required to reduce risk further. Addi-
tional investigation into the specific causes of 
patient noncompliance, such as a lack of in-
surance, difficulty with scheduling or trans-
portation, a need for translation services, 
medical comprehension, and cost of follow-
up examinations, may prove beneficial.

From the perspective of the health system, 
each patient for whom examination com-
pletion or clinical management cannot be 
confirmed represents a risk for delay in di-
agnosis. The multistage tracking system de-
veloped for this study was able to reduce the 
rate of unknown compliance with recom-
mendations from 53.0% to 13.9% (for a 74% 
reduction) by both increasing the examina-
tion completion rate and gathering informa-
tion regarding clinical closure (Fig. 1). Mea-
suring the rate of patient harm secondary to 
preventable delay in diagnosis is not easily 
performed. In our health system, the report-
ed rate of severe patient harm events directly 
related to a breakdown in the communication 
of abnormal radiology test results during the 
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Fig. 1—Aggregate tracking system 
effectiveness. Bar graph shows that 
multistage tracking system developed 
for study achieved, with each 
subsequent intervention, reductions 
in rate of unknown compliance with 
recommendations. Examination 
completion category includes 
examinations performed after letters 
were sent, attributed to intervention 
stage in which they were sent.
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4 years before intervention was 1.33 events 
per 100,000 diagnostic examinations. Using 
this as a baseline, risk reduction associated 
with our interventions can be estimated to re-
duce severe patient harm to 0.35 events per 
100,000 diagnostic examinations. Although 
no adverse events related to delay in diag-
nosis were reported in the year subsequent 
to the present study, our sample size was too 
small to confidently confirm the estimated 
impact on patient harm. Implementation of a 
similar tracking system within a large health 
system over a number of years would allow 
more definitive assessment of risk reduction.

In addition to reducing the risk of patient 
harm and limiting medical legal liability, 
tracking recommendations resulted in the 
added benefit of increased fee-for-service 
revenue. More than 72% of additional exam-
inations completed after tracking interven-
tion were either CT or MRI (Table 5). The 
technical revenue generated from the 18.2% 
of examinations completed after tracking in-
tervention was 5.2 times the labor cost of the 
clerical navigator position, which was the pri-
mary expense associated with the program. 
Most of this revenue (78.5%) was captured at 
our hospital, resulting in an annual return on 
investment that was 4.1 times greater than the 
labor cost, discounting the variable costs of 
imaging. Identifying quality initiatives that 
add value to both patient care and the financ-
es of health systems is critical given the com-
petition for limited resources available at hos-
pitals facing shrinking operating margins.

The present study has shown the value of 
multistage radiology recommendation track-
ing to reduce preventable patient harm, reduce 
medical legal liability, and increase revenue. 
We did not attempt to validate the consisten-
cy of tracked recommendations with avail-
able guidelines. Prior research has shown high 
variability and inconsistency in this regard. 
To further increase the value added by track-
ing recommendations, the effectiveness of new 
information technology tools, such as point-
of-care clinical decision support for evidence-
based recommendation generation, should be 

investigated. It is difficult to estimate the de-
gree to which radiologists were compliant with 
entering recommendations that met our inclu-
sion criteria. Validation of the effectiveness 
of natural language processing to prospective-
ly identify radiology reports with recommen-
dations worthy of tracking may eliminate the 
need for radiologists to enter examinations into 
tracking systems and may improve the capture 
rate of appropriate recommendations. Random-
ized controlled trials testing alternative tracking 
methods may increase the efficiency and effec-
tiveness of tracking efforts before more wide-
spread adoption of the practice.
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