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� Abstract—Background: Incidental finding (IF) follow-up
is of critical importance for patient safety and is a source
of malpractice risk. Laboratory, imaging, or other types of
IFs are often uncovered incidentally and are missed, not ad-
dressed, or only result after hospital discharge. Despite a
growing IF notification literature, a need remains to study
cost-effective non–electronic health record (EHR)–specific
solutions that can be used across different types of IFs and
EHRs. Objective: The objective of this study was to evalu-
ate the utility and cost-effectiveness of an EHR-independent
emergency medicine–based quality assurance (QA) follow-
up program in which an experienced nurse reviewed labora-
tory and imaging studies and ensured appropriate follow-up
of results. Methods: A QA nurse reviewed preceding-day
abnormal studies from a tertiary care hospital, a commu-
nity hospital, and an urgent care center. Laboratory values
outside preset parameters or radiology over-reads result-
ing in clinically actionable changes triggered contact with
an on-call emergency physician to determine an appropri-
ate intervention and its implementation. Results: Of 104,125
visits with 1,351,212 laboratory studies and 95,000 imaging
studies, 6530 visits had IFs, including 2659 laboratory and
4004 imaging results. The most common intervention was
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contacting a primary care physician (5783 cases [88.6%]).
Twenty-one cases resulted in a patient returning to the ED,
at an average cost of $28,000 per potential life-/limb-saving
intervention. Conclusions: Although abnormalities in lab-
oratory results and imaging are often incidental to patient
care, a dedicated emergency department QA follow-up pro-
gram resulted in the identification and communication of
numerous laboratory and imaging abnormalities and may
result in changes to patients’ subsequent clinical course, po-
tentially increasing patient safety. © 2023 Elsevier Inc. All
rights reserved. 

� Keywords—patient safety; risk management; mal-
practice claims; incidental findings; abnormalities;
cost-effectiveness; imaging results; laboratory results 

Introduction 

Communication with primary care providers (PCPs) after
an acute care visit and lack of clear physician ownership
are common sources of error and litigation ( 1–4 ). Lab-
oratory tests and radiographic studies are often ordered
in acute care settings, such as the emergency department
(ED) or urgent care centers (UCC), and results may not
return until after a patient has been discharged. Urine and
wound cultures and sexually transmitted infection (STI)
testing, for example, commonly take 24–48 h to result.
ly 2023; 
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Even if results could be available on the day of discharge,
it may be impractical to wait for all of the studies to re-
turn when the patient is deemed safe for discharge. In
these cases, there is neither an opportunity to discuss re-
sults with the patient nor to include them in a discharge
summary shared with them and their PCP. In other cases,
results may be available predischarge but they do not re-
late to the patient’s presenting symptom. However, these
results may contain important incidental findings (IFs)
and recommendations for follow-up care, with varying
acuity and urgency (e.g., a pulmonary nodule on a chest
x-ray study, an aneurysm on computed tomography [CT],
or an asymptomatic anemia). 

Compounding the need for follow-up, emergency ra-
diology is faced with rapidly growing imaging volumes,
with advanced imaging dramatically increasing the like-
lihood of finding abnormalities from 7.4% to as high
as 53% ( 2 , 5–16 ). Although these findings vary in clin-
ical significance, there is potential for IFs to represent
life-threatening disease, such as malignancy ( 2 , 17 ). Nev-
ertheless, these incidental radiologic abnormalities are
frequently not addressed when in the ED or after dis-
charge ( 6 , 7 , 14 , 18 ). 

A variety of systems have been suggested to improve
follow-up, yet we are unaware of studies describing how
many hospitals or hospital systems have a formal system
to ensure ED follow-up. 

Many institutions rely on physicians or registered
nurses when working clinical shifts to follow-up on results
of late-returning studies ( 1 , 19–21 ). This includes follow-
up of cultures and final reads of radiographs; follow-up
of electrocardiograms (ECGs), radiology over-reads, cul-
ture results; and follow-up of incidental radiology find-
ings ( 21–23 ). Others have used nurse practitioners and
physician assistants to follow up culture results and IFs
( 3 , 9 , 18 , 20 , 24 , 25 ). Finally, others have leveraged radiol-
ogy administrative staff to contact patients directly and
schedule post-discharge follow-up imaging appointments
( 26 ). 

Technological solutions include an electronic log sys-
tem and e-mail notifications for tests pending at discharge
or IFs on CT ( 8 , 19 , 27 , 28 ). Attempts at improving com-
pliance by means of standardization include a discharge
summary template for tests pending at discharge, radiol-
ogy report template for IFs, and mailing a notification of
IFs to patient and PCP ( 12 , 23 , 28 , 29 ). Notably, electronic
health records (EHRs) are a promising approach to facili-
tate follow-up of abnormal results, but research has shown
that EHRs alone are insufficient to improve care quality
and may even be counterproductive due to a high volume
of alerts and notifications to physicians ( 30–36 ). 

Despite prior interventions, previous studies have
found the percentage of abnormal tests not followed up
on at discharge ranged from 1% to 75% ( 19 , 37 ). 
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In the early 2000s, aware of these inherent limitations
of our fragmented health system and how it struggles to
tackle the emergence of ED IFs, we instituted an emer-
gency medicine (EM) quality assurance (QA) follow-up
program. This program is nursing-led in conjunction with
an on-call senior emergency physician and is tasked with
reviewing all laboratory and radiology reports for any
abnormalities requiring follow-up within or beyond our
institution, an urban tertiary care teaching hospital. 

We set out to follow up on all laboratory and imag-
ing tests of any ED and UCC patient registered on the
previous day who was discharged or still in the ED. Our
QA team would not only address abnormalities among pa-
tients with in-network PCPs, but also among patients with
out-of-network PCPs or without a PCP. Faced with con-
strained information technology budgets and a plethora of
different EHRs within our own health network, we pur-
posefully decided that our QA team would remain EHR-
independent. This allowed for our QA team’s purview to
grow over time and to include a suburban community hos-
pital, as well as a UCC. Communication to patients and
PCPs is performed independent of the EHR. Finally, our
HER-independence and clinical model enables us to sup-
port sustained continuity of care in partnership with PCPs,
which has been found to decrease hospitalizations, ED
use, and unnecessary IF downstream testing, and to im-
prove receipt of preventative services ( 38–40 ). 

The objective of this study was to evaluate the utility
and cost-effectiveness of an EHR-independent EM-based
QA program in which a dedicated, experienced nurse
reviews laboratory and imaging studies to ensure appro-
priate follow-up for abnormal results. 

Materials and Methods 

Study Design 

This was an observational study of a QA follow-up
program from August 1, 2018, through September 30,
2019. Three clinical sites were included in the study, with
approximately 90,000 visits. The primary clinical site was
an urban tertiary care teaching hospital with an annual ED
volume of 55,000 visits, where all laboratory and imaging
results were reviewed by the QA team. A more limited
subset of data comprising radiology over-reads and IFs
and late-returning laboratory results, such as culture data,
was processed for two affiliated clinical sites, a suburban
community hospital with annual ED volume of 16,750
visits and a UCC with an annual volume of 17,500 visits.
This study was part of an Institutional Review Board–
exempted quality improvement project. 

The QA follow-up team comprises two full-time
nurses who each work 3 days per week, with per-diem
al Security de ClinicalKey.es por Elsevier en diciembre 07, 2023. Para 
 Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



e570 M. Blodgett et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

coverage for the seventh day, for between 8 and 12 h of
staffing per day. All follow-up nurses are experienced cur-
rent or former ED clinical nurses. In addition, the QA
nurses are supported by an administrator who works 32
h/week. Funds for the QA follow-up staff are paid by the
hospital system and the administration and oversight of
the QA follow-up system are supported by the ED. The
QA team includes an on-call physician who is a rotating
senior EM attending physician who acts as administrator
on call for a variety of departmental functions, including
any time-sensitive function outside of clinical care in the
ED. These physicians include the department chair, vice
chairs, and other senior-level departmental leadership. 

Data Review Protocol 

Each day the QA nurse reviews all laboratory values
for abnormalities and all updates to radiology imaging
from the preceding day for patients who have been dis-
charged from the ED to home or a medical rehabilitation
facility. Pending culture data are reviewed daily as well.
Preset parameters are used to determine necessary follow-
up for laboratory abnormalities ( Table 1 ). 

Radiology studies are reviewed for all findings for
which a follow-up study is recommended by the radiol-
ogist (e.g., a repeat radiograph recommended to ensure
resolution of a pulmonary consolidation). In addition,
when a clinically significant finding is noted on the fi-
nal radiology report that was not noted on the wet read
(i.e., preliminary read to evaluate for acute pathology),
the attending radiologist contacts the QA nurses and rec-
ommends the appropriate intervention, whether that is
contacting the patient, calling the patient back to the ED,
or communicating the finding to the PCP. 

Prior records are reviewed to determine whether an
abnormality is a new finding. The ED and UCC visit
notes are reviewed to see whether the abnormality was ad-
dressed and what arrangements were made to address it.
If intervention is required, the default action is to contact
the patient’s PCP by e-mailing or faxing them the iden-
tified abnormality. Importantly, the QA team aggregates
IFs pertaining to the same patient, rather than notifying
the PCP piecemeal, thereby reducing alert fatigue. Finally,
patients are contacted directly if the PCP is unknown or
indicates the patient is not part of their panel or the finding
requires the patient to take an immediate or critical action.

Clinical judgment is often used to guide notification
for other IFs and, when presented with ambiguous situa-
tions, the on-call emergency physician is queried, thereby
offering another opportunity to reduce unnecessary PCP
notifications. Conversely, they may press for communica-
tion with PCPs or patients due to the high acuity of an
IF or final-read finding. If the patient is contacted, further
history may be gathered (e.g., to elicit whether the patient
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has symptoms consistent with a radiographic suggestion
of pneumonia). The patient may be called back to the ED
for further evaluation or prescribed medication; at times
no further action will need to be taken. 

For QA team documentation, a note is placed in the
EHR where the visit took place documenting the action
taken by the QA nurse or the recommendation from the ra-
diologist or on-call emergency physician. In addition, the
QA nurse keeps an electronic log of all patient care com-
munications made. Finally, the state department of health
is notified of any reportable conditions. 

Data Collection and Processing 

Data were drawn from the QA follow-up team logs,
which recorded the date, test abnormality, and interven-
tion taken. Focused chart reviews were performed on
patients who were called back to the ED. Follow-up ac-
tions were summarized for all visits. Author consensus
was used to determine potentially life- or limb-saving in-
terventions among patients called back to the ED. Lastly,
we looked at cost of this follow-up initiative compared
with alternatives commonly used in other health care
systems. The total program cost was divided among po-
tentially life- or limb-saving interventions to determine
the cost per critical intervention. 

Results 

During the study period, the ED QA follow-up team
reviewed 1,351,212 laboratory studies at the primary clin-
ical site and approximately 95,000 imaging studies across
all three clinical sites, which resulted in 6530 patient vis-
its with IFs. A total of 6588 patient or PCP contacts were
undertaken during the study period. The most common
action taken was contacting a patient’s PCP (5783 cases).
An on-call emergency physician was consulted 741 times
and a medication was prescribed 613 times. In select situ-
ations, an action other than contacting a patient or a PCP
was undertaken. These include contacting a facility or re-
habilitation center, sending a certified letter when unable
to reach the patient, and contacting the department of pub-
lic health for reportable conditions (typically STIs). These
actions were indicated as “other” ( Table 2 ). 

Although the QA follow-up system exists primarily for
patients discharged from the ED, in instances when the
QA team was made aware of a critical result in an inpa-
tient this was communicated to the inpatient team. This
occurred based on the results of urine cultures, blood cul-
tures, peritoneal culture, varicella zoster virus serology,
and radiologic findings, including fracture, dislocation,
pleural effusions, hardware malalignment, and pulmonary
consolidation ( 2 , 5 , 7 ). 
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Table 1. List of Follow-Up Protocol Reporting Parameters 

Variable Parameters Warranting Follow-Up 

Laboratory tests 

White blood cell count < 3 or > 25 × 10 

9 /L 

Hematocrit 10% decrease from prior value 

Platelet count < 50 or > 600 × 10 

9 /L 

International normalized ratio Outside of therapeutic range (per chart review) 
Glucose, mg/dL < 50 or > 150 

Lipase, IU/L > 180 or greater than prior value 

Total bilirubin, mg/dL > 1.5 or greater than prior value 

Lactate dehydrogenase, alkaline phosphatase, and 

raised aspartate aminotransferase, alanine 

aminotransferase 

50% higher than upper limit of normal or 50% 

increase from prior value 

N-terminal prohormone of brain natriuretic peptide, 
pg/mL 

> 750 

Thyroid-stimulating hormone, μIU/mL < .27 or > 4.42 

Potassium, mEq/L < 3.4 or > 5.4 

d-Dimer If greater than age adjusted cutoff ( > 500 

ng/mL fibrinogen-equivalent units if aged ≤ 50 

years or age multiplied by 10 in patients aged > 50 

years), only if no computed tomography 

angiography is ordered 

Erythrocyte sedimentation rate, mm/h > 50 

Alkaline phosphatase No follow-up 

Urine/serum toxicology No follow-up 

Urine microscopy No follow-up 

Troponin Elevated from prior values 

Creatinine Elevated from prior values 

All other laboratory results Value outside of reference range 

Cultures 

Wound, cerebrospinal fluid, blood, urine, throat, 
genitourinary, stool 

Any positive culture 

Imaging 

Examples of communicated findings: urolithiasis, 
pneumonia, fractures, sinusitis, pulmonary vascular 
congestion, foreign body, small bowel obstruction, 
diverticulosis, diverticulitis, cholecystitis, 
appendicitis, epididymitis, osteomyelitis, 
granulomas, hemangiomas, pulmonary opacities or 
nodules, new or large pleural effusions, elbow 

effusions, spondylolisthesis, adenomas, mesenteric 

adenitis, fibroids, ovarian cysts, ovarian or testicular 
torsion 

—

 

 

 

 

 

 

Of the 6530 visits with IFs, 2659 (40.7%) involved
laboratory test results and 4004 (61.3%) were related
to imaging study results ( Table 3 ). Categorization of
laboratory testing is detailed in the Appendix. Medi-
Descargado para Anonymous User (n/a) en National Library of Health and Soci
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cations were prescribed most commonly on the basis
of culture data (432 cases) and imaging findings (122
cases). 
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Table 2. Interventions Taken by Quality Assurance Nurses 

Action Taken No. of Visits % 

Primary care physician contacted 5783 88.6 

Medical doctor consult 741 11.3 

Called patient 805 12.3 

Called pharmacy 613 9.4 

Contacted inpatient team 21 0.3 

Patient return to emergency department 21 0.3 

Other 10 0.2 

Table 3. Interventions Taken for Laboratory Tests and Imaging Studies 

Test Visits With a 

Follow-Up 

Action, n (%) 

Visits Where 

PCP Was 

Contacted, n 

(%) 

Visits Where 

MD Was 

Consulted, n 

(%) 

Visits Where 

Patient Was 

Called, n (%) 

Visits Where 

Medication Was 

Prescribed, n 

(%) 

Any laboratory test 2659 (40.7) 2116 (79.6) 562 (21.1) 593 (22.3) 496 (18.7) 
Chemistries 918 (14.1) 867 (94.4) 55 (6.0) 54 (5.9) 35 (3.8) 
Culture 614 (9.4) 172 (28.0) 467 (76.1) 477 (77.7) 432 (70.4) 
Complete blood count 614 (9.4) 608 (99.0) 8 (1.3) 8 (1.3) 3 (0.5) 
Hemoglobin A1c 183 (2.8) 177 (96.7) 4 (2.2) 6 (3.3) 3 (1.6) 
Liver function tests 157 (2.4) 155 (98.7) 4 (2.5) 3 (1.9) 7 (1.9) 
Other laboratory 99 (1.5) 86 (86.9) 10 (10.1) 15 (15.2) 3 (7.1) 
Coagulation studies 69 (1.1) 61 (88.4) 2 (2.9) 10 (14.5) 0 (0.0) 
NT-proBNP 46 (0.7) 46 (100.0) 0 (0.0) 1 (2.2) 0 (0.0) 
Thyroid-stimulating hormone 44 (0.7) 44 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Inflammatory markers 37 (0.6) 36 (97.3) 1 (2.7) 1 (2.7) 1 (2.7) 
Sexually transmitted infection 34 (0.5) 14 (41.2) 18 (52.9) 24 (70.6) 16 (47.1) 
Any radiology study 4004 (61.3) 3801 (94.9) 190 (4.7) 217 (5.4) 122 (3.0) 
Computed tomography 2226 (34.1) 2153 (96.7) 61 (2.7) 69 (3.1) 43 (1.9) 
X-ray study 1085 (16.6) 979 (90.2) 115 (10.6) 122 (11.2) 70 (6.5) 
Ultrasound 603 (9.2) 586 (97.2) 8 (1.3) 18 (3.0) 5 (0.8) 
Magnetic resonance 100 (1.5) 93 (93.0) 7 (7.0) 8 (8.0) 4 (4.0) 

MD = medical doctor; NT-proBNP = N-terminal prohormone of brain natriuretic peptide; PCP = primary care provider. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For laboratory tests, follow-up was most common for
chemistry panels (n = 918), blood counts (n = 614),
and cultures (n = 614). Follow-up for imaging studies
was most often related to CT (n = 2226), followed by
x-ray study (n = 1,085) and, less commonly, ultrasound
(n = 603) and magnetic resonance imaging (n = 100). 

Senior emergency physician consultations were used
most frequently for culture data (n = 467), abnormal x-ray
studies (n = 115), and abnormal CTs (n = 61), followed
by chemistry panel abnormalities (n = 54) and STI testing
(n = 18). Although the most common action taken over-
all was contacting the PCP, the action taken for culture
results was more commonly a call to the patient (78%),
Descargado para Anonymous User (n/a) en National Library of Health and Soci
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then physician consult (76%) and prescription of medica-
tion (70%). 

Table 4 outlines the 21 cases that resulted in a patient
being called back to the ED. Eight of these instances were
due to an imaging study, 12 were due to laboratory study
abnormalities, and 1 was based on an ECG. Among these
patients, 7 were ultimately discharged, 10 were admitted,
and 4 declined to re-present to the ED. 

Notable findings included over-reads of CT angiogra-
phy of the head and neck, which showed an arteriove-
nous fistula, a basilar thrombus, an middle cerebral artery
aneurysm, and a carotid dissection. Additional imaging
over-reads included an ankle x-ray over-read showing
al Security de ClinicalKey.es por Elsevier en diciembre 07, 2023. Para 
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Table 4. Outcomes for Patients Called Back to the Emergency Department 

Case 

No. 
Test Narrative Outcome Hospital/Outpatient Course 

1 Laboratory Clostridioides difficile resulted positive, 
called back to ED, declined, prescribed 

PO antibiotics and told to follow-up with 

PCP. 

Declined —

2 Laboratory Elevated d-dimer not addressed during 

ED visit, called back to ED. CTA 

negative for pulmonary embolism. 

Discharged —

3 Laboratory Contacted after positive blood cultures 

that were drawn prior to lithotripsy. 
Called back to ED. 

Admitted Started on IV antibiotics. 
Hospitalized for 4 days and 

discharged with 14-d treatment 
for bacteremia. 

4 Laboratory Urine culture resulted resistant to 

antibiotics. Not tolerating PO. Called 

back to ED. 

Admitted Treated for resistant urinary 

tract infection with IV antibiotics 

for 1 wk. 
5 Laboratory Elevated hemolyzed potassium was not 

re-checked. Called back to ED, 
potassium was normal on recheck. 

Discharged —

6 Imaging CTA head and neck initially read as 

normal and patient discharged. 
Over-read with possible dural AV fistula. 
Neurosurgery consulted with plan for 
outpatient angiography. 

Discharged —

7 Laboratory Urine culture resulted with 

antibiotic-resistant organism. Called 

back for IV antibiotics, urinary catheter 
exchange, admitted to urology. 

Admitted Admitted for 4 d and discharged 

with midline and outpatient IV 

antibiotics. 

8 Imaging CTA head and neck initially read as 

normal and patient discharged. Called 

back with over-read showing basilar 
artery thrombus. However, this 

over-read was then found to be posted 

in error. No new symptoms uncovered 

and was discharged. 

Discharged —

9 Imaging CTA head and neck initially read as 

normal and patient discharged. CTA 

over-read with middle cerebral artery 

aneurysm, called back, plan for 
outpatient CTA. 

Discharged Outpatient CTA most consistent 
with artifact. 

10 Imaging Ankle x-ray study initially read as 

negative. Over-read demonstrated 

calcaneus fracture. CT showed 

calcaneus fracture with articular 
extension. Orthopedics consulted, 
advised outpatient follow-up. 

Discharged Followed up outpatient, healed 

well with casting and 

nonoperative management. 

( continued on next page ) 
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Table 4. ( continued ) 

Case 

No. 
Test Narrative Outcome Hospital/Outpatient Course 

11 Laboratory Blood cultures resulted with GPC and 

patient was called back to the ED. 
Patient did not re-present for evaluation. 

Declined —

12 Imaging CT chest initially read with rib fractures, 
over-read demonstrated pneumothorax. 
Referred to tertiary care center for 
trauma evaluation. 

Admitted Pneumothorax larger on 

re-presentation and tube 

thoracostomy performed. 
Admitted for 2 d with 

improvement in pneumothorax 

and removal of catheter. 
13 Laboratory Arthrocentesis performed for knee 

effusion. Joint cultures were sent and 

returned positive for GPC. 

Discharged On re-evaluation knee pain was 

significantly improved. 
Orthopedics consulted; felt to 

be a contaminant. Discharged 

with PO antibiotics and 

outpatient orthopedics 

follow-up. 
14 Laboratory Presented with weakness and chills. 

Found to have urinary tract infection. 
Discharged with PO antibiotics. Called 

back with blood cultures that grew 

Gram-negative rods. 

Admitted Admitted to ED observation unit 
for antibiotics for pyelonephritis. 
Symptomatically improved and 

discharged the next day. 

15 Imaging Over-read of chest x-ray study with 

concern for loculated effusion. 
Admitted Admitted for 6 d. CT chest 

suggestive of malignancy. CT 

abdomen pelvis with 

widespread blastic skeletal 
disease. Thoracentesis 

performed. Lymph node biopsy 

performed. 
16 Laboratory Called back for GPCs in blood culture. 

MRI obtained, which showed 

discitis/osteomyelitis. Transferred to 

tertiary care center. 

Admitted Spine surgery consulted, 
advised conservative 

management. Admitted to ICU. 
Improvement in symptoms on 

IV antibiotics. Discharged with 

PICC and IV antibiotics. 
17 Laboratory Patient who presented with flank pain 

was signed over to oncoming attending 

awaiting a CT, laboratory testing, and 

urinalysis. CT showed kidney stones. 
Discharged by oncoming team without a 

urinalysis. Primary attending had patient 
called back for urinalysis. Patient 
declined, as he was feeling better. 

Declined —

( continued on next page ) 
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Table 4. ( continued ) 

Case 

No. 
Test Narrative Outcome Hospital/Outpatient Course 

18 Imaging MRI spine initially read as paracentral 
disc protrusion but with no cord signal 
abnormality. Over-read with cord signal 
abnormality. 

Admitted Spine surgery re-consulted, and 

taken to OR for 
microdiscectomy. Admitted for 
3 d. Lower extremity weakness 

improved. 
19 Laboratory Stool cultures returned growing 

Salmonella . Patient discharged on 

appropriate antibiotics and was 

improving and declined re-evaluation. 

Declined —

20 Imaging CTA head and neck showed a stable 

aneurysm. Over-read demonstrated 

carotid dissection. Neurology consulted; 
admitted to neurology service. 

Admitted Review of imaging showed 

carotid web vs. post-surgical 
change. Discharged the next 
day. 

21 ECG ECG obtained, not remarked on by ED 

attending. Over-read by cardiology as 

high-degree atrioventricular block. 

Admitted Admitted to cardiology, 
pacemaker placed, no 

complications, discharged next 
the day. 

AV = arteriovenous; CT = computed tomography; CTA = computed tomography angiography; ECG = electrocardiogram; 
ED = emergency department; GPC = Gram-positive cocci; ICU = intensive care unit; MRI = magnetic resonance imaging; 
OR = operating room; PCP = primary care physician; PICC = peripherally inserted central catheter; PO = per os. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a calcaneus fracture, a CT chest over-read showing a
pneumothorax, a chest x-ray over-read showing a loc-
ulated pleural effusion, and magnetic resonance spine
over-read showing canal narrowing and associated cord
signal abnormality. Laboratory abnormalities included
positive stool, urine, and blood cultures. Another patient
was called back when a cardiologist over-read an ECG
as showing a high-degree atrioventricular block. In this
instance, the on-call physician was contacted by the car-
diologist regarding the ECG finding and the QA nurse
intervened to facilitate calling the patient back to the ED.

Since institution of this follow-up program, our QA
department has become aware of a miss rate of abnormal-
ities among follow-up studies that were not appropriately
addressed by the QA follow-up program that averages
less than 1 per year. These missed cases were due to ei-
ther data reporting malfunction, such as the institution of
new laboratory results reporting system without including
the follow-up team in the process, or human error. These
missed cases were uncovered on QA reviews of ED re-
turns or outside physician and patient complaints. 

We found the average pay rate for the QA nurses to be
$55.65 per hour with a total of 80 hours of staffing cov-
erage weekly, totaling $231,504 per year. The cost of the
QA follow-up administrator, at a rate of $27.60 per hour
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and a 32-hour work week, totaled $45,926 per year. No
additional funding is allocated for the on-call physician;
their QA duties are included in their pre-existing function
as on-call administrator, for which the ED affords them a
stipend. With a total annual staffing cost of $277,430, the
ED QA system identified 6530 abnormalities at a cost of
$42.48 per visit with an abnormality or abnormalities. For
the 21 patients called back to the ED, there was an average
cost of $13,211 per patient. Of the 21 patients called back,
9 were admitted for a potentially life- or limb-saving in-
tervention (cases 3, 4, 7, 12, 14, 15, 16, 18, and 21). One
additional patient had a life-threatening etiology identi-
fied, for which the patient declined to re-present to the
ED (case 11). This resulted in an annual program cost of
$27,743 per potentially life- or limb-saving intervention.
Table 5 compares the cost of this system with commonly
used alternative follow-up systems. 

Discussion 

In this study, we described what we believe to be a
unique comprehensive EHR-independent QA system that
addresses late-returning laboratory results, incidental ra-
diologic findings, and radiology over-reads. Thousands
of patient contacts were made and multiple high-risk
al Security de ClinicalKey.es por Elsevier en diciembre 07, 2023. Para 
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Table 5. Savings of Dedicated Quality Assurance Nurse Model vs. Common Alternatives 

Variable Dedicated QA 

Nurses (Current 
Scenario) 

Charge Nurses 

Scenario 

∗
ED Attending 

Scenario 

Nurse wage, $/h 55.65 65 210 

No. of h/wk 80 80 80 

No. of wk/year 52 52 52 

Annual wages, $ 231,504.00 270,400.00 873,600.00 

QA oversight ED attending wage Covered as on-call 
administrator 
wages 

Covered as on-call 
administrator 
wages 

No need 

QA administrator wage, $/h 27.60 27.60 27.60 

No. of h/wk 32 32 32 

No. of wk/year 52 52 52 

Annual wages, $ 45,926.40 45,926.40 45,926.40 

Total annual wages, $ 277,430.40 316,326.40 919,526.40 

Abnormalities, n 6530 6530 6530 

Call-back patients, n 21 21 21 

Admitted patients, n 10 10 10 

Cost per abnormality, $ 42.49 48.44 140.82 

Cost per call back, $ 13,210.97 15,063.16 43,786.97 

Cost per potentially lifesaving intervention, $ 27,743.04 31,632.64 91,952.64 

ED = emergency department; QA = quality assurance. 
∗ Human Resources, personal communication, September 22, 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

conditions were identified and appropriately triaged. We
believe this system improves outpatient follow-up and
coordination of care regarding abnormalities identified
during a patient’s ED stay. Furthermore, our data offer an
understanding of the likelihood of requiring emergency
physician consultation, as well as the appropriate staffing
level and cost to establish a QA team capable of covering
multiple sites. 

This QA follow-up system has several compelling
features. Although other follow-up systems have been
characterized, the combination of follow-up of radiology
over-reads, incidental radiologic findings, and incidental
laboratory abnormalities across a variety of clinical sites
in one centralized communication system has not been
described in the literature. Given the importance of ap-
propriate follow-up of all of the above abnormalities, it is
logical and efficient to have a unified means of commu-
nicating these findings to patients and PCPs and leaving
documentation in the electronic medical record. We find it
sensible to have a senior emergency physician who is not
clinically working at the time to be available for oversight,
and we made use of the established department admin-
istrator on call to satisfy this function. We also rely on
fixed follow-up protocols, as well as the judgment of ex-
Descargado para Anonymous User (n/a) en National Library of Health and Soci
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perienced clinical nurses, to interpret abnormal laboratory
values in context. We believe there are many institutions
that may benefit from instituting a similar program. Such
a program should be generalizable across a variety of clin-
ical environments, including academic and community
hospitals, as well as UCCs and other clinical care loca-
tions. Support on the institutional level for a QA follow-up
system is necessary, recognizing the large proportion of
health care that is delivered or initiated in the ED that war-
rants ongoing outpatient care. 

Furthermore, we found that a nurse-led QA system has
the potential for substantial cost savings compared with
the standard practice of having working clinicians identify
discrepancies, review results, and contact patients, or that
of assigning ED charge nurses to that effect ( Table 5 ). The
current annual staffing cost for the QA nurses and admin-
istrator totaled $277,430. Assuming that the entire suite of
tasks performed by the QA follow-up program were per-
formed by a charge nurse, at an average local rate of $65
per hour, the annual costs would total $316,326. Likewise,
if follow-up was done by an emergency attending physi-
cian, another common scenario throughout the United
States, given an average local emergency physician rate
of $210 per hour, the yearly costs would total $919,526
al Security de ClinicalKey.es por Elsevier en diciembre 07, 2023. Para 
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( 41 ). Notably, costs might be considerably higher if ad-
ministrative support does not exist and the ED QA process
relies solely on charge nurses or an emergency physician,
or a combination of both. In addition to lowering hourly
rates, a dedicated QA nursing team brings with it gains
in efficiency and communication compared with working
clinicians who must task-switch between QA follow-up
and clinical work. Future studies may address whether this
gain effectively decreases liability and malpractice risk. 

This system is not meant to supplant the disclosure of
IFs to the patient directly. Findings are expected to be con-
veyed to patients at the time of discovery or at the time
of hospital discharge. Rather, this system provides an ad-
ditional layer of communication and involvement of the
patient’s PCP in order to assure appropriate follow-up.
Thus, instances in which the QA nurse contacts the pa-
tient directly only occur when a finding was not identified
during the patient’s ED stay and needs an immediate or
critical action. 

Limitations 

Limitations to this study include that it takes place
within one health care system and aspects of its imple-
mentation may not be applicable to differently structured
systems, although we did remove the EHR-dependence,
which is often referred to in the literature as a deterrent to
reproducibility. 

Our dataset may not include all radiology over-reads
that are communicated directly to the ED team while a pa-
tient is still in the ED, as these data are outside the purview
of our ED QA follow-up system. This limits the con-
clusions that can be drawn regarding the frequency and
clinical implications of all radiology overreads. In addi-
tion, the QA follow-up system by design does not address
findings among patients who are admitted to the hospital
or transferred to other medical facilities. 

This study may be further limited by a lack of for-
mal study of our own follow-up miss rate. Our miss rate
data are based on QA reviews of ED returns and outside
physician and patient complaints and does not account
for patients who sought follow-up outside of our hospi-
tal network or when a missed case was not reported to
us. Thus, the number of studies missed by this follow-up
system may be higher than reported. Financial limitations
may preclude the implementation of a similar program
in other hospital systems. However, up-front costs of
meticulous follow-up should result in downstream ben-
efits through improved health care, reimbursement for
follow-up interventions, and limits to malpractice liabil-
ity. Finally, although our QA team addresses PCP alert
fatigue, this study does not assess whether downstream
communication confirmation or recommended follow-up
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care occurred for all visits. Future studies will need to ad-
dress these issues. 

Conclusions 

Although abnormalities in laboratory and imaging studies
are often incidental to a patient’s care, this is not always
the case, and a dedicated ED QA follow-up program can
result in the identification, communication, and treatment
coordination of numerous laboratory and imaging abnor-
malities. This may lead to changes in patients’ subsequent
clinical course, and potentially lower costs. 

Declaration of Competing Interest 

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have
appeared to influence the work reported in this paper. 

Supplementary materials 

Supplementary material associated with this article can be
found, in the online version, at doi: 10.1016/j.jemermed.
2023.08.001 . 

References 

1. Callen J, Georgiou A, Prgomet M, Paoloni R, Westbrook J. A qual-
itative analysis of emergency department physicians’ practices and
perceptions in relation to test result follow-up. Stud Health Technol
Inform 2010;160(Pt 2):1241–5 . 

2. Ruesseler M, Schill A, Lehnert A, et al. Incidental findings in pa-
tients with multiple injuries: how to proceed? J Trauma Acute Care
Surg 2013;75:848–53 . 

3. Sperry JL, Massaro MS, Collage RD, et al. Incidental radiographic
findings after injury: dedicated attention results in improved capture,
documentation, and management. Surgery 2010;148:618–24 . 

4. Moore GP. Liability of emergency physicians for studies ordered in
the emergency department: court cases and legal defenses. J Emerg
Med 2011;40:225–8 . 

5. Sich N, Rogers A, Bertozzi D, et al. Filling the void: a low-cost,
high-yield approach to addressing incidental findings in trauma pa-
tients. Surgery 2018;163:657–60 . 

6. Munk MD, Peitzman AB, Hostler DP, Wolfson AB. Frequency
and follow-up of incidental findings on trauma computed tomog-
raphy scans: experience at a level one trauma center. J Emerg Med
2010;38:346–50 . 

7. Devine AS, Jackson CS, Lyons L, Mason JD. Frequency of inci-
dental findings on computed tomography of trauma patients. West J
Emerg Med 2010;11:24–7 . 

8. Yeh DD, Imam AM, Truong SH, et al. Incidental findings in trauma
patients: dedicated communication with the primary care physician
ensures adequate follow-up. World J Surg 2013;37:2081–5 . 

9. Huynh TT, Moran KR, Blackburn AH, Jacobs DG, Thomason MH,
Sing RF. Optimal management strategy for incidental findings in
trauma patients: an initiative for midlevel providers. J Trauma
2008;65:331–4 discussion 335–6 . 
al Security de ClinicalKey.es por Elsevier en diciembre 07, 2023. Para 
 Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.jemermed.2023.08.001
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0001
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0002
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0003
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0004
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0005
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0006
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0007
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0008
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0009


e578 M. Blodgett et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10. Barrett TW, Schierling M, Zhou C, et al. Prevalence of incidental
findings in trauma patients detected by computed tomography imag-
ing. Am J Emerg Med 2009;27:428–35 . 

11. Fakler JK, Ozkurtul O, Josten C. Retrospective analysis of
incidental non-trauma associated findings in severely injured pa-
tients identified by whole-body spiral CT scans. Patient Saf Surg
2014;8:36 . 

12. Ekeh AP, Walusimbi M, Brigham E, Woods RJ, McCarthy MC. The
prevalence of incidental findings on abdominal computed tomogra-
phy scans of trauma patients. J Emerg Med 2010;38:484–9 . 

13. Messersmith WA, Brown DF, Barry MJ. The prevalence and im-
plications of incidental findings on ED abdominal CT scans. Am J
Emerg Med 2001;19:479–81 . 

14. Collins CE, Cherng N, McDade T, et al. Improving patient no-
tification of solid abdominal viscera incidental findings with a
standardized protocol. J Trauma Manag Outcomes 2015;9(1):1 . 

15. Hanna TN, Shekhani H, Zygmont ME, Kerchberger JM, John-
son JO. Incidental findings in emergency imaging: frequency, rec-
ommendations, and compliance with consensus guidelines. Emerg
Radiol 2016;23:169–74 . 

16. Fleming A, Billingsley L. Using informatics to improve identifi-
cation and communication of incidental findings in the emergency
department. J Radiol Nursing 2021;40:30–1 . 

17. Kelly ME, Heeney A, Redmond CE, et al. Incidental findings de-
tected on emergency abdominal CT scans: a 1-year review. Abdom
Imaging 2015;40:1853–7 . 

18. Paluska TR, Sise MJ, Sack DI, Sise CB, Egan MC, Biondi M. In-
cidental CT findings in trauma patients: incidence and implications
for care of the injured. J Trauma 2007;62:157–61 . 

19. Greenes DS, Fleisher GR, Kohane I. Potential impact of a com-
puterized system to report late-arriving laboratory results in the
emergency department. Pediatr Emerg Care 2000;16:313–15 . 

20. Burchett P, Harpin S, Petersen-Smith A, Emery K. Improving a
urine culture callback follow-up system in a pediatric emergency
department. J Pediatr Health Care 2015;29:518–25 . 

21. Santoro JP, Blank FS, Smithline H. Follow-up of discrepancies in
x-ray and electrocardiogram interpretations, and positive laboratory
results. J Emerg Med 2001;20:315–19 . 

22. Levy R, Goldstein B, Trott A. Approach to quality assurance in
an emergency department: a one-year review. Ann Emerg Med
1984;13:166–9 . 

23. Baccei SJ, Chinai SA, Reznek M, Henderson S, Reynolds K,
Brush DE. System-level process change improves communication
and follow-up for emergency department patients with incidental
radiology findings. J Am Coll Radiol 2018;15:639–47 . 

24. Siegmund LA, Hamilton A, Nespeca T. Incidental findings coordi-
nator: a new role for advanced practice registered nurses. Online J
Iss Nursing 2020;25(2) . 

25. O’Neill K, Silvestri A, McDaniel-Yakscoe N. A pediatric emer-
gency department follow-up system: completing the cycle of care.
Pediatr Emerg Care 2001;17:392–5 . 
Descargado para Anonymous User (n/a) en National Library of Health and Soci
uso personal exclusivamente. No se permiten otros usos sin autorización.
26. Barrett TW, Garland NM, Freeman CL, et al. Catching those who
fall through the cracks: integrating a follow-up process for emer-
gency department patients with incidental radiologic findings. Ann
Emerg Med 2022;80:235–42 . 

27. Kuypers ME. A computerized log and integrated quality assessment
program for the small emergency department. QRB Qual Rev Bull
1989;15:144–50 . 

28. Darragh PJ, Bodley T, Orchanian-Cheff A, Shojania KG, Kwan JL,
Cram P. A systematic review of interventions to follow-up test re-
sults pending at discharge. J Gen Intern Med 2018;33:750–8 . 

29. Kripalani S, LeFevre F, Phillips CO, Williams MV, Basaviah P,
Baker DW. Deficits in communication and information transfer be-
tween hospital-based and primary care physicians: implications for
patient safety and continuity of care. JAMA 2007;297:831–41 . 

30. Danforth KN, Hahn EE, Slezak JM, et al. Follow-up of ab-
normal estimated GFR results within a large integrated health
care delivery system: a mixed-methods study. Am J Kidney Dis
2019;74:589–600 . 

31. Wahls T. Diagnostic errors and abnormal diagnostic tests lost to fol-
low-up: a source of needless waste and delay to treatment. J Ambul
Care Manage 2007;30:338–43 . 

32. Fava GA, Guidi J. Information overload, the patient and the clini-
cian. Psychother Psychosom 2007;76:1–3 . 

33. Ash JS, Berg M, Coiera E. Some unintended consequences
of information technology in health care: the nature of patient
care information system-related errors. J Am Med Inform Assoc
2004;11:104–12 . 

34. Wang V, Hammill BG, Maciejewski ML, et al. Impact of automated
reporting of estimated glomerular filtration rate in the veterans
health administration. Med Care 2015;53:177–83 . 

35. Siegal D, Ruoff G. Data as a catalyst for change: stories from the
frontlines. J Healthc Risk Manag 2015;34:18–25 . 

36. Dalal AK, Schaffer A, Gershanik E, et al. The impact of au-
tomated notification on follow-up of actionable tests pending at
discharge: a cluster-randomized controlled trial. J Gen Intern Med
2018;33:1043–51 . 

37. Callen J, Georgiou A, Li J, Westbrook JI. The safety implications
of missed test results for hospitalised patients: a systematic review.
BMJ Qual Saf 2011;20:194–9 . 

38. Cabana MD, Jee SH. Does continuity of care improve patient out-
comes? J Fam Pract 2004;53:974–80 . 

39. Yang Z, Ganguli I, Davis C, et al. Physician- versus practice-level
primary care continuity and association with outcomes in Medicare
beneficiaries. Health Serv Res 2022;57:914–29 . 

40. Akunna AA, Ahuja V, Halm EA, Alvarez CA. Association of
medical tests use with care continuity in primary care service:
evidence from the Department of Veterans Affairs. Fam Pract
2023;40:338–44 . 

41. Katz B. 2019-2020 Emergency Physician Compensation Report.
ACEPNow Accessed August 31, 2023. https://www.acepnow.com/
article/2019- 2020- emergency- physician- compensation- report/. 
al Security de ClinicalKey.es por Elsevier en diciembre 07, 2023. Para 
 Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0010
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0011
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0012
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0013
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0014
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0015
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0016
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0017
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0018
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0019
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0020
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0021
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0022
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0023
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0024
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0025
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0026
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0027
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0028
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0029
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0030
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0031
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0032
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0033
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0034
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0035
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0036
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0037
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0038
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0039
http://refhub.elsevier.com/S0736-4679(23)00429-8/sbref0040
https://www.acepnow.com/article/2019-2020-emergency-physician-compensation-report/


QA Follow-up in the ED e579 

 Summary 

rtant? 

 abnormalities are often uncov- 
missed, not addressed, or only 

dental finding follow-up is of 
ent safety and a source of mal- 

ttempt to show? 

ur institution’s implementation 

tive system for identifying and 

ties in laboratory and imaging 

 emergency department (ED) 
ients as a means of improving 

oordination of care. 

ngs? 

al laboratory and imaging find- 
 total of 104,125 patient visits. 
called back to the ED with po- 
ndings and 9 were admitted for 
e cost per potential life-/limb- 
,743. 

pacted? 

eans of communicating inci- 
ts and primary care provides 
ow-up of uncovered potential 
ntified acute or chronic medi- 
ent of improving patient health 

ous manner. 
Article
1. Why is this topic impo

Laboratory and imaging
ered incidentally and are 

result post discharge. Inci
critical importance for pati
practice risk. 

2. What does this study a
This article describes o

of a unique and cost-effec
communicating abnormali
studies among discharged
and urgent care center pat
outpatient follow-up and c

3. What are the key findi
More than 6000 incident

ings were identified over a
Twenty-one patients were 

tentially life-threatening fi
interventions, at an averag
saving intervention of $27

4. How is patient care im
An EHR-independent m

dental findings to patien
promotes appropriate foll
malignancies or newly ide
cal conditions, with the int
and safety in a cost-consci
Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en diciembre 07, 2023. Para 
uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


	The Value of Using a Quality Assurance Follow-Up Team to Address Incidental Findings After Emergency Department or Urgent Care Discharge: A Cost Analysis
	Introduction
	Materials and Methods
	Study Design
	Data Review Protocol
	Data Collection and Processing

	Results
	Discussion
	Limitations

	Conclusions
	Declaration of Competing Interest
	Supplementary materials
	References


