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Impact of diagnostic errors on adverse 
outcomes: learning from emergency 
department revisits with repeat CT or MRI
Yura Ahn1, Gil‑Sun Hong1* , Kye Jin Park1, Choong Wook Lee1, Ju Hee Lee1 and Seon‑Ok Kim2 

Abstract 

Background: To investigate diagnostic errors and their association with adverse outcomes (AOs) during patient 
revisits with repeat imaging (RVRIs) in the emergency department (ED).

Results: Diagnostic errors stemming from index imaging studies and AOs within 30 days in 1054 RVRIs (≤ 7 days) 
from 2005 to 2015 were retrospectively analyzed according to revisit timing (early [≤ 72 h] or late [> 72 h to 7 days] 
RVRIs). Risk factors for AOs were assessed using multivariable logistic analysis. The AO rate in the diagnostic error 
group was significantly higher than that in the non‑error group (33.3% [77 of 231] vs. 14.8% [122 of 823], p < .001). 
The AO rate was the highest in early revisits within 72 h if diagnostic errors occurred (36.2%, 54 of 149). The most 
common diseases associated with diagnostic errors were digestive diseases in the radiologic misdiagnosis category 
(47.5%, 28 of 59) and neurologic diseases in the delayed radiology reporting time (46.8%, 29 of 62) and clinician error 
(27.3%, 30 of 110) categories. In the matched set of the AO and non‑AO groups, multivariable logistic regression 
analysis revealed that the following diagnostic errors contributed to AO occurrence: radiologic error (odds ratio [OR] 
3.56; p < .001) in total RVRIs, radiologic error (OR 3.70; p = .001) and clinician error (OR 4.82; p = .03) in early RVRIs, and 
radiologic error (OR 3.36; p = .02) in late RVRIs.

Conclusion: Diagnostic errors in index imaging studies are strongly associated with high AO rates in RVRIs in the ED.
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Key points

• Diagnostic errors in index emergency imaging are 
strongly associated with adverse outcomes.

• Diagnostic errors most frequently occur in neuro-
logic and digestive diseases.

• Adverse outcomes are highest at early emergency 
revisits if diagnostic errors occur.

• Revisits with repeat imaging could be a quality indi-
cator for emergency radiology.

Background
Several studies have investigated the incidence and 
causes of medical errors [1–5]. However, such analy-
ses remain challenging owing to the lack of effec-
tive methods for measuring medical errors, limited 
sources of reliable data, and difficulties in detecting 
errors in clinical practice settings. In emergency medi-
cine, unplanned revisits to the emergency department 
(ED) are known care quality indicators and have been 
proposed as potential triggers of diagnosis or signifi-
ers of medical errors [6–9]. Triggers are clinical out-
comes indicating the possibility of adverse outcomes 
(AOs). Screening for triggers can identify problem 
cases that require further investigation [2, 10–12]. It 
has been reported that up to 6.8% of patients revisit 
the ED within 7 days of discharge from the ED [6]. An 
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association likely exists between medical errors and 
poor outcomes among patients who make unplanned 
revisits to the ED [13].

Similarly, relatively little information exists about 
diagnostic errors in emergency radiology. An effective 
method for measuring diagnostic errors in emergency 
radiology is required. Most published studies on radio-
logic errors have been random case reviews, medical 
malpractice claim analyses, insurance record analyses, 
or analyses of repeat imaging examinations [14–22]. 
However, as such studies reported selected cases by 
clinicians or were based on the discrepancy between 
long-term follow-up images, they have limited ability 
to reflect diagnostic errors in the emergency radiol-
ogy service. Moreover, those studies were focused on 
error classifications in radiology but did not address 
the association between diagnostic errors and clini-
cal outcomes. Given the increasing use of computed 
tomography (CT) and magnetic resonance imaging 
(MRI) in the ED and their impact on the decision mak-
ing of clinicians, this issue is expected to be particu-
larly important in the context of emergency care [23]. 
We hypothesized that the diagnostic errors from the 
index imaging led to the patients revisit with repeat 
imaging (RVRIs) at the ED, resulting in AOs (delayed 
operations, 30-day in-hospital mortality, intensive care 
unit [ICU] admission). We aimed to analyze whether 
diagnostic errors occurred in the index imaging and 
their impact on the AOs in the RVRIs at the ED.

Materials and methods
Study sample
This retrospective study was conducted at a tertiary aca-
demic hospital that manages > 150,000 ED cases per year. 
This study included RVRIs from January 2005 to August 
2015. Patient revisits were defined as a visit to the same 
ED within 7 days of discharge from the ED [6, 24]. Repeat 
CT or MRI was defined as one that followed a preced-
ing CT or MRI regardless of the scanning site among 
the patient revisit cohorts at the ED. The inclusion crite-
ria were as follows: (1) age ≥ 18 years, (2) revisits within 
7  days after ED discharge, (3) repeat CTs or MRIs, and 
(4) admission to the hospital or a subsequent outpa-
tient follow-up clinic visit after the ED revisit (patients 
were included if they were followed up [> 30 days] in an 
outpatient clinic or if an AO occurred [≤ 30 days]). The 
exclusion criterion was loss to follow-up. The outcome 
variable (presence or absence of AOs) was investigated in 
terms of diagnostic accuracy and disease category at the 
index ED visit, as well as in terms of RVRI timing (early 
RVRIs [≤ 72 h] vs. late RVRIs [> 72 h to 7 days]), based on 
parameters set by previous studies [9, 10, 13, 25] (Fig. 1; 
see Additional file  1-1 for the emergency radiology ser-
vice system).

Data collection
At the index ED visit, the collected data were age, sex, 
comorbidities, initial radiologic reports, radiology 
reporting time (RT), clinician’s diagnostic decision, and 
clinician’s decision time. As preliminary reporting is 
more commonly used for the clinical decision than final 

Fig. 1 Flowchart of study enrollment
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reporting in the ED, the RT was determined based on the 
time when the preliminary written report was prepared. 
At the ED revisit and follow-up period, the collected data 
were radiologic reports, clinical diagnosis, and AOs. The 
disease categories (determined by comparisons between 
index visits and revisits and by diagnosis during follow-
up) in the index visit were classified according to modi-
fied guidelines from the 11th edition of the International 
Classification of Diseases [26]. AOs were defined as any 
sub-optimal outcomes (delayed operations, 30-day in-
hospital mortality, or ICU admission) experienced by 
patients during ED consultations or within 30 days [27]. 
In addition to conventional AOs, we included delayed 
operations as they are related to in-hospital mortality, 
longer length of stay, and higher cost [28]. Furthermore, 
there is an interrelationship between radiology reporting 
time and surgeon’s decision-making timing [29].

Analysis of diagnostic errors stemming from index imaging 
studies
The nature of patient revisits with repeat imaging was 
categorized into three groups: 1) radiologic error (misdi-
agnosis or delayed RT [D-RT]), 2) clinician error (inap-
propriate patient triage or failure to order the appropriate 
imaging examinations), and 3) non-error (patient- or 
illness-related factor: progressed diseases or new symp-
toms or diseases) according to a modified classification 
with reference to a previous study [30] (see Additional 
file 1-2 for details in the analysis of diagnostic errors). In 
brief, to investigate radiologic errors, three radiologists 
(GS Hong, KJ Park, and Y Ahn, with > 14, > 8, and 4 years 
of experience in CTs and MRIs, respectively) reviewed 
the radiology reports of index and repeat imaging stud-
ies. When there were discrepancies on critical findings 
between two radiology reports of the index and repeat 
imaging examinations, two board-certified radiologists 
(GS Hong and KJ Park) reviewed the images to identify 
whether or not the discrepancies were due to a misdiag-
nosis. The consensus about radiologic errors was reached 
through a discussion. When the RT was later than the cli-
nician’s decision time, index images were also reviewed 
by two radiologists (GS Hong and KJ Park) and cases 
with critical positive findings on the index scans were 
considered D-RT. Clinician errors comprised inappro-
priate patient triage (i.e., underestimation of the patient’s 
condition and scanning at inappropriate sites) and fail-
ure to order appropriate imaging examinations (i.e., the 
ordered imaging studies were unsuitable for diagnosing 
the patient’s disease). However, detecting positive find-
ings on an index scan regardless of clinician error (e.g., 
unreported acute cholecystitis present on the index chest 
CT scan) was considered a radiologic misdiagnosis. The 

cause and preventability of diagnostic errors were also 
analyzed.

Statistical analysis
Comparisons between the study groups with and with-
out AOs were performed using the Chi-square test and 
Fisher’s exact test for categorical variables and Stu-
dent’s t test and the Mann–Whitney U test for continu-
ous variables. Univariable and multivariable logistic 
analyses were performed with backward elimination 
using penalized maximum likelihood estimation to 
identify independent risk factors associated with AOs 
according to RVRI timing. To adjust for potential con-
founding factors, we performed 1:1 matching using a 
greedy algorithm, in which randomly selected individu-
als in the patient factor group were paired with com-
parable individuals in the radiologic error and clinician 
error groups who fulfilled the following matching cri-
teria: age (± 5  years), sex, revisit timing, comorbidity 
(malignancy), and six disease categories (neurologic, 
digestive, neoplasm, respiratory, circulatory, and other 
diseases). In the matched set, the risk of AOs was com-
pared using a logistic model with generalized esti-
mating equations that accounted for the clustering of 
matched pairs. All statistical analyses were performed 
using SPSS Statistics for Windows (version 21, IBM 
Corp.) and SAS (version 9.4, SAS Institute). A two-
sided p values < 0.05 were considered to indicate statis-
tical significance.

Results
Patient characteristics
Table  1 summarizes the patient characteristics. Dur-
ing the study period, 7.3% (1243 of 17,087) of ED revis-
its involved repeat CT or MRI in the ED. The overall 
median follow-up duration for all eligible patients 
was 28  days (interquartile range, 13–39  days). Among 
1054 eligible patients (mean age ± standard deviation, 
56.0 ± 15.7 years; 532 men [50.5%]), 18.9% (199 of 1054) 
experienced AOs. In terms of comorbidities, malignan-
cies (34.6%, 365 of 1054) were the most common. About 
half (51.8%, 546 of 1054) of the study sample had early 
RVRIs, and the rest (48.2%, 508 of 1054) had late RVRIs. 
In total RVRIs, the diagnostic error rate at the index visit 
was 21.9% (231 of 1054), with radiologic errors con-
tributing to approximately half of the cases (11.5%, 121 
of 1054). In total RVRIs, the most common disease cat-
egories were neurologic diseases (29.3%, 309 of 1054), 
followed by digestive diseases (15.1%, 159 of 1054), neo-
plasms (14.2%, 150 of 1054), and traumatic injuries (9.4%, 
99 of 1054). In terms of patient disposition at the revisits, 
more than half (54.5%, 574 of 1054) of the study sample 
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Table 1 Baseline characteristics of patients according to the presence or absence of adverse outcomes

a Data are mean ± SD
b Data are number of patients, with percentages in parentheses. The sum of percentages may not be exactly 100% owing to rounding

CAD, Coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM,diabetes mellitus; AO, adverse outcome; ED, emergency 
department; D-RT, delayed radiology reporting time; N/A, not applicable; ICU, intensive care unit

Characteristics All patients AO group Non-AO group P

No. of patients 1054 199 (18.9%) 855 (81.1%)

Age (years)a 56.0 ± 15.7 57.9 ± 14.6 55.5 ± 15.9 .05

Sex,  maleb 532 (50.5%) 112 (56.3%) 420 (49.1%) .07

Comorbiditiesb

Malignancy 365 (34.6%) 96 (48.2%) 269 (31.5%) < .001

DM 203 (9.3%) 38 (19.1%) 165 (19.3%) .95

CAD 95 (9.0%) 22 (11.1%) 73 (8.5%) .26

CKD 54 (5.1%) 8 (4.0%) 46 (5.4%) .43

Asthma 30 (2.8%) 3 (1.5%) 27 (3.2%) .34

COPD 25 (2.4%) 8 (4.0%) 17 (2.0%) .09

Revisit timingb .74

Early (≤ 72 h) 546 (51.8%) 101 (50.8%) 445 (52.0%)

Late (72 h–7 days) 508 (48.2%) 98 (49.2%) 410 (48.0%)

Diagnostic error status at index visitb < .001

1. Radiologic errors 121 (11.5%) 51 (25.6%) 70 (8.2%) < .001

Misdiagnoses 59 (5.6%) 31 (15.6%) 28 (3.3%) < .001

D‑RT 62 (5.9%) 20 (10.1%) 42 (4.9%) .006

2. Clinician errors 110 (10.4%) 26 (13.1%) 84 (9.8%) .18

3. Non‑errors 823 (78.1%) 122 (61.3%) 701 (82.0%) < .001

Disease categories at index visitb < .001

1. Neurologic diseases 309 (29.3%) 44 (22.1%) 265 (31.0%) .01

2. Digestive diseases 159 (15.1%) 45 (22.6%) 114 (13.3%) .001

3. Neoplasms 150 (14.2%) 51 (25.6%) 99 (11.6%) < .001

4. Traumatic injuries 99 (9.4%) 6 (3.0%) 93 (10.9%) < .001

5. Respiratory diseases 50 (4.7%) 10 (5.0%) 40 (4.7%) .84

6. Genitourinary diseases 42 (4.0%) 5 (2.5%) 37 (4.3%) .24

7. Infection 38 (3.6%) 5 (2.5%) 33 (3.9%) .36

8. Circulatory diseases 29 (2.8%) 13 (6.5%) 16 (1.9%) < .001

9. Healthcare‑related complications 17 (1.6%) 6 (3.0%) 11 (1.3%) .08

10. Other diseases 161 (15.3%) 14 (7.0%) 147 (17.2%) < .001

(1) Mental or behavioral disorder 27 (2.6%) 2 (1.0%) 25 (2.9%) .14

(2) Musculoskeletal or connective tissue diseases 15 (1.4%) 5 (2.5%) 10 (1.2%) .15

(3) Visual and ear diseases 15 (1.4%) 2 (1.0%) 13 (1.5%) .75

(4) Endocrine or metabolic diseases 12 (1.1%) 2 (1.0%) 10 (1.2%) 1.0

(5) Hematologic diseases 2 (0.2%) 0 (0.0%) 2 (0.2%) 1.0

(6) Immune system diseases 2 (0.2%) 1 (0.5%) 1 (0.1%) .34

(7) Skin diseases 2 (0.2%) 0 (0.0%) 2 (0.2%) 1.0

(8) Non‑diagnostic conditions 86 (8.2%) 2 (1.0%) 84 (9.8%) < .001

Patient disposition at revisitb < .001

Admission 530 (50.3%) 171 (85.9%) 359 (42.0%) < .001

Discharge 480 (45.5%) 21 (10.6%) 459 (53.7%) < .001

Transfer 42 (4.0%) 5 (2.5%) 37 (4.3%) .24

Death in the ED 2 (0.2%) 2 (1.0%) 0 (0.0%) .04

Conditions of adverse outcomesb

Delayed operation 103 (9.8%) 103 (51.8%) N/A

30‑day in‑hospital mortality 69 (6.5%) 69 (34.7%) N/A

ICU admission 61 (5.8%) 61 (30.7%) N/A
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was admitted or transferred for further treatment, or 
died in the ED. Among AOs, delayed operation (9.8%, 
103 of 1054) was the most common, followed by 30-day 
in-hospital mortality (6.5%, 69 of 1054) and ICU admis-
sion (5.8%, 61 of 1054).

Disease categories associated with diagnostic errors
The most common disease category associated with radi-
ologic misdiagnosis was digestive diseases (47.5%, 28 of 
59). In those with D-RTs, neurologic diseases (46.8%, 29 
of 62) were the most common disease category. Neuro-
logic diseases (27.3%, 30 of 110) were also the most com-
monly associated category with clinician error, followed 
by infectious diseases (20.9%, 23 of 110) (Fig. 2; See Addi-
tional file 1-3 for a summary of the actual pathologic dis-
eases associated with diagnostic errors and Additional 
file 1-4 for a summary of the causes and preventability of 
diagnostic errors).

AO occurrence according to diagnostic error status 
and revisit timing
Figure 3 summarizes the AO rate according to the revisit 
timing and diagnostic error subtypes. The AO rate was 
the highest in patients with early revisits within 72  h if 
diagnostic errors occurred. The AO rate in the group 

with diagnostic errors was significantly higher than that 
in the non-error group, regardless of the revisit timing 
(early RVRIs, 36.2% [54 of 149] vs. 11.8% [47 of 397]; late 
RVRIs, 28.0% [23 of 82] vs. 17.6% [75 of 426]; all p < 0.05). 
The AO rate was significantly higher in the radiologic 
error group than in the clinician error group (42.1% [51 
of 121] vs. 23.6% [26 of 110], p = 0.003) and higher in the 
misdiagnosis group than in the D-RT group (52.5% [31 of 
59] vs. 32.3% [20 of 62], p = 0.02).

Risk factors for AOs in association with RVRIs
Tables 2 and 3 summarize the risk factors for AOs. Mul-
tivariable logistic analyses revealed the following risk 
factors for AO occurrence in total RVRIs: radiologic mis-
diagnoses (odds ratio [OR] 6.75; p < 0.001), D-RT (OR 
2.56; p = 0.002), clinician errors (OR 2.18; p = 0.005), 
digestive diseases (OR 2.81; p = 0.003), neoplasms (OR 
5.67; p < 0.001), circulatory diseases (OR 6.13; p < 0.001), 
and healthcare-related complications (OR 5.31; 
p = 0.006). Radiologic misdiagnosis was a risk factor for 
AOs regardless of the revisit timing (early RVRIs, OR 
14.43; p < 0.001 and late RVRIs, OR 4.02; p = 0.001). In 
early RVRIs, D-RT (OR 3.3; p = 0.001) and clinician error 
(OR 3.78; p < 0.001) were risk factors for AOs. In early 
RVRIs, diagnoses of neoplasms (OR 4.2; p = 0.004) and 

Fig. 2 Disease categories according to diagnostic error categories. *The most common disease categories associated with each diagnostic error 
item. D‑RT, delayed radiology reporting time
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circulatory diseases (OR 6.32; p = 0.006) were risk factors 
for AOs. In late RVRIs, diagnoses of digestive diseases 
(OR 3.36; p = 0.02), neoplasms (OR 5.52; p < 0.001), res-
piratory diseases (OR 3.53; p = 0.04), circulatory diseases 

(OR 5.66; p = 0.02), and healthcare-related complications 
(OR 7.8; p = 0.04) were risk factors for AOs.

After adjusting for potential confounding factors, the 
subtypes of imaging-related diagnostic errors differently 

Fig. 3 Adverse outcome rate among patients with emergency department revisits with repeat imaging (a) according to the presence or absence 
of diagnostic errors and revisit timing and (b) according to the type of diagnostic error and revisit timing. RVRIs, revisits with repeat imaging; 
Radiology, radiologic error; Clinician, clinician error; D‑RT, delayed radiology reporting time
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contributed to the occurrence of AOs. In the matched 
set, the risk factors for AOs were radiologic error (OR 
3.56; p < 0.001) in total RVRIs, radiologic error (OR 3.70; 
p = 0.001) and clinician error (OR 4.82; p = 0.03) in early 
RVRIs, and radiologic error (OR 3.36; p = 0.02) in late 
RVRIs (Table 4).

Discussion
Few studies have been published on diagnostic errors 
in the context of emergency imaging studies and their 
associations with AOs. To our knowledge, this is the first 
study to analyze this issue using RVRIs as a trigger. We 
found that the rate of AOs related to diagnostic errors 
increased up to 36.2% (54 of 149) in early RVRIs. This 
was much higher than the AO rate (11.8% [47 of 397]) in 
the non-diagnostic error group.

Our study identified diagnostic errors as the main risk 
factors for AOs. Interestingly, diagnostic errors were 
more strongly associated with the occurrence of AOs in 
early RVRIs than in late RVRIs. In terms of the investi-
gated diagnostic error categories, radiologic misdiag-
nosis was the category most likely to be associated with 
AOs regardless of the revisit timing. D-RTs and clinician 
errors were risk factors for AOs mainly in association 
with early RVRIs. This might be because most patients 
who experienced D-RTs or clinician errors returned to 
the ED during the early period after discharge owing to 
urgent recalls for abnormal imaging findings or rapid 
disease progression. In contrast, patients with radiologic 
misdiagnoses at the index visits may differ in revisit tim-
ing according to disease severity. Our data imply that 
regardless of the revisit timing, emergency radiologists 

Table 2 Univariable logistic regression analysis of risk factors for adverse outcomes in revisits with repeat imaging

Data are shown as odds ratios with 95% confidence intervals in parentheses. Univariable logistic analysis was performed with backward elimination using penalized 
maximum likelihood estimation.

CAD, Coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; ED, emergency department; RVRIs, 
revisits with repeat imaging; D-RT, delayed radiology reporting time; CI, confidence interval; OR, odds ratio

*p values < .05

Variables Total RVRIs Early RVRIs Late RVRIs

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.01 (1–1.02) .05 1.01 (1–1.02) .21 1.01 (1–1.03) .14

Sex, male 1.33 (0.98–1.82) .07 1.27 (0.82–1.96) .28 1.4 (0.9–2.18) .14

Comorbidities

CAD 1.34 (0.81–2.22) .26 1.08 (0.5–2.31) .85 1.61 (0.82–3.16) .17

Asthma 0.47 (0.14–1.56) .22 0.48 (0.11–2.1) .33 0.46 (0.06–3.67) .46

COPD 2.06 (0.88–4.85) .10 1.79 (0.55–5.84) .33 2.45 (0.7–8.54) .16

CKD 0.74 (0.34–1.59) .44 0.62 (0.18–2.11) .44 0.83 (0.31–2.22) .71

DM 0.99 (0.67–1.46) .95 1.31 (0.74–2.29) .35 0.77 (0.44–1.33) .34

Malignancy 2.03 (1.48–2.78) < .001* 2.16 (1.36–3.43) .001* 2.01 (1.28–3.14) .002*

Revisit timing, late 1.05 (0.77–1.43) .74

Diagnostic error status

Misdiagnoses 6.36 (3.69–10.98) < .001 11.51 (5.08–26.06) < .001* 3.85 (1.82–8.16) < .001*

D‑RT 2.74 (1.55–4.82) < .001 3.61 (1.85–7.06) < .001* 2.08 (0.62–6.93) .23

Clinician errors 1.78 (1.1–2.87) .02 3.07 (1.7–5.55) < .001* 0.71 (0.27–1.88) .49

Non‑errors 1 < .001 1 < .001 1 .004

Disease categories

1. Neurologic diseases 1.74 (0.92–3.29) .09 1.67 (0.73–3.84) .23 1.79 (0.67–4.81) .25

2. Digestive diseases 4.14 (2.17–7.92) < .001* 3.96 (1.63–9.63) .002* 4.44 (1.71–11.57) .002*

3. Neoplasms 5.41 (2.84–10.3) < .001* 6.12 (2.46–15.23) < .001* 5.3 (2.07–13.56) < .001*

4. Traumatic injuries 0.68 (0.25–1.82) .44 0.36 (0.07–1.74) .20 1.2 (0.32–4.5) .79

5. Respiratory diseases 2.62 (1.08–6.35) .03* 1.7 (0.41–7.08) .47 3.55 (1.08–11.65) .04*

6. Genitourinary diseases 1.42 (0.48–4.19) .53 1.01 (0.2–5.16) .99 1.94 (0.44–8.54) .38

7. Infections 1.59 (0.54–4.73) .40 1.6 (0.39–6.65) .52 1.56 (0.29–8.47) .61

8. Circulatory diseases 8.53 (3.42–21.29) < .001* 12.37 (3.63–42.21) < .001* 5.19 (1.22–21.95) .03*

9. Healthcare‑related complications 5.73 (1.84–17.83) .003* 4.81 (1.18–19.59) .03* 7.78 (1.08–55.99) .04*

10. Other diseases 1 < .001 1 < .001 1 .001
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Table 3 Multivariable logistic regression analysis of risk factors for adverse outcomes in revisits with repeat imaging

Data are shown as odds ratios with 95% confidence intervals in parentheses. Multivariable logistic analysis was performed with backward elimination using penalized 
maximum likelihood estimation with variables for which statistically significant correlations were found in the univariable analysis

RVRIs, Revisits with repeat imaging; D-RT, delayed radiology reporting time; OR, odds ratio; CI, confidence interval

*p values < .05

Variables Total RVRIs Early RVRIs Late RVRIs

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.01 (1–1.02) .02 1.02 (1–1.03) .06

Comorbidity (malignancy) 1.83 (1.01–3.32) .05

Diagnostic error status

Misdiagnoses 6.75 (3.67–12.4) < .001* 14.43 (5.59–37.24) < .001* 4.02 (1.75–9.25) .001*

D‑RT 2.56 (1.4–4.66) .002* 3.3 (1.59–6.83) .001* 1.93(0.56–6.69) .30

Clinician errors 2.18 (1.26–3.78) .005* 3.78 (1.85–7.7) < .001* 0.86 (0.3–2.46) .78

Non‑errors 1 < .001 1 < .001 1 .01

Disease categories

1. Neurologic diseases 1.58 (0.83–3.04) .17 1.32 (0.55–3.16) .54 1.81 (0.67–4.92) .24

2. Digestive diseases 2.81 (1.42–5.55) .003* 2.04 (0.78–5.32) .15 3.36 (1.25–9.07) .02*

3. Neoplasms 5.67 (2.93–10.97) < .001* 4.2 (1.57–11.23) .004* 5.52 (2.13–14.29) < .001*

4. Traumatic injuries 0.69 (0.25–1.87) .46 0.37 (0.07–1.91) .24 1.2 (0.32–4.54) .79

5. Respiratory diseases 2.22 (0.9–5.5) .08 1.08 (0.24–4.91) .92 3.53 (1.06–11.8) .04*

6. Genitourinary diseases 0.88 (0.28–2.74) .83 0.36 (0.06–2.2) .27 1.47 (0.32–6.7) .62

7. Infections 0.99 (0.31–3.19) .99 0.69 (0.15–3.2) .63 1.4 (0.23–8.52) .72

8. Circulatory diseases 6.13 (2.36–15.95) < .001* 6.32 (1.69–23.62) .006* 5.66 (1.31–24.44) .02*

9. Healthcare‑related complications 5.31 (1.63–17.27) .006* 3.47 (0.75–16.01) .11 7.8 (1.08–56.59) .04*

10. Other diseases 1 < .001 1 < .001* 1 .002

Table 4 Logistic regression analysis for 1:1 matching between patients with adverse outcomes and the control group

The two groups were matched for age (± 5 years), sex, revisit timing, comorbidity (malignancy), and six disease categories (neurologic, digestive, neoplasm, 
respiratory, circulatory, and other diseases). In the matched set, binary outcomes were compared using logit models with generalized estimating equations, which 
accounted for the clustering of matched pairs.

RVRIs, Revisits with repeat imaging; CI, confidence interval

*p values < .05.

No. of total patients (no. of adverse outcomes) Odds ratio (95% CI) p

Study group Matched control group

Total RVRIs

All diagnostic errors 195 (59) 195 (26) 2.82 (1.72–4.63)  < .001*

Radiologic errors 107 (43) 107 (17) 3.56 (1.90–6.66)  < .001*

Clinician errors 88 (16) 88 (9) 1.95 (0.82–4.62) .13

Early RVRIs
(≤ 72 h)

All diagnostic errors 120 (38) 120 (13) 3.81 (1.94–7.50)  < .001*

Radiologic errors 64 (26) 64 (10) 3.70 (1.65–8.27) .001*

Clinician errors 56 (12) 56 (3) 4.82 (1.20–19.43) .03*

Late RVRIs
(> 72 h–7 days)

All diagnostic errors 75 (21) 75 (13) 1.86 (0.89–3.89) .10

Radiologic errors 43 (17) 43 (7) 3.36 (1.24–9.14) .02*

Clinician errors 32 (4) 32 (6) 0.62 (0.20–1.96) .41
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should consider the possibility of misdiagnosis stem-
ming from index imaging among returning patients who 
require repeat imaging. Moreover, AOs associated with 
D-RTs during the early period could be prevented by 
improving the emergency radiology service. Our study 
underscore the importance of minimizing diagnostic 
errors in emergency imaging studies to reduce AOs and 
improve emergency care.

Previous related studies have investigated diagnostic 
errors with relatively long-term imaging-based follow-
up results or have been based on selected medical mal-
practice claim cases [14–22]. Lee et  al. [20] reported 
that repeat abdominal CT within 1  month yielded new 
or worse findings for 30% of ED patients with abdomi-
nal pain. Siegal et  al. [21] reported on 1325 medical 
malpractice cases for which radiology was identified as 
the primarily responsible service. The diagnostic error 
rate was nearly 60%, and the leading cause of diagnostic 
error was misinterpretation (48%). However, most cases 
in that study occurred in ambulatory services (63%) and 
among inpatients (26%), which means that the results do 
not reflect diagnostic errors in the ED. Calder et  al. [6] 
reported that 6.8% of patients returned to the ED within 
7 days and that the AO rate was 12% among patients who 
returned to the ED within 72 h. These results were simi-
lar to ours. However, they focused only on clinician-asso-
ciated issues (management, procedures, medication, and 
actions on laboratory and imaging findings) in a small 
number of patients. These studies are limited in reflecting 
ED diagnostic errors stemming from imaging studies and 
their association with AOs.

Besides diagnostic errors as risk factors for AOs, our 
study identified disease categories associated with diag-
nostic errors and AOs. Previous studies suggested dis-
ease categories associated with repeat imaging or those 
in medical malpractice claim cases [14, 20, 21, 31]. In 
agreement with previous studies, our study showed that 
neurologic diseases and neoplasms were frequent among 
cases associated with diagnostic errors. However, unlike 
neoplasms, neurologic diseases were not a risk factor 
for AOs in our study. This may be because traumatic 
subarachnoid hemorrhages and minor strokes or tran-
sient ischemic attacks predominated in this category, 
and these conditions have a low risk of rapid deteriora-
tion and do not need surgical intervention or aggressive 
management [32–34]. However, the clinical relevance of 
neurologic diseases to AOs must be carefully interpreted, 
as neurologic diseases are potentially destructive (e.g., 
recurrent stroke) [35] and frequently associated with 
diagnostic errors and AOs. Notably, in our study, diges-
tive diseases were the most frequently misdiagnosed 
conditions by radiologists and were a significant risk fac-
tor for AOs in association with RVRIs. These results are 

supported by the findings of previous studies. Carrara 
et al. [36] showed that abdominal diseases accounted for 
the largest proportion (44.1%) of diagnostic errors stem-
ming from CT and MRI interpretation. Chang et al. [37] 
reported that digestive diseases were common among 
patient revisits within 72 h in association with ED admis-
sions to the ICU. In line with a previous study [37], our 
study showed that circulatory and respiratory diseases, 
which were frequently associated with clinician errors, 
were risk factors for AOs. Despite their low frequency, 
healthcare-related complications also contributed to the 
occurrence of AOs. An improved understanding of these 
disease categories in this context may help reduce the 
rates of diagnostic errors and AOs associated with RVRIs 
in the ED.

This study had several limitations. First, it was per-
formed at a single tertiary training hospital. Quality 
care indicators heavily rely on the emergency care sys-
tem, health insurance system, health costs, and variable 
resources. Therefore, our results may have limited gen-
eralizability. Second, the retrospective study design over 
a long period may limit the evaluation of certain details 
concerning clinical decision-making (e.g., communica-
tion errors, experience of radiologists, or disease sever-
ity). The emergency care process is difficult to define 
because of its complexity, and our analysis of diagnos-
tic errors in the context of RVRIs may not fully reflect 
this complexity. Third, the long study period might 
have introduced unrecognized biases due to emergency 
care and radiology service improvements over time. For 
example, in the last decade, D-RTs have decreased from 
a few days to 30  min in many institutions [38]. How-
ever, D-RTs are still important quality control factors in 
many institutions, and further D-RT improvements in 
the emergency setting would be beneficial. Fourth, the 
incidence of repeat imaging and diagnostic errors in this 
study may have been underestimated owing to cases of 
loss to follow-up and transfer to other hospitals.

Conclusions
Our study suggests that diagnostic errors stemming from 
emergency imaging studies are strongly associated with 
AOs in patients with RVRIs in the ED. In the present study, 
neurologic and digestive diseases were the most com-
mon medical conditions associated with diagnostic errors. 
Our results also showed that the AO rate was the highest 
in early revisits within 72 h if diagnostic errors occurred. 
These findings underscore the importance of paying spe-
cial attention to early revisitors with suspected neurologic 
or digestive diseases. The index CT could provide valuable 
clues to the accurate triage of revisiting patients before cli-
nicians order repeat examinations. In addition, our data 
suggest that RVRIs could be a good quality indicator for 
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emergency radiology services. Strategies such as reviewing 
RVRIs, the AOs of patients, and the error documentations 
may reduce the diagnostic error rate over time. The present 
study provides valuable information for the establishment 
of strategies for minimizing diagnostic errors and improv-
ing emergency radiology services.

Abbreviations
AOs: Adverse outcomes; CI: Confidence interval; D‑RT: Delayed radiology 
reporting time; ED: Emergency department; ICU: Intensive care unit; OR: Odds 
ratio; RVRIs: Revisits with repeat imaging.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13244‑ 021‑ 01108‑0.

Additional file 1. 1-1 The emergency radiology service system. 1-2 The 
study design and classification criteria of diagnostic errors in the index 
imaging studies. 1-3 The actual pathologic diseases associated with diag‑
nostic errors in the index imaging studies. 1-4 The analysis of the causes 
and preventability of diagnostic errors.

Acknowledgements
The authors are grateful to Won Jung Chung (a neuroradiologist with > 14 
years of experience), M.D., of the Department of Health Screening and Promo‑
tion Center, Asan Medical Center, for advice on the critical findings in brain 
magnetic resonance imaging.

Authors’ contributions
Guarantor of integrity of the entire study was done by GSH. Study concepts 
and design were done by GSH and CWL. Literature research was done by YA, 
JHL, and GSH. Clinical studies were carried out by YA, KJP, and GSH. Experimen‑
tal studies/data analysis were done by YA and GSH. Statistical analysis was car‑
ried out by SOK. Manuscript preparation was done by YA and GSH. Manuscript 
editing was done by GSH, CWL, and JHL. All authors read and approved the 
final manuscript.

Funding
The authors declare that this work has not received any funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This retrospective study was conducted according to the principles of the 
Declaration of Helsinki. The study protocol was approved by the Institutional 
Review Board Committee of Asan Medical Center and the requirement for 
study‑specific informed consent was waived.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiology and Research Institute of Radiology, Asan Medi‑
cal Center, University of Ulsan College of Medicine, 88 Olympic‑ro 43‑gil, 
Songpa‑gu, Seoul 05505, Republic of Korea. 2 Department of Clinical Epidemi‑
ology and Biostatistics, Asan Medical Center, Seoul, Republic of Korea. 

Received: 20 May 2021   Accepted: 10 October 2021

References
 1. Abimanyi‑Ochom J, Mudiyanselage SB, Catchpool M, Firipis M, Dona 

SWA, Watts JJ (2019) Strategies to reduce diagnostic errors: a systematic 
review. BMC Med Inform Decis Mak 19:174. https:// doi. org/ 10. 1186/ 
s12911‑ 019‑ 0901‑1

 2. Graber ML (2013) The incidence of diagnostic error in medicine. BMJ Qual 
Saf 22:ii21–ii27. https:// doi. org/ 10. 1136/ bmjqs‑ 2012‑ 001615

 3. Hussain F, Cooper A, Carson‑Stevens A et al (2019) Diagnostic error 
in the emergency department: learning from national patient safety 
incident report analysis. BMC Emerg Med 19:77. https:// doi. org/ 10. 1186/ 
s12873‑ 019‑ 0289‑3

 4. Schiff GD, Hasan O, Kim S et al (2009) Diagnostic error in medicine: analy‑
sis of 583 physician‑reported errors. Arch Intern Med 169:1881–1887. 
https:// doi. org/ 10. 1001/ archi ntern med. 2009. 333

 5. Zhang E, Hung S‑C, Wu C‑H, Chen L‑L, Tsai M‑T, Lee W‑H (2017) Adverse 
event and error of unexpected life‑threatening events within 24 hours of 
ED admission. Am J Emerg Med. 35:479–483. https:// doi. org/ 10. 1016/j. 
ajem. 2016. 11. 062

 6. Calder L, Pozgay A, Riff S et al (2015) Adverse events in patients with 
return emergency department visits. BMJ Qual Saf 24:142–148. https:// 
doi. org/ 10. 1136/ bmjqs‑ 2014‑ 003194

 7. Sauvin G, Freund Y, Saïdi K, Riou B, Hausfater P (2013) Correction: 
unscheduled return visits to the emergency department: consequences 
for triage. Acad Emerg Med 20:33–39. https:// doi. org/ 10. 1111/ acem. 
12052

 8. Wang L‑M, How C‑K, Yang M‑C, Su S, Chern C‑H (2013) Evaluation of clini‑
cally significant adverse events in patients discharged from a tertiary‑care 
emergency department in Taiwan. Emerg Med J 30:192–197. https:// doi. 
org/ 10. 1136/ emerm ed‑ 2011‑ 200910

 9. Kuan W, Mahadevan M (2009) Emergency unscheduled returns: can we 
do better? Singapore Med J 50:1068–1071

 10. Griffey RT, Schneider RM, Todorov AA (2020) The emergency department 
trigger tool: a novel approach to screening for quality and safety events. 
Ann Emerg Med 76:230–240. https:// doi. org/ 10. 1016/j. annem ergmed. 
2019. 07. 032

 11. Griffin FA, Resar RK. (2009) IHI global trigger tool for measuring adverse 
events. IHI Innovation Series white paper. Cambridge, MA: Institute for 
Healthcare Improvement. http:// www. ihi. org/ resou rces/ Pages/ IHIWh 
itePa pers/ IHIGl obalT rigge rTool White Paper. aspx. Accessed 21 Aug 2021

 12. Resar R, Rozich J, Classen D (2003) Methodology and rationale for the 
measurement of harm with trigger tools. Qual Saf Health Care 12:ii39‑45. 
https:// doi. org/ 10. 1136/ qhc. 12. suppl_2. ii39

 13. Nunez S, Hexdall A, Aguirre‑Jaime A (2006) Unscheduled returns to the 
emergency department: an outcome of medical errors? Qual Saf Health 
Care 15:102–108. https:// doi. org/ 10. 1136/ qshc. 2005. 016618

 14. Bose ÅM, Khan Bukholm IR, Bukholm G, Geitung JT (2020) A national 
study of the causes, consequences and amelioration of adverse events in 
the use of MRI, CT, and conventional radiography in Norway. Acta Radiol 
61:830–838. https:// doi. org/ 10. 1177/ 02841 85119 881734

 15. Bruno MA, Walker EA, Abujudeh HH (2015) Understanding and confront‑
ing our mistakes: the epidemiology of error in radiology and strategies 
for error reduction. Radiographics 35:1668–1676. https:// doi. org/ 10. 1148/ 
rg. 20151 50023

 16. Itri JN, Tappouni RR, McEachern RO, Pesch AJ, Patel SH (2018) Fundamen‑
tals of diagnostic error in imaging. Radiographics 38:1845–1865. https:// 
doi. org/ 10. 1148/ rg. 20181 80021

 17. Kim YW, Mansfield LT (2014) Fool me twice: delayed diagnoses in 
radiology with emphasis on perpetuated errors. AJR Am J Roentgenol 
202:465–470. https:// doi. org/ 10. 2214/ AJR. 13. 11493

 18. Kwee RM, Kwee TC (2020) Medical disciplinary jurisprudence in alleged 
malpractice in radiology: 10‑year Dutch experience. Eur Radiol 30:3507–
3515. https:// doi. org/ 10. 1007/ s00330‑ 020‑ 06685‑0

 19. Lama A, Hogg J, Olson AP (2020) Perspectives from the other side of the 
screen: how clinicians and radiologists communicate about diagnostic 
errors. Diagnosis (Berl) 7:45–53. https:// doi. org/ 10. 1515/ dx‑ 2019‑ 0046

https://doi.org/10.1186/s13244-021-01108-0
https://doi.org/10.1186/s13244-021-01108-0
https://doi.org/10.1186/s12911-019-0901-1
https://doi.org/10.1186/s12911-019-0901-1
https://doi.org/10.1136/bmjqs-2012-001615
https://doi.org/10.1186/s12873-019-0289-3
https://doi.org/10.1186/s12873-019-0289-3
https://doi.org/10.1001/archinternmed.2009.333
https://doi.org/10.1016/j.ajem.2016.11.062
https://doi.org/10.1016/j.ajem.2016.11.062
https://doi.org/10.1136/bmjqs-2014-003194
https://doi.org/10.1136/bmjqs-2014-003194
https://doi.org/10.1111/acem.12052
https://doi.org/10.1111/acem.12052
https://doi.org/10.1136/emermed-2011-200910
https://doi.org/10.1136/emermed-2011-200910
https://doi.org/10.1016/j.annemergmed.2019.07.032
https://doi.org/10.1016/j.annemergmed.2019.07.032
http://www.ihi.org/resources/Pages/IHIWhitePapers/IHIGlobalTriggerToolWhitePaper.aspx
http://www.ihi.org/resources/Pages/IHIWhitePapers/IHIGlobalTriggerToolWhitePaper.aspx
https://doi.org/10.1136/qhc.12.suppl_2.ii39
https://doi.org/10.1136/qshc.2005.016618
https://doi.org/10.1177/0284185119881734
https://doi.org/10.1148/rg.2015150023
https://doi.org/10.1148/rg.2015150023
https://doi.org/10.1148/rg.2018180021
https://doi.org/10.1148/rg.2018180021
https://doi.org/10.2214/AJR.13.11493
https://doi.org/10.1007/s00330-020-06685-0
https://doi.org/10.1515/dx-2019-0046


Page 11 of 11Ahn et al. Insights Imaging          (2021) 12:160  

 20. Lee LK, Reisner AT, Binder WD et al (2019) Repeat CT performed within 
one month of CT conducted in the emergency department for abdomi‑
nal pain: a secondary analysis of data from a prospective multicenter 
study. AJR Am J Roentgenol 212:382–385. https:// doi. org/ 10. 2214/ AJR. 18. 
20060

 21. Siegal D, Stratchko LM, DeRoo C (2017) The role of radiology in diagnostic 
error: a medical malpractice claims review. Diagnosis (Berl) 4:125–131. 
https:// doi. org/ 10. 1515/ dx‑ 2017‑ 0025

 22. Waite S, Scott JM, Legasto A, Kolla S, Gale B, Krupinski EA (2017) Systemic 
error in radiology. AJR Am J Roentgenol 209:629–639. https:// doi. org/ 10. 
2214/ AJR. 16. 17719

 23. Pandharipande PV, Reisner AT, Binder WD et al (2016) CT in the emer‑
gency department: a real‑time study of changes in physician decision 
making. Radiology 278:812–821. https:// doi. org/ 10. 1148/ radiol. 20151 
50473

 24. Friedman SM, Provan D, Moore S, Hanneman K (2008) Errors, near misses 
and adverse events in the emergency department: what can patients tell 
us? CJEM 10:421–427. https:// doi. org/ 10. 1017/ s1481 80350 00104 84

 25. Hong WS, Haimovich AD, Taylor RA (2019) Predicting 72‑hour and 9‑day 
return to the emergency department using machine learning. JAMIA 
Open 2:346–352. https:// doi. org/ 10. 1093/ jamia open/ ooz019

 26. World Health Organization (2019) International classification of diseases 
for mortality and morbidity statistics (11th Revision). Available via https:// 
icd. who. int/ en. Accessed 21 Aug 2021

 27. Barbara O, Jose SM, Jayna H‑L et al (2016) A framework to assess patient‑
reported adverse outcomes arising during hospitalization. BMC Health 
Serv Res 16:357. https:// doi. org/ 10. 1186/ s12913‑ 016‑ 1526‑z

 28. McIsaac DI, Abdulla K, Yang H et al (2017) Association of delay of urgent 
or emergency surgery with mortality and use of health care resources: a 
propensity score–matched observational cohort study. CMAJ 189:E905–
E912. https:// doi. org/ 10. 1503/ cmaj. 160576

 29. Coleman S, Holalkere NS, Doherty G, Norbash A, Kadom N (2016) Radiol‑
ogy 24/7 in‑house attending coverage: do benefits outweigh cost? Curr 
Probl Diagn Radiol 45:241–246. https:// doi. org/ 10. 1067/j. cprad iol. 2016. 02. 
007

 30. Wu C‑L, Wang F‑T, Chiang Y‑C et al (2010) Unplanned emergency depart‑
ment revisits within 72 hours to a secondary teaching referral hospital in 

Taiwan. J Emerg Med 38:512–517. https:// doi. org/ 10. 1016/j. jemer med. 
2008. 03. 039

 31. Chen R‑C, Chu D, Lin H‑C, Chen T, Hung S‑T, Kuo N‑W (2012) Association 
of hospital characteristics and diagnosis with the repeat use of CT and 
MRI: a nationwide population‑based study in an Asian country. AJR Am J 
Roentgenol 198:858–865. https:// doi. org/ 10. 2214/ AJR. 11. 6475

 32. Borczuk P, Penn J, Peak D, Chang Y (2013) Patients with traumatic suba‑
rachnoid hemorrhage are at low risk for deterioration or neurosurgical 
intervention. J Trauma Acute Care Surg 74:1504–1509. https:// doi. org/ 10. 
1097/ TA. 0b013 e3182 9215cf

 33. Duca A, Jagoda A (2016) Transient ischemic attacks: advances in diag‑
nosis and management in the emergency department. Emerg Med Clin 
North Am 34:811–835. https:// doi. org/ 10. 1016/j. emc. 2016. 06. 007

 34. Joseph B, Aziz H, Pandit V et al (2014) A three‑year prospective study of 
repeat head computed tomography in patients with traumatic brain 
injury. J Am Coll Surg 219:45–51. https:// doi. org/ 10. 1016/j. jamco llsurg. 
2013. 12. 062

 35. Anticoli S, Pezzella FR, Pozzessere C et al (2015) Transient ischemic attack 
fast‑track and long‑term stroke risk: role of diffusion‑weighted magnetic 
resonance imaging. J Stroke Cerebrovasc Dis 24:2110–2116. https:// doi. 
org/ 10. 1016/j. jstro kecer ebrov asdis. 2015. 05. 016

 36. Carrara M, Yakar D, Kasalak Ö, Kwee TC (2020) A new complication regis‑
tration system for errors in radiology: initial 5‑year experience in a tertiary 
care radiology department. Eur J Radiol. https:// doi. org/ 10. 1016/j. ejrad. 
2020. 109167

 37. Chang C‑S, Lee K‑H, Su H‑Y et al (2020) Physician‑related factors associ‑
ated with unscheduled revisits to the emergency department and admis‑
sion to the intensive care unit within 72 h. Sci Rep 10:13060. https:// doi. 
org/ 10. 1038/ s41598‑ 020‑ 70021‑1

 38. Perotte R, Lewin GO, Tambe U et al (2018) Improving emergency depart‑
ment flow: reducing turnaround time for emergent CT scans. AMIA Annu 
Symp Proc 2018:897–906

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.2214/AJR.18.20060
https://doi.org/10.2214/AJR.18.20060
https://doi.org/10.1515/dx-2017-0025
https://doi.org/10.2214/AJR.16.17719
https://doi.org/10.2214/AJR.16.17719
https://doi.org/10.1148/radiol.2015150473
https://doi.org/10.1148/radiol.2015150473
https://doi.org/10.1017/s1481803500010484
https://doi.org/10.1093/jamiaopen/ooz019
https://icd.who.int/en
https://icd.who.int/en
https://doi.org/10.1186/s12913-016-1526-z
https://doi.org/10.1503/cmaj.160576
https://doi.org/10.1067/j.cpradiol.2016.02.007
https://doi.org/10.1067/j.cpradiol.2016.02.007
https://doi.org/10.1016/j.jemermed.2008.03.039
https://doi.org/10.1016/j.jemermed.2008.03.039
https://doi.org/10.2214/AJR.11.6475
https://doi.org/10.1097/TA.0b013e31829215cf
https://doi.org/10.1097/TA.0b013e31829215cf
https://doi.org/10.1016/j.emc.2016.06.007
https://doi.org/10.1016/j.jamcollsurg.2013.12.062
https://doi.org/10.1016/j.jamcollsurg.2013.12.062
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.05.016
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.05.016
https://doi.org/10.1016/j.ejrad.2020.109167
https://doi.org/10.1016/j.ejrad.2020.109167
https://doi.org/10.1038/s41598-020-70021-1
https://doi.org/10.1038/s41598-020-70021-1

	Impact of diagnostic errors on adverse outcomes: learning from emergency department revisits with repeat CT or MRI
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Key points
	Background
	Materials and methods
	Study sample
	Data collection
	Analysis of diagnostic errors stemming from index imaging studies
	Statistical analysis

	Results
	Patient characteristics
	Disease categories associated with diagnostic errors
	AO occurrence according to diagnostic error status and revisit timing
	Risk factors for AOs in association with RVRIs

	Discussion
	Conclusions
	Acknowledgements
	References


