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Radiologic imaging is a diagnostic tool that
greatly affects patient outcomes,'" and with the recent
development of imaging technology, advanced imaging
tests such as computed tomography (CT) have gained
widespread accessibility in hospitals. In particular, CT
is essential in the evaluation of patients in low-level
emergency departments (EDs) because of its ability
to answer clinical questions accurately and quickly.™
Therefore, the frequency of patients who are transferred
to high-level EDs for treatment after performing CT in a
low-level ED is increasing.”’ Thus, it has become important
for the patient’s treatment plan to immediately reconfirm the
CT image of a transferred patient in the referred ED."

However, previous studies conducted on patients visiting
EDs reported significant discrepancies of interpretations
between EDs for the same CT image."* If such a
discrepancy is found in the ED, the clinical process could
change, and the performance of additional imaging may
be required, resulting in unnecessary radiation exposure
and an increased cost burden on patients."”! Moreover,
additional imaging studies may lead to prolonged ED
length of stay (LOS), in turn causing ED crowding,
which can adversely affect the patient’s clinical results
and reduce the patient’s satisfaction level.™” Therefore,
if the risk factors for discrepancies in the interpretation
of CT images of transferred patients are identified in
advance, the emergency physicians of the referred
hospital could prepare for the changes in the treatment
plan caused by the discrepancy. However, previous
studies have not been able to reach a clear consensus on
the risk factors for discrepancies in the interpretation of
CT of transferred patients.*”'"'"! Several such risk factors
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have been recently reported, but systematic results on
their identification are lacking."*"” Furthermore, no
studies have identified how inconsistencies in outside
image interpretation affect patient outcomes."*"”

Our tertiary ED has an emergency transfer
coordination center (ETCC) which coordinates inter-
hospital transfers. It provides an appropriate setting for
research on the issue of discrepancies in the interpretation
of CT. In this setting, the present study aims to identify
the risk factors for discrepancies in the interpretation of
CT images in patients transferred to a high-level ED and
investigate their effects on ED clinical processes.

METHODS

This is a cross-sectional study based on prospectively
collected data from an ETCC data bank at an urban tertiary
teaching hospital in the Republic of Korea. This study
adhered to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement.

Our government health authorities designate EDs as
level 1, level 2, or level 3, depending on the availability
of medical human resources, emergency equipment, and
medical services. By law, level 1 and level 2 EDs must
have 24-hour emergency medical doctors.""” The ETCC
at our hospital is in a level 1 ED. This ED is located in
northwest Seoul (capital of the Republic of Korea) and
is responsible for the management of severe patients in
its catchment area. Of the approximately 90,000 annual
visits to this ED, about 4,000 are patients transferred
from other hospitals by emergency medical service
(EMS). Approximately 25% of all patients who visit the
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ED are admitted to our hospital.""”

In this study, all patients aged 19 years or older who
were transferred through the ETCC with CT images
obtained from other hospitals between June 2018 and
December 2018, were included.

The following cases were excluded: (1) those with
CT images (obtained from other hospitals) not transferred
to our picture archiving and communication system
(PACS); (2) those who were not transferred through the
ETCC.

The ETCC is developed to coordinate all emergency
transfers to our ED. The ETCC has 6 coordinators and
12 board-certified emergency physicians, and operates
24 hours a day. Using a computerized system, the
coordinator continuously monitors the hospital ward
capability status, the availability of operating rooms,
and the equipment needed for emergency treatment.
Based on these data, the ETCC approves patient transfers
and manages the related database as a single cohort,
recording diagnosis, medical conditions, examination
records, and basic information for all patients requested
to be transferred from the primary hospital. In addition,
for patients who undergo CT, scan time, modality subtype,
contrast medium use, and interpretation of CT images from
the referring ED are collected prospectively. Our ED has an
external image interpretation system in which all external
images are immediately sent to the PACS on patient arrival
and interpreted by certified radiologists. Therefore, it is
possible to immediately detect discrepancies and analyze
how they affect the ED clinical process.

For a patient to be transferred to our ED, the
coordinator collects the patient’s information, including
CT results according to standard protocols, and shares
this information, as well as that regarding availability of
equipment and hospital bed space, with the emergency
medical staff to obtain approval for the transfer. If the
input of other departments is needed, the coordinator
includes their feedback in the decision-making process.
Once approved, the patient is sent to the ED by
ambulance or other available means of transportation.
The ETCC protocol mandates the approval of transfer
provided there is sufficient capacity in the ED; the
transfer is denied only when there is overcrowding in the
ED or ICU or lack of the required specialist. If primary
stabilization is considered a top priority, emergency
transfers from catchment areas are approved regardless
of the ED capacity.!"”

The study data were extracted from the ETCC
transfer registry, which contained prospectively collected
data regarding patient age, sex, ED visit time and date,

transfer reasons, stage at the referring facility, and CT
scan status (CT subtype, CT contrast, reader specialty,
and time elapsed from CT scan to ED arrival). In
addition, information after arrival at the referred ED
was automatically collected through a clinical research
analysis portal developed by the medical information
department in our hospital.”” All data were collected
by authorized researchers and fed into the hospital
information system; they were processed anonymously,
with no missing data.

The primary outcome is the presence of discrepancies
between the external interpretation and our hospital’s
interpretation. A major discrepancy was defined as any
disagreement with clinical significance and potential
change to the patient treatment plan; a minor discrepancy
as any disagreement with no clinical significance; no
discrepancy was defined as the absence of disagreement
in interpretation according to previous literature.!®
The classification of discrepancies was conducted by
two board-certified emergency physicians blinded to
the study by reviewing the interpretation records and
the patient’s clinical course from medical records.
Differences in opinions between the two reviewers (14 cases
of inconsistency) were determined through discussion until
consensus was reached. In modeling, both minor and major
discrepancies were classified as discrepancies. To confirm
the effect of discrepancies on the ED clinical process, the
present study investigated the time from ED presentation to
the disposition of the enrolled patients.

Categorical variables are reported as number and
percentage, and continuous variables as mean+standard
deviation. Differences between groups were assessed by
the Student’s t-test for normally distributed variables and
by the Mann-Whitney U-test for the other variables. The
Chi-squared test was used to analyze categorical variables.
P-values less than 0.05 were considered statistically
significant. Multivariable logistic regression analysis
was performed to identify the risk factors for the primary
outcome. Since this study was designed retrospectively
and was an exploratory study analyzed using logistic
regression, the post power calculation was not performed.
The determination of clinically significant factors was based
on previous studies.”** Analysis of the collected data was
performed using SAS (version 9.4, SAS Inc., USA) and R
(version 3.6.3, http://www.R-project.org).

RESULTS
During the study period, 1,068 transfer requests

out of a total of 2,837 were approved by the ETCC.
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There were 411 patients with outside CT images.
Among them, 50 were excluded based on the exclusion
criteria, resulting in the enrollment of 361 patients
(Figure 1). A total of 107 (29.6%) cases were classified
as discrepancies, among which 55 (15.24% of the total
cases) were major discrepancies. Major discrepancies
were present in 10 (11.36%) patients from high-
level hospitals and 45 (16.48%) patients from low-
level hospitals. Major discrepancies were found in 40
(23.95%) abdominal CT images and 3 (3.09%) brain CT
images. The other baseline characteristics of the enrolled
patients are shown in Table 1.

In univariable analyses, the presence of trauma, CT
subtype, and use of contrast were identified as factors
affecting discrepancies of interpretation, while in the
multivariable model, the CT subtype was the only
independent risk factor. In the univariable analyses, the
odds ratio of non-trauma for discrepancies was 2.308
(95% confidence interval [Cl] 1.118-3.714), and that of
use of contrast was 2.101 (95% CI 1.249-3.535); these
odds ratios changed to 1.643 (95% CI 0.727-3.715)
and 0.957 (95% CI 0.501-1.829), respectively, in the
multivariable logistic regression (Table 2). As part of
the sensitivity analysis, we performed the multivariable
logistic modeling of non-brain cases. In this analysis, no
variable showed a significant effect on the discrepancy of
CT image interpretation (supplementary file 1).

Figure 2 shows how the discrepancy of interpretation

Table 1. Patient characteristics according to discrepancy, n (%)

No Minor Major
Variables discrepancy  discrepancy discrepancy
(n=254) (n=52) (n=55)
Age, years 61.76+17.48 64.48+15.38 61.27+16.74
Sex
Male (n=213) 146 (68.54) 38 (17.84) 29 (13.62)
Female (n=148) 108 (72.97) 14 (9.46) 26 (17.57)
Hospital level
High (n=88) 61(69.32) 17(19.32) 10 (11.36)
Low (n=273) 193 (70.70)  35(12.82)  45(16.48)
Trauma
Yes (n=83) 67 (80.72) 7 (8.43) 9(10.84)
No (n=120) 187 (67.27)  45(16.19) 46 (16.55)
CT
Multi (n=120) 86 (71.67)  22(18.33)  12(10.00)
Single (n=241) 168 (69.71)  30(12.45) 43 (17.84)
Subtype
Abdominal (n=167) 94 (56.29)  33(19.76) 40 (23.95)
Brain (n=97) 92 (94.85) 2 (2.006) 3(3.09)
Chest (n=62) 42 (67.74) 14 (22.58) 6 (9.68)
Others (n=35) 26 (74.29) 3(8.57) 6(17.14)
Contrast medium
Not used (n=120) 96 (80.00) 17 (14.17) 7 (5.83)
Used (n=241) 158 (65.56)  35(14.52)  48(19.92)
Reader specialty
Radiologist (n=261) 183(70.12) 39 (14.94)  39(14.94)
Others * (n=100) 71 (71.00) 13 (13.00) 16 (16.00)
CT to door time ® (hours) 11.03+25.97 13.84+25.29 21.33+36.90

*: the reader is not a radiologist; *: the time from the completion
of the CT scan to the final hospital arrival; Data are reported as
mean+standard deviation or number (%). CT: computed tomography.
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influenced the time to disposition in the ED. The present
study confirmed that the discrepancy of interpretation
was significantly associated with the prolonged time to
disposition in ED (P=0.005).

DISCUSSION

Recently, due to the development of imaging
technology, more patients are referred to high-level
EDs after CT scans have been performed at primary
medical institutions."” CT is a practical diagnostic tool,
but is known to be affected by frequent interpretation
discrepancies.!"* Accordingly, discrepancies in CT
readings are of interest for many medical professionals.
A previous study has shown that CT images are more
consistent when the radiologist reads them, and that
abdominal CT images can be read more accurately by
radiologists.""”! Factors such as trauma image, age, and
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Figure 1. Patient inclusion flowchart. ETCC: emergency transfer
coordination center; CT: computed tomography.
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Figure 2. Clinical effects of CT interpretation discrepancy.
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multiple CTs, which were assumed to be risk factors for
discrepancies in CT image interpretation, were analyzed
in previous studies. However, none of these studies were
designed to target the discrepancy of interpretation of CT
images performed on patients transferred between EDs, and
were not performed using systematic methods.”"™"*'" In the
present study, the interpretation of brain CT images was
found to be relatively less inconsistent than that of other
CT subtypes. The lower discrepancy rate of brain CT
was in agreement with the results of a previous study."”
It is believed that brain CT has lower discrepancy rates
because the spectrum required to cover ED practice is
narrow compared to other CT subtypes. Acute lesions,
which can be detected using brain CT in EDs, do not
have a broad spectrum of interpretation and do not
involve various organs and anatomical structures like
abdominal or chest CT scans. In our study, trauma and
the absence of contrast medium were associated with low
discrepancies. However, among the cases where brain
CT was taken, the proportion of trauma and non-contrast
cases was high. Therefore, contrast agents and trauma
might have acted as confounders in the relationship
between CT subtype and discrepancy.

The present study found that the time to disposition
was prolonged in the discrepancy group. The
disagreement in CT interpretation of transferred patients
can cause the performance of additional CT in the clinical
process, lengthening the patient’s ED LOS. Therefore, it
may be helpful to evaluate the related risk factors during
the transfer coordination process, so that CT image

Table 2. Odds ratios for the discrepancy of CT interpretation

discrepancies can be predicted in advance. Based on the
results of the present study, outside abdominal or chest
CT images should be interpreted through a secondary
reading system in the ED. Moreover, the results suggest
the need of a system for immediate inter-hospital image
transmission and interpretation by qualified radiologists
before patient arrival. These efforts may also contribute
to the rapid and accurate ED process of emergent
transferred patients and alleviate ED crowding.

The present study has several strengths over previous
studies of similar topics. It features a homogenous study
population that was consecutively extracted thanks
to a systematic emergency transfer system.!"” This
allowed the standardized collection of known data to
be associated with discrepancies of CT interpretation in
patients transferred from various medical institutions,
thus allowing the collection of variables that were
difficult to identify in previous studies. In addition, our
radiologic interpretation system allowed external images
to be quickly moved to the internal PACS, allowing
them to be interpreted more effectively,” the qualified
radiologists being able to confirm discrepancies 24 hours/
day in our ED. The results of the secondary interpretation
were immediately reflected in the clinical process of the ED,
which was an optimal place to achieve the study objectives.

This study has several limitations. First, although
a prospectively collected registry was used, there was
a possibility of bias due to the retrospective design of
the study. In addition, it is difficult to generalize the
study results because of its single-center nature. Finally,

Univariable analysis

Multivariable analysis

Variables OR (95% Cl) P-valuc OR (95% Cl) P-valuc
Age, years 1.004 (0.990-1.017) 0.586 1.001 (0.987-1.017) 0.848
Sex

Male Ref -

Female 0.807 (0.507-1.284) 0.365 0.736 (0.438-1.235) 0.246
Hospital level

High Ref -

Low 0.936 (0.555-1.579) 0.806 0.767 (0.423-1.393) 0.384
Trauma

Yes Ref -

No 2.308 (1.118-3.714) 0.020 1.643 (0.727-3.715) 0.233
CT

Multi Ref -

Single 1.099 (0.678-1.781) 0.701 0.821 (0.429-1.569) 0.550
Subtype

Brain Ref -

Abdominal 14.285 (5.522-36.954) <0.001 14.366 (5.216-39.567) <0.001

Chest 8.759 (3.079-24.923) <0.001 8.400 (2.851-24.755) 0.001

Others 6.367 (1.963-20.652) 0.002 6.250 (1.851-21.109) 0.003
Contrast medium

Not used Ref -

Used 2.101 (1.249-3.535) 0.005 0.957 (0.501-1.829) 0.894
Reader specialty

Radiologist Ref -

Others * 1.043 (0.629-1.732) 0.870 0.752 (0.425-1.331) 0.328
CT to door time (hours) " 1.008 (0.999-1.016) 0.051 1.007 (0.999-1.015) 0.103

*: the reader is not a radiologist; *: the time from the completion of the CT scan to the final hospital arrival; CT: computed tomography; Cl: confidence interval.
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the clinical outcomes evaluated in our study did not
include those related to patient safety, such as mortality
or complications related to discrepancies. Therefore,
additional studies to verify the association between
inconsistencies in CT interpretation and patient outcome
should be considered.

CONCLUSIONS
The CT subtype is the strongest risk factor for

discrepancies of outside CT interpretation in patients
urgently transferred to a high-level ED. Our study
results can be used as practical evidence to prepare
for secondary interpretation of CT images and clinical
planning in EDs when there is a request for emergency
transfer from other facilities.
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