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Abstract: Because the high-cost of medical imaging can cause a tremendous economic burden
across the health care system, we investigated factors associated with taking additional computed
tomography (CT) scans. Data of gastric cancer patients were eligible for analysis if the patient
underwent a gastrectomy during the study period (2002–2013). We defined initial CT scans as those
taken within 90 days from the surgery date. If there was an additional CT scan between the date of an
initial CT scan and the surgery date, we regarded it as a reexamination. We used multivariate logistic
regression analysis for reexamination CT scans. Among 3342 gastrectomy patients, 1165 participants
underwent second CT scans. Transfer experience (adjusted odds ratio (OR) = 23.87, 95% confidence
interval (CI) = 18.15–31.39) was associated with higher OR for reexamination. Among transferred
patients, an increased number per 100 beds at the initial CT hospital was associated with a decreased
OR for reexamination (OR = 0.88, 95% CI = 0.83–0.94), but increased beds in surgery hospitals was
related to an increased OR for reexamination (OR = 1.29, 95% CI = 1.20–1.36). In our study, transfer
experience, initial CT scan in a low-volume hospital, and surgical treatment in a high-volume hospital
were associated with reexamination CT scans.
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1. Introduction

Computed tomography (CT) is a widely used medical imaging technique in Korea [1,2]. According
to OECD (Organisation for Economic Co-operation and Development) health data, 7,298,133 CT exams
were performed in Korea in 2013 [3]. In addition, 37.6 CTs per million population were performed in
Korea in 2013—the fourth highest among OECD countries [3]. As CT scans have improved gradually,
they have become more important in detecting malignant lesions in internal organs [4].

The first commercially viable CT scanner was invented by Sir Godfrey Hounsfield in Hayes,
United Kingdom, at EMI (Electric and Musical Industries) Central Research Laboratories using X-rays.
Hounsfield conceived his idea in 1967 [5]. In Korea, the first CT scanners were available for clinical
practices in the late 1970s and early 1980s [6]. After their first adoption, more advanced CTs were
developed, and the quality and resolution of images improved dramatically [7]. Therefore, older and
lower quality CT scanners might be causing a need for reexamination CTs. The proportion of CT
scanners over 10 years old is 23.6%, and 34.2% are reused CT scanners [8].
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The Korean Ministry of Health and Welfare (MoHW) regularly tests the quality of CT scanners
based on enforcement regulations of the Medical Service Act. Although the currently used CT scanners
satisfy the minimal quality standards, there are still some issues in quality across CT scans. Moreover,
the old and reused CT scanners are usually owned by small-volume hospitals in rural areas [9].
Thus, we sought to investigate whether these old and reused CT scanners were truly associated with
reexamination CT scans. Moreover, we examined what other factors were related to repeated scans.

To assess this, we selected patients with gastric cancers who underwent a gastrectomy, with or
without chemotherapy. We targeted this population because these patients were eligible to undergo
CT scans before their operations [10,11], and gastric cancer is common in Korea [12,13].

2. Materials and Methods

2.1. Data Source and Collection

All citizens in Korea are obligated to enroll in a single-payer, national health insurance and
medical aid program administered by the National Health Insurance Corporation (NHI) [14]. The NHI
database includes information regarding basic patient demographics, reimbursement for medical
services, disease codes according to the International Classification of Diseases (ICD-10), identifiers for
the clinic or hospital, medical history, and mortality. These data are then automatically linked to the
Korean National Statistical Office, where they are obtainable for research purposes. The present study
used data from the National Health Insurance Service-National Sample Cohort (NHIS-NSC) [15], which
included 1,025,340 representative subjects (~2.2% of the country’s population), who were randomly
stratified and selected based on age, gender, insurance type, income, residential region, and individual
total medical costs.

This study was exempt from institutional review board evaluation. However, the study protocols
adhered to the guidelines outlined in the Declaration of Helsinki.

2.2. Description of the Study Cohort

Patients’ data were eligible for analysis if the patient was diagnosed with gastric cancer (ICD-10
code, C16), underwent a gastrectomy during the study period (2002−2013), and was >20 years old at
the time of diagnosis. We excluded patients who had another primary cancer or known metastatic
disease at the time of diagnosis. A schematic flow chart for patient selection is shown in Figure 1.
In total, 3895 patients met the criteria. However, because 393 patients had no history of CT scans,
the initial population for the study was 3502 patients. We also excluded a further 160 patients who had
undergone neoadjuvant chemotherapy before surgical resection. Finally, a total number of 3342 patients
were enrolled in this study.

2.3. Initial and Reexamination CT Scans

All included CT scans were at abdominal–pelvic level according to the Electronic Data Interchange
code for claims to the national health insurance scheme. We defined initial CT scans as those taken
before 90 days from the surgery date. Although operable gastric cancer is not necessary for acute
management, in general, we assumed that most gastric cancer patients would proceed to a gastrectomy
as quickly as possible, within 90 days. If there was any abdominal–pelvic CT scan claim data between
the date of the initial CT scan and the surgery date, we regarded that procedure as a reexamination CT
scan (Figure 2).

2.4. Statistical Analysis

Demographic characteristics, including age, gender, health coverage, premium level, residential
area, surgical type (total/subtotal), and transfer history for surgery, were included in the data. The NHI
premium was used as a proxy measure of income because it is proportional to monthly income,
including earnings and capital gains. The income deciles of enrolled subjects were categorized into
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the following three groups: ‘Low’ for deciles 0–3, ‘Middle’ for deciles 4–7, and ‘High’ for the deciles
8–10. Some patients might have needed to undergo CT scans two or more times due to other medical
conditions. Thus, we determined the Charlson comorbidity index (CCI) for each patient, a widely
used indicator of fatal medical conditions [16,17]. It predicts the one-year mortality for a patient who
may have a range of comorbid conditions, such as heart disease, AIDS (Acquired Immunodeficiency
Syndrome), or cancer (a total of 22 conditions). Each condition is assigned a score of 1,2,3, or 6,
depending on the risk of dying associated with each one. Scores are summed to provide a total score to
predict mortality.
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Figure 1. Participant selection.
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We also considered the level of hospitals where patients received the initial and reexamination CT
scans and categorized them into three levels: general hospitals, hospitals, and clinics. Theoretically,
Korea has a well-organized delivery system, with three levels of hospitals including, clinic, hospital,
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and general hospital. According to their definition in related laws, a clinic means a health care
organization in which medical professionals can perform their medical services under certain
circumstances. It is similar to a private clinic in other countries. In terms of a hospital, it is defined
as health care facilities with over 30 beds and providing medical services from clinical specialists.
It usually covers 5000 to 50,000 people. In Korea, a general hospital is a highly professional health care
organization with over 200 beds, covering 50,000 to 500,000 people. There are a lot of sub-specialty
clinicians and they usually have a responsibility for rare and intractable diseases. The locations of the
hospitals and their numbers of beds were included as indicators of medical performance.

Descriptive statistics were computed for all variables as frequencies and percentages for categorical
variables using aχ2 test. To investigate the association between variables of interest and reexamination CT
scans, we used a multivariate logistic regression analysis, with full adjustment for possible demographic
and hospital variables, as above. We also performed a sensitivity analysis using specific transfer routes.
Odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated, and statistical significance
was set at p < 0.05. We conducted all statistical analyses using the SAS software (version 9.3; SAS
Institute Inc., Cary, NC, USA). All the variables were adjusted for the statistical analyses.

3. Results

3.1. Demographic Characteristics

Among 3342 operable gastric cancer patients, 1165 participants underwent second CT exams before
surgery from April 2002 to December 2013 (Table 1). As the age groups became older, the probability
of reexamination CT scans increased. In terms of severity in general health conditions, patients with
reexamination CT scans had higher CCI scores.

In total, 679 patients (20.3%) were transferred to a different hospital between the diagnosis and
surgical treatment for gastric cancer. When patients were transferred, reexamination CT scans were
more frequent. In terms of hospital characteristics where the initial CT scans were taken, general
hospitals and locations within the capital city, Seoul, had lower probabilities of reexamination scans.

3.2. Multivariate Logistic Regression for Reexamination CT Scans

To measure the adjusted odds ratios (ORs) for reexamination CT scans, we used multivariate logistic
regression (Table 2). According to the results, transfer experience (OR = 23.87, 95% CI = 18.15–31.39)
and total gastrectomy (OR = 1.90, 95% CI = 1.55–2.33) were associated with higher adjusted odds ratios
for reexamination scans compared with the respective reference group. In contrast, undergoing the
initial CT at a clinic (OR = 0.45, 95% CI = 0.26–0.80) was related to a lower odds ratio compared with at
general hospitals.

3.3. Subgroup Analysis for Transferred Patients Only

Because the odds ratio was highest for transferred patients, we examined them separately.
To determine the difference in transfer routes, patients who transferred (1) from a clinic or a hospital
to a general hospital or (2) from a general hospital to another general hospital were included in this
subgroup analysis. Only eight patients were excluded via this process, and 671 patients were included
in this subgroup analysis. Moreover, we investigated some additional variables of interest, such as the
number of beds in the hospital of the initial diagnosis and in the hospital where the surgery occurred.

According to this sensitivity analysis (Table 3), no statistically significant difference was found in
transfer route as assessed by the adjusted odds ratio for reexamination scans. However, the numbers
of beds in the initial CT hospital and in the surgical treatment hospital were both related to repeated
CT scans. Regarding the initial CT hospital, an increased number of beds was associated with a
decreased odds ratio for reexamination (OR = 0.88, 95% CI = 0.83–0.94, per 100 beds). In contrast,
an increased number of beds in the surgical treatment hospital was related to an increased odds ratio
for reexamination (OR = 1.29, 95% CI = 1.20–1.36, per 100 beds).
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Table 1. The demographic characteristics for the enrolled gastrectomy patients from April 2002 to
December 2013.

Variable

Reexamination CT Scan Total p-Value

NO YES

N % N %

Age Group

29 or below 19 76.0 6 24.0 25 0.001
30 to 39 106 67.9 50 32.1 156
40 to 49 352 69.8 152 30.2 504
50 to 59 537 65.2 286 34.8 823
60 to 69 673 66.3 342 33.7 1015
70 to 79 440 61.2 279 38.8 719

80 or above 50 50.0 50 50.0 100

Sex

Male 1430 63.6 820 36.4 2250 0.006
Female 747 68.4 345 31.6 1092

Health Coverage Type

National Health
Insurance 2104 65.2 1,125 34.8 3229 0.903

Medical aid 73 64.6 40 35.4 113

Residential Area

Rural 784 65.4 414 34.6 1198 0.784
City 1393 65.0 751 35.0 2144

Premium Level

Low 334 64.6 183 35.4 517 0.942
Middle 664 65.5 350 34.5 1014
High 1179 65.1 632 34.9 1811

Transfer (1st ct , Surgery)

No 2070 77.7 593 22.3 2663 <0.001
Yes 107 15.8 572 84.2 679

Gastrectomy Type

Total 400 54.5 334 45.5 734 <0.001
Subtotal/Partial 1777 68.1 831 31.9 2608

Charlson Comorbidities Index

Mean SD Mean SD

Score 1.3 1.1 1.5 1.3 <0.001

Hospital Type, Taking the Initial ct

Clinic 23 29.9 54 70.1 77 <0.001
Hospital 25 19.4 104 80.6 129

General hospital 2129 67.9 1007 32.1 3136

Hospital Provinces *, Taking the Initial ct

Capital 940 71.9 367 28.1 1307 <0.001
Metropolitan 627 65.4 331 34.6 958

Other rural provinces 610 56.6 467 43.4 1077

Total 2177 65.1 1165 34.9 3342

* Eighteen administrative districts in Korea are divided into three categories—capital, metropolitan, and provinces.
The capital is Seoul, the six metropolitans are Busan, Daegu, Incheon, Daejeon, Gwangju, and Ulsan, and the rural
provinces are the others.
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Table 2. The adjusted odds ratios (aOR) for reexamination CT scans from March 2002 to December 2013.

Variable OR Low CI High CI

Age Group
29 or below 0.88 0.29 2.68

30 to 39 0.95 0.58 1.54
40 to 49 1.00
50 to 59 1.24 0.93 1.66
60 to 69 1.31 0.98 1.74
70 to 79 1.56 1.15 2.12

80 or above 2.52 1.51 4.20
Sex

Male 1.00
Female 0.83 0.69 1.01

Health coverage type
National health insurance 1.00

Medical aid 0.93 0.55 1.55
Residential area

Rural 1.00
City 1.28 1.06 1.54

Premium level
Low 1.00

Middle 0.94 0.70 1.25
High 0.83 0.63 1.09

Transfer *
No 1.00
Yes 23.87 18.15 31.39

Gastrectomy type
Total 1.90 1.55 2.33

Subtotal/Partial 1.00
Charlson comorbidities index

Per point 1.05 0.97 1.14
Hospital type, taking the initial ct

Clinic 0.45 0.26 0.80
Hospital 1.40 0.79 2.46

General hospital 1.00
Hospital provinces, taking the initial ct

Capital (seoul) 1.00
Metropolitan (busan, daegu, gwangju, daejeon, ulsan, and incheon) 0.45 0.26 0.80

Other rural provinces 1.40 0.79 2.46
Year

Per one year 1.15 1.12 1.19

* Transfer means that the initial CT taking hospital is different from the surgery performed hospitals.

Table 3. The adjusted odds ratios (aORs) for reexamination CT scans among ‘transferred *’ patients.

Variable OR Low CI High CI p-Value

Transfer route
General to general hospital 1.00

Clinic and hospital to general hospital 0.65 0.32 1.33 0.2426

Number of beds, initial ct hospital
Per 100 beds 0.88 0.83 0.94 <0.001

Number of beds, surgery hospital
Per 100 beds 1.29 1.20 1.36 <0.001

* Age group, sex, health insurance, residential area, premium level, gastrectomy type, Charlson comorbidities
index, hospital province taking the initial computer tomography scan, and year are adjusted. ‘Transfer’ means the
transferring from any hospital (clinics, hospitals, and even other general hospitals) to general hospital level.
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3.4. Subgroup Analysis: Transfer between General Hospitals

We also investigated whether the number of beds was still associated with reexamination CT
scans when the initial CT hospital was at the general hospital level. Because general hospitals need
accreditation from the government, including medical device examinations, we needed to investigate
transferred patients at the same level of hospital. According to the results (Table 4), the odds ratio
for number of beds at the initial CT hospital (OR = 0.91, 95% CI = 0.88–0.95, per 100 beds) and at the
surgical treatment hospital (OR = 1.10, 95% CI = 1.06–1.13, per 100 beds) still showed statistically
significant differences.

Table 4. The adjusted odds ratios (aOR) for reexamination CT scans among patients who took the
initial CT at general hospitals.

VARIABLE OR Low CI High CI p-Value

Number of beds, initial ct hospital
Per 100 beds 0.91 0.88 0.95 <0.001

Number of beds, surgery hospital
Per 100 beds 1.10 1.06 1.13 <0.001

Age group, sex, health insurance, residential area, premium level, gastrectomy type, Charlson comorbidities index,
hospital province taking the initial computer tomography scan, and year are adjusted.

We also examined geographical transfers between Seoul and other provinces, including transfers
(1) between other provinces; (2) within Seoul; (3) from the other provinces to Seoul; and (4) from Seoul
to other provinces (Figure 3). Because the four largest and best-known hospitals are located in Seoul,
many cancer patients prefer to undergo surgery in Seoul. Patients transferred from outside Seoul to
Seoul (OR = 3.62, 95% CI = 1.59–8.23) showed the highest odds ratio for reexamination CT scans.Healthcare 2019, 7, x 8 of 12 
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Figure 3. Adjusted odds ratios for reexamination CT scans for patients experiencing transfer between
general hospitals.

4. Discussion

A CT scan is one of the best ways to make an operation plan for gastric cancer patients [18–20].
Although endoscopic ultrasound and laparoscopy are invasive testing procedures, they are effective in



Healthcare 2020, 8, 2 8 of 12

assessing the range of gastric wall invasion by gastric cancer [21]. Further, they visualize invasion
of gastrointestinal tissues or adjacent organs and swollen lymph nodes around the gastrointestinal
tract. However, unlike endoscopic ultrasound and laparoscopy, CT scan is an invasive procedure that
can generate an objective image of the entire abdomen including the gastrointestinal and adjacent
organs, based on local staging and remote metastasis [22]. According to the data, almost all of the
gastric patients undergoing surgery had a CT scan, and 35.3% had two or more scans before surgery.
In the multivariate analysis, a hospital transfer was highly associated with reexamination CT scans.
Among the transferred patients, small initial hospitals and high-volume surgery hospitals were related
to higher probabilities of reexamination CT scans. When we only analyzed transfers within general
hospitals, where we hypothesized that the initial and final CT scans might be equal, only transfers from
other provinces to Seoul, the Korean capital, showed a statistically significant increased odds ratio.

We could not explain why 35% of patients underwent reexamination CT scans. However, some
possible hypotheses can be suggested. First, the quality of initial CT scans might not have been
appropriate for making a surgical plan. Low imaging quality in CT scans may hinder the surgeon
from establishing the staging and surgery method. According to national published data [9], 37.7% of
CT scanners in primary clinics and 24.6% in hospitals were used less than once per day, whereas this
was true for only 0.9% of scanners in general hospitals. With such low use rates of use, it is not easy to
maintain consistent CT quality or to justify the acquisition of a more advanced scanner. Thus, it might
be carefully assumed that the low use rates for CT scanners might be associated with low-quality
CT imaging, resulting in the need for additional CT scans. However, in our study, the patients who
had taken the initial CT scan at primary clinics had lower association to re-examination of CT scan.
Although the number of these patients are very small (2.3%), it seems reasonable to consider other
plausible explanations for the relationship.

Second, a hospital might avoid performing the initial CT for several financial reasons. Under the
fee-for-services system, hospitals have typically tended to increase their medical activities, including CT
examinations [23]. This has also been observed in other countries. According to a study from the US [24],
stable coronary artery disease (CAD) patients, who were diagnosed with new coronary CT angiography,
were more likely to undergo subsequent invasive procedures and have higher CAD-related spending
than others who underwent stress testing, regardless of disease severity. The authors mentioned
that the additional imaging resulted in not only the added direct costs of the CT scan but also the
indirect costs for subsequent medical procedures. They named this phenomenon a “diagnostic-driven
treatment cascade.”

Third, some patients may bring their own medical images, which may lead to mistakes although
the chance is very low. Under the health care system in Korea, all patients are expected to bring
their medical certificates for referrals to tertiary hospitals from their doctors at private clinics or other
hospitals. In addition, they are expected to ask for copies of medical images from the medical staff

and bring them other facilities. While this process may seem to be easy for many people, it may be a
complicated step for others, such as those with disabilities and elderly patients.

Within the Korean national health care system, the ‘Health Insurance Review and Assessment
Service’ (HIRA) monitors medical claims and conducts quality assessments for medical fee
verification [25]. In 2003, the agency suggested and permitted a ‘reading fee for external medical images’
to prevent unnecessary CT scans and increase efficiency in medical resource use [26]. This insurance
fee allowed 20% of the original CT costs for reading and interpretation in another hospital by a
radiologist [26]. Through this, the agency hoped to encourage behavior changes in hospitals to avoid
their performing another CT scan for profit, regardless of the patient’s medical condition and the
imaging quality of the initial CT scan.

However, contrary to the agency’s expectations, it seems that there is still considerable inefficiency
in the use of high-cost medical imaging devices. In Korea, there is still insufficient insurance coverage
for magnetic resonance imaging (MRI) or positron emission computed tomography (PET). Thus,
the government agency is not able to review reexamination rates for MRI and PET images [27]. Even
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with CT scans, which are mostly covered by the national health insurance scheme, over 20% of scans
were reexamination scans in 2010. Although more focus interviews and other quantitative analyses are
needed to explain the potentially wasteful use of medical resources, all three hypotheses mentioned
above are likely associated with the outcome.

To overcome and improve the current situation, we suggest several solutions. Through policy
synchronization, the quality problem can be resolved when the pursuit of micro-efficiencies by
providers are synchronized with the macro-efficiency needs of the national health system. If the
government discloses quality information for high-tech devices and gives incentives for provider
efforts to increase quality, the current competition between providers to capture patients could evolve
into a competition for better quality. In addition to this vertical synchronization, horizontal policy
synchronization, such as with NHI policy, should also be discussed.

For example, in the US, the Center for Medicare and Medicaid Services (CMS) decided that
all CT and MRI images should be performed using accredited medical devices based on the
Medicare Improvements for Patients and Providers Act of 2008 (MIPPA) [28]. According to the Act,
three independent organizations—the American College of Radiology, the Intersocietal Accreditation
Commission (IAC), and the Joint Commission (JC)—have the authority to certify the quality of imaging
devices. In addition, the Australian Medicare system requires two accreditations from the Diagnostic
Imaging Accreditation Scheme and a location-specific practice number to claim for medical images [29].

We also suggest that a long-term strategy for balancing CT scan supply and demand should run
parallel with a quality management strategy. As we already mentioned, the inefficient usage of CTs in
primary clinics and hospitals may be related to difficulty in quality maintenance. Since the Korean
health care system is mainly operated by private health care providers and hospitals, it is not easy to
allocate medical resources efficiently. However, the government has to prepare long-term strategies to
re-allocate high-cost medical devices via elaborating health care delivery systems.

Advanced internet technologies (IT) and information and communications technologies (ICT)
generally could provide an alternative. That is, high-tech medical images could be made anywhere
and could be shared via digital storage. Then, they could be readily transmitted, and patients would
not need to copy and bring them to another hospital. Moreover, all images could be evaluated easily,
and real-time feedback on quality could be provided via the system. However, the ‘Personal Information
Protection Act’ does not allow the sharing of personal medical records without permission [30], and there
is still a risk of someone hacking into the network. Despite these limitations and concerns and the
need to use ICT carefully, it could dramatically increase efficiency in the health care system overall [31].
To encourage this, the vertical and horizontal synchronization of health policies should support greater
adoption of ICT in health care [6].

This study has several limitations. First, we did not consider use of contrast agents. Usually,
approximately 40% of all CT scans use a contrast agent for better delineation of soft tissue contrast.
Contrast agents are widely used in CT and MRI, as they enhance the contrast of tissues and improve
diagnostic accuracy. For this reason, contrast agents are the most frequently used agents among
intravenous agents [32]. Second, we did not determine any concrete reason for reexamination CT
scans. Only claim data were used in the analysis; further qualitative investigations are needed. Third,
caution is needed before generalizing these results to other diseases. Although we targeted the second
most common cancer in Korea, the pattern of care in other diseases could differ. Forth, we did not
adjust for medical conditions, including cancer stage. If the stage is more advanced, there may a higher
probability of further CT scans. We tried to overcome this problem by adjusting the surgical type,
such as total versus subtotal/partial gastrectomy. However, since a surgical procedure is dependent on
tumor location basically, we admit that this is still not enough to reflect the disease severity exactly.

Despite these limitations, our study has several strengths. First, we used national cohort data from
a random sample. Thus, the result may have high external validity in Korea. Second, gastric cancer is
the second most common malignant neoplasm in Korea. Thus, the patterns of care in other severe
cancers, which also need high-tech medical images, would be expected to be similar. Third, to our
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knowledge, there are few academic reports on reexamination CT scans in Asian countries. The growth
rate in the health care systems is increasing in keeping with increased incomes and growing medical
needs in this region; we have made suggestions as to how to provide and control high-quality medical
images efficiently.

Conventional CT, helical CT, and fusion imaging technology such as Positron Emission
Tomography (PET)-CT are currently used to diagnose and treat gastric cancer. Further, various imaging
devices that can detect diverse biological information are utilized in clinical practice. Such equipment
can measure gastric cancer-related information that could not be measured with existing equipment
therefore they are used to diagnose gastric cancer and to determine therapeutic effects and prognostic
prediction [33]. Computed tomography scans with advanced technology would boost the efficiency and
quality of diagnosis and treatment of gastric cancer. Reexamination CT scans may be needed to examine
changes in the state and to devise treatment plans for patients. When considering reexaminations,
imaging technologies that can detect diverse biological information, such as MRI and PET-CT, are also
used in clinical practice. Therefore, continuous attention to novel technology as well as a comprehensive
understanding and approach will be needed in molecular biology and tumor biology.

5. Conclusions

Although the CT scanner is a widely used medical imaging device, associated quality measures
have not been performed well. In our study, patient transfers, low-volume hospitals for the initial
CT scan, and high-volume hospitals for surgical treatment were associated with reexamination CT
scans. Because the high cost of medical imaging can cause a tremendous economic burden on the
entire health care system, there is a need to increase the quality of CT scans using effective political and
ICT methods.

Author Contributions: J.S. and Y.C. coded and analyzed the qualitative documents. Y.J.C. also provided expertise
on qualitative coding methods. J.M.K. and S.G.L. are the principal investigators of this study and contributed to
the study design, data collection, and interpretation of data. J.M.K. and S.G.L provided the site report documents
and contributed to the interpretation of the data. All authors were involved in the preparation of the manuscript
and read and approved the final manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors that no support was received.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ministry of Health and Welfare. New Health Plan 2020; Ministry of Health and Welfare: Seoul, Korea, 2011.
2. Yang, B.M. Medical technology and inequity in health care: The case of Korea. Health Policy Plann. 1993, 8,

385–393. [CrossRef] [PubMed]
3. OECD/WHO. Health at a Glance: Asia/Pacific 2018: Measuring Progress toward Universal Health Coverage; OECD

Publishing: Paris, France, 2018. [CrossRef]
4. Summers, R.M. Progress in fully automated abdominal CT interpretation. AJR Am. J. Roentgenol. 2016, 207,

67–79. [CrossRef] [PubMed]
5. Richmond, C. Sir Godfrey Hounsfield. BMJ 2004, 329, 687. [CrossRef]
6. Lee, S. Current status and policy options for high-tech medical devices in Korea: Vertical and horizontal

synchronization of health policy. J. Korean Med. Assoc. 2012, 55, 950–958. [CrossRef]
7. Lee, S.; Oh, Y.; Song, H.; Kim, E.; Cho, S.; Baek, J. The Present Condition of Supply and Demand for Healthcare

Resources and Management Policy Implications; Korea Institute for Health and Social Affairs: Seoul, Korea, 2003.
8. Han, K.H.; Koh, S.K.; Jung, S.H. High-Price Medical Technologies in South Korea. Korean J. Hosp. Manag.

2007, 19, 479–485.
9. Choi, Y.J.; Cho, S.J. Development of Fee Schedule for High-Tech Medical Imaging Devices; Health Insurance Review

Agency: Seoul, Korea, 2012.

http://dx.doi.org/10.1093/heapol/8.4.385
http://www.ncbi.nlm.nih.gov/pubmed/10131034
http://dx.doi.org/10.1787/health_glance_ap-2018-en
http://dx.doi.org/10.2214/AJR.15.15996
http://www.ncbi.nlm.nih.gov/pubmed/27101207
http://dx.doi.org/10.1136/bmj.329.7467.687
http://dx.doi.org/10.5124/jkma.2012.55.10.950


Healthcare 2020, 8, 2 11 of 12

10. Shen, L.; Shan, Y.S.; Hu, H.M.; Price, T.J.; Sirohi, B.; Yeh, K.H.; Yang, Y.H.; Sano, T.; Yang, H.K.; Zhang, X.; et al.
Management of gastric cancer in Asia: Resource-stratified guidelines. Lancet Oncol. 2013, 14, e535–e547.
[CrossRef]

11. Nishida, T.; Blay, J.Y.; Hirota, S.; Kitagawa, Y.; Kang, Y.K. The standard diagnosis, treatment, and follow-up
of gastrointestinal stromal tumors based on guidelines. Gastric Cancer 2016, 19, 3–14. [CrossRef]

12. Oh, C.M.; Won, Y.J.; Jung, K.W.; Kong, H.J.; Cho, H.; Lee, J.K.; Lee, D.H.; Lee, K.H. Cancer Statistics in Korea:
Incidence, Mortality, Survival, and Prevalence in 2013. Cancer Res. Treat. 2016, 48, 436–450. [CrossRef]

13. Kim, N.Y.; Oh, J.S.; Choi, Y.; Shin, J.; Park, E.C. Relationship between socioeconomic status and accessibility
for endoscopic resection among gastric cancer patients: Using National Health Insurance Cohort in Korea:
Poverty and endoscopic resection. Gastric Cancer 2017, 20, 61–69. [CrossRef]

14. Shin, D.W.; Cho, B.; Guallar, E. Korean National Health Insurance Database. JAMA Intern. Med. 2016, 176, 138.
[CrossRef]

15. Lee, J.; Lee, J.S.; Park, S.H.; Shin, S.A.; Kim, K. Cohort Profile: The National Health Insurance Service–National
Sample Cohort (NHIS-NSC), South Korea. Int. J. Epidemiol. 2016, 46, e15. [CrossRef] [PubMed]

16. D’Hoore, W.; Bouckaert, A.; Tilquin, C. Practical considerations on the use of the charlson comorbidity index
with administrative data bases. J. Clin. Epidemiol. 1996, 49, 1429–1433. [CrossRef]

17. D’Hoore, W.; Sicotte, C.; Tilquin, C. Risk Adjustment in Outcome Assessment: The Charlson Comorbidity
Index. Methods Inf. Med. 1993, 32, 382–387. [CrossRef] [PubMed]

18. Fukuya, T.; Honda, H.; Hayashi, T.; Kaneko, K.; Tateshi, Y.; Ro, T.; Maehara, Y.; Tanaka, M.; Tsuneyoshi, M.;
Masuda, K. Lymph-node metastases: Efficacy for detection with helical CT in patients with gastric cancer.
Radiology 1995, 197, 705–711. [CrossRef] [PubMed]

19. Hur, J.; Park, M.S.; Lee, J.H.; Lim, J.S.; Yu, J.S.; Hong, Y.J.; Kim, K.W. Diagnostic accuracy of multidetector
row computed tomography in T-and N staging of gastric cancer with histopathologic correlation. J. Comput.
Assist Tomogr. 2006, 30, 372–377. [CrossRef] [PubMed]

20. Hwang, S.W.; Lee, D.H.; Lee, S.H.; Park, Y.S.; Hwang, J.H.; Kim, J.W.; Jung, S.H.; Kim, N.Y.; Kim, Y.H.;
Lee, K.H.; et al. Preoperative staging of gastric cancer by endoscopic ultrasonography and multidetector-row
computed tomography. J. Gastroenterol. Hepatol. 2010, 25, 512–518. [CrossRef]

21. Botet, J.F.; Lightdale, C.J.; Zauber, A.G.; Gerdes, H.; Winawer, S.J.; Urmacher, C.; Brennan, M.F. Preoperative
staging of gastric cancer: Comparison of endoscopic US and dynamic CT. Radiology 1991, 181, 426–432.
[CrossRef]

22. Lee, J.M.; Jung, S.E. Imaging diagnosis of gastric cancer: CT scan. J. Korean Radiol. Soc. 2002, 46, 511–519.
[CrossRef]

23. Kim, K.S.; Lee, Y.J. Developments and General Features of National Health Insurance in Korea. Soc. Work
Public Health 2010, 25, 142–157. [CrossRef]

24. Shreibati, J.B.; Baker, L.C.; Hlatky, M.A. Association of Coronary CT Angiography or Stress Testing With
Subsequent Utilization and Spending Among Medicare Beneficiaries. JAMA 2011, 306, 2128–2136. [CrossRef]

25. Kim, L.; Kim, J.A.; Kim, S. A guide for the utilization of Health Insurance Review and Assessment Service
National Patient Samples. Epidemiol. Health 2014, 36, e2014008. [CrossRef] [PubMed]

26. Health Insurance Review and Assessment. The Reading Fee for External Medical Images; Health Insurance
Review and Assessment: Seoul, Korea, 2003.

27. Kwon, S. Payment system reform for health care providers in Korea. Health Policy Plann. 2003, 18, 84–92.
[CrossRef] [PubMed]

28. Medicare Improvements for Patients and Providers Act of 2008. Section 135: Imaging Provisions. Available
online: https://www.govinfo.gov/content/pkg/PLAW-110publ275/pdf/PLAW-110publ275.pdf (accessed on
15 November 2019).

29. Lau, L.S. The Australian National Quality Program in Diagnostic Imaging and Interventional Radiology.
J. AM Coll Radiol. 2007, 4, 849–855. [CrossRef] [PubMed]

30. Jho, W. Challenges for e-governance: Protests from civil society on the protection of privacy in e-government
in Korea. Int. Rev. Adm. Sci. 2005, 71, 151–166. [CrossRef]

31. Hann, I.H.; Hui, K.L.; Lee, S.Y.T.; Png, I.P.L. Overcoming Online Information Privacy Concerns: An Information-
Processing Theory Approach. J. Manag. Inf. Syst. 2007, 24, 13–42. [CrossRef]

http://dx.doi.org/10.1016/S1470-2045(13)70436-4
http://dx.doi.org/10.1007/s10120-015-0526-8
http://dx.doi.org/10.4143/crt.2016.089
http://dx.doi.org/10.1007/s10120-016-0597-1
http://dx.doi.org/10.1001/jamainternmed.2015.7110
http://dx.doi.org/10.1093/ije/dyv319
http://www.ncbi.nlm.nih.gov/pubmed/26822938
http://dx.doi.org/10.1016/S0895-4356(96)00271-5
http://dx.doi.org/10.1055/s-0038-1634956
http://www.ncbi.nlm.nih.gov/pubmed/8295545
http://dx.doi.org/10.1148/radiology.197.3.7480743
http://www.ncbi.nlm.nih.gov/pubmed/7480743
http://dx.doi.org/10.1097/00004728-200605000-00005
http://www.ncbi.nlm.nih.gov/pubmed/16778609
http://dx.doi.org/10.1111/j.1440-1746.2009.06106.x
http://dx.doi.org/10.1148/radiology.181.2.1924784
http://dx.doi.org/10.3348/jkrs.2002.46.6.511
http://dx.doi.org/10.1080/19371910903547017
http://dx.doi.org/10.1001/jama.2011.1652
http://dx.doi.org/10.4178/epih/e2014008
http://www.ncbi.nlm.nih.gov/pubmed/25078381
http://dx.doi.org/10.1093/heapol/18.1.84
http://www.ncbi.nlm.nih.gov/pubmed/12582111
https://www.govinfo.gov/content/pkg/PLAW-110publ275/pdf/PLAW-110publ275.pdf
http://dx.doi.org/10.1016/j.jacr.2007.04.019
http://www.ncbi.nlm.nih.gov/pubmed/17964510
http://dx.doi.org/10.1177/0020852305051690
http://dx.doi.org/10.2753/MIS0742-1222240202


Healthcare 2020, 8, 2 12 of 12

32. Christiansen, C. X-ray contrast media-an overview. Toxicology 2005, 209, 185–187. [CrossRef]
33. Song, S.Y. Future direction of nanomedicine in gastrointestinal cancer. Korean J. Gastroenterol. 2007, 49,

271–279.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.tox.2004.12.020
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Source and Collection 
	Description of the Study Cohort 
	Initial and Reexamination CT Scans 
	Statistical Analysis 

	Results 
	Demographic Characteristics 
	Multivariate Logistic Regression for Reexamination CT Scans 
	Subgroup Analysis for Transferred Patients Only 
	Subgroup Analysis: Transfer between General Hospitals 

	Discussion 
	Conclusions 
	References

