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ABSTRACT
Background: Patients with chronic kidney disease (CKD) are considered at risk of
contrast-induced acute kidney injury and possible subsequent need for dialysis
therapy. Computed tomography (CT) is the most commonly performed examination
requiring intravenous iodinated contrast media (ICM) injection. The actual risk of
dialysis in CKD patients undergoing CT with ICM remains controversial.
Furthermore, it is also uncertain whether these at-risk patients can be identified by
means of administrative data. Our study is conducted in order to determine the
incidence and risk of dialysis within 30 days after undergoing contrast enhanced CT
in CKD coded patients.
Methods: This longitudinal, nation-wide, populated-based study is carried out by
analyzing the Taiwan National Health Insurance Research Database retrospectively.
Patients coded under the diagnosis of CKD who underwent CT are identified within
randomly selected one million subjects of the database. From January 2012 to
December 2013, 487 patients had undergone CT with ICM. A total of 924 patients
who underwent CT without ICM are selected as the control group. Patients with
advanced CKD or intensive care unit (ICU) admissions are assigned to the subgroups
for analysis. The primary outcome is measured by dialysis events within 30 days after
undergoing CT scans. The cumulative incidence is assessed by the Kaplan–Meier
method and log-rank test. The risk of 30-day dialysis relative to the control group is
analyzed by the Cox proportional hazards model after adjusting for age, sex, and
baseline comorbidities.
Results: The numbers and percentages of dialysis events within 30 days after
undergoing CT scans are 20 (4.1%) in the CT with ICM group and 66 (7.1%) in the
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CT without ICM group (p = 0.03). However, the adjusted hazard ratio (aHR) for
30-day dialysis was 0.84 (95% CI [0.46–1.54], p = 0.57), which is statistically
non-significant. In both advanced CKD and ICU admission subgroups, there are also
no significant differences in 30-day dialysis risks with the aHR of 1.12 (95% CI
[0.38–3.33], p = 0.83) and 0.95 (95% CI [0.44–2.05], p = 0.90), respectively.
Conclusions:Within 30 days of receiving contrast-enhanced CT scans, 4.1% of CKD
coded patients required dialysis, which appear to be lower compared with subjects
who received non-contrast CT scans. However, no statistically significant difference
is observed after adjustments are made for other baseline conditions. Thereby, the
application of administrative data to identify patients with CKD cannot be viewed as
a risk factor for the necessity to undergo dialysis within 30 days of receiving
contrast-enhanced CT scans.

Subjects Epidemiology, Internal Medicine, Nephrology, Radiology and Medical Imaging
Keywords Chronic kidney disease, Computed tomography, Dialysis, Iodinated contrast media

INTRODUCTION
Administration of intravenous iodinated contrast media (ICM) during computed
tomography (CT) scans plays an indispensable role in improving diagnostic performance
in numerous settings and is thereby widely employed in clinical practice. The healthcare
industry has seen a steady increase in demand for CT scans ordered by clinicians, which
inevitably leads to a corresponding increase in use of ICM (Hu et al., 2016). However,
intravenous ICM also raises major concerns of the development of contrast-induced acute
kidney injury (CI-AKI). The exact pathophysiology leading to this condition is poorly
understood, but could possibly result from contrast-induced vasoconstriction, a decrease
in filtration via tubuloglomerular feedback, direct renal epithelial toxicity, and increased
free radial formation (Pasternak & Williamson, 2012). The elevations of blood osmolality
and tubular fluid viscosity may also cause microvascular thrombosis and renal tubular
obstruction, respectively (Mehran, Dangas & Weisbord, 2019). After excluding other
etiologies of renal impairment, the diagnostic criteria for CI-AKI are serum creatinine
elevation varying from 0.3 to 0.5 mg/dL in an absolute increase, or a 25–50% relative
increase within the time period of 24–72 h after contrast administration (McDonald et al.,
2013; Mehran & Nikolsky, 2006; Meinel et al., 2014).

It is known that patients with chronic kidney disease (CKD) are particularity at risk of
developing CI-AKI due to diminished renal function reserve (Davenport et al., 2013; Kim
et al., 2010; ACR Committee on Drugs & Contrast Media, 2018; Mehran & Nikolsky, 2006;
Scharnweber, Alhilali & Fakhran, 2017). However, there is also emerging evidence
suggesting that the risk of CI-AKI in CKD patients may have been overestimated in the
past (Garfinkle, Stewart & Basi, 2015; Hinson et al., 2017; McDonald et al., 2013; Mehran,
Dangas & Weisbord, 2019; Van Der Molen et al., 2018). The type, amount and route of
ICM given to a patient are also crucial parameters. Patients receiving high-osmolar
contrast medium (HOCM), i.e., ionic monomers, large volumes of ICM administration, or
intraarterial ICM injections are at high risks of developing CI-AKI (Pasternak &
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Williamson, 2012), and these findings are mostly based on studies focusing on coronary
interventional procedures. However, the doses given during contrast-enhanced CT scans
are intravenous and usually smaller in volumes as compared with coronary interventional
procedures. In addition, the majority of ICM now used in modern clinical practices are
low-osmolar (LOCM) and iso-osmolar contrast media (IOCM). Therefore, many are
now questioning the existence of clinically significant CI-AKI in this setting (Mehran,
Dangas & Weisbord, 2019; Pasternak & Williamson, 2012). Baseline fluctuations in renal
function indices may also cause spurious indications of CI-AKI, which are unrelated to
ICM administration (Bruce et al., 2009). Nevertheless, it is the current consensus amongst
practicing radiologists that pre-existing CKD is still the most important risk factor in the
development of CI-AKI (ACR Committee on Drugs & Contrast Media, 2018; Van Der
Molen et al., 2018). In addition, the prevalence of CKD is high in many countries
(Hill et al., 2016). If the risk is truly overestimated, contrast-enhanced CT scans may be
inappropriately withheld from patients with legitimate clinical indications, resulting in
suboptimal or delayed diagnoses of serious conditions and unfavorable clinical outcomes.

Contrast-induced acute kidney injury is often but not always a reversible process
(Scharnweber, Alhilali & Fakhran, 2017). One of the adverse events after CI-AKI causing
the greatest concern is the possible necessity for dialysis therapy due to sustained renal
function impairment. The exact figure for CKD patients who require dialysis shortly after
undergoing CT with ICM is not well known, and it possess a high level of clinical interest.
The necessity for dialysis in the short-term is defined within a time-frame of 30 days after
undergoing CT scan, in concordance with other studies published in the literature
(McDonald et al., 2014, 2015, 2017a). To directly identify CKD patients, it is essential to
obtain laboratory information. An alternative method is to select patients with CKD based
on diagnostic codes within an administrative dataset. The usefulness for administrative
data regarding CKD status has been validated in various research articles, which reveal
inconsistent sensitivities but very high specificities (Grams et al., 2011; Navaneethan et al.,
2011; Ronksley et al., 2012; Tonelli et al., 2015). In the published literature, numerous
studies have been conducted implementing diagnostic codes to identify CKD patients
(Chang et al., 2014; Chen et al., 2016; Chung et al., 2017; Yu et al., 2017). In this study, a
longitudinal, nation-wide, population-based data is used to evaluate the incidence and risk
of the necessity for dialysis within 30 days of undergoing contrast-enhancing CT scans
amongst CKD patients. It is also our imperative to determine whether the administrative
data is able to successfully identify CKD patients who are at risk.

MATERIALS AND METHODS
Study design and setting
The National Health Insurance (NHI) program in Taiwan, launched in March of 1995, is a
compulsory single-payer social insurance plan aimed at delivering healthcare to all
citizens. It covers nearly all of the 23 million people living in Taiwan. The National
Health Insurance Registry Database (NHIRD) is a database containing comprehensive
information such as demographic data, diagnostic codes, drug prescription, and procedure
codes after encryption of patients’ personal information. For research purposes, a subset of
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database, namely, the Longitudinal Health Insurance Database 2010 (LHID2010), was
provided by the National Health Research Institutes, and it had been implemented in
numerous research articles (Chang et al., 2015; Chou et al., 2015; Ho et al., 2014;Wu et al.,
2014). This dataset contains of one million individuals chosen randomly from the NHIRD
at the year 2010 and contains medical information from January 1997 to December 2013 of
each subject under the coverage. The Catastrophic Illness Registry Data file was
supplemented for identification of deaths during the study period. The Institutional
Review Board in the Chi Mei Medical Center passed approval of this study (No: 10706-
E03) and the requirement of informed consent was waived.

Patient identification and selection
Within the LHID2010, CKD patients were identified by using relevant International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes with
at least two outpatient claims or one inpatient claim documented in the diagnosis codes
section. Patients receiving CT scans were selected by using the Taiwan NHI codes for
procedures, including information on study date and the presence or absence of ICM
administration. The specific ICM injected was unknown, however, the majority of ICM
used in Taiwan is LOCM, i.e., non-ionic monomers. CKD patients receiving CT without
ICM were assigned to the control group. The specific dates of CT scans were not available
before year 2012 within LHID2010, therefore only CKD patients receiving CT during
January 2012 to December 2013 were included for analysis. The following patients were
excluded: ages below 20 or over 100 years old; patients who were already receiving regular
dialysis before the date of the CT scan; patients receiving CT scans for two or more times
within 30 days; and patients who had undergone angiography or transarterial embolization
within 30 days of the CT scan. The flow diagram for patient selection was shown in Fig. 1.
All included patients were followed up for a 30-day period, to the occurrence of dialysis or
death events, until the end of December 2013 or when leaving the NHI program.
The follow-up period was not limited to 30 days when evaluating the time interval
from CT to dialysis event as a secondary outcome described subsequently. Furthermore,
since laboratory data was not available in LHID2010, the severity of CKD could not
be directly assessed. An indirect approach was to select CKD patients receiving
erythropoietin-stimulating agents (ESA) as the advanced CKD subgroup in this study.
The NHI reimbursed ESA only in CKD patients with serum creatinine above
6 mg/dL, approximately equivalent to an estimated glomerular filtration rate (eGFR)
<15 mL/min/1.73 m2, and a hematocrit level below 28% observed concurrently. This
approach to subdivide patients with advanced CKD had also been used in previous
research articles (Chung et al., 2017;Hsieh et al., 2016). Another subgroup was the status of
admission to the intensive care unit (ICU) during the time the CT scan was performed.

Assessment of comorbidities and confounding factors
Data including age, sex, and comorbid conditions were collected and incorporated into
the statistical analyses. The age was stratified into <60 years old, 60–80 years old, and
>80 years old groups. Baseline hypertension (HTN), diabetes mellitus (DM), ischemic
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heart disease (IHD), peripheral arterial occlusive disease (PAOD), congestive heart failure
(CHF), liver cirrhosis, hyperlipidemia, and anemia were recorded based on the ICD-9-CM
codes before the date of the CT scan was performed.

Outcomes measurement
The primary outcome was measured by the occurrence of dialysis events within 30 days of
CT scans, which was recognized by Taiwan NHI codes for procedures. The secondary
outcomes were dialyses within 30 days of CT scans in the two selected subgroups, dialysis
in CKD excluding ICU patients, death within 30 days, and the time interval of dialysis
therapies after CT scans in the advanced CKD subgroup.

ICD-9-CM codes and Taiwan NHI codes for procedures
Chronic kidney disease patients were identified by using the ICD-9-CM codes and include
the followings: 585 (CKD), 582 (chronic glomerulonephritis), 403 (hypertensive CKD),
and 404 (hypertensive heart and CKD). Baseline comorbidities were also recognized with
ICD-9-CM codes as the followings: HTN (401–405), DM (250, 357.2, 362.01, 362.02, and
366.41), IHD (411–414), PAOD (440–444), CHF (428), liver cirrhosis (571.2, 571.5,
and 571.6), hyperlipidemia (272–272.4), and anemia (280–285). CT with ICM studies were
searched by Taiwan NHI codes for procedures, both 33071B (CT with contrast) and
33072B (CT without and with contrast); CT without ICM studies were identified by
Taiwan NHI codes for procedures 33070B (CT without contrast). Dialysis events were
selected by using Taiwan NHI codes for procedures 58001C/58029C/58027C
(hemodialysis) and 58018C (continuous veno-venous hemofiltration dialysis).

Figure 1 Flow diagram for patient selection. Initially, 6,998 CKD patients were identified in the studied
dataset. Some patients were excluded due to the reasons listed, and there were 1,411 patients included for
analysis. Subjects were divided into two groups, CT with ICM (487 patients) and CT without ICM (924
patients). LHID2010, Longitudinal Health Insurance Database 2010 (a dataset derived from National
Health Insurance Research Database in Taiwan); ICM, iodinated contrast media.

Full-size DOI: 10.7717/peerj.7757/fig-1
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Statistical analysis
Patient characteristics between the CT with ICM and CT without ICM groups, including
age, sex, and comorbid conditions, were compared by using the Pearson’s chi-square test
for categorical variables. Kaplan–Meier analysis was performed to assess the cumulative
incidence of dialysis between these two groups, and the log-rank test was used to measure
the difference of incidence curves. The Cox proportional hazard model adjusted for age,
sex, and comorbid conditions was used to demonstrate the risk ratio of dialysis and death
between the two groups. Each of the baseline characteristic was viewed as a distinct
dichotomous variable. Adjusted hazard ratios (aHRs) and 95% confidence intervals
(95% CI) were calculated. The result for the time interval leading up to dialysis in advanced
CKD subgroup was not following the Gaussian distribution; therefore, the median value,
the first quartile, and the third quartile were reported. All statistical analyses were
performed using Statistical Analysis System (SAS) statistical software (version 9.4; SAS
Institute Inc., Cary, NC, USA). The Kaplan–Meier curves were plotted using STATA
(version 12; Stata Corp., College Station, TX, USA). A two-tailed p-value of <0.05 was
considered statistically significant.

RESULTS
Baseline characteristics of the study participants
There were 1,411 eligible CKD patients who underwent CT studies, including 487 patients
receiving CT with ICM and 924 patients receiving CT without ICM. Patient characteristics
are listed in Table 1. In the CT with ICM group, patients were younger, more of them
were male, and a greater number of subjects had liver cirrhosis. On the other hand, there
were more patients with HTN, DM, hyperlipidemia, and anemia in the CT without
ICM group. We identified 99 patients with advanced CKD who were undergoing ESA
therapy: 15 of them received CT with ICM and 84 patients received CT without ICM.
There were also 227 patients (16.1%) staying in the ICU, and a greater number of these
subjects underwent CT without ICM.

Necessity for dialysis and death within 30 days of CT
There were 20 patients (4.11%) in the CT with ICM group and 66 patients (7.14%) in the
CT without ICM group requiring dialysis within 30 days of CT scans. The cumulative
incidences of dialysis events were drawn in Fig. 2. A greater number of patients underwent
dialysis therapy in the CT without ICM group (p = 0.0295). However, no statistically
significant difference was found after the adjustment of age, sex, and the specified
comorbid conditions (aHR 0.84, 95% CI [0.46–1.54], p = 0.5700). A total of 16 patients
(3.29%) died in the CT with ICM group, which was also not significantly different
from the 61 patients (6.60%) who died in the CT without ICM group (aHR 0.62, 95% CI
[0.35–1.10], p = 0.1012). In the advanced CKD and ICU admission subgroups, neither
dialysis within 30 days after CT nor death rates differ significantly between the CT
with or without ICM groups. After excluding the critically-ill patients in the ICU, the
percentages of patients requiring dialysis in 30 days was 1.61% in the CT with ICM
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Table 1 Baseline characteristics of the studied CKD patients.

CT with ICM
N = 487 (%)

CT without ICM
N = 924 (%)

p-Value

Age group, years

<60 146 (29.98) 171 (18.51) <0.0001*

60–80 238 (48.87) 466 (50.43)

≥80 103 (21.15) 287 (31.06)

Sex

Female 197 (40.45) 432 (46.75) 0.0236*

Male 290 (59.55) 492 (53.25)

Comorbidities

HTN 401 (82.34) 824 (89.18) 0.0003*

DM 267 (54.83) 582 (62.99) 0.0029*

IHD 263 (54.00) 528 (57.14) 0.2587

PAOD 108 (22.18) 221 (23.92) 0.4621

CHF 113 (23.20) 238 (25.76) 0.2913

Cirrhosis 53 (10.88) 47 (5.09) <0.0001*

Hyperlipidemia 273 (56.06) 568 (61.47) 0.0488*

ESA usage (advanced CKD)

Yes 15 (3.08) 84 (9.09) <0.0001*

ICU admission

Yes 51 (10.47) 176 (19.05) <0.0001*

Notes:
ICM, iodinated contrast media; HTN, hypertension; DM, diabetes mellitus; IHD, ischemic heart disease; PAOD, peripheral
arterial occlusive disease; CHF, congestive heart failure; ESA, erythropoietin-stimulating agents; ICU, intensive care unit.
* p < 0.05 and are considered statistically significant by Pearson’s Chi-square test.

Figure 2 Cumulative incidence of dialysis events within 30 days of CT scans in CKD patients. The
Kaplan–Meier curves revealed that the crude cumulative incidence of dialysis within 30 days of CT scans
was higher in the CT without ICM group. ICM, iodinated contrast media.

Full-size DOI: 10.7717/peerj.7757/fig-2
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and 2.81% in the CT without ICM groups, respectively (aHR 1.11, 95% CI [0.40–3.06],
p = 0.8371). The events, percentages and aHRs of dialysis and death are shown in Table 2.

Time to dialysis in advanced CKD subgroup
The time interval leading up to dialysis in the advanced CKD subgroup is demonstrated
in Table 3. A total of 75 patients (75.8%) required dialysis after CT. The median time
interval leading to dialysis was 12 days (Q1–Q3: 4–139) in the CT with ICM group and
38 days (Q1–Q3: 4–184.5) in the CT without ICM group.

DISCUSSION
In our study, the adjusted risks of dialysis and death within 30 days after CT scans in
CKD patients were not increased, regardless of whether the patient received ICM or not.
Similar results were reported in three retrospective studies from the same institution
(McDonald et al., 2014, 2015, 2017a). Regardless of CKD stage 3, 4, or 5, the incidences of
dialysis and death rates were also not affected by ICM (Garfinkle, Stewart & Basi, 2015;
McDonald et al., 2015, 2017a). Therefore, CT with ICM is probably not an independent
risk factor for the necessity of dialysis and event of death in CKD patients, even in
advanced stages, in the short-term observation. The crude dialysis rate was lower in our CT
with ICM group, although not statistically significant after adjustment. One reason could

Table 2 Adjusted hazard ratios (aHR) for dialysis and death within 30 days after contrast enhanced CT scans in CKD patients, advanced CKD
subgroup, ICU admission subgroup, and CKD patients excluding ICU admissions.

Outcome CT with ICM
N = 487
n/N (%)

CT without ICM
N = 924
n/N (%)

Adjusted HR*

(95% CI)
p-Value

CKD patients 30-day dialysis 20 (4.11) 66 (7.14) 0.84 [0.46–1.54] 0.5700

30-day mortality 16 (3.29) 61 (6.60) 0.62 [0.35–1.10] 0.1012

Advanced CKD subgroup^ 30-day dialysis 7 (46.67) 30 (35.71) 1.12 [0.38–3.33] 0.8333

30-day mortality 2 (13.33) 4 (4.76) 3.87 [0.16–92.07] 0.4032

ICU admission subgroup 30-day dialysis 13 (25.49) 45 (25.57) 0.95 [0.44–2.05] 0.8973

30-day mortality 6 (11.76) 42 (23.86) 0.84 [0.22–1.33] 0.1788

CKD patients excluding ICU admission 30-day dialysis 7 (1.61) 21 (2.81) 1.11 [0.40–3.06] 0.8371

30-day mortality 10 (2.29) 19 (2.54) 1.24 [0.54–2.85] 0.6158

Notes:
n/N, event numbers/total numbers; ICM, iodinated contrast media; ICU, intensive care unit.
^ Advanced CKD subgroup is defined as CKD patients with concurrent usage of erythropoietin-stimulating agents.
* The HRs were adjusted by the age, sex, and comorbidities listed in Table 1.

Table 3 Median time to dialysis in the advanced CKD subgroup after CT scans.

CT with ICM
N = 15

CT without ICM
N = 84

Dialysis events
n/N (%)

11 (73.33%) 64 (76.19%)

Median time, days (Q1–Q3) 12 (4–139) 38 (4–184.5)

Note:
n/N, event numbers/total numbers; Q1–Q3, interquartile range.
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be the younger age and the existence of fewer comorbid conditions in this group. The
crude dialysis rate elevation in CKD patients receiving CT without ICM was observed by
others as well (McDonald et al., 2017a). A recent meta-analysis consisted of patients
with acute ischemic stroke also revealed a lower CI-AKI risk in those receiving contrast
enhanced CTs as compared with those who received non-enhanced ones (Brinjikji et al.,
2017). Consistent with our results, they became non-significant after the adjustment of
confounding factors. It is possible that various predisposing conditions lead to concerns of
developing CI-AKI, and clinicians may have ordered non-contrast CTs instead. The
underlying causes may have resulted in renal failure and subsequent elevation in the crude
dialysis rate in our studied population.

Reported post-CT dialyses within 30 days were few in the reviewed studies, with an
overall percentage of 0.2–0.3% in CKD patients and only 5.1% in CKD stages four to five
patients (McDonald et al., 2014, 2017a). However, our study revealed higher rates of
post-CT dialyses within 30 days at 4.1–7.1%. When excluding the critically-ill ICU
patients, the percentages were still high at 1.6–2.8%. This finding could be related to the
fact that Taiwan has the highest incidence of end-stage renal disease (ESRD) in the
world (United States Renal Data System, 2017). Abundant dialysis-related resources are
available, and the NHI provides full coverage of incurred expenses. Due to this relatively
common practice, doctors, patients, and their family members would probably prefer
dialysis therapy in the occurrence of renal failure in most situations. Another possible
cause is that some CKD patients were unlabeled from ICD-9-CM, especially those with less
severe disease (Ferris et al., 2009). Therefore, the reported incidences of dialyses could be
overestimated in our study.

The importance of critical illness was mentioned in a previous study, stating that ICU
patients with eGFR <45 mL/min/1.73 m2 demonstrated an increased risk of emergent
dialysis within 7 days after contrast enhanced CT scans (McDonald et al., 2017b). An
earlier article also demonstrated that the development of CI-AKI may result in increased
need for dialysis in the ICU (Valette et al., 2012). However, in our results, the necessity
for post-CT dialysis within 30 days and death rates did not differ in the ICU subgroup.
A more detailed stratification of patient condition, especially any acute illness, might be
required to reveal any undesirable effect of ICM injected during CT particularly in the
critically-ill setting.

The advanced CKD subgroup appears interesting since they were presumed to be
most susceptible to CI-AKI and the possibility of dialysis. It is noteworthy that one
previous study mentioned that CKD patients who underwent exposure to ICM during
CT scans more than once per year may develop ESRD earlier in the time scale of years
(Hsieh et al., 2016). However, CKD patients with concurrent usage of ESA were excluded
from their study due to proposed short-interval deterioration of residual renal function.
Therefore, these pre-dialysis patients are the focus of our scrutiny in determining whether
the time-interval to dialysis requirement after intravenous ICM exposure shortens. The
result, however, included only small numbers of patients as the median time decreased
from 38 to 12 days. It was inconclusive while containing wide interquartile ranges. Further
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investigation is warranted to clarify whether contrast exposure truly shortened the time to
dialysis requirement in advanced CKD patients.

This is the first national database study to describe CKD patients receiving CT with
ICM is not associated with higher risk of dialysis in the short-term. The advantage of
this study is the conduction of a nation-wide population-based design to minimize
potential single institution related biases. Whether the risk of CI-AKI varies among
different races remains unclear (Chawla et al., 2017; Powell et al., 2018), yet there
are no previous articles aimed specifically at Asians before this current study. In
addition, it is unknown if CKD patients identified from administrative data can be
viewed as a risk factor in terms of dialysis requirement within 30 days before our
present study.

Considering that the information was extracted from a national research database,
the cohort size appeared smaller than expected; but it was also a result of our rigorous
selection criteria. Even if, our results offered valuable information in clinical practice.
Although the relatively small cohort size may decrease the statistical power and increase
the risk of a false negative result, our case numbers of dialysis events to be analyzed
were larger than previous comparable studies showing the same results (McDonald et al.,
2014, 2015).

This study still has several other limitations. The recognition of diagnoses including
CKD and comorbid conditions were based on ICD-9-CM diagnostic codes, and cases of
mis-registration cannot be excluded. The indications for CT scans were unknown, and
acute medical illnesses were also not analyzed due to database restrictions. Details on the
volume and specific ICM injected were not retrievable in our dataset, but the majority of
ICM used were LOCM among routine clinical practice in Taiwan. HOCM has now
become obsolete, and IOCM is rarely used. There is no sufficient evidence to suggest a
significant CI-AKI risk difference between LOCM and IOCM (Eng et al., 2016), and
our results will unlikely change when considering that few patients actually received
IOCM. And lastly, this is a retrospective cohort study, which inevitably contains biases
inherently related to the study design. For further investigation, a well-designed
prospective cohort study in CKD patients comparing those receiving CT with or without
ICM can be conducted. The type and volume of ICM, acute medical conditions,
nephrotoxic medications, and preventive measurements should be controlled. Novel
biomarkers to predict CI-AKI and dialysis therapy requirement could also be studied in
the future.

CONCLUSIONS
In our population-based study, the percentage of CKD patients who require dialysis within
30 days of undergoing contrast enhanced CT scans is 4.1%, a lower incidence compared
with subjects who receive non-contrast enhanced scans. However, no statistically
significant difference is observed after adjustments are made for other baseline conditions.
Patients with CKD identified via the application of administrative data, therefore, do not
appear to be at risk of dialysis within 30 days after CT with ICM studies.

Shih et al. (2019), PeerJ, DOI 10.7717/peerj.7757 10/14

http://dx.doi.org/10.7717/peerj.7757
https://peerj.com/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Chi Mei Medical Center, Tainan, Taiwan
(No. CMFHR10789). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Chi Mei Medical Center, Tainan, Taiwan: CMFHR10789.

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

Author Contributions
� Yun-Ju Shih conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the paper, approved the
final draft.

� Yu-Ting Kuo conceived and designed the experiments, authored or reviewed drafts of
the paper.

� Chung-Han Ho performed the experiments, analyzed the data, contributed reagents/
materials/analysis tools, prepared figures and/or tables.

� Chia-Chun Wu conceived and designed the experiments, contributed reagents/
materials/analysis tools.

� Ching-Chung Ko conceived and designed the experiments, authored or reviewed drafts
of the paper, approved the final draft.

Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Institutional Review Board of Chi Mei Medical Center approved this study
(No: 10706-E03) and waived the requirement of informed consent.

Data Availability
The following information was supplied regarding data availability:

Raw data for this work was obtained by application from the NHIRD, Taiwan
(http://nhird.nhri.org.tw/en/index.htm) and may not be shared according to the database’s
rules governing use. Access to the data used in this study may be obtained by citizens of the
ROC who fulfill the requirements of conducting research projects.

REFERENCES
ACR Committee on Drugs and Contrast Media. 2018. ACR manual on contrast media. Version

10.3. Preston: American College of Radiology. Available at https://www.acr.org/-/media/ACR/
Files/Clinical-Resources/Contrast_Media.pdf.

Shih et al. (2019), PeerJ, DOI 10.7717/peerj.7757 11/14

http://nhird.nhri.org.tw/en/index.htm
https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
https://www.acr.org/-/media/ACR/Files/Clinical-Resources/Contrast_Media.pdf
http://dx.doi.org/10.7717/peerj.7757
https://peerj.com/


Brinjikji W, Demchuk AM, Murad MH, Rabinstein AA, McDonald RJ, McDonald JS,
Kallmes DF. 2017. Neurons over nephrons: systematic review and meta-analysis of
contrast-induced nephropathy in patients with acute stroke. Stroke 48(7):1862–1868
DOI 10.1161/STROKEAHA.117.016771.

Bruce RJ, Djamali A, Shinki K, Michel SJ, Fine JP, Pozniak MA. 2009. Background fluctuation of
kidney function versus contrast-induced nephrotoxicity. American Journal of Roentgenology
192(3):711–718 DOI 10.2214/AJR.08.1413.

Chang CM, Chu HT, Wei YH, Chen FP, Wang S, Wu PC, Yen HR, Chen TJ, Chang HH. 2015.
The core pattern analysis on Chinese herbal medicine for Sjogren’s syndrome: a nationwide
population-based study. Scientific Reports 5(1):9541 DOI 10.1038/srep09541.

Chang CH, Lee YC, Tsai CT, Chang SN, Chung YH, Lin MS, Lin JW, Lai MS. 2014.
Continuation of statin therapy and a decreased risk of atrial fibrillation/flutter in patients with
and without chronic kidney disease. Atherosclerosis 232(1):224–230
DOI 10.1016/j.atherosclerosis.2013.11.036.

Chawla R, Turlington J, Arora P, Jovin IS. 2017. Race and contrast-induced nephropathy in
patients undergoing coronary angiography and cardiac catheterization. International Journal of
Cardiology 230:610–613 DOI 10.1016/j.ijcard.2016.12.046.

Chen JS, Lu CL, Huang LC, Shen CH, Chen SC. 2016. Chronic kidney disease is associated with
upper tract urothelial carcinoma: a nationwide population-based cohort study in Taiwan.
Medicine 95(14):e3255 DOI 10.1097/MD.0000000000003255.

Chou YY, Lai KL, Chen DY, Lin CH, Chen HH. 2015. Rheumatoid arthritis risk associated
with periodontitis exposure: a nationwide, population-based cohort study. PLOS ONE
10(10):e0139693 DOI 10.1371/journal.pone.0139693.

Chung CM, Lin MS, Hsu JT, Hsiao JF, Chang ST, Pan KL, Lin CL, Lin YS. 2017. Effects of statin
therapy on cerebrovascular and renal outcomes in patients with predialysis advanced chronic
kidney disease and dyslipidemia. Journal of Clinical Lipidology 11(2):422–431.e2
DOI 10.1016/j.jacl.2017.01.001.

Davenport MS, Khalatbari S, Cohan RH, Dillman JR, Myles JD, Ellis JH. 2013. Contrast
material-induced nephrotoxicity and intravenous low-osmolality iodinated contrast material:
risk stratification by using estimated glomerular filtration rate. Radiology 268(3):719–728
DOI 10.1148/radiol.13122276.

Eng J, Wilson RF, Subramaniam RM, Zhang A, Suarez-Cuervo C, Turban S, Choi MJ,
Sherrod C, Hutfless S, Iyoha EE, Bass EB. 2016. Comparative effect of contrast media type on
the incidence of contrast-induced nephropathy: a systematic review and meta-analysis. Annals
of Internal Medicine 164(6):417–424 DOI 10.7326/M15-1402.

Ferris M, Detwiler RK, Kshirsagar AV, Pierre-Louis M, Mandhelker L, Shoham DA. 2009.
High prevalence of unlabeled chronic kidney disease among inpatients at a tertiary-care hospital.
American Journal of the Medical Sciences 337(2):93–97 DOI 10.1097/MAJ.0b013e318181288e.

Garfinkle MA, Stewart S, Basi R. 2015. Incidence of CT contrast agent-induced nephropathy:
toward a more accurate estimation. American Journal of Roentgenology 204(6):1146–1151
DOI 10.2214/AJR.14.13761.

Grams ME, Plantinga LC, Hedgeman E, Saran R, Myers GL, Williams DE, Powe NR. 2011.
Validation of CKD and related conditions in existing data sets: a systematic review. American
Journal of Kidney Diseases 57(1):44–54 DOI 10.1053/j.ajkd.2010.05.013.

Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan CA, Lasserson DS, Hobbs FD. 2016. Global
prevalence of chronic kidney disease: a systematic review and meta-analysis. PLOS ONE
11(7):e0158765 DOI 10.1371/journal.pone.0158765.

Shih et al. (2019), PeerJ, DOI 10.7717/peerj.7757 12/14

http://dx.doi.org/10.1161/STROKEAHA.117.016771
http://dx.doi.org/10.2214/AJR.08.1413
http://dx.doi.org/10.1038/srep09541
http://dx.doi.org/10.1016/j.atherosclerosis.2013.11.036
http://dx.doi.org/10.1016/j.ijcard.2016.12.046
http://dx.doi.org/10.1097/MD.0000000000003255
http://dx.doi.org/10.1371/journal.pone.0139693
http://dx.doi.org/10.1016/j.jacl.2017.01.001
http://dx.doi.org/10.1148/radiol.13122276
http://dx.doi.org/10.7326/M15-1402
http://dx.doi.org/10.1097/MAJ.0b013e318181288e
http://dx.doi.org/10.2214/AJR.14.13761
http://dx.doi.org/10.1053/j.ajkd.2010.05.013
http://dx.doi.org/10.1371/journal.pone.0158765
http://dx.doi.org/10.7717/peerj.7757
https://peerj.com/


Hinson JS, Ehmann MR, Fine DM, Fishman EK, Toerper MF, Rothman RE, Klein EY. 2017.
Risk of acute kidney injury after intravenous contrast media administration. Annals of
Emergency Medicine 69(5):577–586.e4 DOI 10.1016/j.annemergmed.2016.11.021.

Ho SW, Tsai MC, Teng YH, Yeh YT, Wang YH, Yang SF, Yeh CB. 2014. Population-based
cohort study on the risk of pneumonia in patients with non-traumatic intracranial haemorrhage
who use proton pump inhibitors. BMJ Open 4(11):e006710
DOI 10.1136/bmjopen-2014-006710.

Hsieh MS, Chiu CS, How CK, Chiang JH, Sheu ML, Chen WC, Lin HJ, Hsieh VC, Hu SY. 2016.
Contrast medium exposure during computed tomography and risk of development of end-stage
renal disease in patients with chronic kidney disease: a nationwide population-based, propensity
score-matched, longitudinal follow-up study. Medicine 95(16):e3388
DOI 10.1097/MD.0000000000003388.

Hu SY, Hsieh MS, Lin MY, Hsu CY, Lin TC, How CK, Wang CY, Tsai JC, Wu YH, Chang YZ.
2016. Trends of CT utilisation in an emergency department in Taiwan: a 5-year retrospective
study. BMJ Open 6(6):e010973 DOI 10.1136/bmjopen-2015-010973.

Kim SM, Cha RH, Lee JP, Kim DK, Oh KH, Joo KW, Lim CS, Kim S, Kim YS. 2010. Incidence
and outcomes of contrast-induced nephropathy after computed tomography in patients with
CKD: a quality improvement report. American Journal of Kidney Diseases 55(6):1018–1025
DOI 10.1053/j.ajkd.2009.10.057.

McDonald RJ, McDonald JS, Carter RE, Hartman RP, Katzberg RW, Kallmes DF,
Williamson EE. 2014. Intravenous contrast material exposure is not an independent risk factor
for dialysis or mortality. Radiology 273(3):714–725 DOI 10.1148/radiol.14132418.

McDonald JS, McDonald RJ, Comin J, Williamson EE, Katzberg RW, Murad MH, Kallmes DF.
2013. Frequency of acute kidney injury following intravenous contrast medium
administration: a systematic review and meta-analysis. Radiology 267(1):119–128
DOI 10.1148/radiol.12121460.

McDonald JS, McDonald RJ, Lieske JC, Carter RE, Katzberg RW, Williamson EE, Kallmes DF.
2015. Risk of acute kidney injury, dialysis, and mortality in patients with chronic kidney
disease after intravenous contrast material exposure. Mayo Clinic Proceedings 90(8):1046–1053
DOI 10.1016/j.mayocp.2015.05.016.

McDonald JS, McDonald RJ, Williamson EE, Kallmes DF. 2017a. Is intravenous administration
of iodixanol associated with increased risk of acute kidney injury, dialysis, or mortality?
A propensity score-adjusted study. Radiology 285(2):414–424 DOI 10.1148/radiol.2017161573.

McDonald JS, McDonald RJ, Williamson EE, Kallmes DF, Kashani K. 2017b. Post-contrast
acute kidney injury in intensive care unit patients: a propensity score-adjusted study. Intensive
Care Medicine 43(6):774–784 DOI 10.1007/s00134-017-4699-y.

Mehran R, Dangas GD, Weisbord SD. 2019. Contrast-associated acute kidney injury. New
England Journal of Medicine 380(22):2146–2155 DOI 10.1056/NEJMra1805256.

Mehran R, Nikolsky E. 2006. Contrast-induced nephropathy: definition, epidemiology, and
patients at risk. Kidney International Supplements 69:S11–S15 DOI 10.1038/sj.ki.5000368.

Meinel FG, De Cecco CN, Schoepf UJ, Katzberg R. 2014. Contrast-induced acute kidney injury:
definition, epidemiology, and outcome. Biomed Research International 2014:859328
DOI 10.1155/2014/859328.

Navaneethan SD, Jolly SE, Schold JD, Arrigain S, Saupe W, Sharp J, Lyons J, Simon JF,
Schreiber MJ Jr, Jain A, Nally JV Jr. 2011. Development and validation of an electronic health
record-based chronic kidney disease registry. Clinical Journal of the American Society of
Nephrology 6(1):40–49 DOI 10.2215/CJN.04230510.

Shih et al. (2019), PeerJ, DOI 10.7717/peerj.7757 13/14

http://dx.doi.org/10.1016/j.annemergmed.2016.11.021
http://dx.doi.org/10.1136/bmjopen-2014-006710
http://dx.doi.org/10.1097/MD.0000000000003388
http://dx.doi.org/10.1136/bmjopen-2015-010973
http://dx.doi.org/10.1053/j.ajkd.2009.10.057
http://dx.doi.org/10.1148/radiol.14132418
http://dx.doi.org/10.1148/radiol.12121460
http://dx.doi.org/10.1016/j.mayocp.2015.05.016
http://dx.doi.org/10.1148/radiol.2017161573
http://dx.doi.org/10.1007/s00134-017-4699-y
http://dx.doi.org/10.1056/NEJMra1805256
http://dx.doi.org/10.1038/sj.ki.5000368
http://dx.doi.org/10.1155/2014/859328
http://dx.doi.org/10.2215/CJN.04230510
http://dx.doi.org/10.7717/peerj.7757
https://peerj.com/


Pasternak JJ, Williamson EE. 2012. Clinical pharmacology, uses, and adverse reactions of
iodinated contrast agents: a primer for the non-radiologist. Mayo Clinic Proceedings
87(4):390–402 DOI 10.1016/j.mayocp.2012.01.012.

Powell SP, Chawla R, Bottinor W, Turlington J, Hopkinson DA, Patel K, Danyi P, Jovin IS.
2018. Race, contrast-induced nephropathy and long-term outcomes after coronary and
peripheral angiography and intervention. Cardiovascular Revascularization Medicine
19(6):31–35 DOI 10.1016/j.carrev.2018.06.016.

Ronksley PE, Tonelli M, Quan H, Manns BJ, James MT, Clement FM, Samuel S, Quinn RR,
Ravani P, Brar SS, Hemmelgarn BR, Alberta Kidney Disease Network. 2012. Validating a
case definition for chronic kidney disease using administrative data. Nephrology Dialysis
Transplantation 27(5):1826–1831 DOI 10.1093/ndt/gfr598.

Scharnweber T, Alhilali L, Fakhran S. 2017. Contrast-induced acute kidney injury:
pathophysiology, manifestations, prevention, and management. Magnetic Resonance Imaging
Clinics of North America 25(4):743–753 DOI 10.1016/j.mric.2017.06.012.

Tonelli M, Wiebe N, Fortin M, Guthrie B, Hemmelgarn BR, James MT, Klarenbach SW,
Lewanczuk R, Manns BJ, Ronksley P, Sargious P, Straus S, Quan H, Alberta Kidney Disease
Network. 2015. Methods for identifying 30 chronic conditions: application to administrative
data. BMCMedical Informatics and Decision Making 15(1):31 DOI 10.1186/s12911-015-0155-5.

United States Renal Data System. 2017. 2017 USRDS annual data report: epidemiology of kidney
disease in the United States. Bethesda: National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases.

Valette X, Parienti JJ, Plaud B, Lehoux P, Samba D, Hanouz JL. 2012. Incidence, morbidity, and
mortality of contrast-induced acute kidney injury in a surgical intensive care unit: a prospective
cohort study. Journal of Critical Care 27(3):322.e1–322.e5 DOI 10.1016/j.jcrc.2011.08.005.

Van Der Molen AJ, Reimer P, Dekkers IA, Bongartz G, Bellin MF, Bertolotto M, Clement O,
Heinz-Peer G, Stacul F, Webb JAW, Thomsen HS. 2018. Post-contrast acute kidney injury-
Part 1: definition, clinical features, incidence, role of contrast medium and risk factors:
recommendations for updated ESUR Contrast Medium Safety Committee guidelines. European
Radiology 28(7):2845–2855 DOI 10.1007/s00330-017-5246-5.

Wu MH, Wu MJ, Chou LF, Chen TJ. 2014. Patterns of nonemergent visits to different healthcare
facilities on the same day: a nationwide analysis in Taiwan. Scientific World Journal
2014(2):627580, 8 DOI 10.1155/2014/627580.

Yu S, Tu H-P, Yu C-L, Lee C-H, Hong C-H. 2017. Is psoriasis an independent risk factor of renal
disease? A nationwide retrospective cohort study from 1996 to 2010. Dermatologica Sinica
35(2):78–84 DOI 10.1016/j.dsi.2017.02.004.

Shih et al. (2019), PeerJ, DOI 10.7717/peerj.7757 14/14

http://dx.doi.org/10.1016/j.mayocp.2012.01.012
http://dx.doi.org/10.1016/j.carrev.2018.06.016
http://dx.doi.org/10.1093/ndt/gfr598
http://dx.doi.org/10.1016/j.mric.2017.06.012
http://dx.doi.org/10.1186/s12911-015-0155-5
http://dx.doi.org/10.1016/j.jcrc.2011.08.005
http://dx.doi.org/10.1007/s00330-017-5246-5
http://dx.doi.org/10.1155/2014/627580
http://dx.doi.org/10.1016/j.dsi.2017.02.004
http://dx.doi.org/10.7717/peerj.7757
https://peerj.com/

	Incidence and risk of dialysis therapy within 30 days after contrast enhanced computed tomography in patients coded with chronic kidney disease: a nation-wide, population-based study ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


